Gateway 125, 126, 130
Fall 2006
Studio 14c  p10

Studio 14c (12/08/06):  Polymers

1) Identify and define a polymer

2) Relate the physical properties of polymers to their structure

Reading: 12.8 p 576-591; extra:  591-599 

Group Roles:  A Recorder; B Technician; C Leader 

Question:  

1) What is a polymer?

Did you use the word plastic in your example?  When we think of polymers often we think of plastics like Coke bottles, storage or grocery bags, food containers or Legos™.  However, plasticity (the ability to maintain a shape upon pressure deformation) is a bulk property that is not common to all polymers.

2) What are some other examples of polymers:

Monomer versus polymer:

3)  What is similar about the molecules in Table 1?  What is different? 

Explain any differences?

Table 1:  Hydrocarbon molecules
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	Methane
	Pentane
	Paraffin
	Polyethylene*
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saturn.jpl.nasa.gov/news/ saturn-story/moons.cfm

This is a picture of Saturn's moon Titan, which has a nitrogen-methane atmosphere.  Methane is a greenhouse gas also found in the atmosphere of earth. Methane is often a byproduct of landfills
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Pentane is the clear liquid being squirted into the beaker.
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Parrafin is a very stiff wax that melts easily upon heating.  In the beaker of paraffin, there are two layers:  the top is solid, the bottom is liquid since it is being heated. 
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Polyethylene, the worlds most common plastic, is used to make this wash bottle along with plastic bags, pop bottles, toys, and ice trays.


*The n in polyethylene simply means that the chains are a large number of units long, often in the thousands to hundreds of thousands.

4) Why do polymers have physical properties that are so different from their mers? 

Natural polymers

There are many naturally occurring polymers that are not plastics such as silk, wood, rubber, leather, cotton and wool.  Naturally occurring polymers can have glucose or an amino acid for a mer.  Two glucose monomers bonded together results in the dimer maltose.
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Long chains of glucose form the polymers known as polysaccharides.  Two very common polysaccharides are starches (found in food like corn, bread, and potatoes) and cellulose (found in trees, and plants).  Starch and cellulose are shown below.

5)  Draw the mer for each polymer.  How are the polymers the same/different? 
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Other natural polymers include DNA and RNA, made up of the organic bases uracil, thymine, cytosine, guanine, and adenine.  
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Polyamides
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.
. 
Polymer Peanuts

Since we use so many polymers, many of which are not recycled, what are we going to do with all that trash?  One item that was filling up our landfills was polystyrene packaging peanuts.  

7)  Try dissolving the polystyrene peanuts in acetone, ethanol, and water.  Are they easily biodegradable?

An alternative type of peanut made of a natural polymer cornstarch was developed.  Try to dissolve it in acetone, ethanol, and water.  

8)  Explain any differences in solubility between the polystyrene and the cornstarch using the structures of their monomers shown in Figure 3.

Figure 3:  Peanut materials
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Superabsorbant Polymers
 (sodium polyacrlate)

Sodium polyacrylate is non-toxic. However, if placed in the eye, they will become dry and irritated.  Inhalation of the powder will also be irritating to nasal membranes. Dispose in the solid waste....do not put down the sink!  DO NOT INHALE IT!!!!!!

9) You have 0.5 g of sodium polyacrylate (aka superabsorbant polymer, aka poly(acrylic acid) sodium salt.)  Using water and a graduated cylinder, find out how absorbent the polymer is.  How much water can it hold per gram?

10)  Sodium polyacrylate will absorb over 500 times its weight in distilled water.  Is this consistent with what you found?
Poly(acrylamide) polymer is represented in Figure 4 .  The polymer does not absorb water well until it has been soaked in 0.01 M NaOH for weeks.  During this time, 25% of the amide groups convert to sodium acetate groups.

Figure 4:  Polyacrylamide
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11)  How does the sodium polyacrylate absorb all of that water?

12) Sodium polyacrylate is the main ingredient in high-absorbency diapers. It is also commonly used in alkaline batteries, nursery potting soil, water beds, and as a fuel filtration material to remove moisture from automobile and jet fuels.  Why would it be used in these applications?
13)  The electrolyte concentration in water being absorbed greatly affects the amount of water which can be absorbed per gram of polymer. For Example:

· The superabsorbent will absorb about 500 times its own weight in distilled water. 

· The same polymer will absorb only about 200 times its own weight in tap water 
· This polymer will absorb only about 60 times its weight of 0.9% sodium chloride solution. (Similar to the NaCl concentration of urine.)  Explain.

Slime vs. Gluep

Make Slime: (Each person may make his/her own to take with him/her…adding food coloring is also an option…if there is a line for these chemicals make the gluep first.)

Add 4 mL of the 4% borax (Na2B4O7.10H2O, sodium tetraborate decahydrate) solution to 40 mL of 4% polyvinyl alcohol solution in a paper cup using a wooden stick to rapidly and vigorously stir to produce the polymer.

What is slime? 


When the polyvinyl alcohol (PVA ) is dissolved in water, the vinyl alcohol units link up to form chains of about 2,000 units!  This results in a thick, syrupy appearance to the solution.  When borax is added to water, it forms boric acid and then borate ion B(OH)4- (Figure 5).  When the borate mixes with the PVA solution, the chains of PVA crosslink.  

Figure 5:  From PVA and borate
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14)  Two models (Figure 6) have been proposed for the crosslinking in slime.  What is the difference in the models?  

Figure 6:  Crosslinking Models for Slime
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Slime is a non-Newtonian fluid that is dilatant.  That is, under stress, the material dilates or swells.  Other stress-thickening materials are quicksand, wet beach sand, starch solution, some printer's inks and Silly Putty®. 

15)  What happens to slime under low stress, such as slowly pulling?

16)  Pull sharply (high stress) and what happens?  

Put a small amount of the material on the table top and hit it with the palm of your hand, there is no splashing or splattering.  Throw a small piece on a hard surface, it will bounce slightly.  Stuff the material through a small hole in your hand and "die swell" occurs as it emerges.
 

17) Based on your observations of the physical properties of slime and its responses to high stress and low stress, which model of crosslinking in Figure 6 is correct?  Describe chemically what is happening in each of the stress situations.


18)  Name at least two ways the texture of the slime could be varied.  
Make Gluep

1. Pour 15 ml of the borax solution into a plastic bag. 

2. Add three drops of food coloring if desired.

3. Add 30 ml of white glue in 30 mL of water (mix before adding) 

4. Zip the plastic bag tight. 

5. Knead thoroughly until the color is uniform and water is no longer visible. Consistency should be reached within 10 minutes. 

6. Remove Gluep from the bag by turning the bag inside out and rubbing the Gluep from the sides. 

7. Store the Gluep in the bag. 

What is Gluep?

Glue is a mixture of polyvinyl acetate (Figure 7) and polyvinyl alcohol.  When glue is mixed with borax, crosslinking of the polymer chains occurs.  The physical properties of the mixture are quite different from the properties of the individual compounds.

Figure 7:  Polyvinyl acetate
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16) Draw a picture of the crosslinked gluep.

17) What is/are the differences between the slime and the gluep?  Explain chemically.
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Proteins are polymers made from amino acids.  When two amino acids react, a new amide group [C(=O)NH] is formed. (Figure 1)  Notice that a water molecule is also created.  Each time an amino acids is added to the new chain, another amide group is made (and another molecule of water is lost.)  Thus, proteins are also known as polyamides.   An amide group formed from two amino acids is also called a peptide bond so chains of amino acids are also commonly called polypeptides.


Notice that alanine has a CH3 group where glycine has just an H.  There are twenty different amino acids with 20 different groups.  Often the letter R is used to represent a generic amino acid.





Nature can tailor the order of amino acids to make a protein with the properties that it needs.  Spider webs and silk are proteins with exceptional strength. 


(Figure 2a) 





One of our human attempts to imitate silk is nylon 6, another polyamide.  





6) What is different between natural and synthetic nylon? (Figure 2b)























Duplicating natural proteins is an active area of research.





Figure 2a:  Spider web:  a natural protein


� INCLUDEPICTURE "http://www.umich.edu/~chemstu/studios/polymers/PMS1/web.jpg" \* MERGEFORMATINET ���


        Image from � HYPERLINK "http://www.umich.edu/~chemstu/studios/polymers/PMS1/www.digitalspider.co.uk/" �www.digitalspider.co.uk/�





2b)  Silk (natural and synthetic)


� INCLUDEPICTURE "http://www.umich.edu/~chemstu/studios/polymers/PMS1/silk&nylon.gif" \* MERGEFORMATINET ���





Figure 1: Reaction of two amino acids 





� INCLUDEPICTURE "http://www.umich.edu/~chemstu/studios/polymers/PMS1/peptides.gif" \* MERGEFORMATINET ���








� From:  NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)


� From:  NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)


� http://www.rohmhaas.com/company/plabs.dir/htmldocs/itstheslime.html
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