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Playing With Polymers:  Casein Glue

Teacher Notes

Time Needed to Complete the Lab:  45 minutes 

Target Grade Level:  7th-12th grade depending on the complexity of extension activities

Objectives:

· Describe the  structure of the protein polymer.
· Investigate the properties of a polymer glue.
· Compare the properties of the laboratory glue with a commercial glue.
· Enumerate the advantages of using casein glue.
Major Concepts:

· Polymerization, protein structure, cross linking, pH scale
Preparation:

· No prior preparation is needed, except equipment set up and availability of chemicals.
Sample Data:

1. pH of milk = 6

2. pH of milk after acetic acid is added = 3

3. Appearance after reaction between milk and acetic acid:  The milk looks curdled and a white precipitate separates from a cloudy liquid.  There is the odor of sour milk.
4. Observation after sodium bicarbonate is added:  Bubbles form, and the substance has the appearance of Elmer’s© glue.
5. Maximum force withstood by the splints glued with casein glue:  >10 N
6. Maximum force withstood by the splints glued with Elmer’s© glue:  >10 N
Additional References:

http://hsc.csu.edu.au/senior/options/polymers/2973/SS951.html

http://www.sciencedaily.com/articles/t/tensile_strength.htm 

http://www.uwax.edu/faculty/kosher/newlactose.htm

Extension Activities:

· Use the casein glue as an adhesive in a bridge building project.  Use the same design to build a bridge using a commercial glue.  Have students test the strength of the glued bridges and evaluate the role of other variables that could cause an error in this type of comparison.
· Give the chemical reactions involved in the making of casein glue.
· Test different curdling agents, besides acetic acid.
· Vary the type of base used in the removal of excess acetic acid, and evaluate the effect on the glue made.
· Isolate casein and lactose from milk, and conduct tests to check for each product.
· Check the melting point of lactose crystals, and determine its purity.
· Identify the presence of amino acid in the casein using the Biuret test.
Vocabulary:

Adhesive:  A glue that has bonding capabilities.

Precipitate:  A solid that is formed in solution as a result of a chemical reaction.

Filtrate:  The liquid that is left behind after a mixture is passed through some filter.

Protein Polymer:  A polymer composed of long chains of amino acids bonded together.

pH scale:  A scale that shows how acidic or basic a substance is and ranges from 0-14.

Primary structure:  A linear sequence or a structure, like a poly peptide chain.

Secondary structure:  A three dimensional conformation of a primary structure, like an alpha helix.

Tertiary structure:  A folded conformation of a secondary structure.

hydrophobic:  A substance that repels water because it is non polar.  Opposite of hydrophilic.  Oil is hydrophobic.
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