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Polymers
cgqyd

:ijs[kk
1- ifjHkk"kk
2- oxhZdj.k
3- O;kolkf;d :i ls egRoiw.kZ cgqyd
4- tSo cgqyd
(1) gekjk thou cgqydksa ls vR;f/kd izHkkfor gSA nSfud thou esa mi;ksx esa yh tkus okyh vusd
oLrqvksa ls ysdj iguus ds diM+s rd cgqyd gSA IykfLVd ds inkFkZ] uk;ykWu] Vsfjfyu diM+s lHkh cgqyd
gSA
(2) lu~ 1838 esa igyk cgqyd] ikWfyokbfuy DyksjkbM (PVC) vpkud la'ysf"kr gqvkA 1839 esa
LVkbjhu dk cgqyhdj.k gqvkA

 
ikWfyej ¼xhz d 'kCn½

ikWfy cgrq ej  bdkbZ

ifjHkk"kk & cgqyd mPp v.kqHkj (103 – 107 u) okys os inkFkZ gS tks dbZ ljy v.kqvksa ds jklk;fud
ca/kksa }kjk tqMus ls curs gSA

Ø la- rki lq?kV~; IykfLVd rkin`<+lsfVax IykfLVd

1- xeZ djus ij] ;s rqjUr eqyk;e iM+ tkrh xeZ djus ij] ;s eqyk;e ugha gksrh gSA ,d
gS rFkk iqu% viuk vkdkj izkIr dj ldrh ckj eqyk;e djus ij ;s nqckjk ugha <kyh
gS ;k B.Mk djus ij lkaps esa <kyh tk tk ldrh gSA
ldrh gSA

2- ;s lkekU;r% yEch J`a[kyk okys jSf[kd ;s lkekU;r% Økl&la;qfXer izd`fr ds gksrs
cgqyd gksrs gSa rFkk ;ksxkRed cgqydu gSa rFkk la?kuu cgqydhdj.k }kjk curs gSA
ds ifj.kkeLo:i curs gSaA

3- rki lq?kV~; IykfLVd lkekU; :i ls rkin`<+lsfVax cgqyd rqyukRed :i ls
detksj] dksey] o de Hkaxqj gksrs gSaA dBksj izcy Hkaxqj izd`fr ds gksrs gSaA

O;kolkf;d :i ls egRoiw.kZ dqN la'ysf"kr cgqyd
(Some Commercially Important Synthetic Polymers)

la'ysf"kr cgqyd] ,dyd bdkb;ksa ds ;ksxkRed ;k la?kuu mRikn gksrs gSaA

(Addition Polymers);ksxkRed  cgyq d

,dyd bdkb;k¡ izk;% vksfyfQUl ;k mldh O;qRiUu gksrh gSaA ;ksx fof'k"V n'kkvksa esa gksrk gS
vkSj cgqyd lk/kkj.kr;% ,dydksa ds iw.kZ xqf.kr gksrs gSaA mnkgj.k & ikWfy,Ydhu] ikWfy,ØkbysVl] vkSj
ikWfygSyksvkyfQUlA

,dyd

cgqyd

bZdkbZ&XX
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(Polyalkenes)ikWfy,Ydh Ul

bu ;ksxkRed cgqydksa esa ,dyd bdkb;k¡ ,Ydhu o mldh O;qRiuu gksrh gSaA
1- ikWfy,Fkhu (Polyethene) : ;g ,Fkhu dk lcls T;knk izpfyr cgqyd mRikn gS vkSj bls ikWfyFkhu
Hkh dgrs gSA

(a) de ?kuRo okyh ikWfy,Fkhu (Low density polyethene) :

n(CH = Ch )2 2
350 – 570 K; 1000 ls 2000 ok;qe.My

vkWDlhtu dh vYi ek=k
(– CH – CH –) n2 2

,Fkhu ikWfyFkhu

xq.k o mi;ksx % ;s cgqyd vR;f/kd 'kkf[kr J`a[kyk v.kqvksa dks j[krs gSaA ;s 'kk[kk;sa cgqyd v.kqvksa
dks vR;f/kd ikl ca/kus ls jksdrh gSA blfy, ?kuRo fcYdqy de gksrk gSA de ?kuRo okyh ikWfyFkhu
jklk;fud :i ls vfØ;] n`<+ o fo|qr~ ds cgqr de pkyd gksrs gSaA

(i) bysfDVªd rkjksa dks oS|qr~ vojks/kd djus ds fy,]
(ii) ikbZi] f[kykSus] cksry] dksV vkfn dks cukus esaA
(b) mPp ?kuRo okyh ikWfyFkhu (High density polyethene) :
,fFkyhu dks yxHkx 333-334 K ij ok;qe.Myh; nkc ds vUrxZr mRizsjd tSls Vªkb,fFky

,syqfefu;e] vkSj VhVsfu;e VªsVkDyksjkbM ¼ftxyj uV~Vk mRizsjd dh rjg tkuk tkrk gS½ dh mifLFkfr
esa cgqydhdj.k }kjk cuk;h tkrh gSA cuk gqvk cgqyd jSf[kd J`a[kyk j[krk gS vkSj v.kq [kkyh LFkku
esa iw.kZ :i ls ca/ks gksrs gSA blhfy, bUgsa mPp ?kuRo okyk cgqyd dgrs gSaA
xq.k o mi;ksx % mPp ?kuRo okys ikWfyFkhu Hkh de ?kuRo okys ikWfyFkhu dh rjg jklk;fud :i ls
fcYdqy vfØ; gksrh gSaA fdUrq ;g T;knk n`<+] T;knk dBksj gksrh gS vkSj ,dyd J`a[kykvksa ds ikl&ikl
ca/ks gksus ds dkj.k bldh QSykus dh izcyrk Hkh T;knk gksrh gSA iz;ksx&

(i) ik=ksa ds fuekZ.k esa] tks jklk;u vkfn dks lafpr djus ds fy, iz;ksx fd;s tk ldrs gSa ¼D;ksafd
;s jklk;fud :i ls vfØ; gksrs gSaA½

(ii) fofHkUu ?kjsyw lkekuksa ds fuekZ.k ds fy;sA
2- ikWfyizksihu (Polypropene) : ;g 373 K o 10 ok;qe.Myh; nkc ij Vªkb,fFky ,syqfefu;e dh
FkksM+h ek=k j[kus okys n- gsDlsu esa ?kqyu'khy izksfiyhu ds cgqydhdj.k }kjk cuk;h tkrh gSA

nCH – CH = CH3 2
– CH – CH –2

(C H ) A12 5 3

izksihu
10 ok;qe.My] 373 K

CH3 n

xq.k o mi;ksx % ikWfyizksihu] ikWfy,Fkhu dh vis{kk T;knk dBksj o n`<+ gksrh gSA iz;ksx &
(i) vklu ¼lhV½ [kksy] dkyhu js'kksa] Mksfj;ksa vkfn dks cukus ds fy;sA
(ii) fjdkMksZa ds fy, [kksy] o diM+s vkSj nwljs lkekuksa dks cka/kus okyk leku cukus ds fy;sA

3- ikWfyLVkbjhu (Polystyrene) : ;g LVkbjhu dk ,d cgqyd gS vkSj LVkbjhu dks csUtksby
ijkDlkbM dh mifLFkfr esa eqDr ewyd fØ;kfof/k }kjk xeZ djds cuk;h tkrh gSA

CH = CH2

n

LVkbjhu

ijkWDlkbM
csUtksby

– CH – CH –2

ikWfyLVkbjhu
n



415

xq.k o mi;ksx % ikWfyLVkbjhu ,d ikjn'kZd FkeksZIykfLVd inkFkZ gS vkSj ty ds Åij rSjrh gSA
iz;ksx &

(i) f[kykSus] da?ks] xeZ is; ikuh okys di dks cukus ds fy;sA
(ii) TV dsfcusV o jsQzhtjsVj ¼cQZ j[kus dk cDl½ ds fy, Lrfjr inkFkZ dk fuekZ.k djus esaA
(iii) Nrksa o tehu dks <dus esa iz;qDr gksus okys [kiM+k (Tiles) dks cukus ds fy;sA

(Polyacrylates)ikWfy,ØkbyVs ~l

ikWfyØkbysV~l esa ,dyd bdkb;k¡ ,Økbfyd vEy (CH2 = CHCOOH) ls mRiUu gksrh gSaA ;s
foukby cgqyd Hkh dgykrs gSa pw¡fd ;s vius v.kqvksa esa ,d okbfuy lewg (CH2 = CH–) j[krs gSaA
mnkgj.k ds fy;s&
1- ikWfy,fØyksukbVªkby ;k vksjyku Polyacrylonitrile (PAN) or Orlon :

n CH  = CHCN2

cgqydu – CH  – CH –2

CN
n

okbfuy lk;ukbM
;k ,ØkbyksukbVªkby

PAN

xq.k o mi;ksx % ;g ,Økbyksu Hkh dgykrk gS vkSj cgqr dBksj o mPp xyukad okyk lhax dh rjg dM+k
inkFkZ gSA ,Økbysu js'ks iz;ksx gksrs gSa&

(i) fofHkUu izdkj dh la'ysf"kr dkyhuksa ds fuekZ.k esaA
(ii) dacyksa] LosVjksa o ugkus okys diM+s vkfn dks cukus ds fy;sA

2- ikWfyesfFkyesFkk,ØkbysV [Polymethylmethacrylate (PMMA)] :

n CH  = C – COOCH2 3

CH3

n
esfFkyesFkk,ØkbysV

¼dkcZfud ijkDlkbM½ – CH  – C –2

CH3

COOCH3

;g cgqyd cgqr ls O;kolkf;d ukeksa tSls Y;wlkbV] ,ØkbykbV] IysDlhXykl] vkSj ijLisDl
}kjk tkuk tkrk gSA
xq.k o mi;ksx % ;g ,d dBksj o ikjn'kZd cgqyd gS vkSj izdk'k] Å"ek o ,ftax ds izHkko ds izfr iw.kZ
izfrjks/kd gksrk gSA mi;ksx &

(i) u VwVus okyh ykbV~l] lqj{kkRed Lrj o d`f=e nkarksa dh iafDr cukus esaA
(ii) ok;q;ku dh f[kM+fd;k¡ cukus esaA

3- ikWfy,fFky,ØkbysV (Polyethylacrylate) :

n CH  = CHCOOC H2 2 5

n
,fFky ,ØkbysV

dkcZfud ijkDlkbM – CH  – CH –2

COOC H2 5

ikWfy,fFky,Økby sV

xq.k o mi;ksx % ;g vf/kd dBksj o cgqr dqN jcj tSlh izd`fr dk gksrk gSA
(i) fofHkUu izdkj ds oL=ksa dks cukus ds fy;sA
(ii) dkyhuksa o dEcyksa dk fuekZ.k djus esaA
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(Polyhaloolefins)ikWfygSykvs ksfyfQUl

bl izdkj ds cgqydksa esa] ,dyd bdkb;k¡ gSyks,Ydhu gksrh gSa tks mi;qDr fLFkfr;ksa esa tqM+dj
fofHkUu mi;ksxh mRikn cukrs gSA
1- ikWfyVsVªk¶yqvksjks,fFkyhu ;k Vs¶yku Polytetrafluroethylene (PTFE) or Teflon :

n CF = CF                      (– CF  – CF  –)n2 2 2 2

VsVªk¶yqvksjks,fFkyhu

cgqydhdj.k

Vs¶yku

xq.k o mi;ksx % Vs¶yku cgqr dBksj o n`<+ gksrk gSA ;g Å"ek] vEyksa o {kkjksa ds izfr vojks/kd gksrk gSA
;g fo|qr~ dk [kjkc pkyd gSA iz;ksx &

(i) lhyl (seals) o xkLdsVl (gaskets) cukus ds fy, tks cgqr mPp rki o nkc dk fojks/k djrs
gSaA

(ii) mPp vko`fÙk okyh oS|qr fu;qfDr;ksa ds fy, oS|qr~ vojks/kdrk iznku djus esaA
(iii) [kkuk cukus okys crZuksa dh lrg dks ukufLVd cukus ds fy;sA

2- ikWfyokbfuy DyksjkbM (PVC) (Polyvinyl chloride (PVC)) :

n CH  = CHCl2

n
okbfuy DyksjkbM

cg qydhdj.k – CH  – CH –2

Cl
P.V.C.

xq.k o mi;ksx % P.V.C. ,d FkeksZIykfLVd cgqyd gS vkSj bldh lq?kV~;rk mi;qDr IykLVhlkbtj dh
lgk;rk ls c<+k;h tk ldrh gSA

(i) oS|qr~ fu;qfDr;ksa dk vojks/k djus okys PVC ikbiksa dk fuekZ.k djus esaA
(ii) cjlkrh dksV] est doj] FkSys] insZ ds diM+s vkfn cukus ds fy;sA
(iii) d`f=e Hkwry <dus okyk cukus ds fy;sA

(Condensation Polymers)la?kuu cgqyd

;s cgqyd ,dyd bdkb;ksa ds la?kuu ds ifj.kkeLo:i curs gSa tks fHkUu gksrs gSa vksj buds ikl
dqN fo'ks"k fØ;kRed lewg gksrs gSaA bl izdkj ;s lgcgqyd izd`fr ds gksrs gSaA tSls&

ikWfy,LVj] ikWfy,ekbM o jsfluA

(Polyesters)ikWfy,LVj

1- Vsfjyhu (Terylene) : ;k MsØku

,sfFkyhu Xykbdky

HOCHCHO  H   +   HO – C –                   – C – OH                  HOCH CH – O – C –                   – C – OH2 2 2 2

O O
–HO2

O O

420-460 K

Vsjs¶FkSfyd vEy

HOH CH CO – C –                   – C – OCH CH OH2 2 2 2

–H O2

HOCH CH OH2 2

O O

HCOO

– H O2

COOH
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HOCH CH CO – C –                   – C – OCH CH O – C –                   – C – OH2 2 2 2

O O O O

iqu% djus ij

– O – CH CH CO – C –                   – C – OCH CH  – O –2 2 2 2

O O

Vsfjyhu ;k MsØku

xq.k o mi;ksx % Vsfjyhu jklk;fud o tSfod dkjdksa dh fØ;k ds izfr mPp izfrjks/kd gksrk gSA blds
js'ks cgqr etcwr o fVdus ;ksX; gksrs gSA

(i) fofHkUu izdkj ds oL=ksa tSls VsfjdkV] Vsfjowy o VsfjflYd ds fuekZ.k esa] tks nwljs lwr ds lkFk
feykus ds ifj.kkeLo:i curs gSaA

(ii) pqEcdh; fjdkfMZax Vsi] pkyd csYV] vkS|ksfxd etnwjksa ds fy, ,sizu vkfn dks cukus ds fy,A
2- fXyiVy % ;g ,sfFkyhu Xykbdky o FkSfyd vEy dk ,d cgqyd gSA

n n (HOH CCH OH) +2 2

HOOC

–  (H O)n 2

COOH

n

– O – H CCH OC2 2 C –

O O

,sfFkyhu Xykbdky FkSfyd vEy

fXyiVy

xq.k o mi;ksx % fXyiVy ,d tkyd fr;Zd la;qfXer cgqyd gSA tc ;g mi;qDr dkcZfud foyk;d
esa ?kksyk tkrk gS rks blls cuk foy;u okf"ir gksdj ,d n`<+ o fcuk yphyh fQYe NksM+ tkrk gSA
fXyiVy eq[;r% iz;ksx gksrk gS&

(i) isUV o lqugjh okfuZ'k ds fuekZ.k esaA
(ii) fuekZ.kdkjh inkFkksZa tSls ,LcsLVl o lhesUV dks cukus ds fy;sA

(Polyamides)ikWfy,ekbM

bu la?kuu cgqydksa dh ,dyd bdkb;ksa esa ,sekbM la;qXeu (– CO – NH –) mifLFkr gksrk gSA
nks cgqr gh izpfyr cgqyd ftu ds ikl ,slk la;qXeu gksrk gS os gSa & ukbykWu & 66 o ukbykWu & 6
gSA
1- ukbykWu&66] (Nylon - 66) : ;g ,sMhfid vEy ¼gSDlsuMkvksbd vEy½ o gsDlkesfFkyhu Mkb,sehu
¼gsDlsu&1] 6&Mkb,sehu½ dk ,d cgqyhd`r mRikn gSA pw¡fd vEy o ,sehu nksuksa esa izR;sd ds ikl N%
dkcZu ijek.kq gksrs gSa blfy, ;g vuqyXu 66 nsrs gSaA

cgqydu lkekU;r% vfHkfØ;k feJ.k dks nkc ds vUrxZr xeZ djus ds }kjk yk;k tkrk gSA
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cgqyd dk v.kqHkkj cgqr mPp gksrk gSA

n(H N – (CH )  – NH ) + nHOOC – (CH ) – COOH2 2 6 2 2 4

gsDlkesfFkyhu Mkb,sehu ,sMhfid vEy

– n(H O)2

(– NH – (CH ) – NH – C – (CH )  – C –)n2 6 2 4

O O

ukbykWu&6]6

xq.k o mi;ksx % ukbykWu&6]6 mi;qDr lwr dkrus okyh e'khu ds }kjk pknj ;k js'ks esa <kyk tk ldrk
gSA bu js'kksa dh rU;rk {kerk cgqr mPp gksrh gSA ;s cgqr dBksj o ?k"kZ.k ds izfr vojks/kd gksrh gSA iz;ksx
&

(i) nUr cz'k ds js'ks cukus esaA
(ii) jLlh o p<+kbZ okyh jLlh ds fuekZ.k esaA
(iii) tc Åu ds lkFk feykrs gSa rc eksts o LosVj cukus ds fy;sA

2- ukbykWu&6 (Nylon-6) : ;g dSijksysDVe dk cgqydhd`r mRikn gS tks lkbDyksgSDlsu ls uhps dh
xbZ vfHkfØ;kvksa ds ifj.kkeLo:i izkIr gksrs gSaA

lkbDyksgsDlsu

vkWDlhdj.k

O

lkbDyksgsDlsuksu

NHOH2

–HO2

NOH

lkbDyksgsDlsuksu
vkfDle

HSO2 4

csdeku iqufoZLFkkiu

O

NH

dSizksySDVe

ueh dh mifLFkfr esa xeZ djus ij dSijksysDVe oy; VwV dj   ,sehuks dsiksfjd vEy ;k
6&,sehuks gsDlksuksbd vEy nsrs gSa tks fd Ng dkcZu ijek.kqvksa okyk ,sehuks eksuksdkcksZDlfyd vEy gSA
;g cgqydhd`r gksdj ukbykWu&6 nsrs gSaA

dSizksysDVe

xeZ djus ij
NH  – (CH ) – COOH                      (~ NH – (CH ) – C ~ )2 2 5 2 5  n

O

NH H O2 xeZ djus ij
cgqydu

O

,sehuks dSiksfjd vEy ukbykWu&6

xq.k o mi;ksx % pw¡fd ,dyd bdkbZ ds ikl 6 dkcZu ijek.kq gksrs gSa blfy, bls ukbykWu&6 dgrs gSaA
budk mi;ksx cqus oL=ksa] Mksfj;ksa] Vk;j dh jfLl;ksa vkfn ds fuekZ.k esa gksrk gSA
ukbykWu&66 esa gsDlkesfFkyhu Mkb,sehu o ,sMhfid vEy nksuksa ,dyd bdkb;ksa esa ls izR;sd
ds ikl 6 dkcZu ijek.kq gksrs gSa tcfd ukbykWu&6 esa dsoy dSizksysDVe ,dyd ds ikl 6
dkcZu ijek.kq gksrs gSaA nksuksa gh ikWfy,ekbM izd`fr ds gksrs gSaA
uksV (Note) : dqN le; igys ukbykWu&11 o ukbykWu&12 dk la'ys"k.k gqvk gSA ukbykWu&11,sehuks
vUMhdsuksbd vEy ds Lo la?kuu dk mRikn gSA

2 2 10 2 10 nn[H N(CH ) COOH] [ NH (CH ) CO ]    cgqydu

,sehuksvUMhdsuksbd vEy ukbykWu&11
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ukbykWu&12 MksfMdsfuysDVe ds tyvi?kVu;qDr cgqydhdj.k }kjk izkIr gksrk gSA

n(CH ) [–NH–(CH ) –CO]2 11                                               2 11 n

CO

NH cgqydu
H O2

MksfMdsfuysDVe ukbykWu&12

ukbykWu&2&ukbykWu&6 ,d la'ysf"kr f}cgqyd gS ¼tSo fuEuuh; izd`fr dk½ ftlesa ,dyd
bdkb;k¡ Xykblhu o ,sehuksdSizksbd vEy gSA

(Formaldehyde Resins )QkeZfs YMgkbM jfs lu

jsflu v?kqyu'khy Bksl ;k v)Z Bksl gksrs gSa tks dqN ikS/kksa ls lh/ks izkIr gks tkrs gSa vkSj
cgqydhdj.k ds ifj.kkeLo:i Hkh cuk;s tk ldrs gSaA
1- QhukWy QkesZfYMgkbM jsflu ;k cgqyd % QhukWy QkesZfYMgkbM cgqyd lEHkor% lcls iqjkus Kkr
cgqyd gSA

+ CH (HCHO)2

QhukWy

¼la?kuu½
;k

O
OH

H      OH+ –

OH

CH OH2

OH

CH OH2

+

QkesZfYMgkbM o- gkbMªkWDlh
esfFky QhukWy

p- gkbMªkWDlh
esfFky QhukWy

o - gkbMªkWDlhesfFky QhukWy ds v.kq bUgha n'kkvksa ds vUrxZr la?kfur gksdj js[kh; cgqyd cukrs
gSa ftls usoksysd dgrs gSaA

OH

n
CH OH+H2

OH

CH OH2 ¼la?kuu½
;kH      OH+ –

OH

–H C2 CH2

OH

CH2 CH2 –

js[kh; cgqyd uksoksysd n

leko;oh o- gkbMªkDlhesfFky QhukWy o p-gkbMªkWDlhesfFky QhukWy ds v.kq Hkh Økl la;qXeu ds
ifj.kkeLo:i la?kfur gks ldrs gSa rFkk cSdsykbV cukrs gSA

fr;Zd la;qXeu nks leko;oh csfUty ,sYdksgyksa esa Hkh gks ldrk gS tks Økl la;qfXer cgqyd nsrs
gSaA
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OH

n
CH OH2

(ortho)

OH

+  n

(para)
CH OH2

cgqydu

–n(H O)2

OH

~H C2 CH2

CH2

–H C2 CH2

OH

CH2

CH2

CH2

OH

OH

CH ~2

CH2

CH ~2

OH
cSdsykbV

xq.k o mi;ksx % cSdsykbV ,d fr;Zd la;qfXer FkeksZlsfVax cgqyd gSA cgqydhdj.k dh de nj eqyk;e
cSdsykbV nsrh gS tcfd cgqydhdj.k dh mPp nj ls dBksj cSdkykbV izkIr gksrk gS&

(i) eqyk;e cSdkykbV ijrnkj ydM+h ds r[rksa dks cka/kus ds fy;s ljsl cukus esa] okfuZ'k o lqugjh
okfuZ'k ¼ihry ij p<+kus okyh½ esa iz;qDr gksrs gSaA

(ii) dBksj cSdkykbV da?ks] QkmUVsu iSu] QkfeZdk est dh Åijh Lrg] oS|qr~ lkeku vkfn dks cukus
esa iz;qDr gksrs gSaA
2- eSySehu QkesZfYMgkbM jsflu (Melamine-formaldehyde resin) : ;g eSySehu ds cgqydhdj.k }kjk
izkIr gksus okyk lgcgqyd gS tks fo"kepØh; Vªkb,sehu dh QkesZ,fYMgkbM ds lkFk fØ;k }kjk curk gS%&

NH2
N

NN

H N2

NH2

eSySehu

+ HCHO
QkesZfYMhgkbM

NHCH OH2
N

NN

H N2

NH2

ek/;fed

NH–CH –2

N

NN

–H C–HN2

NH

eSySehu cgqyd

CH2

cgqydu

n

xq.k o mi;ksx % eSySehu QkesZfYMhgkbM cgqr dBksj o n`<+ gSA ;g eq[;r% Økdjh cukus ds fy, cgqr
egRoiw.kZ ekuk tkrk gSA ;s Å¡pkbZ ls fxjkus ij Hkh ugha VwVrs gSaA
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(Rubber)jcj

jcj lEHkor% lcls T;knk mi;ksxh cgqyd gSA ;g geksj m|ksx] Lopkfyr m|ksx dh jh<+ dh
g M ~M h  g SA  i zk d f̀ r d  L = k sr  l s i zk I r  g k su s o k y h  j c j izkd`frd jcj dgykrh gS tcfd ekuo }kjk fufeZr
jcj la'ysf"kr jcj dgykrh gSA

izkd`frd jcj (Natural Rubber)

;g ty esa jcj ds dksykbMh ifj{ksi.k ds :i esa izkIr gksrk gS rFkk ysVDl dgykrh gSA ;g jcj
ds isM+ esa mifLFkr gksrh gS tks m".k dfVcU/kh; o miks".k dfVcU/kh; ns'k tSls nf{k.k vesfjdk] Jhyadk]
eysf'k;k] bUMksusf'k;k] Hkkjr ds nf{k.kh Hkkx esa vf/kdrj ik;s tkrs gSA jcj ds isM ls ysVDl bldh Nky
dks [kjksap dj ,df=r dh tkrh gSA

jklk;fud :i ls izkd`frd jcj ik Wfyvkblksi zhu gS ftles a vkblksi zhu vFkk Zr ~
2&esfFky&1]3&C;wVkMkbbZu dh ,dyd bdkb;k¡ gksrh gSaA ,slk lEHkor% 1] 4 cgqyd esa gksrk gS ftlesa
,dyd 1] 4 fLFkfr ij fLFkr CH2 lewg }kjk tqM+s gksrs gSA 'ks"k cps f}cU/k vkblksizhu bdkb;ksa esa C2

o C3 fLFkfr ij fLFkr gksrs gSaA lHkh f}cU/kksa esa fll (cis) foU;kl gksrk gSA bl izdkj izkd`frd jcj fll
ikWfyvkblksizhu gSA

n(CH  = C – CH = CH )2 2

CH3

cgqydu
H C3

1CH2

H
2 3

4 2CH

CH2

CH3

CH2

H

H C3
C = C

H

CH2CH2

vkblksizhu
fll&vkblksizhu

izkd`frd jcj dh mPp rU;rk /kqzoh; lewgksa dh vuqifLFkfr ds dkj.k gksrh gS vkSj f}cU/kksa ds
fll&foU;kl cgqyd Jà[kykvksa dks ikl vkus ugha nsrs gSA blfy, dsoy nqcZy ok.Mj oky cky mifLFkr
gksrs gSaA J`a[kyk jSf[kd ugha gksrh gSA vr% ;s fLaizx ln`'; QSy ldrs gSaA

jcj dks xU/kd iw.kZ cukuk (Vulcanisation of Rubber) :

jcj 283 ls 335 K rd dh rki ijkl esa iz;qDr gksrs gSaA mPp rki ij ;g cgqr eqyk;e gks tkrs
gSa vkSj bl rki ds uhps ;g Hkaxqj gks tkrs gSaA bldks vR;f/kd mi;ksxh cukus ds fy;s izkd`frd jcj
dks xU/kd;qDr cuk;k tkrk gSA

;g izfØ;k lcls igys pkYlZ xqM;j }kjk 1893 esa dh x;h] blds fy;s bUgksaus xfyr lYQj
dh fuf'pr ek=k dks 373 ls 415 K ds chp ds rki ijkl ij xfyr jcj esa MkykA ;g izfØ;k fcYdqy
/kheh Fkh vkSj bldks c<+kus ds fy, blesa o/kZd tSls ftad vkWDlkbM (ZnO) Mkyk x;kA xa/kd iw.kZ jcj
cukus ls izkd`frd jcj ds HkkSfrd xq.kksa esa cgqr dqN lq/kkj gksrk gSA tSls ;g T;knk yphyh gksrh gS] ty
vo'kks"k.k dh {kerk de gksrh gS vkSj vkWDlhdj.k o dkcZfud foyk;dksa ds izfr T;knk izfrjks/kd gksrh
gSA

jklk;fud :i ls xa/kd;qDr jcj esa lYQj ijek.kq] izkd`frd jcj dh jSf[kd J`a[kykvksa esa Økl
la;qXeu djrk gSA dkcZu ijek.kq f}cU?kksa esa iz;qDr gksrs gSa vkSj f}cU/k dh  fLFkfr ij ik;s ,fyfyd
esfFkyhu (–CH2) lewg vfHkdkjd dsUnzksa dh rjg dk;Z djrs gSaA bl fLFkfr ij lYQj ijek.kq tqM+ ldrs
gSa vkSj fr;Zd la;qXeu djrs gSa tks uhps n'kkZ;k x;k gSA
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CH  – C – CH – CH2 2

CH3

S S

H C – C – CH – CH2 2

CH – C = CH – CH2

CH3

S

CH – CH = C – CH2

CH3

¼f}cU/kh; dkcZu ijek.kqvksa }kjk Økl la;qXeu½ ¼esfFkyhu dkcZu ijek.kqvksa }kjk Økl la;qXeu½

fr;Zd la;qXeu ds dkj.k jcM+ dM+k gks tkrk gS vkSj jcj ds nwljs xq.kksa ij Hkh izHkko iM+rk  gSA
d M +si u  d h  e k = k ]  M k y s x ; s l Y Q j  d h  e k = k  i j  f u H k Zj  d j r h  g SA  y x H k x 5% lYQj ls ;qDr jcj Vk;j
cukus esa mi;ksx gksrh gSA blh rjg ls yxHkx 30% xU/kd ls cuh jcj] cSVjh ds [kksy cukus esa iz;qDr
gksrh gSA

xa/kd ;qDr jcj ds xq.k&

1- ;g dBksj o fcuk fpifpih gksrh gSA

2- ;g mPp izR;kLFkrk okyh gksrh gS tks rki dh mPp ijkl ij Hkh cuh jgrh gSA

3- ;g rqjUr vkWDlhd`r ugha gksrh gS rFkk lHkh ekSleksa esa ,d tSlk O;ogkj fn[kkrh gSA

4- ;g dkcZfud vEyksa ds vkØe.k ls i;kZIr izfrjks/kd gksrh gSA

la'ysf"kr jcj (Synthetic Rubber)

izkd`frd jcj m|ksxksa dh c<+rh ek¡x dks iwjk ugha dj ldrh gSA jlk;uKksa us iz;ksx'kkyk esa jcj
cuk;kA ;g ekuo fufeZr jcj ;k la'ysf"kr jcj dgykrk gSA mnkgj.k&

1- fuvksizhu (Neoprene) :

n CH  = C – CH = CH2 2

Cl

cgqydu – CH  – C = CH – CH –2 2

Cl n

fuvksizhu
Dyksjksizhu

xq.k o mi;ksx % fuvksizhu ,d FkeksZIykfLVd cgqyd gSA ;g ok;oh; vkWDlhdj.k ds izfr viuh
LFkkf;Rork ds dkj.k rsyksa] xSlksyhu] o nwljs foyk;dksa ds izfr viuh izfrjks/kdrk ds dkj.k izcy gksrs
gSA iz;ksx &

(i) iSVªksy] rsy o nwljs foyk;dksa ds fuekZ.k esaA

(ii) dks;ys ds dkj[kkuksa esa fuvksizhu cSYV ds fuekZ.k esa ¼D;ksafd ;s vkx ugha idM+rh gS½A

(iii) gksl] twrs dh ,M+h] jksdus okyks MkV (Stopper) dks cukus esaA

2- C;wuk –S (Buna–S) : ;g 1]3&C;wVkMkbZu o LVkbjhu dk ,d lgcgqyd gS vkSj ;g lksfM;e
dh mifLFkfr esa 3 % 1 ds vuqikr esa bu ?kVdksa ds cgqydu }kjk izkIr gksrk gSA
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n CH = CH – CH = CH +2 2

CH = CH2

xeZ djus ij
(Na)

– CH CH = CHCH CHCH –2 2 2

n
1]3&C;wVkMkbZu LVkbjhu

C;wVk –S esa] cw (Bu) C;wVkMkbZu dks iznf'kZr djrk gS] N (Ni) ¼uSfVª;eksa½ lksfM;e ds fy, gS tks
cgqdyu djus okyk dkjd gS tcfd S izrhd LVkbjhu ds fy, gSA

xq.k o mi;ksx % cwuk –S ,d la'ysf"kr cgqyd gS vkSj izpfyr :i ls S.B.R. vFkkZr~ LVkbjhu C;wVkMkbZu
jcj dh rjg tkuk tkrk gSA bldh rU;rk izkd`frd jcj dh vis{kk FkksM+h&lh de gksrh gSA iz;ksx &

(i) eksVj xkM+h ds Vk;jksa ds fuekZ.k esaA (ii) jcj ds rYyk] cSYV] gksl vkfn dks cukus ds fy;sA

C;wVk –N (Buna-N (Nitrile rubber)) : ;g C;wVk –1, 3– Mkbu o ,ØkbyksukbVªkby dk lg&cgqyd gSA

nCH = CH – CH = CH +         nCH = CH2 2                     2

CN
,ØkbyksukbVªkbyC;wVk&1]3&Mkbu

cgqydu

(– CH – CH = CH – CH – CH – CH –)2 2 2 n

CN
¼C;wuk ½–N

xq.k o mi;ksx % ;g oS|qr~ vojks/kd izd`fr dk gksrk gS vkSj pkyd cSYV o NikbZ okys jksyj cukus ds
fy, iz;qDr gksrk gSA

tSocgqyd o tSofuEuhdj.kh; cgqyd Biopolymers & Biodegradable Polymers

la'ysf"kr cgqyd Å"ek o jklk;uksa tSls vEyksa] {kkjksa o vkWDlhdkjdksa ds izfrjks/kd gksrs gSaA budh
vfØ;rk fofHkUu izdkj ds la'ysf"kr mi;ksxksa] ds fy, mÙkjnk;h gksrh gSA ysfdu bUgksaus i;kZoj.kh;
leL;kvksa dks c<+k;k gSA ;s vf/kdrj tSo vi?kfVr ugha gksrs gS vkSj vif'k"V cgqyd dks [kRe djuk
cgqr dfBu gSA tSls & ikWfyFkhu FkSys] VwVs gq, ikWfyFkhu] ikbi vkfnA

izd`fr esa dbZ cgqyd gS tks ikS/kksa o tUrqvksa ds tSfod rU= }kjk cuk;s tk ldrs gSaA ;s tSoh;
cgqyd dgykrs gSA ikWfylSdSjkbM~l] izksVhu] U;wDyhd vEy tSfod cgqyd ds lkekU; mnkgj.k gSaA
tSfod rU= esa] ;s cgqyd fofHkUu ,Utkbeksa dh mifLFkfr esa vi?kfVr ;k ty vi?kfVr gks tkrs gSaA vFkkZr~
;s tSo fuEuuhdj.k gks tkrs gSaA tSo cgqydksa ds y{k.kksa ls feyrs tqyrs cgqydksa ds fuekZ.k ds iz;kl fd;s
tk jgs gSA ;s la'ysf"kr tSo cgqyd dgykrs gSa vkSj tSfod :i ls vi?kfVr gks tkrs gSA ,syhQSfVd
ikWfy,LVj tSo vi?kfVr cgqydksa ds lkekU; mnkgj.k gSA

PHBV ¼ikWfy gkbMªkDlh C;wVkC;wfVjsV&dks&&gkbMªkDlh osySjsV
;g 3&gkbMªkDlh C;wVsukWbd vEy o 3&gkbMªkDlhisUVsuksbd vEy dk lg&cgqyd gSaA ftlesa

budh ,dyd bdkb;ksa esa ,LVj la;qXeu feyrk gSA
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n HO – CH – CH – COOH + n HO – CH – CH – COOH2 2

CH3 CH CH2 3

3&gkbMªkDlhC;wVsuksbd vEy 3&gkbMªkDlhisUVsuksbd vEy

O

– O – CH – CH – C – O – CH – CH – C – + (2n–1) H O2 2 2 2

CH CH2 3 O n
PHBV

tSo&cgqyd ds xq.kksa dks ,dyd gkbMªkWDlh vEyksa ds lkis{k vuqikrksa dks O;ofLFkr djds cnyk
tk ldrk gSA ;s vkFkksZihfMd iSfdax eVhfj;y vkSj dSIlwyksa esa mi;ksxh gSA tc vkS"kf/k dks PHBV ds
dSIlwyksa esa Mkyrs gSa rks ;g ewyd ds vi?kfVr gksus ij gh eqDr gksrk gSA ;g dqN fd.odksa dh lgk;rk
ls Hkh ok;qe.My esa vi?kfVr gks tkrk gS]

ukWbyku&2&ukWbyku&6

;g Xyhlkbu ,oa ,feuks dSiksfjd vEy dk lg&cgqyd gSA

NH – CH – COOH + H N – (CH ) – COOH            NH – CH – CO – NH – (CH ) – COOH2 2 2 2 5 2 2 2 5

Xyhlkbu ,feuks dSiksfjd
vEy

–H O2

iqu%

– NH – CH – CO – NH – (CH ) – CO)2 2 5 n

ukWbyku&2&ukWbyku&6

ikWyhXykbdksfydikWyh ySfDVd vEy ¼MSDlVªkWu½

;g Xykbdksfyd vEy vkSj ySfDVd vEy dk lg&cgqyd gS vkSj bls MSDlVªkWu ds uke ls tkuk
tkrk gSA ;g ,d ikWyh,LVj gS tks 'kY; fØ;k ds ckn ?kkoksa dh flykbZ ds dke vkrk gSA ;s ?kqyu'khy
Vk¡ds gksrs gSa tks lkr fnu esa ?kqy tkrs gSA cgqyd 'kjhj esa ty vi?kVu ds dkj.k vi?kfVr gks tkrk
gS vkSj blds NksVs v.kq cu tkrs gSaa os 'kjhj dks fcuk dksbZ gkfu igq¡pk, ckgj vk tkrs gSA

Ø-la- cgqyd dk uke     lajpuk  ,dyd        mi;ksx

;ksxkRed cgqyhdj.k ikWfy,Ydhu

1- ikWfyFkhu – CH – CH –2 2( )n CH2=CH2 ,y-Mh-ih-
1- bysfDVªd rkjksa dks oS|qr
vojks/kh djus esa
2- ikbZi] f[kykSus] cksry
,p-Mh-ih- cukus esa
1- jlk;u LVksj djus ds
ik=
2- ?kjsyw lkeku
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2- ikWfyizksihu – CH –– CH –2( )n

CH3

CH3–CH=CH2 1- lhV doj] dkyhu js'ks]

Mksfj;ksa dk fuekZ.k
2- ?kjsyw lkeku

3- ikWfyLVkbjhu – CH – CH –2( )n

C H6 5

C6H5CH=CH2 1- f[kykSus] da?ks] di

¼xeZ is; inkFkZ½
2- Vh- oh- dsfcusV
3- fQzt esa cQZ j[kus dk
ckWDl
4- VkbZYl

ikWfy,ØkbysV~l

1- ikWfy,fØyksukbVªkby – CH  – CH –2( )n

CN
CH2=CH–CN 1- la'ysf"kr dkyhu

2- dacy] LosVj]
ugkus okys diM+s

2- ikWfyesfFkyesFkk,fØysV – CH  – C –2( )n

COOCH3

CH3 CH  = C – COOCH2 3

CH3
1- vVwVuh; ykbVsa

2- ok;q;ku dh f[kM+fd;k¡

3- ikWfy,fFky ,fØysV – CH  – CH –2( )n

COOC H2 5

CH2=CH–COOC2H5 1- oL=

2- dkyhu o dacy

ikWfygSyksvkWfyfQUl

1- ikWfyVsVªk¶yksjks,fFkyhu – CF – CF –2 2( )n CF2=CF2 1- lhy (Seal) o xkLdsV
(PTFE) ;k Vs¶yku 2- fo|qr vojks/kh midj.k
(TEFLON) 3- ukufLVd crZu

2- ikWfyokbfuy DyksjkbM – CH  – CH–2( )n

Cl
CH2=CH–Cl 1- ikbi

2- cjlkrh dksV] Vscy &
doj] insZ ds diM+s
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la?kuu cgqyhdj.k ikWfy,LVj

1- Vsfjyhu ;k MsØku –O–CH CO–C–      –C–2

O O

( OCH CH –O–2 2 )n a. HOOC–     –COOH 1- VsfjdksV] Vsfjowy o
b. HOCH2CH2OH VsfjflYd oL=

2- pqEcdh; fjdkfMZax Vsi]
pkyd csYV] ,izsu
3- VsUV

2- fXyiVy –O–CH  CH –O–2 2 C
O

C –
O

n a.
COOH
COOH

1- isUV o lqugjh okfuZ'k

b. HOCH2CH2OH 2- ,LcLVksl o lhesUV

ikWfy,ekbM

1- ukbykWu&66 –NH–(CH ) –NH2 6 –C–(CH ) –C–2 4

O O

n a. (CH )2 4

COOH

COOH
1- VqFk cz'k

b. H2N–(CH2)4NH2 2- jLls
3- Åu ds lkFk eksts o
LosVj

2- ukbykWu&6 –NH–(CH ) –C–2 5

O

n

O
C

NH 1- cqukbZ oL=

2- Mksfj;k¡
3- Vk;j dh jfLl;k¡

QkesZfYMgkbM jsftu

1- fQuky&QkesZfYMgkbM
–H C–    –CH –    –CH –2 2 2

OH OH

n a. HCHO 1- uje cSdsykbV ls ljsl]
jsftu ¼csdsykbV½ b. C6H5OH okfuZ'k o lqugjh okfuZl

2- dBksj cSdsykbV ls da?ks]
QkmUVsu iSu] fo|qr midj.k

2- eSysekbu&QkesZfYMgkbM –CH –N–       –NH–CH –2 2

N

N NH

NH
CH2 n

a. HCHO; b.eSysehu Økdjh ¼vu&czsdscy½

N

N N
NH2

H N2 NH2
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la'ysf"kr jcj

1- fuvksizhu
–CH –C=CH–CH –2 2

C
n

CH =C–CH=CH2 2

Cl
1- isVªksy] rsy o vU;

Dyksjksizhu foyk;d fuekZ.k
2- dks;ys ds dkj[kkus esa
fuvksizhu csYV fuekZ.k esa
D;ksafd ;s vkx ugha idMrh
3- twrs dh ,M+h

2- C;wuk–S (S.B.R.)
–CH –CH=CH CH CH–CH –2 2 2

a. 1,3- C;wVkMkbbZu 1- Vk;j

b. LVkbjhu 2- jcj&lkWy] cSYV

3- C;wuk-N –CH –CH=CH–CH –2 2 a. 1,3-C;wVkMkbbZu 1- pkyd cSYV

CH–CH –2 n

CN b. ,fØyksukbVªkby 2- NikbZ okys jksyj

izkd`frd jcj

1- ikWfyvkblksizhu
–CH –C=CH–CH –2 2 n

CH3

( (

vkblksizhu cSVjh ds [kksy

tSofuEuhdj.k cgqyd
1- PHBV

¼ikWfygkbMªkWDlh
–OCH–CH –C–O–2

CH3

(

O
a. 3-gkbMªkWDlh 1- vkFkksZiSfMd iSafdx

C;wVkC;wfVjsV dks
CH–CH –C–2 n

C H2 5

(

O
C;wVsuksbd vEy esVsfj;y

-- gkbMªkWDlh osySjsV b. 3-gkbMªkWDlh 2- dSIlwy
isUVsuksbd vEy

2- ukbyku 2&ukbyku6 –NH–CH –CO–NH–2 a. Xykblhu

(CH ) –CO–2 5 n b. ,ehuksdSiksfjd

vEy

3- ikWfyXykbdksfyd a. Xykbdksfyd vEy 1- 'kY; fØ;k ds ckn
ikWfy vEy ¼MSDlVªkWu½ b. ySfDVd vEy ?kkoksa dh flykbZ

¼?kqyu'khy Vkads½
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iz-1 C;wuk–N– vkSj C;wuk –S ds e/; vUrj le>kb;sA

mÙkj C;wuk–N– C;wuk –S nksuksa la'ysf"kr jcj gSa rFkk lgcgqyd izd`fr dh gksrh gSaA ;s vius ?kVdksa esa
vyx gksrh gSA C;wuk–N ds ?kVd gSa % C;wV&1] 3 MkbZu o ,ØkbyksukbVªkby C;wuk–S ds ?kVd gSa%
C;wV&1] 3&MkbZu o LVkbjhuA ;s Na dh mifLFkfr esa la?kfur gks tkrs gSA

iz-2 fuEu cgqydksa dks muds vUrjk vkf.od cyksa ds c<+rs Øe esa O;ofLFkr dhft,A

(i) ukbykWu 6]6] cwuk–S, ikWfyFkhu (ii) ukbykWu 6] fuvksizhu] ikWfyokbfuy DyksjkbMA

mÙkj vUrjkvkf.od cyksa ds vk/kkj ij cgqyd fuEu Øe dk ikyu djrs gSaA

bykLVksej < IykfLVd < js'ks

cgqyd dks vUrjk vkf.od cyksa ds c<+rs Øe esa fuEu :i esa O;ofLFkr dj ldrs gSaA

(i) C;wuk–S ¼bykLVksej½ < ikWfyFkhu ¼IykfLVd½ < uk;ykWu 66 ¼js'ks½

(ii) fuvksizhu ¼bykLVksej½ < ikWfyokbfuy DYkksjkbM ¼IykfLVd½ < uk;ykWu 6 ¼js'ks½

iz-3 izkd`frd vkSj la'ysf"kr cgqyd D;k gSa\ izR;sd ds nks mnkgj.k nhft;sA

mÙkj izkd`frd cgqydksa ds mnkgj.k % izkd`frd jcj] lsyqyksl] U;wfDyd vEy] izksVhu vkfnA

la'ysf"kr cgqydksa ds mnkgj.k % MsØku ¼;k Vsjhyhu½] csdsykbV] PVC, uk;ykWu 66] uk;ykWu
6 vkfnA

iz-4 lecgqyd vkSj lgcgqyd inksa esa foHksn dj izR;sd dk ,d mnkgj.k nhft;sA

mÙkj og cgqyd ftlesa ,dyd leku gksrs gSa lecgqyd dgykrs gSaA mnkgj.k ds fy, ikWfyLVkbjhu
dsoy LVkbjhu dk cuk gksrk gSA og cgqyd ftlesa ,dyd vyx gksrs gSa] lgcgqyd (copolymer)
dgykrs gSA mnkgj.k ds fy,] uk;ykWu&66 esa ,dyd ,sMhfid vEy o gsDlkesfFkyhu Mkb,sehu
gksrs gSaA

iz-5 (– NH – CHR – CO –) n ,d lecgqyd gS ;k lgcgqyd\

mÙkj ;g ,d lecgqyd gSA ;g dsoy ,d izdkj dh ,dyd bdkbZ;k¡ j[krk gS vFkkZr~ NH2 – CHR
–  C O O H A ;s – ,sehuks vEy gSaA

iz'ukoyh

1- gYds is; o f'k'kq }kjk ih tkus okyh cksry izk;% cuh gksrh gS&
¼v½ ikWfy,LVj ¼c½ ikWfy;wjhFksu ¼l½ ikWfy;wfj;k ¼n½ ikWfy,sekbM

2- fuEu esa dkSu&lk lgh feyku ugha gSa\

¼v½ fuvksizhu %

Cl

– CH – C = CH – CH –2 2

n

¼c½ ukbykWu&66 %

O

– NH – (CH ) – NH – CO – (CH ) – C –2 6 2 4 n

¼l½ Vsfjyhu %
n

– OCH – CH – C –              – C –2 2

O O
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¼n½ PMMA :

CH3

– CH – C –2

COOCH3

3- fuEu esa ls fdlls ,sLVj cU/k feyrk gSa\
¼v½ ukbykWu ¼c½ cSdkykbV ¼l½ Vsfjyhu ¼n½ PVC

4- fuEu esa ls la?kuu cgqyd gS
¼v½ Vs¶yku ¼c½ ikWfyLVkbjhu ¼l½ PVC ¼n½ MsØku

5- ukbykWu &66 gS
¼v½ ikWfy,sekbM ¼c½ ikWfy,LVj ¼l½ ikWfyLVkbjhu ¼n½ ikWfyokbfuy

6- Vs¶yku fdldk cgqyd gS\
¼v½ VSVªk¶yqvksjks,fFkyhu ¼c½ VSVªkvk;kMks,fFkyhu
¼l½ VSVªkczkseks,fFkyhu ¼n½ VSVªkDyksjks,fFkyhu

7- ukbykWu /kkxs fdlds cus gksrs gSa
¼v½ ikWfy,sekbM cgqyd ¼c½ ikWfy,fFkyhu cgqyd
¼l½ ikWfyokbfuy cgqyd ¼n½ ikWfy,LVj cgqyd

8- cSdsykbV fdldk cgqyd gS\
¼v½ HCHO o ,slhfVd vEy ¼c½ HCHO o Q+hukWy

¼l½ 2 5C H OH  o Q+hukWy ¼n½ 3CH COOH  o csUthu

9- fuEu esa ls dkSu tSo fuEuuh; cgqyd gS\
¼v½ lsyqyksl ¼c½ lgcgqyd ¼l½ ikWfyokbfuy ¼n½ ukbykWu&6

10- fuEu esa dkSu J`a[kyk o`f) cgqyd gS\
¼v½ e.M ¼c½ U;wDyhd vEy ¼l½ ikWfyLVkbjhu ¼n½ izksVhu

mÙkjekyk

1- ¼c½ 2- ¼l½ 3- ¼l½ 4- ¼n½ 5- ¼v½ 6- ¼v½

7- ¼v½ 8- ¼c½ 9- ¼v½ 10- ¼l½


