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Student Questions (from the articles)
Graphene: The Next Wonder Material?
1. What are three unique properties of graphene?
2. How does the molecular structure of graphene differ from the other allotropes of carbon—

 diamond and graphite?
3. What properties of graphene might make it useful in solar panels?
4. Why might graphene be a preferable choice for touch screens in phones and computer screens?
5. Why are researchers considering graphene for use in bionic devices?
6. Explain how single layers of carbon (graphene) might be deposited on plastic sheets for use in graphene-based devices.
Diabetes: Tiny Particles to the Rescue
1. What is the cause of type I diabetes?
2. What role does insulin play in blood sugar regulation?
3. Insulin is a hormone. What is a hormone?
4. How does insulin keep blood sugar at normal levels?
5. Why does the presence of ketones in a person’s urine indicate a diabetic condition?
6. What is the root cause of type 1 diabetes?
7. Explain how the immune system’s T-cells are involved in diabetes.
8. How are nanoparticles used to counter the destructive action of T-cells?
(Un)Stuck on You
1. What problems can static cling cause?

2. Describe the makeup of an electrically neutral atom.

3. What causes static cling?
4. How does an antistatic agent reduce or eliminate buildup of static electricity?
5. Describe the molecules of an antistatic agent and their action.
6. What is a drawback of using fabric softener to reduce static cling?
7. What was the first way manufacturers tried to reduce static cling more permanently? What were the drawbacks?
8. What did manufacturers try next? What substance was successful?
9. What is a carbon nanotube? How do they reduce static cling?
10. What are other areas where eliminating static charge buildup is a concern?
Weather Lore: Fact or Fiction?
1. Why was the invention of the telegraph important to weather forecasting?
2. What is the definition of dew point?
3. Why is it less likely that water vapor will condense from warmer air?
4. Explain the force that causes water vapor to condense.
5. Why does dew form more often on clear nights?
6. What color light is scattered the most by the Earth’s atmosphere?
7. What are aerosols?
8. Why do flowers have odor?
9. The article cites two reasons why cats lick their fur. What are they?
“Chance Favors the Prepared Mind”: Great Discoveries in Chemistry
1. What was one use of human urine in the early 19th century?
2. Why didn’t chemists of the time try to synthesize urea from other materials?
3. From what compound(s) did Wöhler synthesize urea?
4. What are isomers?

5. What was the effect that Wöhler’s synthesis had on the field of organic chemistry?

6. What role did serendipity—chance favoring the prepared mind—play in Wöhler’s research?
7. What was Marie Curie’s country of origin, and in what country did she study math and science?
8. What characteristic property did Marie use to investigate the radioactivity of elements?
9. What is pitchblende, and why was it so important in Marie’s research?

10. What elements did Marie Curie discover?
11. What role did serendipity play in Marie Curie’s research?
12. What was Harry Kroto’s area of research as a chemist, and what discovery had he made in his first 20 years of work?
13. What was the AP2 machine and what did Harry hope to learn using the machine?
14. What did Harry discover using the AP2 machine?
15. What roles did Richard Smalley play in the discovery?
16. What role did serendipity play in Kroto’s research?

Answers to Student Questions (from the articles)
Graphene: The Next Wonder Material
1. What are three unique properties of graphene?
Graphene conducts electricity better than any other common substance, it is the thinnest known material (one atom thick) and is stronger than steel.
2. How does the molecular structure of graphene differ from the other allotropes of carbon—diamond and graphite?

Graphene is a single layer of graphite which consists of carbon atoms linked (bonded) to one another to form a network of hexagons. The layers of graphite are only weakly bonded to each other. This is in contrast to the bonding in diamond in which each carbon atom is bonded to another carbon atoms, forming a very strong network.
3. What properties of graphene might make it useful in solar panels?
Graphene is nearly 100 % transparent to visible light as well as to UV and IR. It also conducts electricity. Using silicon solar cells, electricity is generated when the solar cells are exposed to light. The graphene conducts the electricity away from the panel. Graphene can be part of a light and flexible solar panel.
4. Why might graphene be a preferable choice for touch screens in phones and computer screens?
Touch screens must be conductive. It would also be good to have both thin and flexible screens. Graphene provides all these properties. Currently screens have a conductive layer of indium tin oxide which is brittle and requires protective glass coatings. In turn the glass makes for both a thick and inflexible display screen.
5. Why are researchers considering graphene for use in bionic devices?
Since bionic devices are used within the human body and are exposed to a variety of ionic solutions, a device made from graphene, which is non-reactive, could withstand chemical corrosion. It also conducts electricity which means it could be used in the nervous system. Graphene-based transistors could conduct nerve impulses around damaged nerve tissue. Other types of transistors could be used to convert electrical signals into motion (actuators). Also, a graphene implant in the brain may be able to convert light signals from a digital camera-like device in a damaged eye to an image.
6. Explain how single layers of carbon (graphene) might be deposited on plastic sheets for use in graphene-based devices.
One method is to pass methane gas over a copper sheet at high temperatures with the expected result that the carbon from the methane will deposit on the copper and the hydrogen will escape. The carbon layer is transferred to a plastic sheet. A second method involves the mixing of carbon (graphite) with a solvent, spraying the mixture onto a plastic sheet, and allowing the solvent to evaporate, leaving the carbon (graphene) behind.
Diabetes: Tiny Particles to the Rescue.
1. What is the cause of type I diabetes?

Diabetes is caused by a lack of insulin in the body.

2. What role does insulin play in blood sugar regulation? 

When blood sugar levels are too high, increased insulin secretion causes the body cells to absorb the increased blood sugar.
3. Insulin is a hormone. What is a hormone?

A hormone is a substance released by a cell or tissue in one part of the body to influence the function of cells in other parts of the body. 
4. How does insulin keep blood sugar at normal levels?

Insulin, a protein molecule, binds to receptors on the surface of cells in the body and creates small openings there through which sugar can enter the cell.
5. Why does the presence of ketones in a person’s urine indicate a diabetic condition?

Ketones are the breakdown product of fat metabolism. This means that the body is using fat for cellular energy rather than sugar.
6. Explain how the immune system’s T-cells are involved in diabetes.

The T-cells of the immune system are specific to different infectious invaders. But some of these T-cells attack body cells (which they are not supposed to do, normally) such as the insulin-producing cells, destroying them and eliminating insulin production, resulting in diabetes.
7. How are nanoparticles used to counter the destructive action of T-cells?

Nanoparticles are constructed to hold tiny bits of protein that are bound to molecules that attach to the regulatory T-cells. Thus the nanoparticles latch onto the T-cell and prevent it from interacting with (destroying) the pancreatic insulin-producing cells. These specific nanoparticles do not interact with other types of T-cells. 
(Un)Stuck on You
1. What problems can static cling cause?
Static cling can cause clothes to cling to your body and to cling to one another, making it difficult to find small items such as socks, and can cause hair and lint to stick to clothing.
2. Describe the makeup of an electrically neutral atom.
An electrically neutral atom contains equal numbers of positive charges (protons in its nucleus) and negative charges (electrons surrounding the nucleus).
3. What causes static cling?
Static cling is caused by the moving of electrons from one material to the other when the two different materials are in contact. When the materials are separated, one of them keeps the extra electrons and is negatively charged, while the other, now missing those electrons, is positively charged. This causes static electricity. The positive and negative charges attract each other and “cling”.
4. How does an antistatic agent reduce or eliminate buildup of static electricity?
An antistatic agent, such as fabric softener, reduces or eliminates buildup of static electricity by attracting water molecules to the surface of fabrics. The polar water molecules bind to electric charges on the fabrics and attenuate their attraction to oppositely charged particles. They also lubricate clothing, which reduces friction between materials and reduces the chances they will be in contact with each other and exchange electrons.
5. Describe the molecules of an antistatic agent and their action.
The molecules often have both a hydrophobic side, which interacts with the fabric surface, and a hydrophilic side, which interacts with water molecules present in air moisture. The polar water molecules bind to the electric charges on the surface of the fabrics and reduce static cling. They also lubricate clothing; the water-coated fibers slide against each other with less friction, so fewer electrons are released.
6. What is a drawback of using fabric softener to reduce static cling?
Fabric softeners reduce static cling only temporarily. The softener naturally rubs off a fabric through everyday use.
7. What was the first way manufacturers tried to reduce static cling more permanently? What were the drawbacks?
Manufacturers coated fabrics with an antistatic finish. This type of fabric felt stiff and the coating process clogged the weave, making the fabric impermeable to air. Perspiration was not wicked away and people felt cold and clammy. 
8. What did manufacturers try next? What substance was successful?
Manufacturers applied antistatic substances directly to the fibers that make up clothes. An antistatic substance called a carbon nanotube was used. 
9. What is a carbon nanotube? How do they reduce static cling?

A carbon nanotube is a cylindrical carbon molecule that is a single layer of graphite rolled up into a cylinder. Nanotubes can form a strong, tightly bonded coating on natural fibers that are used to make yarn and fabric. The nanotubes easily slip past each other and the lack of friction results in a lack of static discharge.  
10. What are other areas where eliminating static charge buildup is a concern?

Two areas are the manufacture of electronic devices, where small particles of dust can be attracted to electronic devices, and airplane fuel, where static electricity sparks can ignite fuel vapor.

Weather Lore: Fact or Fiction?
1. Why was the invention of the telegraph important to weather forecasting?
The telegraph enabled weather forecasters to send local weather observations over long distances, providing information for other forecasters to predict the kind of weather headed their way.
2. What is the definition of dew point?
Dew Point is the temperature at which the air is saturated with water. That is, it’s the temperature at which water vapor condenses. Note that scientists often use the term “point” to refer to a temperature (as in melting point or boiling point).
3. Why is it less likely that water vapor will condense from warmer air?
In air at a higher temperature both the molecules making up the air and water molecules are moving at greater velocities. These higher velocities prevent the attractive forces between the molecules from “taking over”. At lower temperatures the reduced velocities allow the forces to attract water molecules to each other, condensing the water to liquid form.
4. Explain the force that causes water vapor to condense.
The force is primarily hydrogen bonding—the intermolecular force between hydrogen in one molecule (like water) and a very electronegative atom (like the oxygen in water) in another molecule. The polar covalent bonding between hydrogen and oxygen in the water molecule creates a partial positive charge near the hydrogen and a partial negative charge near the oxygen. Note that the electronegative atom has one or more unshared electron pairs, and the positive charge of the hydrogen is attracted to one of those unshared pair of electrons in the oxygen.
5. Why does dew form more often on clear nights?
At night the earth radiates back into space the energy gained during the day. This happens most easily on a clear night. If, however, there are night-time clouds, some of the radiated energy is reflected back to Earth, keeping the overnight temperatures higher. On a clear night overnight temperatures are lower, making dew formation possible (making it more likely that the overnight low temperature will be lower than the dew point).
6. What color light is scattered the most by the Earth’s atmosphere?
Blue light is scattered the most (actually violet light is scattered the most, but our eyes are not as sensitive to violet light as they are to blue light so we see the blue scattering more). Rayleigh scattering is inversely proportional to the wave length of light raised to the fourth power. Since blue light has a short wave length compared to the other colors in the visible spectrum, we see the sky as blue—blue light is scattered in all directions resulting in a blue color when we look skyward.
7. What are aerosols?
Aerosols are small particles of dust, water, salt and other particulates that are suspended in the atmosphere. Aerosols scatter light and cause sunsets to appear red, much like the scattering caused by gases in the atmosphere.
8. Why do flowers have odor?
Some molecules of any substance or object that has an odor escape from the substance in the form of a gas, either as a result of evaporation or sublimation. These molecules diffuse through the atmosphere, and if they reach people’s noses in sufficient concentration, people detect an odor. Odor, then, is gas molecules migrating from an object to our nose.
9. The article cites two reasons why cats lick their fur. What are they?
Since cats do not have sweat glands they lick themselves to cool off. The water in cats’ saliva is deposited on their fur, and as the water evaporates it absorbs heat from the fur and cools them. The second reason is to reduce static electricity in their fur. Water reduces static electricity in the cats’ fur. For a more complete explanation of this phenomenon see “More on cats and weather.”
“Chance Favors the Prepared Mind”: Great Discoveries in Chemistry
1. What was one use of human urine in the early 19th century?

It was used in the dye industry for dyeing indigo.

2. Why didn’t chemists of the time try to synthesize urea from other materials?

In those days, chemists believed that organic materials were different from inorganic materials or minerals. They thought organic substances contained a vital force, and that only living things could produce them and the force could then be passed from one to another. Thus, if urea came from life, then non-living materials could not be used to prepare it.
3. From what compounds did Wöhler synthesize urea?

Wöhler first used cyanic acid (HNCO) and ammonia (NH3); later he repeated the experiment using silver cyanate (Ag(NCO)) and lead cyanate (Pb(NCO)2) to synthesize urea. The last two compounds were used as confirmations that the cyanic acid in ammonia had actually produced the urea.
4. What are isomers?

Isomers are “…compounds that have the same molecular formula but different structures.”
5. What effect did Wöhler’s synthesis have on the field of organic chemistry?

Wöhler’s work paved the way for organic chemists to produce all types of new materials that had previously been believed to be outside the realm of possibility. His discovery changed organic chemistry from the study of living substances to the study of carbon compounds.
6. What role did serendipity—chance favoring the prepared mind—play in Wöhler’s research?

Wöhler had been studying urea, prepared from his own urine, for some time, and he knew what crystals of urea looked like. So, when he discovered the new crystals produced from the cyanate compounds, he realized immediately what he had produced. A less astute scientist (or one with less experience with the compound in question) might have dismissed the findings and missed a chance to make a huge difference in the field of organic chemistry.
7. What was Marie Curie’s country of origin, and in what country did she study math and science?

Marie (Sklodowska) Curie lived in Poland before she moved to France to study at the Sorbonne.
8. What characteristic property did Curie use to investigate the radioactivity of elements?

Radioactivity emits ionizing radiation, which ionizes the air around it, forming ions. It was this ionization that Marie Curie measured.
9. What is pitchblende, and why was it so important in her research?

“Pitchblende is a mineral consisting mainly of uranium oxides but also containing small amounts of other elements.” The pitchblende that Madame Curie studied was four times as radioactive as expected, so she analyzed first a 100-gram sample, and then tons of the material, eventually isolating less than a penny’s weight of radium chloride from the huge sample.
10. What elements did Marie Curie discover?

Marie Curie discovered polonium and radium.
11. What role did serendipity play in Marie Curie’s research?

Marie Curie had the background to be able to measure radioactivity via ionization. She discovered the excess amount of radiation in pitchblende and realized this must mean that the pitchblende contained a new highly radioactive element present in such small quantities that it had not yet been discovered. She was able to continue her research to fruition with the discovery of radium and polonium.
12. What was Harry Kroto’s area of research as a chemist, and what discovery had he made in his first 20 years of work?

Harry Kroto’s area of research was astrochemistry, the study of chemical reactions in interstellar space. He had discovered the existence of “…new structures of carbon—carbon chains floating among the stars…” He thought these chains might have come from carbon stars, stars having free carbon in their composition.
13. What was the AP2 machine, and what did Harry hope to learn using the machine?

The AP2 machine was a new (at the time) laser spectroscope that could blast clusters of atoms and graphically display the results. Harry hoped to vaporize graphite (carbon) to see if it might form carbon chains like the ones he saw in space.
14. What did Harry discover using the AP2 machine?

Harry Kroto discovered his carbon chains, as he had hoped. But he also discovered 60-carbon-atom structures that seemed to be very stable. Eventually he dubbed them buckminsterfullerenes, or as they are more commonly known today, “buckyballs”.
15. What roles did Richard Smalley play in the discovery?

Smalley was the developer of, and director of projects for, the AP2 machine, which initially provided Kroto with the results of his experiment, and Smalley prepared the first draft of the shape and structure of the buckyball.
16. What role did serendipity play in Kroto’s research?

It was the combination of art and science that helped Kroto put the pieces of his discovery together. He was able to recognize the mix of hexagons and pentagons that produced the dome structure that finally cracked the mystery behind the C-60 structure—the soccer ball arrangement of carbon atoms.
ChemMatters Puzzle: Chemical Cubbyholes
This puzzle works because the vocabulary of chemistry is so rich.

We provide below eleven such words, each with one letter missing. You’re task is to fill in each vacancy. Note that these words are not anagrams. So it should be a simple job, right?

But you will soon discover that there is more than one letter that could possibly fill most of those gaps.

In nine cases there will be 2 or 3 or more possible, and almost all are part of chemistry’s vocabulary. None are proper names, units, or just prefixes. 

To help you choose, the missing letters read down the page will generate a word that represents a central concept in understanding chemical reactions It’s OK to work backwards from that term to the eleven word list. If successful, you will have filled each chemical cubbyhole below!

1. ALK __ NE
  


2. E __ UATION

3. M __ SS


4. SULF__ TE


5. MOLA __ITY


6. __CE

7. __ASES



8. ENT__OPY

9. P__ON   (one of the mesons)

10. FL__X





11. __OLAR


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	
	
	
	
	
	
	
	
	
	


Answers to the ChemMatters Puzzle
The missing eleven letters spell out EQUILIBRIUM.

Other word possibilities are included as follows, arranged alphabetically.

ALKENE 

alkane, alkene, alkyne

EQUATION   

equation

MUSS


mass, mess, miss, moss, muss


SULFITE

sulfate, sulfite

MOLALITY

molality, molarity


ICE


ace, ice

BASES

bases, cases, eases, gases, lases, vases 

ENTROPY

entropy

PION


pion, peon

FLUX


flax, flex, flux





MOLAR

molar, polar, solar

NSES Correlation

	National Science Education Content Standard Addressed

As a result of activities in grades 9-12, all students should develop understanding 
	Graphene
	Diabetes
	(Un)Stuck on You
	Weather Folklore
	Chance Favors the Prepared Mind

	Physical Science Standard A: about scientific inquiry.
	(
	(
	
	(
	(

	Physical Science Standard B: of the structure and properties of matter.
	(
	(
	(
	(
	(

	Physical Science Standard B: of chemical reactions.
	
	
	
	
	(

	Life Science Standard C: of the cell.
	
	(
	
	
	

	Life Science Standard C: of matter, energy, and organization in living systems.
	
	(
	
	
	

	Earth and Space Science Standard D: of energy in the Earth system
	
	
	
	(
	

	Science and Technology Standard E: about science and technology.
	(
	(
	(
	
	(

	Science in Personal and Social Perspectives Standard F: of personal and community health.
	
	(
	
	
	(

	Science in Personal and Social Perspectives Standard F: of science and technology in local, national, and global challenges.
	(
	(
	(
	
	(

	History and Nature of Science Standard G: of science as a human endeavor.
	(
	
	
	
	(

	History and Nature of Science Standard G: of the nature of scientific knowledge
	(
	
	
	(
	(

	History and Nature of Science Standard G: of historical perspectives.
	
	
	
	(
	(


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.

Graphene: The Next Wonder Material?
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. Graphene is the thinnest material known to exist, yet it is stronger than steel.

	
	
	2. Allotropes of the same element have the same chemical and physical properties.

	
	
	3. The first samples of graphene were made using sticky tape.

	
	
	4. Silicon-based transistors conduct electricity better than graphene-based transistors.

	
	
	5. In the future, graphene may be used in solar panels because it is almost transparent to visible light.

	
	
	6. When you use a touch screen on a cell phone or tablet PC, you transfer some electrical charge to the device.

	
	
	7. The word “bionic” comes from “biology” and “electronic.”

	
	
	8. Graphene must be in a perfect hexagonal pattern with no impurities to be useful.


Diabetes: Tiny Particles to the Rescue
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. People with Type 1 diabetes produce too much insulin, causing their blood sugar levels to be extremely high.

	
	
	2. People with Type 1 diabetes must monitor their blood sugar levels daily.

	
	
	3. Insulin is a hormone.

	
	
	4. The units of polypeptides are amino acids.

	
	
	5. Type 1 diabetes is caused when the body’s immune system attacks cells in the pancreas. 

	
	
	6. Insulin molecules block glucose from entering cells.

	
	
	7. The nanoparticle treatment for diabetes described in the article would have to be administered only once.

	
	
	8. The presence of ketones in the blood indicates the blood is becoming basic.


(Un)Stuck on You
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. Static cling is caused by static electricity from electrons moving from one material to another.

	
	
	2. Fabric softeners work by repelling water molecules from the surface of fabrics.

	
	
	3. Fabric softeners reduce friction between different pieces of clothing.

	
	
	4. Fibers may be natural or synthetic.

	
	
	5. Wool is naturally static resistant.

	
	
	6. Clothing made with carbon nanotubes are bulky and uncomfortable.

	
	
	7. Clothing made with nanoparticles are not yet commercially available.

	
	
	8. Antistatic additives are used to prevent jet fuel vapor from igniting.

	
	
	9. Dry human hands have a stronger tendency to gain electrons than steel.


Weather Folklore: Fact or Fiction?
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. Scientific weather forecasting has been around for more than a thousand years.

	
	
	2. Water molecules are more likely to stick together in warm air.

	
	
	3. Dew forms for the same reason you can see your breath on a cold morning.

	
	
	4. Clouds help keep the earth warmer at night.

	
	
	5. The Earth’s atmosphere scatters red light more than blue light.

	
	
	6. When the sun is low on the horizon, the sun’s light must pass through more than 400 km of low atmosphere before reaching your eyes.

	
	
	7. Low pressure is associated with good weather.

	
	
	8. Gases escape from liquids and solids more readily with high pressure.

	
	
	9. Faster-moving fluids exert less pressure than still or slow-moving fluids.

	
	
	10. Cats do not have sweat glands.

	
	
	11. When cats lick themselves, the static electricity in their fur is reduced.


“Chance Favors the Prepared Mind”: Great Discoveries in 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. In the early 19th century, urea was obtained from urine collected in buckets.

	
	
	2. In the early 19th century, chemists believed organic materials could not be synthesized in the laboratory because they came from living plants and animals.

	
	
	3. Isomers have the same chemical formula but different structures and properties.

	
	
	4. Synthetic urea is no longer used to dye cloth.

	
	
	5. Marie Curie was the first person to recognize that radioactivity is an atomic property.

	
	
	6. Marie Curie tested only a few chemical elements for radioactivity.

	
	
	7. Marie Curie’s notebooks remain radioactive today.

	
	
	8. Radium is not used today because it is too dangerous.

	
	
	9. Kroto was studying carbon chains formed in the atmospheres of red stars when he found buckyballs.

	
	
	10. In 1985, computers were able to predict the shape of a 60-carbon sphere.

	
	
	11. Buckyballs can be made in only small quantities.


Reading Strategies  
These matrices and 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 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


Notes regarding the articles:

1. Since several of the articles involve nanoparticles, you might want to preview this issue with your students by reading and discussing the “Chemistry of Carbon: Going Up!” short article in “Did You Know?” on page 4 and the “Open for Discussion” information on page 5.

2. Links to Common Core State Standards: Ask students to develop an argument explaining why they would or would not use new materials made from nanoparticles. In their discussion, they should state their position, providing evidence from the articles to support their position. If there is time, you could extend the assignment and encourage students to use other reliable sources to support their position. 

Graphene: The Next Wonder Material?
Directions:  As you read the article, complete the chart below describing the properties of graphene that may make the device available in the future.

	
	What properties of graphene are important for this application? 
	Advantages of using graphene

	Flexible solar panels 
	
	

	Foldable cell phones 
	
	

	Bionic devices
	
	


Diabetes: Tiny Particles to the Rescue
Directions: As you read, complete the chart below to compare how insulin works to nanoparticle treatment for diabetics.

	
	Insulin
	Nanoparticles

	What is it?
	
	

	How does it work in the body? 
	
	

	What are the advantages of using it?
	
	


(Un)Stuck on You
Directions: As you read, compare and describe the different ways to eliminate static cling.

	
	How do they work?
	Advantages
	Disadvantages

	Fabric Softeners
	
	
	

	Nanotextiles
	
	
	


Weather Folklore: Fact or Fiction?
Directions: As you read, complete the chart below to describe the science behind the weather-related folklore.

	Folklore
	Scientific explanation
	Is the folklore accurate?

	“When grass is dry at morning light, look for rain before the night. Dew on the grass, rain won’t come to pass.”
	
	

	“Red sky at night, sailor’s delight. Red sky in the morning, sailors take warning.”
	
	

	“Flowers smell best just before rain.”
	
	

	“If cats lick themselves, it means good weather is on its way.”
	
	


“Chance Favors the Prepared Mind”: Great Discoveries in Chemistry
Directions:  As you read the article, complete the chart below describing the properties of graphene that may make the device available in the future.

	
	Urea
	Radioactivity
	Buckyballs

	Who?
	
	
	

	When?
	
	
	

	Where?


	
	
	

	What were they studying?
	
	
	

	How did they know they found something new?
	
	
	

	How do we use their discoveries today?
	
	
	


Graphene: The Next Wonder Material
Background Information (teacher information)
More on allotropic elemental carbon

Elemental carbon as it occurs in diamond, graphite, and now graphene, exhibits different bonding characteristics. In diamond, one of the hardest materials, the carbon atoms in the network are bonded in three dimensions as single covalent bonds using sp3 bonding. This type of bonding produces a very hard material. On the other hand, carbon as a central atom in biological molecules does not produce the same effect because these molecules are not pure carbon but contain other elements such as hydrogen, oxygen and sulfur utilizing some of the bonding positions of the carbon atoms. And the four bonding positions of a carbon atom can also result in extremely large molecules.

Comparing the effect of bonding in diamond with another pure carbon molecule, graphite, shows two different types of bonding. Layers of graphite are formed from carbon atoms bonding to each other in a two dimensional arrangement, with alternating single and double covalent bonds. Individual layers of graphite can be thought of as a series of benzene rings connected to each other. The graphite layers in turn are bonded to each other through weak London force bonds which accounts for the slippage of these layers (and their use as a lubricant). Looking at the two dimensional structure of graphene, the bonding within a layer is single covalent, sp2 bonding, leaving a single electron unbonded which accounts for the conductivity properties of graphene. Experimental results from transport measurements show that graphene has a remarkably-high electron mobility at room temperature. The mobility is independent of temperature between 10 K and 100 K. The individual layers do not bond through London forces as in graphite. 


[image: image2]
(from http://physics.bu.edu/~neto/Topic0.htm)

Isolating individual layers of graphene for use in both conducting and non-conducting applications was originally done in an unsophisticated manner—using sticky cellophane tape to remove layers of pencil graphite and reattaching them to a silicone plate. Currently, it remains a technological challenge to develop effective and inexpensive methods to produce usefully large sheets of graphene. Various techniques have been developed but there is no one process at the moment that has become the norm for “manufacturing” large sheets of graphene. On another note, you can purchase a bottle full of graphene particles but not of a useful size.
Some of the methods beyond cellophane tape for producing usefully large sheets of graphene include the following.

High-quality sheets of few-layer graphene exceeding 1 cm2 (0.2 sq in) in area have been synthesized via chemical vapor deposition on thin nickel films with methane as a carbon source. These sheets have been successfully transferred to various substrates, demonstrating viability for numerous electronic applications.
An improvement of this technique uses copper foil (instead of the nickel film), at very low pressure. With this method, the growth of graphene automatically stops after a single graphene layer forms. Arbitrarily large graphene films can be created. The aforementioned single layer growth is also due to the low percentage of carbon in methane (1C : 4H). Larger hydrocarbon gases such as ethane (2C : 6H) and propane (3C : 8H) will lead to the growth of bi-layer graphene. Growth of graphene has been demonstrated at temperatures compatible with conventional complementary metal oxide semiconductor (CMOS) processing, using a nickel-based alloy with gold as catalysts. This is important because graphene may be used in conjunction with CMOS semiconductors.

Another widely used process for the synthesis of graphene involves the reduction of graphene oxide (GO). But the process normally employs the exposure of the GO to hydrazine vapor, which is highly toxic and is not practical on the commercial scale. Japanese researchers have found that they can utilize certain bacteria easily obtained from river beds to carry out the reduction of the graphene oxide flakes. The graphene flakes act as the terminal electron acceptor for the bacteria when the microbes “breathe” (the biochemical process of respiration which involves an electron transport system). (http://www.sciencedaily.com/releases/2012/03/120321152554.htm)

More on integrating graphene into circuitry


One potential roadblock to the use of graphene in mass production is the instability of graphene flakes. Researchers at Georgia Tech see a solution to this problem by growing graphene sheets on silicon carbide. According to the researchers, synthetic graphene sheets have the potential to achieve a higher level of quality, making them an alluring substitute for copper in circuitry. In fact, graphene could outperform copper wire in connecting transistors and other integrated circuits. Graphene can be manipulated on silicon carbide, using the familiar steps of silicon processing. As for the advantage over silicon itself, graphene far surpasses silicon as a conductor on the nanoscale and is capable of much finer processing. 

Another variation on this theme of combining graphene with silicon has been developed at Penn State’s Electro-Optics Center (EOC) Materials Division. The process, called silicon sublimation, thermally processes silicon carbide wafers in a physical vapor transport furnace until the silicon migrates away from the surface, leaving behind a layer of carbon that forms into a one- to two-atom-thick film of graphene on the wafer surface. Achieving 100 mm graphene wafers has put the synthesis of ultra-large graphene and graphene-based devices into a practical, usable category. In turn, another group at Penn State has fabricated field effect transistors on the 100 mm graphene wafers. (http://www.sciencedaily.com/releases/2010/01/100131215530.htm)
Since graphene possesses electron mobility about 200 times greater than that of silicon, it has been considered a potential substitute in transistor circuitry. However, in graphene, compared with conventional semiconducting materials, the current cannot be switched off because graphene is semi-metallic. Both on and off flow of current is required in a transistor to represent the “1” and “0” of digital signals. Previous solutions and research have tried to convert graphene into a semi-conductor. However, this radically decreased the mobility of graphene, leading to skepticism over the feasibility of graphene transistors. By re-engineering the basic operating principles of digital switches, Samsung Advanced Institute of Technology has developed a device that can switch off the current in graphene without degrading its mobility. The demonstrated graphene-silicon Schottky barrier can switch current on or off by controlling the height of the barrier. The new device was named Barristor, after its barrier-controllable feature. (http://en.akihabaranews.com/112562/science/samsung-electronics-presents-a-new-graphene-based-transistors)

Another approach is to create n- and p-type transistors using graphene that has been modified through the addition of oxygen or nitrogen (doping of the graphene to create electron holes). The resultant device, a nanoribbon (strips of graphene that range in width from 10 nanometers to 150 nanometers), does not lose any of the mobility of its graphene electrons. P-type transistors have been made because oxygen atoms readily bond to the edges of the graphene, producing the positively charged counterpart to electrons. The technique for producing the n-type part of a transistor involves treating the graphene in a heated environment of ammonia gas for a source of nitrogen atoms that bond to the edges of the graphene and donate electrons—the negative (n) part of the transistor. A diode is created with these two types of transistor for directed flow of electrons in a circuit. The graphene becomes the very speedy conductor of this current.
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Carbon ribbons: A graphene nanoribbon is shown in the center of this image under an atomic force microscope. Adding nitrogen to the nanoribbon creates an n-type transistor, an important building block in graphene circuitry. (http://www.technologyreview.com/news/413425/a-step-toward-graphene-circuitry/?mod=related)

And ZdNet, a Web magazine about internet technology, reports that Norwegian scientists have moved to “…commercialise [a] breakthrough that uses a molecular beam device to create gallium arsenide nanowires on a graphene substrate.”
(http://www.zdnet.com/researchers-find-way-to-grow-nanowires-on-graphene-7000004143/)
More on graphene for photonics 

 Graphene shows great promise as a candidate for photonics applications—especially optical communications, where speed is an issue. A new graphene-based material is covered with special metallic nanostructures called plasmonic nanostructures. The metals used include gold, silver and titanium (noble metals). A combination of these noble metals with graphene significantly increases the amount of light captured by the graphene. Graphene has an ideal "internal quantum efficiency", the number of electrons released by a photocell per photon of incident radiation of a given energy. The role of the noble metals is to enhance the local electromagnetic fields by coupling incoming light with electrons on the surface of the metal. The nanostructures fabricated on top of the graphene concentrate these electromagnetic fields in the region of the material where light is converted to an electric current (photovoltage). Almost every photon absorbed by graphene generates an electron-hole pair that could, in principle, be converted into electric current. Graphene can also absorb light of any color and has an extremely fast response to light. The latter suggests that it could be used to create devices that are much faster than any employed in optical telecommunications today.  
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a) An overall image of one of the plasmonic nanostructure devices (in false colours). Blue, graphene; purple, SiO2 (300 nm); yellow, Ti/Au electrodes. Scale bar, 20 μm. (b–d) Blow up of contacts with various tested plasmonic nanostructures (again, in false colours). 
http://physicsworld.com/cws/article/news/2011/sep/05/graphene-could-make-perfect-solar-cells  

Another use of graphene in photovoltaic cells is to include it with titanium dioxide in dye-sensitive solar cells (refer to student projects for information on making a dye-sensitized solar cell). In a dye-sensitized solar cell, the energy from photons absorbed by the dye molecules causes some electrons to be ejected into the titanium dioxide layer which conducts them to the anode of the cell. Adding some graphene to the titanium dioxide increases conductivity of the current by more than 50% compared with titanium dioxide alone. The process for making these particular types of solar cells appears to be both cost effective and easy to do.

More on flexible, printable solar cells

 Plastic solar cells use copper, indium, gallium, and selenium in a copper indium gallium selenide—(CIGS) mixture to absorb light from the environment. Using nanotechnology, tiny crystals of this mixture are sandwiched between metal contacts that “extract the charge” out of the particle. These “sandwiches” are then added into a solvent creating a composite that can be sprayed onto any object. (http://blog.txu.com/spray-on-solar-panels) A video that shows the process of creating these spray-on solar cells is found at http://www.mnn.com/earth-matters/energy/videos/using-nanotechnology-to-create-spray-on-solar-panels .
New MIT-developed materials make it possible to produce photovoltaic cells on paper or fabric, nearly as simply as printing a document. (A complete article with videos showing the manufacturing/testing process is found at http://web.mit.edu/newsoffice/2011/printable-solar-cells-0711.html.) The process departs from previous techniques that involved liquids and high temperatures that potentially can damage the substrate onto which the solar cells are deposited. Rather, a new printing process uses vapor deposition and temperatures less than 120 oC. As a result, ordinary paper and plastic can be used as the substrate onto which the solar cells can be printed. Five layers of material are deposited, using a paper mask to form patterns of cells on the surface. This is done in a vacuum chamber. The process is essentially the same as used to make the silvery lining of a bag of potato chips, so inexpensive on a vast commercial scale. The resultant flexible device can actually be folded without damaging its functionality. 

[image: image5.emf]
These diagrams show how the researchers create an array of interconnected PV cells. Using their masking technique, they first lay down the anodes; next come the active layers, perpendicular to the anode; and finally the silver cathodes—a little offset from the anodes so as to connect each cell to the one next to it. Little L’s connect the end of one row to the beginning of the next.
(source: http://web.mit.edu/mitei/news/energy-futures/Energy_Futures_Autumn2011.pdf)
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These photos show single PV cells deposited on newsprint (left) and on copy paper

(right). The dark gray area is the anode; blue is the photoactive layer; and silver is

the cathode coming from the other side. In the left sample, the text of the newspaper

is still visible—undisturbed by the dry deposition of the PV materials. The right
sample is folded, but it still functions.
One advantage of printing solar cells on something like paper or even cloth is the reduction in costs for the inactive components of a solar cell (glass, support structures, installation costs) which are usually greater than the cost of the active films of the cells—sometimes twice the cost. Just one interesting application of paper-based solar cells—using them as window shades! It is calculated that paper costs one-thousandth as much as glass for a given area. And if the paper solar cells are used outdoors, they can be protected through standard lamination materials. Further, it does not matter what kind of paper is used. Even newsprint with the printing still on it works just fine (as shown above)!

Also coming out of MIT research is the combining of conventional silicon-based solar cells with pure carbon solar cells (using both carbon nanotubes and buckyballs, C60). The reasons for incorporating the carbon solar cells are because they are capable of absorbing in the near infrared region (comprises 40% of the solar energy reaching Earth) that part of the spectrum not absorbed by silicon-based solar cells, and because the carbon layer would be transparent to visible light, allowing it to be placed on top of the conventional silicon cells. This tandem device could harness most of the energy of sunlight. In addition, the carbon component increases the efficiency of the solar cells because of its high conductivity characteristics. 

(http://web.mit.edu/newsoffice/2012/infrared-photovoltaic-0621.html—included as a reference for all-carbon solar cell using fullerenes and buckyballs, absorbing at the near infra-red region)
More on graphene and capacitors for storing solar-generated (photovoltaic) electricity

Existing battery technologies fail to address the marketplace needs for high-power energy storage. With significant emphasis on renewable energy, including a rapid ramp-up of solar, wind and geothermal technologies and government mandated requirements for high efficiency vehicles, there is a critical need for cost-effective, high-power and high-capacity energy storage solutions. Graphene is one of the most promising materials for ultracapacitor electrodes, with expectation of power densities surpassing any other known form of activated carbon electrodes due to its large and readily accessible surface area.
One interesting application of graphene that is being investigated is its capacity to act as a capacitor for storing electrical energy that can be part of a solar photovoltaic cell. It has very interesting electrical properties that have allowed researchers to create a graphene-based supercapacitor that exhibits a "specific energy density of 85.6 Wh/kg at room temperature and 136 Wh/kg at 80 °C", which is similar to nickel-metal hydride batteries, the chemistry used in most current hybrid vehicles. The main difference is that supercapacitors can be cycled an almost unlimited number of times (they don't lose their ability to hold a charge, like batteries do), and they can be charged and discharged extremely quickly (as long as you have a "fat pipe", a cord  that can handle a large current, to supply the power). This would make them ideal for hybrids and electric cars if their power-density were high enough (so far it isn't) and their cost came down.
An application of the supercapacitor concept of graphene is a device from India dubbed the “Amrita Smart”. The "integrated power storage tile" weighs in at 200 g and, when exposed to the sun for 4 hours, can go on to charge a laptop or phone in two hours, along with energy storage of up to 7 days (30 days in one account). There is the possibility of developing these into solar roof tiles, which can be installed so that they blend in with regular tiles. 
More on graphene and lithium ion battery combinations. 
Graphene holds the promise of improving battery technology for hybrid cars and electric vehicles (EVs). Adding graphene to lithium batteries has recently been shown to prolong lithium battery life while increasing usable charge. 
As attractive as Li-ion batteries are for application in electric vehicles and renewable energy applications, many potential electrode materials are limited by slow Li-ion diffusion, poor electron transport in electrodes, and increased resistance at the interface of electrode/electrolyte at high charge. One avenue researchers are exploring to improve that performance is to introduce hybrid nanostructured electrodes that interconnect nanostructured electrode materials with conductive additive material…TiO2 is an attractive electrode material. It is abundant, low cost, and environmentally benign. It is also structurally stable during the insertion and extraction of lithium ions, and is intrinsically safe by avoiding lithium electrochemical deposition. Graphene has excellent electronic conductivity and mechanical properties, and may be the ideal conductive additive for hybrid nanostructured electrodes, the researchers suggested.
(http://www.greencarcongress.com/2009/09/adding-graphene-to-metal-oxides-significantly-improves-liion-electrode-specific-capacity-at-high-cha.html) 

More on circuits in graphene-based transistors 

There is great interest in using graphene to replace silicon in electronic circuits. Already there are transistors that are made from graphene. But the technique for creating the circuitry in these graphene-based transistors requires that the graphene be first cut into ribbons that are then incorporated into the device. But there is a newer and more efficient (and accurate?) technique that is more akin to establishing circuits by the old style of etching, done using acid on reactive metal. But this time researchers start with a sheet of graphene oxide (non-conductive) onto which they can write the circuits or nanoribbons using the tip of a device known as an Atomic Force Microscope (AFM). The tip is heated to between 150 and 1060 oC and pulled across the graphene oxide sheet in whatever pattern is desired. The heated tip causes the graphene oxide to lose oxygen atoms at whatever spot it touches. This leaves behind pure graphene which is 10,000 times more conductive than the surrounding non-conductive graphene oxide. So circuits can be established with good accuracy.

Connections to Chemistry Concepts (for correlation to course curriculum)
1. Allotrope—The fact that carbon can exist in three different physical forms creates three very different sets of useful physical and chemical properties. Compare the properties of diamond with that of graphene and graphite, based on bonding, both two- and three- dimensional aspects. 

2. Covalent Bonding—Depending on the spatial orientation of bonds in carbon, you can end up with multidirectional bonding in diamond, producing a lattice that is very strong due to each carbon atom bonding to four other atoms ad infinitum. This is in contrast with bonding of carbon in only one plane (graphene) which produces a strong material in that plane but not between planes or layers.
3. Conductivity—Conductivity of materials will depend on availability of valence electrons that are mobile. The bonding in graphene produces one unbonded electron per atom that contributes to the conductivity of the carbon material.
4. Photovoltaic—The use of certain elements such as silicon that can lose electrons when particular wavelengths of electromagnetic radiation (EMR) are absorbed can be coupled with a highly efficient conductor such as graphene to move the electron stream to some electrical device or storage mechanism.
5. Metals—Metals are associated with conducting electrical currents because of their loosely bonded valence electrons. Carbon is neither a metal nor a non-metal but is able to conduct electricity depending on the form of the carbon. Both graphite and graphene conduct electricity. Graphite has a long history of use in electrodes. Graphene is the new speedy non-metal conductor of electricity. 
6. Electromagnetic radiation—In order for photovoltaics to work efficiently, the solar absorbing materials must be able to respond to the energy values of various parts of the electromagnetic spectrum and eject electrons into an electron-capturing circuit.
7. Semiconductor—A semiconductor is an important device in electronics because it changes a non-conductor into a partial or semiconductor. For pure silicon, which is a preferred chemical in solar cells, absorption of electromagnetic radiation (EMR) does not necessarily produce a flow of electrons. Rather, the pure silicon has to be contaminated with elements having five valence electrons such as phosphorus and antimony that become acceptors of electrons lost by the silicon through absorption of certain wavelengths of EMR. A conductor is an element that has no separation (energy gap) between the conduction band and the valence band of electrons. Non-conductors or insulators have larger energy gaps and semiconductors are in between the two extremes of energy gaps. 

Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “Only carbon can be used to form nanotubes.” It is found that nanotubes made from boron and nitrogen, with or without carbon, have electrical properties equal to or better than pure carbon nanotubes.
Anticipating Student Questions (answers to questions students might ask in class)
1. “What is the nanoscale?” The nanoscale is the dimensional range of approximately 1 to 100 nanometers. 
2. “What are nanomaterials? Do they exist in nature?” Nanomaterials are substances that contain nanoscale structures internally or on their surfaces. These can include engineered nano-objects such as nanoparticles, nanotubes, and nanoplates. Naturally occurring nanoparticles can be found in volcanic ash, sea spray, and smoke.
3. “What is the difference between graphene and fullerene?” Graphene is a two dimensional sheet of carbon atoms linked together by single covalent bonds to form a network. Fullerenes are also made of carbon atoms but in the form of tubes or spheres. The term fullerene comes from the name of Buckminster Fuller, a famous architect who designed the geodesic dome that has the shape of the spherical fullerene, also called a buckyball, which is formed from 60 carbon atoms. 
4. “In what chemicals is graphene soluble?” Graphene and fullerenes are sparingly solubility in aromatic solvents such as toluene and benzene. They are also soluble in carbon tetrachloride, carbon disulfide, and 1,2-dichlorobenzene. 
In-class Activities (lesson ideas, including labs & demonstrations)
1. Using molecular models, students could construct diamond, graphite, and graphene (using the individual layers used to show graphite). There are also instructions for producing buckyballs from paper. (http://www.nisenet.org/sites/default/files/catalog/uploads/2008/11/3066/strucbucky_diecut_1of8_dec09.pdf) 

2. A collection of activities on the nanoscale can be found at http://mrsec.wisc.edu/Edetc/nanoquest/carbon/index.html. Included in the activity list are applications of nanoarchitecture, liquid crystal sensors, nanofabric testing, size of nanotubes, and nanomedicine. Printable classroom materials are included.

3. Another source of printable classroom activities at the nanoscale is found at http://nanosense.org/activities/sizematters/index.html. At the same Web site is a collection of Power Points for use in the classroom. 

4. Students could perform a lab exercise in which they determine the size of a single molecule, through a series of measurements and calculations for a layer of oleic acid that is considered to be one molecule thick. The lab exercise can be found at http://kaffee.50webs.com/Science/labs/Chem/Lab-Size.of.Molecule.html.

5. Students might want to mimic the process of the sticky tape removal of a single layer of carbon by applying a similar forensic technique for lifting fingerprints. The procedure can be found at http://www.ehow.com/how_6523624_lift-fingerprints-home.html. 

6. A related activity for detecting fingerprints uses a technique based on depositing superglue onto the fingerprint, then chemically highlighting the print. An instruction video can be found at http://special-effects.wonderhowto.com/how-to/lift-fingerprints-using-superglue-211990/. 
7. If students have not gone through the exercise of determining conducting and non-conducting elements, they will be surprised to find that carbon lacks the characteristics of conductors (shiny, metallic-looking, flexible), yet it conducts. Students can build their own conductivity meter; pencil “lead” (carbon) can be used for the electrodes. (For instructions see http://www.chymist.com/conductivity.pdf or http://www.essortment.com/test-solids-liquids-conduct-electrical-current-best-39620.html or http://chemmovies.unl.edu/chemistry/smallscale/SS035.html or refer to diagram below (from the last listed source):
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Out-of-class Activities and Projects (student research, class projects)
1. Students who have an interest in photovoltaics can use the following Web site for understanding the basics of solar cells and the principles of electrical circuits: http://photonicswiki.org/index.php?title=Photovoltaics-_Outreach_Kit#Three_types_of_solar_cells. 

2. Students who want to build their own nanocrystalline solar cells that use various dyes can obtain information at http://photonicswiki.org/index.php?title=Nanocrystalline_-_Dye_Solar_Cell_Lab. The site includes diagrams that show the workings of the device. Another very good visual that shows how the cell works is found at http://www.community.nsee.us/concepts_apps/dssc/DSSC.html. 

Kits for dye-sensitive nanocrystalline solar cells can be purchased from ICE (Institute for Chemical Education) at http://ice.chem.wisc.edu/Catalog/SciKits.html#Anchor-Nanocrystalline-41703 as well as http://www.solideas.com/solrcell/english.html.

3. Students can do their own single layer carbon extraction by following the illustrated instructions at http://www.scientificamerican.com/slideshow.cfm?id=diy-graphene-how-to-make-carbon-layers-with-sticky-tape#1.

References (non-Web-based information sources)
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Rosenthal, A. New Technology—The World of the Super Small, ChemMatters 2002, 20 (4), pp 9–13. This article looks at nanotechnology that uses empty viral capsules (capsids) to manufacture specific molecules within another cell such as a yeast or bacterial cell (E. coli) through genetic coding (RNA). They can also be used to create specific non-biological molecules such as those that can be used in nano-scale transistors (specific structure that can produce the “on” and “off” switches of transistors).

Rosenthal, A. Nanomotors, ChemMatters 2006, 24 (2), pp 18–19. This article describes the operation of naturally occurring nanomotors (think of single cell organisms propelled by a flagella) and the design and construction of non-biological (synthetic) nanomotors that can be used to deliver specific chemicals for medical treatment within the human body.

____________________

An article that discusses all aspects of graphene is found in Scientific American: Geim,A.K; Kim, P. Carbon Wonderland, Scientific American, April 2008, 299, pp 90–97. Included in the article is a description of how to produce single layers of graphene (DIY), using the original technique of cellophane tape extraction. 
An interesting and detailed article that deals with nanosize machines and the important requirement that they have a source of power is found in Scientific American: Wang,Z.L. Self-Powered Nanotech, Scientific American, January 2008, 298 (1), pp. 82–87. The interesting aspect of this article is the information as to how useful energy for locomotion can be generated through vibrations (including the human pulse), along with temperature differences that can be transformed into useable electricity through piezoelectric nanowires. Applications of these tiny devices could include their use as monitoring devices within the body as well as a battery that never needs to be replaced (such as its use in powering a pacemaker). 
A complementary article that elaborates on the powering of nanorobots is found in: Mallouk, T.E. and Ayusman, S. Powering Nanorobots, Scientific American, May 2009, 300 (5), pp. 72–77.
Web sites for Additional Information (Web-based information sources)
More sites on using graphene for desalination of water 

The use of graphene membranes for desalination of water is described, with video and diagrams of molecules at the graphene interface, at http://www.nanowerk.com/news/newsid=25780.php. The key in the design of these graphene-based membranes is to get the pores the correct size—not too large to let salt through and not too small to essentially block the transmission of the water. The membrane does not depend on reverse osmosis which requires an energy-dependent mechanical design. 
More sites on the sticky tape extraction of graphene

If you want to see how to do the sticky tape extraction of graphene, refer to the following Web sites: http://www.scientificamerican.com/slideshow.cfm?id=diy-graphene-how-to-make-carbon-layers-with-sticky-tape#1 and http://physicsworld.com/cws/article/multimedia/2011/sep/29/how-to-make-graphene.
More sites on carbon basics and graphene in particular

A video about carbon and the co-discoverers of graphene extraction with sticky tape is found at http://www.scientificamerican.com/article.cfm?id=graphene-material-marvel-video.
More sites on designing nano-scale robots for medical use

An article and a video that describe the design and application of nano-scale robots for delivering cancer-fighting chemicals can be found at http://harvardmagazine.com/2012/09/cancer-fighting-robots. These robots (images included in article) are constructed from protein and DNA molecules. 
More sites on techniques for weighing a single molecule or nanoparticle

Massing of a single molecule or nanoparticle is done through the use of nanoelectromechanical systems resonators. A description of this technique is found at http://www.scientificamerican.com/article.cfm?id=nems-resonator-nanoparticle-mass&WT.mc_id=SA_DD_20120830&WT.mc_id=SA_emailfriend. 
More sites on the nano scale

A government site, the National Technology Initiative, devoted to all things “nano-“, is found at http://www.nano.gov/nanotech-101/nanotechnology-facts.
More sites on graphene models 


An extensive collection of images of models of graphene molecules can be found at http://www.google.com/search?q=graphene&hl=en&client=firefox-a&hs=M2g&rls=org.mozilla:en-US:official&prmd=imvnsl&tbm=isch&tbo=u&source=univ&sa=X&ei=PpXxT7obwpTpAfadpdgG&ved=0CHQQsAQ&biw=1333&bih=702.

Another site with several drawings and a micrograph of graphene (along with text about graphene) is found at http://hplusmagazine.com/2010/05/03/graphene-next/.

More sites on buckyballs and fullerenes 


A comprehensive Web site about the history of discovering buckyballs and fullerenes is found at http://physicsworld.com/cws/article/print/1998/jan/01/carbon-nanotubes. Included in the article are descriptions of structure, making nanotubes, electronic properties, measurement of predicted properties of the carbon molecules, and the behavior of nanotubes in light.
More Web sites on Teacher Information and Lesson Plans (sites geared specifically to teachers)


A complete set of lessons (includes printable activities and Power Point presentations) on nano can be found at http://nanosense.org/activities.html. Topics covered include an introduction to the basics about size, interaction of light with matter (sunscreen at the nano scale), converting light to electricity (photovoltaics) and filtering to produce clean water using nanomaterials.


Another source of classroom activities about carbon with useful references can be found at http://mrsec.wisc.edu/Edetc/EExpo/carbon/FormsofCarbon_programguide.pdf. 

Diabetes: Tiny Particles to the Rescue
Background Information (teacher information)
More on diabetes type 1 and 2

Diabetes type I is a condition that is caused by the lack of functioning Islet cells of the pancreas that produce insulin. In most cases it is believed that a person’s immune system mistakenly attacks and destroys the Islet cells just as it would attack and destroy harmful bacteria and viruses. The cause for this may be genetic or possibly exposure to certain viruses. Without production of insulin, sugar that circulates in the blood stream is not able to enter the cells to be metabolized as a source of cellular energy. Diabetics therefore need to provide themselves with insulin on a regular basis.

Possible risk factors for type 1 diabetes include: 

· Viral exposure. Exposure to Epstein-Barr virus, coxsackievirus, mumps virus or cytomegalovirus may trigger the autoimmune destruction of the islet cells, or the virus may directly infect the islet cells.

· Low vitamin D levels. Research suggests that vitamin D may be protective against type 1 diabetes. However, early drinking of cow's milk—common source of vitamin D—has been linked to an increased risk of type 1 diabetes.

· Other dietary factors. Omega-3 fatty acids may offer some protection against type 1 diabetes. Drinking water that contains nitrates may increase the risk. Additionally, the timing of the introduction of cereal into a baby's diet may affect his or her risk of type 1 diabetes. One clinical trial found that between ages 3 and 7 months appears to be the optimal time for introducing cereal.
Some other possible risk factors include if your mother was younger than age 25 when she gave birth to you or if your mother had preeclampsia during pregnancy. Being born with jaundice is a potential risk factor, as is experiencing a respiratory infection just after you were born.
(http://www.mayoclinic.com/health/type-1-diabetes/DS00329/DSECTION=risk-factors)


Type 2 diabetes is a different situation. A person with this condition is still able to produce insulin but the body cells do not respond very well to the effect of insulin, that is, to facilitate the movement of sugar from the blood stream into the cell’s interior for metabolic processing into chemical energy through the respiration process. This condition is labeled as insulin resistance. There is also the situation where the pancreas simply does not produce enough insulin. It is not known just what causes type 2 diabetes but there are some known risk factors which include:

· Weight. Being overweight is a primary risk factor for type 2 diabetes. The more fatty tissue you have, the more resistant your cells become to insulin.

· Fat distribution. If your body stores fat primarily in your abdomen, your risk of type 2 diabetes is greater than if your body stores fat elsewhere, such as your hips and thighs.

· Inactivity. The less active you are, the greater your risk of type 2 diabetes. Physical activity helps you control your weight, uses up glucose as energy and makes your cells more sensitive to insulin.

· Family history. The risk of type 2 diabetes increases if your parent or sibling has type 2 diabetes.

· Race. Although it's unclear why, people of certain races — including blacks, Hispanics, American Indians and Asian-Americans — are more likely to develop type 2 diabetes than whites are.

· Age. The risk of type 2 diabetes increases as you get older, especially after age 45. That's probably because people tend to exercise less, lose muscle mass and gain weight as they age. But type 2 diabetes is also increasing dramatically among children, adolescents and younger adults.

· Prediabetes. Prediabetes is a condition in which your blood sugar level is higher than normal, but not high enough to be classified as type 2 diabetes. Left untreated, prediabetes often progresses to type 2 diabetes.

· Gestational diabetes. If you developed gestational diabetes when you were pregnant, your risk of developing type 2 diabetes later increases. If you gave birth to a baby weighing more than 9 pounds (4.1 kilograms), you're also at risk of type 2 diabetes
(http://www.mayoclinic.com/health/type-2-diabetes/DS00585/DSECTION=risk-factors) 

More on fat and diabetes

When sugar (glucose) accumulates beyond what is needed by the body cells, it is converted into fat. Because there is some link between overweight (obese) individuals and the occurrence of type 2 diabetes, there is the start of an insidious metabolic cycle! Less insulin means more blood sugar which in turn means the conversion of this sugar into a storage form which is fat. In normal circumstances, the body automatically converts excess sugar into fat because fat is more than six times as efficient as a carbohydrate (e.g., starch, used in plants) for energy storage. That is, the same amount of stored energy in the form of carbohydrate would result in more than six times as much weight for an organism to carry around. Because fats are more highly reduced than carbohydrates—that is fats contain more C-H bonds—nearly 25 percent more ATP (the molecular storage form for the usable chemical energy “transferred” from a glucose molecule) is produced for each carbon atom of fat oxidized compared with an oxidized carbon atom of glucose.

A second interesting “fact” associated with the biological/chemical choice of fat over carbohydrate for storage is that fat weighs considerably less per carbon atom stored than carbohydrate. A six-carbon sugar such as glucose has a molecular weight of 180. A six-carbon fragment of fat has a molecular weight of about 100. Therefore 1 g of fat contains nearly twice as many oxidizable carbon atoms as 1 g of carbohydrate.

Third, stored carbohydrate holds water whereas stored fat does not. Because fat is so hydrophobic, fat deposits are almost totally devoid of water. In contrast, carbohydrate molecules hold water on their surface through hydrogen bonds. This is added weight for an animal to carry and is not an energy source.
Even so, when carbohydrate in the body is in excess, it is converted to fat which of course adds weight. If, in fact, a “normal person” (the famous average person of 70 kg) has about 11 kg of fat (15% of body weight), this would be enough to keep that person alive for a month without eating. The same amount of energy stored in starch (as in a plant) would double that person’s weight! So, you can see why plants don’t move around! (Of course, they secure their energy through the photosynthetic process and store excess as starch.)

More on raising and lowering blood glucose levels

The body needs a constant supply of glucose for cellular energy production in the form of adenosine triphosphate (ATP). There is a feedback mechanism involving the liver, the pancreas and target areas of muscle and adipose (fat) tissue. The pancreatic islet cells (known as the islets of Langerhans) produce both hormones of insulin as well as glucagon. Insulin is produced and secreted in response to elevated blood sugar levels which in turn lowers blood sugar levels through the action of insulin on the cell membrane that allows the sugar to enter the cell. Glucagon is produced and secreted in response to a drop in blood glucose and stimulates processes that elevate blood glucose levels. After a person consumes food, insulin stimulates cells in the liver to synthesize the molecule glycogen (the storage polymer made from glucose molecules, equivalent to starch in a plant) which, in turn, reduces the level of glucose in the blood. In adipose (fat) tissue, insulin stimulates cells to take up glucose that is converted to fat, which is stored in the tissue for later use to supply glucose to the brain. Again this lowers the glucose levels in the blood. When blood glucose levels drop, this stimulates the release of glucagon from the pancreas as well as another hormone, epinephrine, from the adrenal gland. These two hormones stimulate the splitting of glycogen into glucose molecules, which raise glucose levels in the blood. So the two mechanisms for raising and lowering blood sugar levels are complementary, like a seesaw! The changes in blood sugar levels provide a feedback mechanism to the organs that are responsible for producing the various hormones that are associated with the lowering and raising of blood sugar levels, as described.
More on nanoparticles and nanomedicine

Nanoparticles can be complicated constructs, depending on their application. In the medical realm, there are three categories, including particles that deliver medicines for treatment, particles that can act as detectors or highlighters for a particular type of cell, and particles that can be used to destroy cells through heating.

The use of nanoparticles is of great interest in treating cancer because the nanoparticles can deliver chemicals directly to the cancerous cells, essentially eliminating the problem of affecting healthy tissue cells which occurs with current systemic medicine which circulates throughout a person’s body killing healthy and cancerous cells. One technique involves creating a nanoparticle that is a string of molecules with different functions—for example, holding and releasing the chemotherapy, hiding the nanoparticle from the immune system (so as not to be destroyed) or binding to tumor cells. The nanoparticle string that is created is then dropped into a water-solvent solution containing the specific chemotherapy drugs of choice. Since some of the molecules in the string are repelled by water (hydrophobic) and some mix with water (hydrophilic), the nanoparticle folds in on itself and around the drug in a predictable, reproducible fashion, creating the final product.

A specific example of an engineered nanoparticle that uses the immune system to combat cancer cells is illustrated below:
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“This illustration depicts the nanolipogel (NLG), developed at Yale University with NSF support, administering its immunotherapy cargo. The NLGs are nanoscale, hollow, biodegradable spheres, each one capable of accommodating large quantities of chemically diverse molecules. The light-blue spheres within the blood vessels and the cutaway sphere in the foreground are the nanolipogels (NLGs). As the NLGs break down, they release IL-2 (the green specks), which helps recruit and activate a body's immune response (the purple, sphere-like cells). The tiny, bright blue spheres are the additional treatment, a cancer drug that inhibits TGF-beta (one of the cancer's defense chemicals). Credit: Nicolle Rager Fuller, NSF” 
(from http://www.rdmag.com/News/2012/07/Life-Science-Biotechnology-Drug-Delivery-Cancer-delivery-technique-may-solve-combined-drug-therapy-puzzle/)

Another approach uses what are known as nanoshells that contain antibodies that are specific to a particular type of cancer cell. When there is a match between the antibody and the cancer cell (the antigen), the nanoshell links up with the cancer cell. The nanoshell also is capable of absorbing near-infrared light which will kill the cancer cell once exposed. Nearby healthy cells are not affected. A video that illustrates this approach as well as the use of dendrimers is found at http://nano.cancer.gov/learn/understanding/video_journey.asp. 
Dendrimers are branching polymers at the nanoscale and are being developed for delivering anti-cancer drugs. Dendrimers consist of a core molecule and alternating layers of two monomers. Each pair of monomer layers completes a shell and a generation. The core generally consists of an amine core, although sugars and other molecules can be used.
Detailed information can be found at http://www.nano.med.umich.edu/Platforms/Cancer-Cell-Targeted-Drug-Delivery-In-Vitro.html and http://www.nano.med.umich.edu/Platforms/Dendrimers-Introduction.html. There are many good diagrams and microscopic pictures of dendrimers at this site, showing how they function in targeting cancer cells.

For an informative series of slides (27) on the basics of synthesizing dendrimers—their function as drug-delivery systems and useful diagrams showing the dendrimer positions in cell structure—can be found at http://www.authorstream.com/Presentation/aSGuest121878-1278563-soumya-dendrimers-in-drug-delivery-hhj/. 

More on the use of stem cells for replacing pancreatic beta cells 

Rather than using nanoparticles to deal with the autoimmune aspects of type 1 diabetes, many researchers remain focused on replacing beta islet cells of the pancreas through the use of stem cells and genetically engineered cells to replace the defunct beta cells. The historically important Edmonton Protocol of 2000 detailed the procedure for transferring islets…”In an experimental procedure called islet transplantation, islets are taken from the pancreas of a deceased organ donor. The islets are purified, processed, and transferred into another person. Once implanted, the beta cells in these islets begin to make and release insulin. Researchers hope that islet transplantation will help people with type 1 diabetes live without daily injections of insulin.” (http://diabetes.niddk.nih.gov/dm/pubs/pancreaticislet/) The Edmonton protocol introduced the use of a new combination of immunosuppressive drugs, also called anti-rejection drugs.
Another approach is to create stem cells from tissue cells such as skin and reprogram them to become islet cells, and then transfer them into a diabetic patient. “[Dr. Meri] Firpo, an assistant professor in the Stem Cell Institute and the Division of Endocrinology and Diabetes, has launched a promising cure-focused research tack using iPS cells (induced Pluripotent Stem cells) to study type 1 diabetes. Using skin cells, she is creating iPS cells that have been reprogrammed to “forget” they once were skin. (Skin cells are abundant and easy to obtain. When their identity as skin is wiped away, they’re like blank slates.)

Then she’s prompting those iPS cells to develop into insulin-producing beta cells, the same pancreatic cells that are destroyed in people with type 1 diabetes.” (http://www.mmf.umn.edu/diabetes/did/2009/scientists.cfm )
Because these skin cells would be coming from the diabetic patient, reintroducing them into the same patient would mean there would not be the problem of rejection, as occurs in the Edmonton Protocol procedure (which requires the use of immune-suppressing drugs). 

Another approach is to reprogram liver cells backwards a few “steps” to become pancreatic islet cells capable of producing insulin.
And at the Harvard Stem Cell institute, research suggests that it is possible to reprogram pancreatic cells into islet cells rather than starting with embryonic stem cells. (Refer to Web site of Harvard Stem Cell institute at http://www.hsci.harvard.edu/research/diabetes-program.) The technique, applied to mice, involves viruses and subsequent transfer of DNA. “The researchers targeted specific pancreatic cells in adult mice. These cells derive from the same area of the pancreas as β-cells, the cells that make and release insulin in the body. The researchers injected a virus carrying nine embryonic genes into the pancreas of two-month-old adult mice. The virus then ‘infected’ the pancreatic cells and delivered the embryonic genes into the cell. The nine genes are known make proteins called transcription factors that, in this case, interpret DNA and are involved in the development of β-cells. The researchers hoped that introducing these genes, and therefore the transcription factors, into adult cells would lead to reprogramming of target cells and would convert them to insulin production.” (http://www.nhs.uk/news/2008/08August/Pages/Cellreprogrammingfordiabetes.aspx) 

They later determined that only three of the nine genes are needed for the transformation. The new islet cells were able to produce insulin but not at the normal levels, in part because the cells were not organized into normal bundle arrangements. It is not clear what needs to be done to overcome this problem. But the fact that one does not have to use stem cells to arrive at beta cells eliminates a major obstacle in producing beta cells from other pancreatic cells. 
Connections to Chemistry Concepts (for correlation to course curriculum)
1. Protein (polypeptide)—These large biological structures, synthesized from linking amino acids through peptide bonds, produce a very large collection of molecules that provide a number of important biological functions including transport and storage, catalysis, motion, information transmission, genetic information, and formation of structural tissues.

2. Amino acid—Because of the amine group (-NH2) and the carboxyl group (-COOH) attached to a central carbon atom in the amino acid molecule, amino acids can link up to each other to form a long chain or polymer through covalent bonding. A carboxyl group in one amino acid and an amine group in a second amino acid react to form the covalent bond, splitting out a molecule of water. With twenty one essential amino acids, the combinations of these amino acids can produce many different large molecules (known as polypeptides or proteins) that serve many different biological functions including structure and catalysis, among others. 

3. Hormone—Lipid-based steroids, protein, peptide, and modified amino acids all qualify as basic hormone structures. Various glands in the human body produce the specific hormone molecule that stimulates a receptor site (target cells) in another organ, stimulates that structure to become active in its role to provide a specific chemical that can regulate biochemical functions—from sexual characteristics to control of salt concentrations in the blood through kidney activity.

4. Ketone—Besides their being solvent molecules, ketones also show up in metabolic disease as a breakdown (catabolic) product that may be undesirable. As mentioned in Baxter’s article, an untreated diabetic condition can produce ketones in the blood from the breakdown of fats rather than sugars for energy. Likewise, a genetic condition called phenylketonuria is caused by the buildup of an amino acid, phenylalanine, because of a lack of a specific enzyme, phenylalanine hydroxylase, to change the amino acid to tyrosine. The phenylalanine in turn becomes a phenylpyruvate, a ketone which is detrimental to body cells, particularly in the brain. 

5. Organic compound—Any chemical that contains carbon (except carbon monoxide, carbon dioxide and metal carbonates) is considered an organic compound. Because of the bonding based on the carbon atom, organic compounds have an almost infinite number of configurations with important “functional” groups attached. The size of the molecules of organic compounds is wide-ranging. It is thought that a truck tire of synthetic or natural rubber, an organic polymer, is a single molecule!

6. Vaccine—Vaccines are injectable substances that contain dead or inactivated disease organisms (bacteria and viruses) or purified products derived from them. Often it is the protein portion of an extract that is used to stimulate production of antibodies in an organism, which in turn “programs” the immunity system to recognize the disease organism in the future. Reaction of the immune system results in the production of antibodies and associated substances (T-cells, β-cells, other lymphocytes). These reactions are specific to particular protein structures.

7. Exothermic reaction—In human metabolism, sugar’s (glucose) potential energy is converted to usable energy to do work (as in cellular activities such as movement of chemicals [active transport] and cell motion). This is an exothermic reaction but without large amounts of heat generation because of the efficiency of the cellular system. The efficiency is dependent on enzymes (catalysts).
Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “Diabetes can be contracted through the consumption of too much sugar.” One has to distinguish between type 1 and type 2 diabetes. In type 1 diabetes, the condition develops because not enough insulin is produced by a diabetic. It has nothing to do with eating too much sugar in various foods. On the other hand, people with type 2 diabetes may actually produce the diabetic condition because they have, over a period of time, consumed too many calories, whether they are from sugar or other high caloric foods which in turn develops into obesity and type 2 diabetes. 
2. “Diabetes can be treated only through injecting insulin.” Again, one has to distinguish between type 1 and type 2 diabetes. Type 1 diabetes is treated (controlled) through daily injections of insulin. For people who develop type 2 diabetes, it is possible to reverse the condition through weight loss and control (amounts and type) of food intake along with exercise. Drugs other than insulin are used to try to reverse the condition in which the body’s cells are unresponsive to insulin itself.
Anticipating Student Questions (answers to questions students might ask in class)
1. “Why would a person’s body react to its own body cells?” There is no reliable answer. One avenue of research involves the cells of the thymus gland. Normally thymus gland cells “train” immune cells to recognize the body’s own cells and protect them from destruction. But in type 1 diabetes patients, this “education” doesn’t occur properly and the immune system sees the pancreatic beta cells as foreign. Research into the problem involves setting up complete systems in a lab dish containing the beta cells and thymus cells to see the interaction.
2. “Can nanoparticles, introduced into the body, create problems with the internal workings of a cell since the particles are small enough to pass through the cell membrane?” When research is first done with the use of nanoparticle delivery systems in an animal’s physiological system, it is done in animals other than humans in order to determine if the nano treatment is effective as well as not producing adverse effects from the particles themselves. Even so, what happens in a mouse may not be applicable to a human, including the negative effects of nanoparticles. Going the route of human application always carries some risk that has to be carefully monitored. 
3. “What is a stem cell?” A stem cell is a cell that is undifferentiated; that is, it has not become a specific type of cell such as a muscle cell, a blood cell or a bone cell. As such, stem cells can be made to become a specific type of cell. This is particularly useful in creating a volume of cells to replace body cells that have been damaged or destroyed for whatever reason. But there are issues with finding a reliable and plentiful source of these stem cells. There are legal and ethical issues. But in recent times, researchers have found that they can reprogram the DNA of tissue cells (skin, liver, and pancreas) to become some other type of cell, including the important pancreatic beta cells. Additional basic information can be found at http://stemcells.nih.gov/info/basics/. 

4. “How is the immune response used to treat cancer?” One approach is to construct certain nanoparticles that, when injected into an animal with tumors, increase the number of T-cells from the immune system to attack cancer cells. But there is also the need to provide certain drugs that prevent the cancer cells from suppressing the functioning of the T-cells. Another approach is to use nanoparticles that contain an anti-cancer drug but that recognize a cancer cell (the basis of an immune response), attach to the cancer cell and deliver the toxic dose of chemical. The nanoparticle and the cancer cell have a physical “match” based on surface characteristics—a type of “lock-and-key” design, which again is the basis for the operation of an immune system. An antigen (foreign particle) is recognized by an antibody such as a T-cell and subsequently is destroyed. As mentioned, type 1 diabetes occurs because certain T-cells of the immune system do not recognize the beta cells of the pancreas as “friendly” and react to those cells as if an antigen or foreign body that needs to be destroyed.
5. “What is a nano vaccine?” One example of a nano vaccine consists of concentric fatty spheres that can carry synthetic versions of proteins normally produced by viruses. These synthetic particles (an antigen) elicit a strong immune response—comparable to that produced by live virus vaccines. These nano vaccines could be used against cancer as well as HIV. 
In-class Activities (lesson ideas, including labs & demonstrations)
1. Since there is much talk about obesity and high calorie consumption, a lab activity using a water-based calorimeter can be used by students to measure (through calculations) and compare the heat content (calories or joules) of various foods. Examples of some calorimetry labs include: http://www.rocklin.k12.ca.us/staff/lbrun/chemweb/Unit_9/Calorimetry_lab_2010.pdf , http://www.nohum.k12.ca.us/ahs/ebridge/images/uploads/larmin/Calorimetry_Lab_lah.pdf, and, using lab probes (ex. LabQuest), http://www.uri.edu/cels/bio/wetherbee/bio105/lab2.pdf. This last reference has good background information even if you do not use the electronic approach to this lab procedure.

2. Clinistix (http://www.glucosemeters4u.com/Clinistix.htm), used to test for sugar in urine, can be purchased at a pharmacy without prescription. The chemistry behind the commercial product can be found at http://diabetes.blurtit.com/q247030.html. Students can test sugar solutions that contain different carbohydrates, since the Clinistix tests positive only for glucose. These different solutions could include glucose, table sugar (sucrose), honey (a mix of fructose and glucose) and corn syrup. Pure corn syrup is only glucose but store-bought high fructose corn syrup (HFCS) contains both glucose and fructose. 

The history and chemistry behind the development of the Clinistix concept can be found at the American Chemical Society (ACS) Web site: http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=924&content_id=CNBP_024748&use_sec=true&sec_url_var=region1&__uuid=1026236b-0c47-4d9d-9a83-752898ad6ae0. The principle investigators were Helen and Alfred Free. Their work is described in the ACS Web site above by Helen Free (for which there is an ACS award in her name called the Helen M. Free Award in Public Outreach). The test for sugar in the urine is not useful for diabetics except to indirectly determine that their blood sugar levels are too high, causing sugar to be excreted into the urine. For normal levels of blood sugar, the sugar does not show up in the urine. Blood sugar and insulin levels in diabetics are determined through blood analysis, which can be done by the patient using electronic devices. A complete description of the blood tests for diabetics can be found at http://www.nlm.nih.gov/medlineplus/ency/article/003581.htm.

3. Students can test for sugar using the Benedicts test they probably learned about in biology class. It is a test that people with diabetes used to use to test their urine, before better tests came along. A procedure for the experiment, along with a video (that could be used as a demonstration if you don’t want to do this as a student experiment), can be found at http://www.brilliantbiologystudent.com/benedict-s_test_reducing_sugar.html. The explanation of the chemistry of the reaction at this site leaves a bit to be desired, so you can find a more detailed description of the chemistry here: http://www.biosci.ohiou.edu/introbioslab/Bios170/170_2/benedict.htm.
Out-of-class Activities and Projects (student research, class projects)
1. The whole topic of diabetes in young people, particularly type 2, is worth pursuing with student presentations in class. Of importance would be teenage diet and an understanding of different sources of calories from food categories (fats, proteins, carbohydrates). Understanding body metabolism as it relates to converting food to useful energy can fit into the chemistry program, illustrating the basics of exothermic reactions which, in a cellular system, produce very little heat compared with non-biological combustion because of the efficient energy conversions of biological systems. 
2. The fructose vs. sucrose debate—is fructose consumption, calorie for calorie, any different than sucrose or glucose? What is different, if anything? Is a calorie a calorie, regardless of the source? What is the commercial source of fructose? What is the source of sucrose? Does fructose in a bottle contain other chemicals besides fructose? Are they related to weight gain? What about sucrose? Some useful Web sites for the debate include http://mobile.eatingwell.com/nutrition_health/nutrition_news_information/whats_so_bad_about_high_fructose_corn_syrup?page=2, 
http://www.mayoclinic.com/health/high-fructose-corn-syrup/AN01588,
http://www.ajcn.org/content/88/6/1716S.long and 
http://www.ama-assn.org/ama1/pub/upload/mm/443/csaph3a08-summary.pdf. The latter two references are more scientific. They can be compared with the first two references by students in terms of what they think might be undocumented or hearsay (anecdotal) evidence. 
The basic chemistry of fructose and glucose can be found at http://blogs.scientificamerican.com/scicurious-brain/2011/08/23/high-fructose-corn-syrup-much-maligned-or-the-devils-food-cake/ and http://scientopia.org/blogs/scicurious/2009/03/30/hfcs-the-good-the-bad-and-the-sinfully-sweet/
3. Students could study the history behind the research to determine the molecular structure of insulin and its subsequent synthesis to replace insulin from animal sources. Students could research the history of determining that the pancreas and insulin secretion were related to the diabetic condition. A primary reference to the work of Frederick Banting and Charles Best which won a Nobel Prize in Physiology/Medicine (1923) is found at http://www.nobelprize.org/educational/medicine/insulin/discovery-insulin.html. It provides information about the way in which Banting and Best carried out their experiments in the days long before computers! It also provides a lesson for students in experiment design. Another reference about this work is from the Chemical Heritage Foundation: Bowden M E, Crow, A. B., and Sullivan, T. Pharmaceutical Achievers, 2003, pp.52–56. This reference (can be purchased on line at Amazon.com) contains an extensive history of the work of Banting and Best.

4. Another research project could be to learn about the history and techniques for determining the three dimensional molecular structure of insulin (the work of Dorothy Crowfoot Hodgkin using X-ray crystallography) and its eventual synthesis through recombinant DNA techniques. Hodgkin’s work followed the research of Frederick Sanger who determined the order of the 51 amino acids in insulin. 

A very informative series of notes and visuals about the use of recombinant DNA to synthesize human insulin is found at http://download.fa.itb.ac.id/filenya/Handout%20Kuliah/Drug%20Biosynthesis/Synthesis%20of%20Human%20insulin.pdf. 

Another useful outline of the procedures for synthesizing insulin is found at http://www.biologyguide.net/cells/gene_technology.htm. 

The original announcement (1978) about the synthesis of insulin by Genentech is found at http://www.gene.com/gene/news/press-releases/display.do?method=detail&id=4160. The most detailed presentation of DNA recombinant technology in the synthesis of human insulin is found at http://www.littletree.com.au/dna.htm. The diagram below of insulin synthesis by recombinant DNA comes from http://www.usermeds.com/medications/insulin-recombinant-purified-human. 
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Carroll, R. Abnormal Insulin, ChemMatters 1988, 6 (1), pp 16–19. This article contains a case history of a person with abnormal insulin and the process, through recombinant DNA, to custom-make normal insulin for the patient.

Brownlee, C. Lab on a Stick. ChemMatters 2004, 22 (3), pp 9–12. This article recounts the history of Helen Free’s pioneer research to develop a paper-based chemical detection “stick” (called a Clinistik) for measuring sugar in the urine, a sign of diabetes. Currently, an electronic device is able to measure insulin and sugar levels in a diabetic’s blood. 

Teacher’s Guide, ChemMatters 2006, 24 (4), pp 23–24. This portion of the Teacher’s Guide provides the chemistry behind the two disaccharides, sucrose and fructose. The background includes the changes to these two sugars in the digestive system. It also discusses the chemistry behind the commercial process for producing high fructose corn syrup (HFCS) from the sucrose and fructose found in corn starch.
____________________


A good reference on the history of chemists instrumental in developing important pharmaceuticals can be found in Bowden M. E., Crow, A. B., and Sullivan, T. Pharmaceutical Achievers, 2003. This book, which is a useful reference for a teacher, can be purchased or possibly found at a public or university library. Purchase information from Amazon.com is found at http://www.amazon.com/Pharmaceutical-Achievers-Human-Face-Research/dp/0941901300/ref=sr_1_1?ie=UTF8&qid=1345128249&sr=8-1&keywords=Pharmaceutical+Achievers+book . As mentioned previously (under Out-of-class Activities and Projects), you can find in this particular publication the history behind the work of Frederick Banting and Charles Best who first determined that the pancreas and insulin secretion were related to the diabetic condition. (pp 52–56) 

Another reference, in Scientific American, discusses the process for reprogramming cells to give them the therapeutic power of embryonic stem cells (known as induced pluripotent stem cells or iPSC) for becoming, among other things, pancreatic beta cells. The iPSC could also be designed to form cells with a diseased condition that could then be used to test drugs of interest against that particular disease, all of this done in vitro rather than in vivo. Another use for these iPSC cells would be to produce a specific type of healthy cell that would replace diseased cells in a person; e.g., replacing damaged nerve cells or progenitor blood cells genetically corrected to replace sickle cell anemia cells. The reference is Hochedlinger, K., Your Inner Healers, Scientific American 2010, 302 (5), pp 46–53.
Web sites for Additional Information (Web-based information sources)
More sites on the nanoscale 

A ready- to- use series of good visuals for the classroom about the nanoscale can be found at http://www.nih.gov/science/nanotechnology/pub_NANO_brochure.pdf and 

http://www.nano.gov/sites/default/files/pub_resource/nanotechnology_bigthingsfromatinyworld-print.pdf.

More sites on nanosystems for treating cancer

This government Web site has a variety of short articles and visuals dealing with nano systems for treating cancer. It is a good basic resource. (http://nano.cancer.gov/learn/understanding/tools.asp)

A second site that provides a video to show how nanotechnology is used to deliver treatment is found at http://nano.cancer.gov/learn/understanding/video_journey.asp. 


Additional information on developing nanoparticles for delivering cancer drugs can be found at http://www.rdmag.com/News/2012/07/Life-Science-Biotechnology-Drug-Delivery-Cancer-delivery-technique-may-solve-combined-drug-therapy-puzzle/.
More sites on recombinant DNA to synthesize insulin


For the basics on the use of recombinant DNA to synthesize insulin, check out http://download.fa.itb.ac.id/filenya/Handout%20Kuliah/Drug%20Biosynthesis/Synthesis%20of%20Human%20insulin.pdf. 
More sites on insulin resistance and prediabetes 

A comprehensive site by the National Diabetes Information Clearinghouse (NDIC) that deals with all aspects of insulin resistance including risk factors for prediabetes and type 2 diabetes is found at http://diabetes.niddk.nih.gov/dm/pubs/insulinresistance/.
More sites on all aspects of diabetes

A very comprehensive Web site concerning all aspects of diabetes (type 1 and type 2 link), including symptoms, signs and tests, treatments, complications and expectations (prognosis) can be found at http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001350/. 

Similar types of Web sites on diabetes can be found at http://www.medicinenet.com/diabetes_mellitus/article.htm , http://diabetes.niddk.nih.gov/dm/pubs/medicines_ez/index.aspx, and 

http://www2.niddk.nih.gov/.
More sites on enhanced immune responses through nanoparticles 


A published paper from the Howard Hughes Medical Institute at http://www.hhmi.org/news/irvine20100815.html describes research into producing therapeutic cells (implanted cells for treating cancer and HIV) that can contain nanoparticles that enhance the effectiveness of these therapeutic cells. For instance, they could carry nanoparticles that contain interleukin which, in turn, stimulates higher levels of immune-based T-cells that can destroy specific diseased cells such as cancer or HIV virus. 
More sites on autoimmune diseases 


A basic reference on autoimmune diseases (which include type 1 diabetes) that includes a basic fact sheet and a chart showing the symptoms of diabetes and other autoimmune diseases can be found at http://womenshealth.gov/publications/our-publications/fact-sheet/autoimmune-diseases.cfm.
More sites on stem cells 


Two Power Point presentations on the basics of both stem cells and stem cells used in the treatment of type 1 diabetes can be accessed and downloaded from this site: http://www.hhmi.org/find/search?sitesearch=&cmd=keyword-search&oe=UTF-8&ie=UTF-8&proxyreload=1&site=WWW&keyword=&client=WWW&proxystylesheet=WWW&output=xml_no_dtd&q=www.hhmi.org%2Fbiointeractive%2Factivities%2Fstemcells%2F&x=44&y=14.
(Un)Stuck on You
Background Information (teacher information)

More on fabric softeners
Even if they don’t regularly use it themselves, students may already be familiar with fabric softener brands, such as Downy, or Snuggle, with its memorable “Snuggle bear” mascot from television commercials. Using fabric softeners while laundering can serve several purposes simultaneously: 1) give fabric a softer feel, 2) reduce static cling, and 3) give fabric a particular fragrance.

Fabric softeners can be delivered to the fabric in different ways. The main way has been to add liquid fabric softener to the wash cycle after the detergent has been rinsed out. This is because the majority of detergents are anionic, while fabric softeners are cationic. Mixing the two together forms insoluble complexes (McCoy, M. Soaps and Detergents. C & E News, Jan. 30, 2006, volume 84, number 5, pp 13–19). Washing machines today commonly have a separate dispenser for fabric softener, so the user can add fabric softener when starting the load and have the machine release it at the proper time. Previously one had to come back to the machine at the proper time to add the fabric softener. For washing machines without such a feature, companies have manufactured products that serve the same purpose. For example, one can purchase a “Downy ball”. Fabric softener is poured into the ball, which is then sealed and placed in with the laundry. The ball opens and releases the softener during the rinse cycle. Another popular way to deliver fabric softener is through the use of dryer sheets. The sheets are usually made from “a nonwoven polyester material coated with a softening agent that has a long hydrophobic chain. … During tumble drying, the coating containing the softener melts and the compounds get transferred onto the fabrics being dried” (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html). This particular delivery method brings in the idea of melting point. If the melting point of the softener on the sheets is too low, it would not remain solid at room temperature and would be sticky in the box. It needs to have a high enough melting point to only be released in the drier (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html). “Softergents” are another option; a Tide product with Downy fabric softener was released in 2004 and overcame the difficulties of bringing together the two types of products. The patented product is described: “Polymers and enzymes are used to create a ‘cleaning chassis’ that is compatible with the softener system” (http://pubs.acs.org/isubscribe/journals/cen/84/i05/html/8405cleaning.html).

The Handbook of Detergents, Part E: Applications discusses the chemicals most often used: “Fabric softening agents most commonly used by the detergent industry are nitrogen-containing cationic compounds with two long-chain hydrophobic alkyl groups. The alkyl groups are usually from tallow fatty acids or triglycerides with a high C16–C18 alkyl content. Cationics of the quaternary ammonium and imidazolinium type are the preferred materials” (p 183). Additional ingredients are included, such as an emulsifier, fragrance, and color. The emulsifier is needed because “The conditioning ingredients used in fabric softeners are not typically soluble in water because of their oily nature. Therefore, another type of chemical, known as an emulsifier, must be added to the formula to form a stable mixture. Without emulsifiers the softener liquid would separate into two phases, much like an oil and vinegar salad dressing does” (http://www.madehow.com/Volume-7/Fabric-Softener.html).

More on fibers and fabrics

The Heiss article discusses the work garment manufacturers have done to impart more permanent antistatic properties to fabric used for clothing. The most successful work has been done on the level of the fibers. A more complete definition of a fiber is found at the “Fiber and Fabric” site http://www.42explore.com/fibers.htm: “Fiber is a hairlike strand of material. It is a substance that is extremely long in relation to its width, at least 100 times longer than it is wide. A fiber is the smallest visible unit of any textile product. Fibers are flexible and may be spun into yarn and made into fabrics.” Fibers can be broken down into two major categories: natural, consisting of animal and plant fibers, and manufactured. Manufactured fibers include synthetic, or man-made fibers, along with regenerated fibers, which are “made from natural materials by processing these materials to form a fiber structure” (http://www.42explore.com/fibers.htm). Several examples of natural plant fibers are cotton, hemp, linen, and ramie; several natural animal fibers are cashmere, mohair, silk, and wool. Examples of manufactured fibers are acetate, acrylic, lyocell, nylon, polyester, rayon, and spandex. Information on the characteristics and uses of each of these and other fibers and is available at http://www.fabriclink.com/university/char.cfm.

A comparison of fabric made with natural fibers versus fabric made with manufactured fibers shows that each type has advantages and disadvantages. The paper “Applications and Future of Nanotechnology in Textiles” (http://www.freewebs.com/jayaram-co/doc/nanocot.pdf) compares natural cotton fabric to man-made fibers:

…cotton fabrics provide desirable comfort properties such as absorbency, breathability and softness. However, their applications often are limited due to their inferior strength, durability, crease resistance, dirt resistance, and flame resistance. Contrary to that, the fabrics made with synthetic fibers generally are very strong, crease resistant and dirt resistant, but they lack the comfort properties of cotton fabrics. The intention here is to demonstrate that the advancement of nanotechnology brings the possibility of developing next-generation cotton-based fabrics that could complement the advantages of cotton and man-made fibers (p 2498).
The paper, from 2006, goes on to describe advances in fabric finishes, including antistatic, wrinkle-free, stain resistant, and oil repellent treatments. It even mentions a fabric treatment of “‘nanobeads’ to carry bioactive or anti-biological agents, drugs, pharmaceuticals, sunblocks, and even textile dyes”.

More on nanotextiles


Typical treatments to fabric to provide effects such as a reduction in static are often only temporary. For example, one would need to continue to use fabric softener either in the washer or dryer, since the materials that make the fabric feel softer and give an antistatic effect eventually wear off or are washed off. The properties of nanoparticles make them a good choice to provide a more permanent effect without affecting desirable properties of the fabric. “Nanotechnology can provide high durability for fabrics, because nano-particles have a large surface area-to-volume ratio and high surface energy, thus presenting better affinity for fabrics and leading to an increase in durability of the function. In addition, a coating of nano-particles on fabrics will not affect their breathability or hand feel” (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf).

The Heiss article highlights the use of carbon nanotubes to provide antistatic properties. Other nanoparticles are also able to give synthetic fibers these properties. Some of the specific nanoparticles are nano-sized titanium dioxide, zinc oxide whiskers, nano antimony-doped tin oxide, and silane nanosol. “[They] provide anti-static effects because they are electrically conductive materials. Such material helps to effectively dissipate the static charge which is accumulated on the fabric. On the other hand, silane nanosol improves antistatic properties, as the silane gel particles on fibre absorb water and moisture in the air by amino and hydroxyl groups and bound water.” (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)

Whatever the substance being used to change the properties of fibers or fabrics, there are different ways that it can be added or integrated:

The key difference among them is whether synthetic nanoparticles are integrated into the fibres or the textile, or are applied as a coating on the surface, and/or whether nanoparticles are added to the nanoscale fibres or coating. However, information about manufacturing methods, the nanomaterials themselves and the quantities used, as well as the "life cycle" of the "nano-treated" textile for sale is largely unavailable to the consumer.  
In principle a distinction has to be made as to whether the manufacturing process involves the use of nanoparticles or whether it uses nanostructures (nanometer-thin fibres, nanoporous fibres) without synthetic nanoparticles. Nanoparticles can be introduced into a synthetic material (polymer) and fibres can then be spun from the resulting nanocomposite material, which have a nanoscale, or larger, diameter. Nanometer-thin fibres can however also be manufactured from synthetic material or cellulose without synthetic nanoparticles. In this case the term nanofibre is used to refer to the tiny diameter of the fibres.
A further possibility is the so-called "refining" of chemical and natural fibres by which nanoparticles themselves are either bonded to the fibre surfaces or are embedded in a coating on them. However, textiles and fibres can also be refined by means of nanoscale metal or polymer coatings, produced by immersion, spraying or plasma processes which do not contain synthetic nanoparticles. As in the case of fibre manufacture "nano" is used in this instance to refer to the nanoscaling of the coating. 
(http://www.nanowerk.com/spotlight/spotid=19451.php)


Nanotechnology can be used to give fabric several different desirable properties: water repellence, soil resistance, wrinkle resistance, antimicrobial, antibacterial, antistatic, UV protection, flame retardation, and improvement of dyeability. While the Heiss article focuses on antistatic properties, instructors may be interested in expanding to a discussion of the chemistry of how these other properties can be imparted to fabric. The chemistry of several of these properties is included in the paper “Selected Applications of Nanotechnology in Textiles”. For example, it describes one method of making a fabric water repellent:

Nano-Tex [a textile company] improves the water-repellent property of fabric by creating nano-whiskers, which are hydrocarbons and 1/1000 of the size of a typical cotton fibre, that are added to the fabric to create a peach fuzz effect without lowering the strength of cotton. The spaces between the whiskers on the fabric are smaller than the typical drop of water, but still larger than water molecules; water thus remains on the top of the whiskers and above the surface of the fabric. However, liquid can still pass through the fabric, if pressure is applied. The performance is permanent while maintaining breathability. (p 2) 


The future of nanotechnology applications to fabric stretches well beyond the realm of just making it easier for us to avoid static cling. The introduction of the Heiss article hinted at areas that could benefit from nanoparticle use: drug delivery, medical imaging, and house-cleaning products. Examples of potential future applications are listed as part of the article “Nano-Textiles Are Engineering a Safer World” (http://nanotextiles.human.cornell.edu/Nanotechnology in textiles - protective fibers.pdf), with at least some already being worked on:

· Supersensitive bio-filters made of fibers capable of filtering out viruses, bacteria, and hazardous particles and microorganisms.
· Nanolayers when applied to natural fibers showed certain properties and then these are made into protective clothing for firefighters, emergency responders, and military personnel that selectively blocks hazardous gases and minuscule contaminants but allows air and moisture to flow through.
· Fibers that control the movement of medicine to administer time released antibacterial and antiallergenic compounds; for example gloves that deliver arthritis medicine or antibacterial sheets in hospitals.
· Magnetic nanoparticles when embedded inside a garment or paper document to create a unique signature that can be scanned to detect counterfeit currency or fake passports.
· Sensors that could swab a food or surgical preparation surface to immediately detect the presence of hazardous bacteria.
· Biodegradable fibers saturated with time-released pesticides that could be planted with seeds as an alternative to spraying pesticides.
· Doilies, seat cushions, or wall hangings used in airplanes that would continually absorb particles or gases or other airborne biohazards.
Those interested in fashion are not left out either. Designers may be able to “control color in fabrics in a tunable fashion, without the use of dyes and while adding functionality” 

(http://nanotextiles.human.cornell.edu/nanotechnology in textiles - fashion.pdf). The Web site explains how this could be possible:
However, an additional benefit to creating conformal monolayers of nanoparticles over cotton or textile fibers is the presence of surface plasmons. These plasmons are strong optical extinctions that can be used to control color by manipulating the interaction of light with the coated material. This well known phenomenon is possible by tailoring the surface shape and size of the nanoparticles, thereby controlling the type of surface plasmons that can couple to and propagate across the modified textile. In other words, the assembly of nanoparticles over textile fibers offers the designer an in situ tunable palette of colors to choose from. … For example, if the designer desires to have a golden finish for his/her piece, Ag nanoparticles can be used to create a shiny metallic-yellow color while simultaneously imparting antibacterial properties to the clothing.
A nanotextile-based product that is being worked on that may be of interest to students is “Power Felt, which uses carbon nanotubes on a bed of plastic as conductors of electricity. The fabric feeds off warmth from the sun or your body heat” and would be able to charge electronic devices such as cell phones (http://www.businessinsider.com/power-felt-invented-by-david-carroll-2012-8).

A picture of a future filled with nanodevices is not necessarily all positive. With a rise in items that contain nanomaterials, there has been a call to examine the way that current regulations relate to these new fabrics and other products. For example, an October 2011 article in The Guardian mentions that we don’t necessarily know if fabrics “will actually shed stuff which is still able to cause harm in unconventional ways” (http://www.guardian.co.uk/nanotechnology-world/nanotextiles-fabric-laws-science-nanotechnology)

More on carbon nanotubes


Carbon nanotubes have been the subject of two previous ChemMatters articles in 2006 and 2009 (see References section below). The ChemMatters Teacher’s Guide for October 2009 uses an interesting description for students to visualize a nanotube by picturing a structure of chicken wire and a cut soccer ball:
On a large or macroscopic scale, imagine cutting a soccer ball in half – along its diameter. Then take a sheet of the material from which the soccer ball was made and roll just enough of the material into a tube or cylinder having the diameter of the original soccer ball. Carefully join the end of the tube to the half of the soccer ball. If done properly, the soccer ball will form a cap to a tube whose length can vary depending on the amount of material used. If chicken wire were used instead of the soccer ball material, the structure should look like a chicken-wire tube topped at one end with a chicken wire hemisphere. An enterprising student or group of students might consider creating such a structure out of chicken wire.

Now, instead of the soccer ball, substitute half of a C60 buckyball or fullerene molecule. Instead of the soccer ball material or chicken wire, substitute a sheet of graphene. Graphene, as discussed in another article in this issue of ChemMatters [October 2009], is a hexagonally bonded, single-layer sheet of carbon atoms. Roll a sheet of the graphene to create a tube having the diameter of the C60 molecule. Attach (bond) one end of the graphene tube to the half of the C60 molecule and one has made a carbon nanotube. It certainly is not visible to the naked eye as was the soccer ball structure. It takes a powerful electron microscope to allow one to actually view the nanotube.” (p 82)
The ChemMatters October 2009 article “Nanotechnology’s Big Impact” that corresponds with this Teacher’s Guide provides background on the features and properties of nanotubes:
A nanotube is basically a sheet of pure, carbon graphite rolled into a cylinder. … In an individual graphite layer, called graphene, carbon atoms form a series of six-sided hexagons next to one another. So, when a graphene sheet is rolled up to form a tube, the tube’s wall is made of carbon hexagons. The hexagons can be parallel to the axis of the tube or form a helix that winds along the tube.

A nanotube’s diameter and how the hexagons are arranged on the wall affect the way nanotubes conduct electricity. (p 15)
The February 2006 ChemMatters article “Super Fibers” contains additional information on carbon nanotube properties:

According to Matteo Pasquali, a chemical engineer at Rice University in Houston, TX, like every covalent network solid, every atom in a carbon nanotube shares electrons with its neighbors. Sometimes, this property gives them the ability to conduct electricity extremely efficiently. The tubes’ honeycomb lattice and cylindrical structure also allow them to channel heat effectively and retain their shape.

Carbon nanotubes conduct heat better than any known material and are many times stronger than any known fiber. Plus, they are extremely lightweight, making them perfect for adding these special qualities to other materials without adding extra pounds. (p 12)


The history of the discovery of carbon nanotubes is not entirely clear cut. The October 2009 ChemMatters Teacher’s Guide describes their potential discovery in the 1950’s.
The inability to view the carbon nanotubes without the availability of electron microscopes in use today provides the background when trying to determine the history of the carbon nanotubes. The history is not clear and has been the subject of much debate. As early as the 1950’s, Roger Bacon may have synthesized the nanotubes, but without an instrument to view them, he was not given credit for the original discovery. He was the first to describe a tube of atoms that could be capped by a buckyball.

The “National Historic Chemical Landmarks” portion of the American Chemical Society’s Web site provides a fascinating look at Bacon’s work (http://acswebcontent.acs.org/landmarks/landmarks/carbon/car3.html). (p 82)
Their discovery is most often attributed to Iijima and Ichihashi, based on their Nature paper in 1993 (http://www.nature.com/nature/journal/v363/n6430/abs/363603a0.html); a paper was also submitted independently just a month later by a team working at IBM. The history is still murky and debated; a 2006 guest editorial in the journal Carbon discusses at length potential answers to its title question “Who should be given the credit for the discovery of carbon nanotubes?” (http://nanotube.msu.edu/HSS/2006/1/2006-1.pdf).


One of the main obstacles to more widespread innovations using carbon nanotubes is the difficulty connected with producing large amounts of specific structures. The February 2006 “Super Fibers” article describes these difficulties and potential solutions:

…the tubes spontaneously arise from a variety of combustion reactions. For example, nanotubes emerge every time you light a candle. But this run-of-the-mill production makes nanotubes that aren’t suitable for anything useful, says Pasquali [Matteo Pasquali, Rice University].

First, many combustion reactions produce a random mishmash of different nanotube structures—the hexagons in the tubes’ chicken-wire structure may be rolled up at different angles, for example, giving them different properties. This slip-shod production also spews out various assortments of nanotube types. Single-walled nanotubes, the hose-like structures that seem to have the most benefits, are often mixed in with multiwall nanotubes, which look like tubes rolled up within tubes.

Second, the manufacturing techniques available today—such as knocking carbon off of a surface with a laser, for example, or discharging bits of carbon by zapping carbon rods with electricity—can only produce nanotubes that are usually only a few micrometers long.

The best idea for now, says R. Byron Pipes of Purdue University in West Lafayette, IN, is to take many short nanotubes and bundle them into yarns. Although the resulting yarn has less than 1% of the theoretical strength, heat conductivity, and electrical conductivity, the end product still has some intriguing possibilities.
For example, Baughman [Ray Baughman, University of Texas at Dallas] and his coworkers have manufactured carbon nanotube yarns by distributing billions of nanotubes into a detergent solution. The scientists keep the tubes from bunching together by blasting the solution with high-frequency sound waves. Feeding a thin stream of the solution into a whirling bath, the scientists have twisted yarns up to 200 meters long and as thick as a human hair, but much stronger.

Pasquali and his colleagues are using another solution-based way to make their own nanotube yarns. Dumping their individual nanotubes into sulfuric acid, the researchers found that electrical charges within the acid distributed the tubes evenly without the high-frequency sound waves. Pasquali’s team simply pressed the nanotube solution through a syringe into a coagulating bath, pushing out meters of super-strong nanotube cables. (pp 12–13)
Research into new ways of producing specific types of carbon nanotubes on a large scale continues. As just a few examples from 2010 and 2012, see http://phys.org/news/2012-07-carbon-nanotube-based-fibers.html, http://www.scientificmalaysian.com/2012/04/23/continuous-production-carbon-nanotubes-usm/, http://www.nasa.gov/topics/technology/features/metal-free-nanotubules.html, and http://web.mit.edu/newsoffice/2010/green-carbon-nanotubes-1110.html.


With an increased exposure to nanomaterials—through use of commercial products, in workers making those products, and of general exposure to the environment—the safety of carbon nanotubes continues to be studied. Research was briefly described in the October 2009 ChemMatters article “Nanotechnology’s Big Impact”:
For instance, mice and fruit flies have been exposed to carbon nanotubes with mixed results. In one study, mice were injected with water-soluble carbon nanotubes. Kostas Kostarelos, a professor of pharmacy at the University of London’s School of Pharmacy, and colleagues found that the nanotubes were harmlessly excreted intact in urine. Other studies have found that inhaled nanoubes can accumulate in the lungs and cause inflammation. (p 17)

Their impact and safety continue to be studied. For example, a 2012 publication in Environmental Toxicology and Chemistry (http://onlinelibrary.wiley.com/doi/10.1002/etc.1888/abstract) reports that exposure to carbon nanotubes reduced the survival or growth of freshwater invertebrates.

Connections to Chemistry Concepts (for correlation to course curriculum)
1. Atomic structure—The Heiss article describes the makeup of an electrically neutral atom and that electrons can be lost and gained. The concepts of atomic structure could be expanded to include a deeper discussion of the nucleus and electrons, valence shells, and the history of the concepts’ discoveries. 
2. Polarity—Polar water molecules are able to bind to electric charges on the surface of fabric. What makes a molecule polar or nonpolar could be covered, along with how to predict molecular polarity. 

3. Hydrophobic/hydrophilic—The molecules of an antistatic agent often have hydrophobic and hydrophilic sides. Instructors could discuss what gives a molecule these characteristics, along with additional real world examples, such as the lipid bilayer of cell membranes, and soap. 
4. Intermolecular forces—Hydroxyl groups on cotton fabric are able to form intermolecular bonds with water and the polar heads of fabric softener molecules.
5. Nanotechnology—The application of nanomaterials to improve fabric properties is just a small part of the larger area of nanotechnology. Instructors could identify products used by students that are connected with nanotechnology and discuss how far reaching nano-based applications are. 
Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “The effects of fabric softener cannot be permanent.” Liquid fabric softener does eventually rub off fabric, making its antistatic effects only temporary. However, garment manufacturers are now able to apply antistatic substances such as carbon nanotubes directly to fibers that make up clothes, resulting in an antistatic effect that manufacturers label as permanent.
2. “Carbon nanotubes are the only nanoparticle used to make clothing antistatic.” Other nanoparticles have also been found to give antistatic properties, such as nano-sized titanium dioxide, zinc oxide whiskers, nano antimony-doped tin oxide, and silane nanosol  (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)
3. “There is only one kind of carbon nanotube.” There are three different kinds of carbon nanotubes, depending “on the amount of twist in the pattern of the carbon atoms around the nanotube’s circumference. The three types of nanotubes are armchair, zig-zag, and chiral” (http://mrsec.wisc.edu/Edetc/modules/HighSchool/CNT_Vector_Activity/CNT_Vector_Activity_Final.pdf).
Anticipating Student Questions (answers to questions students might ask in class)
1. “What can I use besides fabric softener for clothing to make clothes feel softer and/or reduce static cling?” Besides using commercially-sold fabric softener, one could specifically look for nanotextiles that offer antistatic properties. Many people recommend different alternatives, such as adding vinegar to the rinse cycle to soften clothing, and placing objects such as balls of wool or aluminum foil, or tennis balls in the dryer. The balls have mixed results reported; some say they work as softeners, some as static cling reducers, some not at all. Students could design an experiment to study their effects.
2. “Are some fibers more likely to cling than others?” A table of fiber properties categorizes the static resistance of various fibers at http://wps.pearsoncustom.com/wps/media/objects/7608/7791478/FA110_Ch02.pdf. Fibers with excellent resistance are cotton, flax, viscose rayon, rayon, lyocell, and olefin (polypropylene); fairly good resistance are wool and silk; fair resistance are acetate and triacetate; fair to poor resistance are nylon (polyamide), acrylic, and modacrylic; poor or deficient resistance is polyester. So, polyester is the fabric with the most cling.
In-class Activities (lesson ideas, including labs & demonstrations)
1. There are many common demonstrations and activities on static electricity. They can often be found in physics textbooks in connection with a chapter on static electricity. Many are also available online. For example, see http://www.mos.org/sln/toe/staticmenu.html for a collection of several activities: rubbing a balloon with wool so it is attracted to us as it hangs from the ceiling, rubbing a balloon with wool and observing that it attracts salt, pepper, and polystyrene pellets, making “static tubes” with polystyrene pieces inside, and constructing an electroscope. Other common activities are bending water with a charged object such as a comb, PVC pipe, balloon, or plastic pen (http://www.youtube.com/watch?v=VhWQ-r1LYXY) and attracting Cheerio cereal to a balloon rubbed with wool (http://www.education.com/science-fair/article/static-electricity-stationary-charges/). 
2. An “Opposites Attract” module contains four activities with student and teacher pages. The activities are to make objects “dance” under a charged plate, to make static charge using a homemade electrophorous, to make a Leyden jar to store charge, and to construct “Franklin Bells” to detect static electricity. (http://physicscentral.com/experiment/physicsquest/past/upload/pq06-Extension1.pdf)

3. The activity “Nano-Tex: Testing New Nano Fabrics” has students compare the stain resistance of regular fabric and special nano-fabric by using different substances to stain swatches of the fabrics. (http://mrsec.wisc.edu/Edetc/IPSE/educators/nanoTex.html)
4. The demonstration/activity “How Small Are Nanotubes” helps to illustrate the size of the nanoscale, particularly nanotubes. A rope circle with a diameter of four meters is prepared, illustrating a human hair magnified 100,000 times. Students need to identify the tube (wrapping paper tube, dowel rod, pencil, birthday candle, toothpick, or pencil lead) that would represent the diameter of a nanotube compared to the circle (Answer: pencil lead). (http://mrsec.wisc.edu/Edetc/IPSE/educators/nanotube.html)

5. The activity “Nanoarchitecture” introduces students to four different forms of carbon (diamond, graphite, fullerenes, and nanotubes) including different types of nanotubes. Students learn about the properties of the different forms, such as their strength and ability to lubricate. (http://mrsec.wisc.edu/Edetc/IPSE/educators/carbon.html)

6. The module “Using Vectors to Construct Carbon Nanotubes” (http://mrsec.wisc.edu/Edetc/modules/HighSchool/CNT_Vector_Activity/index.html) focuses on the three types of carbon nanotubes and uses vectors to find the circumference of a carbon nanotube.

7. A popular project for students to work with fabric and investigate one of its properties, dyeability, is through tie dyeing. Instructions are widely available on the internet; one example is Flinn Scientific’s handout “Tie Dyeing—Chemistry Fun”, available at http://www.myteacherpages.com/webpages/CCPHS/files/tie dying chemistry fun.pdf.  

Out-of-class Activities and Projects (student research, class projects)
1. Students could research the list of potential nanotextile applications that were predicted 5 to 10 years ago (see “More on nanotextiles” above) and determine which have been successfully implemented.
2. Students could perform a long-term project to periodically monitor new information and breakthroughs about nanotechnology over the period of a school year and report back to the class or summarize in a different way, such as on a bulletin board. One such site on nanotechnology developments is Nanowerk Spotlight (http://www.nanowerk.com/phpscripts/n_spotlight.php). 

3. Instructors could invite a local spinner/weaver to demonstrate the process of moving from fibers to yarn to woven fabric.
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The 2006 ChemMatters article “Super Fibers” focuses on carbon nanotubes and their potential for future use in clothing for soldiers and police officers, cable for a space elevator, and electric cables. (Brownlee, C. ChemMatters, 2006, 24 (1), pp 11–13)

____________________

The author discusses innovations in detergents, including a two-in-one product that combines fabric softener and detergent. (McCoy, M. Soaps and Detergents. C & E News, Jan. 30, 2006, volume 84, number 5, pp 13–19; ACS members can log in at http://pubs.acs.org/isubscribe/journals/cen/84/i05/html/8405cleaning.html)

The Nature article “The Trials of New Carbon” discusses the potential impact of graphene, comparing it with the history and development of carbon nanotubes. (Van Noorden, R. Nature, Vol. 469, 6 January 2011, pp 14–16; see http://www.nature.com/news/2011/110105/pdf/469014a.pdf)

The Handbook of Detergents contains a section on fabric softening, including information on chemicals typically used, their structures, their delivery, and their efficacy. (Zoller, U. Handbook of Detergents, Part E: Applications; CRC Press: Boca Raton, Florida, 2009; section 9, pp 181–198; see http://books.google.com/books?id=mCgcrvvRIucC&pg=PA181&lpg=PA181&dq=fabric+softener+structure&source=bl&ots=yLgzEwtLih&sig=3TvdVXoxXnHLnyWT0ePdJwjlmsA&hl=en - v=onepage&q=fabric softener structure&f=false)

Physics textbooks may contain a specific section on static electricity and could be used to expand on the topics presented in the article. For one example, see Merrill Physics: Principles & Problems (Zitzewitz, P.; Neff, R.; Davids, M.; Wedding, K.; Merrill Physics: Principles & Problems, Teacher Wraparound Ed.; Glencoe/McGraw-Hill, Westerville, Ohio, 1995). The Chemistry in the Community (ChemCom) textbook also has a brief section “B.8 The Electrical Nature of Matter” (5th ed., American Chemical Society: Washington DC, 2006; pp 37–38).

Web sites for Additional Information (Web-based information sources)
More sites on static electricity

A physics tutorial on static electricity has four multi-part lessons on basic terminology, methods of charging, electric force, and electric fields. Lesson one is most related to the Heiss article. Be sure to check out the blue and red “Student Extras” and “Teacher’s Guide” boxes in each sub-section. (http://www.physicsclassroom.com/class/estatics/)

A Regents Exam Prep Center site offers explanations of different topics related to static electricity, including triboelectricity, and a small section of demonstrations. (http://regentsprep.org/regents/physics/phys-topic.cfm?Course=PHYS&TopicCode=03a)

More sites on fibers and fabrics

An online copy of the book “Extreme Textiles: Designing for High Performance” mixes stunning photography with information about structure and function of fibers and fabrics. It shows an amazing array of textile products, such as parachutes, spacesuits, and carbon fiber prosthetics similar to that worn by recent 2012 Olympian Oscar Pistorius. (http://www.scribd.com/doc/7437440/Extreme-textiles)

Two portions of the 2009 edition of Mary Humphries’ Fabric Reference are available at http://wps.pearsoncustom.com/wps/media/objects/7608/7791478/FA110_Ch02.pdf. They cover information related to fibers, their properties, and identification.

The basics of fiber and fabric, along with a collection of related links, are presented at http://www.42explore.com/fibers.htm.

More sites on fabric softeners

The Chemical & Engineering News feature “What’s That Stuff?” included a 2008 article on dryer sheets. (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html)
A chemistry professor has a short animation “Fabric Softener and Intermolecular Forces” that shows fabric softener and fabric on the nanoscale. (http://employees.oneonta.edu/viningwj/modules/CI_fabric_softener_and_intermolecular_forces_14_11S.html)
A BASF “The Chemical Reporter” three-minute-long podcast answers the question “How does fabric softener make your laundry soft?” (http://www.basf.com/group/corporate/en/news-and-media-relations/podcasts/chemical-reporter/softener)

The “How Things Are Made” collection offers a section on fabric softener, with information about its history, ingredients, and manufacturing. (http://www.madehow.com/Volume-7/Fabric-Softener.html)

A 2003 thesis “The Effects of Household Fabric Softeners on the Thermal Comfort and Flammability of Cotton and Polyester Fabrics” is a lengthy and in-depth document, but includes a useful literature review of fabric softeners as one of its sections. (http://scholar.lib.vt.edu/theses/available/etd-05072003-143334/unrestricted/finalthesis1.pdf)


The “How Stuff Works” Web site includes a section on dryer sheets. It discusses what causes static in the dryer, what’s in a dryer sheet, alternatives to dryer sheets, and other uses for dryer sheets. (http://home.howstuffworks.com/dryer-sheets.htm)

More sites on nanotextiles

Nanowerk is an extensive nanotechnology portal that contains an abundance of information. Particularly useful is its “Introduction to Nanotechnology” section that leads into additional sections on nanomaterial science, applications, carbon nanotubes, and nanotechnology images. (http://www.nanowerk.com/nanotechnology/introduction/introduction_to_nanotechnology_1.php) 

The 10-page article “Nanotechnology applications in textiles” is available online at http://indjst.org/archive/issue5/oct08kathir-pop.pdf. It highlights several improvements that can be made to fabrics and describes some of the chemistry involved in each.

The 2006 paper “Selected Applications of Nanotechnology in Textiles” appeared in the AUTEX (Association of Universities for Textiles) Research Journal and describes properties that can be added to fabrics using nanotechnology: water repellence, UV protection, anti-bacteria, antistatic, and wrinkle resistance. (http://freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)

A video demonstrates the antistatic properties of nanotextiles made by the company Nano-Tex. (http://www.youtube.com/watch?v=tUTBrQ67Blw)

This article from 2006 describes the work of two researchers, Juan Hinestroza and Margaret Frey, on the potential use of nanotextiles as biofilters and sensors. (http://nanotextiles.human.cornell.edu/Nanotechnology%20in%20textiles%20-%20protective%20fibers.pdf)

More sites on carbon nanotubes

Live video footage showing the formation of carbon nanotubes from researchers at Cambridge University is available at http://www.nanowerk.com/nanotechnology/videos/Forming_carbon_nanotubes.php.

University professor David Tománek’s “The Nanotube Site” gathers links related to nanotubes, including sites relevant to nanotube research and events in the nanotube field.  (http://www.pa.msu.edu/cmp/csc/nanotube.html)

More Web sites on Teacher Information and Lesson Plans (sites geared specifically to teachers)


“Franklin and Electrostatics—Ben Franklin as my Lab Partner” is a resource for teachers that combines historical information and writings of Benjamin Franklin with lab procedures that replicate historic experiments. The site includes a 30-page pdf document along with supplemental movies. (http://www.compadre.org/Repository/document/ServeFile.cfm?ID=3427&DocID=2347)


Educator resources for teaching about nanotechnology are collected at http://mrsec.wisc.edu/Edetc/IPSE/educators/index.html. They include different types of activities: nanoscale, nanotechnology application, societal implications, along with brief demonstrations and resources to learn more about nanotechnology.


The NISE Network (Nanoscale Informal Science Education) online catalog offers a large number of free resources “for use in informal education settings to engage the public in nano science, engineering, and technology.” It can be browsed by audience age, nano topics, and type of resource (cart demonstration, classroom activity, game, etc.). (http://www.nisenet.org/catalog)
Weather Lore: Fact or Fiction?
Background Information (teacher information)
More on weather history 


The premise of this article is to examine samples of traditional weather lore to determine if they have any scientific basis. Prior to the advent of modern meteorology and scientific weather forecasting people made personal observations of natural events in order to predict short-term weather. As early as 650 BC the Babylonians used the appearance of clouds to predict upcoming weather. Recurring astronomical events such as moon phases and other cyclic patterns were also often used as the basis for attempting weather predictions. 

In 340 BC Aristotle wrote Meteorologica, which included theories about the formation of rain, clouds, hail, wind, thunder, lightning, and hurricanes. Aristotle’s ideas were used as the basis for weather predictions until at least the 1600s, when scientific developments like the thermometer and barometer permitted scientists to actually measure properties of the atmosphere and correlate them to changes in weather. Even in ancient times some crude weather measurements were made. For example, during the Shang Dynasty in China humidity was measured by exposing charcoal to the air and measuring the increase in weight.


But the consistent use of measurements to predict weather began in the 17th century. Galileo invented a rudimentary thermometer around 1600, and in 1643, Torricelli invented the barometer. Galileo’s thermometer was called a thermoscope, and it relied on what we now know as Charles’ Law to measure “heat” (temperature). This description from a contemporary of Galileo illustrates how it worked: 

“He took a small glass flask, about as large as a small hen's egg, with a neck about two spans long [perhaps 16 inches] and as fine as a wheat straw, and warmed the flask well in his hands, then turned its mouth upside down into the a vessel placed underneath, in which there was a little water. When he took away the heat of his hands from the flask, the water at once began to rise in the neck, and mounted to more than a span above the level of the water in the vessel. The same Sig. Galileo had then made use of this effect in order to construct an instrument for examining the degrees of heat and cold.”

http://galileo.rice.edu/sci/instruments/thermometer.html 

By the mid-1600’s a liquid-in-glass thermometer had been invented and by the mid-1700s both the Fahrenheit and Celsius temperature scales were established.

Torricelli, who was an assistant to Galileo in the final three months of Galileo’s life, was working on improving water pumps of the time. Instead of a column of water, Torricelli used mercury in a glass tube and discovered that the column of mercury supported by the atmosphere was about 76 cm and that the length of the column varied from day to day. In this way Torricelli invented the first barometer in 1643. These and other measurement devices were improved and refined over the next 150 years, and ultimately enabled research-based predictions of weather as opposed to relying on local observations by individuals.

During the second half of the 18th century chemists contributed to what was known about the atmosphere with the discovery of many gases like oxygen and nitrogen, and discovery of the chemical composition of water. The work of Priestley (Experiments and Observations on Different Kinds of Air), Cavendish (composition of the atmosphere), Scheele (discovery of oxygen), Lavoisier (the role of oxygen) and others were important here.
The invention of communication devices like the telegraph also permitted observations made at multiple locations to be shared quickly, this giving rise to weather maps and systemic predictions of the weather. Formal weather observing stations followed and, by the time of the Civil War, modern weather forecasting had begun.
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A major development in weather forecasting was the invention of the radiosonde, a small lightweight box that is tied to a hydrogen or helium balloon that rises in the atmosphere. As it rises the radiosonde measures temperatures and pressures at regular altitudes and transmits the data back to earth for use in developing weather maps. (See image at left for an early U.S. weather map from NOAA.) For a detailed history of the radiosonde see http://www.sil.si.edu/smithsoniancontributions/HistoryTechnology/pdf_lo/SSHT-0053.pdf. 

By the early 1900’s attempts were made to forecast weather by means of developing and solving mathematical equations that were based on known weather patterns. These early mathematical models required more computing power than was available until the advent of an early version of a computer that enabled a 24-hour prediction of the weather by a team of scientists in Princeton, New Jersey, in 1950. By 1960, weather satellites were being used to help predict weather, and today satellites are the major tools for forecasters. 

More on dew formation


Your students will know from reading the article that the formation of dew is a change of phase from gas to liquid. They will also likely know about the hydrologic cycle—that interconnected system of evaporation and condensation that determines so much of the world’s weather. Dew formation is one small sub-cycle of that larger process. Evaporation and condensation are physical changes that results from molecules interacting with each other and gaining or losing energy. This excerpt from the ChemMatters Teachers Guide from the October, 2005 edition provides some theoretical background on change of phase:

This review will remind students that in all phases of matter molecules are in constant random motion. As a result of this motion, molecules have kinetic energy, which can be shown by the equation: K.E. = ½ mv2 
The equation could be used to calculate the kinetic energy of a single molecule. However, the molecules in a sample of a matter have a range of kinetic energies with some molecules moving faster and some moving more slowly. The conventional method of indirectly measuring the kinetic energies of all the molecules in the entire sample is by measuring the temperature of the sample and assuming that this represents the average of all these energies. 

A range of intermolecular attractions constrain molecular motion in liquids (see below). These attractive forces are London dispersion forces, dipole-dipole interactions and hydrogen bonding. Each of these forces is relatively weak compared to intramolecular covalent or ionic bonds, but each is strong enough to influence the motion of molecules in solids and liquids. So the intermolecular forces hold molecules together and limit their motion. 
In liquids the molecules are free to move around in a limited way, and in gases the molecules move independent of each other (in ideal gases). The process in which a liquid undergoes a phase change to a vapor is called vaporization. If the process takes place at or near room temperature, we tend to call the process evaporation, even though a liquid can evaporate over a wide range of temperatures. 

If we look at evaporation at the molecular level, we can focus on the surface of the liquid, which is where evaporation occurs. Molecules on the surface of the liquid are in motion, like all liquid molecules, and they have a range of kinetic energies. They are also held together by one or more of the intermolecular forces. Energy must be added to the molecules in order to overcome these intermolecular forces, so evaporation is, therefore, an endothermic process. In the case of a liquid at ambient temperature, the added heat is drawn from the immediate environment in contact with the liquid. Because of this, we say that evaporation is a cooling process. A better statement of the phenomenon is that an evaporating liquid cools its surroundings.


When dew forms the phase change is, of course, from gas to liquid, and the process is called condensation. There are two important ways in which this process takes place in the atmosphere. The first is the cooling of water-laden air as it rises and expands higher up in the atmosphere. The cooling of the air causes the water vapor molecules to slow down, allowing their intermolecular forces to attract them together into liquid droplets, and when droplets of water become massive enough they fall to earth as rain. The second case of atmospheric water vapor condensation occurs near the Earth’s surface. As the temperature of the atmosphere decreases during overnight hours the water molecules in the lower atmosphere lose kinetic energy. Reducing the velocities of the water molecules allows the intermolecular forces referred to in the excerpt above to take over and bring the molecules closer together forming a liquid on solid surfaces at or near the ground. The resulting liquid is called dew, or in the case of very cold atmospheric and ground temperatures, frost.


The temperature below which water vapor in the atmosphere will condense to a liquid is called the dew point (or dew point temperature). It is a measure of the absolute amount of water vapor in the atmosphere. Another way of defining dew point is the temperature at which the atmosphere is saturated with water vapor. In molecular terms it is the temperature at which there is an equilibrium between the number of molecules condensing and the number evaporating. At any lower temperature, condensation is favored. 

The amount of water in the soil and air, the presence or absence of wind and clouds and the ambient temperature all affect dew formation. As described above, the dew point measures the amount of moisture in the air. The formation of dew in any locale is influenced by the moisture content of the soil in the area and this, of course is influenced in turn by prior rainfall. Soil with higher moisture content releases more water vapor into the atmosphere, thus raising the humidity and dew point in that area. Dew is much less likely in a region that has not seen rainfall for days or weeks.

The clouds that keep the Earth’s temperature higher at night (by preventing neat from radiating into space) are the key to this connection. If it is cloudy, there is a much higher likelihood of rain. If it is humid and if it is windy, that indicates unstable weather fronts and the likelihood of rain.
Weather forecasters now prefer dew point over relative humidity as the measure of the water vapor content of the air. Relative humidity is a measure of the ratio of moisture in the air compared to the maximum, expressed as a per cent. The problem with using relative humidity is that as temperature rises, relative humidity decreases because even as the temperature rises in a given air mass, the absolute amount of moisture in that air remains constant, at least temporarily until more water vapor is formed. Dew Point, however, is independent of ambient temperature. For a table that relates relative humidity, temperature and dew point, see http://www.buildwithbps.com/assets/downloads/resources/Dewpoint%20Chart.pdf. To see in a graphic way the relationship between temperature, relative humidity and dew point go to http://www.dpcalc.org/.

More on “Red Sky at night . . . . “

As the article states, this bit of weather lore requires an understanding of visible light and how it behaves as it passes through the atmosphere on its way from the sun to the earth. The sun radiates energy across a wide spectrum of frequencies and wave lengths. We identify certain types of this electromagnetic radiation according to their frequencies and wave lengths. Some of those types of radiation are illustrated below:
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From http://science.hq.nasa.gov/kids/imagers/ems/waves3.html
The article describes colors that are visible to the human eye, so the part of the spectrum we are interested in is the visible spectrum:
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(from http://science.hq.nasa.gov/kids/imagers/ems/visible.html) 
We call the colors of the visible spectrum red, orange, yellow, green, blue, indigo and violet, although these names are arbitrary. It is the wave lengths and frequencies, not names, which distinguish one type of light from another. For light, wave length and frequency are inversely related—as wave length increases, frequency decreases, according to the equation:

c = ()()   
            c = velocity of light,  = wave length,  = frequency

Note in the spectrum above that at the red end of the visible spectrum the wave lengths are longer than at the violet end (and so the frequencies are lower). See table below for wave lengths of light in the visible region of the spectrum.

	The Visible Light Spectrum

	Color
	Wavelength (nm)
	

	Red
	625 - 740
	

	Orange
	590 - 625
	

	Yellow
	565 - 590
	

	Green
	520 - 565
	

	Cyan
	500 - 520
	

	Blue
	435 - 500
	

	Violet
	380 - 435
	


 It is this difference in the frequency and wave length of colors near the red end of the spectrum and violet end of the spectrum that result in reddish sky colors near sunset. 


Many of your students will know that when light strikes matter one of five things can happen—the light can be absorbed, transmitted, reflected, refracted or diffracted. Light scattering is caused by reflection, refraction or diffraction. For example, opaque objects absorb some wave lengths of light and reflect others. The wave lengths of light that are reflected are the colors the object appears to be to the naked eye. So an object that we see as red absorbs all wave lengths other than red, which it reflects. Much, but not all of the light radiated by the sun is transmitted through the atmosphere to the Earth. Some of the light, however, is actually reflected, refracted or diffracted as it interacts with molecules in the Earth’s atmosphere. These are the possible mechanisms of scattering light so that the sky appears reddish at sunset. 


The most common molecules in the Earth’s atmosphere are gaseous oxygen and nitrogen. Both of these molecules have the ability to absorb light from the sun and re-emit the light in a variety of directions. In this way, some of the light from the sun is effectively reflected and scattered by molecules in the atmosphere. This type of scattering is called Rayleigh scattering. It turns out that light with shorter wave lengths is scattered the most.

A second reason for light scattering in the atmosphere is the presence of aerosols, which are very small particles of matter suspended in the atmosphere. Chemically they are most like colloids, with particle size ranging from approximately 0.01 µm to 100 µm. The three main sources or atmospheric aerosols are volcanic activity, desert storms and human industrial activity. Aerosols include volcanic ash and dissolved sulfur dioxide gas from volcanoes, minute grains of dust blown from desert surfaces and sulfate ions created by human industrial activity. Other forms of aerosols include salt spray from the ocean, water particles, particles of smog, soot, and smoke.

How does this affect the color sky we see? Let’s consider the sky at noon. Because light in the blue region of the spectrum has shorter wave length (higher frequency) it is scattered the most. So a lot of light from the blue-violet region of the spectrum is scattered toward the Earth by oxygen and nitrogen molecules. So we see the sky as blue. Why not purple, which has a shorter wavelength than blue light? That’s because our eyes are much more sensitive to blue wave lengths than to violet. Why does the sun appear yellow in a blue sky? When the sun is overhead light in the yellow-to-red part of the spectrum passes through the atmosphere directly with a minimum of scattering. So we see the sun as a yellow object in the sky. 
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But we know from the article and our own experience that the sun seems to change color at times as it nears the horizon as sunset approaches. Why is this? It also turns out that the more particles encountered by the light, the greater the scattering. In addition, light of longer wave lengths is scattered near sunset much more than at midday when the energy from the sun travels the shortest route to the earth. As the sun approaches Earth’s horizon, however, light passes through more of the atmosphere as it travels more tangentially through the atmosphere and so encounters more molecules. The blue-violet light is scattered so much that it disappears as a visible sky color. Now the yellow-red end of the spectrum is scattered enough to give the setting sun and the sky around it an apparent reddish color—“red sky at night.” 
As the articles says, if light is being scattered so as to produce a reddish sunset, there must also be accompanying high atmospheric pressure, indicating a more stable air mass present or approaching. If at sunset a lower pressure air mass dominates the region, air will rise, causing cloud formation which will obscure the setting sun and cause the aerosols to be swept upward and resulting in a significant decrease in scattering. For this reason the article claims the lore is true.
More on flowers and aroma


In general, odor is the result of molecules leaving an object or substance, diffusing through the air and reaching the olfactory epithelium which is located on the roof of our nasal cavity. Molecules that produce odor are typically small (less than 300 Da), dissolve easily in non-polar solvents and are associated with liquids that are volatile, meaning that the compounds have relatively high vapor pressures. Most molecules that create scents are also not water soluble. These molecules separate from the plant easily, whereas water-soluble compounds remain dissolved within the plant and are often important components in the plant’s biology. Flowers contain compounds made up of molecules with these characteristics. Many floral scents are actually a combination of multiple volatile compounds.

We tend to think of these compounds as oils—“essential oils” in the language of florists and perfumists. In many cases the oils are stored in the cells of plants, but may also be stored in leaves (mint) or flowers (roses). In most flowers the plant is structured so as to allow easy transfer of essential oils by anything—including animals and people—coming in contact with the plant, thus allowing the essential oils to be spread over distances and, in turn, potentially attract bees to pollinate the flower. 
As the article describes, an aromatic compounds in a flower evaporate readily, forming gases that are usually denser than air, resulting in the odor-causing molecules remaining in the vicinity of the flower and near the ground. Natural diffusion and wind currents, however, will eventually disperse the scent over longer distances which will attract pollinators back to the flowering plant—the basic biological purpose of the scent. The volatility of floral molecules is the result of the molecules being weakly attracted to each other, primarily by London dispersion forces, weak intermolecular forces resulting from shifting electron densities within molecules. 

Aromatic compounds—in this case compounds that produce an aroma, not compounds with a conjugated ring structure—are chemically diverse. Many floral scents are the result of chemical esters, combinations of acids and alcohols. Within the ester, the alcohol is thought to be the cause of the scent. Other classes of chemical compounds associated with floral scent are: fatty acid derivatives, benzenoids, phenylpropanoids, isoprenoids, nitrogen- and sulfur-containing compounds. Although not associated exclusively with the scent of flowers, there are several other structural changes that are able to affect the odor of volatile organic compounds:

Length of the carbon chain within an aliphatic molecule 

Addition of a functional group to a basic structure—alcohol, aldehyde, ketone and acid

Location of the functional group in the compound

Exchanging a basic aliphatic structure with an aromatic ring

Altering the stereochemical nature of the molecule


As the article describes, odor-causing molecules evaporate from the essential oils in flowers and diffuse into the atmosphere around the flower. Lining the roof of the nasal cavity is the olfactory epithelium. Some of the floral molecules are inhaled and reach this mucous membrane, dissolve in it, couple with odor receptors in the lining and send messages to our brain, which interprets the messages as aromas. A given molecule might link up with several different receptors resulting in an overall odor that has multiple components. The brain integrates the components into one over-riding odor. 


The strength of the odor depends on the concentration of floral molecules in the air around the flower. The concentration depends on the rate of evaporation, which, in turn, depends on the vapor pressure of the essential oil in the flower. The molecules in liquids with higher vapor pressures have weaker intermolecular forces—the London dispersion forces mentioned above. But if the gas above the essential oil exerts a higher pressure on the liquid the rate of evaporation will be reduced. In the case of flowers that gas is the atmosphere. So if atmospheric pressure is high, floral molecules will evaporate more slowly because the gas molecules in the air strike the surface of the essential oil more frequently, making it more difficult for the oil molecules to escape. Lower atmospheric pressure means that oil molecules evaporate more rapidly, resulting in higher concentration in the atmosphere and a stronger aroma. Lower atmospheric pressure tends to correlate to unsettled or stormy weather since lower atmospheric pressure allows air to rise, cool and condense into clouds and potentially precipitation. So the aroma of flowers may be more concentrated before a storm.
More on cats and weather


Humans use the evaporation process to help keep them cool in hot weather. Sweat glands in the skin secrete a salt-water solution which we call sweat directly onto the skin surface. The water evaporates naturally and helps to cool the body. This paragraph, quoted earlier in this Teachers’ Guide, explains how an evaporating liquid (like water) can cool its surroundings.

If we look at evaporation at the molecular level, we can focus on the surface of the liquid, which is where evaporation occurs. Molecules on the surface of the liquid are in motion, like all liquid molecules, and they have a range of kinetic energies. They are also held together by one or more of the intermolecular forces. Energy must be added to the molecules in order to overcome these intermolecular forces, so evaporation is, therefore, an endothermic process. In the case of a liquid at ambient temperature, the added heat is drawn from the immediate environment in contact with the liquid. Because of this, we say that evaporation is a cooling process. A better statement of the phenomenon is that an evaporating liquid cools its surroundings.

Cats, unlike humans, do not have sweat glands, but are still able to cool themselves by evaporative cooling, as the article describes. By depositing saliva, which is mostly water, on their fur, cats create their own evaporative cooling system. The saliva evaporates from their fur and in the process draws heat from the fur, cooling them in warm weather. 

Students may already know from an earth science course that evaporation is one way the Earth cools its atmosphere. They likely know that in the summer the air is cooler near a body of water like a lake or the ocean. As the water in the lake or ocean evaporates, the process draws heat from the surrounding air, cooling the air. Students will also know that they feel cooler, maybe even cold, immediately after swimming. The drops of water on their skin evaporate and cool them off naturally. Evaporative cooling has also developed as a technology to cool buildings, especially those in the southwestern United States where the air is relatively dry. In this method of cooling an absorbent material is saturated with water and a fan then blows air over the material. As water evaporates the air around it is cooled, and the cool air is circulated through the building.

The article also describes cats licking their fur to remove static charge and states that this behavior may predict good weather ahead. Your students will know that the atoms making up all matter are themselves made up of protons, electrons and neutrons. Protons carry positive charge and electrons carry negative charge. Normally, all objects are electrically neutral. That is, they have the same number of electrons as protons. Students probably also know that opposite charges exert an attractive force on each other and like charges exert a repelling force on each other. 

As substances undergo chemical changes we know that electrons can move from one substance to another. However, in chemical changes the resulting substances are also electrically neutral. You may need to remind students why it is only electrons that are transferred—they occupy the “outside’ of the atom, whereas protons are at the center of the atom and are, therefore, much less accessible.

It is also possible to move electrons from one material or object to another simply by bringing the two materials in contact. When this happens there is an imbalance of charge in both materials, a condition we call static electricity. Students have probably rubbed balloons on their clothing and discovered that they “stick” to the wall, or they have walked across a carpeted room and receive a shock when they touch a metal object or a person or their cat. In the case of the balloons, electrons are transferred to the balloon making it more negative than the wall—attraction. In the case of walking across a carpet and touching a metal object, electrons are transferred to the person and when the person touches a good conductor of electricity the electrons leave, causing a discharge and a mild shock.

 We commonly think about rubbing two materials together to produce static electricity, but rubbing is only required to increase the efficiency of charge transfer. For example, if you simply fasten a strip of adhesive (Scotch) tape to a smooth surface, remove it and bring your finger near the tape, it will either attract or repel the tape. Rubbing becomes more important when one or both objects have minimal surface area, like animal fur or if one of the materials is an electrical insulator which “holds” its electrons more strongly than conductors. In the case of insulators it is, in fact, necessary to rub them in order to transfer electrons.

Cats develop a charge on their fur by rubbing against blankets, couches, carpet and other items in the house. Symptoms include fur sticking up and out in all directions and the cat getting shocked when it touches a human or other animal. Cats are not harmed by these shocks. As the article says, cats lick themselves to eliminate or reduce the static charge on their fur. The cats’ saliva is an electrical conductor (it’s mostly water but contains dissolved electrolytes which make it a conductor). Cats’ fur is an electrical insulator and will hold a charge. However, the very thin layer of saliva that adsorbs to the fur conducts excess charges and distributes them throughout the saliva, preventing any buildup of charge on the fur. In general, under humid conditions water vapor molecules condense and form a very thin layer of water on surfaces, including those insulators that ordinarily would take on a static charge. This thin layer of water is a conductor (as a result of dissolved contaminants in the water), and it serves to prevent local charge buildup.
As the article states, static charges are least likely to build up on cats’ fur when the weather is humid—when there is already a lot of water vapor in the air. An atmosphere with a lot of water vapor is less stable—more prone to precipitation and storms. On the other hand if the humidity is low the weather is likely to be good—except for cats whose fur is more likely to buildup static charges under those circumstances, causing them to lick themselves more to remove those charges.

Cat owners rely on several home remedies to counter static buildup on their pets. Running a humidifier in the house, especially in the winter months when indoor air is typically dry, keeps the humidity higher and static buildup lower. Pet stores sell anti-static spray for cats. Bathing cats in a shampoo with a high-moisture conditioners helps to reduce static, especially if the conditioner is designed to remain after the bath.

Connections to Chemistry Concepts (for correlation to course curriculum)
1. Change of phase—In the section of the article on dew formation, condensation is the important process. In the section on the aromas given off by flowers and the section on cats’ method of cooling themselves, evaporation (or sublimation in the case of flowers) is the important change.

2. Hydrogen bonding—Hydrogen bonds are important in the condensation of water and the fact that it exists as a liquid under normal conditions. 

3. Electromagnetic spectrum—Understanding how light is scattered in the atmosphere requires a basic understanding of the wavelengths of visible light as part of the EM Spectrum. 

4. Matter-energy interactions—For all of the weather lore items in this article—evaporation, condensation, light scattering and static electricity--interactions between matter and energy are key elements in understanding the processes involved.

5. Atmospheric chemistry—This article gives a number of examples of how chemistry concepts can be applied to the behavior of Earth’s atmosphere.
6. Atmospheric pressure—In the cases of “red sky at night” and “flowers smell best” the role of atmospheric pressure is critical.

7. Static electricity and charge—In order to understand how electrostatic charge builds up on cats’ fur, student should understand the basics of electrostatics.
Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “Dew is condensed water vapor and so is rain, so dew on the grass should predict rain, not the other way around.” While it is true dew is condensed water vapor and while it is also true that rain is condensed water vapor, the processes by which dew and rain are formed are very different. As the article states, dew is formed when the ambient temperature decreases during the night and falls below the dew point. Under these changing temperature conditions, dew forms. It should also be noted that dew forms near the ground. Rain, on the other hand, forms as low pressure air masses rise in the atmosphere, expand and cool. This cooling effect causes water vapor higher in the atmosphere to condense and precipitate.
2. “The sky is blue because it is reflecting the color of the oceans.” This is an old, and somewhat outdated misconception, but some students may be aware of it. See “More on red sky at night” for details on why the sky appears blue.
3. “The atmosphere has a ‘holding capacity’ for water which varies with temperature.” To read a very detailed explanation about humidity and air, see http://www.ems.psu.edu/~fraser/Bad/BadClouds.html. 
4. “Static electricity is electricity that is not moving.” To read a detailed explanation of misconceptions like this see http://amasci.com/emotor/stmiscon.html#one. 

Anticipating Student Questions (answers to questions students might ask in class)
1. What part of the atmosphere breaks up the white light coming from the sun?
Gas molecules in the atmosphere—molecules of nitrogen, oxygen and other gases interact with light to separate the visible colors of the spectrum. See “More on red sky at night . . . ” for details.
2. “Where does the water that forms dew come from? If I live in a location where there are no lakes, rivers or an ocean nearby, how could there be water vapor in the air?” All air contains some water vapor. Water that has evaporated from oceans or lakes can be carried thousands of miles by prevailing winds. It rains, at least a little, everywhere, and so some of the rainfall that is absorbed by the ground evaporates back into the air. Plants also give off water by evaporation (transpiration, in biology terms). In fact, about 10 per cent of all evaporated water is from plants. People return water to the atmosphere as a result of water in exhaled breath. So there are many ways in which water vapor is added to the air. You can read a procedure for collecting water from plants at http://www.wikihow.com/Collect-Water-From-Plants. 
3. “Why do some substances have odor? What is odor, anyway?” What we call odor is the result of gas molecules stimulating our olfactory nerves. The gases are produced by some objects that are made up in part of volatile liquid or solid chemical compounds. These compounds evaporate from the liquids (sublime from solids) and the resulting gas molecules diffuse through the atmosphere and eventually reach our noses, creating the sensation of odor.
4. “Why does evaporation cause cooling?” In order for a liquid to evaporate, some of its molecules must overcome the attractive forces keeping the molecules together in the liquid phase. It is the faster-moving molecules that escape first. When a liquid loses its faster molecules the remaining molecules are, on average, moving slower than before, and this is observed as a decrease in temperature. Since the liquid is now at a temperature lower than its surroundings, heat flows into the liquid. Where does that heat come from? It comes from the substance(s) surrounding the evaporating liquid—cooling off the surrounding substance.
In-class Activities (lesson ideas, including labs & demonstrations)

1. ACS has an activity illustrating water condensation in its Middle School Chemistry collection http://www.middleschoolchemistry.com/lessonplans/chapter2/lesson3. 

2. The U.S. Department of Energy has a lesson plan on its ARM Web  site that illustrates simple light scattering in a liquid. (http://education.arm.gov/teacher-tools/lessons/simple-light)

3. The Exploratorium also has a lesson on light scattering accompanied by an explanation and an extension activity using polarizing filters. (http://www.exploratorium.edu/snacks/blue_sky/index.html) 

4. The University of Washington offers several experiments about odor for younger students. Included are basic detection of odors, concentration of odor and making perfume from flowers. (http://faculty.washington.edu/chudler/chsmell.html)

5. This site from the Oregon Museum of Science and Industry, http://www.omsi.edu/sites/all/FTP/files/expeditionnw/6.P.2.Cool.pdf, includes a procedure for making a cooling device from clay pots and a procedure for measuring wet and dry bulb temperatures to determine humidity.

6. This site supplies eight procedures for doing experiments related to static electricity from the “comb-and-bits-of-paper” activity to the effect of charge on a stream of water to making an electroscope. (http://science-notebook.com/electricity01.html) 

7. Science Made Simple has four activities on static electricity—comb and cereal attraction, bending water, lighting a bulb and humidity and static electricity. (http://www.sciencemadesimple.com/static.html) 

Out-of-class Activities and Projects (student research, class projects)
1. Students can be assigned to record the sky color each night for an extended period of time, along with the actual weather for the following day to accumulate data about the reliability of “red sky at night . . . “
2. Students can collect data about how many days dew forms in their yard and correlate that data with overnight and day-following weather.

3. Teams of students can prepare a report on visible light in the electromagnetic spectrum with each student taking one color of light and reporting on it.

4. Individual students or teams of students can research aerosols and their effect on weather.

5. Using this procedure, http://www.wikihow.com/Collect-Water-From-Plants, students can collect water from plants at home.
References (non-Web-based information sources)
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McCue, K. Beefing Up Atmospheric Models, ChemMatters, October, 2003 (3), pp 25–28, describes the way weather forecasters use mathematical modeling and computers to predict weather. 


Becker, B. Cloud in a Bottle, ChemMatters, October, 2003 (3), pp16–17, gives the procedure and explanation for creating a cloud in a plastic soda bottle.


Kimbrough, D. How We Smell and Why We Stink, ChemMatters, 2001 (4), pp 8–10, explains why things have odor, the sense of smell and the olfactory mechanism.
Web sites for Additional Information (Web-based information sources)
More sites on weather lore and the history of weather forecasting

This NASA site describes briefly the history of weather forecasting: http://earthobservatory.nasa.gov/Features/WxForecasting/.


To read the text of Aristotle’s Meteorologica see http://classics.mit.edu/Aristotle/meteorology.html. 


This site provides some background on important weather factors and describes many bits of weather lore like those in the article: http://wilstar.com/skywatch.htm.

More sites on the water cycle

The United States Geological Survey has a Web site devoted to the water cycle at http://ga.water.usgs.gov/edu/watercyclecondensation.html. 


This article from USA Today describes the water cycle: http://www.usatoday.com/weather/tg/wevapcon/wevapcon.htm. 


Although not directly related to dew formation, this page from Penn State dispels one misconception about the air’s “holding capacity” for water: http://www.ems.psu.edu/~fraser/Bad/BadClouds.html. 


Even though this publication is a commercial handbook, it gives detailed information about humidity: http://www.southeastern-automation.com/PDF/Rotronic/Humidity_Handbook.pdf.
More sites on the electromagnetic spectrum and light scattering 

NASA has a lot of material on their Web sites related to light and its behavior. You can review basics on this site on the electromagnetic spectrum at http://missionscience.nasa.gov/ems/01_intro.html.


NASA also has a Web site that gives more information about each of the colors in the visible spectrum at http://science-edu.larc.nasa.gov/EDDOCS/Wavelengths_for_Colors.html#violet. 


Another NASA Web site gives details about electromagnetic energy: http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html. 

This site from Middle Tennessee State University explains light scattering: http://mtweb.mtsu.edu/nchong/pm-atm3.htm. 


The Library of Congress has a page on the idea of “red sky at night.” http://www.loc.gov/rr/scitech/mysteries/weather-sailor.html 
More sites on aerosols

NASA has a good explanation of aerosols here: http://www.nasa.gov/centers/langley/news/factsheets/Aerosols.html.


This article from Wiley InterScience publications, explains the sources and effects of aerosols. (http://atmo.tamu.edu/class/atmo689-gs/lectureweek10/aerosolreview.pdf) 


This report from the U.S. Climate Change Science Program details the importance of atmospheric aerosols: http://downloads.climatescience.gov/sap/sap2-3/sap2-3-final-report-all.pdf. 
More sites on evaporative cooling 


E-notes has an article on evaporative cooling, its history and applications, here: http://www.enotes.com/topic/Pot-in-pot_refrigerator. 

More sites on static electricity 
 
The Library of Congress has a page on electrostatics with links at the end to other useful resources. (http://www.loc.gov/rr/scitech/mysteries/static.html) 


This Science Made Simple site has a general explanation of static electricity and four activities for students to do: http://www.sciencemadesimple.com/static.html. 


An excellent description and explanation of static electricity is provided by “The Physics Classroom” Web site at http://www.physicsclassroom.com/class/estatics/U8L1a.cfm 

“Chance Favors the Prepared Mind”: Great Discoveries in Chemistry
Background Information (teacher information)
SERENDIPITY

Haines’ article does not mention the word “serendipity”, but that’s the term she alludes to in the first paragraph. Surprises in experiments are not unusual. What is more unusual is the ability of the experimenter to understand what the surprises mean. That is often the difference between a scientific discovery and a failed experiment.

Although scientific experiments always involve research into the unknown, they rarely, if ever, go there without being grounded firmly in past discoveries. Scientists don’t do their research in a vacuum (well, ok, some do, if they’re studying the effects of a vacuum on a particular event, object or system). Rather, scientists almost always rely on the results of past research in their field of study by other scientists. As Newton is often quoted as having said, “If I have seen further it is by standing on ye sholders of Giants” [sic]. http://en.wikipedia.org/wiki/Standing_on_the_shoulders_of_giants)

Serendipity enters, then, when a scientist observes something unexpected but is able to make connections between the event and previous knowledge. The new knowledge may support the scientist’s expectations (hypothesis), or it may not. In fact, the “discovery” may not even be related to the hypothesis. But in any event, the scientist is able to understand the significance of the discovery. As Louis Pasteur said, “In the fields of observation chance favors only the prepared mind.” That is serendipity.


In “Chance and the prepared mind in drug discovery” on the creatingtechnology.org Web site (http://www.creatingtechnology.org/biomed/chance.htm), Sunny Auyang (PhD, MIT) says, “Chance unlocks a door. Most people just walk pass [sic]. A few with prepared mind open door and look inside the room. However, without an open mind ready to exploit new possibilities and connect the dots, one may not discover that the room hides more doors that lead to even greater treasures. An interesting case of luck without open mind is the discovery of penicillin, not only as a bacteria-killing mould but also as an antibiotic drug.”

Dr. Auyang asserts that Fleming, who discovered penicillin serendipitously understood its potential as a topical antiseptic. (He noted its effectiveness at killing bacteria on the Petri dish and didn’t just wash the penicillin down the drain as a failed experiment.) But his mind wasn’t “open” enough to realize that it might also have potential as an internal medicine against infectious diseases. (It might also have been that he didn’t have the requisite background knowledge to be able to apply his discovery to the new situation.)


Enter Florey and Chain, the two scientists who finally did the research (and scaling up) that showed penicillin to be an effective chemotherapeutic treatment for disease, had background in pathology and biochemistry, respectively, could “see further” based on Fleming’s work. 

Auyang suggests strongly that Fleming could have done more work with penicillin but chose not to. Perhaps if Fleming had been willing/able to enlist the aid of other scientists, penicillin would have saved more lives sooner? As Dr. Auyang says, “Science is impeded not by preconceived ideas but by the failure to challenge them in light of evidence.” 
For more on the story of the discovery of penicillin, visit the Chemical Heritage Foundation’s Web site at http://www.chemheritage.org/discover/online-resources/chemistry-in-history/themes/pharmaceuticals/preventing-and-treating-infectious-diseases/index.aspx and click on Alexander Fleming, and Howard Florey and Ernst Chain.

UREA

More on urea 


Urea is also known as carbamide or diaminomethanal (IUPAC), having the formula CO(NH2)2, or H2NCONH2. It has two –NH2 groups attached to a carbonyl (C=O) functional group.
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(http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---U/Urea.-egR.htm)
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Urea crystals in a beaker (top view)
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(http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---U/Urea.htm)

Urea plays an important role in metabolizing nitrogen-containing compounds (mainly proteins) in animals and is the principle nitrogen-containing substance in mammalian urine. It is also present in amphibians and some fish. As the article mentions, it is a solid, water-soluble crystalline material, and it is colorless and odorless (although it emits ammonia in the presence of water, including water vapor in air, which has a strong odor). It melts at 133 oC and decomposes prior to boiling. Its solubility in water is due to its extensive hydrogen bonding with water—up to 6 hydrogen bonds may form with each molecule. Its primary use in the body is in excretion of nitrogen, although it is used in many other biological processes.


In metabolic processes, –NH2 groups are removed from the amino acids of proteins. These groups are converted to ammonia, NH3, which is toxic in the body. It is therefore converted to urea by the liver, which passes through the bloodstream to the kidneys and is eventually excreted in the urine. A medical test, called the blood urea nitrogen or BUN test, can be used to determine if one’s kidneys are functioning within expected levels. A sample of blood is taken and sent to a lab for analysis. 

High levels of urea in the blood may indicate that the kidneys are not functioning well as they are not filtering out the urea (although other factors may cause a high urea level, such as a high protein diet, or a urinary tract infection). Low levels of urea in the blood may be a sign of liver damage, although this could also be expected with a low-protein or high-carbohydrate diet or malnutrition.


Although urea was first discovered in urine in 1773 by French chemist Hilaire-Marin Rouelle, it was not synthesized until 1828 by Wöhler.


Urea is commercially synthesized today from liquid ammonia and liquid carbon dioxide at extremely high pressures and temperatures. They react to form ammonium carbamate [NH2COONH4], which, at much lower pressure, decomposes to urea and water. This method minimizes pollutant production, compared to the use of other raw ingredients, such as those used in Wöhler’s original method. The source of carbon dioxide for the commercial process is either petroleum or natural gas. The process is known as the Bosch-Meiser urea process.

For use in industry, urea is produced from synthetic ammonia and carbon dioxide. Large quantities of carbon dioxide are produced during the manufacture of ammonia from coal or from hydrocarbons such as natural gas and petroleum-derived raw materials. Such point sources of CO2 facilitate direct synthesis of urea.

The basic process, developed in 1922, is also called the Bosch-Meiser urea process after its discoverers. The various urea processes are characterized by the conditions under which urea formation takes place and the way in which unconverted reactants are further processed. The process consists of two main equilibrium reactions, with incomplete conversion of the reactants. The first is an exothermic reaction of liquid ammonia with dry ice to form ammonium carbamate (H2N-COONH4):[18]
2 NH3 + CO2 ↔ H2N-COONH4 

The second is an endothermic decomposition of ammonium carbamate into urea and water:

H2N-COONH4 ↔ (NH2)2CO + H2O 

Both reactions combined are exothermic.[17]
Unconverted reactants can be used for the manufacture of other products, for example ammonium nitrate or sulfate, or they can be recycled for complete conversion to urea in a total-recycle process.
(http://en.wikipedia.org/wiki/Bosch-Meiser_urea_process)

More on urea as a raw ingredient 

In the dye industry


Urea was used in the early dye industry as a humectant. Humectants are hygroscopic substances, materials that attract moisture, or water. They are also known as desiccants, because they tend to remove water from their immediate area. Humectants owe their water-attracting abilities to hydrogen bonding. Most humectants contain hydroxyl groups, –OH groups or, as in the case of urea, amino groups, –NH2 groups, both of which are polar and thus attract water molecules, which are also polar. Since urea contains two amino groups, as well as a double-bonded oxygen (that pulls electrons from the two nitrogen atoms, allowing the hydrogen atoms to be [even more] partially positive), it is able to attract water molecules.

In the early dyeing of indigo, urea (remember the urine?) acted as a humectant and served to keep the cloth wet enough to absorb the dye in sufficient quantities to darken the cloth. As a polar molecule, it was able to attract and hold water molecules fast to its surface. The cloth stayed wet longer, so that evaporation did not wick away the moisture too quickly, allowing more of the dye to soak into the cloth. The fabric was typically set out in the sun to soak up the dye and then dry. The urea humectant kept the water from evaporating and the fabric from drying out too quickly.

In agriculture

Urea is used in fertilizers since it is a good source of nitrogen (urea is 46% nitrogen by mass). Other fertilizers contain smaller proportions of nitrogen, so smaller amounts of urea can be used, compared to these other fertilizers. This results in lower handling, storage and transportation costs for urea. More than 90% of all urea produced commercially is used in the fertilizer industry.

In the soil, urea is converted readily to ammonia, which can be used by plants as a primary source of nitrogen. Urea can be mixed with other fertilizers, or it can be applied alone to soil or sprayed on foliage. Unlike ammonium nitrate, another commonly used fertilizer, urea exhibits little or no fire or explosion hazard. Combined with formaldehyde, it produces methylene-urea fertilizer. This material is able to release nitrogen slowly over time. One application of this fertilizer can last the entire year.

It is also used as a feed supplement for farm animals. Although it is not a protein, ruminants (cattle, sheep and goats) can still use it as a nutrient.

In chemical industries
It is an important raw material in the chemical industry. There it is used as a starting material in the manufacture of plastics, adhesives, and drugs, to name just a few. Urea-formaldehyde resin is used extensively in the construction industry. Urea also reacts with alcohols to form urethanes, and these can be polymerized into polyurethane, which is used as a laminate and a surface finish for flooring, and as an adhesive.

Melamine is another chemical substance produced from urea, by dehydration:
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(from http://www.3rd1000.com/urea/urea.htm)
Melamine is used to make melamine-formaldehyde, another polymer like urethane-formaldehyde, but melamine-formaldehyde is much harder and more stain-resistant. (You might also remember melamine from its headline-making news stories of the 2008 scandal in China when it was discovered that an estimated 300,000 babies had been given infant formula that contained melamine. Melamine was used to bump up the concentration of nitrogen in the milk, to simulate the proper amount of protein normally found in milk. The analytical tests done on milk to test for protein do not differentiate between nitrogen from amino acids and nitrogen from other sources. Repeat episodes of formula contamination in China were reported again in 2011.)


Urea is also used as an ice-melter in cold regions of the country. It is safer to use than sodium chloride or rock salt, since it is not harmful to plants or animals coming in contact with it.

In medicine


Urea reacts with malonic esters (or malonic acid) to produce barbituric acids, the precursors to barbiturates, central nervous system depressant (and addictive) drugs. 
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(from http://www.3rd1000.com/urea/urea.htm)
In skin care


Yes, skin care! We are talking here about pure urea, not urine. Remember that the article says that urea acts as a humectant for cloth, drawing water and keeping the cloth moist for extended periods? Well, it turns out, that’s good for skin, too. Urea can keep skin hydrated and is a good moisturizer. According to SkinCare-News.com, 

“… [t]his natural moisturizer [urea] is found in healthy skin, though dry skin has lower levels. 
In addition, urea boasts antibacterial, antiviral and antimicrobial properties. Because it has antimicrobial abilities, urea products may require fewer preservatives, writes G. Todorov, Ph.D., on Smart Skin Care.

Skin benefits
Urea has various benefits for your skin. It:
· Minimizes water loss. Urea reduces the amount of water lost through skin's epidermis, or outermost layer, write James J. Leyden and Anthony V. Rawlings in their book, Skin Moisturization. 

· Moisturizes. Due to its superb water-binding power, urea is an effective moisturizer and humectant, drawing moisture to the skin and hydrating dry areas. In fact, it's a natural moisturizing factor (NMF) that appears in skin's outer layer. It's used to help dry skin conditions like eczema and psoriasis. 

· Strengthens skin's barrier. Urea helps skin cells renew and regenerate, thus keeping skin's barrier strong and healthy. In turn, a strong skin barrier can keep out potential irritants, according to the New Zealand Dermatological Society (NZDS). 

· Improves penetration of other ingredients. Because it acts on the skin's barrier, urea can help other ingredients, especially hydrocortisone, to penetrate and be absorbed by the skin. There's been some concern that reducing the barrier makes it easier for toxic substances to enter the skin, note Marc Paye, Andre O. Barel and Howard I. Maibach in Handbook of Cosmetic Science and Technology. 
What you can expect 
Because of urea's excellent moisturizing capability, dry skin will find exceptional relief. You should notice supple, softer skin. Dry patches should diminish, while skin texture should improve, becoming smooth and resilient. 

Where you can find urea
Urea can be found in cosmetics, skincare and personal care products, such as: moisturizer, shampoo, conditioner, deodorant, toothpaste, hand cream and foundation. It's also an ingredient in medical products, like: ear wax softeners, diuretics, fertility drugs, estrogen supplements and wound or burn ointments. Carbamide, the synthetic version of urea, is often found in over-the-counter and prescription skincare preparations and medical treatments.
(http://www.skincare-news.com/a-6453-Urea_Uses_in_Skincare_.aspx)

Although it might seem counter-intuitive to use a humectant—a desiccant, that dries out materials—to moisturize the skin, but that’s exactly what is done. On the skin, humectants draw moisture from deeper skin layers to the surface, making the skin surface more moist, appearing smoother. Urea is one of many humectants used in skin creams and lotions. According to makingcosmetics.com,

Humectants attract water when applied to the skin and theoretically improve hydration of the stratum corneum [upper layer of skin]. However, the water that is drawn to the skin is transepidermal water, not atmospheric water. Continued evaporation from the skin can actually exacerbate dryness. 
Chemically, all humectants have something in common: hydroxyl groups. These groups allow them to partake in the association process known as hydrogen binding. In other words: they attract water (Latin: humectare = moisten). 

Humectants include glycerin, sorbitol, propylene glycol, hexylene and butylene glycol, MP Diol, urea, alpha hydroxy acids (i.e., lactic acid) and other sugars. 
Glycerin: glycerin is by far the most popular of all humectants used in personal care products. While it is a very good compound when it comes to moisturization, and its natural connotation is a real positive, when used at concentrations above 5% it can leave the skin with a sticky, unpleasant feel.

Sorbitol: Sorbitol, available as powder or a 70% aqueous solution, is typically used in toothpastes and many other personal care products.

Propylene Glycol: propylene glycol is less commonly seen in personal care products. While it is less sticky than glycerin, there have been concerns regarding its safety when used at high concentrations above 7.5%.

Hexylene and Butylene Glycol: both compounds are often used in emulsions designed for facial applications due to their non-sticky skin feel. When employed in makeup emulsions, they can reduce streaking which is often seen in this product type. Their relatively high cost has limited their usage.

MP Diol: MP diol has properties similar to hexylene and butylene glycol but is less expensive (similar to propylene glycol). It is of note that all glycol-type humectants can additionally improve the effect of preservatives (e.g. paraben) since they take away the water from the bacteria (needed for their growth) and improve the solubility of parabens.

Urea & alpha-hydroxy acids (AHA’s): In addition to their humectant properties, urea and AHA’s (e.g. lactic acid) are keratolytic. Urea is a humectant in lower concentrations (10%), but in higher concentrations (20–30%) it is mildly keratolytic by disrupting hydrogen bonds or epidermal proteins. AHA’s, such as lactic acid or glycolic acid, appear to increase cohesion of the stratum corneum cells, thereby reducing roughness and scaling.
T. Bombeli, MD
(http://www.makingcosmetics.com/articles/13-humectants-moisturizing-agents-in-cosmetics.pdf)


Humectants are also used in some hair-care products, to draw moisture from the air into hair shafts, under conditions of moderate humidity. Urea is one of many such materials used in hair-care products. If humidity is too low, humectants will draw moisture out of hair into the air, resulting in fly-away, frizzy hair. Under conditions of high humidity, a humectant will draw moisture out of the air into hair, resulting in rough, tangled hair. Under moderate conditions, the humectant will maintain an equilibrium between the water in/on hair and the water in the atmosphere, resulting in no change in the appearance or health of hair. 

In general

Wikipedia lists the following commercial uses for urea:

· A stabilizer in nitrocellulose explosives 

· A component of animal feed, providing a relatively cheap source of nitrogen to promote growth 

· A non-corroding alternative to rock salt for road de-icing, and the resurfacing of snowboarding halfpipes and terrain parks 

· A flavor-enhancing additive for cigarettes 

· A main ingredient in hair removers such as Nair and Veet 

· A browning agent in factory-produced pretzels 

· An ingredient in some skin cream,[11] moisturizers, hair conditioners 

· A reactant in some ready-to-use cold compresses for first-aid use, due to the endothermic reaction it creates when mixed with water 

· A cloud seeding agent, along with other salts 

· A flame-proofing agent, commonly used in dry chemical fire extinguisher charges such as the urea-potassium bicarbonate mixture 

· An ingredient in many tooth whitening products 

· An ingredient in dish soap 

· Along with ammonium phosphate, as a yeast nutrient, for fermentation of sugars into ethanol 

· A nutrient used by plankton in ocean nourishment experiments for geoengineering purposes 

· As an additive to extend the working temperature and open time of hide glue 

· As a solubility-enhancing and moisture-retaining additive to dye baths for textile dyeing or printing 
(http://en.wikipedia.org/wiki/Urea)

Humectants are also used in inks for ink-jet printers. They are used to prevent or deter evaporation of the water-based ink formula. If evaporation at the print head were to occur too rapidly, the viscosity of the ink might be changed, which might have deleterious effects.

More on vital force (“vitalism”)

Vitalism refers to the idea that living organisms are fundamentally different from non-living materials in that they contain a “vital spark” or “energy” that transcends physical measurement. Vitalists believe living things are governed by different principles than non-living things. The Greek physician Galen proposed the first pure vitalistic doctrine, proposing that a vital force, absorbed from the air into the lungs, powered the human body.


It was easy to believe this doctrine, as differences between living and non-living things are obvious—respiration, mobility, reproduction, etc. But as scientific research progressed through the 18th century and beyond, and microscopy developed and resulted in germ theory, and human anatomy became better known, and with the deeper understanding of life processes, science began to replace the need for a belief in mystical “vital forces”.


In the early 1800s, Swedish chemist Jöns Jacob Berzelius had suggested the existence of a “regulative” force in organic (living) matter to maintain its functions. Even though he rejected the mystical aspects of vitalism, he continued to espouse that “organic” compounds could only be made by living things. He maintained this view right up to the time that Wöhler, his student, synthesized urea. The results of Wöhler’s work eventually led Berzelius to reject his regulative force idea. By 1836, Berzelius had written, “There is no special force exclusively the property of living matter which may be called a vital force.”

But not everyone gave up their vitalistic outlook so easily. Louis Pasteur’s famous experiments with fermentation led him to conclude in 1858 that fermentation can only occur in living organisms and only in the absence of oxygen. He concluded fermentation was a “vital action”. He described fermentation as “life without air”. Pasteur also showed by experimentation that there is no such thing as spontaneous generation; life always spring from life. These results also increased his belief in a vital difference between life and non-life. And even into the 20th century, some biologists (albeit a minority) still professed belief in features of vitalism.

Although vitalism in plant and animal life had been at least partially debunked, when it came to human life especially, the doctrine of vitalism held on far longer, even into the 1930s. Man (even “objective” scientists) had difficulties believing there was nothing special about him vis-à-vis vitalism. Today, however, vitalism is denied by almost all scientists.

(from http://mechanism.ucsd.edu/teaching/philbio/vitalism.htm#Q109BIBENT10)
More on Wöhler


Just prior to his work on synthesizing urea (1828), Wöhler also was able to produce a tiny bit of aluminum metal (in powder form) from a method he duplicated from Oersted. At the time, scientists and industrialists alike did not have a suitable method of extracting aluminum from its ores, and aluminum was an extremely rare and costly (more valuable than gold) substance. It would take another sixty years before Charles Hall had ramped up his electrolytic process (first invented in 1886, commercialized in 1888) for making aluminum to a commercial scale that would bring down the price of aluminum to reasonable levels that would allow it to become economically useful in everyday products like tea kettles, fishing boats and even (eventually) airplanes. 

RADIOACTIVITY

More on the Curie
In honor of Marie Curie’s work, the SI unit for measuring radiation was established as the Curie. “In order to measure and report an amount of radiation, we need a standard unit; the standard measure for the intensity of radioactivity of some radioactive substances is the curie (Ci). The curie is a measure of the number of atoms in a collection of atoms that are giving off radiation per an interval of time. Radium decay is used as the basis for the curie, and one gram of Ra-226 gives off 2.2 trillion decays per minute. A curie is a lot of radiation, so we routinely speak of radiation intensity in terms of a picocurie. Pico is a prefix meaning one trillionth, or 
10-12, so a picocurie (pCi) is equal to 2.2 disintegrations per minute.” (Laliberte, M. Sick Buildings—Pollution Comes Home. ChemMatters, 2006, 24 (3), p 13) For more information on the Curie, see “More on how radiation is measured”, below.

Yet another term that honors the name of Curie (although this one is in honor of Pierre and not Marie) is the Curie temperature or Curie point. This is the temperature at which a ferromagnet becomes paramagnetic on heating. This means that a magnet loses its magnetism as it is heated to or beyond its Curie temperature. As it is cooled, it will regain its magnetic properties when it is cooler than its Curie temperature. See http://en.wikipedia.org/wiki/Curie_point for more information. The April 2007 issue of ChemMatters has a practical application of the Curie temperature in its article on “The Captivating Chemistry of Coins”. (Rohrig, B. The Captivating Chemistry of Coins. ChemMatters. 2007, 25 (2), pp 14–17)

More on How radiation is measured 
There are 4 major terms to deal with when one speaks of radiation: strength or intensity of the particles being emitted, the energy of said radiation particles, the dose available from those particles, and equivalent dose—the effect that dose has on the body tissue. The list below gives the basic units used for each of these terms, and the tables below that give equivalencies between conventional units and the more modern, more widely accepted SI units. 
Intensity/Strength 
1 becquerel = 1 radiation emission (1 decay) per second 

1 Curie (Ci) = 37 GBq = 37,000 MBq = 37,000,000,000 Bq
1 Bq = 27 pCi (1 pCi = 10-12 Ci)
Energy of Radiation 
1 J = 6,200 billion MeV 

Dose 
1 R produces approximately 1 rad of tissue dose
1 Gy = 100 rads

1 Gy = 1 J/kg of tissue

Equivalent Dose 
1 Sv = 100 rem 
equivalent dose = absorbed dose (rad) x Radiation Weighting factor (WR) Sv = Gy x WR”
	Measure
	Conventional Unit
	SI Unit

	
	
	

	Intensity/Strength
	Curie (Ci)
	Becquerel (Bq) 

(1 Bq = 1 emission event)

	Energy of Radiation
	electron-volt (eV)
	Joule

	Exposure to Radiation Present in Air
	roentgen (R)
	Gray (Gy)

	Tissue (Absorbed) Dose 
	Radiation Absorbed Dose (rad)
	Gray (Gy)

	Equivalent Dose
	roentgen equivalent, man (rem)
	Sievert (Sv)


	Type of Energy and Range
	Radiation Weighting Factor (WR)

	
	

	Gamma rays / X-rays
	1

	
	

	Beta particles
	1

	
	

	Neutrons
	

	< 10 keV
	5

	10 – 100 keV
	10

	> 100 keV – 2 MeV
	20

	> 2 MeV – 20 MeV
	10

	> 20 MeV
	5

	
	

	Alpha particles
	20


As can be seen from the table above, alpha particles have a WR of 20, indicating a greater damage effect once they have entered the body.

(from Teacher’s Guide, ChemMatters, April 2007, which also contains much information on radiation poisoning, Po-210, and medical applications of radioactive isotopes)

More on polonium 


More on Polonium-210 
The April 2007 ChemMatters Teacher’s Guide provides detailed information about polonium:

Polonium-210 is a naturally-occurring radioactive isotope of polonium, element number 84. It is the product of uranium and thorium decay. Uranium ores contain only about 100 micrograms of polonium per ton. Polonium can be found naturally in tiny amounts in the soil (from U-238 decay) and the air (from the decay of Rn-222 gas ), and in tobacco (primarily from atmospheric deposition onto the broad leaves). Every one of us has a very small amount of it in our body. At high doses, however, it can cause damage to tissue and organs. It is an alpha particle emitter, and since alpha particles have little penetrating ability, Po-210 poses no real threat externally. It is only when it is ingested, inhaled or injected that it poses a danger to us. 

Po-210 is used in satellites as a heat producer to keep instruments from freezing up in the low temperatures of space. (Radioactive decay of Po-210 produces alpha particles, which are high energy particles that are stopped very quickly by anything in their direct path. The alpha particles’ energy is quickly transformed to infrared energy in the receptor particles. This generates a lot of heat – 0.5 grams of the substance can produce temperatures up to 500 oC inside its container. Unfortunately, Po-210’s half-life of only 138 days means it cannot be used as a long-term source of energy for long space flights, and its use in this regard has been withdrawn. 
Po-21 is also used as a static electricity eliminator in industrial settings, especially in photographic studios and textile mills. For this use it is packaged in minute quantities and is mixed with silver or another metal, and it is very difficult to isolate from these instruments. Its sale for industrial uses is regulated by the Nuclear Regulatory Commission (NRC) or a state agency. The NRC has evaluated the risk of the availability of these devices and other, small devices containing less than 0.1 μCi of radioactivity that are used to check or calibrate instrumentation, and it has made the following statement from a fact sheet on Po-210 it published: “At this time, the NRC has seen nothing to suggest that increased controls or security measures are required for polonium-210. The NRC constantly re-evaluates security needs for radioactive materials; should new information become available that suggests enhanced controls are needed, the agency will take appropriate action. December 19, 2006” (See the fact sheet at http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/polonium.html.)

The agency makes that statement based on the fact that all the Po-210 sources cited above would require extensive, expensive, and hazardous extraction processes and subsequent chemical reprocessing before Po-210 would be in a form that would be likely to cause harm to others.

A rather dated, but still useful, report from the National Academy of Sciences National Research Council entitled, The Radiochemistry of Polonium”, one of a series called the “Nuclear Science Series”, in 1961, offers a wealth of information about the chemistry of polonium. The report can be found at http://library.lanl.gov/cgi-bin/getfile?rc000006.pdf.

This is an excerpt from that report.
Polonium metal is silvery gray in color, and is soft enough to be scratched readily. The metal reacts slowly at room temperature, but rapidly at elevated temperatures. Therefore, the pure metal should be stored under vacuum or an inert atmosphere. The intense radiation of curie level samples causes fluorescence in the surrounding gas and in glass or silica containers. In the dark, a quite spectacular blue-white glow is observed from curie level metallic samples

or suspensions of insoluble Po compounds. The intense radiation of large samples of Po has a heating effect (27.4 cal/hr/curie—theoretical value),5 so that the temperature of the sample can be well above its surroundings. The radiation also affects glass or silica containers, causing them to become dark and fragile (crazing).
More on Po-210 poisoning

The poisoning of Victor Litvinenko, the ex-KGB agent and critic of the Russian government, in 2006, brought the effects of radiation poisoning to everyone’s attention. The story can be found in the April 2007 issue of ChemMatters. Litvinenko was an ex-spy who apparently upset the wrong people. He had a meeting with several important people, and 22 days later he was dead. His symptoms seemed remarkably like radiation poisoning.


Although the half-life of polonium-210 is only 138 days, when it decays, it emits alpha particles, essentially high-energy helium nuclei. Although they are high-energy particles, their penetrating power is negligible. A piece of paper will stop them. Thus they only affect other matter at very short distances. Nevertheless, once they have entered the body, either through ingestion or inhalation, they can come in direct contact with cells in the body, and it is there they can wreak their damage. And when they’re ejected from the polonium nucleus, they have 5.3 MeV of energy—more than a million times the energy required to break chemical bonds—so they are quite capable of breaking bonds, say, for instance, in proteins or DNA molecules. This ultimately affects entire systems in the body. In Litvinenko’s case, scientists hypothesize that the alpha particles destroyed stem cells in his bone marrow. These cells are needed to maintain red blood cells and the immune system. The disruption of the immune system (and others similarly affected) can (and did) lead to total system failure and, ultimately, death.


Marie Curie was exposed to polonium over most of her career. Although Litvinenko’s exposure was acute and therefore concentrated, Curie’s exposure was much less concentrated but chronic. The affect for her was cumulative. Thus her symptoms would have been much less dramatic, happening over a longer period of time. It just meant that she suffered longer—and without really knowing why.

More on radio-carbon dating as a use of radioactivity


Here is a good basic description of how dating artifacts using carbon-14 works, from the April 2001 issue of ChemMatters.

One of the most basic questions surrounding any archaeological discovery is its age. Although ages can be approximated from the nature of the materials found at a site (tools, materials, types of pottery, clothing, etc.), one of the most common analytical techniques involves radiocarbon dating, a technique developed by W. F. Libby . . .
Radiocarbon dating is used to estimate the age of any object that originally was a living plant or animal. It is based upon the decay of C14, a radioactive isotope of carbon.

C14 is continually being produced in our atmosphere. Very high-energy cosmic rays cause high-energy nuclear reactions. Some of these reactions produce neutrons, which in turn react with N14 in the atmosphere to produce C14.

on1   +    7N14   (    1H1   +    6C14
C14 is radioactive, with a half-life of approximately 5700 years. We assume that C14 has been produced in our atmosphere at a relatively constant rate for the past several thousand years. A relatively recent development shows that there are small variations in the C14 content of living things over time. Modern archeologists compensate by calibrating radiocarbon dating with other methods to account for these variations.

Since C14 decays at a nearly constant rate, we believe that it has reached a steady-state concentration in our environment. A good analogy would be to pour water at a constant rate into a bucket that has a moderately small hole in the bottom. As the water gets deeper, the pressure on the bottom increases, so the water flows out the bottom of the bucket at an increasing rate. When this rate becomes equal to the rate at which water is being added, the level of water in the bucket stays the same.

Plants ingest carbon dioxide from the atmosphere during photosynthesis. Animals consume plants and other animals. The ratio of C14 to the total amount of carbon in any living thing becomes equal to the ratio found in the atmosphere. The amount of C14 present is sufficient to produce a radioactivity equal to 15.3 disintegrations per second per total gram of carbon.

But when a living organism dies, it no longer ingests carbon in any form. As the C14 disintegrates, the amount of radioactivity found in each gram of carbon decreases. For example, when the decay rate reaches one-half of the 15.3 disintegrations/s, this indicates that the sample is approximately 5700 years old, the half-life of C14.

The burning of fossil fuels has increased the amount of C12 in the atmosphere in the last hundred years or so. This may complicate the application of C14 dating in the future.

(from Soil Chemistry. ChemMatters Teacher’s Guide, April 2001)

BUCKYBALLS

More on buckyballs
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As Haines mentioned in the article, C60 buckyballs are composed of 20 hexagons and 12 pentagons. The model at the right shows these structures nicely. This shape is known as a truncated icosahedron. It would be impossible to construct a spherical structure out of only hexagons. Adding pentagons distorts the shape out of perfectly spherical symmetry. The bond strain of this structure is relieved by the aromaticity of the hexagon groups, and the strain is thus spread out over the entire surface. Resonance further stabilizes the molecule.

Note on the model that each carbon atom has only three bonds with other carbon atoms. This means that each carbon atom has sp2 bonding hybridization, as in graphite (or graphene), instead of the sp3 hybridization of diamond.

 Next note that one bond to every carbon atom is yellow, while two are red. The red bonds signify single or sigma bonds, while the yellow bonds represent double bonds, or sigma and pi bonds. Since the signal that the mass spectroscope recorded was a single intense line, this indicated a single kind of carbon atom—all with the same bond structure. Thus some resonance must be taking place. But the bond length between two atoms at the junction of two hexagons is greater (0.146 nm) than the bond length between two atoms at the junction of a hexagon and a pentagon (0.135 nm). This indicates that the π-bond delocalization of electrons seems to be less than might be anticipated in a truly aromatic compound, however. Nevertheless, the stability of the C60 buckyball structure indicates that the delocalization of the π bonds must be sufficient to overcome the bond strain throughout the structure.


Since C60 is a saturated organic molecule, it typically undergoes addition reactions (like arenes), rather than substitution reactions (like alkenes).

(http://www.ias.ac.in/resonance/Mar2001/pdf/Mar2001p55-65.pdf)
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Shown here is a ball-and-stick model of a buckyball set beside a soccer ball—for comparison purposes, I’ve shaded in the center pentagon on the buckyball to more closely match the black center pentagon on the soccer ball. Note that the shapes are identical (although it may be a bit difficult to tell, since you can see through the ball-and-stick model to the back carbon atoms).

Also note that the (van der Waals) diameter of an actual buckyball is about 1 nm, while the diameter of the soccer ball is about 22.3 cm, or 2.23 x 108 nm. So a real soccer ball is more than 200 million times as big as a real buckyball !

More on applications for buckyballs
The properties of buckyballs (also known as fullerenes) have caused researchers and companies to consider using them in several fields. The following survey of buckyball applications introduces many of these uses. Click on any of the links below to go to a detailed explanation.
A survey of buckyball applications under development:
Buckyballs may be used to trap free radicals generated during an allergic reaction and block the inflammation that results from an allergic reaction.

The antioxidant properties of buckyballs may be able to fight the deterioration of motor function due to multiple sclerosis.

Combining buckyballs, nanotubes, and polymers to produce inexpensive solar cells that can be formed by simply painting a surface. 

Buckyballs may be used to store hydrogen, possibly as a fuel tank for fuel cell powered cars.

Buckyballs may be able to reduce the growth of bacteria in pipes and membranes in water systems.

Researchers are attempting to modify buckyballs to fit the section of the HIV molecule that binds to proteins, possibly inhibiting the spread of the virus. 

Making bullet proof vests with inorganic (tungsten disulfide) buckyballs. 
(from the UnderstandingNano.com Web site: http://www.understandingnano.com/buckyballs-fullerenes.html)


And here is another list of potential uses for fullerenes from Science.org:
Chemical sponges 
Medical researchers believe that fullerenes could be put to work as tiny chemical sponges, mopping up dangerous chemicals from injured brain tissue. Excess production of free radicals (eg, peroxide) in the brain following a head injury or a stroke destroys nerve cells. Buckyballs, made soluble in water, appear able to ‘swallow’ and hold free radicals, thereby reducing the damage to tissue. 

Nanotubes in microscopes 
Buckyball discoverer Richard Smalley and colleagues have used nanotubes as chemical probes in a scanning-force microscope. The microscope relies on a tiny tip that detects and skims the surface of target molecules. The great resilience of fullerenes means that the tube springs back into its original shape when bent. 

Buckyballs in miniature circuits 
A supercomputer the size of a paperback is the ambition of European researchers who have managed to attach a single buckyball to a sheet of copper. The scientists compressed the buckyball by 15 per cent, improving electrical conductivity by more than 100 times compared to the undisturbed molecule. A tiny electronic component like this could make miniature circuits feasible. 

Lubricants, catalysts and superconductors 
Other exciting potential uses of fullerenes include buckyballs behaving as 'molecular ball bearings' allowing surfaces to glide over one another. Fullerenes with metal atoms attached to them might function as catalysts, increasing the rate of important chemical reactions. Scientists know that buckyball compounds with added potassium act as superconductors at very low temperatures. 

Molecular sieves 
Because of the way they stack, buckyballs could act as molecular sieves, trapping particles of particular sizes while leaving others unaffected. Scientists talk of designing sieve-like membranes from buckyballs that allow biological materials to pass through, but not larger particles such as viruses. This would be useful for handling transplant organs, for example. 

Buckycopiers? 
In the United States, Xerox owns patents for using buckyballs to improve resolution of photocopies. They are 1000 times smaller than the particles used in conventional photocopier toner. 

http://www.science.org.au/nova/024/024box02.html
More on the discovery of buckminsterfullerene

In his Nobel Lecture in 1996, Smalley seemed very humble in his recounting of the story of the discovery of C60. He mentions each member of his team of researchers, the role that individual played, and how well they all worked together as a team. He credits Kroto, saying “his intensity and scientific background blended in perfectly”. He also credits “karma” for some of their success.


His remarks seemed to play down the uniqueness of their discovery when he also mentioned two other teams that were working with carbon using similar instruments, one at Exxon that was studying the role of carbon buildup on catalysts, and one at AT&T Bell Labs that was researching carbon’s role in semiconductors on the nanometer scale. (In fact, the Exxon team had already seen the C60 spike on their own mass spectrometer, but if didn’t fit in with their expected findings, so they dismissed it.) He asserted that he believed that the “discovery of C60 and the fullerenes would have been made . . . within a year or two in any event”. 

In his closing remark, he said, “While it is fun to think about the wonderful role of serendipity in the story, one should also spend a bit of time comprehending the inevitability of the discovery as well. The only character of true genius in the story is carbon. Fullerenes are made wherever carbon condenses. It just took us a little while to find out.” 
(http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1996/smalley-lecture.pdf)

More on nanomaterials 


Carbon nanotubes are made of sheets of graphene rolled up. Graphene is a single-layer sheet of graphite. And graphite, you may recall, is a repeating pattern of hexagons of carbon atoms that form layers. The bonding within the layers is sp2 hybridization, with only 3 bonds involved, so the extra electron in carbon is attracted (weakly) to other hexagonal layers. Graphene is one of these individual layers of graphite. 


Carbon is not the only substance that can form nanotubes. Boron nitride (BN) is another substance that can be formed into nanotubes. “Boron nitride has a great potential in nanotechnology. Nanotubes of BN can be produced that have a structure similar to that of carbon nanotubes, i.e. graphene (or BN) sheets rolled on themselves, however the properties are very different: whereas carbon nanotubes can be metallic or semiconducting depending on the rolling direction and radius, a BN nanotube is an electrical insulator with a wide bandgap of ~5.5 eV (same as in diamond), which is almost independent of tube chirality and morphology. Similar to other BN forms, BN nanotubes are more thermally and chemically stable than carbon nanotubes which favors them for some applications.” (from The Royal Society of Chemistry (RSC), http://www.rsc.org/learn-chemistry/resource/rws00000549/boron-nitride)

Connections to Chemistry Concepts (for correlation to course curriculum)
1. Serendipity—OK, maybe this isn’t in the chemistry curriculum, but maybe it should be. Maybe students would be more interested in chemistry if they thought that they, too, could have these “EUREKA” moments! (OK, I’ll get off my soapbox now.)

2. Nature of science—Serendipity played a role in many of the great discoveries in chemistry. “The scientific method” has plenty of room for serendipity in the development of a model/theory.
Urea and Friedrich Wöhler

3. Organic chemistry—Wöhler’s discovery that we can synthesize organic molecules from inorganic molecules had a huge impact on organic chemistry and opened the door for organic synthesis.

4. History of organic chemistry—This is self-evident.
5. Humectants (?)—Desiccants display a physical property of matter.
6. Chemical bonding—The article is ripe with areas pertinent to chemical bonding; e.g., carbon-carbon bonds in organic compounds and in buckyballs.

7. Applications—Students find chemistry more appealing if you can give them applications of the science, rather than just the concept itself. Organic chemistry, radioactivity and especially buckyballs have lots of applications to the real world.

Radioactivity and Marie Curie

8. Radioactivity—Curie’s work with radioactivity can be the “foot in the door” you need to get kids interested in studying about nuclear chemistry.

9. Kinetics—Radioactivity leads right to the concept of half-life, which is a first-order reaction.

10. Types of radiation—This topic can come from Curie’s work, even if they didn’t know about them at that time.

11. Ionizing radiation—Curie’s work focused primarily on ionizing radiation, since Pierre’s earlier research work had involved the ionizing of materials by radioactivity—and that’s how the team measured the activity of the pitchblende.

12. Elements and Periodic Table—Curie discovered two new elements.

13. Isotopes—This part of the article can lead to a discussion of isotopes and the realization that some are radioactive, and some are not.

14. Atomic structure—The nucleus is where all the radioactivity (nuclear decay) is taking place.

Buckyballs and Harry Kroto

15. Carbon chemistry—Kroto was studying carbon chemistry in stars and this led him to the AP2 and Richard Smalley.

16. Buckyballs—This is just one of the four allotropes of carbon

17. Allotropes—Graphite and diamond were known for a long time; buckyballs (and nanotubes) are a much more recent discovery. This is a good chance to discuss what allotropes are.

18. Nanomaterials—These are going to be one of the hot topics for research in chemistry for many years. And the properties of nanomaterials are really inherently interesting—because they differ so much from bulk properties of materials. You might say they are counter-intuitive.

Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “Scientists always know what the results of their experiments will be; they have their hypothesis to guide them.” If a scientist already knew what the results of an experiment would be, there would be no need to DO the experiment! While it’s true that a scientist may have a hypothesis in mind when she starts experimenting, as often as not, the results of her experiments won’t be what she expected going into the experiment. That’s where serendipity comes in. Although the result may not be what is expected, the scientist will still learn from the results, and she will change the hypothesis or model she had to fit the new findings. And if totally unexpected results occur, the trained scientist will be able to apply related knowledge to the event and move forward, perhaps in a totally new direction.
2. “Scientists who make great discoveries are just lucky.” While luck (serendipity) may frequently play a role in great discoveries, if scientists weren’t trained to be observant and to seek regularities in the results of their experiments (and those of other scientists), many great discoveries would go “undiscovered”.
3. “Urine is the same thing as urea. Yuck!” Haines’ article should dispel this misconception. It tells students that urea is a white crystalline solid, while urine is . . . well, you know . . . yellow. If you happen to have urea in your chemical storeroom, it might be a good idea to show them what urea looks like; they already know what urine looks like, eh?
4. “Radiation always causes cancer, just like it did for Marie Curie.” First, this depends on your definition of radiation. Sunlight and microwaves are forms of radiation, parts of the electromagnetic spectrum, just like X-rays and gamma rays. But sunlight (at least the visible parts) and microwaves are not ionizing radiation. Ionizing radiation is the only kind that has enough energy to disrupt cellular reproduction, possibly resulting in cancerous cells. Even then, the radiation’s ability to cause cancer depends on several factors: the intensity, the energy, the dosage, and the absorption of that dosage. While exposure to radiation can and often does lead to cancer, smaller, less energetic doses may have little or no effect. On the other hand, high dosage of high intensity, high energy radiation may cause such sudden and severe changes in a body that it may result in entire system failures that result in quick death, long before cancers could even be detected. (See “More on how radiation is measured”, above.)
5. “All radiation is the same.” Not quite. Four different forms of radiation are: alpha and beta particles, gamma rays and neutrons. (See “More on how radiation is measured”, above.)
6. “When people microwave food, they always say they ‘nuke’ it; that must mean this is a nuclear reaction—and produces radiation.” [Actually, “nuking” is just a term that’s easier to say than “microwaving”. Microwaving is NOT a nuclear reaction. While it is true that microwaves are a form of radiation (like X-rays and gamma rays), the energy of microwaves is extremely low—lower than visible light or even infrared. So we are not exposed to ionizing radiation from a microwave oven. The only result of exposure to microwaves is that water molecules are made to spin faster, which imparts thermal energy to the food.

7. “Nanotechnology should be banned—it is bound to be toxic to life.” This is a bit of an overreaction. The truth is that the verdict is still out on the effects of nanotechnology on the environment—human and otherwise. This is one of the problems facing nanotechnology today. Not enough evidence has been gathered yet to tell the effects of nanotechnology on the environment.

8. “So, nanotubes are just rolled-up sheets of graphite.” Although textbooks and Web references often say that nanotubes appear as if they are just sheets of graphite (or graphene) rolled up, it is important that students understand that this is not the way they form. Tubes seem to form directly into tube shapes at high temperatures; they do not first form sheets and then fold in on themselves.
Anticipating Student Questions (answers to questions students might ask in class)
1. “Why don’t chemical industries use urine as a ‘natural’ source of urea? This would be cheaper and more ecologically sound than manufacturing it from petroleum or natural gas.” As the article mentions, the smell of urine would be enough to stop most companies from using urine as a raw material. (Remember that urea, in its pure form, is odorless.) In addition, it would be difficult, and maybe not possible— and expensive!—to collect and transport the huge volumes of urine needed by the chemical industry. The amount of urea used in industry today is in excess of 100 million tons (of the crystalline compound, not a dilute solution like urine) a year. 
2. “Is all radiation bad for us?” No, not all. We actually rely on some forms of radiation, especially visible, infrared and, to a lesser extent, ultraviolet. All of these are non-ionizing radiation (except short-wave UV, which can cause skin cancer). Longer wavelength radiation is also helpful to us, in the forms of radio waves, and UHF and VHF frequencies, which used to be the frequencies at which television signals were sent and received. Any radiation with shorter wavelengths than UV (e.g., X-rays, gamma rays, etc.) is considered ionizing radiation, the type which is energetic enough to cause cellular damage that can result in cancer.
3.  “Is nanotechnology really dealing with single atoms?” [The term “nanotechnology” typically refers to materials smaller than 100 nm. Although scientists can work with individual atoms or molecules (see pictures below), it is easier to deal with slightly larger accumulations of atoms or molecules. And the particular quantum properties of nanomaterials that make them so interesting and potentially useful are evident at these slightly larger dimensions.
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Fun With Atoms: In between experiment​s, scientists at IBM's Almaden Research Lab in Silicon Valley had some fun creating this image, which is made of carbon monoxide molecules on a flat copper surface. The images were creating by moving atoms to spell "If you can read this, you are too close" Too close indeed, as the letters are just 1 nanometer wide and 1 nanometer tall. The molecules were moved using one of IBM's famous scanning tunneling microscope​s.
(http://picasaweb.google.com/IBMResearchAlmaden/IBMCelebrates20YearsOfMovingAtoms#5385522779368753138)
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Eigler, M., Schweizer, E.K. Positioning Single Atoms with a Scanning Tunneling Microscope. Nature. 1990 344 , pp 524–526.
Using the scanning tunneling microscope, Eigler positioned 35 xenon atoms to spell out “IBM”.

(http://www.bing.com/images/search?q=ibm+atom+picture&view=detail&id=5F7CEB8125BC296541A662FB5EA928CCDB423D95)

4. “What’s so special about materials at the nanometer level?” One factor that influences properties at the nano level is the amount of surface area relative to the volume of the material. Nanotubes, for example, have large surface areas inside and outside the layer of atoms. These also have delocalized electrons that make reactions with other substances more likely. The second, and more important, factor is that at these sizes, quantum mechanical effects are more evident—and many of these defy our sense of reality (at the macro scale).

In-class Activities (lesson ideas, including labs & demonstrations)
1. “Using Popcorn to Simulate Radioactive Decay” by Jennifer Wenner of the University of Wisconsin-Oshkosh does just that. This student lab activity compares the inability to predict which kernel will pop next to not being able to predict which atoms of a radioactive substance will decay next. (http://serc.carleton.edu/quantskills/activities/popcorn.html) This is a complete lesson.

This next geologic Web site lesson provides an explanation of nuclear decay using the popcorn analogy mentioned above. It does it in the context of radioactive decay in rocks used to date them. (http://topex.ucsd.edu/es10/lectures/lecture10/lecture10.html)
2. Many student activities exist online to simulate nuclear decay and the determination of half-life. Here are a few.

a.
“The Decay of Pennium” is a half-life simulation lab from Nancy Clark http://www.nclark.net/HalfLifeLab.doc. Students take 100 pennies and shake them up and pour them out. The tails represent decayed atoms. They plot their data to determine the half-life of pennium.

b.
A follow-up to the above activity could involve this simulation http://chem.lapeer.org/Chem1Docs/Halflife/Halflife.html. Background information on half-lives is provided, and this information is at a college level (but can be simplified for high school). Partial information is given for almost 30 isotopes, sufficient information for the student to determine how long to run the “experiment”, and how often to take readings to allow a maximum or 30 readings and to go through at least two half-lives. The student runs the simulation, gathers the data and plots the true activity (background activity is included) and the log of the true activity in order to plot the graph to determine the actual half-life.

c.
Carolina science supply company offers a student activity to simulate the measurement of radioactive half-life using the rate of water flow through a buret (rather than the old counting-of-pennies-in-a-box method. View it at http://www.carolina.com/category/teacher+resources/classroom+activities/2011+international+year+of+chemistry.do. The activity relates to Marie Curie’s work in honor of her 100th birthday and the International Year of Chemistry (2011).
3. Detectable radiation from decay of the element thorium is emitted from gas lantern mantles that are readily available from sporting goods stores (used for camping). Note that Coleman no longer uses thorium in their mantles—they use yttrium instead. You can detect the radiation by using sunlight-sensitive paper available from science supply companies, like Educational Innovations (www.teachersource.com). Other sources of radioactive material might be luminescent watch/clock dials, low-sodium salt substitutes that contain potassium, and smoke detectors. You can place the object in a light-tight box or drawer on top of a sheet of the sun-sensitive paper. Leave it for varying periods of time—1 hour, 12 hours, 1 day, 2 days, etc. Once it is exposed, the paper can be “developed” by immersing it in tap water. Places where radioactivity has hit the paper will be white, all the rest of the paper will be blue. (from ChemMatters Teacher’s Guide, April 2007) 
4. Chemcases.com offers a 2-day case study for general chemistry for non-science majors focusing on nuclear chemistry, entitled “Nuclear Chemistry and the Community” at http://www.chemcases.com/nuclear/index.html. It is designed for a 2-day class at the college level, but it can be adapted to high school fairly easily. It will obviously take longer there, as the version as it exists assumes the reader can learn (or has already learned) much nuclear information simply by reading the material on the site. The case study at the end of the unit involves students investigating the possibility that a terrorist cell that may be developing a small nuclear device.
5. The American Chemical Society high school textbook Chemistry in the Community (ChemCom, 5th edition) contains an entire unit (Unit 6) on radioactivity. Even if you don’t use the book in your classes, you can view the publisher’s (Kendall Hunt) teacher materials that accompany the book at http://bcs.whfreeman.com/chemcom5e/content/cat_010/CC5e_Main_www.html. The site requires QuickTime and Shockwave plug-ins for its animations and videos.

6. To show the differences in sizes between “normal” sizes and nanosizes, you might want to show the video “Powers of Ten”. It takes the viewer, one power of ten at a time, from 1 m through the vastness of space to 26 powers of ten, and then back down to 1m and farther down 18 powers of ten. The video was made in the1970s at IBM, but it has been updated on this site: http://powersof10.com/film.
7. Although high school students may not have any means to see atoms and molecules directly, they can still do an experiment to calculate the size of a molecule. This is an old lab experiment that originally (I believe) came from the Physical Science Study Committee (PSSC) Physics curriculum from the 1960’s. (http://www.chemheritage.org/EducationalServices/pharm/antibiot/activity/size.htm) This site has both a student version and a teacher version. It is part of a larger picture dealing with antibiotics and the history of these substances, but the experiment can be used out of context. Click on Pharmaceutical Achievers, and then on “Antibiotics in Action”, and finally, click on “Molecular Size: Oleic Acid Monolayers”, under “Chemistry Activities”.
8. You can have students build their own model of buckminsterfullerene (a buckyball). Here is the site: http://www.planetseed.com/node/19769. The activity provides the directions, a 2-page pdf of the template, and the teacher’s guide/lesson plan to accompany the activity.
9. This is a bit off the topic of buckyballs, but if you have trouble explaining to students how Avogadro’s number is determined experimentally, you can use this Web site, http://invsee.asu.edu/nmodules/Carbonmod/avogadro.html, to have them calculate the value of Avogadro’s number. It uses photomicrographs of graphite (at the nanometer level—see, it is relevant to nanotechnology) and their knowledge of geometry (which is included on the site). My quick, sloppy calculation was off by 3 powers of ten. (I hope yours is better.) 

The MRSEC at the University of Wisconsin–Madison Web site has a nice activity to differentiate the 3 types of carbon nanotubes. “Using Vectors to Construct Carbon Nanotubes” (http://mrsec.wisc.edu/Edetc/modules/HighSchool/CNT_Vector_Activity/CNT_Vector_Activity_Final.pdf) provides a pdf template of a graphene sheet that students can use to construct zigzag, armchair and chiral nanotubes. It also provides a template teachers can use to print on a transparency sheet for the overhead projector, to show students how nanotubes are constructed. Unfortunately, several of the links o other sites are no longer valid, even though they were assessed in 2006.

Another page on this site, http://mrsec.wisc.edu/Edetc/pmk/pages/bucky.html, contains 
3-dimensional models of diamond, graphite, buckyballs (C60–La@C82), and nanotubes of every type and length. You can rotate and zoom in/out on all the models. This page might help students better visualize the nanotubes they construct in the lab. 

 [Start typing here.]

10. Understanding Nanotechnology’s Web site at http://www.understandingnano.com/nanotechnology-lesson-plan.html has three high school lesson plans on nanotechnology. They are “Introduction to Nanotechnology”, “Nanotechnology in Medicine” and “Environmental Nanotechnology”. All are paper-and-pencil activities.

11. Here is a list of problems of varying degrees of difficulty regarding carbon’s allotropes. Many seem unrelated, but they lead up to questions about the allotropes. (http://www.chem.wisc.edu/~newtrad/CurrRef/BDGTopic/BDGProbs/Problems.html)

12. AccessNano’s Web site (from Australia) has a module of information and class activities about the allotropes of carbon. The module contains three mostly paper-and-pencil activities. It includes discussion of safety issues regarding nanotechnology. There is also a 32-slide Power Point available for download. You can access the module at http://www.accessnano.org/teaching-modules/performance-materials/carbon-nanotubes#activity2.

There is an announcement on the site that the Accessnano.org Web site is to be changed soon to http://education.technyou.edu.au/field. All the material from the old site apparently is on the new site already. The new site is up, as of the time of this writing, and it is more “glitzy” (which will intrigue students), but it seems to be more difficult to navigate than the old one.

Out-of-class Activities and Projects (student research, class projects)
1. Students can research other serendipitous discoveries in science; e.g., Perkins’ discovery of the first synthetic dye, mauve (Hersey, J., Heltzel, C. Your Colorful Food. ChemMatters, February 2007, pp 13 sidebar), Fleming’s discovery of penicillin, vulcanization of rubber, lithography, Post-It Notes®, Silly Putty®, Vaseline®, artificial sweeteners, Teflon®, the microwave oven, etc.
2. Students could do more research and report on Wöhler’s work. (Besides his work in organic synthesis, he also produced aluminum when the element was almost unheard of.
3. Students could research and debate many questions in society dealing with radioactivity; e.g., should food be irradiated to prevent spoilage? (ChemMatters, April 1999, p 16) should we rely more heavily (or at all) on nuclear power? Should we limit the number of imaging tests doctors prescribe (MRI’s, CAT scans, etc.)?

4. Students can research and report on present-day uses of radioactive isotopes; e.g., 

In medicine—nuclear diagnostic tests, (ChemMatters, December 1985, pp 4–7), Positron Emission Tomography (PET) scans (ChemMatters, February, 1994, pp 12–15)

In forensics—DNA “fingerprinting”, 

In science research—radio-carbon dating,

In archaeology—fossil studies (ChemMatters, April, 1998, pp 4–7)

In everyday use—smoke detectors

In industry—nuclear power

5. Your students could build a very large model of a carbon nanotube using “string” balloons. See http://mrsec.wisc.edu/Edetc/nanolab/balloons/index.html for the procedure and short video clips to demonstrate each step of building the model.

Another version (smaller, more classroom-friendly) can be found on the same MRSEC Web site at http://mrsec.wisc.edu/Edetc/EExpo/balloons/index.html. This one contains a video that shows a person actually constructing the nanotube from balloons.

6. If students (and you) are interested in doing a chemistry presentation to the general public, they might use MRSEC this site: http://mrsec.wisc.edu/Edetc/EExpo/carbon/FormsofCarbon_programguide.pdf. This set of activities requires little material or preparation, yet shows the forms of carbon. It gives background information on each one. Model kits of buckyballs and CNTs are needed; sources are given to purchase them.

7. Students can research and maybe debate the dual-edge sword of benefits/problems of nanotechnology in the areas of privacy, health and environment at http://www.powerofsmall.org/. A 4-minute video clip introduces all three topics, which can then be viewed in full detail. This is a Fred Friendly Seminar television series.

References (non-Web-based information sources)
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Serendipity

Plummer, C. The Story of Post-It Notes®. ChemMatters, 1993, 11 (4), pp 13–14. Plummer discusses the “accidental” discovery of the ubiquitous office supply and a bit of its chemistry.

Herlocker, H. Lithography Printing: From Rocky Start to Digital Future. ChemMatters, 2001, 19 (3), pp 10–11. Lithography, literally “stone writing”, got its start thanks to a lucky accident.


Rohrig, Brian. Serendipitous Chemistry. ChemMatters, 2007, 25 (4), pp 4–6. Author Rohrig discusses the “accidental” discoveries of Vaseline®, Silly Putty® and artificial sweeteners (all of them!).

Urea


Thielk, D. Kidney Dialysis—The Living Connection. ChemMatters, 2001, 19 (2), pp 10–12. Author Thielk discusses the intricate process the blood undergoes in the kidneys as they filter out waste material to be eliminated in the urine. He then compares natural kidney functioning to that of a hemodialysis machine. The last page of the article includes a student activity to construct a working model of a kidney using a zip-closing plastic bag, and tincture of iodine and cornstarch.


The April 2001 Teacher’s Guide contains much more information about the article above and kidneys and renal disease, along with the usual activities and other features of the Teacher’s Guides.

Kimbrough, D. Urine: Your Own Chemistry. ChemMatters, 2002, 20 (3), pp 14–15.

 In this article, author Kimbrough gives a bit of a tongue-in-cheek discussion of human urine. She (seriously) describes the content of urine, the role of the kidneys in collecting waste products for excretion via urine, and the role of urine in drug testing. 

Remember to check the Teacher’s Guide for this issue for more information on urine and urea.


Ruth, C. Teeth Whitening. ChemMatters, 2003, 21 (4), pp 7–9. The article itself deals with the various processes throughout history for whitening teeth, the structure of teeth, and how whiteners work. But it’s the article-within-the-article that is relevant here. It’s called “Fizz” and “Wiz”, a play on words of sorts. It discusses carbamide peroxide, the primary ingredient in tooth whitening formulations. It is produced from the reaction of hydrogen peroxide (the “fizz”) and urea (the “wiz”). It does (eventually) provide information differentiating urea from urine. The article also mentions the use of urea as a major fertilizer.
Fruen, L. Cleopatra’s Perfume Factory and Day Spa. ChemMatters, 2004, 22 (3), pp 13–15. Author Fruen makes mention of Cleopatra using urea to clean and embellish her complexion. The use of urea as a skin conditioner and emollient was mentioned in the background information earlier in this Teacher’s Guide. The only difference is that the urea Cleopatra used came from the powdered excrement of crocodiles!


Also in the October 2004 issue of ChemMatters is the article “Lab on a Stick”. Brownlee, C. ChemMatters, 2004, 22 (3), pp 9–11. The focus of the article is primarily on developing a paper strip test to sample urine to detect problems with blood sugar in people with diabetes, it also addresses the other tests the strip contains, and the abnormalities it can detect. The following page (p 12) gives an interview with woman chemist Helen Free who, along with her husband, developed the test strip. Remember to check the Teacher’s Guide also.

In “Sick Buildings—Air Pollution Comes Home”, ChemMatters author Laliberte discusses several sources of air pollution inside houses, including urea-formaldehyde insulation paneling, and radon (which would fit under the “Radioactivity” category below, as it comes from nuclear disintegration of radium—equation included). (Laliberte, M. ChemMatters, 2006, 24 (3), pp 12–14)

Radioactivity

The ChemMatters article “The Radium Girls—Dialing Up Trouble” discusses deaths caused by radium poisoning, involving women in the 1920s who used a mixture of glue, water, radium and zinc sulfide to paint the numbers on the surface of watches. The article explains why radium glows, safety measures involving the use of radium (and other radioactive substances) then and now, new substitutes for radium’s glow-in-the-dark quality, and the connection between the radium girls and Madame Curie. (Curtis, B. The Radium Girls—Dialing Up Trouble. ChemMatters, 1998, 16 (3), pp 13–15).


In the article “Radioactivity—It’s a Natural” author Rohrig makes the case for radioactivity occurring all around (and in) us. He discusses radiation and the electromagnetic spectrum, ionizing radiation and types of radiation emissions. He briefly mentions Marie Curie and her death from exposure to radiation in her lifetime experimenting with radioactive substances. (Rohrig, B. Radioactivity—It’s a Natural. ChemMatters, 2000, 18 (2), pp 6–9). The last page is a personal radiation dose estimator for students to complete.

The Teacher’s Guide for this April 2000 issue contains information on the “discovery” of non-existent radioactive particles, early quackery involving “cures” using radioactive substances, and practical uses for radioactivity today.


The effects of radiation poisoning are better known today than they were in the time of Marie Curie. In 2006, Alexander Litvinenko, a critic of the Russian government, died, believed to have been poisoned with polonium-210. Of course, polonium was discovered by Marie Curie. This ChemMatters article provides details about Litvinenko’s death and about the chemistry of Po-210. (Keown, A. The Death of Alexander Litvinenko. ChemMatters, 2007, 25 (2), pp 18–19).


The April 2007 Teacher’s Guide to the above article in ChemMatters offers more background information about Litvinenko’s death, about radiation poisoning in general—especially its biological effects, about radiation itself, about polonium—the history of its discovery as well as its chemistry and its uses.

Buckyballs

Wood, C. Buckyballs. ChemMatters, 1992, 10 (4), pp 7–10. This is the first ChemMatters issue that covered the topic of buckyballs, 7 years after their discovery by Kroto, et al. Author Wood discusses the Smalley team’s discovery, follow-up work that confirmed the discovery, experimental results that (at that time) showed that buckyballs might make great magnets and superconductors at very low temperatures. He also discusses possible future uses.

Rosenthal, A. Nanotechnology—The World of the Super Small. ChemMatters, 2002, 20 (4), pp 9–13. In this article, the author discusses how small nanotechnology is. She discusses Don Eigler’s famous “IBM” microphotograph of atoms, and the discovery he made when he tried to make a more complex arrangement of atoms. She also discusses draws analogies between nanomaterials research and kitchen pots and utensils.

The Teacher’s Guide to the December 2002 nanotechnology article above contains a lot of background information and Web links about the topic.

Brownlee, C. Super Fibers. ChemMatters, 2006, 24 (1), pp 11–13. The title of this article may fool you. Although it is about fibers, its focus is primarily nanotubes and nanotechnology that could be “woven” into the fabrics made up of these fibers. The author discusses the relative strength of spider silk, Kevlar and nanotubes, and the possible future uses of nanotubes, including the infamous “space elevator”.


The February 2006 Teacher’s Guide to the “Super Fibers” article above has extensive background information and numerous Web sites to help you teach about nanomaterials.

Rosenthal, A. Nanomotors. ChemMatters, 2006, 24 (2), pp 18–19. This article deals with nanotechnology at the cellular level. The author describes naturally occurring nanomotors within cells, and how scientists are trying to copy them and make their own nanomotors—with some success.


The Teacher’s Guide to the nanomotors article above contains many Web links to research being done in nanomotors technology.

This article about diamond and graphite could be a nice introduction to buckyballs and carbon nanotubes, which is where it appears in this issue of ChemMatters). The author discusses the similarities and differences between diamond and graphite, both in terms of their properties and their structures. He also discusses where diamonds come from, and ways scientists are making synthetic diamonds. (Sicree, A. Graphite vs. Diamond: Same Element, But Different Properties. ChemMatters, 2009, 27 (3), pp 13–14).

In this ChemMatters article, author Halim introduces students to the world of nanotechnology. She discusses what nano is (materials from 1–100 nm), the various forms it takes (tubes, wires, balls), applications (medicines, drug-delivery), and methods of fabrication (top-down, bottom-up) (Halim, N. Nanotechnology’s Big Impact. ChemMatters, 2009, 27 (3), pp 15–17). http://portal.acs.org/portal/PublicWebSite/education/resources/highschool/chemmatters/archive/CNBP_023539
____________________

Serendipity


Roberts, R. Serendipity: Accidental Discoveries in Science. John Wiley & Sons, Inc. 1989. ISBN #: 978-0-471-60203-3. Professor Roy provides 36 stories of serendipitous scientific discoveries. Although dated, the history hasn’t changed; the stories are as important today as they were then.


Roberts, R., Roberts, J. Lucky Science: Accidental Discoveries from Gravity to Velcro, with Experiments. John Wiley & Sons, Inc. 1994. ISBN # 978-0-471-00954-2. The authors provide 15 more stories of accidental discoveries in science. (The table of contents has 15 stories, but the back cover says “20 scientific breakthroughs”.) The book also contains experiments that students can do at home. Note that the book seems to be aimed more at middle school students.

Urea


For a detailed history of urea in organic chemistry, see Kurzer, F. and Sanderson, P. Urea in the History of Organic Chemistry: Isolation from Natural Sources. Journal of Chemical Education, 1956 33 (9), p 452–59. Authors Kurzer and Sanderson provide a wealth of history leading up to the synthesis of urea by Wohler. The article is also available online (http://pubs.acs.org/doi/abs/10.1021/ed033p452) to subscribers of the Journal. 


Another J Chem Ed article focuses on the reporting of Wohler’s synthesis of urea in college chemistry textbooks: Cohen, P and Cohen, S. Wohler’s Synthesis of Urea: How Do the Textbooks Report it? Journal of Chemical Education, 1996 73 (9), p 883–886. The focus of the article is to show the ambiguity of some of the “facts” found in textbooks of the ‘90s. The article shows that the history is not entirely clear on the details of his work, or of the influence his synthesis had on vitalism. The article is also available online (http://pubs.acs.org/doi/abs/10.1021/ed073p883) to subscribers of the Journal. 

The Journal of Chemical Education contains the following article about a microscale experiment: Tanski, S. Petro, J. Ball, D. The Synthesis of Urea: An Undergraduate Laboratory Experiment. Journal of Chemical Education, 1992 69 (4), p A128–A129. (also available to 
J Chem Ed subscribers online at http://pubs.acs.org/doi/pdfplus/10.1021/ed069pA128.) The experiment “reproduces Wohler's original 1825 synthesis of an organic compound from inorganic sources.” Note that this experiment is designed for general chemistry or organic chemistry classes at the college level.

Web sites for Additional Information (Web-based information sources)
More sites on serendipity

This PBS Web site, http://www.pbs.org/wgbh/nova/body/accidental-discoveries.html, contains seven brief stories about accidental discoveries in science.


The Discovery Channel has its own top ten list of serendipitous discoveries: http://web.archive.org/web/20071011073747/http://exn.ca/stories/2004/04/19/51.asp.


The Creating Technology: Engineering and Biomedicine Web site has an interesting article, “Chance and the prepared mind in drug discovery”. It provides insights into the nature of “luck” in scientific discoveries. The article provides many examples, some rather detailed, in the history of serendipitous scientific discoveries—and why they worked. (http://www.creatingtechnology.org/biomed/chance.htm)

Jim Loy has a short Web page called, simply, “Serendipity”. He explains the origin of the term and provides one-paragraph descriptions of nine scientific discoveries made by “accident”. (http://jimloy.com/science/serendip.htm)


The E! Science News Web site http://esciencenews.com/dictionary/serendipitous.discoveries contains a list of 15 titles and descriptions of articles that have the term “serendipitous discoveries” in them. At the bottom of the screen is a link to search for more articles, which leads to seven more pages of article descriptions. 


And the Understanding Science: How science really works Web site from Berkeley provides students with an understanding of WHY “lucky” discoveries are made so frequently by scientists. (“Chance favors the prepared mind.”) View the page, “The story of serendipity” at http://undsci.berkeley.edu/article/serendipity.


BBC Radio has a 3-program audio series on “The Serendipity of Science” at http://www.bbc.co.uk/radio4/science/serendipity.shtml.

UREA

More sites on urea 


The Chemical Company provides a short video on some of the uses for urea. Of course there is a bit of an advertisement for the Chemical Company as well. View it at http://www.youtube.com/watch?feature=endscreen&NR=1&v=7qGeBwEbOjI. 
More sites on vitalism

For a more detailed study of vitalism and vitalists, see 

http://mechanism.ucsd.edu/~bill/teaching/philbio/vitalism.htm.


Wikipedia has a Web page on vitalism and the various theories that have followed it, at http://en.wikipedia.org/wiki/Vital_force.

 
Hmolpedia: An Encyclopedia of Human Thermodynamics offers an interesting discussion of vitalism at http://www.eoht.info/page/vitalism. Note that the Web site is extensive, and seems to be agnostic/ atheistic at its core. “Hmolscience” uses science (physics, chemistry and thermodynamics) to study human behavior.

More sites on Wöhler

For more history on Wöhler’s friendship with Justus von Liebig, and their work in organic chemistry, see the Chemical Heritage Foundation article, “Justin von Liebig and Friedrich Wöhler” online at http://www.chemheritage.org/discover/online-resources/chemistry-in-history/themes/molecular-synthesis-structure-and-bonding/liebig-and-wohler.aspx.

RADIOACTIVITY

More sites on the life of Marie Curie

The American Institute of Physics has an extensive Web site devoted to the life of Marie Curie. It appears as a virtual exhibit of her life and her works. There is also “her story in brief” at this site, if you don’t wish to pursue the whole story. (http://www.aip.org/history/curie/)


The Web site at http://www.spaceandmotion.com/physics-marie-curie-biography.htm provides a shorter version of her life, with many quotes from her journal. Beware that this is also a commercial site, selling items of “philosophy”.


The Nobel Prize Web site has its own page on the biography of Marie Curie (and one for every other Nobel Prize winner). Hers is at http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1911/marie-curie-bio.html.


The Nobel Prize Web site also contains the lecture given by Marie Curie when she accepted the Nobel Prize for the discovery of radium and polonium in 1911. (http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1911/marie-curie-lecture.html)

The Smithsonian also has a biography of Marie Curie, Madame Curie’s Passion, at http://www.smithsonianmag.com/history-archaeology/Madame-Curies-Passion.html.


Women in Physics presents the very brief “herstory” (emphasis on the first and last syllables) of Marie Curie at their site, http://www.physics.purdue.edu/wip/herstory/curie.html.


The New York Times published this obituary for Marie Curie on July 5, 1934: http://www.nytimes.com/learning/general/onthisday/bday/1107.html. It contains a good deal of information about her life.


Here is a 10-question (mostly multiple choice) quiz on the life of Marie Curie: http://www.funtrivia.com/playquiz/quiz124491e42830.html. This is part of a much larger fun trivia Web site.

More sites on radiation 

The Christian Science Monitor Web site contains a page that discusses why Marie Curie’s research papers are still radioactive after more than 100 years. View it at http://www.csmonitor.com/Innovation/Horizons/2011/1107/Marie-Curie-Why-her-papers-are-still-radioactive.


The ChemTeam Web site contains much useful classroom information on radioactivity at http://www.chemteam.info/Radioactivity/Radioactivity.html. It contains, in particular, a nice description of the discovery of radiation by Becquerel and of alpha and beta particles (rays) by Rutherford.

The American Institute of Physics Web site provides a very nice, very detailed account of the discovery of fission, told in part by the very scientists making the discoveries. View it at http://www.aip.org/history/mod/fission/fission1/01.html.

More sites on half-life 


The ChemTeam Web site has a video clip on an analogy to demonstrate half-life—using a sheet of paper, cut in half, in half again, etc. (http://blip.tv/chemteam/an-analogy-for-half-life-4507204)

Another online simulation can be found at Splung.com physics: http://www.splung.com/content/sid/5/page/radioactivity. This site contains some background information that may be beyond first year chemistry students (uses calculus for the radioactive decay law), but the simulation is good. It not only shows the atoms decaying and the plot of decay, but it also shows the number of decays decreasing as time progresses (and uses sound, reminiscent of popcorn popping).

BUCKYBALLS

More sites on buckyballs 


Here is a 2-page “simplified account” of the 1985 discovery of buckminsterfullerene, from the Royal Society of Chemistry (RSC): http://www.rsc.org/learn-chemistry/content/filerepository/CMP/00/000/033/The_discovery_of_buckminsterfullerene.pdf?v=1347386332642. Note that in this account, the shape is that of a “football”. (This is a British Web site, after all.)


This press release from the Nobel Prize official Web site details the announcement of the awarding of the 1996 Nobel Prize Award to Curl, Kroto and Smalley: http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1996/press.html.


The Nobelprize.org Web site also contains a 30-minute video interview with Sir Harold Kroto that details some of his early life and his work. View it at http://www.nobelprize.org/mediaplayer/index.php?id=735.


And here is a pdf copy of Kroto’s acceptance speech at the Nobel Prize Award Ceremony: http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1996/kroto-lecture.pdf.


The RSC Web site mentioned above has another page that describes in some mathematical detail why the C60 buckyball requires 12 pentagons to complete the structure with 20 hexagons. The C70 molecule’s structure is similarly detailed. (http://www.rsc.org/Education/EiC/issues/2011June/SymmetryOfBuckminsterfullerene.asp)


The Creative Science Center and the Sussex Fullerene Group (Harry Kroto’s group) provide a table of some properties of carbon as diamond, graphite and C60 at http://www.creative-science.org.uk/propc60.html.

The Nanotube Site is devoted to nanotubes and has an extensive list of links to other nanotube sites that include educational sites as well as research sites: http://nanotube.msu.edu/.

This site provides a timeline for nanotube discovery (short as that timeline is): http://www.pa.msu.edu/cmp/csc/nttimeline.html.

[Start typing here – indent each new Web reference.]
More sites on carbon allotropes 


The Interactive Nano-Visualization in Science and Engineering Education (IN-VSEE, for short) Web site (http://invsee.asu.edu/invsee/invsee.htm) contains a gallery of photographs and animations that includes some very nice microphotographs at the nanoscale, as well as a series of teaching modules on a variety of physical science topics. One of these is the teaching module on the allotropes of carbon at http://invsee.asu.edu/nmodules/Carbonmod/index.html. This module provides information on the following topics for all three allotropes of carbon: source location, physical properties, applications, crystalline form and bonding. The bonding section is especially interesting as it shows 3-D drawings of s and p orbitals and the hybrid orbitals bonding together the atoms in the three allotropes. The old style 3-D glasses are required to view these. The site also includes a way to calculate Avogadro’s number, based on the scanning electron microscope images of carbon in graphite (which it provides). The site appears to be older (much of its work was done in the late ‘90s and NSF and other support ended in 2007), so some of the links are dead ends, but those cited above do work. The site suggests strongly that you use the NetScape browser. I don’t have it, so some of the images and “interactives” didn’t work for me, possibly as a result of that, possibly just that they don’t work, period. (And my calculations for Avogadro’s number were off by 3 powers of 10—hope your results are better.)

The MRSEC at University of Wisconsin–Madison has a page at http://mrsec.wisc.edu/Edetc/pmk/pages/bucky.html that shows 3-dimensional models of molecular structures of diamond, graphite, buckyballs (C60–La@C82), and nanotubes of every type and length (more than 60 varieties). You can rotate and zoom in/out on all the models. This page might help students better visualize the nanotubes they construct in the lab. [Start typing here – indent each new Web reference.]

Here’s another page from the MRSEC at UW–Madison. This one is a poster of the four types of carbon structures: graphite, diamond, buckyballs and nanotubes. (http://mrsec.wisc.edu/Edetc/EExpo/carbon/FormsofCarbon_poster.pdf)

More sites on nanotechnology 


Here is a 17minute YouTube video from Cambridge University on “The strange new world of Nanoscience”, narrated by Stephen Fry. The video won the Best Short Film award at Scinema Science film festival, 2010. (http://www.youtube.com/watch?NR=1&feature=endscreen&v=70ba1DByUmM) The video explains the importance of surface area at the nano-level, and the difference between nanoscale properties and bulk properties. It also addresses nature’s nanomaterials and the benefits of human-designed nanomaterials. Don’t let YouTube fool you; this is very good.


Here’s another video from the University of California, San Diego on nanotechnology, called “When Things Get Small”. The video is a bit more entertaining for students, with a guy much like Bill Nye. The video focuses on magnetism at the nano level.


And here are several more 30-mnute videos from the same source: “Big Thinking: The Power of Nanoscience” and “Constructing New Materials Atom by Atom”.


There are numerous Material Research Science and Engineering Centers (MRSEC) across the US. The one at University of Wisconsin–Madison has a nice Web site with lots of information and activities for teachers and students. Visit theirs at http://mrsec.wisc.edu/Edetc/.

The National Nanotechnology Initiative, at http://www.nano.gov/, is a treasure-trove of useful information about nanotechnology. Examples:


http://www.nano.gov/nanotech-101—Nanotechnology 101, a mini-course on everything there is to know about nanotechnology


http://www.nano.gov/timeline—a timeline of nanotechnology


http://www.nano.gov/you —Nanotechnology and You: benefits and applications, ethical and societal issues, health and safety issues, etc.


http://www.nano.gov/education-training—education for students, K-12 and higher education, workforce training, and teacher resources The teacher resources section contains myriad links to classroom resources dealing with nanotech.


http://www.nano.gov/newsroom—“Nano in the news” This might be where students might “hang out” to find out all that’s happening in the field of nanotechnology.


The Australian Academy of Science Web site has a page of readings on buckyballs and nanotubes from the New Scientist. They’re Web-accessible at http://www.science.org.au/nova/024/024fur.html. (It also has a few from Scientific American, which are NOT Web-accessible.)


The NanoTechnology Group, Inc. Web site offers a long, state-by-state, university-by-university list of K-12 education resources on nanotechnology at http://www.tntg.org/documents/46.html.

More Web sites on Teacher Information and Lesson Plans (sites geared specifically to teachers)


Chemcases.com’s “Nuclear Chemistry and the Community” at http://www.chemcases.com/nuclear/index.html presents a multi-day case study at the general chemistry, college level on nuclear chemistry. It focuses on the fission reactor and includes a history of the discovery of fission, obtaining fissionable material, the fission reactor and the fission bomb. The case study at the end asks students to investigate the possibility that a hypothetical terrorist cell is developing a nuclear bomb.

Lawrence Berkeley National Laboratory’s Web site, “The ABCs of Nuclear Science” contains lots of information and activities for students and teachers: http://www.lbl.gov/abc/. The site is much more in-depth than the title would imply. It also includes a nuclear wall chart and an extensive Teacher’s Guide to the chart.

Nancy Clark’s Web site contains an extensive series of student activities dealing with radioactivity: http://www.nclark.net/NuclearChem. The site also contains links to other sites, recommended by Ms. Clark.

“Carbon Allotropes: The Same and Not the Same” is a curriculum module investigating the concept of allotropes. The three activities in this module include a molecular modeling activity, a chemical reactivity lab activity and a research/presentation activity involving applications of the newly-discovered allotropes. The module is designed for “an honors or rigorous regular-level chemistry course.” Note that the module as written requires an extensive chemicals list (including the purchase of fullerenes and single-wall carbon nanotubes (CNTs) and molecular models of all the allotropes. For the average high school, this might be a significant expenditure. The fullerenes were $125/g and CNTs were $340/g from Aldrich as of this writing, although not much is used per lab group. The research/report activity could be a stand-alone, self-contained activity, as the reference for students to begin their research (a somewhat dated June 2000 Scientific American article) is included in the pdf file. 
(http://www.nu-nsec.org/Curriculum%20Projects/Carbon%20Allotropes.pdf)

The Materials Research Science and Engineering Center (MRSEC) at the University of Wisconsin–Madison Web site http://mrsec.wisc.edu/Edetc/ is an excellent source of materials for teachers. It contains a wealth of information related to nanotechnology. Virtual labs, lesson plans and online resources abound.
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