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Introduction

Classification

Type
polymeri

Biodegradable
polymers ‘ \
s,
Commercial
importance

Polymers
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A4

‘ [ Macromolecules

Very large molecules having
high molecular mass




\g Polymerisation D\

" The process of formation of polymers from respective monomers that are linked

by a covalent bond

[ Formation of polythene from ethene ]

Polymerisation .
n CH,=——=CH;, . > N [CHZ—CHZ ] —

Ethene monomer

Fon

Polythene polymer

Repeating unit



\C Classification of Polymers

Source

Classification Mode of

of polymers on

the basis of polymerisation

Molecular forces

Growth polymerisation




\\C Classification Based on Source )\ %

Polymers

Y

Natural




& Natural Polymers )\

Polymers that are derived
from plants and animals

. f'%

Proteins, cellulose, starch,
natural rubber, and more




@ Semi-Synthetic Polymers )\ %

Polymers that are derived
from both petroleum and

natural products

[Rayon, cellulose nitrate, and morq
ANS

Cellulose
acetate




\C Synthetic Polymers )\

Polymers that are man—made
or derived from petroleum oil




\\C Classification Based on Structure )\ %

Polymers
4

Brénched- #
chain

Cross-linked




& Linear Polymers )\

|

Examples: High density polythene,
polyvinyl chloride (PVC), and more

Polymer consisting of long

L Represented as

| Sasstassates®

| o
'Oooo...'
s

and straight chains




\C Branched-Chain Polymers )\

/
Examples: Low
density polythene,

polypropylene,
and more

®

o

L Represented as

|

s —_——

Polymer consisting of linear
chains having some branches

",




\C Cross-Linked or Network Polymers )\ %

{ Examples: Bakelite,

melamine, and more They are formed from bifunctional and

“trifunctional monomers.

They contain strong covalent bonds between
various linear chains.

7
L Represented as




\C Classification Based on Mode of Polymerisation )\ %‘

Polymers |

Addition




\( Addition Polymers )\

Formation of polythene
from ethene

n CH,——CH, > [ CH,——CH,

” They are formed Ethene Polythene
by repeated addition
of monomers
p possessing double
\  or triple bonds.

—  Ethene
Propyne :




\g Homopolymer )\

[ Formation of polythene]
An addition polymer formed {1 stheno

by the polymerisation I——

: !
of only single ) nCH,——CH, > CH,——CH,
monomeric species Ethene oo

: Polythene
I :
' Elomopolymeri

n

Homopolymer




\( Copolymers )\

e ——

Addition polymers formed by
polymerisation of two
different monomers

Copolymers

Examples: Buna-S,
Buna-N, and more




& Buna-$ )\

LCataIyst: Na

[ 1,3-Butadiene

Styrene j

' NCH,——=CH——CH==CH, + n C4H;—— CH=——CH,

| CeHs

n

Butadiene-styrene copolymer (Buna-S)




Acrylonitrile j

CN

nCH,——CH—CH=—/=CH, -+ n CH,—/CH

1,3-Butadiene Acrylonitrile

|

CH——CH——CH,—CH,

~LCH2

Buna-N

CN

-

n




(@

Condensation Polymers )

They are
formed by repeated
condensation reactions

between two different
bifunctional or
trifunctional
monomeric units.




\( Condensation Polymers D\

EXiM?LE

[ Hexamethy‘lene

g Adipic acid ]

n H,N(CH,){NH, + nHOOC(CH,),COOH

l

—ENH(CHZ)GNHCO(CHZ)4COE|—
n
o=
n H,O




\C Classification Based on Molecular Forces )\ %‘

. ———

The mechanical properties of
polymer like tensile strength,
elasticity, toughness,
and more are governed by

Intermolecular forces such as van der |
Waals forces and hydrogen bonds

Binds the
polymer chain




\C Classification Based on Intermolecular Forces )\ %

Elastomer

Fibres

Polymers

Thermoplastic |

Thermosetting




The polymer chains are held together by
the weakest intermolecular forces.

[Permit stretching

E—— — e ———

This forms a few cross-links between
the chains that help the polymer to

retract to its original position
after the force is released.

Buna-S, Buna-N,
neoprene and more

Synthetic rubber ]




\g Fibres

s —————

They are thread-forming solids

that possess high tensile gR I = et
strength and modulus. Nylon 6,6, terylene,

: : and more

: Hydrogen

' bonds

Strong intermolecular

forces present




@ Terylene )\

fMonomerS W

Ethylene | Terephthalic |
glycol | acid |
| _ _
|
|
|
v
n HO—CH,— CH,—OH + nHOOCO—COOH
0 o

O

PN e

[o CH,—CH,—O

Terylene or dacron



D\ Which of the following organic compounds polymerises to form the ~ ®5
polyester Dacron?

NEET 2014
Propylene and para HO——(C¢H4)——OH

Benzoic acid and ethanol

Terephthalic acid and ethylene glycol

0000

Benzoic acid and para HO——(C¢H4)——OH



\g Thermoplastic Polymers D\

200EAE0

Polythene, polystyrene, polyvinyl \
chloride (PVC), and more |

— = s ————

Linear or slightly branched
long-chain molecules

Capable of repeatedly being soft
on heating and hard on cooling



D NOTE

In thermoplastics, the intermolecular
forces of attraction are intermediate
between elastomers and fibres.

m > Thermoplastics Elastomers
Decreasing order of force of attraction
|*




\C Thermosetting Polymers D\

gt = e ———

They are cross-linked or
heavily branched polymers.

Bakelite, urea-formaldehyde
resins, and more

— = —

On heating, they undergo
extensive cross-linking in moulds
and they again become infusible.

[ Cannot be used




g Growth Polymerisation )\

Depending on the type of
polymerisation mechanism,
polymers undergo

Addition ? Condensation i

Step growth |

Chain growth |




]
S

S
Clin







\C Types of Polymerisation Reactions )\ %

Polymerisation
reactions




\C Addition Polymerisation D\

The molecules of same monomer or
different monomers add together |

This mode leads to an increase
in the chain length.

Polymerisation of ethene to polythene

nCH,=—CH, | =2 I—CHZ—CHZ}
n

peroxide b



o) NOTE

Generally, in addition
polymerisation,
an increase in chain
length is governed
by free radical
mechanism.

\/




Mechanism of
Addition Polymerisation



£

olymerisation

| —
r Steps Involved in Addition
= P I
!

Step Chain initiation

1]

1

' Step 3 Chain termination

I
Step 2 Chain propagation ]




£

r Chaln Initiation Iilj

Ot - (AL
Benzoyl peroxide l

Chain initiator ]

Phenyl free radical

Ethene




£

i
_r Chain Propagation

=)

L PN

CH,— CH,—CH,—CH,

</ \}( CH, CHz—);CHz—(.:Hz



i
_[ Chain Termination

/ \ { CH,— CH,}—CH,—CH, + H,C CH,—{ CH,—CH,
\ In \ ;

@CHZ—CH2-)—nCH2—CH2—CH2—CH2-(—CHz—CHz@




D‘ Nylon is an example of:

0000

Polyamide

Polythene

Polyester

Polysaccharide

NEET 2013

L



g Addition Polymers )\

— Polythene

Addition g Polytetra-

polymers | fluoroethene

y/




Addition
polymers

\CAddition Polymers D\

Polythene

1

Polytetra-
fluoroethene

]

|

—>LPonacronnitriIe |

,\

—3 |

Low
density |

High
»




\C Low Density Polythene (LDP) )\

, ) High pressure 1000-2000 atm ]
It is obtained by the

polymerisation of ethane

under certain conditions

in the presence of O, or a
peroxide initiator.

Temperature 350-570 K ]

e Ly Oy 3o CITH 1 o
? 2 1000-2000 atm H; 27T,

Reaction occurs by free radical mechanism.

7o



Low density

polythene 4

G\H H H H H H H

~
H H&HHHH
V¥



Characteristics of LDP

Flexible

Poor conductor of electricity




—




\( High Density Polythene (HDP) )\

= . ——

It is obtained by the addition
polymerisation of ethene

in a hydrocarbon solvent
in the presence of a catalyst.

Ziegler—Natta
catalyst




T

&Ziegler—Natta GatalysD\ B




\( High Density Polythene (HDP) )\

TiCL, + (C.H.). Al
nCH,——CH, iRl [ S cH,
333-343 K, B n

6—7 atm HDP




High density

polythene

H (o I o | H H H H H
HHHHHHHHHHH HHHHH

HgHyHyHgHyH g H gH Y

H H H:. H " HeeSsre i



Characteristics of HDP




In making of |
plastic plates




Teflon

— ——————

It is manufactured by heating

tetrafluoroethene with any free |
radical or persulphate catalyst.

At high pressure

Persulphate [ |
n CF,—CF >» —t—CF,——CF
2 . High pressure |_ e ot n

Teflon




Characteristics of Teflon

Q

Bl e

CHEMICAL
RESISTANT




@ Polyacrylonitrile )\

e —————

It is obtained by the addition

polymerisation of acrylonitrile
in the presence of a catalyst.

Peroxide l

Peroxide |—

N CH,——CH > LCHZ CH]
n

CN CN

Polyacrylonitrile
(PAN)




D‘ Which of the following is classified as polyester polymer? %
AIPMT 2011

Terylene
Bakelite
Melamine

Nylon 6,6

0000



&N CH |
D e P
The monomer of the polymer —cH,—c—cH, § is:
CH;
AIPMT 2005
CH;
7
/6 HZC:C\ /° CH3;CH=—=CHCH,
CH,

fo CH;CH=—=CH, /0 (CH3),C—=C(CH3),



D 1 e
The monomer of C—CH

\alg

2-Methylpropene
Styrene

Propylene

0000

Ethene

p

IS:

AIPMT 2002

L
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