
I
n this research, the microstructural of low molecular weight 1,2-polybutadiene

(1,2-PBD) was conducted by 1H and 13C nuclear magnetic resonance spec-

troscopy (NMR) to determine the isomeric contents of 1,4-cis, 1,4-trans and

1,2-vinyl in 1,2-PBD polymer structures. Number average molecular weight for low

molecular weight 1,2-PBD was measured by NMR techniques and the results were

compared with gel permeation chromatography. Due to the presence of methyl end

group and its comparison with repeating units in 1,2-PBD microstructure, the num-

ber average molecular weight was calculated by NMR techniques. For calculation of

surface areas, carbon and protons of methyl groups were characterized using distor-

tion enhancement by polarization transfer (DEPT) methods. For proton assignment

of methyl end groups in 1H NMR spectral analysis the heteronuclear multiple quan-

tum coherence (HMQC) method was employed. Finally, stereoregularity and tactic-

ity of 1,2-PBD were investigated through pentad and heptad sequences splitting of

olefinic methylene and methine carbons pendant groups with various NMR acquisi-

tion temperatures from 20 to 50oC. 13C NMR spectra showed that with increasing of

NMR acquisition temperature, the number of split peaks of two olefinic carbons

increased.   
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…ü³ôì±ø† ‹ú  ô¶ýéú  RMN H1|¬ÚýÜ|{± …¶• ]5[. ¤}þ ‹† ¬¶}ã†û|ø†ÿ ‹†

ìý~…ó ìÓñ†Æý·þ Úõÿ|{± ì†ðñ~ zHM|004 ðý³ øî|�õº†ðþ 1€4 -¶ý̧ ô 1€4 -

{±…ð̧ ô›õ¬ ¬…°¬. ôèþ€ …üò øî|�õº†ðþ ¬° ìÛ†ü·ú ‹† ¬¶}ã†û|ø†ÿ

ÂÏýØ|{±€ Þí}± ̈õ…ø~ ‹õ¬. …¾õæ_ �éþ|‹õ{†¬ÿ|…ó ‹† ì»©¿†– ìõ›õ¬

¶Œ� Þ†ø¼ ¶Çõ§ ²ü±ìñ¥ñþ …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4 -{±…ð̧

º~û ô âí†°½ „ðù† ‹† ¬ºõ…°ÿ …ðœ†ï ìþ|ºõ¬.     |

‹±…ÿ …ð~…²û|âý±ÿ Þíþ ìÛ~…° …ü³ôì± 1€2 -ôüñýê ìþ|{õ…ó ì¥†¶Œ†– °…

¬° ð†¤ýú …ôè×ýñþ ô øî ¬° ð†¤ýú „èý×†{ýßþ ‹ú Æõ° ìœ³… …ðœ†ï ¬…¬. üÏñþ …²

�ýà|ø†ÿ „èý×†{ýßþ  c| ô …ôè×ýñþ e| �±ô{õó ì}ýéò …ü³ôì± 1€2 -ôüñýê Þú ‹ú

{±{ý� ¬° ðõ…¤þ mpp4/1-0/1 ô mpp0/5-8/4 ô ‹ú Æõ° ìœ³… ¬…°…ÿ

�ýà|…ð~€ ìþ|{õ…ó …¶}×†¬û Þ±¬. ‹ñ†‹±…üò€ ‹† …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ

…üò …ìß†ó ô›õ¬ ¬…°¬ Þú ¬° ì±¤éú ð©·• ¬°¾~ Þíþ …ü³ôì± 1€2 -

ôüñýê °… ‹† …¶}×†¬û …² ìÏ†¬èú )1( ì¥†¶Œú Þ±¬. ‹† …¶}×†¬û …² ìÏ†¬èú|ø†ÿ )2(

ô )3( ô ‹† ¬° ðË± â±Ö}ò ºßê 1 ìþ|{õ…ó ì¥†¶Œ†– Þíþ °… ‹±…ÿ

…ð~…²û|âý±ÿ ¬°¾~ …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4 -{±…ð̧ ðý³ …² °…û RMN H1|

ô {ñù† …² ð†¤ýú „èý×†{ýßþ …ðœ†ï ¬…¬:|

‹ú Þíà °ô½  RMN C31| ðý³ ìþ|{õ…ó ‹±°¶þ|ø†ÿ ì}×†ô– Þý×þ ô

Þíþ °ôÿ 1€2-�éþ|‹õ{†¬ÿ|…ó …ðœ†ï ¬…¬. …² ìõ…°¬ÿ Þú ìþ|{õ…ó ìÛ†¬ü±

…ü³ôì±ø†ÿ �éþ|‹õ{†¬ÿ …ó °… ì¥†¶Œú Þ±¬€ °ô½ RMNC31 |…¶•. ºßê

μ
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c ×
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)1(ü† = ¬°¾~ …ü³ôì± 1€2 -ôüñýê
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)2(= ¬°¾~ …ü³ôì± 1€4 -¶ý̧
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)3(= ¬°¾~ …ü³ôì± 1€4 -{±…ð̧

ºßê 1 -ÆýØ RMN H1…² 1€ 2 -�éþ|‹õ{†¬ÿ|…ó ¬° ¤çë Þé±ôÖ±ï

¬ô{±üî|¬…° ô ¬° ¬ì†ÿ Co02.
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2 ÆýØ 1€2 -�éþ|‹õ{†¬ÿ|…ó °… ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° º±…üÈ

ì¥ýÇþ ð»†ó ìþ|¬ø~. øí†ó|Æõ° ¬° ºßê 2 ¬ü~û ìþ|ºõ¬€ �ýà

Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò …ôè×ýñþ …ü³ôì± 1€2-ôüñýê ‹ú {±{ý� ‹† ¤±ôÙ g|

ô h| ô ¬° ðõ…¤þ mpp6/511-0/411 ô mpp2/441-8/241 ì»©À ø·}ñ~.

�ýà|ø†ÿ Þ±‹ò ì}ýò …ôè×ýñþ …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4-{±…ð̧ ðý³ ‹†

º~– Þí}± ô ‹ú Æõ° ì»}±á ¬° ð†¤ýú mpp2/231-9/321 ô ‹† ¤±Ù i|

¬ü~û ìþ|ºõ¬. …² …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ Þ±‹ò|ø†ÿ …ôè×ýñþ ðý³

…üò …ìß†ó ô›õ¬ ¬…°¬€ ìÛ~…° Þíþ …ü³ôì± 1€2-ôüñýê �éþ|‹õ{†¬ÿ|…ó °…

ì¥†¶Œú Þ±¬ Þú ¬° ìÏ†¬èú )4( ¬ü~û ìþ|ºõ¬:

…² Æ±Öþ ‹±…ÿ …ð~…²û|âý±ÿ Þíþ …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4 -{±…ð̧ ‹ú

ô¶ýéú RMN C31| ‹†ü~ ìß†ó|ø†ÿ ºýíý†üþ „ðù† °… ºñ†¶†üþ ô ¶Çõ§

²ü±ìñ¥ñþ °… …ð~…²û|âý±ÿ Þ±¬. ¬° 1€4-�éþ|‹õ{†¬ÿ|…ó Þú ¬°¾~ …ü³ôì±

1€2-ôüñýê ‹·ý†° Þî …¶•€ Þ±‹ò ì}ýéò „èý×†{ýà …ü³ôì±ø†ÿ 1€4-¶ý̧

ô 1€4-{±…ð̧ ‹ú {±{ý� ¬° |4/72 ô mpp7/23 ¬ü~û ìþ|ºõð~ ]02[. …ì†€

²ì†ðþ Þú ¬°¾~ …ü³ôì± 1€2-ôüñýê …Ö³…ü¼ ü†‹~€ …üò …ìß†ó ‹ú ô›õ¬

ìþ„ü~ Þú ¬° ìœ†ô°– Þ±‹ò ì}ýéò {õ…èþ 1€4 -¶ý̧ ô 1€4 -{±…ð̧€

…ü³ôì±ø†ÿ ì}×†ô{þ ‹ú ôüµû  …ü³ôì± 1€2 -ôüñýê Ú±…° âý±¬. ¬° �µôø»þ

ì»†‹ú otaSô øíß†°…ó ]41[€  retawyB]01[ ô itnoC| ô øíß†°…ó ]31[

°ôÿ {õ…èþ|ø†ÿ Þ±‹ò ì}ýéò …² …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4 -{±…ð̧ ô

{Óýý± ›†‹ú|›†üþ ìß†ó ºýíý†üþ „ðù† ‹ú ô…¶Çú øí·†üãþ …ü³ôì±ø†ÿ

ì©}éØ …ðœ†ï ¬…¬û|…ð~. ð}†ü� �µôø¼|ø†ÿ „ðù† ð»†ó ìþ|¬ø~€ Þ±‹ò ì}ýéò

„èý×†{ýà …² …ü³ôì± 1€4 -¶ý̧ Þú ¬° øí·†üãþ „ó …ü³ôì±ø†ÿ 1€4 -ô 1€2 -

Ú±…° â±Ö}ú ‹†ºñ~€ ‹ú {±{ý� ¬° ìß†ó|ø†ÿ ºýíý†üþ 9/42 ô mpp4/72

Ê†ø± ìþ|ºõð~ Þú ¬° ºßê 2 ‹† ¤±ôÙ 1jô 2jì»©À º~û|…ð~. …²

Æ±Öþ€ Þ±‹ò ì}ýéò „èý×†{ýà …² …ü³ôì± 1€4 -{±…ð̧ Þú ¬° øí·†üãþ „ó

…ü³ôì±ø†ÿ 1€4-ô 1€2-Ú±…° â±Ö}ú ‹†ºñ~€ ‹ú {±{ý� ¬° ìß†ó|ø†ÿ

ºýíý†üþ 7/23 ô mpp1/03  Ê†ø± ìþ|ºõð~ Þú ¬° ºßê 2 ‹† ¤±ôÙ  1k|

ô  2k| ì»©À º~û|…ð~. �ýà|ø†ÿ Þ±‹ò ì}ýò ô ì}ýéò „èý×†{ýßþ …ü³ôì±

1€2 -ôüñýê ðý³ ¬° ðõ…¤þ 2/93-3/83 ô mpp6/24-6/93 ô ‹† ¤±ôÙ l| ô

m| ¬ü~û ìþ|ºõð~.  

‹ñ†‹±…üò€ ‹† …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ ðý³ …üò …ìß†ó ô›õ¬ ¬…°¬ Þú

ìÛ~…° Þíþ …ü³ôì±ø†ÿ 1€4 -¶ý̧ ô 1€4 -{±…ð̧ �éþ|‹õ{†¬ÿ|…ó ‹ú ¬¶• „ü~.

‹ú Þíà ìÏ†¬èú|ø†ÿ)5( ô )6(  ô ºßê 2 ìþ|{õ…ó ì¥†¶Œ†– æ²ï °… …ðœ†ï ¬…¬:|

{í†ï ð}†ü� ‹ú ¬¶• „ì~û Þíþ …² ÆýØ|ø†ÿ RMN C31ô RMN H1¬°

›~ôë 1 ì»†ø~û ìþ|ºõ¬. øí†ó|Æõ° Þú ¬ü~û ìþ|ºõ¬€ ð}†ü� …ð¥±…Ù

Þíþ ð·Œ• ‹ú üà ¬üã± ¬…º}ú ô Ú†‹ê …Æíýñ†ó ø·}ñ~.  |

{Ïýýò ô²ó ìõèßõèþ 1€2-�éþ|‹õ{†¬ÿ|…ó

‹ú Îé• Þî ‹õ¬ó ô²ó|ø†ÿ ìõèßõèþ °²üò 1€2-�éþ|‹õ{†¬ÿ|…ó …¶}×†¬û

º~û€ …üò …ìß†ó ô›õ¬ ¬…°¬ Þú â±ôû|ø†ÿ …ð}ù†üþ ²ðœý± ºñ†¶†üþ ô ‹†

…ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ …üò â±ôû|ø† ô ìÛ†ü·ú ‹† ô…¤~ø†ÿ {ß±…°

ºõð~û ¬° ²ðœý± �éýí±€ ìÛ~…° ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ °… ì¥†¶Œú ô

…ð~…²û|âý±ÿ Þíþ Þ±¬ ]02[. ¬° ì±¤éú ð©·•€ ‹†ü~ â±ôû|ø†ÿ …ð}ù†üþ ¬°

1€2-�éþ|‹õ{†¬ÿ|…ó ºñ†¶†üþ ºõð~. ¶�̧ ‹† …ð~…²û|âý±ÿ ¶Çõ§

²ü±ìñ¥ñþ€ {Ïýýò ô…¤~ø†ÿ {ß±…° ºõð~û ô …ðœ†ï ì¥†¶Œ†– ìÛ~…°
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ºßê 2 -ÆýØ RMN C31| …² 1€2 -�éþ|‹õ{†¬ÿ|…ó ¬° ¤çë Þé±ôÖ±ï

¬ô{±üî|¬…° ô ¬° ¬ì†ÿ Co02.

›~ôë 1 -ì»©¿†– °ü³¶†̈}†° 1€2- �éþ|‹õ{†¬ÿ|…ó.
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ì}õ¶È ô²ó ìõèßõèþ Î~¬ÿ …ð~…²û|âý±ÿ ºõ¬. ¬° …èãõø†ÿ …‹}~… ü†

…ð}ù†ÿ ²ðœý± ¬° ¶ñ}³ 1€2 -�éþ|‹õ{†¬ÿ|…ó€ º†ø~ â±ôû|ø†ÿ …ð}ù†üþ …² ðõÑ

ì}ýê ‹õ¬û ]22€12[ Þú ¬° ì±¤éú …ôë ‹†ü~ ô›õ¬ „ðù† °… ¬° ÆýØ

RMNC31|›·• ô ›õ Þ±¬. ºßê 3 -…èØ ÆýØ Þ†ìê  RMN C31 …²

1€2 -�éþ|‹õ{†¬ÿ|…ó „ì~û …¶• Þú ‹±…ÿ „ºß†°º~ó …ðõ…Ñ Þ±‹ò ¬° „ðù†

‹†ü~ …² °ô½|ø†ÿ {Ûõü• ‹~ôó ô…�ý¡ý~âþ ‹† …ð}Û†ë ÚÇŒ¼)TPED(|

…¶}×†¬û Þ±¬. ¬° °ô½ 531TPED| Þ±‹ò|ø†ÿ ðõÑ …ôë ô ¶õï ‹ú ºßê

Îçî̂ )langis(ì˜Œ•€ Þ±‹ò ðõÑ ¬ôï ‹ú ºßê Îçì• ìñ×þ ô Þ±‹ò ðõÑ

Ÿù†°ï ¤Ù̄ ìþ|ºõ¬. ¬° °ô½ 09TPED| ðý³ |Þ±‹ò|ø†ÿ ðõÑ ¶õï ‹ú

ºßê Îçì• ì˜Œ• ô ¶†ü± Þ±‹ò|ø† ¤Ù̄ ü† º~– „ðù† ‹·}ú ‹ú ²ì†ó

{†‡̈ý± Ö†¾éú ¬ô �†ȩ̀ Þ†ø¼ ìþ|ü†‹~. ºßê 3 -Ž ô ž ‹ú {±{ý� ÆýØ

531TPED| ô 09TPED| …² 1€2-�éþ|‹õ{†¬ÿ|…ó °… ð»†ó ìþ|¬ø~ Þú

ìþ|{õ…ó ‹† ÆýØ RMN C31)ºßê 3 -…èØ( ìÛ†ü·ú Þ±¬. øí†ó|Æõ° Þú

¬° ºßê|ø†ÿ 2 ô 3 -…èØ ì»©À …¶•€ �ýà|ø†ÿ Ê†ø± º~û ¬° ð†¤ýú

›†‹ú|›†üþ ºýíý†üþ 2/31 ô mpp0/81€ ì±‹õÉ ‹ú Þ±‹ò â±ôû ì}ýê ô …²

ì»©¿ú â±ôû|ø†ÿ …ð}ù†ÿ ²ðœý± …¶• Þú ‹ú {±{ý� ‹† ¬ô ¤±Ù A| ô B|

Ú†‹ê ì»†ø~û|…ð~. ‹† {õ›ú ‹ú °ô½ �†ȩ̀ ô…›×• º~ó ¬°ô…²û|…ÿ

ìÏßõ¹ ‹±…ÿ RMN C31…üò …ìß†ó ô›õ¬ ¬…°¬ Þú ‹† …ð~…²û|âý±ÿ

¶Çõ§ ²ü±ìñ¥ñþ ìÛ~…° Þíþ …ðõ…Ñ Þ±‹ò|ø† °… ‹ú ¬¶• „ô°¬. …¶}×†¬û …²

…üò °ô½ ¶Œ� ìþ|ºõ¬€ …÷± EON| …² ‹ýò °Ö}ú ô ‹}õ…ó …² ¶Çõ§

²ü±ìñ¥ñþ ð}†ü� Þíþ °… …¶}©±…ž Þ±¬. øí†ó|Æõ° Þú ¬° ºßê|ø†ÿ 2 ô 3 -

…èØ ¬ü~û ìþ|ºõ¬€ ÆýØ 1€2 -�éþ|‹õ{†¬ÿ|…ó ¬…°…ÿ ¬ô ðõÑ Þ±‹ò ì}ýê

…¶• Þú …² …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ€ Þ±‹ò ðõÑ B| ¬…°…ÿ ¶Ç¥þ

¬ô ‹±…‹± ¶Ç¦ A| …¶•. ‹ñ†‹±…üò€ ‹† {õ›ú ‹ú ðõÑ ¶ñ}³ 1€2 -�éþ|‹õ{†¬ÿ|…ó

Þú ¬° ì±…›Ð ]22€12[ ‹ú „ó …º†°û º~û€ …èãõÿ Þ±‹ò B| ì±‹õÉ ‹ú ðõÑ

Þ†{†èý³ô° …‹}~…ÿ ²ðœý± ô …² ðõÑ ¬ÿ„èßýê …¶• ô Þ±‹ò A| ì±‹õÉ ‹ú

Þ±‹ò ì}ýê …ð}ù†ÿ ²ðœý± …¶• Þú ‹ú Îñõ…ó …̈}}†ï|¬øñ~û ²ðœý± ‹ú Þ†°

‹±¬û º~û …¶•.    |

‹±…ÿ …¶}×†¬û …² ÆýØ RMN H1| …‹}~… ‹†ü~ ô›õ¬ �±ô{õó|ø†ÿ â±ôû

ì}ýê ¬° ÆýØ ºñ†¶†üþ ºõ¬. ‹ú Îé• ì¥~ô¬ ‹õ¬ó â·}±û ›†‹ú|›†üþ

ºýíý†üþ ÆýØ RMN H1| ‹†ü~ …Æíýñ†ó ¬…º• Þú �ýà �±ô{õó|ø†ÿ â±ôû

ì}ýê ‹† ¶†ü± �ýà|ø† øî|�õº†ðþ ð~…°ð~ {† ‹}õ…ó …² …ð~…²û|âý±ÿ ¶Çõ§

²ü±ìñ¥ñþ ì¥†¶Œ†– æ²ï °… ‹±…ÿ {Ïýýò ô²ó  ìõèßõèþ ‹ú ¬¶• „ô°¬. ‹ú

øíýò ìñËõ°€ ‹±…ÿ ºñ†¶†üþ ô âí†°½ �±ô{õó|ø†ÿ â±ôû ì}ýê …² °ô½

ô…‹·}ãþ ìÃ†ÎØ ø·}ú|ø†ÿ ð†øíãò )CQMH(| …¶}×†¬û ìþ|ºõ¬. …üò

°ô½ øí†ó|Æõ° Þú …º†°û º~€ …°{Œ†É ì·}Ûýî ø·}ú|ø†ÿ �±ô{õó ô Þ±‹ò

°… ¬° 1€2 -�éþ|‹õ{†¬ÿ|…ó ð»†ó ìþ|¬ø~. ºßê 4 -…èØ ÆýØ Þ†ìê

CQMH| ô ºßê 4 -Ž ÆýØ â·}±¬û ìý~…ó ìÓñ†Æý·þ Úõÿ 1€2 -

�éþ|‹õ{†¬ÿ|…ó °… ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° º±…üÈ ì¥ýÇþ ð»†ó

ìþ|¬ø~. …ð}Ë†° ìþ|°ô¬€ �±ô{õó|ø†ÿ ìõ›õ¬ ¬° â±ôû ì}ýê ðý³ …² è¥†Í

›†‹ú|›†üþ ºýíý†üþ øí†ðñ~ ø·}ú Þ±‹ò ¬° ìý~…ó ìÓñ†Æý·þ Úõÿ Ê†ø±

ºõð~ Þú ¬° ðõ…¤þ A| ô B| ¬° ºßê 4 -Ž ð»†ó ¬…¬û º~û …¶•. ‹† {õ›ú

‹ú ¶Çõ§ ð»†ó ¬…¬û º~û ¬° ÆýØ ¬ô‹Ï~ÿ ô …°{Œ†É „ðù† ‹† ÆýØ  RMNH1

)ºßê 1(€ ¬ô �ýà Þú ¬° ð†¤ýú mpp7/1-5/1 ¬ü~û ìþ|ºõ¬€ ì±‹õÉ ‹ú

�±ô{õó|ø†ÿ â±ôû …‹}~… ô …ð}ù†ÿ ²ðœý± …¶• Þú ‹† ¶†ü± �ýà|ø†ÿ �±ô{õó

øî|�õº†ðþ ð~…°¬ ô ìþ|{õ…ó ì¥†¶Œ†– °… ‹±…ÿ {Ïýýò ì}õ¶È ô²ó

ìõèßõèþ …ðœ†ï ¬…¬.

‹† {õ›ú ‹ú ºßê|ø†ÿ 1 ô 2 ô …¶}×†¬û …² ìÏ†¬èú|ø†ÿ )7( ô )8( ìþ|{õ…ó

ô²ó ìõèßõèþ Î~¬ÿ 1€2 -�éþ|‹õ{†¬ÿ|…ó ì³‹õ° °… ‹† °ô½|ø†ÿ RMN H1|

ô RMN C31| ì¥†¶Œú Þ±¬ Þú ð}†ü� „ó ¬° ›~ôë 2 ¬ü~û ìþ|ºõ¬:  |

‹±…ÿ ìÛ†ü·ú ð}†ü� °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú€ ìþ|{õ…ó …²

°ô½|ø†ÿ ìÏ}Œ± ¬üã±ÿ ì†ðñ~ °ô½ CPG| …¶}×†¬û ô ð}†ü� °… ‹† øî

ìÛ†ü·ú Þ±¬ Þú ð}†ü� ¬° ›~ôë 2 ¬ü~û ìþ|ºõ¬. ð}†ü� ð»†ó ìþ|¬ø~€ ø±

¬ô °ô½ CPG| ô RMN| ¬…¬û|ø†ÿ üà|¬üã± °… {†‡üý~ ìþ|Þññ~ ô ð¥õû

âí†°½ �ýà|ø†ÿ ºñ†¶†üþ º~û ¬° RMN¾¥ý¦ …¶•.  |

Îé• ‹ý»}± ‹õ¬ó ð}†ü� ô²ó ìõèßõèþ ‹ú °ô½ RMN C31| ¬° ìÛ†ü·ú

‹† ¶†ü± ð}†ü� ìþ|{õ…ð~ ‹ú …üò ¬èýê  ‹†º~ Þú …÷± EON| ¬° …ð}©†Ž ‹±ð†ìú

54
A2

)
2

e
f(3

Mn ×
+

=

54
A2

2

i
g

Mn ×
+

=

ºßê 3 -)…èØ( ÆýØ RMN C31€ )Ž( 531TPED| ô )ž( 09TPED|

‹±…ÿ 1€2 -�éþ|‹õ{†¬ÿ|…ó ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° ¬ì†ÿ Co02.

)7(

)8(
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‹±°¶þ °ü³¶†̈}†° ô {Ïýýò ô²ó ìõèßõèþ 1€2 - �éþ|‹õ{†¬ÿ|…ó ‹ú ô¶ýéú °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 

�†ȩ̀ ô…›×• º~ó ¬°ô…²û|…ÿ ìÏßõ¹ Þ†ìç_ …² ‹ýò ð±Ö}ú ô ðý†² ‹ú ²ì†ó

{†‡̈ý± ‹ýò ¬ô �†ȩ̀ ‹ý»}±ÿ ¬…º}ú ‹†º~. ‹ñ†‹±…üò€ ¶Ç¦ ²ü±ìñ¥ñþ Þ±‹ò

ì}ýê ¬° ìÛ†ü·ú ‹† ¶Çõ§ ²ü±ìñ¥ñþ Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò ‹ý»}± …² ¤~

ô…ÚÏþ ìþ|{õ…ð~ º~– ô Îçì• æ²ï °… ð»†ó ¬ø~.

°ü³¶†̈}†° ô ðËî ÖÃ†üþ 1|€2- |�éþ|‹õ{†¬ÿ|…ó ‹† ô²ó ìõèßõèþ Þî

øí†ó|Æõ° Þú ¬° ì±…›Ð …º†°û º~û …¶•€ RMNC31üßþ …²

Þ†°„ì~{±üò °ô½|ø†ÿ ìõ›õ¬ ‹±…ÿ {Ïýýò ðËî ÖÃ†üþ ô °ü³¶†̈}†°

�éýí±ø† ô Þõ�éýí±ø†¶• ]8[. �µôø»ã±…ó ‹±°¶þ|ø†ÿ ì}Ï~¬ÿ °ôÿ

°ü³¶†̈}†° �éýí±ø†ÿ ôüñýéþ ‹† â±ôû|ø†ÿ „ôü³…ó ‹ú ôüµû 1|€ 2-

�éþ|‹õ{†¬ÿ|…ó …ðœ†ï ¬…¬û|…ð~ ]91-71[. Ú~°– ìÓñ†Æý·þ ¬¶}ã†û  RMN

…°{Œ†É ì·}Ûýî ‹† {Ï~…¬ �ýà|ø† ô ºß†Ö• ø± üà …² Þ±‹ò|ø† ¬…°¬ ô ¬°

ìÇ†èÏ†– �µôø»ã±…ó {õ²üÐ {õ…èþ|ø†ÿ ¶ú|{†üþ )dairt( ]81[|€ �ñ�|{†üþ

)datnep( ]91[ ô ø×•|{†üþ )datpeh( ]71[ ¬ü~û ìþ|ºõ¬. ¬° …üò ìý†ó€

Þ±‹ò|ø†ÿ 1|€ 2 -�éþ|‹õ{†¬ÿ|…ó€ Þ±‹ò …ôè×ýñþ ì}ýéò ‹ý»}±üò ºß†Ö• ô

{Ï~…¬ �ýà|ø† °… ¬…°¬ ô ‹±°¶þ|ø† ìÏíõæ_ °ôÿ „ó …ðœ†ï ìþ|ºõ¬.  |

øí†ó|Æõ° Þú ¬° ‹©¼ ìÛ~ìú ‹ú „ó …º†°û º~€ lehcoM]81[ ¬°

ìÇ†èÏú …üò �éýí± ‹† ¬¶}ã†û zHM001 |{ñù† ¶ú º†̈ú ‹±…ÿ �ýà Þ±‹ò

…ôè×ýñþ ì}ýéò ì»†ø~û ô {õ²üÐ ¶ú|{†üþ „ó °… ‹±°¶þ Þ±¬|û|…ð~. ramuKô

øíß†°…ó ]91[ ‹† ¬¶}ã†û zHM072 º¼ �ýà °… ì»†ø~û Þ±¬û|…ð~ ô ¬°

‹±°¶þ|ø†ÿ ðË±ÿ {õ²üÐ {õ…èþ|ø†ÿ �ñ�|{†üþ °… ¬° ðË± â±Ö}ú Þú ‹±̈þ

…² �ýà|ø† ‹† üà|¬üã± øî|�õº†ðþ ¬…º}ú|…ð~. ‹ñ†‹±…üò€ ø± Ÿú Ú~°–

ìÓñ†Æý·þ ¬¶}ã†û …Ö³…ü¼ ü†‹~€ …ð}Ë†° ìþ|°ô¬ {Ï~…¬ ºß†Ö•|ø† ‹ú ¬èýê

ôÂõ§ ‹ù}± ²ü†¬{± ºõ¬. ¬° ‹±°¶þ �ý»ýò ]71[ …ðœ†ï º~û ‹ú ô¶ýéú

¬¶}ã†û zHM004 ‹±…ÿ Þ±‹ò ì}ýéò {Ï~…¬ 11 �ýà ì»†ø~û º~ Þú ¬°

ô…ÚÐ {õ²üÐ „ì†°ÿ {é×ýÛþ …² �ñ�|{†üþ ô ø×•|{†üþ …¶• Þú ‹±̈þ …²

�ýà|ø† ‹† üà|¬üã± øî|�õº†ðþ ¬…º}ú …¶•. ºñ†¶†üþ {à {à {õ…èþ|ø†ÿ

�ñ�|{†üþ )datnep( ô ø×•|{†üþ )datpeh( |ìñõÉ ‹ú ºñ†̈• ì¥ýÈ

ºýíý†üþ ø± üà …² {õ…èþ|ø†¶•. ‹ú Æõ° ì˜†ë€ {õ…èþ �ñ�|{†üþ  mmmm

¬…°…ÿ ‹ý»}±üò {±…Þî …èß}±ôðþ °ôÿ ø·}ú Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò â±ôû

„ôü³…ó °… ¶Œ� º~û …¶•. ‹ñ†‹±…üò€ ¬° ð†¤ýú ìý~…ó Úõÿ �ýà „ó ¬ü~û

ºßê 4 -)…èØ( ÆýØ CQMH)°ô½ ô…‹·}ãþ ìÃ†ÎØ ø·}ú|ø†ÿ ð†øíãò( 1€2 -�éþ|‹õ{†¬ÿ|…ó ô )Ž( ð†¤ýú â·}±¬û ìý~…ó ìÓñ†Æý·þ ‹†æÿ „ó ¬°

¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° ¬ì†ÿ Co02.

)…èØ()Ž(

›~ôë 2 -ìÛ†ü·ú °ô½|ø†ÿ {Ïýýò ô²ó ìõèßõèþ Î~¬ÿ 1€2-

�éþ|‹õ{†¬ÿ|…ó.

ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ °ô½

301 |× 3/3

301 × 1/4

301 |× 7/3

RMN H1

RMN C31

CPG
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‹±°¶þ °ü³¶†̈}†° ô {Ïýýò ô²ó ìõèßõèþ 1€2 - �éþ|‹õ{†¬ÿ|…ó ‹ú ô¶ýéú °²ôð†ð̧ ìÓñ†Æý·þ ø·}úÖ±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 366

ìþ|ºõ¬. ºßê 5 -…èØ ô Ž ‹ú {±{ý� ÆýØ ðõ…¤þ â·}±¬û  RMN C31

Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° °… ¬° ¬ì†ÿ Co02

ð»†ó ìþ|¬ø~. {Û·ýî|‹ñ~ÿ ºß†Ö• Þ±‹ò ì}ýò ðý³ øí†ðñ~ Þ±‹ò ì}ýéò€

{é×ýÛþ …² {õ…èþ|ø†ÿ �ñ�|{†üþ ô ø×•|{†üþ …¶•. ‹±…ÿ Þ±‹ò …ôè×ýñþ

ì}ýéò {Ï~…¬ 01 �ýà ¬ü~û ìþ|ºõ¬. ¬° ¤†èþ Þú {Ï~…¬ �ýà|ø†ÿ Þ±‹ò

…ôè×ýñþ ì}ýò ð·Œ• ‹ú Þ±‹ò …ôè×ýñþ ì}ýéò Þí}± …¶• ô {Ï~…¬ 9 �ýà

ì»†ø~û ìþ|ºõ¬.  |

øí†ó|Æõ° Þú …² ºßê 5 ìþ|{õ…ó ì»†ø~û Þ±¬€ ðõ…¤þ ìý~…ó

ìÓñ†Æý·þ Úõÿ )›†‹ú|›†üþ ºýíý†üþ Þî( Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò Òñþ …²

{õ…èþ ì³ô ô ‹± Îß̧€ ðõ…¤þ ìý~…ó ìÓñ†Æý·þ ÂÏýØ )›†‹ú|›†üþ

ºýíý†üþ ²ü†¬( ø± ¬ô Þ±‹ò Òñþ …² {õ…èþ °…¶íýà …¶•. ›~ôë 3 ðý³

ìß†ó ºýíý†üþ ø± üà …² �ýà|ø† °… ‹ú øí±…û ¬…¬û|ø†ÿ {œ±‹þ ô ì¥†¶Œ†{þ

ð»†ó ìþ|¬ø~. ì¥†¶Œ†– ‹± �†üú ìÏ†¬æ– „ì†°ÿ ‹±ðõèþ …ðœ†ï º~û

…¶•. ðß}ú Ú†‹ê {õ›ú ¬° �µôø¼ ramuK| ô øíß†°…ó ]91[ …üò …¶• Þú

ºßê 5 -ÆýØ â·}±¬û  RMN C31ðõ…¤þ Þ±‹ò|ø†ÿ …ôè×ýñþ: )…èØ( ì}ýéò  ô )Ž( ì}ýò …² 1|€2 -�éþ|‹õ{†¬ÿ …ó ì¥éõë ¬° Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° ¬ì†ÿ Co02.

)…èØ()Ž(

›~ôë 3 -¬…¬û|ø†ÿ {œ±‹þ ô ì¥†¶Œ†{þ ‹±…ÿ Þ±‹ò|ø†ÿ …ôè×ýñþ ì}ýéò ô ì}ýò …² 1|€ 2 -�éþ|‹õ{†¬ÿ|…ó ¬° ¬ì†ÿ Co02.

Þ±‹ò ì}ýò Þ±‹ò ì}ýéò

{õ…èþ|ø† )ºí†°û �ýà( 
›†‹ú|›†üþ

ºýíý†üþ )mpp(
{œ±‹þ

ì¥†¶Œ†–

‹±ðõèþ
{õ…èþ|ø† )ºí†°û �ýà( 

›†‹ú|›†üþ

ºýíý†üþ )mpp(
{œ±‹þ

ì¥†¶Œ†–

‹±ðõèþ

)1( mmrrmm

)2( rmrrmr + rmrrmm

)3( rrrr + rrrm

)4(rrrmrm + mrmm+ mrmr

)5( rrrmrr

)6( mrrmrm

)7( rrrmmm + rrrmmr + mrrmrr

)8( rmmr + mrrmmm + mrrmmr

)9( mmmm + rmmm

071/441

229/341

407/341

054/341

403/341

132/341

151/341

801/341

199/241

9220/0

6270/0

3512/0

1662/0

1140/0

9630/0

3680/0

2890/0

6061/0

5310/0

|4840/0

2222/0

|6762/0

|2040/0

9030/0

|3101/0

7911/0|

2651/0

)1( mrrm

)2( rrrm

)3( rrrr

)4( mmrmrr + mmrmrm

)5( rmrmrr + rmrmrm

)6( rrrmrr + rrrmrm + mrmm

)7( mrrmrr + mrrmrm

)8( rrmm

)9( rmmm + rmmr

)01( mmmm

265/511

614/511

172/511

709/411

318/411

527/411

616/411

565/411

921/411

430/411

0260/0

5201/0

3601/0

2760/0

7860/0

9561/0

9550/0

8461/0

9371/0

8230/0

0916/0

4141/0

8080/0 

9750/0

1660/0

9381/0

0660/0

9321/0

5071/0

6740/0
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‹±°¶þ °ü³¶†̈}†° ô {Ïýýò ô²ó ìõèßõèþ 1€2 - �éþ|‹õ{†¬ÿ|…ó ‹ú ô¶ýéú °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 

{Ï~…¬ ºß†Ö• ô {Û·ýî|‹ñ~ÿ …üò ð†¤ýú °… 9 �ýà ‹ú ô¶ýéú ¬¶}ã†û ‹†

Ú~°– ìÓñ†Æý·þ zHM072 …ðœ†ï ¬…¬û|…ð~.

¬° ìŒ†¤™ „ì†°ÿ …¤}í†ë ô›õ¬ {õ…èþ|ø†ÿ ì³ô )mP(| ô °…¶íýà )rP(|

‹ú Þíà ¬ô ìÏ†¬èú )9( ô )01( {Ï±üØ ìþ|ºõ¬. ¬° …üò ›† {õ…èþ|ø†ÿ

¶ú|{†üþ mm|€ rm| ô rr| ‹ú {±{ý� ìŒýò ‹©¼|ø†ÿ {à|ðËî€ ‹þ|ðËî ô

øî|ðËî ²ðœý± �éýí± …¶•:

)9(                                                                                         )rm + mm2( = mP|

)01(                                                                    2/)rm + rr2( = mP - 1 =rP

…°{Œ†É ‹ýò {õ…èþ|ø†ÿ ¶ú|{†üþ ô �ñ�|{†üþ ðý³ ‹ú Þíà ìÏ†¬èú|ø†ÿ )11( {†

)31( ‹ú ¬¶• ìþ„üñ~ Þú ‹ú ô…¶Çú …üò ìÏ†¬èú|ø† ¬° ðù†ü• ìþ|{õ…ó …²

…ð~…²û|âý±ÿ Þíþ {õ…èþ|ø†ÿ �ñ� {†üþ€ …¤}í†ë ô›õ¬ {õ…èþ ì³ô )mP(| °…

¬°ôó ²ðœý± �éýí± ìÏýò Þ±¬:

)11(                                                     mmmm + mmmr + rmmr = mm

)21(                                              mmrm + mmrr + rmrm + rmrr= mr 

)31(                                                                     rrrr +  mrrr +  mrrm = rr  

ÆŒÜ ì¥†¶Œ†– …ðœ†ï º~û ô ‹ú Þ†°âý±ÿ ìÏ†¬èú|ø†ÿ )9( {† )31( ô øî

Ÿñýò …°{Œ†É {õ…èþ|ø†ÿ �ñ�|{†üþ ô ø×•|{†üþ Þú ¬° ì±…›Ð ìõ›õ¬ …¶•€

ìþ|{õ…ó …¤}í†ë ô›õ¬ {õ…èþ ì³ô °… ì¥†¶Œú Þ±¬ Þú ìÛ~…° „ó 0/764 ‹ú

¬¶• „ì~ ]8[. …üò ìÛ~…° ð»†ó ìþ|¬ø~€ ¶†̈}†° �éýí± ‹±°¶þ º~û ‹·ý†°

ð³¬üà ‹ú ¶†̈}†° �éýí± ‹þ|ðËî …ü~û|…ë …¶•. ¬° Âíò€ „°…ü¼ ÖÃ†üþ

1€ 2 -�éþ|‹õ{†¬ÿ|…ó ì³‹õ° ÆŒÜ �µôø¼ �ý»ýò ]71[ ô ¶†ü± �µôø¼|ø†

]91€81[ ‹† ø± ¬ô ì~ë „ì†°ÿ ‹±ðõèþ ô ì†°ÞõÙ ì±{Œú …ôë {Ç†‹Ü {Û±üŒ†_

üß·†ðþ ¬…°¬ ô {¿íýî|âý±ÿ ‹±…ÿ �ý±ôÿ ì~ë|ø† ¬ºõ…° ‹ú ðË± ìþ|°¶~.

ìÇ†‹Ü ¬…¬û|ø†ÿ ›~ôë 3€ ìÛ†¬ü± …ð¥±…Ù ìÏý†° ¬…¬û|ø†ÿ ‹ú ¬¶• „ì~û

…² ì~ë ‹±ðõèþ ô ¬…¬û|ø†ÿ {œ±‹þ ‹±…ÿ Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò …ôè×ýñþ

‹ú {±{ý� 4-01 ×6/1 ô 4-01 ×6/4 ì¥†¶Œú º~û|…ð~. …üò …ì± ð»†ó ìþ|¬ø~€

âí†°½ Þ±‹ò ì}ýò ô …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ ð·Œ• ‹ú Þ±‹ò

ì}ýéò ¬ÚýÜ|{± ‹õ¬û …¶•.  |

…÷± ¬ì†ÿ ÆýØ|âý±ÿ RRMMNN| ‹± ºß†Ö• Þ±‹ò|ø†ÿ …ôè×ýñþ

øñã†ìþ Þú ¬ì†ÿ ÆýØ|âý±ÿ ¬° ¬¶}ã†û RMN| …Ö³…ü¼ ü†‹~€ ‹ùŒõ¬

ôÂõ§ �ýà|ø† ì»†ø~û ìþ|ºõ¬ ô {Ï~…¬ ºß†Ö• �ýà|ø†ÿ ›Ž̄

…Ö³…ü¼ ìþ|ü†‹~. ºßê 6 -…èØ ô Ž ‹ú {±{ý� ÆýØ|ø†ÿ â·}±¬û

RMN C31Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò 1€2 -�éþ|‹õ{†¬ÿ|…ó °… ¬° ¬ì†ÿ

C
o05 ð»†ó ìþ|¬ø~.

øí†ó|Æõ° Þú ¬° ºßê 6 ìþ|{õ…ó ì»†ø~û Þ±¬€ {Ï~…¬ �ýà|ø†ÿ Þ±‹ò

ì}ýéò ‹† …Ö³…ü¼ ¬ì†ÿ „²ìõó …² 01 ‹ú 41 �ýà ô {Ï~…¬ �ýà|ø†ÿ Þ±‹ò

ì}ýò …² 9 ‹ú 51 �ýà …Ö³…ü¼ ìþ|ü†‹~. ‹ñ†‹±…üò ìþ|{õ…ó ð}ýœú â±Ö•€ ¬°

ºßê 6 -|ÆýØ â·}±¬û  RMN C31ðõ…¤þ Þ±‹ò|ø†ÿ …ôè×ýñþ: )…èØ(

ì}ýéò ô )Ž( ì}ýò …² 1|€ 2 -�éþ|‹õ{†¬ÿ|…ó ì¥éõë ¬° Þé±ôÖ±ï ¬ô{±üî|¬…° ô

¬° ¬ì†ÿ Co05.

)èØ(

)Ž(
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‹±°¶þ °ü³¶†̈}†° ô {Ïýýò ô²ó ìõèßõèþ 1€2 - �éþ|‹õ{†¬ÿ|…ó ‹ú ô¶ýéú °²ôð†ð̧ ìÓñ†Æý·þ ø·}úÖ±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 368

¬ì†ÿ Co05 € {õ…èþ|ø†ÿ {à|ðËî ¬° ìý~…ó ìÓñ†Æý·þ ‹†æ€ {õ…èþ|ø†ÿ

øî|ðËî ¬° ìý~…ó ìÓñ†Æý·þ �†üýò ô {õ…èþ|ø†ÿ ‹þ|ðËî ¬° ðõ…¤þ ‹ýò …üò

¬ô ºß†Ö}ú º~û|…ð~ ô ¬° ¬ì†ÿ �†üýò …üò ºß†Ö•|ø† ¬ü~û ðíþ|ºõ¬.  ¬°

¤†èþ Þú ¬° ‹±̈þ …² �éýí±ø†€ ‹† …Ö³…ü¼ ¬ì†ÿ ÆýØ|âý±ÿ ¬° RMN|

ìíßò …¶•€ ðõ…¤þ ¨†¾þ ‹ý»}± ºß†Ö}ú ºõð~. ìç̃_ ¬°

�éþ|ôüñýê|Þé±ü~ ‹† …Ö³…ü¼ ¬ì†ÿ ÆýØ|âý±ÿ ‹©¼|ø†ÿ øî|ðËî ‹ý»}± …²

¶†ü± {õ…èþ|ø† ºß†Ö}ú ìþ|ºõð~ ]32[. {í†ï �ýà|ø† ô �ý»ñù†¬ °ü³¶†̈}†°

{õ…èþ|ø†ÿ ø×•|{†üþ „ó °… ìþ|{õ…ó øí±…û ‹† ì¥†¶Œ†– „ì†°ÿ ¬° ›~ôë

4 ì»†ø~û Þ±¬.

øí†ó|Æõ° Þú ¬° ›~ôë 4 ìþ|{õ…ó ¬ü~€ ¶Çõ§ ²ü±ìñ¥ñþ Þú …²

{Û·ýî|‹ñ~ÿ {õ…èþ|ø†ÿ �ñ�|{†üþ ô ø×•|{†üþ ‹ú ¬¶• „ì~û …¶•€ {Ç†‹Ü

Ú†‹ê ÚŒõèþ ‹† ì¥†¶Œ†– „ì†°ÿ ‹±ðõèþ ¬…°¬ ô …ð¥±…Ù Þíþ ð»†ó

ìþ|¬ø~. …² Æ±Öþ …üò …ð}Ë†° ô›õ¬ ¬…°¬€ ‹† …Ö³…ü¼ ‹ý»}± ¬ì†ÿ „²ìõó ¬°
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