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UNIT - 8 : Polymers | Chemistry in Everyday Life

I POLYMERS

® Polymers are macromolecules having high
molecular mass (10° - 107 u) and are formed
by joining of repeating structural units called
monomers on a large scale.

® 'This process of formation of polymers from
respective monomers is called polymerisation.

® The polymer may be a long chain or joined in two
dimensions forming a sheet.

TyYpPes oF PoOLYMERS

¢ Homopolymers : Polymers made up of only one
type of monomer. e.g., polythene, PVC etc.

nCH, = CH, ol o | ¢H, CH, 1.
Ethene Polythene
® Copolymers : Polymers made up of two or more
types of monomers. e.g., buna-S, nylon 6, 6, etc.
The process of formation of copolymer is called
copolymerisation.

nNH,(CH,)NH, + nHOOC(CH,),COOH

Hexamethylenediamine Adipic acid
H H O
Polymerisation > | | |l . J
L N (CHz)ﬁ N 'C (LH2)4_ C_JF?
Nylon 6, 6

Types oF PoLYmEeriSATION REACTIONS

Addition (Chain-growth) polymerisation

® Mechanism of free radical addition polymerisation:
This is initiated by organic peroxides or by light.
Steps involved are :
— Chain initiation : Peroxide —<2¢ 5 R (Radical)

— Chain propagation :

~~
R + CI-I,-;\FEZHZHR CH, - CHZ

R - CH, - CH, + CH1, X.CH, —>

R - CH, - CH, - CH, - CH,
R- CH,- CH, -CH,-CH, —>—>—>

R { CH, - CH,).CH, - CH,

— Chain termination : By combination
2R 4 CH, - CH,). CH, - CH, —>
R { CH,CH,}-CH, - CH, - CH, - CH, { CH,CH,}. R
or by disproportionation
2R ¢ CH,- CH, ). CH, - CH, —>

R {CH, - CH,} CH = CH,

Alkene
+

R{CH,- CH,} CH,-CH,
Alkane

e.g., polythene, polystyrene.

Mechanism of cationic addition polymerisation :

[nitiated by the use of strong Lewis acids such as

HE, AICl,, H,SO,, etc.

H,SO, —> H* + HSO;

H* + CH,=CH, — CH, - CH;

Carbocation

— Carbocation formed will undergo addition
with several monomers and finally the chain is
terminated by combination with a negative
ion or loss of a proton, e.g., polyvinyl ether,
polyisobutylene, polystyrene, etc.

CHEMISTRY TODAY | FEBRUARY ‘19 @




® Mechanism of anionic addition polymerisation: e.g., polymerisation of acrylonitrile and methyl

Initiated by strong bases such as NaNH,, C,;HgLi methacrylate, etc.
and Grignard reagent, etc. Condensation (Step growth) polymerisation
BQHZQCHZ > B—CH,—CH, ® These are fﬂrme:d by the cnndensaltinn .Df two
Carbandon or more bifunctional monomer units with the
— 'The so formed carbanion undergoes addition elimination of simple molecules like H,0O, NH,,
with number of monomers and finally CO,, etc.
terminates. ® The product of each step still contain two functional
— This mechanism is more favourable when the groups. Thus, the process proceeds by stepwise
monomer alkene have electron withdrawing intermolecular condensation, e.g., formation of
group to stabilize the intermediate carbanion. nylon, terylene and bakelite, etc.

CuassiFication oF PoLYMERS

...........................................................................................................................................

Thermoplastics : -+ Elastomers : Very weak ' | Fibres : Quite strong: :Thermosetting plastics: |
Neither very strong nor very weak: intermolecular  forces: intermolecular forces 1 | Extensive cross-links are |
intermolecular foces. ~ iand  possess elastic; :like hydrogen bonds.! !formed between polymeric
Do not have any cross-links between ! | characters. e.g., natural! |e.g, nylon-6, 6, polyacry-! | _hains on heating and they !
chains. ‘ ‘ . irubber,buna-S,etc. i !lonitrile (orlon) etc. ' undergo permanent change.
Can be easily moulded on heating e.g., | ‘1\ -1\ ' , : ,
€ Y e.g., bakelite, resin, etc. .
polypropylene, polystyrene, etc. _ A oo e sttt

 Natural polymers : Substances

based upon b T '
' of natural origin, ie, found

Linear polymers : Monomers are |
molecular forces

joined together to form straight ; : mainly in plants and animals.
chains. e.g, PVC, polystyrene, — eg, silk, enzymes, natural
nylons, etc. : ¢ based upon | ™ based upon source N - rubber, haemoglobin, starch
........................... g Pﬂyrﬂﬂri : ] € 1 3 :n:
“““““““““ S N structure \_ ___// or [‘lrigi_‘[] - EEH“-EDSE: pl’DtElﬂS, etc.

Branched chain polymers :: A R O T S TP
Monomers are joined to form lbased upon  Somi .s;j,'.nthetic | pﬁl;y.r.nerS' !
irregularly packed polymers having | synthesis : %

' polymers  e.g.,  vulcanised |
glycogen, starch, etc.

IR O O T N I I I T

2 rubber, nitrocellulose, cellulose

, , ' Derived by using natural ;
branched chains. e.g., amylopectin, '@ L l/ ) & .

' Condensation polymers : ! ¢ xanthate, etc.

Cross linked polymers : Initially : Addition polymers : : - Formed by combination ‘ N A e e 2 S e e "
formed linear polymer chains are | Formed by addition | of  monomers with - Synthetic polymers : Prepared
joined together to form a three ! of monomers without | Celimination of simple 'in laboratory or completely !
dimensional network structure e.g., _(_ elimination of by- | . molecules like  water, | ‘man-made  polymers e.g, !
bakelite, melamine formaldehyde | products eg, PVC,, - alcohol, ammonia, etc.; 3 teflon, dacron, synthetic rubber, |
resin (melmac), etc. R _ p_nlythene,_ B | e.g., dacron, nylon-6,6, etc. | . nylon-6,6,etc. |
RuBBER — Sulphur cross-links makes the rubber hard,
Natural rubber tough with greater tensile strength.

® [tis a linear 1, 4-addition polymer of isoprene and — Some additives like carbon black, zinc oxide

have cis-configuration of all double bonds thus, etc. are used to improve wearing properties.
known as cis-1, 4-polyisoprene.

e [t isinsoluble in water, dilute acids and alkalies but Synthetic rubber
soluble in organic solvents like benzene, petrol etc.
— It has low elasticity and tensile strength.

— It has weak intermolecular van der Waals
forces. rubber and some additional desirable properties.

— Its natural trans-isomer is gutta-percha which Most of these polymers are derived from butadiene
is non-elastic.

Vulcanisation of rubber
® It is the process of heating natural rubber with

sulphur at a temperature of 373-415 K. silicones, polyurethane rubber.

® It is obtained by polymerising certain organic

compounds which may have properties similar to

derivatives. These are also vulcanised. For example,

neoprene, styrene butadiene rubber (SBR), thiokol,
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POLYETHYLENE

PolyethyleneJ
Y ' Y
Low density polyethylene High density polyethylene
(LDPE) (HDPE)
- v
- Addition or chain growth homopolymer. - Linear addition or chain growth homopolymer.
~ By heating ethylene under high pressure (1000-2000 | | — By heating ethylene at 333-343 K and 6-7 atm in presence
atm) at temperature of 350-570 K in presence of traces of Ziegler-Natta catalyst.
of oxygen or peroxide.
- Free radical addition polymerisation. ~ Coordination polymerisation
- Highly branched polymer. - Linear molecules, closely packed.
- Lowdensity (0.92 g/cm?), low melting point (384 K) -~ High density (0.97 g/cm?®), high melting point (403 K).
- Transparent, moderate tensile strength. ~ Translucent
-~ Chemically inert, tough but flexible. - Chemically inert, quite harder, greater tensile strength.
- Used for packaging, insulation and manufacturing | | - Used for manufacturing containers, housewares
squeeze bottles, pipes, toys, etc. and pipes, etc.

Some IMPORTANT POLYMERS

Polymer Structure of monomer Structure of polymer Uses

Polythene CH,=CH, +CH,—CH,+ As insulator, packing
material, household
and labﬂratﬂr}r ware.

FPG]}fvinyl | CH,=CHCI | CH,—CH In  manufacture  of
chloride (PVC) | raincoats, hand bags,
H

Cl leather clothes and
vinyl flooring.

Polytetrafluoro - CF,=CF, +CF,—CF,¥; As lubricant, insulator
ethylene (PTFE) and making cooking
or Teflon wares.
Polyacrylonitrile CH,=CH—CN —:CH —CH:— In making synthetic
(PAN) or Orlon . | fibres and wool.
= CNln
Styrene CH=CH, +CH,—CH—CH,~CH=CH-—CHj} In making automobile
Butadiene tyres, floor tiles, cable
Rubber (SBR) or and insulation and footwear.
- M1

(Buna-3) CH,=CH—CH=CH,
Nitrile rubber CH,=CHCN and CH—CH,—CH,—CH=CH—CH, In making oil seals,
(Buna-N) CH,=CH—CH=CH, (IZN hose-pipes and tank

linings.
.N}’l{}ﬂvﬁ H C—(CH,)s—N In making carpets,

3 Ill L ropes and tyre cords.

(Perlon:l) oﬁ
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Nylon-6,6  |HOOC—(CH,),—COOH +CO—(CH,);—CONH—(CH,),—NH+ | Synthetic fibres, fishing
and H,N—(CH,),—NH, | nets, and tyre industries.

Terylene HOO C—@— COOH {Ijjlr ;ltlj Synthetic fibres, 1sal’ety |

(Dacron) L O—CH.—CH —O—C \| |belts, tyre cords and

and HOCH,CH,OH Gy “T¢ |tents.

Bakelite | OH - OH OH i 'In making gears,.

(Phenol- 1 CH CH.+ protective coatings and

formaldehyde and HCHO : : electric fittings.

resing L I

MoLecuLar Mass oF PoLYMERS

- ) NM,

Synthetic polymers are non-biodegradable and
hence create disposal problem. To overcome this,

® Number average molecular mass, M, = biodegradable synthetic polymers have been
2N, developed.

- sz M. —~  Poly -B-hydroxybutyrate co-fB-hydroxy-
® Weight average molecular mass, M, = Y m valerate (PHBV):Itisa copolymer of 3-hydroxy-
® 'The ratio of weight average molecular mass butanoic acid and 3-hydroxypentanoic acid.

to number average molecular mass is called Used in speciality packaging, orthopaedic
polydispersity index (PDI). devices and in controlled drug release.
o

Natural fibres usually have PDI equal to 1 while
synthetic fibres usually have PDI > 1.

BiobeEGRADABLE POLYMERS

Biopolymers disintegrate by enzymatic hydrolysis
and to some extent by oxidation and hence are
biodegradable.

—  Poly (glycolic acid) and Poly (lactic acid)
or Dextron : A copolymer of PGA and PLA
(90 : 10) was the first biodegradable polyester
used for stitching of wounds.

—~ Nylon-2-Nylon-6 is a step-growth polyamide
copolymer of glycine and € -aminocaproic acid.

l CHEMISTRY IN EVERYDAY LIFE I

CuemicaLs IN MEpICINES

targets and produce a therapeutic and useful
biological response. These chemicals are called
medicines.

® Drugs are the chemicals of low molecular masses + + +
® Use of chemicals for therapeutic effect is called

(~ 100-500 u) which interact with macromolecular chemotherapy.

Classification of Drugs

@

Drugs are classified on the basis of

‘D rug action
« [t is based on the action of a drug on a

particular biochemical process.
* Antihistamines

»
Chemical structure

the drug.
* Sulphonamides

7
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» Antiseptics (kill or arrest the growth of
F microorganisms)

* Antipyretics (reduce fever) 9
,,

Molecular targets
» [t is based on the chemical structure of e It is based on the interaction with

rPhﬂrmHCﬂlﬂgi{:ﬂl effect
* Analgesics (pain killer)

biomolecules such as carbohydrates,
lipids, proteins and nucleic acids.
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