
Polymers and Molecular Models: Petretec Industry Example
PART 1

Teacher Background Information: The following lab can be used as a stand-alone or as an introduction to the Petretec lab. It is suggested that this lab be used if your students need to review the basic chemical properties of plastics. This lab will require students to build the comonomers of polyethylene terephthalate (PET), the polymer used to make a wide variety of products including water bottles. After building the comonomers, students will get together with other student groups to begin snapping dimmer units together making the polymer.

The last step of the lab will ask students to try to break down the polymer. Students may need help understanding that polymers do not readily break apart into their comonomers.

Goal: To help students better understand what polymers are and the unique molecular structure of plastics.

Student ObJectives: Students will…

· Use Molecular model building kits to build comonomers and polymers of the PET plastic discussed in the Petretec article.

· Make Lewis structures of their work

· Analyze their models to determine if they conform to the octet rule.

· Use the web to find a local plastic recycling center and calculate how many plastic bottles will be needed to make $10.00 through recycling.

Materials:

· Classroom set of Molecular model building kits 

· Student lab sheet

· Copy of the Case Study in Green Chemistry, “DuPont Petretec Polyester Regeneration Technology”

Time required: 1 hour

Standards Met: S1, S2

Green Chemistry Principles Covered: 7

Teacher Prep:

How to make the Guar Gum, PVA and Borax solutions:

Guar Gum: Make a 0.5% solution of guar gum. Simply add water to guar gum and stir to dissolve.
PVA: First, mix a 4% solution of PVA and water. 4 % would be 40 grams of PVA to 960 ml of distilled water (of course you can adjust and make more or less). Wear a mask and have plenty of ventilation when doing this! It helps to have a heated magnetic laboratory stirrer (don't use one of your good kitchen saucepans - it's best to use Pyrex lab ware). Slowly, gradually, mix the PVA into the distilled water. Heat it slowly, stirring the whole time, until the PVA goes into solution. This will take 15 minutes or more. Do not let it boil. Once cool, the solution can be stored in a stoppered bottle. 

BORAX: The 4% Borax solution is made by dissolving 4 grams of borax into 100 ml of distilled water. It should go into solution without heating. This can also be stored in a stoppered bottle.
Procedure:

· Ask students to give their definition of what makes plastics different from other materials. List these differences on the board.

· Pass out copies of the student lab sheet.

· Pass out molecular model building kits

· Ask students to read the lab.

· Inform students that the lab will ask them to build the molecular model for each of the comonomers in the plastic polyethylene terephthalate (PET) and draw Lewis structures of their work.

· Allow students time to read the lab and build the monomer and polymer for the plastic PET. Students may need help drawing the Lewis structure and predicting its conformity to the octet rule.

· After students have shown you their models, ask them to break the models down and store them back in their kit boxes.

· Pass out a copy of the Case Study in Green Chemistry, “DuPont Petretec Polyester Regeneration Technology”. Students will needs this to answer homework questions.

Polymers and Molecular Models: Petretec Industry Example Student Lab 
Introduction: Organic chemistry refers to any compound containing carbon and hydrogen atoms bonded together. One of the most useful organic molecules to be developed are those making up plastics. The word plastic comes from the Greek word "plastikos", which means easily molded. Plastics have revolutionized the industrial manufacturing system, and have replaced a wide variety of products originally made from dwindling resources. For example, in the past, Hair combs were often made of tortoise shells, a resource that is extremely limited. 
We can start to understand how plastics are made by looking at their technical name, polymers.

“Poly” in Greek means “many”

“Mer” in Greek means 'part'.  

In the case of plastics, the ‘part’ is a small molecule called a 'monomer'.  Any number of these monomers can be joined together by heat and/or pressure just like the individual links in a chain. The result is a long strand of linked monomers which forms the polymer.  For some plastics, the polymer is made up of alternating repeating units called comonomers.  This is the case for this lab activity. 

In this part of the lab you will use molecular model building kits to build the comonomers for the plastic called polyethylene terephthalate (PET). PET is used to make a wide variety of products such as surf boards, carpet fibers, clothing (polyester), and water bottles. You will then link your Comonomers with the Comonomers made by two other groups to begin making a chain or polymer. Remember that in reality, this chain can theoretically contain an infinitesimally large number of Comonomers.

Lab Procedure:
1. The chemical formula for one of the comonomers (terephthalic acid) in PET is C8O4H6. Build this monomer with your atomic building set. 

a. Hint 1 - Six of the carbon atoms are centrally located in the molecule and in the form of a carbon ring. This carbon ring has thee alternating single and double bonds.

b. Hint 2 – The formula for the monomer could be expressed as: HO2C(C6H4)CO2H
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In the box below, draw the Lewis Structure for this comonomer. 

A: Does the Comonomer conform to the octet rule (why or why not)? __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
B: Compare your model to those of other groups. Are they all the same?
____________________________________________________________________________________________________________________________________________________________

3. The chemical formula for the second comonomer (ethylene glycol or 1,2 ethandiol) in PET is C2O2H6. Build this monomer with your atomic building set. 

a. Hint 1 – This is a symmetric molecule with the carbons in the middle between the oxygens.

b. Hint 2 – The formula for this comonomer could be expressed as: HOCH2CH2OH
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In the box below, draw the Lewis Structure for this comonomer. 

Does the comonomer conform to the octet rule (why or why not)? 


_________________________________________________________________


_________________________________________________________________

5. Combine the two comonomers made earlier in steps 1 and 3.   Remember that the polymer is made by linking these 2 comonomers into a chain.  This occurs in a condensation reaction when a water molecule is removed between the two comonomers as they combine. Chemists indicate this repeating chain by placing brackets around the portion of the molecule that repeats, and placing a subscript “n”, [  ]n, to indicate that there are n-number of molecules linked together. Add the bracket to your Lewis Structure in the box below.
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6. Get together with two other groups and connect your polymers together like links in a chain to begin building a larger polymer. Does the new molecular system now conform to the Octet Rule (why or why not)? 


_________________________________________________________________


_________________________________________________________________

7.  Remember that the polymer that you are building is common and plastics do not biodegrade easily. Some cities have even outlawed the selling of disposable water bottles because of the landfill problem associated with this plastic. In order for the polymer to be recycled it must first be broken into its dimmers again. Why would this process be difficult in a real polymer where the molecules are so small they can not be seen even with a powerful microscope? 


_________________________________________________________________


_________________________________________________________________

Homework: 

1. Read the Case Study in Green Chemistry, “DuPont Petretec Polyester Regeneration Technology”, (http://academic.scranton.edu/faculty/CANNM1/industrial.html) and use the article to answer the following questions.

a. Name five common uses for the plastic polyethylene terephalate (PET).


_________________________________________________________________


_________________________________________________________________

b. Why is it so difficult to recycle PET? 


_________________________________________________________________


_________________________________________________________________

c. What is the solution to this recycling problem?


_________________________________________________________________


_________________________________________________________________

2. Go to the web site listed below and follow the instructions to locate the plastic recycling centers nearest to your home. 



http://earth911.org/blog/2007/08/17/green-forum-plastic-recycling/

3. Write down the address location and phone number for your recycling center. 


_________________________________________________________________


_________________________________________________________________

4. Contact the center and determine if they offer cash for recycling material. Determine how many 3 liter cola bottles (approximately) must be collected to make $10.00. If the recycling center gives pricing per pound you may have to mass a 2 liter bottle and complete a calculation to determine the number of bottles needed to make $10.00. Show all work below.

PART 2 
Teacher Background Information: Use the following web links for background information on Polymers and Casein.
chem.lapeer.org/Chem1Docs/3D5PlasticsLab.html 
www.foodsci.uoguelph.ca/dairyedu/chem.html#protein2 
See extension readings for more information about breakthroughs in Polymer chemistry.

For a deeper case study of Petretec see: http://academic.scranton.edu/faculty/CANNM1/industrial.html
Goal: To introduce students to the ideas of how polymers can be manipulated to form useful materials and deconstructed to impact sustainability.
Objectives: Students will …

· Make two types of plastics from a renewable and non-renewable resource
· Manipulate PET plastic and consider its end use

· Understand various types of plastics formation through catalysis, cross-linking and addition polymerization and condensation polymerization.

· Consider whether these plastics are sustainable.
· Consider the lifecycle of a plastic and the difference between closed-loop and open-loop recycling.
· Relate these issues to a ground-breaking green chemistry award winning technology.
Materials:
· Borax Solution
· Guar gum
· Water

· Glass stirring rods

· 250 ml glass beakers

· Skim milk
· Vinegar

· Stirring rod

· 500 ml glass beakers

· PET soda bottles
· Paper pieces cut into chains as per the template at the end of this lesson.

· Copies of student sheets, one per student.

· 4% PVA solution

Time Required: 2 x 45-60 minutes 

Standards Met: S1, S2, S5, S6
Green Chemistry Principles Covered: 1- 12
Prerequisite knowledge: A basic understanding of monomers, comonomers and polymers.
Prep:
Lab #1

· For each lab station provide the following:

·  Guar gum 0.5% solution.
·  4% borax solution
· Glass stirring rod

Lab #2

· For each lab station provide the following: 

· 100 ml skim milk
· Approx 50 ml Vinegar

· Glass Stirring rod

· 500 ml glass beaker

· 1 Hot plate

· Metal pan

· Water
Lab #3

· For each lab station provide the following: 

· 4% PVA solution

· Borax Solution

· Glass beaker

Procedure: 
Day 1:
· Tell students that today they will be making a common material developed by chemists used in everyday life.

· Ask students to move to their lab stations and follow the student worksheet for the lab procedure and answer the worksheet questions.

· Go over student answers to the worksheet.

· Tell the students that what they have just done is to take a polymer made from petroleum and cross linked it with Borate to make a new material that is very familiar, it is plastic.
· Show the students the overhead image #1 of the chemical structure of the cross linked polymer and explain how the two polymer chains have been cross linked with hydrogen bonding to the borate.

· In its crude form, petroleum is made up of long chains of carbon atoms and hydrogen atoms (we refer to them as hydrocarbons). Petroleum is of little use in this state; however, when its hydrocarbon chains are broken down, they can be manipulated into a wide range of useful compounds of which PVA is one.

· Explain to the students that this is a process which is used to make a great material that is used by all of us everyday.

· Ask the students to tell you why this process and material may not adhere to the 12 principles of green chemistry.

· They should tell you among other things that it uses a non-renewable resource: petroleum and that petroleum refining is extremely energy intensive.
· Tell them that next you are going to have them create another plastic using catalysis but this time using renewable resources.

· Hand out the student sheet number 2.

· Ask students to come to the supply area and collect their materials and complete the lab.

· Go over student answers to the worksheet.

· Show the students the overhead image #2 of the chemical structure of the casein polymer and explain the chemical reaction that occurred to make this plastic.

· Explain to the students that this material is also a polymer but that it was formed into plastic in a different way: The milk is 80% casein protein. When this protein reaches a ph of 4.6% by adding the acid of vinegar, the casein becomes insoluble. Therefore the vinegar is a catalyst which solidifies the casein making the liquid polymer into a solid material that can be used to make things, therefore it becomes a plastic. Casein protein is made through different amounts of amino acid linking together and forming a polypeptide chained-structure. As this came from milk, it follows that this is a naturally occurring polymer. 
· Ask the students to tell you why or why not this process and material may or may not adhere to the 12 principles of green chemistry.

· They should answer that the materials are renewable but that the costs of the materials are higher and so are not economical to make and use. They may also tell you that these ingredients may interrupt the food source if they are used in large enough quantities.
· So the problem with material number 1 is that the resources are non-renewable and the problem with material number 2 is that the materials are too expensive and may not be readily available.

· Brainstorm with students what could be a possible solution to these chemical problems.

· For homework have students do some research and write a paragraph about at least two chemical processes that are used to recycle plastics.
Day 2

Prep:

Lab #3

· For each lab station provide the following: 

· 1 piece of aluminum foil 4 inches square
· 1 hotplate

· Wooden stir sticks, one per person

· 1 PETE (PET is the chemical name for this plastic but PETE is the recycling symbol that you will find on the bottle itself) soda bottle per group

Procedure:
· Ask students to have handy the information that they collected for homework. Ask a few students to share their findings.

· So now students understand that plastics recycling is possible and being used more widely 

· Explain to the students that they will now do a lab activity that shows them the chemical process involved in how to take a plastic and then recycle it.

· Hand out lab #3 and have the students complete the experiment.

· Explain that you would now like to go back to looking at that original soda bottle that you looked at during the last class period. 

· This soda bottle is made of polyethylene Terephthalte or PET and can be recognized by the #1 recycling symbol. This plastic is one of the most common and good news is that it is one of the most recyclable. It can be made into insulation, guard rails for roads but…it can never again become this bottle. 
· Explain the concept of open-loop and closed- loop recycling: Closed-loop recycling is when the thing that is being recycled again becomes the same thing, like an aluminum beverage can. Open-loop recycling is when a material can be reformed to become something lese but never the product that it was originally designed to be, like rubber tires. 

· Ask the students if this actually solves our problems as we still are unable to make another soda bottle which serves the same purpose while not using a non-renewable resource. 

· Explain that green chemists have made the impossible true and have developed a technology to make a non-renewable resource renewable. 

· Show the accompanying Petretec PowerPoint presentation. 

· Have students complete the reflection worksheet and share their thoughts.

Petretec – Student Worksheet #3
Name: ________________________________

At your lab station you will find the following materials:

A 4% Borax solution

1 g of powdered borax

Glass stirring rod

PVA Solution
Follow the directions below to make a popular industrial material paying attention to the questions below:
· Pour 50 ml of the PVA solution into the beaker
· Slowly add and constantly stir 10 ml of Borax solution into the beaker
· Stir with rod

· You are welcome to take the material out of the beaker and play with it

Answer the following questions:

1. Complete the following chart:

	
	Detailed description of qualitative observations

	Before
	PVA  Solution
	Borax Solution

	After
	


2. What are some possible uses for this material?
Petretec – Student Worksheet #2 
Name: ________________________________

At your lab station you will find the following materials:

· 100 ml Skim milk
· Approx 50 ml Vinegar

· Stirring rod

· 500 ml glass beaker

· 1 hot plate

· Metal pan

· Water

Follow the directions below to make a popular industrial material paying attention to the questions below:

· Create a double burner by placing the glass beaker inside the pan and pouring enough water into the pan to boil but not to boil over the glass beaker.

· Set the hot plate on high
·  Place the 100 ml of skim milk in the glass beaker
· When it begins simmering stir in 10 ml of vinegar.
· Add an additional 10 ml of vinegar each minute while continuously stirring until noticeable chemical changes occur.

· Remove from hotplate and pour out excess liquid.

· Wash product with water.

· You are welcome to take the material out of the beaker and play with it.
Answer the following questions:

1. Complete the following chart:

	
	Detailed description of qualitative observations

	Before
	Skim milk
	Vinegar

	After
	


2. What are some possible uses for this material?

Petretec – Student Worksheet #1
Name: ________________________________

At your lab station you will find the following materials:

A 4% Borax solution

Glass stirring rod

0.5% Guar Gum solution

Follow the directions below to make a popular industrial material paying attention to the questions below:

· Pour 100 ml of the Guar Gum solution into the beaker

· Slowly add and constantly stir 0.5 ml of Borax solution into the beaker

· Stir with rod

· You are welcome to take the material out of the beaker and play with it

Answer the following questions:

1. Complete the following chart:

	
	Detailed description of qualitative observations

	Before
	Guar Gum
	Borax Solution

	After
	


2. What are some possible uses for this material?

Petretec – Student Worksheet #4
Name: ________________________________

At your lab station you will find the following materials:

· 1 hotplate

· Wooden stir sticks, 1 per person

· 1 PETE recycle number 1 soda bottle

· 1 4 inch square of aluminum foil

Follow the directions below and answer the questions

· Cut a 1 inch square of plastic from the PETE bottle

· Place the aluminum square on the hot plate and then place the plastic square on top of that.

· Place the hot plate on high

· Note: If the plastic starts to brown or discolor, decrease the temperature of the hot plate. It is best to remove samples that are discoloring from the heat source to avoid inhaling any decomposition products. If the sample is very discolored, it may be necessary to repeat with a new sample.

· Use forceps to pull the melted piece off the foil and look for long strands of melted plastic hanging from the piece. These strands are PETE fibers.
· Insert the tip of a wooden splint into the sample and hold it in the molten polymer for a few seconds. 

· Slowly pull the splint away at a constant speed. Try to produce the longest fiber possible. The withdrawal speed may need to be adjusted depending on the polymer being used. 

· Try to "cold-draw" the fibers you have formed by stretching them after they have cooled.

From your observations explain how and why this material might be used to make other products:____________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

Explain why you think this material cannot be made into another PETE soda bottle_____

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

Student Reflection Worksheet

Now that you have understood this important chemical breakthrough and how it could affect our everyday lives, list material that you use in your everyday life that are currently unable to be recycled in a closed-loop recycling process and that you believe pose a threat to the sustainability of the earth.

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Choose a material from the list that you have created and explain in detail an experiment that you might want to perform on that material to figure out if you can make it recyclable.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

If you were to solve this problem, what might some of the obstacles be that you might face in getting the world to use your new technology?____________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

Further Reading
Teen Decomposes Plastic Bag in Three Months

By Brandon Keim Bacteria


May 23, 2008 | 3:08:54 PMCategories: , Environment   





Plastic takes thousands of years to decompose -- but 16-year-old science fair contestant Daniel Burd made it happen in just three months.

The Waterloo, Ontario high school junior figured that something must make plastic degrade, even if it does take millennia, and that something was probably bacteria. 

(Hey, at between one-half and 90 percent of Earth's biomass, bacteria's a pretty safe bet for any biological mystery.)

The Record reports that Burd mixed landfill dirt with yeast and tap water, then added ground plastic and let it stew. The plastic indeed decomposed more quickly than it would in nature; after experimenting with different temperatures and configurations, Burd isolated the microbial munchers. One came from the bacterial genus Pseudomonas, and the other from the genus Sphingomonas.

Burd says this should be easy on an industrial scale: all that's needed is a fermenter, a growth medium and plastic, and the bacteria themselves provide most of the energy by producing heat as they eat. The only waste is water and a bit of carbon dioxide.

Amazing stuff. I'll try to get an interview with this young man who may have managed to solve one of the most intractable environmental dilemmas of our time. And I can't help but wonder whether his high school already had its prom. If he doesn't get to be king, there's no justice in this world.
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From: http://matse1.mse.uiuc.edu/polymers/f.html
Structure of Casein
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