CHEM254
Experiment 3     Extraction and Dyeing with Natural Dyes:        7

Alternate title: “The Dye is Cast” Dawn Sikora, 2003

Alternate title: “Dyer Consequences – An exploration of the Chemical Possibilities of Dyes.” 
                                                                        Merrit DeBartelo, 2003

Since prehistoric times people have been dyeing cloth. For a long time people made dyes from living things such as plants that they found around them. Different geographical regions had different plants from which to extract dyes and different techniques for dyeing. While the techniques for fixing color on fibers changed over time, the process and its chemistry changes little.

Indigo (the blue in “blue jeans”) is probably the oldest natural dyestuff ever used. The indigo plant, Indigofera tinctoria, is originally from India, Indonesia and Guatemala. Other popular natural dyes include: Tyrian Purple from Murex brandaris, Madder Red from Rubia tinctorum, Henna from Lawsonia alba, Cochineal Red from Dactylopius confusus and Vermillion from Coccus ilicis.

The organic chemical industry originated with William Henry Perkin’s discovery of the first synthetic dye, Perkin’s Mauve in 1856. 

In order for a dye to be effective it must “stick” to the fabric that is being dyed. There are several ways that dyes interact with fibers including:

1. Physical “trapping” of dye molecules in fiber matrices.

2. Binding by chemical weak forces such as 

a. Hydrogen bonding, 

b. Van der Waals forces, 

c. Ionic forces and 

d. Hydrophobic interactions.

3. Dye molecules can also be covalently bound to fibers.

The chemical composition of fibers and the chemical nature of the dye determine their interaction.


Reference:

Chapter 66, “Dyes and Dyeing”

Organic Experiments, 7th ed. (1992)

Louis F. Fieser and Kenneth L. Williamson 

D.C. Heath & Company
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From “Introduction to Organic Chemistry Laboratory Techniques: a contemporary approach.” 1976 By D.L. Pavia, G.M. Lampman & G.S. Kriz Jr. WB Saunders Company

Several articles suggest that Black Walnut hulls, Tumeric, Onion Skins, and Indigo are good sources of natural dyes. In addition, any highly colored vegetables or fruits such as raspberries, blueberries, beets or red cabbage can be tried.

The experimental procedure includes:
1) Selection and preparation of the plant material.

2) A method of extracting the dye from the plant material.

3) A method of enhancing the dyeing by pre-treatment of the fabric.

4) A method for dyeing your fabric swatches

(Fabric swatches containing strips of spun diacetate, bleached cotton, nylon 6.6, Dacron 54, orlon 75 and worsted wool are available.)
	Diacetate

(shiny)
	Cotton
	Nylon
	Dacron
	Orlon
	Wool

(Fuzzy 

Off-white)


5) Two different methods for treating the fabric after it is dyed.

6) A UV/visible spectrum of the dye solution at a given pH.

7) An attempted separation of the dye components on PC with appropriate solvents.

It is suggested that you dye at least 4 pieces of fabric.

	Fabric Piece
	Pretreatment
	Post-Treatment

	#1
	None
	none

	#2
	None
	acid

	#3
	None
	base

	#4
	Yes
	none




Procedure:

A. Extraction of Dye:
1. Obtain and weigh a sample of the plant material. (Different materials will have different suggested starting weights.)

2. Do any necessary preparation of plant material such as blending.

3. Add the plant material to water in a 800-1000 mL beaker. 

Generally, the more concentrated the dye solution the brighter the dyed cloth.
· Fresh berries, Red cabbage, & Onion skins – blended with water to 400 mL total volume

· Tumeric & Walnut hulls - 10g in 400 mL water.

4. Heat the water to a vigorous boil with a Bunsen burner or hot plate.

5. Stir and monitor for 30 minutes. (In the meantime do part B)

6. After 30 minutes allow the mixture to cool until you can handle it safely.

7. Decant and filter into another beaker. A piece of cheesecloth placed in a large funnel is a good filtering device for thick solutions.

B. Pretreatment of fabric.

1) Obtain 4 fabric swatches.

2) Soak a piece of fabric in alum pretreatment solution for 15 minutes.

3) After 15 minutes, remove the fabric with a tweezers. Set aside the pre-treated fabric on a paper towel for part C. 

4) The alum solution can be flushed down the drain.

C. Dyeing

1) Devise a way to distinguish between the four fabric swatches.

2) Plunge the fabric into the dye solution and heat for 30 minutes. It is not necessary to boil it.

3) After 30 minutes remove the fabric pieces and rinse by dipping in a beaker of tap water.

4) Set on a paper towel to dry. You do not need to ring them out.

D. Post treatment

1) Soak one piece of fabric in an acid post treatment solution for 15 minutes.

2) Soak another piece of fabric in a base treatment solution for 15 minutes.

3) After 15 minutes remove the fabric pieces and rinse by dipping in a beaker of tap water. The aqueous solution can be flushed down the drain.

4) Set the post-treated fabric on a paper towel to dry.

5) Observe the (wet) colors of your four swatches.

E. UV/Vis spectrum

Take a UV/vis spectrum (between 400 and 850nm) of your dye bath. You only need a very small amount of dye solution. The UV/vis instrument is in the General Chemistry lab.

F. Paper Chromatography
Perform a paper chromatography of your dye solution to separate pigments. Paper chromatography is similar to silica gel chromatography that we have done 1st semester.

1. Obtain a strip of filter paper.

2. Load the paper with a micropipet about 1.5 centimeters from the other end of the strip. You may need to make the spot as dark as possible by loading it several times.

3. Fasten a paper clip on the labeled end of the paper strip. Suspend the strip on a wooden stick so that the end hangs down into the jar.

4. Carefully pour water into the baby food jar so the bottom is covered with water and it covers the end of the strip. Do not allow the water level to be higher than the bottom of your spot.

5. Let the paper develop (the water will crawl up the paper). Do not jostle the paper or the jar while it is developing.

6. Take the strip out before the solvent front has reached the top – about 2 centimeters from the end. Make a mark with a pencil where the solvent front has reached.

7. Let the paper dry by hanging them in a dry beaker.

8. Describe the separation pattern in your lab notebook:

9. Calculate the Rf values of the components.

G. Clean Up

Hand in a sample of your dye solution in a labeled vial.

Place solutions in appropriately labeled containers.

Checklist  for completing the "Prelab" section:

(refer to Laboratory Syllabus for complete directions)

____ Title and date
____ Purpose. 

Physical constants. Create a table of physical constants and safety data for all chemicals and solutions referred to in the lab handout. http://domin.dom.edu/faculty/jbfriesen/chem254lab.htm
Structures and equations. (none)

___ Flowchart. Refer to "Procedure"

___ Safety Question: How could you remove blueberry stains from your white T? Give a scientific explanation of your method.
Experimental Observations and Data:

Hand in a copy of your experimental observations and data before you leave lab.

Experimental Observations: Refer to Laboratory Syllabus for guidelines.

Raw Data: Refer to Laboratory Syllabus for guidelines.
Lab Report Checklist:

Presentation of Data. 

____ Make a table to compare the 4 swatches. Include both wet colors and dry colors. Include fabric names.

____ Hand in a copy of your UV/vis spectrum. Give the graph a title and include appropriate labels.

Interpretation of Data. 

1. Consider the overall appreciation of your natural dye. What are its good points as a dye (usefulness)?

2. Consider the overall appreciation of your natural dye. What are its bad points as a dye (limitations)?
3. Do you think your natural dye is a mixture or a pure compound? Why? Interpret paper chromatography & UV/vis.

4. How does your natural dye compare with other groups?

5. How do you account for the differences between the colors of the different fabrics?

Refer to the second and third pages and talk about dye-fiber interactions.

6. Green Question: “What are two advantages of using natural dyes rather than synthetic dyes?”

7. Our dye-strip is a rudimentary form of receptor array. In this case, a particular color pattern is fairly specific for a certain dye source. What are some applications of “colorimetric sensor arrays” also called “chemical senor arrays”?
Checklist  for completing the "Prelab" section:

(refer to Laboratory Syllabus for complete directions)

____ Title and date
____ Purpose. 

Physical constants. Create a table of physical constants and safety data for all chemicals and solutions referred to in the lab handout. http://domin.dom.edu/faculty/jbfriese/chem254/chemical.htm
Structures and equations. (none)

___ Flowchart. Refer to "Procedure"

___ Calculations. 

___ Safety Question: Your neighbor’s dye beaker – Step C) 2 - tips over on his/her hot plate. What should you do while waiting for the lab assistant and/or instructor to come your aid? How could the accident have been prevented?

Experimental Observations and Data:

Hand in a copy of your experimental observations and data before you leave lab.

Experimental Observations: Refer to Laboratory Syllabus for guidelines.

Raw Data: Refer to Laboratory Syllabus for guidelines.
Lab Report Gradesheet:
Presentation of Data. 

____/2  Make a table to compare the 4 swatches. 

____ Hand in a copy of your UV/vis spectrum. 

Interpretation of Data. 

_____ What are its good points of your dye (usefulness)?

_____ What are its bad points of your dye (limitations)?

______ Interpret TLC & UV/vis.

______ How does your natural dye compare with other groups?

______ How do you account for the differences between the colors of the different fabrics?

______ What are two advantages of using natural rather than synthetic dyes?

______ What are two advantages of using synthetic l rather than natural dyes?

Total ________/10
Lab Report Gradesheet:
Presentation of Data. 

____/2  Make a table to compare the 4 swatches. 

____ Hand in a copy of your UV/vis spectrum. 

Interpretation of Data. 

_____ What are its good points of your dye (usefulness)?

_____ What are its bad points of your dye (limitations)?

______ Interpret TLC & UV/vis.

______ How does your natural dye compare with other groups?

______ How do you account for the differences between the colors of the different fabrics?

______ What are two advantages of using natural rather than synthetic dyes?

______ What are two advantages of using synthetic l rather than natural dyes?

Total ________/10

Such as are your habitual thoughts, 


such also will be the character of your mind; 


for the soul is dyed by the thoughts.�                                    Marcus Aurelius, Meditations





O might it be, the Readers find delight


In this Work that to the living is so opportune.


Set apart are Purple, Yellow, and how to brown,


To color in Wine, and faded shades,


The green, the blues, and scarlets


And those that carry the emblem of fortune.





“The Plictho, Instructions in the Art of the Dyers Which Teaches the Dyeing of Woolen Cloths, Linens, Cottons, and Silk by the Great Art as Well as by the Common,” by Gioanventura Rosetiu, 1548, Translated by S.M. Edelstein and H.C. Borghetty.











