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[bookmark: _Toc212568386][bookmark: _Toc468111719]Student Questions 
(from the articles)

The Flint Water Crisis: What’s Really Going On?

1. Why was the Sewage Department of the Karegnondi Water Authority not ready to deliver water to Flint?
2. List the two (2) problems that were noticed almost immediately after the Flint River became the water source.
3. How is a trihalomethane molecule different from a methane molecule?
4. How do trihalomethanes get into drinking water?
5. Why did the Romans use lead for water pipes?
6. List the three metals mentioned in the article that are used to make water pipes.
7. What happens when lead metal is oxidized?
8. What is one method used to prevent lead pipes from leaching lead ions into the drinking water?
9. Explain chemically what happens to the lead(II) carbonate (PbCO3) protective layer when the pH is too low.
10. What was the reason given for the Flint River water having a high chloride ion (Cl–) concentration?
11. How can iron (Fe) affect the chlorine (Cl2) concentration, and why is that a problem?
12. Name four other cities that have recently reported high levels of lead in their drinking water.


Preserving Organs: Saving Lives, Giving Hope

1. Define osteosarcoma.
2. What is a complication of the anticancer drug called doxorubicin?
3. Describe two reasons why organ donor candidates may not receive a new organ.
4. What is the average number of human organs transplanted each day in the United States?
5. On average, how many people who die each day because they don’t receive a donor organ?
6. What two factors determine the preservation time limit of a donor heart?
7. Organs cannot be frozen successfully, due to the expansion of ice as water freezes. Use hydrogen bonding to explain why this expansion occurs.
8. What effect do newly formed ice crystals have on red blood cells?
9. How do cryoprotectants prevent ice crystal formation?
10. Describe how scientists have been able to supercool organs removed from test animals.
11. Describe the process of vitrification.
12. List two things that happen to the molecules within an organ that has been vitrified to temperatures below –100 °C.


Clearing the Way to Acne-Free Days

1. What percentage of teenagers experience episodes of acne?
2. Describe the conditions that are required for Propionibacterium acnes to grow and spread.
3. What is sebum and how does it keep water both inside and outside the skin?
4. Explain the difference between the formation of a whitehead and the formation of a blackhead.
5. How do androgen levels affect acne breakouts?
6. What is IGF-1?
7. Explain the relationship between diet, insulin, IGF-1, androgens, and acne.
8. How does benzoyl peroxide work in treating acne?
9. Salicylic acid is another compound that is used to treat acne. What does salicylic acid do in the treatment of acne?
10. Why must doctors be cautious about prescribing antibiotics to treat acne?
11. Retinoids can be prescribed for moderate to severe acne that doesn’t respond to other treatments. How is the action of retinoids different from that of benzoyl peroxide and salicylic acid?
12. Why would spironolactone be prescribed to treat acne?


Life without Rare-Earth Metals

1. List eight (8) common products that use rare-earth elements.
2. If rare-earth elements look alike and act similarly, how are they different?
3. Why are rare-earth elements sometimes called “chemical vitamins”?
4. Starting in the 1970s, color televisions contained minerals with rare-earth elements. Which elements were used, and what colors did they produce?
5. Describe how the process of luminescence works.
6. What is an alloy?
7. Are rare-earth metals really rare? Explain.
8. Which country has the largest supply of rare-earth metals?
9. Which rare-earth element is used as a pink coloring agent and found in lasers used to remove acne scars and tattoos?
10. The Toyota Prius nickel-metal hybrid battery is strengthened with which rare-earth metal?
11. List two rare-earth elements that are used to improve magnets.


Piping Hot, Ice-Cold … Thanks to Chemistry!

1. What was the primary purpose of the first widely used self-heating cans?
2. What produces heat in a flameless ration heater?
3. In a chemical reaction, how is energy involved in breaking and in making chemical bonds?
4. a) When you hold an ice cube in your hand, why does your hand feel cold?
b) How is heat energy used to melt the ice?
5. Why is it important to avoid using a flameless ration heater near an open flame?
6. Why does the HeatGenie™ exothermic chemical reaction occur rapidly?
7. In the HeatGenie™ chemical reaction:
a) If each silicon atom gains 4 electrons and there are 3 silicon atoms, how many electrons are gained?
b) If each aluminum atom loses 3 electrons and there are 4 aluminum atoms, how many electrons are lost?
8. In an endothermic reaction like the self-cooling can, in which direction does the heat energy flow to cool the surroundings?
9. How does the release of carbon dioxide cool a beverage can?
10. What role did a military cook play in the discovery of self-cooling food?


[bookmark: _Toc212568387][bookmark: _Toc468111720]Answers to Student Questions 
(from the articles)

The Flint Water Crisis: What’s Really Going On?

1. Why was the Sewage Department of the Karegnondi Water Authority not ready to deliver water to Flint?
The Karegnondi Water Authority could not supply water to Flint because they were in the process of building a new pipeline to bring water from Lake Huron.
2. List the two (2) problems that were noticed almost immediately after the Flint River became the water source.
The two problems noticed almost immediately were:
a. foul smell,
b. discolored water,
3. How is a trihalomethane molecule different from a methane molecule?
In a trihalomethane molecule, three of the hydrogen atoms are replaced with halogen atoms (group 17).
4. How do trihalomethanes get into drinking water?
Trihalomethanes are produced when chlorine, which is used to disinfect drinking water, reacts with organic material such as algae, leaves and weeds.
5. Why did the Romans use lead for water pipes?
The Romans used lead because it was durable and malleable.
6. List the three metals mentioned in the article that are used to make water pipes.
The metals that have been used for water pipes are:
a. lead,
b. copper, and
c. iron
7. What happens when lead metal is oxidized?
When lead metal is oxidized, it loses electrons and forms lead(II) ions (Pb2+), which dissolve in the water. The equation for this reaction is Pb    Pb2+  +  2e–
8. What is one method used to prevent lead pipes from leaching lead ions into the drinking water?
One method to prevent lead pipes from leaching ions is to add phosphate (PO43–) ions to the water. They react with the lead, forming solid lead(II) phosphate, Pb3(PO4)2, which forms a crust on the pipes and acts as a protective coating.
9. Explain chemically what happens to the lead(II) carbonate (PbCO3) protective layer when the pH is too low.
The lead(II) carbonate layer decreases. Lead(II) carbonate dissolves to a very small extent. When the pH is low the excess hydrogen ions react with the carbonate ions and produce carbon dioxide and water. Removing carbonate ions causes more lead(II) carbonate to dissolve and the layer rapidly decreases.
PbCO3 (s)  ⇌  Pb2+ (aq)  +  CO32– (aq)
CO3 2–(aq)  +  H+ (aq)    H2O (l)  +  CO2 (g)
10. What was the reason given for the Flint River water having a high chloride ion (Cl–) concentration?
The chloride ions in Flint River water come from the road salt used to de-ice the slippery roads. They enter the river as run-off from the roads.
11. How can iron (Fe) affect the chlorine (Cl2) concentration, and why is that a problem?
Iron can reduce chlorine to chloride ions. This decreases the amount of chlorine dissolved in the water. Chlorine is added to water sources to eliminate pathogens in the water. Without the chlorine, the water-borne pathogens can survive and cause diseases.
12. Name four other cities that have recently reported high levels of lead in their drinking water.
Cities that have recently had high levels of lead include:
a. Washington DC,
b. Durham, NC,
c. Greenville, NC, and
d. Jacksonville, MS


Preserving Organs: Saving Lives, Giving Hope

1. Define osteosarcoma.
Osteosarcoma is a cancerous bone tumor.
2. What is a complication of the anticancer drug called doxorubicin?
Doxorubicin cardiomyopathy is a rare complication of doxorubicin.
3. Describe two reasons why organ donor candidates may not receive a new organ.
The two reasons candidates may or may not get a transplant are:
a. A supply issue is one reason. There are fewer donor organs available than the number of people who need them. Also, to prevent rejection, a donor organ must be a good match for the recipient’s immune system.
b. The second reason why an organ donor candidate may not receive a new organ relates to logistics. A donor organ such as a heart only remains healthy for about 4 hours, so it cannot be too far away from the donor recipient.
4. What is the average number of human organs transplanted each day in the United States?
On average, 79 organs are transplanted daily in the U.S.
5. On average, how many people who die each day because they don’t receive a donor organ?
The average number of people who die each day because they never received an organ is 22.
6. What two factors determine the preservation time limit of a donor heart?
Preservation time limit is the result of both the temperature and the composition of the solution.
7. Organs cannot be frozen successfully, due to the expansion of ice as water freezes. Use hydrogen bonding to explain why this expansion occurs.
Hydrogen bonds between water molecules are constantly forming and breaking at higher temperatures. As the temperature drops and ice crystals form, the hydrogen bonds between the water molecules at 0 °C form a “hexagonal crystal lattice structure”, where the molecules are held rigidly in place. This produces large gaps between molecules and lots of open space. The diagram shows that water molecules at 10 °C can pack together rather tightly between the continuously moving water molecules.
8. What effect do newly formed ice crystals have on red blood cells?
Newly formed ice crystals push on the membranes that surround the red blood cells, causing damage to the cells.
9. How do cryoprotectants prevent ice crystal formation?
Cryoprotectants get into the cytoplasm of cells, which is mostly water, and act as antifreeze. They prevent ice crystal formation by lowering the freezing point. The liquid outside the cells also has a lower freezing point. This is due to the ions in solution as well as the cryoprotectants.
10. Describe how scientists have been able to supercool organs removed from test animals.
Scientists use equipment similar to a cardiopulmonary bypass machine. It pumps fluid through the organ’s blood vessels. The fluid contains cryoprotectants, which work their way into and around the cells and the organ is supercooled.
11. Describe the process of vitrification.
An organ full of cryoprotectants is cooled to very low temperatures (-100 °C). The water within the organ solidifies without forming crystals.
12. List two things that happen to the molecules within an organ that has been vitrified to temperatures below –100 °C.
When molecules are vitrified to temperatures below –100 °C molecules hardly move and they stop reacting with one another.


Clearing the Way to Acne-Free Days

1. What percentage of teenagers experience episodes of acne?
80% to 90% of teenagers experience episodes of acne.
2. Describe the conditions that are required for Propionibacterium acnes to grow and spread.
Propionibacterium acnes require an environment that has an excess of oil and an overgrowth of skin cells.
3. What is sebum and how does it keep water both inside and outside the skin?
Sebum is the oil that is produced in the sebaceous glands located inside hair follicles. Because sebum is composed of fats which do not dissolve in water, sebum can keep water outside the skin from getting in and the water underneath the sebum from getting out.
4. Explain the difference between the formation of a whitehead and the formation of a blackhead.
Dead skin cells and oils collect in the opening to the hair follicle producing a bump. If the skin over the bump stays closed, the bump is called a whitehead. When the skin over the bump opens, exposure to the air causes it to look black due to oxidation, and a blackhead forms.
5. How do androgen levels affect acne breakouts?
Androgen levels affect acne breakouts by stimulating the sebaceous gland cells to produce more sebum. An increase in sebum supports the growth and spread of the bacteria that can cause acne. Therefore, higher levels of androgens encourage bigger breakouts.
6. What is IGF-1?
IGF-1 stands for insulin-like growth factor-1. It is a growth hormone that stimulates sebum-producing cells to increase sebum production. IGF-1 also makes skin cells grow faster and stimulates the production of more androgens.
7. Explain the relationship between diet, insulin, IGF-1, androgens, and acne.
Anytime insulin increases in response to eating carbohydrates, IGF-1 increases. This causes an increase in sebum production, increased cell growth, and the production of more androgens. These three factors provide the fuel for acne breakouts. Therefore, a diet that requires less insulin could be considered to help curb acne breakouts.
8. How does benzoyl peroxide work in treating acne?
Benzoyl peroxide is a lipophilic antimicrobial agent that kills P. acnes by penetrating deep into the pimples and preventing the organism from reproducing.
9. Salicylic acid is another compound that is used to treat acne. What does salicylic acid do in the treatment of acne?
Salicylic acid helps in the treatment of acne by loosening and removing (exfoliating) the outermost layer of skin and unclogging hair follicles.
10. Why must doctors be cautious about prescribing antibiotics to treat acne?
Doctors must be cautious about prescribing antibiotics because the bacteria may become resistant to the drugs, making them useless.
11. Retinoids can be prescribed for moderate to severe acne that doesn’t respond to other treatments. How is the action of retinoids different from that of benzoyl peroxide and salicylic acid?
Retinoids are similar to salicylic acid in that they help exfoliate the skin cells but they also have an anti-inflammatory effect. Retinoids do not kill the bacteria like benzoyl peroxide does.
12. Why would spironolactone be prescribed to treat acne?
Spironolactone is used to treat acne due to its ability to block “the influence of androgens on the sebaceous glands, reducing oil production and improving acne.”


Life without Rare-Earth Metals

1. List eight (8) common products that use rare-earth elements?
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a. Some common products
    that use rare-earth
    elements are:
smartphones
baseball bats
televisions
batteries
cars
electric guitars

b. High-tech products
    include:
night-vision goggles
sunglass lenses
lasers
magnets
ear buds

c. Sporting goods
    products include:
Bicycles
baseball bats
golf clubs
hockey sticks
11. 
2. If rare-earth elements look alike and act similarly, how are they different?
Each rare-earth element has its own atomic number and subtle differences inside the atoms that cause them to be different from each other.
3. Why are rare-earth elements sometimes called “chemical vitamins”?
Rare-earth elements are sometimes called “chemical vitamins” because small amounts, as little as 0.2%, can be alloyed with other materials and vastly affect their properties.
4. Starting in the 1970s, color televisions contained minerals with rare-earth elements. Which elements were used, and what colors did they produce?
Color televisions in the 1970s used minerals containing europium and yttrium to make red light, and a different europium compound to produce blue light. Terbium produces green and blue light, and terbium and europium together can produce a brilliant white light.
5. Describe how the process of luminescence works.
In luminescence, electrons in atoms absorb energy and move from their lower ground states to higher, excited states. When the excited electrons release energy by returning to their lower ground states, the energy thus produced can be in the form of visible light.
6. What is an alloy?
Alloys are mixtures of metals, or a mixture of a metal with another element.
7. Are rare-earth metals really rare? Explain.
No, rare-earth metals aren’t really rare; they have been found all over the globe. All but one of the rare-earth elements are more abundant than gold. They are referred to as rare because, even though they are relatively common in the earth's crust, their concentration is so low that it is not economical to extract them.
8. Which country has the largest supply of rare-earth metals?
China has the largest supply of rare-earth metals.
9. Which rare-earth element is used as a pink coloring agent and found in lasers used to remove acne scars and tattoos?
Erbium (Er) is the rare-earth metal used as a pink colorant and in lasers to remove acne scars and tattoos.
10. The Toyota Prius nickel-metal hybrid battery is strengthened with which rare-earth metal?
The Toyota Prius batteries are strengthened with lanthanum.
11. List two rare-earth elements that are used to improve magnets.
Rare-earth elements used to enhance magnets include
a. neodymium, and b. samarium


[bookmark: _Toc283997090]Piping Hot, Ice-Cold … Thanks to Chemistry!

1. What was the primary purpose of the first widely used self-heating cans?
The primary purpose of the first widely used self-heating cans was to provide hot meals for World War II soldiers.
2. What produces heat in a flameless ration heater?
Heat is produced in a flameless ration heater by the exothermic chemical reaction that occurs when water is added to a pouch containing magnesium metal, iron and table salt.
3. In a chemical reaction, how is energy involved in breaking and in making chemical bonds?
In a chemical reaction, energy is required to break the bonds of the reactants and energy is released as new bonds are formed in the products.
4. a) When you hold an ice cube in your hand, why does your hand feel cold?
When you hold an ice cube in your hand, the heat energy from your hand flows into the ice cube leaving your hand feeling cold.
b) How is heat energy used to melt the ice?
Heat energy is used to melt the ice by breaking hydrogen bonds, the intermolecular forces that hold water molecules together as ice.
5. Why is it important to avoid using a flameless ration heater near an open flame?
It is important to avoid using a flameless ration heater near an open flame because a product of the exothermic chemical reaction, hydrogen gas (H2), is flammable.
6. Why does the HeatGenie™ exothermic chemical reaction occur rapidly?
The HeatGenie™ exothermic chemical reaction is rapid because the oxygen is supplied internally by silicon dioxide, the oxidizer, rather than oxygen coming from outside air.
7. In the HeatGenie™ chemical reaction:
a) If there are 3 silicon atoms and each silicon atom gains 4 electrons, how many electrons are gained? Show your work.



b) If there are 4 aluminum atoms and each aluminum atom loses 3 electrons, how many electrons are lost? Show your work.



The above equations may be more than students can be expected to provide, but student answers should at least show the same number (12) electrons lost and gained in the balanced oxidation-reduction (redox) reaction.
8. In an endothermic reaction like the self-cooling can, in which direction does the heat energy flow to cool the surroundings?
In an endothermic reaction the heat energy flows from the surroundings (the beverage) to the system. This leaves the surroundings with less energy so they are cooler.
9. How does the release of carbon dioxide cool a beverage can?
When released, carbon dioxide expands and pushes through the small opening by breaking the attractive forces (intermolecular forces) between the molecules. The energy for expansion comes from the surroundings (the beverage liquid) leaving the beverage cooler.
10. What role did a military cook play in the discovery of self-cooling food?
During the Vietnam War, a military cook used carbon dioxide fire extinguishers to quickly cool beverage cans for military officers.




[bookmark: _Toc468111721]Correlations to the Next-Generation Science Standards
	Article
	NGSS

	The Flint Water Crisis: What’s Really Going On?
		HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at equilibrium.
HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.



Disciplinary Core Ideas:
· PS1.A Structure and Properties of Matter
· PS2.B Types of Interactions
· ETS1.B Developing Possible Solutions
Crosscutting Concepts: 
· Cause and effect:  Mechanism and explanation
· Scale, Proportion, and Quantity
· Structure and Function
Science and Engineering Practices: 
·  Analyzing and interpreting data
· Constructing explanations and designing solutions
Nature of Science:  
· Scientific knowledge is based on empirical evidence.
· Science is a human endeavor

	Preserving Organs: Saving Lives, Giving Hope
		HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of the reacting particles on the rate at which a reaction occurs.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.

Disciplinary Core Ideas:
· PS.1.A Structure and Properties of Matter
· ETS1.C Optimizing the Design Solution
Crosscutting Concepts: 
· Scale, proportion, and quantity
· Systems and system models
Science and Engineering Practices: 
· Developing and using models
· Constructing evidence (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge is based on empirical evidence.
· Science addresses questions about the natural and material world.




	Clearing the Way to Acne-Free Days
		HS-LS1-3. Plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis.



Disciplinary Core Ideas:
· LS1.A Structure and Function
· PS1.A Structure and Properties of Matter
Crosscutting Concepts: 
· Cause and Effect: Mechanism and explanation
· Structure and Function
Science and Engineering Practices: 
· Constructing explanations (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge is based on empirical evidence. 
· Science addresses about the natural and material world


	No Smartphones, No TV, No Computers: Life without Rare-Earth Metals
		HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in the outermost energy level of atoms.

Disciplinary Core Ideas:
· PS1.A Structure and Properties of Matter
· PS.2.B Types of Interactions
· ETS1.C Optimizing the Design Solution
Crosscutting Concepts: 
· Patterns
· Cause and effect: Mechanism and explanation
· Structure and function
Science and Engineering Practices: 
· Constructing explanations (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge assumes an order and consistency in natural systems.





	Piping Hot, Ice-Cold… Thanks to Chemistry
			HS-PS2-6. Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends on the changes in total bond energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.

Disciplinary Core Ideas:
· PS1.A Structure and Properties of Matter
· PS1.B Chemical Reactions
· ETS1.C Optimizing the Design Solution
Crosscutting Concepts: 
· Systems and system models
· Energy and matter: Flows, cycles, and conservation
Science and Engineering Practices: 
· Analyzing and interpreting data
· Constructing explanations (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge is based on empirical evidence.




	








[bookmark: _Toc468111722]Connections to the Common Core State Standards
[bookmark: _Toc283997093]RST.9-10.1: Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text's explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the text.

RST.11-12.1: Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

RST.11-12.2: Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.

In addition, the teacher could assign writing to include the following Common Core State Standards:

WHST.9-10.1B: Develop claim(s) and counterclaims fairly, supplying data and evidence for each while pointing out the strengths and limitations of both claim(s) and counterclaims in a discipline-appropriate form and in a manner that anticipates the audience’s knowledge level and concerns.

WHST.9-10.2: Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes.

WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).

WHST.11-12.1.A: Introduce precise, knowledgeable claim(s), establish the significance of the claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that logically sequences the claim(s), counterclaims, reasons, and evidence.

WHST.11-12.2:  Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes.

WHST.11-12.2E: Provide a concluding statement or section that follows from or supports the argument presented.







[bookmark: _Toc468111723]Anticipation Guides
Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.

Directions for all Anticipation Guides: Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

[bookmark: _Toc468111724]
The Flint Water Crisis: What’s Really Going On?
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. The problem with water in Flint was first noticed by residents in the 1990s.

	
	
	2. Prior to the public announcement of a problem with the water in Flint, General Motors stopped using the water in its Flint car plant because of fear of corrosion.


	
	
	3. Trihalomethanes contain carbon and halogens.

	
	
	4. Lead has been used in plumbing since Roman times because it is durable and malleable. 

	
	
	5. Prior to 2014, lead (II) phosphate formed a protective layer in the pipes in Flint.

	
	
	6. The lead level in tap water is measured in ppm (parts per million).

	
	
	7. The Flint water plants try to keep the pH of the water around 7.

	
	
	8. Phosphate ions added to water combine with lead to form a protective coating inside water pipes.

	
	
	9. Chloride ions eliminate waterborne pathogens similar to elemental chlorine.

	
	
	10. More than 30 years ago, the use of lead water pipes in new construction was banned by the U. S Congress.



[bookmark: _Toc468111725]Preserving Organs: Saving Lives, Giving Hope
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Potassium ions slow the metabolic rate of the heart.

	
	
	2. Ice crystals begin to form at temperatures below 4 C.


	
	
	3. Donor hearts are frozen prior to transplantation into a recipient. 

	
	
	4. On average, more than 1000 organs are transplanted every day.

	
	
	5. Donated hearts can be preserved for a longer time than donated kidneys. 

	
	
	6. Hydrogen bonding is responsible for the rigid hexagonal crystal lattice structure of ice.

	
	
	7. Adding cryoprotectants such as glycerol to red blood cells lowers the freezing point.

	
	
	8. Vitrification occurs when solids solidify without forming crystals.

	
	
	9. When molecules move more slowly, chemical reactions increase.

	
	
	10. Currently, donated human organs are banked the same way we bank blood for transfusions.



[bookmark: _Toc468111726]
Clearing the Way to Acne-Free Days
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Almost everyone’s skin contains acne-causing bacteria.

	
	
	2. The bacteria that cause acne are anaerobic.

	
	
	3. Acne-causing bacteria require an excess of oil.

	
	
	4. Sebum is an oil that controls the amount of water entering and leaving our skin.

	
	
	5. A blackhead is caused when a pimple is not exposed to air.

	
	
	6. Higher levels of sex hormones (androgens) are related to fewer acne breakouts. 

	
	
	7. There is a definite link between eating chocolate and increased acne breakouts.

	
	
	8. Benzoyl peroxide and salicylic acid, both used to treat acne, contain only hydrogen, carbon, and oxygen.

	
	
	9. All prescription medications for acne work the same way.

	
	
	10.  Eating fewer processed carbohydrates may help lower acne development.



[bookmark: _Toc468111727]
No Smartphones, No TV, No Computers: Life without Rare-Earth Metals
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Rare-earth metals have very similar physical and chemical properties.

	
	
	2. Most rare-earth elements were mined in the same town in Sweden.

	
	
	3. All rare-earth elements are in the lanthanide row on the periodic table of elements.

	
	
	4. Rare-earth metals provide more strength when alloyed with other metals.

	
	
	5. Rare-earth elements were used in color television tubes in the 1970s.

	
	
	6. Rare-earth elements are used in sports equipment.

	
	
	7. Nanoparticles of scandium surrounded by lithium are incorporated into aluminum to create more powerful but lighter weight hockey sticks.

	
	
	8. Most rare-earth elements are more common than gold.

	
	
	9. Rare-earth elements are easy to separate from their minerals.

	
	
	10. The United States is the largest producer or rare-earth elements. 



[bookmark: _Toc468111728]
Piping Hot, Ice Cold… Thanks to Chemistry
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Self-heating cans have been used since the 1800s.

	
	
	2. Flameless ration heaters developed by the military contains magnesium, iron, and sodium chloride.

	
	
	3. Bond breaking usually releases energy.

	
	
	4. Exothermic reactions release more energy than they absorb.

	
	
	5. In an oxidation-reduction (redox) reaction, electrons lost by one substance are gained by another.

	
	
	6. When an atom gains an electron, it is oxidized. 

	
	
	7. Self-cooling cans were developed before self-heating cans.

	
	
	8. Self-cooling cans contain carbon dioxide gas.

	
	
	9. When gas is released through a small opening, the gas container becomes hot.

	
	
	10. Separating molecules requires an input of energy.



[bookmark: _Toc283997099][bookmark: _Toc468111729]
Reading Strategies

These graphic organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading and writing strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding




Teaching Strategies: 

· Links to Common Core Standards for Reading:
· ELA-Literacy.RST.9-10.1:  Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.
· ELA-Literacy.RST.9-10.5: Analyze the structure of the relationships among concepts in a text, including relationships among key terms (e.g., force, friction, reaction force, energy). 
· ELA-Literacy.RST.11-12.1:  Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.
· ELA-Literacy.RST.11-12.4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

· Links to Common Core Standards for Writing:
· ELA-Literacy.WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).
· ELA-Literacy.WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.

· Vocabulary and concepts that are reinforced in this issue:

· Chemical reactions
· Redox reactions
· Solubility
· Equilibrium
· Le Chatelier’s Principle
· Vitrification
· Hydrogen bonding
· Molecular structures
· Personal and community health
· Rare-earth metals
· Endothermic and exothermic reactions
· Conservation of energy

· Some of the articles in this issue provide opportunities for students to consider how understanding chemistry can help them make informed choices as citizens and consumers.

· Engagement suggestions:

· Prior to giving students the article “The Flint Water Crisis: What’s Really Going On?”  use a Think-Pair-Share to find out what students already know about the Flint water crisis. During reading, students will reflect on what they thought and how the evidence from the article supports their original ideas (or not).
· Avoid telling students the title of the article, “No Smartphones, No TV, No Computers: Life without Rare-Earth Metals.” Instead, ask them where in their everyday lives they would find rare-earth metals and why they are used. After a short class discussion, give them the article to read.

· To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles. The Background Information in the ChemMatters Teacher’s Guide has suggestions for further research and activities.

[bookmark: _Toc468111730]
The Flint Water Crisis: What’s Really Going On?

Directions: As you read, complete the graphic organizer below to describe the chemistry involved in causing and correcting the Flint water crisis.
	Causes of the Flint water crisis

	
	How did it get in the water?
	Why is it a concern?

	Trihalomethanes
	
	

	Lead
	
	



	Correcting the problems

	
	What can (or should) be done?
	What are some drawbacks to the possible solution(s)?

	Preventing lead contamination
	
	

	High levels of chloride ions
	
	

	Effect of pH
	
	

	Chlorine treatment
	
	



Summary: On the bottom or back of this paper, write a tweet (140 characters or less) describing how to protect your town from lead contamination in the drinking water.
· 

[bookmark: _Toc468111731]Preserving Organs: Saving Lives, Giving Hope

Directions: As you read the article, complete the graphic organizer below to describe how human organs are preserved for transplantation.
	How are organs currently preserved?

	Preserving Organs
Problems with freezing organs


	Compare preserving organs to preserving blood cells and plasma.

	Ideas for extended organ preservation in the future





Summary: On the back of this paper, write a one-sentence summary (20 words or less) of the article.
[bookmark: _Toc468111732]Clearing the Way to Acne-Free Days

Directions: As you read the article, complete the graphic organizer below to describe the causes of acne breakouts and possible solutions to an acne problem. Use bullets for each idea.

	
	Description
	Chemicals involved

	Cause(s) of acne 
	
	

	Effect of diet on acne
	
	

	Over-the counter medication for acne
	
	

	Prescription medication for acne
	
	




Summary: On the back of this paper, write a short (3-5 sentences) email describing what you learned to a friend who has problems with acne breakouts.
[bookmark: _Toc468111733]
No Smartphones, No TV, No Computers: Life without Rare-Earth Metals
Directions: As you read the article, complete the graphic organizer below to describe what you learned about rare-earth metals, including where they are found in your everyday life.

	3
	New things you learned about the chemistry of rare-earth metals through reading the article
	

	2
	Examples of rare-earth metals in your everyday life, including the products where they can be found and why they are used in that product
	

	1
	Question you have about rare-earth metals 
	

	Contact!
	What one thing would you like to tell your friends about the importance of rare-earth metals? 
	


[bookmark: _Toc468111734]Piping Hot, Ice Cold… Thanks to Chemistry

Directions: As you read the article, complete the graphic organizer below to describe what you learned about how chemistry can help us heat or cool our food.

	
	Chemicals involved
	Endothermic or Exothermic Reaction? Explain.

	Flameless ration heater
	
	

	HeatGenie
	
	

	Self-Cooling can
	
	



Summary: On the back of this sheet, draw a Venn diagram to compare and contrast exothermic and endothermic reactions.
[bookmark: _Toc468111735]
The Flint Water Crisis: What’s Really Going On?
[bookmark: _Toc212568418][bookmark: _Toc468111736]Background Information (teacher information)

History of drinking water treatment

	Today we assume that the city-supplied tap water is safe. We feel we can drink the water without contracting a waterborne disease or becoming ill. We assume the water has gone through some purification and disinfection processes. In history, this is a relatively new phenomenon.

	Civilizations have generally been established around sources of water, so the importance of water for drinking and other uses has long been understood; however, the quality of the water was not understood or appreciated. The treatment of water in these early times was focused only on the aesthetic qualities. They wanted to improve the smell, the taste and the color of the water that was used.This ancient Egyptian clarifying device was found pictured on the wall of the tomb of Amenophis II at Thebes. The inscription was carved in 1450 B.C.

http://www.buffalowater.org/Quality/Treatment/WaterTreatmentHistory


	As early as 2000 BC, the writings of the Sanskrit and Greeks recommended water treatment methods. They knew that heating the water might purify it. They also used sand and gravel filtration, as well as leaving water in the sun and straining it. By 1500 BC, the Egyptians discovered the concept of coagulation. They used alum to cause suspended particles to settle out. Pictures of this process were found on the tombs of Amenophis II and Ramses II (see illustration at right).

[image: Roman Aqueducts]The Greek scientist Hippocrates believed that, if water smelled and tasted clean, it was good for the body. He invented the process of sieving water and created the first bag filter, which trapped sediments that caused bad odors and color. During 300–200 BC, the Romans built the first aqueducts, which supplied Rome with one million cubic meters of water daily.



Roman aqueducts

http://www.kidsdiscover.com/quick-reads/roman-aqueducts-dawn-plumbing/


	During the Middle Ages, also called the Dark Ages (500-1500 AD), there was a lack of scientific innovations and experimentation, so water treatment and its importance was ignored. In 1627, Sir Francis Bacon experimented with a type of sand filtration to remove salt from seawater. His experiments were not successful, but his work did revive an interest in the treatment of water. In the 1670s, Anton van Leeuwenhoek created the first microscope with lenses that he ground and polished to increase the magnification. His invention allowed him to be the first to observe microorganisms in water. By the 1700s, water filters made from wool, sponge and charcoal were commonly used to remove particles.

Slow sand filtration was being used regularly in Europe by the 1800s. In 1804, Robert Thom designed the first municipal water treatment plant in Scotland. It was based on slow sand filtration and initially the water was distributed from the plant to customers by horse and cart. Within three years they installed water pipes. Dr. John Snow proved that cholera was spread through water in 1855. He determined that cholera epidemics were less severe where water went through slow sand filtration. Dr. Snow used chlorine to purify the water, which began the use of water disinfectants. During the late 1880s, Louis Pasteur described a “germ theory” of disease in which microscopic organisms could transmit disease through materials like water.

As a result of this flurry of research, by the late 19th and early 20th century, the focus regarding water quality centered on disease causing organisms. At this point, people realized that turbidity was not just an aesthetic problem, because the suspended particles held pathogens. America started building water treatment plants with large sand filters. It was found that coagulation and sedimentation techniques improved the filtration. This did reduce the incidence of typhoid and cholera epidemics.

Chlorine was used as the primary disinfectant for the first time in the United States in Jersey City, New Jersey in 1908. Other disinfectants, such as ozone, were in use in Europe. The first federal regulation of drinking water occurred in 1914, when the U.S. Public Health Service established standards for the quality of drinking water. This only applied to water systems that provided water to interstate carriers such as trains. It wasn’t until the 1940s that the drinking water standards applied to municipal water systems. By the early 1970s, public health concerns not only involved pathogens, but people began to worry about industrial and agricultural chemicals that were found in the water supply. For example, in 1972, 36 chemicals were found in treated water taken from a treatment plant whose water supply was the Mississippi River. This inspired new legislation. The Clean Water Act of 1972 requires industrial plants to improve their waste procedures and limit the effect of contaminants on freshwater sources. The Safe Drinking Water Act of 1974 regulates public water systems, and it was adopted by all 50 states. This act was amended in 1986 and 1996. It is administered by the U.S. Environmental Protection Agency’s (EPA) Office of Ground Water and Drinking Water. The act specifies the contaminants that must be closely monitored in water. If the contaminants exceed the maximum contaminant levels allowed by the federal government, they must be reported to the residents.

	It is believed that water treatment is one of the most significant public health advancements of the 20th century.

Water treatment process

	Drinking water in the United States is some of the safest in the world. In the U.S., drinking water generally comes either from surface water (rivers, lakes or streams) or from groundwater. Municipal water systems must treat the water to make it safe for us to drink and for other human uses. Today there are common steps that most municipalities use: screening, coagulation and flocculation, sedimentation, filtration, and disinfection.

	Screening is the first step in the process of cleaning water for drinking. Surface water contains large objects such as sticks, leaves, trash and fish that can clog the water treatment system. Large screens cover the water intake pipes and prevent the debris from entering the plant. These screens need to be cleaned periodically so they do not slow the intake of the water.

[image: m3_f2_inscrn_r]

Water treatment screening process

(http://www.tru.ca/trades/programs/water/watersafe/info-operators/water-treatment.html)

	Small particles are able to pass through the screen and are frequently too small to settle out and, as a result, make the water look cloudy, forming a colloid. At this point, coagulation and flocculation are used to remove these small particles. The suspended particles are neutral but are polar and have the negative charge on the outside. Since the suspended particles have the same negative charge on the surface they repel each other. To destabilize the colloids, chemicals called coagulants are added. These chemicals are generally higher-valence cationic salts of Al+3 or Fe+3. (See diagram below.) The most commonly used substance is a solution of aluminum sulfate, Al2(SO4)3 (alum).
Al2(SO4)3•12 H2O (s)    Al3+ (aq)  +  3 SO42– (aq)  +  12 H2O (l)

[image: http://www.thewatertreatments.com/wp-content/uploads/2009/01/sewage-coagulation-function-repulsion.jpg]    [image: http://www.thewatertreatments.com/wp-content/uploads/2009/01/sewage-coagulation-function-nonrepulsion.jpg]

The treatment of colloidal particles in tap water

(http://www.thewatertreatments.com/wastewater-sewage-treatment/coagulation-types/)



The coagulant is mixed rapidly in the colloidal water. The salts react with the suspended particles and form a precipitate. As the precipitates form, they trap impurities. Some of these particles are large enough to settle out.

[image: Coagulation]
(http://chemistry.tutorvista.com/physical-chemistry/flocculation.html)

In order to remove more of the suspended particles, the water is mixed slowly, causing more particles to stick together, forming larger clumps called flocs. This process is called flocculation.

[image: https://jzcacayuran.files.wordpress.com/2015/07/3.jpg]
(https://jzcacayuran.wordpress.com/2015/07/)

	Sedimentation is the next step in the water treatment process. From the flocculation tank, the water flows to the sedimentation basin, which is deep. Here, the clumps of floc are allowed to settle to the bottom, leaving relatively clear water on top.

[image: https://jzcacayuran.files.wordpress.com/2015/07/4.jpg]
(https://jzcacayuran.wordpress.com/2015/07/)

	The water that leaves the sedimentation basin then goes through filtration. It will pass through filters of varying compositions, such as sand, gravel, and charcoal that will remove microscopic particles and microorganisms. Charcoal adsorption (the process in which one substance is attached to the surface of another substance) is used when the water contains dissolved organic compounds such as herbicides or industrial waste products. These can affect the taste and color of the drinking water as well as pose a health threat.

	The final step in the process is generally disinfection. In many water supplies, the greatest risks to health are disease-causing bacteria, viruses, and parasites. Various chemical methods are used to kill these before the water enters the distribution system. Those most commonly used are chlorine, chlorine dioxide, chloramine, ozone and ultra-violet irradiation.

[image: Image result for Water treatment plant]

(https://www.ecwa.org/treatmentprocess)

	It should be noted that each water treatment plant is different, but each plant generally has each of the processes described above. There are other treatments that maybe involved in the treatment of water. The following table provides information on some of these.



	Treatment
	Chemicals or Process Used
	Purpose

	pH Adjustment
	CaO and NaOH
	Increases the pH, making the water more basic to help prevent corrosion

	Fluoride
	Fluorides (F–) 
(1 part per million)
	Protects teeth from decay for those 
who drink the water

	Aeration
	Spray water into the air
	Removes odors and improves taste

	 Corrosive Inhibitors
	
	

	1. Passive
	Oxidizing ions 
like chromate, nitrite and nitrate
	Shifts the corrosion potential

	2. Cathodic
	Compounds of arsenic 
and antimony
	Makes the recombination and discharge 
of hydrogen more difficult

	3. Organic
	Urea, amines, 
ascorbic acid
	Protects the metal by forming a 
hydrophobic film on the metal surface

	4. Precipitation inducers
	Silicates and phosphates
	Causes the formation of 
precipitates on the surface of the metal



Wastewater Treatment Process

	Once water is used, it must be returned to the fresh water supply. Wastewater comes from the toilet, bathing, washing dishes and clothes. The water from these sources may contain contaminants that are harmful both to humans and to the environment. Municipal wastewater facilities remove these harmful products before the water is returned to rivers, lakes or streams. The process most facilities use are described below.

1. Screening
The first stage requires screening to remove large objects such as rags, diapers, bottle tops, and newspaper. This protects the main sewage pumps and other equipment. This garbage is sent to landfills. At this point, the sewage is sent to a grit chamber, which removes cinders and sand that get washed into the sewer.

2. Primary Settling
After the first stage, the wastewater contains organic and inorganic matter and suspended solids. The sewage flows into a sedimentation tank where the flow of water is slowed. This allows the heavier solids to settle to the bottom of the tank, while the lighter materials float. The solids at the bottom are called raw primary biosolids (formerly called sludge). The bottom of the tanks have large scrapers which continuously scrape the floor of the tank and push the biosolids towards the center where they are removed and further treated to be used as fertilizer or sent to a landfill. The floating trash, which is generally grease, scum and plastic material, is skimmed off the top.

3.  Aeration
The sewage then flows into an aeration tank. Here it is mixed with air and sludge (from step 4, below) that stimulates the growth of oxygen-using bacteria. It is allowed to remain in this tank for several hours. The bacteria breaks down the organic matter into harmless substances.

4. Final Settling
The wastewater flows to the final settling tanks. The heavy particles and other solids settle out to the bottom, forming secondary sludge. Most of the sludge is aerated, chlorinated, dried and sent either to a landfill or incinerator. Some of the sludge is reused by sending it back to the aeration tank.

5. Disinfection
At this point the water may still contain disease causing organisms. The wastewater is most commonly treated with chlorine, which will kill the harmful bacteria and reduce odor. Some municipalities use ultraviolent light or ozone to disinfect the water. The wastewater is then released into a local waterway.

[image: https://upload.wikimedia.org/wikipedia/commons/5/54/ESQUEMPEQUE-EN.jpg]

The steps in sewage treatment

(https://en.wikipedia.org/wiki/Sewage_treatment)

More on Flint River

	The Flint Water Crisis was the result of poor decisions made by the local and state government, but it is also the result of the pollution of the Flint River over the past century. The more polluted a water source is, the more treatment that is required to make the water safe to drink. Due to pollution, it is more difficult to treat water from the Flint River than from Lake Huron, where Flint received water from 1974 to 2014. The Flint River is polluted from four sources; natural biological waste, treated industrial and human waste, untreated waste intentionally or accidentally dumped into the river, and contaminants washed into the river. In addition, the temperature of the Flint River is warmer than Lake Huron. These all result in higher levels of bacteria, organic matter and dissolved contaminants.

	Flint, like many cities, did not worry about the pollution of its river until recently. The earliest industrial waste dumped into the Flint River came from lumber mills in the 1830s. A natural development from the lumber industry was the addition of paper mills and chemical processing plants. As Flint grew, the industries grew and soon they began making carriages and then automobiles. All of which were dumping their wastes into the Flint River. As early as 1893, Flint began getting its city drinking water from the Flint River. By the 1930s, they noticed that the fish in the river began to disappear. Research by the University Of Michigan Institute Of Fisheries Research determined pollution had lowered oxygen levels in the river, suffocating the fish. By the 1940s, there were discussions about the pollution in the river—but nothing was done.

	After World War II, Flint became a booming city of 200,000 people. By 1955 it was reported that the Flint River would not be able to support the city’s needs. At that time, new regulations required businesses and industries to treat and dilute their waste with city water before releasing it into the river. This would require even more water from the Flint River. Flint switched to water processed by Detroit in 1967. The main motivation for the switch, which was pushed by General Motors executives, was to save money and guarantee enough water for the needs of the city. City officials were worried about the capacity of the river and whether it could provide enough drinking water and water for the industries. The quality of the water was not a concern.

	Switching to water supplied by Detroit did not improve the quality of the Flint River. With the passage of the Clean Water Act in 1972, the Flint River showed some improvement upstream from Flint, but downstream there were significant toxins. They included raw sewage from Flint’s wastewater plant containing fecal coliform bacteria, and phenol from GM plants. Fertilizers in rural area also polluted the river. Road salt raised the rivers chloride levels making the water more corrosive.Pollution in the Flint River

(http://icastinayak.com/tag/fly-fishing-flint-river-michigan/)


	Today, environmental regulations keep companies from dumping waste into the river; however, illegal and accidental dumping continue. Flint city continues to discharge untreated sewage into the river during heavy rains, snowmelts and power outages. Although GM closed its plants in Flint in 2004, the waste left behind still leaches into the river and groundwater. The mistreatment of the Flint River certainly has contributed to the crisis in Flint.



Lead’s role in the crisis

	Lead is one of a few elements that has been known since ancient times. The oldest example of lead is a small statue found in Egypt believed to be made during the First Dynasty in about 3400 BC. The use of lead was mentioned in ancient writings from India, as well as in the Bible. Romans widely used lead for pipes, writing tablets, coins, pots and pans. In fact, scientists believe that many Romans may have become sick from cooking food and boiling wine in lead pots.

	It is believed that the word lead is derived from the Celtic word “luaide”, meaning reddish, because of the reddish color of “red lead”, which is lead tetroxide. The symbol Pb is derived from the Latin term plumbum, which is believed to be derived from the Latin word for waterworks. This is where the term plumber comes from.

	Lead is a lustrous bluish-white metal when freshly cut. When exposed to air, it tarnishes and turns a gray color. This serves as a protective coating. Lead is very soft, highly malleable, ductile, and a poor conductor of electricity (compared to other metals). It is a moderately active metal. It will slowly dissolve in water and cold acids. It is rarely found free in nature and generally found in ores such as galena, PbS (lead sulfide); anglesite, PbSO4 (lead(II) sulfate); and cerussite, PbCO3 (lead(II) carbonate). Lead makes up only 0.0013% of the Earth’s crust, but is not generally considered rare, since it is easily mined and refined. Elemental lead was most commonly obtained historically by roasting galena in hot air. Today most elemental lead is obtained by recycling. Lead is produced around the world, with Australia, China, the United States, Peru, Canada, Mexico and Sweden being the largest producers.Galena, PbS

(http://www.mine-engineer.com/mining/mineral/galena.htm)


	In recent history, lead and lead compounds have been used for many applications. Lead has been used in gasoline, paint, ceramics, pipes and plumbing, solders, batteries, ammunition, and cosmetics. Today, many products that once contained lead no longer use it. This is to reduce the amount of lead that gets into the environment and reduce its toxic effects. The majority of lead today is used in lead-acid batteries for automobiles. The other common applications of lead used today include coloring agents for ceramics, radiation shields, and glass used for computer and television screens.

Health effects of lead

	No level of lead is safe, and lead fills no essential function in the body. The injuries caused by lead poisoning tend to be permanent, and the effects can last years or a lifetime. Chelation therapy can remove lead from the body, but the effects remain. The degree of exposure to lead depends on the concentration of lead, the route of exposure (air, water or food), and the current medical condition and age of the person. Fetuses, infants, and young children are particularly at risk to lead poisoning since their bodies are growing quickly, which facilitates the bioaccumulation of lead.

	When lead enters the body it initially goes into the blood. It is then distributed throughout the body. Most of the lead is then stored in the soft tissue, bones and teeth. Only about 1% remains in the blood. The lead stored in the bones and teeth remains there indefinitely unless it is released back into the blood during a time of stress. When lead is present in the body, especially when present in high concentrations, it tends to compete with magnesium ions, Mg2+, calcium ions, Ca2+, and iron ions, Fe2+. When lead ions, which are also divalent, replace these ions in enzymes, they render the enzymes ineffective. This potentially affects every organ of the body. Lead ions and calcium ions react in similar ways under similar conditions. As a result, lead is absorbed into the bones, replacing calcium. This is a problem for young children who are building bones for, as lead is deposited instead of calcium, stunted growth results. Lead affects enzymes as described by Michael McClure, below.

	Lead is believed to inactivate some enzymes by reacting with sulfhydryl groups in the proteins in enzymes.

	Lead ions in solution react readily with sulfur, as illustrated by their reaction with hydrogen sulfide to form insoluble lead sulfide.

Pb2+  +  H2S    PbS  +  2H+

Enzymes consist of long chains of amino acids (represented below as AA), some of which contain sulfhydryl (-SH) groups. Possibly, lead binds to the sulfur of these groups, thus disrupting the enzymes and damaging nerves and vital organs.

[image: ]

(McClure, M. Mystery Matters: The Cattle Killer. ChemMatters, 1986, 4 (3), p 15)

	High levels of lead in infants and young children can result in convulsions, major neurological damage, organ failure, coma, and even death. Moderate to low levels of lead can result in behavior and learning problems, such as Attention Deficit Hyperactivity Disorder (ADHD), lower IQ, developmental delays, slowed growth, hearing problems, and anemia.

	Pregnant women also are at particular risk with lead poisoning. During pregnancy calcium is normally released from the mother’s bones to help form the bones of the fetus. If lead is present in the bones it is also released. This is especially true when the woman is deficient in calcium. The lead can cross the placental barrier, exposing the fetus to lead. This results in reduced growth of the fetus, premature births, and still-births.

	In adults, lead poses a wide range of serious effects. These include the disruption of the biosynthesis of hemoglobin, which results in anemia; increased blood pressure; kidney damage; disruption of the nervous system; brain damage; and reproductive problems.



Trihalomethanes

	Trihalomethanes were first identified in drinking water in the 1970s. Chlorine and chlorine-containing compounds are added to drinking water to destroy microbial pathogens that could make consumers sick or even kill them. Trihalomethanes (THMs) form when the chlorine or chlorine-containing disinfectants react with organic matter in the water. The organic matter, also referred to as precursors, include such material as algae, weeds, decaying leaves and decomposing animals. The Environmental Protection Agency (EPA) survey shows that THMs are present in most chlorinated water supplies. They are odorless and tasteless. The production of THMs depends on the amount and type of organic matter, the temperature, the pH, the concentration of chlorine, and the contact time of the chlorine with the organic matter.

	The most common trihalomethane compounds are dibromochloromethane (CHBr2Cl); tribromomethane (CHBr3), also called bromoform (see below); trichloromethane (CHCl3), also called chloroform; and bromodichloromethane (CHBrCl2). The sum of these four is referred to as Total Trihalomethanes (TTHMs).
[image: Chemical Structures of Trihalomethane disinfection byproducts]
Structural formulas of the trihalomethane compounds

(https://www.hydroviv.com/blogs/water-smarts/disinfection-byproducts-in-drinking-water-toxicity-history-and-policy)

The formation of trihalomethanes may occur through many different reaction mechanisms. One of the most widely discussed is the haloform reaction (see below). This involves the stepwise chlorine substitution of the enolate form of a methyl ketone. The resulting trichloroacetyl compound undergoes base hydrolysis liberating chloroform and a carboxylic acid.

[image: http://www.ecs.umass.edu/cee/reckhow/courses/572/572bk4/Image251.gif]

The haloform reaction

(http://www.ecs.umass.edu/cee/reckhow/courses/572/572bk4/572BK4.html)

	Trihalomethanes pose a variety of health risks. They can cause injury to the liver, kidney, central nervous system, and they can increase the risk of bladder and colon cancer. Chloroform, (the most common THM), dibromochloromethane and bromoform have been named as substances that will likely cause cancer, based on animal studies. Bromodichloromethane has been identified as a mutagen, which alters DNA. Higher concentrations of trihalomethanes may cause reproductive problems, birth defects, and still births. It should be noted that the health risks from THMs in drinking water are small compared to the risk of potentially deadly infectious diseases if the water is not disinfected with chlorine.

Oxidation, reduction and corrosion

	The oxidation-reduction reaction, also known as a redox reaction, is a type of reaction in which the acceptance of one or more electrons (reduction) by a material is matched with the donation of one or more electrons (oxidation) by another, usually different, material. Zinc metal typically loses two electrons and produces zinc ions, as in the reaction below.

Zn    Zn2+  +  2e–

Zinc is said to be oxidized because it loses electrons as it forms ions. Reduction occurs when a reactant gains one or more electrons. In the reaction below, copper (II) ions gain electrons, producing copper metal; copper ions are said to be reduced.

Cu2+  +  2e–    Cu

Electrons cannot be gained by one substance unless they are lost by another, so oxidation and reduction always occur together. The reaction between the zinc metal and copper ions would look like this:

Zn  +  Cu2+    Zn2+  +  Cu

	An oxidizing agent is the substance that accepts the electrons from the substance that is oxidized. The oxidizing agent is thus the substance that is reduced. Likewise, the reducing agent is the substance that donates the electrons to the substance that is reduced, and it (the oxidizing agent) is the substance that is oxidized. This can be confusing, but the definition of the term “agent” may help. According to the Oxford Dictionary, an agent is “a person or thing that takes an active role or produces a specified effect.” (https://en.oxforddictionaries.com/definition/agent)

In other words, an agent facilitates the effect (e.g., a travel agent helps a person plan and arrange a trip, and a sports agent helps the athlete find the best team and negotiate the best deal). So, the oxidizing agent produces or facilitates the oxidation.

	One of the many mnemonics for remembering the definitions of oxidation and reduction is the saying, “LEO the lion says GER”:
LEO = Loss of Electrons is Oxidation
GER = Gain of Electrons is Reduction

	The corrosion process is an oxidation/reduction reaction that converts metals to metal ions. The most familiar example of corrosion is the rusting of iron. The green coating called patina that forms on bronze statues is another type of corrosion. The green color is caused by the formation of copper ions. Corrosion is a complex reaction, but it can be understood if it is considered an electrochemical process.

An electrochemical cell consists of two cells called half-cells. Each half-cell contains a metal electrode and an electrolyte. The half-cell where oxidation occurs is called the anode, and the one in which reduction occurs is called the cathode. The electrons naturally flow from the anode to the cathode, creating an electrical current. Corrosion can then be explained as follows:

The metal being corroded acts as the anode; the metal is oxidized, forming metal ions and free electrons. The free electrons reduce the oxygen, often times forming hydroxide, and providing a complimentary cathodic reaction. The dissolution of the metal at the anode has two possible outcomes; the metal ions can go into solution, becoming hydrated, or the metal ions can form a solid compound that collects on the surface. In the former case, further oxidation of the metal ions can occur and an open pit can form. In the latter case, a protective barrier may be formed and the collection of solid metal ions will inhibit further corrosion.

(http://chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Case_Studies/Corrosion/Corrosion_Basics)

[image: http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/imgche/corrosion.gif]
An illustration of the corrosion (rusting) of iron
(http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/corrosion.html)

The following equations describe the reactions discussed in the diagram above.

At the anode:

	Fe (s)  ⟶  Fe2+ (aq)  +  2 e−

At the cathode:

	O2 (g)  +  2 H2O (l)  +  4 e−  ⟶  4 OH– (aq)

In the water droplet above, the iron(II) ions and the hydroxide ions combine to form a 
	precipitate:

	Fe2+ (aq)  +  2 OH− (aq)  ⟶  Fe(OH)2 (s)

The precipitate quickly oxidizes to form rust (Fe2O3):

4 Fe(OH)2 (s)  +  O2(g)  ⟶  2 Fe2O3 • 2 H2O (s)  +  2 H2O (l)

	The corrosion of pipes used to distribute drinking water can cause problems, such as: contributing toxic metals to the drinking water; staining laundry, sinks and tubs; and creating a poor taste. The metal water pipes are made of a variety of metals including iron, copper, galvanized steel and lead. There are many factors that affect the rate of corrosion in these water pipes. They include the pH of the water, the concentration of oxygen dissolved in the water, the chemical composition of the water, the temperature of the water, and the velocity and pressure of the water in the pipes.

Water that is slightly basic, with a pH of around 8, is less corrosive, while slightly acidic water, with a pH less than 6.5, will be very corrosive. Water exposed to air dissolves oxygen. Oxygen is an oxidizing agent that causes the metal pipes to be oxidized, and the result is corrosion, adding metal ions in the water. The chemical composition of the water (a mixture) may have varying effects on the corrosion of the plumbing.

When minerals dissolve in the water, they separate into ions that conduct electricity and support the electrochemical process of corrosion. Certain minerals such as calcium or magnesium ions will react with carbonate ions in the water to form a protective coating on the pipe, reducing corrosion. Like all chemical reactions, corrosion is more rapid at higher temperatures, so warm or hot water increases the rate of corrosion. Thus, corrosion is more prevalent in hot water lines. With a high pressure and flow rate, the natural protective coating that form on pipes can be eroded, exposing the bare metal. This results in a higher rate of corrosion when the protective coating is removed.

Effects of pH

	The degree of acidity of a substance is determined by measuring its pH. The pH range commonly goes from 0 to 14 and a neutral substance has a pH of 7. Substances with a pH of less than 7 are acidic and greater than 7 are basic.

A small number of water molecules dissociate into hydrogen ions (H+) and hydroxide ions (OH–). In pure water the number of H+ and OH– ions are equal and the pH is 7. pH is really a measurement of hydrogen ions, H+, and is believed to stand for the “power of hydrogen”. As stated by the United States Environmental Protection Agency (EPA):

pH is an expression of hydrogen ion concentration in water. Specifically, pH is the negative logarithm of hydrogen ion (H+) concentration (mol/L) in an aqueous solution:

pH  =  –log10 (H+)

The term is used to indicate the degree of basicity or acidity of a solution ranked on a scale of 0 to 14, with pH 7 being neutral. As the concentration of H+ ions in solution increases, acidity increases and pH gets lower, below 7. When pH is above 7, the solution is basic. Because pH is a logarithmic function, one unit change in pH (e.g., from 7 to 6) indicates a 10x change in hydrogen ion concentration in that solution.

(https://www3.epa.gov/caddis/ssr_ph_int.html)

	The range of the pH scale is shown in the table below, with specific examples of substances at each pH level.

[image: http://www.austincc.edu/biocr/1406/labm/ex3/images/pH_scale.jpg]

The pH scale, including materials that exhibit the individual pH levels

(http://www.austincc.edu/biocr/1406/labm/ex3/prelab_3_3.htm)


Le Châtelier’s Principle

	Le Châtelier’s principle is also known as the equilibrium principle. In chemistry a dynamic equilibrium occurs when the tendency of the reactants to form products is balanced by the tendency of the products to form reactants. This occurs when the rate of the forward reaction is equal to the rate of the reverse reaction. The composition of a system at equilibrium can change if certain conditions change. How these changes influence a chemical reaction at equilibrium was first described by Henri Louis Le Châtelier in 1884. Le Châtelier’s principle can be stated as: Any change (also called a stress) in a chemical reaction at equilibrium causes the reaction to proceed in the direction that reduces the effect of the change. Stresses, changes in concentration, pressure/volume and temperature, all cause a reaction to proceed in the direction that reduces the impact of the change.Henri Louis Le Châtelier

(https://en.wikipedia.org/wiki/Henry_Louis_Le_Ch%C3%A2telier)


	The increase in the concentration of a reactant or product causes the reaction to proceed in the direction that consumes the added substance. Likewise the decrease in the concentration of a reactant or product causes the reaction to proceed in the direction that produces more of the missing substance. For example in the reaction
2 SO3 (g)    2 SO2 (g)  +  O2 (g)

if the concentration of SO3 is increased the equilibrium will favor the forward reaction which consumes the SO3 and produces more SO2 and O2.

	Any change in pressure or volume of an equilibrium system is only significant when gases are involved. Remember that pressure is a result of gas molecules colliding with the walls of the container and with each other. The more gas molecules in the container, the higher the pressure. If the pressure on the equilibrium system is increased, the reaction will shift in such a direction to counteract the change. Therefore, the position of equilibrium will move in the direction that will decrease the number of molecules (moles) of gas, thus reducing the pressure.

Using the same equation as above, if the pressure on the entire equilibrium system is increased, the reaction will shift to make fewer moles of gas, so that there are fewer molecular collisions, thus reducing pressure. Since there are two moles of gas on the reactant side and three moles of gas on the products side, the reaction will proceed to the left, producing more SO3, but consuming more of the “products”. If pressure in a gaseous equilibrium system is decreased, the system will proceed in the direction that would produce more moles of gas, thus increasing the pressure.

	In order to apply Le Châtelier’s principle during a change in temperature, it is necessary to know whether the reaction is endothermic (absorbs heat) or exothermic (releases heat). Heat can be considered a “product” in an exothermic reaction and a “reactant” in an endothermic reaction. If we look at the SO3 decomposition reaction again it is necessary to know that it is endothermic (because more energy is consumed to break the two S–O bonds than is produced in making the one O–O bond). So we can now consider the reaction as:
Heat  +  2 SO3 (g)    2 SO2 (g)  +  O2 (g)

Suppose the system is at equilibrium, and then the temperature is increased. According to Le Châtelier’s principle, the reaction will proceed in the direction to counteract this change. Because the reaction in endothermic (heat is a reactant), a shift to the right (forward direction) will use up some of the excess heat (added as a stress), and more SO2 and O2 will be produced as a result.

[bookmark: _Toc212568419][bookmark: _Toc468111737]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568420]Organic Chemistry—Structures of THMs provided in the Dingle article would serve as an excellent extension to the discussion of organic molecules and the reactions they undergo. Students could be asked to compare the structure of methane to a trihalomethane.
2. Concentration—When teaching concentration units, this article could be used to introduce the concept of parts per million and explain it is a common concentration unit used when measuring trace quantities. It could be compared to percent by mass concentrations.
3. Oxidation-reduction reaction— When teaching oxidation-reduction reactions, this would serve as a prime example of how the process is a part of our everyday life. Students could be asked to describe the oxidation of the iron pipes using chemical equations.
4. Solubility rules and precipitation—Students should be able to predict that lead carbonate and lead phosphate would be insoluble and form a precipitate by using their solubility rules.
5. pH—As a lesson in an acid-base unit, teachers could use the article to emphasize that a low pH means that it is an acid and contains more hydrogen ions, which affects the corrosion of the pipes.
6. Le Châtelier’s Principle—This is an excellent article to help students grasp the importance of Le Châtelier’s principle as a real world example as they study equilibrium. Students could be asked to describe the shift in the lead carbonate equilibrium as the pH changes. They could also be asked to suggest factors that would shift the equilibrium so the lead carbonate coating is preserved.


[bookmark: _Toc468111738]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Bottled water is pure water.” Bottled water is not pure water. Pure water would only contain molecules of H2O. Pure water can be produced, but it is expensive to make and to keep pure. As soon as the pure water comes in contact with air, it will dissolve oxygen and nitrogen. Dissolved gases give a water a pleasing taste. Trace minerals found in water are important for chemical reactions in our body. Other compounds are added to our water to make is safer and healthier (e.g., chlorine is added to disinfect it and fluoride is added to prevent tooth decay).
2. “Adding chlorine to drinking water is dangerous because it forms trihalomethanes.” OK, this one isn’t really a misconception, because chlorine can react with organic material in water to form trihalomethanes and it does pose some potential health hazards. However, the greatest threat of danger in drinking water is the presences of harmful water-borne pathogens. One of the best methods for destroying these bacteria is chlorination. Chlorination not only destroys these disease causing agents, it travels with the water through the pipes to our taps, killing bacteria all the way. Other disinfection methods, such as the use of ozone or ultraviolet light, tend to work for only a short period of time while in the water treatment plant.
3. “Bottled water is better than tap water.” Bottled water can be more convenient, and some prefer its taste to tap water, but there is no reason to think that it is better for you. Tap water is regulated by the Environmental Protection Agency (EPA) and is routinely tested. Municipalities are required to report the results of these tests. Bottled water is regulated by the Food and Drug Administration (FDA), but manufacturers are not required to report to the consumers where the water comes from or how it is treated or what it might contain. Many brands of bottled water use municipal water (tap water). Some producers of bottled water use springs as their water source which may contain impurities you may not want to consume. Such an example is:

… Fiji Water, a popular and overpriced brand, even among already overpriced bottled water. In 2007, they ran a series of magazine ads claiming, “The Label Says Fiji Because It’s Not Bottled in Cleveland.” The city government of Cleveland was not amused and hired specialists to run tests on the city’s water versus Fiji’s. The results showed that Fiji water contains 6.3 micrograms of arsenic — which is poisonous to humans — per liter. Cleveland’s city water supply is arsenic-free and infinitely cheaper.

(http://www.kstatecollegian.com/2012/09/20/3-myths-and-misconceptions-about-water-debunked/)

[bookmark: _Toc468111739]Anticipating Student Questions (answers to questions students might ask in class)

1. “How do I know if my tap water has lead in it?” According to the Center for Disease Control and Prevention:

The only way to know whether your tap water contains lead is to have it tested. You cannot see, taste, or smell lead in drinking water. Therefore, you must ask your water provider whether your water has lead in it. For homes served by public water systems, data on lead in tap water may be available on the Internet from your local water authority. If your water provider does not post this information, you should call and find out.

(https://www.cdc.gov/nceh/lead/tips/water.htm)
2. “Why is fluoride added to drinking water?” Fluoride is known to help prevent tooth decay by strengthening the enamel. Since, in most areas of the country, fluoride is not a common mineral in diets, it is added to water.
3. “What is hard water?” Hard water is defined as water containing large quantities of calcium and magnesium ions. It is generally formed when water runs through limestone, chalk or other mineral deposits containing calcium or magnesium. The water dissolves some of these ions. Hard water interferes with the cleansing action of soap. It also tends to form lime scale (calcium or magnesium carbonates) in hot water heaters. Hard water is inconvenient and can reduce the lifetime of equipment such as boilers and water heaters. It does have some health benefits. Humans need calcium and magnesium in their diet, and drinking hard water does contribute small amounts of these minerals to our dietary needs.
4. “How much water do humans need on a daily basis?” It is important to remember that everybody’s needs are going to be a little different. Our daily water needs are obtained predominantly by drinking but to a lesser extent by eating water containing food. It is recommended that we consume between 1.5 and 2.0 liters of water per day. It is important to note that anything containing water, such as tea and coffee, counts towards our daily requirement. Our total daily need for water is 2.5 liters. Between drinking water containing fluids and the water containing food this amount will be adequate for most people.

[bookmark: _Toc468111740]Activities

Labs and Demos

1. Wet lab to simulate the water purification process: This lab, “Water Filtration”, uses “swamp” water (water with dirt or mud added) and goes through the basic process of purification used in many municipal water treatment plants. It includes aeration, coagulation, sedimentation and filtration in the purification process. This is a very simple lab to execute. (https://www3.epa.gov/safewater/kids/pdfs/activity_grades_4-8_waterfiltration.pdf)
2. Wet lab, which is a little more involved, simulates the purification of waste water: The “Foul Water Lab” is adapted from the textbook Chemistry in the Community. Three different processes are used: oil/water separation, sand and gravel filtration and charcoal adsorption and filtration. This procedure includes a nice follow-up that includes questions, calculations, and data analysis. (http://ralston-web.jeffco.k12.co.us/ralston/html/science/chemistry/Labs/Foul%20Water%20Lab.pdf)
The original version of this lab can be found in the Chemistry in the Community textbook, published by the American Chemical Society. Chemistry in the Community 6th edition, W. H. Freeman and Company/BFW: New York, 2011; pp 479–482.
3. Water contamination demonstration: This demonstration takes about 10 minutes. In a simple manner, it simulates how easily water becomes contaminated and relates it to drinking water standards. It includes suggestions for a follow-up discussion. (http://serc.carleton.edu/introgeo/demonstrations/examples/watercontamination.html)
4. Series of demonstrations and wet labs that explores equilibrium and Le Châtelier’s Principle: “All Things Being Equal” provides objectives, and detailed instructions for the teacher, as well as student procedure, preparation time, expected results, and questions with suggested answers.
(https://www.nsta.org/highschool/connections/201210AllThingsBeingEqualTeachersGuide.pdf)

[bookmark: _Toc327249436][bookmark: _Toc453602479]Simulations
[bookmark: _Toc327249437]
1. Water sources and its purification: This simulation explains where most municipalities get drinking water. It then goes through the typical process of water purification. It does provide an interactive quiz at the end and a comparison of bottled water to tap water. (http://techalive.mtu.edu/meec/module03/index.htm)
2. Lead entering drinking water: “Flint’s Water Crisis Explained in 3 GIFs”, produced by Time, illustrates graphically the difference between the Detroit water and the Flint River water. (http://time.com/4191864/flint-water-crisis-lead-contaminated-michigan/)
3. The actual chemistry of lead entering the water system: “Corrosive Chemistry: How Lead Ended Up in Flint's Drinking Water” is a one minute simulation produced by Scientific American. (https://www.scientificamerican.com/video/corrosive-chemistry-how-lead-ended-up-in-flint-s-drinking-water1/)
4. pH: This PHET simulation, “pH Scale”, tests the pH of various common materials. It provides molecular views of the relative numbers of hydroxide ions and hydronium ions in solution. It also looks at the effect of dilution on pH. (https://phet.colorado.edu/en/simulation/ph-scale)

[bookmark: _Toc453602480]Media

1. The water purification process: “Water and You: The Water Treatment Process” (4:19) is a clever video showing and explaining the water treatment process. (https://www.youtube.com/watch?v=KMP9-49I1U4)
2. Flint water crisis: The CNN news report “Here’s How Flint’s River Crisis Happened” (4:28) explains the events that lead to the crisis in Flint. (http://www.cnn.com/videos/us/2016/01/21/flint-michigan-water-crisis-ganim-dnt-ac.cnn)
3. The explanation of flocculation: This Massachusetts Institute of Technology video, “Flocculation” (5:34), provides an excellent explanation of flocculation. It includes both demonstrations of flocculation of actual water samples as well as explaining the process with molecular view drawings. (https://www.youtube.com/watch?v=5uuQ77vAV_U)
4. Chemical and physical properties of lead: This video (8:08) from Periodic Videos by the University of Nottingham not only gives the properties of lead but also provides a wide range of interesting facts about lead. It includes information about lead used by the Romans as well as being used as lead pipes. (http://www.periodicvideos.com/videos/082.htm)
5. Lead poisoning: The How Stuff Works video “Lead—A Sweet Tasting Poison” (1:32) provides a short but informative description of the effects of lead poisoning. (https://www.youtube.com/watch?v=EGac6S0NLXk)
6. Oxidation-reduction reactions: There are two videos on redox reactions; one is useful for an introductory lesson while the other is very detailed and better for advanced students.
a. “Redox Reactions: Crash Course Chemistry #10” (11:12) is a video that would be good as an introductory lesson. It is fast moving and involves humor, while providing accurate information. (https://www.youtube.com/watch?v=lQ6FBA1HM3s)
b. “Oxidation and Reduction” (11:03) is the first in a series on redox reactions produced by the Kahn Academy. This video provides a sophisticated explanation of the oxidation/reduction process. It is done using symbols and drawings to explain the exchange of electrons. This video and the rest in the series can be found at https://www.khanacademy.org/science/chemistry/oxidation-reduction/redox-oxidation-reduction/v/introduction-to-oxidation-and-reduction.
7. Le Châtelier’s Principle: Both videos below explain equilibrium and Le Châtelier’s Principle. One is short and is good as an introduction to the concepts. The other video is detailed and the first in a series on equilibrium.
a. “Le Châtelier’s Principle” (7:00) is a video good as an introduction. It provides an excellent explanation using pictures of equilibrium systems, symbols and molecular models. At the end of the video, a real life application of the principle is provided. (https://www.youtube.com/watch?v=PciV_Wuh9V8)
b. “Le Châtelier’s Principle” (14:42) by the Kahn Academy is a detailed video that gives an in-depth explanation of the principle. It presents the explanation in terms of symbols and molecular models. It is the first in a series on factors that affect equilibrium. (https://www.khanacademy.org/science/chemistry/chemical-equilibrium/factors-that-affect-chemical-equilibrium/v/le-chatelier-s-principle)
[bookmark: _Toc327249438]
[bookmark: _Toc453602481]Lessons and Lesson Plans

1. A series of lessons on drinking water: This site, created by the EPA, includes activities on water pollution, building models of aquifers, and the availability of ground water. It also has suggestions for games dealing with drinking water. (https://www3.epa.gov/safewater/kids/teachers_9-12.html)
2. Water—at elementary, middle and high school levels: These lesson are aligned with national standards and produced by Open Square Foundation. They include individual lesson plans, as well as a unit plan that includes cross-curriculum suggestions for the study of water and the global water crisis. (http://water.org/news/lesson-plans/ )
3. Oxidation-reduction reactions: At this site, a lesson plan for the teaching of redox reactions is provided. It includes a PowerPoint and activity sheets that can be downloaded. It states the objectives, prior knowledge necessary, and guiding questions. It also provides suggestions for methods for teaching this lesson. (http://www.cpalms.org/Public/PreviewResourceLesson/Preview/156068)

[bookmark: _Toc327249439][bookmark: _Toc453602482]Projects and Extension Activities

1.  A debate or town meeting dealing with a water crisis: The EPA has a design for a town meeting that looks at an industry coming to town that could potentially threaten the water supply. The description for this debate can be found at https://www3.epa.gov/safewater/kids/pdfs/activity_grades_9-12_proposedtankfarm.pdf.
2. Student research project on waterborne diseases: Students could research various waterborne diseases such as cholera, typhoid, dysentery, amoebiasis, shigellosis, giardia, and legionnaire’s disease. They could research the cause, how it affects the body, the seriousness, how it is transmitted, and the cure.
3. Students write a position paper: Students could research the pros and cons of bottled water vs tap water. From their research they would write a positon paper explaining why one is better than the other, citing facts to support their position.
4. Students could debate chlorination: Students could research the pros and cons of using chlorine or chlorine-containing products for disinfecting drinking water. A class debate or risk-benefit analysis could then be held to argue each point.

[bookmark: _Toc468111741]References (non-Web-based information sources)
The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site:  http://ww.acs.org/chemmatters. Click on the “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

Selected articles and the complete set of 
Teacher’s Guides for all issues from the past three 
years are available free online at the same Web site, above. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!


This article discusses lead poisoning, as well as some of the uses of lead. (Gough, M. Lead Poisoning. ChemMatters, 1983, 1 (4), pp 4–7)

	An excellent explanation of Le Châtelier’s Principle can be found in this classic article: Davenport, D. When Push Comes to Shove: Disturbing the Equilibrium. ChemMatters, 1985, 3 (1), pp 14–15.

Michael McClure writes an article about the mysterious death of several cows, which were poisoned by lead. In the article he explains the process for analyzing lead. (McClure, M. Mystery Matters: The Cattle Killer. ChemMatters, 1986, 4 (3), pp. 13–15)

An older article on wastewater treatment can be found in the issue given below. It 
does have some interesting graphics. (Garber, C. Wastewater. ChemMatters, 1992, 10 (2), 
pp 12–15)

	The lead poisoning of Beethoven is described in this article: Withgott, J. Mystery Matters: Lead—Beethoven’s Heavy Metal Ailment. ChemMatters, 2001, 19 (3), pp 14–15.

	Information about lead, its history, uses, and health effects are described here: Brownlee, C. Bling Zinger: The Lead Content of Jewelry. ChemMatters, 2006, 24 (2), pp 11–14.

	The Teacher’s Guide for April 2006 article above provides additional information on lead poisoning and its symptoms.

This article describe the process used to treat waste water. (Haines, G. Is this Water Recycled Waste? ChemMatters, 2011, 29 (1), pp 8–10)

The Teacher’s Guide for the February 2011 article above contains additional information on water purification, filtration and EPA water standards.

[bookmark: _Toc212568425][bookmark: _Toc468111742]Web Sites for Additional Information (Web-based information sources)

Water treatment

	The Center for Disease Control and Prevention provides basic information about municipal water treatment. It includes a clear graphic of the process. In addition, it does describe what types of treatments that can be done in the house. (http://www.cdc.gov/healthywater/drinking/public/water_treatment.html)

	This site provides a more detailed description of municipal water treatment. (http://www.lenntech.com/applications/drinking/purification/drinking-water-preparation.htm)

	The USGS describes the various processes that are used in wastewater treatment in a short, concise manner. (http://water.usgs.gov/edu/wwvisit.html)

	A more detailed discussion of wastewater treatment can be found at http://www.science.uwaterloo.ca/~cchieh/cact/applychem/watertreatment.html.

	At this EPA educational site the history of water treatment is described in a one-page fact sheet. (https://nepis.epa.gov/Exe/tiff2png.cgi/P1002SMN.PNG?-r+105+-g+15+D%3A%5CZYFILES%5CINDEX%20DATA%5C00THRU05%5CTIFF%5C00001267%5CP1002SMN.TIF)

Flint River and the water crisis

	This article by the Flint Water Study explains some of the problems with the Flint River water: http://flintwaterstudy.org/tag/drinking-water/.

	This C&EN article, “How Lead Ended up in Flint’s Tap Water”, describes the Flint River crisis. This is the article that was cited in the ChemMatters article. (http://cen.acs.org/articles/94/i7/Lead-Ended-Flints-Tap-Water.html)

	This New York Times article describes the investigation by Marc Edwards to determine the problems with the Flint water. (http://www.nytimes.com/2016/08/21/magazine/flints-water-crisis-and-the-troublemaker-scientist.html?_r=1)

	A timeline of the events that occurred in the Flint water crisis can be found here: http://www.msnbc.com/msnbc/flint-water-crisis-timeline.

	Another article that is well written discusses the pollution in the Flint River. It can be found at this site: http://www.theverge.com/2016/2/26/11117022/flint-michigan-water-crisis-lead-pollution-history.

	An infographic about the Flint River crisis was created by Compound Interest and can be found at http://www.compoundchem.com/2016/01/25/flint-water/.

Lead

	Interesting facts about lead and its uses can be found at this site: http://www.livescience.com/39304-facts-about-lead.html.

	Some basic physical and chemical properties of lead can be found at http://www.chemicool.com/elements/lead.html.

	Information about lead can be found in this article. It includes information about its history, properties, occurrences, extraction, and health effects. (http://www.chemistryexplained.com/elements/L-P/Lead.html)

	The occurrence and the effects of lead in drinking water are described in this article: http://www.water-research.net/index.php/lead.

Trihalomethanes

	A short basic article that explains what trihalomethanes are, how they are formed, and their health effects can be found at http://www.nesc.wvu.edu/ndwc/articles/qanda/otsp99_q_a.pdf.

	This article gives more details about the health effects of trihalomethanes: http://des.nh.gov/organization/commissioner/pip/factsheets/ard/documents/ard-ehp-13.pdf.

	At this site trihalomethanes are described and discussed in relationship to the Flint water crisis: http://www.waterandhealth.org/tthm-drinking-water-flint-michigan-story-lesson/.

	This blog describes disinfection byproducts found in drinking water. It includes information on their history, toxicity, and how they are regulated. (https://www.hydroviv.com/blogs/water-smarts/disinfection-byproducts-in-drinking-water-toxicity-history-and-policy)

Oxidation, reduction and corrosion

	Concise definitions of oxidation, reduction, oxidation numbers and redox reactions are given at this site. (http://www.chemteam.info/Redox/Meaning-of-Redox.html)

	This site describes redox reactions. It provides instructions and examples for balancing redox reactions. It also has a quiz the students could use to test themselves. (http://chp090.chemistry.wustl.edu/~coursedev/Online%20tutorials/Redox.htm)

	This site gives rules for assigning oxidation numbers and provides examples for assigning oxidation numbers to compounds. It also gives examples for recognizing redox reactions. (http://chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Redox_Chemistry/Oxidation-Reduction_Reactions)

	At this site, the corrosion of drinking water pipes is described. It includes information on the health effects of the corrosion and the factors that contribute to the corrosion. (http://soiltesting.tamu.edu/publications/E-616.pdf)

	This Centers for Disease Control and Prevention article describes the causes of water pipe corrosion. (http://www.cdc.gov/fluoridation/factsheets/engineering/corrosion.htm)

	This article provides information about the causes for corrosion of the pipes in Flint, Michigan. It describes the mistakes made in Flint, the science of the corrosion and the economics of the situation. (http://theconversation.com/the-science-behind-the-flint-water-crisis-corrosion-of-pipes-erosion-of-trust-53776)

pH

	A concise explanation of pH, and acids and bases can be found at http://www.sciencebuddies.org/science-fair-projects/project_ideas/Chem_AcidsBasespHScale.shtml.

	A more detailed discussion of pH can be found at this site. It also describes the values of pH and provides examples of the pH of common materials. (http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/ph.html)

	At this U.S.G.S. site, pH is described in terms of water properties. It describes the measurement of pH and the effect of pH on water quality. Included in the article is a map of the pH of natural waters in the United States. (http://water.usgs.gov/edu/ph.html)

Le Châtelier’s Principle

	This article gives a clear definition of the Le Châtelier’s Principle and provides an explanation of how concentration, pressure and temperature affect equilibrium. There is a short quiz at the end to test understanding. (http://www.chemguide.co.uk/physical/equilibria/lechatelier.html)

	At this site, the effects of Le Châtelier’s Principle are described by using calculations. There is an example problem for students to try at the end of the article. (http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch16/lechat.html#top)

	A detailed explanation of equilibrium and Le Châtelier’s Principle can be found at this site. It includes clear examples and links to videos, additional information, and quizzes. (http://www.chem1.com/acad/webtext/chemeq/Eq-02.html)
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A brief history of organ transplantation

	Overcoming obstacles

Can organ transplants cure a patient with a diseased organ? Are successful organ transplants even possible? These were two questions researchers had in mind when they first attempted organ transplants in animals in the early 1900’s.

The first attempts at transplantation were unsuccessful for three reasons: a) because physicians hadn‘t developed a surgical method to successfully connect the blood vessels of the donor organ to the recipients blood supply, b) they didn’t understand the immunological processes of transplant rejection, and c) they didn’t understand how to best preserve and protect donor organs while outside a living body. It took researchers and physicians more than 50 years to overcome these three obstacles to successful organ transplantation.

Dr. Alexis Carrell solved the first problem in 1902 by perfecting a vascular suturing technique that prevented blood clotting and infection. His method is still used in transplant surgeries today and he was awarded the Nobel Prize in Physiology or Medicine in 1912 for his work.

The technique is as simple as it is ingenious. The ends of the two vessels are approximated by three stitches, each placed one-third of the way around the circumference. When the stitches are retracted the vessels form a triangle, making continuous suturing possible. It also minimizes the possibility of catching the back wall of the vessel with the needle. And you don’t have to hold the edges of the vessels with a forceps, thus avoiding the risk of bruising and swelling.

[image: Alexis Carrel's own drawing of the triangulation method,.]
Alexis Carrel's own drawing of the triangulation technique.

(https://sterileeye.com/2008/09/25/triangulation/)

 	The first attempts to transplant human organs did not involve the use of immunosupressants and they all failed with death of the organ. It was around 1948 when the biologist Sir Peter Medawar discovered the need for immunosuppression in transplant surgery as he researched skin graft rejection on injured World War II soldiers. He was honored with a Nobel Prize in 1958. Following his work, and before immunosupressants were fully understood, surgeons were able to ignore the use of immunosupressants by performing transplants on identical twins. In 1954, Dr. Joseph Murray performed the first successful human kidney transplant in a patient who received a kidney from his identical twin brother. Because identical twins are genetically identical, the recipient’s immune system would not reject the donor kidney, and immunosuppressants were not needed. Besides a successful transplant, the patient was cured of his disease and survived for eight years. Dr. Murray, along with Dr. E. Donnall Thomas, received a Nobel Prize in 1990 for "organ and cell transplantation in the treatment of human disease." However, this severely limited organ transplantation. By the 1960s transplant surgeons were experimenting with immunosupressants and, in 1963, a combination of the immunosuppressant azathioprine and the steroid prednisone produced good results (i.e., the patient survived for one year—at this time, this was considered long term survival). As a result of this success, more kidney transplants were performed and, by 1965, more than 60% of kidney transplant patients had a one year survival rate. Cyclosporine, introduced in the mid-1970s, increased one-year survival rate to 85%. An understanding of the relationship between immunology and organ transplantation led to an increase in organ recipient survival rate and transplant operations. The second obstacle was overcome by 1968.

As kidney transplants became more successful, scientists and surgeons began investigating preservation methods to increase the shelf life of donor organs. They noticed that if a kidney was removed and replaced within one hour, no preservation was necessary. However, if there was a two hour lapse between removal and transplantation, often the kidney did not function properly. They also discovered that external cooling of canine kidneys used in research could be successfully stored for twelve hours. This led to the development of a cold storage method, in which a preservation solution that mimics intracellular fluids could be pumped through the blood vessels of the donor organ. By 1968, this process of organ preservation allowed donor organs at one site to be transported to recipients at another, thus increasing the number of available donor organs and removing the third obstacle to organ transplantation.

A timeline of successful organ transplants

The US Department of Health and Human Services identifies the following transplants as the first of their kind in the world. (https://optn.transplant.hrsa.gov/learn/about-transplantation/history/)

1954—First successful kidney transplant (Immunosuppressants were not needed because the recipient received a kidney from his identical twin brother)
1966—First successful pancreas/kidney transplant
1967—First successful liver transplant
1968—First isolated pancreas transplant
1968—First successful heart transplant
1981—First successful heart-lung transplant
1986—First successful double lung transplant
1989—First successful living related liver transplant
1990—First successful living related lung transplant

Current survival rate

An increased survival rate is an expected outcome of organ transplantations. The survival rate of organ recipients depends on factors such as age and gender, the general health and weight of the patient, the length of time the organ was stored before transplantation, and the patient’s response to anti-rejection medications.

Heart transplant patients can expect an average lifespan of 10 years, while only one-third of all lung transplant recipients survive 10 years. Kidney transplant recipients generally survive 10 to 12 years, and liver transplant patients have been known to survive as long as 30 years or more.

This table compares the average survival rates of heart, liver, kidney, and lung transplant patients.

[image: Organ transplant survival rates]

(http://america.aljazeera.com/watch/shows/techknow/blog/2014/2/4/transplant-timelineahistoryoforgandonation.html)

The most common conditions causing organ failure that requires transplantation are given below:

	Kidneys 
	Glomerular Diseases, Diabetes, and Hypertensive Nephrosclerosis 

	Liver
	Cirrhosis due to viral hepatitis, Cirrhosis due to fatty liver, Cirrhosis due to alcohol, and Cirrhosis due to autoimmune disease

	Heart
	Coronary Artery Disease, Cardiomyopathy, and Congenital Heart Disease

	Lung
	Idiopathic Pulmonary Fibrosis, Alpha-1 Antitrypsin Deficiency, and Emphysema/COPD 

	Pancreas
	Diabetes


(http://www.transweb.org/faq/q32.shtml)

Today, the biggest challenge with organ transplants is that the need exceeds the supply of organs. But medical technology is improving and more donors are becoming available.

Doxorubicin and anthracycline antibiotics

	The precursor to the cancer drug doxorubicin was discovered in the 1950s, in soil samples taken from the grounds of a 13th century castle located in Andria, Italy. The soil samples contained a strain of a bacterial species called Streptomyces peucetius, which produced an antibiotic that has major anti-cancer activity. This antibiotic was named daunorubicin. However, daunorubicin was found to cause rare, but fatal, cardiomyopathy. Doxorubicin is a slightly modified form of daunorubicin that is produced by mutating the S. peucetius. This modified anthracycline antibiotic is less toxic than its precursor. Structures and IUPAC names are shown below.DaunorubicIn

(1S,3S)-3-Acetyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-1-tetracenyl 3-amino-2,3,6-trideoxy-α-L-lyxo-hexopyranoside [ACD/IUPAC Name]

http://www.chemspider.com/Chemical-Structure.28163.html?rid=02835741-f337-44ec-8265-03cbe5005343
Doxorubicin

(1S,3S)-3-Glycoloyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-1-tetracenyl 3-amino-2,3,6-trideoxy-α-L-lyxo-hexopyranoside [ACD/IUPAC Name]

(http://www.chemspider.com/Chemical-Structure.29400.html?rid=46821060-669b-40a5-ba92-2c65ba0cb89f)


[image: https://upload.wikimedia.org/wikipedia/commons/e/ee/Doxorubicin%E2%80%93DNA_complex_1D12.png]While the exact mechanisms are not fully understood, it is believed that the anticancer effect of the anthracycline antibiotics may involve their interaction with DNA. These drugs inhibit DNA and RNA synthesis of tumor cells. Doxorubicin alters chromatin structure by inserting itself between base pairs in the DNA helix. This insertion prevents DNA replication, resulting in protein synthesis inhibition.
Insertion of doxorubicin between DNA base pairs

https://upload.wikimedia.org/wikipedia/commons/e/ee/Doxorubicin%E2%80%93DNA_complex_1D12.png



Doxorubicin also inhibits topoisomerase II, an enzyme that controls the winding of DNA, by preventing the resealing of the nucleotide strand after double-strand breakage.

The series of images below shows the normal functioning of the topoisomerase enzyme and was produced from the YouTube video called “A Knotty Problem”.

[image: ]

(https://www.youtube.com/watch?v=EYGrElVyHnU).

A serious side effect of doxorubicin is damage to heart muscle by the production of free radicals. Myocardial cells are less able to metabolize free radicals than are other cells. Free radicals can injure lipid structures in the myocardial cell by “stealing” electrons from the lipids. The result is impaired function of the sarcoplasmic reticulum, which regulates muscle contraction, and of the mitochondria, which supply the energy needed for muscle contractions.

Preserving (or perfusing) solutions

	A perfused solution supplies an organ with a blood substitute by circulating it through the organ’s blood vessels. The article mentions that a donor’s heart is perfused with a “cold solution containing potassium and other ions.” Two questions come to mind. What is the actual composition of the perfused solution and why is it cold?

The cold solution slows metabolism and inhibits the production of byproducts that can destroy the myocardial cells. The hypothermic solution also deters bacterial growth that results in tissue spoilage.

Perfusion solutions mimic the ionic content of blood and include buffers to maintain a pH of 7.4. However, this hypothermic blood substitute disrupts the normal functioning of the cell membrane. Cell membranes are composed of a phospholipid bilayer, with some surface proteins embedded around the surface. The cold solution causes a phase transition of lipids that affects membrane stability. This results in increased permeability, which contributes to cell swelling. Therefore, perfusion solutions contain osmotic agents to draw the water out of the cells by osmosis.

The most successful organ donor solutions are HES (hydroxyethyl starch); HTK (histidine–tryptophan–ketoglutarate solution); STF (Stanford solution); UW (University of Wisconsin solution); and UW-1 (modified University of Wisconsin solution).


	
	HTK
	STF
	UW
	UW-1

	Cations

	 Na+
	15.00
	20.00
	30.00
	125.00

	 K+
	10.00
	27.00
	125.00
	30.00

	 Mg2+
	4.00
	–
	5.00
	5.00

	 Ca2+
	0.015
	–
	–
	–

	Anions

	 Cl−
	50.00
	27.00
	–
	–

	 HPO42−
	–
	–
	–
	–

	 H2PO4−
	–
	–
	25.00
	25.00

	 HCO3−
	–
	20.00
	–
	–

	 SO42−
	–
	–
	5.00
	5.00

	Substrates and metabolites

	 Glucose
	–
	250.00
	–
	–

	 Glutamate
	–
	–
	–
	–

	 Ketoglutarate
	1.00
	–
	–
	–

	 Tryptophan
	2.00
	–
	–
	–

	 Adenosine
	–
	–
	5.00
	5.00

	Metabolically inactive osmotic agents

	 Mannitol
	30.00
	60.00
	–
	–

	 d-Raffinose 
	–
	–
	35.40
	35.40

	 HES (g/l)
	–
	–
	50.00
	50.00

	Antioxidants

	 Lactobionate
	–
	–
	100.00
	100.00

	 Allopurinol
	–
	–
	1.00
	1.00

	 Glutathione
	–
	–
	3.00
	3.00

	Organic buffers

	 Histidine
	180.00
	–
	–
	–

	 Histidine-HCl
	18.00
	–
	–
	–

	Others

	 Osmolarity
	310
	409
	320
	320



All concentrations are in mmol/l.

Chemical composition of the most commonly used heart preservation solutions

 (http://icvts.oxfordjournals.org/content/20/4/510/T1.expansion.html)

	Preservation solution composition is constantly evolving as cost, safety, effectiveness and stability are analyzed.

Immunosuppressants

Cyclosporine is an immunosuppressant drug that is widely used to prevent organ rejection after transplant. It was initially used as an antifungal drug, but when it was discovered that cyclosporine supported skin grafts among rats, it was tested and developed as an immunosuppressant. It functions by impeding T cell activation.

T cells are lymphocytes that form in the thymus and actively participate in the immune response. These are long-lived cells that can survive for 6 months to 10 years. T cells serve many different functions—protection against intracellular bacteria, viruses and virus infected cells, some cancer cells, and foreign tissue grafts. T cells contain receptors on their cell surfaces. The most important receptors on T cells are the receptors for antigen.T cell receptor binding to MHC-antigen Complex

(https://www.ebi.ac.uk/interpro/potm/2005_3/Page1.htm)



When an organ is transplanted between two individuals, it causes an immune response that results in rejection and destruction of the donor organ by the organ recipient. Each animal possesses its own characteristic set of histocompatibility antigens. T cells recognize fragments of protein antigen on target cells. The peptide fragments are carried to the surface of the cell on special molecules called major histocompatibility complex (MHC) proteins.

	The diagram below shows the mechanism of T cell activation. A T cell is activated when it binds to an antigen-presenting cell, or a target cell. This activates a protein called calcineurin to convert an inactive form of the nuclear factor of activated T cells, NFAT (inactive), to an active form of NFAT (active), by the process of dephosphorylation. NFAT are proteins involved in converting DNA into RNA. Cytoplasmic NFAT (active), the dephosphorylated NFAT, then moves to the nucleus of the cell. The addition of NFAT (active) to the nucleus triggers nuclear transcription, the conversion of DNA to RNA, of cytokine genes. This activates a type of cytokine cell called interleukin (IL-2) to be secreted by the cell, where it may bind to IL-2 receptors on the exterior of a T cell. IL-2 regulates T cell proliferation, or cell growth and division. Interleukins are also involved in a series of events which result in immune responses that result in the death of foreign cells.

[image: Image result for calcineurin inhibitor]

Mechanism of T cell activation

(http://tmedweb.tulane.edu/pharmwiki/doku.php/organ_transplantation?s[]=cell&s[]=activation)

The diagram labelled “The inhibition of calcineurin by cyclosporine” (below) shows how the immunosuppressant drug cyclosporine (CsA) interferes with the activity of T cells. It does this by binding to cyclophilin, (CpN) a protein that is found in all cells. This complex then bonds to the calcineurin. Because the calcineurin is tied up in this complex, it is unavailable to react with the NFAT (inactive), which is the structure labelled NF-ATc – PO4. This in turn inhibits the production of NFAT (active), NF-ATc. With no NFAT (active) entering the nucleus, nuclear transcription and T cell activation does not occur. The outcome is immunosuppression by inhibition of interleukin.



[image: Image result for mechanism of action of cyclosporine]

The inhibition of calcineurin by cyclosporine

(https://www.researchgate.net/profile/Cory_Langston/publication/259348441/figure/fig1/AS:267433848078355@1440772606442/Figure-2-Cyclosporine-mechanism-of-action.png)

	Another immunosuppressant, tacrolimus, works in a similar manner as cyclosporine, except instead of binding to cyclophilin, it binds to a different immunophilin that is present in the cell. The most common side effects of cyclosporine include hypertension, nephrotoxicity, and vulnerability to viral infections. Test results show tacrolimus to be less toxic to the kidney than cyclosporine, but a common side effect of this drug is post-transplant insulin-dependent diabetes.

Properties of water that affect organ preservation

	Many of the properties of water can be explained by the electronic structure of the H2O molecule, which is tetrahedral (if you include the non-bonding pairs of electrons). The oxygen atom is covalently bonded to two hydrogen atoms. Because of the difference in electronegativities between hydrogen and oxygen, the electrons are not evenly distributed in each bond. The oxygen atom carries a partial negative charge, while the hydrogen atoms carry a slight positive charge. Additionally, the oxygen atom has two lone pairs of electrons.The water molecule is a bent, 
polar molecule

(http://www.drcruzan.com/Water.html)



Because of these lone pairs, the water molecule is bent, with a bond angle of about 104.5°. Normally, tetrahedral molecules have bond angles of 109°, but the lone pairs of electrons have larger electron clouds and stronger repulsive forces than the shared pairs of electrons, thus decreasing the H–O–H bond angle.

[image: Image result for water is a polar molecule]The image of the electrostatic potential of water shows the negative end of the molecule in purple and the positive end of the molecule in green.

Electrostatic potential map of water

(http://www.chm.bris.ac.uk/webprojects2001/morgan/)


Because water is a bent molecule, with each oxygen atom capable of forming two hydrogen bonds with its lone pairs of electrons, water molecules bond together in a three dimensional network. How tightly the water molecules pack together is affected by two opposing forces—hydrogen bonding, which holds the water molecules together, and the movement of molecules caused by kinetic energy.

As water freezes to ice at 0 °C, the kinetic energy of the molecules decreases and the molecules move more slowly. This allows the maximum number of hydrogen bonds to form between the water molecules and results in an ordered hexagonal structural arrangement of water molecules with large open spaces. This is shown in the diagram of ice, below left. This ordered, open arrangement accounts for the low density of ice. (This rigid structure with lots of extra open space between the solid ice molecules is responsible for the problems that freezing presents for organ preservation by freezing.)

However, as the temperature of a sample of ice increases, the kinetic energy increases, resulting in hydrogen bonds that are constantly breaking and reforming. This results in collapse of the rigid hexagonal structure and thus the liquid occupies less space than did the solid, thus increasing the density (remember, D = M/V; as volume decreases, density increases). The diagram of liquid water shows the more random arrangement of water molecules. Water is most dense at 4 °C because the two opposing forces of hydrogen bonding and kinetic motion of molecules are “in balance.” At this temperature, the water molecules are not moving very rapidly, so that more hydrogen bonds form than are broken. This allows for the tightest packing of molecules because the hexagonal structure of the solid has not yet formed, which would push the molecules farther apart. As the temperature continues to rise, kinetic energy increases, movement between molecules increases, and more hydrogen bonds break, allowing the molecules to be farther apart from one another. Thus density decreases. At 100 °C, the kinetic energy is much greater than the strength of the hydrogen bonds, and the molecules can completely separate from one another, causing vapor to form and density to decrease significantly.

[image: http://www.scottsmithonline.com/interests/medicalschool/biology/110a/Midterm1Materials/Notes/graphics/figure%2002-15.jpg]

Hydrogen bonds in ice, liquid water, and steam

(http://scienceline.ucsb.edu/getkey.pprevent the formation of ice crystals hp?key=4169)

As water freezes to ice, density increases and this poses a problem in cryopreservation processes. Care must be taken to prevent the formation of large ice crystals that can form in the interstitial spaces between the cells of preserved organs, causing distortion of cells and, ultimately, their destruction.

Hydrogen bonding also accounts for an increase in the viscosity of water as temperature decreases. Viscosity is defined as a liquid’s resistance to flow. This is also a factor in cryopreservation. Viscosity is measured in milliPascal seconds (mP•s), with Pascal measuring pressure or stress. Molecules such as water that hydrogen bond tend to stick together, and their attraction to one another, or their “stickiness” for one another, causes a resistance to flow or stress. As water temperature decreases, the average speed of molecules decreases, and the average intermolecular force of hydrogen bonding increases. This increase in intermolecular forces thus causes an increase in “stickiness” and viscosity. Water is the most abundant material in living cells. At body temperature, 37 °C, water has a viscosity of 0.65 mP•s. At 0 °C, water’s viscosity increases to 1.79 mP•s.

Another property of water that concerns cryopreservation is specific heat. The specific heat is the amount of energy required to raise the temperature of one gram of a substance by one degree Celsius. Specific heat is related to a substance’s internal energy and is related to the number of degrees of freedom of its molecules. The degrees of freedom can be defined as the number of directions in which a particle can freely move. A liquid water molecule, for example, has nine degrees of freedom.

There are three translational degrees of freedom and they include the movement of water from one point in space to another along the x- axis, the y-axis, or the z-axis, or a combination of these dimensions in space.

Water has three rotational degrees of freedom around its center of mass, and they are summarized in the picture below.
[image: water rotations]
The three rotational degrees of freedom of a water molecule

(http://www.drcruzan.com/Water.html)

[image: http://wps.prenhall.com/wps/media/objects/3312/3392504/imag1903/AAAYXDM0.JPG]Finally, the water molecule has three vibrational degrees of freedom around its center of mass. They include symmetrical stretching, asymmetrical stretching, and symmetrical bending. The diagram below shows the three forms of vibrational motion and compares it to rotational motion.

Vibration and stretching in water molecules 
Clockwise from bottom left, 
vibrational bending, symmetrical stretching, 
asymmetrical stretching, and rotational motion.

(http://wps.prenhall.com/wps/media/objects/3312/3392504/blb1903.html)

Because of its nine degrees of freedom of motion, water has a high heat capacity. Ice, like all solids, only has vibrational degrees of freedom because of the fixed location of the molecules in the solid. Since ice molecules only have three degrees of freedom of motion, ice has a smaller heat capacity than liquid water. Because of water’s large heat capacity, heating and cooling require large energy changes. Since the specific heat of water is about twice that of ice, it takes about twice as much energy to increase the temperature of water by one degree than it does for ice. This creates some problems for a type of organ preservation called vitrification, which requires rapid cooling and rewarming to prevent the formation of damaging ice crystals. Water’s high specific heat makes this difficult.

Cryopreservation

Cryopreservation is the process of freezing cells, tissues, organs—and even whole bodies—to temperatures of –100 °C and below. At these temperatures, all biological activities and biochemical reactions cease, so living materials can be stored for prolonged periods of time. In this process, formation of ice crystals can damage cells during the freezing process. Two common cryoprotectants are dimethyl sulfoxide (DMSO) and hydroxyethyl starch (HES).

General properties of cryoprotectants are that they:
· are water soluble
· are effective at lowering the freezing point of the liquids in and around cells
· do not precipitate out
· are non-toxic at high concentrations; some cryoprotectants are used in concentrations from 5% up to 60%
· form hydrogen bonds with water

DMSO is an example of a penetrating cryoprotectant. It is a small enough molecule to easily penetrate cell membranes, and it protects the cell from within. It is non-toxic at low concentrations and can easily penetrate cell membranes without causing damage. Its major role is to prevent ice formation within cells. DMSO is actually used in nature by some insects as an antifreeze. One of its benefits is to help keep an osmotic balance in the cell, and it delays the point when salt concentrations begin dehydrating cells.
[image: http://www.chemguide.co.uk/physical/phaseeqia/pdsolution3.gif]

Phase Diagram

(http://chemguide.co.uk/physical/phaseeqia/raoultnonvol.html)

Dimethyl sulfoxide (DMSO) is an example of a cryoprotectant that works to lower the freezing point of water. That is, it causes a colligative freezing effect. The phase diagram can be used to explain how adding DMSO lowers the freezing point of the solution. The black, almost vertical line that separates the liquid phase from the solid phase represents an equilibrium between these two phases and can be used to find the freezing temperatures of pure water at different pressures. The point on this line at 1 atm, normal atmospheric pressure, shows us that pure water freezes at 0 °C. The pink line represents freezing temperatures of a solution. It shows that when DMSO is added to water, equilibrium has shifted and the freezing point has been lowered.

HES, hydroxyethyl starch, is a large polymer and is a non-penetrating cryoprotectant. It functions in the interstitial space outside cells. Because it doesn’t enter cells, it is less toxic than DMSO. Using HES allows for lower concentrations of penetrating cryoprotectants to be used within cells. HES also increases viscosity, which reduces the rate at which water leaves cells. As more water is withdrawn from cells, HES outside cells becomes dilute, and its viscosity decreases. This results in an increased rate of dehydration within the cell as more water molecules are able to leave the cell via osmosis. This slow dehydration is a benefit because now these cells (with less water inside) can be quickly cooled to prevent the formation of ice crystals.

The challenges in cryopreservation involve the cooling and rewarming processes, as both can cause cell damage from ice crystal formation. If water freezes inside the cell, damage occurs to the cell membrane, causing cell leakage. If water freezes outside the cell, pressure on cells caused by the expansion of ice can result in cell distortion and death. Formation of ice crystals resulting in cell damage is more likely to occur when the cooling and rewarming processes occur slowly because slow cooling and rewarming allows larger crystals of ice to form. Water’s high specific heat is responsible for the slow cooling process; since it takes so much heat to change water’s temperature, this process happens slowly. Both penetrating and non-penetrating cryoprotectants counteract this slow cooling. They affect cell concentrations so that more rapid cooling can occur. Both types of cryoprotectants also reduce the formation of ice crystals.

Supercooling

	Since the demand for organ transplantation is rapidly increasing, scientists are looking for methods to keep donor organs viable for longer periods of time. The general thought is that if organs can be cooled to temperatures below freezing, metabolism slows down considerably, and organs could be preserved for days or months instead of hours. Could the process of supercooling be used to preserve organs? Let’s begin by defining “supercooling” and using water as an example to describe the process.

[bookmark: ref9257]Chemists define supercooling as the process of cooling a liquid below its freezing point without crystallization. Water normally freezes at 0 °C, but pure water can be supercooled to 
–40 °C. For water to be supercooled it needs to be extremely pure. Otherwise, nucleation initiates the formation of a crystal. In this impure system, a small number of molecules of the pure substance become arranged in a pattern characteristic of a crystalline solid, forming a site upon which additional particles are deposited as the crystal grows.

[image: http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/section_15/7211efc83806119b92a7c94b722ce0fa.jpg]	The graph at right shows the relationship between temperature and heat changes during cooling. Freezing is an exothermic process. Heat is removed from the liquid and temperature decreases, as average kinetic energy and molecular movement decreases. The liquid state remains even as the temperature is decreasing below the equilibrium freezing point. This is an unstable equilibrium and something as small as a speck of dust can disturb the equilibrium to initiate crystallization. A small amount of ice begins to form. As water freezes at the nucleation site(s), potential (bond) energy is released as heat energy into the remaining water. This heat energy is in the form of kinetic energy and is indicated by an increase in temperature. The sudden uptick in the temperature on the graph indicates that this change occurs very rapidly. Temperature increases until this system reaches 0 °C. When water reaches its normal freezing temperature of 0 °C, the remaining water freezes, albeit more slowly. As ice crystals form potential energy is released as heat energy. The graph shows that heat energy is being removed and temperature remains constant, indicating that average kinetic energy remains constant. During crystallization the system is in thermal equilibrium since the amount of heat energy produced during the phase change is equal to the heat being removed during cooling. Once all of the water has frozen, as heat continues to be removed, the temperature of the solid will decrease until it reaches equilibrium with its surroundings. This decrease in temperature indicates a decrease in the average kinetic energy of the molecules.Cooling curve showing supercooling


(http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s15-05-changes-of-state.html)


The size of the crystals formed are affected by the cooling rate. A faster cooling rate prevents large crystals, because more crystals begin forming and they don’t have time to grow. Larger crystals grow with a slower cooling rate. A faster cooling rate would be beneficial in organ preservation because the smaller crystals that form would do less damage to the living cells.

Besides water, many different solutions can be supercooled, making supercooling a possible method of organ preservation. Research with “supercooled” organs is still in its infancy but looks promising. Scientists at Massachusetts General Hospital have been experimenting with new supercooling techniques using animal livers. Supercooled organs have been stored for up to three days at temperatures of –6 °C and then transplanted into donor animals. All of the animals that received donor organs were healthy at the three month follow-up period. This method involves filling the organ with oxygen and nutrients before supercooling to keep the tissue alive. To protect the organ’s cells from cold and membrane damage, a modified glucose and polyethylene glycol solution was perfused into the cells and then supercooled to –6 °C.

Vitrification

	Vitrification is a process in which solutions and water are solidified into a glasslike amorphous solid. Amorphous solids are non-crystalline solids in which the molecules are not arranged in a definite lattice pattern. Plastics, gels, and cotton candy are examples. The liquid-glass transition is a reversible process, where the material changes from a rubbery, viscous substance to a brittle glassy substance. The glass transition temperature occurs at a range of temperatures that is below the freezing temperature of the crystalline solid state of the substance. Vitrification solutions contain cryoprotective agents, carrier solution, and ice blockers.

[image: Image result for amorphous solids vs crystalline solids]
Amorphous solids produced by vitrification are less rigid than crystalline solids.

(https://www.youtube.com/watch?v=Pp_0h9Il5ko)

The cooling rate for vitrification has to be extremely fast—on the order of millions of degrees per second—to prevent nucleation and the formation of ice crystals. In cryogenics, prevention of the formation of ice crystals is extremely important for preservation of organs. 
So, the vitrification process employs high concentrations of cryoprotective agents before cooling. The downfall of using such concentrated solutions is that the cryoprotectants can be toxic at high concentrations. Researchers have found that using cryoprotectants that are polar and don’t chemically interact with water are best.

Adding carrier solution allows for reduced concentrations of cryoprotective agents to be used. Carrier solutions don’t work like cryoprotectants. Rather, they work to support the cell at temperatures near freezing. These are isotonic solutions that have solute concentrations to match that of their surrounding cells. These solutions contain salts, osmotic agents, and glutathione, an important antioxidant, and pH buffers. This prevents shrinking and swelling of cells. It is important for cell protection that the concentration of these solutions remain constant. Like cryoprotectants, carrier solutions have colligative effects to protect against freezing.

	Ice blockers are polymers that work to prevent nucleation and the formation of ice crystals by bonding to ice crystals and contaminants that may trigger ice formation. Use of ice blockers also allows for lesser concentrations of cryoprotectants.

	As the vitrification solution is cooled to its glass transition temperature, it rapidly becomes more viscous so that solidification occurs. A faster cooling rate results in a higher glass transition temperature, which causes the amorphous solid to have a lower density and higher viscosity than the crystalline solid, because the molecules don’t have time to arrange themselves in a fixed arrangement. The distance between neighboring molecules varies throughout the solid because of the random arrangement of molecules.

	Once vitrification is reached, because all material is at low temperature in solid form, there is little to no metabolic activity and organs can be preserved for long periods of time.

	Problems do appear during rewarming of organs. The growth of ice crystals during rewarming is called devitrification. To prevent devitrification, rewarming can take place at very rapid rates, viscous anti-nucleators, like polyvinyl, alcohol can be added to the cryopreservative, and very concentrated non-penetrating cryoprotectants can be used. Since non-penetrating cryoprotectants can be perfused from the body, they can quickly be removed, thus reducing their toxicity.

	While vitrification is commonly used to preserve human egg cells and embryos, so far, the only human organ preserved by this method has been the brain. Brains of those individuals wishing to be cryopreserved, with hopes of “coming back”, are stored at a commercial company called Alcor (http://www.alcor.org). The cost for brain preservation is currently $80,000.

	Vitrification research has been conducted with animal organs. Recently a rabbit kidney was vitrified, rewarmed and successfully transplanted in a living rabbit with complete functionality. So there is promise for this method of organ transplantation.

[bookmark: _Toc468111745]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568429]Reaction rate—Using biological metabolic rates, this article provides a nice introduction for a discussion on how temperature affects rates of reaction.
2. Solution concentration—A discussion about perfusion solutions and cryoprotectants is a nice way to provide students with relationships between solution concentration and toxicity, as well as solution concentration and freezing point depression.
3. Crystal formation—The size of a crystal is related to the rate at which it forms. Crystals that are produced by quick freezing tend to be small and many, while crystals formed during slow temperature changes tend to be larger. The formation of smaller crystals cause less damage to living tissues. So the rate of temperature change during cooling and rewarming during cryopreservation is important.
4. Hydrogen bonds—Hydrogen bonding in water has a large impact on organ preservation. Hydrogen bonding causes the 3-dimensional network structure of water, and expansion of this 3-dimensional lattice of water molecules as they freeze can damage cells and organ tissue.
5. Freezing point temperature—The article discusses organs are preserved and maintained at just a few degrees above the freezing temperature of water.
6. Colligative properties—The article gives a practical application of colligative properties in cryopreservation and vitrification.
7. Freezing point depression—The article discusses how cryoprotectants contain glycerol and hydroxyethyl starch that both act as antifreezes that lower the freezing temperature.
8. Supercooling—The article explains how supercooling can be used to prevent ice crystals from forming and damaging living organs and cells
9. Amorphous solids—The process of vitrification forms amorphous solids. This article provides students with a biological example of an amorphous solid.

[bookmark: _Toc468111746]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “After only two weeks, Jim is out of the hospital and ready to begin life with his new heart.” This statement makes it sound like recovery is quick and easy and Jim is out of the woods with health issues. Doctors will need to monitor his immune response to make sure that his body doesn’t reject his new heart and watch for side effects from the immunosupressants and steroids. Also, heart transplants usually only last for about 15 years for teenagers.
[bookmark: _Toc468111747]Anticipating Student Questions (answers to questions students might ask in class)

1. “Jim only had to wait for a donor heart for one week. My neighbor needed a kidney transplant and had to wait 2 years. What is the average wait time for a donor organ?” The United Network for Organ Sharing manages the wait list for organ recipients. The system was developed in response to the National Organ Transplant Act of 1984. There are 11 regions around the country and each is served by a local organ procurement organization. Patients are evaluated by transplant doctors in local transplant centers. The evaluation looks at medical urgency; blood, tissue, and size match; time on the list; and proximity to the donor. Special accommodations may be made for children. These are the median average wait times: Kidney—5 years, Liver—11 months, Heart—4 months, Lung—4 months, Kidney / Pancreas—1.5 years, Pancreas—2 years.
2. “When I was waiting in line at the DMV to get my driver’s license, there was a 70 year-old woman who had marked YES to be an organ donor. Isn’t she too old to donate an organ?” There is no age limit for organ donation. There have been 80 year-olds who have donated organs. And most health conditions don’t disqualify you from donating an organ. Qualified medical professionals evaluate organs at the time of death.
3. “There is a picture of a frozen kidney on page 11 of this issue of ChemMatters. Is that a human kidney at –140 °C? Didn’t the article state that human organs have not yet been frozen to temperatures that cold?” You are correct—whole human organs have not yet been frozen. Heart valves, vascular tissue, cartilage, and corneas have successfully been vitrified, but human organs have not. This is a picture of a rabbit kidney that was vitrified to –140 °C, rewarmed and then successfully transplanted into a recipient rabbit, which survived.

[bookmark: _Toc468111748]Activities

Labs and Demos

1. 30-minute lab on cooling curve: Students melt sodium thiosulfate crystals, and these are then cooled to a state well below the melting point. The supercooled liquid will freeze rapidly on the addition of a single crystal of sodium thiosulfate, or on stirring, which seeds the crystallization process. Temperature changes are observed throughout. (http://www.rsc.org/learn-chemistry/resource/res00000390/supercooling-the-energetics-of-freezing?cmpid=CMP00005920)
2. How do different types of solutes affect the freezing of water? Students design an investigation. They will need to think about what type of data to collect, how they will collect the data, and how they will analyze the data. The lab makes connections to NGSS Crosscutting concepts, the Nature of Science, and the Nature of Inquiry. (https://www.nsta.org/publications/press/extras/files/adi-chem/Lab8StudentHandout-SolutesAndTheFreezingPointOfWater.pdf)
3. Demonstrate the behavior of supercooled water: This site gives step-by-step directions for making supercooled water and then, “on command”, crystallizing it into ice. (http://chemistry.about.com/od/chemistryhowtoguide/a/how-to-supercool-water.htm)
4. “Colligative Properties: Making Ice Cream Lab”: Students will determine the freezing point depression of a brine solution used to freeze an ice cream mixture. (www.georgetownisd.org%2Fcms%2Flib%2FTX01001838%2FCentricity%2FDomain%2F526%2FUnit%25209%2520Ice%2520Cream%2520Lab%25202012.doc&usg=AFQjCNHiG65npZxLHqGnSXgEy7VqOdOtaA&sig2=OhsqudU9D3O2D43A7oIfcg&cad=rja)
5. Water lab and hydrogen bonds: Students will observe what happens when they add drops of water to a penny. They will relate the property of surface tension to hydrogen bonding.
6. (http://www.mlhi.org/school05/surface_tension_lab.doc)

Simulations

1. Explore colligative properties: This simulation begins with an examination of vapor pressure. Students then explore how adding different solutes to a solvent changes its vapor pressure. Finally, students can use the third simulation to practice calculations involving boiling point elevation and freezing point depression.
(http://www.chem.fsu.edu/chemlab/chm1046course/colligative)
2. Explore specific heat: Using the PhET simulation “Energy Forms and Changes” students will describe heat flow from hot to cold and explore that some materials release more energy than others (specific heat).
(https://phet.colorado.edu/en/contributions/view/4400)

Media

1. Heart transplant operations: The video shows a heart transplantation. It begins with the harvesting of the donor heart (frequently at a remote site, as in the video). Another surgeon stays with the patient to prepare him for the transplant (opening the chest and installation of cardiopulmonary bypass). Coordination between the two surgical teams (logistics, transportation, anesthesia and incision) must be perfect in order to minimize the duration of ischemia. (https://www.youtube.com/watch?v=_SDXsjM23_E)

Lessons and Lesson Plans

1. “Cooling Off”, designing a cooling system: This lesson is developed using the 5E Model of learning. Working in teams, students conduct experiments relating to specific heat on a cooling system they design. They are then challenged to improve the cooling system. The National Standards addressed include science as inquiry, science and technology, measurement, data analysis, probability representation, critical thinking, problem solving, and decision making. (http://www.nasa.gov/pdf/272501main_CoolingOff_508_916A.pdf)

Projects and Extension Activities

1. “Solubility Science: How to grow the best crystals”: This can be done as a class contest to see which student can grow the largest crystal. In this activity, students will compare the size and shape of different crystals grown at different temperatures. (https://www.scientificamerican.com/article/bring-science-home-crystals/)

[bookmark: _Toc468111749]References (non-Web-based information sources)
[bookmark: _Toc212568434]The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site:  http://ww.acs.org/chemmatters. Click on the “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

Selected articles and the complete set of 
Teacher’s Guides for all issues from the past three 
years are available free online at the same Web site, above. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!


Supercooling is discussed in this article as it relates to the use of sodium acetate trihydrate in heat packs. (Marsella, G. Hot and Cold Packs. ChemMatters, 1987 1 (4), pp 7–12)

This article describes how the shape of snowflakes are the result of two properties of water—its polarity and its shape. The article also describes the rough shape of an ice crystal. (Hazard, A. Science of Snowflakes. ChemMatters, 2009, 27 (4), pp 9–10)

Perhaps we won’t have to worry about preserving organs in the future; engineered organs may someday take the place of “natural” organs. This article discusses engineered organs. (Warner, J. Living with an Artificial Bladder. ChemMatters, 2013, 31 (1), pp 6–8)

[bookmark: _Toc468111750]Web Sites for Additional Information (Web-based information sources)

Organ donors

The United Network for Organ Sharing contains data on every organ donation and transplant that has occurred in the United States since 1987.
(https://www.unos.org/data/transplant-trends)

This article discusses how using organs from donors 65 years and older is now more common than in the past. This increases the number of available organs available for transplants.
(http://www.nytimes.com/2016/08/16/health/organ-donor.html)

As more people die from drug overdose, their organs are saving the lives of individuals who would normally die waiting for a donor organ. In 2016, diseased drug users accounted for 12% of all donors in the United States. While drug users are considered high risk for diseases like HIV and hepatitis C, with new screening techniques, the risk of transplanting an infected organ is small.
(http://www.nytimes.com/2016/10/06/us/as-drug-deaths-soar-a-silver-lining-for-organ-transplant-patients.html)

This article describes how the current practice for matching donor organs with recipients is inefficient and results in many organs ending up as medical waste or in research laboratories. Researchers project that a redesigned system could add 10,000 years of life from one year’s worth of donated organs. But, is it a fair system?
(http://www.nytimes.com/2012/09/20/health/transplant-experts-blame-allocation-system-for-discarding-kidneys.html)

A kidney donor discusses the imperfections in the idea of informed consent.
(https://www.washingtonpost.com/national/health-science/at-18-years-old-he-donated-a-kidney-now-he-regrets-it/2016/09/30/cc9407d8-5ff9-11e6-8e45-477372e89d78_story.html)

The U.S. transplant system forbids payment for organs; however, there is a severe shortage of donor kidneys, and some feel that the system should re-evaluate this ban with hopes of relieving the shortage. Researchers surveyed Americans about their willingness to become living kidney donors and how being compensated would affect their thinking. The results of the survey are discussed.
(https://www.washingtonpost.com/news/to-your-health/wp/2016/03/23/what-would-happen-if-you-offered-to-pay-americans-to-donate-their-kidneys/?tid=a_inl)

Doxorubicin and anthrocycline antibiotics

	This booklet, which is published by the National Historic Chemical Landmarks Subcommittee of the American Chemical Society, describes the work done by Selman Waksman and his students to detect antimicrobial agents produced by microorganisms. The source will give insight into the deliberate search for chemotherapeutic agents.
(https://www.acs.org/content/acs/en/education/whatischemistry/landmarks/selmanwaksman.html)

Organ cryopreservation

	This site describes the procedure and advantages of cryopreservation. (http://www.forbes.com/sites/paulrodgers/2014/06/30/transplant-breakthrough-donor-organs-stored-for-days/#4e7b8f9e1c30)

	The invention and patent application describes solutions and methods for preserving donor organs and storing them for extended periods of time before transplantation. (https://www.google.ch/patents/US7029839)

	This article discusses some of the advances that are taking place in cryopreservation.
(http://www.lifezette.com/healthzette/so-youd-like-to-freeze-your-kidneys/)

	Scientists are studying natural adaptation to cold by amphibians and fish to learn more about cryopreservation with the hopes for “freezing” human organs.
http://www.the-scientist.com/?articles.view/articleNo/34190/title/Icing-Organs/

Perfusion

	This article gives a history of organ preservation and perfusion systems: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3088735/.

3-D organ printing

This short video shows how 3-D printing is helping to revolutionize organ repair and rebuilding. (https://www.youtube.com/watch?v=eZ6GQfXEmyM)

	This video shows some of the human tissue being produced by 3-D printers that could eventually replace real tissues. (http://qz.com/616185/this-3d-printer-creates-human-muscles-and-tissues-that-could-actually-replace-real-ones/)

Synthetic organs

	To combat the problems of organ shortage and to decrease the chance that a patient’s body will reject it, researchers have been working to create synthetic organs from patients’ own cells. (http://www.popsci.com/scientists-grow-transplantable-hearts-with-stem-cells)



[bookmark: _Toc468111751]Clearing the Way to Acne-Free Days
[bookmark: _Toc468111752]Background Information (teacher information)

Skin anatomy

	The skin is the largest organ in the human body, with a total area of about 20 square feet. Skin provides protection for the interior organs of the body, as well as insulation and protection from the elements. Skin regulates body temperature, stores water and fat, facilitates the sensations of touch, heat, and cold, and synthesizes vitamin D. Skin has three main layers.

1. The epidermis is the outermost layer of skin. It is made up primarily of keratinocytes, melanocytes (responsible for skin color), Langerhans cells (involved in the immune system), and Merkel cells (sensory cells). The epidermis does not contain blood vessels and is nourished by diffusion. The epidermis is subdivided into five layers.
a. stratum corneum: consists of 15–20 layers of dead keratinocytes which are constantly being shed.
b. Stratum lucidum: 3–5 layers of dead keratinocytes that appear clear under a microscope.
c. Stratum granulosum: layer of viable cells that secretes lipids and proteins into the extracellular space. These secretions result in the hydrophobic lipid envelope responsible for the skin’s barrier properties. Cell death occurs after excretion.
d. Stratum spinosum: layer of young cells that synthesize keratin.
e. Stratum basal: continuous layer, one cell thick, of basal stem cells.
It takes fourteen days for a cell to migrate from the basal layer to the top of the stratum corneum.
2. Beneath the epidermis lies the dermis layer. It consists of epithelial tissue that cushions the body from stress and strain and is tightly connected to the epidermis by a basement membrane. The dermis contains the hair follicles, blood vessels, lymph vessels, sweat glands, sebaceous glands, and apocrine glands (secretory). It also envelopes nerve endings that provide the sense of touch and heat. (Tattoo ink is held in the dermis.)Structure of the human skin
 (http://www.sciencedirect.com/science/article/pii/S1369702108700877)

3. Below the dermis is the subcutaneous layer sometimes referred to as the hypodermis. It consists of a layer of fat cells and collagen which provide insulation and cushioning. Its purpose is to attach the skin to bone and muscle as well as supply the dermis with blood vessels and nerves. 50% of the body’s fat is in this layer.

An interactive diagram showing physical changes in skin to regulate body temperature when the environmental temperature changes, as well as one that shows the migration of the epidermis cells migrating through the five layers can be found at the following web site: http://www.abpischools.org.uk/page/modules/skin/skin3.cfm?coSiteNavigation_allTopic=1.

The sebaceous glands in the dermis open into a hair follicle as part of the pilosebaceous unit. These units are distributed over the entire skin surface with the exception of the palms, and the soles of the feet. They are most populous and most productive on the scalp and face, and are largest on the forehead, nose, and upper part of the back and chest. The secretions of the sebaceous glands contain a varying mixture of lipids. The major components are triglycerides, wax esters, squalene, cholesterol esters, and cholesterol. The triglycerides are broken down by bacterial lipase producing the free fatty acids that complete the mixture.

Although sebaceous glands are apparent readily in sections of tissue of newborn skin, they regress soon afterwards and remain small throughout childhood. If, before age 8, sebaceous glands enlarge and become increasingly productive, it may be inferred that puberty has arrived early: a cause for that should be sought. Maturation of sebaceous glands continues throughout adolescence and remains relatively unchanged until many years later, decreasing after menopause in women and after andropause in men. The quantity of sebum diminishes as aging advances, but, curiously, sebaceous glands do not become noticeably smaller as the turnover of mature sebocytes decreases.

(http://www.derm101.com/inflammatory/embryologic-histologic-and-anatomic-aspects/sebaceous-units/)

Causes of acne

Acne vulgaris is the most common skin condition in the U.S., affecting up to 50 million Americans annually—who, collectively, spend over three billion dollars for treatment of acne. Essentially, acne is a chronic disease involving the blockage and/or inflammation of the pilosebaceous unit of the skin. It can present as noninflammatory lesions, inflammatory lesions, or a mixture of both, affecting mostly the face but also the back and chest.

Genetics is a key factor in the development of acne but there are other factors that are involved as well, if not more important.

Under the influence of androgens, usually around puberty, the sebaceous glands enlarge and produce excess sebum. At the same time, keratinocytes in the sebaceous duct proliferate and cause blockage. These events lead to comedone formation. As a secondary even, Propionibacterium acnes colonize the comedones, causing inflammation, which leads to papules and pustules.

(http://ep.bmj.com/content/90/4/ep98.full)

	When acne develops, it can present as a variety of different types of lesions. In the mildest form of acne the comedones are whiteheads and/or blackheads without inflammation. When the comedones become inflamed, they appear as pink bumps that can be tender to the touch. The walls of the pilosebaceous unit are being torn open. These are referred to as papules. Papules that are topped with yellow creamy liquid that is seeping outside the boundary of the hair follicle are referred to as pustules or the dreaded zit. From here, the lesion progresses to nodules or cysts, which are firm and reside deep within the skin. Both nodular and cystic acne result in scarring. Below, the different lesions and stages of acne are illustrated.
[image: Image result for sebaceous glands images]
(https://auroraforeveryone.wordpress.com/2015/07/08/acne/)

Photographs of the various stages of acne can be found at https://medlineplus.gov/ency/article/003236.htm.

Propionibacterium acnes

	The bacteria that colonize in the sebum from the sebaceous gland are Propionibacterium acnes. It is considered part of the normal flora of the skin.

Propionibacterium species are nonsporulating, gram-positive anaerobic bacilli that are considered commensal bacteria on the skin. They are usually nonpathogenic and are common contaminants of blood and body fluid cultures. These species are slow-growing and require at least 6 days for growth in culture.

Propionibacterium species belong to the genera of coryneforms and are the best studied because of their association with acne vulgaris. Propionibacterium species, however, can also cause numerous other types of infections, including endocarditis, postoperative shoulder infections, and neurosurgical shunt infections. …

Propionibacterium acnes is found briefly on the skin of neonates, but true colonization begins during the 1-3 years prior to sexual maturity. During this time, numbers of P. acnes rise from fewer than 10/cm2 to about 106/cm2, chiefly on the face and upper thorax. P. acnes grow in the lipid-rich microenvironment of the hair follicle. In acne vulgaris, P. acnes produce inflammatory mediators that result in acne papules, pustules, and nodulocystic lesions.

(http://emedicine.medscape.com/article/226337-overview)

Recent research with P. acnes has revealed different strains of the bacteria, which may help explain why some people suffer from acne and others do not. Researchers Dr. Huiying Li and Dr. George Weinstock at the Washington School of Medicine, looking for differences in bacterial strains in acne sufferers and people with clear skin, took bacterial samples from the noses of 49 acne sufferers and 52 people with clear skin. After sequencing the genomes of 66 different strains of P. acnes they found a difference in the bacteria between the two groups of people.

They identified two unique strains of P. acnes found in 20 percent of the participants with pimples that were close to non-existent among those with healthy skin. In addition, another strain of P. acnes was commonly found among the volunteers with healthy skin, yet quite rare in participants with acne.

The researchers believe that this "good" strain has a natural defense mechanism that targets and eliminates attackers that try and infect the cell. The finding should help in the development of future acne treatments. The researchers believe that by increasing the body's concentrations of the friendly P. acnes strain - through the use of a cream or lotion - acne severity could be reduced.

(http://www.medicalnewstoday.com/articles/257040.php)

These findings support the research that is being done with probiotics and acne that will be discussed in a separate segment in this teacher’s guide.

Acne treatments

	Acne can be treated in a number of different ways, depending on the stage or severity of the acne. Treatments center on the four major causes of acne:
1. excess androgens that lead to
2. increased sebum production that enhances the
3. colonization of bacteria that trigger an immune response which results in
4. inflammation

Antibiotics address the bacteria, anti-androgenic drugs ultimately decrease sebum production, and anti-inflammatory drugs reduce the redness and swelling of the acne lesions. The following is the recommended treatment protocol for the different types/stages of acne.

· Comedonal acne - Topical retinoids or benzoyl peroxide; fixed-dose combinations adapalene–benzoyl peroxide and clindamycin–benzoyl peroxide; or the combination of clindamycin 1.2% and tretinoin 0.025% (as a gel); and, for women, consider combined oral contraceptives
· Localized mild-to-moderate papulopustular acne - Benzoyl peroxide as monotherapy; topical retinoids as monotherapy; the fixed-dose combination of clindamycin 1% and benzoyl peroxide 5% and the fixed-dose combination of adapalene 0.1% and benzoyl peroxide 2.5% (as gels); or the combination of clindamycin 1.2% and tretinoin 0.025% gel
· More extensive moderate papulopustular acne - Addition of systemic antibiotics to the topical medications above, as recommended for mild-to-moderate papulopustular acne
· More extensive moderate papulopustular acne in women - Addition of combined oral contraceptives to the topical medications above, as recommended for mild-to-moderate papulopustular acne
· Severe acne - Oral isotretinoin or systemic antibiotics in combination with benzoyl peroxide, with or without topical retinoids
· Oral isotretinoin - Should only be prescribed by physicians with experience in prescribing and monitoring the drug; strict pregnancy precautions must be followed.

(http://emedicine.medscape.com/article/1069804-guidelines)

Acne has four main pathogenic mechanisms; hyperkeratosis, androgen mediated increased sebum production, P. acnes colonization on the accumulated sebum, and an immune mediated inflammatory reaction against P. acnes.

The graphic below illustrates the action of the various acne medications on these four mechanisms.
Pathogenesis of acne vulgaris and mechanism of action
of drugs used in this condition

(http://www.scopemed.org/fulltextpdf.php?mno=165508)




Benzoyl peroxide

	Benzoyl peroxide has been in use for the treatment of acne since the 1930s, and it is still the most recommended drug for the initial treatment of acne. It is on the World Health Organization’s “List of Essential Medicines”, the most important medicines needed in a basic health care system. In a study of a comparison of five treatments for acne reported in the December 2004 issue of The Lancet, benzoyl peroxide alone outperformed many of the antibiotics (see graph, below). Results were even better when benzoyl peroxide was paired with an antibiotic such as clindamycin. Benzoyl peroxide with an antibiotic helps kill bacteria before antibiotic resistance is acquired.
(https://www.ncbi.nlm.nih.gov/pubmed/15610805?dopt=Abstract)Comparison of reduction of P. acnes with different topical therapies

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3366450/)


	Benzoyl peroxide, (C6H5CO)2O2, is two benzoyl groups bridged by a peroxide link. The peroxide link is not stable and, when the molecule comes in contact with the skin, it readily undergoes homolysis (symmetrical fission), forming two free radicals with each benzoyl group receiving an oxygen atom with an unpaired electron. The benzoyl free radicals are even more reactive than the peroxide, so much so that they combine with the relatively inert keratin and erode the stratum corneum. This is why some people’s skin looks sunburned when they start using benzoyl peroxide. Benzoyl peroxide is usually present in concentrations of 2.5%, 5%, or 10%. Increasing the concentration has not proven to be any more effective against acne; it just irritates the skin more.Benzoyl peroxide

(https://en.wikipedia.org/wiki/Benzoyl_peroxide)


	Benzoyl peroxide is also present in some teeth whitening products, as it has bleaching properties as well. So, one needs to be careful not to spill any on his/her clothes while washing one’s face with it.

Salicylic acid

Salicylic acid, C6H4(OH)COOH, is an organic compound derived from the bark of the
willow tree. It has been used in medicines since ancient times, though it wasn’t extracted in pure form until the 1800s. Like benzoyl peroxide, it, too, is on the World Health Organization’s “List of Essential Medicines”. An interesting history of this compound is relayed below. See any familiar names?Salicylic Acid

(https://en.wikipedia.org/wiki/Salicylic_acid)


The active extract of the bark, called salicin, after the Latin name for the white willow (Salix alba), was isolated and named by the German chemist Johann Andreas Buchner in 1828. A larger amount of the substance was isolated in 1829 by Henri Leroux, a French pharmacist. Raffaele Piria, and Italian chemist, was able to convert the substance into a sugar and a second component, which on oxidation becomes salicylic acid. Salicylic acid was also isolated from the herb meadowsweet (Filipendula ulmaria), formerly classified as (Spiraea ulmaria) by German researchers in 1839. While their extract was somewhat effective, it also caused digestive problems such as gastric irritation, bleeding, diarrhea and even death when consumed in high doses.

(https://en.wikipedia.org/wiki/Salicylic_acid)

Salicylic acid is classified as a beta hydroxy acid (BHA), as the hydroxyl group (–OH) is attached to the second carbon from the carboxylic acid group (–COOH). By contrast, alpha hydroxy acids have a hydroxyl group bonded to the carbon adjacent to the carboxyl group. (Alpha hydroxy acids, AHAs, are also used in treating acne, but they are used more in chemical peels. They are water soluble and do not dissolve in the sebum lipids. They can only exfoliate surface cells.)α- and β-hydroxy acids

(https://en.wikipedia.org/wiki/Alpha_hydroxy_acid)


Salicylic acid is lipophilic and poorly soluble in water. The molecule can dissolve in the sebum of the follicle and cause the exfoliation of the keratin cells blocking the follicle, thus keeping the pores clear. Keeping the pores clear is the first step in controlling many types of blemishes. Because it can dissolve in the sebum, salicylic acid is a useful carrier for other compounds that treat acne. Salicylic acid is a rather large molecule, and its movement through the dermis is limited. In contrast to other acne treatments such as benzoyl peroxide, salicylic acid does not seem to be as harsh on the skin.

	Salicylic acid is available in several over the counter (OTC) products. The concentration may vary, but is usually between 0.2% and 2%. Side effects from salicylic acid washes are skin dryness, peeling, and flaking. Concentrations of 20%–30% are used in chemical peels and are not available over the counter. Concentrations this high are used by a dermatologist or cosmetologist.



Antibiotic treatment

	Antibiotics are often used in the treatment of all types of acne. When they are combined with benzoyl peroxide or salicylic acid in topical applications, their effectiveness increases. The use of benzoyl peroxide with its antibiotic properties is especially helpful in preventing the development of antibiotic-resistant strains of bacteria. This is the primary concern of using systemic antibiotics against acne, since they are used for an extended period of time. Systemic antibiotics should be accompanied by a skin cleanser containing benzoyl peroxide to help prevent resistant strains of bacteria from emerging. Below is an excerpt from Medscape about the antibiotics used to treat acne.

	Systemic antibiotics are a mainstay in the treatment of moderate-to-severe inflammatory acne vulgaris. These agents have anti-inflammatory properties, and they are effective against P acnes. The tetracycline group of antibiotics is commonly prescribed for acne. The more lipophilic antibiotics, such as doxycycline and minocycline, are generally more effective than tetracycline.

Greater efficacy may also be due to less P acnes resistance to minocycline. However, P acnes resistance is becoming more common with all classes of antibiotics currently used to treat acne vulgaris. P acnes resistance to erythromycin has greatly reduced its usefulness in the treatment of acne. Sub antimicrobial therapy or concurrent treatment with topical benzoyl peroxide may reduce the emergence of resistant strains.

Oral antibiotic use can lead to vaginal candidiasis; doxycycline can be associated with photosensitivity; and minocycline has been linked to pigment deposition of the skin, mucus membranes, and teeth.

The emergence of antibiotic-resistant bacteria, other than P acnes is a contentious debate. An early study by Miller et al found increased skin carriage of coagulase-negative staphylococci in not only acne patients with prolonged use of antibiotics but also in their close contacts. On the contrary, a study by Fanelli et al found that Staphylococcus aureus remained sensitive to tetracycline even after prolonged use of that antibiotic for acne. This has significant ramifications when considering efforts to control the spread of methicillin-resistant S aureus (MRSA), because tetracycline group antibiotics are currently one of the primary options for outpatient treatment of MRSA infection.

Other antibiotics, including trimethoprim alone or in combination with sulfamethoxazole, and azithromycin, reportedly are helpful.

(http://emedicine.medscape.com/article/1069804-treatment)

Retinoids

	Retinoids are derivatives of Vitamin A that are frequently used in acne treatments. Retinol, being an example of one of the mildest retinoids, is present in many over the counter (OTC) creams and moisturizers. In topical creams or gels, retinoids are among the most commonly prescribed drugs for acne treatment. Often a mild retinoid, combined with benzoyl peroxide for its antibiotic properties, is the first line of defense for most types of acne. Retinoids are also a popular ingredient in “wrinkle reducing creams” for their ability to also stimulate collagen formation.(https://en.wikipedia.org/wiki/Retinoid)


Scientists think retinoids work by binding to specific retinoic acid receptors (RARs) in your skin and activating them. The activation of these receptors results in collagen production and/or skin desquamation, etc. Different receptors do different things when they are activated. Therefore, retinoids improve the way your skin sheds and renews itself by binding to and activating these RARs.

(http://www.skinacea.com/retinoids/what-are-retinoids.html#.WBVfCPorLDc)

	Some retinoids are natural, while others have been synthesized. The synthetic retinoids have been designed to react only with certain RARs to improve the specificity of the response to the retinoid. Natural retinoids tend to break down immediately, sometimes becoming toxic when exposed to sunlight. Synthetic retinoids remain stable in sunlight, but all retinoids make your skin more sensitive to sunlight, since they thin the stratum corneum. Natural retinoids can be converted into one another, as indicated in the reactions below.

Retinyl palmitate    Retinol    Retinaldehyde    Tretinoin (retinoic acid)

Retinyl palmitate is the weakest natural retinoid, and tretinoin or retinoic acid is the strongest. For the synthetic retinoids, adapalene is the weakest while isotretinoin is the strongest. The synthetic retinoids do not follow the same conversion pattern as seen in the natural retinoids.
[image: Natural and synthetic retinoids]
(http://www.skinacea.com/retinoids/types-of-retinoids.html#.WBVFcforLDc)

	Isotretinoin is the only retinoid that is prescribed to be taken internally. It is one of the most effective treatments available, but it is only used for severe cases of acne. Isotretinoin causes normalization of epidermal cells in the follicles, depresses sebum production by 70%, acts as an anti-inflammatory, and reduces the presence of P. acnes. Roche developed the drug for cancer treatment. It did not work well for that, but it was noticed that it did clear up acne. However, the wonder drug for acne was found to have some serious side effects. It causes birth defects in the babies of mothers taking isotretinoin, it may heighten feelings of depression and suicidal thoughts, it may cause some bowel disorders, and it causes abnormal healing.

Despite all this, it is the only drug that seemed to help some patients, so doctors and drug companies fought to keep the drug available. Today all patients treated with isotretinoin must adhere to the iPLEDGE risk management program. In the iPLEDGE program, patients must be educated about the drug’s side effects and sign multiple contracts agreeing to adhere to strict guidelines if they want to take this drug. Young women who may become pregnant are encouraged to be vigilant with birth control while they are taking the drug. Roche, who marketed the drug under the name Accutane, stopped producing it when the patent expired and other companies could manufacturer it. They claimed too many lawsuits made the drug too unattractive to continue their involvement with it. Wikipedia presents the interesting history of this drug here: https://en.wikipedia.org/wiki/Isotretinoin.

Hormone treatments

Outside the dermatology community it is a little known fact that the skin has its own endocrine system and that testosterone can be synthesized by dermal structures like the sebaceous glands. In an article from the Journal of Clinical and Aesthetic Dermatology, this relationship is explained in the section on hormonal pathogenesis of acne.

Sebum production plays a vital role in acne formation. The pilosebaceous unit has four distinct components: the hair follicle, the keratinized follicular infundibulum, the sebaceous gland, and the sebaceous duct that connects the gland to the infundibulum. The number, size, and activity of sebaceous glands may be inherited. While the number of sebaceous glands remains stable throughout life, the size increases with age.8 Human sebum contains unique fatty acids that support the growth of P. acnes, a unique colonizer of human skin.9Androgens stimulate sebum production and research has demonstrated the intracrine nature of this relationship. Intracrine secretion involves the synthesis of active androgens in peripheral organs, such as the skin, where the androgens exert their action in the same cells where synthesis takes place without release into the general circulation.10 In-vivo studies show that sebaceous glands can act as independent endocrine organs, responding to changes in androgens in a similar manner as the hypothalamus-pituitary-adrenal axis. This intracrine function is regulated by corticotrophin-releasing hormone (CRH), its binding protein, and corticotrophin receptors.5,11 Since CRH levels change during stress and CRH regulates sebaceous gland function, this may explain the relationship between stress and inflammatory skin disorders such as acne.5

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2923944/)

While a significant portion of circulating androgens is produced by the adrenal gland and the testes or ovaries, a large portion is also synthesized by the sebaceous glands and other skin structures. The enzymes required for the conversion of inactive adrenal gland testosterone precursors into testosterone are present in the structures of the skin. Once the testosterone is synthesized, it can be converted into the more potent dihydrotestosterone (DHT) by the enzyme 5-α reductase (also found in the sebaceous glands) or converted into estradiol by the enzyme aromatase.

Estrogen suppresses sebum production while testosterone increases it. Also, when estrogen is metabolized in the liver sex hormone-binding globulin is produced, which has a high affinity for testosterone and will bind to it preferentially over estrogen. This decreases the circulating androgen levels through yet another pathway.

Use of hormones in the treatment of acne came to the forefront in the early 1990s.

Some hormonal therapies may be effective in the treatment of acne vulgaris. Estrogen can be used to decrease sebum production. Additionally, it reduces ovarian production of androgens by suppressing gonadotrophin release. Oral contraceptives also increase hepatic synthesis of sex hormone–binding globulin, resulting in an overall decrease in circulating free testosterone. Combination birth control pills have shown efficacy in the treatment of acne vulgaris.

(http://emedicine.medscape.com/article/1069804-treatment)

In the United States, there are three oral combination contraceptive pills approved for the treatment of acne in women. These include ethinyl estradiol and norgestimate, norethindrone acetate and ethinyl estradiol, and ethinyl estradiol/drosperinone. Drosperinone is a form of spironolactone which is discussed next.

Spironolactone

As mentioned in the Mork ChemMatters article, spironolactone is primarily used to reduce fluid build-up in the body of those with kidney disease or heart problems. It is a selective diuretic in that water, sodium, and chloride are excreted, but potassium is retained. It is an antagonist of the androgen receptor, as well as an inhibitor of androgen production. Due to its anti-androgen effects it began to be used “off label” in women with hormonal acne in the 1980s. (Off label is the term used when a drug is prescribed to treat a condition for which it was not originally designed to treat.)Spironolactone

(https://en.wikipedia.org/wiki/Spirolactone)


Spironolactone is a synthetic steroidal androgen receptor blocker, which has been used for more than 30 years for the treatment of acne and hirsutism. It is also used to treat noncutaneous disorders, such as hypertension and congestive heart failure. In these disorders, it acts as an aldosterone antagonist and competes with aldosterone receptors in the kidney to produce diuresis, reduction in blood pressure, and potassium retention. The anti-androgenic effects are achieved through several mechanisms: 1) competition with testosterone and DHT for androgen receptors, thereby decreasing androgen-stimulated sebum production; 2) inhibition of androgen synthesis decreasing type 2 17B-HSD, thereby halting the conversion of androstenedione to testosterone; 3) inhibition of 5α-reductase, thus halting the conversion of testosterone to DHT; and 4) increasing the level of SHBG.6,8,24

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2923944/)

Women taking spironolactone must avoid getting pregnant, as the drug causes feminization of the male fetus. In men, spironolactone causes loss in muscle mass, loss of energy, decreased body hair growth, and feminization of the nipples. Therefore it is not used as much to treat acne in males, but it is used to aid in the feminization of transgender men. It essentially depresses the testosterone levels to that of a female.

Light and laser therapy

	There continues to be research and development on the use of light and lasers to treat acne. These methodologies have the advantage of decreasing the use of systemic medicines to treat the problems of the skin. While lasers have primarily been used in the past to remediate acne scarring they are moving into a more proactive role in preventing that scarring.

There are two main mechanisms that laser/light treatments may help acne: firstly, by destroying Propionibacterium acnes through photodynamic therapy reaction and secondly, by destroying the sebaceous glands/entire pilosebaceous unit. These therapies work best when combined with traditional therapies. Photodynamic therapy is the treatment of skin with aminolevulinic acid followed by photo activation of the compound. It has been shown to help treat acne. Rarely, photodynamic therapy has been associated with a painful pustular reaction, though most patients tolerate it well.

Red and blue light therapy is also used to treat acne, with the most recent advances being portable handy devices that allow the patient to deliver the light therapy at home. There have been many studies showing early promise, with improvements in the 50–75% range. However, it is difficult to decide where lasers/lights will eventually fit in the overall management of acne as very few comparative studies have been made with conventional medical treatment.

(http://www.scopemed.org/fulltextpdf.php?mno=165508)

	An interesting study with laser therapy and gold nanoparticles is described in the June 2016 issue of Seminars in Cutaneous Medicine and Surgery. Whether you are a fan of James Bond in “Goldfinger” or are a “Star Wars” aficionado, this therapy brings science fiction to life.

The use of topically applied gold nanoparticles combined with a laser application is also being investigated for treatment of acne. When exposed to laser light at 800 nm, gold nanoparticles selectively absorb light and subsequently produce heat. After topical application, these light-absorbing nanoparticles penetrate down the pilosebaceous unit with the assistance of a massage tool. Subsequent laser application to the skin causes light absorption by the gold nanoparticles, generation of heat, and selective destruction of the pilosebaceous unit. Results of a study showed a significant reduction in inflammatory lesions when topically applied gold nanoparticles were followed by the application of a 800 nm diode laser utilizing 3 treatments at one week intervals. Further studies are needed; but initial results are encouraging for this new treatment approach.

Hand-held home devices as well as in-office vacuum-assisted laser and light devices are available and represent alternatives for patients looking for nontraditional therapies.

(http://www.scmsjournal.com/articles/view_pdf/what-s-new-in-acne-and-rosacea)

Acne and diet

For decades in the early 20th Century, doctors and medical texts warned acne prone people to avoid chocolate. This advice was put to the test with two studies in 1969 and 1971. Both studies showed no correlation with chocolate intake and acne. However, these studies were small, uncontrolled, short duration, subjective, included very short follow up, and employed inadequate statistical analysis. They also did not account for the sugar or dairy content of chocolate being ingested. Despite the severe design limitations inherent in these chocolate-specific studies, not only did the dermatology community dismiss the possible chocolate/acne correlation, but also sent out the message that diet and acne are not related. This massive overstating of flawed evidence is an historic and staggering error of the entire dermatology community. However, as time has moved on, modern scientists are putting diet, and along with it, chocolate, back under consideration.

(http://www.acne.org/diet.html)

	Some of the most interesting research into the treatment of acne concerns diet. As stated in the quote above, poorly designed studies led to dismissal of the role of diet in the development and prognosis of acne. Research into non-Western diets and the health of the people with those diets revealed that some cultures do not suffer from acne like those on
Western diets do. Research that has focused on the ratio of omega-6 to omega-3 fatty acids in the diet reveals the impact that the omega fatty acid ratio plays in the body’s inflammatory responses. The ratio in a typical Western diet can be 10:1 to 20:1, versus a 3:1 to 2:1 in a non-Western diet of primitive, non-industrialized populations. The omega-6 fatty acids are thought to induce inflammatory responses, which correlate with the development of inflammatory acne, while high levels of omega-3 fatty acids are associated with decreases in inflammatory factors. Some studies demonstrate that eating a diet rich in fish and seafood results in lower rates of inflammatory disease.

In general our Western diet is not only deprived of omega- 3s but is also a diet rich in refined carbohydrates. It has been reported that people living in the Kitavan Islands (off the coast of Papua New Guinea) and the Aché hunter-gathers of Paraguay do not suffer from acne and this is associated with their low glycemic diet, consisting mainly of fresh fruits, vegetables, and lean proteins. This conclusion is in agreement with recent studies on low-glycemic diets …

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2836431/)

Research conducted by a team of Australian scientists set out to determine whether a low-glycemic-load diet could improve acne lesion counts in young males. Forty three males, ages 15–25 years old were randomly assigned to either the diet intervention group or to a control group. They were followed for 12 weeks. Dermatologists assessed the number of acne lesions every four weeks, documenting their counts with photographs. Since a high-glycemic-index diet had been implicated to cause hyperinsulinemia, insulin sensitivity was also measured every four weeks. After 12 weeks, participants on the low-glycemic-load diet experienced greater reductions in total lesion counts and inflammatory lesions, compared to those on the control diet. This group also experienced an increase in insulin sensitivity. Because most of this group also lost weight, the scientists were not able to statistically prove that the loss in weight was not a factor in the groups’ increased insulin sensitivity.

The authors speculate that the frequent consumption of high-glycemic-index carbohydrates may repeatedly expose adolescents to acute hyperinsulinemia. Hyperinsulinemia has been implicated in acne pathophysiology because of its association with increased androgen bioavailability and free concentrations of insulin-like growth factor 1 (IGF-1). Therefore, we hypothesized that low-glycemic-load dietary interventions may have a therapeutic effect on acne based on the beneficial endocrine effects of these diets. Consequently, the aim of this preliminary study was to investigate the efficacy of a low-glycemic-diet in reducing the severity of acne symptoms.

(http://ajcn.nutrition.org/content/86/1/107.long)

You can find more information about the study referenced above in the “Activities” section of this Teacher’s Guide.

Like chocolate, milk is another food that is rumored to aggravate acne. In 2012, scientists conducted a study to investigate the effect of a single food item, milk and ice cream, on acne vulgaris. The milk and ice cream represented a higher glycemic load diet. In this study, the participants merely had to complete a questionnaire enquiring into the respondent’s family history and dietary patterns. Those with acne had a significantly higher dietary glycemic load, compared to the controls. The frequency of milk and ice cream consumption was also greater in this group. (https://bmcdermatol.biomedcentral.com/articles/10.1186/1471-5945-12-13)



Probiotics

	Probiotics are everywhere today in the news and at the market. As far as acne goes, probiotics may be the next big thing in treatment. Whether as live cultures found in some yogurts, or as daily supplements, or mixed in with a facial cream, there is a variety of different thoughts as to how this might work. In persons with acne, the living microorganisms on the skin are recognized as foreign by the body’s immune system. The immune system is activated to destroy the foreigner, resulting in inflammation, redness, or bumps. The idea behind probiotic creams is that the bacteria in them would prevent the skin cells from detecting the P. acnes and thus stop the immune response before it begins. This is referred to as “bacterial interference.” Another thought is that the probiotic bacteria may be able to kill the disease-causing bacteria.

	Probiotics added to the diet may enhance acne treatments by affecting the “gut-brain-skin axis”. “The probiotics will line the gut and create a healthy, sealed barrier that prevents inflammation that can trigger acne or rosacea”.

A few international studies have shown a correlation between oral probiotic use and improvement in acne, including:
· A recent Korean study of 56 acne patients found that drinking a Lactobacillus-fermented dairy beverage effectively reduced their total acne lesion count and decreased oil production over 12 weeks.
· In an Italian study, half of patients were administered an oral probiotic supplement in addition to their standard acne and rosacea treatment. 
The other half of patients did not receive the probiotic supplement. The probiotic group experienced better clearing of acne and rosacea symptoms.
(https://www.aad.org/media/news-releases/could-probiotics-be-the-next-big-thing-in-acne-and-rosacea-treatments)

Note: Rosacea mentioned in the quote above is a skin condition that usually affects adults around mid-life. One type of rosacea looks like papulopustular acne though it may have different triggers from acne vulgaris.

[bookmark: _Toc468111753]Connections to Chemistry Concepts (for correlation to course curriculum)


1. Polar and nonpolar solubility—Sebum, being an oil, keeps water both inside and outside the skin. Also, benzoyl peroxide and salicylic acid are lipophilic, as they can dissolve in oil. The solubility of the different drugs is a factor in their ability to be used to treat acne.
2. Oxidation reduction—When the collection of dead skin cells and sebum is exposed to air the mixture is oxidized, resulting in a change in color to black.
3. Biochemistry—The activity of the androgen hormones and insulin play a part in acne breakouts.
4. Biochemistry—Diets composed of complex carbohydrates and other low-glycemic foods help manage acne breakouts.
5. Chemical compounds and formulas—Compounds such as retinoids, salicylic acid, benzoyl peroxide, and spironolactone are mentioned and their structural formulas illustrated. This could tie into the unit on chemical compounds and nomenclature.
6. Acids and bases—Salicylic acid and some other organic acids such as azelaic acid are used to treat acne. The pH of the skin is a factor in controlling acne. Higher pH levels will favor P. acnes growth.
7. Organic chemistry—α- and β-hydroxyacids can be used as examples in organic nomenclature.
[bookmark: _Toc468111754]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Acne is caused by clogged pores.” This is primarily a technical misunderstanding of the structure of the skin. Not all openings in the skin are pores. Pores are the opening to sweat glands. Acne is caused by clogged hair follicles.
2. “Acne is caused by eating chocolate, chips, and drinking pop.” Some research was done specifically with chocolate, but it was never proven to have an effect on acne. The research concerning diet and acne has been difficult to design and control. What has recently been shown to have some correlation is the overall diet. A low glycemic diet has been shown to have a positive effect in acne treatment.
3. “Dirty skin causes acne.” Students who feel that dirty skin causes acne may be prone to wash or scrub their skin often thinking that this will clear up the acne. Actually, vigorous scrubbing may irritate the skin and make acne worse. Students trying to control acne should gently wash the affected areas only once or twice daily and after sweating, with a mild, nondrying cleanser. The bacteria that is responsible for acne resides deep within the sebaceous glands and cannot be washed off.
4. “Only teenagers get acne.” Acne can occur at all times of life, though it is most common among teens. Neonatal acne is common among most newborns and occurs in the first four weeks of life. Sebum production is increased due to stimulation by maternal or neonatal androgens. After six months, sebum production decreases. Adults may also have trouble with acne as well.
5. “Acne will eventually go away on its own.” While acne will usually subside as a person gets older, not treating acne can lead to scarring. Also, if acne is not treated, it could become worse and lead to greater scarring.
6. “Sweating helps acne by getting the toxins out.” Sweating actually makes acne worse.

Sweating from a hot and humid climate or from exercising and working your body hard can cause a type of acne called pityrosporum folliculitis. Pityrosporum folliculitis is a tough and stubborn form of acne to treat because some people’s skin is just prone to it. What happens is that a normal skin yeast that grows on most everybody's skin (Malassezia) starts to overgrow in the pores. For some people, their pores don’t fight the yeast very well and so it easily takes off. A little heat and sweat and - poof, the yeast ‘parties on’, causing pimples.

(https://www.drbaileyskincare.com/info/blog/can-sweat-cause-pimples-and-acne)
7. “Sunlight can help get rid of acne.” Tanning does help hide acne, but the UV rays ultimately dry the skin and can make the skin condition worse. Also, tanning causes premature aging, not to mention, skin cancer.

[bookmark: _Toc468111755]Anticipating Student Questions (answers to questions students might ask in class)

1. “Do doctors prescribe spironolactone to males? What would happen if they did?” Spironolactone is usually not prescribed for males because of its anti-androgen effects on male hormones. Males who take spironolactone start losing muscle mass and start developing feminine characteristics such as breasts with developed nipples, less body hair, and shrinking of the testes (hypogonadism). Due to these effects, spironolactone is used to aid in the feminization of transgender men, as it depresses the testosterone level to that of a female.
2. “What are low-glycemic foods?” The Mork article concludes by recommending that students eat more low-glycemic foods. The low-glycemic foods are those foods that are less likely to cause large increases in glucose levels. They provide a steadier rise in blood sugar and generally have more fiber, which makes you feel full. Examples of low-glycemic index foods are oatmeal, peanuts, peas, carrots, beans, hummus, skim milk, and most fruits. High-glycemic foods, such as white bread, cookies, crackers, white potatoes, white rice, pretzels, and sugar-sweetened beverages should be avoided. More information on low-glycemic diets can be found at the Mayo Clinic Web site. (www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/glycemic-index-diet/art-20048478)
3. “What would happen if I used benzoyl peroxide and salicylic acid together?” Benzoyl peroxide has antibiotic properties and salicylic acid has exfoliating and anti-inflammatory properties. The two compounds actually complement each other in treating the causes of acne. Some acne treatments have now combined the two compounds in a single acne treatment gel or solution. Students could examine the ingredients of the acne treatments at the store (or at home) to report back which ones carry both salicylic acid and benzoyl peroxide.
[bookmark: _Toc468111756]Activities

Labs and Demos

1. Lab project to test the effectiveness of different acne medications: Which acne medication can really “Zap that Zit”? This is a science project requiring 2–4 weeks. It involves growing E. coli and testing various acne products on it. The procedure is provided, complete with a list of required materials. Agar plates and antibiotic discs are required for this lab. This is suggested as a science fair project but it could be adapted to classroom use. (www.sciencebuddies.org/science-fair-projects/project_ideas/MicroBio_p019.shtml)
2. Synthesis of Aspirin Lab: If you discuss the function and structure of salicylic acid you could complement this with a synthesis of aspirin lab. This would be even more appropriate if you are studying a unit on organic chemistry at the time. A procedure for the lab experiment can be found here: http://www.rsc.org/learn-chemistry/content/filerepository/CMP/00/000/045/Aspirin.pdf.
A separate YouTube video of the experiment can be found here: https://www.youtube.com/watch?v=Y4NMpO1xI8U.
3. Polar and Nonpolar Solubility Lab: You can find a lab that explores the solubility difference in polar and nonpolar solutes and solvents in Chemistry in the Community 4th, 5th, and 6th editions. In the 4th and 5th editions it is in Unit 1, section C, and in the 6th edition it is in Unit 4, section B. Given a variety of different solutes, students discover the patterns of polar and nonpolar solubility. This relates to the solubility of some medications in the sebum in the skin as well as helps demonstrate skin’s properties. The lab as it appears in the 5th edition student’s book is here: https://books.google.com/books?id=vWa4V3mhZ0sC&pg=PA72&lpg=PA72&dq=chemistry+in+the+community+polar+and+nonpolar+lab&source=bl&ots=1PJB9o3cJh&sig=qzk5QaSKMdaUOxfHP4tocRTWWYM&hl=en&sa=X&ved=0ahUKEwjSk4_ewP7PAhULs1QKHRnwCOQQ6AEIMjAE#v=onepage&q=chemistry%20in%20the%20community%20polar%20and%20nonpolar%20lab&f=false.

Simulations

1. Progression of skin cells through the different layers: This animation shows the movement of the skin cells from the basal layer to the stratum corneum where they are shed. (http://www.abpischools.org.uk/topic/skin-structure-and-function/2/1)
2. Skin’s response to change in temperature: Students, or the teacher, using a smartboard, can adjust the temperature from hot to cold and watch the animated skin adjust. (http://www.abpischools.org.uk/topic/skin-structure-and-function/3/1)

Media

1. The chemistry of acne: This is a short (3:58) animation made for ChemMatters that explains acne and the action of benzoyl peroxide on P. acnes. You definitely want to show this, especially for the chemistry! (https://www.tes.com/teaching-resource/chemmatters-the-chemistry-of-acne-6265815)
2. “How to Get Rid of Pimples”: This video (2:38) is a fun introduction to home remedies for treating a pimple. A high school girl is the principle actress. After showing the video it would be interesting to assign the home remedies to students to research and report back what makes them work. Common household items such as oatmeal, honey, lemon juice, toothpaste, and aspirins are used to treat the pimple in the video. (http://www.sciencekids.co.nz/videos/howto/acneremedies.html)
3. PowerPoint presentation on skin, acne, and more: This is an extensive PowerPoint presentation about skin. Lots of useful information is presented. The slides related specifically to acne begin at slide152, with the sebaceous glands as a precursor to the acne vulgaris presentation, beginning at slide 158. If you teach anatomy and physiology, the entire slide show could be used. There are excellent slides before 152 containing diagrams of cross sections of skin that could be used when you discuss the Mork ChemMatters article. (http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCUQFjAA&url=http%3A%2F%2Fdrmagrann.com%2FAnatomy%2F4%2520skin.ppt&ei=_PfvUvSzCdSssAT4u4HYCQ&usg=AFQjCNHCKPXrUx0GdykN8Bc7CnvdGWuavg&sig2=1QNzdckrNxfvp_ZWaCT7ng&bvm=bv.60444564,d.cWc)
4. Kids video, teaching about acne: If your school or district has a subscription to Brain Pop, there is a video and lesson about acne that can be found here: https://educators.brainpop.com/search/?q=acne.

Lessons and Lesson Plans

1. Computer tutorial about skin and acne: If you have access to classroom computers, this tutorial about skin has good information accompanied by simulations, questions to answer as students work through the tutorial, and a final assessment activity at the end. (http://www.abpischools.org.uk/topic/skin-structure-and-function/)
2. Skin knowledge lesson plans: This is a library of lesson plans developed by the American Academy of Dermatology. While most of these are for younger students (ages 11–13), some can be easily adapted for older students. The game “2 Myths and a Truth” in lesson three would be very good to assess student misconceptions and prompt discussion about acne. (www.aad.org/public/kids/good-skin-knowledge-lesson-plans-and-activities)
3. “The Skin You’re In” teaching guide: There are three short lessons about skin in this packet. The lesson topics are acne, sun protection for skin, and dermatitis. The acne lesson involves reading a story and answering questions provided on a worksheet. (www.americanskin.org/education/the_skin_youre_in/pdf/teaching_guide.pdf)

Projects and Extension Activities

1. Acne product comparison and market research activity: Students could go to a local drug store and examine the various over-the-counter products designed to treat acne. The names under which the various products are sold can be somewhat confusing, and at times perhaps misleading. Words and phrases like “maximum,” “maximum strength”, and “ultra” often appear, but do not seem to have any specific meaning. For example, one product from the same company is labeled “ultra,” and contains 10% salicylic acid, while another product is labeled “maximum strength,” but still only contains the same 10% formulation. An interesting and educational project might be to examine the labels on several over-the-counter medications and then compare the actual ingredients to the suggestive words on the label. Products could be compared for similarity in composition. Students could look to see which products contain the new formulation of a benzoyl peroxide and salicylic acid mixture. The project could also involve comparing the cost per given amount of active ingredient for various brand name products and non-brand name products.
2. Design an acne research study: If you are teaching experimental design with your students, acne research is loaded with questions that are demanding better studies in order to supply physicians the proof necessary to make good decisions, with respect to patient treatment. Students could choose a question and, using good experimental design, formulate an experiment or study that would help answer that question.
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	Author Smith discusses the function of the skin, why we need moisturizers and cleansers, cleansing creams, soap and cold cream, as well as the simple causes of acne. The action of benzoyl peroxide is explained in terms of free radical reactions. (Smith, W. Skin Deep. ChemMatters, 1987, 5 (4), pp 4–7)

Author Baxter spends little time discussing the cause of zits, and she gets right to the cures, including recent developments with vitamin A and lasers. She mentions Accutane which was the formula for isotretinoin manufactured by Roche. Roche no longer markets this drug. (Baxter, R. Battling Zits! ChemMatters, 2005, 23 (2), pp 4–6)

The Teacher’s Guide for the April 2005 ChemMatters article above contains additional information about acne treatments Accutane and the alpha- and beta-hydroxy acids. There is also a discussion of the term “like dissolves like” in terms of entropy and enthalpy.

Soaps, skin cleansers, body odor, bad breath, acne and flatulence are the subjects of this article. (Rohrig B. Demystifying Gross Stuff. ChemMatters, 2011, 29 (3) pp 12–14)

The evolution of skin color and its respective chemistry is discussed in this issue of ChemMatters. (Harper, K. Skin Color: A Question of Chemistry. ChemMatters, 2014, 32 (2), pp 12–14)

The Teacher’s Guide to the April 2014 ChemMatters issue above contains more information on the anatomy of skin and its functions. The guide also contains a discussion of recent developments in artificial skin.

[bookmark: _Toc468111758]Web Sites for Additional Information (Web-based information sources)

Skin

For a good, labeled cross section of the skin that could be projected on a smart or Promethean board, use this Wikipedia drawing: https://en.wikipedia.org/wiki/Human_skin#/media/File:Skin.png.

Acne

Photographs of the various stages of acne can be found at the MedlinePlus Web site. These could be made into power point slide or projected as they are. (https://medlineplus.gov/ency/article/003236.htm)

	Medline’s home page for acne includes an index for the information contained in this teacher’s guide, ranging from basic description to treatments and research. There is lots of information in Spanish, if you have students who need lessons in Spanish. (http://medlineplus.gov/acne.html)

	In this article published by the American Academy of Dermatology the information is presented in easy to read bullet points. Some statistical information concerning incidence of acne and cost is located here, also. (https://www.aad.org/media/stats/conditions)

Lots of basic information about acne can be found at this site. An easy-to-access menu helps locate the different topics. There are translation options at the top of the page, which make reading possible in several different languages. (http://emedicine.medscape.com/article/1069804-overview)

This site contains information about Propionibacterium species and the infections they cause: http://emedicine.medscape.com/article/226337-overview.

Acne treatment

	The Journal of Clinical and Aesthetic Dermatology is the source of the article found at this link. It contains extensive information about over-the-counter (OTC) treatments for acne. A comparison of the effectiveness of benzoyl peroxide, compared with antibiotics, is presented with nice graphs. This would be a good site to use to get some discussion going on designing an experiment that answers some of the questions about the performance of many of the products discussed. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3366450/)

	What’s new and what’s still true is the theme of this 2015 article about the current status of many acne treatments. The segment on what’s new is very informative. (http://www.scopemed.org/fulltextpdf.php?mno=165508)

	More information on the chemistry of salicylic acid and how it works in acne treatments can be found at this Web site: http://www.kaviskin.com/info/salicylicacid.html.

	Descriptions of several treatment options for acne are located at this Web site: http://emedicine.medscape.com/article/1069804-treatment.

Considerable information on how salicylic acid works, compared to benzoyl peroxide, can be found here. The benzoyl peroxide information and a guide for choosing acne treatments are on other tabs at this site. (https://www.verywell.com/salicylic-acid-15632)

A comprehensive table of acne treatments can be found here. The amount of information is staggering, as each entry is a link to the names of the commercial products containing that compound. (http://www.skinacea.com/acne/acne-treatment-list.html#.WBVdDvorLDc)

“Evidence based update on the management of acne” is the title of this report. Treatment of acne is presented through several case studies, each for acne in a different stage. (http://ep.bmj.com/content/90/4/ep98.full#content-block)

Diet and acne

	An article about recent acne research exploring the use of probiotics to enhance the treatment of acne can be found here: https://www.aad.org/media/news-releases/could-probiotics-be-the-next-big-thing-in-acne-and-rosacea-treatments.

The relationship between acne and diet is the topic of this extensive review of the literature for recent research studies. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2836431/)

The research paper “A low-glycemic-load diet improves symptoms in acne vulgaris patients” can be found here as it appears in the American Journal of Clinical Nutrition. This is a landmark study. There are charts and pictures that have links to PowerPoint slides for use in presentations. This article would be good to use in a discussion on experimental design. (http://ajcn.nutrition.org/content/86/1/107.long)

“High glycemic load diet, milk and ice cream consumption are related to acne vulgaris in Malaysian young adults: a case control study” is the name of the research report that can be found at this site:
https://bmcdermatol.biomedcentral.com/articles/10.1186/1471-5945-12-13.

	The history of the debate about chocolate’s effect on acne can be found at this Web site, as well as the research into several other diet claims concerning acne. (http://www.acne.org/diet.html)

	A low glycemic load diet is discussed on this web site: http://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/glycemic-index-diet/art-20048478.

Retinoids

	 Wikipedia has a very good section on the history of isotretinoin. This highly restricted drug has had many confrontations with the FDA and legislature in order to remain available for doctors to prescribe it. (https://en.wikipedia.org/wiki/Isotretinoin)

	For a list of commercial retinoid creams, listed from mildest to strongest, and the pros and cons of each, visit the following web site: http://www.skinacea.com/retinoids/types-of-retinoids.html#.WBVFcforLDc.

	A discussion of natural retinoids versus synthetic retinoids is covered in depth here: http://www.skinacea.com/retinoids/natural-vs-synthetic-retinoids.html#WBUygoWcGWw.

	Downloads from the FDA for the iPLEDGE program for those who want to take isotretinoin can be found on this site. The brightly colored yellow and black contracts and patient agreements are located further in the packet. This is the most recent document published in 2012. Others on the Web are shorter but are not up to date. (http://www.fda.gov/downloads/drugs/drugsafety/postmarketdrugsafetyinformationforpatientsandproviders/ucm234639.pdf)

Hormone treatments and spironolactone

	A recent article reviews patient studies and research that have been reported for spironolactone as it is used for the treatment of acne. The results of several studies are used to support the use of spironolactone. (http://www.medpagetoday.com/meetingcoverage/aad/53310)

	The scholarly article “Hormonal Treatment of Acne in Women” that occurred in the December 2009 issue of the Journal of Clinical and Aesthetic Dermatology provides a thorough explanation of the hormonal pathogenicity of acne. The authors explain the biochemical pathways involved in the production of androgens in the skin. Treatment of acne with oral contraceptives and spironolactone is explained. If you are teaching an upper level chemistry class and are covering a unit on biochemistry, this would be an excellent article to assign as outside reading. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2923944/)

General information about spironolactone and its formula and that of its derivative can be found here: https://en.wikipedia.org/wiki/spironolactone.

Acne research

	“Strain of acne-causing bacteria found to actually preserve the skin” is the title of the article featured at this medical news site. Reports about a study that compared the P. acnes strains found on people with acne to those found on people without acne revealed strains of P. acnes on the acne-free participants that were not present on the participants with acne. (http://www.medicalnewstoday.com/articles/257040.php)

Laser treatments

	The results of a study done to compare laser treatments with salicylic acid peels can be found at this Web site. The study treated half of the face of participants with lasers and then applied salicylic acid peels to the entire face for a comparison of the efficacy of laser therapy. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4688384/)
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The discovery of the rare-earth metals

	The story of rare-earth elements begins in 1787 with Lieutenant Karl Arrhenius picking up a black rock near Stockholm, Sweden from a quarry in the village of Ytterby. This mineral rock was named ytterbite (later called gadolinite), and from this mineral the first rare-earth element was isolated.

	The first element discovered that is now identified as a rare-earth element was yttrium. It was isolated by Johan Gadolin in 1794 from a dense, black mineral called ytterbite (which was named for the nearby Swedish village of Ytterby). The second rare-earth element to be discovered was cerium in 1803 from the mineral cerite. Its discovery was almost a three-way tie between Jons Jacob Berzelius and Wilhelm Hisinger in Sweden and Martin Klaproth in Germany. This nearly simultaneous announcement of the discovery of a new element was the first of many disputes over credit for discovery of rare-earth and other elements. The process of chemically separating the rare-earth minerals into the individual elements was extremely difficult. However, between 1794 and 1901 all but two of the rare-earth metals had been identified. Both better technology and the development of the periodic table were pieces in the discovery of the rare-earth elements.(https://www.acs.org/content/acs/en/education/whatischemistry/landmarks/earthelements/jcr:content/articleContent/columnsbootstrap/column1/image.scale.medium.jpg/1383682183871.jpg)


Several factors made their [rare-earth elements’] identification difficult: The chemical and physical properties of the different elements are quite similar; the elements were isolated as "earths" or oxides of the elements; and the methods of separation and purification depended on laborious fractional precipitation and crystallization techniques. Compounding the difficulties of separation were a lack of good methods for identification and assessment of purity and a lack of knowledge of the number of rare earth elements that existed.

The invention of the spectroscope by Kirchhoff and Bunsen in 1859 and the development of spectral analysis, along with the development of the periodic table by Mendeleev and Meyer in 1869, provided valuable tools for the study of rare earths. The impact of these advances is clear. In the 60 or so years before their introduction, only six rare earths had been identified, one of them erroneously. In the following 50 years, the number jumped to 15. However, problems remained. The rare earths severely challenged Mendeleev's periodic system, because he did not know where to place them in the table.

(http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/earthelements.html)

[image: Rare earth elements as a Russian matryoshka dolls]


Rare-earth elements as a Russian nesting dolls (matryoshka or babushka dolls): 
red is 'ceria matryoshka' and blue is 'ittria matryoshka'.

Ceria is cerium oxide and yttria is yttrium oxide. Each of these compounds is found in ore that contains other rare-earth elements, which is what made it so difficult historically to separate and identify them.

 (http://www.periodni.com/history_of_rare_earth_elements.html)

	The work of Henry Moseley in 1912, with his understanding of the relationship between X-ray spectra and atomic number, and Mendeleev's periodic table published in 1869 were critical in determining the exact number of lanthanide elements and their eventual discovery.

The publication of the periodic law of the chemical elements by Mendeleev in 1869, although not of immediate help, pointed the way for the atomic theory of the "aufbau" of the elements spearheaded by Niels Bohr and other quantum theorists in the early 1910s. The prime contribution, however, was the experimental work of H.G.J. Moseley in 1912 on the relationship of the X-ray spectra to atomic number which finally showed exactly how many rare-earth elements should exist. Furthermore, the anomaly that 14 elements with properties similar to lanthanum existed proved to be an extremely important clue in developing our present theory of atomic structure.

(https://www.ameslab.gov/sites/default/files/TwoHundredYearsRE_0.pdf)

	The last of the rare-earth elements to be discovered, promethium, was authenticated in 1947 using the new ion-exchange technology that had been developed during World War II for work on the atomic bomb. So, it required over 150 years to discover all of the rare-earth elements, due in part to their scarcity and similar properties.

The origin of the names of the rare-earth elements

	The individual who is confirmed to be the discoverer of a new element has the right to name that element (with some guidelines and approvals). The sources for the element names can be interesting and curious. There are disputes, at times, over the source or reason for the name given to an element. Currently, the International Union of Pure and Applied Chemistry (IUPAC) has oversight on approval of names for newly discovered elements. (See “Web Sites for Additional Information” below for specific information on naming new elements.) Below are the commonly accepted origins behind the 17 silvery-colored, rare-earth element names.

· Scandium (Sc): named after Scandia, the Latin name for Scandinavia.
· Yttrium (Y): named after Ytterby, the village where this first rare-earth element was discovered.
· Lanthanum (La): named for the Greek word "lanthanein" which means "hidden".
· Cerium (Ce): named for the Roman goddess of agriculture, Ceres, and it is a dwarf planet or asteroid.
· Praseodymium (Pr): named from Greek "prasios" for "green" and "didymos" meaning "twin".
· Neodymium (Nd): named from Greek "neos" meaning "new" and "didymos" meaning "twin"
· Promethium (Pm): named after the Greek deity, Prometheus, who was a Titan and gave fire to men.
· Samarium (Sm): named for a mine official, Vasili Samarsky-Bykhovets, and from the mineral, samarskite.
· Europium (Eu): named for the continent of Europe.
· Gadolinium (Gd): named in honor of Johan Gadolin who identified the first rare-earth element
· Terbium (Tb): named after Ytterby, Sweden.
· Dysprosium (Dy): named from Greek "dysprositos" meaning "hard to get".
· Holmium (Ho): named after the Latin name for Stockholm, Holmia.
· Erbium (Er): another element named after the village of Ytterby, Sweden.
· Thulium (Tm): named for the mythological land of the north, Thule, which some believe may be Norway or the whole of Scandinavia.
· Ytterbium (Yb): another element named after Ytterby, Sweden.
· Lutetium (Lu): named for the Gallo-Roman city of Lutetia, which became Paris, France.
(http://www.rsc.org/periodic-table/history)

How elements are formed

	The majority of the mass of the universe is composed of the elements hydrogen and helium. The hydrogen, composing most stars, begins to spin under the influence of gravity. The spinning and forces of gravity collapse the hydrogen into dense clumps of matter. When the temperature is high enough (15 million degrees Celsius) and the density is great enough, the mass of gas begins to glow. Ultimately, fusion occurs, with the hydrogen gas in the star becoming helium. This is the process occurring in our sun. As the resulting helium forms and compacts and the star collapses under gravity and spinning, the helium fuses into carbon. (http://aether.lbl.gov/www/tour/elements/stellar/stellar_a.html).Elements forming via stellar fusion

(http://aether.lbl.gov/www/tour/elements/stellar/stellar_a.html)

(http://aether.lbl.gov/www/tour/elements/stellar/stellar_a.html)

	With sufficient mass, gravity, and temperature, the carbon fuses into neon, neon into oxygen, oxygen to silicon, and silicon finally into iron. (This is a very involved process and greatly simplified here. See “Web Sites for Additional Information” for more detail.) When the iron in the core of the star concentrates sufficiently, the core contracts, the temperature increases, and the iron undergoes nuclear reactions different than those that formed the lighter elements. These tremendous forces give the iron nuclei extreme kinetic energies and the iron nuclei break apart, releasing high concentrations of neutrons (neutron flux). These neutrons can be captured by surrounding nuclei and undergo decay, releasing a proton, an electron, and an antineutrino (see diagram at right). Each time a nucleus acquires a decaying neutron, its atomic number increases by one making a new, heavier element.

	The elements with a mass higher than iron (all of the rare-earth elements except scandium) are created in this fashion and released into the universe as supernova explode. So, all elements, including the rare-earth elements, are the result of stellar fusion of the starting raw materials of hydrogen and helium. See

What ARE rare-earth elements?

	The Haines article calls the rare-earth elements "chemical vitamins". The Japanese have been known to call them the "seeds of technology". The U.S. Department of Energy calls them "technology metals". So what are these silvery, strange-named elements? They consist of 17 metals, which include the 15 lanthanide elements plus scandium and yttrium. Scandium and yttrium are included as rare-earth elements because, although they are much lighter, they often occur in the same mineral deposits with the lanthanide elements, they have similar properties, and they are used in similar applications.
Periodic Table—Rare-earth elements are those within red boxes.

(http://www.rareelementresources.com/rare-earth-elements#.V-rYJWIVB3C)

The rare-earth elements are sometimes grouped into the two categories of the light rare-earth elements (cerium, praseodymium, neodymium, promethium, and samarium) and the heavy rare-earth elements (yttrium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium). Scandium and yttrium are classified by some sources as heavy rare-earth elements even though they are lighter than lanthanum because their use is similar to the heavier rare-earth elements. The heavy rare-earth elements are more scarce and, therefore, more expensive.

	The rare-earth elements are used for a variety of products in the U.S. The rapid growth in popularity of cell phones and smartphones in the past 10–20 years has produced a huge demand for rare-earth elements for computer chips, rechargeable batteries, magnets, and phone vibrators. In addition, these rare-earth elements are being used in alternative energy products such as wind-turbine generators and hybrid cars, typically for the strong permanent magnets that these devices require.

Alloys

	Alloys are mixtures of two or more metals (e.g., copper and tin = bronze) or a metal with another element (e.g., iron and carbon = carbon steel). There are two common types of alloys: substitutional (solution) and interstitial. Of course, there can also be combinations of these types. In a substitutional alloy, the atomic radii of the two metals must be similar in size, varying no more than about 10–15%. In addition, the materials must have similar chemical bonding properties. An analogy of a substitutional alloy might be replacing a few ping pong balls in a box with a similar number of golf balls. Common examples of substitutional alloys include gold-silver alloys forming colored or crown gold, and copper-zinc alloys forming brass. The transition metals (d-block) are similar in size and chemistry and can form a variety of alloys with each other. These types of alloys are homogeneous and can also referred to as substitutional (solution) alloys.


Diagrams of different types of alloys

(https://upload.wikimedia.org/wikipedia/commons/thumb/5/5a/Alloy_atomic_arrangements_showing_the_different_types.jpg/1024px-Alloy_atomic_arrangements_showing_the_different_types.jpg)


Interstitial (between the spaces) alloys are formed by elements with atoms of different sizes, so that atoms of one element take up the open spaces between the atoms of the second element. Analogies to interstitial alloys would be grains of sand stuck between ball bearings causing the ball bearings to lock up, or marbles filling the spaces between oranges in a box. An example of an interstitial alloy is carbon steel where the much smaller carbon atoms fill the spaces between the iron atoms giving the iron more strength. There are many different alloy compositions for steel, depending on the desired use for the steel. Some types are alloyed for strength and others may be alloyed to reduce oxidation (rusting).



	Rare-earth elements are often used to alloy with other metals to produce desired properties. One example is didymium. "Didymium is a mixture of the rare-earth elements praseodymium and neodymium and sometimes other rare-earths. The term comes from the Greek word didymus, meaning twin, with the -ium ending. The word sounds like an element name because at one time didymium was considered to be an element. In fact, it appears on Mendeleev's original periodic table."(http://chemistry.about.com/od/metalsalloys/fl/Didymium-Facts-and-Uses.htm)
Glassblowers’ safety glasses tinted with didymium

(http://sundanceglass.com/didymium-green-ACE-IR-92-lampworker-glassblowing-safety-glasses-aura-phillips/Titanium-202-Lg.jpg)

Carl Mosander discovered didymium in 1843, believing it to be a new element. The great difficulty in chemically separating didymium into its component elements, and the similar properties of praseodymium and neodymium both further compounded the difficulty in misidentifying didymium as an element and its ultimate separation into two new elements. Didymium is used in safety glass for glassblowers and blacksmiths to filter out the yellow light emitted by the sodium atoms found in common glass and also found in iron as a contaminant. Didymium is also used as a camera filter to reduce yellow/orange colors in photographs.

	Another rare-earth alloy is mischmetal (from German meaning mixed metal), which is composed of about 50% cerium, 25% lanthanum, 15% neodymium and/or praseodymium, and 10% other metals including iron for hardness. Mischmetal with iron is the flint (sparker) used in many cigarette lighters, Bunsen burner lighters, etc. It is also the material found in survivor kits used to start fires in the wilderness.

	One of the most common alloys that people use is steel. Iron is mixed with a variety of other elements, and in varying concentrations of these added elements, to produce an array of unique alloys. When iron is alloyed with the rare-earth element cerium, it forms an alloy that is used in flint (sparker) lighters. The ferrocerium alloy produces a bright, hot spark when it is rubbed against a harder substance than itself, like carbon steel—another alloy of iron. Another form of flint lighter sparkers uses iron and lanthanum. However, people will be most familiar with iron in its alloy forms of low-carbon steel, high-carbon steel, cast iron, stainless steel, spring steel, weathering steel, chromoly steel, and Damascus steel.

The table below shows various elements that are alloyed with iron to make different types of steel. It also shows the effects of alloying these elements with iron.



Elements used in alloys of steel to change its properties

(https://www.learner.org/courses/chemistry/images/text_img/SteelAlloyingAgents.jpg)

	An aluminum-cerium alloy shows promise of better automobile engines and improved fuel economy. Currently, cerium makes up about 50% of all of the rare-earth ores that are mined, and there is too much cerium produced for the need. By combining a small portion of cerium with aluminum, the alloy has better high-temperature stability and improved casting properties "The aluminum industry is huge,” Rios [Orlando Rios, Oak Ridge National Laboratory scientist] explained. “A lot of aluminum is used in the auto industry, so even a very small implementation into that market would use an enormous amount of cerium.” A 1 percent penetration into the market for aluminum alloys would translate to 3,000 tons of cerium, he added." (https://www.ornl.gov/news/new-alloy-promises-boost-rare-earth-production-while-improving-energy-efficiency-engines)Aluminum-cerium alloyed engine part

(https://www.ornl.gov/sites/default/files/styles/node_slideshow/public/Cerium%20alloy%20-%20engine%20head.jpg?itok=Md66dDiM)


Other aluminum alloys involve the addition of erbium which creates an alloy with finer grain structure, greater hardness, and unchanged plasticity. Similar results can be achieved with lanthanum, cerium, neodymium, yttrium, gadolinium, and scandium.

	One of the most common alloys with rare-earth elements involves super magnets. The addition of neodymium to iron and boron forms one of the strongest, affordable permanent magnets. The chemical formula for a common form of this magnet is Nd2Fe14B. This magnet is sometimes referred to as the NdFeB, NIB, or Neo magnet. This formulation was discovered in 1982 by General Motors and Sumitomo Special Metals as an alternate to the more expensive and weaker samarium-cobalt permanent magnets.

All of the lanthanide elements are ferromagnetic; however, their Curie temperatures are very low. The Curie temperature (point) is the temperature at which a material loses its permanent magnetic properties, and they are replaced by induced magnetic properties. The addition of neodymium or other lanthanide elements to iron, cobalt, or nickel can form permanent magnets with Curie points at temperatures above room conditions. Another feature of the rare-earth elements is that they magnetize easily in one direction, but do not magnetize easily in the other direction. These very strong magnets are used in electric motors in cordless tools, computer hard disk drives, jewelry clasps, and alternative energy applications.

Rare-earth magnets can be dangerous, especially for small children. If the magnets are swallowed, the small magnets can pinch parts of the intestine or stomach together, resulting in severe bowel problems.

[image: https://www.aap.org/en-us/PublishingImages/AAPMisc/magnet_231x145.jpg]Recent anecdotal reports have shown that magnet ingestions have led to dozens of surgeries, bowel perforations or fistulas, endoscopies, bowel resections, and other serious gastrointestinal injuries as a result of young children swallowing magnets and adolescents unintentionally swallowing them after using magnets as a fake tongue piercing. Ingested magnets can stick together and trap and compress portions of the bowel wall between them, potentially leading to perforation, ischemia, sepsis, and bowel obstructions. Because of the severe health consequences of ingesting these dangerous products it is necessary to educate children, adolescents, and their parents about the imperative to keep small magnets out of hands and mouths.(https://www.aap.org/en-us/advocacy-and-policy/federal-advocacy/Pages/AAP-Alerts-Pediatricians-to-Dangers-of-Magnet-Ingestions.aspx?nfstatus=401&nftoken=00000000-0000-0000-0000-000000000000&nfstatusdescription=ERROR:+No+local+token)
A lattice of rare-earth magnets

(https://www.aap.org/en-us/advocacy-and-policy/federal-advocacy/Pages/AAP-Alerts-Pediatricians-to-Dangers-of-Magnet-Ingestions.aspx?nfstatus=401&nftoken=00000000-0000-0000-0000-000000000000&nfstatusdescription=ERROR:+No+local+token)



If body parts like fingers or ears become pinched between two magnets or a magnet and a magnetic surface, they can injure children. Or, if the powerful magnets are allowed to get too close together they can attract and smash together with enough force to splinter and break apart sending sharp metallic pieces flying. (https://en.wikipedia.org/wiki/Rare-earth_magnet)

Mining rare-earth elements

	While rare-earth elements are distributed around the world, most are mined in China, due to favorable environmental laws and wages. China produces more than 95% of all rare-earth metals used in the world. In addition, China has the greatest ability to process these rare-earth materials, so product manufacturers often locate manufacturing plants in China to better utilize the rare-earth metals in their products. China can control companies and countries by limiting supplies of rare-earth metals to them or controlling exports. In particular, China produces 99% of the dysprosium and 95% of the neodymium used in the world. The electric motors in a Toyota Prius each use about three pounds of neodymium. (http://www.forbes.com/sites/larrybell/2012/04/15/chinas-rare-earth-metals-monopoly-neednt-put-an-electronics-stranglehold-on-america/#44bdf2ac161b)
[image: ][image: ]Chinese rare-earth mine operation

(http://www.hcn.org/issues/47.11/why-rare-earth-mining-in-the-west-is-a-bust)

Pouring lanthanum into a mold near
Damao in Inner Mongolia

(https://www.theguardian.com/sustainable-business/rare-earth-mining-china-social-environmental-costs)



	The only commercial U.S. rare-earth metals mine, Molycorp's Mountain Pass, near the California-Nevada border is not operating. While the western half of the U.S. has deposits of the rare-earth metals, it is not economical to mine ore, extract the metals from the ore, and sell at a profit. The Mountain Pass site was discovered in 1949 while exploring the area for uranium.

Geologists sent a curious rock to the U.S. Geological Survey for analysis and the sample contained low concentrations of both uranium and thorium. However, it was extremely rich in rare-earth metals. A small part of the site had ore concentrations up to 40%, and a larger ore site that was easily accessible had a concentration of rare-earth metals of about 8%. By comparison, copper is economically mined at concentrations of only 0.6%. But, there were no demands for rare-earth metals in 1949. In the 1960s, color televisions became popular and the element europium was used to produce the bright red colors. For the next 40 years, Mountain Pass mine was busy producing europium and other rare-earth metals that were slowly finding uses in lasers, fluorescent lights, and microchips. But in the early 1990s, problems from wastewater spills caused environmental contamination in the Mojave National Preserve where the mine was located, and both federal and state agencies started lawsuits against Molycorp.

	At about the same time as Molycorp was struggling with its environmental problems, China began its national movement to develop and produce its vast rare-earth resources. Mountain Pass mine was a problem, both environmentally and economically. So, in 1998, Molycorp shut down the Mountain Pass processing facility due to the costs of environmental cleanup and the competition from cheaper metals now coming from China. However, the excavation and mining operation continued until it, too, shut down in 2002. But with surging demands, rising prices, and political posturing between China and Japan, Mountain Pass mine reopened to process ore in 2010, with the input of Japanese capital to upgrade the facility. In 2014 the mine produced 4,700 tons of rare-earth metals. Sadly, Mountain Pass mine could not compete with the Australian Mount Weld mine and China's higher volume and lower cost of rare-earth metals from its numerous mines. Mountain Pass mine is not operational today.

[image: https://cdn.theatlantic.com/assets/media/img/3rdparty/2012/2/img_0553-670x502.jpg]

Mountain Pass mine in California

(http://www.theatlantic.com/technology/archive/2012/02/a-visit-to-the-only-american-mine-for-rare-earth-metals/253372/)

	Some of the problems with rare-earth mining are the waste tailings (some radioactive), water pollution (both surface and ground), and air pollution from all of the dust. The environmental hazards are expensive to mitigate when done correctly. This is one reason that China has such an economic advantage on rare-earth ore extraction and metal processing. Many of the mines there are open pit mines which can be environmentally damaging because of the huge quantities of ore that must be dug, hauled, processed, and the enormous volume of tailings that are dumped. The process of extracting the metals from their ore requires large amounts of electricity, water, and some hazardous chemicals (fluorine gas, sulfur dioxide, hydrochloric acid, sulfuric acid, sodium hydroxide, nitric acid, ammonium hydroxide, and a variety of organic compounds) are used or released in the processing.

[image: http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/assets/mining-1.png]

Chart of common risks from general mining and refining

(http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/mining.html)

	There are approximately 60 rare-earth deposits (mines) around the world in development or production. The demand for rare-earth metals world-wide is about 150,000 tons annually. China supplies about 95,000 tons, and Chinese wildcatters (black-market miners) supply about 40,000 tons, so the 4,700 tons that Mountain Pass produced at its peak is small in comparison. (http://www.hcn.org/issues/47.11/why-rare-earth-mining-in-the-west-is-a-bust)



There are potential sites across the U.S., especially in the western half, where rare-earth metals could be mined if the prices of these metals increases, and if effective, economical methods of controlling the environmental wastes can be found. Clicking on the link below the map, below, allows you to enlarge the map view to see more detail.

[image: http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/assets/deposits-1.jpg]

World map showing locations of rare-earth elements 
(REE) deposits, and past and present mining operations (ca 2002)

(http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/assets/deposits-1.jpg)



The map that follows is more recent (2011), showing sites that are being mined, or are under development, around the world. The mines are ranked by number according to the amount of production. As you can see from the map, three of the five top-producing mines are located in China.
 [image: Rare Earths]

(http://www.businessinsider.com/map-of-the-day-rare-earths-projects-2011-3)



Luminescence and color theory

	"Luminescence is the generic term for the emission of light which is not an effect of high temperature. So luminescence can be determined as an appearance of cold body radiation. This radiation can either be part of a chemical reaction or a cause of subatomic motions or stress on a crystal." (http://www.leica-microsystems.com/science-lab/basic-principles-of-luminescence/)

	In the context of the Haines article, the luminescence occurs when ground state electrons in the rare-earth compounds have been excited (thereby moving to higher orbitals) by electricity, and then move from those higher orbitals back to lower orbitals with the release of energy as visible light. This phenomenon is also known as an atomic emission. This luminescence (atomic emission) is the general mechanism of producing the colors on a television, smartphone, or other display screen. The color of light emitted is directly related to the size of the orbital energy change. The warm colors (red end of the spectrum) are produced from smaller energy changes, and the cool colors (blue end of the spectrum) are produced from larger energy changes. The image for the hydrogen emission is shown below, as an example of the colors that can be produced by smaller or larger energy changes.Light emission (luminescence) from hydrogen atom electron energy-level jumps

(https://bradleystockwell.files.wordpress.com/2015/02/fg09_12.jpg



	In order to produce the thousands of colors that appear on display screens, the primary colors of red, green, and blue are added together to produce secondary colors, and white is produced by the use of phosphors or dyes.

The latest high-brightness (HB) white LEDs are made possible by the discovery of semiconductor materials that produce blue or ultraviolet photons. In addition to the diode, an HB package contains “yellow” phosphors on the inside of its lens. Some “blue” photons escape, but others excite the phosphors, which then give off “yellow” photons. The result can be tuned in manufacturing to produce “white” light.

(http://electronicdesign.com/components/understanding-led-application-theory-and-practice)



[image: https://upload.wikimedia.org/wikipedia/commons/thumb/c/c2/AdditiveColor.svg/400px-AdditiveColor.svg.png]	This additive color theory allows wavelengths of the primary colors of red, blue, and green to be added together to form the wavelength (color) of the desired light. The intensity of each primary color, plus the actual primary colors that are added, create the vast array of colors displayed on television screens, smartphones, and other display devices. The process is complex and involves the use of polarizing filters, liquid crystals, fluorescent or LED backlights (more modern TVs use LEDs), and pixels. The pixels are tiny blocks which contain the primary red, green, and blue light which can be rapidly be switched on or off in various combinations.

	For more details see “Web Sites for Additional Information” sites on LEDs, luminescence, and light.Additive color theory to form 
secondary colors 
from red, green, and blue light

(https://upload.wikimedia.org/wikipedia/commons/thumb/c/c2/AdditiveColor.svg/400px-AdditiveColor.svg.png)


[image: Image result for ppt how color tv works]

Image of how LED TV works

(http://www.guidingtech.com/assets/postimages/2014/02/how-led-tv-works.jpg)



Uses of rare-earth elements

	The Haines article identifies many uses for rare-earth elements and compounds. Rare-earth materials are used in LED and fluorescent lighting devices, glass grinding and polishing compounds, colorants for glass and ceramics, chemical catalysts, batteries, pollution control, lasers, fiber-optic data amplifiers, metal alloys, powerful magnets, display screens, cancer treatment drugs, electric motors, nuclear reactor shields, fuel cells, hard disk drives, superconductors, petroleum refining, microphones, TV screens, genetic tests, MRIs, CAT scans, PET imaging, X-rays, portable X-rays, cochlear implants, ear buds and in-ear headphones, sonar, guided missile systems, mole and tattoo removal, and cell phone camera lenses. Many of the technological devices that make lives richer and easier are dependent upon these rare-earth compounds.

[image: ]

Photograph of a hard drive from a personal computer showing 
(A) a spindle motor and (B) a voice coil that contain rare-earth magnets

(http://pubs.usgs.gov/of/2013/1072/OFR2013-1072.pdf)

	Many people fail to realize the importance of the rare-earth metals. People may have heard about rare-earths, but they do not understand the extent of their use in so many everyday products.



Rare-earth elements [REE] are necessary components of more than 200 products across a wide range of applications, especially high-tech consumer products, such as cellular telephones, computer hard drives, electric and hybrid vehicles, and flat-screen monitors and televisions. Significant defense applications include electronic displays, guidance systems, lasers, and radar and sonar systems.(http://geology.com/articles/rare-earth-elements/)


Although the amount of REE used in a product may not be a significant part of that product by weight, value, or volume, the REE can be necessary for the device to function. For example, magnets made of REE often represent only a small fraction of the total weight, but without them, the spindle motors and voice coils of desktops and laptops would not be possible.

(https://www2.usgs.gov/blogs/features/usgs_top_story/going-critical-being-strategic-with-our-mineral-resources/)

	The largest use (by quantity) for rare-earth compounds is for catalysts. These rare-earth metals can be found in small quantities in automotive catalytic converters where they protect some of the more expensive metal catalysts like platinum and palladium. From the 1950s until about 2000, large quantities of cerium oxide was used in glass and lapidary polishes; however, the cerium oxide is being replaced today with other polishes due to increasing costs and other uses for cerium oxide.

	One of the largest uses of lanthanum is in nickel-metal hybrid battery. The popular Toyota Prius contains 33 pounds of lanthanum and two pounds of neodymium in the engine and batteries. Supplies of lanthanum may ultimately limit the availability of hybrid and electric cars, so many automotive companies are trying to secure supplies of lanthanum or investigating other battery types such as lithium-ion (http://www.mining.com/rare-earth-metals-and-hybrid-cars/).

	Most of the samarium that is mined is used to alloy with aluminum in aerospace applications. However, it is also widely used in aluminum sports equipment such as baseball bats, lacrosse sticks, bicycle frames, and some revolver parts.

	One source (http://geology.com/articles/rare-earth-elements/) states that the majority of scandium used in the U.S. is for making aluminum-scandium alloys for baseball bats. The addition of as little as 0.2–0.6% by weight of scandium to aluminum produces dramatic strengthening effects. This strength is largely due to small and consistent grain size produced by the alloy. This inhibits metal fatigue and cracking, and improves welded joints. (http://www.dunand.northwestern.edu/refs/files/JOM-0302-35.pdf)
	While there are many alloys used for baseball bats (http://www.aluminumbats.com/whatsinanaluminumbatanyway.aspx#.WBVOj2IzV3A), the aluminum-scandium alloy is the most popular.Aluminum-scandium alloy baseball bat

(http://geology.com/articles/rare-earth-elements/)


Various aluminum alloy bats were also introduced in the 1990s. The most successful of these was the scandium-aluminum bat. Scandium is a mineral that, when alloyed with aluminum, greatly increases the strength and resilience of the aluminum without adding to the weight. Scandium occurs in minute quantities in more than 800 minerals, and is usually obtained as a byproduct of refining uranium. Today, most high-quality metal bats are made from scandium-aluminum alloy.
(http://minerals.usgs.gov/minerals/pubs/general_interest/sport_mins/baseball.pdf)




	The U.S. Defense Department depends on rare-earth metals for many strategic uses. These special elements give the military an important advantage in peace and combat over other countries and groups. On occasion, a different material can (or must) be substituted for a rare-earth element, but the results are often inferior. The table below summarizes some of the military application of the rare-earth elements.

	Defense Uses of Rare Earth Elements 

	Lanthanum
	night-vision goggles

	Neodymium
	laser range-finders, guidance systems, communications

	Europium
	fluorescents and phosphors in lamps and monitors

	Erbium
	amplifiers in fiber-optic data transmission

	Samarium
	permanent magnets that are stable at high temperatures

	Samarium
	precision-guided weapons

	Samarium
	"white noise" production in stealth technology



(http://geology.com/articles/rare-earth-elements/)

	A table of more uses for rare-earth elements listed by element is available at http://pubs.usgs.gov/of/2013/1072/OFR2013-1072.pdf.

China and rare-earth metals

	The United States is a major consumer of rare-earth materials and products. Currently, the U.S. has no commercial mining operations to supply the rare-earth materials needed for consumer and military uses. Therefore, the U.S. must import vast quantities of rare-earth materials. Currently, China supplies approximately 95% of the rare-earth compounds or products used in the U.S. This quantity is declining as other countries open mines or increase production from existing mines. China's plan to restrict exports of rare-earth materials has caused countries and large companies to find solutions to China's monopoly. The U.S. military believes that it is in good shape, other than for yttrium, and the U.S. has some natural reserves of this element. Japan is maintaining stockpiles of several rare-earth metals. South Korea is also stockpiling rare-earth metals. Sweden and Germany are investigating avenues for access to the rare-earth elements they need. (http://www.forbes.com/sites/larrybell/2012/04/15/chinas-rare-earth-metals-monopoly-neednt-put-an-electronics-stranglehold-on-america/#ca1212a161b0)

[image: http://media.mnn.com/assets/images/2011/04/baotou_satellite_0.jpg]

Satellite view of China's Baotou rare-earths complex. Mines are at top right; waste lakes are at left.

(http://www.mnn.com/earth-matters/translating-uncle-sam/stories/what-are-rare-earth-metals)

	Toyota Corporation has negotiated tie-ins with Viet Nam and is operating a small mine in India to insure access to critical materials. Other American companies are negotiating private opportunities for the rare-earth materials they need. While China is currently the biggest player in the rare-earth metals market, some analysts believe that they may not always control the market. Unfortunately, it may take from seven to fifteen years for U.S. mines or other world-wide resources to be identified and put in full production.

A 2010 U.S. Geological Survey Report estimates that known reserves of rare oxides are about 1.5 million tons, and total domestic resources might be 13 million tons. At peak 10,200 2007 U.S. consumption levels, supplies from known reserves would last nearly 150 years, and possibly more than one thousand years if other resources are explored and exploited. In addition, other friendly, stable countries like Australia and Canada have substantial rare earth deposits as well. The Australian mining company Lynas Corporation aims to annually produce 11,000 tons of rare earth oxides from its new Mount Weld mine.

(http://www.forbes.com/sites/larrybell/2012/04/15/chinas-rare-earth-metals-monopoly-neednt-put-an-electronics-stranglehold-on-america/#ca1212a161b0)

	Other ways for countries and companies to decrease their reliance on rare-earth materials from China is to develop substitutes for the required rare-earth metals or to decrease the quantities needed in their products. Also, improving the manufacturing processes may cut wastes formed or allow the use of these wastes to be recycled into new products. One critical area for research is the use of dysprosium and neodymium in rare-earth magnets.

Because rare earths make such excellent magnets, researchers have put little effort since the early 1980s into improving them or developing other materials that could do the job. Few scientists and engineers outside China work on rare-earth metals and magnet alternatives. Inventing substitutes and getting them into motors will take years, first to develop the scientific expertise and then to build a manufacturing infrastructure. The United States “lost expertise” when its mines closed and magnet manufacturing relocated to Asia to be near operating mines and less expensive labor, says George Hadjipanayis, chair of physics and astronomy at the University of Delaware. As a result, there were few incentives for researchers or companies to work on magnets. Now, he says, “there is not much funding and no industry around.”

Few experts express optimism that there will be enough rare-earth materials to sustain significant growth of clean energy technologies like electric cars and wind power, which need every possible cost and efficiency advantage to compete. “The writing is already on the wall,” says Patrick Taylor, director of the Kroll Institute for Extractive Metallurgy at the Colorado School of Mines. “You want to develop this big new energy economy, but there’s a limited supply and an ever-increasing demand.” Asked how China gained its edge over the rest of the world, Taylor points out that most of the necessary expertise and industry began moving to that country nearly two decades ago. Back then, he adds, no one was even paying attention.

(https://www.technologyreview.com/s/423730/the-rare-earth-crisis/)

	The huge environmental impact that rare-earth mining and processing produces is another factor in China's dominance in rare-earth metals. While other countries (including the U.S.) have rare-earth deposits and potential mining sites, the toxic wastes, mine tailings, and ground damage are suppressing rare-earth production in other countries.

While China produces 90% of the global market’s neodymium, only 30% of the world’s deposits are located there. Arguably, what makes it, and cerium, scarce enough to be profitable are the hugely hazardous and toxic process needed to extract them from ore and to refine them into usable products. For example, cerium is extracted by crushing mineral mixtures and dissolving them in sulphuric and nitric acid, and this has to be done on a huge industrial scale, resulting in a vast amount of poisonous waste as a byproduct. It could be argued that China’s dominance of the rare earth market is less about geology and far more about the country’s willingness to take an environmental hit that other nations shy away from.

(http://www.bbc.com/future/story/20150402-the-worst-place-on-earth)

[image: http://media.mnn.com/assets/images/2011/04/rare_earth_emissions.jpg]

Image of Ground-level view of wastewater being pumped 
into a rare-earth lake at Baotou in China.

(http://www.mnn.com/earth-matters/translating-uncle-sam/stories/what-are-rare-earth-metals)

	China appears to be attempting to take control of its environmental pollution created by years of rare-earth metal mining and processing. In about 2006, China changed export quotas and taxes. These changes were stated to be necessary to protect the environment and their workers. Some experts believe that it was a slight-of-hand maneuver to limit exports and create increased demand and prices.

China, the world’s dominant producer of rare earth metals, quietly and unilaterally imposed taxes and annual tonnage limits on its rare earth exports seven years ago. It then gradually raised the taxes and lowered the tonnage limits in subsequent years, slowly throttling supplies to overseas manufacturers.

China contends that these export restrictions are needed to protect its environment. The United States, the European Union and Japan have challenged China’s taxes and quotas at the World Trade Organization [W.T.O.]. They note that China has done little to limit rare earth consumption within its borders.

The rare earth case “will be a landmark case in terms of both export restrictions and the environment,” said James Bacchus, the former two-term chairman of the W.T.O. appeals tribunal in Geneva.

China has made ample supplies available to manufacturers within China that produce crucial components for a host of products like laptop computers, compact fluorescent bulbs, wind turbines and electric cars. Some Western and Japanese companies have moved factories to China to make sure that they have access to rare earths.

But the case before the World Trade Organization appears to have made a difference already by prompting a broad environmental cleanup. In a white paper issued in June last year, China’s cabinet described at length the environmental harm caused by the rare earth industry, an admission that although embarrassing for Beijing may have buttressed its case at the W.T.O. that the rare earth industry is a dirty business for which export restrictions are justified. “Excessive rare earth mining has resulted in landslides, clogged rivers, environmental pollution emergencies and even major accidents and disasters, causing great damage to people’s safety and health and the ecological environment,” the white paper said.

(http://www.nytimes.com/2013/10/23/business/international/china-tries-to-clean-up-toxic-legacy-of-its-rare-earth-riches.html?_r=0)

	It is expected that China will continue to dominate the markets as the largest exporter of rare-earth metals and rare-earth products for the foreseeable future. Their more lax environmental restrictions and the vast number and size of currently operating mines virtually assures China's continued dominance. While large corporations such as Toyota, and many countries, including the U.S., seek alternate sources of these critical rare-earth elements, it will be many years before sufficient mine exploration and development can begin to compete with China's rare-earth industry. The map below shows the countries from which the United States imports the rare-earth elements upon which we depend.



US dependence on foreign rare-earth supplies and how much we receive from them.

(http://www.mining.com/us-remains-almost-entirely-dependent-china-rare-earths/)


[bookmark: _Toc212568409][bookmark: _Toc468111761]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Metals—The rare-earth elements are all metals. Students are familiar with common metals such as iron, copper, and silver, but emphasizing important, but less well known, metals such as the rare-earth metals may expand their understanding of metals. Teachers may include the rare-earth elements in discussions of properties of metals and in the organization of the periodic table into metals and nonmetals.
2. Alloys—Alloys are an example of solid-solid mixtures and can be discussed in the curriculum with types of mixtures. Because all alloys contain at least one metal, they can be discussed with students when studying the properties of metals.
3. Atomic emission spectra—The electrons in rare-earth compounds make energy changes and can release light, which can be used in television, smartphone, or other display devices. Teachers can include examples of rare-earth emissions when discussing electrons and quantum theory.
4. Material science—Rare-earth elements are used in many household products. Scientists have the ability to manipulate the properties of materials to suit human needs.
5. Lanthanides—The majority of rare-earth elements are classified as lanthanide elements. These elements have an f-block electron configuration.
6. Atomic number—While the rare-earth elements are similar to each other in some aspects, they are unique elements, each with a different atomic number.

[bookmark: _Toc212568410][bookmark: _Toc468111762]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “There are lots of other materials available that we can use to substitute for the rare-earth elements in smartphones and our other electronic technology.” Many rare-earth elements have NO substitutes, and others have substitutes that work only poorly, compared to the “real thing”.
2. “Rare-earth elements are rare.” At the time of their discoveries, the rare-earth elements were difficult to chemically separate and were thought to be in low abundance in the earth's crust. However, deposits of the rare-earth elements can be found in many countries, and all but promethium are more abundant than gold. These elements can be found in many large rock formations, but their abundance does not make it economical to extract them, except from places (mines) where their concentration is greater.
3. “There are mines for specific rare-earth elements just like there are mines for copper, gold, iron, or other metals.” Typically, the rare-earth elements are found in mines where the elements are in an oxide (earth) chemical compound. These metal oxides are often grouped together within the same mineral deposit. So, unlike a gold mine or a lead mine that produces primarily one metal, the rare-earth element mines produce many metals from the same site.
4. “Recycling rare-earth elements can conserve our supply and make them less expensive and more abundant.” Recycling materials is always a smart idea! Unfortunately, it is costly and difficult to recycle many of the rare-earth elements. These elements are often used as a metal additive to form alloys with other metals, and their concentrations in the alloys are low. In addition, the process of separating the rare-earth metals from the alloy is chemically challenging and expensive. Much of the e-waste from consumer electronics goes to China, India, and other countries where pieces might be reused, but currently, very little rare-earth wastes are recycled.
5. "The United States has rare-earth metal mines and can produce most of these metals that we need.” The U.S. cannot produce the quantity of rare-earth metals that we need for consumer and military uses. Currently, the U.S. has only one commercial rare-earth mine, the Mountain Pass mine, near the California/Nevada border along I-15 in between Barstow, CA, and Las Vegas, NV. The mine was closed in 2105 due to bankruptcy of the owner, Molycorp Minerals. There are no current plans for the mine to reopen.

[bookmark: _Toc468111763]Anticipating Student Questions (answers to questions students might ask in class)

1. “What are the specific uses of the rare-earth elements in smartphones?”
Here are a few specific uses for rare-earth elements in smartphones:
· praseodymium, gadolinium and neodymium are used in alloys in the magnets in the speaker and microphone of the smartphone
· neodymium, terbium and dysprosium are used in the vibration unit of the smartphone
· praseodymium and neodymium are used in glass (e.g., television screens) to reduce glare
· cerium (oxide) is used to polish glass, and to extract color from colored glass
· europium and yttrium (oxides) produce the red colors in television screens (and smartphone screens)
· europium also is used in blue phosphors in electronic screens
· lanthanum (oxide) is used in camera lenses and binoculars

(from the Teacher’s Guide for the April/May 2015 ChemMatters article “Smartphones, Smart Chemistry”)
2. “Where do most of the rare-earth metals come from?” Rare-earth metals can be found in almost any large rock formation in the world. Often, these rare-earth elements can be found in uranium mines, but it is not cost effective to extract them. However, mines in China currently produce over 95% of the rare-earth metals used in the world.
3. "If rare-earth elements are not really rare, why are they called rare-earths?" The history of the elements and their early production from minerals led to their misleading name. In the late 1700s when the earliest rear-earth elements were discovered, the element was called an "earth" if the pure metal could not be extracted from its mineral by heating the mineral with coal. The separation of the pure metal from its mineral (usually oxide) form took a more extensive chemical process than heat. In addition, these elements were considered rare when they were initially discovered; therefore, they were called rare-earth elements.
4. “Are rare-earth metals expensive?” All but the two rarest rare-earth elements (thulium and lutetium) are many times more abundant than gold. The prices of the more valuable rare-earth metals can cost about $1,000 per pound. In comparison, gold costs about $12,700 per pound.
5. “Why are rare-earth elements so important?” These rare-earth metals are important for many high-tech uses such as display screens (televisions and smartphones); electronics; superconducting magnets used in research and medical devices like MRIs, military equipment such as fighter jets and night-vision goggles, and the sports equipment that we love.
6. “If rare-earth metals are found all over the world, why does China produce the majority of these metals?” China is a very large country in area. In addition, China has an abundance of deposits where these rare-earth elements are concentrated. The biggest reason that China produces most of the rare-earth metals is that China's environmental mining laws are more lenient, so it is easier and cheaper to mine and extract these metals there than in other countries with higher environmental standards.
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1. Make a "gold" penny: A common alloy activity is the formation of a brass coating on a copper penny. The Flinn Scientific version of this lab is safer because it does not use hot sodium hydroxide solution. Alchemy: A Cross-Curricular Activity provides student procedure, safety, disposal, teacher tips, and a discussion of the chemistry involved. (https://www.flinnsci.com/media/620915/91343.pdf)
2. Form and test a lead-tin solder alloy: The Royal Society of Chemistry provides the lab activity “Making an Alloy (Solder)”. The solder is produced by heating lead and tin in a crucible over a Bunsen burner. It can be cast in a sand mold or poured onto a porcelain tile to cool. The resulting alloy is tested for properties and compared to the lead and tin metals individually. The Web site include procedure, safety, and teaching notes. NOTE: Care must be taken when heating the lead to avoid inhalation of fumes. (http://www.rsc.org/learn-chemistry/resource/res00001742/making-an-alloy-solder?cmpid=CMP00006705)
3. Conduct a virtual lab on the properties of elements: Students can conduct a virtual lab, What Properties Do Elements Have, analyzing several elements for their density, flame color, melting point, and boiling point. Background information explains that elements are classified as metals, nonmetals, and metalloids. A video explains how elements are tested for these properties. Students then virtually test element unknowns and analyze their data. They conclude with generalizing how they collected information and arrived at identifying the elements. (http://www.glencoe.com/sites/common_assets/science/virtual_labs/E21/E21.html)
4. Build, calibrate, and use a spectroscope: In connection with the idea of luminescence, students can build, calibrate, and use a spectroscope to better understand the concept of atoms possessing specific energy levels and the electron transitions producing specific wavelengths of light as they fall to lower states. Thorough background information, construction directions, calibration of the instrument, and measurement of the energies of a polyelectronic element are provided. This lab may be best suited for more advanced students. (http://www.smc.edu/projects/28/Chemistry_11_Experiments/Atomic_Spectra_B.pdf)
5. Build and use a homemade spectrometer: Using an empty cereal box and a CD, students can build and then use their own spectrometer. The site includes a discussion of making spectral measurements and how the spectra are formed. While not included in the lesson, students could be instructed to observe and measure the spectra from different colored LEDs. (http://www.scienceinschool.org/2007/issue4/spectrometer)

Simulations

1. Produce light by bombarding atoms with electrons: The PhET simulation, “Neon Lights & Other Discharge Lamps”, provides students with the opportunity to explore atomic emission phenomena (luminescence) that was referenced in the Haines article. Students can manipulate the simulation to explore why discharge lamps produce only certain colors, and they can configure their own energy states to produce different colors. Additional teacher materials support this simulation. (https://phet.colorado.edu/en/simulation/legacy/discharge-lamps)

Media

1. Video: Understanding our dependence on rare-earth metals: This CBS 60 Minutes episode, “Rare Earth Elements” (12:54), aired in 2015 and reported on our dependence on rare-earth metals along with their mining, processing, pollution, demand, and China's monopoly on these critical supplies. (https://www.youtube.com/watch?v=N1HiX0HiAuo)
2. Video: The formation of elements by stars: “Threshold 3: New Chemical Elements” (2:51) is a part of the Big History Project that the Kahn Academy supports. This concise video clearly shows how elements other than the primordial hydrogen and helium can be formed in stars. (https://www.khanacademy.org/partner-content/big-history-project/stars-and-elements)
3. Video: Stellar nucleosynthesis: This NOVA video clip, “The Elements: Forged in Stars” (3:42), provides a different look at how elements are formed in stars. The video is available with English or Spanish audio and closed captions. In addition, there are teacher support materials, including a classroom activity and discussion questions. (http://www.pbs.org/wgbh/nova/physics/make-an-element.html)
4. Video: How an LED color TV works: YouTube provides “How an LED TV Works” (3:00) to help students understand how LEDs are used with liquid crystals and polarizing filters to produce an image on the TV screen. (https://www.youtube.com/watch?v=to_kXfBn2qk)
5. Video: How neodymium supermagnets are manufactured: A magnet supplier visited China and narrates this video of the neodymium magnet manufacturing process. “How Supermagnets Are Made” (12:28) is an interesting look at the steps involved in creating these very strong magnets. (https://www.youtube.com/watch?v=BHuWloNGo6c)
6. Video: Five magnet experiments: The Tech Blog supplies five short video clips on its Web site. Three of these videos in 5 Mind-Bending Magnet Experiments That Might Surprise You involve neodymium magnets. “Neodymium Magnet Meets Copper Pipe” (1:29) focuses on eddy (Foucault) currents, “Magnet vs Computer” (9:47) shows the effects of a powerful magnet on computer and other display devices, and “Grand Illusions” (2:40) shows the interactions of neodymium magnets with each other. The last two video clips are “Magnetic levitation, paramagnetism and diamagnetism”, (2:08) and “Ferrofluid” (15:01). (http://www.techeblog.com/index.php/tech-gadget/5-mind-bending-magnet-experiments-that-might-surprise-you)
7. Video: Samurai swords: NOVA has a video from 2008, Secrets of the Samurai Sword (56:00), available on DVD. The sword-making process goes from smelting the ore through forming the steel blade (an alloy). The transcript of the video and accompanying links is found at http://www.pbs.org/wgbh/nova/ancient/secrets-samurai-sword.html.
8. PowerPoint: Metals and alloys: “Metals and Alloys: Properties and Applications” is a 31-slide presentation which focuses on ferrous alloys (carbon steels, alloy steels, stainless steels, and cast irons) and nonferrous alloys (aluminum, copper, magnesium, nickel, titanium, refractory, and super alloys). Charts showing the various compositions of these alloys are included. (www.me.uprm.edu/sundaram/inme%204007/INME4007-14.ppt)
9. PowerPoint: Future directions for rare-earth materials: This 12-slide presentation from 2010, “Future Directions in Rare Earth Research: Critical Materials for 21st Century Industry”, provides a brief overview of rare-earth materials and looks at the future for the uses and research needed. There are several colorful slides with current uses and trends in the presentation. (http://energy.gov/sites/prod/files/Session_A3_Lograsso_Ames_0.ppt)
10. PowerPoint: Formation of the elements: “The Genesis of Elements” is a 17-slide presentation describing the Big Bang Theory, formation of stars, and the synthesis of heavier elements starting from hydrogen and helium. Chemical equations help illustrate the accumulation of mass to form heavier elements. The final slide provides further references.
(https://view.officeapps.live.com/op/view.aspx?src=http%3A%2F%2Fquiz2.chem.arizona.edu%2Fattachments%2FMiranda%2FRatnayaka.ppt)
(http://quiz2.chem.arizona.edu/attachments/Miranda/Ratnayaka.ppt)
11. Infographic: elements in a smartphone: Compound Interest supplies an interesting infographic, “The Chemical Elements of a Smartphone”. Many of the elements used are rare-earth elements, and their uses in the smartphone are briefly identified. (http://www.compoundchem.com/2014/02/19/the-chemical-elements-of-a-smartphone/)
12. Infographic: recycling elements in a smartphone: Compound Interest follows up with another infographic, “The Recycling Rates of Smartphone Metals”. The parts of a smartphone (screen, battery, electronics, and casing) have the metals in them identified; it includes a short discussion of their use and their recycle rate by color code. Many of the metals are rare-earth metals. (http://www.compoundchem.com/wp-content/uploads/2015/09/Recycling-Rates-of-Smartphone-Elements.png)
13. Infographic: the lanthanide elements: Compound Interest has another interesting infographic, “Element Infographics—The Lanthanides”. The rare-earth elements include all of the lanthanide elements plus a few more. These lanthanide elements are grouped by similar properties or uses. (http://www.compoundchem.com/2014/01/13/element-infographics-the-lanthanides/)
14. Infographic: electric guitars: Compound Interest provides a useful infographic, "The Chemistry of an Electric Guitar," which shows and briefly describes the use of samarium and neodymium in the guitar pickup magnets. (http://www.compoundchem.com/2015/11/24/guitar/)
15. Interactive periodic table: Students can sharpen their periodic table skills at the Merck Web site, http://pse.merck.de/merck.php?lang=EN. They can work with an interactive periodic table that provides facts about the elements, and they can also choose to play a quiz-style game online that tests their knowledge/understanding of the periodic table. Some of the questions are fact-based, and some are based on trends in properties of the elements. Any of these “games” could be used as part of your lesson on, or a review of, the periodic table.

Lessons and Lesson Plans

1. Explore properties and structures of alloys: This curriculum unit, Investigating the Structure & Properties of Metal Alloys, involves four activities which will take at least four days of instruction. The four activities are “Investigating the Internal Structure of Metals”, “What is Steel? – A Webquest”, “Synthesis of an Inexpensive Alloy”, and “Investigating the Effects of Various Heat Treatments on the Properties of a Metal”. The comprehensive, 54-page unit includes student and teacher materials, safety, background, references, and answers. (http://cassidyjohns.webs.com/documents/S.Zaucha_Curriculum%20Project.pdf)
2. Study how light can be used to explore the solar system: The NASA-funded Project Spectra! includes 17 lessons/activities using emission spectra (related to luminescence) in science and engineering activities for middle and high school students. Five of these activities center on spectrographs and may be useful to teachers. These lesson involve building and using either a "fancy" or an "open" spectrograph. The Web site provides teacher and student packets, and other materials, including a Flash interactive, apps, and worksheets. (http://lasp.colorado.edu/home/education/k-12/project-spectra/)
3. A Web tutorial on luminescence: The University of Southampton has a Web-based tutorial, Web Tutorial–Luminescence, with three parts and multiple sub-parts. The parts are “Fundamental Concepts”, “Fluorescence & Phosphorescence”, and “The Jablonski Diagram”. The first two parts would be most appropriate for students as it relates to the Haines article on luminescence and rare-earth elements. (http://www.l4labs.soton.ac.uk/index.htm?http://www.l4labs.soton.ac.uk/tutorials/lum/lum.htm)
4. LEDs and the periodic table: This is an entire module to introduce students to using the periodic table to customize the properties of materials. There are background information pages on LEDs, writing activities, activities with LEDs, demonstrations, and video support. Detailed teacher information and support as well as student materials are provided. The teacher materials are extremely detailed and complete for the 13-day unit. (http://education.mrsec.wisc.edu/81.htm)

Projects and Extension Activities

1. Explore the Curie point of a magnet: The Exploratorium provides an activity, “Curie Point”, which can be conducted at home. Students use a ceramic magnet, 6-V lantern battery, and other household items to heat the magnet and observe how its magnetism changes with temperature. Procedures with pictures and student questions to stimulate learning are provided. (http://www.exploratorium.edu/snacks/curie-point)
2. Learn about metals: The Home Science Tools Web site supplies a lab, “Metals”, where students can conduct two activities investigating properties of metals and alloys at home. The first activity directs students to study the conductivity of metals. The second uses a galvanized nail and a penny to copper plate the nail. Directions, basic safety, and a connection to metal salts used in fireworks is provided on the Web site. (http://www.hometrainingtools.com/a/metals-101-science-explorations-newsletter)
3. Debate on the need for rare-earth metals versus their environmental impact: Direct the students to elect three students to serve as judges for the debate. Allow the remaining students to choose whether to represent the side justifying the mining, processing, and use of rare-earth metals or the side defending the vast economic and environmental impact of these metals. Each group should research information including costs and long-term projections for the United States as well as for China and other rare-earth producing countries. Students should have multiple speakers in their presentation, some type of visuals or graphics, and a rebuttal time. The elected judges will decide the outcome of the debate and justify their decision. A writing extension could be assigned where students summarize both sides of the debate, the decision of the judges, and a personal reflection of what they have learned as well as their opinion of the judges' decision.
4. Research the metallic elements in a smartphone: You can assign each student a different metal used in the smartphone and ask them to research and find out the chemical nature of the metal’s ores, where geographically the ores are found, and how the ores are refined into metal. You may choose to ask your students to pay special attention to any issues of geopolitics or economics that relate to their assigned metal. (For example, you may ask the student assigned aluminum to consider why Jamaica is such a poor country despite producing most of the world’s bauxite aluminum ore.) You may ask your students to present their findings as a written paper, a class presentation, a poster, or in some other medium. (from the Teacher’s Guide for the April/May 2015 ChemMatters article “Smartphones, Smart Chemistry”)
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	One of the earliest issues in ChemMatters included an article on stars. Students may enjoy a look back at this article on the origin of the elements. (Finkbeiner, A. Star Born: The Origin of the Elements. ChemMatters, 1984, 2 (3), pp 6–9)

	This article on nitinol, a nickel-titanium alloy, includes its history, crystal structure and uses, and it shows how this unique alloy behaves under different temperatures. (Kauffman G.; Mayo, I. Memory Metal. ChemMatters, 1993, 11 (3), pp 4–7)

	Another ChemMatters author addresses the origin of the elements and their origin in the stars. (Thielk, D. The Birth of the Elements. ChemMatters, 2000, 18 (3), pp 4–5)

	Students will gain a better understanding of display screens, especially liquid crystal designs, along with information on pixels, polarization, and color theory in this 2005 article. While the photos of flip phones and other older devices date the article, the information and visuals are excellent. (Fruen, L. Liquid Crystal Displays. ChemMatters, 2005, 23 (3), pp 6–9)

	Many scholars believe that the Japanese samurai sword is a milestone in metallurgy and weaponry. This article describes the history, alloy composition, and the process of making the samurai sword. The discussion of the structure of the carbon steel alloy in the sword ties in nicely with the Haines article. (Graham, T. Secrets of the Samurai Sword Revealed. ChemMatters, 2005, 23 (5), pp 9–12)

	The alloys used in metal coins and a description of alloys is featured in this article. (Rohrig, B. The Captivating Chemistry of Coins. ChemMatters, 2007, 25 (2), pp 14–17)

	This article includes diagrams and a description of the atomic emission spectra of elements as it relates to fireworks, but the information may help readers understand the science behind luminescence. (Copes, J. Science at Hogwarts: Chemistry in Harry Potter's World. ChemMatters, 2009, 27 (1), pp 4–6)

	This is an excellent explanation of the origin of elements from stars. Included in a sidebar is a section on identifying elements by their emission spectra. (Ruth, C. Where Do Chemical Elements Come From? ChemMatters, 2009, 27 (3), pp 6–8)

	The accompanying Teacher's Guide for the October 2009 ChemMatters article above, Where Do Elements Come From, is a rich source of information and resources on the formation of elements, nucleosynthesis, and the life cycle of stars. Included are a student activity comparing the life cycle human to a star, additional Web sites, and video links.

	A brief piece in the "Did You Know? ..." feature includes information on rare-earth metals. (Pages, P. Rare-earth Metals: Not Well-Known but Critical for High Technology. ChemMatters. 2010, 28 (2), p 4)

	This is another look at the atomic emission spectra of elements as it applies to colored fireworks. Luminescence and spectra are explained and a chart of typical fireworks color sources is provided. (De Antonis, K. Fireworks. ChemMatters, 2010, 28 (3), pp 8–10)

	The impurities in the metal rivets and chemistry of the alloy carbon-steel plates likely contributed to the sinking of the Titanic. This article discussed the metallic properties of the rivets and the steel alloy. (Rohrig, B. Titanic: Was It Doomed by Chemistry? ChemMatters, 2011, 22 (4), pp 17–19)

	This is an infographic on the elements (many of them rare-earth metals) that are found in a typical smartphone. Your Smart Phone Contains Valuable Chemicals. ChemMatters, 2014, 32 (1), p 4)

	The importance of recycling old cell phones and a life-cycle diagram of a cell phone is found in this short article. (Rohrig, B. Be Smart—Recycle that Old Cell Phone! ChemMatters, 2015, 33 (2), p 4)

	This is an excellent resource to accompany the Haines article. Information on rare-earth metals used in the smartphones is highlighted throughout the article. Also, a discussion of Gorilla Glass (which is strengthened by the addition of potassium ions) is analogous to the formation of substitutional alloys. (Rohrig, B. Smartphones, Smart Chemistry. ChemMatters, 2015, 33 (2), pp 10–12)
____________________

	An interesting historical view of the rare-earth elements and their discovery is found in this 1932 article. The article provides details on the rare-earth elements and the discovery of each. It also includes photographs of people and places associated with the rare-earth elements. (Weeks, M. The Discovery of the Elements. XVI. The Rare-earth Elements. J. Chem. Educ., 1932, 9 (10), pp 1751–1773; http://pubs.acs.org/doi/pdf/10.1021/ed009p1751; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	While this article is designed as a laboratory experiment for high school students, the publication date of 1963 should be considered, especially with respect to safety, equipment, and whether it is currently appropriate. However, it is filled with lab procedures for, the chemistry of, and details pertaining to the lighter lanthanides. (Kauffman, G.; Takahashi, L.; Vickery, R. The Lighter Lanthanides: A Laboratory Experiment in Rare-earth Chemistry. J. Chem. Educ., 1963, 40 (8), pp 433–437; http://pubs.acs.org/doi/pdf/10.1021/ed040p433; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	A scholarly article from The Journal of Chemical Education explains luminescence in greater detail with accompanying diagrams. The article specifically refers to phosphors used in cathode ray television tubes, fluorescent lamps, and x-ray detectors. (DeLuca, J. An Introduction to Luminescence in Inorganic Solids. J. Chem. Educ., 1980, 57 (8), pp 541–545; http://pubs.acs.org/doi/pdf/10.1021/ed057p541; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	This article is from 1990, but the information on how the elements are formed in the stars, nucleosynthesis, is explained in detail, with diagrams, and chemical equations to help readers understand this complex process. (Viola, V. Formation of the Chemical Elements and the Evolution of Our Universe. J. Chem. Educ., 1990, 67 (9), pp 723–730; http://pubs.acs.org/doi/pdf/10.1021/ed067p723; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	Emphasize properties of metals by using five guided inquiry experiments with metals to develop students' understanding of chemistry concepts, including intensive and extensive properties, limiting reagents, spectator ions, reactivity series, and strengths of oxidizing and reducing agents. (Lamba, R.; Sharma, S.; Lloyd, B. Constructing Chemical Concepts through a Study of Metals and Metal Ions. J. Chem. Educ., 1997, 74 (9), pp 1095–1099; http://pubs.acs.org/doi/pdf/10.1021/ed074p1095; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	Take an historical look at atomic emission spectroscopy with its contributions to science and technology as well as the changes and revisions it has undergone. The components (sources, dispersion systems, and detectors) are analyzed and compared to other elemental analysis methods. (Hieftje, G. Atomic Emission Spectroscopy—It Lasts and Lasts and Lasts. J. Chem. Educ., 2000, 77 (5), pp 577–583; http://pubs.acs.org/doi/pdf/10.1021/ed077p577; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	Forensic cases are popular on television and in teaching science. A chemical mystery using the popular characters of Sherlock Holmes and Dr. Watson is used to solve a case based upon knowledge of simple physical and chemical properties of metals. (Rybolt, T.; Waddell, T. The Chemical Adventures of Sherlock Holmes: The Case of Three. J. Chem. Educ., 2002, 79 (4), pp 448–453; http://pubs.acs.org/doi/pdf/10.1021/ed079p448; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)

	This thorough article on luminescence is aimed at high school students. It explains the types of luminescence (triboluminescence, fluorescence, chemiluminescence, phosphorescence, and bioluminescence) and contrasts luminescence with incandescence. For readers with paid access to JCE Online, there are five supplemental experiments available to accompany the article. (O'Hara, P.; Engelson, C.; St. Peter, W. Turning on the Light: Lessons from Luminescence. J. Chem. Educ., 2005, 82 (1), pp 49–52; http://pubs.acs.org/doi/pdf/10.1021/ed082p49; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal)
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Rare-earth elements

	A ChemMatters Teachers Guide for the article, Smartphones, Smart Chemistry has a wealth of additional information, charts, and graphics on the history, chemical and physical properties, supply and demand, and substitutes for rare-earth elements. Select the April 2015 Teacher's Guide at: https://www.acs.org/content/acs/en/education/resources/highschool/chemmatters/teachers-guide.html. [Note: this Teacher’s Guide will only be available free online until summer, 2018.]

	For a scholarly article on the rare-earth elements go to http://www.fieldexexploration.com/images/property/1_RareEarths_FLX_02.pdf.

	Information on the only commercial U.S. rare-earth mine, Mountain Pass, in California can be located at http://www.theatlantic.com/technology/archive/2012/02/a-visit-to-the-only-american-mine-for-rare-earth-metals/253372/.

	The U.S. Geological Survey (U.S.G.S.) has a vast array of articles, charts, reports, and other information on its Web site. Rare-earth statistics and information for each year starting with 1996 can be found at http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/.

	The Rare Element Resources Web site includes links for “Rare Earth Elements”, “Critical Rare Earth Elements”, “Rare Earths at Bear Lodge” [a northeast Wyoming mine], and “Industry Related Reports”. All of these can be accessed at http://www.rareelementresources.com/rare-earth-elements#.V_b1leArJhG.

	The Rare Earth Technology Alliance Web site lists the 17 rare-earth metals and gives a short paragraph about each. (http://www.rareearthtechalliance.com/What-are-Rare-Earths)

	Maps of potential U.S. rare-earth production sites, rare-earth ores types, processing rare-earth minerals and a chart of rare-earth mineral deposits in the world are available at http://geology.com/usgs/ree-geology/.

	An interactive world map identifying mineral deposits containing rare-earth elements with quality (grade) of ore, tonnage, and their mineralogy is found at http://mrdata.usgs.gov/mineral-resources/ree.html.

	Maps of rare-earth deposits in the world as well as for other strategic minerals (platinum group, uranium, phosphorous, and lithium) along with short summaries by groups are located at http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/deposits.html.

	A 2010 report from The Economist addresses the cost, supply, and importance of rare-earth elements can be found here: http://www.economist.com/blogs/babbage/2010/09/rare-earth_metals.

	The American Geosciences Institute has a Web page listing the ways we use rare-earth elements. (http://www.americangeosciences.org/critical-issues/faq/how-do-we-use-rare-earth-elements)

	National Geographic provides the article “Rare-Earth Elements” discussing supply, China's domination of the market, uses, and opinions regarding the instability of the rare-earth metals market. (http://ngm.nationalgeographic.com/2011/06/rare-earth-elements/folger-text)

	National Geographic has 14 pictures with captions regarding China's rare-earth mining at http://news.nationalgeographic.com/news/energy/2012/04/pictures/120403-china-rare-earth-mining-pictures/.

	The U.S.G.S. has a four-page, colorful publication describing the rare-earth elements and explaining why they are vital to our technology and lifestyles. (http://pubs.usgs.gov/fs/2014/3078/pdf/fs2014-3078.pdf)

	A short profile of an EPA female scientist who works with rare-earth minerals is located at https://www.epa.gov/sciencematters/meet-epa-scientist-diana-bless.

	A scholarly article, “Effects of Samarium Addition on Microstructure and Mechanical Properties of As-Cast AL-Si-Cu Alloy” is available at http://www.ysxbcn.com/down/2013/11_en/10-p3228.pdf.

	Another scholarly article, “A Historical Geography of Rare Earth Elements: From Discovery to the Atomic Age”, is located at https://www.bu.edu/pardeeschool/files/2015/08/Klinger-2015-Extractive-Industries-and-Society.pdf.

	For a look at why recycling rare-earth metals is rare and difficult see http://ensia.com/features/why-rare-earth-recycling-is-rare-and-what-we-can-do-about-it/.

Rare-earth mining pollution

	Environmental damages associated with mining (not just rare-earth mining) identified by the type of mining, specific contaminants, and additional environmental problems are listed in this Web site. In addition, some case studies are briefly described. (http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/mining.html)

	The pollution from mines in Mongolia is described, along with pictures, at http://www.bbc.com/future/story/20150402-the-worst-place-on-earth.

	Mining risks from toxic pollution to produce rare-earth materials is discussed in a 2013 report at http://e360.yale.edu/feature/boom_in_mining_rare_earths_poses_mounting_toxic_risks/2614/.

	The New York Times reports on rare-earth mining toxic wastes and pollution at http://www.nytimes.com/2013/10/23/business/international/china-tries-to-clean-up-toxic-legacy-of-its-rare-earth-riches.html?_r=0.

	Concern regarding possible rare-earth mining and the associated pollution in Arizona and other places is found at http://tucson.com/business/local/big-pollution-risk-seen-in-rare-earth-mining/article_c604dd80-7a8d-5ab5-8342-0f9b8dbb35fb.html.

	The huge social and ecological impact of rare-earth mining in China is discussed in an article at https://www.theguardian.com/sustainable-business/rare-earth-mining-china-social-environmental-costs.

Naming elements

	The International Union of Pure and Applied Chemistry (https://iupac.org/ ) coordinates and affirms the naming of new elements. For additional information on the entire procedure, see https://www.degruyter.com/view/j/ci.2016.38.issue-2/ci-2016-0205/ci-2016-0205.xml.

	The recent announcement of the temporary names and symbols of newest elements 113, 115, 117, 118 has stimulated interest in the nomenclature procedure for new elements. For an announcement on these new elements and their proposed names, see http://cen.acs.org/articles/94/i24/Proposed-names-new-periodic-table.html.

LEDs, LCDs, luminescence, and light

	This site provides an in-depth explanation of LED theory and practice. Information includes color rendering index, controlling LEDs in building and street lamps, LED arrays, luminous efficacy, and electroluminescence at semiconductor junctions. (http://electronicdesign.com/components/understanding-led-application-theory-and-practice)

	For a review of the basics of light, including light as energy, absorption and emission of light, and the wave/particle nature of light see http://www.pha.jhu.edu/~wpb/spectroscopy/basics.html.

	“Television Theory of Operation” explains both the CRT (TV picture tube) and the LED types of televisions at http://wavuti.webs.com/teleprinciples/Television%20Theory%20of%20Operation.pdf.

	A detailed explanation of how a television screen makes its picture using LCDs (liquid-crystal displays), using polarizing filters can be found here: http://www.explainthatstuff.com/lcdtv.html.

	An excellent Web site with the history and properties of liquid crystals (which are used in color TVs) is located at http://www.nobelprize.org/educational/physics/liquid_crystals/history/index.html.

Sites on metals

	NOVA has an interesting Web page, “Metal Fundamentals”, explaining basic properties of metals, defects (alloys), metal failures, and sword making. (http://www.pbs.org/wgbh/nova/tech/metal-fundamentals.html)

	For many students, Samurai swords are of interest. NOVA provides a slideshow at http://www.pbs.org/wgbh/nova/tech/crafting-samurai-sword.html to show the steps involved in making this classic sword.

Sites on element formation

	Additional information on how elements are formed in stars is located at http://aether.lbl.gov/www/tour/elements/stellar/stellar_a.html.

	The formation of elements (nucleosynthesis) is included in a discussion of the timeline, processes, empirical evidence, and a list of additional references at https://en.wikipedia.org/wiki/Nucleosynthesis.

	This site gives a brief overview of nucleosynthesis and it has links to more detailed explanations of the formation of elements, including the s-process and the r-process. (http://curious.astro.cornell.edu/about-us/84-the-universe/stars-and-star-clusters/nuclear-burning/402-how-are-light-and-heavy-elements-formed-advanced)


[bookmark: _Toc468111767]Piping Hot, Ice Cold… Thanks to Chemistry
[bookmark: _Toc468111768]Background Information (teacher information)

The history of self-heating cans

	In 1897, during his career as a Russian military engineer, Yevgeny Stephanovich Fedorov invented the first self-heating can. His tin was designed to heat corned beef for some Russian troops during World War I. (http://ifood.tv/equipment/self-heating-can/about)

	Production of Fedorov’s cans ceased after the war, but the self-heating idea returned to favor in the 1900s when it was reintroduced for explorers and mountaineers. Hiram Bingham used self-heating cans produced by Silver’s and the Grace Brothers firms during his travels in Peru from 1909 to 1915. (http://kansas-city-star-ball1111.blogspot.com/search?q=self-heating+cans)

	Alan R. Hawley, an early American aviator, piloted “America II” to win the national balloon race of 1910. During his flight, he carried “… three cans of soup, self-heating with lime”. Lime, commonly called quicklime, is calcium oxide (CaO). Its reaction with water is extremely exothermic. The equation is written here:

CaO  +  H2O    Ca(OH)2  +  energy

	In 1941, the New York Times “News of Food” column reported that self-heating food was on the shelves of a Manhattan Department store: cups of coffee, spaghetti and baked beans were sold. Customers thought this was magic but they were disappointed in the 15 minute wait while food heated. In 1947, the same food news column reported, “Food in Self-Heating Cans Reappears”. They listed and reviewed the taste of several varieties of “HotCans”. Note: Look in the section “1940s self-heating coffee” (way down the screen) at this URL: (https://slashdot.org/story/06/05/05/075237/self-heating-coffee-cans-recalled)

	American, British and Canadian troops used self-heating cans for emergency rations during World War II. The heating element in the troop rations was located in the center of the can. See photos below from 1944.
Lit by a cigarette, the soup stayed hot for four minutes.

(http://www.thejournal.ie/self-heating-soup-cans-1370166-Mar2014/)
Dr. William Clayton, adviser to the Ministry of Food, explains the simple fuse in the lid of the self-heating can.

(http://www.thejournal.ie/self-heating-soup-cans-1370166-Mar2014/)
World War II Heinz self-heating ration can with heating element open

(http://www.mreinfo.com/forums/viewtopic.php?t=3777)


	After World War II, little attention (except for military use) was paid to self-heating cans, until the celebrity chef and restaurateur Wolfgang Puck introduced his self-heating coffee can: “Wolfgang Puck’s Gourmet Latte” advertised as, “It will expand the way people drink coffee.” On January 2, 2005 the latte went on shelves for $2.25 per can, less than Starbucks’ price. A Starbucks spokesman retorted, “Starbucks is about great coffee and a relaxing experience.”

Puck’s cans were produced using “OnTech” technology. This process will be discussed in the “Technology” section of this Teacher’s Guide. Meanwhile, the OnTech Corporation introduced its new 2006 self-heating hot chocolate and coffee. (http://usatoday30.usatoday.com/tech/news/techinnovations/2004-12-19-self-heat_x.htm)

Safety problems

	In 1944, H.J. Heinz Company produced World War II cans for British and Canadian soldiers. These were activated by an explosive fuse ignited by a cigarette.
(http://www.mreinfo.com/forums/viewtopic.php?t=3777)

	Sometimes the chemical reaction was not well controlled. One soldier reported frequent can explosions in Normandy, “showering hot soup on anyone within range”. Some accidents were caused by human error, such as failure to punch holes, resulting in a buildup of excessive internal pressure leading to explosions, or by misplacement of holes. Off the coast of Southern England, a British soldier reported:

We all punched a hole in both sides, apart from one man who punched the holes in the side of the can. The cans were really hot as the fuse went all the way down to the bottom. This man had put his soup to one side on a ledge which was level with his head.
We all had cans with the soup coming up from the top but because he’d punched holes in the side of his can the soup came out at force of the sides of the can – straight into his ears!! He had tomato soup all down his ears but unfortunately for him he became our first casualty with a badly scalded ear.

(http://www.thejournal.ie/self-heating-soup-cans-1370166-Mar2014/)

	A few more problems plagued the early self-heating industry. In the early 1990s Japan’s Gekkeikan Company produced some cans without steam releasing valves. When customers complained that the bottoms fell off when the seals broke due to the build-up of pressure from the hydrogen gas (H2) by-product, the company quickly recalled their cans. Gekkeikan still sells self-heating saki cans, but a United Kingdom (U.K.) company, Thermotic Developments Limited, hopes that Gekkeikan will consider replacing their own cans with the new, safer Thermotic product. Earlier Thermotic designs released H2 gas through a cigarette filter in the bottom of the can. Customers soon complained that the hot steam burned wooden surfaces. Details and pictures of the Thermotic device are given in the Technology section of this guide.

	Thermotic has redesigned their product. Yet, in April 2002, Lillian Beckett activated her “Nescafe Hot When You Want” self-heating coffee as she rode a London train to work. The sounds of terrorism, a “pop” followed by “hissing” and a “funny smell”, alarmed the gentleman seated opposite. (http://www.wsj.com/articles/SB101975794994901800)

Puck’s problems

	Wolfgang Puck used an OnTech design heated by quicklime and water for his cans. Unfortunately he gave Lakeside Foods, Inc. the contract to fill and seal the Puck Latte line of cans. Soon, complaints from customers and vendors arrived, describing everything from lukewarm coffee to scalding and exploding cans; even chunks of white calcium oxide were found in the coffee!	Hillside Coffee “Puckcan”

(http://www.lanceandeskimo.com/chefelf/bev_hillsidecoffee.shtml)


A defective, exploded can is pictured at right:

	In addition, Lakeside stated that the contents of some of its cans might be contaminated by “spoilage organisms or harmful bacteria due to seal leakage”. (http://www.bevnet.com/news/2006/06-09-2006-latte_wolfgang_recall.asp/)

	The June 9, 2006 issue of the Milwaukee Business Journal reported that Lakeside cooperated with the U.S. Food and Drug Administration (FDA) to issue a recall. The Environmental Protection Agency (EPA) stated that the recall was due to leakage, not to problems with heating. The following self-heating 10 ounce cans were recalled:

Wolfgang Puck-brand Rich Caramel Latte, Rich Espresso Latte, French Vanilla Latte and Rich Mocha Latte; Decadent-brand Chai Tea Latte, Hot Chocolate and Mint Hot Chocolate; Hillside-brand Double Shot Latte, French Vanilla Latte, Hazelnut Latte and Mocha Latte; Beaumont-brand Gold French Vanilla and Gold Double Shot; Yummers Hot Chocolate; and Chef Jay's-brand Zesty Chicken, French Onion and Hearty Beef.

(http://www.bizjournals.com/milwaukee/stories/2006/06/05/daily49.html)

	The questionable Puck cans were quickly removed from Kroger’s and Albertson’s as well as Sam’s Club shelves. As Puck tried to distance his name from the product, lawsuits ensued. See more information on the tangles of this litigation under the “Web Sites for Additional Information” section of this Teacher’s Guide.

	Self-heating cans provide almost instant hot coffee without a microwave—in your car, at the beach or camping. Many of the problems with explosions, leaks and temperature regulation have been solved. Yet, there remain some disadvantages. They are expensive. While not as pricey as Starbucks, they cost quite a bit more than a cup of homemade coffee. Since the cans must include the chemical heating reactants, they are heavier and bulkier. This is probably not a problem when car camping or riding a train, but they would not be a good choice for back packing where what you pack in must be packed out (as trash).

Technology

	Self-heating can technology usually involves two chemical reactants that are combined or activated by pressing the can sides or a button on the bottom of the can. There are two basic designs for self-heating cans. Some older versions placed the heating unit on the outside around an inner compartment for the edible material. These designs were more prone to excess heating of the outside and insufficient heating of the inside food. There was an increased risk of burns from leaking chemicals and squirting food.

	Newer versions reduce these problems by placing the food on the outside, with the heat producing chemicals residing in an inner chamber. Some even use a foam label to insulate the outer beverage section as it heats. This also helps to maintain a warmer food temperature. In early models, a fuse was ignited to initiate the exothermic reaction. In most current designs a rod or prongs are connected to a button on the can. When the button is pushed, the membrane barrier between the chemicals is pierced thus mixing the chemicals. In other models, the barrier is broken by pulling the ring of a soda can type tab. (http://ifood.tv/equipment/self-heating-can/about)

	H. J. Heinz and the Canadian firm, International Group Incorporated (IGI), designed self-heating meals in a can. These “Meals Ready to Eat” (MREs) were designed in 1938 for World War II soldiers. The food or drink was located outside the heating materials. The can consisted of a central metal tube filled with a smokeless chemical fuel that was ignited by a cordite fuse that could be lit by a cigarette. Cordite is a mixture of nitroglycerine (30–40%), guncotton (55–65%) and paraffin grease (5%). This was used by the British in the 1930s as smokeless powder propellant in rifles and guns. When cordite was combined with acetone, a colloid formed. This could be shaped into an extremely flammable cord or cordite stick. The cordite fuse worked well when it didn’t explode! When ignited, the chemical fuel produced a thermite type reaction. The thermite reaction will be explained in the “Chemistry” section of this Teacher’s Guide. (http://mysite.du.edu/~jcalvert/phys/bang.htm)

	On May 1, 2001 The Guardian (UK newspaper) announced Nestle’s “Hot When You Want” coffee (see images on next page). Thermotic Developments Ltd. designed this self-heating can. Insulation materials were added for safety, to prevent burning. Potential customers are told that all they need to do was press a red bottom on the base and within three minutes their coffee would be temperature-ready for drinking. Nestle representative Deborah Tilley said, It’s about enabling people to have coffee whenever and wherever they want it—on a train, on a park bench or wherever."



	The exothermic calcium oxide and water reaction in the inner membrane produces a rise of 40 oC (72 oF) above ambient temperature in three minutes. The May introduction in England was fine, but when cold winter arrived, there was only sufficient energy for warmish, not hot coffee! Thus, production ceased in 2004. (https://www.theguardian.com/uk/2001/may/01/engineering.highereducation)
The outside and the inside of the Nestle’s “Hot When You Want” coffee can

(Outside: (https://bestinpackaging.com/2012/12/03/self-heating-packaging-containers-part-1/,
Inside: http://www.packworld.com/package-component/label/nestl%C3%A9-tests-award-winning-can)

	In November 2004, the publication Packing World announced the “début” of North American self-heating beverage containers. OnTech Corporation produced containers for Hillside beverages and later for Wolfgang Puck. Heat energy was produced by a calcium oxide/water reaction. The advertisement read, “… a high-barrier self-stable cup-holder-friendly container” with a foam label and three plastic compartments. The beverage was on the outside, an inner cone holding the calcium oxide and water was located in a “puck” inside the cone. The customer removed the bottom of the package to reveal a button. When pushed, the button pierced the membrane separating the calcium oxide from the water. (http://www.packworld.com/package-type/containers/self-heating-beverage-container-debuts)




	In April 2005, the Spanish company Fast Drinks began producing the “2Go” product line of self-heating beverages. Drinks were packaged in three-piece tin-plated containers that were completely recyclable. The beverage was located in the outer container; the other two containers were used to separate solid calcium hydroxide from the water. Pushing down on the can base breaks the membrane between the reactants. The heat of dissolution of calcium hydroxide increases the beverage temperature to 40 oC (104 oF) in three minutes and retains the beverage heat for 20 minutes. (http://www.fastdrinks2go.com/index_eng.php)Caffe Latte 2Go

(https://www.youtube.com/user/fastdrinks2go?ob=0)


	For Spanish-speaking students, the Spanish Fast Drinks 2Go (Bebidas Autocalentables) Web site contains a short video (0:56) showing self-heating can construction under the section “¿Cómo Funciona?” (http://www.fastdrinks2go.com/) This YouTube video can be reached at https://www.youtube.com/watch?v=tzVZ42NZN00.

	The HotCan was introduced in Malaysia, Australia and New Zealand in 2009. The containers were manufactured from aluminum coil in Malaysia. Kenneth Kolb, a U.S. medical researcher, moved to Malaysia where he saw a market for drinks with Halal certification. Halal foods are prepared in compliance with Islamic law. The following guidelines are from the USA Halal Chamber of Commerce, Inc.The HotCan

(https://hotcaninc.wordpress.com/2011/12/19/more-self-heating-drinks-cans-to-be-launched/)


	Halal foods are foods that are allowed under Islamic dietary guidelines. According to these guidelines gathered from the Qur’an, Muslim followers cannot consume the following:
· pork or pork by products
· animals that were dead prior to slaughtering
· animals not slaughtered properly or not slaughtered in the name of Allah
· blood and blood by products
· alcohol
· carnivorous animals
· birds of prey
· land animals without external ears

These prohibited foods and ingredients are called haram, meaning “forbidden” in Arabic. (http://www.ushalalcertification.com/what-is-halal.html)

	Kolb saw a market for this certification in Saudi Arabia and Turkey, as well as in Malaysia and Indonesia. Hot-Cans can be purchased for four types of soup, two coffee flavors, chocolate and tea. In addition, the flavors are adjusted for the tastes of US and European customers. Kolb assumes that as demand increases his cans will be filled in Europe. His industrial vision includes, “We’re not in the business of making beverages, we’re in the business of making packaging technology.” (https://hotcaninc.wordpress.com/2011/12/19/more-self-heating-drinks-cans-to-be-launched/)

	The Italian CaldoCaldo Company SRL produces “CaldoCaldo” cans that are heated by the energy released when anhydrous calcium chloride dissolves in water. Although no byproducts are created, the reaction produces less heat energy than the more commonly used chemical reaction between calcium oxide and water. This CaldoCaldo process warms the drink by only 23 oC (41 oF) above the ambient temperature. This works because most Mediterranean customers prefer drinks at medium warm, not hot temperatures.
https://bestinpackaging.com/2012/12/03/self-heating-packaging-containers-part-1/)

Hover over “How to Use” on this CaldoCaldo website for a short instructional animation: (http://r-and-r.ws/calcaldo.html)

	“Rocket Fuel” self-heating coffee was introduced in 2011 by the UK Food Brands Group. Sold in UK supermarkets and by Amazon UK, it features recyclable cups and contains the stimulant guarana, “designed to deliver a high octane boost”. Guarana seeds contain 2–4.5% caffeine compared to 1–2% caffeine in coffee beans. Some consider this drink a health hazard due to excess caffeine stimulation.Guarana plant from Brazilian Amazon

(https://en.wikipedia.org/wiki/Guarana)
Rocket Fuel Coffee

(https://www.facebook.com/rocketfuelcoffee/photos)





(http://www.retailtimes.co.uk/food-brands-relaunches-rocket-fuel-self-heating-coffee-cups/)

The ScaldoPack

(http://www.scaldopack.be/technology.php)

From Belgium came the ScaldoPack in 2015, a stand-by-itself flexible pouch. Press on the red circle to activate the chemicals in the inner pocket and leave it sitting for five minutes to allow the heat to move into the outer chamber containing the drink. ScaldoPack was designed to be environmentally friendly, because container construction requires only 15 grams of material. Yet, the reaction chamber may reach 300 oC (572 oF), enough to melt the plastic packaging! So a temperature modulator is required to be certain that the reaction chamber does not heat above
	95 oC (203 oF).
	(http://www.scaldopack.be/)

[image: Image result for heat genie self heating cans]	The HeatGenie™ was designed with a focus on cost reduction and reactions that do not produce odor and fumes. Researchers looked at the oxidation of common metals as high heat-generating sources. The figure below shows that the oxidation of aluminum by silicon dioxide produces over three times more energy than the calcium oxide and water reaction used in many self-heating containers. When powdered forms of aluminum and silica (SiO2) are mixed, the silicon dioxide provides the oxygen for the oxidation of aluminum. A button on the bottom of the HeatGenie™ can is used to break the barrier between these reactants, thus activating the redox reaction. (https://bestinpackaging.com/2012/12/13/self-heating-packaging-containers-part-2/)Cans of HeatGenie™

(http://www.heatgenie.com/)



[image: 121045-HeatGenie vs other technologies W540 100dpi]

(https://bestinpackaging.com/2012/12/13/self-heating-packaging-containers-part-2/)

[Note: The formula for the calcium hydroxide product is incorrect in the quicklime equation above. It should be: Ca(OH)2]

HEU is the acronym for Heat Exchange Unit.

The ratios represent the volume of beverage being heated, compared to the volume of heat source chemical needed (HEU) to heat that volume of beverage. HeatGenie has the highest ratio, meaning it requires the least amount of chemical to heat the beverage.
It is assumed that HWYW represents another company’s self-heating can product.

	In the 1990s the U.S. Military provided the flameless ration heater (FRH), used in Meals Ready to Eat (MREs), to heat meals in the field. In this self-heating system, heat energy evolves when magnesium is oxidized by water. Water provides the oxygen, and hydrogen gas is released as a by-product. Thus, the instructions for use include this warning that emphasizes the flammability of hydrogen gas:

WARNING:
1. Vapors released by activated heater contain hydrogen, a flammable gas. Do not place an open flame in the vapor.
2. Vapors released by activated heater can displace oxygen.
3. Hot water leakage can burn and cause a cold- weather injury.
4. After heating, the heater bag and MRE pouch will be very hot. Use caution when removing MRE pouch from bag.
5. Discard heater and bag after use. Do not drink the water remaining in the bag or use it in food items.

HEATER AND ITS BYPRODUCTS ARE NOT INTENDED FOR HUMAN CONSUMPTION

(http://www.mreinfo.com/mres/flameless-ration-heater/)

[image: 220px-Flameless_ration_heater][image: http://www.natick.army.mil/about/pao/2007/sldrcup2-med.jpg]



















	Soldier pours water into MRE meal packet

(http://www.natick.army.mil/about/pao/2007/07-04.htm)


Flameless Ration Heater used in MREs

(https://en.wikipedia.org/wiki/Flameless_ration_heater)



eCoupled technology

	“Intelligent” wireless technology allows wireless power to be transferred to devices placed on a wireless powered surface. A smart phone or tablet can be used to control kitchen appliances remotely. Fulton Innovations (a U.S. company) introduced eCoupled technology at the 2011 Las Vegas Consumer Electronics Show. They demonstrated how to remotely control appliances, as well as a self-heating can, with eCoupled wireless technology. (http://metro.co.uk/2011/03/02/ecoupled-technology-brings-kitchen-appliances-powered-without-wires-642121/)

Self-heating baby food technology

	In February 2013, the Dutch company Aestech announced its development of self-heating containers for babies and toddlers “on the go”. These include infant formula and semi-soft and solid baby food containers. The pictures below show Aestech baby food containers.

[image: 130101-Aestech self heating infant Nutrition [5] 320x444 100dpi]	[image: 130101-Aestech self heating infant Nutrition [4] W320 100dpi]

Baby Bottle with top vitamin dispenser		Solid baby food

(https://bestinpackaging.com/2013/02/21/self-heating-packaging-for-baby-formula/)

	With safety a major concern, the heating elements for baby food are designed to regulate temperature to prevent the melting of plastic packaging. The water compartment at the bottom of the container and the aluminum heating element of calcium oxide stand on small columns so that they are surrounded by sterile water (in a separate compartment) for the formula. The activation button pierces the seal on the formula powder, and shaking mixes the powder with the sterile water. A tube of water for the chemical reaction connects the heating element to the activation button located on the top of the bottle. (http://www.dairyreporter.com/Library/Packaging-Packing-Materials-Containers/Self-heating-packaging-for-infant-formula-emerges)

	The diagram (below) from the Aestech website shows the novel four compartment construction of their baby bottles and food containers:




[image: 130101-Slide8]HOW IT WORKS

Heating is based on the exothermic reaction:

CaO  +  H2O    Ca(OH)2

Both CaO and Ca(OH)2 are commonly used additives in food products and are known under the *E-coding E529 and E526.

The partly transparent package shows the clear water, milk mixing, volume level and even the milk temperature: Visual conformation [sic] a parent needs to have.

(https://bestinpackaging.com/2013/02/21/self-heating-packaging-for-baby-formula/)

*The European Union (E.U.) Food Standards Agency codes acceptable food additives; the E- codes are listed in numerical order on the website for the nutrition book, Breaking the Vicious Cycle.
· E529 Calcium oxide [Acidity regulator] [Improving agent]
· E526 Calcium hydroxide [Acidity regulator] [Firming agent]
(http://www.breakingtheviciouscycle.info/knowledge_base/detail/e-codes-for-food-additives-in-europe/)

New technologies

	Scientists continue to seek advanced mechanisms that will both provide safe, sufficient heat energy and maintain the proper temperature for a reasonable amount of time. Yet there are still many problems to solve. Self-propagating high-temperature synthesis (SHS) processes involve the oxidation of metals. Solid state oxidation and reduction reactions between metals and metal oxides can emit high amounts of heat energy; temperatures may exceed 1000 oC (1832 oF). This process is expensive and the reactions have high activation energies. In addition to the high temperatures, their by-products may be dangerous. So, safety concerns certainly must be addressed.


CHT’s hot can that uses 
SHS technology

(http://pubs.acs.org/subscribe/archive/ci/31/i09/html/09gluch.html)

	Convenience Heating Technologies, Inc. (CHT) at Hebrew University of Jerusalem is working on SHS systems to heat containers. These include mixing powdered aluminum with iron oxide (Fe2O3) (the standard thermite reaction). The oxidation process yields more than four times the energy produced by the commonly used calcium oxide and water reactions. (http://pubs.acs.org/subscribe/archive/ci/31/i09/html/09gluch.html)

	Heat Wave Technologies advertises improved packaging. Their cans are not flimsy like those of competitors. Constructed of aluminum and plastic, they are completely recyclable. Further, foam insulation keeps the beverage warm for an extended time and protects the consumer from the heat of reaction.Heat Wave Technologies 
Hot and Cold Beverage cups

(http://www.heatwavetech.com/innovation.html#)


The dissolution of anhydrous calcium chloride provides energy to heat a beverage. A 25-second video on their website shows that a beverage can be heated in 60 seconds! The technology of the company’s cold beverage cups will be discussed in the “Self-cooling cans” later in this Teacher’s Guide.

Heater Meals

	Advertised as: “No stove, no water, no power, no problem”, the UK Heater Meals Company introduced meals in self-heating packages for camping and emergencies in 2007. They were introduced to the US market in 2008. The meals have a shelf life of five years and do not require refrigeration. The redox chemistry for Heater Meals (produced under the Cross & Blackwell label) as “Heater-meal Packs” is explained in the section, “Chemistry of self-heat containers” (below). (http://www.heatermeals.co.uk/)

	Meal packs and meals can be purchased as a kit or separately. Amazon lists a package of one dozen heater packs for $20.48, a single meal for $10.95 and a package of one dozen complete kits (meals and heater packs) runs from $62 to $135. (https://www.amazon.com/s/ref=nb_sb_noss?url=search-alias%3Dsporting&field-keywords=heater+meal+packs)

	The chemistry of Heater Meals, flameless ration heaters (FRH), is described below in the “Chemistry of self-heating container systems” section of this Teacher’s Guide. The instructions for use are located at this site: http://heatermeals.com/how-self-heating-works/.



Instructions for Heater Meal Use
[image: http://heatermeals.com/wp-content/uploads/2013/07/how-self-heating-works-heatermeals.png]
(http://heatermeals.com/wp-content/uploads/2013/07/how-self-heating-works-heatermeals.png)

Cooking—not just heating

	In addition to warming, as long as sufficient heat energy is available in a short-enough time interval, self-heating processes can be used to cook meals. When camping, if inclement weather makes outdoor cooking unpleasant, bringing a cooking stove within the tent could be disastrous. The tent may burn, or the occupants may die of carbon monoxide poisoning from incomplete combustion of the fuel. Trekmates advertises a camp cooking system that cooks your dinner without a campfire or stove. With safety modifications, this company has borrowed the military flameless heating system process. You can purchase a kit containing food or separate heating/cooking packets.Trekmates

(http://newatlas.com/trekmates-flameless-stove/23366/)



[image: Figure 1. CHT's self-heating food container incorporates several safety features.]
The container (illustrated at left) produced by the Convenience Heating Technologies (CHT) Company uses the SHS process described in the “Chemistry” section below. Note that the heating unit is separated and insulated from both the food and human contact. The “safety features” below are designed to protect both the customer and the food:


CHT’s self-heating food container

 (http://pubs.acs.org/subscribe/archive/ci/31/i09/html/09gluch.html)




Product advantages and safety features
· A safety pin prevents the process from being initiated accidentally.
· Another safety feature alleviates the pressure that builds up as the contents of the container reach the boiling point, while retaining enough water in the container to absorb the energy produced from the exothermic reaction. The container cannot be opened until the temperature rises to 95 °C.
· The heating unit and its chemicals are encapsulated, thereby protecting the contents and the consumer.
· The can itself is insulated, which ensures that the heat remains inside the can and does not burn the consumer’s hand.
(http://pubs.acs.org/subscribe/archive/ci/31/i09/html/09gluch.html)

The chemistry of self-heating container systems

	This Teacher’s Guide has discussed several different chemical processes that provide energy for self-heating containers. The amount of energy produced depends upon the type of reaction. The more highly reactive compounds produce the most energy but may also present safety concerns, such as overheating and the production of toxic or flammable products.

	Exothermic chemical reactions such as neutralization (acid-base) and oxidation and reduction (redox) are used to provide the energy for self-heating containers. In addition, the dissolving process and heat of crystallization (physical changes) can also be exothermic.

Energy from exothermic physical changes

Heat energy from the dissolving process

	While most of the energy used for self-heating processes evolves from chemical reactions, the dissolving process can also release energy. Anhydrous calcium chloride (CaCl2) dissolves in water releasing enough heat energy to increase the temperature of the liquid in a “2Go” can by 40 oC (72 oF) in three minutes, as well as maintain an acceptable drinking temperature for 20 minutes.

	When anhydrous CaCl2 dissolves in water, the energy required to break the ionic bonds (lattice dissociation enthalpy) of CaCl2 is +2258 kJ/mol. This is the energy required to break the hydrogen bonds between water molecules and to pull apart the crystal lattice as positive calcium ions are attracted by the partially negative oxygen atoms of water molecules and the negative chlorine ions are attracted to the partially negative hydrogen atoms of water.

Energy is released as the hydrated calcium and chloride ions form (hydration enthalpy). Each Ca2+ ion has a hydration enthalpy of –1650 kJ/mol, and the value for each Cl– ion is –364 kJ/mol. Since there are two Cl– ions, the total hydration energy for this reaction is
2(–364 kJ/mol)  +  (–1650 kJ/mol)  =  –2378 kJ/mol

Combing the values for lattice dissociation (positive because energy is required) and hydration (negative, energy released) the dissolution of CaCl2 results in a ΔH of –120 kJ/mol.
	(+2258 kJ/mol)          +    (–2378 kJ/mol)  =  –120 kJ/mol
lattice dissociation enthalpy  +  hydration enthalpy  =  ΔH
	bond-breaking           +     bond-forming       =  ΔH

[image: dhsolcacl2]This means that 120 kJ of energy are released for each mole of CaCl2 that is dissolved. This is the energy available to heat the liquid in a “2Go” can. To determine the total energy released to heat the food, calculate of the change in heat energy (ΔH), as shown in this diagram.

ΔHsol  =  +2258  +  [–1650  +  2 (–364)]

ΔHsol  =  –120 kJ mol-1


(http://www.chemguide.co.uk/physical/energetics/solution.html)


	This technology is used by the Heat Wave Technologies Company. The hydrolysis of calcium chloride has the advantage of producing no dangerous reaction by-products, but less heat is generated than from chemical reactions. (http://www.heatwavetech.com/innovation.html#)

	Energy of crystallization

	A patent for a rechargeable self-heating container describes the process of obtaining heat energy from supersaturated and supercooled sodium acetate trihydrate (C2H3NaO2 • 3 H2O) solution. The solution is stabilized under its melting point of 54 oC (129 oF); a seed crystal activates the crystallization; and heat is released as the more stable salt is crystallized. Once 
re-liquefied, the supersaturated solution can be reused. Instant heat pads provide energy by this same process. (https://www.google.si/patents/US20080251063)

Energy from exothermic chemical reactions

	As presented in the “Piping Hot, Ice Cold…” Rohrig article, chemical reactions involve breaking chemical bonds (endothermic) and forming new chemical bonds (exothermic). The amount of energy released or absorbed during a chemical reaction is determined by the difference in these two values.
[image: exo]	The potential energy diagram at right shows the potential energy (kJ on the y-axis) required to break the chemical bonds of the reactants (activation energy), increasing the potential energy (+kJ). Once the unstable activated complex is formed, potential energy is lost (–kJ) as the products form. As shown in the diagram, energy is lost in an exothermic reaction. This energy can be used to heat food. The amount lost (a negative value) is represented by ΔH in the diagram which shows the difference between the amount of energy required to break bonds (+ΔH) and the amount released (–ΔH) when new bonds are formed. An exothermic reaction has an overall –ΔH, showing that potential energy is lost. The horizontal (x) axis shows the reaction pathway (coordinate) representing the progress (over time) of the reaction.(https://sites.prairiesouth.ca/legacy/chemistry//chem30/graphics/2_graphics/exo.gif)



[image: endo]	By comparison, in an endothermic reaction the potential energy of the products is greater than the reactants, as shown in the potential energy diagram at right. More energy is required to break the chemical bonds of the reactants (activation energy) than is released as the products form. The product bonds store this energy, thus the sign for the change in energy (ΔH) will be positive. This graph will represent a process that can be used for self-cooling cans, explained later in this Teacher’s Guide.

Dissolution of quicklime(http://1.bp.blogspot.com/-z5BCMXn-xmE/TWC5XTNRM9I/AAAAAAAAAD0/rIu2CwA60U0/s1600/endo.gif)


	Most self-heating technologies are designed to use the energy released by chemical reactions. The exothermic reaction between quicklime and water is the most commonly used source of energy for self-heating packaging. Commonly called quicklime or slaked lime, calcium oxide (CaO) is abundant in nature and cheap; it produces sufficient energy; and the calcium hydroxide product, Ca(OH)2 (aq), readily combines with atmospheric carbon dioxide producing environmentally friendly products (solid calcium carbonate and water).

Calcium carbonate is chalk, or limestone, and is often found in dietary supplements as a source of calcium and as an ingredient in some antacids, such as “Tums”. An additional commercially touted benefit of this reaction is the removal of carbon dioxide (an extremely small amount) from the atmosphere, thus reducing the Green House Effect. The equation below shows that 63.7 kJ of heat are released as each mole of CaO(s) dissolves.
	CaO (s)  +  H2O (l)    Ca(OH)2 (aq)  +  63.7 kJ  (ΔH = –63.7kJ/mol CaO)
	Ca(OH)2 (aq)   +  CO2 (g)    CaCO3 (s)  +  H2O (l)
(https://en.wikipedia.org/wiki/Calcium_oxide)

	The drawback of this “hydration method” lies in the low energy yield (shown above). To carry a sufficient quantity of the reactants, the heating unit must be fairly large and heavy. In addition, the energy released will only increase the temperature by 45 oC (81 oF) above the ambient temperature. Thus, this method may not heat sufficiently in cold weather; it is impossible to boil water; and the heating time is a long five minutes.

Self-propagating high-temperature synthesis (SHS)

	SHS systems use the thermite reaction that occurs when dry solid, powdered metal and metal oxide are mixed to form a pure metal and a stable oxide. Note that aluminum is the more reactive metal, so it easily replaces iron. These are very exothermic redox reactions:
	2 Al(s)  +  Fe2O3 (s)    Al2O3(s)  +  2 Fe(s)        ΔH  =  –847.6 kJ/mol
	8 Al(s)  +  3 Fe3O4(s)    4 Al2O3(s)  +  9 Fe(s)   ΔH  = –1316.6 kJ/mol

	Industrially, this process is used to weld, construct explosive devices and separate metals from their oxides. (https://www.google.si/patents/US8864924)

	Convenience Heating Technologies, Inc. (CHT) at Hebrew University of Jerusalem is using these reactions to provide the energy for self-propagating high-temperature synthesis (SHS) systems to heat food containers. The thermite oxidation process yields more than four times the energy produced by the commonly used calcium oxide and water reactions.

	The reaction below is used to overcome the high activation energy of the thermite reaction. When a mixture of ethylene glycol, water and a catalyst is injected into potassium permanganate (along with the powdered metal and metal oxide), the thermite reaction begins in approximately six seconds. Silica is used as a binder. The reactions may also be initiated by glycerine and potassium permanganate.
	10 KMnO4  +  4 C2H6O2  →   5 Mn2O3   +  5 K2CO3   +  3 CO2  + 12 H2O  +  heat
potassium   +  ethylene  → manganese + potassium + carbon + water + heat
permanganate    glycol	         (III) oxide      carbonate     dioxide

	Note that potassium permanganate oxidizes the ethylene glycol to produce the energy required to initiate the reaction between the powdered metal and a metal oxide. Food is heated in about 4 minutes and beverages are heated from 2–3 oC (36–37 oF) to boiling in less than 90 seconds. (http://pubs.acs.org/subscribe/archive/ci/31/i09/html/09gluch.html)

	The energy source for the self-heating HeatGenie™ comes from a similar thermite reaction between powdered aluminum and silicon dioxide. The HeatGenie™ Web site boasts that this is a safe reaction between two dry, non-reactive chemicals. Aluminum is an active metal that readily reacts with an oxygen source. Silicon dioxide (also known as silica) provides the oxygen to oxidize the aluminum, and it is cheap and readily found combined in nature as quartz, a major component of sand.
	4 Al (s)  +  3 SiO2 (s)    2 Al2O3 (s)  +  3 Si (s)
(http://static1.squarespace.com/static/57572f2d59827e49522c994e/t/57b632e120099ebf80b298af/1471558371042/HTG_Specs_and_Details.pdf)

Other redox reactions

	Zinc is a more reactive metal than copper, so it displaces copper in the equation below. An exothermic reaction between copper sulfate and zinc metal is safer than other reactions because no gas is produced. Yet it yields little heat energy, so a large amount of reactants is required to heat a small amount of coffee.
 	Zn (s)  +  CuSO4 (s)    ZnSO4 (s)  +  Cu (s)  +  60.5kJ  (or ΔH = –60.5 kJ/mol Zn)
	 Zinc    +  copper         zinc           +  copper  +  heat
		    Sulfate	  sulfate
(http://stationery1.blogspot.com/2009/04/self-heating-can.html)

Acid/base neutralization reactions

	This patent, “Self-Heating Chemical System for Sustained Modulation of Temperature”, describes the production of heat energy from a series of exothermic reactions. It includes chemical reactions, phase changes and neutralization. The key sequence of exothermic reactions is given in the patent. The type of heat-producing reaction is given in parentheses following each equation:



1. CaO  +  H2O  →  Ca(OH)2   (chemical reaction)
calcium + water→calcium
oxide	        hydroxide
2. Zeolite  +  Water (steam)  →  Hydrated zeolite  +  Water (liquid)  (phase change)
3. CaO • MgO  +  H2O  →  Ca(OH)2  +  MgO  (chemical reaction)
4. MgO  +  H2O  →  Mg(OH)2 (chemical reaction)
5. 2 Ca(OH)2  +  3 C6H8O7(aq)  →  Ca2(C6H5O7)3 • 4H2O  +  2H2O   (acid-base 
calcium       +     citric             →    calcium                    +   water    neutralization)
hydroxide	       acid	          citrate

(http://www.google.com/patents/US20070289720)

	In this patented process, the exothermic neutralization reaction between calcium hydroxide (a base) and citric acid is used to provide sustained regulation of the reaction temperature and pH. As explained in the patent, a primary concern was to develop a process where the temperature was controlled to be both safe for the consumer and sustained to maintain beverage heat for a reasonable period of time. To achieve these goals researchers found that both particle size and the mass ratio of calcium oxide to zeolite to citric acid were essential. The optimum relationship between these two variables (particle size and grams used) is shown in the schematic above. (http://www.google.com/patents/US20070289720)Schematic of the patented process

(http://www.google.com/patents/US20070289720)


[image: 120606075319_1_540x360]	Zeolites are minerals composed of hydrated aluminosilicates, that is, compounds containing silicate ions (SiO42–), where some of the silicon has been replaced by aluminum ions. These are usually salts of sodium, potassium, calcium or barium. They occur naturally and can be produced industrially. Zeolite pellets are porous and have a large surface area. The steam from the CaO/water reaction adheres to the surface of the pellets, as it undergoes a phase change, condensing to liquid water and releasing heat energy. An excellent 54-second video shows this process: (https://www.youtube.com/watch?v=twkAfF5dWew&app=desktop)Zeolite pellets

(https://www.sciencedaily.com/releases/2012/06/120606075319.htm)


	While the reaction between calcium oxide and water (step 1 in the numbered reaction sequence above), rapidly generates much heat energy, the condensation of water on the surface of the zeolite pellets (step 2 above) produces less heat energy, more slowly. The zeolite stores this heat energy and releases it slowly and uniformly, thus promoting sustained heating and avoidance of “hot spots”.
	Another patented process, “Exothermic compositions and container for heating food”, mixes a solid base with a solid acid in a neutralization process. For example, quicklime and oxalic acid yield neutral calcium oxalate monohydrate and a substantial amount of energy. To initiate the reaction, water is added to the solids. This reaction produces more energy and avoids injury and possible food contamination caused by boiling and splattering from the calcium oxide and water combination. A low weight solid acid is used, such as oxalic (H2C2O4) shown in the equation below, or sulfamic (H3NSO3) or tartaric (C4H6O6). In addition, the product is not caustic calcium hydroxide.
	CaO (s)  +  H2C2O4 (s)  →  CaC2O4 • H2O (s)  +  340 calories/gram of solid fuel
calcium   +  oxalic        →   calcium oxalate   +  energy 	
	oxide	        acid	        monohydrate
(http://www.google.co.ve/patents/US5483949)

Flameless Ration Heaters

	The reaction between powdered magnesium and water that is used to provide the U.S. military with hot meals was described in the Rohrig article and can be represented by:
	Mg(s)  +  2 H2O(l)  →  Mg+2(aq)  +  2 OH–(aq)  +  H2(g)  +  351 kJ

	The chemical equation above shows that ΔH = –351 kJ/mol Mg. This means that the reaction is exothermic and, for each mole of Mg oxidized by the oxygen atoms of water, 351 kJ of energy is released to heat the food. (https://en.wikipedia.org/wiki/Flameless_ration_heater)

	Note that, since the iron filings described in the Rohrig article are needed only to help activate the reaction but do not affect the reaction rate, iron is not considered a catalyst. (http://science.howstuffworks.com/mre4.htm)

	This process is also used in Cross & Blackwell Heater-meal Packs. It involves the formation of a small electrochemical cell where the oxidation-reduction process provides the heat energy. Magnesium atoms have a lower reduction potential than iron atoms. So in the moist environment, magnesium metal atoms (powdered to provide greater surface area) release electrons to the less active iron. In the overall equation above, as the aqueous magnesium hydroxide, Mg(OH)2 (aq), product continues to form, iron separates the magnesium and hydroxide ions, preventing the formation of solid Mg(OH)2. Sodium chloride is also added to the water. The sodium cations (Na+) attract the hydroxide anions (OH–), and the chloride anions 
(Cl–) attract the magnesium cations (Mg2+), keeping the charge neutral and further preventing the formation of solid magnesium hydroxide. (http://www.scienceinschool.org/2011/issue18/lncu)

Confined space hazard for self-heating systems

	Following a flight attendant’s concern regarding the use of flameless ration heaters aboard aircraft, the Federal Aviation Administration (FAA) summarized its findings: “It is evident from the tests that the release of hydrogen gas from these MREs is of a sufficient quality to pose a significant hazard onboard a passenger aircraft.” (https://www.faa.gov/other_visit/aviation_industry/airline_operators/airline_safety/safo/all_safos/media/2006/safo06008.pdf)

Self-cooling cans

	The first reports of self-cooling cans came from World War II and the Vietnam War, where military cooks blasted beer cans with carbon dioxide fire extinguishers for a quick chill. Following this, there have been many attempts to design affordable packaging that will chill the beverage, avoid giving frostbite to the drinker, and allow space for the liquid. Developing the technology and packaging for self-heating cans was much easier than for self-cooling cans. The latter came to market about 50 years after the former.

	Researchers are currently investigating two basic self-cooling technologies: endothermic reactions and evaporative cooling.

Endothermic salt hydration technologies

	In November 1988, The Coca Cola Company received a patent for packaging a self-cooling beverage can. In this design the beverage resides in a compartment outside the cooling materials. Within the center of the beverage can there are two containers. One contains a reacting liquid (usually water); the second contains the solid reacting chemical. These containers are separated by a membrane able to withstand the normal trauma of transportation. Yet it can be ruptured to activate the reaction by pushing a button on the bottom of the can or by simply opening the beverage compartment. An endothermic dissolution of an inorganic salt in water is responsible for cooling the beverage. The patent suggests using, “… alkali metal halides, perchlorates, ammonium salts or the like. The preferred chemical is ammonium nitrate.” (http://www.google.com/patents/US4784678)

	Most endothermic reactions that hold possibilities for self-cooling have low enthalpies of reaction. For example, sodium thiosulfate pentahydrate (Na2S2O3 • 5H2O) is very water soluble, and its dissolution is endothermic (ΔH= +47.4 kJ/mol). This reaction is suitable for CaldoCaldo cans because the Italians are accustomed to drinks that are not extremely cold (or hot as mentioned earlier in the self-heating section of this Teacher’s Guide). The Italian CaldoCaldo Company SLR produces self-heating cans that are “powered” by the exothermic dissolution of anhydrous calcium chloride (ΔH = –120 kJ/mol).

	Note the difference between the enthalpy for the exothermic reaction between a salt and water (~120 kJ/mol of heat energy released) compared to a similar (but endothermic) reaction where relatively little heat energy (47.4 kJ/mol) is removed from the beverage. The following images show the structural formula for the reactant salt, sodium thiosulfate pentahydrate, without the five water molecules.



	

	[image: Sodium thiosulfate]

	[image: Crystal structure of sodium thiosulfate pentahydrate]



Sodium thiosulfate

(https://en.wikipedia.org/wiki/Sodium_thiosulfate)

	Note: In the ball and stick models above, each thiosulfate ion contains two sulfur atoms (yellow) and three oxygen atoms (red). There are two sodium ions (purple) for each thiosulfate ion. This image can be pictured as the dissolved salt with the ions hydrated in a water solution.

	As explained in the self-heating technology section of this Teacher’s Guide, the Belgium firm Scaldo Pack SA uses a pouch within pouch within pouch system for self-heating. They use similar packaging for self-cooling. A flexible self-standing pouch is cooled by an endothermic salt hydration method. A sealed reaction chamber pouch resides within the outer beverage pouch. A liquid (water) is placed in the reaction chamber pouch, and an inner pouch containing a salt is placed in the water inside the reaction pouch. Activating the reaction is easy because the inner salt pouch is made of elastic material that breaks releasing the salt when the interior pressure increases in response to pressure exerted on the outer pouch. The temperature of 200 mL of beverage decreases by 13 oC (23 oF) in about three minutes. ScaldoPack uses “high nitrogen holding salts” that are biodegradable and nontoxic for people. (http://www.google.com/patents/US20130318916)

	Within the outer pouch shown below, there is an inner reaction chamber (pouch) containing both water and another inner pouch that holds the salt.

[image: image-technology]
ScaldoPack self-cooling beverage

 (http://www.scaldopack.be/products-cold.php)

	In 2003, Procter and Gamble was granted a patent for self-heating/self-cooling packaging powered by the water of hydration of salts. For self-cooling they suggested the following salts that dissolve in water endothermically,
· sodium sulfate•10H2O
· sodium bicarbonate
· potassium perchlorate
· potassium sulfate
· potassium chloride
· potassium chromate
· urea
· vanillin
· calcium nitrate
· ammonium nitrate
· ammonium dichromate
· ammonium chloride.
(http://www.google.com/patents/US6644383)

Evaporative cooling technologies

	Gas expansion is an endothermic process. Energy is required to break the intermolecular attractions between molecules in the liquid phase and additional energy is required for liquids to undergo a phase change to the gaseous state. In addition, energy is required to move gases from a crowded, concentrated situation and further separate (expand) the molecules into a larger space. The energy required to evaporate liquid water is withdrawn from the surroundings, leaving the beverage (surroundings) cooler.

In 1998 astronauts were the first people to use self-cooling cans. Their beverages were cooled by water evaporation that occurred within a compartment inside of the beverage can. The water molecules removed the heat energy needed for evaporation from the beverage. The heat energy withdrawn from the beverage and the can was used to break the hydrogen bonds between water molecules and to increase the molecular kinetic energy as the molecules moved apart (expanded) to fill the available space. (https://books.google.com/books?id=2terzJW5mb0C&pg=PA13&lpg=PA13&dq=self+cooling+cans+astronauts&source=bl&ots=4ugflXVcFs&sig=jRNxcQAAqAGAaOD8T2VAR4sWe0c&hl=en&sa=X&ved=0ahUKEwjR_NvPk8LPAhWCRyYKHRYQBtQQ6AEITDAH#v=onepage&q=self%20cooling%20cans%20astronauts&f=false)

	In 1992, Mitchell Joseph was testing his self-cooling design on a Pepsi Beverages Company project. He successfully used evaporation of 1,1,1,2-tetrafluoroethane, a hydrofluorocarbon compound (HFC-134a) as the coolant.Structural formula and 
ball-and-stick model 
of 1,1,1,2-tetrafluororethane

(https://en.wikipedia.org/wiki/1,1,1,2-Tetrafluoroethane#Climate_change_considerations


	His can cooled quickly, but at tremendous environmental expense. HFC-134a, a greenhouse gas, depletes atmospheric ozone and contributes to global warming at a rate that is 1,400 times greater than that of the more familiar carbon dioxide. A European Union (EU) ban began on the use of HFC refrigerants in car air conditioning systems in 2011 and becomes a total ban by 2017. It is estimated that the gas released from one can of HFC-134a chilled beer is equivalent to the greenhouse contribution from driving 500 miles.

	The July 1997 issue of Mother Earth reported that the Joseph Company proposed using 1,1-difluoroethane (HFC-152a) as a military beverage cooler for Individual Canteen Cups of Coffee (IC3 or “ice cube”). HFC-152a does not present as severe an atmospheric problem as HFC-134a, but it is still a greenhouse gas that has an effect 140 times greater than carbon dioxide. Note that a molecule of this hydrofluorocarbon contains only two fluorine atoms as compared to the four in HFC-134a.Structural formula and 
space-filling model 
of 1,1-difluoroethane

 (https://en.wikipedia.org/wiki/1,1-Difluoroethane)


	The army asked for EPA advice. The EPA approved both HFC-134a and HFC-152a for closed refrigeration use only, including refrigerators and automobile air conditioners. All other uses were banned except for asthma inhalers. The director of EPA’s Stratospheric Protect Division, Drusilla Hufford said, "Unlike cooling a beer, taking a puff to recover from an asthma attack is more important. No one's ever died from the desire to have a cold beer." (http://www.motherjones.com/politics/1997/07/chill-can-packs-heat)

	In 1998, Pepsi cancelled the project due to environmental concerns. Joseph left Pepsi and continued his project under his own firm, Joseph Company International. Unfortunately for Joseph, HFC-134a was illegal under the U.S. EPA regulations. It has since been totally banned from use in U.S. automobiles, beginning with the 2021 model year, and all other uses will be banned by 2018. Note that the EU bans are and will be in effect sooner than the U.S. bans.

	Pepsi and Coca Cola as well as many other companies decided to terminate self-cooling projects due to concerns expressed by the EPA over the use of the ozone depleting hydrofluorocarbon (HFC-134a) gas. Cans from some of the other thousands of unsuccessful self-cooling ventures are shown in the picture below.

Field of opportunities, or graveyard of dreams?
Photo of unsuccessful self-cooling cans

Source: Packaging Materials & Technologies Ltd

(https://bestinpackaging.com/2012/12/17/the-self-cooling-technology-and-the-future-part-3/)

	On October 17, 2016, Germany’s International Broadcaster Deutsehe Welle (DW) announced that 200 countries signed an amendment to the Montreal Protocol (an international treaty to protect the ozone layer) to ban HFCs, “The super greenhouse gases”. The Greenpeace USA Organization estimates that the quantity of HFCs in the atmosphere is increasing by 10–15% per year, making them the fastest growing greenhouse gases in our atmosphere. The primary use is as a refrigerant for air conditioners. (http://www.dw.com/en/banning-the-super-greenhouse-gas/a-36044849)

The diagram below illustrates the ways in which greenhouse gases affect the atmosphere.

[image: Infographic: How ozone-deplenting substances and greenhouse gases affect the atmosphere]
(http://www.dw.com/en/banning-the-super-greenhouse-gas/a-36044849)



Self-cooling success

	Mitchell Joseph redesigned his self-cooling can to use carbon dioxide as the coolant. The Joseph Company International introduced the “ChillCan” in February 2012, proclaiming, “World's First Self-Chilling Beverage", the first patented West Coast Chill Can for an energy drink. Just push the button on the bottom of the can and the temperature of the liquid inside the can decreases by 30 oC (54 oF) within minutes. (http://newatlas.com/west-coast-chill-self-chilling-drink/21316/)West Coast ChillCan
Claire Benoist

(http://www.popsci.com/gadgets/article/2012-06/first-ever-self-chilling-can)


	A heat exchange unit (HEU), which, according to Joseph, contains “an organic, renewable vegetable source” is built into the system. The “green” vegetable source is activated carbon from coconut shells that acts as an atmospheric carbon dioxide absorbent system. The internal HEU is attached to a button on the bottom of the can and contains carbon dioxide gas under high pressure. When the button is pressed, the carbon dioxide gas is released using the heat energy of the surroundings to break the attractions between molecules and expand the gas as it leaves the small hole on the bottom of the can. When deprived of heat energy, the ChillCan liquid content decreases in temperature. Note the activation button on the bottom of the can shown at right. (http://www.beveragedaily.com/Processing-Packaging/Self-chilling-beverage-cans-will-take-market-by-storm-Joseph-Company-CEO)

Awards

	The Joseph Company International has received many prestigious awards. These are shown on their Web site (below):
· Five chill cans were “launched” into space as part of a program with NASA.
· The company received a NASA EPA Ozone Protection Award for corporate responsibility in redesigning the self-chilling beverage can.
· The Editor’s Choice Award from the Beverage Industry was presented at the Supply Side West ’12 Exposition held in Las Vegas.
· This Best Package of 2012 award was presented to West Coast Chill Pure Energy for beverage packaging design technology.

Their Web site provides information about these and many more accolades they’ve won: http://chillcan.com/awards-and-accolades/.

Tempra technology

	In competition with The Joseph Company, Tempra Technology has developed a self-cooling procedure that does not rely upon compressed gas for chilling the beverage. Rather, their beverages are cooled by the release of energy during the simple evaporation of water. Evaporation withdraws heat from the beverage as water molecules gain the energy required to break their intermolecular forces (hydrogen bonds) and undergo the liquid-to-gas phase change. This packaging is practical and requires only about 25% of the space in the can.

[image: http://img-3.newatlas.com/3136_01.jpg?auto=format%2Ccompress&ch=Width%2CDPR&crop=entropy&fit=crop&h=347&q=60&w=616&s=426aebc08ecf7bc4f23e3c031daaf100]	As seen in this picture, there are two compartments in the can. The upper container (wall colored blue) is the heat absorber (evaporator). It is coated with water bound in a gel layer. This container is surrounded by the beverage to be cooled.

	The lower container is a heat absorber (heatsink) which is evacuated and contains both a clay drying agent and a granular desiccant (water absorber). Activation is simple, just twist the lower portion of the can at the foil seal. When the seal is broken, the vacuum is released and the water is exposed to the desiccant. The vacuum reduces the pressure below the vapor pressure of water so the liquid water molecules are free to evaporate into the gaseous state. As the water evaporates it withdraws heat energy from the beverage. The heat energy is absorbed by the heatsink material leaving a cold beverage for the consumer. This process decreases the beverage temperature by 17–22 oC (30–40 oF) in three minutes. (http://newatlas.com/go/3136/)The Self-chilling can

(http://newatlas.com/go/3136/)


	Some suggest that this Tempra technology could be applied to the medical field. Medication that must be refrigerated could be enclosed in similar packages for travel or use in areas where refrigeration is not available.

Invitation to join research

[image: Polypropylene]	The corporate sustainability department of Kraft Foods is working to “green” their image. A few years ago in an effort to promote sustainable practices and decrease cost, Kraft reduced their Milka chocolate bar covering. They eliminated the double covering of a paper wrapper over aluminum foil by substituting a “one-layer, laminated, oriented polypropylene, (C3H6)n, flow pack with a cold sealant”. “Oriented” refers to the process of first extruding and stretching the polymer in the direction of the machine rollers and then stretching it transversely (at right angles) to the initial stretch. The cold seal adhesive covering adheres to itself by simply pressing the pieces together, no heat is required. Converting to a single layer of covering has resulted in a 60% reduction in packaging material for Milka bars. (https://bestinpackaging.com/2010/10/19/self-cooling-chocolate-packaging-kraft-invites-people-to-join-them-in-research/)Polypropylene (C3H6)n
Structural formula and ball-and-stick model

(https://en.wikipedia.org/wiki/Polypropylene)
[image: Polypropylene isotactic]


	Have you ever opened a chocolate covered candy bar on a hot summer day and encountered a mass of melting chocolate? Recognizing this problem, Kraft Foods has requested the public’s help in developing self-cooling wrappers for chocolate candy bars. To prevent melting when the ambient temperature is between 24 and 40 oC (75 and 104 oF), the company suggests that people work on innovative approaches that may involve new insulating materials or packaging that responds to light or heat by absorbing heat energy.
	
	Milka Bar				 Melted Milka Bar
[image: untitled Milka Bar]	[image: untitled]

								
(https://bestinpackaging.com/2010/10/19/self-cooling-chocolate-packaging-kraft-invites-people-to-join-them-in-research/)

[bookmark: _Toc468111769]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Thermodynamics—As your students study heat energy, consider using some of the many examples provided in the Rohrig article to show how and why heat flows from hot to cold. The self-cooling beverage can provides an excellent example of how the knowledge of thermodynamic principles applied to intermolecular attractions can be used to produce cooling effects through evaporation.
2. Hess’ Law—During the study of heat energy in chemical bonds, Figure 1 in the Rohrig article shows the directions of heat flow in exothermic and endothermic reactions. When students use Hess’ Law to calculate enthalpy changes (ΔH), the sample calculation for the dissolution of calcium chloride in water shown in this Teacher’s Guide section “Energy from exothermic physical changes─Heat energy from the dissolving process” may present a helpful way to make this topic more relevant, especially if students are familiar with salt used on icy roads.
3. Exothermic/Endothermic—A common misconception of chemistry students is the idea that bond breaking releases energy (such as when high energy storage ATP releases energy to form ADP). This article dispels this myth well, by explaining that breaking a bond always requires energy and forming new bonds always releases energy.
4. Chemical reactions—When students study chemical reactions, use the examples given for self-heating containers and include a discussion of the improvements made by chemists and engineers in safety and time required to produce a hot meal.
5. Physical changes—The physical change that occurs when a solid dissolves in a liquid can be either exothermic or endothermic. The change in heat energy can be used for either self-heating (exothermic) or self-cooling (endothermic) containers.
6. Heat of dissolution—The heat involved when solids dissolve can be used for self-heating (exothermic) or self-cooling (endothermic) containers.
7. Intermolecular attractions—When studying attractions between molecules and atoms, use examples of how the breaking intermolecular attractions between water molecules (e.g., flameless ration heater) and the expanding of carbon dioxide molecules (self-cooling beverage can) both require heat energy.
8. Oxidation and reduction (redox)—Redox is well explained in the exothermic chemical reaction that provides energy for the HeatGenie™. This presents a good way to illustrate that this process is involved in real products, not just equations in the textbook. Many self-heating technologies rely upon oxidation and reduction chemical reactions. For example, the redox reaction between an active metal and the salt of a less active metal is always exothermic.
9. Catalysis and activation energy—As an extension of the article content, when you show students how to graph the process of a chemical reaction, ask them to add a line below the curve to compare the energy involved in a catalyzed process. Emphasize that the potential energy of the reactants and the products remains the same, but the path is easier so the reaction is faster when the activation energy is reduced by a catalyst. Note that a catalyst is injected into the reactants of a thermite reaction to overcome the high activation energy (provide a new reaction that has a lower curve). For reference, see the Background Information section, under “Energy from exothermic chemical reactions─Self-propagating high-temperature synthesis (SHS)” section.
10. Single replacement chemical reactions and the reactivity series—Some self-heating cans are powered by the energy released when the more active zinc replaces less active copper in powdered copper sulfate. Students can check the relative reactivities on a metal reactivity table or in lab.
11. Neutralization—We don’t usually focus on this in the acid-base section of our curriculum, but reactions between an acid and a base are always exothermic. The stronger the reactants; the more energy released—but there may be safety concerns regarding these reactions. In addition, neutralization reactions may produce less heat energy than other types of chemical reactions.

[bookmark: _Toc468111770]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “When carbon dioxide escapes from the self-cooling can, the rapid decrease in pressure can cause the molecules to fly apart into carbon and oxygen atoms.” During vaporization, only the intermolecular attractions between carbon dioxide molecules are broken. The molecular bonds (covalent bonds) within the molecule are not affected.
2. “I’m confused. In biology we learned that breaking ATP bonds releases energy.” This is a common student misconception, coming from biology classes. Breaking ATP bonds requires energy; it’s the forming of the ADP bonds (in the product) that releases energy. This release of energy as ADP forms is greater than the energy required to break the bonds in ATP. The overall energy change results in a loss of energy (exothermic).
3. “Carbon dioxide sublimes. This means that it can only be solid, as dry ice, or a gas. It cannot be put into a fire extinguisher.” At low temperatures and high pressures carbon dioxide can be liquefied for fire extinguishers. [Note: A triple point graph will show this.]
4. “Early ration cans must have worked by endothermic reactions, because you had to use a cigarette flame to light the wick.” Although the cigarette and the burning wick add energy to activate the reaction, heat evolves from the reaction because the energy used to break the chemical bonds in the fuel (endothermic) is less than the energy released when the new bonds form. To determine whether a reaction is exothermic or endothermic you must look at the overall change in energy during the reaction.
5. “When water evaporates, it expands to fill the space as the molecules get larger.” When water evaporates, the distance between the water molecules expands (increases). The size of each molecule remains the same.
6. “In an exothermic reaction, energy is lost. This can be measured by the loss of weight during the reaction.” Energy is the ability to do work; it is not a substance with mass. Heat energy can be measured in a self-heating can by its effect on the temperature as it flows from the hot chemical reaction to the surroundings (the colder beverage). Any loss of weight would probably mean that a gas was produced that left the system and became part of the surroundings.

[bookmark: _Toc468111771]Anticipating Student Questions (answers to questions students might ask in class)

1. “Carbon dioxide molecules are nonpolar, how can they be attracted to each other?” Since electrons are always continuously moving around in molecules, temporary dipoles (electrical differences) form, producing weak intermolecular forces of attraction between nonpolar molecules like carbon dioxide. This electrostatic attraction weakly holds carbon dioxide molecules together in the solid state (dry ice).
2. “How can water molecules change from a liquid to a vapor when the temperature is less than the boiling point?” While molecules in a pure liquid have the same average kinetic energy, not all of the molecules in a liquid have the same kinetic energy. When a molecule gains enough kinetic energy at a temperature below the boiling point, it escapes (evaporates) the liquid as a gas. At the boiling point, all molecules in the liquid have sufficient kinetic energy to change to the gaseous state.
3. “Is it a chemical change when a salt dissolves in water because energy is released to heat a can?” Heat is a form of energy, not a substance. When a salt dissolves in water, the salt and water (the physical substances) are still present and no new substances are formed. This is a physical, not a chemical change.
4. “I am confused! In biology we learned that breaking ATP bonds to form ADP releases energy. Why does the article say that breaking bonds takes in energy?”
[Editors’ note: this question duplicates Possible Student Misconception # 2 above, but we feel very strongly that there is a need to debunk this myth that seems to originate with biology classes.] To pull apart molecular bonds always requires energy. In the breakdown of ATP to ADP, the new bonds that form in ADP have less energy. The difference in energy between the high energy bonds of ATP and the lower energy bonds of ADP is released as energy to drive metabolic processes in the body.
5. “I have sensitive skin. Should I be concerned that a self-heating can could burn me?” This might be a problem if you were opening an early-type can, but the current models have foam insulators for protection, and some very new models have a special temperature regulator to keep the beverage at “just” drinking temperature.
6. “Why is gas passing through a small opening named the Joule-Thomson effect?” This self-cooling process was named for James Prescott Joule whose work led to development of the “Law of Conservation of Energy”. He worked with William Thomson, aka Lord Kelvin, who determined the value for absolute zero on the Kelvin scale.
7. “How is the HeatGenie™ an improvement over the flameless ration heater?” HeatGenie™ is an improvement over the flameless ration heater because it is quicker and safer. The flameless ration heater requires 10–12 minutes to heat the food and releases flammable hydrogen gas (H2), while the HeatGenie™ heats food quickly and is safer because the chemical reaction does not produce H2 and it occurs in a separate canister thus reducing the chance of burning.
8. “Why is the surface of a balloon cool immediately after you blow it up?” The surface of a balloon cools as you blow it up by forcing your breath through a small opening in the neck of the balloon. Energy is required to break the (intermolecular) attractive forces between air molecules, allowing them to pass through the small opening. This energy comes from your warm breath, leaving it cooler as it enters the balloon. Note: For students who are unaware of this phenomenon, ask them to demonstrate—using non-latex balloons.
9. “Since carbon dioxide is a gas, how can it be put into a fire extinguisher?” At low temperatures and high pressures carbon dioxide can be liquefied and poured into fire extinguishers.

[bookmark: _Toc468111772]Activities

Labs and Demos

1. Demonstrate “Cooking an Egg Chemistry Style”: This YouTube video (3:26) shows how to use an aluminum pan of calcium oxide and water to create enough heat to fry an egg in a second pan nestled above the reaction. (https://www.youtube.com/watch?v=Y_FaU__XhPE) A FlinnFax explains the same demonstration and includes the chemistry involved using ΔH calculations. (https://www.flinnsci.com/media/522046/cf0203.00.pdf)
2. Demonstrate using a fire extinguisher to chill soda: In this YouTube video (1:45), a fireman uses an out of date fire extinguisher to chill a bucket of soda cans. The extinguisher covers the cans and splatters the floor with dry ice before the fireman drinks the cold beverage. Perhaps your local fire station would do this demo for your students. Be certain to use a carbon dioxide fire extinguisher. Note that many school fire extinguishers emit monoammonium phosphate, colored yellow to distinguish it from other white powders. This chemical is not toxic but it may cause minor skin irritations and it will not chill a can. (https://www.youtube.com/watch?v=sQOLeAfWbPA)
3. Metal reactivities lab: This experiment will demonstrate the reactivities of various metals, including the replacement of copper by zinc, one of the energy-yielding reactions used in self-heating cans. (https://www.chemedx.org/system/files/relative_reactivities_of_metals_ngss_lab.pdf)
4. Lab strategies: “5E Metal reactivities lab” (17 slides): Prezi presentation software is used to show the 5E model applied to the metal reactivities lab. The presentation includes analysis of sample student papers. (https://prezi.com/441osa9si-x7/5e-metal-activity-series/)
5. The thermite reaction demonstration: On his Web site, David Katz (Pima College, Pima, AZ) shows how to demonstrate this reaction safely. He suggests doing it outdoors with a safety shield between the reaction and your students. Check with your local school or district since this demonstration is frequently banned for safety reasons. Excellent photos of each stage of the reaction are shown along with lab instructions. The video section of this Teacher’s Guide lists a YouTube video of the thermite reaction. (http://www.chymist.com/Thermite%20reaction.pdf)
6. Lab: “Reaction in a Bag”: This is a Flinn lab done in a Ziploc bag. Students are given labeled containers of four chemicals: calcium chloride, water, sodium bicarbonate and phenol red. They mix various combinations of these and record the results. This includes dissolving calcium chloride in water. Student handouts including data tables and questions, and a Teacher’s Guide with answers is provided. This could provide the opportunity for an experimental design if data tables and specific instructions are not given to students. (https://www.flinnsci.com/media/621024/91419.pdf)
7. 3 lab ideas: Heating and cooling with chemical and physical changes: Three laboratory exercises were written by German teachers for 14 year-old chemistry students: “The heat is on: heating food and drinks with chemical energy” is published in Science in School, a European journal for science teachers. The first lab uses self-heating food packaging available from Amazon UK. This packaging seems to be sold only with meals in the U.S. The explanation of the chemistry involved in this lab can be used as an introduction to the second lab that uses anhydrous calcium chloride as the energy source. In the third lab, students also use anhydrous calcium chloride, but they add sodium chloride and mix with ice to measure the cooling effect. This would be a nice addition to the study of colligative properties. All labs are accompanied by a detailed discussion of the relevant chemical concepts; pictures and student data tables are included. English translations are given. Although heating packages are not readily available in the United States, the second and third labs require the use of common high school stockroom chemicals. (http://www.scienceinschool.org/2011/issue18/lncu)
8. Laboratory investigation: self-heating food products: Students calculate the heat produced by self-heating food reactions and dissolving processes. Only the abstract is available at this Web site. Journal of Chemical Education subscribers have free access to the article. (http://pubs.acs.org/doi/pdfplus/10.1021/ed086p1277)
9. Laboratory investigation: flameless heaters: In this FlinnFax lab activity, students analyze the contents of a flameless ration heater. As with other FlinnFaxes, concepts are covered; materials needed are listed; and safety precautions and procedures are given. Analysis for the teacher is provided. (https://www.flinnsci.com/media/620738/91305.pdf)
10. Laboratory investigation: zinc/copper sulfate reaction: In “Heat of reaction: the zinc/copper(II) sulfate(VI) reaction” students will measure and graph the change in temperature as a function of the volume of copper sulfate solution reacted with excess metallic zinc. This lab is designed for high school students. (http://www.cleapss.org.uk/attachments/article/0/Draft%20-%2010_Heat_of_reaction_Bob_ks.pdf?Conferences/ASE%202013/)
This lab activity is the same chemical reaction as 10, above, but written as a complete lab designed for IB Chemistry. (https://chemicalparadigms.wikispaces.com/file/view/Determining+enthalpy+change+zinc+and+copper+sulphate_wiki.pdf)
11. Demonstration: energy of crystallization: Supersaturated sodium acetate solution is used in a FlinnFax demonstration. With a slight heating and cooling, the solution can be reused for the next class. (https://www.flinnsci.com/media/620509/91215.pdf)
12. Laboratory Activity: heat of dissolution of sodium thiosulfate pentahydrate: In this lab, students measure and calculate the energy absorbed during an endothermic dissolving process (+ΔH). An addendum to the lab is measuring the heat of dissolution of calcium chloride, an exothermic, (–ΔH) process. (http://teachers.sduhsd.net/jnewman/Gen%20Chem%20labs/Heat%20of%20Solution%20Lab.pdf)
13. Quick introduction: exothermic/endothermic: Begin the study of thermodynamics by giving students small test tubes and access to calcium chloride dihydrate (exothermic) and ammonium chloride (endothermic). Ask students to dissolve a small scoop of the salt in a small amount of water and observe. The temperature changes provide the opportunity to discuss energy of hydration and their use in hot and cold packs. (Other salts can be used and, in a cold climate, substitute “road salt”.).
14. Demonstration: spontaneous endothermic reaction: I use this demonstration for all my classes from AP to general high school chemistry. These directions are complete and even include a short video (1:17) of the process: “Spontaneous Endothermic Reaction”. (http://depts.washington.edu/chem/facilserv/lecturedemo/EndothermicReaction-UWDept.ofChemistry.html)
15. Demonstration─temperature of balloon surface during inflation: Ask students to blow up non-latex balloons and note that the temperature changes during the process. This is the technology behind some self-cooling cans. The surface of a balloon cools as you blow it up by forcing your breath through a small opening in the neck of the balloon. Energy is required to break the (intermolecular) attractive forces between air molecules allowing them to pass through the small opening. This energy comes from your warm breath, leaving it cooler as it enters the balloon.

Media

1. YouTube video (2:04): Self-heating can construction: This video could be used as an introduction to the study of self-heating containers. The step-by-step process of constructing an OnTech company self-heating can of “Hillside latte” is shown and explained. Heat energy is supplied by a calcium oxide reaction with water. The water is foil-sealed in a separate container that can be easily punctured. The coffee surrounds the heat source. (https://www.youtube.com/watch?v=pAquMQT0Nkg)
2. YouTube video (23:34): “Galvanic Cells (Voltaic Cells)”: This video provides a complete explanation of the Cu/Zn oxidation/reduction process. Students are shown how to set up a cell using two beakers of solutions, a wire and a salt bridge. Small cards labeled with the ions and atoms involved are moved in to show the chemical reaction and the movement of electrons to produce electrical energy. Finally the program shows how to write redox 
half-reactions. This video can be used to enhance understanding of redox at the particle level. Viewing might follow a similar classroom chemical lab activity. (https://www.youtube.com/watch?v=7b34XYgADlM)
3. YouTube video (1:54): “Cu-Zn electrochemical animation”: This is short, animated and excellent! You might consider showing it twice, providing an opportunity for students to ask questions between showings. Water molecules, copper and zinc atoms and molecules are used to show what happens in the two beakers and at the anode and cathode. The need for a salt bridge is clearly animated. (https://www.youtube.com/watch?v=J1ljxodF9_g)
4. YouTube video (1:24): HeatGenie™ technology: This short video shows and explains the construction of a self-heating HeatGenie™ can. (https://www.youtube.com/watch?v=yb8WZM3T_uc)
5. Brief animation of CaldoCaldo: If you hover over the “How to Use” on this site, you will see instructions for use in a quick animation. (http://r-and-r.ws/calcaldo.html)
6.  YouTube video (0:56) from eCoupled electronics: This video of the Fulton Innovations Company presentation at the January 2011 Consumer Electronics Show (CES) in Las Vegas shows and explains the activation of a self-heating can of chicken noodle soup with wireless power. (https://www.youtube.com/watch?v=TGNiqkxkn4Q)
YouTube video (4:34): Interactive and intelligent food packaging: A Fulton Innovations booth at the 2011 Consumer Electronics Show in Las Vegas demonstrates eCoupled technology used to remotely “self-heat” a can of soup wirelessly. (https://www.youtube.com/watch?v=MpKukF48Tac)
7.  YouTube video (1:03) thermite reaction: A thermite-like reaction between iron(III) oxide and calcium silicide served as the heating element for World War II self-heating cans produced by the Heinz company. This video shows the reaction between iron(III) oxide and aluminum. (https://www.youtube.com/watch?v=818YAUHrE9w)
8.  YouTube video (2:39): HeatGenie™ Coffee Demonstration: This video shows how the HeatGenie™ process heats a cup of coffee in two minutes, using solid fuel. (https://www.youtube.com/watch?v=Q2r5qa2P45I)
9. YouTube video (3.55): self-cooling technology using water evaporation: “Tempra IC Can Self-Chilling Can” video shows and explains the Tempra technology that uses water evaporation in a vacuum to chill a can of beer. (https://www.youtube.com/watch?v=Qof_KAirUh0)

Lessons and Lesson Plans

1. KhanAcademy videos: “redox reactions” and “electrochemistry lessons”: There are many lessons, complete with skill checks that cover student redox study at the general, honors and advanced placement levels of chemistry. First, click on the arrow next to the title to bring up each video. Next, note that under the video screen there are places to “ask a question” and open the video “transcript”. When you click on the screen arrow to begin the video, the time is shown. These can be studied individually in class, by student groups, or assigned as homework during the study of oxidation and reduction. This URL takes you directly to the KhanAcademy redox videos where the time for each is given, along with a brief description of its contents. (https://www.khanacademy.org/science/chemistry/oxidation-reduction/redox-oxidation-reduction/v/introduction-to-oxidation-and-reduction)
2. Redox lesson using film clips: Film clips provide the opportunity for using real-world examples of oxidation and reduction in “Oxidation-Reduction Reactions (redox), Using a Film Clips from Daylight and YouTube”. (http://www.teachwithmovies.org/snippets/sn-sci-chem-redox-daylight.html)
3. Lesson on potential energy diagrams: This is a complete lesson with explanations and many diagrams designed as a lecture presentation. (http://www.ck12.org/user:sarah_bergman/book/DCISM-Chemistry-2012-2013/section/49.0/)

Projects and Extension Activities

1. Project: An advertisement and engineering design: Ask students or student groups to use their knowledge of the self-heating or self-cooling process to develop an advertisement for a self-heating or self-cooling product that they have designed. To appeal to consumers, their product should be cost effective, attractive, heat or cool quickly, address the environmental impact (recyclable materials, greenhouse-friendly gases), etc. The project could be introduced by videos like these for HeatGenie™ (self-heating) and/or West Coast Chill (self-cooling) cans. HeatGenie™ video (1:14): (http://www.heatgenie.com/how-it-works); West Coast Chill video (3:54): (https://www.youtube.com/watch?v=c0QsXNU0KY4)
2. Research Project/Presentation/Debate: HFCs: Student groups can use the five questions in the article below as a springboard for a group presentation to the class centered on the effect of HFCs on the atmosphere and the increase in the greenhouse effect. In recognition of the signing (October 2016), of the HFC amendment to the International Montreal Protocol, The Wall Street Journal highlights five things that you should know about HFCs. The article contains five paragraphs: (1) What are HFCs? (2) Why are they dangerous? (3) Why are they relevant now? (4) If they are so bad, why were they used at all? (5) What are the alternatives to HFCs? (http://blogs.wsj.com/briefly/2016/10/16/5-things-to-know-about-hfcs/)



[bookmark: _Toc468111773]References (non-Web-based information sources)
The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site:  http://ww.acs.org/chemmatters. Click on the “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

Selected articles and the complete set of 
Teacher’s Guides for all issues from the past three 
years are available free online at the same Web site, above. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!


This article describes construction and chemistry of the hot and cold packs used for sports injuries. It includes a description of the hydration of salts, including nice diagrams showing water molecules attracting both the positive and the negative ions of the salt. (Marsella, G. Hot & Cold Packs. ChemMatters, 1987, 5 (1), pp 7–11)

The construction and chemistry of Military Meals Ready to Eat (MREs) are illustrated and discussed. The meals shown were prepared for the U.S. Army fighting in Operation Desert Storm. (Scott, D.; Meadows, R. Hot Meals. ChemMatters, 1992, 10 (1), pp 12–13)

Some history, uses, and the chemistry of the thermite reaction is discussed in this article. Nice photos of explosions are included as well. (Tinnesand, M. Mighty Thermite. ChemMatters, 2002, 20 (1). pp 14–15)

The technology involved in the function of a heat pump described in this article is similar to the self-cooling process used in Tempra technology to cool a can by the expansion of a gas (water). (Becker, B. Question from the Classroom. ChemMatters, 2006, 24 (3), p 2)

Students may find this article on race cars interesting and it may present a good way to emphasize the energy behind gas expansion. The exothermicity of the expansion of gases pushes the piston in NASCAR cars. (Rohrig, B. The Science of NASCAR. ChemMatters, 2007, 25 (1), pp 4–7)
____________________

	Matthews, G. Demonstrations of spontaneous endothermic reactions. Journal of Chemical Education, 1966, 43 (9), p 476. This article describes high school demonstrations of spontaneous endothermic reactions involving hydrated metal chlorides and thionyl chloride. (Note: Journal of Chemical Education articles are available free to subscribers only.) (http://pubs.acs.org/doi/abs/10.1021/ed043p476)

[bookmark: _Toc468111774]Web Sites for Additional Information (Web-based information sources)

Sites on history of self-heating cans

	This site contains additional information about the first self-heating cans and contains a link to more information on a Wikipedia site. (http://pages.rediff.com/self-heating-can/516130)

Sites on Puck litigation

	This article, “Too Hot to Handle: Problems Boil Over for Celebrity Chef’s Self-Heating Lattes” provides details of the complicated legal process of assigning the blame for the defective cans to various entities involved. These include Puck’s branding corporation, OnTech designers, subcontracted can suppliers, supermarkets and Puck. (http://www.bevnet.com/news/2006/04-28-2006-wolfgang_puck_self_heating_cans.asp)

	The New York Times, May 2, 2006 edition, ran this column, “Self- Heating Latte Cans Bring out Lawyers”. Additional details are provided with a discussion of the lawsuits that resulted from the problems with Puck’s lattes. (http://www.nytimes.com/2006/05/02/business/02puck.html?_r=0)

Sites on technology

	Smithers Rapra analytical and chemical laboratories provides testing, analysis and calibration services. This publication (January 2, 2011), Section 2.1.11, page 40 “Self-heating and Self-cooling Cans (Metallic and Plastic Chambers)” contains nice diagrams of self-heating cans. There is interesting discussion on problems with can construction such as leaking seals and bleeding label inks, as well as the concern for food safety. (http://www.smithersrapra.com/SmithersRapra/media/Sample-Chapters/Food-Packaging-and-Food-Alterations.pdf)

	This Web site describes the Thermotic technology behind the Nestle self-heating coffee can. Details of construction and materials, as well as information about relationships between the involved companies are discussed. (http://www.packworld.com/package-component/label/nestl%C3%A9-tests-award-winning-can)

	This innovations report, “Self-Heating Cup, Or Heat In Any Weather”, the Bargan Production Group, a Moscow company, discusses how they approached the task of designing a self-heating container. In the process of producing and patenting this device, they identified the factors to consider when using a zinc/copper sulfate reaction as their energy source.
As the Russian group works on this redox reaction, they have experimented with different concentrations of the chemicals, as well as particle size. Their product requires nine minutes to reach 95 0C (203 0F) and the container plus water weighs 300 grams, making it inconvenient for hiking or backpacking. (http://www.innovations-report.com/html/reports/life-sciences/report-66411.html)

	Recent self-heating cans are constructed with drawn and ironed (D&I) technology. D&I construction of cans is both explained and pictured in 15 steps on this UK Metal Packaging Manufacturers Association website. (http://www.mpma.org.uk/pages/data/2piecedrinkscan.pdf)

Sites on eCoupled Technology

	This site provides additional information about eCoupled wireless technology with an emphasis on power efficiency. Wireless provides a much more efficient use of electrical power than the traditional kitchen with wired plug-in appliances. (http://metro.co.uk/2011/03/02/ecoupled-technology-brings-kitchen-appliances-powered-without-wires-642121/)
	
Sites on self-heating baby food

	This information is from the Aestech website and offers a thorough explanation of their new self-heating technology, especially designed for baby formula bottles and baby food containers. Several pictures are used to describe the construction of their product. (https://bestinpackaging.com/2013/02/21/self-heating-packaging-for-baby-formula/)

Sites on the E.U. Food Standards Agency

	The E.U. Food Standards Agency Web site lists the E-Codes and separates types of food additives. Calcium oxide and calcium hydroxide (used in self-heating baby food containers are listed in the “others” category and are described as:

Acid, acidity regulators, anti-caking agents, anti-foaming agents, bulking agents, carriers and carrier solvents, emulsifying salts, firming agents, flavour enhancers, flour treatment agents, foaming agents, glazing agents, humectants, modified starches, packaging gases, propellants, raising agents and sequestrants.

(https://www.food.gov.uk/science/additives/enumberlist)

Sites on flameless ration heaters (FRH)

	This patent application describes the magnesium oxidation process that provides energy for military type flameless ration heaters. The heater described in this patent uses a powdered magnesium-iron alloy composed of 95% magnesium and 5% iron by weight. In this unit, when 7.5 grams of this alloy reacts with 30 mL of water, the temperature of a 230 gram meal rises by 37.8 0C (68 0F) in 10 minutes. A list of related U.S. patents is also provided. (https://www.google.com/patents/US5611329)

 	This patent lists the steps involved in generating heat from the reaction between magnesium dust and water. (https://www.google.com/patents/US4017414)

	Detailed instructions and diagrams are provided for the use and activation of a flameless ration heater. (http://www.mreinfo.com/mres/flameless-ration-heater/)

	The patent document on this URL provides detailed information on the technology and chemistry of FRH. (https://www.google.com/patents/US5611329)



Sites on self-heating can technologies

	This patent was submitted for a self-heating can that used the energy released when anhydrous calcium chloride is dissolved in water. The patent includes diagrams, descriptions and data obtained from beverage testing. (http://www.google.com/patents/US5628304)

	A New Atlas “outdoors” column describes “HotCan” technology and the use of the calcium oxide and water reaction to supply heat energy. (http://newatlas.com/hot-can-self-heating-beverages/25646/)

	The Can Maker site discusses the business end of self-heating cans, including the worldwide launch and production of “HotCan” and other brands. (http://www.canmaker.com/online/malaysian-self-heating-drinks-cans-for-the-us/)

Sites on chemistry

	An excellent and very thorough description of the exothermic process of calcium chloride dissolving in water and the use of the enthalpies of solution and hydration to calculate the energy produced during this process is given here: http://www.chemguide.co.uk/physical/energetics/solution.html.

	Wikipedia gives a complete description of the preparation of quicklime, the modern uses and its use as a weapon in 80 BC. (https://en.wikipedia.org/wiki/Calcium_oxide)

	Using graphed laboratory data, the calculation of the enthalpy of a reaction between zinc and copper sulfate solution is shown. (http://www.academia.edu/3516201/Determining_the_Enthalpy_Change_for_a_Reaction_of_Copper_Sulphate_and_Zinc_IB_Chemistry_HL_Internal_Assessment)

	These are two lab examinations for determining the enthalpy for a reaction between copper sulfate and zinc. They are based on labs that students have done before. This site goes over sample calculations and includes a graph for the teacher. (https://www.scribd.com/doc/30755429/Heat-Determining-Enthalpy-Change-Lab-Assessment-Part-I-Part-2)

	On the HeatGenie™ site, the section on “How it Works” discusses the chemistry, as well as the technology of construction of this self-heating can. (http://static1.squarespace.com/static/57572f2d59827e49522c994e/t/57b632e120099ebf80b298af/1471558371042/HTG_Specs_and_Details.pdf)

Sites on the thermite reaction

	This Rutgers site shows the preparation and demonstration of the thermite reaction. This demonstration is banned from most high school classrooms and laboratories, but can be described and shown as a video (see the section on videos in the activities section, above). This site contains a short video, but the quality is poor. (http://cldfacility.rutgers.edu/content/thermite-reaction)



Sites on best packaging

	The 10 best packaging materials are described on this site. These include packaging used for candy and other types of edible bars. (https://boschpackagingblogna.com/2013/06/28/top-10-packaging-materials-films-used-on-horizontal-flow-wrappers/)

	Kraft’s sustainability program highlighting greener packaging is discussed on their corporate website. (http://www.greenerpackage.com/corporate_strategy/global_collaboration_enables_kraft_foods%E2%80%99_culture_change)

Sites on use and dangers of hydrofluorocarbons (HFCs)

	The dangers and regulations of HFCs including HFC-134a (1,1,1,2-tetrafluoroethane) and HFC-152a (1,1-difluoroethane) are discussed in relationship to their use as coolants for self-cooling cans as well as for other refrigerant purposes. (http://www.motherjones.com/politics/1997/07/chill-can-packs-heat)

	The European Union was far ahead of the United States in banning the use of HFCs in “environmentally safe” electric cars. The Chevy Volt, Nissan Leaf and Tesla Roadster all use HFC-134a as the refrigerant in their air conditioning systems. This article about the “dirty little secret” is a scathing report on the use of these greenhouse gases. (https://insideclimatenews.org/news/20140319/electric-cars-have-dirty-little-secret)

	 This paper, “Climate Change regulation and the Next Generation of Refrigerants”, prepared by Ingersol Rand Inc., provides details including graphs on the worldwide use and regulation of fluorine refrigerants, including HFC 134a. (http://www.trane.com/commercial/uploads/pdf/cso/138/refrigerants.pdf)

	This is The Washington Post announcement of the October 2016 ban on HFCs. It also provides the history and teachable details, including scientific evidence on the dangers of these ozone destroying gases. (https://www.washingtonpost.com/news/energy-environment/wp/2016/07/18/this-could-do-more-to-save-the-planet-this-year-than-any-other-action/?utm_term=.b097b450ee50)

Sites on self-cooling can technology

	“Mundane Utility/Real Life”, by tv/tropes, provides many interesting anecdotes about the ways that fire fighters, soldiers and pilots use equipment for “Not Intended Use” to heat, cook and cool their food. (http://tvtropes.org/pmwiki/pmwiki.php/MundaneUtility/REALLIFE#!)

	This Wall Street Journal article describes the twists and turns of working to find a solution to the production of a self-cooling can by Tempra Technology of Bradenton, Florida. The company has been involved in some questionable business practices. In addition, they are challenged by the technical problems inherent in the development of suitable and affordable packaging for a self-cooling can. (http://www.wsj.com/articles/SB967764392506284518)

	This July 1997 Mother Earth article, ”Chill Can Packs Heat” discusses the problems, including the EPA concerns, about early self-cooling cans that use hydrofluorocarbon gas coolants. (http://www.motherjones.com/politics/1997/07/chill-can-packs-heat)

	The Orange County Register announced that an Irvine company introduced a can which chills itself—developed and sold by an Irvine (Orange County), California firm. The history of Mitchell Joseph’s design, the technology involved, and the liquid contents of the West Coast Chill Can are described. (http://www.ocregister.com/articles/chill-339616-joseph-beverage.html)

	In June 2012, Popular Science Magazine carried a column on Mitchell Joseph’s carbon dioxide gas expansion technology to cool a beverage can. This article has a nice picture of the West Coast Chill Can and suggests when and where it will be available for purchase. (http://www.popsci.com/gadgets/article/2012-06/first-ever-self-chilling-can)

	This site explains the Tempra technology that uses the evaporation of water by a vacuum to chill the beverage in a self-cooling can. (https://1o218khorweisean.wikispaces.com/Self+Cooling+Can)

	This patent for self-cooling containers was awarded to Empire Technology Development, LLC on November 20, 2014. It lists the enthalpies for the dissolution of many salts, exothermic and endothermic, bit without regard for their toxicity. (http://www.google.tl/patents/WO2014185925A1?cl=en)

Sites on the EPA “Stratospheric Ozone Protection Award”

	Awards and other honors for Mitchell Joseph’s Chill-Can are described on their Web site. This includes the EPA Stratospheric award for ozone protection. (http://chillcan.com/awards-and-accolades/)

	This document is a progress report from the EPA, highlighting the achievements honored by the Stratospheric Ozone Protection Award. (https://www.epa.gov/sites/production/files/2015-07/documents/achievements_in_stratospheric_ozone_protection.pdf)

Sites on self-cooling for candy bars

	This reference suggests and describes several future technologies as possibilities for self-cooling films designed to prevent the melting of Kraft Milka chocolate bars. (https://bestinpackaging.com/2010/10/19/self-cooling-chocolate-packaging-kraft-invites-people-to-join-them-in-research/)
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