
A
tom transfer radical polymerization of styrene (St) and methyl methacrylate

(MMA) was performed at 90oC in the absence and presence of nanoclay

(Cloisite 30B). Trichloromethyl-terminated poly(vinyl acetate) telomer

and CuCl/ PMDETA were used as a macroinitiator and catalyst system, respectively.

The experimental results showed that the atom transfer radical polymerization of St

and MMA in the absence or presence of nanoclay proceeds via a controlled/living

mode. It was observed that nanoclay significantly enhances the homopolymerization

rate of MMA, which was attributed to the activated conjugated C=C bond of MMA

monomer via interaction between the carbonyl group of MMA monomer and the

hydroxyl moiety (Al-O-H) of nanoclay as well as the effect of nanoclay on the

dynamic equilibrium between the active (macro) radicals and dormant species.

Homopolymerization rate of St (a non-coordinative monomer with nanoclay)

decreased slightly in the presence of nanoclay. This could be explained by insertion

of a portion of macroinitiator into the clay galleries, where no sufficient St monomer

exists due to the low compatibility or interaction of St monomer with nanoclay to

react with the macroinitiator. The results obtained from XRD, TEM and TGA analyses

were fully in agreement with the kinetic data. Structure of the poly(vinyl acetate)-b-

polystyrene nanocomposite was found to be a combination of stacking layers and

exfoliated structures while poly(vinyl acetate)-b-poly(methyl methacryale)

nanocomposite had an exfoliated structure. This difference in the structure of

nanocomposites was attributed to the different capability of the monomers (styrene

and methyl methacrylate) to react with the hydroxyl moiety (Al-O-H) of nanoclay.
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Ÿ»î|âý±ÿ …Ö³…ü¼ ìþ|ü†‹~. …÷Œ†– º~û …¶•€ ²ì†ó �±…Þñ¼ ̈†á|°¹

¬° ìõðõì± �ý¼ …² �éýí±º~ó ô ðý³ ìÛ~…° ̈†á|°¹ ‹± ¶ýñ}ýà ){Œ~üê

ðù†üþ ô ¶±Î• {Œ~üê ìõðõì±( �éýí±º~ó …÷± ì˜Œ• ¬…°¬. �éýí±ø†ÿ

¶ñ}³ÿ ô²ó|ø†ÿ ìõèßõèþ Þñ}±ë º~û ô â±ôû|ø†ÿ …ð}ù†üþ ì»©¿þ

¬…º}ñ~.

{éõì± �éþ)ôüñýê|…¶}†–(-{±ÿ Þé±ôì}ýê|¬…° ‹ú Îñõ…ó

¬°º•„Ò†²â± ¬° øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î ìõðõì±ø†ÿ

ì©}é×þ ðËý± …¶}ý±ó ]62€21[€ ì}ýê ì}†Þ±üç– ]92-72€9[ ô

ì}ýê„Þ±üç–  )AM(| ]82€72[ ô ðý³ ¬° Þõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î

ì}ýê|„Þ±üç– -ì}ýê|ì}†Þ±üç– ]03€01€8[ …¶}×†¬û º~û …¶•. …ì†€

�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î „Ò†² º~û ‹† …üò {éõì± ¬° ìœ†ô°–

¶ýéýß†– æüú|…ÿ …¾ç§ º~û ‹† ì†¬û „èþ )ð†ðṏ†á|°¹( â³…°½ ð»~û

…¶•.  |

‹ú {†²âþ€ ¶ýñ}ýà ô…Þñ¼|ø†ÿ øíõ�éýí±º~ó ô Þõ�éýí±º~ó

°…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó ô ì}ýê|ì}†Þ±üç– „Ò†² º~û ‹† ¬°º•„Ò†²â±

�éþ)ôüñýê|…¶}†–( -{±ÿ|Þé±ôì}ýê|¬…° ‹† ð†ðṏ†á|°¹ ô ‹~ôó „ó

‹±°¶þ º~û …¶• ]|23€13[|. ð}†ü� ð»†ó ìþ|¬ø~€ ô›õ¬ ð†ðṏ†á|°¹

°ôÿ ¶ýñ}ýà ô…Þñ¼ ô °ü³¶†̈}†° Þõ�éýí±ø† …÷±  ìþ|â̄…°¬ ]|23[|.  |

¬° …üò ìÇ†èÏú€ øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó ô

ì}ýê|ì}†Þ±üç– „Ò†² º~û ‹† ¬°º•„Ò†²â± �éþ)ôüñýê …¶}†–( -{±ÿ

Þé±ôì}ýê|¬…°  ‹† ð†ðṏ†á|°¹ …¾ç§ º~û ‹† ì†¬û „èþ )B03 etisiolC( ô

‹~ôó „ó ¬° {õ¬û ¬° ¬ì†ÿC
o09 …ðœ†ï  º~û ô ì»©¿ú ²ð~û ô Þñ}±ë

º~û ô…Þñ¼|ø† …°²ü†‹þ º~û …¶•. ¶�̧€ ¶†̈}†° ô �†ü~…°ÿ â±ì†üþ

ð†ðõÞ†ì�õ²ü•|ø†ÿ Þõ�éýí± ÚÇÏú|…ÿ ‹± �†üú �éþ)ôüñýê|…¶}†–( -

¨†á|°¹ ‹ú Þíà �±…½ �±{õ X|€ ìýß±ô¶ßõ�þ …èß}±ôó ÎŒõ°ÿ ô

{œ³üú â±ì†ô²ó ¶ñœþ ‹±°¶þ º~û …¶•. ‹± …¶†¹ ð}†ü� ‹ú ¬¶• „ì~û€

…÷± ð†ðṏ†á|°¹ ‹± ¶ýñ}ýà ô…Þñ¼ ô …°{Œ†É „ó ‹† ¶†̈}†° ô ̈õ…Á

â±ì†üþ ð†ðõÞ†ì�õ²ü•|ø† ‹† ›³üý†– ‹ý»}±ÿ …°²ü†‹þ º~û …¶•.   ü†¬„ô°

ìþ|ºõ¬€ ‹±°¶þ ¶†̈}†° ð†ðõÞ†ì�õ²ü•|ø†ÿ Þõ�éýí± ÚÇÏú|…ÿ ‹± �†üú

�éþ)ôüñýê|…¶}†–( -̈†á|°¹ ¬° ìÛ†æ– â³…°½ ð»~û …¶•.

{œ±‹þ

ìõ…¬

…¶}ý±ó )tS( )ì¥¿õë kcreM€ ̈éõÁ ‹ý¼ …² 99 ¬°¾~( ô ì}ýê

ì}†Þ±üç– )AMM( )ì¥¿õë kcreM€ ̈éõÁ ‹ý¼ …² 99 ¬°¾~( �ý¼

…² …¶}×†¬û€ ²ü± Ö»†° Þ†øý~û ô °ôÿ Þé·ýî øý~°ü~ {ÛÇý± º~ð~. Þé±ü~

ì̧ )I( )ì¥¿õë kcreM€ ̈éõÁ 79 ¬°¾~( ‹ú {±{ý� ‹† …¶ý~…¶}ýà

ü©þ )¶ú ì±{Œú(€ …{†ðõë ìÇéÜ ô ¬ÿ|…{ýê|…{± º·}ú ô ¶�̧ ‹ú Þíà ̈çŠ

¨»à º~.

N|€N|€'N|€"N|€"N|- �ñ}†ì}ýê|¬ÿ|…{ýéò|{±ÿ|„ìýò )ATEDMP( )ì¥¿õë

kcreM€ ̈éõÁ 8/99 ¬°¾~( ‹ú Îñõ…ó èýã†ð~ ô {}±…øý~°ôÖõ°…ó )FHT(

‹ú Îñõ…ó ¤çë ‹ú øí†ó ºßê …ôèýú …¶}×†¬û º~ð~. Þéõü³ü• B03‹ú

Îñõ…ó ð†ðṏ†á|°¹ …¾ç§ º~û ‹† ì†¬û „èþ ]|…¾ç§|Þññ~û: Þ†{ýõó

„ìõðýõï Ÿù†°{†üþ )‹ý̧|øý~°ôÞ·þ|…{ýê( ì}ýê {†èõ[| ‹† Ê±Öý• {Œ†¬ë

Þ†{ýõó 09 ìýéþ …Þþ ô…æó ‹± 001 â±ï ̈†á|°¹ …² º±Þ• ì¥¿õæ–

¨†á|°¹ ¶†{±ó {†‡ìýò º~. {éõì± �éþ)ôüñýê …¶}†–( -{±ÿ

Þé±ôì}ýê|¬…° ‹† Î†ìéý• …ð}ù†üþ 7/68 ¬°¾~ )üÏñþ ¬°¾~ {éõì±(€ ô²ó

ìõèßõèþ ì}õ¶È Î~¬ÿ lom/g0331 )ì¥†¶Œú º~û …² ÆýØ RMN H1(

ô {õ²üÐ ô²ó ìõèßõèþ 38/1 )…ð~…²û âý±ÿ º~û ‹† CPG( ‹ú °ô½

{éõì±º~ó °…¬üß†èþ ìõðõì± ôüñýê …¶}†– ¬° ìœ†ô°– Þé±ôÖ±ï ¬°

¬ì†ÿ Co|06 ‹ú ì~– h5 ¶ñ}³ º~ ]82-62[ ô ‹ú Îñõ…ó ¬°º•„Ò†²â± ¬°

øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó ô ì}ýê|ì}†Þ±üç– …¶}×†¬û

º~û …¶•.  |

α

α

α

α
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ð†ðõÞ†ì�õ²ü•|ø†ÿ Þõ�éýí± ÚÇÏú|…ÿ ‹± �†üú �éþ)ôüñýê …¶}†–( - ̈†á|°¹ {ùýú º~û ‹ú °ô½ ... ì¥í~Îéþ ¶í·†°²…¬û€ ìù~ÿ ÎŒ~…èéùþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 

ÒéË• …ôèýú ôüñýê|…¶}†– ¬° ì©éõÉ ô…Þñ¼ 24/2 ìõæ° ‹õ¬ ô ð·Œ•

ìõèþ …›³…ÿ ô…Þñ¼ ôüñýê|…¶}†– -Þé±ôÖ±ï -2€'|2- „²ô ‹ý̧

)…ü³ô‹õ{ý±ôðý}±üê( ‹ú {±{ý� 001/ 004/ 1 ‹õ¬. {Œ~üê ô…Þñ¼ �̧ …² h|5 ‹ú

6/07 ¬°¾~ °¶ý~. �̧ …² …üò Þú ô…Þñ¼ {éõì±º~ó …ðœ†ï º~€ ìõðõì±

ô…Þñ¼ ð~…¬û ô Þé±ôÖ±ï ¬° ¬ì†ÿ ì¥ýÈ {Œ©ý± º~ð~. ¶�̧€

{}±…øý~°ôÖõ°…ó ‹ú ì¥¿õë ô…Þñ¼ …Â†Öú º~ ô ‹ú ì~– h5  ‹†²°ô…ðþ

º~ {† „Ò†²â± ô…Þñ¼ ð~…¬û ‹ú Æõ° Þ†ìê {œ³üú ºõ¬ ]82-62[. ¶±…ðœ†ï€

{}±…øý~°ôÖõ°…ó ¬° ¬ì†ÿ ì¥ýÈ {Œ©ý± ô �éýí± ‹ú Þíà ̈çŠ ¬° ¬ì†ÿ

C
o05 {† °¶ý~ó ‹ú ô²ó ÷†‹• ̈»à º~.

¬¶}ã†û|ø†

ÆýØ|¶ñ� RMN H1ì~ë ecnavA rekurB 004 XRD¶†̈• „èí†ó€

°ðä|ðã†° ́ë {±…ô… )CPG( ì~ë  C051sretaW| ¶†̈• „ ì±üß†€ �±…½

¶ñ� �±{õ X| ì~ë spilihP¶†̈• øéñ~€  ìýß±ô¶ßõ’ …èß}±ôó ÎŒõ°ÿ

)MET( ì~ë 002 MC spilihP| ¶†̈• „ì±üß† ô â±ì†ô²ó|¶ñ� 0592

AGT seR-iH| ¶†̈• „èí†ó ‹ú Þ†° â±Ö}ú º~û …¶•.

°ô½|ø†

øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó ô ì}ýê|ì}†Þ±üç–

|ìÛ~…° ìõ°¬ ðý†² …² ð†ðṏ†á|°¹ ‹ú èõèú|ø†ÿ ºý»ú|…ÿ ìœù³ ‹ú øî|²ó

ìÓñ†Æý·þ ô ¬°�õ½ æ¶}ýßþ …Â†Öú º~. èõèú|ø†ÿ ºý»ú|…ÿ ¬° …÷± ÎŒõ°

ðý}±ôó́ …² ¬…̈ê „ðù† øõ…²¬…üþ º~ð~ ô ¶�̧ ‹† ¬°�õ½ æ¶}ýßþ

¬°²‹ñ~ÿ º~ð~. ì©éõÉ ¬…°…ÿ ìÛ†¬ü± ì»©¿þ …² ìõðõì± )…¶}ý±ó ü†

ì}ýê|ì}†Þ±üç–( ô ¬°º•„Ò†²â± ]|{éõì± �éþ)ôüñýê|…¶}†–( -{±ÿ

Þé±ô ì}ýê|¬…°[| ‹† ÎŒõ° ðý}±ôó́ ‹ú ì~– nim02 øõ…²¬…üþ º~ ô ¶�̧ ‹ú

ô¶ýéú ¶±ðä ‹ú èõèú|ø†ÿ „²ì†ü¼ …Â†Öú º~. æ²ï ‹ú ®Þ± …¶•€ ìÛ~…°

¬ÚýÜ ¬°º•„Ò†²â± ìõ°¬ ðý†² ‹±…ÿ ô…Þñ¼|ø† ‹† ¬° ðË± â±Ö}ò ¬°¾~

{éõì± ¬° {éõì± �éþ)ôüñýê|…¶}†–(-{±ÿ|Þé±ô ì}ýê|¬…° ¶ñ}³ÿ ì¥†¶Œú

º~. Ö±¾• ¬…¬û º~ {†  ð†ðṏ†á|°¹ ¬° ¤†ë øî|²¬ó ‹ú ì~– h3 ¬°

¬ì†ÿ Co52 ¬° ì¥éõë ìõðõì± �±…Þñ~û ºõ¬.  |

‹±…ÿ ‹±°¶þ ð×õ® …¤}í†èþ ¬°º•„Ò†²â± ‹ýò æüú|ø†ÿ

ð†ðṏ†á|°¹€ ¬ô ì¥éõë …Â†Öþ ¤†ôÿ ð†ðṏ†á|°¹€ ¬°º•„Ò†²â± ô

ìõðõì± )üßþ ¬° ìœ†ô°– …¶}ý±ó ̈†èÀ ô ¬üã±ÿ ¬° ì}ýê ì}†Þ±üç–

¨†èÀ( ¬° Òý†Ž èýã†ð~ ô ì̧ )I(| Þé±ü~  ìÇ†‹Ü  °ô½ �ý¼ â×}ú {ùýú

º~ð~. …üò ðíõðú|ø† �̧ …² ̈»à º~ó ‹ú °ô½ �±…½ �±{õX )DRX(|

‹±°¶þ º~ð~. …üò ì¥éõë|ø† ¬° ô…ÚÐ º±…üÇþ ì»†‹ú ‹† ì¥éõë|ø†ÿ

øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó ô ì}ýê ì}†Þ±üç– °… ¬° è¥Ëú

º±ôÑ ô…Þñ¼ ¬…º}ñ~. ‹±…ÿ ¶†ü± èõèú|ø†ÿ „²ì†ü¼€ …‹}~… èýã†ð~

ATEDMP| ô ¶�̧ ì̧ )I(| Þé±ü~ ‹ú {±{ý� …Â†Öú º~ð~. èõèú|ø†ÿ

ºý»ú|…ÿ ‹† ¬°�õ½ æ¶}ýßþ ¬°²‹ñ~ÿ º~û ô ¶ú ì±{Œú {¥• Ÿ±̈ú

ç̈Š ô ðý}±ôó́|¬øþ Ú±…° â±Ö}ñ~. ð·Œ• ìõèþ …›³…ÿ ô…Þñ¼ üÏñþ

0]3lCC-cAVP[/0]lCuC[/0]ATEDMP[/0]AMM ro tS[‹±…ÿ

{í†ï „²ì†ü¼|ø† ÷†‹• ðãú|¬…º}ú º~ )1/1/2/003(. ìÛ~…° ð†ðṏ†á|°¹ ðý³

¬° ô…Þñ¼|ø†ÿ ì±‹õÉ ÷†‹• ‹õ¬ )2 ¬°¾~ ô²ðþ ð·Œ• ‹ú ô²ó ìõðõì±(.

æ²ï ‹ú ®Þ± …¶•€ ô…Þñ¼|ø†ÿ ì»†‹ùþ ¬° Òý†Ž ð†ðṏ†á|°¹ ðý³ …ðœ†ï

º~ð~.

èõèú|ø†ÿ øõ…²¬…üþ ô ¬°²‹ñ~ÿ º~û Þú ¤†ôÿ ì©éõÉ ô…Þñ¼ ‹õ¬ð~€

¬° ¤í†ï °ôÒò …² �ý¼|â±ï º~û ‹† ¬ì†ÿ ìõ°¬ ðË± )üÏñþ 1/0±C
o09(

ÒõÆú|ô° º~ð~. èõèú|ø† ¬° Ö†¾éú|ø†ÿ ²ì†ðþ ì»©À …² ¤í†ï °ôÒò

‹±¬…º}ú º~ð~ ô ¬° ¤†èþ Þú ì©éõÉ ô…Þñ¼ ̈ñà ìþ|º~€ ‹çÖ†¾éú ‹†

{}±…øý~°ôÖõ°…ó °ÚýÜ ô ²ü± ̈çŠ {† °¶ý~ó ‹ú ô²ó ÷†‹• ̈»à º~.

æ²ï ‹ú ®Þ± …¶•€ {Ï~…¬ èõèú ø†ÿ „²ì†ü¼ ‹±…ÿ ìÇ†èÏú ¶ýñ}ýßþ 8 Î~¬

‹õ¬û …¶•. ¬ô Î~¬ …² …üò èõèú|ø†ÿ „²ì†ü¼ ¬° ²ì†ó ì»†‹ùþ …² ¤í†ï

°ôÒò ‹±¬…º}ú  º~ð~ {† {ß±…°�̄ü±ÿ ô…Þñ¼ ‹±°¶þ ºõ¬.

ô…Þñ¼|ø† …² {ß±…°�̄ü±ÿ ̈õ‹þ ‹±̈õ°¬…° ‹õ¬ð~. ‹† ¬° ¬¶• ¬…º}ò

ô²ó ðíõðú ̈»à º~û ô ‹† ¬° ðË± â±Ö}ò ìÛ†¬ü± ì̧ )I(| Þé±ü~€

ð†ðṏ†á °¹ ô ¬°º•„Ò†²â± ìõ›õ¬ ¬° °ô½ Þ†° ô…Þñ¼€ {Œ~üê

ìõðõì± ‹ú °ô½ ô²ó|¶ñœþ ì¥†¶Œú º~. �éýí±ø†ÿ ̈»à º~û|…ÿ Þú

¬…°…ÿ ð†ðṏ†á|°¹ ‹õ¬ð~€ ¬ô‹†°û ¬° {}±…øý~°ôÖõ°…ó ¤ê º~ð~ ô �éýí±

¬° …÷± Ö±…ì±Þ³â³ü±ÿ  ‹† ¶±Î• ²ü†¬ …² ð†ðṏ†á °¹ ›~… º~.  |

¬° …¬…ìú€ ì¥éõë …² ¶}õó Þõ{†û „èõìýñ†ÿ ̈ñþ̃ ÎŒõ° ¬…¬û º~ {†

‹†Úþ|ì†ð~û Þ†{†èý³ô° ì̧ ô ð†ðṏ†á|°¹ ðý³ ‹ú Æõ° Þ†ìê …² ì¥éõë

�éýí± ¤Ù̄ ºõð~. …üò Îíê ‹±…ÿ �éýí±ø†üþ Þú ¬° Òý†Ž ð†ðṏ†á|°¹

¶ñ}³ º~û ‹õ¬ð~€ ðý³ …ðœ†ï º~. ì¥éõë �éýí±ÿ Î†°ÿ …² ì̧ )I(| Þé±ü~ ô

ð†ðṏ†á|°¹ ìœ~¬… ‹ú Þíà ̈çŠ ô ¬° ¬ì†ÿC
o05 {† °¶ý~ó ‹ú ô²ó

÷†‹• ̈»à º~ ô �éýí± ̈»à ‹ú ¬¶• „ì~û ¬° ÆýØ|¶ñœþ RMN H1|

ô °ðä|ðã†°ÿ ́ë {±…ô…üþ )CPG( …¶}×†¬û º~. ðíõðú|ø†üþ ðý³ …² èõèú|ø†ÿ

ºý»ú|…ÿ ‹±¬…º}ú ô ‹ú Æõ° ì·}Ûýî ‹ú Þíà RMN H1| ‹±°¶þ º~ð~ {† …²

…üò °…û  ðý³ ìõðõì±ø†ÿ ô…Þñ¼ ð~…¬û ô ¬° ðù†ü• {Œ~üê ìõðõì±

…ð~…²û|âý±ÿ ºõ¬. ìÛ†¬ü± {Œ~üê|ø†ÿ …ð~…²û|âý±ÿ º~û ‹† ¬ô °ô½

ô²ó|¶ñœþ ô RMN H1| Þ†ìç_ ‹† øî ìÇ†‹Û• ¬…º}ñ~ )›~ôë 1(.

ºñ†¶†üþ

{Œ~üê ìõðõì± )x( ‹ú °ô½ ô²ó|¶ñœþ ì¥†¶Œú º~. Þõ�éýí±ø†ÿ

α

α



ð†ðõÞ†ì�õ²ü•|ø†ÿ Þõ�éýí± ÚÇÏú|…ÿ ‹± �†üú �éþ)ôüñýê …¶}†–( - ̈†á|°¹ {ùýú º~û ‹ú °ô½ ... ì¥í~Îéþ ¶í·†°²…¬û€ ìù~ÿ ÎŒ~…èéùþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 300

ÚÇÏú|…ÿ �éþ)ôüñýê|…¶}†–( -ÚÇÏú -�éþ)…¶}ý±ó(  ]tSP-b-cAVP[| ô

�éþ)ôüñýê|…¶}†–( - ÚÇÏú- �éþ)ì}ýê|ì}†Þ±üç–( ]AMMP-b-cAVP[|

¬°Þé±ôÖ±ï ¬ô{±üî|¬…° )3lCDC( ¤ê º~ð~ ô ‹† …¶}×†¬û …² ÆýØ|¶ñœþ

RMN H1| ¬° ¬ì†ÿ ì¥ýÈ ºñ†¶†üþ º~ð~. ô²ó ìõèßõèþ ô {õ²üÐ ô²ó

ìõèßõèþ �éýí±ø†ÿ ¤ê º~û ¬° FHT| ‹ú ô¶ýéú °ðä|ðã†° ́ë {±…ô…ÿ

ìœù³ ‹ú ìœíõÎú ¶}õó|ø†ÿ …è}±……¶}ý±…́ë 005€ 013 |ô 
o
A014 ô

„ºß†°¶†² Â±ü� ºß·• )IR( ìÏýò º~ð~. ‹±…ÿ Þ†èýŒ±û Þ±¬ó

¶}õó|ø† ô ‹ú ¬¶• „ô°¬ó ìñ¥ñþ Þ†èýŒ±û …² …¶}†ð~…°¬ø†ÿ �éþ|…¶}ý±ó ‹†

{õ²üÐ ô²ó ìõèßõèþ ‹†°üà ô ‹† ô²ó|ø†ÿ ìõèßõèþ ¬° ì¥~ô¬û ô²ó|ø†ÿ

ìõèßõèþ ìõ°¬ {œ³üú€ …¶}×†¬û º~û …¶•. {}±…øý~°ôÖõ°…ó ‹ú Îñõ…ó Ö†²

ì}¥±á ‹† ¶±Î• ›±ü†ó Co53 /1-nimLm1 …¶}×†¬û º~û …¶•. |

…èãõÿ �±…½ �±{õ X‹† ‹ú Þ†°âý±ÿ �±…½|¶ñ� ‹ú ¬¶• „ì~. ôè}†́

º}†Ž|¬øñ~û Wk04 Þýéõô…– ô ›±ü†ó Am 52 ‹† …¶}×†¬û …² {†‹¼

KuC‹† Æõë ìõž mn|451/0 …Îí†ë º~. ìñ¥ñþ|ø†ÿ �±…½ ¬°

ì¥~ô¬û ²ô…ü†ÿ �±…Þñ¼ )θ2( …² 1 {† 01 ¬°›ú ‹† ¶±Î• �õü¼ nim|/Co01

‹ú ¬¶• „ì~ð~.
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ÚÇŒþ ¬° ‹±…‹± Þí�éß̧ ¬ô ø·}ú|…ÿ ̈ñþ̃ {»ßýê º~û ¬° �éýí±º~ó

°…¬üß†èþ …ð}Û†ë …{î ì}~…ôë ðý³ �ý»ñù†¬ º~û …¶• ]83[.  |

…Ö³ôó ‹± …üò ‹ú {†²âþ â³…°½ º~û …¶•€ ¶Ç¦ ¤†ôÿ ‹†° ìñ×þ

ìþ|{õ…ð~ Þ†{†èý³ô°ø†ÿ ¤†ôÿ ‹†° ì˜Œ• )üÏñþ üõó|ø†ÿ ì̧( °… {ÓéýÌ

Þñ~ Þú ‹ú ìõ›� „ó€ ¶±Î• °º~ ²ðœý± …Ö³…ü¼ ìþ|ü†‹~ ] 34[. ìþ|{õ…ó

¶†² ô Þ†° ì»†‹ùþ °… ðý³ ¬° …üò �µôø¼ ¬° ðË± â±Ö•€ ›†üþ Þú

ð†ðṏ†á|°¹€ ¶Ç¦ ¤†ôÿ ‹†° ìñ×þ °… Ö±…øî ìþ|Þñ~ ô â±ôû

øý~°ôÞ·ýê ÖÏ†ë )ìõ›õ¬ ¬° ¶Ç¦ ð†ðṏ†á|°¹ ô ðý³ ¬° …¾ç§|Þññ~û

ºßê 2 -…÷± ð†ðṏ†á|°¹ ‹±: )…èØ( ¬°¾~ {Œ~üê ìõðõì± ‹± ¤·� ²ì†ó  ô  )Ž( ))x-1(/1( nl‹± ¤·� ²ì†ó ‹±…ÿ øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î

…¶}ý±ó ô ì}ýê ì}†Þ±üç– „Ò†² º~û ‹† ¬°º•„Ò†²â± �éþ)ôüñýê …¶}†–(-{±ÿ Þé±ôì}ýê|¬…° ‹† ð†ðṏ†á|°¹ ô ‹~ôó „ó ¬° ¬ì†ÿ Co09 |)Þ~ ðíõðú ø†

ÆŒÜ ›~ôë 1(.

α

)…èØ()Ž(
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„ó( ì»©¿ú ÚÇŒþ °… ‹ú ì¥ýÈ ô…Þñ¼ …èÛ† ìþ|Þñ~ Þú ¬° �þ „ó âõðú|ø†ÿ

¤~ô…¶È üõðþ ÖÏ†ë …üœ†¬ ìþ|ºõð~ ]32[.

…÷± â±ôû|ø†ÿ øý~°ôÞ·ýê ìõ›õ¬ ¬° ¶Ç¦ ð†ðṏ†á|°¹ ô ðý³ ¬°

¶†̈}†° …¾ç§|Þññ~û ̈†á|°¹ ]Þ†{ýõó „ìõðýõï Ÿù†°{†üþ )‹ý̧

øý~°ôÞ·þ …{ýê( ì}ýê {†èõ[ ‹± �éýí±º~ó °…¬üß†ë …ð}Û†ë …{î

…{ýê„Þ±üç– ‹† ›³üý†– ‹ý»}±ÿ ‹±°¶þ º~û …¶• ]32[. ÖÛÈ …Ö³…ü¼

›³üþ ¬° ¶±Î• �éýí±º~ó …{ýê|„Þ±üç– ì»†ø~û º~û …¶• Þú ð»†ó

ìþ|¬ø~ …Ö³…ü¼ Ú†‹ê ìç¤Ëú ¬° ¶±Î• �éýí±º~ó …{ýê|„Þ±üç–

ìñ¥¿±…_ ‹ú ô…¶Çú ì†øý• ÚÇŒþ )â±ôû|ø†ÿ øý~°ôÞ·ýê( ì¥ýÈ ðý·• ô

¶†² ôÞ†° ¬üã±ÿ ‹†ü~ Æþ �éýí±º~ó …÷±â̄…° ‹†º~.  |

ìÇ†èÏ†– …ðœ†ï º~û  ‹ú Þíà RMN|€ RITF| ô ATMD| ð»†ó ìþ|¬ø~

Þú ‹±øî|Þñ¼ ì»©¿þ ‹ýò ‹©¼ øý~°ôÞ·ýê )H-O-lA(|

ð†ðṏ†á|°¹ ô â±ôû Þ±‹õðýê )O=C(| âõðú|ø†ÿ Òý±ÖÏ†ë ô›õ¬ ¬…°¬. ‹ú

ô…¶Çú …üò ‹±øî|Þñ¼€ �ýõð~ Þ±‹ò -ø†èõó́ ìœ†ô° �ýõð~ Þ±‹õðýê …¶}±

ÖÏ†ë º~û ô ÒéË• ²ü†¬ÿ …² )¬°º•( °…¬üß†ë|ø†ÿ ÖÏ†ë …üœ†¬ ìþ|Þññ~

)Æ±§ 2( ]32[. øî|Ÿñýò€ ð†ðṏ†á|°¹ …Â†Öú º~û ìþ|{õ…ð~ ‹† â±ôû

Þ±‹õðýê ìõðõì± )…{ýê„Þ±üç–( ‹±øî|Þñ¼ ¬…º}ú ‹†º~ ô Ÿã†èþ

…èß}±ôó °… ¬° �ýõð~ ¬ô â†ðú Þ±‹ò -Þ±‹ò ì³¬ôž ‹† â±ôû Þ±‹õðýê Þ†ø¼

¬ø~ )Æ±§ 2(. ¬° …üò ¤†è•€ ÖÏ†èý• ìõðõì± …Ö³…ü¼ ìþ|ü†‹~. ‹ú ÎŒ†°–

¬üã±€ ÷†‹• ¶±Î• …ð}»†° �éýí±º~ó …Ö³…ü¼ ìþ|ü†‹~ Þú ‹ú ðõ‹ú ̈õ¬

‹†Î™ …Ö³…ü¼ ¶±Î• �éýí±º~ó ìþ|ºõ¬.

‹† ¬° ðË± â±Ö}ò ì»†ø~…– ü†¬ º~û ¬°‹†°û …{ýê|„Þ±üç– …ð}Ë†°

ìþ|°ô¬€ øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î „Þ±üç–|ø† ô ì}†Þ±üç–|ø†

¬° ìœ†ô°– ð†ðṏ†á|°¹ ì»†‹ú ‹† øíõ�éýí±º~ó …{ýê|„Þ±üç– ¬°

ìœ†ô°– ð†ðṏ†á|°¹ ‹†º~ )…üò ìõÂõÑ ¬° …üò �µôø¼ ‹† ›³üý†–

‹ý»}±ÿ ‹±°¶þ º~û …¶•(. ‹ñ†‹±…üò€  ¶†² ô Þ†° Îíõìþ �éýí±º~ó

°…¬üß†èþ …ð}Û†ë …{î )ì}†(„Þ±üç–|ø† ¬° ìœ†ô°– ð†ðṏ†á|°¹ °…

ìþ|{õ…ó ‹ú ºßê Æ±§ 2 ð»†ó ¬…¬.

‹† ‹±°¶þ ºßê 2 ìþ|{õ…ó ì»†ø~û Þ±¬€ ¶±Î• øíõ�éýí±º~ó

ì}ýê|ì}†Þ±üç– ¬° ìœ†ô°– ð†ðṏ†á|°¹ ‹ú Æõ° Ú†‹ê ìç¤Ëú|…ÿ

…Ö³…ü¼ ìþ|ü†‹~. …üò ìõÂõÑ ð»†ó ìþ|¬ø~€ �éýí±º~ó °…¬üß†èþ …ð}Û†ë

…{î ì}ýê|ì}†Þ±üç– ¬° ìœ†ô°– ð†ðṏ†á °¹ …² ¶†² ôÞ†° �ý»ñù†¬ º~û

¬° Æ±§ 2 € �ý±ôÿ ìþ|Þñ~ ]32[.  |

¬° ìÛ†æ– â³…°½ º~û …¶•€ �éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î

ìõðõì±ø†ÿ ì}†Þ±üç{þ )‹õ{ýê|ì}†Þ±üç– ô ì}ýê|ì}†Þ±üç–( ¬°

ìœ†ô°– „èõìýñýî …ü³ô�±ô‹õÞ·ý~ )…¶ý~ èõü̧( {Ûõü• ìþ|ºõ¬ ]44[.

…Ö³…ü¼ ¬° ¶±Î• �éýí±º~ó ‹ú ºßê Þõõ̂°¬üñú º~ó â±ôû Þ±‹õÞ·ýê

ìõðõì± ô „èõìýñýî …¶ý~ èõü̧ {õ›ýú º~û …¶• ]54€ 44[.

…¶}ý±ó )ìõðõì±ÿ Þú Ú†‹éý• Þõõ̂°¬üñú º~ó ‹† ‹©¼ øý~°ôÞ·ýê

ð†ðṏ†á|°¹ °… ð~…°¬( ‹† �éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î ¬° ìœ†ô°–

ð†ðṏ†á|°¹ ‹† …¶}×†¬û …² ìõèßõë „Ò†²â± ÞõŸà ì}ýê 2- ‹±ôìõ�±ô�ýõð†–

øíõ�éýí±º~û …¶• ]32[. ì»†ø~û º~û …¶•€  ô›õ¬ ð†ðṏ†á|°¹ ‹± ¶±Î•

øíõ�éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î …¶}ý±ó …÷± ðíþ|â̄…°¬. ‹† …üò ¤†ë€ ð}†ü� ‹ú

¬¶• „ì~û ¬° …üò �µôø¼ Þú ¬° ºßê 2 …°…̂ú º~û …¶•€ ð»†ó ìþ|¬ø~

¶±Î• øíõ�éýí±º~ó …¶}ý±ó ¬° ìœ†ô°– ð†ðṏ†á|°¹ ô ¬°º•„Ò†²â±

�éþ)ôüñýê|…¶}†–( -{±ÿÞé±ôì}ýê|¬…° …ð~Þþ Þ†ø¼ ìþ|ü†‹~.

‹±…ÿ …üò Þú …÷± ð†ðṏ†á|°¹ ‹± ¶±Î• øíõ�éýí±º~ó …¶}ý±ó ô

ì}ýê|ì}†Þ±üç– ‹ý»}± °ôºò ºõ¬€ …÷± ðõÑ ìõðõì± )…¶}ý±ó ü†

ì}ýê|ì}†Þ±üç–( ‹± ð×õ® )ü† ›†âý±ÿ( ¬°º•„Ò†²â± �éþ)ôüñýê|…¶}†–(

-{±ÿ Þé±ôì}ýê ¬…° ‹ýò æüú|ø†ÿ ̈†á|°¹ ‹ú Þíà �±…½ �±{õ  X|

‹±°¶þ º~û …¶•. …èãõø†ÿ �±…½ �±{õ X| ð†ðṏ†á|°¹ ̈†èÀ ô

)ð†ðõ(Þ†ì�õ²ü•|ø†ÿ ¬°º•„Ò†²â± -¨†á|°¹€ �éþ|)ôüñýê|…¶}†–( -

ÚÇÏú -�éþ|…¶}ý±ó -¨†á|°¹ ô �éþ)ôüñýê|…¶}†–( -ÚÇÏú -

�éþ|)ì}ýê|ì}†Þ±üç–( -¨†á °¹ ¬° ºßê 3 ð»†ó ¬…¬û º~û …¶•.

Þ†ì�õ²ü•|ø†ÿ ¬°º•„Ò†²â± -ð†ðṏ†á|°¹ ‹ú °ô½ ›†âý±ÿ ¬°

ì¥éõë )ìõðõì± …¶}ý±ó ü† ì}ýê|ì}†Þ±üç– ‹ú Îñõ…ó ¤çë(

¬°º•„Ò†²â± �éþ)ôüñýê|…¶}†–( -{±ÿ|Þé±ôì}ýê|¬…° ‹ýò æüú|ø†ÿ

ð†ðṏ†á|°¹ {ùýú º~ð~.

‹† ‹±°¶þ ºßê 3 ì»©À ìþ|ºõ¬€ ð×õ® ²ðœý±ø†ÿ

�éþ)ôüñýê|…¶}†–( ‹ýò æüú|ø†ÿ ̈†á|°¹ ¬° ì¥éõë ì}ýê|ì}†Þ±üç–

ìõö÷±{± …¶•€ ‹ú Æõ°ÿ Þú ‹ú …Ö³…ü¼ Ú†‹ê ìç¤Ëú Ö†¾éúlasab| 

)mn48/3 = 100d( ð†ðṏ†á|°¹ ìñœ± ìþ|ºõ¬ )ºßê 3 -Ž(. …² „ó ›†

Þú ìõðõì± ì}ýê ì}†Þ±üç– ìþ|{õ…ð~ ‹† ð†ðṏ†á|°¹ ‹±øî|Þñ¼ ¬…º}ú

‹†º~ ]32€44[€ ìõðõì±Þ†Öþ ‹ýò æüú|ø†ÿ ̈†á|°¹ ‹±…ÿ …Â†Öú º~ó ‹ú

)¬°º•( °…¬üß†ë ø†ÿ ¬° ¤†ë °º~ÿ Þú ¬° ‹ýò æüú ø†ÿ ð†ðṏ†á °¹

α

α

α

kP

Æ±§ 2 -…÷± ð†ðṏ†á|°¹ ‹± ¶†² ô Þ†° �éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î

)ì}†(„Þ±üç–|ø†.
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Ú±…° â±Ö}ú|…ð~€ ô›õ¬ ¬…°¬. ì»†ø~…– ì»†‹ùþ ¬° ìÛ†æ– â³…°½ º~û

…¶• ]64[ ‹~üò {±{ý� Þú …â± ̈†á|°¹ ¶†²â†°ÿ ü† ‹±øî|Þñ¼ ̈õ‹þ

‹† ìõðõì± ¬…º}ú ‹†º~€ æüú|ø†ÿ ̈†á|°¹ ‹ú ìÛ~…° Ú†‹ê ìç¤Ëú|…ÿ ‹ú

ô¶ýéú ìõðõì± ì}õ°ï ìþ|ºõ¬ ü† ‹ú ÎŒ†°– ¬üã±€ æüú|ø† ‹ú ¤~ Þ†Öþ …² øî

Ö†¾éú ìþ|âý±ð~.

‹† …üò ¤†ë€ ¬° ì¥éõë ìõðõì± …¶}ý±ó€ ÖÛÈ ‹©¼ Þíþ …²

¬°º•„Ò†²â± ‹ýò æüú|ø†ÿ ̈†á|°¹ ð×õ® ìþ|Þñ~ )ºßê 3 -ž(.

¬°º•„Ò†²â± �éþ)ôüñýê|…¶}†–( -{±ÿ |Þé±ôì}ýê|¬…° …² °…û

‹±øî|Þñ¼ ‹ýò â±ôû Þ±‹õðýê �éþ)ôüñýê|…¶}†–( ô ‹©¼ øý~°ôÞ·ýê

)H-O-lA(| ð†ðṏ†á|°¹ ô ðý³ ¶†²â†°ÿ ̈õŽ ‹ýò ¬°º•„Ò†²â± ô

ð†ðṏ†á|°¹ € ‹ú {ñù†üþ ìþ|{õ…ð~ ð×õ® ²ðœý± �éþ)ôüñýê|…¶}†–( °… ‹ýò

æüú|ø†ÿ ̈†á|°¹ {·ùýê Þñ~ ô …² …üò|°ô ¤}þ ‹±…ÿ ìõðõì±ÿ ìễ

…¶}ý±ó Þú ‹† ð†ðṏ†á|°¹ ‹± øî|Þñ¼ ô ¶†²â†°ÿ ̈õ‹þ ð~…°¬€ Ö†¾éú

lasab| )100d( ‹©»þ …² ̈†á|°¹ …Ö³…ü¼ ìþ|ü†‹~ )ºßê 3 -ž(.

‹ñ†‹±…üò …² „ó|›† Þú ð†ðṏ†á|°¹ ¶†²â†°ÿ ü† ‹±øî|Þñ¼ ÂÏý×þ ‹†

ìõðõì± …¶}ý±ó ¬° ìÛ†ü·ú ‹† ìõðõì± ì}ýê ì}†Þ±üç– ¬…°¬€ ì}õ°ï º~ó

æüú|ø†ÿ ̈†á|°¹ ‹† ìõðõì± …¶}ý±ó Ú†‹ê ìç¤Ëú ðý·•. 

°º~ ²ðœý±ø†ÿ �éþ|ôüñýê|…¶}†– ð×õ® Þ±¬û ‹ú ¬…̈ê æüú|ø†ÿ

¨†á|°¹ ðý³ {† ¤~ÿ Þñ~{± …¶•€ Ÿ±… Þú ÒéË• ìõðõì± …¶}ý±ó ¬°

ìœ†ô°– ¬°º•|°…¬üß†ë|ø†ÿ ¬° ¤†ë °º~ÿ Þú ¬° ‹ýò æüú|ø†ÿ

¨†á|°¹ ô›õ¬ ¬…°ð~€ Þî …¶•. ¬° ð}ýœú€ ¶±Î• �éýí±º~ó ¬°

ìœ†ô°– ð†ðṏ†á|°¹ …ð~Þþ Þ†ø¼ ìþ|ü†‹~ )ºßê 2(.

‹±…ÿ ì»©À º~ó …÷± ¬°º•„Ò†²â± ô ðõÑ ìõðõì±€ ¶†̈}†° ô

¨õ…Á â±ì†üþ ð†ðõÞ†ì�õ²ü•|ø†ÿ Þõ�éýí± ÚÇÏú|…ÿ ‹± �†üú

�éþ)ôüñýê|…¶}†–( -̈†á|°¹ ‹ú {±{ý� ‹ú ô¶ýéú ìýß±ô¶ßõ�þ …èß}±ôó

ÎŒõ°ÿ ô {œ³üú â±ì†ô²ó|¶ñœþ ‹±°¶þ º~û …¶•. {¿†ôü± ‹ú ¬¶•

„ì~û …² ìýß±ô¶ßõ�þ …èß}±ôó ÎŒõ°ÿ ‹±…ÿ ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ ¬°

ºßê 4 ð»†ó ¬…¬û º~û …¶•.

¶†̈}†° Ò†è� ‹±…ÿ ð†ðõÞ†ì�õ²ü• �éþ)ôüñýê|…¶}†–( -ÚÇÏú -

�éþ)ì}ýê|ì}†Þ±üç–( -¨†á|°¹€ ¶†̈}†° ô°Úú|…ÿ ‹õ¬€ ¬° ¤†èþ Þú

ð†ðõÞ†ì�õ²ü• �éþ)ôüñýê|…¶}†–( -ÚÇÏú -�éþ|…¶}ý±ó -̈†á|°¹ ø± ¬ô

¬…°…ÿ ¶†̈}†° æüú|…ÿ )reyal gnikcats( ‹ú øî Ÿ·Œý~û )¶†̈}†° Ò†è�(

ô ô°Úú|…ÿ ‹õ¬. …üò ì»†ø~…– Þú ‹† ð}†ü� …èãõø†ÿ �±…½ �±{õ X| ô

¬…¬û|ø†ÿ ¶ýñ}ýßþ Þ†ìç_ ìÇ†‹Û• ¬…°¬€ ¶†² ôÞ†° �ý»ñù†¬ÿ ¬° Æ±§ 2 ô

{õÂý¥†– ¬…¬û º~û ¬° ‹©¼ ÚŒéþ °… ‹ú º~– {†üý~ ìþ|Þñ~.

ð†ðõÞ†ì�õ²ü• �éþ)ôüñýê|…¶}†–( -ÚÇÏú -�éþ|…¶}ý±ó -¨†á|°¹€

¶†̈}†° ›³üþ  ô°Úú|…ÿ º~û ¬…°¬ )ºßê|ø†ÿ 3 ô 4(. ²ü±…€ ¶ýéýß†–|ø†ÿ

æüú|…ÿ )ð†ðṏ†á °¹( ‹~ôó …üò Þú �éýí± Æþ �éýí±º~ó ‹ú ¬…̈ê …üò

æüú|ø† ð×õ® Þñ~ ‹ú ºßê {œíÐ ‹†Úþ ìþ|ì†ðñ~. …² ¶õÿ ¬üã±€

øíõ�éýí±º~ó ì}ýê|ì}†Þ±üç– ¬° ìœ†ô°– ð†ðṏ†á|°¹ ‹ú

ð†ðõÞ†ì�õ²ü•|ø†ÿ �éþ)ôüñýê|…¶}†–( -ÚÇÏú -�éþ)ì}ýê|ì}†Þ±üç–( -

¨†á|°¹ ‹† ¶†̈}†° ô°Úú|…ÿ ìñœ±  º~û …¶• )ºßê|ø†ÿ 3 ô 4(.

‹ú Æõ° Þéþ€ ²ì†ðþ Þú ̈†á|°¹ ¶†²â†°ÿ ü† ‹±øî|Þñ¼ ̈õ‹þ ‹†

ìõðõì± )ðËý± ì}ýê|ì}†Þ±üç– …¶}×†¬û º~û ¬° …üò �µôø¼( ¬…º}ú ‹†º~€

æüú|ø†ÿ ̈†á ‹ú ìÛ~…° Ú†‹ê ìç¤Ëú|…ÿ ‹ú ô¶ýéú ìõðõì± ì}õ°ï

ìþ|ºõð~ )üÏñþ æüú|ø† …² øî Ö†¾éú ìþ|âý±ð~( ]64[. …üò …ì± ð×õ®

¬°º•„Ò†²â± �éþ)ôüñýê|…¶}†–( -{±ÿ|Þé±ôì}ýê|¬…° °… ‹ú ¬…̈ê

æüú|ø†ÿ ̈†á|°¹ ô �éýí±º~ó „¶†ó ìþ|Þñ~. ¬° ð}ýœú€ ð†ðõÞ†ì�õ²ü•

�éþ)ôüñýê|…¶}†–( -ÚÇÏú -�éþ|)ì}ýê|ì}†Þ±üç–( -̈†á °¹ ‹† ¶†̈}†°

ô°Úú|…ÿ ‹ú ¬¶• ìþ|„ü~.  |

…÷± ð†ðṏ†á|°¹ ‹± {©±ü� â±ì†üþ Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ ‹± �†üú

�éþ)ôüñýê|…¶}†–( ¬° ºßê 5 ð»†ó ¬…¬û º~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~€

�†ü~…°ÿ â±ì†üþ Þõ�éýí± ÚÇÏú|…ÿ �éþ)ôüñýê|…¶}†–( -ÚÇÏú -
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