Polyclassifications

Refs:  Flory, 1954 and practically any text

Polymer = “many parts”.  Where this course is concerned, “macromolecules” is the better word.  While classifying polymers in several different ways, we can learn the special jargon of this science.  

Linear polymers:  A-A-A-A-A

1. linear poly(styrene):  

monomer:  

2. nylon


monomer (there are two monomers)

About the “repeat number” x
1. Not usually the same for all molecules in a given sample:  distributions


2.  We should often write A’-(A)x-2-A’’  -- endgroups are often not important.

Addition vs. Condensation:  The two polymers above, poly(styrene) and nylon, also illustrate a basic division of synthetic polymers into 2 groups, as first proposed by Carothers in 1929, before many people even believed in covalent polymers.  

1. Addition polymers, e.g. polystyrene:  no change in chemical formula as polymerization proceeds.  Monomer === Polymer


Often, the reaction is just a change from double to single bonds, but there are other examples, such as ring openings (See Flory, 1954, p. 37 et. seq.)

2.  Condensation polymers, e.g., nylon:  monomers bearing 2 or more reactive groups join with elimination of some by-product, often water. 

Condensations need not involve two separate monomers, e.g.


a polyester

One often associates addition polymerization with free radical reactions, e.g., initiated by sunlight, while condensation usually involves simple substitution reactions.  These two great classes also place different demands on the chemist.  For example, it is difficult to prepare high-M condensation polymers.  Or narrowly distributed condensation polymers.  Nature succeeds admirably at this, though!  The living cell is a sophisticated reactor.  It is a little bit easier to make high-M, narrowly distributed addition polymers.  

Condensation




Addition
Little + little = Small



Always monomer + big

Big + little = Medium

Big + Big = Huge

Condensation resembles open aggregation; Addition resembles specific growth.  

Typical molecular weights


Condensations:  usually less than 50,000 g/mol


Addition:  can be quite high (e.g., 46 x 106 for polystyrene)



Convert that to tons/mol

Inorganic Polymers



[P=N]

Cascade Polymers


  One of the hottest areas of macromolecular…and invented at LSU

Copolymers


Block:  


Random:


Graft:  

Star polymers





Simple star



    Co-star

Letter Polymers



In Hartford, Hereford and Hampshire, H’s Hardly Happen



In Knoxville, Tennessee, they do.  



Matters in polyolefins—makes for better processing?

Combs and ladders


Rodlike Polymers

1.  helical, synthetic polypeptides                       


2. rigid backbone polymers 

Polyelectrolytes

1. Strong polyelectrolytes (e.g., salts of strong polyacids or polybases)





Sodium polystyrene sulfonate





Behavior depends on added salt. 

2. Weak polyelectrolytes (e.g., weak polyacids or polybases)


Poly(acrylic acid)

Behavior depends on added salt and pH

One of the hottest areas of fundamental polymer research involves polyelectrolytes.  Concentration of charge along a backbone, with charged groups closely separated, produces some weird distortions in the molecules…and in the surrounding solution.  Opposites may repel!  

Biopolymers (most, but not all, are polyelectrolytes)

1. Proteins

R group varies one unit to the next

Proteins are the most amazing molecules on Earth, large or small.  They have 4 levels of structure, which can confer enormously high function.  In particular, they make excellent catalysts—you are all “burning” fuel now…at 37oC….efficiently compared to most human-designed combustion devices!  It’s the proteins that do this.  They also give structure and strength and resilience.  They can change their shape—the original “smart molecule”.  

The 4 levels of structure

1. Primary:  the sequence of the amino acids

2. Secondary:  helix, coil or random sheet (and a few others)

3. Tertiary:  folding of the unit, including –S-S- bridges

4. Quaternary:  how the blobs assemble 


The natural amino acids 

(For a more complete list, see:  http://www.genome.iastate.edu/edu/gene/genetic-code.html#Amino Acids )

XXX=hard to write in a simple structure

	
	Name
	Formula
	3-letter Symbol
	Simplified

Symbol
	

	ALIPHATIC
	Alanine
	-CH3
	Ala
	A
	

	
	Valine
	-CH(CH3)2
	Val
	V
	

	
	Leucine
	-CH2CH(CH3)2
	Leu
	L
	

	
	Isoleucine
	CH(CH3)-C2H5
	Ile
	I
	

	
	
	
	
	
	

	NONPOLAR
	Glycine
	H
	Gly
	G
	

	
	Proline
	XXX
	Pro
	P
	

	
	Cysteine
	-CH2SH
	Cys
	C
	

	
	Methionine
	-C2H4-S-CH3
	Met
	M
	

	
	
	
	
	
	

	AROMATIC
	Histidine
	XXX
	His
	H
	

	
	Phenylalanine
	-CH2-(
	Phe
	F
	

	
	Tyrosine
	-CH2-(-OH
	Tyr
	Y
	

	
	Tryptophan
	XXX
	Trp
	W
	

	
	
	
	
	
	

	POLAR
	Asparagine
	CH2CONH2
	Asn
	N
	

	
	Glutamine
	C2H4CONH2
	Gln
	Q
	

	
	Serine
	CH2OH
	Ser
	S
	

	
	Threonine
	CH(OH)CH3
	Thr
	T
	

	
	
	
	
	
	

	CHARGED
	Lysine
	-C4H8NH3+
	Lys
	K
	

	
	Arginine
	XXX
	Arg
	R
	

	
	Aspartate
	CH2COO-
	Asp
	B
	

	
	Glutamate
	C2H4COO-
	Glu
	E
	

	
	
	
	
	
	


Nucleic Acids


Nucleic acids are how we get (or “code”) proteins.  There are 4 bases (called A,T,G,C).  Three of these in a row gives a "codon" which tells the cellular machinery to add a particular amino acid.  Nucleic acids are much less prevalent than proteins, in the same sense that auto factories are less prevalent than automobiles.  They make interesting model polymers for a variety of studies—from better understanding of polymer flexibility to liquid crystal behavior.  

You can get a list of the codons for the various amino acids at:  

http://www.genome.iastate.edu/edu/gene/genetic-code.html#Amino Acids

Branched Polymers


Some of the same features as dendrimer/cascade 

molecules at lower cost.  

Networks (Gels)


Keep on branching.  The ultimate molecule:  M = ((
Thermoplastic/Thermoset

Macromolecular chemistry involves chemists, biologists, physicists, and various engineers.  The engineers, just like average citizens, have very little use for a molecular point of view.  They tend to divide the polymer world into thermoplastic and thermoset “resins”. 

Thermoplastic:  when you heat it, it flows (e.g., polyethylene)

Thermoset:  when you heat it, it “sets up” into a solid (e.g., epoxy glue)

#
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size





S-S link





Subunit 





Subunit 





Normal synthetic polymer





Protein





#





size





#





Polydisperse





Monodisperse





Paucidisperse
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