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Purpose: To learn how to separate color mixtures using chromatography.
Materials - enough for 16 pairs 
1  #1 Bag – for demo, which contains


1 16-oz plastic cup


1 piece of chromatography strip 


1 green color marker


1 wooden stick


1 roll of scotch tape


1 1-oz bottle of water


16 bags (for each pair):


1 dropper bottle of water


2 2-oz bottles containing water needed for the 16-oz clear cups

2 16 oz clear cups


1 plastic bag toothpicks (at least 16)
1 bag with small containers of Kool-aid powder (Grape, Orange, Blue), brown food dye, 


1 scoop, 1 kimwipe


1 bag containing 1 dropper bottle of each food dye (red, blue, green, yellow,)

16 Instruction sheets and  Kool-Aid ingredients in sheet protector 
16 prepared chromatography papers (labeled with food color dyes) 
16 prepared chromatography papers (labeled with Koolaid names and brown food dye)
1   container with 16 24-well-plates with lids

1 roll of paper towels
1 Bag of extra toothpicks 

1 laminated chromatography sheet with colors already drawn on the lines

1 laminated chromatography sheet with developed colors
I. Introduction


Ask: What is a mixture?   A compound?   How do you tell the difference?
Ask students: What is a compound?  Ask them to give an example of a compound if they can.

A compound is made of two or more elements that are chemically joined (bonded).  Use water as an example of a compound if students do not offer anything.
Ask students how it is possible to tell if something is a compound?

· A compound will have two or more symbols from the periodic table.  The formula for a compound will show the ratio of atoms.  

· For example, water has the chemical formula H2O.

· Show students the model of water.  Note that there are balls of different sizes and colors connected to one another.  The connection represents a chemical bond.    
Ask students:  What is a mixture?  Ask them to give an example of a mixture if they can.

A mixture is a combination of elements or compounds that are not joined chemically.  Examples of mixtures include salt water, and brass.
Ask students how to identify a mixture.

· Sometimes mixtures can be identified by looking at them.  They will have substances that are different sizes and colors eg sand.
· Some mixtures look uniform; metal alloys, like brass, are multiple metal elements that have been melted together.   However, they are not chemically joined
A mixture can be separated by physical means, a compound cannot.  
In a mixture each substance keeps its own properties. 
Write the following words on the board and ask the students to identify them as a mixture or a compound.  Ask the students if the substance can be physically separated into its components.
Substance


Mixture or compound?

How to separate physically
raisin bread


mixture


pick out the raisins and nuts 










with your hand

sugar



compound- C12H22O11

can’t separate 
salt



compound NaCl

can’t separate  

salt water


mixture


evaporate the water, leaving the salt 
rubbing alcohol

compound


can’t separate - C3H7OH
III. Separating Colors –Demonstration

Materials


1  #1 Bag which contains



1 16-oz plastic cup



1 piece of chromatography strip 



1 green color marker 



1 wooden stick



1 roll of scotch tape



1 1-oz bottle of water
Ask:  Is green a pure color or a mixture of colors?  If so, how can we physically separate it?

 Record their ideas.  
    





Demonstration:
· Use a 16 oz. plastic cup, chromatography paper strip and a green marker. 

· Pour water in the bottom of the cup to the 30 mL mark. 

· Hold the paper strip so that the top edge of the paper is even with the top edge of the wooden stick.
· Tear a small piece of tape and tape the paper strip to the wooden stick so that the tape goes around the stick and is taped to both the front and the back of the paper strip.

· Draw a line with the green marker over the pencil mark on the chromatography strip.

· Place the stick across the 16 oz. cup so the stick and paper will not fall into the cup. The strip should hang free in the center of the cup without touching the sides.  Be sure the color line is above the water.
·  In about 2-5 minutes the green should be separated into blue and yellow. 
·  Take the chromatography paper out of the water as soon as the separate colors can be seen.

·  Show the students that yellow and blue separate and go through the explanation below.

Ask: What did you observe?

EXPLANATION:
· As the water travels to the top of the paper, it dissolves the dyes in the pen.  Each dye travels at a different speed depending on how strongly it is absorbed on the paper and how soluble it is in water.  
· The color separation results in a chromatogram (a color pattern).  Chromatograms can be used to match and identify substances in biology, chemistry and forensic labs.
Use the following point to finish the explanation of the color separation.


· In this case the blue pigment travels faster than the yellow pigment.  This means the blue pigment is more soluble in water and also less strongly absorbed by the paper.  Since the yellow pigment is more strongly absorbed by the paper, it doesn't go very far up the paper.
The retention factor (RF) of the dye is defined as the distance the dye moves divided by the distance traveled by the water.  The retention factor of any dye is characteristic for a given combination of paper and solvent.  Therefore, for the same type of paper and solvent, and in the same time allowed, the blue and yellow dyes will always travel to the same position on the paper.  Thus we can use retention factors in experiments to help us identify unknown dyes.




RF = distance dye moved   



         distance water moved
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IV.  Chromatography of Food Colors  (Note: Students work in pairs)
A.  Demonstration


Materials

1  Bag (for demo) containing


1 strip of chromatography sheet already labeled at the top with 4 food color names 

(red, blue, green, yellow)


4 toothpicks


1 set of containers of Koolaid powder (Grape, Orange, Blue) plus brown food dye 
1 set of dropper bottles of food dye (red, blue, green, yellow)
1 scoop
1 kimwipe

1 24-well-plate

1 dropper bottle of water




1 16-oz cup

• Show the students how to place the well-plate on the worksheet so that they can read what     materials will be put into the wells.


• Show the students the chromatography sheets and explain that one student in the pair will experiment with food dyes, and the partner will experiment with Koolaid solutions and brown food dye.  


• They will use a different toothpick to draw a line of each food color or Koolaid solution, following the color and Koolaid notations at the top of the two sheets.

• Demonstrate how to use the dropper bottle of one of the food colors to add 2 to 4 drops to the appropriate well in the 1st row.
• Demonstrate how to draw a line for one of the food dyes. 
1. Dip the toothpick into the food dye in the well and make small dots across the pencil line. 

2. The line should be just wider than the pencil line.    It is important that students not draw their line all the way across the paper, but to leave a space at each end.  
3. Break the toothpick in half so that it cannot be used again.

4. Gently wave the chromatography sheet to allow the colors to dry.
• Demonstrate how to make the Koolaid solution.

1. Add 1 scoop of one of the Koolaid powders to the appropriate well in the 4th row of 

the well plate.

2. Add 2 drops of water.  Mix with the toothpick.
3. Add 2 drops of brown food dye to the 4th well in the 4th row.
• Demonstrate how to draw a line for one of the Koolaid solutions (use the same technique as above).  Emphasize that the toothpick is broken after each use.

• Show them the laminated chromatography sheet for both food colors and Kool-aid colors

 
already drawn on the lines.  Tell them this is what theirs should look like.  

• Refold the chromatography sheet like an accordion.

• Add the contents from the small bottle of water to the 16oz clear cup.
• Stand the chromatography sheet in the cup, making sure the water is below the color lines.

Summarize by saying they are to follow the procedure you just demonstrated for each of their chromatography sheets.  
B.  Student Activities

Give each pair:
1 plastic bag containing Koolaid bottles, scoops, 1 dropper bottle of brown food color, 4 food 

color dropper bottles, 1 dropper bottle of water, 2 small bottles of water, 2 16 oz clear cups
1 Instruction sheet 

1 chromatography paper for food colors and 1 chromatography paper for Kool-Aid plus brown 

food color
1 well-plate
2 sheets of paper towel

• Tell students to write their names in pencil at the top of their chromatography sheet.  Tell them to write the names of the materials being separated in the correct order if this has not been done for them.
• Have students place the well-plates on their worksheets.

Tell student #1 in the pair to add 2 to 4 drops of food coloring to the appropriate wells in the 1st row.
Tell student #2 to add 1 scoop of Koolaid to the appropriate wells in the 4th row of the well plate and to add about 2 drops of water 

• Tell students to follow the directions on the worksheet use the toothpicks to draw a line of color on the pencil line on their chromatography sheet.  Remind students that:


The width of the line should be as narrow as possible (just wider than the pencil mark). 


Use a different toothpick for each solution 


Use small dots to make the line 
It is important that the students not draw their line all the way across the paper, but leave space at both ends of their line.  This is so the colors don’t bleed from strip to strip.  After the toothpick has been used, it should be broken and set aside. 
• Tell them to gently wave the chromatography sheet to allow the colors to dry.

 • Refold the chromatography sheet like an accordion so it will stand in the cup. 

• Tell students to take out the 2 small bottles of water and add one bottle to each of their 16-oz 




cups.
• Put one chromatography sheet into each cup. It doesn’t matter if it rests against the edge.  Make 

sure the water in the cup is below all the color lines.

• The chromatography sheets should be left to develop.  This takes about 20 minutes.  

While colors are separating, discuss retention factors and the different food dyes. 
Food Dyes.  The seven food colors approved by the Food and Drug Administration are:  Red #3, Red #40, Yellow #5, Yellow #6, Blue # 1, Blue #2, and Green #3.  Only Red #3, Red #40, Yellow #5, Blue #1, and Green #3 are available in food color sets in grocery stores.  Green #3, Yellow #6, and Blue #2 are not used very much in coloring food.  Since Yellow #5 causes allergic reactions in some people, the FDA now requires that it be listed on food labels when it is used.

• After the solvent (water) front reaches the line drawn on the chromatography sheet, have 

students remove their chromatography sheet from the cup and place each one on a sheet of 

paper towel to dry. 

• Ask students to look at their food color chromatography sheet and identify which of the food 


dyes are present.  

• Ask them to determine what colors are present in each of the Kool-aid chromatograms. 

• Tell students to look at their Kool-aid ingredient sheets, and show them how to check for what 



food dyes are present.  Compare the dyes listed in the Kool-aid ingredient sheet to those 


found in the Koolaid chromatograms.
• Finally, students should determine what food colors are present in the brown food color.

Question:  If you are allergic to yellow food colors, which of the Kool-aid flavors you’ve studied today might cause you to have an allergic reaction?

Answer:  Orange

Student may keep their chromatography sheets.
OPTIONAL DISCUSSION:  If time permits, discuss the differences in retention time for the different food colors, and ask students to explain, based on the previous discussion. 
Instruction sheet 

1. Place well plate on the picture below.  Make sure that you can see the names in the wells.


1. Student #1: add 2 to 4 drops of each food dye to the appropriate wells (1-4) in the 1st row.
2. Student #2: add 1 scoop of each Koolaid to the appropriate wells (19-21) in the 4th row of the well plate and add 2 drops of water.  Add 2-4 drops of brown food dye to well # 22 in the 4th row.
3. Place the chromatography paper on the paper towel.
4. Apply the colored solution to chromatography paper by dipping a toothpick into the well and making several dots across the lower pencil line.

The line should be just wider than the pencil line.  Do not draw their line all the way across the paper, but to leave a space at each end.  

5. Break the toothpick in half so that it cannot be used again.

6. Gently wave the chromatography sheet to allow the colors to dry.
7. Refold the chromatography sheet like an accordion so it will stand in the cup. 
8. Add one bottle of water to each of the 16-oz cups.
9. Put one chromatography sheet into each cup. It doesn’t matter if it rests against the edge.  Make sure the water in the cup is below all the color lines.
10. The chromatography sheets should be left to develop, until the water front reaches the second pencil line.  This takes about 20 minutes.  
11.  Take the paper out and place on the paper towel to dry.
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