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dale dadia
The word “Polymer” is derived from two Greek words, ‘Poly’ that means many
(numerous) and ‘Mer’ which means units. In basic terms, a polymer is a long-
chain molecule that is composed of a large number of repeating units of identical

structure. These identical structures, we understand as a unit made up of two or more
molecules, join together to form a long chain.
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:Classification of polymers < jad sl il

A- Classification Based on Source W _iuas ) dsud cil pad gl Cilual

(i) Natural polymers
The easiest way to classify polymers is their source of origin. Natural polymers are polymers which

occur in nature and are existing in natural sources like plants and animals. Some common examples

are Proteins (which are found in humans and animals alike), Cellulose and Starch (which are found

in plants) or Rubber (which we harvest from the latex of a tropical plant) :

o ol 5 Al § Lol g gl Jallaall 5 (3l g il @lld Jlie il gom 1 s Lal Lo ol 3 i pad il
e lle J panll (Say 5 Aga il Wbl 4y 5 5 juia Apanda 4 padd g LS o Lgraan g andall jjally el 2 glall
Sslldl 5 Protein sl s Starch sLiil) o Zamwda & jad g 2a3 Al 258131 0 gall (e g Al a5l Al jalias
.Cellulose

(if) Synthetic polymers

Synthetic polymers are polymers which humans can artificially create/synthesize in a lab. These are
commercially produced by industries for human necessities. Some commonly produced polymers
which we use day to day are Polyethylene (a mass-produced plastic which we use in packaging) or

Nylon Fibers (commonly used in our clothes, fishing nets etc.)
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(iii) Semi-Synthetic polymers

Semi-Synthetic polymers are polymers obtained by making modification in natural polymers
artificially in a lab. These polymers formed by chemical reaction (in a controlled environment) and

are of commercial importance. Example: Vulcanized Rubber ( Sulphur is used in cross bonding the
polymer chains found in natural rubber) Cellulose acetate (rayon) etc.
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B- Classification Based on Structure of Polymers <l sl sl JSaa (bl o Ciiuait)

(i) Linear polymers: 4hi < yad g3
These polymers are similar in structure to a long straight chain which identical links connected to
each other. The monomers in these are linked together to form a long chain. These polymers have

high melting points and are of higher density. A common example of this is PVC (Poly-vinyl
chloride). This polymer is largely used for making electric cables and pipes.
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(ii) Branch chain polymers: 4dalull ds jdia <l jasl 5

As the title describes, the structure of these polymers is like branches originating at random points
from a single linear chain. Monomers join together to form a long straight chain with some branched
chains of different lengths. As a result of these branches, the polymers are not closely packed
together. They are of low density having low melting points. Low-density polyethene (LDPE) used
in plastic bags and general purpose containers is a common example.
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(iii) Crosslinked or Network polymers: 4SiLéwa &l ol o4
In this type of polymers, monomers are linked together to form a three-dimensional network. The

monomers contain strong covalent bonds as they are composed of bi-functional and tri-functional in

nature. These polymers are brittle and hard. Ex:- Bakelite (used in electrical insulators), Melamine

etc.
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C- Based on Mode of Polymerisation W= sl o) W sdaas 48, o ) dpud Cileas

Polymerization is the process by which monomer molecules are reacted together in a chemical
reaction to form a polymer chain (or three-dimensional networks). Based on the type of
polymerization, polymers can be classified as:

i) Addition polymers: 48LaY) 3 ol

These type of polymers are formed by the repeated addition of monomer molecules. The polymer is
formed by polymerization of monomers with double or triple bonds (unsaturated compounds). Note,
in this process, there is no elimination of small molecules like water or alcohol etc (no by-product of
the process). Addition polymers always have their empirical formulas same as their monomers.
Example: ethane n (CH2=CH2) to polyethene -(CH,-CH,),-.


https://www.toppr.com/guides/chemistry/carbon-and-its-compounds/covalent-bond/
https://www.toppr.com/guides/biology/biomolecules/bond-linking-monomers/
https://www.toppr.com/guides/chemistry/polymers/types-of-polymerization/
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ii) Condensation polymers: <&lsill < o g2

These polymers are formed by the combination of monomers, with the elimination of small
molecules like water, alcohol etc. The monomers in these types of condensation reactions are bi-
functional or tri-functional in nature. A common example is the polymerization of
Hexamethylenediamine and adipic acid. to give Nylon — 66, where molecules of water are
eliminated in the process.

D- Classification Based on Molecular Forces 43 sad sl Jadhad) Cy Jad 53 5 8 N Ay i

Intramolecular forces (4 d sl aludud) 5145 jall el dienall 5 58ll) are the forces that hold atoms together
within a molecule. In Polymers, strong covalent bonds join atoms to each other in individual polymer
molecules. Intermolecular forces (iedsll Jwdldll u between the molecules) attract polymer
molecules towards each other. Note that the properties exhibited by solid materials
like polymers depend largely on the strength of the forces between these molecules. Using this,
Polymers can be classified into 4 types:
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i) Elastomers: 4sklaall &l ol gall

Elastomers are rubber-like solid polymers that are elastic in nature. When we say elastic, we
basically mean that the polymer can be easily stretched by applying a little force. The most
common example of this can be seen in rubber bands (or hair bands). Applying a little stress
elongates the band. The polymer chains are held by the weakest intermolecular forces, hence
allowing the polymer to be stretched. But as you notice removing that stress also results in the
rubber band taking up its original form. This happens as we introduce crosslinks between the
polymer chains which help it in retracting to its original position, and taking its original form.
Our car tires are made of Vulcanized rubber. This is when we introduce sulphur to cross bond
the polymer chains.
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ii) Thermoplastics: 3,1 all 4s glaal) &f yaul gl

Thermoplastic polymers are long-chain polymers in which inter-molecules forces (Van der Waal’s
forces) hold the polymer chains together. These polymers when heated are softened (thick fluid like)
and hardened when they are allowed to cool down, forming a hard mass. They do not contain any
cross bond and can easily be shaped by heating and using moulds. A common example is
Polystyrene or PVC (which is used in making pipes).

iii) Thermosetting: 3.1 allde slaall 48 i jad gal

Thermosetting plastics are polymers which are semi-fluid in nature with low molecular masses.
When heated, they start cross-linking between polymer chains, hence becoming hard and infusible.
They form a three-dimensional structure on the application of heat. This reaction is irreversible in
nature. The most common example of a thermosetting polymer is that of Bakelite, which is used in
making electrical insulation.
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w polymer Cross link
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* Tangled polymer chains * Polymer chains held
* No cross-links between chains together by strong covalent
* Weak forces of attraction cross-link bonding that does
between chains not break on heating.
* Softens when heated * Remains hard when heated
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iv) Fibers: <ty

In the classification of polymers, these are a class of polymers which are a thread like in nature, and
can easily be woven. They have strong inter-molecules forces between the chains giving them less
elasticity and high tensile strength. The intermolecular (A edsdl oSl o) <l =l o) forces may
be hydrogen bonds or dipole-dipole interaction. Fibers have sharp and high melting points. A common
example is that of Nylon-66, which is used in carpets and apparels.

O (58 Ll Al e (S ¢ Rl 3 st 0 ) il pd ) cpn 25l 038 ¢yl i) i 3
S el 5l Ry Ly La) il oy ol (0S5 8 e 38585 OB A5 pn et Laa Sl oy i 5
skl s Al axiiey 3 Nylon-66 <l e ailall ALY (a5 dulle g3ala jleaail alii L] Gl daill

E- Based on molecular distribution (Tacticity) <tujall &80 &l quus

Tacticity is the relative stereochemistry of adjacent chiral centers within a macromolecule. The
practical significance of tacticity rests on the effects on the physical properties of the polymer. The
regularity of the macromolecular structure influences the degree to which it has rigid, crystalline
long range order or flexible, amorphous long range disorder.
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Polymer Nomenclature < sasl sl 4
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IUPAC Polymer Nomenclature are standardized naming conventions for polymers set by
the International Union of Pure and Applied Chemistry (IUPAC) and described in their publication
"Compendium of Polymer Terminology and Nomenclature", which is also known as the "Purple
Book". Both the IUPAC and Chemical Abstracts Service (CAS) make similar naming
recommendations for the naming of polymers.
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Polystyrene (PS), Polypropylene (PP), Polyethylene (PE). Jic 2al5 5 sa
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Poly(vinyl chloride) , Poly(1-butelen), Poly(methyl methacrylate). Jis G 6
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Polystyrene (PS) Polyethylene (PE) Poly(methyl methacrylate) Poly(vinyl alchohol)
(PMMA) (PVA)
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Copolymers are composed of two or more monomer units. Source-based names are conveniently
used to describe copolymers by using an appropriate term between the names of the monomers. In
the general format poly(A-co-B), where A and B are the names of the two monomers. An unspecified
copolymer of styrene and methyl methacrylate would be called poly[styrene-co-(methyl
methacrylate)].
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