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Student Questions

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
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.
Anticipation Guide

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:  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


Teaching Strategies: 

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. 

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?
	
	
	


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.

[image from Prism Glow: A site for Reference and Learning, at � HYPERLINK "http://prismglow.com/chemistry/crystals/crystals.html" �http://prismglow.com/chemistry/crystals/crystals.html�] 


(more images of urea crystals can also be found here)





The references below can be found on the ChemMatters �25-year CD (which includes all articles published during the years 1983 through 2008). The CD is available from ACS for $30 (or a site/school license is available for $105) at this site: � HYPERLINK "http://www.acs.org/chemmatters" ��http://www.acs.org/chemmatters�. (At the right of the screen, �click on the ChemMatters CD image like the one at the right.)





Selected articles and the complete set of Teacher’s Guides �for all issues from the past three years are also available free online �at this same site. (Full ChemMatters articles and Teacher’s Guides are available on the 25-year CD for all past issues, up to 2008.) 





Some of the more recent articles (2002 forward) may also be available online at the URL listed above. Simply click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the page. If the article is available online, you will find it there.
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