The Cat's Meow – Food Dyes in Milk
Description: Drops of food coloring are placed in milk, then detergent is added to illustrate the dramatic interactions between molecules at the surface of a liquid. This activity can be used to demonstrate how colored dyes are forced to mix together due to attractions and repulsions between the fat in the milk and the detergent to form new colors. Following this activity, students in grades K-12 are usually able to define a variety of problems to investigate.
Precautions: The food colorings may temporarily cause staining of skin or clothing since it is full strength. Normal washings usually remove the stains.
Materials Needed: set of food colorings; one pint of whole milk, 4%; small container of dish detergent; one toothpick; one shallow pan or dish 
Procedure

1. [image: image2.tiff]


Students should pour the milk into a small pie pan or dish to a depth of about one cm. The milk should have time to "sit" for a minute so that there aren't any currents from the pouring process. 
2. Add a couple of drops of each food coloring to the milk near the edge of the dish at locations that are 90º apart. 
3. Observations may begin when a toothpick dipped in detergent is touched to the surface of the milk in the center of the pie pan. Students should be encouraged to "play" with the system as they wish in order to enhance their observations. Keep a record of what occurs each time the toothpick with detergent is touched to a different position on the surface of the milk.
Results:

	Position of Toothpick
	Observations of changes that occur

	center of pan
	

	Red food dye spot
	

	Yellow food dye spot
	

	Blue food dye spot
	

	Green food dye spot
	

	
	

	
	


4. Suggest hypotheses that might explain the phenomena you observed. How is it possible that the fairly quiet pan of milk is now exhibiting such activity?  Compare your possible explanations for the unusual activity with those of your classmates.
Cleanup: When finished, simply pour the used milk down the drain and wash the pans or dishes with a little detergent. Rinse the milk down the drain with plenty of water to prevent a sour smell in days to come.
Discussion:  It is most important that students get to use their current beliefs about milk, or aqueous mixtures in general, to think of plausible explanations for the observed behavior. This process leads naturally to the development of controlled experiments to test their favorite hypothesis. 
The phenomenon appears to be related to the detergent action on the surface tension of the milk. Try further experimentation by: (1) varying the fat content of the milk used, 2%, 1%, skim milk (2) varying the age of the milk (time from homogenization), and (3) using various types of detergents and soaps.
Milk is a more complex substance than a simple solution. It contains not only a variety of salts and sugars dissolved in water, but also small globules of fatty substances (cream) and protein, which vary in diameter. The more recent the homogenizing process, the smaller the emulsified fat globules. The fat globules, being hydrophobic, cannot dissolve in the water. They can however dissolve into each other. A class discussion about the composition of milk should probably be carried out prior to the activity.
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Milkis an emulsion of fat In water. It I also
a colloidal suspension of proteins. Other
compounds, including lactose and minerals, are
fully dissolved n the solution.
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Droplats of fat In ik have an average size of 3-4
micromotres. They consist manly of triglyceridos,
and also contain fat-soluble vitamins.
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Milk contains hundreds of types of protein, of
‘which casoin s the main type. The milk proteins
form micelles. These micelles scatter ight.
causing milk to appear whit.
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Lactose i a sugar found in milk. People who
are lactose Intolerant are unable to digest I
Lactoss can bo formented by microorganisms to
form lactic acid, causing the milk to sour.
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Reference:  https://www.compoundchem.com/2018/06/02/milk/
When teaching more advanced students about the hydrophilic and hydrophobic components of milk, the general structure of a detergent molecule could also be demonstrated. In particular, the structural description could highlight the hydrophilic and hydrophobic ends.

The hydrophobic end contains the nonpolar hydrocarbon portion of the molecule and the hydrophilic end contains polar bonded atoms, such as C-O, O-H, N-H and S-O. 

A description of the average composition of bovine milk is given below: water 87%; proteins (mostly casein) 3.0 - 4.0%; lipids (mostly triglycerides) 3.5 - 5.0%; sugars (primarily lactose) 4.5 - 5.0%

For a more detailed explanation of how the interactions between the milk and dish detergent particles cause the food dyes to mix together, see the animated video found at the website below:
https://www.acs.org/content/acs/en/education/whatischemistry/adventures-in-chemistry/experiments/colors-move.html
