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Polymers are large molecules that are build up of a number of repeating units called monomers. 

The name of the polymers is often based on their repeating units.

Example:

From the monomer styrene
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one can make the polymer polystyrene (PS):
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Polystyrene are made up from the repeating unit
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The structural formula of polystyrene is usually written as
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where n is the number of repeating units in the polymer.

Examples of other polymers:

Monomer
Repeating unit


[image: image5.wmf]C

H

H

C

H

H



[image: image6.wmf]C

C

H

H

H

H

(

)

n


Ethylene
Polyethylene (PE)

[image: image7.wmf]C

H

H

C

H

C

H

3



[image: image8.wmf]C

C

H

H

H

C

H

3

(

)

n


Propylene
Polypropylene (PP)
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Ethylene oxide
Poly(ethylene oxide) (PEO)
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Vinyl chloride
Poly(vinyl chloride) (PVC)
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Poly(vinyl alcohol) (PVA)
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Poly(vinyl acetate) (PVAC)
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Poly(tetra fluoro ethylene) (PTFE), 


Teflon
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Polyamide 6 (PA 6), Nylon 6
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Polyamide 6,10 




(PA 6,10), Nylon 6,10

The above polymers and many others are usually made by synthesis from their monomers. However, one can also make polymers from natural sources. These polymers are called biopolymers. Some examples of biopolymers are cellulose derivatives, gelatin, pectin, chitosan and alginate. These polymers often have a complex molecular structure:
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Pectin

Homopolymers and copolymers:

Homopolymers consists of only one type of repeating unit: 
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 poly(A)
Copolymers: Polymers consisting of more than one type of repeating unit. Type of copolymers:

Block copolymer: 
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 poly(A-block-B)

Graft copolymer: 
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 poly(A-graft-B)

Alternating copolymer: 
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 poly(A-alt-B)

Random copolymer: 
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poly(A-co-B) 

Molecular architecture:

The shape of the polymer molecule is important for many of its properties:

Linear: 
[image: image24.png]



Short-chain branched: 
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(tends to reduce crystallinity)

Long-chain branched: 
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(have effect on rheological properties)

Ladder: 
[image: image27.png]



(gives strength and high thermal stability)

Star branched: 
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Cross-linked network: 
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Molecular weight:

The molecular weight of polymers can be from a few thousands to several millions. Often the polymer chains in a polymer sample contain different numbers of repeating units. Then we can only get an average molecular weight of the polymer. If the distribution of molecular weights is very small we say that we have a monodisperse sample. If the sample contains polymer chains of many different lengths, we have a polydisperse sample.

Microscopic Structure versus Global Conformation:
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(a) Microscopic Structure of Polyethylene

(b) Macroscopic conformation of Polyethylene
Concentration Regimes:
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a) Dilute regime: In dilute polymer solutions, the molecules (coils) act as individual units without intermolecular interactions.

b) Intermediate regime between a dilute and semidilute solution.

c) Semidilute regime: In this regime, the polymer molecules overlap each other and form a transient network.

Amorphous/crystalline polymers:
Amorphous polymers: The polymer chains are disordered.
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Amorphous polymers are hard and brittle (glassy) at low temperatures, and soft and flexible (rubber-like) at higher temperatures. 


Glassy
|
Rubbery

Tg (glass transition temperature)

The glass transition temperature marks the transition between the two regions. Tg differs from polymer to polymer (dependent on intramolecular bonds), and can be affected by additives (e.g. softeners). Therefore some polymers are hard at room temperature while others are soft and flexible.

Crystalline polymers: The polymer chains are aligned up. 
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Crystalline polymers will always contain some amorphous regions.
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In crystalline polymers, there are strong intermolecular bonds between the polymer chains.  The polymers will therefore not get as soft as an amorphous polymer upon heating. 

Both crystalline and amorphous polymers will melt at high temperatures, provided they are not cross-linked.

Polymer materials and uses:

Polymers come in numerous different types, and are vastly used in today's society.

Polymer materials consist of one or more kind of polymer and usually other additives (e.g. softeners, fillers, stabilizers, pigments, antioxidants). 

Rubbers (elastomers) are polymer materials with elastic properties. Rubbers are lightly cross-linked materials that have the ability to stretch and retract rapidly. 
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Plastics are kind of polymer material that do not exhibit rubber-electricity. They can be divided into two kinds:

Thermoplastics: softens and flows upon application of heat. Can be heated up and reshaped many times.

Thermoset: Once heated, set irreversible so that subsequent application of heat do not cause it to flow again. This is due to a cross-linking process at high temperatures.

Fibers - textiles, ropes, cables,...

Coatings - paints, coating of drugs,...
Adhesives - glues, tapes,... 

Gels - When a semidilute polymer solution is cross-linked either chemically or physically, a gel may form. Gels usually contain just a few percent of polymer and consist mainly of a solvent (usually water). Addition of more solvent may cause the gel to swell. Uses: absorbent (e.g. in diapers), controlled drug delivery, cosmetics, food, ... 

Polymers can also be used as additives to other materials (e.g. as thickeners). Much used in the cosmetic industry, foods,... 
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