Encouraging Tomorrow’s Chemists

Polymers
I. Introduction


What do automobile tires, 2-liter coke bottles, and nylon stockings all have in common?  While it’s true they can all be found around your house, in chemistry we group them all into a category called polymers.  Another name for a polymer is a macromolecule.  A polymer is just that, a large (marco) molecule.

Polymers are a specific kind of macromolecule because of their chemical structure.  They are made up of long chains of smaller molecules called monomers.  Monomers are an ordered combination of carbon, hydrogen, and often oxygen atoms.  Thousands or even millions of these monomers attach themselves to each other when conditions for polymer formation are just right.  The polymer formed can be several yards, or even longer!


Proteins and DNA (found in most every living organism) and cellulose (found in wood) are just a few of many naturally occurring polymers.  Most scientists are actually referring to synthetic, or man-made, macromolecules like plastics when they refer to polymers.  Polymer material such as wood, rubber, and nylon stockings have very different properties because they are made of different monomers.  By starting with different monomers and connecting them in different ways, we can create very thin and fragile materials like Saran wrap or rigid and durable materials like football helmets.

Although polymers are often easy to make, they are usually much harder to break down.  Once bonds between monomers form, they are often difficult to break.  You may be aware of some plastics that can be recycled because they can be melted down and remolded into new products.  Unfortunately this is not true for many polymer materials.  Even though polymers have made out everyday life easier, they have also created problems in landfills because they are not biodegradable.  Now that scientists have learned to create these useful materials, they are now trying to learn how to break them down before the world is overwhelmed with plastic packaging and wrappers.

II. Experiments and Suggestions

The students will make a few polymer compounds that they are no doubt familiar with…slime and superballs.  As they perform the lab, they should focus on how fast the polymer forms and what changes result from the original compounds.  You will also give a demonstration of breaking down a polymer by chemical means and preparation of nylon.  This lab works best is one volunteer leads discussion and gives instruction while the other assists by passing out supplies and helping individuals.  The superball portion of the lab has a better outcome if the students take turns with the volunteers assisting each student individually…takes a few minutes longer but has a higher success rate.  Remember, every student (and volunteer) must wear safety glasses and gloves.  To protect the desks, have students spread paper towels in front of them before starting.  Ask teachers and students ahead of time if anyone has allergies to bananas or latex.
A. Slime

This is the good old-fashioned slime that you can purchase at the store.  Today students will see how easy it is to make it.  Each student will need: Solution A (polyvinyl alcohol in water), Solution B (sodium borate in water), Dixie cup, and a wooden stick.  


First, pour Solution A into Dixie cup.  Add 1-2 drops of food coloring to it.  Now add solution B and mix.
B. Superball
These are similar to the superballs obtained from gum machines, but not as durable.  Students MUST were gloves to protect skin from irritation.  Each student will need: Solution C (sodium silicate solution), Solution D (ethanol), Dixie cup, and a wooden stick.

Pour Solution C into Dixie cup.  Add Solution D to cup and stir until mixture thickens.  Before it hardens, reach into cup and pull out polymer.  Quickly mold into the shape of a ball with hands, using pressure.  If crumbles, moisten with some water and reshape with pressure.

Compare the two polymers.  Does the finished product (slime or superball) have any of the properties of the two solutions that were used to make it?  Do you think you can separate the product into its two original components?  Has a chemical or physical change occurred here?  What are other polymers that may have similar properties to the products you made today?  What are other polymer materials around the house?  The classroom?

C. Disappearing Coffee Cup


As mentioned earlier, many polymers such as polystyrene (Styrofoam) are not biodegradable.  Solvents can be used to dissolve the polymer material or break bonds that give the cup its shape.  In this case, the cup primarily consists of air within the polystyrene framework.  You will demonstrate how acetone breaks down the bonds in this framework, allowing a “glob” of styrene to be reclaimed after the cup disappears.  Students often think that you have melted to cup.  Remind them of the difference between a physical change such as melting and a chemical change as shown here.  To perform the demo, pour 50 mL of acetone into the tin tray to just cover the bottom.  Place cup in acetone and apply some pressure.  Observe the disappearing cup.  Collect the glob and let dry on paper towel.  Transfer used acetone to acetone waste container.
D. Nylon

You will prepare the same nylon used in stockings in a very crude form.  But you can imagine how the product can be spun into a fine thread.  Pour ~10-20 mL of hexamethylene diamine solution into large jar.  Carefully pour on the inside face of the jar, 10-20 mL of sebacoyl chloride solution.  Two layers will form.  Nylon will be made at the interface.  After a few seconds, use copper hook to grab polymer at interface.  Slowly pull straight up and from the center of the jar with the hook.  Repeat with 3-4 drops of rhodamine solution in the diamine layer to get a pink polymer.  Individual student may try pulling the nylon.

