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Polymers

• Polymers are the giant molecules of 
chemistry.

• Chemists also call them macro-molecules.
• The small building-block molecules are 

called monomers.
• Synthetic polymers are a mainstay of 

modern life, but nature also makes polymers; 
they are found in all living matter.
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Natural Polymers

Three types of natural polymers are polysaccharides, proteins, 
and nuclei acids.

polysaccharides



3

Primary Structure of Protein - Polypeptide Chains

Peptide Bond

+ H2O

proteins
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20 Common Amino Acids
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Hydrogen Bonding in Polypeptide Chains
α-helix

Secondary Structure



6

Hydrogen Bonding in Polypeptide Chains
β- pleated sheet

Secondary Structure
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Interaction Forces in Polypeptide Chains
To form Tertiary Structure
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Tertiary Structure of a Protein
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Quaternary Structure of Polypeptide 
(hemoglobin)

Tertiary Structure
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The DNA Double Helix



11

The Backbone of a
Deoxyribonucleic Acid Molecule
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Sugars Found in Nucleic Acids
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Heterocyclic Bases
Found in Nucleic Acids
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The Pairing of Bases
in the DNA Double Helix
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DNA Replication
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Polymers
•Addition Polymers

•Condensation Polymers

•Rubbers & Co-polymers
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Addition Polymerization

• The key feature of addition polymerization is that 
monomers add to one another in such a way that the 
polymeric product contains all the atoms of the starting 
monomers.

• The steps for addition polymerization include:
– Initiation - often through the use of free-radicals.
– Propagation - radicals join to form larger radicals.
– Termination - occurs when a molecule is formed that no 

longer has an unpaired electron.
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Initiation

Propagation

Termination
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Molecular Models of a Segment 
of a Polyethylene Molecule
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Ethylene polymer derivatives
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Ethylene polymer derivatives
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Conducting Polymers
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Condensation Polymerization

• In condensation polymerization, a small portion of the 
monomer molecule is not incorporated in the final polymer.

• The monomers are held together by a certain kind of bond 
(such as an amide bond) and a molecule is eliminated in 
the process (such as a water molecule).

• This is the type of process used to make nylons and 
silicones.
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Dacron

Polyester

Polyamide
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Kevlar
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Polyurethanes
These polymers have a similar structure to the 
polyamides, which have the urethane (carbamate) group 
as part of the polymer backbone.

•Silk is a polymer of the amino acids glycine and alanine
•Wool is having disulphide (sulphur-sulphur) bonds to link 
the polymer chains together. The sulphur is present due to the 
amino acid cysteine
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Silicone Polymer
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Cross-linking Polymer

Bakelite®
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Elastomers

• Elastomers are flexible, elastic materials.
• Natural rubber is soft and tacky when hot. It can be made 

harder in a reaction with sulfur, called vulcanization.
• Several kinds of synthetic rubber were developed during 

and after World War II. Neoprene (polychloroprene) is one 
example of this.

• Copolymerization is a process in which a mixture of two 
different monomers forma a product in which the chain 
contains both monomers as building blocks.
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Rubber

Natural rubber was first introduced to Europe in the mid. 18th 
century - and is an example of an elastomer - an elastic polymer. 
A problem was that matural rubber is a very weak, soft 
thermoplastic when heated - but very brittle when cold. A process, 
vulcanisation, was invented by Goodyear, where rubber heated 
with sulphur produces a harder, less tacky elastic material. 

n
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Extent of Cross-linking
in Rubber Products
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Copolymers

Some of the most commercially important addition polymers are 
the copolymers. There are polymers made by polymerizing a 
mixture of two or more monomers. An example is styrene-
butadiene rubber (SBR) - which is a copolymer of butadiene and 
styrene. Most is vulcanized and used in tire production - though 
some is used for bubble-gum (unvulcanised
form).
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ABS - Poly(Acrylonitrile, Butadiene, Styrene)

•ABS is a copolymer of Acrylonitrile, Butadiene, and Styrene.
•ABS plastics generally possess medium strength and 
performance and medium cost.
•ABS is often used as the cost and performance dividing line 
between standard plastics (PVC, polyethylene, polystyrene, etc.)
and engineering plastics (acrylic, nylon, acetal, etc.).
•ABS polymers can be given a range of properties, depending 
on the ratio of the monomeric constituents and the molecular 
level connectivity. Typically, a styrene-acrylonitrile glassy 
phase is toughened by an amorphous butadiene/butadiene-
acrylonitrile rubber phase.
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Epoxy Resin

A Composite Material (Fiber Glass with Epoxy Resin)
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Physical Properties Of Polymers

• A thermoplastic polymer is one that can be softened by 
heating and then formed into desired shapes by applying 
pressure.

• Thermosetting polymers become permanently hard at 
elevated temperatures and pressures.

• High-density polyethylene (HDPE) consists primarily of 
linear molecules and has a higher density, greater rigidity, 
greater strength, and a higher melting point.

• Low-density polyethylene (LDPE) has branched chains and 
is a waxy, semi-rigid, translucent material with a low 
melting point.
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Organization of Polymer Molecules

HDPELDPE
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k = partition coefficient

Gel Permeation Chromatography 
(GPC)
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Polydispersity index Ip = Mw/Mn

number ave.

weight ave.

z-average

viscosity ave.
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For example,
Commercial PVC compound, Geon 87402
weight-average molecular weight (Mw)  73,800
number-average molecular weight (Mn)  37,800

Polydispersity index Ip = Mw/Mn

= 73,800/37,800 = 1.95
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TGA
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DSC (differential scanning calorimetry) or DTA (differential 
thermal analysis)
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Double glass transition
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PVC
one of the most used polymers, because it is easily 
processed and compounded, the raw materials involved in 
its formulation have a relative low cost and because a wide
range of properties can be obtained.

Plasticizers
•The most widely used primary plasticizers have a low 
molecular weight (known as monomeric plasticizers)
•The most common monomeric plasticizers are esters 
derived from phthalic acid, although other derived from 
different organic acids can be used, as phosphates, 
trimetillates, citrates, sebacates, adipates, etc.
•Polymeric plasticizers are generally saturated polyesters. 

<J. Appl. Polymer Sci., 90, 3994–3999 (2003)>

Additives in Polymers- Plasticizer, Thermal stabilizer, Dye
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•The permanence of a plasticizer in a flexible PVC 
compound depends upon three major factors which 
include structure, molecular weight/viscosity, and
polarity. 
•Branched plasticizers are more permanent than the 
equivalent but linear plasticizers, since branching tends to 
hinder movement or entangle the plasticizer within the 
polymer matrix making it more difficult to migrate or to be 
removed by volatilization or extraction. 
•Plasticizers of linear structures provide less 
permanence, but they do yield better low temperature 
properties.
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Fig. 1. Behaviour of weight loss and weight loss derivative for: 
(— ) blank polystyrene; (▲) polystyrene + DEHP; (●) 
polystyrene + ATBC.

B.p. 173 ?C for ATBC [acetyl tributyl citrate]
230 ?C for DEHP [di(2-ethylhexyl) phthalate]

Migration of Plasticizer in PVC Film to PS substrate

PS

PVC + plasticizer
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PVC problems:

Its low thermal stability, leading to
•discoloration, 
•hydrogen chloride loss 
•serious corrosion phenomena
•changes in its mechanical properties with a decrease or 
an increase in molecular weight as a result of chain-
scission or cross-linking of the polymer molecules.

<Polymer Degradation and Stability 82 (2003) 387–393>
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Thermal stabilizers include basic compounds, metallic
soaps, and organotin compounds, such as
barium–cadmium–zinc stearate complex (Ba–Cd–Zn 
stearate), dibasic lead carbonate (DBLC) (Rolite lead), 
Di- (n-butyl) tin maleate, N-acryloyl-N’-p-substituted
phenylthiourea derivatives.

The defect sites in the polymer chains are proposed to be 
responsible for the instability. 
Possible defect structures in PVC:
branching, chloroallyl groups, end groups, oxygen-
containing groups and head-to-head structures
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Thermal stabilizers
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Polymer Recycle


