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Synthesis of Simple Polymers  
Polymers are compounds consisting of long-chain molecules, which are synthesized by bonding together many single units called monomers.  Typically, thousands of monomer units are linked together, and in many different ways.  Some polymers are rigid; some are elastic (like rubber). Some are very strong (Kevlar is used in a bullet-proof jacket), and some are designed to decompose (a shopping bag).  One of the major advances of the 20th century is the use of synthetic polymers to replace naturally occurring materials.  Organic (carbon-based) polymers can be tailored to wide range of properties.

In this laboratory, you will try your hands on synthesizing some of the polymers that we use everyday.

Reaction 1 – PVA (polyvinyl alcohol) Gel aka “Slime”
Polyvinyl alcohol is composed of repeating vinyl alcohol monomer units:

            H     H

             |       |
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            H     OH


Monomer Unit (Vinyl Alcohol)
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PVA (polyvinyl alcohol)

Notice that the structure surrounded in a box repeats over and over.  Shorthand is often used to annotate the polymer structure by surrounding the unit by square brackets, as shown below:
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Note:  Some people have been known to be mildly allergic to borax, so be sure to wash your hands frequently during the lab and before you leave.

Procedure

Measure ( by line on beaker, not by graduated cylinder ) 50 mL of the PVA solution into a beaker. Add ( by graduated cylinder ) 20 mL of sodium borate solution and stir the mixture for 30 – 60 seconds with a stirring rod.  After the gel forms, leave it in your beaker to set while you make the next polymer.

Reaction 2 – PVAC (polyvinyl acetate) Gel, aka "Silly Putty"

Note:  Some people have been known to be mildly allergic to borax, so be sure to wash your hands frequently during the lab and before you leave.  Do not dispose of PVAC gel down the sink. It may be placed in the trash.

Procedure

Add 25 mL of water to 25 mL of Elmer's glue ( measured by line on the beaker ) in a beaker.  Stir the solution until it becomes uniform.  Slowly add 16 mL ( measured by graduated cylinder ) of sodium borate solution, and stir vigorously for 1 – 2 minutes.  After the gel forms, let it sit in your beaker to set, while you carry out the Reaction No. 3.

Reaction 3 – Nylon 6–6

This is the nylon that you wear.  By carefully reacting two reactants, we can draw out a nylon thread.

Note:  Both adipoyl chloride and hexamethylenediamine are caustic and can cause severe burns.  They also have unpleasant odors.  Handle with gloves and wash up any spills immediately.  Cyclohexane is flammable.  You must carry out all work in the fume hood.

Procedure

(1) Carefully place 7 mL of the aqueous solution (which contains 0.35 g NaOH and 0.55 g hexamethylenediamine) in a 20 mL vial so that the sides of the vial are not wetted.
(2) Very carefully and slowly pour 7 mL of adipoyl chloride (in cyclohexane solution) down the side of the vial and on top of the aqueous layer.  Do Not Mix The Two Solutions.  Notice that a thin film of nylon forms immediately at the interface between the two layers.
(3) To draw a nylon thread, form a small hook at the end of a piece of copper wire, and use it to pierce the nylon film at its center.  Slowly twirl the hook to catch the nylon, and then raise the hook with a slow, steady vertical motion.  A thread of nylon should follow.  Do Not handle the nylon with your fingers at this stage, as it is coated with caustic NaOH.  When the thread has been pulled up a couple of inches, you can begin winding it on the wire.  It is possible to obtain several meters of nylon thread.  When the thread breaks, rinse your product under cold tap water.  You may want to try unraveling your nylon string into a beaker filled with water.  Rinse your string several times, and place on a paper towel to dry.
(4) The remaining solution must not be washed down the drain.  Using the copper wire, stir the remaining solution thoroughly to mix the two layers.  A rubbery ball of nylon should form quickly.  Pour off and discard any remaining liquid into an appropriate waste container.  Wash the ball of nylon in cold water, then wrap it in a paper towel and squeeze it to remove excess liquid. Discard the vial into the broken glass container.
You may discard the polymers in the trash.  If you wish, you may keep the Silly Putty.  Plastic bags are provided to save it.

NAME: ___________________________                                DATE: ______________

PARTNER: _______________________                                 SECTION: ___________

Polymers
In-lab Questions

1. Elasticity

(a) Roll the PVA Gel into a ball and drop it on the floor.  What happens?
(b) Roll the PVAC Gel into a ball and drop it on the floor.  What happens?

2. Mechanical Strength

(a) Try pulling the PVA Gel apart slowly.  What happens?

(b) Try pulling the PVA Gel apart but by pulling sharply.  What happens?

(c) Try pulling the PVAC Gel apart slowly.  What happens?

(d) Try pulling the PVAC Gel apart but by pulling sharply.  What happens?

3. How long ( cm not inches! ) is your nylon thread?










