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Cogent Industry Example

This is a three-part lab that may be done individually or as a complete unit.

Teacher Background Information: Traditionally, polyester has been made using the heavy metal antimony as a catalyst during the production process. Things began to change in 1999, when Designtex started collaborating with Victor Innovatex and McDonough Braungart Design Chemistry on a new kind of polyester that no longer relies on this heavy metal. Classified as Eco Intelligent™, this new polyester is antimony-free. The catalyst for the production process has been successfully switched from antimony to titanium (this environmentally safer material). Beyond that, the fiber is designed to be used, recovered and remanufactured safely and effectively throughout multiple product lifecycles, and is produced with materials and manufacturing practices that are optimized for human and environmental health and safety. After initially introducing this revolutionary new fabric into the marketplace in 2003, Designtex continues to add new Eco Intelligent™ Polyester styles to their sustainable product offering.

The Cogent™ Group, a collection of Steelcase textiles creating sustainable results through thoughtful design. The new Steelcase seating and panel fabrics that make up the The Cogent™ Group are certified Cradle to Cradle™ (C2C) Bronze by McDonough Braungart Design Chemistry (MBDC). MBDC announced that a product can only be Gold C2C certified if the fabrics it uses contain less than 100 parts per million of any heavy metal of concern, to include antimony. Today, antimony is used in the creation of most conventional polyester. Antimony, a heavy metal, bio-accumulates and can be toxic to humans and the environment. Steelcase is leading the way for the industry to rethink the polyester manufacturing process.

This is a 3 part lab derived and inspired by: The Chemistry of Natural Dyes by Dianne N. Epp, Terrific Science Press, Miami University, 1995. There is a PowerPoint that provides great background information for your students in addition to a short video that also connects with the Steelcase innovation. This lab series is useful for discussing chemical bonds, fibers, pigments and dyes.

Safety Information: 
Part 1 – No hazardous materials are used.
Part 2 – Ammonia is a weak base
Part 3 – Copper Sulfate Pentahydrate should be handled according to SDS 

Educational Goals: To understand the relationship between chemical bonds, fibers, pigments, and dyes. 

Student Objectives: Students will … 
· Review chemical bonding
· Extract the dye colors from several natural materials
· [image: Steelcase logo.jpg]Analyze changes in color based on pH
· Observe and record the effect of mordants on dyeing process

Materials: 
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· Goggles
· 250 ml beakers
· 400 ml beaker
· Glass stirring rod
· Hot plate
· Yellow onion skins
· Distilled water
· Ziploc bags
· Masking tape
· Pen
· 3 Red Zinger Tea Bags or another brand with hibiscus flowers
· 4 chamomile tea bags
· Beaker tongs
· 4 pieces of wool yarn approximately 100 mm long
· Hot plate
· Green tops from 3-4 carrots
· Vinegar
· 1M ammonia solution
· pH strips
· 1.5 grams copper (II) sulfate pentahydrate (CuSO4 5H2O)  
· 1.5 g alum (AlNH4(SO4)2)
· 0.75 g cream of tartar



Time Required:  
Part 1 – One 50 minute class period
Part 2 – One 50 minute class period
Part 3 – Two class periods – one to dye the yarn and one to observe it after drying

NGSS Standards Met: 
· HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns in chemical properties.
· HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk scale to infer the strength of electrical forces between particles.
· HS-PS1-5. Apply scientific principles and evidence to explain how the rate of a physical or chemical change is affected when conditions are varied.
· HS-PS1-11. Plan and conduct an investigation to compare properties and behaviors of acids and bases.
· HS-ETS1-3.  Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that account for a range of constraints including cost, safety, reliability, and aesthetics as well as potential social, cultural and environmental impacts.
· HS-ESS3-4.  Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.  
· HS-PS2-6. Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.

Key Terms: Acids, bases, pH, mordant, natural dyes

Teacher Prep: The teacher may want to prepare the natural materials used for the dyes in advance or let the students prepare them as part of the lab.

Disposal Information: All solutions may be poured down the drain. Solids may be placed in a waste disposal.



Student Sheet: What Color Will Appear?

Introduction: You and your group will extract the dye colors from several natural materials.

Materials Needed:
· 
· 4 250 mL beaker
· 1 400 mL beaker
· Glass stirring rod
· Beaker tongs
· 4 pieces of wool yarn approximately 100 mm long
· Hot plate
· Green tops from 3-4 carrots
· Yellow onion skins
· Distilled water
· Ziploc bags
· Masking tape
· Pen
· 3 Red Zinger Tea Bags or another brand with hibiscus flowers
· 4 chamomile tea bags
· Goggles


Procedure:
1. Cut the carrot tops into pieces and pack 100-150 mL into a 250 mL beaker.  Cover with distilled water and place the beaker on a hot plate.
2. Put the onion skins in a 250 mL beaker and cover with distilled water and place the beaker on a hot plate.
3. Put 3 Red Zinger tea bags into 200 ml distilled water and place the beaker on a hot plate.
4. Put 4 chamomile tea bags into 200 mL distilled water and place the beaker on a hot plate.
5. Turn on the hot plate and slowly simmer for 30 minutes. 
After 30 minutes:
6. Remove the tea bags from the beakers and discard.
7. Using beaker tongs to hold the hot beakers, decant the liquids from the carrot tops and onion skins into 2 clean 250 mL beakers.
8. Place one strand of each yarn in each dye bath and heat gently for 15 minutes.  While the yarn is heating, predict the color the wool will be dyed and place your prediction in the data table. 
9. Fill the 400 mL beaker with warm tap water. 
10. Using the glass stirring rod, remove the yarn pieces from the dye baths and rinse thoroughly in the warm water.  
11. Lay the samples on a paper towel to dry.
12. When the yarn samples are dry, place them in a labeled baggie and complete the data table.  


	Results of dyeing the yarn

	Dye Material
	Predicted Color of Dyed Wool
	Actual Color of Dyed Wool

	Carrot tops
	
	

	Onion Skins
	
	

	Red Zinger
	
	

	Chamomile
	
	





Questions:
1. Were the colors of the dye baths the same as the colors of the original natural materials?




2. Were the colors of the dyed yarn samples the same as the colors of the dye baths?




3. Which dye seemed to give the most intense color to the yarn sample?





4. Which dye appeared to “Wash Out” of the yarn sample the most?










Student Sheet: How is Dye Color pH-Dependent?

Students will investigate how changing pH affects the color of two natural dyes on wool yarn.  Since wool has both cationic and anionic sites, -NH3+ and –COO-, both acid and base dyes can be used to dye wool.  Most natural dyes are anionic (- charged) or acid dyes so the change of pH especially affects the dye because of the increase or decrease of –NH3+ sites.

Safety:  Eye protection should be worn for this experiment; ammonia and its vapors can damage the eyes.  Do not wear contact lenses during this experiment because gaseous vapors may condense on the contact lens and damage the eye.  Use ammonia only in a well-ventilated area.  Should contact with the eyes occur, rinse the affected area with water for 15 minutes and seek medical attention while rinsing is occurring.  

Materials:

Materials Needed:
· 
· 3 250 mL beaker
· 6 150 mL beaker
· Glass stirring rod
· Beaker tongs
· 4 pieces of wool yarn approximately 100 mm long
· Hot plate
· Green tops from 3-4 carrots
· Yellow onion skins
· Distilled water
· Ziploc bags
· Masking tape
· Pen
· 3ml vinegar
· 3 ml 1M ammonia solution
· 3 Red Zinger Tea Bags or another brand with hibiscus flowers
· 4 chamomile tea bags
· Goggles



Learning Objective:
· Analyze changes in color based on pH

Procedure:
1. Take the carrot top solution and onion skin solution from the previous experiment and divide into 3 beakers for each solution.  
2. Add vinegar to one beaker for each solution until the pH is between 3-4.  Use pH strips to check pH.  Record the pH in the data table.  Label Beaker #1.
3. Add nothing to a second beaker for each solution. Check the pH and record in the data table.  Label this Beaker #2
4. Add ammonia to a third beaker for each solution until the pH is between 9-10.  Record the pH in the data table. Label this Beaker #3. 
5. Place one piece of yarn in each beaker and gently heat the beakers for 15 minutes
6. Fill a 250 mL beaker 2/3 full of warm tap water.
7. Using the stirring rod, remove the yarn from each dye bath.  Rinse the samples thoroughly in the warm water and lay them on a paper towel to dry.  
8. When the samples are dry, place them in a ziplock bag.  
9. Record your results in the data table.

	Results of dyeing in varying pH solutions

	Beaker #
	Dye Material
	pH
	Color of Dyed Wool

	1
	Carrot tops
	3-4
	

	2
	Carrot tops
	7
	

	3
	Carrot tops
	10
	

	1
	Onion skins
	3-4
	

	2
	Onion skins
	7
	

	3
	Onion skins
	10
	



Questions:
1. Ammonia is a weak base.  Why would it be inadvisable to use a strong base such as sodium hydroxide for this procedure?




2. Soap solutions are often very basic in character.  What would the effect be of rinsing the acid-dyed wool in soapy water?














Student Sheet: How do Mordants affect Dye Colors?

Students will observe the effect of several metal ions as mordants for different natural dyes.  Goggles should be worn at all times.  Distilled water should be used. 

Materials:
· 
· 3 250 mL beakers
· 3- 100 mL beakers
· Glass stirring rods
· 12 pieces of wool yarn
· Hot plate
· 1.5 g copper (II) sulfate pentahydrate (CuSO4 5H2O) beaker tongs
· 1.5 g alum 
· 0.75 g cream of tartar 
· Goggles
· Yellow onion skins
· 3 red zinger tea bags
· 4 chamomile tea bags
Distilled water 



Procedure:
1. Using the three 250 mL beakers, prepare the dye baths as before.
2. Prepare the mordant solutions in three 100 mL beakers
		#1 Dissolve 1.5 grams copper (II) sulfate pentahydrate in 75 mL water.
		#2 Dissolve 1.5 grams alum and 0.75 grams cream of tartar in 75 mL water.
		#3 Distilled water      
3. Knot the samples of yarn according to the following code, each mordant will contain 4 pieces of yarn. 
		#1 Copper mordant – Knot in one end of yarn
		#2 Alum mordant – Knot both ends of the yarn
		#3 No mordant – No knots
4. Add the corresponding knotted pieces of yarn to each mordant bath.
5. Place on a hot plate and simmer gently for 30 minutes.
6. Remove the yarn with a glass rod and lay on a paper towel.
7. Place one piece of yarn from each mordant bath into the dye baths.
8. Simmer the yarn in the dye baths for 15 minutes.
9. Remove the yarns and lay on paper towel to dry.
	Dye Material
	Mordant
	Color

	Carrot tops
	Copper
	

	
	Alum
	

	
	None
	

	Onion Skins
	Copper
	

	
	Alum
	

	
	None
	

	Red Zinger
	Copper
	

	
	Alum
	

	
	None
	

	Chamomile
	Copper
	

	
	Alum
	

	
	None
	


10. Record observations in data table.

Questions:
1. Did each mordant affect the yarn in the same way?




2. Which mordant appeared to cause the most dramatic change in the dye color?




3. Feel the dried yarn samples.  Is there a difference in the way they feel?  Why would one of the mordants perhaps be less desirable for wool?





4. Which mordant appeared to cause the least change in the dye color?













Teacher Answer Key:

What Color Will Appear?
1. Were the colors of the dye baths the same as the colors of the original natural materials?  No, the green carrot tops produced a yellowish dye bath and the deep red of the Red Zinger came from only slightly reddish material. 

2. Were the colors of the dyed yarn samples the same as the colors of the dye baths? No, the Red Zinger was a very deep dye bath but gave only a light peach color to the yarn.  The greenish chamomile gave a light cream color to the yarn.

3. Which dye seemed to give the most intense color to the yarn sample?  The onion skins appear to provide the strongest dye material.

4. Which dye appeared to “Wash Out” of the yarn sample the most?  The Red Zinger was quite red when removed from the dye bath, but after washing, very little of the color remained on the yarn.

Sample Data:
	Results of Dyeing the Yarn

	Dye Material
	Predicted Color of Dyed Wool
	Actual Color of Dyed Wool

	Carrot tops
	
	Tan

	Onion Skins
	
	Light cream

	Red Zinger
	
	Peach

	Chamomile
	
	Light cream



How is Dye Color pH-Dependent?
1. Ammonia is a weak base.  Why would it be inadvisable to use a strong base such as sodium hydroxide for this procedure?  Wool is attacked by strong bases at the disulfide bonds; therefore, a strong base will break down the structure of the cross-linking that holds the polymer together. 

2. Soap solutions are often very basic in character.  What would the effect be of rinsing the acid-dyed wool in soapy water?  The basic soap would neutralize the protonated sites in the wool and would wash out the dye.

Sample Results:
	Results of Dyeing in Varying pH Solutions

	Beaker #
	Dye Material
	pH
	Color of Dyed Wool

	1
	Carrot tops
	3-4
	Yellow-green

	2
	Carrot tops
	7
	Cream

	3
	Carrot tops
	10
	Blue-green

	1
	Onion skins
	3-4
	Orange

	2
	Onion skins
	7
	Bronze

	3
	Onion skins
	10
	Yellow



How do Mordants affect Dye Colors?
1. Did each mordant affect the yarn in the same way? No, each dye seemed to have different reactions to the mordants.  One could not predict what color would result. 
3. Which mordant appeared to cause the most dramatic change in the dye color? Copper
4. Feel the dried yarn samples.  Is there a difference in the way they feel?  Why would one of the mordants perhaps be less desirable for wool? 
5. Which mordant appeared to cause the least change in the dye color? Alum


Typical Student results:

	
	
	

	Dye Material
	Mordant
	Color

	Carrot tops
	Copper
	Green

	
	Alum
	Light yellow-green

	
	None
	Light cream

	Onion Skins
	Copper
	Brown

	
	Alum
	Bronze

	
	None
	Tan

	Red Zinger
	Copper
	Brown

	
	Alum
	Peach

	
	None
	Peach

	Chamomile
	Copper
	Yellow-green

	
	Alum
	Yellow

	
	None
	Light cream



Reference: The Chemistry of Natural Dyes by Dianne N. Epp, published by Terrific Science Press, Miami University Middletown, 1995.

Extension Lab:
Often used for forensic labs. Multi-fiber Ribbon Dyeing Lab. Educational Innovations has a simple lab that uses a strip of multiple fibers coupled with powdered drink mix. Dyes color fibers differently. This enables students to investigate multiple fibers and the effect certain dyes have on certain fibers.


http://www.teachersource.com/product/multi-fiber-ribbon/forensic
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