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POLYMERS

INTRODUCTION:
- Matter is composed of many smal| units called molecules, which are in different
sizes and shapes and associated with atoms. Polymers are giants or macro molecules
which play a vital role in our daily life and provide the basic nceds of our life (food.
clothing and shelter).

- The word polymer was derived from Greek word ‘poly’= ‘many” and *mers” = "parts
/units’.

Polymer: It is defined as a high molecular weight compound (macro molecule) made by

linking together a large number of small molecules called monomers.

Ex: PVC, Polyethylene. Starch. Paly styrene, Proteins, DNA cte

Monomer: The basic repeating units presentina polymer are called monomer.

Ex: Vinyl chloride is a monomer of PVC.
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Ethylene is a monomer of poly ¢t

. s crarch.
Glucose is a monomer of starc



Styrenc s a monemer of polvsiyrene,

Arnine acids are the monomers ol proteits,
Nucleotides are the monemers of Nucleie acids, :
irati 1 or of repent aits (o) menomers present in the
rree “mevization: The number of repeating units {or)
Degree of poly meriz: .

alvmer s catled as degree of polyvmerization. | ey may be hundreds {on) thowsards [or)
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ten thousands.,

Maolwt ol polyimer

soree al polvmerization (CL1Y — - ;
Degree ol poly L Mol.wt of menomer

Maolecular wt of polymer — D= Malawl of monomer.
Classification of Polvmers:

1. Based oo dearee of polvmerizution:

I
” _ Polymers having high DP (having of more number of munomers) are called High
polymers. Their malecular weight range is about 10,000 to 10.00,000 Daltons.
- Polymers with low DI are called Olizopolymers. Their melecula weight ranges from
3.000 o 200,000 Dalions,
2. Based on occurrence:
- Polymers may be cither Natural (natural rubber, proteins. cellulose, starch etey (or
Sapthetie (PVC, PE.PS, Teflon, Nyvloen, Bakelite cic.....),
Basic Concepts:
1) Funetinnality: .
- The aumber of bonding sites (or) reactive sites present 11 a monomer is called
4 a5 funetionality.
@

- kach monomer should have minimum two bonding sides for po

vImerization.
a) [Fthe Tunctionality of monemer is 2, the resulting polyvivier is linear (or)
straneht chained,

Ex: Ethylene, styrene, vinyl chloride.
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b IE the Tunctionality of monemer is three (trifunclionaly. Cross linked
three dimensional polymers are obtained.
Ex: Bakelite
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ch 1 a mixwre of bi functional and tri functional monomers s present,

branched chain palymers are formed.
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2} Nomenclature: polvmers are given names baszd on twa propertics

- tvpe of monomers present
- type ol atoms present in back bone chain

{i} Type of monomers:
a) Homo polymer: IT & polymer consists ol identical munarmars. then thal pelymers are

called homo polymers. They may be linear, branched (ord Cross —~ linked.

Ex: PV, Polythene, Teflonele...........
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b) Hetero or Co—polymers: I » pelyvmer is composed of difterent types of monomers,

then it is called Hetero / co - palymers. They may be generally linear tor) Branched.
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¢) Hamo chain polymer: 117 the main chain is mode up of same species ef atams is called
homo chain polymer.
Cradlawl=t s
d) Hetero chain polymer: [f main chain is composed of different atoms is said Lo be
Hletero chain palymer
-C-0-C-0-C-0-
e} Graft co-polymers: These polymers are branched structures in which the monomes

units on Lhe branches and back bone differ,
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3) Tacticity: The orientztion of functional groups in polvmer is called as configuration.

functiomal groups around main chain is called gs Tacticity. Based on tacticity, polvmers
are of three types.

a) Isotactie: [T all the lunctionz

eroups are arranged on the same side of the chain, the
polymer is called Tsotaetic polymer.
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The difference In conliguraticn of pelymers because of the difference in arranuement of
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m Atactics [ all the functional are arranped randomly around the main chain, the

polymer is called Atactic polymer.
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¢) Syndiotactic: 1t all the functional groups are arranged alternately with respect to the

main chain, the polvmer is calied syndiotactic polymer,
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Polvmerization:

1) Addition Polymerization:

- This polvmerization takes place between monamers that are bifunctional and contains
double honds m its slructure.

- This can be defined as binding of several hifunctional monomers to form polymaors
without elimination of by products by addition reactions.

- This pelymerization resulls in the formation ol lingar pelyvmers.

- The produced polymer has same chemical composition as that of monomers.

- TF':EJTH:I[UUL:]:M' weight of polymer is an integral multipie ol the monomer.

Fxamples:

1. Formation of PV
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2. Polvimerization of cthylene: | |
= Ol — ] 0T CHz] = (OOl

3 Polvmerizatinng of Stvrene:
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2y Condensation Polvmerization:
This is also called Step-wise polymerization.

« This veeurs between monamers that contain polar side groups.

- A reaction cecurring between the swme {or) different pelar groups containing
monomers with elimination of small molecules like ammonia, water, HOT ene
and  forms linear {ory Cross — linked  polymers s caled  condensation
palvimerization,

- The molecular wieight of polvmer is not an integral multiple ol the mol-we of
moncmer.

- The chemical composition of monomer and pelvmer are different,

- Itresults i the formation of linear or cross linked palyimers.

Fxample:
I. Formation ol Nylon-6,6: Formed by the condensacion of Hlexametlivlene éarmine
with adipic acid (Tetra methylene dicarboxylic acidy
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2. Formation of Polyester: Formed by the condensation between ethylone olveal and

Terephthalic acid
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31 Co-polymerizition:
- When twe fory more gifTerent svpes of monomiers undergo simullaneous polymerizalion

thein 71 is calied Co-Parlymerizanion.

The propertics cheopolvmer are difterent froms these of individual monomers.
- The copolymers man he allernating. rondem, block and gradl pulsimers.

Koz Styrene butadiene rubber (SBR)
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Plastics:
- An organic substance with hial malceular weip i
f stk \ a i ar waipat, which can e i
Rk e ¢ moulded in 1o

any desired Torm when subjecled o haat (or) Presswe in the presence ol gar !
I - Ol catalyst
is called os plastic. -%a
e
he tlerm plastic must be differentiated from resins
Resins are basic binding materials, which from 3 MEjor part of
hich actually underze pol e i b o
which actun LESe poiymenzaion and condensation peae
MO 1eagliong oy '
. s during their
J]J'L‘,II:'E':TZI': 1IGN%
Heowever, the term resinand plastic are considere a5 SYNONyms
Advantages:
Now a days. plastics play o impertant robe in daily 5 becayse o diei I
! I Lertain g e
[roperties.

o [ightin weipht
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o Low heat pesisianed, s
« High softness

s Poor Auctility

- Major pollutant nol degraded DY sail

Llsesi
e Forf ndaking many FoLsE hold articles
s lor muking furniture
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For making clectric
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= They are formed Sy addition reactiens o [armus by condunsalion reacliuns.
(s0me times formed by vordensation ra] « Thew become soft on inigal heating and |
* They hecome saltensd on heatiog & hard en cooiing. On reheating they

hardened om cogling )

becars ardsr.

® They are sofl, weak and less brinele, o They are hard, sweng and more
* Adiacent polvmer ¢hains are bed brittle.
ogetner by weak Vanderaanl™s forces s Adjacent polymer chins are held |
‘ ias el Logether by strong covalent Ronds.
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| s | |]|1:'-' hawve wither Linear {00 1 branclied : : o o
| ] S (R # [Jue e stromg bonds, they oxhibit cross
* The chemical nature is not altesed |'.|1.|-u:<,l a1 wpDElNie. _ .
during heating & coulipe. e Chemical chanpes lakes place during |
| * They can be remacided, reshaped & matliing process
| rensed sothey van be reclaimed fram * They cannot be remonlded and reused |
| wiste -osothey cannel be reclaimed from the I
= | ovw moleclur w cight thermoplastics BpBale
| are soluile o seitable oraanic solvenis * D to strony bonds and coes links,
| Exr PE.PVS, TS, Mylon Tellon e they are not soluble in alimuost organic |
: solverts,

‘ Ex: Bakelite, amire resins, Perly estar
‘ resins, polv orethones SPONY resins
ate,. ) ‘

T e—

Impaortant plastics: Polythene. PV, Palwsiyrene, Tedlon, Nylop, Bukelice

1. Polvthene:
Preparation:

= v 10 S tlger arieliti VI s 52 _
Polythene is obtainad hy the addition polymerization of Ethylene under bigh pr

: i CESE
| 300 atmy and termperature cmee of TEO-2300C and in the Presenee

OF onygen,

it CHy = CHy——— 11 [~ CHa = CHp-ls ———+(C1Y, - Gl
There are two kinds of polythene

(a) Low Density Polyethylene (LDPE)

(b High Density Palyethylene (HDPE)

HIIPE is formed by using onic catalyst like Aviger - Mot Littikyst gy Chramiusn or
Wolybdenum oxides,

Properties:

4 ij{][}.ﬂlhjlienc is ot rizid, waxy, white, lnnslucent material,

o [t crysiallizes very casily.
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b acicds alkalis. pad sult selutions ot oo

e It has high chemival resislanee

lemperdure
o LI muehs at (0= 12570 whide TTIEL melis al ahout 14d-150

a 1111 js completeiy linear i struclire.

Lses:
o | DPE is used tor packing purpose in the form of films. sheets. bags i
e HIOPE is uscd in the manuinctme of pipes, boltles, tovs. industrial eloths, heusehold

artecles, cle,

2. Poly Vinyl Chloride (PV):
Preparation: Vimyl chiloride ix wsed s moenomer Tor the manulaclere of palyying |
chiaride. Viny] chloride is preparcd by reacting acetylene witl hdrogen chloride at 10
130°C in the presence of metal salt catzlysl.
CH=CH=H{l —— - CH
Cl
PV is prepared by heating a water- emulsion of vinyl chloride in presence of Benvoy

Peroxide in & autoclave under pressure
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Propertics:
s PV is colorless and odorless Mowder,
o Jt is non-inflammabie and chemically nert.
e [t is soluble in chiorinated hvdrocarbons like ethy] chlaride, ete, and ketones.
e It has kigh resistance to light, inurganic acids, alkalis. and atmaospheric oxy gen.
Ises:
s Plosticized PVC js used for making table cloths, rain coats, coatings for clectrie

wire and cables, toilet articles, radio, T.¥ components, pipes, coupling valves, ele

and motor cyvele mudguards, lubes, pipes, cle.



3. Polvstvrene:
ligs =
"~ _ g al M, m
Finve monomer styrene is obtained from henzene and otiylene under pressure
. . . . cqeed Lo styTEOC §D
the presence of a catalvs: and e resulting ety bensene is dehydragenated 1 5

presence ol iton oxide o TS anide,
CH=CH:-

Etpdbereers S

Deneene

. : — — : e measenee ol Boneoy] poroside
Poivatviene is obtained by polyvmerization ol styrene in the presence of Benroyl |
cutalvst.
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[roperties:

e Polystyrene is light, transpacnt. and resiszant w alkalis, oxidiang agents, e,
e 11 is chemcally nerl
o Lt is 2 good electiicul insululoT,
s nsed in the manufacture of mouided aricles ke toys, jars, botles,
G0N vene s used in the manutac
Uges: Polystyien
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Peopertices:
vt iwon therma plashic resin.
+ lving bigh mebing paim - 23070
* Highdensiny = 2.0 w0 203 win 7 CC
+ Highly resin - 95 10 94%%
* [igh cherical resislance
o Liowd clevtrical and neechanieal propertics
« Mot soluble inany selvens

Applications:

* ler insuliion of matoes, geneistions, eapacitors, transfanme s ete.

* Lised in making stop cocks for Tureties. rom-ulicating bearings, puskers, [l pracs,

M.,

= Lised Tor coatinge on arlje

s like bakery traye, frving pams ete
3 Nylon: (Poly Amid Hesing
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Mylan b e poly amide resir LISk ol amide group Procluced ey

with di-acid, The Mylon has be
rumber of carbon atame inehe monaem e

VOl saron
polymerizulion of diamine

S amed onothe basis o) Ely;
rchar
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Ex: Nylon 6, Nylon 6: 14 Meylan @, INvlon 11 ele, Whare e {irst murmiser mdigates that
athe number of curlon Menns e diansine al e sy rumber ingivires o 1Mty o
E1L 3 2 { i
carbon awnms in disgid

a) Mylon 6:0: Nylon 66 o provlecd by he condensaipg sl nerization o) e
methylene di-aming wirh mlpsie acid,
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b} Nylon 6:10- Condensation of hexz methvlence di amine with sebasic acid (octa
methylene di .
Nvlan 6: 14, ]Ii Il{ . ] »
0y S0y, =20 TH - (CHs .315 g—-‘:'ﬂ 7 "“:
i B .
trH L"h}i“*-”'fn ¥y
a

e Nyvlon 6: It ; el e ) ) ) .
) Nyvlon 6: It s produced by the self condensalion of w.amine caproic acid (o — amino

hexanoic acid).
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d} Nylon 11: It is made by sclf - candensation of w - aming uni decanaic acid

Properties:
e [t show plastic and {ibre property
e Insoluble in comimon solvent and soluble in pharmg acid and s
o [Posses high strength wod high melting peint (160 - 264%C) ol
¢ They absarb litte moisture

Possess resistance 1o envirenmental conditions s ehermicats,

s They are gond electrical insuluors,

Applications:

e MNylon 6:6 is used as liber Jor making socks, dresses, fady"s hoge
Ao 5 S_‘ CRILPC[S ¥
« LG

parments etc. {i.¢., Used in textil: industey)

e
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« Nylom 6 and Nvlon 11 oaee mainly used for moulding perposes ol poars and
bearings etc,

so used for making filaments, lmz, Tiee cords, bristhes Tor loeth

e They are n
brushes eic.

BAKELITE: (Phenol formaldehvde resin phenolic resin  phenoplasts)

Bakelite is an important thermosetting resin named afler the scientist Bukcland. who

syithesized this resin in they year 1909,

It is prepared by the step polvmerization of phenol with formaldehy de in presence ol an

acid (or) Alkali as a catalyst,

This polymertzation takes place in three sleps;

Step 1t Phenol can condense with farmaldehyde to produce () — hvdraxy mathy | phenol

and P hydrosy methy ] phenl

STt [ | D o
__.l-h I IR S k
[ - ] + EOHT ————— vofen
o e Il i) landf ot
Tiveral TEor il

Step 11: condensation tzkes place bin hydroxy methyl phenol and phenol w give lincar

polviner called Novalac
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Step III: During moulding, hexa methylene wiraumine (10 N, are adided. o prcd ues
formaldehyde and amnionia, I dehyde converts the soluble and fusable o

calac in
to a hard infusible and insoluble solid of eross

hnked structure called Baselire, wherens
™NH;y MNuetralises the acid,
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Properties:

= Bakelites are rigj
S dre 1y e el o o
gid, hard, scrateh resistant, infusible, water resistant, solid substance.
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e Good electrical insulator
Applications:
L

For making cleetric insulator parts like switches, plugs, holders, switch boards.
heater etc.

For making moulded article like telephone parts, cabinets for radio and T.V.

e Used in paints and varnishes

e as adhesives for grinding and whecls.

e In the product of ion exchange resin

e For making bearings used in propeller shops, for paper industry and Rolling mills.
RUBBER (ELASTOMERS):
The polymers which passes the property of elasticity 1 called as rubber i.e.. rubbers arc
high polymers, which have elastic properties in excess ol 300%. The molecular weight of
raw rubber is about 1,00,000 1o 1,50,000 Daltons.
Most of the Indian production comes from kerala state.
Natural rubber: It is a high polymer of cis — Isoprenc, which are arranged in Cis
Configuration (functional groups arc arranged on the samc side).

Studied by X — ray diffraction. It having 2000 to 3000 monomer units.

n CHs = C- CH= CHz '-[—CHg-tii=CH—CHg -
l ¥
CH3 CHs3
isoprene natural rubber

[2- methyl butadiene] fealyisaprent)
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| Milk ot rubber latex Draw backs ol crude rubber (or) raw rulhe)
! x I Crude ruhber has Tollowing drawnacks, '
e e e O il E
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Natural rubber s mainly produced from the milk of the rubber wee “heves
Brasiliensis”. Small quantities of natural rubber are also produced frnn the milk of 2
shrub known as “guayule”.
Processing of natural rubber:
The milk of rubber wee is called latex. [t is a collodial emulsion consists @ 25 45% af
rubber end the remainder is protein and resinous matcerials
# The Latex was collected by cutting the bark of rubber trees.
» There after the Latex is diluted with water and {iltered 1o eliminate dirt present in it
The Latex then coagulawes by the addition of acetic acid {or) formic acid.
* The coagulated rubber is called as crude rubber. It is then made (or) rolled vat in e
cheets,
* The rubber sheets are dried under sunlight or wild heat and then subjected o farher
processing of rubber,
a) Crepe rubber: To the crude cubber, a small amount of sedium Br-sulphite s added Lo
bleach the colour and passed into rollers which produce one mm or more thickress shevs
which are dried in air about 40 10 30°C, The dried thin sheet of rubher is known as crepe
ritbber.
b} Smoled rubber: The crepe rubber sheets are placed inside smoke Fooims maistaining
a temperature 40 to 50°C for 4 duys, The dricd rubber sheets are called smoked rubber,

swhich are sent to rubber factories for further processing,




— | - high temperature and brittle at |
 Diluted & filtered to remove dint !
| low temp.

| i ;
_:(n‘.iguIalum CH; COO Y HCOO) |

2. 1t shows large water capacily 3
f Crude rubber (coagulation) ‘ 3. Shows little durability l
! < [ . H
| Paccad ‘ 4. Shows high elasticity |
- Passed in 10 roller , |
| ‘ 5. Attacks casily by oxidizing agents .

!{On{_‘ AT Crp s (1} e e | ; : i

! d sheet dried at 407 - 50" | 6. Swells in organic solvents
i Crepe rubber ' 7. Possess tackiness

40" - 50°C / 4 days

E res | 8. Shows low tensile strength.
__Smoked rubber -,

T'he draw backs can be crude are rectified by the process of vulcanization.

Vulcanization: This was discovered by “charles Good year™ in 1839, The process to
improve the quality and propertics of rubber are Sippunded d 1 10060 TidPc .,
addition of sulphur is called “Vulcanization™.
The added sulphur combines at the double bonds of rubber chains and cross — links of the
linear polymer chains, resulting in a three dimensional network structure. Thus the rubber
loses plastic state and acquires elastic state. The stiffmess of vulcanized rubber depends
on the amount of the sulphur added.
A flexible tyre rubber contains about 3 — 5% if sulphur whereas hard rubber containe
32% of sulphur.
Advantages of Vulcanization:
Vulcanization process brings excellent changes in the properties of rubber,

A Vulcanized rubber has

(i) Low water absorption tendency

(ii) Higher resistance to oxidation

(iii) High stiffness

(iv) Slight tackiness
(v) Good durability
(vi) Good resistant to changing temperature

i i panic solvents ete,
(vii) Resistance to swelling in organic solvents ¢
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Compounding of rubber:
Compuunding is a provess by which muang of oy tubber with dff substanees loomipar

special properties Lo an application. The following substances are mined with raw rubber.

(i1 Plasticizers and softeners: They give greater plasticity and flexibility and trreduce
the biittleness of the products
Fax: Waxes, Stearic acid and Vegstable ails.

(i) Vuleanizers: When ruhber is heated with sulphur, its tensile strenglh, elesticity an

reststance 1o swelling are increased. The remaining Vulcanizing agents are hydeogen

peroxide (10001 Sulphur mono — Chiloride (5-cl5], Benzvl ehlorude, Byl peroscde ete.
(k) Anti — Cxidants: Matural rubber has tendency for Oxidation, This Oxidavon i
prevented by added Anti-Oxidents like phenylnapthyl amine aad phosphutes,

(iv) Accelerators: These shortered the time required Tor Yuleanization and 41
toughness to rubber.

Lx: - mercaptanol and Beneotisel.

(V) Fillers: They give regidity and strength to the rubber

Ex: Carbon Black, Zinc oxide amd Cnl'e,

(vi) Colouring substances: these substances provides ple

wsing colour (o the rebber
product.

Ex
Titanivm Oxide — While
Ferric Oxide = el

T R AHE A T Ay
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SYNTHETIC RURBBLK: (ELASTOMERSE
The follow ing rubbers are considered as aythelic piabers.
[, Fung — 5 Rubber

2, Buna ™ - Rubbe

3. Pely urethane robber

4. Sjlicony ruiber

4
Tl

i. Buna - 5 / Styrene / GR - 5 rubber:

11 i prepared by copolvmerization of 1.3 - butzdizne and siyrend.

Preparation:

neH; =CH - EH=dH-nie =tH ——=

Properties:
4} It has high abrasion resistance and high lnad Sarring cupacicy
by Fasily oxidized in prosence of peany

Ik i oils and arganic solveis

cp e swe
dy Jes Yulcanizalion process is similar o natural rabher
A

Applications / Uses:

[ [iis mainly wsed for manufoctire of yres,
20t is also used for Moer tiles, shoe soles, gashers, wire and eahle fnsulations, Ow

limings el

2 Buna— N/ Nitrite vubber: / GR - A rubber:
Preparation: 10k farmed by copelymerizution ol 1, 3 bata - divae and Aoy N

nail sfH=-(HefH-pHL =0 —>
I
i

—tH, - Che(H=-Ci e iFL=CHT

I
Ll




Properties:

A) - Itean be vuleanized N same way as naturgl rubber,
b)Y 1thas good oil resistance, heat resistance and abrasion resistance
) Itis attacked by alkalis, due 1o presence of cynogroups.
Uses: making air craft “omponents, conveyor belts. tank linings, gaskets, hoses, printing
rollers, automobile parts ete.

3. Polvurethane / Isocyanate rubber:
¥ e ey . T I ' 1- 1 " 1
Preparation: It is obtained by polymerization of poly alcohol (ethylene glycol) withy
cthylene di 1socyanide.

I
SN HaCH

)

NHO = TH, — H. - oK

f Mol
Rl L €, R T ST P S
H
Properties:
a. They are highly resistani to org:

ganie solvents — but are attacked by acids and
alkalis

b. They show good resistance to oxidation because of their saturation (single bond
character.

¢. Their foams are light, tough and resistant to heat. chemicals. weathering and

abrasion
Uses:
They are used for surface coatings, manufacture of foams and spondex [ibres,

4. Silicone rubber:

Preparation: It is formed by the polymerization of dihydroxy dimeths! silicon, which is

formed by dichloro dimethyl silicon. This step requires water molecules and HC

elimination takes place.
Dihydroxy dimethyl silicon form an unstable silicon rubber by dehydration. Which vields

silicon rubber in the presence of peroxide and in organic pillers like 110, Si0,

etc........... by the polymerization.
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IMropertics:
A, I has good resistant 1o Ols, dilute acids, alkalis and sunlight,
b, It retains rubber properties atl elevated temperatures.

¢ I is alse resstant toair and oFone at ngh wmperature

Uises:
a. Itis mainly vsed in making lubricants, paints cle,

B For making artilicial heart valves, transfusion Labings, Tor special hoots e b geed
a1 low femperaiire.,

CONDUCTING POLYMERS:

The polymers which conduet clectricity are culled as conducting palvimers. 1wl

polvmers are poor conductors ol electrifly, Henee. act as good clectnval insulators due o

non-availabiltiy af more ¢lectrons.
The conductian ol the polymers may be due to unsaturation or by the addines o
nu clements L metals

i [
TRy

chemical Ingredients such as copper, silver, ole. {conducti

Fx: Poly acetylene, poly aniline, polytinephene ete.
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CLASSIFICATION:

Conducting pelyiners are cla
2 Extrinsic

coifted in ey two

[, Intrinsic
1. Intrinsic: The conjugation of double bond present in the structure 1% respansible lor
conductance. Intrinsic again be classified in o two [es.

(i1 7 electrons conducling pulymers

(ii) Doped conducting polymers
(i) 7 clectrons €. Conductance is duc Lo positive {or) Negative charges present i the

polvmer back bone.

ative charges present m the

i€

Ex: Poly acetvlene
(i1y oped C.P: Conductance is due 10 positive {or) Neyr

polvimer back bone.

Ex: Poly Napthalene.
2. Extrinsic: An added ingredicnt is vesponsible for conductance. I is also are of two
Ly pes,
(i) Conducting element filled polymer
(ii) Blended polymer.
(i) Conducting element filled polymer:
etallic fibres

A polymer holds {or) binds the conducting element such s metal oxide, m

and carbon black.

(ii) Blended C.P:
These are made by blending (mixing) a conventional polymer with a conducting polymer
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The conducting polymers having me’s in their baek hone can easily be oxigieed (07
reduced because they possiss low ionizution potential and high clectron allinie. Fenwe

their conductance can be increased by intraducing a +ve { - ve charge on polymer back

bane by oxidation (or) reduction. This synthetic process is called as Doping, Doping ame
of two types.

1. P — doping and 2. n —doping
1. P — doping: 1t is done by axidation of condueting polvmers like polyacetylene with
Lewis acid (electron pair aceeptor). (o) ladine (o Bromine vapors, By oxidation, a e

charge is created on polymer back bone {oxidative doping)
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2 n - doping: [t is carried out by ceduction process by e addition of lewls Fius
ere by negative gites are created on polymier huck hone which is
am, Nz, Ca. Tetra ALyl

(electron pair donor). Th
The used n - dopanls @re l.ithi

responsible for conductance.
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4. Used in solar cells
[y, In phute voltaic devices
al naterials
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