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About the Guide

Teacher’s Guide editors William Bleam, Regis Goode, Donald McKinney, Barbara Sitzman 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 are the names of the two natural pigments in the hair?
2. What colors does each natural pigment produce?
3. Explain the difference between the pigments in black hair and red hair.
4. Describe what is meant by the term conjugated double bond.
5. Do all molecules with conjugated bonds absorb visible light? Explain your answer.
6. What specifically absorbs electromagnetic energy in a molecule?
7. Explain why a substance appears red if it absorbs green light.
8. What happens to the molecules of eumelanin when bleach is applied? Be specific.
9. In a redox reaction, what substance gains electrons and which substance loses electrons?

10. Why is a base commonly used with hydrogen peroxide to bleach hair?
11. Which hair bleaches more quickly, red or brown hair? Explain why.
12. Why does black hair frequently turn reddish orange when bleached?
13. Occasionally, bleached hair that is later dyed will turn green. Explain why this happens.
Answers to Student Questions
1. What are the names of the two natural pigments in the hair?

The two natural pigments in hair are eumelanin and pheomelanin.
2. What colors does each natural pigment produce?
Eumelanin is responsible for brown and black colors in hair. Pheomelanin creates the orange and yellow tones.
3. Explain the difference between the pigments in black hair and red hair.
Black hair contains more eumelanin than pheomelanin. There may be as much as 25 times more eumelanin than pheomelanin in black hair. Red hair contains equal amounts of the color pigments.
4. Describe what is meant by the term conjugated double bond.

Conjugated double bonds are double bonds alternating with single bonds.
5. Do all molecules with conjugated bonds absorb visible light? Explain your answer.
No, not all molecules with conjugated bonds absorb visible light. The molecule must have at least eight conjugated bonds to absorb visible light. Only these will appeared colored.

6. What specifically absorbs electromagnetic energy in a molecule?

Electrons in molecules absorb electromagnetic energy and move from their ground state to a higher energy level.
7. Explain why a substance appears red if it absorbs green light.
When green light is absorbed by a substance, we see its complementary color on the color wheel, red.
8. What happens to the molecules of eumelanin when bleach is applied? Be specific.
When hydrogen peroxide is applied to eumelanin it disrupts conjugated double bonds by removing electrons in a reduction-oxidation reaction. Breaking the conjugated double bond system results in shorter conjugate bond systems that cannot absorb visible light [as already established in question 6], thus the new substance appears colorless.
9. In a redox reaction, what substance gains electrons and which substance loses electrons?
Atoms in the oxidizing agent gain one or more electrons while atoms in the oxidized molecule lose one or more electrons.
10. Why is a base commonly used with hydrogen peroxide to bleach hair?
The hydroxide ion, OH–, from the base reacts with the hydrogen peroxide to form water and a perhydroxyl anion which reacts with the eumelanin and pheomelanin, breaking them into fragments that have too few conjugated double bonds to absorb visible light. The base also opens the outer layer of the hair shaft and allows the bleach to penetrate to the inner layers where it can react with the pigment molecules.
11. Which hair bleaches more quickly, red or brown hair? Explain why.

Brown hair bleaches more quickly because the perhydroxyl anion reacts with the eumelanin more quickly than the pheomelanin. Pheomelanin is more stable than eumelanin. Since brown or dark hair has more eumelanin than pheomelanin it will bleach more quickly.
12. Why does black hair frequently turn reddish orange when bleached?
Since eumelanin is bleached quicker than pheomelanin, when black hair is bleached the amount of eumelanin is decreased significantly, changing the color balance. Pheomelanin, which causes hair to be reddish, becomes predominant making the hair reddish orange.
13. Occasionally, bleached hair that is later dyed will turn green. Explain why this happens.
Hair dyes are formulated assuming that the hair contains a certain amount of pheomelanin. Manufacturers add blue pigments that, when combined with the pheomelanin, look brown. If there is not enough orange from pheomelanin to balance out the blue, the blue dye combines with the residual bleached yellow color to produce hair with a green color.
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. Hair colors depend on at least ten different natural pigments.

	
	
	2. Double bonds alternating with single bonds in a molecule are referred to as conjugated double bonds.

	
	
	3. The colors we see depend on the energy released by electrons when they move from the excited to the ground state.

	
	
	4. If a molecule absorbs red light, it appears green.

	
	
	5. The shortest wavelength of light we can see is red.

	
	
	6. Many hair bleaching agents remove electrons from the pigments that give hair its color.

	
	
	7. Baking soda solution is basic.

	
	
	8. Hydrogen peroxide bleaches red hair more quickly than brown hair.

	
	
	9. Red hair fades more quickly than brown hair. 

	
	
	10. Hair dyes are formulated on the assumption that hair contains some of the pigment that causes hair to appear red.


Reading Strategies
These graphic organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading 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 Standards for writing:

a. ELA-Literacy.WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).
b. ELA-Literacy.WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.
2. Vocabulary and concepts that are reinforced in this issue:

a. Lethal dose (LD)

b. Amino acid

c. Enzyme

d. Organic molecular structure

e. Metric system

f. Electromagnetic radiation

g. Redox reaction

h. Pheromones 

i. Volatility
3. 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 compare how you might get different colors of hair, including unintended results. 

	Hair color
	Reason

	Brown
	

	Red
	

	White
	

	Yellow
	

	Orange
	

	Green
	


Background Information
(teacher information)
More on the structure of hair
[image: image1.png]CHEMMATTERS





Hair is an important structure. Some functions of hair include: protection, the regulation of body temperature by evaporation of perspiration, transmission of sensory information and gender identification. More complicated than it appears, hair is composed of two major structures; the follicle in the skin and the shaft that extends outside the head.
At the base of the follicle is the root which is incased by the papilla. The papilla contains blood vessels that feed the cells that form the new hair. These cells are the fastest growing cells in the body, dividing every 24–72 hours. It is the only living part of the hair.
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The shaft is mainly composed of a hard protein called keratin. The structure consists of three layers: the medulla, the cortex and the cuticle.
Medulla: This is the core of the shaft which is hollow. It is not present in all human hair. Thick hair generally does have a medulla, while most thin or blond hair does not. The function of the medulla in the hair shaft is not known.
Structure of keratin

(http://bilingualbiology11a.blogspot.com)
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Cortex: The cortex makes up the majority of the hair shaft accounting for 90% of its weight. It determines the strength, elasticity, texture and color of the hair. It is composed of elongated and spindle-shaped protein cells. Within this layer is the melanin, the pigment granules, which determine the color of the hair. Whenever the hair is colored, bleached, permanent waved or relaxed the chemical change takes place in the cortex.
Structure of a shaft of hair
(Baxter, R. Permanent Waves. ChemMatters 1993, 11 (2), p 9)

[image: image15.emf]Cuticle: The outer layer of the hair shaft consists of dead epithelial cells. This layer is transparent. The cells are layered like scales to protect the cortex. The scale always point from the root end of the shaft to the tip of it. Hair conditioners work on the cuticle. Products with a high pH cause the cuticle layer to swell and allow liquids to penetrate into the cortex. Products with a low pH will cause the cuticle to shrink and harden.
The cuticle of hair consists of scales.
(Raber, L. Hair Color: Chemistry to Dye For. ChemMatters 2002, 20 (2), pp 10–11)

More on keratin, its bonds, and its relationship to hair structure
[image: image16.emf]
Keratin, composed of 18 different amino acids, is the major component of hair. Keratin is hard and very resilient. Cysteine, the most abundant amino acid, is responsible for many of the characteristics of the hair shaft. Millions of long polypeptide chains cross-linked with a variety of bond types determine the structure of the cortex. The type of bonds include ionic, hydrogen and disulfide (covalent) bonds.
The three main type of bonds between proteins in the hair
(Fruen, L Natural, Braided, Colored, Straight, and Curly Hair…Thanks to Chemistry. ChemMatters 2008, 26 (3), p 17)

A description of these three types of bonds follows:

· Ionic bonds are easily broken with changes in pH but also readily reform when the pH level is returned to neutral.
· Hydrogen bonds make up about 33% of the protein bonds. They are weak and broken by water or heat and again are reformed when the hair is cooled or dried. This is the basis for wet setting hair with curlers and for styling hair with a blow dryer.

· Disulfide bonds are fewer in number than either the ionic or hydrogen bonds. They are formed by the sulfur atoms in two separate cysteine molecules. These chemical bonds determine the strength and shape of the hair. In straight hair the cysteine molecules form disulfide bonds that are aligned, which makes the hair shaft straight. Straight hair also has fewer disulfide bonds. The more disulfide bonds the curlier the hair. In curly hair the disulfide bonds bend or arch, causing the hair to curl.

The process of forming permanent waves or the relaxing of curly hair is basically the same. The disulfide bonds are first broken using ammonium thioglycolate, the most common active component in these products.
2 HS-CH2COO– + keratin—S---S—keratin ( –OOCCH2-S-S-CH2COO– + keratin—SH---HS—keratin

Once the disulfide bonds are broken they can be pulled past each other and the hair can be reshaped—either using a curler or flattening it. The wave/relaxing solutions have a pH around 9 which causes the cortex to swell and allows the solution to penetrate the cortex ensuring that more disulfide bonds are broken. After the hair has been reshaped the ammonium thioglycolate is washed out. A “neutralizer” is then applied. This solution usually contains hydrogen peroxide as the active ingredient. The hydrogen peroxide acts as an oxidizing agent to remove the H from the S-H bonds which allows the sulfur atoms to reform the disulfide bonds.

More on the color of hair
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Hair comes in an amazing spectrum of different colors. Hair color is determined by a class of pigments called melanins. These pigments are also responsible for the color of skin and eyes as well. Melanin is formed from the amino acid tyrosine in cells called melanocytes found in the basal layer of the epidermis. Albinos have do not have tyrosine, so the melanin pigments cannot be formed.
Synthesis of melanin where the red lines represent where the polymer would be extended: Optical Absorption of Melanin.
(http://omlc.org/spectra/melanin/melaninsynth.gif)
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Once the melanin is formed it is incorporated as small granules in the cortex of the hair shaft. It is not evenly distributed and varies from one strand of hair to another, which is responsible for the variation of hair color on a person. The melanin makes up less than 1% of the hair shaft.
Right: Distribution of melanin in hair shaft: A close look at the properties of hair and scalp.
(www.texascollaborative.org/hildasustaita/melanina.gif)
There are actually three types of melanin: eumelanin, pheomelanin and neuromelanin. There are two types of eumelanin, brown and black. Eumelanin is the most abundant of the three melanin types and is responsible for the color of eyes and skin as well as hair. Pheomelanin is responsible for yellow to reddish-brown colors in hair and skin and is more stable than eumelanin. Neuromelanin colors specific regions in the brain but its function is not understood.
The actual color of hair depends on three factors:
1. The ratio of eumelanin to pheomelanin

2. The total number and size of the pigment granules

3. The thickness of the hair.
	Hair Color
	Facts 

	Black
	Contains a large amount of eumelanin.

It is less dense than other colors.

	Brown
	Higher levels of brown eumelanin.

Medium to thick strands of hair

	Blond
	Small amount of both eumelanin and pheomelanin.
Wide range of ratios that produce colors from white to dark golden
Rare in adults

	Red
	Highest level of pheomelanin (about 67%) and low levels of eumelanin.

Rare for only 1–2% of the population has red hair

	Gray/White
	Lacks any melanin.

Hair is actually clear but looks white or gray because of the way the light is reflected off of the hair


More on coloring (dyeing) of hair

The artificial coloring of hair is a giant industry. It is estimated that 75% of women artificially color their hair. Men are following suit as well. The dyeing of hair is not a new phenomenon. There is archeological evidence that Neanderthal man dyed their hair with clay, roots and berries. Ancient Romans and Greeks colored their hair with plant and animal extracts. During the 1500s BC, the Egyptians used henna plant extracts. The use of natural materials continued until the 1900s. Natural pigments worked by simply coating the hair and would generally wash out after several washings. They were not particularly safe or gentle on the hair and it was difficult to get consistent results from these materials.
	p-Phenylenediamine

	


	IUPAC name
1,4-Diaminobenzene



In 1909 Eugene Scheller, a French chemist, created the first safe commercial hair dye. The dye was based on paraphenylenediamine and he called it Oréal. He founded a company called French Harmless Hair Dye Company, which became L'Oreal a year later. Paraphenylenediamine is still used as a starting material in the production of hair dyes.
(http://en.wikipedia.org/wiki/P-Phenylenediamine)

Today there are three basic categories of hair dye: temporary, semi-permanent and permanent hair colors.

Temporary hair color: These are solutions of synthetic organic dyes that simply coat and adhere to the hair. The organic dyes may be dissolved in a combination of water, organic solvents, surfactants and conditioning agents. They are easily washed out it one or two washings.
Semi-permanent hair color: These hair dyes penetrate the hair shaft. They contain an alkali substance that raises the pH which causes the cuticle to soften and swell so that the dye molecules can get beneath the cells of the cuticle. This adds color without modifying the natural hair color. These dye molecules are small and will gradually leave the hair shaft after 5–10 washings. Since a small amount of dye molecules leave with each washing, the hair color changes slightly after each washing.

Permanent hair color: This can be divided into two categories; Oxidation hair dyes and progressive hair dyes. According to the FDA:
Oxidation hair dye products consist of (1) a solution of dye intermediates, e.g., 
p-phenylenediamine, which form hair dyes on chemical reaction, and preformed dyes, e.g., 2-nitro-p-phenylenediamine, which already are dyes and are added to achieve the intended shades, in an aqueous, ammoniacal vehicle containing soap, detergents and conditioning agents; and, (2) a solution of hydrogen peroxide, usually 6%, in water or a cream lotion.
(www.fda.gov/Cosmetics/ProductsIngredients/Products/ucm143066.htm)

When these two components are mixed and applied to the hair, the ammonia raises the pH of the cuticle which swells it and causes the cells to separate enough so that the preformed dyes are able to enter the cortex of the hair before they have reacted with each other and with the hydrogen peroxide. The hair dye appears whitish when applied because the pre-formed dyes have yet to react to form the actual dye molecule. Darker colors are created by using higher concentrations of the pre-formed dyes. Tones can be adjusted by adding various chemicals such as 4-amino-2-hdroxytoluene which will give a reddish shade. The hydrogen peroxide is the oxidizing agent. It not only oxidizes the pre-formed dyes, creating the final colored dye molecule, but also it also oxidizes the eumelanin and the pheomelanin, breaking them down to eliminate their color. The newly formed dye molecules form large clusters in the cortex of the hair and are too big to wash out. The hair is permanently dyed.

Progressive dyes, such as Grecian Formula, gradually change the color of the hair over time. They generally contain lead acetate, Pb(CH3COO)2. The solution is applied to the hair daily and the lead ions, Pb2+, react with the sulfur in the keratin molecules creating lead(II) sulfide, PbS, which is a dark color. This eventually causes the hair to change from a light color to almost black over several weeks.
More on hydrogen peroxide

Hydrogen peroxide, H2O2, is the simplest peroxide. Below are the various models of hydrogen peroxide.


[image: image3.png]



(www.windows2universe.org/physical_science/chemistry/h2o2_molecule_big.gif)

Some of the basic physical properties of hydrogen peroxide follow:

	 Properties

	Molecular formula
	H2O2

	Molar mass
	34.0147 g/mol

	Appearance
	Very light blue color; colorless in solution

	Odor
	slightly sharp

	Density
	1.135 g/cm3 (20 °C, 30 percent)
1.450 g/cm3 (20 °C, pure)

	Melting point
	−0.43 °C (31.23 °F; 272.72 K)

	Boiling point
	150.2 °C (302.4 °F; 423.3 K)

	Solubility in water
	Miscible

	Solubility
	soluble in ether, alcohol insoluble in petroleum ether


(http://en.wikipedia.org/wiki/Hydrogen_peroxide)

Hydrogen peroxide is a nonlinear, nonplanar molecule. When dissolved in water it is slightly acidic. It is thermdynamically unstable and above 80 oC it rapidly decomposes to water and oxygen gas. It is a very strong oxidizing agent. It is stronger that Cl2 and KMnO4. Below is a list of oxidizers and their strengths:

	  Oxidant
	  Oxidation Potential, V

	Fluorine
	3.0

	Hydroxyl radical
	2.8

	Ozone
	2.1

	Hydrogen peroxide
	1.8

	Potassium permanganate
	1.7

	Chlorine dioxide
	1.5

	Chlorine
	1.4


Hydrogen Peroxide (H2O2) is a Powerful Oxidizer.
(www.h2o2.com/products-and-services/us-peroxide-technologies.aspx?pid=112&name=Hydrogen-Peroxide)

Louis Jacques Thenard, a french chemist, is credited with the discovery of hydrogen peroxide in 1818. He initially produce H2O2 by reacting barium peroxide with nitric acid. The determination of its molecular formula did not occur until 1892 by Giacomo Carrara using the freezing point depression technique.
Today hydrogen peroxide is mainly produced by the anthraquinone process. This process was patented in 1939. First an anthraquinone is reduced by bubbling in hydrogen to create anthrahydroquinone. A solid metal catalyst, like palladium, is used. The anthrahydroquinone is then filtered to remove all traces of the metal catalyst which might decompose the hydrogen peroxide as it is formed. The anthrahydroquinone is oxidized back to anthraquinone by bubbling in air. The hydrogen peroxide is a by-product of this reaction (see the structures below). The hydrogen peroxide is then purified from the anthraquinone by extracting the H2O2 with demineralized water in a large liquid-liquid extraction vessel. The anthraquinone solution is reused in the process.

[image: image4]
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anthrahydroquinone

[image: image5]
The Manufacture of Hydrogen Peroxide
(http://nzic.org.nz/ChemProcesses/production/1E.pdf)
This colorless, strong oxidizing agent we call hydrogen peroxide has a long list of uses, from bleaching, water treatment, disinfectant, acne treatment, rocket fuel, glow sticks and explosives. Two million tons of hydrogen peroxide are produced annually and about half of that is used to to bleach paper. Besides bleaching hair it is used to bleach teeth as well.
Hydrogen peroxide serves as a disinfectant; when it is poured on a cut the blood catalyzes its decompostion, 2H2O2 ( 2H2O + O2, and the oxygen helps kill bacteria. Hydrogen peroxide is used as a reactant to produce organic peroxide explosives. These explosives are too unstable to use commercially.
Glow sticks would not glow without H2O2. The glass vial inside the glow stick contains hydrogen peroxide. The tube is filled with an ester, diphenyl oxylate, and a dye. When the glass is broken the hydrogen peroxide reacts with the ester to form phenol and a molecule of peroxyacid ester which decomposes immediately to carbon dioxide and energy, which the dye absorbs and then releases as a photon of light.
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Chemical reaction in a light stick
(http://0.tqn.com/y/chemistry/1/S/a/b/glowstickrxn.jpg)
More on color, light, chromophores and the electromagnetic spectrum
One of the distinguishing features of a substance is its color. This is a result of the substance’s interaction with electromagnetic radiation. The electromagnetic (EM) spectrum is the vast range of energies of electromagnetic radiation, which is commonly treated as a wave phenomenon. EM radiation is characterized by its wavelength and its frequency. The higher the energy the shorter the wavelength and the higher the frequency. The only part of the EM spectrum that the human eye can detect is the narrow visible light region, which covers a range from approximately 400 to 800 nm. Each wavelength produces a different color; the longest wavelength is red and the shortest is violet.
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The visible spectrum

(www.srh.noaa.gov/jetstream/clouds/images/visible_spectrum.jpg)
The explanation for the colors we see is explained by the following:

When a sample absorbs visible light, the color we perceive is the sum of the remaining colors that are reflected or transmitted by an object and strike our eyes. An opaque object reflects light, whereas a clear one transmits it. If an object absorbs all wavelengths of visible light, none reaches our eyes from that object. Consequently, it appears black. If it absorbs no visible light, it is white or colorless. If it absorbs all but orange, the material appears orange. We also perceive an orange color, however, when visible light of all colors except blue strikes our eyes. Orange and blue are complementary colors. Thus, an object has a particular color for one of two reasons: (1) It reflects or transmits light of that color; (2) it absorbs light of the complementary color. Complementary colors can be determined using an artist's color wheel, shown. The wheel shows the colors of the visible spectrum, from red to violet. Complementary colors, such as orange and blue, appear as wedges opposite each other on the wheel.

(Brown, Theodore. Chemistry the Central Science, Upper Saddle River, Prentice Hall, 2006. http://wps.prenhall.com/wps/media/objects/3313/3393071/blb2404.html)
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(http://wps.prenhall.com/wps/media/objects/3313/3393071/imag2404/AAAYPEX0.JPG)

When light hits a substance, some of its energy can be absorbed by molecules. An electron in the molecule may absorb a certain amount of energy moving it from one energy level to a higher one. If the wavelength of light absorbed is in the visible region then the substance is colored. Organic molecules that have conjugated double bonds, a series of alternating single and double bonds with pi electrons, absorb light in the visible region more readily than ones with single bonds or ones with isolated double or triple bonds. The pi electrons are more likely to absorb energy in the visible region and move to a higher energy level.
(For more information on pi bonds and the extended conjugate system go to: http://instruct.uwo.ca/chemistry/2223/downloads/chromphores.pdf)

The longer the conjugate system, the longer the wavelength of light absorbed. The molecules that absorb energy in the visible region are referred to as chromophores. For organic molecules to absorb light in the visible region an extended, continuous conjugation is needed. For instance, beta-carotene has eleven conjugated bonds and absorbs light at 425 nm, which is in the blue region of the visible spectrum. Since blue light is absorbed beta-carotene appears orange. See the table below for other examples:

	Compound Name
	Structural Formula
	Number of conjugated bonds
	Wavelength absorbed, EM region

	Ethene (ethylene)
	H2C=CH2
	1
	171 nm, UV

	1,3-butadiene
	H2C=CH-CH=CH2
	2
	217 nm, UV

	Trans 1,3,5-hexatriene
	H2C=CH-CH=CH-CH=CH2
	3
	274 nm, UV

	1,3,5,7-octatetraene
	H2C=CH-CH=CH-CH=CH-CH=CH2
	4
	310 nm, UV

	beta-carotene
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	11
	425 nm, visible


(Information for table came from various sources including these: http://instruct.uwo.ca/chemistry/2223/downloads/chromphores.pdf and www.800mainstreet.com/elsp/Elsp.html)

Another common example of extended conjugation and color is the common acid/base indicator phenolphthalein. We know that phenolphthalein is colorless in acid and magenta in base. Both forms (see structures below) absorb ultraviolet radiation but our eyes cannot detect that. Thus, the acid form appears colorless. The basic form also absorbs light at 553 nm, which is in the green region, which makes it appear red/violet (magenta) (see the color wheel above).
In the acidic form the conjugation is broken around the central sp3 hybridized carbon atom so it only absorbs high energy, short wavelength photons in the ultraviolet region. In the base form the central carbon atom becomes part of a double bond extending the conjugation over the entire molecule. This shifts the absorption of light to longer wavelengths and into the visible region which is associated with an increase in the conjugation of the molecule.
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What Causes Phenolphthalein Molecules to Absorb UV and Visible Light

(http://chemwiki.ucdavis.edu/Physical_Chemistry/Spectroscopy/Electronic_Spectroscopy/Electronic_Spectroscopy_Basics/What_Causes_Molecules_to_Absorb_UV_and_Visible_Light)
Connections to Chemistry Concepts
(for correlation to course curriculum)

1. Organic chemistry—The structure of hair and the pigment molecules are organic structures.
2. Polymers—The protein in hair, keratin, is a natural polymer.
3. Bonding—Hair pigment contains conjugated double bonds. The keratin is cross-linked with disulfide bonds, hydrogen bonds and ionic bonds.

4. Oxidation-Reduction—Hydrogen peroxide is an oxidizing agent that takes the electrons from the double bonds in the pigment molecules causing a change in their structure which makes them colorless.

5. Visible light and color and the electromagnetic spectrum—This article explains how molecules absorb energy from the electromagnetic spectrum. The electrons absorb EM radiation and move from a ground state to an excited state. It explains the energies associated with the visible region of the electromagnetic spectrum. It further explains the color we observe when certain wavelengths of light are absorbed.
Possible Student Misconceptions
(to aid teacher in addressing misconceptions)
1. “Sunlight is a healthier way to lighten hair.” Sun does lighten hair but may not be any healthier. The scalp is sensitive and can be sunburned easily. This can also damage the hair follicle. The sun may leave the hair feeling dry and rough.
2. “Bleached hair grows slower than unbleached hair.” Bleach will not cause hair to grow slower. If the bleach damaged the hair it may be brittle, making the tips break off. As a result of the breakage, the hair may make it seem like it is not growing.
3. “Red hair is determined by a single gene, with the allele for red being recessive to alleles for other colors.” Hair color is determined by the amount of eumelanin (brown/black pigment) and pheomelanin (red) in the hair which will vary even within an individual. Red hair has a large amount of pheomelanin.
“Red hair color is not an example of a simple genetic trait. While the amount of red pigment may be mainly determined by one gene (MC1R), there is a large number of different MC1R alleles, and other genes affect the amount of brown pigment, which plays a major role in determining hair color. The complicated genetics means that it is possible for two red-haired parents to have non-red-haired children.” (http://udel.edu/~mcdonald/mythredhair.html)
Anticipating Student Questions
(answers to questions students might ask in class)
1. “Why does hair appear gray?” Gray hair does not have a gray pigment. It does not have any pigment and is actually colorless. It appears white or gray because of the way the light is reflected from it. The hair appears gray when the white hair is mixed with dark hair. Some people refer to it as “salt and pepper” hair. Scientists recently discovered that the lack of pigment is due to a build-up of hydrogen peroxide in the hair follicle which oxidizes the melanin (pigment) as it is formed. The hydrogen peroxide is produce in the hair follicle throughout one’s life. As we age there is a reduction of the enzyme catalase in the follicle. Catalase breaks down the hydrogen peroxide into water and oxygen. With a reduction of catalase the hydrogen peroxide builds up and a colorless hair shafts result.
2. “Why does even brown hair coloring appear whitish when first applied?” The hair dyes contain two basic components packaged separately and are mixed together before applying to the hair. One component is hydrogen peroxide and the other contains an ammonia solution of dye intermediates. These are essentially colorless and develop color when they are oxidized by the hydrogen peroxide. As this combination of solutions start to penetrate the hair they also begin to react to form the desired color.
3. “Why does swimming in a pool turn blond hair green?” The green color is caused by copper ions in the water binding to the hair. Copper ions are in algaecides. They are also naturally present in some waters. The copper(II) ions are blue and the yellow of the hair makes it look green.
In-Class Activities

(lesson ideas, including labs & demonstrations)
1. An investigation looking at hydrogen peroxide as an oxidizing and reducing agent can be found at http://chemmovies.unl.edu/chemistry/smallscale/SS021.html. This includes the materials needed, procedure, time required and expected results. There are also movie clips to aid in the set up.

2. This is a well written investigation for high school students published in the Journal of Chemical Education. In the investigation students prepare natural dyes. Included are all the teacher directions and a student-ready lab sheet. (“Colors to Dye for: Preparation of Natural Dyes”, http://pubs.acs.org/doi/pdfplus/10.1021/ed076p1688)

3. A good way to demonstrate how hair curls is to use two strips of sticky stuff such as two pieces of Velcro™ a few inches long, or two pieces of Scotch™ tape (the removable type). Stick the two pieces to each other and wrap them around a cylindrical object such as a marker pen. Next, while holding the inner piece in place, unstick the outer piece, then stick it back down again. When the double strip is removed from the object it will retain the curled shape. This idea is from the Teacher’s Guide for the ChemMatters April 1993 issue.
4. “Better Hair through Chemistry” from the online version of the Exploratorium provides several easy activities related to hair and its structure. Instructions are given for building a hair hygrometer and using it to measure changes in humidity. There are also instructions for a healthy hair test and for creating curls. (www.exploratorium.edu/exploring/hair/hair_activity.html)
5.  A fun demonstration showing the oxidation of hydrogen peroxide is Elephant Toothpaste. The reaction produces lots of steaming foam that resemble toothpaste that an elephant would use. It requires minimum materials, although you must be extremely cautious when using 30% H2O2. There are many references and videos available online. Here two references that are easy to follow: http://chemistry.about.com/od/chemistrydemonstrations/a/elephanttooth.htm http://ncsu.edu/project/chemistrydemos/Kinetics/Elephants%20Toothpaste.pdf.
Out-of-class Activities and Projects
(student research, class projects)
1. Students could tie dye with bleach to see the effect of an oxidizing agent on chromophores. This is sometimes called reverse tie-dyeing. The process is very similar to tie-dyeing, but instead of adding color to a white tee-shirt you are removing color from a colored garment. This could also could be performed as an in-class lab. There are many references and videos giving directions for the process on line. One of these is: http://www.lilblueboo.com/2012/08/tie-dyeing-with-bleach.html. A good video for this method of tie-dyeing is at: https://www.youtube.com/watch?v=9AIQODnSkm4.
2. Students could do research on the effects of bleaching and dyeing hair on their health. They could research the safety of the products that are used in these processes.
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Baxter, R. Permanent Waves. ChemMatters 1993, 11 (2), pp 8–11. This article 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 useful references.


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


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 ways in which hair responds to these chemicals is well documented in this 2008 article.
ChemMatters Teacher’s Guide. October 2008, p 74. This section of the Teacher’s Guide that accompanies the Fruen hair article above provides extensive information on hair dyes, shampoo and hair structure. It also includes some fun facts about hair.


Wood, C. The Art and Chemistry of Dyes. ChemMatters 2009, 27 (1), pp 13–15. This article deals predominantly with the dyeing of cotton and wool. It does describe the dyes and chromophores.

Web Sites for Additional Information
(Web-based information sources)

These sites covers many of the topics listed below.
Good Hair Days: A Case of Good Chemistry: http://health.howstuffworks.com/skin-care/hair-care/straightening-treatments/a-case-of-good-chemistry-info.htm.


Hair Color: Research Update: http://www.pgbeautyscience.com/assets/files/research_updates/P&G_ResearchUpdate_Hair_Color.pdf.


This is a nice Prezi presentation that describes many of the topics listed below: http://prezi.com/jjv9ufvuuthl/nus-chem-comm/.

More sites on the structure of hair
This is an extensive, well written article that covers many aspect of hair, including the structure of hair, bonding and curling of hair, hair products and the bleaching and the dyeing of hair. (http://www.dartmouth.edu/~humananatomy/part_1/chapter_4.html#chpt_4_hairs)

“Better Hair through Chemistry” is a basic, well written article about hair. It discusses the chemistry involved in the structure of hair, the characteristics of hair, and bleaching and dyeing of hair. (http://www.exploratorium.edu/exploring/hair/index.html)

More information on the structure of hair and melanin is given in this article. It includes many good drawings and photomicrographs of hair. (http://www.chem.sc.edu/analytical/chem107/lab4_032205.pdf)

This site provides some information on the anatomy of hair, hair growth and its shape: http://dermatology.about.com/cs/hairanatomy/a/hairbiology.htm.
“A Close Look at the Properties of Hair and Scalp” is just that. It covers 3 topics: structure of hair, layers of the hair, and the chemical composition of hair. In addition, each section includes activities that, can easily be adapted for the classroom. (http://www.texascollaborative.org/hildasustaita/module%20files/activity3.htm)

This is a good slide program on the structure of hair: http://www.slideshare.net/dralisyed/1-structureof-hair-euro-july-08.
This site has a very nice graphic of the hair shaft as well as some interesting facts about hair: http://www.hair-science.com/_int/_en/topic/topic_sousrub.aspx?tc=ROOT-HAIR-SCIENCE^PORTRAIT-OF-AN-UNKNOWN-ELEMENT^WHAT-WE-DO-SEE&cur=WHAT-WE-DO-SEE.
More sites on color of hair

These are clearly-written articles about hair and hair color in general:

http://chemistry.about.com/cs/howthingswork/a/aa101203a.htm and

http://www.webexhibits.org/causesofcolor/7F.html

This is an in depth article on the production of melanin in both plants and animals: http://pwp.surfglobal.net/rmangile/Pigeons/Biosynthesis%20of%20Eumelanin%20and%20Pheomelanin.html.

This is a short article explaining the genetics of hair color, focusing on red hair: http://udel.edu/~mcdonald/mythredhair.html.


Information about the melanins that create the color in our hair, eyes and skin is given at this Web site: http://www.webexhibits.org/causesofcolor/7F.html.


This is an extensive, detailed article about melanins and their analysis:
file:///C:/Users/goode/Downloads/Quantitative%20analysis,%20PCR523-531,2003.pdf.


The production of melanin is described in this article: “How Albinism Works”, http://health.howstuffworks.com/skin-care/problems/medical/albinism1.htm.


The latest explanation about why hair turns gray is given in this article, http://www.newsweek.com/science-looks-alternative-hair-dye-75873.
More sites on dyeing of hair

This article describes the types of hair dyes and their potential hazards: http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/hair-dyes.


The FDA presents a short discussion of hair dyes and hair relaxers here: http://www.fda.gov/forconsumers/byaudience/forwomen/ucm118527.htm.


This article from Chemical and Engineering News describes the process of dyeing hair, including some of the history as well as some advances that have been made in the chemistry of home dyeing processes. (http://pubs.acs.org/doi/abs/10.1021/cen-v086n006.p032)

More sites on hydrogen peroxide and hair bleaching


“Why is Hydrogen Peroxide used to Bleach Hair?” The title says it all. Hair dyeing is also touched on here. (http://www.thechemicalblog.co.uk/why-is-hydrogen-peroxide-used-to-bleach-hair/)

This is a journal article about the bleaching of hair. It is a very detailed, technical article about bleaching. (http://www.nononsensecosmethic.org/wp-content/uploads/2014/05/Hair-Bleaching.pdf)

This article describes several oxidizing agents, including hydrogen peroxide: http://pages.towson.edu/ladon/orgrxs/reagent/oxidizer.htm.


The characteristics of hydrogen peroxide are described in this article: http://www.h2o2.com/products-and-services/us-peroxide-technologies.aspx?pid=112&name=Hydrogen-Peroxide.


An excellent graphic about the uses of hydrogen peroxide can be found at: http://www.compoundchem.com/2014/09/30/hydrogenperoxide/.


This is a Prezi presentation about the bleaching of hair. It does include the chemistry of the process. (http://prezi.com/rx5ivx011x7a/bleaching-hair/)


The characteristic and the production of hydrogen peroxide are described in this technical article: http://nzic.org.nz/ChemProcesses/production/1E.pdf.


This site contains an explanation of the contents of a glow stick and how it works: http://chemistry.about.com/od/howthingsworkfaqs/a/howlightsticks.htm.


This is an old article from the Journal of Chemical Education, but the information is still valuable. It contains a wealth of information about hydrogen peroxide. (http://pubs.acs.org/doi/pdfpls/10.1021/ed028p260)

More sites on color, light and the electromagnetic spectrum

This provides a good explanation of energy shifts in molecular orbitals when EM radiation is absorbed. It includes a discussion of the colors seen in beta-carotene, phenolphthalein and methyl orange. (http://chemwiki.ucdavis.edu/Physical_Chemistry/Spectroscopy/Electronic_Spectroscopy/Electronic_Spectroscopy_Basics/What_Causes_Molecules_to_Absorb_UV_and_Visible_Light)

This contains an excellent description of the absorption of light by chromophores, the effect of conjugation and pi electrons and the colors observed. Great graphics are incorporated in the explanations. It includes experiments with phenolphthalein and the extraction and separation of chlorophyll. (http://www.800mainstreet.com/elsp/Elsp.html)

This site has more detailed information about EM spectrum, light, absorption, and the effect of conjugation: http://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/uv-vis/spectrum.htm.

These resources give a clear, concise explanation of light absorption and color of various compounds:

http://instruct.uwo.ca/chemistry/2223/downloads/chromphores.pdf and

http://archives.library.illinois.edu/erec/University%20Archives/1505050/Organic/Arenes/Chapter%205/sec5-14/5-14.htm.


This site is an excellent tutorial on the EM spectrum, light, color and visible spectroscopy. It also explains why the sky is blue! (http://www.physicsclassroom.com/class/light)


This is a good YouTube explanation of how conjugated bonds absorb light and when they absorb light from the visible region. It includes an explanation of phenolphthalein. (https://www.youtube.com/watch?v=EJz-4ZzUA_s)
(Follicle structure image from: � HYPERLINK "http://onlinehairacademy.com/wp-content/uploads/2014/02/follicle.jpg" �http://onlinehairacademy.com/wp-content/uploads/2014/02/follicle.jpg�)
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