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Teacher Background Information:
Polymers are macromolecules built up by the linking together of large numbers of much smaller molecules.  The small molecules that combine with each other to form polymer molecules are called monomers, and the reactions by which they combine are called polymerization reactions.  There may be hundreds, thousands, tens of thousands, or more monomer molecules linked together in a polymer molecule.  Molecular weights of polymers may reach into the millions.

There are two types of polymers:  Condensation polymers and addition polymers.  The following tutorial describes both processes in detail:
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Nylon 6,10, which is the product of a condensation polymerization, will be prepared in this investigation. 
One of the most important kinds of nylon is nylon 6,6. It was invented in the late 1930s in the United States by Wallace Carothers who was working for DuPont.  Nylon can be synthesized by a condensation reaction.  A condensation reaction is polymerization in which monomers combine and a small molecule by-product is produced. The by-product is usually something like water or HCl. 
The simplest condensation reaction for making nylons is the reaction of a diamine and a diacid.  The product of the reaction is a polyamide, or nylon:
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H2N-CH2-CH2-CH2-CH2-CH2-CH2-NH     +     HOC-CH2-CH2-CH2-CH2-COH   
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      H2N-CH2-CH2-CH2-CH2-CH2-CH2-N-C-CH2-CH2-CH2-CH2-C-OH  +  H2O     (Nylon  6,6)
Also represented as:
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n  -N-(CH2)6-N-C-(CH2)4-C-N-(CH2)6-N-C-(CH2)4-C-N-(CH2)6-N-C-(CH2)4-C- + 5n H2O
Making nylon is even easier if you use a diamine and a diacid chloride instead of a diacid.  This is because acid chlorides are much more reactive than acids.  The reaction is done in a two-phase system. The amine is dissolved in water, and the diacid chloride in an organic solvent.  The two solutions are placed in the same beaker.  Of course, the two solutions are immiscible, so there will be two phases in the beaker.  At the interface of the two phases, the diacid chloride and diamine can meet each other, and will polymerize there.  This is the polymer that will be prepared in this lab and is called nylon 6,10.
It is possible to prepare a polymer from only one type of monomer that has an acid group on one side and an amino group on another side.  Amino acid is an example of such a monomer.  The condensation of amino acids produces poly-amino acids or, if natural amino acids are used, proteins.

The name of the polymer includes the word "nylon" followed by either one number or two numbers.  If the nylon is made from one type of monomer (like amino acid) there will only be one number.  But if there are two numbers, then you know that the nylon was made from two types of monomer systems.  For nylons made from one type of monomer, the number tells you how many carbon atoms are in the monomer.  Hence, if nylon is named "nylon 6", you know that it is made from a monomer that has six carbon atoms. For nylons made from two types of monomer systems, the two numbers tell you how many carbon atoms are in the diamine monomer, and how many carbons are in the diacid or diacid chloride monomer.  For example, if your nylon is called "nylon 6,6" you know that the diamine from which it was made has six carbons, and that the diacid or diacid chloride from which it was made has six carbon atoms.

Physical Properties of Nylon:

Why does nylon act as it does?  Why does nylon make such good fibres?  The answer to both questions is: intermolecular forces.  In nylons, the most important intermolecular force is hydrogen bonding.  The nitrogen-bonded hydrogen atoms of one nylon chain will hydrogen bond very strongly with the carbonyl oxygen atoms of another nylon chain. These hydrogen bonds make crystals of nylon very strong because they hold the nylon chains together very tightly. Of course, these strong crystals make strong fibres. 
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Innylon 6,6, the carbonyl oxygens and amide hydrogens can hydrogen hond
with each other. This allows the chains to line up in an orderly fashion to form
fibers.





Introduction:
What is an example of something made of nylon?  (Have samples of clothing, tent material, hosiery, a toothbrush etc. on hand to hold up as students answer).
Nylons are some of the most important fibres produced commercially.  A lot of the nylon produced ends up as clothing. But nylon can be more than just fibres.  It also ends up as other everyday things like rope, tents, and toothbrush bristles.  Sometimes nylon is used to make the belts that reinforce tires.  Most passenger car tires have steel belts, but reinforcement for tires for aircraft, trucks and off-road vehicles are often made of nylon.  Nylon-clay composites are used to make under-hood automobile parts. Nylon is used for self-lubricating gears and bearings.  Nylon 6,10, a type of condensation polymer, will be prepared in this investigation. 
Materials: 
Note:  The monomers for this reaction are quite expensive; you may want to perform this as a demonstration and have students analyze the product.  (The cost using products from Fisher would be approximately $8 per reaction)

Hexane-1,6-diamine (1g)   (H2N-CH2-CH2-CH2-CH2-CH2-CH2-NH2)     
                                                      O                                                              O




                ‖
              
                             ‖
Decanedioyl dichloride (1g)     (Cl-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-C-Cl
Water (25mL)

Hexane (25mL) 

100 mL beaker 

Glass stirring rod 

Balance 

Procedure: 
Caution:  Prepare in a fume hood and use gloves as the monomers are toxic and corrosive!

1. Dissolve about 1 g of hexamethylene diamine in 25 mL of water in a 100 mL beaker. 

2. Make solution of about 1 g of sebacoyl chloride in 25 mL hexane. 

3. Gently pour the sebacoyl chloride in hexane solution on top of the hexamethylene diamine in water solution in the beaker, using a glass rod to pour down.  A film will form at the interface.  (See below):

4. Draw a thread out of this interface using a forceps, and draw the thread out of the beaker. Using a glass rod as a spool, slowly wind up the thread as you draw it out.  (See below):

It should be noted that this polyamide will continue to form at the liquid interface.  Once the nylon that has already formed is removed, the layers will meet again and more nylon will form.  In fact, if one were to pull slowly enough, quite a bit of nylon could be formed.

5. After all the polymer has been collected, wash it thoroughly with water and let it dry (in the fume hood). 

6. Unwind the dry thread and let the students examine its physical properties. 

The equation for this reaction is:
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H2N-CH2-CH2-CH2-CH2-CH2-CH2-N-H     +     Cl-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-C-Cl   


    H  O                                                              O
                                                                        │  ║                                                               ║

          
      H2N-CH2-CH2-CH2-CH2-CH2-CH2-N-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-C-Cl  +  HCl     

(Nylon  6,10)

Also represented as:
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n   -N-(CH2)6-N-C-(CH2)8-C-N-(CH2)6-N-C-(CH2)8-C-N-(CH2)6-N-C-(CH2)8-C- +  5n HCl
Analysis Questions:
1. Give three examples of the uses of Nylon in everyday life.
2. What is the small by-product of the condensation reaction to produce Nylon 6,10?

3. Using the equation for the production of Nylon 6,10 above, identify the new linkage that has formed as a result of the polymerization.  What is the name of this linkage in organic chemistry? 

4. Identify the repeating unit in the final representation of Nylon 6,10 shown above.
5.  Explain what is happening molecularly at the interface in the following diagram:
       
6. The strength of nylon is due, in large part, to intermolecular hydrogen bonds.  Explain what would happen to these hydrogen bonds if you stretch the nylon strand.  What about if you break it completely?  Can the hydrogen bonds re-form? 
7. The production of Kevlar™ is similar to the production of Nylon 6,10.  Research the chemical reaction that produces Kevlar™ and discuss its chemical and thermal properties and its uses. 
Summary:
Nylon's outstanding characteristic in the textile industry is its versatility. It can be made strong enough to stand up under the punishment tire cords must endure, fine enough for sheer, high fashion hosiery, and light enough for parachute cloth and backpacker's tents. Nylon is used both alone and in blends with other fibers, where its chief contributions are strength and abrasion resistance. Nylon washes easily, dries quickly, needs little pressing, and holds its shape well since it neither shrinks nor stretches.

Nylon is produced by melt spinning and is available in many different forms.  The fiber has outstanding durability and excellent physical properties.  Nylons are semi-crystalline polymers.  The amide group -(-CO-NH-)- provides hydrogen bonding between polyamide chains, giving nylon high strength at elevated temperatures, toughness at low temperatures, combined with its other properties, such as stiffness, wear and abrasion resistance, low friction coefficient and good chemical resistance.  These properties have made nylons the strongest of all synthetic fibers in common use.  Because nylons offer good mechanical and thermal properties, they are also a very important engineering thermoplastic. For example, 35% of total nylon produced is used in the automobile industry.  
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Tutorial on Polymerization:


� HYPERLINK "http://www.ausetute.com.au/polymers.html" �http://www.ausetute.com.au/polymers.html�








Polymerization:  


Synthesis of Nylon 6,10


Student Activity/Demonstration








Nylon 6,10 kits can be purchased online: (or at various chemical supply companies)


� HYPERLINK "http://www.onlinesciencemall.com/Shop/Control/Product/fp/vpid/2584426/vpcsid/0/SFV/30852" �http://www.onlinesciencemall.com/Shop/Control/Product/fp/vpid/2584426/vpcsid/0/SFV/30852�








Video clip of Nylon 6,10 synthesis:


� HYPERLINK "http://www.chemie.uni-regensburg.de/Organische_Chemie/Didaktik/Keusch/D-Nylon-e.htm" �http://www.chemie.uni-regensburg.de/Organische_Chemie/Didaktik/Keusch/D-Nylon-e.htm�





Physical properties of Nylon 6,10:


� HYPERLINK "http://www.polymerprocessing.com/polymers/PA610.html" �http://www.polymerprocessing.com/polymers/PA610.html�





Background information on Nylon:


� HYPERLINK "http://www.ptsllc.com/nylon_intro.htm" �http://www.ptsllc.com/nylon_intro.htm�





Background Information on Condensation Polymers:


� HYPERLINK "http://web.mst.edu/~wlf/CHEM381/chap31.html" �http://web.mst.edu/~wlf/CHEM381/chap31.html�











