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Polymerization Lab

Introduction: 

Polymers (Greek-POLY...many and MEROS...parts) have existed since the beginning of life. Both "natural" and "synthetic" polymers are an integral part of our life. Most of the natural and synthetic materials with which we come in contact are wholly or partly polymeric in nature (Carboyhydrates, cellulose, plastics, etc.). 

Polymers (plastics) are large molecules (macromolecules) made up of repeating units called "mers" or more correctly "monomers". These "units" are chemical molecules.   

There are two polymerization mechanisms: addition and condensation.  In this lab we’ll be modeling both the addition mechanism and the condensation mechanism.  

Condensation polymerization occur according to mechanisms already described for ester formation and amide formation.  The steps of the addition mechanism are as follows: 

1. Initiation

2. Propagation

3. Termination
Initiation: 

Free radicals are introduced as initiators to the polymerization process. The formation of a sample radical and its action on a monomer may be described as: 
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In the presence of UV light or other high energy sources, a monomer may also form a radical. In this lab the initiator and monomer were considered as totally different, but the monomer’s double bond could be altered  as it is struck by UV light. 

A popular example of a harmful radical is one formed by the types of Chloro-Fluoro-Carbons that we use as refrigerant gases. 

[image: image2.png]v v

| UV lignt ! note: only bonding electrons
I
|

c o
chioro-fluoro carbon (freor) rdics]l  radical




The very reactive ozone of the ozone layer of the atmosphere may cause the same reaction, also forming unstable radicals. 

Propagation:  A free radical is used, but another is produced and the chain continues to grow until all of the monomer is used.


Termination: Free radicals combine


Objectives:

1. Learn to distinguish between addition and condensation polymers
2. Identify repeating units and monomers

3. Draw polymers formed, given monomers 

Part 1: Addition polymerization

Procedures: 
1) With your modeling kit construct 3 ethene monomers by forming a double bond between two black carbon atoms with the spring like double bonds.   Add the appropriate number of hydrogen atoms.
a. Draw the structure of the monomer below (not as it actually looks…with symbols for the elements and lines for bonds…)

2) Initiation: Using an oxygen atom, in this case, representing a free radical, initiate the polymerization by breaking one of the double bonds and connecting it to the oxygen free radical.  
a. Remember that a free radical is an atom that has an unpaired electron. So, of the two electrons in the bond you just broke, only one was shared with the oxygen free radical.  The other electron still belongs to the molecule, creating a larger free radical which then reacts with another ethene monomer. 
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3) Propagation: Continue the addition polymerization until you have used up all of your monomers.  
a. You should note that the polymer you’ve created is still capable of reacting since it’s still a free radical.  

4) Termination: You will need to find a partner and bond your two free radicals together. 

5) Sketch the structure of your polymer below.  (not how it actually looks – use letters for atoms, lines for bonds).
6) Are there any double bonds in the polymer? 
7) Addition polymers are made from molecules (monomers) with what functional group? 

8) Does the functional group on the monomer appear in the polymer?  If yes, circle it in your sketch above.  If not, explain why not. 
9) The polymer you drew is called polyethylene.  Is it named after the monomer or the polymer? 

10) Draw the polymer that would be made from 1,2-dibromoethene

11) In the polymers below, circle the repeating unit, give the monomer used to make each one and name the monomer.
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12) Vinyl and ethylene are other names for ethene.  Can you tell which of the above polymers is

a. PVA (Poly vinyl alcohol)

b. PPE (Polypropylene)

c. Teflon® PTFE  (polytetrafluoroethylene)

d. PVC (Poly vinyl chloride)

Part 2: Condensation polymers 

1) What are the products of a reaction between a carboxylic acid and an alcohol? ___________________________________________________________________________________

2) What are the products of a reaction between a carboxylic acid and an amine? 

___________________________________________________________________________________

Polymer A:  Polyester
3) Begin by cutting out all of the molecules for Polymer A. Make sure to only cut along the solid lines first save the dotted line for later.
4) How many functional groups appear on each monomer?  Are they the same or different? _______________________________________________________________________________________
5) Unlike addition polymerization condensation polymers can propagate from both ends of the molecule.  Gather together the monomers for Polymer A and begin by cutting along the dotted lines on one of the monomers. 
6) Cut along the dotted lines on a second monomer and fit these two together. 
a. What functional group was formed? _______________________
7) Fit together the parts that you cut out.  What molecule was formed? _______________
8) Continue to cut out and fit together the monomers for polymer A

9) One you have completed these steps for Polymer A tape it together 
10) How are condensation polymers different from addition polymers in terms of…? 

a. Functional group change

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

b. Mechanism

i. How does initiation occur?

___________________________________________________________________________________

___________________________________________________________________________________

ii. Does it matter from what end you add the next monomer? 

___________________________________________________________________________________

___________________________________________________________________________________

iii. How does termination occur? 

___________________________________________________________________________________

___________________________________________________________________________________

c. Products

___________________________________________________________________________________

___________________________________________________________________________________

11) Why won’t ethanoic acid and ethanol form a polymer? 
___________________________________________________________________________________

___________________________________________________________________________________

12) The polymer you’ve created is called polyester.  Why is it called that? 
___________________________________________________________________________________

___________________________________________________________________________________

13) Draw the polymer formed from the following monomers

	Monomer
	Polymer

	a. 
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	b. 
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	Challenge: 
c. 
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14) Circle the repeating unit in the polymers below and identify the monomer that makes each one
	Polymer
	Monomer

	a. 
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Polymer B: Polyamide (Nylon), a copolymer
15) Begin by cutting out all of the molecules for Polymer B. Make sure to only cut along the solid lines first save the dotted line for later.
a. How many monomers are there? ______________________
b. How many functional groups appear on each monomer?  ______________________
c. Are the functional groups on each monomer the same or different? _____________
16) Gather together the monomers for Polymer B and begin by cutting along the dotted lines on one of the monomers. 

17) Cut along the dotted lines on a second monomer and fit these two together. 
a. What functional group was formed? 
___________________________________________________________________________________
18) Fit together the parts that you cut out.  What molecule was formed? 

_______________________________________________________________________________________

19) Continue to cut out and fit together the monomers for Polymer B. Once you have completed these steps for Polymer B tape it together 
Polymer C: A Copolymer polyester
20) Begin by cutting out all of the molecules for Polymer C. Make sure to only cut along the solid lines first save the dotted line for later.
a. How many monomers are there? ______________________

b. How many functional groups appear on each monomer?  ______________________

c. Are the functional groups on each monomer the same or different? _____________

21) Gather together the monomers for Polymer C and begin by cutting along the dotted lines on one of the monomers. 

22) Cut along the dotted lines on a second monomer and fit these two together. 
a. What functional group was formed? 
___________________________________________________________________________________

23) Fit together the parts that you cut out.  What molecule was formed? 

_______________________________________________________________________________________

24) Continue to cut out and fit together the monomers for Polymer C. Once you have completed these steps for Polymer C tape it together 
25) How is this polymer similar to Polymer A, but different  from Polymer B?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

26) How is this polymer different from Polymer A, but similar to Polymer B?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

27) Amino Acids are compounds that have a carboxylic acid and an amine group.  The structures of the 20 amino acids are given in your data booklet, which I’ve provided a copy of.  For each amino acid identify the amine group and the carboxylic acid group

a. What makes the amino acids different? 

_______________________________________________________________________________________

_______________________________________________________________________________________

b. When amino acids bond, a “peptide” bond is formed.  What functional group is formed when two amino acids bond?  _________________________________________
c. Which polymer (A, B, or C) is similar to a polypeptide?  ___________________________
d. Draw the polypeptide Lys-Val-Gly

e. Proteins are a series of amino acids, but they are not considered polymers because there is no repeating unit.  The sequence of amino acids is not the same through out each protein.   Explain how they are similar to polymers and why one might  think they are polymers. 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Review: 
28) Describe, in your own words, the difference between addition polymers and condensation polymers.

29) Look at the polymers that you taped together and your drawing of the addition polymer.  How can you distinguish between addition and condensation polymers? 

30) How can you tell if the polymer is made of more than one type of monomer? 

31) If you can distinguish between addition and condensation polymers, then you can figure out what the monomers are.  Describe how you would do this for the three kinds of polymers.  
32) Practice:

i. Identify the following as an addition or condensation polymer

ii. Circle the repeating unit

iii. Identify the monomer(s)

	a. 
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	c. 
[image: image15.wmf]R

N

H

N

H

N

H

O

O

O

R

C

H

3

C

H

3

C

H

3

n



	d. 
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	e. 
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Polymer A
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Polymer B
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Polymer C
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