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Playing With Polymers:  Casein Glue

Pennsylvania Academic Standards

Science and Technology:

3.1.10.D:  Explain scale as a way of relating concepts and ideas.

3.2.10.B:  Apply process knowledge to make and interpret observations.

3.4.10.A:  Describe concepts about the structure and properties of matter.

3.5.10.C:  Identify the principles of force.

3.7.10.A:  Describe the safe and appropriate use of tools, materials, and techniques.

Mathematics:

2.3.8:  Estimate, use, and describe measures of distance and weight.

Reading and Writing:

1.1.8.F:  Understand the meaning of key vocabulary words, and apply them.

1.6.8.D:  Contribute to discussions.

Introduction: 

Natural glues can be made from organic and inorganic substances.  Casein glue is a bio-adhesive made from skim milk.  Skim milk contains a small percentage of fat; other major components include lactose and protein.  The main protein found in milk is casein.  When acetic acid is added, the pH of milk changes and the protein precipitates out.  After a couple of steps, casein glue is produced.

Guiding Questions: 

1. What is a protein polymer?

2. What are some signs of a chemical reaction?

3. What is the pH of a neutral solution.  What happens to the pH of a neutral solution when an acid or a base is added?

4. What are the products of an acid-base reaction that is neutralized?

Vocabulary:

Adhesive, precipitate, filtrate, protein polymer, pH scale, primary structure, secondary structure, tertiary structure, hydrophobic

Materials:

Sodium bicarbonate, non-fat milk, acetic acid 5%, dropper, pHydrion paper, thermometers, metal stand with thermometer holder, funnels, heat-resistant mat or pad, Elmer’s glue, rubber hot hands, wooden splints, spring scale, 100 mL graduated cylinder, 250 mL Erlenmeyer flask, hot plate, glass stirring rod, paper towel roll, labeling tape.

Safety: 

· Wear safety goggles.

· If you get a chemical in your eyes, flush it out with plenty of water.

· Don’t taste any chemicals.

· Use caution with the hot plate (turn it off when not using it).

· Never hold a hot beaker without the “hot hands.”

· Clean up spills promptly.

· Read labels, and follow directions.

Procedure: 

Note:  Rinse out graduated cylinder after each use.

· Measure 125 mL of skim milk using a graduated cylinder.

· Pour the milk into the 250 mL beaker.

· Use a pH pen or pHydrion paper to measure and note the pH of the milk.

· Write a prediction of what will happen to pH when you add 5% acetic acid to the milk. 

· Add 20 mL of 5% acetic acid, and note the pH again.  Describe your observations.

· Heat the mixture on a hot plate to 60ºC.

· Turn off the hot plate.  Using the “hot hands,” carefully remove the beaker from the hot plate.

· Fold a paper towel into fourths, and fit it into the funnel.

· Place the funnel on the Erlenmeyer flask.

· Filter the mixture in the beaker through the paper towel and funnel.

· Using the glass rod, scrape the curds that form on the paper towel into the 250 mL beaker.

· Add 1.2 g of sodium bicarbonate to the solid in the beaker, add a couple of drops of  water to help dissolve the sodium bicarbonate, and stir until the mixture in the beaker resembles the consistency of liquid glue.  Gentle heating might help the process.

· Test the glue using 2 wooden splints.  Apply the Casein glue spreading about 7 cm across the middle of one splint and overlap the other splint lengthwise edge to edge.

· Attach two splints with Elmer’s glue in a similar manner.

· Let the splints sit for an hour or two.

· Make sure you have your safety goggles on.  After an hour or two, have your lab partner hold the splints between his hands, like a bridge (close to the edges) as you slowly apply pressure to the middle of the area of attachment using a spring scale.

· Compare the strength of your glue with the strength of Elmer’s glue.

Observations: 

1. pH of milk:  _________

2. Prediction of pH of milk after acetic acid is added:  Acidic or Neutral or Basic
3. Actual pH of milk after acetic acid is added:  _________

4. Appearance after reaction between milk and acetic acid:  ___________________ __________________________________________________________________

5. Observation after sodium bicarbonate is added:  ___________________________ __________________________________________________________________

6. What is the pH after the addition of the base?  ________________________________
7. Maximum force withstood by the splints glued with casein glue:  ______________

8. Maximum force withstood by the splints glued with Elmer’s glue:  ______________

Questions:

1. What happened to the fat and lactose in the milk after the reaction took place between the milk and acetic acid?

2. What is the purpose of heating the coagulated protein and adding sodium bicarbonate to it?

3. What are the bubbles produced when the sodium bicarbonate is added?

4. If you were a manufacturing firm, what points would you emphasize as benefits of the casein glue?
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