
POLYMERS 

Introduction : The word "polymer" is derived from two 

Greek words, polys (= many) and mers (= parts or 

units). A polymer is a large molecule which is formed by 

repeated linking of small molecules called "monomers". 

Example: Polyethene is a polymer formedby linking 

together of a large number of ethene (C2H4) molecules.  



    Thus, small molecules which combine with each other 

to form polymer molecules, are termed monomers ; 

and the "repeat unit" in a polymer is called mer.  

Characteristics of Polymers : 

1. Polymeric molecules are very big molecules. There 

average molecular weights may approach 105 or more. 

That's why, they are also known as macromolecules.  

2. Polymers are semi-crystalline materials. It means they 

have both amorphous and crystalline regions. In fact, 

polymers have regions of crystallinity, called crystallites, 

embedded in amor- phous regions. Crystallites provide 

strength and hardness and the amorphous regions 

provide flexibility to the polymeric material.  
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3. The intermolecular forces in polymers can be Vander 

Waals' forces, dipole-dipole attractions or hydrogen 

bonding. These intermolecular forces are in addition to 

covalent bonds which connect the repeating units into a 

macromolecule. 

4. The chemical, electrical, optical, mechanical and thermal 

properties of polymers depend on (i) size and shape of 

polymers, and (ii) the presence or absence of 

characteristic intermolecular forces. These parameters 

not only determine the properties of the polymers, but 

also the performance of these materials in a given 

applications.   
5. Polymers show time-dependent properties.  
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6. Polymers are combustible materials.  

7. Polymers have low densities and they show excellent 

resistance to corrosion.  

8. Generally, polymers are thermal and electrical insulators.   

9. Polymeric materials are easily mouldable even into complex 

shapes with reproducible dimensions with a minimum of 

fabrication and finishing cost.  

CLASSIFICATION OF POLYMERS :  

1. Based on Number of Monomers : Polymers can be 

homopolymer or copolymer when the number of monomers 

are one and two respectively.  

(i) Copolymers : Molecules which are built up of at least two 

different kinds of monomer are known as co-polymers. 

Thus, a co-polymer is obtained when two or more suitable 

monomers are polymerised together.  

POLYMERS 



    The chains of co-polymer consist of repeating units 
derived from each monomer. Following are some 
common types of co-polymers : 

(a) Alternating co-polymers      (c) Block co-polymers  

(b) Random co-polymers          (d)Graft co-polymers  

(a) Alternating co-polymers: In such Co-polymers, the 
different repeating units alternate in each chain. If A 
and B represent two different units then an alternating 
co-polymer will be represented as,  

                                         -ABABABAB- 

(b) Random Co-polymers: In this type of copolymers, the 
different repeating units are not arranged in a 
systematic manner but are randomly arranged, e.g.  

                            -ABAABABBAAABA-  
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(c) Block Co-polymers: In such co-polymers, block of 

repeating units of one type alternate with block of 

another type, e.g.  

                         -AAAABBBBAAAABBBB-  

(d) Graft Co-polymers: In such co-polymers, blocks of one 

repeating units are attached or grafted to a block of 

linear polymer, e.g.  
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(ii) Homopolymers: If the polymers consist of monomer of 

identical chemical structure then they are called 

homopolymers, e.g.,  
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2. Based on Tacticity : 

  The orientation of monomeric units in a polymer molecule 

can take place in an orderly or disorderly fashion with 

respect to the main chain. The difference in configuration 

(tacticity) do affect their physical properties. Based on 

tacticity they are classified as follows:  

(i) Isotactic Polymer: The head-to-tail configuration, in 

which the functional groups are all on the same side of 

the chain, is called isotactic polymer, e.g.,  
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(ii) Atactic Polymer: If the arrangement of functional 

groups are at random around the main chain, it is called 

atactic polymer, e.g., polypropylene.  
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iii) Syndiotactic: If the arrangement of side groups is in 

alternating fashion, it is called syndiotactic polymer, 

e.g., gutta percha.  
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3. Depending upon Functionality Functionality: For a 

substance to act as a monomer, it must have at least two 

reactive sites or bonding sites. The number of bonding 

sites in a monomer, is referred to as its functionality. In 

ethylene, the double bond can be considered as a site 

for two free valencies. When the double bond is broken, 

two single bonds become available for combination. 
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(i) Linear or Straight Chain Polymer: In case of a 
bifunctional monomer, two reactive groups attach side 
by side to each other forming linear or straight chain 
polymer. Linear molecules consist of monomer units 
linked by primary covalent bonds, but the different chains 
are held together by secondary vander waals forces of 
molecular attraction. This gives the possibility of chain 
movement in one direction. 
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(ii) Branched Chain Polymers: During the chain growth, 

side chains may also form, resulting in branched-chain 

polymers. Such a molecule is a linear, but the movement 

in brached-chain molecules is, generally, more restricted 

than that of simple straight-chain molecules. A branched-

chain polymer also results, when a trifunctional 

monomer is mixed in small amounts with a bifunctional 

monomer and  

    polymerised.  
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(iii) Network Polymer: In case of polyfunctional groups, 

monomer molecules are connected to each other by 

covalent bonds, resulting in the formation of a three-

dimensional netwrork polymer. In such polymeric 

molecules the movement of individual molecules is 

prevented by strong cross-links. 
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4. Based on Origin : 

    Based on origin, the polymer can be broadly classified 

into three groups:  

(i) Natural Polymers: These polymer occur in nature, 

i.e., they have either vegitable or an animal origin. 

They include starch, cellulose, proteins, nucleic acids, 

natural rubbber etc. cellulose and starches are the 

polymers of glucose.  

 Natural rubber contains isoprene (2-methyl-1, 3-butadiene) 

repeat unit.  
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(ii) Synthetic Polymers: Synthetic polymers are man 

made polymers. Most of the synthetic polymers are long-

chain organic molecules containing thousands of 

monomer units. Most common synthetic polymers are :  
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(iii) Inorganic Polymers: These are polymers containing 

no carbon atoms. The chains of these polymers are 

composed of different atoms joined by chemical bonds, 

while weaker inter-molecular forces act between the 

chains, e.g.,  
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Classification Based on Molecular Forces : 

(i) Elastomers: Held together by the weakest 
intermolecular forces e.g., Vulcanized Rubber. 
Vulcanization is a process of treating natural rubber 
with sulphur. Rubber is vulcanized to render it 
nonplastic and give it greater elasticity and ductility.  

(ii)  Fibres: Strong intermolecular hydrogen bonding, e.g., 
nylon-66. 

(iii)  Thermoplastics: Some polymers soften on heating 
and can be converted into any shape that they can 
retain on cooling. The process of heating, reshaping 
and retaining the same on cooling can be repeated 
several times. Such polymers, that soften on heating 
and stiffen on cooling are termed 'thermoplastics' e.g., 
polyethylene, PVC, nylon and sealing wax.  
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(iv) Thermosetting: Some polymers undergo some 

chemical change on heating and convert themselves into 

infusible mass. They are like Yolk of egg, which on 

heating sets into a mass and once set cannot be 

reshaped. Such polymers, that become infusible and 

insoluble mass on heating, are called 'thermosetting' 

polymers e.g., bakelite.  
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POLYMERIZATION : Polymerization is the process by 

which simple (monomer) molecules join together to form 

very large (polymer) molecules. Hence, the synthesis of 

large molecular weight polymers by the combination of 

monomer molecules is termed as polymerization. There 

are three different ways for doing polymerizaton : 

 (a) By opening a double bond, e.g.,  
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(b) By opening a ring e.g. 

 

 

 

(c) By using molecules having two functional groups e.q. 
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Types of Polymerization :  

   (1) Addition Polymerization : 

    In addition polymerization, the polymer is formed from the 
monomer, without the loss of any material and the product 
is an exact multiple of the original monomeric molecules.  

    Addition polymerization reactions proceed by a chain 
reaction mechanism consisting of three important steps,  

(i) Initiation or the formation of an active centre,  

(ii) Propagation or the formation of a polymer having the 
active centre 

(iii) Termination or removal of the active centre.  

   The three different types of active centres have been found 
to be formed during the addition polymerization, viz., free 
radical, carbonium ion and carbanion. So the mechanisms 
involving these reactive species in polymerization constitute 
the mechanism of addition polymerization.   
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(a) Free radical polymerization : 

  Free-radical polymerization form only linear molecules.  

(i) Initiation step: It involves the formation of a free-radical 

from a radical initiator such as benzoyl peroxides, and 

other materials that can generate free radicals.  

POLYMERS 



   The radical so formed then adds to the monomer to form 

a new free radical, e.g., it adds to vinyl monomer in the 

following way  
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(ii) Propagation step: The new free radical now adds to 
another molecule of monomer to form another new free 
radical until a large free radical is formed .  

 

 

 

 

 

 

 

    After the first few steps the addition of a monomer unit 
proceeds at a constant specific rate independent of the 
chain length of free radical formed.  
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(iii) Termination step: Termination of chains usually 

occurs by radical coupling or disproportionation 

reactions.  

By coupling or combination, e.g.,  
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Disproportionation:  In which a hydrogen atom of one 

radical centre is transferred to another radical centre. 

This results in the formation of two polymer molecules, 

one saturated and other unsaturated, e.g.,  
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(b) Ionic Polymerization : 

   (i) Anionic Polymerization: Anionic polymerization 

involves following steps:  

Initiation: A number of reagents are used to bring about 

initiation the most important being n-butyl lithium and 

lithium amide.  
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Propagation : 
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Termination:  Termination occurs by a hydride transfer or 

by the action of reactive centres with solvent or with - 

nctional group of the monomer,  
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(ii) Cationic Polymerization: Cationic polymerization is 

initiated by acids and involves carbocationic centres. 

Monomers with electron-releasing substituents such as 

alkoxy or phenyl groups readily undergo this type of 

polymerization. The mechanism is as follows: 

Initiation: 
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Propagation : 
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 (c) Co-ordination Polymerization : Co-ordination addition 

polymerization are catalysed by a catalyst known as 

zeiglerNatta catalysts formed between triethyl 

aluminium AI(C2H5)3 and titanium halide TiCI3. A co-

ordination complex is formed between these two, in 

which the ethyl group is co-ordinated to titanium, this is 

an active catalyst and its structure is as :  
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Initiation: In the initiation step, π-cloud of alkene overlaps 

with an empty orbital of titanium, then there is insertion 

of alkene molecules between the Ti-C bond.  
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Propagation: As intermolecular rearrangement again 

generates a vacant site on titanium, each time one 

monomer molecule can be added in the same fashion.  
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Termination: It can be done by the addition of molecules 

containing active hydrogen like HX.  

POLYMERS 



2. Condensation Polymerization : 

    Condensation polymerization involves the combination of 

several monomers to one another as a result of the 

migration of some mobile atom (generally hydrogen 

atom) from one molecule to another molecule with the 

elimination of some simple molecules (such as H20, HCI 

etc.).  

Example : 
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3. Copolymerization : Copolymerization has been used by 

nature in polypeptides which may contain as many as 

20 different amino acids.  Copolymerization is a 

polymerization of two or more monomeric species 

together.  

Example : 
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Natural Rubbers : 

1. Caoutchouc or Hevea Rubber :  

    The main source from which the commercial natural 
rubber is obtained is the tree hevea braziliensis, The 
rubber is obtained from latex collected from the cuts 
made in the bark of the tree, The latex contains 25% to 
40% of rubber hydrocarbon along with other 
impurities,such as fatty acids, proteins, resins, etc. The 
latex is treated with an acid such as acetic acid which 
coagulates the Crude rubber. The crude rubber is 
composed of 90-95% of rubber hydrocarbon, 2-4% of 
protein and 1 to 4% of resins. On destructive distillation, 
rubber gives isoprene as the main product which led to 
the suggestion that rubber is a polymer of isoprene, C5H8 
and hence can be represented (C5H8)n. 
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2. Gutta percha : It is obtained from the mature leaves of 

dichopsis gutta and palagum gutta trees. Gutta percha 

may be recovered by solvent extraction, when insoluble 

resins and germs are separated. Alternatively, the 

mature leaves are ground carefully; treated with water at 

about 70°C for half an hour and then poured into cold-

water when gutta percha floats on water surface and is 

removed. 

Structure :  
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Properties: 

1. At room temperature, gutta percha is horny and tough, 
but it softens at about 100°C. 

2.  It is soluble in aliphatic hydrocarbons, but insoluble in 
aromatic and chlorinated hydrocarbons.  

3. Structurally it is trans-poly-isoprene. 

Uses: 

1. In the manufacture of golf-ball covers. 

2. In the manufacture of submarine cables. 

3. In the manufacture of adhesives and tissues for 
surgical purpose.  
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VuIcanization of Rubber :  

    Raw rubber is of little use as such because it has very 
undesirable properties, e.g; it  possesses elasticity only 
over a limited range of temperature, does not resume     
its original shape after being extended and becomes 
softer, more plastic and sticky on heating and brittle on 
cooling. The undesirable properties may be overcome by 
a process known as vulcanization.  

Process : The process consists in heating the raw rubber 
with sulphur to 100-140°C. The added sulphur combines 
chemically at the double bonds of different rubber 
springs. Vulcanization thus serves to stiffen the material 
by a sort of anchoring and consequently, preventing 
intermolecular movement of rubber springs. The extent 
of stiffness of vulcanized rubber depends on the amount 
of sulphur added. The vulcanization can also be done by 
hydrogen sulphide and benzoyl chlorides. 
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Advantages of Vulcanization Vulcanized rubber :  

(1) has good tensile strength and extensibility.  

(2) has excellent resilence, i.e., article made from it returns 
to the original shape,when the deforming load is 
removed;  

(3) has higher resistance to oxidation .  

(4) has much higher resistance to wear and tear as 
compared to raw rubber. 

(5) is better electrical insulator, although it tends to absorb 
small amount of water.  

Ebonite (raw rubber vulcanized with about 32% rubber) is 
better insulator.  

(6) is resistant to organic solvents (such as petrol, 
benzene, carbon tetrachloride), fats and oils. It swells in 
these liquids.  
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Synthetic rubber : Synthetic rubber is the term used for 

that rubber like material which is obtained by means of 

synthesis (i.e., in the laboratory) and can compete with 

natural rubber in its many uses. 

(a) Styrene Rubber or Buna-S : Buna-S is copolymer of 

75% butadiene (CH2=CH-CH=CH2) and 25% styrene 

(C6H5CH=CH2). The polymerization is carried out in an 

emulsion system at 50°C in the presence of peroxide 

catalyst. The polymer consists of the repeating units of 

mainly 1, 4-addition product of butadiene along with a 

small amount of I, 2-addition product.  
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Properties: 1. Styrene rubber resembles natural rubber in 
processing characteristics well as quality of finished 
products.  

2. It possesses high load-carrying capacity. 

3. It gets readily oxidized, especially in presence of traces 
of ozone present in the atmosphere.  

4. It can be vulcanized in the same way as natural rubber 
either by sulphur or sulphur monochloride (S2CI2). 

 Uses: 1. It is mainly used for the manufacture of motor 
tyres.  

2. Other uses of this elastomer are floor tiles, shoe sholes, 
gaskets, footwear components, wire and cable 
insulations,  adhesives etc.  
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(b) Nitrile Rubber or Buna-N: It is a copolymer of 75% 

butadiene and 25% acrylonitrile (CH2=CHCN).  
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Properties:  

1. It possesses excellent resistance to heat, sunlight, oils, 
acids and salts, but it is less resistant to alkalis than 
natural rubber, because of the presence of cyano 
groups (-CN). 

2.  As the proportion of acrylonitrile is increased, the 
resistance to acids, salts, oils, solvents, etc., increases. 

3.  Vulcanized-nitrile rubber is more resistant to heat and 
ageing than natural rubber and may be exposed to high 
temperatures. 

 Uses: For making conveyor belts, high altitude aircraft 
components, tank-linings, printing rollers, adhesives, 
oil-resistant foams and automobile parts, etc.  
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(c) Butyl Rubber: It is a copolymer of 98% isobutene 

(Me2C=CH2) and nearly 2% butadiene or isoprene 

(CH2=CMe-CH=CH2); the latter is added to introduce the 

necessary ethylenic linkages for vulcanization.  
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POLYAMIDES : 

Nylon is a generic term for synthetic polyamides capable of 

forming fibres. polyamides are synthetic polymers, which 

have recurring amide groups. Polyamides of commercial 

importance are Nylon 6; Nylon 6 : 6, Nylon 6 : 10 and 

Nylon 11.  

Nylon 6 : 6 It is prepared by the condensation of adipicacid 

and hexamethylene diamine in the absence of air. The 

amine and carboxyl groups condense to form amide 

linkage with the evolution of water. 
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Nylon 6 :  It is produced by the self condensation of ε-

amino caproic acid. 
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Nylon 6 : 10 It is prepared from reaction between 

hexamethylene diamine and sebacic acid to produced 

hexamethylene sebacamide (Nylon 6 : 10). 
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Polyester : These are the condensation products of 

dicarboxylic acid with dihydroxy alcohols.  
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Properties:  

1. Because of its relative symmetrical structure and 
presence of numerous polar groups, the polyester is a 
good fibre-forming material and is converted into 
commercial fibres. 

2.  Such fibres have high stretch-resistance (due to high 
stiffness of polymer chains). 

3.  Polyethylene terephthalate (PET) is highly resistant to 
mineral and organic acids, but is less resistant to alkalis. 

Uses : 1. It is mostly used for making synthetic fibres like 
terylene, dacron etc. 

2.  For blending with wool to provide better crease and wrinkle 
resistance.  

3.  As glass reinforcing material in safety he/ments, aircrafls 
ballery boxes, etc.  
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Polymethyl Methacrylate (PMMA) or Lucite or 

Plexiglass : It is obtained by polymerization of methyl 

methacrylate (ester of methyl acrylic acid, 

CH2=C(CH3)COOH) in presence of acetyl peroxide or 

hydrogen peroxide. It is an acrylic polymer.  
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Properties:  

1. Polymethyl methacrylate (PMMA) is hard, fairly rigid 
material with a high softening point of about 130-140°C, 
but it becomes rubber-like at a temperature above 
65°C. 

2.  This relatively wide span of temperature from its rigid 
state to viscous consistency accounts for the 
outstanding shape-forming properties of polymethyl 
methacrylate. 

3.  It has high optical-transparency, high resistance to 
sunlight and ability of transmitting light accurately, even 
in curved sections.  

Uses: For making lenses, aircraft light fixtares, transparent 
models of compljcated machines, bone splints, artificial 
eyes, dentares, emulsions, paints, adhesives, 
automotive appliances, jewellery, wind screens, T. V. 
Screens, guards etc.  
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POLYACRYLONITRILE (PAN) : It is also known as 

polyvinyl cyanide and obtained from acrylonitrile. 

 

 

 

 

Properties : It is quite hard, horny material of high melting 

point.  

Uses : It is used for cloth, carpets and blankets.  
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POLYSTYRENE : It is prepared by polymerization of 

styrene (dissolved in ethyl benzene) in presence of 

peroxide catalyst.  
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Properties: 

1. Polystyrene is a transparent, light, good light-stable, 
excellent moisture-resistant.  

2. It can be nitrated by fuming nitricacid and sulphonated 
by conc. H2S04. At about lOO°C, it yields water-soluble 
emulsion. 

3.  It is highly electric insulating, highly resistant to acids 
and good chemical-resistant.  

4. It has the unique property of transmitting light through 
curved sections.  

Uses: In moulding of articles like toys, combs, buttons, 
buckles, radio and television parts, refrigerator parts, 
battery cases, high frequency electric insulators, 
lenses, indoor lighting-panels, etc.  
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CONDUCTING POLYMERS : Polymers which can conduct 

electricity are called conducting polymers. Ordinary 

polymers obtained by usual methods are nearly 

insulators. However, some specific polymers may act as 

conductors.  

Classification: Conducting polymers may be classified as 
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1. Intrinsically conducting polymers : 

    These types of polymers have a solid backbone made 
up of extensive conjugated system, which is responsible 
for conductance. They may  be of two types:  

(i) Conducting polymers having conjugated π-
electrons in the backbone : These polymers 
essentially contain a conjugated π-electron backbone 
responsible for electrical charge. Under the influence of 
electrical field conjugated π -electrons of the polymer 
get excited, which can then be transported through the 
solid polymer. Fulther, overlapping of orbitals of 
conjugated π -electrons over the entire backbone 
results in the formation of valence bands as well as 
conduction bands, which extend over the complete 
polymer molecule. The presence of conjugated π -
electrons in polymers increases its conductivity, e.g.,  
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Polypyrrole 
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(ii) Doped conducting polymers: The conducting 
polymers obtained by exposing the polymer to a charged 
transfer agent in either gas phase or in solution are 
called doped conducting polymers.  

    Doping is the process by which conductivity of the 
polymers may be increased by creating negative or 
positive charge on the polymer backbone by oxidation or 
reduction.  

    Doping may be of two types:  

(A) p-Doping : It is done by oxidation process. In this 
process, the conducting polymer is treated with a Lewis 
acid.  
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(B) n-Doping : It is done by reduction process. In this 

process, the conducting polymer is treated with a Lewis 

base.  

       (CH)x    +       B                           (CH)-
x B+ 

Polyacetylene    Lewis base             n-Doped polyacetylene  

Advantages of intrinsically conducting polymers :  

(i) Their conductivity  

(ii) Their ability to store a charge.  

(iii) Their ability to undergo ion exchange.  

(iv) They can absorb visible light to give coloured products.  

(v) They are transparent to X-rays.     
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Limitations of intrinsically conducting polymers:  

(i) Their conductivities are poorer than metals.  

(ii) Their improcessability.  

(iii) Their poor mechanical strength.  

(iv) They are less stable at high temperatures.  

(v) On storage they lead to loss in their conductivity.  

POLYMERS 



2. Extrinsically conducting polymers : 

    Those conducting polymers which owe their conductivity 
due to the presence of externally added ingredients in them 
are called extrinsically conducting polymers. They are of 
two types :  

(i) Conductive element filled polymers : In this type, 
polymer acts as a binder to hold the conducting elements 
together in solid entity.  

    The minimum concentration of the conductive filler, which is 
added to let the polymer start conducting is called the 
percolation threshold.  

Important characteristics of these polymers are : (a) They 
possess good bulk conductivity.  

(b) They are cheaper.  

(c) They are light in weight.  

(d) They are mechanically durable and strong.  

(e) They are easily processable in different forms, shapes and 
sizes.  
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(ii) Blended conducting polymers: These types of 

polymers are obtained by blending a conventional 

polymer with a conducting polymer either physically or 

chemically. Such polymers can be easily processed and 

possess better physical, chemical and mechanical 

properties.  

3. Coordination or inorganic conducting polymers : 

   These polymers contain charge transfer complexes and 

are obtained by combining metal atoms with polydentate 

ligands.  
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 Applications of conducting polymers: Conducting 
polymers are widely used :  

1.  In rechargable batteries.  

2. In making analytical sensors for pH, O2, SO2, NH3, 
glucose, etc.  

3. In the preparation of ion exchangers.  

4. In controlled release of drugs.  

5. In optical filters.  

6. In photo voltaic devices.  

7. In telecommunication systems. 

8. In micro-electronic devices.  

9.  In bio-medical applications.  
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