Slime Time Polymers


Materials

Demonstration
· 250 mL beaker
· Stir Stick

· 100 mL 4% polyvinyl alcohol (can be prepared by dissolving 4 g of polyvinyl alcohol (PVA) in 100 mL of water. Since PVA does not dissolve well heating and stirring are required)

· 10 mL 4% sodium borate (can be prepared by dissolving 4 g of Borax in 100 mL water)

· Food colouring (optional)

POE 
· 2 100 mL beakers

· Water

· 10 mL 4% sodium borate

· Stir Stick



Safety


· Wear safety glasses at all times.
· Borax is toxic when ingested.

· Make sure everyone washes their hands at the end of this demonstration.



Curriculum Connection 



C30S-5-22
Describe the process of polymerization and identify important natural and synthetic polymers.

Examples: polyethylene, polypropylene, polystyrene, TeflonTM


Instructional Sequence


Observe
1. Add 100 ml of the 4% polyvinyl alcohol to the beaker
2. Optional: Food coloring can be added to either the PVA or the borax solution before addition.
3. Add 10 ml of the 4% sodium borate (the cross-linker) and begin stirring the mixture.
4. Within a couple of minutes the slime will be formed. Lift some of it out with your stir stick.
5. Pass the slime around for the students to play with. Have them answer the following questions:
· Which way does it stretch the best?
· What happens when you pull it slowly?

· What happens when you stretch it apart quickly?

Explain
Slime is a flexible material made up of polyvinyl alcohol polymers that are held (or cross linked) together. In the first beaker we have a polyvinyl alcohol solution where long chains are floating around that look like this:
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(CH(OH)CH2)n
Ask the students to identify the repeating link. This singular unit is the monomer that the polymer is made up of. To write PVA symbolically we put the monomer inside brackets and use a subscript n to indicate that there are multiple lengths of the polymer chain. Have the students draw the PVA chain represented by (CH(OH)CH2)2, (CH(OH)CH2)3, and (CH(OH)CH2)4. What do you have to add to the drawing that is not explicit in the formula to make an actual molecule? (A hydrogen atom to each end)
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In the second beaker we have dissolved Borax in water, so the solution contains borate ions B(OH)4- and water (the first beaker also contains some water):
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When we mix the two solutions and stir it up we are effectively moving the molecules around until they find a comfortable position. Two PVA polymers run alongside each other and are held together by the borate ions like rungs in a ladder. This happens repeatedly  and a thick 3D layer is formed. However, these bonds are not the covalent or ionic type we are familiar with, rather they are hydrogen bonds. 
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The black lines represent chemically bonded atom, atoms that form a molecule. The red lines indicate hydrogen bonds and account for the solid but still flexible nature of slime. We are used to talking about water separating into the H+ and OH- ions in an ionic solution but in this solution water remains as a complete molecule and actively participates in the creation of the polymer. 
Remember that water is a polar molecule and always has a partial negative charge (more electron concentration) on the oxygen atom and a partial positive charge (less electron concentration) on the hydrogen atoms. 
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Similarly, the oxygen and hydrogen atoms in the OH groups for both the PVA and borate ions also hold partial charges and will be attracted to the opposite charge available from another molecule. 
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As illustrated in the stick drawing on the previous page, oxygen can have multiple partially charge hydrogen atoms attracted to it. 

Predict/Observe/Explain
Ask the students what will happen if you stretch the slime slowly. They should guess that it will stretch longer this way, and it does. Ask them what happens if you pull quickly and forcefully at each end. It will snap in two. Looking at the structure of the polymer and considering the type of bonding that is taking place ask the students to offer ideas as to why they think this happens. 

The weak hydrogen bonds break and reform continuously while the slime is being stretched. If it is pulled too quickly they don’t have time to reform. 

Take a section of the slime and place it back in the beaker. Ask the students what they think will happen if you add water to the slime. They may say that it will dissolve, and what happens is the hydrogen bonds between borate and the OH functional groups get separated by the extra water and the slime no longer gels. 
Take another section of the slime and place it in another beaker and ask the students what they think will happen when you add 10 mL of the borate ion solution. There might be additional cross-linking and the slime may get thicker and stiffer unless the bonding sites are already saturated. 
Ask the students how they would store the slime – would it be best to keep it air tight? Why? When left in the open, water evaporates from the slime and the flexibility provided by the hydrogen bonds is lost. The slime dries out and becomes brittle. 
Polymer Clarification

Polymers range in viscosity and elasticity and this property depends on a couple of things. First, how are the monomer groups bonded? A more ordered arrangement generally provides a firmer structure that is more resistant to stress while a haphazard arrangement of the same polymer is more flexible. Second, what groups are attached to the monomer? Polymers with large substituent groups like benzene rings are more brittle because the bulkiness gets in the way of bonding. Finally, how are the polymers cross linked? Hydrogen bonding was used to gel the slime together, but in firmer substances like plastic forks, silly putty and vinyl the cross linking molecule creates a lattice through covalent bonds. 
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Slime Time Polymers – Questions
1. Give a brief definition of a polymer.
2. In the following polymers identify the monomer by drawing a box around it:
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3. Using the style illustrated this class write the chemical formula underneath the polymers above.
4. Draw the polymer given the monomer and circle what has been added that is not explicitly given in the formula:
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Polytetrafluoroethylene (Teflon)


Used for non-stick coatings, bearings, lubricants





Polypropylene


Used for beverage containers, rope, netting, kitchen appliances





Polyvinylidene chloride (Saran)


Used for food wraps, fabrics





Polymethyl methacrylate (Plexiglass)


Used for “nonbreakable” windows, inexpensive lenses, art objects





Polyacrylonitrile


Used for clothing, upholstery and carpet fabrics





Polyethylene


Used for plastic bags, bottles, food containers





Transparency Provided





Transparency Provided





(CH(OH)CH2)4
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