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Playing With Polymers:  Polymer Balls
Pennsylvania Academic Standards

Science and Technology:

3.1.10.C:  Identify patterns as repeated processes or recurring elements in science.

3.4.10.A:  Describe concepts about the structure and properties of matter.

3.4.10.B:  Explain the conversion of one form of energy to another.

3.4.10.C:  Explain various motions using models.

Mathematics:

2.3.8.A:  Develop formulas and procedures for determining measurements.

2.1.8.D:  Apply ratio and proportion to problem situations

Reading and Writing:

1.5.8.B:  Write using well-developed content appropriate to the topic.

1.6.8.D:  Contribute to discussions.

Introduction

A polymer is a macromolecule (large molecule) made up of long chains of monomers(small molecules) bonded together.  Polymers are found in nature, and they can be manufactured (synthetic polymers).  The properties of polymers have been exploited in industry to build a wide range of useful products (gloves, paints, clothing, shoes, toys, tires, etc.).  Some polymers are elastomers; they have the ability to stretch and return to their original shape because of the cross linking between the chains.  Other polymers can be easily broken apart because of weak cross linking.  Some polymers have refractive qualities because they contain ordered domains.  All polymers are amorphous solids.

Guiding Questions

1. What are some differences between large molecules and small molecules?

2. What makes a chain-link fence different from a long chain?

What do the following prefixes mean:  elasto-, poly-, macro-?  

3. How might they help describe polymers?

4. Why do two balls seemingly made up of the same substance have different properties?  (Happy and Sad Balls)

Vocabulary

Polymer, elastomer, cross linking, condensation, polymerization, density, mass, volume, translucent, opaque

Materials

50% ethanol, latex, Elmer’s© white glue, Epsom© salts, saturated sodium silicate solution, 5% acetic acid, food coloring, wooden popsicle sticks, balance, weighing paper, meter stick, 25 mL graduated cylinder, 50 mL beaker, 2 L beaker, device to contain the bounce of the ball, stop watch, tape, gloves, labeling tape, paper towels, bottle brush, calculator

Safety 

· Wear safety goggles in the lab.

· Wear latex gloves when working with these chemicals.

· Label chemicals.

· Don’t eat anything in the lab.  Do not inhale chemicals.

· Report all spills to the teacher, and follow clean up directions.

· If you get any chemical in the eyes, flush them promptly and report it to your teacher.

· Keep ethanol away from an open flame.

· Report all breakages of glassware, and dispose carefully into the trash.

· Don’t remove polymer balls from the lab unless given permission to do so.

· Don’t wash polymers down the drain.

Procedure: 

· Prepare three types of polymer balls using the directions below.

· Observe the physical properties of each ball, and record your observations in the data tables below.

· Calculate volume and density of the balls using the following formulas:


Volume = 4/3 π r3
(π = 3.14 and r = radius)


Density = mass ÷ volume

Ball #1

	Chemicals needed:

· 20 mL white Elmers’s glue

· 8.1 g Epsom© salts

· 10 mL tap water

· 1-2 drops of food coloring
	Equipment needed:

· 50 mL beaker

· 1 wooden popsicle stick

· paper towel

	· Add 20 mL of white glue into a 50 mL beaker. 

· Measure 8.1 g teaspoons of Epsom© salts and 10 mL of water into a 50 mL beaker.  Stir the solution with a stick.

· Pour the salt mixture into the beaker with the glue.

· Use the wooden stick to gently roll the blob that forms.

· Remove the blob, and gently blot it on the paper towels (use the wooden stick).

· Press gently, and roll your polymer into a ball.


Ball #2

	Chemicals needed:

· 10 mL liquid latex

· 10 mL tap water

· 10 mL 5% acetic acid

· 1 L of tap water

· 1-2 drops of food coloring
	Equipment needed:

· 25 mL graduated cylinder

· 50 mL beaker

· 2 L beaker

· 1 wooden popsicle stick

	· Fill the 2 L beaker with about 1 L of tap water.

· Measure 10 mL liquid latex using the graduated cylinder, and pour it into the 50 mL beaker.

· Using a clean graduated cylinder, measure 10 mL tap water; and add it to the liquid latex in the 50 mL beaker.

· Add 1-2 drops of food coloring to the mixture in the 50 mL beaker.

· Using the graduated cylinder, measure 10 ml of 5% acetic acid solution, and add it to the 50 mL beaker with the latex and water.

· Rinse the graduated cylinder clean.

· Stir the mixture in the 50 mL beaker with the wooden stick.

· A polymer lump will form around the stick.

· Pull the stick with the polymer lump from the beaker, and immerse the lump into the 2 L beaker of water.

· Gently pull the polymer lump away form the stick under water, and mold the lump into a ball.  Gently squeeze the ball under water to remove any unused chemicals.

· Remove the ball from the water, and roll into a ball.


Ball #3

	Chemicals needed:

· 12 mL sodium silicate solution

· 3 mL of 50% ethanol
	Equipment needed:

· 25 mL graduated cylinder

· 10 mL graduated cylinder

· 50 mL beaker

· 1 wooden popsicle stick

	· Measure 12 mL of sodium silicate solution in the 25 mL graduated cylinder, and pour it into a clean 50 mL beaker.  Add a couple of drops of food coloring.

· Measure 3 mL of 50% ethanol using the 10 mL graduated cylinder, and add it to the measured sodium silicate solution in the beaker.

· Stir the mixture in the beaker using the wooden stick until a solid substance is formed.

· Remove the solid polymer, and place it in the palm of your hand.

· Gently press the solid polymer until it forms a ball that does not crumble.

· Allow a little amount of tap water over the ball, if necessary, and reshape.


Data Table: 

Polymer Ball #1

· Appearance of the ball:  __________________________________

· Elasticity of the ball:  __________________________________

· Shape of the ball:  __________________________________

	Trial #
	Bounce Height (cm)
	Total Bounce Time (s)
	Mass (g)
	Diameter (cm)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Average
	
	
	
	


Polymer Ball #2

· Appearance of the ball:  __________________________________

· Elasticity of the ball:  __________________________________

· Shape of the ball:  __________________________________

	Trial #
	Bounce Height (cm)
	Total Bounce Time (s)
	Mass (g)
	Diameter (cm)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Average
	
	
	
	


Polymer Ball #3

· Appearance of the ball:  __________________________________

· Elasticity of the ball:  __________________________________

· Shape of the ball:  __________________________________

	Trial #
	Bounce Height (cm)
	Total Bounce Time (s)
	Mass (g)
	Diameter (cm)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Average
	
	
	
	


Calculations

1. Volume of ball #1 =

2. Density of ball #1 =

3. Volume of ball #2 =

4. Density of ball #2 =

5. Volume of ball #3 =

6. Density of ball #3 =

Questions

Which ball has the greatest density?

1. Do your results match the results of other lab groups?

Which ball seems to have the greatest elasticity?

2. Support your choice with experimental data.

3. Why do we not use the water displacement method to discover the volume of the balls?

Which polymer would you recommend to a toy company that is making toy balls?

4. Support your recommendation with experimental results.

5. Why do we have three trials for each property being measured?

References

http://pslc.ws/macrog/activity/ball/lev3/level3p.htm

http://www.science-house.org/CO2/meetsci/focus/scientists/brian/brianact.html

http://www.nyu.edu/pages/mathmol/textbook/density.html

http://wupcenter.mtu.edu/education/familysciencenight/lesson_plans/Polymer_Fun_Gr_5-6.pdf
Playing With Polymers:  Polymer Balls
July 12, 2009
Page 6
Playing With Polymers:  Polymer Balls
July 12, 2009
Page 5

[image: image1][image: image2][image: image3.png]


