
3







	 .........................................................

	 


	 ........................................................ 

	                       



	 4-N,N- 

	 ......................................... 15

	 

	 Dy3+

	 (Dy:CUO)

	 .....................................................................................

	 	

	 

	 

	 

	 .................................................................30	

	 

	 

	 ...........................................................42

	 

	 

	 ..............................................................................46

	 

	 

	 ...................................57

	 



	 ...........................................................63

	 

	 ................................................................................ 71

	 



4 





Ãweh£L ešy¿P® rh¤Âu§fŸ

jäœbkhêæ‰ bga®¤jš nt©Lk

Ïwthj òfGila òJüšfŸ

jäœbkhêæš Ïa‰wš nt©L«

kiwthf ek¡FŸns gH§ fijfŸ

brhštÂnyh® k»ik Ïšiy

Âwkhd òyikbaåš btë eh£nlh®

mijtz¡fŠ brŒjš nt©L«.

- kfhfé ghuÂah®

mQit¥ ÃsªJ Vœfliy¥ òF¤Â

FWf¤ jç¤j FwŸ.

- xsitah®
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ika¡ fUéah¡f« k‰W« nrit MŒtf«

br‹id¥ gšfiy¡fHf«, »©o tshf«, br‹id 600 025

ä‹dŠrš: dnmaran@gmail.com, dnmaran@yahoo.com

bghê¥ò 

Ï¡f£Liu, m¿éaš ts®¢Á 

v‹gJ RH‰Áah? bjhl®¢Áah? 

k»œ¢Áah? òfœ¢Áah? òu£Áah? 

bgU¡fkh? RU¡fkh? Ka‰Áah? 

kuzkh? v‹gJ F¿¤j mo¥gil 

m¿Î«, bjëÎ« nt©L« v‹w 

neh¡»š gil¡f¥g£lJ.

1.  ts®¢Á v‹gJ RH‰Áah?

m¿éaèš ts®¢Á v‹gJ 

gçzhk ts®¢Áia F¿¡F«. Ïjid  

lh®é‹ mt®ffë‹ bghJ¡ nfh£ghL 

Ã‹tUkhW vL¤Jiu¡»wJ. thœ¡if 

mšyhj thœé‹ ts®¢Áia k‰W« 

K‰¿Y« Ïa‰ifahd “kh‰w« bfh©l 

kugQit” tèÍW¤J»wJ. mjhtJ, 

Á¡fyhd cæçd§fŸ fhy¥ngh¡»š 

Ïa‰ifahfnt äfÎ« vëikahd 

K‹ndh®fëèUªJ cUth»‹wd. 

RU¡fkhf, xG§f‰w kugQ 

kh‰w§fŸ, xU cæçd¤Â‹ kugQ 

F¿p£o‰FŸ V‰gLtjhš, ga‹ä¡f 

ÃwœÎfŸ ghJfh¡f¥gLtjhš mit 

cæ®thH cjÎ« v‹W miH¡f¥gL« 

brašKiwia “Ïa‰if nj®Î” v‹W 

miH¡f¥gL«. Ïªj e‹ikahd 

kh‰w§fŸ mL¤j jiyKiw¡F 

tH§f¥gL»‹wd. fhy¥ngh¡»š, 

e‹ikahd kh‰w§fŸ cUth»‹wd 

k‰W« Ïj‹ éisthf xU K‰¿Y« 

ntWg£l cæçd« mrš (xU khWg£l, 

Mdhš xU K‰¿Y« ntWg£l 

cæçd«) cUth»‹wJ. Ïjidna, 

khâ¡fthrf® bgUkh‹ j‹ 

Dila Átòuhz¤Âš Ã‹tUkhW 

vL¤Jiu¡»wh®.

òšyh»¥ ólhŒ¥ òGthŒ kukh»¥

gš éUfkh»¥ gwitahŒ¥ gh«gh»¡

fšyhŒ kåjuhŒ¥ ngahŒ¡ fz§fshŒ

tš mRu® M» KåtuhŒ¤ njtuhŒ¢

bršyhm ã‹w Ï¤ jhtu r§fk¤JŸ 

všyh¥ Ãw¥ò« ÃwªJ Ïis¤nj‹, 		

v«bgUkh‹!

nkY«, m¿éaèš, ie£u#‹ 

RH‰Á, cæçaš RH‰Á, czÎ RH‰Á, 

R‰W¢NHš RH‰Á k‰W« gšYæ® RH‰Á 

(biodiversity) M»ait ts®¢Á v‹gJ 

xU RH‰Á v‹gj‰F MjhukhF«.
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2. ts®¢Á v‹gJ bjhl®¢Áah?

e«ik¢R‰¿ÍŸs ãy«, Ú®, fh‰W, 

thd«, fhLfŸ, éy§»d§fŸ, bro 

bfhofŸ, ku§fŸ, k¡fŸ T£l« všyh« 

Ïilawhj bjhl®ò bfh©lit. mÛgh 

Kjyhd äf¢Á¿a cæçfëèUªJ 

ahid, Âä§»y« M»a ngUæ®fŸ 

tiu, äf¢ Á¿a jhtu§fëèUªJ 

gšyh©LfŸ thH¡Toa äf¥ bgça 

jhtu§fŸ tiu Ï‹¿aikahj bjhl®ò¢ 

r§»èahš Ãiz¡f¥g£LŸsd.

Ïit mid¤J« jk¡FŸ x‹W¡ 

bfh‹W mDruizahf thG« 

ãiyia, kåj®fŸ cŸë£l všyh¥ 

ÃuhâfŸ, éy§FfŸ, jhtu§fŸ 

mid¤Â‹ eythœit¡bfh©l 

khRglhj Ïa‰if ãiyia, xU ešy 

R‰W¢NHš v‹»nwh«.

mid¤J Ïa‰if¡ TWfS« 

mit m~¿iz MdhY«, ca® Âiz 

MdhY« x‹iw x‹W rh®ªÂU¡F« 

j‹ik jh‹ R‰W¢NHè‹ mo¥gil 

ÏašghF«.

rh‹whf, ãy¤Â‹ ts¤ij¡ fh¤J, 

bro bfho ku§fS¡F czÎ jahç¤jš, 

xë¢nr®¡if ngh‹w gy brašfS¡F 

Ú® Ï‹¿aikahjjh»‹wJ.

bro, bfho, jhtu§fŸ fh‰iw¤ 

öŒikah¡F»‹wd. Ãw jhtu§ 

fS¡F« éy§»d§fS¡F« kåj 

D¡Fkhd czit¤ jahç¡»‹wd.

ãy« k¡fS¡F«, éy§FfS¡F«, 

fhLfS¡F«, jhtu§fS¡F«, Ãw všyh 

cæçd§fS¡F« cztë¡»wJ. 

mj‰F <lhf ãy« jdJ njitfis 

mt‰¿läUªJ bg‰W¡bfhŸ»wJ. 

ÏJ xU RH‰Á¢braš. ÏÂš VnjD« 

xU RH‰Á¡ f©âæš khWghL 

V‰gLkhdhš mJ Ïa‰ifia¡ nfLw¢ 

brŒtJl‹ Ïa‰ifæ‹ xU gFÂahd 

(Mdhš jh§fŸ Ïa‰ifæ‹ xUgFÂ 

v‹gij kwªJ é£l) k¡fisÍ« bgU« 

ghÂ¥ò¡F cŸsh¡F»wJ. Ïjidna, 

Ã‹tU« féij vL¤Jiu¡»wJ.

“k©â‹ ts®¢Ájh‹ kiy

fh‰¿‹ ts®¢Ájh‹ òaš

kiHæ‹ ts®¢Ájh‹ flš

ku¤Â‹ ts®¢Ájh‹ td«

kdÂ‹ ts®¢Ájh‹ kåj«

kåjå‹ ts®¢Ájh‹ kuz«

kuz¤Â‹ ts®¢Ájh‹ #dd«!”

vdnt ts®¢Á v‹gjid 

bjhl®¢Á v‹W bfhŸsyhkh! mšyJ 

RH‰Á v‹W tif¥gL¤jyhkh?

3. ts®¢Á v‹gJ k»œ¢Áah?

k»œ¢Áæ‹ msÎnfhš vJ v‹w 

nfŸé¡fhd éil äfÎ« Á¡fyhdJ.  

k»œ¢Á v‹gJ g©g¿ ßÂahdJ. 

mij msÎnfhšfë‹ mo¥gilæš 

mséléayhJ. g©g¿ ßÂahdit 

mftakhdit. mit MshS¡F 

ntWgLgit. Ï›tsÎ Á¡fšfis¡ 

bfh©LŸsikahš, k»œ¢Áia ms 

éléayhJ.   

ts®¢Áia msélyhkh v‹w 

nfŸé¡F bghUëaš ãòz®fŸ 

“M«” v‹W gÂyë¡»‹wnghJ, 

vJ ts®¢Á v‹gj‰F¥ bghJthd, 

xUä¤j tiuéy¡fz« Ï‹dK« 

tiuaW¤Âléšiy. 

Ï‹W ts®¢Á g‰¿ mÂf« 

ngr¥gL»wJ. xU eh£o‹ ts®¢Ána 

mªeh£o‹ mÃéU¤Âæ‹ mo¥gil 

v‹W fUj¥gL»wJ. bkh¤j njÁa 

c‰g¤Âna ts®¢Áæ‹ msÎ nfhyhf¡ 

bfhŸs¥gL»wJ.   

Mdhš, ó£lh‹ njr« k£L« 

ts®¢Áašy; k»œ¢Ána Ãujhd« v‹W 
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thjhL»wJ. mij eilKiwæY« 

ã%Ã¤JŸsJ.   

ó£lhå‹ Ïªj thj«, ts®¢Áahš 

k»œ¢Áia msél ÏaYkh mšyJ 

k»œ¢Áahš ts®¢Áia msél 

ÏaYkh? v‹w nfŸéia vG¥ÃaJ. ÏJ 

ts®¢Á¡F« k»œ¢Á¡F« Ïilæyhd 

cwitÍ« KuizÍ« g‰¿a fij.   

1979 M« M©L, ó£lhå‹ k‹d® 

í¡ä Á§ä th§r¡, c¤Ânahfó®t¥ 

gazkhf ÏªÂahÎ¡F tªjnghJ,  

g«ghŒ ékhd ãiya¤Âš Clféa 

yhs®fŸ mtçl« nfŸéfis¡ 

nf£ld®.   

m¥nghJ, X® Clféayhs® 

“ó£lh‹ bkh¤j njÁa c‰g¤Âæš V‹ 

Ã‹j§» ÏU¡»wJ” v‹W nf£lh®.   

mj‰F¥ gÂyë¤j ó£lhå‹ 

k‹d®, “vk¡F bkh¤j njÁa c‰g¤Âæš 

e«Ã¡if »ilahJ. vk¡F bkh¤j 

njÁa k»œ¢Ána äfÎ« K¡»akhdJ” 

vd¥ gÂyë¤jh®.   

Ï¡T‰W, btWknd xU T‰whf 

m¡fhy¤Âš fUj¥g£l nghJ«Tl, 

fhy¥ngh¡»š ts®¢Áia v›thW 

mséLtJ? bkh¤j njÁa c‰g¤Â 

k£Lnk ts®¢Áæ‹ msÎnfhyhf 

ÏU¡f KoÍkh? bkh¤j njÁa c‰ 

g¤Âia ikakhf¡ bfh©L k»œ¢Áia 

msélKoakh, ngh‹w nfŸéfŸ 

bkJbkJthf btë¥gl¤ bjhl§»d.  

1990fë‹ ÏWÂ¥ gFÂæš 

ó£lhådhš K‹it¡f¥ g£l ‘bkh¤j 

njÁa k»œ¢Á’ v‹w fU¤jh¡f« 

ftå¥ò¡ FŸshf¤ bjhl§»aJ.   

bj‰fhÁa ehLfëš x‹wh»a 

ó£lh‹, ÏªÂahitÍ« ÓdhitÍ« 

všiyfshf¡ bfh©l ãy¤jhš 

NH¥g£l ehlhF«. VHiu Ïy£r« 

k¡fŸ bjhifia¡ bfh©l ó£lh‹, 

MÁahéš CHš Fiwªj ehlhfÎ« 

bghUshjhu¢ RjªÂu« mÂf« cŸs 

ehlhfÎ« és§F»wJ. ntfkhd 

bghUshjhu ts®¢Á cila ehLfëš, 

Ïu©lhtJ Ïl¤Âš cŸsJ. 

Ú®ä‹ ãiya§fë‹ _y« c‰g¤Â 

brŒa¥gL« ä‹rhu é‰gid, Ïj‹ 

Ãujhd tUkhdkhf cŸsJ.   

äfÎ« Ã‹j§»a ehLfëš 

x‹whf és§Ftjhš, bghUshjhu 

mÃéU¤Â v‹gJ äfÎ« fodkhdJ. 

tWikæY« ó£lhåa®fŸ k»œ¢Áahf 

ÏU¡»wh®fŸ. mt®fsJ k»œ¢Á v‹gJ 

mÂfç¤ÂU¡»wJ. vdnt, bghUshjhu 

mo¥gilæš k»œ¢Áia msélhÔ®fŸ 

v‹gnj ó£lh‹ k‹dç‹ nfh£ghlhf 

ÏUªjJ.   

  	bghJéš, bghUshjhu ts®¢Ána 

ts®¢Á vd m¿a¥gL»wJ. m›tifæš 

ts®¢Á, k»œ¢Áia¤ jUkh v‹gJ 

Ï›éu©L« rh®ghd Ãujhd édh. 

Ïij, Ï‹bdhU tifæš, ‘gz¤jhš 

rªnjhr¤ij th§féaYkh?’ v‹W« 

nf£f KoÍ«.   

kåj r_f« v¥nghJ« njLtJ 

k»œ¢Áia¤jh‹ - Mdhš, v§nf, 

v¥go, vJ, vÂš v‹gij¥ òçªJ 

bfhŸtÂšjh‹ kåj thœ¡if 

brš»‹wJ. vdnt xU njr¤Â‹ 

bghUshjhu ãiyiaél m§F 

thG« k¡fël« ãyÎ« k»œ¢Áia 

it¤nj mªj ehL tskhd ehlh 

v‹W Ô®khå¡f¥gL»wJ. ÏJF¿¤j 

ÁªjidÍ« MuhŒ¢ÁfS« rÛg 

fhy¤Âš ãiwant vGªJŸsd.

30 tUl§fS¡F K‹ò 1981š, 

mbkç¡fhéš cŸs ä¢Áf‹ 

gšfiy¡fHf¤Âš X® MuhŒ¢Á¡ F¿¥ò 

btëæl¥g£lJ. mj‹go xU eh£o‹ 
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ts®¢Áia¡ F¿¡F« bghUshjhu¡ 

F¿p£o‰F« m§FŸs k¡fë‹ 

k»œ¢Á¡F« ãiwa Ïilbtë 

ÏU¥gjhf mªj MuhŒ¢Áæš f©L 

Ão¡f¥g£lJ. cy»nyna äf ViH 

ehLfŸ v‹W fUj¥gL« g§fshnjZ, 

Ãè¥ig‹° ngh‹w ehLfëš k¡fŸ 

k»œ¢Áahf ÏU¥gjhf mªj MuhŒ¢Á 

F¿¥Ã£lJ. mj‹Ã‹ gy tUl§fëš 

Ïªj MuhŒ¢Á btëæ£L tU« 

KoÎfëš, rªnjhõkhd ehLfŸ 

tçir K‹Ã‹ kh¿ kh¿ tªjhY«, 

mªj Kjš MuhŒ¢Á cyF¡F xU òÂa 

gçkhz¤ij¡ bfhL¤jJ.

x›bthU cæU« tsU«nghJ 

M‰wY«, m¿Î« mit r«gªj¥g£l 

gy‹fŸ mjå‹ _y¤Â‰nfh/

Ka‰Á¡nfh k»œ¢Áia bfhL¡»wJ. 

Mdhš Ïit mid¤J« Koit¤ 

njo brš»wJ v‹gJjh‹ ãj®rdkhd 

c©ik. Ïjidna g£L¡nfh£il 

fšahzRªju« 

“MS« tsuD« m¿Î« tsuD« 

mJjh©lh ts®¢Á” v‹W ghodhY«. 

mtnu c©ikia cz®ªJ,

“mJ ÏUªjh ÏJ Ïšny!

  ÏJ ÏUªjh mJ Ïšny!

  ÏJÎ« mJÎ« nr®ªÂUªjh

 mtD¡»§nf Ïläšny”

v‹W ghL»wh®.

4. ts®¢Á v‹gJ òfœ¢Áah?

g¡Âæ‹ ÂUÎUthd mUz 

»çehj® jd¡F fé òidtj‰F Kjš 

moahd, “K¤ij¤jU g¤Â¤ ÂUeif...” 

v‹W vL¤J¡ bfhL¤j KUfid 

òfœªJ fªj® mDóÂæš Ã‹tUkhW 

ghL»wh®.

“cUthŒ, mUthŒ, csjhŒ, ÏyjhŒ, 

kUthŒ, kyuhŒ, kâahŒ, xèahŒ, 

fUthŒ, cUthŒ, mUŸthŒ Ffnd?” 

Ï›thnw xsitahU«, 

“x‹whdt‹, cUéš  Ïu©lhd 

t‹, cUthd brªjäêš _‹whdt‹”

Ï§nf ÏUtuJ g¡ÂÍ« nk«g£l 

ts®¢Á f©L òfœ¢ÁahŒ khWtij 

fhzyh«.

5. ts®¢Á v‹gJ òu£Áah?

ts®¢Á milªj ehLfŸ mid¤J« 

xU Ífòu£Áia jh©o¤jh‹ j‹ 

ts®¢Á ãiyia milªÂU¡»‹wd.

mbkç¡fhéš - mbkç¡f òu£Á

Ãç£låš - bjhê‰ òu£Á

uZahéš - uZa òu£Á

Ãuh‹Áš - Ãuh‹R òu£Á

b#®kåæš - b#®k‹ òu£Á

Ódhéš - Ód¥òu£Á

Ïit mid¤J ehLfS« 

òu£Á têahf¤jh‹ ts®¢Á 

milªj ehLfë‹ g£oaëš Ïl« 

bg‰¿U¡»‹wd. Mdhš, Ï¤jid 

ehLfëY« Ïšyhj mÂfsÎ muÁaš, 

bghUshjhu Ãu¢ÁidfŸ ÏªÂahéš 

ÏUªjnghJ«, xU òu£Á tuhjJjh‹ 

mjDila jil¥g£l ts®¢Á¡F 

fhuz«. nkY«, gšntW Jiwfëš 

c‰g¤Âia bgU¡», kåj ts¤ij 

nk«gL¤jÎ«, mj‹ _y« r_f¤ij 

ts®¢Á ghijæš bfh©L bršyÎ« 

Ã‹tU« òu£ÁfŸ ga‹g£ld.

1. étrha«- gRik¥ òu£Á

2. ghš- bt©ik¥ òu£Á

3. Û‹- Úy¥ òu£Á

4. ä‹dQéaš - Áè¡f‹ ÁšY 

òu£Á

5. jftš bjhê‰E£g« - jftš 
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bjhê‰E£g òu£Á

6. fUéæaš - ÛE© bjhê‰E£g 

òu£Á

7. eh£o‹ ts®¢Á - bjhê‰ òu£Á 

vdnt, e©g®fns òu£Á Ïšyhkš 

ts®¢Á fh©gJ fdnt.

6. ts®¢Á v‹gJ bgU¡fkh?

ÏªÂah, Ódh ngh‹w MÁa 

ehLfŸ k¡fŸ bgU¡f¤Âš ts®¢Á 

ailªJŸsd. Ïªj kåj ts« 

cyfshéa ts®¢Áæš bgU«g§F 

t»¡»wJ. Mdhš, Ïªj bgU¡f« 

ts®¢Áah? mšyJ Ãu¢idah? 

v‹gjid fhy«jh‹ cz®¤j nt©L«. 

7. ts®¢Á v‹gJ RU¡fkh?

Ï‹W m¿éaš k‰W« bjhê‰E£g 

ts®¢Ájh‹ fUéfë‹ msit¢ 

RU¡», fâåæia if¡FŸ 

ml¡fkh¡» ÏU¡»wJ. kåj®fëš 

FŸskhdt®fS¡F 21-tJ Fnuhnkh 

nrh«  n#hoæš Ïu©L¡F gÂš _‹whf 

Fnuhnkhnrh« ts®¢Á miltjhš 

V‰gL« kh‰wkhF«. vdnt, ts®¢Á 

v‹gJ RU¡fkh v‹w nfŸé vH¤jh‹ 

brŒ»wJ.

8. ts®¢Á v‹gJ Ka‰Áah?

x›bthU cæçdK«,  j‹Dila 

m¤jid ts®¢Á¡F« Ka‰Ájh‹ 

fhuz« v‹W ã%gz« M»æU¡»wJ.

éijæ‹ Ka‰Ájh‹ éU¢r«. 

Ïjidna tŸSt bgUªjif, 

“bjŒt¤jh‹ Mfh bjåD« Ka‰Áj‹ 

bkatU¤j¡ Tè jU«” 

Ïj‰F cjhuzhkhf, eu«ò¤jir 

Å¡f nehædhš (Amyotrophic lateral 
sclerosis-a neuromuscular wasting 
disease) ghÂ¡f¥g£l Stephen Hawking 

v‹w mbkç¡f éŠPhå j‹ ÏWÂehŸ 

tiu òép®¥ò r¡Âæ‹ N£rk¤ij 

m¿ªJbfhŸs Ka‰Á nk‰bfh©L j‹ 

f©LÃo¥òfis cy»š ÃuÁ¤Â¥ bg‰w 

k‰W« mÂf« é‰gidahd ò¤jf§ 

fshf vGÂdh®.

Ïªj kåj® Ïa‰Ãaiy k¡fël« 

bfh©L br‹wJ k£Läšyhkš, kh‰W 

Âwdhëfë‹ Fiwfis j‹Dila 

m¿édhY«, ÁªjidahY«, gil¥gh‰w 

yhY« äfÎ« ca®ªj rhjid 

ãiwfshf kh‰¿¡ fh©Ã¤jt®. 

mt® clY«, brašghL« RU§f 

RU§f m©lbtëæ‹ N£Rk¤ij, 

“éçtilªj ÃugŠr«” Expanding 
Universe (Ph. D. thesis) v‹W jdJ 

MuhŒ¢Áæ‹ jiy¥gh¡»¡ bfhŸ »wh®. 

ÏtuJ Ï‹bdhU MuhŒ¢Á jiy¥ghd, 

Hawking-Penrose singularity theorem 
Radiation of Black hole  mtU¡F 

“Hawking Radiation” v‹w bgUikia 

<£o¤ jªjJ. nkY« mt® vGÂa, A brief 
history of time: from the big bang to black 
holes (1988) v‹w ò¤jf«  10 äšèa‹ 

ÃuÂfS¡F« nkš é‰W rhjid¥ 

gil¤jJ. Ïtiu¥ g‰¿ vL¡f¥g£l 

Âiu¥gl« ‘The theory of everything’ 
(2014), gy mfhlä éUJfS¡F 

gçªJiu¡f¥g£lJ.

Ïit mid¤J« ts®¢Á 

v‹gJ Ka‰Ájh‹ v‹gj‰ fhd Áy 

cjhuz§fshF«. Ï‹D« tuyh‰¿Y«, 

thœéY« v¤jidnah Ka‰Á¡fhd 

gÂÎfŸ éué¡ »l¡»‹wd.

9. ts®¢Á v‹gJ kuzkh?

fé¡nfh m¥JšuFkh‹ mt®fŸ, 

Myhgid v‹w bjhlçš Ã‹ tUkhW 

féij ghL»wh®.

kuz¤ij f©L mGgtnd! 

kuz« c‹ m¿ahikia¡ f©L 
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Áç¡»wJ

kuz¤Â‹ Ïu¡fk‰w if cd¡F 

Ãçakhdt‰iw¥ ÃL§»¡bfhŸ»wJ 

v‹W VR»whŒ

mªj Ãçank kuz¤jhšjh‹ c© 

lh»wJ v‹gij Ú m¿tÂšiy

g¿nghfhjt‰¿‹ ÛJ Ãça« 

c©lhtÂšiy

x‹iwna g‰¿¡bfh©oU¡F« 

c‹ gh®it¡F k‰wt‰iw m¿Kf« 

brŒtJ kuz«jh‹.

gfš kuzkilaéšiy v‹whš 

mHfhd e£r¤Âu§fis Ú gh®¡f 

kh£lhŒ.

mH»a ky® m‰g MÍëš koªJ 

éL»wnj v‹W tUªJ»whŒ.

kyç‹ mªj m‰g MÍŸjh‹ 

mj‹ mHif Ú mÂfkhf uÁ¥gj‰F¡ 

fhuzkh»wJ.

ãuªju mHF ft®¢Áia ÏHªJ 

éL«.

vJ mÂf mHnfh mJ éiuéš 

kuzkil»wJ.

kuz« mty£rz« v‹W 

mUtU¡»whŒ.

Mdhš ehŸ mj‹ kuz¤Âš 

mHfhŒ ÏU¥gij Ú ftå¤jÂšiyah?

éoaiy mHF v‹»whŒ. mJ 

Ïué‹ kuz« mšyth?

òJikia tunt‰gtnd! gHikæ‹ 

kuz« Ïšiyba‹whš òJik VJ?

kuz« eZl« v‹»whŒ mJ 

yhgkhf ÏU¥gij Ú ftå¤jÂšiyah?

taèš mWtil v‹whš k»œ 

»whna! kuzK« m¤ij¤jhnd 

brŒ»wJ.

kuz« v‹whš KoÎ v‹»whŒ. mJ 

bjhl¡fkhfÎ« ÏU¥gij Ú ftå¤j 

Âšiyah?

xU óé‹ kuz¤Âšjh‹ fhŒ 

Ãw¡»wJ

f‹åikæ‹ kuz¤Âšjh‹ 

jhŒik Ãw¡»wJ

kuz« v‹whš mêÎ v‹»whŒ mJ 

ãiwÎ v‹gij Ú ftå¤jÂšiyah?

xU uhf« ãiwtilÍ«nghJ  ã‹W 

ngh»wjšyth?

10. KoÎiu

vdnt, m¿éaš ts®¢Á v‹gJ 

RH‰Áah? bjhl®¢Áah? k»œ¢Áah? 

òfœ¢Áah? òu£Áah? bgU¡fkh? 

RU¡fkh? Ka‰Áah? mšyJ kuzkh? 

v‹w nfŸéfS¡F v‹ m¿Î gyéj 

és¡f§fis më¤jhY« c§fë‹ 

m¿Î v‹d brhš»wnjh mjidna 

éilahf vL¤J bfh©L k»œ¢ÁÍl‹ 

thH thœ¤J»nw‹.
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òfœbg‰w éŠPhå n#.Õ.v°. 

Ahšnl‹ v‹gt®  uhjh»UZzid¥ 

g‰¿ Ã‹tUkhW F¿¥Ã£lh®: “j¡f 

NœãiyfŸ vtnuD¡F« cUth¡f¥ 

g£lhš mit V‰f¤j¡f ntiyia¤ 

bjhl§f VJthf mikÍ«. Mdhš c©ik 

ahbjhU éŠPhåæ‹ F¿¡nfhŸ v‹gJ 

njitahd Nœãiyfis cUth¡» 

bgU« f©LÃo¥òfis ãfœ¤j KoÍ«” 

v‹gij uhjh»UZz‹ ã%Ã¤J¡ 

fh£od®.

Mu«g thœ¡if, fšé k‰W« gâfŸ :

bt§fluhk‹ uhjh»UZz‹ (nk 18, 

1929 - kh®¢ 3, 2011) nehgš gçR bg‰w 

Kidt®. rªÂunrfu bt§fluhk‹ 

k‰W« nyhfRªjç m«khŸ M»nahU¡F 

br‹idæYŸs j©ilah®ng£ilæš 

kfdhf¥ Ãwªjh®. mtuJ Mu«g fšéia 

br‹idæš gæ‹W Ã‹d® ikN® 

gšfiy¡fHf¤Âš Ïsk¿éaš Jiwæš  

g£l« (bfsut) bg‰wh®. mt® ÂUkÂ. 

~Ãuh‹bfhæ°-blhäå¡ g®dh®£ 

v‹gtiu ÂUkz« brŒJ¡ bfh©lh®. 

mt®fsJ kf‹ ént¡ uhjh»UZz‹ 

Mth®. Ït® bAšyh n#h§Ñça° 

v‹ghuJ tê¡fh£Ljè‹go bej®yhªÂš 

cŸs Iªnjht‹ totik¥ò¢ r§f¤Âš 


1929-2011

brªÂšFkh® rªÂu‹, m#Œ #tf®, bg. Ïuhkrhä, 
v°.v°.v‹ bgh¿æaš fšYç, fhyth¡f«, 

br‹id-603110

totik¥ò¤ Jiwæš g£l« bg‰wh®. 2004 

M« M©L ént¡ k‰W« mtuJ kidé 

eh«uh£lh M»nah® bg§fqU¡F 

ÂU«Ã »‹»å (Kynkyny) v‹w ãW 

td¤ij¤ bjhl§»d®. ÏªãWtd« 

Ïu©L m«r§fis¡ bfh©oUªjJ. 

mit Kiwna: »‹»å (Kynkyny) fiy 

(rkfhy ÏªÂa fiy¡fhd xU bjhF¥ò) 

k‰W« »‹»å ÅL (Ãu¤Ânahf Å£L¥ 

bghU£fŸ k‰W« bghU£fS¡fhd xU 

ó£o¡if).

bt§fluhk‹ uhjh»UZz‹ r®t 

njr mséš ghuh£l¥bg‰w  thåa‰Ãa 

yhs®fSŸ xUt®. mJk£Lkšyhkš 

mt® totik¥ò, Ûxë k‰W« ékhd«  

M»a¤ Jiwfëš òfœ bg‰¿Uªjh®.  

nkY«  mt® bg§fqçYŸs ÏªÂa 

m¿éaš fHf¤Â‹ Ïa‰Ãaš Jiw æš 

xU MuhŒ¢Á m¿Puhf jdJ MuhŒ¢Á¥ 

gâia¤ bjhl§»dh®. mj‹ÃwF 

cy»‹ òfœbg‰w gšntW MuhŒ¢Á 

ãWtd§fëš gâ¥ òçªjh®. 1955-

1958 Ïš RÅlåš cŸs nfh£l‹g®¡ 

rh«k®° bjhêšE£g  gšfiy¡fHf¤Âš 

MuhŒ¢Á cjéahsuhf¥ gâah‰¿dh®. 

nkY« M°Ânuèahé‹ fèngh®åah 

bjhêšE£g ãWtd¤Âš _¤j 
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MuhŒ¢ÁahsuhfÎ« ÏUªjh®. Ït® 

Á£åæYŸs fhk‹btš¤ m¿éaš 

k‰W« bjhê‰Jiw MuhŒ¢Á¡ fHf¤Â‹ 

MuhŒ¢Á¡ FGéš nr®tj‰F K‹dnu 

_¤j MuhŒ¢Á éŠPhåahfÎ« 

Ã‹d® m§F Kj‹ik MuhŒ¢Á 

éŠPhåahfÎ« gâ¥ òçªjh®. mt® 

1972 Ïš ÏªÂahÎ¡F¤ ÂU«Ãa 

ÃwF bg§fqçYŸs uhk‹ MuhŒ¢Á 

ãWtd¤ij¡ f£lik¥gj‰fhf Ïa¡Fd® 

gâæš nr®ªjh®. m§F Ït® 1972 èUªJ 

1994 tiu uhk‹ MuhŒ¢Á ãWtd¤Â‹ 

Ïa¡Fduhf gâòçªj nghJ gšr® 

(pulsar) thåaš, Âut gof§fŸ k‰W« 

thåayik¥Ãaš ngh‹w K‹dâ 

MuhŒ¢Á Jiwfëš gâah‰Wtj‰fhf 

r®tnjr ju¤ij cUth¡»dh®. 1996 

M« M©L nguhÁça® uhjh»UZz‹ 

mt®fS¡F M«°l®lh« gšfiy¡fHf« 

äf caça g£lkhd Kidt® Ahndhç° 

fh[h g£l¤ij tH§»aJ.

MuhŒ¢Á¥ gFÂfŸ :

uhjh»UZz‹ Ïu©lh« cyf¥ 

ngh® Mu«Ã¡f¥g£l fhy¤ÂèUªJ« 

mj‹ Ã‹dU« (1950fëš)  thbdhè 

thåaš JiwÍl‹ beU§»a  bjhl®ò¡ 

bfh©oUªjh®. ÏªÂahéš thåaš 

m¿éaš MŒit cUth¡»at®fëš 

ÏtU« xUt®. mt® mtuJ gâia 

1954 Ïš °Ålåš bjhl§» fhšbl¡, 

Á.I.v°.X. (Á£å) k‰W« bg§fqU 

M»a Ïl§fëš  K¥gJ tUl§fshf¥ 

gâah‰¿dh®.

ÏtuJ MuhŒ¢ÁahdJ V‰gh‹ 

ä‹dQéaèš bjhl§» bjhêš 

E£g¤Âš òJikfis òF¤Â, thbdhè 

miyfë‹ JUtKid¥ g‰¿a bjhiy 

neh¡F MŒÎfis nk‰bfh©lh®. 

Ït‰WŸ th‹ Myå‹ thbdhè 

miyfis f©l¿jš bjhl®ghd   

MuhŒ¢ÁfS« ml§F«. mit Kiwna 

éahHid¢ R‰¿ÍŸs g£ilfŸ k‰W« 

éahHå‹ rçahd ika RH‰Áæ‹ 

Kjš cWÂ¥ghL ngh‹witÍ« ml§F«.  

mt® jiyp£Lkhåæš  JUtKid¥ 

bghèé‹ Kiwahd g»®ªjë¥ò rh®ªj 

ga‹ghLfŸ  k‰W« Ók‹ éisé‹ _y« 

iA£u#‹ mQéš  btëahd 21 br.Û. 

tçæ‹ Mu«g MŒit nk‰bfh©lh®.  

btygšrUila  JUt Kid¥ò 

msÅlhdJ fhªjkakh¡fg£l RHY« 

ãô£uh‹ e£r¤Âu tot¤ij ãWÎtÂš 

Ô®¡fkhd Koit  bfh©oUªjJ. 

Ïjdhš gšr® cäœÎ têKiwfë‹ ÛJ 

MÂ¡f« brY¤Âa ãô£uh‹ e£r¤Âu 

JUt bjh¥Ãfis¡ bfh©L tisÎ 

fÂ®Å¢R khÂçia K‹bkhêtj‰F 

mtiu tê el¤ÂaJ.

Ït® M°Ânuèahéš j§» æUªj¡ 

fhy¤Âš ika iA£u#‹ _y« 21 br.Û. 

tç fÂ®Å¢Á‹ c¿ŠRjš k‰W« cäœÎ 

M»at‰¿‹ K¡»a¤ j‹ikia¥ g‰¿ 

MuhŒªjh®. ÏJ Ã‹d® é©Û‹fS¡F 

Ïilnaahd rçahd khÂçia cUth¡f 

cjéaJ. Ït® 21 br.Û. c¿ŠRjèš 

cŸs  ghšbtëk©ly« k‰W« TLjš 

ghšbtëk©ly Mjhu§fis Kiwahd 

jiyp£Lkhåia¡ bfh©L MŒÎ¢ 

brŒjh®. gšrç‹ gšntW m«r§fëš 

mtuJ éçthd f©fhå¥ò k‰W« 

fU¤Âaš gâ gšr® thåaš Jiwæš 

xU K‹ndhoahf ÏUªjJ.

gšntW r®tnjr ãWtd§fëš 

cŸs mtuJ rf Cêa®fë‹ fU¤J¥ 

go, thåaš k‰W« thåa‰Ãaš 

Jiwæš gâah‰¿a x›bthU cyf 

òfœbg‰w Muh¢Áas®fis nghynt 

ÏtU« Áw¥ghdbjhU g§fë¥ig¢ 

brŒJŸsh®. ÏUªj nghÂY« nguh 

Áça®. uhjh»UZz‹ v©z‰w 

K¡»a f©LÃo¥òfis Ï¤Jiw¡F 

më¤JŸsh®. thåaš k‰W« bjhêš 

E£g¤Âš cŸs Á¡fšfŸ, nkY« 

mt‰iw eilKiw¥gL¤j¥gl nt©oa 
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MŒÎfis g‰¿ éthÂ¤jj‹ _y« 

Ãw Muh¢Áahs®fë‹ MŒéš mtuJ 

thåaš MuhŒ¢ÁahdJ xU K¡»a¤ 

jh¡f¤ij V‰gL¤ÂaJ. mt® mÂf 

<Lgh£LlD«, gF¤jhŒÎlD« brašg£l 

Ïa‰Ãaš m¿P®fSŸ xUtuhth®. mnj 

nghy  vªjbthU fU¤ijÍ« MHkhf¥ 

òçªJ¡ bfh©L k»œ¢Áailth®.

uhjh»UZz‹ jdJ MuhŒ¢Áia 

thåaš Jiwæš k£Lkšyhkš  

E©-xë ékhd« k‰W« glFfë‹ 

totik¥ò ngh‹wt‰¿Y« ftd« 

brY¤Âdh®. mtuJ Jiw¢ rh®ªj 

éa¤jF g§fë¥òfis f©l ÏªÂa 

murh§f mik¥òfŸ (ékhdéaš 

MuhŒ¢Á mÃéU¤Â thça«, ghJfh¥ò 

mik¢rf« k‰W« Ï°nuh (ISRO) ) mtiu 

m§Ñfç¤jd.    

K¡»a MuhŒ¢Á¥ g§fë¥òfŸ :

m¿éaš MuhŒ¢Á¡F uhjh 

»UZzå‹ g§fë¥ò bghJthdjhf 

ÏUªjhY«, thåaš Jiw mt‰¿š 

éÂéy¡fhdJ. mtUila T® neh¡F 

k‰W« nfh£gh£L E©z¿Îfshš  

m¿éaš r_f« thåaš Jiwæš gy 

K‹nd‰w§fis milªJŸsJ. mÂš 

F¿¥Ãl j¡fitfshf Jšèakhd gšr® 

(pulsars) RH‰ÁfŸ, é©Û‹fS¡F 

Ïilnaahd nkf§fŸ k‰W« é© 

Û‹fë‹ f£lik¥ò ngh‹witfŸ 

ml§F«.  bg§fqçYŸs uhk‹ 

thåaš MuhŒ¢Á¡ fHf¤ij cyf ju« 

thŒªj thåaš MuhŒ¢Á ikakhf 

kh‰Wtj‰F mt® mauhJ¥ ghLg£lh®. 

jå¤Jtkhd k‰W« Âwªj gâ Nœãiy, 

Kiwrhuh k‰W« e£ò mik¥Ãš Ïs« 

Âwikahs®fis C¡Fé¤jš  k‰W« 

všyh trÂfisÍ« më¥gj‹ _y« 

Ïªj ãWtd« e‹F m¿a¥g£lJ. 

mt® Ïa‰Ãaš k‰W« thåayhs®fŸ, 

m¿éaš k‰W« bjhêšE£g Cêa®fŸ, 

Cêa®fŸ k‰W« khzt®fŸ, fU¤Âaš 

k‰W« gçnrhjid MŒths®fS¡F 

Ïilnaahd jilfis¡ Fiw¡f 

Ka‹wh®. Ïªj mQFKiwahdJ 

Ï§F k£Lkšyhkš cy»‹ k‰w gFÂ 

fS¡F« K‹Djhuzkhf ÏU¡f 

nt©Lbkd mt® cWÂahf e«Ãdh®. 

Ïªj mQFKiwæš x›bthU  

ãWtd¤Â‰F« jå¥g£l ftd« njit 

v‹gjid vL¤Jiu¤jh®. 

10.4 Û£l® msÎ bfh©l, äšè Û£l® 

mséyhd thbdhè ä‹fhªj miy 

th§»ia  mtuJ ãWtd¤Âš ãWÎtj‰F 

mÂf msÎ cjé brŒjh®. ÏJ gšntW 

thåa‰Ãaš ãfœÎfshd gšr® thåaš 

k‰W«  rçahd ika kWÏizÎ tç 

MŒÎfë‹ c©ikahd g§fë¥Ãid 

MŒÎ brŒa ga‹gL¤j¥g£lJ. mt® 

gšntW MŒÎ gFÂfëš K¡»a g§fë¥ò 

fis brŒJŸsh®. mit Kiwna: 

é©Û‹ k©ly¤Âš cŸs Vuhskhd 

fdÚ® (Deuterium), thåa‰Ãaèš uhk‹ 

nkr®fŸ (MASERS), nkf§fèUªJ 

cäH¥gL« iA£uh¡ir£ (O-H), Ã‹d® 

fhçÕl}® k‰W« bkhçîa° M»a 

Ïl§fëš Fiwªj mÂ®bt© bfh©l 

bjhiyneh¡»ia cUth¡»aJ ngh‹ 

wit mtuJ MuhŒ¢Á  thœ¡ifæ‹ 

xU jå¤Jtkhd m«r§fshf¡ fUj¥ 

gL»wJ.

btëpLfŸ :

uhjh»UZz‹ 80-¡F« mÂfkhd 

MuhŒ¢Á¡ f£LiufŸ k‰W« gšntW 

r®tnjr kheh£L elto¡iffis¥ g‰¿ 

btëæ£LŸsh®.	 thdéaš FGk¤Âš 

mtuJ éŠPhd gâ mtU¡F xU 

kÂ¥òä¡f Ïl¤ij¥ bg‰W¤jªjJ. ÏJ 

Áy MœªJ Muha¡Toa¡ nfŸéfis 

vG¥Ãaj‹ _y« bjhl§»aJ. F¿¥ghf 

éŠPhd¤Âš  mtUila thbdhè thå 

a‰Ãaiy g‰¿a tH¡f¤Â‰F khwhd 

fU¤J¡fŸ k‰w éla§fëš ÏUªJ 

ntWgL¤j¥g£L mtuJ rf Cêa®fël« 

btë¥gL¤j¥g£lJ. 
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MSik : 

uhjh»UZz‹ jd¡F »il¤j 

thŒ¥òfis v©â äFªj bgUäj« 

bfh©oUªjh®. Mdhš k‰wt®fël¤Âš 

fhz¥g£l e‰gâia cldoahfÎ« 

jhuhskhfÎ« ghuh£odh®. mt® jdJ 

ãWtd¤Âš cŸs rf Cêa®fisÍ« 

cW¥Ãd®fisÍ« äf kçahijÍl‹ 

C¡f¥gL¤Âdh®. e©g®fŸ k‰W« 

FL«g¤Âd® mtiu ‘uh£’ v‹W Ãça 

khf miH¤jd®. mt® ntW vªj xU 

éla¤ÂY« k‰wt®fS¡F xU  ö©L¡ 

nfhyhf ÏUªjh®. Ïªj g©Ãid mt® 

thœ¡ifæ‹ vªjbthU jUz¤ÂY« 

ifé£lÂšiy. mt® kh®¢ 12, 2008 m‹W 

ÏªÂahé‹ nfhthéèUªJ Xkå‹ 

ryhyhé‰F njthth®£ uhzh, kAhyºä 

nghÃ k‰W« Ñ¤ l‹°l‹ M»nahUl‹ 

gaz« brŒjh®. Ïªj gazkhdJ flš 

NHš fhuzkhf 27 eh£fS¡F¥ Ã‹d® 

KotilªjJ. ÏWÂahf “xk‹ fl‰gil¡ 

FG”  V¥uš 7, 2008 m‹W éŠPhåia  

Û£gj‰F tUif¥ òçªjJ.

kçahij k‰W«  éUJfŸ :

uhjh»UZz‹ gšntW Âwikfis¡ 

bfh©oUªjjhš gšntW FG¡fëš 

gâ ah‰¿æUªjh®.  °Ålå‹ mur 

m¿éaš r§f¤Âš éŠPhåahfÎ« 

cW¥ÃduhfÎ« gâòçªjh®. nkY« mt® 

bg§fqçYŸs uhk‹ MuhŒ¢Á ãW 

td¤Âš nguhÁçauhfÎ« Ïa¡FeuhfÎ« 

(1972-1994) ÏUªjh®. °Ålå‹ mur 

m¿éaš r§f« k‰W« Í.v°. njÁa 

m¿éaš r§f« M»at‰¿š btëeh£L 

cjéahsuhf  gâah‰¿ tªjh®. 1981-

1984 fëš r®tnjr thbdhè m¿éaš 

Miz¡FGé‹ x‹¿a (‘n#’ Ãçéš) 

jiytuhf¥ gâah‰¿dh®. ÏJjéu 

Ït® ÑœfhQ« FG¡fë‹ cW¥Ãduhf 

ÏUªjh®.  mitfshtd:

l ÏªÂa njÁa thbdhè  FG 

cW¥Ãd® (1973-1981)

l r®tnjr thåaš r§f¤Â‹ Jiz¤ 

jiyt®(1988-1994)

l bej®yhªÂ‹ thbdhè thåaš 

mw¡f£lis Mnyhrid¡ FG

l M°Ânuèahé‹ njÁa bjhiy 

neh¡» trÂ¡fhd  bra‰FG

l »ß‹ t§»æ‹ thbdhè bjhiy 

neh¡»¡fhd Mnyhrid¡ FG (USA)

l njÁa thbdhè thåaš MŒÎ 

ika« (USA)

l r®tnjr thåaš fHf« (IAU) 

l njÁa Ïa‰Ãaš MŒtf ã®thf¡ 

FG (mfkjhgh¤) 

l thåaš k‰W« thåa‰Ãaš 

Ïilãiy gšfiy¡fHf ika¤Â‹ 

m¿éaš Mnyhrid¡ FG (òJ blšè)

l é©Û‹fS¡F Ïilnaahd gU¥ 

bghUŸ-ÃçÎ VI Miza« 34

l é©Û‹fS¡F Ïilnaahd 

gU¥bghUŸ- ÃçÎ VI

l é©btë k‰W« ca® vçr¡Â 

thåa‰Ãaš- ÃçÎ IX 

l thbdhè thåaš- ÃçÎ X

l thbdhè thåaš - ÃçÎ X 

Miza« 40

l é©btë k‰W« ca® vçr¡Â 

thåa‰ Ãaš- ÃçÎ XI Miza« 44

l thåa‰Ãaš k‰W« thåaš 

g¤Âçifæ‹ MÁça FG¤jiyt®

l Ït® 1987 M« M©oš M¡°ngh®£L 

gšfiy¡fHf¤Âš òfœbg‰w äšnd 

éçÎiu tH§Ftj‰fhf miH¡f¥g£lh®.

l nkY« 2000 M« M©oš äfÎ« òfœ 

bg‰w #h‹°» éçÎiuia tH§»dh®.
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MŒÎ¢RU¡f«:

4-N, N- ilbkÂyändhÃço‹ k‰W« fh®gnd£ <åfis  bfh©L 

E©ziy ga‹ gL¤Â xU§»iz¡f¥g£l mizÎ nr®k§fŸ k‰W« FT-IR, 
UV-Vis, HNHNMR, TGA- DTA-DTG, x- fÂ® öŸ ntWghL k‰W« clš gF¥ghŒÎ 

MŒÎfŸ tif¥gL¤j¥gL«. [M(CO3)2(DMAP)4] M = CO (II), Ni (II), Cu (II), Zn 
(II), Cd(II) k‰W« Hg (II) ngh‹w bghJthd N¤Âu§fŸ [Cr(III) (CO3)3 (DMAP)3] 
k‰W« K‹bkhêa¥g£l f£lik¥ghdJ bjhF¡f¥g£l tshf§fS¡fhd  

ÁijªJnghd v‹K» vd miH¡f¥gL»‹wd. Ïit nkhyh® fl¤Jif, fhªj 

neu« k‰W« ä‹dQ °bg¡£uš juÎfëèUªJ tªjd. 

TGA tisÎfŸ Mu«g¤Âš Únu‰w _y¡TWfis ÏH¡»‹wd k‰W« 

vÂ®ä‹maå k‰W« fçk¥ Ãiz¥Ãfis btëna‰Wtj‰fhd elto¡if 

fis btë¥gL¤J»‹wd v‹W fh£L»‹wd. Ï«kh‰w¤Â‹ msÎU¡fŸ, E*, 
ΔH*, ΔS* k‰W« ΔG* M»ait cnyhf« k‰W« <åfë‹ j‹å¢irahd r§f« 

Á¡fyhd tot¤ij cUth¡F»‹wd v‹gij és¡F»‹wd. 

_is k‰W« mj‹ tshf§fë‹ gnah-brašgh£L Âw‹ gšntW nehŒ¡ 

»Uä gh¡Oçah k‰W« óŠir¡ »UäfS¡F vÂuhd bra‰if Kiwæš MŒÎ 

brŒa¥g£lJ. 4-N, N- ilbkÂyändhÃço‹ x¥ÃL«nghJ, ​​cnyhf tshf§fŸ 

äfÎ« Âwikahd M©oik¡nuhgaš bghUŸ k‰W« Ïªj tshf§fëš Áy 

gaDŸs M©ogaho¡ kUªJ bghU£fŸ totik¥ò xU Áwªj khÂçahf 

ÏU¡fyh«.

4-N,N-  

B

 Á. RnuªÂu ÂÄ¥*1, é. é#Œ2.
1ntÂæaš Jiw, m. m. muR. fiy¡ fšÿç KÁ¿- 621211, jäœehL, ÏªÂah

ntÂæaš Jiw, é.v°.v°. muR fiy¡ fšÿç, óyh§Fç¢Á, jäœehL, ÏªÂah

1. K‹Diu:

cnyhf tshf§fë‹ j‰nghija 

MuhŒ¢Á o.v‹.V (DNA) nj®ªbjL¡F« 

Âw‹ k‰W« 4-N,N- ilbkÂyändhÃço‹ 

M»ait ÏizªJ xU òÂa kh‰w« 

f©l¿ªJ, k‰W« f£lik¥ò kh‰w§fë‹ 

éisÎfŸ M»a kU¤Jt eilKiwæš 

jh¡f¤ij V‰gL¤J« v‹gÂid g‰¿a 

MŒÎ. o.v‹.V-Îl‹ cnyhf tshf§fë‹ 

mšyhj xU§»izªj Ãiz¥ò, 

bra‰if f£L¥gh£L v‹ir«fŸ, o.v‹.V 

gGJgh®¡F« Kft®fŸ, o.v‹.V mik¥Ã‹ 

nj®ªbjL¤j MŒÎfë‹ ts®¢Á k‰W« 
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kugQ btë¥gh£o‹ bra‰if f£L¥ 

gh£lhs®fŸ [1-3] M»at‰Wl‹ gšntW 

ga‹ghLfS¡F têtF¤jJ. 

kU¤Jt« :

fåk ntÂæaèš bjhl®¢Áahd 

MuhŒ¢ÁfŸ e¢R¤j‹ikæ‹ g¡f 

éisÎfis Fiw¥gj‰fhf kUªJ 

totik¥ig nk«gL¤JtÂš xU cªJjš 

k‰W« cæçaš vÂ®éidfŸ g‰¿a 

òçjš nk‰bfhŸs¥gLtJ, nghij kUªJ 

totik¥Ãš K¡»akhd x‹whF«. 

Vbdåš kUªJfŸ F¿¥Ã£l ÂR¡fŸ, 

bršfŸ k‰W« V‰ÃfŸ M»a t‰¿‰F 

kUªJfŸ tH§f¥glhé£lhš k£Lnk 

bgU«ghY« e¢R¤j‹ik bjhl®òilajhf 

ÏU¡»wJ. bra‰gL¤j¥g£l cæçaš-

cUkh‰w« jahç¥òfëš bra‰ifahd  

gy ghf§fis bfh©l braèš Ïd§fŸ 

ÏUªjhš, cnyhf¡ tshf§fŸ jhdhfnt 

mQ¡TW kh‰W k‰W« M¡Á#nd‰w vÂ® 

éisÎfS¡F c£g£L, Ïªj bra‰ifahd 

Ïd§fë‹ v©â¡ifia¥ bgW»‹wd. 

igço‹ nkhÂu¤ij bfh©oU¡F« 

Ë£nlhnuh RHš ä‹fy§fŸ cæçaš 

mik¥òfëš itnth k‰W« gyt‰¿š 

K¡»a g§F t»¡»‹wd. [4] ãô¡ë¡ 

mäy§fŸ, gy it£lä‹fŸ, nfh‹ir«fŸ 

k‰W« E©Qæ® vÂ®¥ÃfŸ M»at‰¿š 

cŸs igço‹ tisa mik¥ò, cnyhf 

maåfS¡fhd rh¤Âakhd f£L¥gh£L 

js§fis tH§F»wJ. 

nkY« cæçaš mik¥òfëš 

cŸs cnyhf maåfë‹ g§if 

òçªJ bfhŸtj‰fhd mt‰¿‹ g©ò 

fŸ k‰W« ga‹ghLfëš òÂa f©L 

Ão¥òfŸ / nk«ghLfŸ M»ait 

K¡»akhf nk‰bfhŸs nt©L«. gy 

nehŒ Ú¡» nr®k§fŸ igço‹ tisa 

Kiwia¡ bfh©oU¡»‹wd, Ïjdhš 

òuj§fŸ k‰W« ãô¡ë¡ mäy§fë‹ 

bjhF¥òfëš gutyhf igço‹fis¥ 

ga‹gL¤J»‹wd®. 

Ïªj tifahd mQ¡TW, 4-N,N- 
ilbkÂyändhÃço‹ e‹F m¿a¥g£l 

cæçaš Kft® k‰W« ÏJ gh¡Oçaš ngh‹w 

E©Qæ® éfhu§fë‹ r¡ÂthŒªj 

ts®Áij kh‰wkhf brašgL»wJ 

nkY« cnyhf mad§fSl‹ Toa 

rh¤Âakhd Ãiz¥ò Âw‹ cŸsJ. 

våD« o.v‹.V (DNA) Îl‹ Toa 4-N,N- 

ilbkÂyändhÃço‹ cnyhf fy‹fë‹ 

gu°gu o.v‹.V (DNA) k‰W« Á¡fšfS¡F 

Ïilæyhd xU§»iz¥ò khÂçia¥ 

g‰¿a Áy E©z¿Îfis¥ bgw Ka‰ÁfŸ 

nk‰bfhŸs¥gL»‹wd, nkY« _y¡ TW 

cæçaè‹ nghij¥bghUŸ totik¥ò 

k‰W« fUéfis¥ g‰¿a Áy jftšfis¥ 

bgWjš [5]. o.v‹.Vit (DNA)  xU oí£lš 

nk‰gu¥Ãš it¥gj‹ _y« kUªJfŸ 

(mšyJ Á¡fyhdit) f©fhâ¥gj‰fhf 

o.v‹.V E©Qæ® cæçahs®fŸ gy 

têfëš tsU« K¡»a m«rkh«, Vbdåš 

o.v‹.V (DNA) æ‹ kUªJfŸ (mšyJ gy 

ghf§fis bfh©l) Ô®thf mQFtij 

ÏitfŸ têbkhê»‹wd.

vdnt kUªJfë‹ Ãiz¥ò. o.v‹.V 

k‰W« bghJthd o.v‹.V nrj¤Â‰F 

Ãiz¡f¥gLtJ ngh‹witfŸ bfsÜ‹ 

mšyJ mbl‹id‹ (guanine or adenine) 

ä‹r¡Â _y¡T¿‹ khWgh£o‹ _y« 

étç¡f¥g£LŸsJ [6, 7]. o.v‹.V 

nghij kUªJ (mšyJ o.v‹.V-ghf§fŸ) 

xU§»iz¥ò bjhl®ghd ä‹ntÂæaš 

räŠir¡ f©l¿jš, xU§»izªj 

Ïa§FKiw k‰W« Á¡fyhd gy ghf§fŸ 

cUth¡f«, f£L¥gh£L ãiyahdJ, 

Ãiz¥ò js¤Â‹ j‹ik k‰W« 

nghij¥bghUŸ bjhl®ghf cUth¡f¥gL« 

RjªÂukhd nuoašfë‹ g§F mšyJ 

Á¡fyhd gy ghf§fŸ) elto¡if 

M»aitfŸ K¡»a g§F t»¡»‹wd. 

Ïªj NHèš, 4-N, N-dimethyl 
aminopyridine k‰W« fh®gnd£ M»at‰iw 

Kj‹ik, Ïu©lh« ãiy mQ¡TW 

Kiwna cnyhf« (II / III) tshf§fŸ 

ga‹gL¤Â gšntW clš k‰W« ãwkhiy 
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MŒÎfŸ _y« xU§»iz¡f¥gL»‹wd. 

gšntW gh¡Oçah k‰W« óŠir éisÎ 

fis jL¡f j§fŸ Âwid nrhjid 

brŒa¥g£LŸsd.

2. brŒKiw F¿¥ò :

2.2. cnyhf bjhF¥ò jah® brŒjš

cnyhf ie£nu£ (5mM) [Cr (III) 1.33g; 
Co (II) 1.19g; Ni (II) 1.19g; v¢.v‹.o, 4-N,N-
dimethylaminopyridine (DMAP) (o.v«.VÃ) 

xU§»iz¥ò (v¢.v‹.o) Cu (II) 1.23g 
Zn (II) 1.26g Cd (II) 1.36g k‰W« Hg (II) 
01.42g) 10 mM, 1.22g), bkhyh® é»j¤Âš 

1: 2 (cnyhf«: è§f©£) bjhl®¢Áahd 

»s®¢Áæ‹ Ñœ v¤jndhè¡ Ô®Î¡F go¥go 

ahf nr®¡f¥gL»wJ. Ïij¥ bghW¤jtiu, 

bk¤jdhš fiurèš 10 mM nrhoa« 

fh®gnd£ (0.49 »uh«) fy¡f¥g£l fyit 

nkY« go¥goahf nr®¡f¥g£LŸsJ. 

Ïj‹ éisthf fyitia xU ik¡nuh 

nt› mL¥Ãš xU ãiyahd eL¤ju r¡Â 

k£l¤Âš (600W) Jisælhkš k‰W« 

fÂ®Å¢R it¡f¥g£lJ. ÂObu‹W Âlkhd 

Á¡fyhd f£lik¥òfŸ tof£l¥g£L, 

50% (v / v) v¤jdhš Ú® Ú¡f¥g£ld. o.v«.

v°.X. k‰W« o.v«.v¥ Ïš äfÎ« fodkhf 

ciwbghUshfÎ«, CHCl3 Ïš r‰nw 

fiua¡ToajhfÎ« xU§»iz¡f¥g£l 

tshf§fŸ fhz¥g£ld. 

ÏWÂahf, Ïªj tshf§fŸ il£o 

yhš <¤j® _y« fGt¥g£L, ÚçH¥ò 

CaCl2 ÛJ bt‰¿l bl°¡onf£lçš 

cy®¤j¥gL»‹wd. E©ziy Kiw 

k‰W« tH¡fkhd KiwfŸ _y« 

xU§»iz¡f¥g£l fyitfis bfh© 

oU¡ z»‹wd.

3.1. mf¢Át¥ò ãwkhiy MŒÎ :

4 - N , N - i l v Â š m ä n d h g a ç o ‹ 

_y¡TW MdJ cnyhf maåÍl‹ 

Ãiz¥ig  Ãço‹ tisa¤Âš cŸs 

ie£u#‹ mšyJ mikL bjhFÂæš 

cŸs ie£u#‹/M¡Á#‹  MdJ 

cWÂ¥gL»wJ. mikL bjhFÂæ‹ mÂ®Î 

g£ilahdJ 3200-3400 cm−1 v‹w Ïil 

btëæš mikªJ cŸsJ nkY« 4-N,N-
ilvÂšmändhgaço‹ cŸs fh®gh¡Áš 

(C=O)  bjhFÂæ‹ mÂ®Î MdJ M‰wš 

mÂfç¤J 1600-1650 cm-1 v‹w ãiyæš 

cŸsJ, Ïit cnyhf maåahdJ 

mikL bjhFÂÍl‹ v›éj Ãiz¥igÍ« 

bgwéšiy vd¡ fh£L»wJ [8]. Ãço‹ 

tisa¤Âš  cŸs [ν(C=C) + ν(C=N)] 
M»at‰¿‹ rkÓu‰w k‰W« Óuhd Ú£Á 

mÂ®ÎfŸ Kiwna 1575-1520 cm−1 k‰W«  

1066-1030cm−1  v‹w Ïilbtëæš äf¢ 

br¿Î g£ilÍl‹ mikªJŸsJ. 

äf¡Fiwªj M‰wš mÂ®bt©âš 

cŸs g£ilfshdJ Ãço‹ tisa¤ 

ÂDila c£ft® k‰W« ãiykh‰w mÂ®Î 

fis fh£L»wJ, nkY« Ïit Ãço‹ 

tisa¤Âš cŸs ie£u#‹ MdJ cnyhf 

maåÍl‹ Ãiz¥ig cWÂ¥gL¤J»wJ. 
C=O mÂ®Î M‰wyhdJ Ãiz¥ò 

Ús¡FW¡f¤Â‹ fhuzkhf mÂfç¤J«  

k‰W« C=N mÂ®Î M‰wyhdJ Ãiz¥ò 

ÚsÚ£Áæ‹ fhuzkhf FiwªJ« fhz¥ 

gL»wJ. mikL-I  k‰W« mikL-

II M»at‰¿‹ C-N mÂ®Î k‰W« N-H 
tisÎ g£ilfshdJ Kiwna 1430-1500 

cm−1  k‰W« 1295-1325 cm−1  v‹w M‰wš 

Ïilbtëæš mikªJŸsJ, mikL-I  
k‰W« mikL-II M»at‰¿‹ C-N mÂ®Î 

k‰W« N-H tisÎ g£ilfshdJ Kiwna 

1430-1500 cm−1  k‰W« 1295-1325 cm−1 

v‹w M‰wš Ïilbtëæš mikªJŸsJ. 

nk‰¡f©l c£ft® M‰wš g£ilfshdJ 

cnyhf maåahdJ Ãço‹ cldhd 

x‰iw Ãiz¥ig cWÂ brŒ»wJ. 

gof¤ js¤Â‹ nk‰gu¥Ãš cŸs Ú® 

_y¡T‰¿‹ Ú£Á mÂ®Î  k‰W« ãiykh‰w 

mÂ®Î Kiwna 3500-3450 cm−1 k‰W« 

810-803 cm−1 v‹w M‰wš mÂ®bt©âš 

mikªJ cŸsJ, nkY« Ú® _y¡TwhdJ 

bt¥g gF¥ghŒÎ _yK« cWÂah»wJ [10]. 
OCN- æ‹ Óuhd k‰W« rkÓu‰w mÂ®ÎfŸ 

2165 cm−1 k‰W« 1207 cm−1 v‹w M‰wš 

ãiyæš m¿a¥gL»wJ. nkY« 560-580 
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cm−1 æš cŸs M‰wš g£ilahdJ cnyhf  

maåahdJ fh®gh¡Áš maåÍila  

M¡Á#‹ _y« cUthd  Ãiz¥ig 

cz®¤J»wJ [11]. cnyhf maå fSila 

Ú£Á mÂ®ÎfshdJ Fiwªj M‰wš 

ãiyfëš mik»wJ. nkY« Ïit CN 

Ú£Á mÂ®Îfë‹ M‰wèš kh‰w¤ij 

c©lh¡F»wJ. Cu-NC mÂ®Î M‰wyhdJ 

Cr, Co, Ni, Zn, Cu, Hg k‰W« Cd Kiwna 

mÂfç¡»wJ.

3.2 ä‹dQ ãwkhiy gF¥ghŒÎ :

fyitfë‹ toéaš mik¥ig 

Ô®khå¥gÂš fhªj òyK« ä‹dQ 

ãwkhiyÍ« K¡»a g§F t»¡»‹wd. 

fyitfë‹ ÃuÂgë¥ò k‰W« Cu(II)æ‹ 

ãwkhiy gl« 1 Ïš fh£l¥g£LŸsJ.  

Cr (III) fyit,  366nm; 264nm k‰W« 204nm 
Ïš _‹W g£l§fis btë¥gL¤J»wJ;  

Ïit 4A2g(F) → 4T2g(F)(ν1), 
4A2g(F) → 

4T1g(F)(ν2) k‰W« 4A2g(F) →4T1g(P)(ν3)   M»a 

xëæaš ãiy kh‰w¤jhš V‰g£ld.   fhªj 

fz« (3.72 B.M.) _‹W Ïiz¡f¥glhj 

vy¡£uh‹fS¡fhd všiy¡FŸ cŸsJ. 

cnyhf¤Â‹, _y¡TW  R‰W¥ghijæš 

cŸs vy¡£uh‹ Ez§fë‹ éy¡f¤ij 

F¿¡F« rh®Ã‹ Ï©bl¡r‹ Ã«bg®ç 

msÎU (Free Bion (B = 1168cm-1) I 

él Fiwthf (B = 946cm-1) cŸsJ. ÏJ 

cnyhf¤ÂèUªJ, il bk¤Âš mändh 

igæUo‹ - cnyhf¤Â‰F vy¡£uh‹ kh¿ 

ÍŸsij gçªJiu¡»‹wd.

nfhghš£ (II) fyitæ‹  fhªj fz« 

kÂ¥ò, miwbt¥g ãiyæš 4.87 B.M. ÏJ 

fyitæ‹ v©Kf toéaš mik¥ig  

cWÂ brŒ»wJ. Ïªj fyitæ‹ 

vy¡£uhå¡ ãwkhiy,  eL¤ju mséyhd 

_‹W g£ilfŸ btë¥gL¤J»‹wd. 

mit,  652nm (15337cm-1), 610nm 
(16393cm-1) Ïiz¡f¥g£L 554nm 
(18505cm-1) 4T1g (F) → 4T2g (F) (ν1) , 4T1g 
(F) → 4A2g (F) (ν2) k‰W« 4T1g (F) → 4T1g 
(Ã) (ν3) kh‰w§fŸ Kiwna. eh‹fhtJ 

kh‰w« 238nm (42016cm-1) M → L ä‹dQ 

gçkh‰w kh‰w¤Â‰F brhªjkhdJ. ã¡fš 

(II) fyitæ‹ ä‹dQ ãwkhiy 676nm 
(14792cm-1) Ïš _‹W c¿ŠRjš g£ilfŸ 

btë¥gL¤J»wJ; 3A2g (F) → 3T2g (F) 
(ν1), 3A2g (F) → 3T1g (F) (ν2) k‰W« 

4A2g (F) → 3T1g (p) (3) k‰W« 411nm 
(18148cm-1) k‰W« 411nm (27330cm-1) ) 
(ν3) kh‰w§fŸ Kiwna Ni (II) maåia¢ 

R‰¿ v©Kf toéašmik¥ig ÏU¥gij 

cWÂ brŒ»wJ. 

gl« 1. [Cu(NO2)2(DMAPD)2]  æ‹ 

ä‹dQ ãwkhiy

Ï§F, Kjš k‰W« _‹whtJ 

kh‰w§fS¡F Ïilæš cŸs ntWghLfŸ 

rkkhf ÃsÎgL« M‰wš. vdnt, Ni (II) 
Á¡fY¡fhd Δo (10Dq) kÂ¥ò 12538 
cm-1 vd fz¡»l¥g£lJ. fhªj fz« 

kÂ¥ò (3.58B.M.), B, β, β% k‰W« LFSE 

msÎUthdJ Ni (II) Iaid¢ R‰¿Y« 

v©Kf toéaš mik¥ig ÏU¥gij 

nkY« cWÂ brŒ»wJ.

vy¡£uh‹fS¡F Ïilnaahd éy¡F 

éir  msÎUahdJ B fh£oY« B’ æ‹ 

ma‹ kÂ¥ò Fiwthf cŸsJ.  miw 

bt¥gãiyæš,  fh¥g® (II) fyitæ‹ 

fhªj fz kÂ¥ò 1.71B.M. ÏJ s = ½ 
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Kiwik¡F Ájwo¡f¥g£l m¿F¿ahF« 

vd vÂ®gh®¡f¥gL« RHš-mDkÂ kÂ¥ò 

Áijªj v©Kf toéaš mik¥ig 

F¿¡»wJ.  Cu(II) fduf rk¢Ó® xU 

NHèš Jahn-Teller   ÁijÎfŸ  ÛJ 

x¤J nghtÂšiy. vdnt, tH¡fkhd 

v©Kf toéaš, Cu (II) fyitæ‹ 

cUth¡f« mšy, khwhf, gyÅdkhf 

mšyJ tYthf Áijªj Oh cUthdJ. 

Ïjdhš xëæèUªJ Oh Kjš D4h tiu 

Fiw¡f¥g£lJ k‰W« 16000cm-1 R‰¿ 

guªj  btë¥gL¤J»wJ. Cu (II) Á¡fyhd 

643nm (15,868 br.Û-1) k‰W« 562 nm (18,256 

br.Û-1) gFÂfëš cŸs g£ilfŸ. D4h 

rk¢Óç‹ Úuhé¤ Jiw¡fhd vçr¡Â ãiy 

tiugl« _‹W kh‰w«, 2B1g → 2A1g (νI) 
2B1g → 2B2g (ν2) k‰W« 2B1g → 2EG (ν3) 
M»at‰iw¡ fâ¤JŸsJ. ÏU¥ÃD«, 

15000-20000 br.Û-1 tu«Ãš xU guªj ÃsÎ 

g£il bghJthf Cu (II) fyitæ‹ gFÂ¡F 

ν3 & ν2 g£l§fë‹ nkšgoé‹ éisthf 

cUthdJ. 

Ïªj¡ f£l¤Âš fyitæ‹ ÃsÎ 

M‰wš 17,062 br.Û-1,  Ïu©L g¡f§fë‹ 

ruhrç M‰wš¡F rkkhf cŸsJ. Cu (II) 
fyitæ‹ (B‘ = 912cm-1) vy¡£uh‹fS¡F 

Ïilnaahd éy¡F éir  msÎUahdJ, 

B æ‹  maå kÂ¥ò (B = 1060cm-1) él 

Fiwthf cŸsJ. ilah fhªj j‹ik 

Íila J¤jehf« (II) fyit, vªj d-d 

g£ilfŸ MÂ¡f« brY¤jhkš,  gçkh‰w 

g£ilfŸ k£Lnk MÂ¡f« brY¤J»‹wd. 

328nm Ïš ä‹ gçkh‰w g£ilfŸ  2T2g 
→ 2Eg, rh¤Âakhd xU v©Kf toéaš 

mik¥ig F¿¡»wJ.

nkny Tw¥g£l MŒÎfë‹ mo¥gil 

æš,  fyit,  v©Kf toéaš mik¥ig 

vd m¿a¥gL»wJ.  fhªj fz« kÂ¥ò 

k‰W« Dq, β%, LFSE k‰W« ν2/ν1 ngh‹w 

msÎU¡fŸ, cnyhf maåfis¢ R‰¿ 

v©Kf toéaš NHè‹ g©òfis 

btë¥gL¤J»‹wd. fyit (B’)¡fhd 

vy¡£uh‹fS¡F Ïilnaahd éy¡F 

éir  vy¡£uh‹fS¡F Ïilnaahd 

éy¡F éir  msÎUthdJ, B  él 

Fiwthf cŸsJ.   ÏJ M®Ã£lhšfë‹ 

ÏJ Ïiz¥ig cz®¤J»wJ. nkY«, il 

bk¤Âš mändh igæUo‹-cnyhf¤ 

Â‰F vy¡£uh‹ ãiy kh‰w¤ij F¿¡»wJ.

3.3. 1H NMR ãwkhiy k‰W« ä‹dQ 

ãwkhiy

DMSO- d
6
 š cŸs TMS, 4-N, N- 

ilbkÂyändhÃço‹ k‰W« mj‹ 

[CN 3] 2 ov«VÃ 4] k‰W« Áo (CO3 2).  
Δ (ÃÃv«) 9.081 (1H (1), igiuo‹ tisa«), 

8.735 (1H (2), igiuo‹ tisa«), 8.249 

(v.fh. 1H (3), igço‹ tisa«), 7.527 

(1H (6), igço‹ tisa«), 8.220 k‰W« 

7.670 (2H (4 & 5), NH2 FGk«). [Zn (CO3)  
2 (DMAP) 4] T£L nr®k§fë‹: δ (ppm) 
9.12-9.17 (v¢ (1), igiuo‹ tisa«), 

8.79-8.98 (v¢ (2), igiuo‹ tisa«), 8.95-

8.49 (1H (3) (1H (4), NH2 FGk¤Â‹ NH2, 
4.62-5.66 (v¢ (6), igço‹ tisa« + 
(1H (5), mäy¡ FGé‹ NH2), k‰W« NH2 

Ïilna 5.42 (iA£u#‹ Ãiz¥ò) 4-N, 
N-dimethylaminopyridine _y¡TWfŸ 

(Fig. 1) Ï‹ gu°gu bjhl®òfë‹ _y« 

fh®nghdš FG¡fŸ (Áo (CO3) 2 (DMAP) 
4] T£L nr®k§fŸ: δ (ÃÃv«) 8.89-9.10 
(v¢ (1), igço‹ tisa«), 8.68-8.76 (v¢ 

(2), igço‹ tisa«), 8.21-8.23 (1H 
(3), igço‹ tisa«) + (1H (4), mäy¡ 

FGé‹ NH2, 4.46-5.48 (v¢ (6), igço‹ 

tisa«) + 4-N, N-dimethylaminopyridine 
_y¡TWfŸ _y« 1H (5), mäy¡ FGé‹ 

NH2, k‰W« 3.35 (iA£u#‹ Ãiz¥ò) NH2 

k‰W« fh®nghdš FG¡fS¡»ilæš xU 

tèikahd Ãiz¥ig bfh©LŸsd. 
Zn (II) k‰W« Áo (II) M»at‰¿‹ 1H NMR 

ãwkhiy 4-N, N- onkÂyäÜÃçil‹ 

k‰W« 4-N, N-dimethylaminopyridine 
[13] M»at‰¿‹ fh®nghidš FGé‰F 

mändh FGé‰F Ïilna iA£u#‹ 

Ãiz¥ig cUth¡Ftj‹ mo¥gilæš 

xU rä¡iP Kiwna 4.42 ppm k‰W« 4.35 

ppm bgw¥gL»wJ.
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gl«. 2. [Zn (CO3) 2DMAP] T£L 

nr®k§fë‹ NMR °bg¡£u«

j‹åiwthd f£lik¥ò k‰W« 

mj‹ T£L nr®k§fë‹ Áfu§fis 

x¥ÃLifæš, vÂ®ä‹å ònuh£lh‹fŸ 

ne®kiw kh‰w¤ij¡ fh£od, igço‹ 

ònuh£lh‹fë‹ kÂ¥òfëš vÂ®kiwahd 

kh‰w§fŸ V‰gL»‹wd k‰W« 4-N, 

o-ilbk¤ÂyändhÃçil‹ iguo‹ 

tisa ie£u#‹ _y« cnyhf maå 

fSl‹ xU§»iz¡»wJ.

3.4. vy¡£uh‹ :

mÂ®Î fy¥Ã‹ ERP  gÂÎfis DMSO 

éš 300, 77k k‰W« 77k DMSO vL¤J¡ 

fh£l¥g£lJ gl« 3 Ïš fh£l¥g£LŸsJ. 

300 fëš gÂÎ brŒa¥g£l  xU Ôéu 

c¿ŠR¥ g£ilia _y¡TWfë‹ féœjš 

Ïa¡f¤Â‹ fhuzkhf InrhblhÃ¡ 

ÏUªjJ ca®ªj Jiwæš. ÏU¥ÃD«, 

ciwªj ãiyæš, Á¡fyhdJ Fiwªj 

ãy¥gFÂfëš Fiwªj Ôéu¤j‹ik 

bfh©l eh‹F c¢rãiy F¿¡»wJ, nkY« 

ca® ãy¥gu¥Ãš xU Ôéu c¢r« cŸsJ. 

Cu tshf¤Â‹ g- Ûbe¿a« kÂ¥òfŸ 

juãiyia bgw ga‹gL¤jyh«. 1.82 B.M 

fhªj ne®kiw j‹ik Cu (II) Á¡fyhdJ 

x‰iw Ïiz vy¡£uhå‹ ÏU¥ig¡ 

F¿¥ÃL»wJ, ÏJ Á¡fyhdJ ne¢r®Áš 

MCO3 mQr¡Âia¡ fh£L«. Ïªj 

c©ik v‹dbt‹whš, xU miu Jiwæš 

rä¡iP ÏšyhÂUªjhš, ERP 1600G 

Ïš m = ± 2 kh‰w§fŸ fhuzkhf, vªj 

Cu-Cu bjhl®òlidÍ« Ô®¥gÂš ÏUªJ 

fhz¥gL»wJ. j‰nghJ Cu (II) Á¡fyhd. 

jhäu tshf§fëš, Ïiz¡f¥glhj 

vy¡£uh‹fŸ dx2-y2 orbitals Ïš 2B1g 

jiuæw§F« ãiyæš g ||> g┴> 2. 

bfhL¡f¥g£l kÂ¥òfëèUªJ, A || = 128> 
A┴ = 56; g || = 2.42> g┴ = 2.13> 2 k‰W« 

Á¡fšfë‹ EPR msÎU¡fŸ bjhl®òila 

mik¥òfSl‹ e‹F bghUªJ»‹wd. 

Ïªj Á¡fyhdJ xU k‰W« fâå m¢R 

rk¢Ó® MF«. Ahjnt g = g || -2 / g┴- 2; 
G Ï‹ kÂ¥ò 4 I él mÂfkhf ÏUªjhš, 

gçkh‰w xU§»iz¥ò Fiwthdjhf 

ÏU¡F«, Vbdåš cŸq® bl£uhfh‹ 

m¢RfŸ jtwhdit [16]. j‰nghija br¥ò 

tshf¤Â‰F, G kÂ¥ò 3.4 MF«, ÏJ  m¢ir 

Ïiz¡f¥g£L mšyJ dx2-y2 ãy¤jo 

khãy¤Jl‹ ÏizÍ« r‰nw ÃiHahdjhf 

ÏU¥gij¡ F¿¡»wJ [15].

gl« :3 [Co(CO3)2(DMAPD)2] fy¥Ã‹ EPR

σ-msÎUéš, α2 MdJ 0.82 Mf 

fhz¥g£lJ, Ïªj Á¡fyhdJ xU§ 

»izªj j‹ikia¡ bfh©oU¥gij¡ 

F¿¡»wJ. π-Ãiz¥ò (γ2) k‰W« ékhd« 

π- Ãiz¥ò (β2) msÎU¡fŸ M»at‰¿‹ 

btëna‰W« fz¡»l¥g£ld. ftå¡f¥ 

g£l β2 (0.70) k‰W« γ2 (1.34) kÂ¥òfŸ, 

Ãiz¥gÂš fârkhd bjhl®ò ÏU¥gij¡ 
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F¿¡»‹wd, mnjrka¤Âš btëna‰W« 

Ãiz¥ò K‰¿Y« maåahF«. ÏJ 

R‰W¢NHš Fiw¥ò fhuâfë‹ (K || 
k‰W« K┴) kÂ¥ghš cWÂ¥gL¤j¥g£lJ. 

öa σ- Ãiz¥ò¥ bghW¤jséš, K ~ ~ 
K fârkhd mséš-π- Ãiz¥ò¡F 

c£gL»wJ; kWòw« btëna  π- g§»§ 

K ||> K┴. Cu tshf¤Âš ftå¡f¥g£l  K 
(1.072)> K┴ (0.56) F¿¥Ãl¤j¡f ékhd« 

π -¥ Ãiz¥ò [16] ÏU¥gij¡ F¿¡»wJ.

3.5 bt¥g¥ ghF¥ghŒÎ :

[Cu(OCN)2(DMAP)4] fy¥Ã‹ TG-
DTA æ‹ gl« 4 š fh£l¥g£LŸsJ. Ïªj 

fy¥Ã‹ »£l¤j£l Ïnjngh‹w ÁijÎ 

elto¡iffis btë¥gL¤ÂæU¡»‹wd, 

Úç‹ _y¡TWfŸ ÏH¥ò 40-90°C Kjš 

vil ÏH¥ò; maå k‰W« fçk  _y¡ 

TWfis btëna‰Wtj‹ Ã‹éisÎ 

elto¡iffëš Ïl«bg‰wJ k‰W« 

cnyhf M¡irLfis vŠÁÍŸs 

ãiyæš é£L¢ br‹wJ. ignuhèì° 

bghU£fë‹ ftå¡f¥g£l / kÂ¥Ãl¥g£l 

k‰W« fz¡»l¥g£l btF#d§fis 

x¥ÃLtj‹ _y« Ïªj mtjhå¥òfŸ 

mDkhd« MF«. DTG tiséš cŸs 

mªjªj k‰W«   c¢rãiyæid Ïªj 

fy¥Ã‹ ntÂ¢Áijéid m£ltiz 

1 fh£l¥g£LŸsJ.. mânfhitæš 

cŸs Ú® MdJ DTA  cŸs 60-900C-

æš  c¢r« vG»wJ. Ïu©lh« f£l¤Âš 

fh®gnd£ maå¡F 2500C tiu vilÍŸs 

vil ÏH¥ò TG tiséš ÏUªJ, 280 

k‰W« 3050C Ïilna ãfG« T®ikahd 

c¢r«, Á¡fšfis¤ njh‰Wé¡fyh«, 

Vbdåš vil ÏH¥ò Ïšiy. 320-380°C 

tiuæš fhz¥g£l vil ÏH¥ò, 4-N, 
N- ilbk¤ÂšmändhÃçil‹ Ï‹ 

xU§»izªj gFÂia éLé¥gj‹ 

fhuzkhf ÏU¡fyh«. [15]

 gl« 4: [Co(CO3)2(DMAPD)2]  
fy¥Ã‹ TG DTA tisÎ

 DTA ãwkhiyæ‹ bt¥gãiy tu«Ãš 

280-350 o»ç bršÁa° bt¥gãiyæš 

fh£l¥g£l xU Á¿a ä‹}£l« 4-N, 
N- ilbk¤ÂšmändhÃçil‹ K‹d® 

éLé¡f¥g£l mäy ka¡f¤Â‹ ÁijÎ¡F 

fhuzkhf ÏUªjJ.
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m£ltiz 1. MŒÎ¡F£g£l [Co(CO3)2(DMAPD)2] fy¥Ã‹ bt¥g ghF¥ghŒÎ juÎ

TG tisé‹ 500-720oC tiu 

æyhd ÏWÂ¡ f£l« igço‹-ia btë 

na‰w¥gLtj‰F x¤ÂU¡»wJ, ÏJ cnyhf 

maåfSl‹ xU§»iz¡f¥gL»wJ. 

400-650oC TG-tisÎfëš cŸs Ïil 

btëia f£lik¥ò kh‰¿aik¤jhš 

btë¥gL¤ÂæU¡fyh«, nkY« ÂU¤j¥ 

g£l jahç¥ò bt¥g« nkY« mÂf 

bt¥g¤Jl‹ ãiy¤ÂU¡F«; DTA °bg¡£ 

uhé‹ 380-760oC tiuæyhd xU guªj 

m¢R¥bgh¿ia igçO‹ ka¡f¤Â‹ 

ÁijÎ v‹W F¿¥ÃL»‹wd. mid¤J 

rªj®¥g§fëY«, ÏWÂ jahç¥ò, 

cnyhf M¡irL, ÏJ mf¢Át¥ò _y« 

cWÂ¥gL¤j¥g£lJ k‰W« vil ÏH¥ò 

msÅLfŸ [16] cl‹ x¥Ãl¥g£lJ.

3.6 éë«ò éisÎ gF¥ghŒÎ

Co (II), Zn (II) k‰W« Hg (II) fyitfë‹ 

éë«ò éisÎ gF¥ghŒÎ, 1.543 Å 

miyÚs¤Âš, 5-100° mséš gF¥ghŒÎ 

brŒa¥g£lJ k‰W« Co (II) æ‹ fyit 

gF¥ghŒÎ gl« 4š fh£l¥g£LŸsJ. 

äšy® F¿pLfŸ (hkl), myF msÎU¡fŸ 

k‰W« myF bjhFÂ M»at‰W¡F xU 

fâå ãuš X-öŸ _y« bghÂ Kiw 
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F¿æl¥g£lJ. fyitfë‹ myF,  

bjhFÂ  (Co) (II) kÂ¥ÕLfŸ: a = 9.4396 Å, b 
= 12.7354 Å, c = 7.6704 Å, V = V = 921.674 3; 

a = 90.000 °, β = 108.52 ° k‰W« γ = 90.000 
°; Zn (II): a = 10.6456 Å, b = 9.7381Å,  
c = 7.6835 Å, V = 796.472633 a = 90.000°, 
β = l12.893°, k‰W« γ = 90.000 °; Hg (II):  
a = 12.4983 Å, b = 8.5671 Å, c = 6.6379 
Å, V = 709.31333 a = 90.000° β = 101.64 
° k‰W« γ = 90.0000°. (m£ltiz 3). 

[Cu(NO2)2 (DMAPD)2] nr®k§fë‹ myF 

brš msÎU¡fŸ F¿¥Ãl¥g£LŸsJ. gl« 5. [Cr(CO3)6(DMAP)3] æ‹ éë«ò 

éisÎ gF¥ghŒÎ gl«

m£ltiz 3. fyitfë‹ gof juÎ
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3.7. Â£lä£l f£lik¥òfŸ

xU§»izªj tshf§fŸ mo¥gil 

gF¥ghŒÎ k‰W« ãwkhiyæaš Kiwfis¥ 

ga‹gL¤Â tif¥gL¤j¥g£ld. Á¡fš 

fë‹ gyÅdkhd _y¡TW fl¤J« kÂ¥ò 

fŸ fh®gnd£ maåfŸ ika cnyhf 

maåfSl‹ xU§»iz¡f¥gL»‹wd 

v‹gij¡ fh£L»‹wd. fhªjéaš k‰W« 

ä‹dQ ãwkhiy MŒÎfŸ Á¡fšfS¡F 

xU Áijªj V¡nluš ínahbk£çia 

Mjç¡»‹wd.

3.8. E©Qa® vÂ®¥ò elto¡if

4-N, N-dimethyl amino pyridine 

k‰W« mj‹ tshf§fë‹ bra‰if 

E©Qæ® vÂ®¥Ã gçnrhjidfëš 

gh¡Oçah »UäfŸ, B.Subtilis, S.Aureus, 
E.coli, P.aeruginosa  k‰W« P.vulgaris 
M»at‰¿‰F vÂuhf Fnshuh«ngånfhš 

t£L gu¥ò Kiw [19] _y« nrhjid 

brŒa¥g£LŸsd. DMSO xU fiu¥gh‹ 

ga‹gL¤j¥g£lJ v‹gJ«, mJ mid¤J 

cæçd§fS¡F vÂuhf Âiuæl¥g£lJ 

k‰W« xU bgça brašghL Ïšiy v‹gJ« 

f©LÃo¡f¥g£lJ. E©Qæçfë‹ 

ts®¢Á¡F vÂuhd fy§fë‹ Fiwªjg£r 

jL¥ò br¿Î (MIC) kÂ¥òfŸ m£ltiz. 

4 Ïš RU¡f¥g£L tiugl¤Âš 6 Ïš 

bjëthf fh£l¥g£LŸsd. Ïj‹ _ykhf 

Ïªj fyitfŸ gh¡Oçah cæçd§fis¤ 

jL¡»‹wd v‹gij¡ F¿¥ÃL»‹wd. 

T£L nr®k§fë‹ br¿Î mÂfç¡F«nghJ, ​​

gh¡Oçah »Uäfis jil brŒtJ« mÂ 

fç¡»wJ v‹gJ äf¤bjëthf bjç»wJ.

 ÏJ B.subtilis k‰W« E.coli ¡F vÂuhd 

fh£äa« T£L nr®k§fshdJ v‹W 

f©l¿ªjJ; S.Aureus, P.aeruginosa  
gh¡Oçah cæçd§fŸ, J¤jehf¢ T£L 

nr®k§fS¡F M»at‰¿‰F vÂuhd 

ghjur« T£L nr®k§fshdJ Kj‹ikahd 

4-N, N-dimethylaminopyridine I él 

x¥ÃL«nghJ äfÎ« mÂfkhd vÂ®-

gh¡Oçah brašghL ÏU¥gJ e‹F 

m¿nth«. cæ® rh¤Âakhd brh¤J¡fë‹ 

guªj mséyhd, br«ò, ghjur« 

k‰W« fh£äa« nr®k§fŸ M»ait 

Âwikahdit, mnj neu¤Âš nfhghš£ 

k‰W« ã¡fš T£L nr®k§fŸ gh¡Oçaš 

éfhu§fS¡F vÂuhf f£L¡nfh¥ghd 

ãiy¥gh£il bfh©oUªjd.

m£ltiz 4. nr®k§fë‹ behÂ¤jš brašghL - jL¥ò k©ly é£l« (äÛ)
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vÂ®gh¡Oçaš mtjhå¥òfë‹ 

KoÎfŸ Ã‹tUkhW K‹it¡»‹wd:

l	 bghJthf, Ïªj tshf§fŸ 4-N, N- 

ilbkÂyändhÃço‹ cl‹ mnj ik¡nuh-

cæçd¤Â‰F vÂuhfÎ«, mnjngh‹w 

nrhjid ãiyikfS¡F vÂuhfÎ«, 

cnyhf tshf§fë‹ M‰wš mÂfç¥gJ, 

gh¡Oçaš brš brayh¡f¤ij Ïo¥gJ 

ngh‹w brašgh£o‰F cnyhf maåæ‹ 

g§F Kj‹ik fhuzkhf ÏU¡fyh«. 

KG cnyhf¡ fy¥ò mik¥ò¡FŸ dco3r 
FG (f£lik¥ò) k‰W« rh¤Âakhd 

vy¡£uh‹fŸ (π Û©L« doDMAPtion)-

cl‹ mj‹ ne®kiw f£lz¤Â‹ gFÂia 

g»®Î brŒtj‹ _y« bkšèa maåæ‹ 

JUt¤ij fârkhf Fiw¡»wJ. Ï›thW, 

T£L nr®k§fshdJ E©Qæ®fë‹ 

brš r›Îfë‹ bfhG¥ò¤ ÂR¡fshš 

cnyhf¡ T«òfë‹ CLUtY¡F 

rhjfkhdjhf mik»wJ. TL jyhf, 

cnyhf tshf§fë‹ braš Kiw 

cæuQ¡fë‹ brašgh£L ika§fSl‹ 

xU iA£u#‹ Ãiz¥ig cUth¡»aJ, 

Ïj‹ éisthf E©Qæç‹ rhjhuz 

cæuQ brašKiwia¥ bgçJgL¤ÂaJ. 

Ïjdhš, Ïªj Á¡fyhdJ E©Qæ® 

fy¤Âš cŸs Eiupuš cæuQ¡fS¡FŸ 

CLUtš k‰W« cnyhf¡ f£lik¥òfë‹ 

EiHÎ é»j¤ij mÂfç¡»wJ, k‰W« 

Ïj‹ fhuzkhf bfhšY« Âw‹ nk«g£L 

fhz¥gL»wJ [20].

l	 Cu>Cd>Cr>Hg>Zn> Ni>Co>DMAP 

v‹w  E©Qæ® vÂ®¥ò tçiræš 

ènghÃë¡ el¤ij ÁwªJ és§F»wJ. 

všyh T£L nr®k§fS« (a) xnu 

xU§»izªj v© bfh©l N / O cl‹ 

mnj xU§»izªj v© bfh©oU¡F« 

(x›bth‹¿‰fhd Á.v‹ 6 MF«), (b) mnj 

Á¡fyhd éisÎ (bghJthf Ïu©L 

6-cW¥Ãd®fŸ), (c) eLãiy k‰W« vªj 

gl« 6 : E©Qæç¡ mäy nr®k§fë‹ gh¡Oçaš éfhu§fS¡F vÂuhd ngh¡FfŸ
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vÂ® maåfS¡F« ÏJ bghUªJ«, 

k‰W« (d) mt®fë‹ xU§»izªj 

T£L nr®k§fS« (Cr2+ jéu) mnj 

M¡Á#nd‰w« v© (M2+), toéaš k‰W« 

k¤Âa mQ¡fë‹ Ïašò [20] M»ait 

äfÎ« gaDŸs fhuâfå‹ MF«.

l	 Z  J¤jehf« (II) nr®k§fŸ bjhl® 

ghd br«ò (II) T£L nr®k§fŸ ca® 

M©oik¡nuhÃaš brašghL g©ig 

bfh©LŸsJ, Cu (II) tYthd Cu (II) - Zn 
(II) - f£lik¥ò él tYthd Ãiz¥ig 

cUth¡F»wJ v‹gj‹ mo¥gilæš 

és¡f¥g£lJ. Ïjdhš J¤jehf« (II) 
T£L nr®k§fis él br«ò (II) nr®k§fŸ 

ènghÃè¡ braš é»j¤ij mÂfç¡»wJ. 

nkY«, J¤jehf¤Â‹ bunlh¡ì‹ rh¤Âa¡ 

TW mÂfkhf ÏU¥gJ, mjhtJ J¤jehf 

T£L nr®k§fë‹ bjhl®ghd jhäu¤Â‹ 

éisthdJ mÂf brašgh£o‰fhd 

TLjš fhuzkhf ÏU¡fyh«. nkY«, 

k‰w tshf§fS¡F x¥ghd J¤jehf« 

(II) T£L ca® M©oik¡nuhÃaš braš 

ghL gaDŸs mQ khWghL ngh‹w braš 

ghLfëš K¡»a g§fh‰W»wJ. Ïj‹ 

m®¤j«, Zn (II) cnyhf¡ f£lik¥ghdJ k‰w 

mQFKiwfis él Zn (II) Ï‹ mÂfkhd 

mQ (JUtKid¥ò) Fiwtj‹ _y« ika 

mQé‹ ènghÃè»Á£o mÂfç¡»wJ 

[21]. 

l	 nkY«, brŒa¥g£l MŒÎ »uh« 

vÂ®kiw E©Qæ® f£lik¥ig él »uh« 

ne®kiw¡F vÂuhf f£lik¥òfŸ äfÎ« 

Âwikahdit v‹W rh‹wë¡»wJ. 

MæD«, »uh« ne®kiw gh¡Oç ah¡fŸ 

jokdhd brš Rt® bfh©oU¡F«, gy 

mL¡FfŸ bg¥o£nyh¡°fh‹ k‰W« 

blçnfhæ¡ mäy§fŸ cŸsd. 

l	 Ïj‰F khwhf, »uh« vÂ®kiw 

gh¡Oçah¡fŸ jokdhd brš 

Rt® ènghÃyhrriu£LfŸ k‰W« 

ènghÃnuhlhæ‹fis¡ bfh©l 

Ïu©lhtJ è¥Ã£ r›Î NH¥g£l xU 

Áy mL¡FfŸ bfh©l Õ¥o£nyh¡°f‹ 

cŸsl§»aJ. brš Rt® f£lik¥Ãš cŸs 

Ïªj ntWghLfŸ è¥ngh fiua¡Toa 

cnyhf tshf§fis c£bfhŸtij¤ 

jL¡F«, Ïj‹ éisthf gh¡Oçah¡fŸ 

vÂ®¥ò ghÂ¥ò V‰glyh«. Ï¤jifa 

ntiyfë‹ K¡»a¤ Jt« òÂa nr®k§fŸ 

gh¡Oçahé‰F vÂuhd äfÎ« gaDŸs 

kUªJfshf ÏU¡fyh« v‹w rh¤Âa¡TW 

cŸsJ,  Ïªj MŒthdJ brašÂw‹-

brašgh£L cwÎ, e¢R¤j‹ik k‰W« 

cæçaš éisÎfis g‰¿a KGikahd 

érhuizfŸ _ykhf ÏJ äfÎ« 

tèikahd M©ogh¡Oça Kft®fŸ 

v‹W« Á»¢ir totik¥gÂš cjéahf 

ga‹gL¤jyh« [22] v‹W« TwKo»wJ.

3.9 óŠir bfhšè nrhjid 

4 - N , N - i l b k Â y ä n d h g a ç o ‹ 

k‰W« mit rh®ªj bjhFÂfë‹ MIC 

kÂ¥ghdJ, cnyhf maåfŸ 4-N,N-

ilbkÂyändhgaço‹ él Âw‹ thŒªj 

óŠir bfhšèfshf braš gL»‹wd  

(gl« 7). bfhG¥ò bjhFÂfŸ Ãiz¥ig 

nkY« mÂf¥gL»‹wd. 4-N,N-

ilbkÂyändhgaçoåš cŸs ie£u#‹ 

MdJ óŠirfë‹ behÂ brašgh£oid 

jL¡»wJ, nkY« cnyhf maåfŸ Ïªj 

brašgh£il Jçj¥gL¤J»wJ [23].

óŠirfSldhd nr®k§fë‹ 

éidbraš msthdJ cnyhf-fçk 

_y¡T¿‹ Ãiz¥ò tèikia bghU¤J«, 

nkY« Ïit vÂ® maåæ‹ msÎ, 

Ãiz¥ò gFÂ k‰W« nr®k§fŸ éuÎjš 

j‹ikiaÍ« bghW¤J mik»wJ. óŠir 

bfhšè  MŒÎ KoÎfshdJ Cr(III), Co(II) 
and Ni(II) M»at‰¿‹ fyitfŸ Fiwªj 

éid brašgh£ilÍ«, mnj neu¤Âš 

fh¥g®, bk®Fç k‰W« fh£äa« mÂf 

braš ÂwidÍ« bfh©LŸsJ (f£l«. 

5). Ït‰¿‹ Âw‹ brašghLfŸ Kiwna 

DMAP<Co <Ni<Cr<Cd<Zn<Hg<Cu.  
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gl«.7 gh¡Oçah brašgh£L¡F vÂuhd ãnfhoå¡ mäy¢ 

nr®k§fë‹ éid brašgh£L x¥Ã£L tiugl«

m£ltiz 5. 4-N,N-ilbkÂyändhgaço‹ k‰W« mt‰¿‹ T£L nr®k§fë‹ 

óŠir bfhšè nrhjid KoÎfŸ k‰W« jL¥ò gu¥gsÎ (ä.Û)

gh¡Oçah vÂ®¥ò elto¡iffë‹ 

éisthf,

l	 f®kéid brašghL k‰W« cnyhf 

Á¡fyhd NHY¡F Ïilna xU gu°gu 

cwÎ cŸsJ.

l	 elto¡if js¤Â‹ brašÂw‹ 

thŒªj cnyhf¤ bjh£oæ‹ ngh¡Ftu¤J 

cnyhf f£lik¥ò iA£nuhèÁ° _y« 

btëæl¥ gL»wJ.

l	 nehŒ¡fhuâ¡F vÂuhd cW¥ò 

k©ly nr®k§fë‹ brašÂw‹ maå¡ 

mäy¤Âdhš nkY« nk«gL¤j¥g£LŸsJ.

4. KoÎiu

4 - N , N - i l b k Â y ä n d h g a ç o ‹ 

k‰W« mt‰¿‹ T£L nr®k _y¡TWfŸ 

IR, UV-Vis, 1H NMR, EPR k‰W« bt¥g 

gF¥ghŒÎ¡F c£gL¤j¥g£lJ. Ïit T£L 

nr®k§fŸ v©Kf tot« bfh©lit 



28 





vd vL¤Jiu¡»‹wd. 4-N,N-il 

bkÂyändh gaçoåš cŸs ie£u#‹ 

ne®ä‹ Rik bfh©LŸsJ, vdnt Ïit 

gh¡OçahÎldhd Ãiz¥ig V‰gL¤J 

tj‰fhd Nœãiyia cUth¡F»‹wd. 

bt¥g gF¥ghŒé‹ _y« nr®k¤Âš cŸs 

Ú® _y¡TWfŸ cWÂbrŒa¥g£LŸsJ. 

éid¢ rk‹ghL msÎU¡fshd E*, ΔH*, 
ΔS* and ΔG* M»ait j‹å¢irahd 

cnyhf-fçk Ãiz¥òfis vL¤J¡ 

fh£L»wJ. nehÍ©lh¡F« gh¡Oçah 

k‰W« óŠirfŸ M»at‰¿‹ braš 

gh£L¡F vÂuhd MŒÎ nrhjidfŸ 

4-N,N-ilbkÂyändhgaço‹ k‰W« 

mt‰¿‹ T£L nr®k§fŸ _y« 

ãfœ¤j¥g£L tif¥gL¤j¥g£LŸsJ. 

nehÍ©lh¡F« gh¡Oçah k‰W« óŠirfŸ 

Ûjhd 4-N,N-ilbkÂyändhgaço‹ 

k‰W« mt‰¿‹ T£L nr®k§fë‹ 

brašgh£L KoÎfë‹go 4-N,N-

ilbkÂyändhgaçoid fh£oY«  

mt‰¿‹ T£L nr®k§fŸ äFªj Âw‹ 

cilaitahfÎ«, k‰W« mt‰¿‹ br¿Î 

mÂfç¡F« ãiy¡F V‰g brašghL 

mÂfç¡»‹wd.
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RU¡f« :

eÅd kUªJ f©LÃo¥ò brašKiwfëš  rh¤Âakhd kUªJ _y¡TWfis 

Ïd§ f©l¿jš xU K¡»a ãiyahF«. Ïªãiy Ôéu fâ¥òfisÍ«, 

khÂç cUth¡f§fisÍ« bfh©LŸsjhš fâå cjé¡bfh©L braš 

gL¤j¥gL»wJ. Ïd§f©l¿jš neh¡f§fŸ K¡»akhf _y¡TWfë‹ 

tot tif k‰W« mt‰¿‹ v©âaš juÎfŸ ÛJ ftd« brY¤J»‹wd. 

Ïªj MŒéš _y¡TWfë‹ tot« rh®ªj v©âaš juÎfŸ bfh©L 

kUªJ _y¡TW j‹ik f©l¿Í« Kiw x‹W totik¡f¥g£L kÂ¥ÕL 

brŒa¥g£LŸsJ. Ïj‰F MjuÎ bt¡l® ÏaªÂu« v‹w ÏaªÂu f‰wš fâå 

têKiw ga‹gL¤j¥g£LŸsJ. Ï¢nrhjidæ‹ F¿¡nfhshdJ _y¡TW 

f£lik¥ò étç¥gh‹fis cŸÇ£L juÎfshf bfh©L X® mÂgu btë¡F 

kh‰¿aik¤J neçaš Ã‹dilÎ fz¡ÑLfŸ brŒtjhF«. Ï¢nrhjid¡fhf 

_y¡ TW t§»æèUªJ (Drug Bank) 59 x›thik jL¥gh‹fŸ (Antihistamine) 

nj®Î brŒa¥g£ld. Ï¥g£oaš x¥òjš më¡f¥g£l k‰W« nrhjid ãiy 

kUªJ _y¡TWfis bfh©LŸsJ. fâå têKiw mkyh¡f¤Â‹ nghJ, 

Ï«_y¡TWfëš vit èÃ‹°», nfh°, btg®, Vf‹ k‰W« K» M»nahç‹ 

to¥gh‹ nrhjidfëš bt‰¿bgW»‹wdnth mitahÎ« xUtifahfÎ«, 

x‹W mšyJ mj‰F nk‰g£l to¥gh‹ nrhjidfëš njhšéÍWgit 

k‰bwhU tifahfÎ« Ãç¡f¥g£ld. mÂgubtëæš _y¡TWfë‹ kUªÂaš 

j‹ikia¡ fâ¡f, Mu mo¥gil k‰W« gšYW¥ò¡nfhit rh®òfŸ (kernels) 

ga‹gL¤j¥g£ld. Ï¡fâ¥ò nrhjidfë‹ KoÎfŸ ou¡ä‹£ (Drugmint) 
v‹bwhU tiy nritaf mo¥gilæyhd bk‹bghUŸ _y« x¥Ãl¥g£LŸsd.

K¡»a th®¤ijfŸ : bkŒãf® nj®ªbjL¤jš, MjuÎ bt¡l® ÏaªÂu«, Mu 

mo¥gil, gšYW¥ò¡nfhit rh®ò fŸ.
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K‹Diu :

xU étç¥gh‹ v‹gJ, _y¡TW 

f£lik¥ò, _y¡TW thŒ¥ghL k‰W« 

_y¡TWfS¡»ilnaahd brabyÂ®¢ 

brašfŸ M»at‰¿èUªJ bgw¥gL« 

ju ã®zæyhd v©âaš fz¡ÑlhF«. 

nlhnrîå k‰W« nfh‹rhå[1] M» 

nahç‹ T‰W¥go, ”xU _y¡TW 

étç¥gh‹ v‹gJ _y¡TWfë‹ 

ntÂ¢brŒÂia v©âaš juthf 

jukh¡f¥g£l nrhjidæ‹ _y« f‰f 

k‰W« fz¡ÑL Kiwæš kh‰WtjhF«”. 

_y¡TW étç¥gh‹ ntÂæaš, kUªÂaš, 

R‰W¥òw¢NHš ghJfh¥ò Â£lälš, 

Rfhjhu MuhŒ¢ÁfŸ, ju¡f£L¥ghL 

ngh‹wt‰¿š mo¥gil g§fh‰W»‹wd. 

_y¡TWfë‹ g©òfis¥ ga‹gL¤Â 

f£lik¥ò, totik¥ò, ä‹dQ, toéaš 

[2 k‰W« 3  gçkhz«] étç¥gh‹fŸ ngh‹w 

gytiffis fz¡»lKoÍ«.

bkŒãf® nj®ªbjL¤jš v‹gJ 

kUªjh¡f MuhŒ¢Áæš ga‹gL¤j¥gL« 

fâå rh®ªj c¤ÂahF«. fâåfë‹ 

Jiz¡bfh©L Mæu¡fz¡fhd 

_y¡TW tot§fis éiuthf nj®ª 

bjL¡fnth, ãuhfç¡fnth KoÍ«. 

Ï¢braš kUªJfnshL k‰bwhU _y¡ 

TW bghUªJtij nrhÂ¥gj‰F« òuj« 

k‰W« behÂnahL nr®tij éiuthf 

fh©gj‰F« cjÎ»wJ. bkŒãf® _y¡ 

TW nj®é‰F bghU¤jkhd _y¡TW 

étç¥gh‹fis juÎ¤njLjš fâå 

têKiwfnshL éiuthf nk‰bfhŸs 

KoÍ«. bkŒãf® nj®é‹ K¡»a 

F¿¡nfhns kUªjh¡f¤Â‰F ga‹gl¡ 

Toa eÅd ntÂæaš _y¡TWfis 

éiuthf f©l¿jyhF«. _y¡TW 

étç¥gh‹fis¥ ga‹gL¤Â v©âaš 

mik¥ò g©ò bjhl®òfisnah (QSPR)  

mšyJ v©âaš mik¥ò braš bjhl®ò 

fisnah (QSAR) cUth¡f KoÍ«. 

Ït‰iw¡bfh©L _y¡TWfë‹ 

Ïaš-ntÂæaš g©òfŸ k‰W« cæç 

brašghLfis fU¤jh¡f Kiwæš 

Muha KoÍ«. QSPR k‰W« QSAR M»a 

ÏU têKiwfSnk nr®k§fë‹ tot« 

k‰W« g©ò étç¥gh‹fis mt‰¿‹ 

brašghLfnshL x¥Ãl ga‹gL»‹wd. 

Ïj‰fhd brŒKiw _y¡TW étç¥gh‹ 

fë‹ v©âaš juÎ fz¡Ñ£L 

Kiwfis cŸsl¡»ajhf ÏU¡»wJ. 

Ï«Kiw gl«1-Ïš fh£l¥g£LŸŸsJ. 

jUé¡f¥g£l fâj¡nfhit mšyJ 

v©âaš éilfŸ ftdkhf rç gh®¡f¥ 

g£lhš ga‹gh£o‰F VJthd _y¡TW 

tot§fis nrhÂ¡fKoÍ«. RU¡fkhf, 

_y¡TW brašghL = rh®ò(Ïaš-

ntÂk‰W«/mšyJ tot¥g©òfŸ) ± ÃiH.

2. MŒÎ étu§fS« têKiwfS« :

2.1 MjuÎ bt¡l® ÏaªÂu« fU¤Âaš

nk‰F¿¥Ã£l Ã‹òy¤Â‹ mo¥gilæš  

MjuÎ bt¡l® ÏaªÂu« [SVM] v‹w juÎ 

nrfç¤jš  têKiw cjéÍl‹ _y¡TW 

totik¥ÃèUªJ bgw¥g£l v©âaš 

juÎfis¡ bfh©L eh§fŸ X® nj®ÎKiw 

c¤Âia totik¤J nrhÂ¤njh«. SVM 

v‹gJ ngh[®, fah‹ k‰W« thÃå¡(2) 

M»nahuhš m¿KfgL¤j¥g£l X® eÅd 

gF¥ò KiwahF«. Ï›Î¤ÂahdJ cæ®¢ 

brŒÂæaš k‰W« bjhl®òila gšJiw 

fë‹ ga‹gL¤j¥gL»‹wd. Ïj‹ 

fhuz« Ï«Kiwæ‹ Jšèa«, kugQ 

btë¥ghL ngh‹w mÂ-gçkhz juÎfis 

ifahS« Âw‹ k‰W« gštif juÎfis 

khÂçgL¤JtÂš cŸs be»œÎ¤j‹ik 

ngh‹witahF«. SVM fŸ rh®òKiwfŸ 

rh®ªj Ãçéš tU« fâj tê 

KiwahF«[3]. rh®ò rh®ªj KiwahdJ 

òŸëtê bgU¡fš _y« mila¡Toa 

juÎfŸ k£Lnk rh®ªj têKiwahF«. 

Ï«Kiwæš òŸë¥bgU¡fiy nj®ª 

bjL¡f¥g£l rh®òfŸ mÂgçkhd Áw¥ò 

btëæš fz¡»L»‹wd[4]. ÏÂš 

ÏU rhjfkhd m«r§fŸ ÏU¡»‹wd. 

Kjyhtjhf, Óçšyh KoÎ všiyfis 

Ó®gF¥ò¡fhd KiwfŸ _y« cUth¡f 

KoÍ«. Ïu©lhtjhf rh®òKiwikfŸ 
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gad®fŸ ãiyahd gçkhz bt¡l® 

fis¤jh‹ ga‹gL¤j nt©L« v‹w 

f£L¥gh£il js®¤J»‹wd. brŒÂ¤ 

bjhl®ÃYŸs kugQ tçir, ònuh£O‹, 

_y¡TW ngh‹wit Ït‰¿‰fhd K¡»a 

cjhuz§fshF«. SVM ga‹gL¤Jgtj‰F 

Ït‰¿‹ ntiyKiwfŸ g‰¿a òçjš 

nt©L«. SVM ga‹gL¤Jgt®, f‰Ã¤jš 

f£l¤Âš juÎfis¡ bfh©L nrhjid 

KiwfŸ _y« K‹nd‰ghLfŸ brŒa 

nt©L«. Ït‰¿‹ jFªj rh®ò¤nj®Î 

msÎW¡fŸ ã®za« všiy ã®za« 

ngh‹wit ml§F«.   bjçé¡f¥glhj 

éU¥g¤ nj®ÎfŸ (choices) Fiwªj 

braš Âwåš Koayh«. SVM KiwahdJ 

Kj‹ikahf xU ÏU tif Ãç¥ghdhF«. 

gštif Ãç¥gh‹fshfÎ«  Ïij 

nk«gL¤j KoÍ«. Ïj‰F x›bthU 

tF¥igÍ« jå¤jåahf mQfnt©L«. 

SVM Kiw KoÎ všiyfS¡»ilna 

cŸs Ïilbtëia mÂf¥ gL¤ÂÍ« 

gæ‰Wé¡f¥g£l mik¥ig x¤J« Ô®Î 

fis ju KaY»wJ. 

bfhL¡f¥g£l {xi} òŸëfis n-gçkhd 

btëæš bfh©l fz¤Â‰F, gæ‰Wé¤jš 

KiwahdJ {yi : yi Î {-1, 1}} v‹w ÏU 

tF¥òfis mÂjs¤Âš yi=1 k‰W« 

yi =-1 v‹w všiy¡nfhLfS¡»ilna 

gF¡f¥gh®¡»wJ. Ï¢braš KoªjÎl‹, 

òŸëfŸ mÂ¤js¤Âš vªj g¡f¤Âš 

mik»‹wd   v‹W  gh®¡f¥g£L   òÂa   mik¥ò 

nrhÂ¡f¥gL»wJ. nkY«, mÂ¤jskhdJ 

Ãç¡F« tif¥gh£o‰»ilna mÂf éë«ò 

Ïil btëia¡ bfh©oU¡f nt©L« 

[gl« 2].

Ï¢braè‹ neh¡fkhdJ  H: y = w.x + b 
= 0 v‹w mÂ¤js¤ij, H1: y = w.x + b = +1 

k‰W«  H2: y = w.x + b = -1 v‹w ÏU Ïiz 

js§fS¡»ilæY«, rkbjhiyéš 

ÏU¡FkhW« f©l¿tjhF«. nkY« 

H1 k‰W« H2  Ïilna juÎ¥òŸëfŸ 

ÏšyhkèU¥gJ« k‰W« H1 , H2 Ïilna 

éë«ò¤bjhiyÎ mÂfkhf ÏU¥gJ« 

TLjš ãgªjidfshF« (gl« 2 ).
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H1 k‰W« H ¡F Ïilna cŸs 

bjhiyÎ |wx+b| / ǁxǁ v‹w nfhitahY«, 

H1 k‰W« H2 Ïilna bjhiyÎ 2 / 
ǁwǁ v‹gjhY« ju¥gL»‹wd. vdnt 

éë«ò f£L¥gL¤jè‰F | w| = wTw 

v‹w RU¡f¥gL¤Jjš mtÁakhF«. 

[kh‰w¤Â‰F£g£l ÏU ãgªjidfSl‹].

mjhtJ w.x + b³ +1; yi = +1 v‹w 

ne®kiw cjhuz§fS¡F w .x + b³ -1; 
yi = -1.v‹w vÂ®kiw cjhuz§fS¡F 

Ï›éU ãgªjidfS« yj(w.x + b)³  1,  

vd bjhF¡f¥g£L, Ï¡fz¡fhdJ 

min w,b1/2wTw  v‹w ãgªjidÍl‹ 

Kiw¥gL¤j¥gL»wJ.

Á¡khŒlš (iAg®nghè¡ Ãç¥gh‹ 

nk‰gu¥ò)  :  K(u,v) = tanh (ku .v-δ)

Ït‰¿š Mu mo¥gil rh®ò ftd¤Â‰ 

FçaJ, Vbdåš mj‹ bjhl®òila 

ö¡F¢ rh®ò f-I juÎbtëfë‹ gç 

khz¤ij  Koéè¡F Ï£L¢brš»wJ.  

ex -Ï‹ Koéè bjhl® _y« Ïij m¿a 

KoÍ«. Ïjdhš, Mu mo¥gil¢ rh®ò msÎ 

ntWgho‹¿ v¤jifa tif¥gh£oaš 

Ô®ÎfS« Ô®khå¡f¥gl¡Toa tifæš 

ga‹gL¤j KoÍ«. RU¡fkhf, Ï«Kiwæ‹ 

neh¡fkhdJ toéaš étç¥gh‹fis 

[cŸÇ£L¤juÎfŸ] ca®gçkhd Áw¥ò 

btë¡F kh‰¿ m§F neçaš Ã‹dilÎ 

fz¡ÑLfŸ brŒtjhF«.

2 .2 . nrhjid :

2 .2 .1. Áw¥Ãašò nj®Î k‰W« nrhjid¤ 

juÎfŸ

SwissADME [5] Ïizatê bk‹ 

bghUŸ bfh©L nrhjid¤ juÎfë‹ 

_y¡TW totik¥ò rh®ªj ÏašntÂ¥ 

g©òfŸ fz¡»l¥ g£ld. Ït‰¿èUªJ 

g¤J tot« rh®ªj étç¥gh‹fë‹ SVM 

khÂçfis cUth¡f nj®ªbjL¡f¥g£ld. 

Ï¢nrhjid¤ juÎfë‹ ruhrç t®¡f¥ÃiH 

x›bthU juÎ¤ bjhF¥Ã‰F« cfªj (C,g) 

msÎWfë‹ mo¥gilæš fh©Ã¡f¥ 

g£ld. Ïªj MŒéš ga‹gL¤j¥g£l 

tot étç¥gh‹fshdit : ãiwäFÂ  

mQ¡fë‹ v©â¡if, fçk ãiwäFÂ  

mQ¡fë‹ v©â¡if, RHš Ãiz¥òfŸ 

v©â¡if, iA£u#‹ Ãiz¥ò 

V‰Ãfë‹ v©â¡if, iA£u#‹ 

Ãiz¥ò tH§»fë‹ v©â¡if, 

nkhyh® xë éyfš v©, bkh¤j JUt 

gu¥gsÎ [TPSA , A2 -Ïš], _y¡TW 

vil, GI c¿ŠRÂw‹ k‰W« xUä¤j 

log P kÂ¥ò. DrugBank [6] _y¡TW 

juÎ t§»æèUªJ 59 _y¡TWfŸ 

nj®ªbjL¡f¥g£ld. mDkÂ¡f¥g£l 

k‰W« nrhjid ãiy kUªJ _y¡TWfŸ 

M»a Ïu©L tiffS« ÏÂš ml§F«. 

Ïit g‰¿a étu§fŸ m£ltiz-1 Ïš 

 gl« 2. mÂfg£r msÎ

               

SVM ‹ btëplhdJ f(x) = sign(g(x)) 
vd ju¥gL»wJ. Ï§F g(x) = w(t).K(x) + 
b..  nkY«, w xU bt¡l® b  X® Âiræè. 

neçaš SVM Áw¥ò btëæš brašgL« 

k‰W« brašglh tif¥gh£o‰F 

c£g£l nr®k§fë‹ juÎ¥ òŸëfŸ 

neçaš tifæš Ãç¡f¥g£lhš k£Lnk 

ga‹gL¤j¥gl KoÍ«. Ïšiybaåš 

mÂgçkhz btëæš tif¥gh£o‰F 

neu‰w rh®òfŸ njit¥ gL«.

 gšYW¥ò¡nfhit¢ rh®ò : K(u,v) = (u.v 
+ 1)p                                                                                         

fhÁa‹ nuoaš mo¥gil rh®ò : K(u,v) 
= exp(-II u-v II2 /2σ2)
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g£oaèl¥g£LŸsd.

2 .2 .2. juÎ¤ bjhF¥òfë‹ tif¥ghL:

DrugBank _y¡TW »l§»èUªJ 

59 x›thik vÂ®¥ò _y¡TWfŸ bjçÎ 

brŒa¥g£ld. mt‰¿‹ totik¥ò 

étç¥gh‹fS« kUª Âašò¤ j‹ik¡fhd 

tof£o nrhjidfS« [ èÃ‹°», nfh°, 

btg®, ifa‹ k‰W« K»] SwissADME 

bfh©L fz¡»l¥g£L. Ï¡fz¡ÑLfŸ 

_y« 590 étç¥g‹fŸ bgw¥g£ld. SVM-

‹ nrhjid¡ f£l njitfS¡F Ï« 

_y¡TWfŸ ÏUÃçÎfshf Ãç¡f¥g£ld. 

v«_y¡TWfŸ IªJ tof£o¢ nrhjid 

fëY« nj®ÎbgW»‹wdnth mitfŸ 

tF¥ò +1 [kUªÂašò cŸsit ] v‹W« 

VnjD« xU nj®éš jt¿dhY«  mit 

tF¥ò -1 [kUªÂašò m‰wit] v‹W« 

mÂjs¤Âš vªÂutê f‰wš Kiwik¡fhf 

gF¡f¥g£ld.

2.2.3. khÂç cUth¡f nrhjid 

fS¡fhd juÎ¤ bjhF¥ò jahç¥ò :

SVM tê khÂç cUth¡f«, f‰ 

Ã¤jš, rçgh®¤jš, nrhjid v‹W 

_‹W f£l§fis cŸsl¡»aJ. 

Kjèš Ï§Fk§Fkhf 12 _y¡ TWfŸ 

nj®Î brŒa¥g£L btë¢nrhjid¤ 

bjhF¥ ghf fUj¥g£ld. Ït‰¿š 

MW +1 tF¥ò _y¡TWfS«, MW 

-1 tF¥ò _y¡ TWfS« ml§F«. 

Ï¢braš cUth¡F« khÂçfis 

kÂ¥ÕL brŒtj‰F« Áwªj Kiwæš 

brašgL« rh®òfis f©l¿tj‰F«       

ãfœ¤j¥g£lJ.    Ïnj ngh‹W k‰bwhU 

12 _y¡TWfis¡bfh©l bjhF¥ò rç 

gh®¤jš f£l¤Â‰¡fhf bjçÎ brŒa¥g£lJ. 

ÃwF 41 _y¡TWfŸ [ÛjKŸs 35 

_y¡TWfŸ + rçgh®¤jš bjhF¥ÃèUªJ 

6 _y¡TWfŸ] f‰Ã¤jš juÎ bjhF¥ghf 

mik¡f¥g£ld. Ïj‹ étu§fŸ 

m£ltiz 2 -Ïš ju¥g£LŸsJ.

m£ltiz 1. gçnrhjid juÎ bjhF¥ò
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gæ‰Á fz« k‰W« rçgh®¥ò fz« 

juÎ MW _y¡TW juÎ¤ bjhF¥òfis 

bghJthf bfh©LŸsd.

3.éilfŸ k‰W« és¡f« :

3.1 rh®òfë‹ bjçÎ

Mutif gF¥ò khÂç Kjèš 

nrhÂ¡f¥g£lJ. Ïij¤ bjhlªJ 

gšYW¥ò¡nfhit rh®ò ga‹ gL¤j¥g£lJ. 

MjuÎ bt¡l® ÏaªÂu Kiwæ‹ j¤Jtnk 

nk‰gh®itnahL Toa f‰wyhF«. Ï¡ f‰wš 

c¤Â jtWfis Fiw¡fÎ« fiy¡f¥g£l 

juÎfS¡F Tl e«gfkhf éilaë¡fÎ« 

KaY»wJ. fz¡ÑLfŸ winSVM[7] v‹w 

é©nlh° Ïa§F¤js¤Âš brašgL« 

bk‹ bghUŸ bfh©L brŒa¥g£ld.

gæ‰Áãiy juÎ¤bjhF¥ig 

cf¥gh¡F« ãiyæš bfhL¡f¥g£l c 

k‰W« e msÎU¡fS¡fis¡ bfh©L, 

khÂçah¡f« brŒÍ«nghJ üW rjÅj« 

Jšèa¤JlD«, ruhrç t®¡f¥ÃiH 

FiwthfÎ« cŸs gæ‰W¡f£l« 

Muha¥g£lJ. äif mšyJ Fiw 

juÎ¥ bghW¤Jjiy jé®¡f, äf 

tèikahdjhfnth mšyJ äf 

Fiwthdjhfnth  Ïšyhj tif¥gL¤Jjš 

msÎU njl¥g£lJ. nkY« bgUksÎ 

MjuÎ bt¡l®fS«, f£l¥g£l MjuÎ 

bt¡l®fS« f©fhâ¡f¥g£ld. Ïª 

ãgªjidfë‹ mo¥gilæš, e‹F 

brašg£l eh‹F gæ‰Wé¥ò khÂç 

mik¥òfŸ nj®Î brŒa¥ g£ld. ÏÂš 

Ïu©L Mu tif rh®òfŸ k‰W« Ïu©L 

gšYW¥ò¡nfhit tif rh®òfŸ ml§F«. 

Ïit bjhl®ªJ rçgh®¤jš k‰W« nrhjid 

f£l§fS¡F ga‹gL¤j¥gL»‹wd. 

eh‹F khÂç mik¥òfSnk gæ‰W¤juÎ¤ 

bjhF¥ig e‹F f‰wd. Jšèa«, 

Jšèa¤j‹ik k‰W«  ÂU«g¥bgWjš 

kÂ¥òfŸ X‹W v‹gÂèUªJ Ïij 

m¿ayh«. Mdhš Ïnjngh‹W K‹bdhU 

nrhjidæš [8], Mutif, ãôuš k‰W« 

neçaš rh®òfis ga‹gL¤Jifæš, 

bfhL¡f¥g£l juÎ¤ bjhF¥Ã‰F, Mutif 

rh®ò k£Lnk KG¤ Jšèa¤ij jªjJ. 

Mdhš Jšèa g»®ÎfŸ 0.853 , 0.676 

vd nuoaš k‰W« ãôuš rh®òfS¡F 
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FiwªjJ. Mifahš Mutif rh®ò 

kUªÂašj‹ik _y¡TWfis gæ‰W 

juÎfë‹ Ïašò mšyJ msÎ g‰¿a 

rh®ªjika‹¿ cjÎ»wJ. nkY« 

MuhŒtj‰F«,  Mutif rh®Ã‹ Âw‹ 

ne®tif étç¥gh‹ bjhF¥ò k‰W« Ïaš 

gh¡f¥g£l étç¥gh‹ bjhF¥ò¡ bfh©L 

nrhÂ¡f¥g£lJ. nkY«,  rh®g‰w étç¥gh‹ 

bjhF¥ò juÎfis ãiyik¥gL¤Jtj‰F 

0-1 v‹w  beL¡f¤Âš Ïašgh¡f« 

brŒa¥g£lJ. Ï¤ jifa K‹bra‰gh£o‰F 

c£gL¤j¥g£l juÎfŸ Ïašghfnt 

ÏaªÂutê f‰wY¡F cfªjjhF«. Ïªj 

MŒéš gšYW¥ò¡nfhit rh®òfë‹ Âw‹ 

nrhÂ¡f¥g£lJ.

3 .2. tif¥gL¤Jjš khÂçæèUªJ 

kÂ¥Õ£L msÎnfhš

_y¡TW tif¥gh£o‰¡fhf 

cUth¡f¥g£l SVM khÂçfŸ brašÂw‹ 

Ã‹tU« elto¡iffshš kÂ¥ÕL 

brŒa¥gL»wJ. 

Jšèa« : ÏJ tF¥ò I k‰W« tF¥ò II 
_y¡TWfë‹ M»a Ïu©o‰F« rçahd 

fâ¥ò rjÅjkhF«.

cz®Âw‹ : ÏJ tF¥ò I _y¡TWfis 

rçahf tF¥ò I  _y¡TWfŸ vd fâ¡F« 

rjÅjkhF«.

F¿¥g«r«: ÏJ tF¥ò II _y¡TWfis 

rçahf tF¥ò II _y¡TWfŸ vd fâ¡F« 

rjÅjkhF«.

bk¤Âôé‹ T£LwÎ kh¿è :

ÏJ msÎWfis cf¥gh¡f« brŒ 

tj‰F«, khÂçæ‹ brašÂwid MŒÎ 

brŒtj‰F«, ga‹gL¤j¥gL»wJ. MCC 

= 1 rçahd fâ¥ig F¿¡»wJ. MCC = 0 
K‰¿Y« Óu‰w K‹fâ¥ig bjçé¡»wJ.     

nk‰T¿a kÂ¥ÕL msÎU¡fŸ fâj 

ßÂahf  F¿¥Ãl¥gL»‹wd.

Jšèa« = {(TP + TN) / (TP + FP + TN 
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+ FN)}

cz®Âw‹ = {TP / (TP + FN)}

ÂU«g¥bgWjš (tF¥ò I ) = {TP / (TP + 
FP)}

F¿¥g«r« =  {TN / (TN + FP)} 

ÂU«g¥ bgWjš (tF¥ò II ) = {TN / (TN 
+ FN)}

[(TP x TN) - (FN x FP)]

MCC   =     ---------------------

T[(TP + FN) (TN + FP)  (TP + FP)  (TN 
+ FN)]

c©ik ne®kiw (TP) k‰W« c©ik 

vÂ®kiw (TN) M»ait Kiwna Ï§F 

rçahf   tF¥ò  I  k‰W«   tF¥ò  II _y¡TWfë‹ 

rçahd fâ¥bg©â¡ifahF«. 

Ïnjnghš, jtwhd ne®kiw (FP) k‰W« 

jtwhd vÂ®kiw (FN) M»ait Kiwna 

tF¥ò II k‰W« tF¥ò I _y¡TWfë‹ 

jtwhf fâ¥bg©â¡ifahF«.

j‰nghja tif¥ghL Â£l« xU Óu‰w 

K‹ fâ¥ig él Áwªjjh vd nrhÂ¡f, 

e«gf¤j‹ik fhuâ (R) Ñœf©lthW 

tiuaW¡f¥gL»wJ.

((TP + FN) * (TP + FP)) + (TN + FN) * 
(TN + FP))

   	  R   =     ---------- --------------------------                                                                                                            

                              (TP + TN + FP + FN)

ÏJ Óu‰w K‹fâ¥ò _y« rçahf 

tif¥ gL¤j¥gL« _y¡TWfë‹ 

v©â¡ifia¡  bfh©oU¡F«. 

juÎ¤ bjhF¥ÃYŸs khÂçfëš 

v©â¡ifia¢ rhuhj X® fhuâ (S) 

Ñœf©lthW fz¡»l¥gL»wJ.   

((TP + TN) - R)

S =     -----------------------------------------	
                 ((TP + TN + FP + FN) - R) x 100

	 X® Óu‰w fâ¥igél, rçahf 

tif¥gL¤j¥g£l tif- II _y¡TWfë‹ 

Ïašgh¡f rjÅj¤ij  Ï¡fhuâ 

jU»wJ. S = 100% kÂ¥ò xU rçahd 

tif¥gL¤jiyÍ« S = 0% xU nkhrkhd 

tif¥gL¤JjiyÍ« F¿¡F«. Ïij jéu 

khÂçæ‹ x£Lbkh¤j brašÂwid F1 

v‹w msÎU _y« btë¥gL¤jyh«. ÏJ 

cz®Âw‹ k‰W« ÂU«g¥bgWjš M»a 

msÎU¡fë‹ ÏirÎ¢ ruhrç MF«.

F1 =   (2 x TP )/ ( 2 x TP + FP + FN)

Ïªj VG fhuâfë‹, Áwªj 

khÂç¤ nj®Î¡F, Jšèa«, cz®Âw‹, 

ÂU«g¥bgWjš msÎU¡fŸ 

mo¥gilahfÎ«, ÛjKŸs MCC, R , S , 
k‰W« F1 msÎU¡fŸ kÂ¥ÕL msÎU¡ 

fshfÎ« cjÎ»‹wd. Áwªj gæ‰Wãiy 

khÂçfis¡bfh©L _y¡TWfë‹ 

kUªÂašò¤ j‹ik fâ¥ò rçgh®¤jš 

f£l juÎfŸ ÛJ« Rarh®ò juÎfŸ ÛJ« 

nk‰bfhŸs¥gL»wJ. Ïªj msÎU¡fë‹ 

kÂ¥ÕLfŸ Kiwna Mutif k‰W« 

gšYW¥ò¡nfhit¢ rh®òfS¡F 

m£ltiz 4a  k‰W« m£ltiz 4b-š 

g£oaèl¥g£LŸsd.

Jšèa«, Jšèa¤j‹ik k‰W« 

ÂU«g¥ bgWjš msÎU¡fŸ M»at‰¿‹ 

x¥Õ£L kÂ¥ÕL, rçgh®¤jš k‰W« 

nrhjid ãiyfëš k‰w ÏU rh®òfis¡ 

fh£oY«, x¥Õ£lséš mutif rh®Ãš 

mÂf brašÂwid btë¥gL¤J»wJ. 

ãôuš rh®Ã‹ brašÂw‹ 80 rjÅj¤Â‰F« 

Fiwthfnt cŸsJ. rçgh®¤jš k‰W« 

nrhjid f£l§fëš, ãôuš rh®Ã‹ 

Rê MCC kÂ¥ò, kUªjh¡f _y¡TW 

fâ¥Ã‰F Ï¢rh®Ã‹ bghU¤jä‹ikia 

bjça¥gL¤J»wJ. e«gf¤j‹ik 

fhuâæ‹ ãiyahd kÂ¥òfŸ, 

Ï«khÂçfŸ kUªjh¡f¤j‹ik _y¡ 

TWfis Ï§Fk§Fkhf [Randomly] 
fâ¡féšiy vd¡ fh£L»‹wd. 

ÏU¥ÃD«, tF¥ò - II _y¡TWfS¡fhd 

khÂçæ‹ K‹fâ¥ò¤Âw‹ _‹W 

khÂçfëY« ghuh£l¤j¡fjhf Ïšiy. 

MæD«, x¥Õ£lséš Mutif rh®ò 
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nk«g£l fâ¥òfis¤ jU»wJ. 

Ï¥g©ò F1  kÂ¥ÃèUªJ bjëth»wJ. 

bghJthf Áwªj SVM  khÂçfŸ f‰Ã¤jš, 

rçgh®¤jš f£l§fëš ga‹gL¤j¥glhj 

btë¥òw¤ juÎ¤ bjhF¥òfis¡ 

bfh©L nrhÂ¡f¥g£l Ãwnf V‰W¡ 

bfhŸs¥gL»‹wd. Ï«Kiwæ‹ 

Áw¥g«rkhdJ cUkh‰w¥g£l btëæš 

gçkhz¤ij rhuhkš MjuÎ bt¡l®fë‹ 

v©â¡ifia rh®ªÂU¥gnjahF«. 

Mifahš SVM Kiw k‰w ÏaªÂutê f‰wš 

KiwfnshL x¥ÃLifæš  äif¥gL¤Jjš 

Ãu¢ridfis bgUksÎ Fiw»wJ.

Mutif rh®Ãš brašÂwid Ãw 

têKiw nahL x¥Õ£L¡ F¿æl Mutif  

rh®ò tê fâ¥òfŸ Drugmint [9] v‹w 

tiyjs¡jUé bfh©L x¥Ãl¥g£ld. 

btë¥òw juÎ¤ bjhF¥ÃYŸs 12 

_y¡TWfŸ Ïj‰F ga‹gL¤j¥g£L 

KoÎfŸ m£ltiz-5 Ïš ju¥g£LŸsd.  
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m£ltizæš fhz¥gL« 

x¥Ãl¥g£l braš Âw‹ KoÎfëUªJ 

gšYW¥ò¡nfhit rh®ò rh®ªj 

Ïašgh¡f¥g£l étç¥gh‹fŸ 83.3% 
rçahd fâ¥òfis jU»‹wd, vd 

m¿aKoÍ«. k‰wÃw khÂçfŸ ÂU¥Âa‰w 

fâ¥ò fisna jªÂU¡»‹wd. 

tiyaf¢ nritahd ou¡ä©L« 33.3% 

fâ¥igna RahÂd¤ juÎ¤ bjhF¥Ã‰F 

jªJŸsJ. Ï§F neh¡fnt©oa K¡»a 

m«rbkåš, ou¡Fä©L« SVM Kiwia 

ga‹gL¤J»wJ. Mdhš f‰wY¡F 

äf¥Ãukh©lkhd juÎ¤bjhF¥ig 

gšntW _y¡TW juÎ _y§fëèUªJ 

[Sources] bgWtnjhL gšntW _y¡TW 

étç¥gh‹fisÍ« ga‹gL¤J»wJ. 

Mdhš tot« rh®ªj étç¥gh‹fŸ 

ÏÂš ml§féšiy. Ïªj¥ Ã‹dâæš, 

tot« rh®ªj étç¥gh‹fë‹ cjénahL 

gšYW¥ò¡ nfhit rh®ig, Ïašgh¡f¥g£l 

juÎfnshL ga‹ gL¤j¥gL«nghJ 

e«Ã¡ifô£l¡Toa kUªjh¡f _y¡TW 

fâ¥òfis¥ bgwKoÍ« v‹gJ rh¤Âa 

kh»wJ. 
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gl« 3.  gšntW SVM khlšfë‹ fâ¥ò 

brašÂw‹

KoÎiu

_y¡TWfis bkŒãf® Kiwæš 

nj®ª bjL¤jš v‹gJ kUªJUth¡f¢ 

bragh£oš ga‹gL¤j¥gL« tH¡fkhd 

brašKiwahF«. Ïªj MŒéš MjuÎ 

bt¡l® khÂçfŸ cUth¡f¥ g£L 

m§Ñfç¡f¥g£l k‰W« òydhŒÎ 

ãiyæš cŸs 59 _y¡TWfë‹ ÛJ 

kÂ¥Ãl¥g£ld. 100% Jšèa MjuÎ 

bt¡l® khÂç 41 _y¡TWfis bfh©l 

gæ‰Á fz¤Âdhš mila¥g£lJ. 

Ïašgh¡f¥g£l étç¥gh‹fis¡ 

cŸsl¡»a  gšYW¥ò¡nfhit rh®ò 

bfh©l khÂç _y« rçgh®¥ò  nrhjid 

f£l§fëš Kiwna 66.7%  k‰W« 75% 

Jšèa fâ¥òfŸ bgw¥g£ld. k¤njÍ 

Ïz¡f kh¿èÍ« Ï¥gF¥ò¢nrhjidæš 

mÂf msÎ Ïz¡f¤j‹ikia  btë¥ 

gL¤ÂaJ. Ï¢nrhjidæ‹ _y« bgw¥g£l 

KoÎfŸ gšYW¥ò¡nfhit rh®Ã‹ Âwid 

Ôéu kÂ¥ Õ£o‰F Ãwtif _y¡TWfis¡ 

bfh©L  c£gL¤Jtj‰F« bjhl® MŒ 

é‰F«  C¡fkë¡»‹wd.
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Ma;Tr; RUf;fk;:

gp];kj; nly;YiuL (Bi2Te3) kw;Wk; Nfhghy;l; Mz;bkdp (CoSb3) Nghd;w 
kPEz;nghUl;fs; ,urhad Kiwahy; jahhpf;fg;gl;lJ. ,t;thW jahhpf;fg;gl;l 
kPEz;gbfq;fs; mjpf mOj;jjpw;F cl;gLj;jp ngy;yl; (Pellets) nra;ag;gl;L 
caH ntg;gepiyapy; gjg;gLj;jgl;lJ.  caH ntg;gepiyapy; ngy;yl; tbtpyhd 
kPEz;gbfq;fs; epiykhw;wk; kw;Wk; gbf cUtpaypy; khw;wk; miltijAk; 
Ma;Tnra;ag;gl;lJ.  jahhpf;fg;gl;l Bi2Te3 kPEz;gbfkhdJ Gyk; ckpo;T 
vyf;l;uhd; Ez;Nzhf;fp nfhz;L gFf;fg;gl;ljpy; kPEz; Jfs;fs; 60 Kjy; 
70mm tiuapyhd Nfhs tbtpyhdJ vd mwpag;gl;lJ. ntt;NtW tifahd 
fl;l epiyapy; cs;s Bi2Te3  d; gbf mikg;G XRD %yk; gFg;gha;T nra;ag;gl;lJ. 
Bi2Te3 kPEz;gbfkhdJ fdrJu Jfs;fs; NkYk; gbf tsh;r;rpailtjw;fhd 
XusF gbfkhfTk; njhpfpwJ. ,g;gbfj;jpd; msT rpy ikf;uhd; Kjy; 10 
ikf;uhd; msT tiu ,Uf;fpwJ. rPngf; FzfkhdJ CoSb3 kPEz;gbfj;jpd; rpwpa 
ngy;yl; (Pellets)  %yk; mstplg;gl;Ls;sJ. ,J ntt;NtW ntg;gepiyfSf;F 
rPngf; Fzfk; mjpfhpj;J cs;sij fhl;LfpwJ. mLj;j Ma;thdJ jFe;j 
ntg;gepiyfSf;F cfe;j msT CoSb3 nghUl;fisf; nfhz;L mstplg;gl;ljpy;> 
rPngf; Fzfk; kpifahf cs;sij fhl;LfpwJ.





K.mutpe;jd;a> gh.Mde;jd;b> j.uh[d;ghGc> K.moFuh[d;d> 
tP.kzpKj;Jd> ah.`fthe> uh.n[aNty;a

a. ehNdh mwptpay; kw;Wk; njhopy;El;g ikak;> mz;zh gy;fiyf;fofk;> nrd;id-600 025. 
b. ,aw;gpay; Jiw> jpUNfhioe;jpag;gH muR fiyf;fy;Y}hp> tpUj;jhryk;> 606 001> ,e;jpah

mwptpay; Gyk;> VIT gy;fiyf;fofk; NtY}H-632 014> ,e;jpah. E-mail: sunvag@gmail.com

1. Kd;Diu:

jw;NghJ kw;Wk; mLj;j jiyKiwf;F 
tpiuthf mjpfhpj;J tUk; Mw;wy; NjitAk; 
Rw;Wr;#oy; gpur;ridfSk; ,uz;L Kf;fpa 
gpur;ridfs; MFk;. fopT ntg;gj;ij kpd; 
Mw;wyhf khw;Wtjw;fhd ek;gpf;ifA+l;Lk; 

topfspy; ntg;g kpd;dhw;wy; khw;wk; 
Kf;fpakhdjhFk;. ,jpy; ntg;g kpd; 
kPEz;nghUl;fs; mjpfkhd ftdj;ij 
ngw;Ws;sJ> Vnddpy; jhdpz vy;iyapy; 
mjpfkhd / Nghdhd; rpjwy; fhuzkhf 
ntg;g kpd;dhw;wy; khw;wk; gUikahd 
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nghUl;fistpl caph; nray;jpwd; mjpfhpj; 
Js;sJ. gp];kj; nly;YiuL (Bi2Te3) ed;F 
mwpag;gl;l Fiwe;j ntg;gepiy nfhz;l 
nghUs; kw;Wk; eilKiw nray;ghl;bw;F 
cfe;j tzpf hPjpahf fpilf;ff;$baJ. 
Bi2Te3  jahhpf;f Muha;r;rpahsh;fshy; 
ngUk; Kaw;rpfs; Nkw;nfhs;sg;gl;l jU 
zj;jpy; mjpf msT jahhpf;f kpfTk; rpf;f 
yhdJ> ,J mjp etPd ,aq;Fjsq;fs; 
kw;wk; cah; Mtp mOj;jk; fhuzkhf mjp 
etPd mikg;Gfs; Njitg;gLfpwJ (1-4). 

NkYk; Bi -Te fl;l tiuglj;jpd;gb> 
,e;j fyit Bi Te ed;F Bi4Te3 kw;Wk; Bi3Te4 
Nghd;w gy fl;lq;fis nfhz;Ls;sJ. 
gp];kj; nlhpyiul; (BTA) fl;likg;Gfs; 
midj;Jk; mWNfhz rkr;rPh; kw;wk; nghpa 
‘C’ mr;rpapd; Gs;spfis xj;j mLf;F 
mikg;Gfisf; nfhz;l khwpapfshf 
cs;sJ. (3>4) ntg;g kpd; gz;Gfs; 
kPJ fyg;G BTA fl;lq;fspd; tpisT 
mhpjhfNt Muhag;gl;lJ. (4>5) Nfhghy;l; 
Mz;b Nkidl; CoSb3 cah;ntg;gepiy 
nray;Kiwfs; kw;Wk; J}s; cNyhftpay; 
Kiwfs; %yNk jahhpf;fg;gllJ. Mdhy; 
,k;Kiwapy; nghUl;fspd; ntg;g flj;Jj; 
jpwidf; fl;Lg;gLj;Jk; Kf;fpa fhuâahf 
,Uf;Fk; nghUl;fspd; Ez;Zaphpfis 
fl;Lg;gLj;JtJ fbdk;. CoSb3 ,d; ntg;g 
fl;lj;Jjpwd; Fiwf;f kpfTk; mtrpak;. 

kPEz; tbt nghUl;fspd; jhdpa 
vy;iyfis Nghdhd; rpjwy; mjpfhpf;f 
xU jpwikahd top ngy;yilap];L 
kPEz; nghUl;fs; ,jd; Nehf;fk; Fiwe;j 
ntg;gepiy ntg;g kpd; gad;ghLfSf;F BTA 
nghUs; kw;Wk; CoSb3  I fl;Lg;ghl;Lj;Jk; 
kPEz; nghUl;fshf gad;gLj;jg;gLfpwJ.

2. jahhpg;G :

BTA kPEz; nghUl;fs; gp];kj; 
FNshiuL> Mz;bkdpf; FNshiuL 
kw;Wk;  gbf tbf nlY}wpak; Mfpatw;iw 

%yg;nghUl;fshff; nfhz;L ,urhad 
Kiwahy; jahhpf;fg;gl;lJ. ehNdh CoSb3 
ahdJ CoCl2 kw;Wk; SbCl3 nfhz;L NaOH

4
 

I nfhz;L Fiwj;J jahhpf;fg;gl;lJ. vjph; 
tpidfyk; kw;Wk; CoSb3 xUq;fpize;j 
ntg;gepiy 70oC cfe;jjhf Rkhh; 
3 kzp Neu vjph; tpid fyj;jpy; 
ngwg;gl;lJ. jahhpf;fg;gl;l nghUs; mjpf 
mOj;jk; kw;Wk; cah; ntg;gepiyapy; 
gjg;gLj;jg;gl;lJ. ngy;yl;lhf;fg;gl;lJ 
,t;thW jahhpf;fg;gl;l ngy;yl; (Pellets) 
%d;W ntt;NtW ntg;g epiyfspy; 
Mh;fhd; (organ) tsp mOj;jj;jpy; gjg; 
gLj;jg;gLfpwJ. gpd;dh; X-fjph; rpijT gbf 
gFg;gha;T (XRD) Gyk; ckpo;T gFg;gha;T 
vyf;l;uhd; Ez;Nzhf;fp (FESEM)> khw;W 
vyf;l;uhd; Ez;Nzhf;fp (TEM) kw;Wk; 
X-fjph;Nghl;lhd; vyf;l;uhd; Ez;Nzhf;fp 
(XPS) khzp nfhz;L Muhag;gl;lJ.

KbTfs; kw;Wk; tpthjk;:

jahhpf;fg;gl;l Bi2Te3 kPEz;gbfkhdJ 
Gyk; ckpo;T vyf;l;uhd; Ez;Nzhf;fp 
nfhz;L gFf;fg;gl;ljpy; kPEz; Jfs;fs; 
60 Kjy; 70mm tiuapyhd Nfhs 
tbtpyhdJ mwpag;gl;lJ. ,ij glk; 1 
y; fhzyhk;. ntt;NtW tifahd fl;l 
epiyapy; cs;s Bi2Te3d; gbf mikg;G 
XRD %yk; gFg;gha;T nra;ag;gl;lJ. ,jpy ; 
Bi2Te3 d; fl;l epiyahdJ khw;wkile;J 
nlY}hpak; Fiwe;J  BiTe Mf cah;e;j 
ntg;gepiyapy; njhpfpwJ. BiTe MdJ 
400oC ntg;gepiyapy; epiyahf cs;sJ. 
mjpf ntg;gepiyapy; nlY}hpak; Mtpahfp 
cs;sij cWjpg;gLj;jg;gLfpwJ. 

glk;-1(b)y; CoSb3 ehNdhgbfj;jpy; 
vyf;luhd; Ez;Nzhf;fp %yk; gFg;gha;T 
nra;j glj;ij fhzyhk;. fdrJu tbt 
Nfhghy;l; Md;bkdp ehNdh gbfk; 
Jfs;fs; njd;gLtij fhl;LfpwJ. kw;Wk; 
Fiwe;j msNt Jfs;fs; xd;Wld; xd;W 
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fye;J ,Ug;gijAk fhl;LfpwJ. NkYk; 
Gwg;gug;gpy; cs;s fdrJu Jfs;fs; 
NkYk; gbf tsh;r;rpailtjw;fhd XusF 

glk;-1 (a) Bi2Te3  kw;Wk; (b) CoSb3 
ehNdhgbfj;jpy; vyf;luhd; Ez;Nzhf;fp 
%yk; gFg;gha;T nra;j glj;jpidf; 
fhzyhk;. 

glk;-2 (a)  rPngf; tpisT %yk; 
,g;nghUl;fspd; BiTe ntg;g kpd;Ndhl;lk; 
rPNgf; Fzfk; mstplg;gLfpwJ. mjhtJ 

ntg;gepiyapy; Fsph; epiyapYk; itj;J 
mstplg;gLfpwJ. ,jpy; gjg;gLj;jg;gLk; 
ntg;gepiy mjpfhpf;Fk; NghJ rPngf;fpd; 
Fzfk; mjpfhpf;fpwJ. kw;Wk; kpd; vjph;g;G 
FiwfpwJ. 300oC –y; BiTe kw;Wk; Bi2Te3d; 
fyitapy; epiyfl;l epiyapy; rPngf; 
Fzfk; kw;Wk; Mw;wy; fhuzp mjpfkhf 
cs;sij mstpl KbfpwJ.

gbfkhfTk; njhpfpwJ. ,g;gbfj;jpd; msT 
rpy ikf;uhd; Kjy; 10 ikf;uhd; msT 
tiu ,Uf;fpwJ.
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glk;-2 (a) Bi2Te3  kw;Wk; (b) CoSb3 ehNdh 
gbfj;jpy; ntt;NtW ntg;gepiyfSf;F 
rPngf; Fzfq;fs;; fzf;fpl;Ls;sijg; 
tiug;glj;jpy; fhzyhk;. 

rPngf; FzfkhdJ CoSb3 
kPEz;gbfj;jpd; rpwpa ngy;yl; (Pellets)  
%yk; mstplg;gl;Ls;sJ glk;-2(b) y; 
ntt;NtW ntg;gepiyfSf;F rPngf; 
Fzfk; mjpfhpj;J cs;sij fhl;LfpwJ. 
mLj;j Ma;thdJ jFe;j msT CoSb3 

nghUl;fisf; nfhz;L mstplg;gLfpwJ. 

KbTiu:

gp];kj; nly;YiuL (Bi2Te3) kw;Wk; 
Nfhghy;l; Mz;bNkhdp (CoSb3) 
kPEz; nghUl;fs; ,urhad Kiwahy; 
jahhpf;fg;gl;lJ. ,t;thW jahhpf;fg;gl;l 
kPEz;gbfq;fs; mjpf mOj;jj;jpw;F 
cl;gLj;jp ngy;yl; (Pellets) nra;ag;gl;L 
caH ntg;gepiyapy; gjg;gLj;jgl;lJ.  
caH ntg;g epiyapy; ngy;yl; tbtpyhd 
kPEz;gbfq;fs; epiykhw;wk; kw;Wk; 

gbf cUtpaypy; khw;wk; miltijAk; 
Ma;Tnra;ag;gl;lJ. jahhpf;fg;gl;l 
Bi2Te3 kPEz;gbfkhdJ Gyk; ckpo;T 
vyf;l;uhd; Ez;Nzhf;fp nfhz;L 
gFf;fg;gl;ljpy; kPEz; Jfs;fs; 60 Kjy; 
70mm tiuapyhd Nfhs tbtpyhdJ 
mwpag;gl;lJ. ntt;NtW tifahd fl;l 
epiyapy; cs;s Bi2Te3 d; gbf mikg;G 
XRD %yk; gFg;gha;T nra;ag;gl;lJ. 
Bi2Te3 kPEz;gbfkhdJ fdrJu Jfs;fs; 
NkYk; gbf tsh;r;rpailtjw;fhd XusF 
gbfkhfTk; njhpfpwJ. ,g;gbfj;jpd; msT 
rpy ikf;uhd; Kjy; 10 ikf;uhd; msT 
tiu ,Uf;fpwJ. rPngf; FzfkhdJ CoSb3 

kPEz;gbfj;jpd; rpwpa ngy;yl; (Pellets)  
%yk; mstplg;gl;Ls;sJ ntt;NtW ntg;g 
epiyfSf;F rPngf; Fzfk; mjpfhpj;J 
cs;sij fhl;LfpwJ. mLj;j Ma;thdJ 
jFe;j ntg;gepiyfSf;F cfe;j 
msT CoSb3 nghUl;fisf; nfhz;L 
mstplg;gl;ljpy;> rPngf; Fzfk; kpifahf 
cs;sij fz;lwpag;gl;lJ.
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Ma;T RUf;fk;: 

ntg;g ePh;k fhpahjy; Kiwia gad;gLj;jp fhh;gd; kPEz;Jfs; rhj;Jf;Fb 
Njhy;> (citrus limetta) vYkpr;ir Njhy; (citrus limm) kw;Wk; thioj;jz;L (Musa 
Paradisiaca Pseudo stem) Mfpaitfs; Kjd;ik nghUl;fshf nfhz;L 
njhFf;fg;gl;lJ. Fiwe;j fNyhhp kjpg;Gk; tzpf gad;ghl;by; ,y;yhj fopT 
ypfNuh nry;ypaNyhrpf;if (lignecellulosic) caph;jpus; fhh;gd; kPJfs;fis 
xsp xsph;T ckpo;jy;> Nkw;gug;G Ntjpapay; kw;Wk; Gw Cjh epwkhiy %yk; 
cWjp nra;ag;gLfpwJ. ,Ul;L miw xsp xsph;T ckpo;jy; Ma;tpd; Fthz;;lk; 
tpistpdhy; fhh;gd; kPEz;Jfs;fs; gr;irepw xsph;jiy jUfpd;wJ. G+hpah; 
cUkhw;W mfr;rpfg;G epwkhiykhdp fhh;gd; kPEz;Jfs;fs; ePl;bfs; kw;wk; 
tisTfspd; mjph;Tfis Muha gad;gLfpwJ. i`l;uhf;rpy; kw;Wk; fhh;ghf;rpy; 
rhh;G FOf;fs; fhh;gd; kPEz;Jfspy; mit ePh;gug;G jd;ikAilajhfpwJ. Gw 
Cjh fl;Gyd; epwkhiykhdpapy; cl;ftUk; cr;rpfs; 230-370nm miyePs 
tPr;rpw;F ,ilNa cs;sJ. fhh;gd; kPEz;Jfs;fs; ,Ug;gjhy; MFk;. khjphpfs; 
Nkw;gug;G cUtfg; gz;Gfs; thp fz;Nzhl;l vnyf;l;uhd; Ez;Nzhf;fp 
%yk; Muhag;gl;lJ. njhFf;fg;gl;l fhh;gd; kPEz;Jfs;fs; Ntjp czh;tp 
xsp vnyf;uhdpay; caph; kUj;Jtk;> kw;Wk; tpidA+f;fpfs; Nghd;w tphpthd 
gad;ghl;bw;F gad;gLfpwJ.

Kf;fpa thh;j;ijfs;: ntg;gePh;k fhpahjy;> caph;jpus;> fhh;gd; kP Ez;Jfs;fs;> 




gp. NkHrp n[f;Nfhypd;> n[.gp. khjd;fp kw;Wk;  
vk;. N`yd; fyhtjp

,urhad nghwpapay; Jiw> A.C. Tech, mz;zh gy;fiyf; fofk;> nrd;id- 25
jkpohf;fk;: [p. G+q;nfhb> fhapNjkpy;yj; muR kfspu; fy;Y}up> nrd;id. 
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njhFg;G> gz;ghf;fk;.

1. Kd;Diu :

Rw;Wr;#oy; ghJfhg;ghd gr;ir 
cj;jpahdJ kpf mj;jpahtrpakhdJ 
Vnddpy; cyfshtpa gpur;ridfspy; 
Rw;Wr;Roy; njhlh;GilaJk;> Kjd;ikahf 
Kd;NdWtJk; MFk;. ,e;jpah> mnkhpf;fh> 
gpypigd;];> kw;Wk; irdh Nghd;w ehL 
fspy; gjg;gLj;jTk;> fl;Ltjw;Fk;> 
tpdpNahfk; nra;aTk;> goq;fs; kw;Wk; 
fha;fwpfis KOikahf %lTk; Rkhh; 
55 kpy;ypad; ld; caph;jpus; fopTfs; 
vLf;fg;gLfpd;wJ. Tpthra jpl fopTfspd; 
Kf;fpa gFjpahdJ ePh;epiyfspy; 
my;yJ epyq;fspy; jpzpg;gJ Rw;Wr;Roy; 
mr;RWj;jyhfpwJ. ,e;j jpzpj;jy; 
Kiwf;F gjpyhf fopTfis kWRow;rp 
nra;J fhy;eilfSf;F czthfTk; 
my;yJ mjpfhpf;fg;gl;l kjpg;Gf;$l;L 
tpisnghUshfTk; khw;WtjhFk; (2). 

caph;jpushdJ fhh;gd; kPPEz;Jfs; 
fis njhFf;Fk; kpfr;rpwe;j nghUshFk;. 
,J tpiyAila tzpf hPjpahd midj;J 
fhh;gd;fSf;Fk; Xh; khw;whFk; (3). 
tptrhak; rhh;e;j nghUl;fs; nghJthf 
caph;jpus; vdg;gLk;. ,e;j nghUl;fs; 
vilFiwthfTk; Giuj;jd;ikAld; 
i`l;uhf;rpy; kw;Wk; fhh;ghf;fpy; rhh;G 
FOf;fs; Nkw;gug;gpy; ,izf;fg;gl;Ls;sJ. 
Fiwe;j rhk;gy; kw;Wk; vspjpy; MtpahFk; 
jd;ik mjpfkhf ,Ug;gJ caph;jpus;fs; 
mbg;gil fhh;gd; cwpQ;R nghUl;fs; 
cUthf;Fk; tpid nghUshfpwJ. Mdhy; 
%yg; nghUs; epiyapy; caph; jpus;fs; 
Fiwe;j Nkw;gug;G xOq;fpy;yh Giu msT 
guTjy; kw;Wk; jput nghUl;fs; frpjy; 
Nghd;w rpf;fy;fis re;jpf;fpd;wJ. 

vdNt caph;jpus;fshtJ gy;NtW 
ntg;g-Ntjp elj;JKiw gjg;gLj;jy; kw;Wk; 
miuf;Fk; KiwfSf;F cl;gl;L Njithd 

kPEz; msT fhh;gd; nghUl;fs; cUthf;fg; 
gLfpwJ (4). fhh;gd; mbg;gilapyhd 
kPEz;Jfs;fs; (He) 2s22p2 kpd;dpay; 
fl;likg;ig njhlh;e;J 100mm f;F 
Fiwthd tpl;lKilajhy; kw;w ,aw; 
gz;Gfs; mjhtJ CNPapd; Nkw;gug;G 
fl;likg;G kPEz; Jfs;fs; njhFf;Fk; 
cj;jpia rhh;e;jjhFk;. fpsh;r;rpA+l;lk; 
%yk; cUthf;fg;gl;l CNP-fs; GiuAs;s 
Nkw;gug;G> kPEz;Jfs;fs; gpizg;Gf;Fk;> 
Ntjp tpidf;Fk;> cwpQ;rp rhh;Gfs; kw;Wk; 
mjpf Nkw;gug;ig cUthf;FfpwJ.

mjpf Mw;wy; ge;J miuj;jy;> Jbg;G 
Mtp gbjy;> Ntjp fPo;gbjy;> madp 
cl;GFjy;> Nyrh; ntg;gj;jhf;F $o; fiury; 
kw;Wk; ntg;g ePh;k fhpahjy; Mfpaitfs; 
nghJthf fpilf;fg;gl;l CNPI njhFf;Fk; 
cj;jpfshFk; (5>6>7>8) ,e;j Kiwfspy; 
Fiwe;j ,af;F epiyik kw;Wk; ve;jtpj 
Ntjp mwpg;G gjdply; ,y;yhikAila 
ntg;g ePh;k fhpahjy; Kiw mjpf Nkk;gl;l 
kw;Wk; nghUshjhuj;jpw;F cl;gl;l cj;jp 
vd epUgpf;fg;gl;lJ (9) kpf rhjhuz 
Kiw vd;gjhy; ntg;g ePh;k fhpahjy; 
,e;j Muha;r;rpf;F CNP I cUthf;f 
cl;gLj;jg;gl;lJ.	

ntg;g ePh;k ntg;g fiujy; fhpahjy; 
(HTC) MdJ Fiwe;j ntg;gepiy> 
mOj;jj;jpw;Fl;gl;l Kiw NkYk; gy;Jiw 
gjdply; Nghd;wit tptrha jpl fopT 
kPEz;Jfs; fhh;gdhf khw;WfpwJ. 
filrp nghUs; mjhtJ CNPI Rygkhf 
jdpj;Jtplyhk; NkYk; Fwpg;gpl;l ,aw;Ntjp 
gz;Gfspy; %yg; nghUl;fsplkpUe;J> 
NtWgLfpwJ gy;NtW %yg; nghUs;fs; 
nghUshjhu Nkk;ghl;by;yhky; NkYk; mjpf 
fNyhhp kjpg;Gld; jpwdhag;gl;Ls;sJ. 
Rygkhf fpilf;f $ba fha;r;rp vLf;fg;gl;l 
jpl Ntshz; fopthdJ Kjd;ik 
nghUshf Njh;T nra;ag;gl;Ls;sJ. NkYk; 
CNPMdJ HTC Kiwapy; njhFf;fg;gl;lJ.
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nghUl;fs; kw;Wk; Kiwfs;:

tpidg;nghUl;fs;:	 vj;jdhy;>fe;jf 
mkpyk;> ilFNshNuh kPNjd; Nghd;wit 
rp];Nfhhp  rh;r;  Nyghul;hp gpiuNtl; 
ypkpnll;Lk; FSNfh]; nrd;uy; buf; ̀ T]; 
gpiuNtl; ypkpnll;ypUe;Jk; thq;fg;gl;lJ. 
NkYk; Nrhbak; i`NghFNshiul; MdJ 
rpf;kh My;hpr;ypUe;J thq;fg;gl;lJ. 
midj;Jk; gFg;gha;T rhh; juk; 
tha;e;jjhFk;.

2.2. ntg;g ePh;k fhpahjy; %yk; 
CNP-d; njhFg;G:

Gjpa rhj;Jf;Fb (Citrus limetta) 
Njhy; (SLP) MdJ nrd;idapYs;s 

gor;rhW filapy; Nrfhpf;fg;gl;lJ. 
Njhy;fs; thiytbePh; %yk; fOtg;gl;L 
FWkzpfshf msT Fiwf;fg;gl;lJ. 
rk msT SLP kw;Wk; FSNfh]; 
vLj;J fyf;fg;gLfpwJ. NkYk; thiy 
tbePh; Nrfhpf;fg;gLfpwJ. ,J ed;F 
fyf;fg;gLfpwJ. gpd; xUehs; KOtJk; 
fyf;fhky; itf;fg;gLfpwJ. gPf;fhpy; cs;s 
fiurypd; epwk; gr;irahfpwJ. ,J NkYk; 
4 kzp Neuj;jpw;F Fiwe;j ntg;g epiyapy; 
nlg;yhd; mOj;j fydpy; itf;fg;gl;L gpd; 
,ay;ghf Fsph;tpf;fg;gLfpwJ. fUk; gOg;G 
epw kpjf;fpd;w fiury; fpilf;fpwJ. ,J 
tbfl;lg;gl;L ik ePf;fg;gl;L Ma;Tf;Fk; 
gad;gLj;jg;gLfpwJ. 

glk;- 1. SLP-d; CNP nghUs; (a) short UV 254 nm (b) long UV 365nm (c) visible light

(a) (b)

(c)
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vYkpr;ir  Njhiy (LP) I nrd;idapy; 
cs;s gor;rhW filapy; Nrhpf;fg;gl;L 
thiy tbePh; %yk; #hpa xspapy; 
cyh;j;jg;gLfpwJ. Njhy; ntg;g fydpy; 
cyh;j;jg;gl;L <ug;gjj;ij ePf;fp 5-10 kp.kP 
mstpw;F Fiwf;fg;gLfpwJ. Njhy;fs; 
Fiwe;j ntg;gepiyapy; 10 kzpNeuk; 
ciymLg;gpy; itj;J fhpahf;fg;gLfpwJ. 
4 fp Kd; nraw;gLj;jp gpd; Njhy; vLj;J 
nfhs;sg;gl;L 0.1M H2SO4 fiury; 
fOtg;gl;L thiy tbePhpy; mryg;gl;L 
tbfl;b 150oCy; 3 kzp Neuk; fLfhw;W 

mbg;gpy; cyh;j;jg;gl;lJ. nraw;gLj;jpa 
Njhy; Nrhbak; i`l;NuhFNshiuL 
fiurypy; fyf;fg;gl;L miw ntg;g 
epiyapy; 4 kzp Neuk; itf;fg;gl;lJ. 
gpd; PH 7 mila ePhpy; fOtg;gl;lJ. 
Mf;rp[Ndw;wg;gl;l LP ePhpy; Nrh;f;fg;gl;L 
nlg;yhd; %bAs;s mOj;j miwfspy; 
180oC ,uT KOtJk; itf;fg;gLfpwJ. 
gpd; Fsph;tpf;fg;gl;L mlh; gOg;Gepwj;jpy; 
kpjf;fpd;w fyitahdJ thiy tbePUld; 
fyf;fg;gl;L il FNuhNkh kPj;NjDld; 
fye;J fhpk gq;Ffs; ePf;fg;gLfpd;wJ. Ila 
tpyf;F kw;Wk; mstPLfs; nra;ag;gl;L 
fiury; gphpf;fg;gLfpwJ.

(a) (b)

(c)

glk;- 2. LP-d; CNP nghUs; (a) short UV 254nm (b) long UV 365nm (c) visible light
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thioj;jz;L (Musa Paradisiaca 
Plant) BP nrd;idapy; cs;Sh; filapy; 
Nrfhpf;fg;gl;lJ CNP MdJ BP fspypUe;J 
HTC Kiwia gad;gLj;jp njhFf;fg;gl;lJ. 
BPS MdJ ePhpy; fOtg;gl;L khRf;fs; 
ePf;fg;gLfpd;wdJ. NkYk; rhW vLg;ghd; 
%yk; rhW gpope;njLf;fg;gLfpd;wJ. 
Xh; nlg;yhd; mOj;j miwfydpy; 20 
kp.yp BP rhW  30 kp.yp vj;jdhYld; 
180oCy; 2 kzp Neuk; #lhf;fg;gLfpd;wJ. 
Tpid Kbe;j gpwF> mOj;j miwfyd; 
Fsph;tpf;fg;gLfpwJ. mlh;e;j gOg;G epw 
kpjf;Fk; fiuryhdJ ilFNuhNkh kPj;Njd; 
%yk; fOtg;gl;L tpidapy; <Lglhj fhpk 

nghUl;fs; ePf;fg;gLfpwJ. 10 epkplk; 4000 
rpm ika tpyf;fk; nra;ag;gl;L Fiwe;j 
ckpo;jYila tPo;gbjy;fs; ePf;fg;gLfpwJ.

2.3. CNP gz;ghf;fk;

kPEz;Jfs;fspd; Uv-VIS-IR xspf;F 
nrayhw;Wfpd;w KbTfspd; gz;ghf;f 
cr;rp mjd; msT> tbtk; nrwpT> jpuz;l 
epiy kw;Wk; xsp tpyfy; vz; Mfpatw;iw 
nghUj;jjhFk;. vdNt epwkhiykhdp 
cj;jpahdJ xU nghUspd; fz;lwpaTk;> 
gz;ghf;fTk; rf;jptha;e;j Ma;thFk;.

CNP fpuhg;igl; mikg;Gk; UV xspf;F 
cl;gLk;nghOJ gr;irepw xsph;Tk; czug; 

(a) (b)

(c)

glk;- 3. BPS-d; CNP nghUs; (a) short UV 254nm (b) long UV 365nm (c) visible light
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gLfpwJ. UV epwkhiy cj;jpapd; nghOJ 
khjphpahdJ UV xspapy; itf;fg;gl;L 
xsp fz;lwpthdy; %yk; xspr;rpjwy; 
Kiwapy; Muhag;gLfpd;wJ. `pl;lhrp 
U-2000 MdJ cwpQ;R epwkhiy Ma;tpw;F 
gad;gLj;jg;gl;lJ. caph;jpus;fs; CNPI 
njhFf;f gad;gLj;jg;gl;ljhy; 200-
300mm ,ilg;gl;l gFjpapy; $uhd 
cr;rpfs; ngwg;gl;ld. ,J Gwcj fl;Gyd; 
gFjpahFk;. thp fz;Nzhl;l vyf;l;uhd; 
Ez;Nzhf;fp CNPd; Nkw;gug;G cU 
tj;ij Muha gad;gl;lJ. JEOC JSM-
6300 F Gy ckpo;T CNP d;, SEM glq; 
fs;  gjpT nra;ag; gad;gl;lJ. madp 
rpjwy; G+r;rhdJ khjphpfspd; kPJ 
jq;f G+r;Rf;F Njitg;gl;lJ. mj 30 kp 
Mk;gpah; kpd;Ndhl;lk; 3 - 5 epkplj;jpw;F 
Njitg;gl;lJ. 

CN CNPd;,  SEM glq;fs; nt;NtW 
,lq;fs; kw;Wk; njspTj;jpwDf;F gjptplg; 
gl;lJ. G+hpah; cUkhw;w mfr;rptg;G 
epwkhiykhzpahdJ khjphpapd; Nkw;gug;G 
rhh;Gfs; FOf;fs; -OH-CH-COOH-NA 
kw;Wk; NH2 Nghd;wtw;iw fz;lwpa Kf;fpa 
fUtpahFk;. CNP d;> Ntjp fl;likg;ghdJ 
khjphp mfr;rptg;G fjphpaf;fj;Jld; 
cl;nraw;gl;Ltjhy; MFk;. BRUKER fUtp 
ahdJ CNPd;> khjphpfspd; epwkhiyfis 
miy vz; 4000-5000 nr.kP-1  tPr;rpy; gjpT 
nra;ag;gl;lJ. khjphpfspd; rhh;G FOf; 
fspd; tifahdJ CNP d; njhFg;gpd; 
gad;gLj;jg;gl;l %yg; nghUs; kw;Wk; 
njhFg;G Kiwia rhh;e;jhFk;.

3.KbTfs; kw;Wk; tpthjq;fSk;:

3.1 ,Ul;L miw xsp xsph;jy; Ma;T:

fpilf;fg;gl;l tpidg;nghUl;fs; 
,Ul;liw xsp xsph;T Fiwe;j UV 
tPr;R 254nm mjpf UV tPr;R 365nm 
kw;Wk; fl;Gyd; xspia gad;gLj;jp 
Ma;Tf;Fl;gLj;jg; gl;lJ. 	glk; 1> 2 kw;Wk; 

3ypUe;J xsph;T ckpo;T 254nm UV apy; 
fpsh;r;rpAw;W czug;gl;lJ. xsph;thdJ 
Kf;fpakhf mjpf Mh;gpl;lhYf;Fk; 
Fiwe;j Mh;gpl;lhYf;Fk; ,ilNa cs;s 
Mw;wy; NtWghl;lhy; cz;lhfpwJ. UV xsp 
cwpQ;rg;gl;L mZtpd; fpsh;r;rp epiyap 
ypUe;J filepiyf;F xsph;jiy ckpo;Tf;F 
mikjpailfpwJ. 

,e;j xspf;fhd fhuzk; ,d;Dk; 
fz;lwpatpy;iy. Mdhy; Nkw;gug;G 
kpd;D}l;l  xj;jp fhh;gd; mZf;fspd; 
rhh;G FOf;fs; njhlh;G kw;Wk; Muha;r;rp 
E}y;fspypUe;J  gy khjphpfs; mjhtJ 
Nkw;gug;G Ntjpapay; (11) Nkw;gug;G 
Fiwfs; kw;Wk; (12) ntt;NtW msT 
kPEz;Jfspd; Njh;T (Ftpz;lk; tpisT) 
(13>14) II ,izg;G msT (15)> vnyf;l;uhd; 
kpd;Jis kpd; Neh;j;jp kw;Wk; Nkw;gug;G 
tpid Klf;f ePl;rp fhuzkhfpwJ. gy;NtW 
Nkw;gug;G kpd;D}l;l Vw;Gfspd; kw;Wk; 
ckpo;T ikaq;fs; CNPd; xsp xsph;T 
gz;Gfis jhf;FfpwJ. 

rkPg fhyq;fspy; CNPapd; cUthf;fk; 
,aq;FKiw ntg;g ckpo;T caph;jpus; 
vj;jdhy; jahhpg;G Kiwg;gbahd 
Ma;thfpwJ mjpf ntg;gwpiyapy; 
ntg;g ckpo;T  Kiwapy ; fhpk   rj;J  
%yk; cUthfpwJ. ,e;j epiyapy; xsp 
ckpo;jyhdJ %yf;$W g;NyhNuhf;Nuhk;fs; 
,Ug;gjhy; mjpy; gy Nrh;e;j js my;yJ 
Row;rp %yf;$Wfs; II gpizg;G kw;Wk; 
fhpkr; rj;J %ykhFk;.

3.2 UV epwkhiy gFg;gha;T:

fpilf;fg;gl;l CNPd; khjphpfs; UV 
epwkhiykhdpapy; itf;fg;gl;L miy ePs 
tPr;R Ma;thdJ fhh;gd; kPEz;Jfs;fis 
cWjp nra;tjw;fhFk;. glk; 4 ypUe;J 200-
350nm miyePs tPr;rpy; ngwg;gl;l cr;rpfs; 
CNP ,Ug;gij fhl;LfpwJ. fiury; 
mlh;e;j epwj;jpypUe;jjhy; cwpQ;Rjy; 
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kjpg;ghdJ mjpfhpf;fpwJ. cwpQ;R cr;rpfs; 
230nm kw;Wk; 340nm    π - π* tpid 
Sp2 nlhdkd;fspd; khw;wk; kw;Wk; C=O 

gpizg;gpd; %yf;$W vnyf;l;uhd; cs; 
tpidfs; khw;wkhFk;.

glk; 5 LP ypUe;J CNP– d; mf cwpQ;R 

miyePsk; (UV) tPr;rj;jhy; ngwg;gl;l cr;rpfs;.

glk; 4 SLP ypUe;J CNP –d; mf cwpQ;R miyePsk; (UV) 
tPr;rj;jhy; ngwg;gl;l cr;rpfs;.

glk; 5 ypUe;J  200-300nm miyePs 
tPr;rj;ij ngwg;gl;l cr;rpfs; CNP fs; 
,Ug;gij cWjp nra;Js;sJ. mjpf cwpQ;R 
kjpg;G fiury; mlh; epwg;gjpy; MFk;. 
cr;rp  217nm MdJ π - π* khw;wj;jpwF 

xj;jpUf;Fk; ,J   CH2 = CH – CH, CH2 
$l;L NghyhFk;.  n - π*    kw;Wk; π - π*  
yhd 270nm cr;rp C=0 kw;Wk;  CH=0 
FOf;fspd; khw;wkhFk;.
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glk; 6ypUe;J 200-300nm miyePs tPr;R 
ngwg;gl;l cr;rpapy;; CNPfs; ,Ug;gij 
cWjp nra;Js;sJ. 340nm cr;rp mikd; 
(N=N) FOf;fspd; khw;wkhFk;. glk; 4>5>6 
ypUe;J cwpQ;R cr;rp cUthFtJ gl;il 
nrwpT kw;Wk; gl;il Fiwg;G Mfpait 
Nfhs tbt rpwpa Jfs;fs; rpwpJ jpus;fis 
nfhz;ljhFk; (19)

3.3 SEM Ma;Tfs; : 

glk; 6 BPS ypUe;J CNP – d;  
mf cwpQ;R miyePsk; (UV)tPr;rj;jhy; ngwg;gl;l cr;rpfs;.

glk; 7 (a,b,c)y; SLP, LP kw;Wk; BPS 
kPEz;Jfs;fspd; KiwNa CNP vyf;l;uhd; 
Ez;Nzhf;fpapd; gbf cUtk; (SEM) 
fhl;lg;gl;Ls;sJ 

SLP, LP kw;Wk; BPS  gad;gLj;jpa 
Nkw;gug;G cUtfq;fis Ghpe;J nfhs;s 
SEM cjTfpwJ. ,J glk; 7(a,b,c)y; fhl;lg; 
gl;Ls;sJ. kPEz;Jfs;fs; msT 60-
75nm ,ilNa cs;sJ. glj;jpypUe;J xsp 
gphpif Fiwe;Js;sij czuKbfpwJ. 
mjpf nrhpTila cah; nray; $l;L 
$o;k fiuryhdJ kPEz;nfhj;Jf;fshf 
ntw;wplj;Jld; cUthf fhuzkhfpwJ. 
,J mjpf Nkw;gug;G gUkd; tpfpjj; 
jpdhy; MFk;. NkYk; Ez;Nzhf;fpapd; 
mjpf nrhptpy; Jfs;fs; kPEz; msT 
xd;nwhnlhd;W Fok;gpAs;sJ. NkYk; 
mij jpus;fshf ehl;lKilait 
Vnddpy; Nkw;gug;G Mw;wy; mjpfk; kw;Wk; 
Jfspd; msT rpwpaJ (20)

2.4 FTIR Ma;Tfs;:

khjphpfspd; FTIR epwkhiyfs; BRUKER 
epwkhiy gad;gLj;jp mstplg;gLfpwJ. 
,e;j fUtp guT vjpnuhspg;G Kfl;by; 
cs;sJ. ,J KBR rpW cUz;ilfshf 
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gad;gLj;jp Ma;Tf;Fl;gLj;jg;gLfpwJ. 
nghb tpspk;G tpisT mstply; NghyNt 
nghb khjphpfs; FTIRf;fhf jahhpf;fg;gl;lJ. 

,e;j mstPLfs; cUthf;fg;gl;l CNP 
fspd; rhj;jpa rhh;G FOf;fis fz;lwpa 
gad;gLfpwJ.

glk; 8 SLP ypUe;J CNP apd; FTIR tisT kw;wk; ePl;rp mjph;TfSf;fhd cr;rpfs;.	

glk; 9 LP ypUe;J CNP apd; FTIR tisT kw;wk; ePl;rp mjph;TfSf;fhd cr;rpfs;.	

glk; 8ypUe;j CNP apd; FTIR tisT 
kw;wk; ePl;rp mjph;Tfs; Muhag;gl;lJ 
C=H d; fw;iwfs; ePl;rp mjph;T 3327 

nr.kP-1 cr;rpahFk; C=C fw;iwfs; ePl;rp 
mjph;T 1637 nr.kP-1 C=C ePl;rp My;f;fPh;iu 
xj;jpUf;fpwJ.
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glk; 10 BPS ypUe;J CNP apd; FTIR 
tisT kw;wk; ePl;rp mjph;TfSf;fhd 
cr;rpfs;.	 glk;10ypUe;J 3341 nr.kP 
cr;rp my;fPd;fspd; ePl;rpia xj;Js;sJ. 
fhh;ghf;rpy; mkpy ePl;rp mjph;T kw;Wk; 
mjd; top Njhd;wpfs; 2980 nr.kP-1 y; 
rpwpa cr;rpfis njhLk;. tisthdJ 
C=C ePl;rpapd; gz;Gfis1643nr.kP-
1y; fhl;LfpwJ. ePl;rp 1040 nr.kP-1 kw;Wk; 
1080 nr.kP-1 fhh;ghf; rpypf; mkpyk; ePl;rp 
mjph;Tfs; O=C=OH f;F xj;jjhFk;.

	 glk; 8>9>10 caph; %yf;$Wfs; 
njhlh;Gila rhh;G FOf;fspy; cs;sjhFk; 
CNPI xj;j IR epwkhiykhdpapid 
ftdpf;Fk;nghOJ fhh;ghf;rp kw;Wk; 
i`l;uhf;rpy; FOk kPEz;Jfs;fspd; Nkw; 
gug;gpy; ,Ug;gij fzpf;fpwJ (21).

3. gad;fs;: cUthf;fpa CNP fs; 
gy;NtW caph; kUj;Jtk;> ePh; Rj;jpfhpg;G> 
czT njhopw;rhiyfs;> fl;Ljy;> 
#hpa kpd;fyd;fs;> kUj;Jtk;> moF 
rhjdnghUl;fs;> Jzp tiffs; kw;Wk; 
Mw;wy; Nrfhpj;jy; Nghd;w gad;ghLfspy; 

gad;gLj;jg; gLfpwJ. NkYk; mjd; 
gz;Gfs;> gad;ghLfs; Muhag;gLfpd;wd.

KbTiu : 

,e;j Ma;tpy;> mjpf tpisapy;yhj 
kw;Wk; Fiwe;j fNyhhp kjpg;Gila 
Kjd;nghUl;fs; nfhz;l cwpQ;rpfs; 
njhFf;fg;gl;lJ. njhFf;fg;gl;l 
cwpQ;Rfs; ikf;Nuh> kPNrh CNP 
fshf cUthfpapUe;jJ. cwpQ;rpfis 
gz;ghf;fk; nra;Ak; nghOJ gz;Gfs; 
cWjpnra;ag;gl;lJ. ,Ul;liw xsp 
xsph;jy; kw;Wk; UV xsp epwkhiykhdp 
gz;ghf;fq;fs; CNP fs; cs;sij cWjp 
nra;jy; cwpQ;rpfs; rhjfkhd fhh;gd; 
mzp SEM kw;Wk; FTIR Ma;Tfs; %yk; 
cWjp nra;ag;gl;lJ. Ma;TVfspd; gb 
njhFf;fg;gl;l cwpQ;Rfspd; gad;fs; 
mjhtJ czhp (madpfs;> %yf;$W> nry; 
kw;Wk ghf;Bhpah Ma;Tfs;) tpidA+f;fis 
fopT ePh; Rj;jpfhpg;G> Mw;wy; khw;wk; 
Nrkpg;G> caph; glkhf;fy; kUe;J mDg;Gjy; 
kw;Wk; Neha; mwpjy; Nghd;w tphpthd 
gad;ghLfspy; gad;gLfpwJ.
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MŒÎ¢RU¡f« :

Ï‹bt®° °Ãdš ~bgiu£ ehndh JfŸfŸ eÅd jrh¥j§fëš, fârkhd 

ä‹, xëæaš, fhªj g©òfŸ, jftš nrä¥ò mik¥ò,vçthÍ cz®fUéfŸ 

k‰W« fhªj mÂ®Î Ïnkí§ M»at‰¿š guªj ga‹ghLfshš Ôéukhf MŒÎ 

brŒa¥g£LŸsd. Ï‹bt®° °Ãdš ~bgiu£LfS¡F Ïilæš, br¥ò 

~bgiu£LfŸ mj‹ urhad ãiy¤j‹ik k‰W« jå¤Jtkhd fhªj el¤ij 

fhuzkhf Áw¥ò ftd« brY¤Âd. nk«g£l R‰W¢NHš ga‹ghLfS¡fhd 

br¥ò ~bgiu£ (Cu1-xLaxFe2O4) ehndh JfŸfŸ Ïiz-kiH¥bghêÎ E£g¤Jl‹ 

xU§»iz¡f¥g£ld. ~òq® v¡°-nu o~¥uhB‹ (XRD), ~nghçah® kh‰W« 

mf¢Át¥ò (FTIR), ouh‹°äõ‹ vy¡£uh‹ E©nzh¡» (TEM), UV- fhz¡Toa 

ãwkhiy gF¥ghŒÎ (UV-vis) k‰W« mÂ®Î khÂç fhªj msé (VSM) M»at‰whš 

Ïªj bghUŸ gF¥ghŒÎ brŒa¥g£lJ. 10 Kjš 15 v‹.v« tiu cŸs La3+ 

cŸsl¡f¤ij kh‰Wtj‰F¥ ÃwF, xU§»iz¡f¥g£l ehndh JfŸfë‹ gof 

msÎ fhz¥g£lJ. 400-4000 br.Û-1 tiuæš nk‰bfhŸs¥g£l FTIR msÅLfŸ 

brašgh£L¡ FG¡fë‹ ãfœÎfis bjëÎgL¤J»‹wd.TEM ik¡nuh»uh~¥ 

bjëthf JfŸ k‰W« cUt¤Â‹ é£l« btë¥gL¤J»wJ. Í.é.-é‹ °bg¡£u« 

gF¥ghŒÎ, x‹gJ Ïa‰Ãaè‹ M¥ofš brh¤J¡fis btë¥gL¤J»wJ, vdnt 

mt®fsJ FG Ïilbtë »ôbgšfh-_§»š é Â _y« f©l¿a¥g£lJ. fhªj 

msÎU¡fŸ khÂç fhªjÛ£oia mÂuit¡»‹wd k‰W« miw bt¥gãiyæš 

~bgiu£Lfë‹ br¿Î fhªjkiljš msÎ Fiw¥òl‹ Fiw»wJ.

K¡»a th®¤ijfŸ : br¥ò ~bgiu£LfŸ, xëæaš g©òfŸ, fhªj g©òfŸ





Ôg¥Ãçah. R1, Må éndhõh. gh1, #h‹.nl. nuh£â1, 

rhK©O°tç. m1, b#nuh«jh°. r1,*
1Ïa‰Ãaš Jiw, ynahyh fšÿç, br‹id -600 034, ÏªÂah

deepysubramaniyan@gmail.com <mailto:deepysubramaniyan@gmail.com>, 
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K‹Diu :

rÛg¤Âa fhy§fëš, °Ã‹dš 

~bg®ç£LfŸ äfÎ« éa¡f¤j¡f fhªj 

M¡ir£fshš éÁ¤Âu khd fhªj, 

M¥ofš k‰W« ä‹rhu g©òfŸ fhuzkhf 

gutyhf ga‹gL¤j¥gL»‹wd. jftš 

nrfç¥ò, vçthÍ czçfŸ, M¡Rnt£l®°, 

fhªj mÂ®Î Ïnkí§ k‰W« fhªj 

gÂÎ ngh‹w gšntW ga‹ghLfŸ 

fhuzkhf mt®fŸ éŠPhd k‰W« 

bjhêšE£g K¡»a¤Jt¤Â‹ ts®¢Áæš 

<LgL»‹wd®. 

gšntW ä‹fhªjéaš bghUŸfëš, 

~bgiu£LfŸ gy rhjd§fëš ftdkhf 

MŒÎ brŒa¥g£LŸsd, Vbdåš 

mt‰¿‹ ca® CLUtšfŸ, ca®ªj br¿Î 

fhªj¡fš k‰W« ntÂæaš cWÂ¥ghL 

M»ait, ÏJ maåfë‹ Ïašòl‹ 

khWgL«, mt‰¿‹ f£lz§fŸ k‰W« 

xèth§fš k‰W« xèth§fš js§fŸ 

M»at‰¿š ntWgL»‹wd. Ïiz 

bt¥gãiy E£g« Fiwªj bt¥gãiyæš 

°Ãdš ~bgiu£Lfis jahç¥gj‰F 

bghUshjhu ßÂahf brŒa¡Toa k‰W« 

xëU« E£gkhF«. ÏJ gy btFkÂfis 

tH§F»wJ. Ïj‹ éisthf mj‹ 

x‰Wik fhuzkhf ftd¡FiwÎ k‰W« 

ftd¡FiwÎ k‰W« bjhF¥òfë‹ 

JfŸfë‹ msit¡ f£L¥gL¤Â Áwªj 

f£L¥gh£il¡ bfh©oU¡»wJ. 

br¥ò ~igbu£o k‰W« br«ò yªjd« 

~bgbu£lhdJ °igdš f£lik¥ig¡ 

bfh©l xU fhªj¥ bghUshF«,  ÏJ 

790K Ïš cŸs ¡ôç bt¥gãiyÍl‹ xU 

~bgnuhkh¡bd¡o¡ V‰ghL bfh©lJ. 

yªjhd« l¥g®L br¥ò ~bg®bu£o‹ fhªj 

g©òfŸ k‰W« kWga‹ J¤jehf« ~bgiu£ 

M»ait T£L E£g§fis ghÂ¡»‹wd. 

y©låa« mj‹ bgçJ« gy«, ãahakhd 

óuz fhªjkakh¡fš, rhjfkhd ÏaªÂu 

fod¤j‹ik [1] fhuzkhf ferrites ¡F 

xU gaDŸs dopant Mf fUj¥gL»wJ. 

y©l‹ njh‰w¥g£l jhäu ferrites éisÎ 

g‰¿ v§fŸ érhuizfŸ el¤Â M®tkhf 

cŸnsh«

nrhjid brašKiw :

jhäu yªjhd« ~bgiu£ (Cu1-xLaxFe2O4) 
cnyhf c¥òfë‹ °nlh¢Ánahbk£ç¡ 

é»j« 100 äè Ïu£il fhŒ¢Á tof£oa 

j©Ùçš fiu¡f¥g£lJ. bjëthd 

Ô®it miltj‰F fyitia ö©oaJ. 

ntÂæaš x‰Wik k‰W« msÎ 

Fiwthf¥ Ãç¡f¥g£l ehndh JfŸfis¥ 

bgWtj‰F, 2 äè éiuñ£lš Kft® 

(NaOH) xU äbdyè[uhfÎ«, Ã‹d® 

iA£uh¡i[Lfis ~bgiu£ofS¡F 

kh‰Wtj‰fhf 80oC Ïš 3 kâ neu 

bt¥g¤ij¤ bjhl®ªJ bt¥gkhfÎ« . 

Ã.bA¢ 9 T£L¤ bjhF¥Ã‹ brašghL 

KGtJ« guhkç¡f¥g£lJ. ie£nu£ 

maåfëš ÏUªJ Ïytrkhf tof£o¡ 

bfhŸS« Ú® k‰W« <¤jdhš fyªj k©âš 

nrfç¡f¥g£L, ika¥gL¤ÂÍŸsJ. 

Ïjdhš bgw¥g£l jahç¥ò, Nlhd fh‰W 

mL¥Ãš 24 kâneu¤Â‰F 75°C æš 

Ïiz¡f¥g£LŸsJ. ÃwF, gG¥ò ãw¤Âš 

öŸ toéš behW¡f¥g£L, _§»š 

ciyfëš 3 kâ neu« 500°C jiH¢r¤J, 

jhäu« yªj}« ~bgç£ (Cu1-xFe2O4) 

ehndh JfŸfë‹ ÏWÂ jahç¥òfis 

th§Ftj‰F¥ ga‹gL¤j¥g£lJ. mnj 

brašKiw¤ bjhF¥ò öa br¥ò ~bgç£ 

(CuFe2O4) ehndh JfŸfis¥ Ã‹g‰¿aJ.

KoÎfŸ k‰W« éthj« :

ä‹fhªj xë¡fÂ® Ãçäa« k‰W« 

m‹-nlhg®L br¥ò ~bg®ç£ khÂçfŸ 

M»at‰¿š v¡°-nu khWgh£o‹ 

tot§fŸ gl« 1 Ïš fh£l¥g£LŸsd. Ïªj 

khWghL tot§fŸ gof msé‹ ÏU¥ig¡ 

F¿¥ÃL»‹wd, ÏJ khÂçfë‹ bjhF¥ò 
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ãiyikfis rh®ªJŸsJ. mid¤J 

btë¥gilahd c¢r§fë‹ cwéd® 

Ôéu« k‰W« ãiyfŸ jukhd JCPDS 

nfh¥ig Ïšiy e‹whf bghUªÂaJ. 

39-1277, k‰W« Fd3m Ïilbtë 

bfh©l fdrJu RH‰Á¡fhd f£lik¥ig 

cWÂ¥gL¤Âa c¢rãiy (220), (311), (222), 

(400), (422), (511) k‰W« (440) FG . KG 

XRD tiffëš Á¿a k‰W« mÂfkhd 

fLikahd Áfu§fë‹ ÏU¥ò ca®ªj 

gof¤j‹ikia¡ F¿¡»wJ, mit Ïu£il 

k‰W« kWgad‰w br¥ò ~bgiu£LfŸ 

Ïa‰ifæš ghè ¡ç°lšil‹ v‹W 

TW»‹wd. Fe3+ ion (0.67 Å) I él 

mÂfkhf ÏU¡F« La3+ maåæ‹Mu« 

1.038 Å MF«, vdnt La3 + maåfshš 

kh‰w¥gL« Fe3+ maåfë‹ msÎ 

Fiwthf ÏU¡F« k‰W« Fe3+  maåfis¥ 

gÂyhf xU fiuÂw‹ tu«ò cŸsJ. 

La3 + maåfŸ, vdnt La3+ maåfë‹ 

mÂf¥goahd kh‰ÖL CuFeO3 tot¤Âš 

jhåa všiyfis¢ R‰¿ Âu£l¥gL»wJ 

v‹W vÂ®gh®¡f¥gL»wJ. La3+ maå 

fS¡fhd j‰nghija ntiyfëš 

br¥ò ~bgbu£o‰FŸ x = 0.10 MF«. 

vdnt, yªjhd« maåfë‹ kh‰ÖL 

bgça mséyhd msé‰F«, ik¡nuh-

°£buŒ‹, °¡nuç‹ rk‹ghL, Ãuh¡ 

nfhz« (θ), nuoa‹fëš mj‹ cau¤Â‹ 

miu¥gFÂæY« c¢rãiy c¢r« (311) 

(β) k‰W« o, CuFe2O4 k‰W« CuLaFe2O4 

Ï‹-xU§»izªj khÂçfŸ M»at‰¿‹ 

gof§fë‹ ruhrç msÎ rk‹ghL (1) 

ga‹gL¤Â fz¡»l¥g£lJ.

gl« 1 cUtf¥gL¤j¥g£l  bghU£fë‹  

v¡°-nu ouh‹Áõ‹ tif

ny£° ãiyahd Ïªj kÂ¥ò 

m¿a¥g£l nfhz¤Â‰fhd xU F¿¥ 

Ã£l ékhd¤ij(hkl)  Ô®khå¡f ga‹ 

gL¤j¥g£lJ. Ï›éj« bgw¥g£l 

ékhd« Ïilbtëia ã®zæ¡f¥ 

ga‹gL¤j¥g£lJ, mJ Ãuh¡»‹ r£l¤jhš 

bfhL¡f¥g£l Ïilk¿¥ò Ïilbtë¡F 

x¥Ãl¥g£lJ. Ï‹bl®¥snd® bjhiyÎ 

fë‹ fz¡»l¥g£l k‰W« kÂ¥Ãl¥g£l 

kÂ¥òfŸ xUtU¡bfhUt® ešy x¥gªj¤Âš 

cŸsd. X- fÂ® ml®¤Â br›tf¤Â‹ 

jh¡f¤Jl‹ x¥ÃL«nghJ mÂf Inahå¡ 

nuoæ‹ fhuzkhf ÏU¡f¡TL« yªjh‹ 

br¿Îl‹ ne®nfh£L mÂfç¡»wJ.

(1)

Bragg Ï‹ rk‹gh£il¥ ga‹gL¤Â 

ny£° kh¿è ‘a’ K¡»a c¢rãiyæèUªJ 

fz¡»l¥gL»wJ (311)

(2)

m£ltiz 1 gof msÎ, ny£° kh¿è	
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yªjd« njh‰wkë¤j CuFe2O4 k‰W« 

kWgçÓyid brŒa¥g£l CuFe2O4 Ï‹ 

f£lik¥ò k‰W« cUkh‰w« ouh‹°äõ‹ 

vy¡£uh‹ ik¡nuh°nfhÃ (TEM) _ykhf 

cWÂ¥gL¤j¥g£lJ. Cu   ~bgiu£o‹ 

E©k©ly« nfhz toéaš k‰W« 

gçkhz éãnahf« TEM gl¤ÂèUªJ 

cWÂ¥gL¤j¥g£lJ; ÏU¥ÃD« (gl« 2) 

fh£l¥gL« bgUkséš ehndh JfŸfŸ 

JfŸ msÎ f©LÃo¡f fod«. yªjd« 

CuFe2O4 k‰W« CuLaFe2O4 éisÎfis¡ 

Fiw¡f Jšèakhd msÎ k‰W« f£lik¥ò 

Ô®khå¡f¥g£lJ, vdnt bjhF¡f¥g£l 

khÂç¡fhd msÎ éãnahf« 9 k‰W« 11 nm  

Mf fhz¥gL»wJ. Áy JisÍz®itÍ«, 

Á¿a mséyhd ~bgiu£ bghU£fS« 

j§fŸ fhªj k‰W« ä‹rhu g©òfshš 

cªj¥g£ljhf¡ fUj¥gL« xU RHš 

mik¥ò ÏU¥gij¡ fUJ»wJ.

Ïªj c¿ŠRjš x‰iw f£l« fd 

rJu °igdš ~bgiu£ cUth¡f« 

cWÂ¥gL¤J»wJ. yªjd« kh‰Wl‹ 

mÂ®bt© Ïir¡ FGé‹ kh‰w¤ij 

g¤Âu Ús¤Â‹ khWghL fhuzkhf 

cŸsJ. cnyhf-M¡ì#‹ Ãiz¥Ãš, 

b l £ u h b A u š M ¡ n l n A u š n y o ° [ 3 ] 
Iél Á¿a Ãiz¥ò Ús« bfh©lJ, 

xëna‰wyhš x¥ÃLifæš bl¡uhÃnulçš 

mÂf mséyhd °bg¡£uh ãiyfŸ 

cŸsd, Ïj‹ éisthf mÂf M‰wš 

Ãiz¥òfis mÂu it¥gJ mtÁa«

   CuFe2O4                        CuLaFe2O4        
gl« 2 TEM E©nzh¡f« ngh‹w 

xU§»iz¡f¥g£l bghU£fŸ

400-4000 Cm-1 tu«Ãš cŸs 

xU§»izªj khÂçæ‹ c¿ŠRjš 

°bg¡£uh (Cu1-xLaxFe2O4, CuxFe2O4) FG IV 
bghU£fëš kh‰w¥g£oU¡F« mrš br¥ò 

~bgiu£ k‰W« yªjd« njh‰wkë¤j 

br¥ò ~bgiu£ FTIR ãwkhiy. 600 - 400 

br.Û-1 ika¤ij ikakhf¡ bfh©l 

Ïu©L K¡»a c¿ŠR¥ g£ilfŸ, k‰W« 

x¡nlnAuš °igdšny£Oìš cnyhf-

M¡ì#‹ Ãiz¥ig cUth¡F»‹wd. 

gl« 3 xU§»iz¡f¥g£l bghUŸ 

FTIR c¿ŠRjš °bg¡£u«

FG Ïilbtë f£lik¥Ãaš 

msÎU¡fŸ, gof msÎ k‰W« mR¤j§fŸ 

M»at‰¿‹ ÏU¥ò ngh‹w òŸëfshš 

MdJ. M‰wš Ïilbtëia¡ Fiw¥gJ 

MŒé‹ bjëthd rh‹WfSl‹ 

mDkÂ¡f¥gL»wJ, ÏJ ehndh bghUŸ 

FGé‹ Ïilbtë JfŸ msit rh®ªjJ 

k‰W« Fth©l« jL¥ò éisÎ fhuzkhf 

Fiw¥ò t£L msÎ mÂfç¡»wJ. FG 

Ïilbtë Kubelka-Munk plot (Cu1-

xLaxFe2O4 ¡fhd Eg = 2.5eV k‰W« CuxFe2O4 

¡fhd Eg = 2.2eV) _y« kÂ¥Ãl¥g£lJ.
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gl« 4. xU§»iz¡f¥g£l bghU£fë‹ 

Í.é. é° °bg¡£u«.

fhªj g©òfis khÂçahf 

magnetometer mÂuo _y« fz¡»l¥ 

gL»wJ ± 10 kOemÂfg£r ga‹gL¤j¥gL« 

Jiwæš. ~bgnuhkh¡å¡ ehndh JfŸfŸ 

x¥Õ£lséš ca®ªj br¿Î, ÛjKŸs 

fhªjkakh¡fš k‰W« mG¤j¤j‹ik [4] 
MF«. br¥ò ~bgiu£ k‰W« br«ò yªjhd« 

~bgç£ x¥Ãl¡Toa gof msit x¤j 

ãiyikfëš xU§»iz¡f¥g£LŸsd. 

fhªj FzhÂra¤Â‰F, CuFe2O4 k‰W« 

CuLaFe2O4 Ï‹ K¡»a A°Obu°° ÿ¥ 

F¿¥Ãl¤j¡f tifæš FW»ajhF«; 

fhuz« xU äåna¢r® ruhrç é£l« 

bfh©l JfŸfŸ MF«. fhªj neu« 

fâ¡f¥g£lJ. CuFe2O4 k‰W« CuLaFe2O4 

Ïš Fe3+ maåfŸ M¡lhbA£uš js¤ij 

M¡»uä¤J Cu2+ bl£uhbA£uhšjs¤ij 

éU«ò»wJ. vdnt fhªj g©òfŸ 

j§fSila gutyhd Ïl§fë‹ Ïil 

æš éãnahf¤ijÍ« tiffisÍ« 

rh®ªJŸsJ. 

Á‰nwL KiwahdJ, bjhF¥ò Kiw 

æ‹ ÛJ fLikahf rh®ªJŸsJ. fy¥ò 

fhªjkakh¡fš (v«.v°), nfh®Á£o›, 

nunl‹oé£okÂ¥òfŸ k‰W« 

bjhF¡f¥g£l CuFe2O4 k‰W« CuLaFe2O4 

Ï‹ fhªj neu« M»ait m£ltizæš 

g£oaèl¥g£LŸsd. tisÎ maå¢ RHš 

khãy§fë‹ Â£l t£lkhd tçir¥gL¤jš 

k‰W« khÂç bg®nwhnk¡bd£or«[5] .

gl« 5.VSM -xU§»iz¡f¥g£l bghU£fŸ
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KoÎiu :

Ïªj fh»j ciuæš (CuFe2O4 k‰W« 

CuLaFe2O4) T£L-kiH¥bghUis Kiw 

ia¥ ga‹gL¤Â m¿¡if brŒa¥g£ld. 

RE (yh) cäH¥g£l br¥ò ~bgiu£ 

k‰W« öa br¥ò ~igig£ 9 Kjš 11 

nm tiuæyhd msÎl‹ bgça mséš 

c‰g¤Â brŒa¥glyh«. RE (La) maåfis 

m¿Kf¥gL¤Jtj‹ _y«, Fe2O4 öŒik¡ 

f£l¤Â‹ ãfœé‹ goãiy f£lik¥ò¡F 

mÂfç¡F«. FTIR °bg¡£u« Ïš, M¡ì#‹ 

bl£uhnAuš k‰W« x¡nlnAšlš 

ãiyfëš ÏU¡F« mÂ®Îfis Ú¡» 

fh£L»wJ. CuFe2O4 k‰W« CuLaFe2O4 
ehndh Jiwæ‹ TEM ik¡nuhÃuh~¥ nfhs 

toé‹ gu¥gsit¡ bfhL¡»wJ. Í.é. é° 

°bg¡£u« Ïš, miz¤js§fŸ, gof msÎ 

k‰W« f£lik¥ò msÎU¡fŸ M»at‰¿‹ 

ÏU¥ò ngh‹w tif¥gL¤j¥g£l fhuâ 

fshš gh©£ gh¥ ghÂ¡f¥gL»wJ. 

VSM msÅLfŸ btë¥gilahd 

maå éidô¡» khãy§fŸ k‰W« 

khÂçfŸ btë¥gilahd c¤juÎfis 

btë¥gL¤ÂÍŸsd.

rh‹whjhu«

1.	 N.M. kÀKo, v~¥. e#Ã, nk£l®. bu°. òš, 47 1800-1809 (2012).

2.	 Ánah, #›-u§, ngh-A§ yhŒ, fhŒ-Á¡ bAR, k‰W« l§-A&th§ br‹, n#. 

Ahr®£. nk£l®, 248, 394-400 (2013).

3.	 M®. buŒÁÁ r¡u», v«. Ï¥uhïä, v°.V. Óa£ <Ãuhïä, v°.v«. kN¤ ghdh, 

n#. kh‹.kf‹.nk£l®, 324, 3762-3765 (2012).

4.	 n#. bõç~Ã, v¢. nõh¡nuhAhå, n#. kh‹.k¡.nk£l®, 324, 2397-2403 (2012).

5.	 xŒ, lÃŸô. th§, vš. #h§, v°. r‹ m©£ <. fhnth, nk£l®. by£, 98 124-

127 (2013).
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K‹ndh£l«

bjhl¡f fhy Ïa‰ÃayhdJ bgsÔf« 

v‹nw tH§f¥g£lJ.  ÏU¥ÃD« Ïa‰Ãaš 

(g©ila »nu¡f¤Âš- fysikí v‹W« 

M§»y¤Âš-Physics v‹W«) v‹gJ 

m¿éaè‹ X® mo¥gil ÃçthF«. 

Ïa‰Ãaš (Physics) v‹gj‹ M§»y¥ bga® 

»nu¡f bkhêæš ÏUªJ cUthdJ. Ïj‰F 

Ïa‰if v‹W bghUŸ. mit é©btë 

k‰W« neu« M»at‰¿‹ thæyhf 

mj‹ Ïa¡f«, elto¡if, M‰wš, 

éir M»at‰Wl‹ neuo bjhl®òila 

Jiwfis¥ g‰¿ go¡F« m¿éaè‹ X® 

jftik¥ghF«. Ïa‰ÃayhdJ  m¿éaè‹ 

äfÎ« mo¥gil Jiwfëš x‹whF«. 

nkY« ÃugŠr« g‰¿a bra‰ghLfis 

vëÂš òçªJ bfhŸs¡ Toa K¡»a 

neh¡f¤Jl‹ cUthdJ.

Ïa‰Ãaš äfÎ« gHikahd fšé¡ 

fHf§fëš x‹whf és§»aJ. nkY« 

Ïa‰ÃayhdJ thåayik¥ig KGikahf 

cŸth§»¡ bfh©oU¥gjhš gHikahdJ 

vdÎ« Twyh«. flªj ÏU ü‰wh©Lfëš 

Ïa‰Ãaš, ntÂæaš, cæçaš k‰W« 

fâjéaš M»at‰¿‹ Áy »isfŸ 

Ïa‰if j¤Jt¤Â‹ X® K¡»a¥ gFÂahf 

ÏUªjd. Mdhš 17 M« ü‰wh©oš 

V‰g£l éŠPhd¥ òu£Áæ‹ nghJ ​​Ïªj 

Ïa‰if j¤Jt« MuhŒ¢Áahs®fë‹ 

brhªj bjhåæš jå¤Jt MuhŒ¢Áshf 

btë¥g£lJ.

Ïa‰ÃayhdJ cæçaš, cæç 

Ïa‰Ãaš k‰W« Jëa ntÂæaš 

ngh‹w MuhŒ¢Áfë‹ gy ÃçÎfnshL 

Ãç¡f¥g£oUªjhY« mt‰¿‹ všiyfŸ 

f©o¥ghf tiuaW¡f¥gléšiy. Ïa‰ 

Ãaèš òÂa fU¤JfŸ bgU«ghY« k‰w 

éŠPhd§fshš gæy¥gL« mo¥gil 

têKiwfshny és¡f¥gL»‹wd. 

Ïit fâj« k‰W« j¤Jt« ngh‹w Ãw 

fšé JiwfëY« òÂa têfh£lšfis¥ 

gçªJiu¡»‹wd.

m›thW Ït‰¿‹ K‹nd‰w§fŸ 

bgU«ghY« òÂa tif¤ bjhêš 

E£g§fëš g‰gy bgça khWjšfis 

V‰gL¤ÂaJ. cjhuzkhf, ä‹fhªjéaš 

k‰W« mQ Ïa‰Ãaš g‰¿a òçªJz®éš 

neuoahf gšntW K‹nd‰w§fis V‰ 

gL¤Âaj‹ _y« bjhiy¡fh£ÁfŸ, 

fâåfŸ, cŸeh£L cgfuz§fŸ 




f. m#Œ #tf®, bg.uhkrhä,
v°v°v‹ bgh¿æaš fšÿç fhyth¡f«-603110
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k‰W« mQ MÍj§fŸ ngh‹w gy òÂa 

jahç¥òfë‹ _y« eÅd¢ r_f¤Â‹ 

ts®¢Á¡F é¤Â£ld. nkY« TLjyhf 

bt¥g Ïa¡féaš K‹nd‰w§fë‹ _y« 

bjhê‰Jiw ts®¢Á¡F têtF¤J« 

Ïa¡féaš K‹nd‰w§fë‹ _y« 

E©fâj ts®¢Áia C¡Fé¤J« 

tªjd.

tuyhW 

g©ila thåaš : thåaš v‹gJ 

gH§fhy Ïa‰if éŠPhd§ fëš 

x‹whF«. ».K.3000-¡F Kªija Rnkça, 

g©ila v»¥Âa k‰W« ÁªJ rkbtë 

gŸs¤jh¡F ngh‹w ehfßf§fŸ Mu«gfhy 

ehfßf§fshf¡ fUj¥g£ld. m¤jifa 

ehfßf§fëš Nça‹, rªÂu‹ k‰W« 

e£r¤Âu§fŸ M»ait Ïa¡f§fë‹ 

mo¥gil òçjš k‰W« K‹kÂ¥Õ£Liu 

ngh‹wt‰iw bfh©oUªjJ. m‹W Kjš 

e£r¤Âu§fŸ k‰W« »uf§fŸ bgU«ghY« 

flÎë‹ ÃuÂãÂ¤Jt« v‹nw e«g¥g£lJ. 

Ã‹ Ïitna mt®fë‹ têgh£L¤ 

bjŒt§fshf ÏUªJ tªjd. 

ÏU¥ÃD« é©Û‹fë‹  Ïªj 

mtjhå¡f¥g£l ãiyf£F nghÂa 

és¡f§fŸ bgU«ghY« m¿éay‰wit 

k‰W« rh‹Wfs‰wit  vd¡ fUj¥g£lhY« 

Tl Ïªj Mu«g¡fhy fU¤J¡fŸ thåaš 

Jiwæš X® mo¤js¤ij mik¤jd. nkY« 

thd« KGtJ« bgça t£l§fshf¡ flªJ 

bršY« e£r¤Âu§fŸ f©LÃo¡f¥g£ld. 

Mdhš Ïit »uf§fë‹ ãiy¥ghL 

F¿¤J és¡féšiy.	

m°f® Mngh v‹gt® nk‰f¤Âa 

thåaš njh‰wkhdJ Kjèš 

bkrgnlhäahéš fhz¥g£lijÍ« Ã‰ghL 

ghÃnyhåa nk‰f¤Âa thåa èšjh‹ 

bj‹g£lJ v‹gijÍ« m¿éaš ó®tkhf 

btëæ£lh®. v»¥Âa thåa yhs®fŸ 

é©Û‹fŸ k‰W« mt‰¿‹ Ïa¡f§fë‹ 

rh‹Wfis ãidÎ¢ Á‹d§fshf é£L¢ 

br‹WŸsd®.

»nu¡f féP® nAhk® mtUila 

Ièah£ k‰W« xoì M»at‰¿š 

gšntW thåaš bghUŸfis g‰¿ 

vGÂæUªjh®. Ã‹d® tªj »nu¡f 

thåayhs®fS« xU Áy thåaš 

bghUŸfë‹  bga®fis tH§»d®. mit 

Ï‹W« ga‹gL¤j¥gL»‹wd. mt‰WŸ 

bgU«ghyhd e£r¤Âu k©ly§fŸ tl 

miu¡nfhs¤ÂèUªJ fhz¥g£ld.

Ïa‰if j¤Jt« :

»nu¡f¤Âš Ïa‰if j¤Jt« 

».K.650-».K.480 fhy¥gFÂæš kuòtê 

j¤Jt« Clhf¤ njh‰w« bg‰wJ. 

rh¡uoR¡F K‹ njh‹¿a jny° v‹w 

j¤JtthÂ Ïa‰ifahd ãfœé‰F 

Ïašg‰w és¡f§fis ãuhfç¤jh®. 

nkY« x›bthU ãfœé‰F« Ïa‰ifna 

fhuz« v‹w nfh£ghil K‹bkhêªjh®. 

nkY« mt®fŸ fhuz« m¿jš k‰W« 

c‰Wneh¡fš thæyhf rçgh®¡f¥g£l 

fU¤J¡fis K‹it¤jd®. Ïj‹ _y« 

mt®fsJ gy fUJ nfhŸfŸ bt‰¿fukhf 

gçnrhjidæš ã%Ã¡f¥g£ld. cjhuz 

khf, Rkh® 2000 M©LfS¡F¥ Ã‹d® 

mQthj« rçahdjh? vd Y»Fg° k‰W« 

mtuJ khzt® blk¡çl° M»nahuhš 

K‹bkhêa¥g£l fU¤J f©l¿a¥g£lJ.

Ïil¡fhy Inuh¥Ãa k‰W« 

Ï°yhäa cy»š Ïa‰Ãaš :

nk‰f¤Âa nuh« rh«uh{a« Iªjh« 

ü‰wh©oš Åœ¢ÁÍ‰wJ. Ïj‹ éisthf 

Inuh¥ghé‹ nk‰F¥ gFÂæš m¿Î¤Âw« 

thŒªj Ka‰Áfshš V‰g£l ÃwœÎ Ï‹D« 

bjhl®ªJ bfh©oU¡»wJ. Ïj‰F khwhf, 

»H¡F nuh« rh«uh{ía« (igrh‹il‹ 

nguuR v‹W« m¿a¥g£lJ) gh®ngça®fë‹ 

jh¡Fjšfis vÂ®¤jJl‹ Ïa‰Ãaš 

c£gl gšntW Jiw rh®ªj f‰Ã¤jšfis 
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K‹nd‰Wé¤jJ.

Mwh«      ü‰wh©oš       äny£lì‹   IÓnlh® 

xU K¡»akhd bjhF¥ig cUth¡»aJ. 

Ï¥ gil¥ghdJ M®¡»äOì‹ mê¤ 

bjGj¥g£l gil¥òfëš ÏUªJ  cUthd 

jhf fUj¥gL»wJ.

MwhtJ ü‰wh©oš Inuh¥ghéš 

thœªj igrhªÂa m¿Puhd #h‹ 

~Ãènghd° v‹gt® mç°lh£oè‹ 

Ïa‰Ãaš nghjidfŸ k‰W« mj‹ 

FiwghLfŸ F¿¤J nfŸé vG¥Ãdh®. 

mt® ö©Ljè‹ j¤Jt¤ij m¿Kf¥ 

gL¤Âdh®. #h‹ ~Ãènghd° njh‹W« 

tiuæš mç°lh£oè‹ Ïa‰Ãaš F¿¤J  

MŒÎ vJÎ« brŒa¥gléšiy k‰W« 

mtuJ Ïa‰ÃayhdJ éid¢brhš thj 

mo¥gilæš mç°lh£oiy  nghyšyhkš 

ÏU¡f nt©Lbkd ftå¥òl‹ ÏUªjh®. 

mç°lh£oè‹ Ïa‰Ãaiy g‰¿ #h‹ 

~Ãènghd° Ï›thW vGÂdh®:

”vªj éjkhd thŒbkhê thj¤Â 

èUªJ« e«Kila  K‰¿Y« jtwhd¥ 

gh®itia r‰W éy¡» rçahd ÂwdhŒÎ 

_y« Âw«gl Mjç¡f KoÍ«. Ú§fŸ 

mnj cau¤Âš ÏUªJ éGtbj‹whš 

Ïu©L vilfSŸ x‹W  mšyJ  mj‰F 

nk‰g£l Kiw Ú§fŸ gh®¡f nt©oaJ, 

Ïa¡fÂ‰F  njitahd neu é»jkhdJ 

vil é»j¤ij rh®ªJ Ïšiy v‹Wjh‹. 

Mdhš mªj neu ntWghL äfÎ« Á¿ajhf 

ÏU¡F« nt©L«. vdnt vilæš cŸs 

ntWghL fârkhdjhf Ïšiy v‹whY« 

Tl x‹W k‰bwh‹¿‰F¢ rk« vdyh«. 

v›éj é¤ÂahrK« Ïšiy våš mšyJ 

fhy¥ngh¡»š vªjbthU é¤ÂahrK« 

ÏU¡fhbjåš, vil é¤Âahr« äf¡ 

Fiwthf ÏUªjhY« Tl xU clè‹ msÎ 

k‰bwh‹¿‹ ÏU kl§F v‹nw fUj¥gl 

nt©L« ”.

mç°lh£oè‹ Ïa‰Ãaš nfh£ghL 

fis g‰¿a #h‹~Ãènghdì‹ ék®rd 

khdJ Rkh® g¤J ü‰wh©LfS¡F Ã‹ 

V‰g£l m¿éaš òu£Áæ‹ nghJ fèènah 

fèè¡F xU c¤ntf¤ij më¤jJ. 

mç°lh£oè‹ Ïa‰Ãaèš cŸs  

Fiwgh£il thÂ£lnghJ fèènah 

mtuJ gil¥òfëš fârkhd Ïl§fëš 

~Ãègndì‹ fU¤Jfis nk‰nfhŸ 

fh£oæUªjh®. 1300fëš, ghç° gšfiy¡ 

fHf¤Âš fiy MÁça®fëš xUtuhd 

É‹ òçlh‹ v‹gt® ö©Ljè‹ fU¤ij 

cUth¡»dh®. ÏJ j‰fhy braè‹ik 

k‰W« Ïa§F éir ngh‹w eÅd fU¤J¡ 

fS¡F xU goãiyahf ÏUªjJ.

Ï°yhäaç‹ kuò¥òyik »nu¡f 

mç°lh£oè‹ Ïa‰Ãaš fU¤Jfshš 

bgw¥g£lJ. nkY« ÏJ Ï°yhäa bgh‰ 

fhy¤Âš bgUkséš ts®¢ÁÍ‰wJ. 

mt‰¿š F¿¥ghf miraG¤j« bfh©L 

c‰W neh¡Fjš k‰W« K‹Djhuzkhd 

fhuz§fis tèÍW¤Jjš ngh‹w 

éŠPhd Kiwæ‹ Mu«g tot§fŸ 

cUthdJ.

xëæaš ò¤jf¤Â‹ VHhtJ bjhFÂ 

ahdJ (»jh¥ mš-kdhÂ®) Rkh®  600 

M©LfS¡F« nkyhf ÏUªj Ïu©L 

Ïil¡fhy fiyfshd »H¡F k‰W« 

nk‰F M»at‰¿‹ Ïašò nfh£ gh£o‹  

gh®itia K‰ngh¡F¡ nfh£ghLfshf 

eilKiwgL¤j¥g£lij¥ g‰¿ ftd« 

brY¤ÂaJ.

xëæaš ò¤jf« Inuh¥ghéš bgU« 

jh¡f¤ij V‰gL¤ÂaJ. Ã‹d® ÏÃ‹ 

mš-AŒj« cUth¡»a  vÂbuhè¡F« 

j‹ik thŒªj rhjd§fë‹ _y« 

Inuh¥Ãa m¿P®fq« Áy rhjd§fis 

f£lik¤jd®. mt‰¿‹ ntiy¥ghLfis 

midtuhY« òçªJ bfhŸs¤j¡f 

tifæš ÏUªjJ. ÏÂèUªJ f©zho 

fŸ, cU¥bgU¡f f©zhofŸ, 
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bjhiyneh¡»fŸ k‰W« xë¥ gl¡ 

fUéfŸ ngh‹w K¡»akhd fUéfŸ 

cUth¡f¥g£ld.

ntj¡fhy ÏªÂahéš Ïa‰Ãaš :

g©ila ntj¡fhy ÏªÂahéY« Ïa‰ 

ÃaY¡fhd Áy  nfh£ghLfŸ tF¡f¥ 

g£oUªjd. m›thW bgs¤j kh®¡f¤ij 

(kj«) njh‰Wé¤j bfsjk ò¤j® Ïilæš 

thœªj) mQ¡fë‹ f£lik¥ò¥ g‰¿¡ 

T¿ÍŸsh®. nkY« Mçag£lh Kj‹ 

Kjyhf òéæ‹ RH‰Á¥ g‰¿¡ T¿dh®. 

br‹nfh v‹gt® g©ila Ódhéš 

òé<®¥ò éir g‰¿a bfhŸiffis 

cUth¡»dh®. fhªj¤ij ga‹gL¤Â 

c©ikahd tl Âiria¡ f©L¥Ão¡F« 

Í¡Âia¥ ga‹gL¤Â Kj‹ Kjyhf fhªj¤ 

Âirfh£oia cUth¡»a tU« Ïtnu 

Mth®.

ÏªÂa®fS« mQ F©LfŸ, Jëa 

Ïa‰Ãaš k‰W« Ãw eÅd fU¤J¡fnshL 

beU¡fkhf ÏUªJ tªjd®. ÏªÂahé‹ 

ç¡ ntjkhdJ cyfshéa Ïa‰if 

éÂfS¡F x¥ghd fU¤J¡fis bfh©l 

Kjš ntj Ïy¡»akhf mikªÂUªjJ.

fh°ä¡ éÂæš Tw¥g£l ÃugŠr 

xëahdJ flÎSl‹ mjhtJ Ãu«kDl‹ 

x¥Ãl¥g£oUªjJ. nkY« K¡»akhd 

j¤Jt üšfŸ k‰W« nfh£gh£L ßÂæyhd¥ 

Ã‹j§»a ãiyfŸ M»at‰¿¡F fåk 

Ïurhad x¥gidfë‹ _y« Âç¤j 

fU¤Âaiy ntj Mça®fŸ Ï›Îy»‰F 

bghUŸgl cUth¡» bfhL¤jd®.

ÏnaR »¿°J njh‹Wtj‰F K‹ng 

Mæu¡fz¡fhd M©Lfshf ÏUªj 

rk°»Uj ntj üšfëš gU¥bghUis 

cUth¡f KoahJ v‹W« ÃugŠr« 

jh‹ mjid cUth¡»aJ v‹W« Tw¥ 

g£oUªjhf vL¤Jiu¤jd®. 

j¤Jt« :

Ïa‰ÃayhdJ g©ila »nu¡f 

j¤Jt¤Â‹ _y« gy v©z‰w 

têKiwfëš cUthdJ. Mfnt Ïa‰Ãaš 

18 M« ü‰wh©o‹ Ã‰gFÂ tiu X® 

Ïa‰if j¤Jtkhfnt m¿a¥g£lJ. 19 M« 

ü‰wh©oš jh‹ Ïa‰Ãaš j¤Jt« v‹gJ 

Ãw m¿éaš nfh£ghLfëèUªJ ntWg£l 

xU xG§FKiw vd czu¥g£lJ. 

Mu«gfhy j¤JtthÂfë‹ gy 

nfŸéfS¡F Ïa‰Ãaè‹ ts®¢Á 

mt‰W¡F gÂš më¤JŸsJ. MdhY« 

òÂa nfŸéfis Tlnt vG¥ÃaJ. 

Ïa‰Ãaiy¢ R‰¿ÍŸs j¤Jt Á¡fšfë‹ 

MŒthdJ mt‰¿‹ j¤Jt«, Ïl« k‰W« 

neu¤Â‹ Ïašò, cWÂahd j‹ik, mDgt 

thj«, Ïa‰if thj« k‰W« ajh®¤j 

thj« ngh‹w kndhj¤Jt Á¡fšfis 

cŸsl¡»ajhf ÏUªjJ.

gy Ïa‰Ãayhs®fŸ j§fsJ gâ 

æ‹ j¤Jth®¤j jh¡f§fis¥ g‰¿ 

vGÂÍŸsd®. cjhuzkhf yhÃy° 

v‹gt®  fhuz¤ Ô®khå¥ig g‰¿Í« 

v®é‹ °fhoŠr® v‹gt® Jëa vªÂuéaš 

g‰¿Í« jå nfh£ghLfis ãWéæUªjd®. 

°Og‹ Ah¡»§»‹ v‹w m¿P®, 

fâj Ïa‰Ãayhsuhd nuh#® bg‹nuhir 

‘M‹knea«’ bfh©lt® vd miH¤jh®. 

Vbdåš bg‹nuh° jdJ ò¤jf« x‹¿š 

“bkŒæašig neh¡»a gaz« (The Road 
to Reality)” g‰¿ bjëthd gh®itia 

K‹it¤jh®. nkY« Ah¡»§ j‹id 

xU ”bt£fkilah Fiw¥òthÂ” v‹W 

F¿¥Ã£L mj‹ _y« bg‹nuhì‹ 

gh®itæèUªJ fU¤J¡ fis¥ bg‰wh®.

bgsÔf cŸsik¥Ãaš :

Mu«g fhy bgsÔf¤Âš bgU«ghY« 

ÏU ÃçÎfns ÏUªJŸsd. mit g©ila 

Ïa‰Ãaš k‰W« eÅd Ïa‰Ãaš MF«.
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g©ila Ïa‰Ãaš :

r® Ir¡ ãô£l‹ (1643-1727) v‹gt® 

Ïa¡f¤Â‹ éÂfŸ g‰¿Í« ÃugŠr¤Â‹ 

<®¥ò M‰wš g‰¿Í« f©L¥Ão¥òfis 

ãfœ¤Âdh®. mit g©ila Ïa‰Ãaèš 

X® K¡»a ikš f‰fshf ÏUªjd.

Mu«gfhy eÅd Inuh¥Ãa®fŸ 

gçnrhjid k‰W« msÅ£L Kiwfis 

f©LÃo¤jnghJ Ïa‰ÃayhdJ xU 

jå éŠPhdkhf kh¿aJ. j‰nghJ 

Ïit Ïa‰Ãaè‹ mo¥gil éÂfshf 

fUj¥gL»‹wJ.

m¡fhy f£l¤Âš Nça k©ly¤Â‹ 

òérh® khÂçia, Nçaid ikakhf 

bfh©l nfhg® ã¡f‹ khÂçÍl‹ 

kh‰¿aik¤J Áy K¡»a K‹nd‰w§fis 

V‰gL¤Âd®. nkY« 1609-1619 ¡F Ïilæš 

n#hf‹d° bf¥suhš cUth¡f¥g£l 

nfhŸfë‹ Ïa¡f¤ij g‰¿a  MŒthdJ 

gy éU«g¤j¡f kh‰w§fis Ô®khå¤jJ. 

16 k‰W« 17 M« ü‰wh©Lfëš fèènah 

fèèæ‹ _y« bjhiyneh¡»fŸ k‰W« 

thåaš MuhŒ¢ÁfŸ ngh‹wt‰¿‹ 

gâfŸ K«Kwkhf¢ brašg£lJ. Ir¡ 

ãô£lå‹ f©LÃo¥òfëš Ïa¡f« k‰W« 

cyfshéa <®¥ò éÂfis xU§»iz¤j 

f©LÃo¥òfŸ mtuJ bgaiu KGtJ« 

jh§»¡bfh©ld. ãô£l‹ cUth¡»a 

E©fâj MuhŒ¢ÁahdJ fâjéaš 

MuhŒ¢Áæš X® K¡»a kh‰w¤ij  

V‰gL¤ÂaJ. nkY« ÏJ fâj¤Âš gy 

òÂa têKiwfis c©lh¡» Ïa‰Ãaš 

ßÂæyhd¥ Ãu¢Áidfis Ô®¥gj‰fhf 

VJthd brŒKiwfis tH§»aJ. 

mÔj MuhŒ¢Á Ka‰Áfshš btë¥g£l 

bt¥g Ïa¡féaš, ntÂæaš k‰W« 

ä‹fhªjéaš ngh‹wt‰¿š òÂa éÂfis 

f©LÃo¤jj‹ _y« M‰wš njit 

mÂfç¤jnjhL bjhêšJiw òu£ÁÍ« 

V‰g£lJ.

g©ila Ïa‰Ãaiy cŸsl¡»a 

éÂfŸ Âdrçahf ga‹gh£oš cŸsjhš 

mit rh®g‰w ntf¤Âš gaâ¡F« bghU£ 

fnshL¥ bghUªJ»‹wd. ÏU¥ÃD« 20 

M« ü‰wh©oš g©ila vªÂuéaèš 

ÏUªj ÃiHfŸ, äf¢Á¿a bghUŸfŸ 

k‰W« äf ca® Âir ntf§fŸ M»ait 

eÅd Ïa‰Ãaš v‹w gFÂ x‹W cUthf¡ 

fhuzkhf ÏUªjJ.

eÅd Ïa‰Ãaš :

20 M« ü‰wh©oš Mšbg®£ I‹°O‹ 

(1879-1955) v‹gt® xëä‹ éisÎ 

k‰W« rh®Ãaš nfh£ghL M»at‰¿‹ 

MuhŒ¢Áfë‹ _y« eÅd Ïa‰Ãaš 

òu£Á¡F têtF¤jh®.

20 M« ü‰wh©o‹ bjhl¡f¤Âš eÅd 

Ïa‰ ÃayhdJ nk¡° Ãsh‹»‹ Jëa 

nfh£ghL k‰W« Mšbg®£ I‹°Oå‹ 

rh®Ãaš nfh£ghL ngh‹w MuhŒ¢Áfshš  

cæ®¥bg‰wJ. Ïªj Ïu©L nfh£ghLfS« 

Áy Nœãiyfëš g©ila vªÂuéaè‹ 

Jšèa¤ j‹ikæ‹ fhuzkhf V‰g£lJ. 

g©ila vªÂuéayhdJ xëæ‹ 

khWg£l Âirntf¤ij cUth¡»aJ. 

nkY« ÏJ nk¡°btè‹ ä‹fhªjéaš 

rk‹gh£o‹go khwh Âirntf¤ij Ô®¡f 

Koah nfh£ghLl‹ x‹¿æUªjJ. Ïªj 

Ku©ghlhdJ I‹°Oå‹ Áw¥ò rh®Ãaš 

nfh£gh£lhš rç brŒa¥g£lJ. ÏJ 

ntfkhf efU« g©ila vªÂuéaè‹ 

bghUŸfS¡F gÂyhfÎ« xëæ‹ khwh 

Âirntf¤ij mDkÂ¡f ToajhfÎ« 

ÏUªjd. ÏJ jéu fU«bghUŸ fÂ®Å¢R« 

g©ila Ïa‰ÃaY¡F Ï‹bdhU Á¡fiy 

tH§»aJ. mjhtJ Ãsh§¡ bghUŸfë‹ 

mÂ®bt© ö©LjyhdJ mt‰¿‹ 

mÂ®bt© é»j¤Â‰FŸnsna jå¤ jå 

elto¡iffshš k£Lnk rh¤Âa¥gL« 

v‹w nfh£gh£il Ãsh§¡ K‹bkhêªjh®. 

ÏJ xëä‹ éisÎ k‰W« vy¡£uh‹ 
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R‰W¥ghijæ‹ jå¤Âw‹ ngh‹wt‰¿‹ 

M‰wš k£l§fis¡ fâ¡f Toa xU 

KGikahd nfh£ghLl‹ nr®ªÂUªjJ. 

Mfnt Ïit g©ila Ïa‰ÃaèUªJ 

Jëa Ïa‰Ãaš nfh£gh£o‰F äfÎ« Á¿a 

mséyhd cªJjiy V‰gL¤ÂaJ.

Jëa Ïa‰ÃayhdJ bt®d® bAŒr‹ 

bg®¡, v®é‹ °fhoŠr® k‰W« ghš ouh¡ 

ngh‹nwhuhš K‹ndhoahf¤ ÂfœªjJ. 

Ïj‹ Mu«gãiy k‰W« mJ bjhl®ghd 

Jiwfëš JfŸ Ïa‰Ãaiy g‰¿a xU 

ãiyahd khÂçæ‹ _y« bgw¥g£lJ.

2012 M« M©oš CERN Ïš cŸs 

ï¡° ngh[hDl‹ x¤j g©òfSl‹ 

Toa xU JfŸ f©LÃo¡f¥g£lij¤ 

bjhl®ªJ mid¤J mo¥gil JfŸfS« 

xU ãiyahd khÂç v‹W« k‰w JfŸfŸ 

vJÎ« njh‹wéšiy v‹w T‰W« 

cUthdJ. ÏU¥ÃD« ãiy khÂç¡F 

m¥gh‰g£l Ïa‰ÃayhdJ rk¢Ó® nk‹ik 

v‹w nfh£gh£o‹ MuhŒ¢Áfshš Ôéu 

kilªjJ. ãfœjfÎfŸ k‰W« FG¡fë‹ 

MŒÎfŸ ngh‹w fâjéaš ÃçÎfë‹ 

_y« Ï¤JiwahdJ K¡»a¤Jt« 

bg‰¿UªjJ.

Ku©rh®ªj Ïa‰Ãaš :

mo¡fo Ãu¢Áidæš kh£o¡bfhŸS« 

eg® fëš äf K¡»akhdt® flÎŸ. Ït® 

jh‹ e«ik gy Ãu¢Áidfëš ÏUªJ 

fh¥gh‰Wgt® v‹W gy® ãid¤J¡ 

bfh©oU¡»‹wd®. Mdhš ÏtuhY« 

kåj®fŸ cUth¡F« Ãu¢Áidæš ÏUªJ 

j¥Ã¡f Koaéšiy. Ïªj Ãu¢ÁidfŸ 

v¥bghGJ njh‹¿æU¡F« v‹W gh®¤jhš, 

mJ kåjD¡F v¥bghGJ flÎŸ 

e«Ã¡if tªÂU¡Fnkh m¥bghGJ ÏUªJ 

njh‹¿æU¡F«. 

kåjid Kjèš òaš, kiH, Ïo, 

ä‹dš, btŸs«, óf«g« ngh‹w Ïa‰if 

Ó‰w§fŸ gaKW¤ÂaJ. v§nf j‹ cæ® 

nghŒéLnkh v‹W Kj‹ Kjèš ga¥gl 

Mu«Ã¤jh‹. Ïªj ga« j‹idÍ« Û¿ xU 

r¡Â ÏU¥gjhf e«Ãdh‹. mªj r¡Âjh‹ 

Ïa‰if (Ïa‰Ãaš). Ã‹ kåj‹ mªj 

r¡Âia flÎŸ v‹wh‹. Ã‰ghL kj§fŸ 

njh‹¿aÎl‹ mªj kj§fS¡F xU 

jiyt‹ (flÎŸ) njit¥g£lh‹. mjdhš 

flÎŸ v‹D« fU¤J cUth¡f¥g£lJ. 

mªj flÎis mt‹ cUth¡»a kj¤njhL 

nr®¤jh‹. v‹id bghU¤jtiu Ïªj 

cyif M£o¥gil¡F« xU r¡Â ÏU¡»wJ. 

mªj r¡Âia flÎŸ v‹w bgauhš 

têgLtJ v‹gJ vd¡F r‰W M¢rça¤ij 

bfhL¡»wJ. têgLtJ v‹gJ« flÎŸ 

v‹gJ« ntW ntW. têgLtJ v‹gJ xU 

brhšY¡F kW¢brhš ngrhÂU¥gJ. 

Mdhš Ïªj cyif gil¤j r¡Â 

Ïa‰if, Ïa‰Ãaš. mªj Ïa‰Ãaiy 

flÎshf ãid¡fkd« x¤J¡ bfhŸs 

Koaéšiy. r‰W ãid¤J ghU§fŸ 

fhªj« v¥go f©LÃo¡f¥g£lJ? 

xU MLnkŒ¡F« ÁWt‹ ifæš xU 

ÏU«ò F¢Á ÏUªjJ. xU Kiw mt‹ 

ML nkŒ¤J¡ bfh©oUªj bghGJ xU 

ghiwæ‹ mU»š br‹wh‹. mªj ghiwæš 

cŸs fhªj r¡Âædhš mt‹ F¢Á mªj 

ghiwæš x£o¡ bfh©lJ. 

Ïij mt‹ k‰wtçl« brh‹d bghGJ 

xU éŠPhå (bga® Phgf« Ïšiy) 

mªj ghiwia MuhŒªJ mÂš fhªj r¡Â 

ÏU¥gij f©LÃo¤J fhªj« v‹w bghUŸ 

f©LÃo¡f¥g£lJ. xU ntis Ïªj 

ãfœ¢Á e« eh£oš elªÂU¡Fnkahdhš 

v‹d ãfœªÂU¡F«? mªj ghiw¡F 

“ÏU«ÃG¡F« ghiw” vd bga® N£l¥g£L 

m§nf xU nfhæš x‹W Kis¤ÂU¡F«. 

Ïij »©lyhf brhšyéšiy. ÏJ 

jh‹ c©ik. e« ehL«, e« ehL ngh‰W« 

kjK« bgU«gh‹ikahd k¡fŸ 

xU F¿¥Ã£l kj¤ij têgLtjhš 

v©z‰w gy c‹djkhd fU¤J¡fis 
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bfh©oUªjhY« eh« _l e«Ã¡ifæš 

mšyth Á¡»æU¡»nwh«. Ïªj _l 

e«Ã¡iffŸjh‹ v¤jid têfëš, 

v¤jid têghLfëš cŸsJ. 

ÏWÂ¢RU¡f« :

kåjå‹ cŸSz®Î«, òy‹fS«, 

vëa Áªjid¥ gH¡f§fS« eh« Ïªj 

cy»š bt‰¿fukhf cæ® thœªJ 

rªjÂfis¥ bgU¡f gçzä¤jit.  e«khš 

Ûbahèfis¡ nf£f KoahJ. nkY« v¡°-

fÂ®, mf¢Át¥ò fÂ® ngh‹w éêfnsh 

ek¡F Ïšiy. I«òy‹fshyhd xU Á¿a 

#‹dš têna Ïªj khbgU« cyf¤ij      

_isæ‹ Jizahš m¿»nwh«.

cjhuzkhf, xU fš nkš neh¡» 

År¥gL»wJ. mj‹ Mu«g Âirntf¤ijÍ« 

v¿ nfhz¤ijÍ« bghW¤J mJ v›tsÎ 

cau¢ bršY«, v›tsÎ öu« br‹W éG«, 

gaz neu« ngh‹wt‰iw¡ fâ¡fyh«. 

Ï‹D« mUikahf brhšynt©L« 

v‹whš xU rk‹gh£o‹ _y« mj‹ 

ghijia Ô®khå¡fyh«. Ï§F bghJ 

ò¤Â¡F Kuzhf vJÎ« ãfHéšiy.

20-« ü‰wh©o‹ bjhl¡f¤Âš 

mQé‹ vy£¡uh‹, ònuh£lh‹, 

ãô£uh‹ k‰W« ~ngh£lh‹ ngh‹w 

Jo¥ghd Ï‹bdhU Á‹dŠÁ¿a cyf« 

gy nrhjidfŸ têna ãWt¥g£lJ. 

mJtiu m¿éaèš ghiw nghy¢ nr®¤J 

it¤ÂUªj ghFghLfŸ, fU¤jh¡f§fŸ 

ÛJ Kjš mo éGªjJ. Úuiy xU miy. 

ä‹fhªj miyÍ« miy. xèÍ« miyna. 

fš xU JfŸ. vy¡£uhD« JfŸ. ònuh£lD« 

ãô£uhD« mJnt. xë, JfŸ v‹W« miy 

v‹W« ÏU fU¤J¡fŸ mj‰FK‹ ãyéd.

nkY« j¤Jt¥ gFÂæš »nu¡f j¤Jt 

kuÃš ÏUªJ iAŒ[‹g®¡ Mu«Ã¡»wh®. 

».K 6-« ü‰wh©il¢ nr®ªj jhy° v‹w 

j¤JtPhå mid¤J¥ bghU£fë‹ 

rhukhf cŸsJ Ú®jh‹ v‹wh®. fh‰W k‰W« 

Ôia mo¥gilahf¡ bfh©L, Ã‹tªj 

j¤JtthÂfŸ bghU£fë‹ rhu¤ij 

és¡»d®. Ït®fis xUikthÂfŸ 

(Monists) vdyh«. mjhtJ ÃugŠr¤Â‹ 

rhukhf ÏU¥gJ xU bghUŸjh‹. 

eh« fhQ« k‰w mid¤J« mj‹ Ãw 

njh‰w§fŸ mšyJ ãiyfŸ k£Lnk. Mdhš 

g‹ikthÂfŸ (Pluralists) óä, Ú®, fh‰W 

k‰W« Ô ngh‹wt‰iw¡ bfh©L mt®fŸ 

f©l cyf¤ij¥ òçªJ¡bfh©ld®. 

mt‰¿‹ nr®¡ifÍ« ÃçÎ«jh‹ eh« 

fhQ« cyf« v‹W és¡»d®.

MÂfhy« bjh£nl ÃugŠr¤ij m¿a¤ 

Jo¡F« kåjå‹ bkŒfh© Kiwfëš 

x‹W m¿éaš. mªj bkŒ¤ njlèš 

iA[‹g®F« mtuJ m¿éaY« j§fsJ 

g§fë¥ig M‰¿ÍŸsd. ‘Ïa‰ÃaY« 

j¤JtK«’ v‹w iA[‹g®»‹ üš 

vªjbthU bghJthrfU« vëjhf 

thÁ¤J¢ bršy¡Toa ò¤jf« mšy. 

Mdhš Ïa‰Ãaè‹ tuyhW k‰W« mj‹ 

j¤Jt¤ij MœªJ m¿a M®tKŸst®fŸ 

thÁ¡f nt©oa üšfëš x‹W. ÏWÂahf 

Ïa‰Ãaš v›thW cUth¡f¥g£lJ? vj‰F 

cUth¡f¥g£lJ? mj‹ neh¡fbk‹d? 

mt‰¿‹ Ïy¡Fjh‹ v‹d? v‹gij 

x›bthU khålU« mjid òydhŒÎ 

brŒJ ita« ngh‰W«, vÂ®neh¡F« 

kh‰w¤ij V‰gL¤Jnth«.
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

	


alpha detection

alpha disintegration

alpha emission

alpha ionization

alpha particle

alpha range

alpha rays

alpha scattering

alpha spectrum

alternate contact

alternating current

alternator

altimeter

altitude effect

amalgamation

ambient temperature

ammeter

amorphous

ampere

ampere balance

ampere circuital law

ampere turn

amplification

Mš~gh fhzšKiw	

Mš~gh¢ ÁijÎ	

Mš~gh btëpL	

Mš~gh maåah¡f«	

Mš~gh¤ JfŸ	

Mš~gh beL¡f«	

Mš~gh fÂ®fŸ	

Mš~gh¢ Ájwš	

Mš~gh ãwkhiy	

bjhLéL Ïiz¥ò	

khWÂir ä‹ndh£l«	

kh‰¿ ( Âirkh‰¿)	

caukhå	

cau éisÎ	

Ïur¡fyit	

Nœbt¥gãiy	

m«Û£l®	

gof mik¥ò Ïšyhj	

M«Ãa®	

M«Ãa® juhR	

M«Ãa® ä‹R‰W éÂ	

M«Ãa® R‰W	

bgU¡f«	
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amplification factor

amplifier

amplifier noise

amplitude

amplitude modulation

amplitude of forced vibration

analogy

analyser

analytical method

anchor ring

andersons bridge

anemometer

aneroid barometer

angle of aberration

angle of contact

angle of declination

angle of depression

angle of elevation

angle of emergence

angle of friction

angle of inclination

angle of minimum deviation

angle of projection

angle of reflection

angle of rotation

angle of shear

angle of view

angstrom unit

angular distribution

angular magnification

angular momentum

bgU¡f¡ fhuâ	

bgU¡»	

bgU¡» Ïiu¢rš	

Å¢R	

Å¢R miyna‰w«	

Ââ¥gÂ®Î Å¢R	

x¥òik	

gF¥Ã, gF¥ghŒÎ¡fUé	

gF¥òKiw	

e§Tu tisa«	

M‹l®r‹ tiy, M‹l®r‹ ghy«	

fh‰Wntfkhå	

måuhŒLghukhå	

Ãwœ¢Á¡ nfhz«	

bjhL nfhz«	

rhÎ¡ nfhz«	

Ïw¡f¡ nfhz«	

V‰w¡ nfhz«	

éL nfhz«	

cuhŒÎ¡ nfhz«	

rhŒ nfhz«	

Û¢ÁW xëéyF nfhz«	

v¿ nfhz«	

vÂbuhë¥ò nfhz«, 

RH‰Á¡ nfhz«	

rW¡F¥ bga®¢Á¡ nfhz«	

gh®it¡ nfhz«	

M§°£uh« myF	

nfhz¥ g§ÑL, fhz¥ g»®Î	

nfhz cU¥bgU¡f«	

nfhz cªj«	
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angular velocity

anharmonic oscillator

anhydrous

anion

anisotropic crystal

anisotropy

annihilation

annihilation operator

annihilation theory

annual change

annular

annular eclipse

anode

anode characteristics

anode rays

anomalous dispersion

anomalous effect

anomalous zeeman pattern

antenna

anticathode

anticlastic surface

anticlockwise

antineutrino

antineutron

antinode

antiparticle

antiproton

antistokes lines

antisymmetric

anvil

aperiodic

nfhz ne®ntf«, nfhz¤ Âirntf«	

Kuâir miyé	

Úu‰w	

ne®Kid maå (ne®maå)	

Âirbah›th¥ g©ò¥gof«	

Âirbah›th¥ g©ò	

mêjš	

mêj‰ braè	

mê¤jš bfhŸif	

M©L kh‰w«	

tis tot ( f§fz«)	

tisa xë kiwÎ, f§fz »ufz«	

ne®ä‹thŒ	

ne®ä‹thŒ¥ g©òfŸ	

ne®ä‹thŒ¡ fÂ®fŸ	

Kuâa ãw¥Ãif	

Kuâa éisÎ	

Kuâa Ókh‹ mik¥ò	

cz® bfh«ò	

vÂ® ä‹thŒ	

vÂ®g¡f¥ òw¤js«	

ÏlŠRê	

vÂ® ãô£çndh	

vÂ® ãô£uh‹	

vÂ®¡fQ	

vÂ®¤JfŸ	

vÂ® ònuh£lh‹	

vÂ® °nlh¡° nfhLfŸ	

rk¢Óu‰w	

g£liw¡fš, g£liw	

fhy¢Óu‰w	
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