Nothing but Nylon

Background Information: Synthetic polymers seem to be almost everywhere. Anything we call "plastic" is some sort of organic polymer, plus many fabrics, building materials, etc. While they vary greatly in structure and the small molecules they're made from, they all share one special attribute - they are large molecules made by linking many (very many) small molecules together. The type of organic small molecule used to make the polymer, the functional group(s) used to link the molecules together, and the actual way the reaction is done all are key aspects of making a polymer that is useful. Of the large number of useful synthetic polymers, nylon stands out as one that was discovered many years ago and yet continues to find wide use today.

The Structure of Nylon: Nylon is made by joining together - "polymerizing" - two different organic small molecules ("monomers"). One of the monomers has two amino groups - one on each end of the molecule - and the, other monomer has two' carboxylic acid groups, also one at each end. An amino group from one monomer links to one of the carboxylic acid groups from the other, making an amide linkage and leaving a functional group at each end that can react further. When those functional groups react, they make a larger molecule that again has two unreacted functional groups, one at each end. This process continues for many cycles, eventually joining together thousands of monomeric units, all hooked together by very strong amide bonds. When the monomers are a diamine
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and a dicarboxylic acid, making the amide bond occurs with loss of water - so the reaction is a "condensation" reaction and nylon therefore is a "condensation polymer ". The number of carbons that separate the two amino groups in one monomer and the two carboxylic acid groups in the other monomer can vary, leading to polymers that have somewhat different properties. In your lab, you will use a six-carbon diamine (1 ,6-hexanediarnine) and a derivative of a ten-carbon dicarboxylic acid (decanedioic acid - eight carbons separate the two carboxylate groups). The resulting nylon product is called nylon 6.10 as a shorthand way of designating how many carbons are in the two monomers.         
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Making Nylon: The monomers in nylon are linked together by an amide bond: amines react with carboxylic acids to form amides only at relatively high temperatures. To make the amide under very mild conditions in our lab, you will use a monomer that has a more reactive functional group than a carboxylic acid. Acyl chlorides are much more reactive, so you will use the diacyl chloride (decanedioyl chloride). Now, the trick is to get the reacting partners together in a controlled way. You will use a beaker that has two layers - one that contains the 1,6-hexanediamine and a second that contains the decanedioyl chloride. The key is, because these monomers are confined to separate layers, they can react only where they meet at the interface of the two layers. Once the reaction has begun at the interface, you will remove the nylon as it is formed. Pulling the nylon out of the beaker as it's formed; you will make a nylon "rope"! By pulling carefully to avoid breaking the rope but fast enough to remove the nylon as it's formed, you can make a long rope. Who will win the prize for the longest rope? How long will it be? And what is the prize, anyway?

	Safety Notes!

1,6-Hexanediamine and decanedioyl chloride are corrosive and toxic. Decanedioyl chloride reacts with water to form HCl, which is corrosive and causes burns. The 1,6-hexanediamine solution contains NaOH, which is corrosive. Avoid breathing vapors and contact with the skin. Only use in a well-ventilated area. In case of accidental contact, flood the affected area with copious amounts of water. Methylene chloride is toxic and a suspected carcinogen. Avoid breathing vapors and contact with the skin.

Hexane is highly flammable. Use only in a well-ventilated area and avoid any exposure to heat sources or spark.

Avoid skin contact with the nylon product until it is washed completely free of impurities that remain from the reaction mixture. In case of accidental skin contact with unwashed nylon, wash with soap and warm water.

All materials must be discarded in the containers provided.


Procedure

Put 25 mL of a 1,6-hexanediamine/NaOH aqueous solution (0.5 M 1,6-hexanediamine/0.5 M NaOH)in a 150-mL ) beaker. If you want to make colored nylon, add a dye to this solution. Slowly with care, pour 25 mL of a 0.2 M solution of decanedioyl chloride in hexane down the side of the beaker to form a second layer on top of the aqueous layer. Disturb the aqueous diamine layer as little as possible. Reach into the reaction mixture with tweezers and grasp the film of nylon that has formed at the interface of the layers. Slowly and steadily to avoid breaking the nylon, pull the film out of the beaker and begin wrapping the nylon around the outside of a second, large beaker. Rotate the beaker slowly and steadily, pulling nylon rope out of the reaction mixture and wrapping it around the beaker. Count the number of turns of nylon you are able to make around the beaker before the limiting reagent in the reaction mixture is exhausted. Thoroughly wash the nylon rope with water before handling it. Dry it, weigh it, and compute the length by multiplying the circumference of the beaker times the number of turns you achieved. Report the length to your T A to be entered in the contest. '

Clean up

Discard al wastes in the appropriately labeled containers. No organic materials from this experiment go down the drain in the sink! After you have poured all you can into the waste containers, wash glassware containing only residual amounts (clinging to the sides of the glassware) in the sink.

Nothing But Nylon

Your Name: ______________________________________  Your Lab Partner's Name: ___________________
TA: ____________________________________________    Lab Section: _____________________________
Diameter of beaker used for wrapping the nylon: _____________ m
circumference of the beaker (c = d): _______________________  m
number of turns of nylon around the beaker: ___________________ turns

length of nylon rope: ___________________________________m
weight of nylon rope:____________________________________g 

limiting reagent in reaction mixture: ____________________________
weight of limiting reagent in reaction mixture ___________________________________g 

moles of limiting reagent in reaction mixture ____________________________________moles

moles of second reagent in reaction mixture that should be consumed: ____________________________ moles

weight of second reagent in reaction mixture that should be consumed:_____________________________ g 

theoretical yield of nylon: _________________________________ weight of nylon rope/meter

actual yield of nylon: _________________________________g
% yield of nylon rope: ________________________________g
weight of nylon rope/meter: ____________________________g/m

Questions

1. Describe a safety hazard associated with this lab and what you did to prevent it from being a problem.

2. What is the purpose of the NaOH used in the reaction to make nylon from a diacyl chloride? 

3. Why do the methylene chloride and hexane solutions form two layers? (Are hexane and methylene chloride immiscible? Try it!)

4. Why can’t you calculate the yield of nylon in moles (the usual unit used for % yield)?

5. For industrial nylon manufacturing, would you use the di-acid or the di-acyl chloride? Why?
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