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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, Ronald Tempest, and Erica K. Jacobsen created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides. 

Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a CD that is available from the American Chemical Society for $30. The CD contains all ChemMatters issues from February 1983 to April 2008. 
The ChemMatters CD includes an Index that covers all issues from February 1983 to April 2008.

The ChemMatters CD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters
Student Questions

1. Name the three basic ingredients in mascara.
2. What chemical substances are used as pigments in mascara?
3. The article identifies six substances that are used as emollients in mascara. Name them.
4. What are parabens?
5. Name the group of compounds found in ancient mascara that actually protected eyes from disease.
6. What is an emollient?
7. Name three substances that are used as eyelash thickeners.
8. What is guanine?
9. Name the modern makeup company started by T. L. Williams and based on a product developed by his sister.
Answers to Student Questions

1. Name the three basic ingredients in mascara.
The article lists three basic categories of substances that make up mascara—pigments, emollients and thickeners.
2. What chemical substances are used as pigments in mascara?
According to the article the typical pigments are carbon black (pure carbon), iron oxide and ultramarine blue.
3. The article identifies six substances that are used as emollients in mascara. Name them. 
The article identifies typical mascara emollients as carnauba wax, beeswax, mineral oil, almond oil, castor oil, and sesame oil. 
4. What are parabens?
They are a group of compounds that are esters of para-hydroxybenzoic acid, HCOOC6H4OH.
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In mascara and in other cosmetics, parabens are used as preservatives. But they also have been associated with breast cancer and so have been removed from many mascara products.

5. Name the group of compounds found in ancient mascara that actually protected eyes from disease.
Certain lead chloride compounds, some of them not found in nature, were discovered in modern analyses of ancient eye makeup from Egypt. The presence of these lead compounds is known to increase nitric oxide concentrations in the body, one method of increasing the body’s immune system. 
6. What is an emollient? 
The article describes emollients as substances that soften and soothe eyelashes. 

7. Name three substances that are used as eyelash thickeners.

Substances used as eyelash thickeners mentioned in the article are rice proteins, tapioca starch, microfibers of nylon and cellulose, and cashmere.
8. What is guanine?

Guanine is a chemical with the formula C5H5N5O.
9. Name the modern makeup company started by T.L. Williams and based on a product developed by his sister.

The name of the modern makeup company is Maybelline.
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. Mascara has five types of ingredients: oil, water, pigments, emollients, and thickeners.

	
	
	2. The most common pigments in mascara are carbon black and iron oxides.

	
	
	3. The guanine in mascara comes from bat and bird droppings.

	
	
	4. Parabens have been proven to cause breast cancer.

	
	
	5. Smudge-proof mascara contains fibers of nylon or rayon.

	
	
	6. In ancient times, honey was used instead of oil to make mascara stick.

	
	
	7. Mascara may have caused eye infections in ancient Egyptians.

	
	
	8. Maybelline mascara was originally made with Vaseline.


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. Links to Common Core State Standards: Ask students to develop an argument about using synthetic fragrances, mascara, or laundry detergents. 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. 

2. Vocabulary that may be new to students:

a. Calories

b. Metabolism

c. Maillard reaction

d. Pheromones

e. Surfactant 

f. Micelle

g. Enzyme

Directions: As you read, complete the chart below to describe the substances found in mascara.

	Substances 
	Examples
	Why is (or was) it used?

	Pigments
	
	

	Emollients
	
	

	Thickener 
	
	

	Parabens
	
	

	Ancient mascara
	
	


Background Information 
(teacher information)
More on eyelashes 

For centuries the eyes have been recognized as an important part of physical beauty, especially for women. Attractive women’s eyes are often also associated with favorable social status. And in many cultures long full eye lashes are symbols of beauty. On the other hand, loss of eye lashes is seen as a sign of deficiency in women. And so for centuries women have tried a myriad of methods for making their lashes, longer and fuller.
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From an anatomy and physiology point of view, however, eye lashes serve several functions. They are intended to keep foreign particles or small insects from entering the eyes and causing damage or irritation. Lashes are attached to eyelids in a curved arc designed to channel water away from the eyes, forming another layer of protection from the environment. Lashes are actually sensitive structures, similar to cats’ whiskers. They trigger the blink reflex response when an object comes too close to the eyes.


Lashes are simply hairs that grow from the edge of the eyelid. They are arranged in two or three rows. Each eye has between 100 and 150 individual hairs with upper lids having the greater number. Eyelashes are the widest type of human hair and the most richly pigmented. Each hair is, on average, 8-9 mm long, 7 mm of which extend beyond the eyelid. Lashes grow at a rate of about 0.15 mm per day, which means that if lashes are pulled out they take about eight weeks to fully grow back. Like other human hair, eyelashes are produced from follicles under the skin. Follicles have three stages of growth—an actual growing phase, a declination phase and a shedding phase. Each hair is very strong—capable of supporting 100 grams.
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Hair growth in humans is different from hair growth in many mammals that shed their hair all at once. Human hair growth is asynchronous—that is, some follicles are experiencing growth while others are in decline or being shed. The eyelash growth cycle is variable, lasting between five and twelve months. The first phase is called anagen. This is the growing phase and lasts about 45 days on average. The normal length of a person’s lashes is determined by this phase. In the second stage of growth, called catagen, follicle cells undergo programmed cell death, a process that takes about fifteen days. About 3% of all lashes are in this phase at any given time. The lashes then enter a period of rest, telogen, which can last as long as nine months. Up to 15% of hair is in this phase. At the end of this phase lashes are shed in a process labeled exogen. As this phase ends, anagen begins again.


Like all human hair, eyelashes are 85% proteins, primarily keratin and melanin. Water makes up 7 % of human hair and 3 percent is composed of lipids. The keratin is made up of eighteen amino acids, 7 percent water, and low concentrations of trace minerals (e.g., iron, zinc, copper). The following excerpt about keratin is excerpted from the October 2008 Teachers Guide:
Keratin is a fibrous protein polymer which [is] a bundle of helical structures held together by four types of bonds. The strongest of these are the polypeptide bonds holding amino acids together. Disulfide bonds (sometimes called cysteine bonds) are cross-linking bonds between adjacent sulfur atoms in keratin. These bonds help hold the helical polymer-like structures together. Hydrogen bonds also hold the peptide strands together, but are weaker than disulfide bonds. Because there are charge centers in the polypeptide strands, there are also ionic bonds (termed “salt bonds”) that cross-link. The fourth type of bond is a variation of van der Waals forces, but in the context of hair is of minimal importance.
The keratin helices can be extremely strong due to the presence of a compound called cysteine disulfide (human hair is about 14% cysteine). When the disulfide bond is present, the sulfur atoms are able to bond with each other in what are known as disulfide bridges. The degree to which they bond determines the stiffness or flexibility of the hair. This is what gives each hair much of its shape. Hair also contains some fats, melanin, trace amounts of metals and about 10% water.
The chemical composition of human hair is approximately 45 % carbon, 28 % oxygen, 7% hydrogen, 15 % nitrogen and 5 % sulfur. These elements make up the amino acids, keratin and protein in hair. At least 16 amino acids are present in hair, with cysteine the most important.
The lipid component is formed from sterols, fatty acids and ceramides, which are fatty molecules that help hold hair cuticle cells together.

More on mascara

As the article states, mascara is a cosmetic used to darken, thicken or lengthen eyelashes. Most mascaras are essentially emulsions that are made of the same basic components of pigments, oils, water, waxes, and preservatives. Waterproof mascara, however, contains no water. The components serve several purposes—pigments for color, waxes or oils to serve as a base, proteins, starches or synthetic polymers as thickeners. 

Pigments—The main black pigment in mascara is carbon black, pure carbon that is produced by charring wood or bone. The carbon particles are very small and usually spherical in shape. Carbon spheres fuse together to form chains, and chemical functional groups—like carboxyl or hydroxyl groups—bind to the surface of the carbon particles. Iron oxides, Fe2O3 and Fe3O4, comprise the brown pigment. The article also mentions ultramarine blue pigment which is complex sodium aluminum silicate that also contains sulfur, Na8-10Al6Si6O24S2-4. Compounds derived from coal and tar, once used as pigments, are currently prohibited by law in the United States. 
The base for most brands of mascara is either an oil like castor oil or mineral oil, or a wax like paraffin, carnauba wax or lanolin. 

Oils—Castor oil is a pale yellow liquid with no odor or taste. Its boiling point is 313 °C (595 °F) and its density is 961 kg/m3. It is a triglyceride in which approximately 90 percent of fatty acid chains are ricinoleic acid. Oleic and linoleic acids are the other significant components. Mineral oil is any one of a series of colorless, odorless, light mixtures of alkane hydrocarbons in the C15 to C40 range derived from a mineral source, particularly a distillate of petroleum. It is odorless and tasteless. One drawback is that when it is used in makeup products like mascara it tends to clog pores, a deficiency that can be overcome by purifying and refining it. 

Waxes—Lanolin is a yellow waxy substance that is complex and variable in composition. For example, a typical high purity grade of lanolin (97% by mass) is composed predominantly of long chain waxy esters. There are estimated to be between 8,000 and 20,000 lanolin esters in lanolin. Paraffin wax refers to a mixture of alkanes that falls within the C20 to C40 range; they are found in the solid state at room temperature and begin to melt at approximately 37 °C. 
Carnauba wax consists primarily of aliphatic esters (40 wt %), diesters of 4-hydroxycinnamic acid (21 wt %), ω-hydroxycarboxylic acids (13 wt %), and fatty acid alcohols (12 wt %). The compounds are predominantly derived from acids and alcohols in the C26-C30 range. The wax is obtained from the leaves of the carnauba palm by collecting and drying them, beating them to loosen the wax, then refining and bleaching the wax.

There are two main types of mascara currently manufactured. One type is called anhydrous, meaning it contains no water. The second type is made with a lotion base, and it is manufactured by the emulsion method.


Emulsions—Water is present in many mascara formulations, and when it is present it is in the form of an emulsion with the oily ingredients. Your students may have studied emulsions, like salad dressings or homogenized milk. Emulsions are a type of colloid in which two liquids that are normally immiscible, are dispersed uniformly throughout each other. Emulsions are typically unstable and will return to their immiscible state unless a stabilizer is added. Examples of emulsions that your students might know are vinaigrettes, milk and mayonnaise. Egg yolk (specifically the lecithin in the yolk) is a common food emulsion stabilizer. Stabilizers in mascara include hydrophilic compounds like the polymers polyvinylpyrrolidone, acrylates copolymer or methacrylate polymers, or hydrophobic compounds such as carnauba and ozokerite. Emulsion based mascara is made by mixing water and thickeners to make a lotion or cream base. Waxes and emulsifiers are heated and melted separately, and pigments are added. Then the waxes and lotion (aqueous) base are combined in a very high speed mixer or homogenizer that mixes the ingredients at very high speed without incorporating any air. The oils and waxes are broken down into very small beads by the rapid action of the homogenizer and held in suspension in the water. 

Water Resistant or Waterproof—Waterproof mascara is made simply by mixing the non-aqueous ingredients and heating them in a mixing tank. When the mixture reaches a semi-solid state it is pumped into containers and prepared for distribution. One of the ingredients in waterproof mascara that makes it waterproof is dimethicone copolyol, a form of dimethicone. Many of the waterproof mascaras are also silicone based.
In addition to the ingredients listed above, some formulas contain alcohol. Stearic acid is a common ingredient of lotion-based formulas, as are stiffeners such as ceresin and gums such as gum tragacanth and methyl cellulose. Some mascaras include fine rayon fibers, which make the product more viscous. Water-resistant mascaras have basis in substances that rebuff water, like dodecane (C12H26). Mascaras designed to lengthen or curl the eyelashes often contain nylon or rayon microfibers. Additionally, ceresin, gum tragacanth, and methyl cellulose are regular ingredients added to act as stiffeners. 

When you read mascara product labels you read terms like “emollients”, “moisturizers”, and “thickeners.” What are these substances? 

The waxes and oils listed above are all emollients. Some of the key characteristics required in good emollients are good spreading properties, low toxicity/skin irritation and good oxidative stability. Oleic acid, a major constituent of olive oil, has poor oxidative stability due to the presence of its double bond. Fats and oils are considered saturated if they do not have double bonds. Long-chain alcohols, also called fatty alcohols, are useful as emollients and emulsion stabilizers. Their polar hydroxyl groups orient to the water phase with their fatty chains oriented towards the oil phase. Esters of fatty alcohols and fatty acids make excellent emollients because of their low reactivity and good stability.
Skin and hair have their own moisturizing process. As hair cells move toward the surface, lipids, or fatty molecules, are deposited between cells, forming a natural barrier to water loss. If these lipid molecules are disrupted, hair or skin dries out. This is where moisturizers come in. There are three basic types of moisturizers: humectants, emollients and occlusive agents. As described above, emollients help the other substances to spread on the hair or skin. Humectants attract water from below the surface of the hair and help the hair retain it. Common humectants include glycerin, urea, and pyrrolidone carboxylic acid. Occlusive agents form a barrier on the hair and skin to prevent water loss. Waxes, oils, and silicones are frequently used occlusive agents. The waxes described above are also used as thickeners. 
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The article makes special mention of a minor ingredient in some mascaras—guanine. Guanine, with a formula of C5H5N5O (see structure at right), is one of the four base pairs in the DNA molecule. It always pairs with cytosine. The substance is derived from purine. Guanine crystals are rhombic platelets composed of multiple transparent layers. They have a high index of refraction that partially reflects and transmits light from layer to layer, thus producing a pearly luster. Guanine used in mascara is usually extracted from the scales of fish, as the article says. It was first isolated from bird droppings which are known as guano, the term also used to refer to bat droppings. Bat excrement also contains guanine and the confusion about the terms “guano” and “guanine” led to the misconception that mascara contains bat excrement.

For database of mascara ingredients see http://householdproducts.nlm.nih.gov/cgi-bin/household/prodtree?prodcat=Personal+Care&purpose=Eye+Care/Makeup&type=mascara
More on cosmetic history

Mascara is a cosmetic applied to the eyelashes to make the lashes thicker, longer, and darker. Its use is likely derived from the idea that the eyes are the windows of the soul. Cicero (106-43 BC) is often cited as the earliest definitive statement of the idea—“Ut imago est animi voltus sic indices oculi.”—but the belief existed long before him. Egyptian men wore mascara, as did Egyptian women. Ancient drawings of Cleopatra and Nefertiti suggest that mascara and body painting were widely used for protection, celebration, war, and death practices.

 As the article states, most histories of mascara begin with its use in ancient Egypt as long ago as 3500 BC. The mixture called kohl is one of the earliest forms of mascara. It was [image: image9.png]


probably made of galena (PbS) or lead sulfite, malachite (Cu2CO3 (OH)2), and charcoal or soot blended with water and honey. Bone and ivory were used as applicators. As noted earlier in the Teachers Guide Egyptians used blackened material around the eyes for a very practical reason—to protect the eyes from the hot African sun, similar to the way athletes do so today. Kohl continued to be used as mascara through the Babylonian, Greek and Roman empires, but after the fall of the Roman Empire, kohl fell into disuse on the European continent. 
Mascara once again became popular during the Victorian era in the 1830’s. Attitudes about makeup in general became positive, and as a result Victorian women wore elaborate cosmetics, including mascara, believing that enriching their eyelashes was an essential part of beauty. In many cases women prepared their mascara at home. They tried numerous mascara recipes like elderberries and ashes heated to form a soupy mixture. 

But it was not until the 1800s that the forerunner of modern mascara was invented. In 1859, oil was first discovered in Pennsylvania, and a chemist named Robert Cheesebrough developed a process for refining the lighter oil fractions and producing a pale colored gel that he called Vaseline, which was patented in 1872.This product is odorless, tasteless and nearly colorless, melts near body temperature, is very unreactive and is not water-soluble, all desirable properties for a cosmetic component. It would become a staple in cosmetics, including mascara.

Soon after Vaseline became popular in the early 1900s another chemist and perfumer named Eugene Rimmel mixed black coal dust pigment with Vaseline to produce what is recognized as the first non-toxic mascara. It was also the first packaged mascara. At about the same time a second chemist T.L. Williams prepared a similar product for his sister Maybel. The product eventually became known as Maybelline (“Maybel” and “Vaseline”). Still, using mascara was a messy process, and continued so for forty years until Helena Rubenstein developed a tube containing mascara with a brush applicator inserted directly into the tube. The company also invented waterproof mascara. These two developments led to mascara becoming popular.
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It turns out that it is possible to actually grow longer eyelashes and not just lengthen them using mascara. Here’s how. A drug called bimatoprost, a synthetic derivative of prostaglandin (left), is used to treat glaucoma but has as a side effect that it causes lashes to grow longer. The effect was discovered when the drug manufacturer Allergan tested the glaucoma medicine Lumigan, the prime component of which is bimatoprost. It increased the length of eyelashes and made them thicker. So Allergan obtained approval from the U.S. Food and Drug Administration to prescribe Lumigan for growing eyelashes, especially in people who had lost their lashes due to disease. The drug is now being tested as a treatment for baldness.
More on mascara and cancer
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The article says that the esters of para-hydroxybenzoic acid (parabens) have been used as preservatives in mascara in order to keep the product free of bacteria, fungi and molds. Parabens are also part of the formulations of shampoos, moisturizers, shaving gels and toothpaste. However, as the article also says, parabens have been found in breast cancer tissue and can also mimic the behavior of estrogen, a known factor in breast cancer. On the other hand, there has been no definitive link between parabens and cancer. Nevertheless, many cosmetic companies have removed them from their mascara products.


The parabens parent compound, 4-hydroxybenzoic acid (para-hydroxybenzoic acid) is derived from benzoic acid (left). A hydroxyl group is added to benzoic acid and then other functional groups are added in the esterification process to make any of the “paraben” compounds. The methyl group is most often the R group in the ester. This compound would be named methylparaben. Others in the series would be ethylparaben, propylparaben, etc. 

The U.S. Food and Drug Administration, which has jurisdiction over cosmetic products like mascara, issued this statement about parabens:

What are parabens?

Parabens are the most widely used preservatives in cosmetic products. Chemically, parabens are esters of p-hydroxybenzoic acid. The most common parabens used in cosmetic products are methylparaben, propylparaben, and butylparaben. Typically, more than one paraben is used in a product, and they are often used in combination with other types of preservatives to provide preservation against a broad range of microorganisms. The use of mixtures of parabens allows the use of lower levels while increasing preservative activity.
Why are preservatives used in cosmetics?

Preservatives may be used in cosmetics to protect them against microbial growth, both to protect consumers and to maintain product integrity.
What kinds of products contain parabens?

They are used in a wide variety of cosmetics, as well as foods and drugs. Cosmetics that may contain parabens include makeup, moisturizers, hair care products, and shaving products, among others. Most major brands of deodorants and antiperspirants do not currently contain parabens.

Cosmetics sold on a retail basis to consumers are required by law to declare ingredients on the label. This is important information for consumers who want to determine whether a product contains an ingredient they wish to avoid. Parabens are usually easy to identify by name, such as methylparaben, propylparaben, butylparaben, or benzylparaben.
Does FDA regulate the use of preservatives in cosmetics?

The Federal Food, Drug, and Cosmetic Act (FD&C Act) does not authorize FDA to approve cosmetic ingredients, with the exception of color additives that are not coal-tar hair dyes. In general, cosmetic manufacturers may use any ingredient they choose, except for a few ingredients that are prohibited by regulation. However, it is against the law to market a cosmetic in interstate commerce if it is adulterated. Under the FD&C Act, a cosmetic is adulterated if, among other reasons, it bears or contains any poisonous or deleterious substance which may render it injurious under the labeled conditions of use, or under customary or usual conditions of use. For more on this subject, see FDA Authority Over Cosmetics and Key Legal Concepts: "Interstate Commerce," "Adulterated," and "Misbranded.

 HYPERLINK "http://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/cos-key.htm" "
Are there health risks associated with the use of parabens in cosmetics?

The Cosmetic Ingredient Review (CIR) reviewed the safety of methylparaben, propylparaben, and butylparaben in 1984 and concluded they were safe for use in cosmetic products at levels up to 25%. Typically parabens are used at levels ranging from 0.01 to 0.3%.
On November 14, 2003, the CIR began the process to reopen the safety assessments of methylparaben, ethylparaben, propylparaben, and butylparaben in order to offer interested parties an opportunity to submit new data for consideration. In September 2005, the CIR decided to re-open the safety assessment for parabens to request exposure estimates and a risk assessment for cosmetic uses. In December 2005, after considering the margins of safety for exposure to women and infants, the Panel determined that there was no need to change its original conclusion that parabens are safe as used in cosmetics. (The CIR is an industry-sponsored organization that reviews cosmetic ingredient safety and publishes its results in open, peer-reviewed literature. FDA participates in the CIR in a non-voting capacity.)
A study published in 2004 (Darbre, in the Journal of Applied Toxicology) detected parabens in breast tumors. The study also discussed this information in the context of the weak estrogen-like properties of parabens and the influence of estrogen on breast cancer. However, the study left several questions unanswered. For example, the study did not show that parabens cause cancer, or that they are harmful in any way, and the study did not look at possible paraben levels in normal tissue.

FDA is aware that estrogenic activity in the body is associated with certain forms of breast cancer. Although parabens can act similarly to estrogen, they have been shown to have much less estrogenic activity than the body’s naturally occurring estrogen. For example, a 1998 study (Routledge et al., in Toxicology and Applied Pharmacology) found that the most potent paraben tested in the study, butylparaben, showed from 10,000- to 100,000-fold less activity than naturally occurring estradiol (a form of estrogen). Further, parabens are used at very low levels in cosmetics. In a review of the estrogenic activity of parabens, (Golden et al., in Critical Reviews in Toxicology, 2005) the author concluded that based on maximum daily exposure estimates, it was implausible that parabens could increase the risk associated with exposure to estrogenic chemicals.
FDA believes that at the present time there is no reason for consumers to be concerned about the use of cosmetics containing parabens. However, the agency will continue to evaluate new data in this area. If FDA determines that a health hazard exists, the agency will advise the industry and the public, and will consider its legal options under the authority of the FD&C Act in protecting the health and welfare of consumers.”

http://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/ucm128042.htm
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Organic compounds—Many of the chemicals that make up mascara are organic in nature. You can preview or review organic nomenclature and theory using these compounds as examples.

2. Organic functional groups—Organic functional groups are noted in the article, especially in the section on parabens. These are basic components of organic compounds and can be stressed here. 
3. Types of mixtures —Many brands of mascara are actually emulsions. This gives you an opportunity to review miscible liquids, “like dissolves like” and polar and non-polar molecules.

4. Mixtures—Although mascaras are mixtures of compounds, each one has a specific formula or ratio of components. Nonetheless, you can review mixtures using this article.

5. Emulsions—Emulsions, one type of mixture rarely stressed in high school chemistry, can be described and explained using the article.
6. Chemistry and disease—The section of the article on parabens provides an opportunity to discuss with your class the role that chemistry plays in diseases.

7. Chemistry and history—Given the section of the article about the history of mascara, you can discuss with students the way in which the use of chemical substances has changed and evolved throughout history.

Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “Eyelashes are very different from hair found on a person’s head.” Not true. Both have the same structure including follicles and shafts. Both shafts are made of keratin.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “The article mentions ‘cosmetic chemist.’ What is a cosmetic chemist? ” Cosmetic chemists or scientists can be found in cosmetic development, formulation, product and ingredient testing, quality control, analytical chemistry, process engineering, and working as synthesis chemists. Backgrounds in cosmetic chemistry can also be used by regulatory scientists and even in the sales and marketing of cosmetics products. Some cosmetic chemists work with the raw materials of skin-care products and others work with creating the finished goods. See http://chemistscorner.com/how-to-become-a-cosmetic-chemist/ 
2. “What is guanine?” Guanine, with a formula of C5H5N5O (see structure to right), is one of the four base pairs in the DNA molecule. It always pairs with cytosine. The substance is derived from purine. Guanine crystals are rhombic platelets composed of multiple transparent layers. They have a high index of refraction that partially reflects and transmits light from layer to layer, thus producing a pearly luster. Guanine used in mascara is usually extracted from the scales of fish, as the article says. It was first isolated from bird droppings which are known as guano, the term also used to refer to bat droppings. Bat excrement also contains guanine and the confusion about the terms “guano” and “guanine” led to the misconception that mascara contains bat excrement. 
3. “The article mentions lead chloride compounds discovered in the eye makeup of ancient Egyptians that helped the body prevent disease. Lead chlorides are toxic. How can they prevent disease?” A study published in Analytical Chemistry, an ACS publication, described how French chemists analyzed the powdery residue from ancient Egyptian eye makeup and found several lead chlorides compounds—galena and laurionite among them. They used a tiny electrode to study the effect of laurionite on a single human cell. They found that when exposed to the lead chloride the cell produced increased quantities of nitric oxide, which is known to trigger the immune system into action to prevent disease. So even though the lead chloride compounds are poisonous at higher concentrations, they were present in low enough concentrations in Egyptian eye makeup so as not to be toxic but able to help fight disease. 
4. “What is an emollient?” See “More on mascara” for a discussion of emollients.
In-class Activities 
(lesson ideas, including labs & demonstrations)
1. Individual students or teams of students can collect mascara samples and test them for water solubility, ease of smearing and other properties identified by students. This can be an excellent way for you to have students design an experiment, record and organize data and draw conclusions based on this data. This activity can also be done outside of class.

2. This lab activity illustrates polar solvents vs. non-polar solvents in several ways. (http://www.cmu.edu/gipse/materials/pdf-2003/10-12/dissolve-M_Gelnett.pdf) This can be used to teach students about the mascara components that have polar molecules vs. those with non-polar molecules.

3. This procedure has two parts—making a hand cream emulsion and making mayonnaise. (http://suite101.com/article/hair-cream-and-mayonnaise-making-emulsions-in-the-classroom-a265281) 

4. From Education World, this is the script for a demonstration about making an oil and water emulsion. (http://www.educationworld.com/a_lesson/showbiz_science/showbiz_science013.shtml)
5. This site has a procedure for making an emulsion, mayonnaise: http://mypages.iit.edu/~smile/ch9509.html.
6. The Learning Channel has an emulsion-making activity at http://tlc.howstuffworks.com/family/science-projects-for-kids-chemical-reactions11.htm.
7. This Web site has a complete description of emulsions and a series of lab activities that look at the factors involved with emulsions. (http://www.sciencenc.com/tournament-information/Event_rules_nc/2010%20NC%20Events/2010%20Food%20Science%20rules%20C.pdf) 
Out-of-class Activities and Projects 
(student research, class projects)
1. Individual students or teams of students can collect mascara samples and test them for water solubility, ease of smearing and other properties identified by students. This can be an excellent way for you to have students design an experiment, record and organize data and draw conclusions based on this data. This activity can also be done in class.
2. The pigment in mascara is important. This article describes substances used as mascara pigments throughout history. Students can use this Web site to investigate other inorganic pigments. (http://artnc.org/lessons/elements-compounds-and-pigments)

3. Students can take photographs of the eyes of female classmates with and without mascara and compare the photos.

4. Female members of the class can make instructional videos on how to apply mascara and the class can vote on the best one.

References 
(non-Web-based information sources)
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Brownlee, C. Four Cool Chemistry Jobs. ChemMatters 2003, 21 (4) pp 12–13. One of the jobs described in the article is that of a cosmetic chemist.


Fruen, L. Cleopatra’s Perfume Factory and day Spa. ChemMatters 2004, 22 (3), pp 13–15. The author describes cosmetics used and developed by Egyptian queen Cleopatra in ancient times, including kohl as described in the current article.

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

This site has a straightforward outline of information about mascara, including its composition, manufacture and brief history: http://www.enotes.com/mascara-reference/mascara. 


How Stuff Works has a complete Web site on the Chemistry of Cosmetics with information that can be applied to mascara. (http://science.howstuffworks.com/the-chemistry-of-cosmetics-info.htm) 


This cosmetics chemistry Web site explains the functions of components of cosmetics like mascara: http://www.chemistryexplained.com/Co-Di/Cosmetic-Chemistry.html. 


National Institutes of Health has assembled a database of ingredients for common household materials (http://householdproducts.nlm.nih.gov/index.htm), including mascara: http://householdproducts.nlm.nih.gov/cgi-bin/household/prodtree?prodcat=Personal+Care&purpose=Eye+Care/Makeup&type=mascara. 
More sites on the history of mascara
An Egyptian travel bureau gives this history of eye makeup, here: http://www.touregypt.net/egypt-info/magazine-mag09012000-mag4.htm.


A trade group, CosmeticsINFO.org provides a time line for the development of cosmetics, including mascara. (http://cosmeticsinfo.org/history2.php) 


The Vine, a popular culture Web site, has a history of mascara and other eye cosmetics. (http://www.thevine.com.au/fashion/beauty/the-history-of-mascara/) 

More sites on emulsions


From the University of Vancouver, Canada, comes an introduction to emulsions at http://www.wasanlab.com/pharm/emulsion.html.
More sites on parabens 


The Center for Disease Control issued this fact sheet for parabens:

http://www.cdc.gov/biomonitoring/Parabens_FactSheet.html. 


The U.S. Food and Drug Administration issued this statement on parabens: http://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/ucm128042.htm. 
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