
M
icrostructural investigation of low molecular weight 1,4-polybutadiene

(1,4-PBD) was studied by 1H and 13C nuclear magnetic resonance

spectroscopy (NMR). The isomer contents of 1,4-cis, 1,4-trans and 1,2-

vinyl in polybutadiene microstructure were determined. The number average molec-

ular weight for low molecular weight polybutadiene was measured by NMR

techniques and comparison was made with gel permeation chromatography (GPC)

results. Due to the presence of methyl end group and considering the repeating units

in 1,4-PBD microstructure, the number average molecular weight was calculated by

NMR techniques. This study was accomplished by obtaining cis-trans isomerization

in non-pyrolytic anaerobic conditions at 200 to 250oC. The results showed that

increase in heat treatment time increased the trans isomer and decreased the cis iso-

mer contents respectively. The presence of 1,2-vinyl isomers increased the average

molecular weights by heat treatment time at 250oC and did not lead to any chain scis-

sion in 1,4-PBD.
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ô²ó ìõèßõèþ Î~¬ÿ ‹ú ô¶ýéú Öñõó °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú …¶•.

¶�̧€ {Óýý± ô ðõ„°…üþ â±ì†üþ ¬° º±…üÈ Òý±�ý±ôèý}ýßþ ô ¬°

¬ì†ø†ÿ002€ 522 ô Co052 …°²ü†‹þ ìþ|ºõ¬.

{Ïýýò Þíþ …ü³ôì±ø†  |

‹ú Îé• Þõ{†û ‹õ¬ó ì¥~ô¬û ›†‹ú|›†üþ ºýíý†üþ RMN H1€ ôÂõ§

ÆýØ|ø† ô ºñ†¶†üþ °ü³¶†̈}†° �éþ|‹õ{†¬ÿ|…ó ‹ú ̈õ‹þ RMN C31

|ð©õ…ø~ ‹õ¬. …ì†€ ‹† RMN H1|ìþ|{õ…ó …² è¥†Í Þíþ ìý³…ó …ü³ôì±ø†ÿ

�éþ|‹õ{†¬ÿ|…ó °… …ð~…²û|âý±ÿ Þ±¬ |]91[. |ºßê 1 ÆýØ RMN H1|ðíõðú

1€4- �éþ ‹õ{†¬ÿ|…ó …¶• Þú ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° º±…üÈ

ì¥ýÇþ ‹ú øí±…û {Ïýýò �±ô{õó|ø†ÿ ìõ›õ¬ ‹ú ¬¶• „ì~û …¶•.

øí†ó|Æõ° Þú ¬° ºßê 1 ¬ü~û ìþ|ºõ¬€ �±ô{õó|ø†ÿ „èý×†{ýßþ ô …ôè×ýñþ

…ü³ôì±ø†ÿ ¶ý̧ ô {±…ð̧ øî|�õº†ðþ ›³üþ ¬…°ð~ ô ¬…¬û|ø†ÿ Þíþ „ó

ìþ|{õ…ð~ ‹† ̈Ç† øí±…û ‹†º~. …ì†€ ‹ú …Î}Û†¬ �µôø¼|â±…ó …ÆçÎ†– ¬°‹†°û

{Ïýýò ìÛ~…° Þíþ …ü³ôì±ø† ‹ú ô¶ýéú RMN H1¬ÚýÜ|{± …¶• ]91[. ¤}þ

μ

ìÛ~…° ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ °ô½ {Ïýýò ô²ó ìõèßõèþ

201 |* 5/1

201 |* 4/2

201 |* 2/2

201 |* 7/2

*OPV

RMN H1

RMN C31

CPG

›~ôë 2 -ìÛ†ü·ú °ô½|ø†ÿ {Ïýýò ô²ó ìõèßõèþ Î~¬ÿ 1€4-

�éþ|‹õ{†¬ÿ|…ó.

*ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ …°…̂ú º~û {õ¶È hcirdlA.

δ

ºßê 1 -ÆýØ RMN H11€4- �éþ|‹õ{†¬ÿ|…ó ¬° ¤çë Þé±ôÖ±ï

¬ô{±üî|¬…° ô ¬ì†ÿ ì¥ýÈ.
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ºñ†¶†üþ ô ‹±°¶þ ðõ„°…üþ â±ì†üþ 1€4-�éþ ‹õ{†¬ÿ|…ó ‹ú Þíà ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ... Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 5€ „®° ƒƒ ¬ÿ 8831 

‹† ¬¶}ã†û ø†ÿ ‹† ìý~…ó ìÓñ†Æý·þ ‹ý»}± ì†ðñ~ zHM 004 ðý³ øî �õº†ðþ

¶ý̧ ô {±…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¬

‹ú ô¶ýéú Þ†{†èý³ô°ø†ÿ èý}ýî {ùýú ìþ|ºõ¬ ô ìÛ~…° ¶ý̧ ô {±…ð̧ „ó

‹·ý†° ²ü†¬ ô ìÛ~…° ôüñýê ¬° „ó ‹·ý†° Þî …¶•. ¬° ºßê 1 �±ô{õó|ø†ÿ

„èý×†{ýßþ …ü³ôì±ø†ÿ ¶ý̧ ô {±…ð̧ ‹ú {±{ý� ¬° ð†¤ýú 80/2 ô mpp40/2

ô �±ô{õó|ø†ÿ …ôè×ýñþ „ðù† ‹ú {±{ý� ¬° ð†¤ýú 93/5 ô mpp24/5  ì»†ø~û

ìþ|ºõð~. øî|Ÿñýò �ýà|ø†ÿ �±ô{õó|ø†ÿ …ôè×ýñþ ô „èý×†{ýßþ …ü³ôì±

1€2- ôüñýê ðý³ ‹† º~– Þî ì»†ø~û ìþ|ºõð~.

‹±…ÿ …ð~…²û|âý±ÿ Þíþ ìÛ~…° …ü³ôì± 1€2- ôüñýê ìþ|{õ…ó …² �ýà

…ôè×ýñþ â±ôû ì}ýéò ¬° ð†¤ýú mpp59/4 …¶}×†¬û Þ±¬. �ýà ì±‹õÉ ‹ú

�±ô{õó|ø†ÿ ì}ýê …ð}ù†ÿ ²ðœý± ðý³ ¬° ð†¤ýú mpp52/1 Ú†‹ê ì»†ø~û

…¶•. ‹† …ð~…²û|âý±ÿ ¶Çõ§ ²ü± ìñ¥ñþ …üò …ìß†ó ô›õ¬ ¬…°¬ Þú ¬°¾~

Þíþ …ü³ôì±ø† ìÏýò ºõð~. ‹† …¶}×†¬û …² ìÏ†¬æ– )1( {† )3( ô ºßê 1

ìþ|{õ…ó ì¥†¶Œ†– Þíþ °… ‹±…ÿ …ð~…²û|âý±ÿ ¬°¾~ …ü³ôì±ø†ÿ 1€2-

ôüñýê€ 1€4- ¶ý̧ ô 1€4- {±…ð̧ ‹ú Þíà RMN H1…ðœ†ï ¬…¬:  |

)1(                                                       001 ×)d+e(/d|=  ¬°¾~ …ü³ôì± 1€2- ôüñýê

|)2(                                             001 ×)d2+b+a(/b|=  ¬°¾~ …ü³ôì± 1€4- ¶ý̧

)3(                                            001 ×)d2+b+a(/a=   ¬°¾~ …ü³ôì± 1€4- {±…ð̧

|

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

1€4- �éþ|‹õ{†¬ÿ|…ó …ðœ†ï ¬…¬. ºßê 2 ÆýØ 1€4- �éþ ‹õ{†¬ÿ|…ó °… ¬°

¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° º±…üÈ ì¥ýÇþ ð»†ó ìþ|¬ø~. øí†ó|Æõ°

¬° …üò ºßê ¬ü~û ìþ|ºõ¬€ �ýà|ø†ÿ Þ±‹ò ì}ýéñþ …ü³ôì±ø†ÿ ¶ý̧ ô

{±…ð̧ ‹ú {±{ý� ¬° ð†¤ýú 54/72 ô mpp27/23  ô �ýà|ø†ÿ Þ±‹ò ì}ýò

…ôè×ýñþ „ðù† ‹ú {±{ý� ¬° ›†‹ú|›†üþ ºýíý†üþ 16/921 ô mpp21/031 ¬ü~û

ìþ|ºõð~. Þ±‹ò ì}ýéò …ôè×ýñþ …² …ü³ôì± 1€2- ôüñýê ðý³ ¬° ð†¤ýú

mpp60/521 Ú†‹ê …ð~…²û|âý±ÿ Þíþ …¶•.

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

ìÛ~…°Þíþ …ü³ôì±ø†ÿ �éþ ‹õ{†¬ÿ …ó ‹ú ¬¶• „ü~. ‹† …¶}×†¬û …² ìÏ†¬æ–

)4( {† )6( ô ºßê 2 ðý³ ìþ|{õ…ó ì¥†¶Œ†– Þíþ °… ‹±…ÿ …ð~…²û|âý±ÿ

¬°¾~ …ü³ôì±ø†ÿ 1€2- ôüñýê€ 1€4- ¶ý̧ ô 1€4- {±…ð̧ ‹ú Þíà

RMNC31|…ðœ†ï ¬…¬:   |

)4(                                                    001  ×)j+i2(/i2|=  ¬°¾~ …ü³ôì± 1€2- ôüñýê 

|)5(                                             001  ×)i2+h+g(/g|=  ¬°¾~ …ü³ôì± 1€4- ¶ý̧ 

)6(                                             001  ×)i2+h+g(/h|=  ¬°¾~ …ü³ôì± 1€4- {±…ð̧

{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 …¶•.

|

{Ïýýò ô²ó ìõèßõèþ �éþ ‹õ{†¬ÿ …ó

‹ú Îé• Þî ‹õ¬ó ô²ó ø†ÿ ìõèßõèþ 1€4- �éþ ‹õ{†¬ÿ|…ó …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±¬. ¬° ì±¤éú ð©·• ‹†ü~â±ôû|ø†ÿ …ð}ù†üþ ¬° 1€4- �éþ|‹õ{†¬ÿ|…ó

ºñ†¶†üþ ºõð~€ ¶�̧ ‹† …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ ô …ðœ†ï

ì¥†¶Œ†– ìÛ~…° ô²ó ìõèßõèþ Î~¬ÿ …ð~…²û|âý±ÿ ºõ¬. ¬° …èãõø†ÿ

…‹}~… ü† …ð}ù†ÿ ²ðœý± ¬° ¶ñ}³ 1€4- �éþ ‹õ{†¬ÿ|…ó€ â±ôû|ø†ÿ …ð}ù†üþ …²

ðõÑ ì}ýê ì»†ø~û ìþ|ºõ¬ ]02[ Þú ¬° ôøéú …ôë ‹†ü~ ô›õ¬ „ðù† °… ¬°

ÆýØ  RMN C31|›·• ô ›õÞ±¬.

‹ú Æõ°Þéþ ¬° ì}õó Îéíþ€ ‹ú °ô½ �éýí±º~ó 1€4- �éþ|‹õ{†¬ÿ|…ó

{õ¶È º±Þ• hcirdlA| …º†°û|…ÿ ð»~û …¶•. ‹ñ†‹±…üò€ ìþ|{õ…ó

¤†è•|ø†ÿ ì}×†ô– °… ì~ ðË± Ú±…° ¬…¬. ¬° °ô½|ø†ÿ �éýí±º~ó

°…¬üß†èþ …â± …² „Ò†²â± °…¬üß†èþ ¤†ôÿ â±ôû ü† â±ôû|ø†ÿ ì}ýê …¶}×†¬û

ºõ¬ ô …èãõÿ ô…Þñ¼|ø†ÿ …̈}}†ï ðý³ …² ðõÑ {±Þý� ‹†º~€ ²ðœý±ø†üþ  ‹†

¬ô â±ôû ì}ýê ¬° …‹}~… ô …ð}ù†ÿ ²ðœý± ¶ñ}³ ìþ|ºõ¬. ¬° ¤†èþ Þú Îíç_ ¬°

�éýí±º~ó °…¬üß†èþ Îçôû ‹± ‹ý»}± ‹õ¬ó ¬°¾~ …ü³ôì± 1€2-  ôüñýê ¬°ôó

ºßê 2 -ÆýØ RMN C311€4- �éþ|‹õ{†¬ÿ|…ó ¬° ¤çë Þé±ôÖ±ï

¬ô{±üî|¬…° ô ¬° ¬ì†ÿ ì¥ýÈ.
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ºñ†¶†üþ ô ‹±°¶þ ðõ„°…üþ â±ì†üþ 1€4-�éþ ‹õ{†¬ÿ|…ó ‹ú Þíà ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ...Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 5€ „®° ƒƒ ¬ÿ 8831 394

²ðœý± �éýí±€ ô²ó|ø†ÿ ìõèßõèþ ‹ý»}± ðý³ ¶ñ}³ º~û Þú ‹± ̈çÙ

ì»©¿†– �éþ|‹õ{†¬ÿ|…ó ì³‹õ° …¶•. ‹ñ†‹±…üò€ º±É ¶ñ}³ 1€4-

�éþ|‹õ{†¬ÿ|…ó ‹† ô²ó|ø†ÿ ìõèßõèþ Þî …² ðõÑ Òý±°…¬üß†èþ …¶• ô

Îíõì†_ …² Öñõó �éýí±º~ó üõðþ ô ‹ú Æõ° ̈†Á …² °ô½|ø†ÿ „ðýõðþ

…¶}×†¬û ìþ|ºõ¬ ]12[. ‹ú Æõ° ì˜†ë€ …² „Ò†²â± ð±ì†ë ‹õ{ýê èý}ýî …¶}×†¬û

ìþ|ºõ¬ Þú ¬° …ð}ù†ÿ ²ðœý±â±ôû ì}ýê ‹ú ô›õ¬ ìþ|„ü~€ ‹±…ÿ …̈}}†ï

ô…Þñ¼|ø†ÿ üõðþ ðý³ Îíõì†_ …² ìõ…¬ …ð}Û†ë€ …̈}}†ï|¬øñ~û ü†

ð†̈†è¿þ|ø†üþ ðËý± „Ž€ …Þ·ýµó ô Þ±‹ò ¬üõÞ·ý~ …¶}×†¬û ìþ|ºõ¬ Þú

²ðœý±ø†üþ ‹† ô²ó|ø†ÿ ìõèßõèþ Þî °… ‹ú ô›õ¬ ìþ|„ô°¬. ‹ñ†‹±…üò€ {ñù†

üà Æ±Ù ²ðœý± â±ôû ì}ýê ̈õ…ø~ ‹õ¬. …â± ‹±…ÿ ô…Þñ¼|ø†ÿ …̈}}†ï …²

ìõ…¬ÿ …¶}×†¬û ºõ¬ Þú …ð}ù†ÿ ²ðœý± ðý³ â±ôû ì}ýê ‹†º~€ ¬° …üò ¤†è•

‹†ü~ ¬° ÆýØ RMN C31| ¬ô �ýà ì±‹õÉ ‹ú Þ±‹ò ì}ýê ¬ü~û ºõ¬. ¬°

¤†èþ Þú {ñù† üà �ýà {à|Úéú|…ÿ Þ±‹ò ì}ýê ¬° ›†‹ú|›†üþ ºýíý†üþ

mpp0/81 ‹~ôó øý¢ ºß†Ö}ãþ ¬ü~û ìþ|ºõ¬. …² …üò|°ô ìþ|{õ…ó …Æíýñ†ó

¬…º• Þú â±ôû ì}ýê {ñù† ¬° …‹}~…ÿ ²ðœý± ô›õ¬ ¬…°¬.

ºßê 3- …èØ ÆýØ Þ†ìê  RMN C31…² 1€4- �éþ ‹õ{†¬ÿ|…ó …¶• Þú

‹±…ÿ „ºß†° º~ó …ðõ…Ñ Þ±‹ò ¬° „ðù† ‹†ü~ …² Öñõó {Ûõü• ‹~ôó

ô…�ý¡ý~âþ ‹† …ð}Û†ë ÚÇŒ¼ )TPED(| …¶}×†¬û Þ±¬. ¬° °ô½ 531TPED|

Þ±‹ò|ø†ÿ ðõÑ …ôë ô ¶õï ‹† Îçì•|ø†ÿ )langis( ì˜Œ•€ Þ±‹ò ðõÑ ¬ôï

‹† Îçì• ìñ×þ ô Þ±‹ò ðõÑ Ÿù†°ï ¤Ù̄ ̈õ…ø~ º~. ¬° °ô½

09TPED| ðý³ Þ±‹ò|ø†ÿ ðõÑ ¶õï ‹† Îçì• ì˜Œ• ô ¶†ü± Þ±‹ò|ø†

¤Ù̄ ìþ|ºõð~. ºßê|ø†ÿ 3- Ž ôž ‹ú {±{ý� ÆýØ 531TPED| ô

09TPED| …² 1€4- �éþ|‹õ{†¬ÿ|…ó °… ð»†ó ìþ|¬ø~ Þú ìþ|{õ…ó ‹† ÆýØ

RMN C31ìÛ†ü·ú Þ±¬. øí†ó|Æõ°Þú ì»©À …¶•€ �ýà ¬° ð†¤ýú

›†‹ú|›†üþ ºýíý†üþ  mpp0/81 Þ±‹ò ð†¤ýú ì}ýê …² â±ôû|ø†ÿ …ð}ù†ÿ

²ðœý± Ú†‹ê ºñ†¶†üþ …¶•. ‹† {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°¬.

�±ô{õó|ø†ÿ ìõ›õ¬ ¬° â±ôû ì}ýê ðý³ ‹†ü~ …² è¥†Í ›† ‹ú ›†üþ

ºýíý†üþ øí†ðñ~ ø·}ú Þ±‹ò ¬° ìý~…ó ìÓñ†Æý·þ ‹†æ Ê†ø± ºõð~ Þú ¬°

ð†¤ýú  mpp |52/1 ¬° ºßê 1 ð»†ó ¬…¬û º~û …¶•. ‹† {õ›ú ‹ú ¶Çõ§ ð»†ó

¬…¬û º~û ¬° ºßê|ø†ÿ 1 ô 3 ô …¶}×†¬û …² ìÏ†¬æ– )7( ô )8( ìþ|{õ…ó ô²ó

ìõèßõèþ Î~¬ÿ 1€4- �éþ|‹õ{†¬ÿ|…ó ì³‹õ° °… ‹† °ô½|ø†ÿ RMN H1ô

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 ¬° ›~ôë 2 ¬ü~û ìþ|ºõ¬. ð}†ü� ð»†ó|¬øñ~û „ó …¶• Þú

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

{Ïýýò �ýà|ø†ÿ ºñ†¶†üþ º~û ¬° RMN| ¾¥ý¦ …¶•.  |

Îé• Þí}± ‹õ¬ó ð}†ü� ô²ó ìõèßõèþ RMN| ¬° ìÛ†ü·ú ‹† ð}†ü� CPG|

ìþ|{õ…ð~ ‹ú …üò ¬èýê ‹†º~ Þú ¬° ìÏ†¬æ– …º†°û º~û ô²ó ìõèßõèþ

‹©¼ …‹}~…ÿ ²ðœý± ¬° ì¥†¶Œ†– ¬ü~û ð»~û …¶•. …üò ‹~…ó Îé• …¶•

Þú ‹ú Æõ° ¬ÚýÜ ðõÑ „Ò†²â± ô …{î Öé³ÿ ‹ú Þ†° °Ö}ú ì»©À ðý·•€

‹ñ†‹±…üò â±ôû …ð}ù†ÿ ²ðœý± ìþ|{õ…ð~ ¬° ô²ó|ø†ÿ ìõèßõèþ ‹ú ¬¶• „ì~û

‹ú Þíà °ô½ CPG| {Ïýýò|Þññ~û ‹†º~ ô ‹†Î™ …Ö³…ü¼ ô²ó ìõèßõèþ ¬°

ìÛ†ü·ú ‹† °ô½ ø†ÿ RMNºõ¬.

ðõ„°…üþ â±ì†üþ 1€4- �éþ ‹õ{†¬ÿ …ó

…² ì·†ê̂ ìùíþ Þú ¬° ¾ñ†üÐ �éýí±ÿ ‹† „ó ìþ|{õ…ó °ô‹ú|°ô º~€ {©±ü�

ô ðõ„°…üþ â±ì†üþ ¬° ¤ýò …ðœ†ï Ö±…üñ~ø†ÿ ºýíý†üþ …¶•. üßþ …² …üò

�éýí±ø† Þú ìÇ†èÏ†– â·}±¬û|…ÿ °ôÿ ¶†² ô Þ†°ø†ÿ {©±ü� „ó …ðœ†ï

º~û€ �éþ|‹õ{†¬ÿ|…ó …¶•. ‹† {õ›ú ‹ú ô›õ¬ ¶ú …ü³ôì± ì©}éØ ¬°

¶†̈}†° �éþ|‹õ{†¬ÿ|…ó ô ¬ì†ÿ …Îí†ë º~û ¬° Ö±…üñ~ø†ÿ ºýíý†üþ€ ¶†² ô

Þ†°ø†ÿ ì}Ï~¬ÿ ¬° ðõ„°…üþ â±ì†üþ �éþ|‹õ{†¬ÿ|…ó â³…°½ º~û …¶•.

‹~üò|ìÏñþ Þú ô›õ¬ …ü³ôì± 1€2- ôüñýê€ ‹ý»}±üò …÷± °… ¬° {Óýý± ¶†̈}†°

�éþ|‹õ{†¬ÿ|…ó ¬…°¬ ô ¶Œ� ô…Þñ¼|ø†ÿ Î±Âþ ‹ýò ¬ô ²ðœý± ô �†°âþ

¬°º• ìõèßõë|ø† ìþ|ºõ¬ ]41€31[. ¬° …üò º±…üÈ 1€4- �éþ|‹õ{†¬ÿ|…ó Þú

¬° „ó ìÛ~…° …ü³ôì± 1€2- ôüñýê ¤~…Úê …¶•€ ô…Þñ¼ …ü³ôì±º~ó ¶ý̧  -

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

‹±…ÿ 1€4- �éþ ‹õ{†¬ÿ …ó ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° ô ¬° ¬ì†ÿ ì¥ýÈ.

54c4
)ba(3

nM ×+= )7(

54f2
hg

nM ×+= )8(
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|{±…ð̧ â³…°½ º~û …¶• ]01[. ¬° …üò ô…Þñ¼ Þú ¬° ¬ì†ÿ ‹†æ{± …²

C
o002 |ô Þí}± …² C

o082 ‹ú ô›õ¬ ìþ|„ü~ ô ›³Š ô…Þñ¼|ø†ÿ

Òý±�ý±ôèý}ýßþ ‹ú ºí†° ìþ|°ô¬€ {Óýý± ¬° ¬°¾~ …ü³ôì±ø†ÿ ¶ý̧ ô

{±…ð̧ ¬° 1€4- �éþ|‹õ{†¬ÿ|…ó ºñ†¶†üþ º~û …¶•.

¬° ‹±̈þ ì±…›Ð …º†°û º~û Þú ¬° ¬ì†ÿ Co632 |ô �̧ …² â̄º•

h053€ ðíõðú1€4- �éþ|‹õ{†¬ÿ|…ó ‹† ìÛ~…° 89%|…ü³ôì± ¶ý̧€ ‹ú 53%

…ü³ôì± ¶ý̧ {Œ~üê ô ìñ¥ñþ {Œ~üê „ó ‹ú ºßê ðí†üþ …¶• ]01[. ºßê 4

ð†¤ýú â·}±¬û �ýà �±ô{õó ì}ýéò „èý×†{ýà …ü³ôì±ø†ÿ ¶ý̧ ô {±…ð̧

1|€4-| �éþ|‹õ{†¬ÿ|…ó °… �ý¼ ô �̧ …² h|3 â±ì†¬øþ ¬° ¬ì†ÿ Co052|ð»†ó

ìþ|¬ø~. øí†ó|Æõ° Þú ¬ü~û ìþ|ºõ¬ ‹† â̄º• ²ì†ó€ º~– �ýà

�±ô{õó|ø†ÿ …ü³ôì± ¶ý̧ Þ†ø¼ ô ¬° ìÛ†‹ê º~– �ýà �±ô{õó|ø†ÿ

…ü³ôì± {±…ð̧ …Ö³…ü¼ ìþ|ü†‹~. ¬° ºßê 5  ôÂÏý• Þ±‹ò|ø†ÿ ì}ýéò

„èý×†{ýà ‹±…ÿ …ü³ôì±ø†ÿ ¶ý̧ ô {±…ð̧ …² 1|€ 4 - �éþ|‹õ{†¬ÿ|…ó€ �ý¼ ô

�̧ …² â±ì†¬øþ  Ú†‹ê ì»†ø~û …¶•. ¬° …üò ›† øî ‹† â̄º• ²ì†ó€

º~– �ýà Þ±‹ò|ø†ÿ …ü³ôì± ¶ý̧ Þ†ø¼ ô ¬° ‹±…‹± º~– �ýà

Þ±‹ò|ø†ÿ …ü³ôì± {±…ð̧ …Ö³…ü¼ ìþ|ü†‹~. …üò °ôð~ ‹±…ÿ �±ô{õó|ø† ô

Þ±‹ò|ø†ÿ …ôè×ýñþ …ü³ôì±ø†ÿ ¶ý̧ ô {±…ð̧ ðý³ ¾†¬Ý …¶•. ôèþ ‹ú

¬èýê ôÂõ§ ‹ù}± �ýà|ø†ÿ „èý×†{ýßþ ìþ|{õ…ó ì¥†¶Œ†– Þíþ °… ‹±

…¶†¹ �ýà|ø†ÿ �±ô{õó ô Þ±‹ò „èý×†{ýßþ ¶ý̧ ô {±…ð̧ ‹ñ† ðù†¬ ]22[|.

¬° {œ³üú Þíþ ðý³ ìþ|{õ…ó º~– �ýà °… …ð~…²û|âý±ÿ Þ±¬ Þú ð}ýœú

ì¥†¶Œ†– °… ìþ|{õ…ó ¬° ºßê 6 ì»†ø~û Þ±¬. ‹±…ÿ ðíõðú|ø†ÿ

ºßê 4 -ð†¤ýú â·}±¬û ÆýØ RMN H1| �±ô{õó ì}ýéò …² 1€4- �éþ|‹õ{†¬ÿ|…ó: )…èØ( �ý¼ …² â±ì†¬øþ ô )Ž( �̧ …² h3 â±ì†¬øþ ¬° ¬ì†ÿ Co|052.

)…èØ()Ž(

ºßê 5 -ð†¤ýú â·}±¬û ÆýØ RMN C31| Þ±‹ò ì}ýéò …² 1€4-

�éþ|‹õ{†¬ÿ|…ó: ) …èØ( �ý¼ …² â±ì†¬øþ ô )Ž( �̧ …² h|3 â±ì†¬øþ ¬°

¬ì†ÿ Co052.

δ δ

) …èØ() Ž(

Archive of SID

www.SID.ir



ºñ†¶†üþ ô ‹±°¶þ ðõ„°…üþ â±ì†üþ 1€4-�éþ ‹õ{†¬ÿ|…ó ‹ú Þíà ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ...Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 5€ „®° ƒƒ ¬ÿ 8831 396

RMNC31|…² ‹±ð†ìú �†ȩ̀ ô…›×• º~ó ¬°ô…²û|…ÿ …¶}×†¬û º~û …¶•.

‹ñ†‹±…üò ¬…¬û|ø†ÿ Þíþ ‹ú ¬¶• „ì~û …² �±ô{õó ô Þ±‹ò {Û±üŒ†_ Ú†‹ê

…ðÇŒ†Ý …¶•.

øí†ó|Æõ° Þú …² ºßê 6 ìþ|{õ…ó ì»†ø~û Þ±¬€ ¶±Î• Þ†ø¼ ¬°¾~

…ü³ôì± ¶ý̧ …‹}~… °ôð~ÿ ¶±üÐ ¬…°¬ ô ‹ú {~°ü� …üò ¶±Î• Þ†ø¼

ìþ|ü†‹~. ²ì†ó ðù†üþ Þú ¬° ºßê 6 ¬ü~û ìþ|ºõ¬€|h3 …¶• ô ÆŒýÏ}†_ ¬°

²ì†ó|ø†ÿ ‹ý»}± â±ì†¬øþ ìÛ~…° …ü³ôì± ¶ý̧ Þ†ø¼ ‹ý»}±ÿ …² ̈õ¬

ð»†ó ìþ|¬ø~ ]01[|. øí†ó|Æõ° Þú ¬° ºßê 6 ìþ|{õ…ó ì»†ø~û Þ±¬€

¶±Î• {Œ~üê …ü³ôì± ¶ý̧ ‹ú {±…ð̧ ‹† …Ö³…ü¼ ¬ì†ÿ â±ì†¬øþ …Ö³…ü¼

ìþ ü†‹~€ ‹ú Æõ°ÿ Þú ¬° ¬ì†ÿ Co|002 ô ¬° Æõë h3 â±ì†¬øþ {Óýý± Ú†‹ê

ìç¤Ëú|…ÿ ¬° …ü³ôì±ø† ¬ü~û ðíþ|ºõ¬ ]81[.

…² ðÛÇú ðË± {Óýý± ¬° ô²ó|ø†ÿ ìõèßõèþ ðý³ …üò Ö±…üñ~ ìþ|{õ…ð~ ¤†³̂

…øíý• ‹†º~. ‹ñ†‹±…üò€ ‹ú Þíà °ô½ °ðä|ðã†°ÿ ë́ {±…ô…üþ ðý³

ìþ|{õ…ó �ý¼ ô �̧ …² â±ì†¬øþ {Óýý±…– ô²ó|ø†ÿ ìõèßõèþ ô ²ì†ó

…Ú†ì• …ôèýú ô ðù†üþ °… ìÇ†èÏú Þ±¬. ºßê 7 °ðä|ðã†° 1€4- �éþ|‹õ{†¬ÿ|…ó

°… �ý¼ ô �̧ …²  h|3  â±ì†¬øþ ¬°  Co052| ð»†ó ìþ|¬ø~. ¬° ›~ôë 3 ðý³

ð}†ü� Þíþ ì}õ¶È ô²ó|ø†ÿ ìõèßõèþ Î~¬ÿ ô ô²ðþ ‹ú øí±…û ²ì†ó|ø†ÿ

…Ú†ì• …ôèýú ô ðù†üþ h|3 â±ì†¬øþ ¬° ¬ì†ÿ  Co052 | ¬ü~û ìþ|ºõ¬.

øí†ó|Æõ° Þú …² ºßê 7  ô ›~ôë 3 ì»©À …¶•€ ‹†  …Ö³…ü¼ ²ì†ó

â±ì†¬øþ ²ì†ó …Ú†ì• …ôèýú ¬° ¶}õó CPG| Þ†ø¼ ìþ|ü†‹~ Þú

ð»†ó|¬øñ~û ‹ú ô›õ¬ „ì~ó ²ðœý±ø†üþ ‹† ô²ó|ø†ÿ ìõèßõèþ ‹ý»}± …¶•.

ôèþ {Óýý±ÿ ¬° ²ì†ó|ø†ÿ …Ú†ì• ðù†üþ ¬ü~û ðíþ|ºõ¬. Î~ï {Óýý± ¬° ²ì†ó

…Ú†ì• ðù†üþ ð»†ó|¬øñ~û Î~ï ô…Þñ¼|ø†ÿ ºß·• ²ðœý± ¤ýò

â±ì†¬øþ …¶• ]02[.

Îé• …Ö³…ü¼ ô²ó ìõèßõèþ ðý³ ‹ú ô…¶Çú ô›õ¬ 1% …ü³ôì± 1€2- ôüñýê

¬°ôó ²ðœý± �éþ|‹õ{†¬ÿ|…ó …¶• Þú ‹†Î™ ô…Þñ¼|ø†ÿ ‹ýò ²ðœý± ô

ºŒßú|…ÿ º~ó  ìþ|ºõ¬ ô ø± Ÿú ìÛ~…° …üò …ü³ôì± ‹ý»}± ‹†º~€ ¶±Î•

ºŒßú|…ÿ º~ó …Ö³…ü¼ ìþ|ü†‹~. …¾õæ_ ð¥õû ºŒßú|…ÿ º~ó ‹ú ¬ô ¤†è•

…ìß†ó|�̄ü± …¶•. üßþ ô…Þñ¼ …ü³ôì± 1€2- ôüñýê …² üà ²ðœý± ‹† …ü³ôì±

1€2- ôüñýê …² ²ðœý± ¬üã± �éþ|‹õ{†¬ÿ|…ó ô ¤†è• ¬üã± ºŒßú|…ÿ º~ó

ô…Þñ¼ …ü³ôì± 1€2- ôüñýê ‹† â±ôû ì}ýéò|„èý×†{ýà …² …ü³ôì±ø†ÿ ¶ý̧ ü†

{±…ð̧ …¶• ]02[.

ºßê 6 -ìñ¥ñþ …ü³ôì± º~ó ¶ý̧ -{±…ð̧ ¬° ²ì†ó|ø†ÿ ì}×†ô–

â±ì†¬øþ ¬° ¬ì†ø†ÿ ì©}éØ: )…èØ( Co002€  )Ž( Co522 ô )ž(  Co052.

ºßê 7 -°ðä|ðã†° CPG| ‹±…ÿ 1€4- �éþ ‹õ{†¬ÿ|…ó )…èØ( �ý¼ …²

â±ì†¬øþ ô )Ž( �̧ …² h3 â±ì†¬øþ ¬° ¬ì†ÿ Co052.

›~ôë 3 -ð}†ü� °ðä ðã†°ÿ ́ë {±…ô…üþ 1€4- �éþ ‹õ{†¬ÿ …ó �ý¼ ô�̧ …² â±ì†¬øþ ¬° ¬ì†ÿ Co052.

²ì†ó …Ú†ì• )nim( º†̈À

�±…Þñ~âþ

ì}õ¶È ô²ó ìõèßõèþ ²ì†ó â±ì†¬øþ
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ð}ýœú|âý±ÿ

‹ú Þíà Öñõó RMN H1| ô RMN C31| …üò …ìß†ó ô›õ¬ ¬…°¬ Þú ‹† {Ïýýò

�±ô{õó ø† ô Þ±‹ò ø†ÿ ìõö÷± ‹±…ÿ ºñ†¶†üþ ø± ¶ú …ü³ôì± 1€4- ¶ý̧€

1€4- {±…ð̧ ô 1€2- ôüñýê ìÇ†èÏ†– Þíþ ô Þý×þ …ðœ†ï ºõ¬. ‹ú ô…¶Çú

â±ôû ì}ýê …ð}ù†üþ ²ðœý± …üò …ìß†ó ô›õ¬ ¬…°¬ Þú ‹† ºñ†¶†üþ „ó ‹ú Þíà

°ô½|ø†ÿ ìõ›õ¬ ¬° RMN| ô …ð~…²û|âý±ÿ ¶Çõ§ ²ü± ìñ¥ñþ€

ô…¤~ø†ÿ {ß±…° ºõð~û ìõðõì± ‹õ{†¬ÿ|…ó …ð~…²û|âý±ÿ º~û ô ‹† ìÛ†ü·ú ‹†

°ô½ CPG|€ ì}õ¶È ô²ó ìõèßõèþ Î~¬ÿ „ó ì¥†¶Œú ºõ¬ Þú ð}†ü�

…ðÇŒ†Ý|�̄ü± ô Ú†‹ê ÚŒõèþ ‹ú ¬¶• „ì~. ‹±°¶þ â±ì†üþ Òý±�ý±ôèý}ýßþ ¬°

¬ì†ø†ÿ 002 {† Co052 ô ¬° º±…üÈ ̈çŠ ð»†ó ìþ|¬ø~€ øý¢ ô…Þñ¼

ºß·• ²ðœý± °« ð~…¬û ô ¬° ÎõÅ ‹ú ô…¶Çú ô›õ¬ …ü³ôì± 1€2- ôüñýê

ô…Þñ¼|ø†ÿ ºŒßú|…ÿ º~ó …{×†Ý ìþ|…Ö}~. ô…Þñ¼ ¬üã±ÿ Þú ¬° ¬ì†ÿ

C
o052 °ôÿ ìþ|¬ø~€ {Œ~üê …ü³ôì± ¶ý̧ ‹ú {±…ð̧ …¶• Þú ‹† …Ö³…ü¼

²ì†ó â±ì†¬øþ …üò ìý³…ó ðý³ …Ö³…ü¼ ü†Ö}ú ‹ú Æõ°ÿ Þú ¬° Æõë h3

â±ì†¬øþ ìÛ~…° …ü³ôì± ¶ý̧ …² 57% ‹ú 66% Þ†ø¼ ìþ|ü†‹~.

1. Koltsov A.I., The Latest NMR Research in Organic and Polymer

Chemistry in Russia, Norell, 1996.

2. Chakraborty J., Sarkar J., Kumar R., and Madras G., Ultrasonic

Degradation of Polybutadiene and Isotactic Polypropylene,

Polym. Degrad. Stab., 85, 555-558, 2004.

3. Golub M.A., Photocyclization of 1,2-Polybutadiene and 3,4-

Polyisoprene, Macromolecules, 2, 550-552, 1969.

4. Golub M.A. and Rosenberg M.L., Photorearrangements of

Hydrocarbon Polymers with Pendant Double Bonds, J. Polym.

Sci., Polym. Chem. Ed., 18, 2543-2560, 1980.

5. Anachkov M.P., Rakovsky S.K., and Zaikov G.E., Ozonolysis of

Polybutadienes with Different Microstructure in Solution, J.

Appl. Polym. Sci., 104, 427-433, 2007. 

6. Zeng X.R. and Ko T.M., Thermal Crosslinking of Cis-1,4-

polybutadiene at Ultrahigh Pressures, J. Appl. Polym. Sci., 67,

2131-2140, 1998.

7. Coquillat M., Verdu J., Colin X., Audouin L., and Neviere R.,

Thermal Oxidation of Polybutadiene. Part 1: Effect of Tempera-

ture, Oxygen Pressure and Sample Thickness on the Thermal

Oxidation of Hydroxyl-Terminated Polybutadiene, Polym.

Degrad. Stab., 92, 1326-1333, 2007.

8. Coquillat M., Verdu J., Colin X., Audouin L., and Neviere R.,

Thermal Oxidation of Polybutadiene. Part 2: Mechanistic and

Kinetic Schemes for Additive-Free Non-crosslinked Polybutadi-

ene, Polym. Degrad. Stab., 92, 1334-1342, 2007.

9. Coquillat M., Verdu J., Colin X., Audouin L., and Neviere R.,

Thermal Oxidation of Polybutadiene. Part 3: Molar Mass

Changes of Additive-free Non-crosslinked Polybutadiene,

Polym. Degrad. Stab., 92, 1343-1349, 2007.

10. Golub M.A., Developments in Polymer Degradation, 4: Ther-

mal Rearrangements of Unsaturated Hydrocarbon Polymers,

Grassie N. (Ed.), London, Applied Science, 1982. 

11. Chen F. and Qian J., Studies on the Thermal Degradation of

Polybutadiene, Fuel Proc. Technol., 67, 53-60, 2000.

12. Jiang D.D., Levchik G.F., Levchik S.V., and Wilkie C.A., Ther-

mal Decomposition of Cross-linked Polybutadiene and Its

Copolymers, Polym. Degrad. Stab., 65, 387-394, 1999.

13. Golub M.A., Thermal Rearrangements of Polybutadienes with

Different Vinyl Contents, J. Polym. Sci., Polym. Chem. Ed., 19,

1073-1083, 1981.

14. Ziaee F., Salehi-Mobarakeh H., Nekoomanesh M., and Arabi H.,

Study of Tacticity and Thermal Rearrangement of Low Molecu-

lar Weight 1,2-Polybutadiene by NMR, e-Polymers, 118, 2008.

15. Grassie N. and Heaney A., Thermal Reaction of Pendent Vinyl

Groups in Polybutadiene and Copolymers of Butadiene and

Acrylonitrile, J. Polym. Sci., Polym. Lett. Ed., 12, 89-94, 1974.

16. Schneider B., Doskocilova D., Stokr J., and Svoboda M., Study

of Thermal Degradation of Polybutadiene in Inert Atmosphere:

1. Evidence of Temperature and Time of Heating in IR and NMR

Spectra, Polymer, 34, 432-436, 1993.

17. Doskocilova D., Straka J., and Schneider B., Study of Thermal

Degradation of Polybutadiene in Inert Atmosphere: 2. Charac-

terization of Thermal Crosslinking in Polybutadiene by High

Resolution Solid State 13C and 1H Magic Angle Spinning NMR

Spectroscopy, Polymer, 34, 437-439, 1993.

18. Chiantore O., Cortemiglia M.P.L., and Guaita M., Thermal

Degradation of Polybutadiene, 1. Reactions at Temperatures

Lower than 250oC, Makromol. Chem., 190, 3143-3152, 1989.

19. Santee E.R. (Jr), Chang R., and Morton M., 300 MHz Proton

NMR of Polybutadiene:  Measurement of Cis-Trans Isomeric

ì±…›Ð

Archive of SID

www.SID.ir



ºñ†¶†üþ ô ‹±°¶þ ðõ„°…üþ â±ì†üþ 1€4-�éþ ‹õ{†¬ÿ|…ó ‹ú Þíà ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ...Ö±ºý~ Âý†üþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 5€ „®° ƒƒ ¬ÿ 8831 398

Content, J. Polym. Sci., Polym. Let. Ed., 11, 449-452, 1973.

20. Ziaee F., Salehi-Mobarake H., and Nekoomanesh M., Thermal

Rearrangement Study of Low Molecular Weight Polybutadiene,

Polym. Degrad. Stab., 94, 1336-1343, 2009.

21. Odian G., Principles of Polymerization, John Wiley and Sons,

USA, 412-422, 2004.

22. Conti F., Segre A., Pini P., and Porri L., Nuclear Magnetic Res-

onance Studies of Polydienes: 1. 13C NMR of 1,4-Polybutadiene

Obtained by π-Allyl Nickel Trifluoroacetate Catalysts, Polymer,

15, 5-8, 1974.

Archive of SID

www.SID.ir


