Polymer Density
Subject Area
Chemistry                                                         

Grade Level:
Middle School Chemistry 

Lesson Title:
Polymer Density
National Science Education Standards:                                                  



· Science as Inquiry: 5–8






· Properties and Changes of Properties of Matter: 5–8 


  

Suggested Prior Knowledge: concepts of density of liquids and solids, floating and sinking
Purpose: To understand how to determine the relative density of a solid based on whether it floats or sinks in a liquid of known density.
Key Vocabulary:   
density—mass per unit of volume; d = (mass)/(volume)
monomer—individual repeating portion of a larger polymer molecule
polymer—chemical compound formed from many bonded similar repeating units called monomers.

Objectives:       

1. Students will be able to compare the density of various samples of polymers with liquids of known density.
2. Students will use their data and observations to determine the approximate density of the different polymers.
Materials: (per group)
- Safety goggles
- Small samples of various polymers (plastics) to test (list included below)

- 20 ml of each of the liquids of known density:
· #1: 1000 ml ethanol (d = 0.79g/ml) Warning: Flammable
· #2: 596 ml ethanol and 439 ml of distilled water (d = 0.91g/ml) Warning: Flammable
· #3: 448 ml ethanol and 586 ml of distilled water (d = 0.94g/ml)

· #4: distilled water (d = 1.00g/ml)

· #5: 184 g of potassium carbonate in 965 ml distilled water (d = 1.15g/ml)

· #6: 513 g potassium carbonate in 866 ml distilled water (d = 1.38g/ml) Warning: Irritant at this concentration.
- 50 ml beakers (one for each of the 6 liquids)

- Scissors

- Stirring rod
Procedure: 

1. Discuss with students some background information on polymers and recycling of plastic containers. In different municipalities different polymers (plastics) are recycled. We can determine what kind of polymer a container is composed of if we can find the density of the polymer. 
2. Discuss with students how we can design a valid experiment that allows us to determine the density of different polymers so we can determine the type of polymer. Begin with a demonstration of various objects floating or sinking in water and some discussion of the relative density of each object based on its behavior in water. 
a. Set up a large (400 ml) beaker of water.

b. Drop in a cork, it floats, discuss its density relative to water.

c. Drop in a marble, it sinks, discuss its density relative to water.

d. Repeat with a few other objects.

3. Begin with some leading questions and follow-up:

· What kind of investigation can we do to find the relative density of a piece of plastic?
· How can we determine the density of an irregular solid like a piece of plastic?
· What do we know if an object floats in water or another liquid?
· What do we know if an object sinks in water or another liquid?
4. Work with students to design a valid investigation, similar to the one outlined in this lesson, that will allow them to quantitatively determine the density of the plastics available using a series of liquids of specific densities. Students should create appropriate data tables for their data and observations. All student procedures should be approved by the teacher before students begin any lab work.

5. Lab safety equipment and protocols should be followed. Goggles should be worn at all times. Use care with the liquids as some can irritate skin (#6 potassium carbonate solution).
6. To make 1.00 liter of each of the liquids of known density:

#1: 1000 ml ethanol (d = 0.79g/ml)

#2: 596 ml ethanol and 439 ml of distilled water (d = 0.91g/ml)

#3: 448 ml ethanol and 586 ml of distilled water (d = 0.94g/ml)

#4: distilled water (d = 1.00g/ml)

#5: 184 g of potassium carbonate in 965 ml distilled water (d = 1.15g/ml)

#6: 513 g potassium carbonate in 866 ml distilled water (d = 1.38g/ml) Warning: irritant at this concentration.
7. Everyday plastic containers can be used as polymers to test. Pieces of each polymer should be cut small enough (about 0.5 cm in diameter) to fit easily into the 50 ml beakers. Most will carry the recycling symbol that identifies the polymer as shown below. The expected range of densities is provided.
• Polyethylene terephthalate, PET—most plastic bottles for fizzy drinks, ovenproof food trays and roasting bags, audio and videotape. Density is 1.38–1.40 g/ml. Code:

• High density polyethylene, HDPE—plastic bottles for milk, fruit juices, household cleaners, and chemicals. Motor oil containers, some bags from stores, and most aerosol caps. Density is 0.94–0.96 g/ml. Code:
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• Polyvinyl chloride, PVC—plastic bottles for mineral water, cooking oil, and shampoo. Sandwich and cake packs, food packaging trays, DIY blister packs, baby care product containers, cling film, ring-binder covers, old records, and some watch straps. Density is 1.20–1.55 g/ml. Code:
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• Low density polyethylene, LDPE—peanut butter or lemon juice containers. Some squeeze containers for sauces or cosmetics, plastic films (shrink wrap), freezer bags, disposable pipettes, some aerosol caps, some plant pots, and ink tubes in ballpoint pens. Density is 0.91–0.93 g/ml. Code:
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• Polypropylene, PP—plastic straws; containers for soft cheeses and fats; some margarine tubs; microwaveable food tubs and trays; film bags for potato chips, cookies, and snacks; ketchup bottles; and bottle caps. Density is 0.89–0.91 g/ml. Code:
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• Polystyrene, PS—yogurt cups, margarine tubs, clear egg cartons, food packaging trays, plastic cutlery and cups, clear plastic glasses, ballpoint pen cases, CD cases, and plastic coathangers. Density is 1.04–1.11 g/ml. Code:
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• Expanded polystyrene, EPS—fast food packaging, meat packaging trays, and foam egg cartons. Density is 0.02–0.06 g/ml. No code necessary.

8. A general procedure that could be used:

a. Obtain six 50 ml beakers and label them 1–6.
b. Fill each appropriately labeled beaker with about 20 ml of the liquid of the same number. Be sure to record the density of each of these liquids.

c. Obtain 6 small pieces of each polymer to be tested; be sure that they can each be easily identified. You may wish to write identification on each piece with a permanent marker or to cut each different plastic into a specific shape. 

d. Place a piece of each polymer into each of the 6 beakers. Stir each mixture well, making sure to wash and dry the stirring rod between each beaker.

e. For each beaker, record which pieces of polymer sink (S) and which float (F) in that particular liquid.
· Remember that objects will float in a denser liquid and sink in a less dense liquid.

f. Use the data and observations to determine the approximate density of each polymer sample.

9. After the students have finished their investigation, they should be able to describe the reasoning and procedure that they used to determine the density of each piece of plastic. Encourage students to investigate which plastics they can recycle in their own neighborhood and ways to recycle the plastics their local recycling center will not take. 
10. Students may present their findings to their classmates and compare their results with classmates.




Additional Resources:
· http://www.flinnsci.com/Sections/Safety/safety.asp
· http://en.wikipedia.org/wiki/Density
· http://www.edinformatics.com/math_science/dens_liquid.htm
· http://www.engr.sjsu.edu/WofMatE/polymers.htm
· http://www.practicalchemistry.org/experiments/intermediate/polymers/topic-index.html
Student Worksheet for Polymer Density
Experiment Title: _____________________________Date: _______Name: __________

Student Hypothesis: _______________________________________________________

Materials: _______________________________________________________________
________________________________________________________________________

Safety Precautions:

________________________________________________________________________

Procedure: 

Wear safety goggles for all lab work.

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
Data and Observations:

Analysis of Data: _________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Conclusions: _____________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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