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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, and Ronald Tempest 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 DVD that is available from the American Chemical Society for $42. The DVD contains the entire 30-year publication of ChemMatters issues, from February 1983 to April 2013. 
The ChemMatters DVD also includes Article, Title and Keyword Indexes that covers all issues from February 1983 to April 2013.

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

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

1. What is the “dirt” in our scalps that we are trying to remove with shampoo?
2. What is sebum and what does it do for our body?
3. What factors determine how dirty our hair might be at the end of the day?
4. What is the relationship between hair shape and its oiliness?
5. How does a surfactant in shampoo help to spread water over the hair?
6. What is the mechanism by which surfactant molecules get oil molecules to mix with water?
7. What is a micelle?
8. How do the two most popular surfactants in shampoo differ in their behavior?
9. Name two other important ingredients and their functions in shampoo, other than water and surfactants.
10. Why are cationic polymers good conditioners for shampoo but also a potential problem in use?
Answers to Student Questions
1. What is the “dirt” in our scalps that we are trying to remove with shampoo?
The “dirt” in our scalps is the fats and oils of sebum.
2. What is sebum and what does it do for our body?
Sebum is an oily substance secreted by the sebaceous glands inside our skin. The sebum acts as a lubricant for the hair and skin, providing some protection from bacteria.

3. What factors determine how dirty our hair might be at the end of the day?
Some of the factors affecting your hair’s “dirt” status include where you work, the amount of humidity in the air and even your ethnicity. If you live in a dry and hot area, your hair will be less oily; working at a restaurant or car mechanics means more oily hair.
4. What is the relationship between hair shape and its oiliness?
People with straight hair will tend to have oilier hair than curly haired people because oil wicks more easily from the scalp up the hair shaft of straight hair than it can in curly hair.

5. How does a surfactant in shampoo help to spread water over the hair?
Surfactants reduce the surface tension of water which helps spread water on the hair.
6. How do surfactant molecules get oil molecules to mix with water?
A surfactant’s molecular structure contains two parts: “…one attracted to water molecules and the other one attracted to oil molecules. The part that is attracted to water is called polar, and the one attracted to oil is called nonpolar. The polar part contains regions of partially negative and partially positive charges, while the nonpolar part has no partial charges.” So, the surfactant molecules can hold on to the oil molecules while also being attracted to the water molecules, thus mixing the oil with the water.
7. What is a micelle?
A micelle is a cluster of molecules formed from surfactant molecules surrounding oil molecules. These clusters are lifted out of the hair strands and washed away by the surrounding water.
8. How do the two most popular surfactants in shampoo differ in their behavior?
Both surfactants, sodium lauryl sulfate and sodium laureth sulfate, lower the surface tension of water, but sodium lauryl sulfate is more drying to the hair and removes more oils than sodium laureth sulfate.
9. Name two other important ingredients and their function in shampoo, other than water and surfactants.
Shampoo contains substances that create a lather as well as conditioning molecules which keep the hair smooth after rinsing.

10. Why are cationic polymers good conditioners for shampoo but also a potential problem in use?
Cationic polymers are good conditioners because they strongly cling to water through static attraction and are not easily removed when the hair is rinsed—great for conditioning the hair. On the other hand, these conditioners can irritate the eyes if used too frequently.

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. The average person’s head produces about 2 grams (the weight of 2 paper clips) of sebum per day.

	
	
	2. Many ingredients in shampoo reduce the surface tension of water.

	
	
	3. Surfactants are nonpolar molecules.

	
	
	4. Water molecules are polar, while oil molecules are nonpolar.

	
	
	5. Polar molecules have partial positive and negative charges.

	
	
	6. Surfactant molecules surround oil molecules to form a molecular cluster that can be rinsed away.

	
	
	7. The most abundant ingredient in all shampoos is water.

	
	
	8. Conditioning molecules are rinsed away when you rinse your hair.

	
	
	9. Some conditioning molecules can irritate the eyes.

	
	
	10. Shampoo formulations are extremely different for different shampoos.


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. Vocabulary and concepts that are reinforced in this issue:

· Carbohydrates

· Equilibrium

· Structural formulas 

· Emulsifier

· Polarity

· Surfactant

· Surface tension

2. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions:  As you read the article, complete the graphic organizer below to describe surfactants.
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Background Information 
(teacher information)
More on the history of shampoo
Before the advent of shampoos, people mostly used some kind of soap which of course could be irritable to both skin and eyes, depending on the type of soap. If you are familiar with something like naphtha soap, you know how irritable that soap can be! The second issue with using soap is that it does not produce much lather in hard water. Using soap, even today, usually leaves the hair looking dull since soap is alkaline. One of the earliest attempts at developing a better product for washing the hair was done by a Berlin chemist, Hans Schwarzkopf in 1908. His product was Schwarzkopf’s attempt to get beyond the expensive oils and harsh soaps used to wash hair. His concoction was a water-soluble powder shampoo which became very popular in all the drugstores of Berlin. Given that the powder shampoo was convenient to use, it still left the hair dull because of alkaline reactions. But this same business eventually developed the first non-alkaline shampoo in 1933.

In May 1908, the New York Times published a series of steps for shampooing the hair. (Refer to "How to Shampoo the Hair" at http://query.nytimes.com/gst/abstract.html?res=9904E5DA143EE233A25753C1A9639C946997D6CF. The New York Times. Archives. May 10, 1908—only available to subscribers, perhaps your school library?). It is too long to reproduce in its entirety, but the essence of the process of washing the hair included the use of an oil-based Castile soap, applied with a stiff brush. That was followed by rinsing the hair several times. Although the regimen that was spelled out was time consuming, the general recommendation was that people should shampoo the hair as “often” as every two weeks! But they could also wait from a month to six weeks if their hair was in good condition.

The first synthetic detergent shampoo was introduced in the early 1930s but it did not have the good properties of the synthetic shampoos we have today which appeared on the market in the 1960s.

More on the essentials of shampoo
Shampoos are a complex mix of chemicals to perform a variety of tasks when in contact with our hair. The following information about the essentials of shampoo, ending with conditioners, is taken directly from the website, http://sci-toys.com/ingredients/shampoo.html.
The purpose of a shampoo is to clean the hair! The shampoo must not clean too well, or all of the protective oils in the hair would be stripped out. It must not make the hair smell bad, despite the bad smells of the detergents it is made of.
To sell well, the shampoo must look good, must feel thick or creamy in the hands, and must produce a nice feeling lather. It must smell nice, and not be too expensive.
Other selling points might be the herbal extracts currently in fashion, or amino acids from exotic protein sources like silk or the milk of pigmy goats.
Detergents

The most common ingredient in shampoos is also the most common detergent in use in other products, a class of surfactants known as straight-chain alkyl benzene sulfonates. An example is Ammonium Lauryl Sulfate, or its sodium relative, or the slightly larger related molecule ammonium lauryl ether sulfate, sometimes abbreviated as ammonium laureth sulfate.
These detergents work best in water that has little calcium and magnesium, as these elements bind to the detergent and make an insoluble scum. So tetrasodium EDTA (ethylene diamine tetraacetate) is used to sequester the calcium and magnesium from the detergent, while keeping them soluble so they rinse away without scum.
Cocamide DEA (or MEA or TEA) is used as a foaming agent, to make the lather. The other surfactants will generate a certain amount of suds, but this foaming agent is added to get the amount just right. Besides its foam stabilizing effects, this agent is also a viscosity booster (it's thick).
Another foam stabilizing detergent is PEG-5 cocamide, which is a foam stabilizer, surfactant, and emulsifier.
The detergent cocamidopropyl betaine is added for several of its special properties. It is milder on the skin than the benzine sulfonates, so adding it to the mix reduces the amount of the harsher detergents needed. It is thicker than the other ingredients, so it can be added to make the mix have the right viscosity. It has anti-static properties, so the hair doesn't generate an electric charge and jump to the plastic combs and brushes used when drying the hair. It is a humectant, attracting moisture from the air, thus keeping hair from drying out. Lastly, it has antibiotic properties that can prevent spoiling of the shampoo.
The surfactant ammonium xylenesulfonate is a hydrotrope, a compound that makes it easier for water to dissolve other molecules. It is added as a thickener, and to help keep some of the odd ingredients added for marketing effect in solution, including perfumes. Glycerol stearate is another emulsifier used for this purpose.
Special effects

The wax glycol distearate is added to make shampoos opaque and pearlescent. It has tiny flakes that mix well with surfactants, and stay in solution. They also add shear-thinning qualities, making liquid hand soaps pump out of the bottle easier.
Sodium chloride (table salt) is used to thicken the mixture if the main surfactants are sodium lauryl sulfates. If the surfactants are ammonium based, then ammonium chloride is used. Salt can make the shampoo harsh and sting the eyes, so more expensive thickeners are used to keep the salt levels low.
Modified cellulose based thickeners are often used, along with the surfactant based thickeners already mentioned.
Glycerin is added as a humectant (draws moisture from the air), as is propylene glycol, which is also a preservative.
There are many additives put in shampoos and conditioners that appear to be there mainly for marketing purposes. Honey, various herb extracts, and similar items might add to the fragrance, but are unlikely to have any effect in the concentrations used. Amino acids can act as conditioners, but the source of the amino acid is not important. Silk amino acids are no different from soy amino acids, except in the proportions of which particular amino acids are contained.
Preservatives

Two widely used preservatives, DMDM hydantoin and imidazolidinyl urea are found in many shampoos, to prevent fungal and bacterial spoilage. They release formaldehyde to kill germs.
Another broad-spectrum biocide is isothiazolinone and the related methylisothiazolinone and methylchloroisothiazolinone.
Sodium benzoate is another preservative used in shampoos. It kills bacteria, fungi, and yeasts, and works well in acidic mixtures.
Another bactericide used is 2-bromo-2-nitropropane-1,3-diol.
pH balance

The surface of a strand of hair is covered with overlapping sheets, somewhat like the scales on a fish, or the shingles on a house. This surface is called the cuticle.
Alkaline solutions raise these scales, so they stand up. This makes the hair rougher, makes it look dull, and makes the hair shafts stick together due to the rough texture.
Most shampoos are made slightly acidic, to keep the cuticle smooth and lying flat on the hair shaft. Ingredients like citric acid are added to acidify the shampoo.
As the shampoo mixes with the water in the shower or bath, or mixes with dirt on the hair, it can become less acidic as the acids mix with alkaline water or dirt. A compound that releases more acidifying ions when the acidity gets low, or absorbs acid when the acidity gets too high, is called a buffer.
A typical buffering agent used in shampoo is sodium citrate. Since the goal is to keep the shampoo slightly acid, the term "pH balanced" is actually a misnomer. We want the balance to be tipped slightly to the acidic side.
Conditioners

Conditioners are compounds added to keep the hair cuticle smooth and slippery.
Silicone oils such as dimethicone and cyclomethicone are used to make the hair shiny and slippery.
Humectants (moisturizers) like panthenol help keep the cuticle moist, so that the scales do not stand up.
Long chain fatty alcohols like cetyl alcohol, oleyl alcohol and stearyl alcohol lubricate the hair. One end of the molecule binds to the hair, leaving the slippery fatty end on the outside to rub against other strands of hair, or a comb.
Quaternary ammonium compounds are cationic surfactants that bind well to anionic surfaces like the protein in hair. The ammonium end sticks to the hair, leaving the long fatty end of the molecule to act as a lubricant. They are slightly conductive, so the reduce the buildup of static electricity.
The "quats", as they are called, include compounds like stearalkonium chloride, disteardimonium chloride, quaternium-5 or quaternium-18, polyquaternium-10 and they are all similar in form and function to cetrimonium chloride.
These compounds are also widely used as fabric softeners, for all of the same reasons they make good hair conditioners. They are also used to thicken the shampoo.
The emollient isopropyl palmitate is used as a skin softener, moisturizer, and as an anti-static agent.
(http://sci-toys.com/ingredients/shampoo.html)
More on the safety of some chemical ingredients in shampoo


Some opinions about the safety of three common ingredients in shampoo—sodium lauryl sulfate (SLS) sodium laureth sulfate (SLES), and dimethicone—are not rooted in scientific testing. Again, the government has allowed the use of these three chemicals in shampoo after not finding any issues with them when tested on animals other than humans. The protocol for testing the efficacy of these chemicals is nicely documented in a short summary at the following government website: http://www.ncbi.nlm.nih.gov/pubmed/14555417. One of the issues concerns whether or not these chemicals are absorbed through the skin.

An interesting reaction from one writer (connected to the beauty products business) about the safety of silicone containing products (i.e., when absorbed through the skin) blames certain groups for misrepresenting the research facts. In his responses to people who are suggesting that some cosmetic and hair product ingredients are unsafe, he uses a good amount of chemistry to defend the beauty product chemicals. Part of his defense, based on chemistry and government testing, includes the following:

FACT: Cosmetic grade silicones have a molecule size that is too large to enter or clog a human pore. Silicone fluids are considered “breathable” because these large molecules have wide spaces between them, which allow other ingredients and air to penetrate. The most basic silicone in cosmetics is Dimethicone. It is a clear, non-reactive, liquid product that can range in thickness, depending on the length of its polymer backbone, from watery thin to taffy thick. Cyclomethicone is a shorter cyclic molecule which has many of the same properties of dimethicone except that it evaporates while dimethicone does not. Dimethicone copolyol is a silicone which contains an -OH group which makes it more soluble in water. This makes it easier to incorporate into water-based formulations but also reduces the usefulness of the silicone.
… Hospitals and other medical practices primarily use SILICONE based medical adhesives because silicone has an extremely low occurrence of allergenic skin reaction…as opposed to latex based medical adhesives, which used to be the standard (we know how prevalent latex allergies are). …Medical practitioners concur that silicone based medical adhesives are safe to use in close proximity to OPEN WOUNDS. What better proof of the safety of cosmetic grade silicone could you ask for?
(http://kjbennett.com/cosmetic-silicone-safety-fact-fiction/)
In hair care products, dimethicone is used to provide smoothness, particularly in conditioners and detanglers, where the ingredient helps smooth hair and provide better comb-through. Because dimethicone leaves a sort of covering on the hair strands, it can also make hair appear shinier.

Is dimethicone safe? The FDA approved dimethicone for personal care products, and it is generally considered to be safe to use. The Cosmetic Ingredient Review (CIR) also evaluated the scientific data and concluded that it was safe for use in cosmetics. (http://www.annmariegianni.com/ingredient-watch-list-dimethicone-the-smoothing-silicone-that-exacerbates-acne/)

Another example of how misinformation can lend itself to unscientific statements about a product or chemical, in this case, SLS, can be found in an article at http://science.howstuffworks.com/environmental/green-science/sodium-lauryl-sulfate1.htm. This article contains some of the questions or concerns about SLS. The idea that SLS causes cancer was initiated by an unfounded email rumor in 1989. The evidence is not there to support such a rumor. What it may cause (when using shampoo) is skin irritation in some individuals who are sensitive to it, if it is left on the scalp too long. And, as is often the case, some people make the argument that if SLS is found in garage floor cleaners, it must be harmful! SLS is not listed as a carcinogen by important research groups including the International Agency for Research on Cancer and the American Cancer Society, among others. As for the toxicity of SLS, you would have to swallow about 16 pounds of the chemical before it would have serious health consequences. It is also found in toothpaste. On the tube is the warning not to swallow the toothpaste for one reason only—it may give a person diarrhea, not cancer!

Information about sodium laureth sulfate from the government is a readable summary at http://www.ncbi.nlm.nih.gov/pubmed/20634505.
A suggestion is made by one medical doctor that shampoo should contain 18-MEA (18-methyleicosanoic acid), a natural substance in hair and is used to restore that chemical if lost because of the use of a variety of compounds in shampoo.

Environmental factors and chemical treatment as well as everyday grooming processes can have an adverse effect on the integrity of 18-MEA. Although 18-MEA and the other hair surface lipids appear to be resistant to extraction with organic solvents, they can be removed readily by alkaline hydrolysis. This suggests that the use of high pH products, such as perms, hair dyes or hair relaxers, could deplete these important lipids from the hair surface. Studies on wool fibers have shown that exposure to natural, or artificial, weathering or UV irradiation increases the hydrophilicity and wettability of fibers. Additionally, exposure to UV irradiation has also been shown to deplete wool of its lipid content. Of the fatty acids, 18-MEA appears to be lost to the greatest extent; therefore, it is necessary to restore18-MEA to maintain healthy hair.

(See more at: http://www.cosmeticsandtoiletries.com/formulating/function/repair/231621741.html#sthash.7judEkMB.dpuf.)
There is an interesting set of charts listing the ingredients in shampoos for different types of hair. The list also shows the function of each substance. It is quite extensive and too long a series of columns to include here. It is best viewed at this website: http://www.nisim.com/NewHair-FAST-Shampoo-Kalo-Kerte-Ingredients-s/45.htm.

More on making your own shampoo- primary ingredients (and their use)

For some, making one’s own shampoo is considered an important activity in order to ensure the use of ingredients that perform the task of cleaning the hair without damaging it or risking the use of what some people perceive, rightly or wrongly, as health-impairing chemicals. In looking at these various recipes, one can see what appears to be common and essential ingredients to both wash the hair and restore its sheen.

This raises the question, then, as to how necessary are all the other ingredients found in commercial shampoos? After reading this list of recipes for making shampoo, go back to the introductory section on the long list of ingredients found in commercial shampoos for comparison. What are the essential elements in a homemade shampoo? What compounds in the commercial shampoo serve the same function?

One example of some basic shampoo recipes includes the following ingredients:

For normal hair, or as a base to add your own scents, use

· 1/4 cup distilled water

· 1/4 cup liquid Castile Soap—use unscented, but you can choose your favorite

· 1/2 teaspoon jojoba, grape seed, or other light vegetable oil

· Flip Cap Bottles or Foaming Bottles to dispense
For dry hair, a suggested combination of ingredients is:

· 1/4 cup distilled water

· 1/4 cup liquid Castile Soap - your favorite scent

· 1/4 cup aloe vera gel

· 1 teaspoon glycerin

· 1/4 teaspoon avocado oil or jojoba oil

· Flip Cap Bottles or Foaming Bottles to dispense
For stimulating the scalp in the washing process, the following combination of ingredients is suggested:

Combine

· 1/4 cup distilled water

· 1/4 cup liquid Castile Soap - I use unscented, but you can choose your favorite

· 2 tsp jojoba oil

· 1/8 tsp peppermint essential oil

· 1/8 tsp tea tree essential oil

· Flip Cap Bottles or Foaming Bottles to dispense

Mix all ingredients, then add 1/4 cup distilled water.

(Source for the above three recipes is found at http://www.instructables.com/id/Homemade-Shampoo/)

From another source is a different approach with natural materials and an explanation of what the course of treatments and chemicals do to the hair when utilized.

Knead a few tablespoons of olive oil into your dry scalp and hair. Swathe your oiled-up curls with a shower cap and take a thirty minute breather...snooze, toss back a latté, whatever. Then just shampoo as usual to reveal a refurbished mane…

 Every night, rub your scalp and massage your mane with a solution of 50/50 distilled white vinegar and water. This homemade "hair-product-residue remover" leaves behind the glistening, polished locks you've always dreamed of.

And for the simplest of shampoo replacements, combine one tablespoon of baking soda with two tablespoons of water -- remembering that this isn't going to look or feel like any shampoo you're accustomed to. Think of it more like a shamp-paste. There won't be mountains of foamy bubbles (you get those in commercial products because of the chemicals added to get all that lather). Work the paste through your hair and rinse thoroughly, for unexpectedly clean and remarkably shiny hair.”

(http://www.goodhousekeeping.com/beauty/natural-shampoo-recipe-460409)

Finally, for people who have some concerns about commercial shampoo preparations (and maybe want to save money), the following formulation for a very basic “do-it-yourself shampoo” is as follows:

· 1 Tbsp. baking soda
· 1 cup water
Place the mixture into a squirt bottle so that when it is to be used, it can first be shaken, then squirted directly onto the scalp and hair. After massaging into the scalp and hair, it is rinsed off. (source: http://www.diynatural.com/homemade-shampoo/)

This is followed by a homemade conditioning rinse in order to restore the pH of the hair and to smooth the hair cuticle. This conditioner will also keep the hair from feeling greasy. The conditioner is made as follows:

· 1 Tbsp. apple cider vinegar
· 1 cup water
Mix the two ingredients into a squirt bottle which is always shaken before squirting onto the scalp and hair. Massage into the scalp and hair for a minute or two, then rinse thoroughly. (source: http://www.diynatural.com/homemade-conditioner/)

When you look at the two most important ingredients in this basic shampoo, your will see that the baking soda with water will produce an alkaline solution like soap, which is good for dissolving oily substances. The addition of the vinegar-based solution, an acidic conditioner, will neutralize the baking soda and wash it away. Conditioners are supposed to be acidic to change the pH of the hair back from alkaline to a pH range of 2.0.

More on the chemistry behind hair structure and its behavior with shampoo


The behavior of hair when certain chemical mixtures, including shampoo, are applied, involves some chemistry, in particular the changing of chemical bonds within and between hair follicles. The basics of hair structure are as follows:

· The hair follicle, located in the fatty region of the scalp
· A bulb, inside the follicle, which produces new hair cells
· A shaft (what we see as hair) is formed by the new hair cells pushing out older (and dead) cells
The shaft has a complex structure consisting of an outer layer, the cuticle, which is composed of dead epithelial cells that overlap each other like shingles on a roof. Inside the cuticle is the cortex which contains the protein that gives hair its strength and determines it shape. The cuticle also contains pigment which gives the hair its color. The particular category of protein in the cortex is called keratin. As the shaft grows out of the scalp, the keratin hardens as chemical bonds cross-link one part of a protein molecule to another.

 (drawing at right from http://www.exploratorium.edu/exploring/hair/hair_2.html )

Hardening of the keratin is done through three types of bonds—ionic, covalent, and the weakest, hydrogen. Referring to a typical protein molecule, made from a long chain of amino acids, parts of the protein have ends with ionized carboxyl (–COOH) and amino (–NH2) groups. The –COOH group loses a hydrogen ion, H+, to become –COO- and the –NH2 group gains an H+, forming the charged end, –NH3+. An ionic bond can then form between the positive and negative ends, which is the basis for linking two protein molecules in the hair. This linkage or bonding is known as a salt bridge when single ions join organic molecules.

A second type of cross-linked bond that forms between protein molecules is a disulfide bond, which involves two sulfur-containing amino acids called cysteine. The keratin in human hair is considered to be about 14% cysteine. In this molecule, there is an –SH group projecting from each molecule. If the –SH groups lose their H’s (through oxidation), a covalent bond can form between the two sulfurs, linking the two protein molecules. This bonding causes the polypeptide chains of two proteins to bend into loops. Solutions called relaxers straighten curly hair by breaking disulfide bonds. In turn new disulfide bonds are formed involving different cysteine molecules which means the curls are lost. A different kind of solution allows curls to form by first breaking the disulfide bonds, putting the hair in curlers, then treating the hair with another solution (called a “neutralizer”) that then allows the reforming of different disulfide bonds that hold the curls. So the hair shape, macroscopically, is produced by the microscopic changes at the protein level.

Finally, weak hydrogen bonds can form between hydrogen atoms and other elements such as nitrogen and oxygen within two protein molecules. The vibratory nature of hydrogen, nitrogen, and oxygen atoms can produce temporary dipoles (+ for hydrogen, – for nitrogen and oxygen) allowing for weak electrical attractions. Although hydrogen bonds are weak, there is strength in numbers if you consider that there will be millions of these bonds within the hair. But these weak hydrogen bonds can be broken with water, a polar molecule. When water penetrates the hair shaft, its polar nature interacts electrically with the negatively charged nitrogen that has formed a hydrogen bond, weakening the electrical attraction and breaking the hydrogen bond. With the breaking of hydrogen bonds, the hair mass swells, making it easier for other chemicals to penetrate the shaft.

Ionic bonds between the hair’s protein molecules are broken when using alkaline or acidic solutions. The –OH– of a basic solution is attracted to and reacts with the –NH3+ group that is involved with an ionic bond. The reaction is as follows:

–NH3 +  +  –OH–  (  –NH2  +  H2O

The interaction of the positive and negative charges causes the ionic bond between the –NH3+ and the –COO– to collapse.

In strongly acidic solutions (pH 1.0 to 2.0), both hydrogen bonds and salt bridges are broken. The disulfide bonds in the hair’s protein chains remain intact. Increasing the pH to 8.5 causes some disulfide bonds to break, causing the cuticle to become ruffled, which in turn gives the hair a roughness, making the hair look dull. At pH 12, all three types of bonds are broken, and the hair dissolves! This fact is the basis behind commercial solutions for removing hair (depilation).

Hair is normally acidic, in the range of 4.0 to 5.0. Because shampooing tends to leave hair alkaline, the hair can be restored to the acidic range with acidic rinses, including such natural things as lemon juice and vinegar.
As mentioned in the ChemMatters article, a group of chemicals called surfactants are present in shampoos to “accelerate” the water absorption process by the hair as well as putting oils into solution for rinsing away due to the hydrophilic and hydrophobic ends of the surfactant.

The first commonly used surfactant was soap. Indeed, the first shampoos were just solutions of soap prepared from water, soap and soda (sodium carbonate) by British hairdressers during the heyday of the Empire on which the sun never set. They coined the word shampoo from "champo," a Hindi word meaning to massage or knead.
(http://www.washingtonpost.com/wp-srv/national/horizon/dec98/shampoo.htm)

The increased water absorption by the hair is due to the chemical fact that the surfactant molecules act like soap, reducing the surface tension of water so the water molecules don’t tightly “clump” together. The surfactant molecules wedge between the water molecules, reducing the surface tension and allowing water to spread out over a particular surface such as hair. An interesting aside concerning water and surface tension is the fact that the surface of our lungs (the microscopic alveoli surfaces) is coated with not only water but also a detergent molecule (surfactant) without which we would not be able to inflate our lungs upon inhaling. Because of the high surface tension if there was only the water, the alveoli chambers would collapse, preventing them from filling with air. (The detergent’s chemical composition is not fully detailed, but it is thought to be about 90% phospholipids and 10% protein).

More on conditioners

Because hair is subjected to a variety of forces and events that affect the appearance of the hair (e.g., looking dull and dry), it must be conditioned periodically, usually when the hair is washed. Conditioners replenish the natural oils that lubricate the hair as well as rehydrate it. One interesting aspect of conditioners, chemically speaking, is that they contain cations which are attracted to the anions present in hair. This keeps the conditioners in the hair after multiple washings. The conditioners also give the hair weight and shine as well as preventing what is called “frizzing” (forming the hairs into small, tight curls).

Some of the ingredients in conditioners and what they do is as follows:

· Stearalkonium chloride—repairs split ends
· Phenyl trimethicone—lubricates the hair
· Polyacrylamide—acts as a holding agent to keep the hair in a desired shape (like a diluted hair gel agent)
· Cyclopentasiloxane—is a solvent
· Moisturizers—contain a high proportion of humectants which are hygroscopic substances, attracting and holding water because of hydrophilic groups (usually hydroxyl groups) in the molecules
· Sunscreen—protects against color loss and protein degradation
· Sequestrants—essentially various types of chemicals that make hard water soft by chemically tying up metal ions such as magnesium and calcium. One of the more common chemicals is EDTA (ethylene diamine tetraacetic acid), a chelating agent of metal ions
· Fatty alcohols for moisturizing—included are lauryl alcohol, cetyl alcohol, myristyl alcohol, stearyl alcohol, cetearyl alcohol and behenyl alcohol
Conditioners, which are acidic, protonate the amino acids in the conditioner, giving the substance a positive charge, allowing for more hydrogen bonds among the keratin scales which gives the hair shaft a more compact structure.


And here is a final statement on hair:

”Babies haven't any hair;
Old men's heads are just as bare;
Between the cradle and the grave
Lies a haircut and a shave.”

~ Samuel Hoffenstein (1890–1947)
Songs of Faith in the Year after Next
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Polarity—The shampoo article presents an opportunity to demonstrate the concept of polarity through various combinations of polar and non-polar substances, the addition of a soap or detergent to change the behavior of non-polar molecules in water.

2. Solubility—Students can be reminded of the various factors that affect solubility and which of them is important when shampoo is added to water.

3. Surface tension—Because water is a polar molecule, it has high surface tension which must be broken if the water is to get into the hair to dissolve away the oils when shampooing. The use of soap-like molecules (surfactants) that have both polar and non-polar ends “mate” with the non-polar oils and the polar water molecules to produce an emulsion of the two classes of chemicals.

4. Micelle—When dispersed in water, soaps and detergents form the clusters called micelles. Micelles are very important in the biological world. For example, bile salts emulsify the products of digestion of fats by combining with them to form micelles.

5. pH scale—The cleansing action of shampoo depends on the pH of the mixture, usually in range of 5.5 to 7. When conditioners are used, they function in the acidic range (pH 2).

6. Organic molecules—Many compounds found in shampoo are organic. These are often related to the functional groups of the molecule. Two more common and important functional groups are the carboxyl group (–COOH) and the amino group (–NH2) that become involved in ionic bonding between the hair’s protein molecules.
7. Emulsions—Shampoos contain surfactants that, because they have polar and non-polar ends, can act as emulsifiers, allowing the hair oil (non-polar) to mix (emulsify) with the water (polar).

8. Hydrogen bonding—The article illustrates how hydrogen bonding figures into the interaction between the protein molecules of hair giving the hair volume through cross linkage. This linkage is accomplished through hydrogen bonding as well as ionic and covalent bonding.

9. Covalent bonding—Protein molecules in hair contain the amino acid cysteine, which has an –SH group. Two different protein molecules are able to bond covalently to each other through their –SH groups (each losing a hydrogen), forming a sulfur-sulfur bond).

10. Ionic bonding—Ionic bonding between protein molecules involves the ionic ends of two different protein molecules. The ionic ends are formed by one functional group such as an amino group (–NH2+2) and a carboxyl group (–COO-) linking.

11. Anionic—The hydrophilic end of a polar surfactant can have a charge, either positive or negative. Anionics (negatively charged) are the foaming and cleaning ingredients in shampoo.

12. Cationic—Cationics (positively charged) are the agents that help condition and add viscosity.

Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “Some of the ingredients in shampoo can cause cancer.” Although an email rumor on the internet in 1998 suggested such an idea, the scientific cancer research community has not found any basis for making such a claim. Shampoo with its mixture of chemicals does not contain any carcinogens.

2. “All shampoos are the same.” A listing of ingredients from a variety of shampoos allows the student to see what chemicals are common to all shampoos and which ones are unique to a particular brand.
3. “Shampooing too often will damage hair.” Modern shampoos normally do not damage hair, and conditioners that make up part of the shampoo protect the cuticle against harm from brushing and combing. Depending on the person and the type of hair products used to wash the hair, some people find that the frequent washing may leave their scalp dry. But the hair itself is not damaged. There are moisturizers that can correct a dry scalp.

Anticipating Student Questions
(answers to questions students might ask in class)
1. “Why does shampoo contain formaldehyde—isn’t that a toxin or carcinogen?” The formaldehyde that may be found in shampoo is not an original additive in the manufacturing process but is produced through chemical reactions by other chemicals (preservatives) in the shampoo. The National Cancer Institute lists formaldehyde as a possible carcinogen with a variety of conditions for it to be carcinogenic–length of exposure time, concentration of the formaldehyde inhaled, etc. An explanation for the concern about formaldehyde in shampoo, given by a spokesperson for Johnson and Johnson Company is that “Almost all living organisms contain formaldehyde [which is true–ed. note]. Our cells contain formaldehyde. The formaldehyde that occurs in our shampoo rinses off, biodegrades, and doesn’t turn into gas—shower water isn’t hot enough. There is more formaldehyde in one apple than in 14 bottles of shampoo.” (http://ideas.time.com/2012/08/22/the-real-lesson-of-formaldehyde-in-baby-shampoo/) Also refer to the American Cancer Society’s detailed explanation of formaldehyde and its possible role as a carcinogen at

http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/formaldehyde.

2. “Does shampooing strip away the natural color of our hair?” Although shampoos can strip away any coloring done to the hair over time, it has no effect on the natural color of your hair because the pigments that produce hair color are primarily located in the hair bulb at the bottom of hair follicles. So it would be difficult for shampoo to interact with the imbedded hair follicle.
3. “Can shampoos permanently change the texture of the hair, from curly to straight?” There are some shampoos that are designed specifically to change the hair texture, but the changes are only temporary.
4. “What are the benefits from using ‘Baby Shampoo’?” There are no benefits from using baby shampoo instead of regular shampoo other than the fact that it is a milder product. In a completely different application, baby shampoo is recommended for washing your dog or cat after they have been sprayed by a skunk! First apply tomato juice which is acidic (due to ascorbic acid, aka Vitamin C) or a 1:3 volume ratio of vinegar and water which chemically reacts with the mercaptans (a sulfur containing compound) in the skunk spray that produce the odor.

5. “What should I eat and drink for strong and healthy hair?” Basically, most health professionals today agree that you should simply eat a well-balanced diet. There are no special foods or supplements that need to be added to your diet.

6.  “What ingredient in shampoo can prevent hair from tangling after washing? How does that work?” As mentioned in the article, shampoos contain conditioners. One function of the conditioner is to cover your hair with a slick surface to reduce friction and help keep strands from tangling together. The conditioner covers your hair in a light film that keeps each strand separate to increase body.
7. “What is dry shampoo?” Dry shampoo is essentially a powder based concoction that is usually used as an emergency substitute for regular liquid shampoo. Given that it is a powder means that it will probably leave the hair a bit dull because it will absorb the hair oils without replacing them. One explanation behind the use of—and issues with—dry shampoos (commercial products) is found at http://www.wisegeek.com/what-is-no-rinse-shampoo.htm. There are formulas for making your own dry shampoo. One site has six different formulas, depending on your particular reason for using a dry shampoo. Refer to http://www.skin-care-recipes-and-remedies.com/homemade-dry-shampoo.html.
8. “Does lack of shampooing cause dandruff?” Dandruff is a condition produced by the accumulation of dead scalp cells and oils but its cause is not known. There is no agreement on the role of shampooing in preventing the dandruff condition. People with dry skin tend to get dandruff more often. And dry skin can occur more often in the winter when the air is drier and people are indoors with overly heated rooms.
9. “Is pH-balanced shampoo different from other shampoos that do not state they are pH-balanced? Is there any advantage to using such shampoos?” Most shampoos have a pH around 5.5 to 7. Cleaning agents such as soap & dishwashing detergent often have pH >9 and no sensible person uses these to wash hair. Assuming there is some reason to adjust the pH to that of skin or hair (hair is around pH 5), any benefit would be lost when you wash out the shampoo in gallons of water which has a pH around 6.5–7. Additionally, after shampoo, most people use a conditioner which can have a pH as low as 2.5 So even if you use a "pH acid balanced" shampoo, any supposed benefit is lost due to the washing process and is totally irrelevant due to the acid in the conditioner. So the term “pH balance” may be misleading.

In-Class Activities

(lesson ideas, including labs & demonstrations)
1. A complete lab exercise on shampoo can be found at http://sciencenetlinks.com/lessons/the-chemistry-of-hair-care/. This is a Science Net Link product of the American Association for the Advancement of Science (AAAS). The website includes all aspects of preparing and doing the exercise along with a series of student questions and an assessment section. Experimental procedures are included to test for pH of various shampoo products, testing hair samples in solutions with different pH values and evaluating the effect of the different pH solutions on the resilience of the hair samples which are examined by microscope. A handy worksheet is included for recording data. Also, there is a link to an online exploration of hair care. There is good teacher support for doing this lab activity.
If you do not have the time to do the lab prep, there is a commercial science kit about shampoo from Fisher Scientific at http://www.fishersci.com/ecomm/servlet/fsproductdetail_10652_700239__-1_0.
2. A reference that describes the effect of different pH values of shampoo on the hair follicle, that can be used in conjunction with the activity above, is found at http://books.google.com/books?id=FjS4wttFPCgC&pg=PA226&lpg=PA226&dq=chemistry+of+hair+labs&source=bl&ots=ypKmL5KTT0&sig=YXXuYOxfw-Uk2LT-R_CZxxxS0-c&hl=en&sa=X&ei=Dy0HVP2LAdPJggSCuoGYDQ&ved=0CDwQ6AEwATgK#v=onepage&q=chemistry%20of%20hair%20labs&f=false, page 228.
3. An extensive series of activities related to testing all aspects of soap, detergent and shampoo, such as the effect of pH on producing lather, can be found at http://chemmovies.unl.edu/chemistry/labs/LABS12.html. It is a very comprehensive series of lab activities with good teacher support, including data analysis questions and application of concepts. Included in this series of activities is measuring how well a shampoo produces lather in soft and hard water. Students produce soft water from hard by precipitating out the metal ions of Ca+2 and Mg+2.

4. A series of interesting questions that students can try to answer, true or false, might be a fun exercise to follow their reading of the ChemMatters article. Their responses are evaluated by the computer program, providing explanations about why it is true or false. Refer to http://www.hair-science.com/_int/_en/toolbox/quizz.aspx?tc=ROOT-HAIR-SCIENCE^SO-STURDY-SO-FRAGILE^PRECONCEIVED-IDEAS&cur=PRECONCEIVED-IDEAS.
5. Since surfactants in shampoo act as emulsifiers, a lab exercise to show the effect of emulsifiers on different types of solutions could be done. A well written series of lab exercises (seven) that deal with the basics of surfactants and emulsifiers is available from http://www.juliantrubin.com/encyclopedia/chemistry/emulsion_experiments.html. The lab guide includes necessary background on the classification of matter, emulsions, and the Tyndall effect. Lab activities include testing household products and surfactants, observing different conditions affecting surface tension, distinguishing between physical and chemical changes, saponification and making a hand cream.

6. Students are always impressed with demonstrating the reaction of polar and non-polar liquids to a charged rod. The standard hard rubber wand, balloon, or hair combs can be charged by induction (rubbing on fur, synthetic, silk, or wool cloth) and bringing the charged object close to a stream of liquid (easiest to use a burette for creating the stream). The same tested liquids can then be categorized as polar or non-polar. The same liquids can then be mixed in different combinations to see if the two liquids are soluble or insoluble, developing the rule of “like dissolves like” for polar and non-polar substances.

Here is a short (2:08) video showing the bending of water in the presence of a charged comb or balloon, from “Frostbite Theater” of Jefferson Labs, that very simply explains why water is bent: https://www.youtube.com/watch?v=VhWQ-r1LYXY.

7. Students might try making and testing “homemade” shampoos and conditioners. Refer to several shampoo recipes included in the Background section of this Teacher’s Guide. A reference for making a shampoo is found at http://www.instructables.com/id/Homemade-Shampoo/. A recipe for making a conditioner is found at http://www.wikihow.com/Make-Hair-Conditioner-Using-Common-Ingredients.

8. Students could read the list of contents on different shampoo containers that they bring into class—what substances, if any, are common to all the shampoos? Which of these substances is mentioned in the ChemMatters article? Using some of the references given in this Teacher’s Guide or going directly to a computer-based search, students could use the internet to find out the function of the different components of their shampoos.
Out-of-class Activities and Projects 
(student research, class projects)
1. Students could research the actual manufacturing process for making shampoo. How much science goes into the process? A starting Web site is http://www.madehow.com/Volume-3/Shampoo.html. A complimentary YouTube video, made at a manufacturing facility, shows the essential ingredients for making a basic shampoo and what happens to them when they are added to the mix.

2. If not done as a class lab activity, students could produce their own shampoos and test them on themselves. But this should only be done with parental approval and supervision by a teacher. Their evaluation of the performance of each shampoo along with the formulas could be presented to the class.

3. A student could make a hair hygrometer for measuring the humidity in the air. This is a design from the 18th C.! Refer to the following website for how to construct the device. http://www.exploratorium.edu/exploring/hair/hair_activity.html#test. Background information and some activities with the device are included.
References 
(non-Web-based information sources)
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Baxter, R. pH and Shampoo. ChemMatters 1983, 1 (2), pp 8–9. In the April 1983 issue of ChemMatters is an informative article on the behavior of hair when it is washed with shampoo. There is a good discussion about the role of surfactants and pH on the structure of hair at the cellular and molecular level.


Baxter, R. Permanent Waves. ChemMatters 1993, 11 (2), pp 8–11. An article in the 1993 issue deals with what happens at the cellular and molecular level when various chemicals are applied to hair to create waves. The illustrations concerning bonding (making and breaking) and the structure of hair follicles are a useful reference.


Fruen, L. Natural, Braided, Bleached, Colored, Straight, and Curly Hair…Thanks to Chemistry. ChemMatters 2008, 26 (3), pp 15–17. Doing things to hair other than washing requires the right chemicals—think of conditioners, styling gels, and hair dyes. The way in which hair responds to these chemicals is well documented in this 2008 article. There is also an extensive Teacher’s Guide available for that article.


Raber, L. Hair Color: Chemistry to Dye For. ChemMatters 2002, 20 (2), pp 10–11. For those interested in the chemistry of dyeing hair, an article in April 2002 details the materials used for coloring the hair.


Banks, P. A New Kind of Bad Hair Day, ChemMatters 1998, 18 (4), pp 9–10. There might be some interest by students in how hair samples are used to test for various chemicals that a person has been exposed to (lead in the air) or consumed. An article in the December 1998 issue describes the various kinds of testing kits used to detect different chemicals in hair. The author also points out some of the difficulties and problems (ethical) with testing hair for drugs and other regulated substances.

Meadows, R. Buried in Ice. ChemMatters 1994, 12 (2), pp.4–7. A related issue is testing for lead, using hair samples. This is a particularly interesting article that details the present day investigation into the 1847–48 deaths of a number of Arctic explorers who were found to be well preserved in the ice. Doing chemical analysis of the men’s hair revealed high levels of lead, which may have contributed to their death along with disease and over-exposure to the cold. It is a good detective story of sorts, utilizing chemical and biological analysis.

Web Sites for Additional Information 
(Web-based information sources)
More sites on the function of the different components of shampoo
A number of references concerning the different components in shampoo, and their function, include the following:

http://sci-toys.com/ingredients/shampoo.html and

http://www.theepochtimes.com/n3/616834-shampoo-ingredients-you-want-to-avoid/. 

The second reference contains useful descriptions about the various components in shampoo and the author’s bias, perhaps, about what components to avoid when selecting a shampoo. A similar reference with the same bent is found at http://www.details.com/blogs/daily-details/2013/04/the-dirt-on-shampoo-ingredients-8-tips-on-what-to-look-for-and-what-to-avoid.html.

A dictionary of terms for the ingredients in shampoo can be found at http://www.schwarzkopf.com/sk/en/home/hair_care/protecting_pampering/care_tips/dictionary_hair_care_ingredients.html.

An extremely detailed document (scientific in chemical terms) that is all about hair and how the various shampoo chemicals operate at the molecular level (of hair structure) is found at http://wwwcourses.sens.buffalo.edu/ce457_527/ce457_pro/g8_doc.htm.

The American Chemical Society’s flagship publication Chemical and Engineering News periodically publishes a feature called “What’s that Stuff?” These one-page articles describe the chemistry behind an everyday object—such as pencils, or bubble gum—or shampoo: http://pubs.acs.org/cen/whatstuff/stuff/8015sci3.html. (Giroux, R. What’s That Stuff? Shampoo. Chem. Eng. News 2002, 80 (15), p 42)

More sites on how to make your own shampoo

There is a plethora of web sites that advise the do-it-yourselfers on making one’s own shampoo with some explanations for why a particular ingredient is used. See the following sites for instructions:


http://wellnessmama.com/3701/natural-shampoo/

http://www.goodhousekeeping.com/beauty/natural-shampoo-recipe-460409

http://www.instructables.com/id/Homemade-Shampoo/. The last site is the source of some recipes quoted in the Background section of the Teacher’s Guide.

More sites on hair structure at the microscopic level

An extensive reference that includes many drawings and photomicrographs of the hair follicle is found at http://www.chem.sc.edu/analytical/chem107/lab4_032205.pdf.
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