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Chemical Reactions of The King of Colors: Indigo
by
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Overview

This module is designed for a high school level chemistry class.  The goal is to help students experience the process of science and chemistry in cultures and time unknown to them.  Students will be asked to explore chemical reactions from the perspective of people of the period being explored.
In this module the students will explore Indigo and its use as a fabric dye in India and Africa in the Ptolemaic period (roughly from 305 BC to 30 BC).  The dye was produced in a vat process in which chemical reactions, including fermentation, reduction and oxidation, took place.

Learning Objectives:

· Students will propose ideas as to how the blue dye might be obtained from natural plant sources and understand that there is a trial and error aspect to discovery.

· The students will understand the processes of fermentation, reduction and oxidation, which are important chemical reactions causing the color production of indigo blue.

· The students will investigate a vat dye solution and observe reactions and results and interpret and evaluate the evidence.
Learning Activities:

· The students will review the history of indigo dyes from around the world in ancient times.

· Through selected readings, the students will be come familiar with the natural plant sources for indigo, the history of its cultivation and processes for obtaining dye.

· The students will experience the dying process and follow correct safety procedures.

Opening Activity

Question:  There are records of dyes being used to color fabrics dating to before 2500 B.C.  If you were assigned the task of making material more colorful, how would you find a good dye?  Keep in mind the point in time (3,000 to 4,000 years ago!) and the resources you have available.

What are some of your ideas as to how a dye and the process to obtain it may have been discovered?  Was it an accident?  Divine intervention?  Is it a process of trial and error?

· Divide into small groups and come up with a theory that might be plausible for this period in time.

· Select a spokes person to share your ideas.
Match the pictures of plant and animal sources of dyes to the color you think they produce.  (PowerPoint slides).

Questions for discussion:

· Which of these sources look like the end color they produce?

· From which sources is blue derived?

· They don’t appear blue.  How do you think it was discovered that they were a source of blue dye?  How did they make it work?  Did they get the results they wanted right away?  What might have been some desired results and what would affect them?

· What are some chemical factors that might affect the color obtained from a dye source?  Many dyes are used with mordants that are acids or bases to obtain different color results. (Possible demonstration of color changes to cabbage when acids or bases are added.) Refer to: http://www.csun.edu/~vceed002/BFI/lessons/pH_scale/pH_scale.html for additional information on pH sensitivity of anthocyanins.

Lecture-The History of Indigo

The same basic process was used to obtain the color of indigo blue until the late 1800’s regardless of culture or part of the world.

PowerPoint and lecture to provide the following information:

· What is Indigo?

· Where does it come from?

· How long has it been used and in what cultures?

· The ancient method of extracting the blue dye-Vat dye process.
· The economic value of indigo and value of blue to the world.
· Explain the process of fermentation, the reduction and oxidation process that eventually reveals the blue color.
Literature Integration Activity:

1. Have the students read “Blue Goes for Down – A Liberian Folk Tale” as recorded by Ester Dendel.  This is a Liberian legend about how the properties of indigo were discovered.  Text provided in Appendix 1.

· Compare the water spirit’s instructions to Asi with the procedure used to make indigo dye in a vat process.

· Discuss the importance of the color blue and thus indigo to the people of Foya Kamara.

· Did indigo have the same value to other cultures of the same period?

2. Have students read “Dye recipes from the Stockholm Papyrus, c. 300-400 AD”. Included is an excerpt on how to make a blue dye.  Appendix 2.

· How does the process compare with what you know of the vat dye process?

· In what ways is this process similar to that of the Liberian folktale?  Different?

· Is there anything you find particularly interesting/surprising?

Additional Research Options

Use the Internet to gather information and answer additional questions about indigo.

· Compare the many-recorded methods for dyeing with indigo.

· Explore the economic impact of indigo on dye-producing countries and the old and new worlds.

· Who gained and who lost when the dye was synthesized in the laboratory?

· Calculate how many acres of indigo plants are needed to produce a pound of dye and its effect on the value of the color blue.

Lab Activity

Hand out lab activity to students.  Appendix 3.  There are two fermentation vat recipes.  Divide the class in half and then have students compare results.

· Review safety procedures.

· Review reduction/oxidation process.

· Identify the materials needed to complete the lab.

· In lab groups students will create a vat dye bath using indigo and dye fabric or yarn.

· Students will make observations and answer questions.

Teacher Notes:

AMOUNT of material you can expect to dye: this varies so much by fiber and color depth. In addition to the five squares of different fabrics, you can expect to dye approximately two medium, all cotton t-shirts to a medium dark blue, plus several others to a lighter blue. Allow several days for dye-work: dye a small amount each day if time permits, then let the vat rest and recharge overnight. 

Equipment Needed: 

A VAT. This can be a pot of stainless or un-chipped enamel. Or it can be a plastic bucket or garbage bin. It must have a well fitting lid, preferably a domed lid that can be set on upside down. The idea is to reduce the air space above the dye. Oxygen is the enemy of the Indigo vat!  Some dyers float a layer of plastic film on the vat’s surface. 

For the amount of dye in this formula, a small vat in a two or three gallon bucket or pot is good. Be sure to fill it as full as possible, leaving just an inch or so to accommodate the material when you dye it. 

HEAT. Not as easy to figure out, because the temperature has to be kept just right.  Warm, but not hot. (Hand warm, lukewarm, baby bottle warm, yogurt making warm, bread rising warm.) In the tropics, one only has to keep the pot in the shade. In the summer, in many places, that works. Don’t let the sun heat the vat directly, as it can get way too hot way too fast. Try a hot plate to keep temperature at about 50° C.

TOO MUCH HEAT WILL KILL THE FERMENT. This is the most common reason for Indigo vat problems. A vat that’s a little cool will ferment more slowly, but it will ferment. One that gets too hot will stop fermenting. Letting it cool down, then adding more of the fermenting Madder root and bran, can usually save the vat. 

Appendix 1

Blue Goes for Down

This was many rice plantings ago. It was so long ago that hunger had not yet come to squeeze the stomachs of the people. When they wanted to eat they could eat sky. You heard me. They could eat sky. In those days the sky lacked small to reach the ground. Down in the hollows and above the rivers it was hard to know where the earth left off and the sky began. Sometimes the branches of the trees snagged the clouds and held them fast until the sun stood high and they had to let go.

All anyone had to do to get a handful of sky was to reach up and take. But what one took must be small, small. Too much sky and a person became drunk. Now this was just after Gala left off living in the village with people and went to live in the sky, but only just a little above the earth. People had been humbugging and headaching him too plenty. That's why he went to live in the sky. He stayed close enough to the ground so he could keep an eye on the people and see how they behaved.

In those days the people grew much cotton and the weavers wove much cloth. All of it was white and they had a hunger for color, especially the blue of the sky, but they did not know how to make that blue go for down and come into the cloth and stay there.

In the village of Foya Kamara, which is over against the boundary of Sierra Leone, there lived a young woman named Asi. When Asi was born it was known that she was one of the water people. How did the people know this? They knew this because they heard the water spirits howling when she was born. They had lost one of their own to human people.  They wanted her back. That is why Asi had to go to the waterside each new moon to make a sacrifice to the water spirits.

It is the new moon now, and Asi is going to the waterside. Her girl child is tied on her back with a square of pure white country cloth, the cloth made in narrow strips sewed together just the way Gala showed people long ago. Asi carries a little bag of rice on her head. She must cook the rice at the place where the river bends. There is an altar there to the water spirits, those spirits that want Asi back. She will eat some of the offering and give the rest to the spirits.

Asi makes a cushion of leaves that she pulls from a bush. The bush is indigo. She covers the leaves with the white cloth and makes her child comfortable there. The child is sleeping as Asi places her carefully on the cushioned cloth.

Next Asi makes a little fire to cook the rice. She sits on the bank of the river to rest. She looks into the deep pools of the river and sees the beautiful blue color of the sky reflected there. She hungers for that color, feels starved for blue. She thinks, "If I eat a piece of sky maybe that color will come into me. Perhaps my hair will turn blue as thunder."

Asi reaches up and breaks off the first bit of sky. As soon as she swallows it, she feels drowsy and floating. The feeling is so good, she breaks off another and larger piece. And another. And another.

When Asi wakes up, she smells the burnt smell of scorched rice. How the water spirits would vex with an offering that was burnt! She looks at the cushion where she had placed her child. The baby had wet herself and rolled off the pad of leaves. She had been unable to roll back and had smothered in the tall grass where she lay.

Asi wails her sorrow. She rakes ashes from the cooled fire and rubs them in her hair. She goes to pick up the body of her little one and sees a patch of bright blue in the white lappa where the baby had lain.

After a long time of weeping, Asi falls asleep. The water spirits come to her in a dream. They tell her that for blue to come down to earth and stay, these things are needed: salt, urine, and ashes to live with the leaves of the indigo. Now that the water spirits had Asi's child instead of Asi, they made an end of requiring sacrifice from Asi. She was ordered to teach the old women of her people how to make blue go for down and stay.

The indigo leaves must be placed in a clay pot with clean river water, with salt that is leached from wood ashes, and the urine of a young girl. As the dye women of Foya Kamara stir their dye pots and wait for them to ferment, they bless the memory of Asi, whose child was sacrificed in order for them to have their skill in bringing down blue and making it stay.

Dendel, Esther Warner. You Cannot Unsneeze a Sneeze and Other Tales From Liberia. Niwot, Colorado: University Press of Colorado, 1995. (eBook)  NetLibrary Online Reader

Appendix 2

Dye recipes from the Stockholm Papyrus, c. 300-400 AD

Transcribed by Drea Leed 

These recipes are from the English translation of Stockholm Papyrus, done by Earle Radcliffe Caley and published in the Journal of Chemical Education, Vol 4, No 8 in August of 1927. 
105. Dyeing in Dark Blue.
Put about a talent of woad in a tube, which stands in the sun and contains not less than 15 metretes, and pack it in well. Then pour urine in until the liquid rises over the woad and let it be warmed by the sun, but on the following day get the woad ready in a way so that you (can) tread around in it in the sun until it becomes well moistened. One must do this, however for 3 days together. 

106. Cooking of woad Charcoal.
Divide the woad charcoal into three parts including that which is above the infused urine. Mix one of the parts in a convenient manner, put it in a pot and build a fire beneath it. You will perceive whether the woad is cooked in the following manner. When it boils, stir carefully and not in a disorderly fashion, so that the woad does not sink down and ruin the kettle. When the woad cracks in the middle the cooking is perfect. You should take away the fire from the underneath, but should nevertheless stir within the pot. Cool the under surface of the pot by sprinkling with cold water. Then take and put in the vat a half a choenix of soap weed. Pour enough of the cooked woad over (it), lay poles or reeds over the edge of the vat, cover with mats and build a moderate fire under it so that it does not boil over and (yet) does not become cold. Leave it 3 days. Boil up urine with soap weed, skim off the scum, and put in boiled wool. Then rinse off in a convenient manner, press out, card it, and put the wool in the dye liquor. When it appears to you to be right, take the wool out, cover up the vat again and build a fire beneath it in the same way. Put 2 minas of archil in the liquid, after you have boiled the archil and in doing so have skimmed off the scum. Then put the dyed wool in. Rinse off in salt water and cool it off. Dye in blue twice a day, morning and evening, as long as the dye liquor is serviceable. 

http://www.elizabethancostume.net/dyes/stockholm.html#23 

Appendix 3

Indigo Dye Lab:  Fermentation Vat

HISTORY: Creating an Indigo vat is to partake of a long history. To get a blue dye from a fermented plant was one of the earliest discoveries of people. Then, to make it into dry cakes and trade it around: Indigo was one of the earliest articles of commerce. 

There are as many Indigo fermentation recipes as there are cultures, for every culture has had its Indigo, and every one its own way of coaxing out the color. This recipe is the standard European vat. It has a history of several thousand years, and was perfected in its present form when Indigo was not only dyed in each and every farmhouse, but was dyed on a large scale in the great industrial natural dye works of England, France, Germany and New England.

Materials For Vat #1:
4 oz very finely ground pure natural Indigo. Natural Indigo is processed from the indigofera sp., raised as a naturalized cover crop in India and Pakistan, Southeast Asia and southern China. The plants are fermented to create the blue dye. The dry dark blue cake or finely ground powder has been an article of trade for at least 5,000 years. 

12 oz “Washing soda”, Sodium Carbonate, also called Soda Ash. 

DANGER! Strong alkali can irritate sensitive skin. ALWAYS WEAR “RUBBER GLOVES” (latex or vinyl), when handling the washing soda! (As well as when dyeing in the Indigo solution.) The Indigo needs to be dissolved in a strongly alkali solution. Otherwise it won’t penetrate into the fiber; it would be just a stain on the surface. 

2 oz Madder root, ground.  Madder root contains an enzyme that causes fermentation. This ferment liberates hydrogen, which grabs onto the oxygen of the Indigo molecule. They join to make water, while the de-oxygenated, or “reduced” Indigo can now dissolve in the alkali solution. In this very fine form Indigo becomes small enough to enter into the spaces of the fiber we want dyed. 

*Note that Indigo does not chemically combine with the fiber. Nor does it combine with any mordant (which is why no mordant affects the color or quality of Indigo dye). It is instead held in an electro-static bond within the interstices of micro spaces inside all natural fibers. 

2 oz bran.  Wheat bran provides the sugary food for the fermenting enzymes of the Madder. Additional packet of bran and madder, mixed is used to “recharge” the vat after a day of dye-work. 

Assorted fabrics to dye.   11” squares of: cultivated white silk; a cotton twill; and natural wool. Each fiber dyes its own special hue of natural Indigo blue.  May also dye a cotton T-shirt.

*Note:   it takes about a week for the natural fermentation vat to be ready to dye. It should be stirred gently once a day during the fermentation process. 

Safety Recommendations:

· Read complete instructions and collect all materials before starting.

· Always wear heavy-duty rubber gloves (hairdresser’s perm-gloves work well).

· Always wear a full front covering apron or lab coat.

· Always wear a full particle mask when handling dry particles or granules.  Avoid inhaling any of these.

· Always wear safety glasses with side protection.

· Always work in a well-ventilated area.

· Avoid getting dyes and chemicals on your skin.  If this should happen, wash off with water immediately.

· Keep towels handy to wipe up spills and newspapers or plastic to lay dye materials on.

· Never use any of the tools for any other purpose other than dying, especially food preparation.

Procedure for the Natural Fermentation Indigo Vat: 

1. A week before dyeing “set the vat”: fix a warm place for your dye pot, add the ingredients to warm water in your pot, stir gently, cover and keep warm. 

*Note:  If time does not permit, instructor may want to start this one-week prior to class lab.

2. Stir gently each day. Check the temperature so it doesn’t get too warm or too cold.  Adjust the heat source as needed. Always replace the cover on the vat. 

3. When there is a coppery film over the surface of the dye, it is probably ready. To be sure, test dye a small bit of something. Wet it out, dip it in the vat, hold it under the surface for a full minute, then remove it and see if it is greenish, turning blue in the air. 

4. When the vat tests ready, prepare your materials to dye. Be sure they are well wet out in warm water. It is good to leave them to soak overnight, and squeeze all the air out before you put the material in the dye. 

5. WEAR GLOVES! Thick or thin, vinyl or latex, your choice, but please wear them! Take the moist material, lay it in the vat and “work” it with your gloved hands UNDER THE SURFACE OF THE VAT. Think of air as the enemy of the vat, so do not let bubbles form, or lift the material in and out of the liquid. “Work” it means, move it around and squeeze dye liquid through it, always under the surface. 

6. After 4 or 5 minutes bring the material out of the vat and squeeze out excess dye liquid. It should look vibrantly green. It will start to turn blue in the air. Lay it out on some clean newspaper or plastic sheeting or pin on a clothesline to air. 

7. Let air for 20 to 30 minutes. If it is not as dark as you would like, re-dip in the vat, as before. When it is dark enough, after a final 20 to 30 minutes of airing, rinse well. Remember, it will be lighter when rinsed, and lighter still when dry, especially silk, which lightens so much because of its sheen. 

8. If possible, let the dyed and rinsed materials air overnight. Then the next day, let soak for 30 minutes, then rinse well again. This double rinsing ensures that all the alkalinity of the washing soda is removed. Never soak or rinse Vat Indigo in vinegar or other acid. That will damage the durability of the color, making it less fast to light and washing. 

9. To renew the vat after a day’s dyeing, add the contents of the madder-bran renew mix, stir gently, cover and continue to keep warm, stirring gently every day. In two or three days the vat will be ready to dye more blues. 

10. When the vat is exhausted of dye value, it can be kept going by re-adding all the four ingredients: Indigo, washing soda, bran and madder. In this way I have kept my current vat for 18 years. May yours also “Live long and prosper”. 

Excerpts from SAFE COLOURS for TEENS prepared by CHERYL KOLANDER, Master Natural Dyer, www.aurorasilk.com
INDIGO-YEAST-AMMONIA FERMENTATION METHOD:  Vat #2
· 1 tablespoon powdered Yeast (bread yeast) 

· 1 cup warm water 

· 1 rounded tablespoon Sugar

· 2 teaspoons Natural Indigo

1. Combine the above ingredients and let stand in a warm place for about 2 hours.

2. At the same time, dissolve 2 level teaspoons Natural Indigo in ½ cup non-sudsing Ammonia (let sit for about 2 hours). 


3. Add the Indigo and Ammonia to the Yeast-Sugar mix in a half-gallon jar. Fill to the top with warm water, stir once, and cover with plastic wrap, using a rubber band to seal. Don't use a rigid seal as the fermentation can burst it.

4. Let this jar sit several days in a warm place. The liquid will clarify to an even yellow. The Yeast has removed all the oxygen, enabling the Indigo to dissolve. If your jar stays blue, add more yeast (if this doesn't do it, add more sugar also). 

5. When it turns yellow, immerse some pre-wetted fiber, and leave in over-night. Remove carefully (not dripping into the jar, adding oxygen). Hang in the air for 20-30 minutes.

6. Repeated dips will deepen the color.

7. The not-very-pleasant smell will disappear from your dyed goods with the final rinse. When the dyeing is done, treat the fiber to neutralize any remaining alkali, and to set the dye. Rinse in lukewarm water. Then rinse in cool water.  Next, wash gently in hot soapy water. Finally, rinse in clear water.

With thanks to the Boston Area Spinners and Dyers, and to Fred and Willi Gerber. 
http://www.earthguild.com/products/riff/rindigo.htm
Name _________________________________________Class _____________

Date________

Lab Summary Questions

1. Which dye vat method did you use?

2. Which ingredients were used to start the fermentation process?  What part of the chemical process is happening here?

3. Describe the appearance of the dye bath as it goes through the fermentation process?  How does it smell?

4. What color was the dye bath?

5. What color was the fabric in the dye bath?

6. What chemical reaction is taking place when the fabric is removed?  What is the agent?

7. What color is the fabric once it dries?    Silk?   Cotton?   Wool?  Attach a sample of each below.

8. How rapidly does the color change take place?

9. How does the method used compare to the Liberian tale and the Stockholm Papyrus recipe?  Mention similarities/differences.  Continue on the back of page.

Attach samples here and label:
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