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1 lkçN³b:UlIEmr (Properties of Polymers) 

 b:UlIEmr KWCasmasFatum:UelKulEdlxusEbøkBIsmasFatudéTedaysarma:sm:UelKul 
FMcab;BI rab;Ban; nigrab;lanRkam nigpSMeLIgBIÉktþadEdl² ¬m:UNUEmr¦ CaeRcIn. lkçN³rUbén 
ma:RkUm:UelKul TaMgenHxusKñaya:gxøaMgBIlkçN³rUbénm:UelKulFm μtatUc² dUecñHeKRtUvkar 
bec©keTsBiess edIm,IsikSaBIsmaFatuTaMgenH. 
 b:UlIEmrEdlekIteLIgtamFm μCatirYmman RbUetGIun GasIutnuyekøGiuc EsluyLÚs 
¬b:UlIsak;karIut¦ nigekAs‘U ¬b:UlIGIusUERbn¦. b:UlIEmrsMeyaKPaKeRcIn KWCasmasFatusrIragÁ. 
]TahrN_ nILúg ¬b:UlIGiucsaemTIELnGaDI)a:mIt¦ daRkug ¬b:UlIeGTIELneterpþaLat¦ nig 
luysIut b¤pøicsIukøas ¬b:UlIemTIlemtaRKILat¦. 
 karGPivDÆn_énKImIb:UlIEmr)ancab;epþImkñúgTsvtS 1920 CamYykarGegáteTAelIlkçN³ 
sμ úKsμajénsmÖar³mYycMnYn EdlrYmman eQI Catixab;Gn§il kb,as nigekAs‘U. ]TahrN_ 
enAeBlekAs‘UEdlmanrUbmnþgay C5H8 RtUv)anrMlaykñúgGgÁFaturMlaysrIragÁ sUluysüúg 
rbs;vabgðajlkçN³cEmøkmYycMnYndUcCaPaBs¥itGn§ilx<s; sMBaFGUsμÚsTab nig karbnßy 
cMNuckk (Freezing-point depression). karsgáteXIjTaMgenH)anesñIfa manvtþmanén 
GgÁFaturlayEdlmanma:sm:UelKulFMxøaMgNas; b:uEnþKImIviTUenAeBlenaHminTan;TTYlnUvTsSn³ 
Edlfa m:UelKulykSEbbenHekItmaneT. BYkeK)anesñIfa smÖar³dUcCaekAs‘UpSMeLIgBi 
karRbmUlpþúMKñaénÉktþam:UelKultUc²CaeRcIn dUcCa C5H8 b¤ C10H16 pSMcUlKñaedaykmøaMg 
Gnþrm:UelKul. karyl;RcLMenHekItmanGs;ry³eBlCaeRcInqñaM rhUtTal;Etelak Hermann 

Staudinger1 )anbgðajya:gc,as;fatamBitkarRbmUlpþúMKañenaH KWCam:UelKulFMxøaMgNas;ehIy 
Edlm:UelKulnimYy² manpÞúkrab;Ban;GatUmEdlcgP¢ab;Kñaedaysarsm<½n§kUva:Lg;. 

 
1 elak Hermann Staudinger (1881-1963) CaKImIviTUCnCatiGaløWm:g;. CaGñkrkeXIjKImIb:UlIEmrmuneK. 
elak Staudinger TTYl)anBanrgVan;NUEblEpñkKImIkñúgqñaM 1953. 
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 enAeBlEdlTRmg;énma:RkUm:UelKulTaMgenH RtUv)aneKyl;rebobsRmab;karplit 
b:UlIEmrRtUv)anbegáIteLIg Edl\LÚvRCYtRCabesÞIrEtRKb;TidæPaBénCIvitRbcaMéf¶rbs;eyIg. 
RbEhl 90 PaKryénKImIviTUsBVéf¶ rab;TaMgGñkKImICIv³ eFVIkarCamYyb:UlIEmr. 
 2 b:UlIEmrsrIragÁsMeyaKKin (Synthetic Organic Polymers) 

 edaysarTMhMrbs;va eyIgRbEhlCarMBwgfam:UelKulEdlmanpÞúkrab;Ban;énGatUmkabUn 
nigGIuRdUEsn edIm,IbegáItCaGIusUEmrTRmg; nigFrNImaRtya:geRcInsn§wksn§ab; ¬RbsinebI 
manvtþmansm<n½§ C=C¦. eTaHbICaya:gNak¾eday m:UelKulTaMgenHpSMeLIgBIm:UNUEmr EdlCa 
ÉktþagaydEdl ehIysmasPaBpSMRbePTenH bgçaMgmin[ekItmanGIusUEmreT. b:UlIEmr 
sMeyaKRtUvbegáIteLIgedaykarP¢ab;m:UNUEmrCamYyKñamþgmYy² edaymeFüa)ayénRbtikm μbUk 
nig Rbtikm μ kugdg;km μ. 
Rbtikm μbUk (Addition Reactions) 

 RbtikmμbUkTak;TgeTAnwgsmasFatuminEq¥tEdlmantpÞúksm<n½§BIrCan; nigbICan; 
CaBiess C=C nig C C. Rbtikm μGIuRdUEsnkmμ nig Rbtikm μénGIuRdUEsnGaLÚEsnY nig 
GaLÚEsnCamYy Gal;Esn nigGal;sIun KWCa]TahrN_énRbtikmμbUk. 

≡

 b:UlIeGTIELn EdlCab:UlIEmrmansßirPaBxøaMgEdleRbIkñúgkarvicx©b; RtUvpliteLIgBI 
karP¢ab;m:UNUEmreGTIELnCaeRcIntamry³clnkarRbtikmμbUk. dMbUgm:UelKulGgÁFatuepþIm (R2) 

RtUvdut kMedAedIm,IbegáItCara:DIkal;BIr³ 
    R2           2R.  

 ra:DIkal;skmμenHmanRbtikm μCamYym:UelKuleGTIELn edIm,IbegáItCara:DIkal;fμImYydUc 
xageRkam³ 
  R.   +   CH2=CH2  R-CH2-CH2

 . 

EdlvamanRbtikmμbnþeTotCamYym:UelKuleGTIELnmYyeTot nigbnþrebobenHrhUt³ 
  R-CH2-CH2 .   +  CH2=CH2  R-CH2-CH2-CH2-CH2 

. 

ExSya:gEvgénRkum CH2 RtUv)anbegáIteLIgya:grh½s. bnÞab;mk dMeNIrkarenHRtUvbBa©b;eday 
bnSM énra:DIkal;ExSEvgBIredIm,IbegáItCab:UlIEmrEdlehAfa b:UlIeGTIELn³ 
R ( CH2-CH2 )n CH2CH2 

.  +  R ( CH2-CH2 )n CH2CH2 
.     

   R ( CH2-CH2 )n CH2CH2-CH2CH2 ( CH2-CH2 )n R 

Edl  (CH2-CH2)n  CaGnusBaØaCvelx ¬bMRBYj¦ smRsbsRmab;tag[ÉktþadEdl² kñúg 
b:UlIEmr. témø n RtUveKdwgfa mantémøFMdl;eTArab;ry.  
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ExSnimYy²énb:UlIEGTIElnbgðab;cUlKñaya:gENn dUecñHehIyvabgðajlkçN³PøWføaén 
sarFatu ¬rUbTI>1¦. b:UlIeGTIELnPaKeRcInRtUveRbICahVIlsRmab;x©b;mðÚbGaharEdlkk 
nigkarvicx©b;plitpldéTeTot. RbePTBiessmYyénb:UlIeGTIELnehAfa TIEvk (Tyvek) 

RtUveRbIsRmab;CaGgÁFatuGIusULg;kñúgpÞH. 

 
rUbTI>1 TRmg;énb:UlIeGTIELn. GatUm  eRsamsMbuRteFVIBI Tyvek 
kabUnnimYy²manGIuRb‘Ítkmμ-sp3

b:UlIeGTIELn KWCa]TarhN_énGUm:Ub:UlIEmr EdlCab:UlIEmrmYypSMeLIgBIm:UNUEmrEtmYyRbePT 
b:ueNÑaH. GUm:Ub:UlIEmrEdlRtUvsMeyaKedayclnkarra:DIkal;KWCaetpøúg ¬b:UlIetRtaPúøyGr:U-
eGTIELn¦ ¬rUbTI>2¦ nigb:UlIvInIlkørY (PVC) 

 
 
rUbTI>2 eRKOgRbdab;pÞH)ay EdleRsabedayRsTab; EdlmanpÞúkb:UlIetRtaPøúyGr:UeGTIELn 
KImIb:UlIEmr KWkan;Etsμ úKsμaj RbsinebIÉktþaepþImmanlkçN³GsIuemRTI³ 

 
 
esþer:GUGIusUEmrGacTTYl)anBIRbtikm μbUkénRbUBIELn ¬rUbTI>3¦. RbsinebIkarbUkekIteLIg 
edayécdnþeyIgTTYl)anb:UlIRbUBIELnGatak;Tic Edlminbgðab;cUlKñaENnl¥eT. b:UlIEmr 
TaMgenHmanlkçN³yWtK μanRTg;RTayR)akd nigexSay. lT§PaBBIrepSgeTotKWCaTRmg; 
GIusUtak;Tic EdlkñúgenaHRkum R TaMgGs;fitenAelIEtEpñkmçagénGatUmkabUnGsIuemRTI nig 
sNæan sIunDIGUtak;Tic EdlkñúgenaHRkum R qøas;eTAxageqVg nigxagsþaMénkabUnGsIuemRTI. 
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b:UlIEmrsrIragÁFmμCatinigsMeyaK 

kñúgcMeNamGIusUEmrTaMgenH GIusUEmrGIusUtak;TicmancMNucrMBuHx<s; nigPaBPøWføaxøaMg nig pþl;nUv 
lkçN³emkanicx<s;. 

 
rUbTI>3 esþer:GUGIusUEmrénb:UlIEmr.enARkum R ¬Es‘VrB’Nébtg¦ KWCa CH3 b:UlIEmrKWCa 
b:UlIRbUBIELn. (a) enAeBlRkum R TaMgGs;fitenAelIEpñkmçagénExSb:UlIEmrenaHehAfa 
b:UlIEmrGIusUtak;Tic. (b) enAeBlRkum R qøas;BImçageTAmçagb:UlIEmrenaHehAfa b:UlIEmr 
sIunDIGUtak;Tic. (c) enAeBlRkum R manTItaMgedayécdnþb:UlIEmrenaHehAfa b:UlIEmr 
Gatak;Tic. 
 bBaðacMbgEdl]sShkmμb:UlIEmrRbQmmuxkñúgkarcab;epþImKWfa etIRtUvrebobNaedIm,I 
sMeyaKb:UlIEmrGIusUtak;Tic b¤sIunDIGUtak;TicedayCMerIsEdlKμankarlayLMplitpldéT 
eTot. dMeNaHRsay)anBIelak Giulio Natta2 nig Karl Ziegler3 Edl)ancg¥úlbgðajfa 
katalIsmYycMnYn EdlrYmmanRTIeGTIlGaluymIj:Úm [Al(C2H5)3] nig TItaj:ÚmRTIkørY (TiCl3) 

GacCMrujlT§PaBénkarbegáItEtGIusUEmrCak;lak;EbbenH)an. edaykareRbIkatalIs Natta-

Ziegler GñkKImI GacTegVIb:UlIEmredIm,IsmRsbeTAtameKalbMNgNamYy)an. 
 ekAs‘URbEhlCab:UlIEmrsrIragÁEdlRtUv)aneKsÁal;CageKbMput nigCab:UlIEmr GIuRdUkabUn 
BitR)akdEtmYyKt;EdlrkeXIjkñúgFmμCati. vaRtUvbegáIteLIgedaykarbUkra:DIkal;énm:UNUEmr 
                                                 
2 elak Giulio Natta (1903-1979) CaKImIviTUCnCatiGIutalI. elak Natta TTYl)anBanrgVan;NUEbl 
EpñkKImI kñúgqñaM 1963 sRmab;karrkeXIjkatalIsesþer:GUCak;lak;sRmab;karsMeyaKb:UlIEmr. 
3 elak Karl Ziegler (1898-1976) CaKImIviTUCnCatiGaløWm:g;. elak Ziegler TTYl)anBanrgVan;rYmKña 
kñúgEpñk KImIkñúgqñaM 1963 CamYyelak Natta sRmab;kargarrbs;Kat;kñúgEpñkKImIb:UlIEmr. 
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GIusUERbn. tamBitRbtikmμb:UlIEmrkmμenHGacpþl;plCab:UlI-sIus-GIusUERbn b¤b:UlI-Rtg;-
GIusUERbn b¤Cal,ayénb:UlIEmrTaMgBIrenH edayGaRs½yeTAelIl½kçx½NÐRbtikm μ³   
 
 
 
 
 

GIusUERbn 
b:UlI-sIus-GIsUERbn b:UlI-Rtg;-GIusUERbn

nig/b¤

cUrcMNaMfa kñúgGIusUEmrsIus Rkum CH2 BIrKWfitenAelIEtEpñkmçagénsm<½n§ C=C cMENkÉ 
RkumdUcKña enH (CH2) KWfitenAExVgKñakñúgGIusUEmrRtg;. ekAs‘UFmμCatiKWCa b:UlI-sIus-GIusUERbn 
EdlRtUv eyabkBIedImekAs‘U Hevea ¬rUbTI >4¦. 

 
rUbTI>4 C½rekAs‘U ¬sUluysüúgTwkén PaKl¥itekAs‘U¦EdlkMBugRtUvRbmUlBIedImekAs‘U. 
 
 lkçN³cEmøk nigmanRbeyaCn_xøaMgénekAs‘U KWPaByWtrbs;va. ekAs‘UnwgGacTajsn§wg 
rhUtdl;eTA 10 dgénRbEvgrbs;va nigRbsinebIrbUt nwgRtLb;eTARbEvgedImrbs;vavij. 
cMENkÉ ExSTg;EdgGacTajsn§wg)anEtPaKrytictYcb:ueNÑaHénRbEvgrbs;va EdlGacRtLb; 
mkRbEvgedImrbs;va)anenaH. ekAs‘UEdlminGacTajsn§wg ¬yWt¦ )anK μanlMgak b¤bMpøat 
kaMrsμI-X eTogTat;eT dUecñHvaK μanRTg;RTayBitR)akdEdr. cMENkÉekAs‘UEdlGacyWt)anman 
kMritPøWfaømFüm nigtMerobman snþab;Fñab;. 
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 lkçN³yWténekAs‘UKWGaRs½yeTAnwgPaBrlas;énm:UelKulExSEvg. eTaHbICaya:gNa 
k¾edaykñúgPaBCadMuekAs‘UKWCakarCMBak;CMBinénExSb:UlIEmr ehIyRbsinebIkmøaMgxageRkAxøaMgRKb; 
RKan;ExSnimYy²rGilrbUtBIKña EdlCaehtubNþal[ekAs‘U)at;bg;PaByWtrbs;vaGs;PaKeRcIn. 
kúñgqñaMg 1839 elak Charles Goodyear4 )anrkeXIjfa ekAs‘UFmμCatiGacPa¢b;ExSExVgCamYy 
s<an;F½r ¬edayeRbIsg½ásIGuksIutCakatalIkr¦ edIm,IkarBarPaBrGilExSrbs;va ¬rUbTI>5¦. 
dMeNIrkarrbs;Kat;enH )anRtYsRtaypøÚvsRmab;kareRbIR)as;Rbtibtþi nigBaNiC¢kmμCaeRcInén 
ekAs‘UdUcCaekAs‘Ukg;rfynþ nigRkaseF μj. 

     
rUbTI>5 m:UlelKulekAs‘UEdledImdMbUgekag nigGgÁÜj. Epñk (a) nig (b) tag[ExSEvg mun 
nigeRkayeBlkareFVI[ekAs‘Ukan;EtCab;eLIg tamerog. (c) bgðajkartRmimCYrénm:UelKulenA 
eBlyWt. KμankareFVI[ekAs‘UCab;eLIgeT m:UelKulTaMgenHnwgrGilrbUtBIKña ehIyekAs‘Unwg 
)at;bg; lkçN³yWtrbs;va. 
 kñúgs®gÁamelakelIkTI II kgVHxaténekAs‘UFmμCatikñúgshrdæGaemrik)anCMruj[man 
km μviFICabnÞan;mYyedIm,IplitekAs‘UsMeyaK. ekAs‘UsMeyaKPaKeRcIn ¬ehAfa eGLasþÚEmr¦ 
RtUvpliteLIgBiplitpleRbgkat ¬eRbgminTan;sø¦ dUcCa eGTIELn RbUBIELn nig 
buytaEdün. ]TahrN_ m:UelKulkør:UERbngayrgb:UlIEmrkmμedIm,IbegáItCab:UlIkør:UERbn 
eKsÁal;CaTUeTA eNGUERbn EdlmanlkçN³Rbhak;RbEhl b¤swgEtx<s;eFobeTAnwgekAs‘U 
Fm μCati. 
 

                                                 

kør:UERbn b:UlIkør:UERbn
4 elak Charles Goodyear (1800-1860) CaKImIviTUCnCatiGaemrik. elak Goodyear KWCamnusSTImYy 
Edl)andwgBIb:Utg;EsülénekAs‘UFm μCati. dMeNIrkareFIV[ekAs‘Ukan;EtCab;l¥rbs;Kat;)aneFVI[ekAs‘U 
GaceRbIR)as;)aneRcInrab;minGs; nigebIkpøÚvsRmab;karGPivDÆn_én]sSahkmμ rfynþ. 
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 ekAs‘UsMeyaKsMxan;mYyeTot RtUvbegáIteLIgedaykarbUkénbuytaEdüneTAelIsÞIEr:nkñúg 
pleFob 3:1 edIm,ITTYl)anekAs‘UsÞIEr:n-buytaEdün (SBR). edaysarsÞIEr:n nigbuytaEdün 
KWCam:UNUEmrxusKña SBR RtUv)aneKehAfa kUb:UlIEmr EdlCab:UlIEmrEdlmanpÞúkm:UNUEmr 
xusKñaBIr b¤eRcIn. taragTI>1 bgðajBIGUm:Ub:UlIEmr nigkUb:UlIEmrTUeTAmYycMnYnEdlRtUvplit 
eLIgeday RbtikmμbUk. 
Rbtikm μkugdg;km μ (Condensation Reactions) 

dMeNIrkarkugdg;kmμb:UlIEmrEdleKsÁal;CageKbMputmYy KWCaRbtikm μrvagGiucsa- 
emTIELn-DIGamIn nigGasIutGaDIBic EdlbgðajkñúgrUbTI >6. plitplcugeRkayEdlehAfa 
nILúg 66 ¬eRBaHmanGatUmkabUnR)aMmYykñúg Giucsa-emTIELnDIGamIn nigGasIutDIBic¦ 
RtUvbegáIteLIgCaelIkdMbUgedayelak Wallace Carothers5 enA Du Pont kñúgqñaM 1931. 
PaBeRbI)aneRcInya:génnILúg KWRbesIrxøaMgNas; EdlplitplRbcaMqñaMénnILúg 
nigsarFatuTak;Tg\LÚvenHmantémødl;eTArab;ryekadiepan. rUbTI >7 bgðajBIrebobTegVInILúg 
66 kñúgTIBiesaFn_. 

 Rbtikmμkugdg;km μ RtUv)aneKeRbIpgEdrkñúgkarplitdaRkug ¬b:UlIeGEsÞ¦. 

 
 GasIuteter:pþalic 1, 2-eGTIELnKøIkul daRkug
 
 
 
 
 
 
                                                 
5 elak Wallace Carothers (1896-1937) CaKImIviTUCnCatiGaemrik. eRkABI 
eCaKC½yEpñkBaNiC¢kmμd¾sem,Im kargarrbs;elak Carothers BInILúg 
RtUv)andak;lMdab;fñak;CamYykargarrbs;elak Studinger kñúgkarbMPøWya:g c,as;las;BITRmg; 
niglkçN³énma:RkUm:UelKul. edaymanTukçeRkomRkmedaysarmrN³PaBrbs;b¥ÚnRsI rbs;Kat; 
nigedayyl;fakargarRbcaMCIvitrbs;Kat;TTYlbraC½y elak Carothers )aneFVIGtþXatenAGayu 41. 

25-7 
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taragTI >1 m:UNUEmrmYycMnYn nig b:UlIEmrsMeyaKTUeTArbs;va 
 

 

m:UNUEmr              b:UlIEmr
rUbmnþ   eQμaH                 rUbmnþ nigeQ μaH               bMerIbMras; 
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3 RbUetGIun (Proteins) 

 RbUetGIun KWCab:UlIEmrénGasIutGamINU. BYkvamantYnaTIya:gkñúgesÞIrRKb;dMeNIrkar 
CIvviTüaTaMgGs;. Gg;sIumEdlCakatalIkrénRbtikm μKImICIv³PaKeRcInKWCaRbUetGIun. RbUetGIun 
CYysRmYlmuxgardéTeTotCaeRcInpgEdr dUcCakardwknaMnigpÞúksarFatusRmab;CIvitclna 
sRmbsRmYlpÁt;pÁg;emkanic nigkarBarTb;Tl;nwgCMgWepSg². xøÜnmnusSmanpÞúkRbUetGIun 
RbEhl 100000 RbePTxus²Kña EdlRbePTnimYy²manmuxnaTIsrIrsa®sþCak;lak;. dUceyIg 
nwgeXIjkñúgEpñkenH smasPaBpSMKImI nigTRmg;énb:UlIEmrFmμCatikMpøicTaMgenH KWCamUldæan 
énPaBCak;lak;rbs;BYkva. 
GasIutGamIen (Amino Acids) 

 RbUetGIunmanma:sm:UelKulFM cab;BIRbEhl 5000 g eTA 1 x 107 g ehIyelIsBIenHeTA 
eTot smasPaBPaKryCama:sénFatupSMkñúgRbUetGIunmanlkçN³efrKYr[kt;sMKal;³ kabUn 
50% eTA 55% GIuRdUEsn 7% GuksIuEsn 23% GasUt 16% nig s<an;F½r 1%. 

 

rUbTI>6 
karbegáItnILúgeday 
Rbtikm μkugdg;km μrvag 
GiucsaemTIELnDIGamIn 
nig GasIutDIBic.  

Rbtikmμkugdg;km μ

Rbtikmμkugdg;km μbnþ
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rUbTI >7 l,icbegáItExSnILúg. edaykar 
bEnßmsUluysúügGaDIb:UGIulkørY ¬RsLay 
GasIutDIBicEdlkñúgenaH Rkum OH RtUv)an 
CMnYsedayRkum Cl¦ kñúgsIukøÚGiucsaneTAkñúg 
sUluysüúgTwkénGiucsameTIlDIGamIn 
bNþal[nILúgbegáItenAcenøaHépÞb:H 
énsUluysüúgTaMgBIr EdlminlaycUl 
Kña. bnÞab;mkvaRtUveKTajkmeRkA. 

 
ÉktþaTRmg;mUldæanénRbUetGIun KWGasIutGamIen. GasIutGamIenKWCasmasFatu Edlya:gehac 
Nas;manRkumGamINUmYy (-NH2)nigya:gehacNas;manRkumkabuksIulmYy (-COOH)³ 

H   O 
        N          C 
    H   O    H 

   RkumGamINU    RkumkabuksIul 
GasIutGamIenTaMg 20 epSg²KñaKWCabøúksRmab;begáItRbUetGIunTaMgGs;kñúgxøÜnmnusS. taragTI >2 
bgðajBITRmg;énsmasFatusRmab;CIvitTaMgenH edaymanTaMgGkSrkat;bItYGkSrpgEdr.  
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taragTI >2 GasIutGamIenTaMg 20 EdlmansarsMxan;cMeBaHsrIragÁmanCIvit 
eQ μaH        GkSrkat;           TRmg;
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b:UlIEmrsrIragÁFmμCatinigsMeyaK 

 
taragTI >2 GasIutGamIenTaMg 20 EdlmansarsMxan;cMeBaHsrIragÁmanCIvit ¬t¦ 
eQμaH         GkSrkat;            TRmg; 
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 GasIutGamIenkñúgsUluysüúgenA pH NWt zitenACaGIuy:ugDIb:Ul mann½yfa RbUtugenAelI 
RkumkabuksIul)anpøas;TIeTARkumGamINU. cUrBinitüemIl KøIsIunEdlCaGasIutGamIengayCageK 
bMput. sNæanminbMEbkCaGIuy:ug nig GIuy:ugDIb:UlénKøIsIunmanbgaðjdUcxageRkam³ 

 
 dMNak;kalTImYy kñúgkarsMeyaKm:UelKulRbUetGIunKWCaRbtikm μkugdg;km μrvagRkum 
GamINUenAelIGasIutGamIenmYy nig RkumkabuksIulenAelIGasIutGamIenmYyepSgeTot. 
m:UelKul EdlbegáIteLIgBIGasIutTaMgBIrenHehAfa DIbuibTIt nig sm<½n§EdlPa¢b;m:UelKulTaMgBIr 
KWCa sm<½n§biubTIt³ 

 

 

 
Edl R1 nig R2 tag[GatUm H b¤RkumdéTmYycMnYn ehIy –CO—NH- ehAfa RkumGamIt. 
edaysarlMnwgénRbtikm μEdlP¢ab;GasIutGamIenTaMgBIrTMenareTAxageqVg dMeNIrkarenHRtUvekIt 
manRBmKñaCamYyRbtikmμGIuRdUlIsén ATP ¬GaedNUsIunRTIpUsVat¦. 

sm<½n§biubTIt

 cugNamYyénDIbiubTItk¾GacP¢ab;CamYyGasIutGamIenmYyepSgeTotkñúgRbtikmμkugdg;k
m μ edIm,IbegáItCa RTIbiubTIt etRtabiubTIt .l. plitplbBa©b; m:UelKulRbUetGIunKWCa 
b:UlIbiubTIt. eKGacKitfavaCab:UlIEmrénGasIutGamIenpgEdr. 
 ÉktþaGasIutGamIenkñúgExSb:UlIbiubTItehAfa eRKag. CaTUeTA ExSb:UlIbuibTItmanpÞúk 
eRKagGasIutGamIen 100 b¤elIsBIenH. dMeNIrbnþénGasIutGamIenkñúgExSb:UlIbiubTItRtUvsresr 
BIeqVgeTAsþaM edaycab;epþImBIeRKagEdlbBa©b;RkumGamINU nig bBa©b;edayeRKagbBa©b;Rkum 
kabuksIul. cUrBinitüemIl DIbiubTItEdlbegáIteLIgBIKøIsIun nig GaLalIn. rUbTI >8 bgðajfa 
GaLanIlKøIsIun nigKøIsIulGaLanInKWCam:UleKulepSg²Kña. CamYyGasIutGamIen 20 epSg²Kña 
eRCIserIsBI 202 b¤ 400 DIbiubTItepSg²KñaGacRtUvbegáIteLIg. sUm,IEtBIRbUetGIuntUcxøaMgdUcCa 
G½gs‘uylIn ¬»sfEkeraKTwkenamEp¥m¦ EdlmanpÞúkeRKagGasIutGamIenEt 50 b:ueNÑaH TRmg; 
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KImIepSg²Kñaya:geRcInGaceKitmanrhUtdl;eTA 2050 b¤ 1065! enHKWCacMnYnya:geRcIn Edlmin 
KYr[eCOenAeBlGñkKitfacMnYnsrubénGatUmkñúgkaLasIurbs;eyIg (galaxy) KWRbEhl 1068. 
CamYy lT§PaBya:geRcInsRmab;sMeyaKRbUetGIun vaKYr[kt;sMKal;EdlBImYyCMnan;eTAmYy 
CMnan;én ekasika GacplitplitRbUetGIunEdldUcKñaebHbiTsRmab;muxnaTIsrIrsa®sþCak;lak;. 

 
rUbTI >8 karbegáItDIbiubTItBIGasIutGamIenBIepSg²Kña. GaLanIlKøIsIun xusBIKøIsIul-GaLanIn 
edaysarkñúgGaLanIlKøIsIun RkumGamINU nigemTIlcgsm<½n§eTAelIGatUmkabUn EtmYy. 

 
TRmg;RbUetGIun (Protein Structures) 

 RbePT nigcMnYnénGasIutGamIenkñúgRbUetGIunNamYyEtgEtmandMeNIrbnþ b¤lMdab;lM 
edayEdlkñúgenaHGasIutGamIenTaMgenHRtUvcgP¢ab;Kña edIm,IkMNt;TRmg;rbs;RbUetGIun. Kñúg 
TsvtSqñaM 1930 elak Linus Pauling nigGñkrYmkargarrbs;Kat;)anbegáItkarGegát 
RbB½n§énTRmg;RbUetGIun. dMbUgBYkKat;)ansikSaBIFrNImaRténRkumandEdlmann½yfa Rkum 
GamItEdltagedayTRmg; ersUNg;dUcxageRkam³ 

 
edaysarvaBi)ak ¬mann½yfa RtUvcMNayfamBleRcIn¦ edIm,IrmYlsm<½n§BIrCan;Casm<½n§mYyCan; 
GatUmTaMgbYnkñúgRkumGamItRtUvCab;enAelIbøg;EtmYy¬rUbTI>9¦. rUbTI>10 BiB’NnaGMBIRkum 
GamItdEdl²kñúgExSb:UlIbiubTIt.        
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Rkhm ébtg 
rUbTI >9 RkumGamItenAelIbøg;kñúg 
RbUetGIun. rgVilsm<½n§biubTItRtUvraraMg 
edaylkçN³sm<½n§BIrCan;rbs;va. 
GatUmB’Nex μAtag[kabUn exovtag[ 
GasUt Rkhmtag[GuksIuEsn ébtg 
tag[Rkum R nigRbepHtag[GIuRdUEsn 

ex μA 

exov

RbepH  

 
rUbTI>10 ExSb:UlIbiubTIt. cUrcMNaMÉktþadEdl²énRkumGamIt. nimitþsBaØa R tag[Epñk én 

lkçN³TRmg;GasIutGamIennimYy². cMeBaHKøIsIun R KWCaGatUmGIuRdUEsn H 
 edayEp¥kelImUldæanénmUEdl (Model) nigTinñn½ybMpøatkaMrsμI-X elak Pauling )an 
sn μtfa TRmg;TUeTABIrsRmab;m:UelKulRbUetGIunehAfa bnÞHes<ó-α  nigbnÞHpñt;-β . 
TRmg;es<ó-α énExSb:UlIbiubTItmanbgðajkñúgrUbTI>11. TRmg;es<óRtUveFVI[mansßirPaBeday 
sm<½n§GIuRdUEsnenAGnþrm:UelKulrvagRkum NH nig CO énExSem EdlekIneLIgeTACa 
RTg;RTaymUlRTEvg.  

 
rUbTI>11 TRmg;rages<ó-α énExSb:UlIbiubTIt. TRmg;enHmanTItaMgenAEk,rsm<½n§GIuRdUEsnenA 
Gnþrm:UelKulEdlbgðajCabnÞat;dac;². cMeBaHB’NemIlrUbTI >9 
 Rkum CO énGasIutGamIennimYy²cgsm<½n§GIuRdUEsneTAnwgRkum NH énGasIutGamIen 
EdlCaeRKagbYnXøatBIKñatamlMdab;lMeday. kñúglkçN³enHRkum NH nig CO énExSem 
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TaMgGs;cUlrYmkñúgkarcgsm<½n§GIuRdUEsn. karsikSaedayeRbIkaMrs μI-X )anbgðajfa TRmg;én 
RbUetGIunCaeRcInrYmTaMgmIGUKøÚb‘Ín nigeGm:UKøÚb‘Ín KWBRgIkvisalPaBcMeNHdwgelIénTRmg; es<ó-α  
kñúgFmμCati. TRmg;pñt;- β  xusKñaya:gxøaMgBITRmg;es<ó-α edaysarvaman ragdUcCa bnÞHCag. 
ExSb:UlIbiubTItRtUvlatsn§wgesÞIrEtTaMgRsug ehIyExSnimYy²begáItsm<½n§GIuRdUEsnenA 
Gnþrm:UelKulCaeRcInCamYyExSEdlenACab;va. rUbTI >12 bgðajRbePTBIrya:génTRmg;pñt;-β  
ehAfa TRmg;Rsb (Parallel) nig bdiRsb (Antiparallel). m:UelKulsURtmanTRmg;pñt;-β . 
edaysarExSbiubTItrbs;vagaylatsn§wg ¬rla¦ sURtxVHPaB yWt nigPaBGacTaj[yWt)an 
b:uEnþvaxøaMg b¤Cab;l¥edaysarsm<½n§GIuRdUEsnenAGnþrm:UelKul CaeRcInrbs;va. 
  

 

GuksIEsn 

rUbTI>12 sm<½n§GIuRdUEsn (a) kñúgTRmg;bnÞHpñt;- β Rsb EdlkñúgenaHExSb:UlIbiubTItRtUvedATis 
tamTisedAEtmYy nig (b) kñúgTRmg;pñt;- β bdiRsb EdlkñúgenaHExSb:UlIbiubTItEdlenA 
Cab;RtUvedATistamTisedApÞúyKña. cMeBaHB’Nrbs;va emIlrUb TI>9. 

(a) Rsb (b) bdiRsb 
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TRmg; 
fñak;TI1 

rUbTI>13 TRmg;fñak;TI1 TI2 TI3 nigTI4 énm:UelKuleGm:UKøÚb‘Ín 
TRmg;fñak;TI2 

TRmg;
fñak;TI3 

TRmg;fñak;TI4 

  
 CaFmμta eKEbgEckTRmg;RbUetGIuneTACabYnkMrit. TRmg;fñak;TI 1 sMedAeTAelI 
karbnþExSénGasIutGamIenEtmYyRbePTdUcKñakñúgExSb:UlIbiubTIt. TRmg;fñak;TI 2 rab;bBa©ÚlTaMg 
EpñkTaMgLay énExSb:UlIbiubTItEdlRtUveFVI[mansßirPaBedayKMrUeTogTat;énsm<½n§GIuRdUEsn 
rvagRkum CO nig NH énq¥wgxñg ]TahrN_ TRmg;es<ó-α . TRmg;fñak;TI 3 GnuvtþcMeBaH 
TRmg;vimaRtbIEdlRtUveFVI [mansßirPaBedaykmøaMgBRgay karcgsm<½n§GIuRdUEsn nig 
kmøaMgGnþrm:UelKuldéTeTot. vaxusBITRmg;fñak;TI2 edaysarGasIutGamIenEdlcUlrYmkñúg 
GnþrkmμTaMgenHGacenAq¶ayBIExSbiubTIt. dUecñH kñúgkarbEnßmkmøaMgGnþrkm μepSg²eTot enAkñúg 
ExSmYyEdlQaneLIgeTACaTRmg;fñak; TI2 nigTI3 eyIgRtUvEtBicarNapgEdrBIGnþrkm μIrvagExS 
nigExS. tMerobTaMgRsugénExSb:UlIbiubTItehAfa TRmg;fñak;TI4. ]TahrN_ m:UelKuleGm:UKøÚb‘Ín 
pSMeLIgBIExSb:UlIbiubTItedayELkBIKñabYn b¤ÉktþatUc². ÉktþatUc²TaMgenHcgP¢ab;Kñaeday 
kmøaMgva:n;dWva:l; (van der Waals forces) nigkmøaMgGIuy:ug ¬rUbTI >13¦. 
 kargarrbs;elak Pauling KWCaeCaKC½yd¾mhimakñúgKImIRbUetGIun. va)anbgðajCaelIk 
TImYyBIrebobTsSn_TayTRmg;RbUetGIunedayeRbIcMeNHdwgxagFrNImaRténbøúksRmab;begáItGa
sIutGamIenEdlCamUldæanbs;va. eTaHbICaya:gNak¾edaymanRbUetGIunCaeRcInEdlTRmg; rbs; 
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vaminRtUvKñaeTAnwgTRmg;es<ó-α nigTRmg;- β eT.\LÚvenHGñkKImIdwgfaTRmg;vimaRtbIénb:UlIEmr 
CIv³RtUvrkSaedayRbePTkmøaMgGnþrm:UelKulmYycMnYnbEnßmBIelIkarcgsm<½n§GIuRdUEsnrUbTI>14. 

 
rUbTI>14 kmøaMgGnþrmU:elKulkñúgm:UelKulRbUetGIun³ (a) kmøaMgGIuy:ug (b) karcgsm<½n§GIuRdUEsn 
(c) kmøaMgBRgay nig (d) kmøaMgDIb:Ul-DIb:Ul 
 tulüPaBEdlRbesIrénGnþrkmμepSg²Gac[témøelI)anedayBinitüemIl]TahrN_dUc
teTA³ enAeBlGasIutKøúytamic ¬CaGasIutGamIenmYyenAsl;kñúgBIrénExS b:UlIbiubTIt 
bYnkñúgeGm:UKøÚb‘Ín¦ RtUvCMnYsedayva:lIn ¬GasIutGamIenmYyepSgeTot¦ enaHm:UelKul 
RbUetGIunRbmUlpSMcUlKñaedIm,IbegáItCa b:UlIEmrminrlay EdlbNþal[sÁal;Cm¶WenaHfaCaCm¶WxVH 
ekasikaQamRkhm ¬emIlKImIGnuvtþ Cm¶WekasikaQamRkhmragkeNþóv ¦. 
 eRkABIkmøaMgTaMgGs;Edlpþl;[RbUetGIunnUvTRmg;sßirPaB RbUetGIunPaKeRcInman 
PaBrlas; ¬PaBbt;Ebn¦ Cak;lak;. ]TahrN_Gg;sIumGacbt;Ebn)an edIm,Ipøas;bþÚr 
TRmg;FrNImaRtrbs;va edIm,IeFVI[RtUveTAtamTMhM nigRTg;RTayéns‘ubRta (substrate). 
]TahrN_KYr[cab;Garm μN_mYyeToténPaBbt;Ebnrbs;RbUetGIun RtUv)anrkeXIjenAkñúgkarcg 
sm<½n§éneGm:UKøÚb‘ÍneTAnwgGuksIuEsn. ExSb:UlIbiubTItnimYy²kñúgcMeNamExSTaMgbYn manpÞúkRkum 
Ehm (heme) mYyEdlGaccgeTAnwgm:UelKulGuksIuEsn. kñúgedGuksIueGm:UKøÚb‘ÍncMNUl 
énRkumEhmsRmab;GuksIuEsnRbEhlCadUcKña. eTaHbICaya:gNak¾edayenAeBlRkumEhm 
mYyRtUvrgGuksIuEsnkm μPøamcMNUlénRkum EhmbIepSgeTotsRmab;GuksIuEsnRtUv)anbegáIn 
eLIg. )atuPUtenH¬ehAfaPaBshkarN_¦ eFVI[eGm:UKøÚb‘ÍnkøayeTACasarFatusmRsbbMput 
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sRmab;naMykGuksIuEsnkñúgsYt. enAeBlm:UelKuleGm:UKøÚb‘ÍnEdlrgGuksIuEsnkmμTaMgRsug 
ehIyrMedaHm:uelKulGuksIuEsn ¬eTA[mIGUKøÚb‘ÍnkñúgCalika¦ m:UelKulGuksIuEsnbIepSgeTot 
nwgcakecjya:ggayRsYl. Fm μCatishkarN_énkarcgsm<½n§ KWCaB½t’manBIvtþman 
¬b¤Gvtþman¦ énm:UelKulGuksIuEsnRtUvbBa¢ÚnBIÉktþatUc²mYyeTAmYyeTottamExSb:UlIbiubTIt 
EdlCadMeNIrkarGaceFVIeTA)anedayPaBbt;EbnénTRmg;vimaRtbI ¬rUbTI >15¦.  

 
rUbTI>15 karpøas;bþÚTRmg;EdlekIteLIgenAeBlRkumEhmkñúgeGm:UKøÚb‘Íncgsm<½n§eTAnwgm:UelKul 
GuksIuEsn. (a) RkumEhmkñúgedGuksIueGm:UKøÚb‘Ín (b) GuksIueGm:UKøÚb‘Ín 

eKeCOfa GIuy:ug Fe2+ mankaMFMeBkminGacsIuKñanwgvg;b:hVIrIn (Porphyrin) én edGuksIu-
eGm:UKøÚb‘ÍneT. eTaHbICaya:gNak¾edayenAeBl O2 cgsm<½n§eTAnwg Fe2+ GIuy:ugenH nwgrYjtUc 
bnþicbnþÜcEdlGac[vasIuKñaeTAnwgbøg;énvg;enaH. enAeBlGIuy:ugenaHrGilcUleTAkñúgvg; vaTaj 
eRKaghIusÞIDIneq<aHeTArkvg; EdlCaehtueFVI[bBaÄb;karbnþExSénkarpøas;bþÚrTRmg;BI Éktþa 
tUc²mYyeTAmYyeTot. eTaHbICakarBnül;lMGiténkarpøas;bþÚrenHminc,as;las; GñkKImICIv³ 
eCOCak;fa enHKWCarebobcgsm<½n§énm:UelKulGuksIuEsneTAnwgRkumEhmmanplb:HBal;dl;Rkum 
EhmmYyepSgeTot. karpøas;bþÚrTRmg;enHmanplb:HBal;ya:gxøaMgdl;cMNUlénRkumEhm 
EdlenAsl;sRmab;m:UelKulGuksIuEsn. 
 enAeBlRbUetGIunRtUvdutkMedAelIBIsItuNÑPaBxøÜnmnusS b¤enAeBlBYkvaRtUvdak;[b:HeTA 
nwgl½kçx½NÐGasIut b¤)asminFmμta b¤RtUvdak;[manGMeBICamYyFatubnÞal;BiessehAfa 
sarFatubMEbøgFmμCati (denaturant) enaHBYkva)at;bg;TRmg;fñak;TI2 nigTI3 rbs;BYkvamYycMnYn 
b¤TaMgGs;. edayehAfa RbUetGIunrgbMEbøgFm μCati RbUetGIunkñúgPaBEbbenH minbgðaj 
skmμPaBsrIrsa®sþFmμtaeTotehIy. rUbTI>16 bgðajBIkarERbRbYlel,ÓnCamYysItuNÑPaB 
sRmab;Rbtikm μkatalIkm μ edayGg;sIumTUeTAmYycMnYn. enAeBlcab;epþImel,ÓnekIneLIg 
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RsbKñaCamYynwgkMeNInsItuNÑPaBdUceyIgrMBwgTuk. b:uEnþqøgputBIsItuNÑPaBRbesIrbMputenH 
(optimum temperature) Gg;sIumcab;epþImbMEbøg ehIyel,ÓnRbtikmμFøak;cuHya:grh½s. 
RbsinebIRbUetGIunmYyRtUvbMEbøgeRkaml½kçx½NÐminxøaMgeBkTRmg;edImrbs;va CaerOy²GacRtUv 
kekIteLIgvijedaykarpþac;yksarFatubMEbøgFm μCati b¤edaykareFVI[sItuNÑPaBRtLb;eTA 
l½kçxNÐFm μtavij. dMeNIrkarenHehAfa karbMEbøgFmμCatieTAmk (reversible denaturation). 
 
 
 
 
 
 
 
  

rUbTI>16 PaBTak;Tgénel,Ónén
Rbtikm μkatalIkm μedayGg;sIumelI 
sItuNÑPaB. elIsBIsItuNÑPaBRbesIr 
bMputEdlenAcMNucenHGg;sIumman 
RbsiTÞix<s; skm μPaBrbs;vaFøak;cuH 
edaysarplénkarbMEbøgFm μCati. 

sItuNÑPaBEdl 
RbesIrbMput el

,Ón
 

sItuNÑPaB

KImIGnuvtþ 
Cm¶WekasikaQamRkhmragkeNþóv ¬Cm¶Wm:UelKul¦ 

Sickle Cell Anemia—a molecular disease 

 Cm¶WekasikaQamRkhmragkeNþóvKWCaCm¶WtBUC ¬tBI«mþayeTAkUn¦ EdlkñúgenaH 
ekasikaQamRkhm EdlmanRTg;RTayxusBIFmμta Tb;sáat;lMhUrQameTAkan;srIragÁCIvitkñúg 
xøÜnmnusS EdlbNþal[ehImQWcukcab;ya:gF¶n;F¶r nigmanGayuxøI. bc©úb,nñenH minTan;mankar 
Büa)alsRmab;l½kçx½NÐenHenAeLIyeT b:uEnþeraKsBaØaEdlQWcukcab;rbs;vaRtUvdwgfa bNþal 
mkBI karxVHeGmU:KøÚb‘Ín EdlCaRbUetGIundwknaMGuksIuEsnkñúgekasikaQamRkhm. 
 mU:elKuleGmU:KøÚb‘ÍnKWCaRbUetGIunFMEdlmanma:sm:UlRbEhl 65000g. eGmU:KøÚb‘ÍnmnusS 
Fm μta (HbA) pSMeLIgBIRcva:k;α  BIr ¬nimYy²manpÞúk 141 GasIutGamIen¦ nigRcva:k; β BIr ¬ 
nimYy² pSMeLIgBI 146 GasIutGamIen¦. ExSb:UlIbiubTItTaMgbYn b¤ÉktþatUc²TaMgenH RtUvcg 
P¢ab;Kñaeday kmøaMgGIuy:ug nig kmøaMg van der Waals.  
 manm:UelKuleGmU:KøÚb‘ÍnbrivtþrUbCaeRcIn EdlCam:UelKulmankarbnþExSGasIutGamIenEdl 
xusKñabnþicbnþÜcBIkarbnþRcva:k;kñúg HbA. eGmU:KøÚb‘ÍnbrivtþrUbPaKeRcInmineFVI[manTukçeTasGIVeT 
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b:uEnþ eGmU:KøÚb‘ÍnekasikaQamRkhmragkeNþóv (HbS) nigdéTeTot bNþal[manCm¶Wya:g 
F¶n;F¶r. HbS nig HbA manTRmg;lMGitxusKñaEtbnþicb:ueNÑaH. m:UelKulva:lInCMnYseday 
m:UelKulGasIutKøúytamic elIRcva:k;nimYy²énRcva:k;β TaMgBIr³ 
          H   H3C           H 
 HCOOC −CH2 −CH2 −C−COO−  CH −C −COO− 

           NH3
+  H3C           NH3

+ 

   GasIutKøúytamic    va:lIn 

 
b:Enþ karpøas;bþÚrtictYcenH ¬GasIutGamIenBIrecjBI 292¦ manplb:HBal;ya:gxøaMgeTAelI 
sßirPaBén HbS kñúgsUluysüúg. Rkumva:lInzitenAxageRkamxageRkA m:UelKulbegáItCaKnøwH 
elonecjenAelIRcva:k; β nimYy². Epñkminb:UElrénva:lInKW 
    H C 3     CH − 
    H3C 

EpñkenHGacRsUbTajRkumminb:UElrmYyepSgeTotkñúgRcva:k;α énm:UelKul HbS EdlenA Cab; 
tamry³kmøaMgr)a:y. GñkKImICIv³CaerOy²sMedAeTAelIRbePTénkarRsUbTajrvagRkum 
minb:UElrdUcCaGnþrkm μGIuRdUpUb¬mincUlcitþTwk¦. bnþicmþg²m:UelKul HbS RKb;RKan;nwgRbmUlpþúM 
begáItCa s‘uyEBb:UlIEmr. 
 viFanTUeTAGMBIkRmitrlayénsarFatuKWfa m:UelKulrbs;vakan;EtFM enaHkRmitrlay 
rbs;vak¾kan;EtTab EdrBIeRBaHdMeNIrkars‘ulva:tkmμmincMNUlCamYykMeNInbrievNépÞm:UelKul 
eT. edaysarehtuplenHCaTUeTARbUetGIunminrlaykñúgTwkeT. dUecñH m:UelKul HbS EdlRtUv 
RbmUlpþúMbnþicmþg²rgCakkrBIsUluysüúg. kkrenHbNþal[ekasikaQamRkhm Edlman 
RTg;RTaydUcfasEkøgeTACaragRBHc½nÞmYycMehog b¤RTg;RTaydUckeNþóv. ekasikaEdlbþÚr 
RTg;RTayTaMgenH eFVI[sÞHsrésQamq μatUc² EdlCaehtu[sÞHdl;lMhUrQameTAsrIragÁén 
xøÜnmnusS. lMhUrQamfycuHenHehIyEdleFVI[mankMeNIneraKsBaØaCm¶WQamRkhmrag 
keNþóv. Cm¶WQamRkhmrag keNþóvRtUv)aneKehAfa Cm¶Wm:UelKul Edldak;eQμaHedayelak 
Linus Pauling Edl)aneFVIkarRsavRCavKImIsMxan;²mYycMnYnelIFmμCatiénkarQWcab;enH 
eRBaHGMeBIEdleFVI[vinas ekIteLIgenAkRmitm:UelKul ehIyCalT§plCm¶WenHGaRs½yeTAnwg 
karxVHm:UelKul. 
 sarFatumYycMnYn dUcCaG‘uyer nig GIuy:ugsüaNat³  

  H2N −C −NH2   O = C = N−
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   II        
   O 

           G‘uyer    süaNat 

GIuy:ugTaMgenH GacbMEbkGnþrkmμGIuRdUpUbrvagm:UelKul HbS nig RtUv)anGnuvtþTTYl)aneCaKC½y 
xøH²EdredIm,IbRBa©askareLIgekagdUckeNþóvénekasikaQamRkhm. viFIenHGacCYysRmal 
karQWcab;dl;GñkCm¶WekasikaQamragkeNþóv b:uEnþ vaminkarBarxøÜnmnusSeyIgBIplit HbS 

bEnßmeToteT. edIm,IBedIm,IBa)alCm¶WekasikaQamRkhmragkeNþóv GñkRsavRCavRtUvEt 
rkviFIedIm,IbMEpøg b¤EkERbma:sIunesenTic ¬BUC¦EdldwknaMkarplit HbS. 
 TRmg;TaMgmYlrbs;mU:elKuleGmU:KøÚb‘Ín.  

mU:elKuleGmU:KøÚb‘Ín pSMeLIgBIRcva:k;α  BIr 
nigRcva:k; β BIr.  Rcva:k;nimYy²man 
TRmg;Rsedogm:UelKulmIy:UkøÚb‘Ín ehIy 
manRkumEG‘msRmab;cgP¢ab;GuksIEsn. 
kñúgeGmU:KøÚb‘ÍnekasikaQamRkhmrag 
keNþóv  tMbn;xUc ¬Rkumv:alIn¦ zitenACit 
cugRcva:k; β  EdlbgðajxageqVgenH 
¬β 1 nig β 2¦.  

 
******************* 

4 GasIutnuyekøGiuc (Nucleic Acids) 

 GasIutnuyekøGiuc KWCab:UlIEmrEdlmanma:sm:Ulx<s;EdledIrtYnaTIya:gsMxan;kñúg 
karsMeyaKRbUetGIun. GasIut DIGiksIurIbUnuyekøGiuc (DNA) nig GasIutrIbUnuyekøGiuc (RNA) 

KWCaGasIut nuyekøGiucBIrRbePT. m:UelKul DNA KWCam:UelKulEdlFMCageKbMputEdleKsÁal;. 
BYkvamanma:sm:UlrhUtdl;eTA 1000 ekadi g. cMENkÉ m:UelKul RNA 

ERbRbYlTMhMya:gxøaMgxøHmanma:sm:Ul RbEhl   20000 g. ebIeRbobeFobCamYyRbUetGIun 
EdlpSMeLIgBIGasIutGamIenepSg²KñacMnYn 20 GasIutnuyekøGiucKWmansmasPaBpSMsamBaØ. 
m:UelKul DNA nig RNA manpÞúkbøúksRmab;pSM EtbYnRbePTEtb:ueNÑaH³ BYrIn (purine) BIrImIDIn 
(pyrimidine) sárpYra:NUs (furanose sugars) nig RkumpUsVat ¬rUbTI >17¦. BYrIn 
b¤BIrIDInnimYy²ehAfa )as. 
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 eXIjmanEtkñúg DNA eXIjmanTaMgkñúg DNA nig RDA

 

rUbTI>17 smasFatupSMénGasIutnuyekøGiuc DNA nig RNA
 

eXIjmanEtkñúg RDA 
BYrIn

 
BIrIm

IDIn
 

sár
pYra

:NUs
 

pUs
Vat 

 kñúgTsvtSqñaM 1940 elak Erwin Chargaff6 )ansikSaBIm:UelKul DNA 

EdlTTYl)anBIRbPBepSg²Kñanig)ansegátPaBeTotTat;rbs;va. viFanrbs; Chargaff 

¬EdlKat;)anrkeXIj ehIyeKsÁal;\LÚvenH¦ BiB’NnaKMrUdUcxag eRkam³ 
1. brimaNGaednIn ¬BYrIn¦ es μ InwgbrimaNTImIn ¬BIrImIDIn¦ mann½yfa A = T b¤ A/T = 1. 
2. brimaNsIutUsIun ¬BIrImIDIn¦ es μ InwgbrimaNkanIn ¬BYrIn¦ mann½yfa C = G b¤ C/G = 1. 

3. cMnYnsrubén)asBYrInesμInwgcMnYnsrubén)asBIrImIDIn mann½yfa A + G = C + T. 

edayEp¥kelIB½t’man nigkarviPaKKImIEdlTTYl)anBIrgVas;EdleFVI[)øatkaMrs μI-X elak 
James Watson7 nig Francis Crick8 )anbegáItrUbmnþTRmg;dUces<óBIrCan;sRmab;m:UelKul 
                                                 
6 elak Erwin Chargaff (1905-2002) CaGñkKImICIv³CnCatiGaemrikmanedImkMeNItGU®sþalI. elak 
Chargaff KWCaGñkTImYyEdlbgðajfa RbePTCIv³epSg²Kña manpÞúkm:UelKul DNA xus²KñaEdr. 
7 elak James Dewey Watson (1928-  ) CaGñkKImICnCatiGaemrik. elak Watson )anTTYlBanrgVan 
NUEbl(Nobel) kñúgqñaM 1962 EpñksrIrsa®sþ b¤»sf rYmCamYyelak Crick nig Maurice Walkins 
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DNA kñúgqñaM 1953. elak Watson nig elak Crick )ankMnNt;fa m:UelKul DNA manRcva:k; 
dUces<óBIr. Rcva:k;nimYy²eFVIeLIgBI nuyekøGUTIt EdlpSMeLIgBI)as edGuksIurIbUs nig 
RkumpUsVat cgP¢ab;Kña ¬rUbTI >18¦. 

 
 
 
 
 
 
 

rUbTI>18 TRmg;énnuyekøGUTIt 
CaÉktþamYyénÉktþadEdl²kñúg 
DNA 

 KnøwHcMeBaHTRmg;dUces<óBIrCan;én DNA KWCakarbegáItsm<½n§GIuRdUEsnrvag)askñúg 
Rcva:k;BIrénm:UelKulmYy. eTaHbICasm<½n§GIuRdUEsnGacbegáIteLIgrvag)asBIrehAfa KU)as 
elak Watson nig Crick )anrkeXIjfa karpÁÚrEdlgayekItbMputKWrvagGaednIn nigTImIn 
nigrvagsIutUsIun nigkanIn ¬rUbTI>19¦. cUrcMNaMfa rUbenHeKarBeTAtamviFanrbs; Chargaff 

edaysar )asBYrInnimYy²RtUvcgsm<½n§GIuRdUEsneTAnwg)asBIrImIDIn nigRcasmkvij (A + G = 

C + T). kmøaMgTMnajdéTeTotdUcCaGnþrkm μDIb:Ul-DIb:Ul nig kmøaMg van der Waals 

rvagKU)asCYyeFVI[ mansßirPaBdl;TRmg;dUces<óBIrCan;pgEdr. 
 TRmg;én RNA xusBITRmg;én DNA kñúgTidæPaBmYycMnYn. TI1 dUcbgðajkñúgrUbTI >17 
)asTaMgbYnrkeXIjkñúgm:UelKul RNA KWCa GaednIn sIutUsIun kanIn nig G‘uyra:sIul. TI2 

m:UelKul RNA manpÞúksárrIbUscMENk DNA manpÞúk 2-edGuksIurIbUs. TI3 

karvipaKKImIbgðajfa smasPaBpSMén RNA mineKarBeTAtamviFanrbs; Chargaff eT. 

                                                                                                                                            
sRmab;kargarrbs;BYkeK elITRmg; DNA EdlRtUvcat;Tukfa mansarsMxan; nigkarGPivDÄn_EpñkCIvviTüa 
kñúg stvtSTI 20 enH. 
8 elak Francis Harry Compton Crick (1916-  ) CaGñkCIvviTüaCnCatiGg;eKøs. elak Crick cab;epþIm 
CaGñkrUbviTüa b:uEnþ)ancab;Garm μN_kñúgEpñkCIvviTüabnÞab;BIGanesovePA What is life? niBn§eday Erwin 

Schrodinger. bEnßmBIelIkarbMPøWBiTRmg; DNA elak Crick )anbegáItsñaédCaeRcIneTAelICIv m:UelKul. 
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müa:geTotpleFobBYrIn-BIrImIDIn minesμInwg 1 dUckñúgkrNI DNA eT. PsþútagenH nigdéTeTot 
begáIt)anCac,ab;sRmab;TRmg;dUces<óBIrCan;. tamBitm:UelKul RNA manb:UlInuyekøGUTIt 
Rcva:k;mYyCan;. Cak;Esþg manm:UelKul RNA bIRbePT³ RNA naMsar (mRNA) RNA rIbUsUm 
(rRNA) nig RNA dwkCBa¢Ún (tRNA). RNA TaMgenH mannuyekøGUTItRsedogKña b:uEnþ 
xusKñaBImYyeTAmYyedayma:sm:Ul TRmg;TaMgRsug nig muxnaTICIv³. m:UelKul DNA nig RNA 

dwknaMkarsMeyaKRbUetGIunkñúgekasika. 

 
rUbTI>19 (a) karbegáItKU)asedayGaednIn nigTImIn nig edaysIutUsIun nig kanIn. 
 
 (b) 

 
 
rUbTI>19 (b) ExSrages<óBIrCan;énm:UelKul  DNA EdlcgP¢ab;Kñaedaysm<½n§ GIuRdUEsn 
¬nigkmøaMgGnþrm:UelKulepSgeTot¦ rvagKU)as A-T nig C-G. 
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KImIGnuvtþ 
kare)aHBum< DNA 

 karplitesenTicmnusS pSMeLIgBinuyeKøGUTItRbEhl 3 ryekadi. Éktþa 3 ryekadi 
TaMgenHpSMeLIgBI 23 KUénRkUm:UsUm EdlCaRcva:k;bnþén DNA cab;BIRbEvg 50 eTA 500 lan 
nuyeKøGUTIt. Edaysresrkñúg DNA nig pÞúkkñúgÉktþaTaMgenH ehAfa Esn (genes) 

KWCakarsikSa sRmab;karsMeyaKRbUetGIun EdlEsnnimYy²manpÞúkExSbnþén)asdEdlBIr-bIdg 
EdlmindwgBI muxnaTIrbs;va. GIVEdlKyr[cab;Garm μN_BIkarbnþExSTaMgenH ¬ehAfa 
mInIpáayrNb¦KWfa BYkvabgðajCaeRcIndgkñúgTItaMgepSg²Kña minRtwmEtkñúgEsnCak;lak;enaH 
eT. elIsBIenH mnusSmñak;²mancMnYnénkarekIteLIgdEdlenHEtmYyKt;. manEtkUnePøaHEdl 
dUcKñaebHbitb:ueNÑaH EdlmancMnYnbnþExSmInIpáayrNbes μ IKña. 
 kñúgqñaM 1985 GñkKImICnCatiGg;eKøseQμaH Alec Jeffreys )anesñIfa karbnþExSmInIpáay 
rNbpþl;meF pþl;meFüa)ayénkarkMNt;GtþsBaØaN dUcCasñampþitRmaméd. kare)aHBum< 
DNA mancab;taMgBI)anTTYlPaBCak;EsþgCamYym®nþIRbtibtþic,ab;CaviFIsMKal;CnsgS½yerOg 
kþIXatkmμ. 
 edIm,Ie)aHBum< DNA GñkKImIRtUvkarPaKsMNakCalikadUcCaQam b¤Twkkam. 
sUm,IEtsk; nigTwkmat;k¾manpÞúk DNA Edr. DNA RtUveyabkBIéNVy:Uekasika 
nigkat;eTACabMENkedaykar bEnßmGg;sIumsRmab;kMNt;. bMENkNaEdlmanbnÞúkGviC¢man 
RtUvEjkecjedayEdnGKÁIsnIkñúgCatiGn§il. bMENktUcCagpøas;TIrh½sCagbMEnkFMCag dUecñH 
CabeNþIr²vaEjkeTApþúMKñaCaRkum. karpþúMKñaCaRkuménbMENk DNA RtUvbBa¢ÚnBICatiGn§ileTA 
Pñas)øasÞik nignaM[TItaMgrbs;BYkva minERbRbYl. bnÞab;mk Rbdab;sÞg; DNA ¬bMENk DNA 

EdlRtUv)anbiTsøakkaMrsμIviTüúskmμ¦ RtUvbEnßm. Rbdab;sÞg;cgP¢ab;eTAnwgbMENkEdlman 
ExSbnþén DNA eBjelj. hVIlkaMrsμ I-X RtUvdak;pÞal;elIRsTab;)aøsÞik ehIybg;elcecj 
enAelIhVIlftkúñgTItaMgEdlRtUvKñaeTAnwgbMENk EdlsÁal;edayRbdab;sÞg;. Rbdab;sÞg;epSg² 
KñaRbEhlbYnRtUvkaredIm,ITTYlÉksarEdlman EtmYysRmab;sMKal;mnusSmñak;². eK)a:n;-
RbmaNfa RbU)ab‘ÍlIeténkarrkeXIjKMrUdUcKñaebHbiTkñúg DNA énmnusSEdlRtUveRCIserIs 
edayécdnþBIrnak; KW 1 kñúg 1000 ekadi. 
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 krNIenAshrdæGaemrikdMbUg EdlkñúgenaHmnusSmñak;RtUveKeCOfaTak;TgnwgXatkmμ 
mYy edayCMnYyénkare)aHBum< DNA EdlRtUv sakl,gkñúgqñaM 1987. sBVéf¶kare)aHBum< DNA 

)ankøayeTACa]bkrN_caM)ac; ¬xanmin)an¦énkarRbtibtþic,ab;. 

 
dMeNIrkarsRmab;TTYl)ankare)aHBum< DNA. hVIlEdlpþitrYc bgðaj kare)aHBum< DNA 

EdlRtUveRbobeFobCamYyKMrUBIvtßúEdlsÁal;. 
 
 
segçbehtukarN_Bit nig bBaØti 
1. b:UlIEmr KWCam:UelKulFMEdlpSMeLIgBIÉktþadEdl²tUc²ehAfam:UNUEmr. 
2. RbUetGIun GasIutnuyekøGiuc EsluyLÚs nigekAs‘U KWCab:UlIEmrFm μCati. nILúg GMe)aHdaRkug 

(dacron) nigluysIut (lucite) KWCa]TahrN_énb:UlIEmrsMeyaK. 
3. b:UlIEmrsrIragÁGacRtUv)ansMeyaKtamry³Rbtikm μbUk b¤Rbtikmμkugdg;kmμ. 
4. esþer:GUGIusUEmrénb:UlIEmrmYyEdlpSMeLIgBIm:UNUEmrminsIuemRTI manlkçN³xusKñaGaRs½y 

elIviFIEdlm:UNUEmredImrbs;vacgsm<½nCamYyKña. 
5. ekAs‘UsMeyaKrYmmanb:UlIkør:UERbn nig ekAsU‘sÞIEr:n - b‘uytaEdün EdlCashb:UlIEmrénsÞIEr:n 

nigb‘uytaEdün. 

25-27 



b:UlIEmrsrIragÁFmμCatinigsMeyaK 

6. TRmg;RbUetGIunkMNt;muxnaTI niglkçN³énRbUetGIun. bEnßmelIenHeTotsm<½n§GIuRdUEsn 
nigkmøaMgGnþrm:UelKuldéTeTotkMNt;BITRmg;énRbUetGIun. 

7. TRmg;RbUetGIunfñak;TI1 KWCakarbnþExSGasIutGamIenrbs;va. TRmg; RbUetGIunfñak;TI2 
KWCaRTg;RTay EdlkMNt;edaykarP¢ab;sm<½n§GIuRdUEsn CamYynwgRkum CO nig NH éneRKag 
ExSGasIutGamIen. TRmg;RbUetGIunfñak;TI3 nigTI4 KWCatMerobvimaRtbIénRbUetGIun EdleFVI 
[mansßirPaBedaysm<½n§GIuRdUEsn nigkmøaMgGnþrm:UelKuldéTeTot. 

8. GasIutnuyekøGiuc (DNA nig RNA) KWCab:UlIEmrEdlmanma:sm:UelKulFMEdldwknaM 
bBa¢aEhSnsRmab;sMeyaKRbUetGIunkñúgekasika. nuyekøGUTItKWCabøúkén DNA nig RNA. 
nuyekøGUTIt DNA nimYy²manpÞúk)asBYrIn b¤BIrImIDIn  edGuksIurIbUsmYy nigRkumpUsVatmYy. 
nuyekøGUTIt RNA KWRsedogKñanwgnuyekøGUTIt DNAEdr b:uEnþmanpÞúk)as nigrIbUsepSg²Kña 
EdlminEmnCaedGuksIurIbUseT. 

BaküKnøwH 
GasIutGamIen Amino acid 25-10

kUb:UlIEmr Copolymer 25-7 

RbUetGIunbMEpøgFmμCati Denatured protein 25-20

GasIutedGuksIurIbUnuyekøGiuc (DNA) Deoxyribonucleic acid 25-21

GUm:Ub:UlIEmr Homopolymer 25-3 

m:UNUEmr Monomer 25-2 

GasIutnuyekøGiuc Nucleic acid 25-21

b:UlIEmr  Polymer 25-1 

RbUetGIun Protein 25-9 

GasIutrIbUnuyekøGiuc (RNA) Ribonucleic acid 25-21

sMNYr nig lMhat;  
b:UlIEmrsrIragÁsMeyaK 
sMNYrrMlwk 
1. cUr[niymn½yénBaküTaMgenH³ m:UNUEmr b:UlIEmr Gum:Ub:UlIEmr nig kUb:UlIEmr. 
2. cUr[eQ μaHvtßúcMnYn 10 EdlpSMeLIgBIb:UlIEmrsrIragÁsMeyaK. 
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3. cUrKNnama:sm:UlénPaKsMNakb:UlIeGTIELnmYy    (  CH2—CH2  )n        Edl n = 4600. 
4. cUrerobrab;BIclnkarsMxan;BIrénkarsMeyaKb:UlIEmrsrIragÁ. 
5. etIGIVeTACakatalIkr Natta-Ziegler? etIvamantYnaTIEbbNakñúgkarsMeyaKb:UlIEmr. 
6. etIlkçN³RbmUlpþúMEbbNaEdlsmRsbsRmab;karkMNt;ma:sm:UelKulénb:UlIEmrmYy? 

ehtuGIV? 
lMhat; 
7. etpøúg (Teflon) RtUvbegáIteLIgedayRbtikm μbUkra:DIkal;EdlcUlrYmedaym:UNUEmr 

etRtaPøúyGr:UeGTIELn. cUrbgðajclnkarsRmab;Rbtikm μenH. 
8. vInIlkørY H2C=CHCl TTYlrgkUb:UlIEmrkm μ 1,1-DIkør:UeGTIELn H2C=CCl2 edIm,IbegáItCa 

b:UlIEmrEdlsÁal;lkçN³KImICa sara:n (Saran). cUrKUrTRmg;b:UlIEmrenH edaybgðajBI 
Éktþa ¬bNþúM¦ m:UNUEmrdEdlrbs;vapg. 

9. EkvLa (Kevlar) KWCab:UlIEmrEdlRtUveRbIkñúgeFVICaGaveRkaHkarBarRKab;kaMePøIg ¬)aj; 
minFøúH¦. vaRtUvbegáIteLIgedayRbtikmμkugdg;km μrvagm:UNUEmrBIrdUcxageRkam³ 

 
 

 
cUrKUrEpñkmYyénExSb:UlIEmredaybgðajBIÉktþam:UNUEmrBIr-bI. cUrsresrsmIkarsrub 
sRmab;Rbtikm μkugdg;km μenH. 

10. cUrerobrab;BIkarbegáItb:UlIsÞIEr:n. 
11. cUrkMNt;m:UNUEmrEdlGnuvtþsRmab;TegVIb:UlIEmrEdlmanÉktþadEdl²dUcxageRkam³ 

 
 
 
12. cUrkMNt;m:UNUEmrEdlGnuvtþsRmab;TegVIb:UlIEmrEdlmanÉktþadEdl²dUcxageRkam³ 
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RbUetGIun 
sMNYrrMlwk 
13. cUrBiPakSaBIlkçN³énRkumGamIt nig sarsMxan;rbs;vakñúgTRmg;RbUetGIun. 
14. cUrerobrab;BITRmg;pñt; β EdlmanvtþmankñúgRbUetGIunmYycMnYn. 
15. cUrBiPakSaBImuxnaTIénRbUetGIunkñúgRbB½n§manCIvit. 
16. cUrBnül;edaysegçbBI)atuPUténPaBrYmKñaedaym:UelKuleGm:UKøÚb‘ÍnkñúgkarcgP¢ab;CamYy 

GuksIuEsn. 
17. etIehtuGIV)anCaCm¶WekasikaQamRkhmragkeNþóvRtUv)aneKehAfa Cm¶Wm:UelKul? 
18. etIGIVeTACaTRmg;rages<óα kñúgRbUetGIun? 
lMhat; 
19. cUrKUrTRmg;énDIbiubTItEdlGacRtUvbegáIteLIgBIRbtikm μrvagKøIsIunGasIutGamIen nig 

GaLanIn. 
20. cUrKUrTRmg;énDIbiubTItEdlGacRtUvbegáIteLIgBIRbtikm μrvagKøIsIunGasIutGamIen nig lIsIun. 
21. etIKøIsIunGasIutGamInGacRtUveFVIkugdg;km μedIm,IbegáItCab:UlIEmrehAfa b:UlIKøIsIun. 

cUrKUrÉktþam:UNUEmrdEdlrbs;va. 
22. xageRkamenH CaTinñn½yTTYl)anBIel,ÓnénkarbegáItplitplénRbtikmμkatalIkmμ 

Gg;sIum³ 
sItuNÑPaB (0C) el,ÓnbegáItplitpl (M/s) 

10 
20 
30 
35 
45 

0,0025 
0,0048 
0,0090 
0,0086 
0,0012 

 cUrbBa¢ak;BITMnak;TMngrvagel,ÓnCamYysItuNÑPaB. ¬mincaM)ac;KNnaeT¦ 
GasIutnuyekøGiuc 
sMNYrrMlwk 
23. cUrerobrab;BITRmg;énnuyekøGUTIt. 
24. etIrIbUs nig edGuksIurIbUs xusKñaya:gNa? 
25. etIviFanrbs; Chargaff manGIVxøH? 
26. cUrerobrab;BItYnaTIénsm<½n§GIuRdUEsnkñúgkarrkSaTRmg;rages<óBIrCan;én DNA. 
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lMhat;bEnßm 
27. cUrBiPakSaBIsarsMxan;énsm<½n§GIuRdUEsnkñúgRbB½n§CIv³. cUreRbIRbUetGIun nig GasIutnuyekøGiuc 

Ca]TahrN_. 
28. RbUetGIunGacmanTRmg;epSg²ya:geRcIn cMENkÉGasIutnuyekøGiucmanTRmg;ÉksNæan. 

etIGñkBnül;ya:gdUcemþcBIPaBxusKñaya:gxøaMgenH? 
29. RbsinebI minBüa)aleT RKunekþA 1040F b¤x<s;Cag GacnaM[xUcxatdl;xYrk,al. ehtuGIV? 
30. cMNucrlayénm:UelKul DNA KWCasItuNÑPaBEdlRcva:k;rages<óBIrCan;pþac;BIKña. ]bmafa 

GñkmanPaKsMNak DNA BIr. PaKsMNakmYymanpÞúkKU)as C-G 45% 

cMENkÉPaKsMNakmYyeTotmanpÞúkKU)as C-G 64%. cMnYn)assrubKWes μ IKñakñúgPaK 
sMNaknimYy². etIPaKsMNakNamYymancMNucrlayx<s;Cag? ehtuGIV? 

31. enAeBlEpøeQI dUcCaEpøe)a:m nig EpøB½r RtUv)aneKkat; b¤cit muxkat;enaHcab;epþImERbeTA 
CaB’Netñat. enHKWCalT§plénRbtikm μGuksIutkmμEdlkatalIkm μedayvtþmanGg;sIumkñúg 
EpøeQIenaH. CaerOy² skm μPaBeLIgB’NetñatenH GacRtUvkarBar b¤kat;bnßyeday 
karbEnßmTwkRkUcqμarBIr-bIdMNk;eTAelIbrievNmuxkat;enaH. etImanmUldæanKImIGIVsRmab; 
kareFVIEbbenH? 

32. sac;man;mansac;B’Ns nig sac;B’Netñat. cUrBnül;GIVEdlbNþal[sac;enHbMEpøgeTACa 
B’NxusKñaEbbenH. ¬tRmuy³ sac;dMuskmμCagkñúgsac;man;manel,ÓnemtabUlIsx<s;Cag 
nig RtUvkarGuksIuEsneRcInCag.¦ 

33. nILúgGacRtUvbMpøajya:ggayRsYledayGasIutxøaMg. cUrBnüal;BImUldæanKImIsRmab;kar 
bMpøajenH. ¬tRmuy³ plitplKWCarUbFatuepþIménRbtikm μb:UlIEmrkm μ.¦ 

34. eTaHbICaGñkRbEhlCa)anGanRbelamelakRbDitEbbviTüasa®sþ b¤emIlExSPaBynþKYr 
rn§t; vaBitCaminGaceTAekIteT EdlstVl¥itGacFMFat;rhUtmanTMhMesμ InwgTMhMmnusS. 
ehtuGIV? ¬tRmuy³ stVl¥itminmanm:UelKuleGm:UKøÚb‘ÍnkñúgQamrbs;BYkvaeT.¦ 

35. etIb:UlIbiubTItb:unμan RtUvbegáIteLIgedaylIsIun nig GaLanIn? 
36. karviPaKKImIbgðajfa eGm:UKøÚb‘ÍnmanpÞúk Fe 0,34% KitCama:s. etIma:sm:UlGb,rmaEdl 

GacmanéneGm:UKøÚb‘ÍnesμInwgb:unμan? ma:sm:UlCak;EsþgéneGm:UKøÚb‘ÍnKWbYndgéntémøGb,rma 
enH. etIGñkGacTajesckþIsnidæanya:gdUcemþcBITinñn½yTaMgenH? 
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b:UlIEmrsrIragÁFmμCatinigsMeyaK 

37. karbt;ExSb:UlIbiubTIt minRtwmEtGaRs½yeTAnwgkarbnþExSGasIutGamIeneT EfmTaMgGaRs½y 
eTAnwgFmμCatiénGgÁFaturMlayeTotpg. cUrBiPakSaBIRbePTGnþrkmμEdlGacekItman 
rvagm:UelKulTwk nig eRKagGasIutGamIenénExSb:UlIbiubTIt. etIRkumNamYy 
RtUvbgðaj[eXIjenAelIépÞxageRkAénRbUetGIunenAeBlb:HCamYyTwk nig RkumNamYyRtUv 
kb;)at;kñúgépÞxagkñúgénRbUetGIun? 

38. etIkmøaMgGnþrm:UelKulRbePTGIV TTYlxusRtUvsRmab;karRbmUlpþúMénm:UelKuleGm:UKøÚb‘ÍnEdl 
naM[ekItCm¶WekasikaQamRkhmragkeNþóv? ¬tRmuy³ emIlGtßbTKImIGnuvtþ.¦ 

39. cUrKUTRmg;nuyekøGUTItEdlmanpÞúksmasPaBdUcxageRkam³ (a) edGuksIurIbUs nig sIutUsIun 
(b) rIbUs nig G‘uyra:sIul. 

40. enAeBl NUNabiubTItmYy ¬EdlmanpÞúkeRKagGasIutGamIenR)aMbYn¦ EdlEjkBIxYrk,al 
kNþúrRtUveFVIGIuRdUlIs vapþl;[biubTIttUt²dUcteTA CaplitplEdlmanGtþsBaØaN³ Gly-

Ala-Phe, Ala-Leu-Va, Gly-Ala-Leu, Phe-Glu-His, nig His-Gly-Ala. cUrbegáIt 
ExSbnþGasIut GamIenkñúgNUNabiubTIt eday[ehtuplrbs;Gñkpg. ¬cUrcgcaMBIkarkMNt; 
sresrbiubTIt¦. 

41. enA pH NWt GasIutGamIenekItmanCaGIuy:ugb:UElr. edayeRbIKøIsIunCa]TahrN_ ehIy pKa 

énRkumkabuksIulKW 2,3 nig pKa énRkumGam:Uj:ÚmKW 9,6 cUrTsSn_TaysNæanelIslubén 
m:UelKulenA pH = 1, 7, nig 12. cUr[ehtupledayeRbIsmIkar pH = pKa + 

log
][

][
acid

aseconjugateb . 

42. kñúgerOgeRBgniTanrbs;elak Lewis Carroll  : tamry³kBa©k;sRmab;qøúH : Alice q¶l;faetI  
:TwkedaHeKaeXIjkñúgkBa©k; : Gacpwk)anEdrb¤eT. edayEp¥kelIcMeNHdwgrbs;GñkxagEpñk 
PaBKIra:l; (Chirality) nig skmμPaBGg;sIum cUrBnül;BIkgVl;rbs; Alice. 

43. nILúgRtUvbegáIteLIgedIm,IeFVICasréssURtsMeyaK. (a) ma:sm:UlmFüménnILúg 66 KW 12 

000 g/mol. etImanÉktþam:UNUEmrb:un μankñúgPaKsMNakenH? (b) etIEpñkNamYyénTRmg; 
rbs;nILúgEdlRsedogKñaeTAnwgTRmg;rbs;b:UlIbiubTIt? (c) etImanRTIbiubTItxus²Kñab:un μan 
¬EdleFVIeLIgBiGasIutGamIenbI¦ GacRtUvbegáIteLIgBIGaLanInGasIutGamIen (Ala) KøIsIun 
(Gly) nig esrIn (Ser) EdlsmRsbbMputcMeBaHGasIutGamIenkñúgsURtenH? 

25-32 



CMBUkTI25 

44. karpøas;bþÚrGg;tal;BIkñúgkarbMEpøgFm μCatiénRbUetGIunmYyKW 125 kJ/mol. RbsinebI 
karpøas;bþÚrGg;RtUBIKW 397J/K.mol cUrKNnasItuNÑPaBGb,rmaEdlRbUetGIunRtUvrgbMEpøg 
Fm μCatiedayÉkÉg. 

45. enAeBlRkamedGuksIurIbUsRtUvdak;[b:HCamYyGuksIuEsn BYkvaEbkx©ay. cMENkÉ 
RkamedGuksIumIGUKøÚb‘ÍnminTTYlrgplBIGuksIuEsneT. cUrBnül;. ¬mIGUKøÚb‘ÍnRtUvbegáIteLIg 
EtBImYyÉktþatUc²kñúgcMeNamÉktþatUc²bYn b¤ExSb:UlIbiubTIt kñúgeGm:UKøÚb‘Ín. 

CMelIy 
8.  (  CH2 −CHCl −CH2 −CHCl2 )     10.  edayRbtikmμbUkCamYym:UNUEmrsÞIEr:n.  12.  (a)  

CH2 = CH −CH = CH2  (b)  HO2C(CH2)6NH2   22.  Gg;sIumenHrgbMEpøgFmμCatienA 35oC  

28.  RbUetGIun)anpSMelIgBIGasiutGamIen 20 cMENkÉGasIutnuyekøGiuc Edl)anpSMeday 4Epñk¬ 
BYrIn  BIrImIDIn sár nigRkumpUsVat¦Etb:ueNÑaH.  30. KU)as C – G mansm<½n§GIuRdUEsn3 
dUecñHmancMNucrMBuHx<s;.  KU)as A – T manEtsm<½n§GIuRdUEsn2.  32.  sac;dMukñúgeCIgskmμCag 
sac;dMuepSg² dUecñHsac;dMukñúgeCIgmankMhab;mIGUKøÚb‘ÍnkRmitx<s;. Fatu Fe kñúgmIGUKøÚb‘ÍneFVI[B’N 
etñatkñúgsac;. 34.stVl¥itK μansYt ehIyBYkva)anTTYlGuksIEsnedaykarbnSayxül; EdlCa 
dMeNIkaryWtNas;. dUecñH stVl¥itFMdUcmnusSminGacTTYlGuksIEsnRKb;RKan;eT.  36.  man4 
GatUm Fe kñúg1m:UelKuleGm:UKøÚb‘Ín.  1,6 x 104 g/mol  38. PaKeRcInkmøaMgr)a:y   40.  Gly-

Ala-Phe-Glu-Ala-Leu-Val  42.  eT. Gg;sIumGacmanGMeBIenAelIGIusUEmGubTicEtmYyrbs; 
smasFatu.  44. 315K   
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