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Structure 2.4.4 and 2.4.6 
Making polymers: ‘milk plastic’		 
Reference:
S2.4.4 Polymers are large molecules, or macromolecules, made from repeating sub-units called monomers.
S2.4.6 Condensation polymers form by the reaction between functional groups in each monomer with the release of a small molecule. <HL> 
Aim 
To form a biodegradable polymer by denaturing milk protein (casein).
Introduction
Milk is rich in casein proteins. Casein proteins have significant nutritional value and their properties are important in the food industry as the characteristic texture of dairy products is due to chemical processes involving these proteins.

Caseins can ‘denature’ when exposed to high temperatures or low pH solutions. Denaturing a protein involves the destruction of the intermolecular bonds that give the protein its specific structure. By breaking these intermolecular forces, the protein ‘unfolds’ into long chains of repeating units – a polymer. This polymer can be shaped by hand or by being pressed into a mould.

Casein polymer, or ‘milk plastic’ as it is sometimes called, was widely used in the 20th century for making buttons, beads and ornaments. Unlike most polymers synthesized from other hydrocarbons, casein polymer is biodegradable.
Pre-lab questions
1.	Research the terms primary, secondary, and tertiary structure of a protein. What are the differences? How are intermolecular forces involved in the various structures of proteins?
<HL>
2.	Amino acids combine between themselves to form polypeptides through a peptide bond. Identify the structures of the amino acids Arg, Glu and Leu and draw the structure of the Arg-Glu-Leu tripeptide. 
3.	Locate the peptide bonds in the Arg-Glu-Leu tripeptide.  
4.	Explain the biodegradation process of milk plastic.
Please note 
· A full risk assessment should be carried out prior to commencing this experiment. 
· Personal safety equipment should be worn. 
· Chemicals should be disposed of safely and with due regard to any environmental considerations.
Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	



	
	

	



	
	

	



	
	



Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	



	
	



Ethical risks
Small amounts should be used when possible. No harm to people and the environment will be caused by this experiment.


Equipment list
	Chemicals / materials 
	Apparatus (per group of students)

	milk
[bookmark: _GoBack]household vinegar or 
dilute acetic acid solution
	hot plate
beakers
measuring cylinders 
funnel
soft muslin cloth
glass rod
thermometer
paper towels 


Method
General procedure
1. Pour 100 cm3 of milk (preferably full fat or heavy cream) into a 250 cm3 beaker. Heat the milk to 80°C and remove from the hot plate.
2. Slowly add 20 cm3 of vinegar (or dilute acetic acid solution) while stirring with a glass rod and observe the white precipitate that forms.
3. Collect the precipitate by filtering the mixture through soft muslin cloth.
4. Dry the collected material over paper towels, then mould into different shapes. It usually takes about 48 hours to harden.  
Analysis
The temperature of the milk and the concentration and volume of the acetic acid solution can affect the process. Other acids such as citric acid can also be used instead. 
Design and carry out a quantitative lab to investigate the effect of one of these variables on the quantity of milk plastic produced. 
Post–lab report
Write a report on your designed lab where you:
	State your research question.
	Summarize the important theoretical concepts described in your lab.
	State a hypothesis on how your selected variable affects the quantity of milk plastic produced in your proposed investigation.
	Describe your methodology.
	Highlight any important health and safety matters.
	Present your results.
	State your conclusion on how your selected variable affects the quantity of milk plastic produced.
	Research whether your conclusion agrees with the scientific consensus or not. Based on this, evaluate your results and your experimental process.   
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