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%X� oDOÕúPDGD� DWDNWLN� SROLSURSLOHQLQ�� $33�� SROLPHUOHúPH� H÷LOLPL�
ROPD\DQ� oHúLWOL� DOLOLN� PRQRPHUOH� IRQNVL\RQODQGÕUÕOPDVÕ� DPDoODQPÕúWÕU��
)RQNVL\RQODQGÕUPD� HVQDVÕQGD� ]LQFLU� NÕUÕOPD� YH� oDSUD]� ED÷ODQPD�
WHSNLPHOHULQLQ�JHUoHNOHúWL÷L�ELOLQPHNWHGLU��%X�WHSNLPHOHULQ�PLQLPXP�RUDQODUGD�
JHUoHNOHúHFH÷L� \HQL� ELU� \|QWHP� JHOLúWLULOPHVL� DPDFÕ\OD� $33¶nin 

HOHNWURNLP\DVDO� IRQNVL\RQODQGÕUÕOPDVÕ� oDOÕúÕOPÕú� DQFDN� VRQ� GHUHFH� D]�
PLNWDUODUGD� IRQNVL\RQHO� PDGGH� WDNÕOPDVÕQÕQ� JHUoHNOHúWL÷L� EXOXQPXúWXU�� %X�
QHGHQOH� JHOLúWLULOPH\H� oDOÕúÕODQ� EX� \|QWHP� $33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕQGD�
\HWHUVL]� EXOXQPXú� YH� $33¶LQ� PRGLILNDV\RQXQD� o|]HOWLGH� IRQNVL\RQODQGÕUPD�
LOH�GHYDP�HGLOPLúWLU� 

 

APP, 4-alil-2-metoksifenol, 4-alil-1,2-dimetoksibenzen, alilbenzen ve  
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 4-alilanisol ile toluen içerisinde benzoil peroksit kullanarak 

IRQNVL\RQODQGÕUÕOPÕúWÕU�� dDOÕúPDODUGD� IRQNVL\RQODQGÕUPD� V�UHVL, fonksiyonel 

PDGGH� YH� EDúODWÕFÕ� GHULúLPOHULQLQ� WDNÕOPD� PLNWDUÕQD� HWNLOHUL� LQFHOHQPLú� YH�
|UQHNOHULQ�PROHN�O�N�WOHOHUL�YH�FDPVÕ�JHoLú�VÕFDNOÕNODUÕ�EHOLUOHQPLúWLU��6RQXoODU�
o|]HOWL� IRQNVL\RQODQGÕUPDVÕQGD� GD� ]LQFLU� NÕUÕOPD� YH� oDSUD]� ED÷ODQPD�
tepkimelerinin geUoHNOHúWL÷LQL��|UQHNOHULQ�PROHN�O�N�WOHOHULQLQ�JHQHOGH�DUWWÕ÷ÕQÕ�
YH� ÕVÕO� |]HOOLNOHUGH� J|U�OHQ� L\LOHúPHQLQ� ED÷ODQDQ� IRQNVL\RQHO� PDGGH�
PLNWDUÕQGDQ�oRN�DUWDQ�PROHN�O�N�WOHVLQH�\D�GD�|UQHNOHULQ�GH÷LúHQ�KHWHURMHQOLN�
LQGLVLQH�ED÷OÕ�ROGX÷XQX�J|VWHUPLúWLU� 
 Örneklerin spektroskopik analizleri FT-,5� LOH� \DSÕOPÕú� DQFDN�� WDNÕOPD�
PLNWDUODUÕQÕQ� G�ú�N� ROPDVÕ� QHGHQL\OH� IRQNVL\RQODQGÕUPD� PHNDQL]PDVÕQÕ�
EHOLUOH\HFHN�EXOJXODUD�UDVWODQDPDPÕúWÕU� 
 

Anahtar kelimeler���$WDNWLN�SROLSURSLOHQ��IRQNVL\RQODQGÕUPD 
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 ABSTRACT 

 

FUNCTIONALIZATION OF ATACTIC POLYPROPYLENE 
 
 

ÜNVER, Halil 
 

.ÕUÕNNDOH�8QLYHUVLW\ 
Graduate School of Natural and Applied Sciences 

Department of Chemistry, M. Sc. Thesis 

Supervisor : Prof. Dr. Zeki ÖKTEM 

June 2005, 80 pages 

 
 

In this work functionalization of atactic polypropylene, APP, with 

different allylic monomers, without tendency of polymerization, was aimed. It 

is known that chain degradation and crosslinking reactions take place during 

functionalization reactions. The electrochemical functionalization of APP was 

studied in order to develop a new functionalization technique, in which these 

reactions occur in minimum extent. However, the amount of bonding was 

found to be very low. Therefore, the studied new technique was decided to 

be insufficient for the functionalization of APP. Therefore, modification of APP 

was continued with solution functionalization.   

 

APP was functionalized with 4-allyl-2-methoxyphenol, 4-allylanisole   

4-allyl-1,2-dimethoxybenzene and allylbenzene in toluene by using benzoyl 

peroxide. The effect of functionalization time, concentration of initiator and 
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 concentration of functional compound on the extent of functionalization was 

studied and the molecular weights and glass transition temperature of the 

samples were determined. The obtained results indicated the formation of 

chain degradation and crosslinking reactions during functionalizations. 

However, the molecular weights of the samples observed to be higher than 

the molecular weight of APP. Also, Tg values of the samples were found to 

be higher than the Tg of APP. However, it was observed that Tg of the 

samples mostly varried with the molecular weights or heterogenity indices of 

the samples rather than depending on the amount of bonded functional 

compounds.  

  The spectroscopic analyses of the samples were carried with FT-IR. 

However, due to low bonding of functional compounds the mechanism of 

functionalization could not be clarified. 

 

Key words : Atactic polypropylene, functionalization 
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 1. *ø5øù 

 

 6RQ�\ÕOODUGD�SROLROHILQOHULQ�PRGLILNDV\RQX�LOH�JHOLúPLú�|]HOOLNOHUH�VDKLS�\HQL�
malzemelerin üretimi ilgi çekici ELU� NRQX� KDOLQH� JHOPLúWLU�� )RQNVL\RQHO�
SROLROHILQOHULQ�WLFDUL�RODUDN�E�\�N�ELU�|QHPH�VDKLS�ROPDODUÕ�YH�JHQLú�NXOODQÕP�
DODQODUÕQÕQ� EXOXQPDVÕ� EX� DODQGDNL� oDOÕúPDODUÕQ� KÕ]OD� DUWPDVÕQD� QHGHQ�
ROPXúWXU(1-3). 

 
 Polimerlerin kimyasal modifikasyonu iki nedenden dolD\Õ�|QHPOLGLU� 
i) .RSROLPHUL]DV\RQ� \D� GD� DúÕODPD� \|QWHPL� LOH� JHUoHNOHúWLULOHQ� SROLPHU�

PRGLILNDV\RQX� PROHN�OOHU� DUDVÕ� HWNLOHúLPOHUL� YH� EXQD� ED÷OÕ� RODUDN�
PDNURPROHN�OOHULQ�oDSUD]�ED÷ODQPD�RODVÕOÕNODUÕQÕ�DUWWÕUDELOLU� 

ii) Polimer yüzeylerinin fiziksel ve kimyasal özellikleri, yüzey kaplama, 

yüzey degredasyonu, yüzey hidrolizi, radyoaktif indirgeme, fotokimyasal 

LQGLUJHPH� \D� GD� NDWDOLWLN� RODUDN� EDúODWÕODQ� DúÕ� NRSROLPHUL]DV\RQX� JLEL�
ELUoRN�\�]H\�PRGLILNDV\RQ�WHNQL÷L�LOH�PRGLIL\H�HGLOHELOLU� 

 
$úÕ�NRSROLPHUL]DV\RQX\OD�PRGLILNDV\RQ��SROLPHUH�DQD�]LQFLULQ�\DSÕVÕQÕ�

YH� |]HOOLNOHULQL� GH÷LúWLUPHGHQ� DUDQDQ� ED]Õ� |]HOOLNOHU� ND]DQGÕUDELOLU��
.D]DQGÕUÕODQ� EX� |]HOOLNOHU� LOH� GH� SROLROHILQOHULQ� NXOODQÕP� DODQODUÕ�
JHQLúOHPHNWHGLU�� 8\JXQ� PDGGHOHUOH� \DSÕODQ� DúÕODPDODUOD� HOGH� HGLOHQ� DúÕ�
kopoOLPHUOHULQGH� \DSÕúPD�� JHULOLP�GLUHQFL�� \DSÕúPD�GLUHQFL�� ER\DQDELOLUOLN� YH�
ER\DOÕ� NDOPD� V�UHVL� YH� D\UÕFD� ÕVÕVDO� YH� IRWRNLP\DVDO� NDUDUOÕOÕN� JLEL� ED]Õ�
|]HOOLNOHUL�GH�DUWWÕUÕODELOPHNWHGLU�� 
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 '�ú�N�PDOL\HWL��oRN�\|QO��|]HOOLNOHUL�YH�JHOLúHQ�WLFDUL�X\JXODPDODUÕ� ile 

SROLSURSLOHQ� �33��� VHQWHWLN� SROLPHUOHU� DUDVÕQGD� |QHPOL� ELU� \HUH� VDKLSWLU��
%XQXQOD� ELUOLNWH� 33¶LQ� G�ú�N� \�]H\� HQHUMLVL�� IRQNVL\RQHO� JUXS� LoHUPHPHVL��
G�ú�N�QHP�WXWXFXOX÷X��IRWRNLP\DVDO�YH�ÕVÕVDO�RNVLGDV\RQD�KDVVDVL\HWL��G�ú�N�
oDUSPD� GLUHQFL�� G�ú�N� HULPH� YH� \DSÕúPD� VÕFDNOÕ÷Õ�� FDP� YH� PHWDO�
PDO]HPHOHUH� \DSÕúPDPDVÕ� JLEL� |]HOOLNOHUL� NXOODQÕP� DODQÕQÕ� NÕVÕWODPDNWDGÕU��
33¶H� oHúLWOL� \|QWHPOHUOH� EHOLUOL� PLNWDUODUGD� X\JXQ� SRODU� JUXSODU� WDNÕODUDN�
X\JXODPD� DODQODUÕ� JHQLúOHWLOHELOPHNWHGLU(4)�� %X� DPDoOD� SROLPHULQ� oHúLWOi 
\|QWHPOHUOH�� X]XQ� \DQ� GDOODU� ROXúWXUPD\DQ� YH� WHPHO� |]HOOLNOHULQL�
GH÷LúWLUPH\HQ� PRQRPHUOHUOH� DúÕODQDUDN� PRGLILNDV\RQX� \D\JÕQ� RODUDN�
NXOODQÕODQ�WHNQLNOHUGHQ�ELULGLU� 
 

Ataktik polipropilen (APP), Ziegler-1DWWD� NDWDOL]|U�Q�Q� NXOODQÕOGÕ÷Õ�
endüstrilerde izotaktik polipropilen (IPP) üretiminin bir yan ürünü olarak 

ROXúPDNWD�YH�WRSODP�,33��UHWLPLQLQ���-��¶XQX�ROXúWXUPDNWDGÕU��6RQ�\ÕOODUGD�
JHOLúWLULOHQ� \HQL� NDWDOL]|U� VLVWHPOHUL\OH� SURSLOHQLQ� VWHUHRVSHVLILN�
SROLPHUL]DV\RQX� LOH� JHUoHNOHúWLULOHQ� ,33� �UHWLPLQGH�� $33� ROXúPDGÕ÷Õ� \D� GD�
oRN� D]� ROXúWX÷X� LoLQ� DWDNWLN� NÕVPÕQ� D\UÕúWÕUÕOPDVÕQD� JHUHN� NDOPDPÕúWÕU(5,6). 

$QFDN� EX� DUDGD� $33�� PRGLIL\H� HGLOPLú� \D� GD� HGLOPHPLú� RODUDN� ND÷ÕW�
NDSODPDVÕ� YH� ODPLQDV\RQXQGD�� oDWÕODUGD�� L]RODV\RQODUGD�� KDOÕ� WDEDQODUÕQGD��
\DSÕúWÕUÕFÕ� YH� GROJX�PDO]HPHOHULQGH� YH� O�EULNDQ� YH� SODVWLNOHúWLULFL� JLEL� IDUNOÕ�
DODQODUGD�\D\JÕQ�RODUDN�NXOODQÕOPD\D�EDúODQPÕúWÕU(7-10). APP’in birçok alanda 

NXOODQÕOPD\D� EDúODQPDVÕQÕQ� \DQÕ� VÕUD�� WHSNLPH� NRúXOODUÕQÕQ� NROD\� KD]ÕUODQÕS�
elde edilen ürünlerin kolay karakterize edilebilmesi nedeniyle IPP için model 

ROXúWXUPDVÕ�� ELUoRN� DUDúWÕUPDFÕQÕQ� $33¶LQ�PRGLILNDV\RQX� LOH� LOJLOL� oDOÕúPDODU�
\DSPDVÕQD�QHGHQ�ROPXúWXU(11-14). 
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 1.1. $úÕODPD�<|QWHPOHUL�øOH�3ROLSURSLOHQLQ�)RQNVL\RQODQGÕUÕOPDVÕ 
 

33¶LQ� DúÕODPD� \ROX� LOH� PRGLILNDV\RQX� ����¶OHUGH� 1Dtta ve 

DUNDGDúODUÕQÕQ(15) kristal ve amorf poli-α-olefinlerin hidroperoksit türevlerini 

EDúODWÕFÕ�RODUDN�NXOODQPDODUÕ�LOH�EDúODPÕúWÕU� 
 

�33¶LQ� ÕVÕ� YH� ÕúÕN� GX\DUOÕOÕ÷Õ�� $33¶LQ� NROD\� GHJUHGDV\RQX�� 33�
]LQFLUOHULQGH� EXOXQDQ� WHUVL\HU� KLGURMHQ� DWRPXQXQ� YDUOÕ÷ÕQD� ED÷ODQPDNWDGÕU��
=LQFLULQ� GHJUHGDV\RQ� WHSNLPHOHULQH� EX� KLGURMHQLQ� QHGHQ� ROGX÷X�
ELOGLULOPLúWLU(2,11)��'ROD\ÕVÕ\OD�WHUVL\HU�KLGURMHQ�DWRPXQXQ�DúÕODPD�\|QWHPOHUL\OH�
oHúLWOL� PRQRPHUOHU� NXOODQÕODUDN� X]DNODúWÕUÕOPDVÕ� 33¶LQ� ÕVÕVDO� YH� IRWRNLP\DVDO�
NDUDUOÕOÕ÷ÕQÕ�YH� WDNÕODQ� IRQNVL\RQHO�JUXSODUÕQ�|]HOOLN�YH�PLNWDUÕQD�ED÷OÕ�RODUDN�
GD�ER\DQDELOLUOL÷L��PHNDQLN�|]HOOLNOHUL�YH�\XPXúDPD�VÕFDNOÕ÷Õ�JLEL�|]HOOLNOHULQL�
GH�DUWWÕUPDNWDGÕU�� 

  

1.1.1. =LQFLU�7UDQVIHUL\OH�$úÕODPD 

  
=LQFLU�WUDQVIHUL\OH�DúÕODPD��DúÕ�SROLPHUOHULQ�VHQWH]LQGH��|]HOOLNOH�33�DúÕ�

NRSROLPHUOHULQLQ� VHQWH]LQGH� NXOODQÕODQ� HQ� HVNL� YH� HQ� \D\JÕQ� \|QWHPGLU�� %X�
\|QWHPGH� WHSNLPH�� EDúODWÕFÕQÕQ� ER]XQDUDN� ROXúWXUGX÷X� UDGLNDOOHULQ� SROLPHU�
]LQFLULQGHQ� KLGURMHQ� NRSDUDUDN� PRQRPHUOHULQ� SROLPHUOHúHELOHFH÷L� PDNUR-

radikallerin oOXúPDVÕ�LOH�EDúODU��.RSDUÕODFDN�KLGURMHQ��° hidrojen ya da α-alilik 

hidrojen atomu olabilmektedir(15)��7HSNLPH�HVQDVÕQGD�PRQRPHU�UDGLNDOOHULQLQ�
GH� ROXúDELOHFH÷L� YH� EX� UDGLNDOOHULQ� SROLPHU� ]LQFLULQGHQ� KLGURMHQ� NRSDUÕS�
VHUEHVW� UDGLNDOLQ� ]LQFLU� �]HULQH�DNWDUÕODELOHFH÷L� GH�ELOGLULOPLúWLU(2)��'ROD\ÕVÕ\OD�
]LQFLU�WUDQVIHU�PHNDQL]PDVÕ\OD�DúÕ�NRSROLPHUL]DV\RQXQGD�WHSNLPH�RUWDPÕQGD�
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 SROLPHUOHúHFHN� PRQRPHU�� DúÕODQDFDN� SROLPHU� YH� VHUEHVW� UDGLNDO� EDúODWÕFÕ�
ROPDVÕ�JHUHNPHNWHGLU� 
  

$úÕ� NRSROLPHUL]DV\RQXQXQ� EDVLWOHúWLULOPLú� PHNDQL]PDVÕ� 1DWWD� YH�
DUNDGDúODUÕ�WDUDIÕQGDQ�úX�úHNLOGH�LOHUL�V�U�OP�úW�U(17); 

 
$úÕODPDQÕQ�JHUoHNOHúPHVL�LoLQ�SROLPHU�]LQFLULQGH�DNWLI�PHUNH]OHULQ��6 •, 

ROXúPDVÕ�JHUHNLU� 
 

X •    +    SH                     XH   +   S •                                     (1.1) 

 
X• �UDGLNDOL��EDúODWÕFÕQÕQ��5-O-O-5��ER]XQPDVÕQGDQ�HOGH�HGLOHQ�ELU�52• 

VHUEHVW� UDGLNDOL�� DNWLI� ELU� PRQRPHUGHQ� ROXúDQ� ELU� UDGLNDO� �0•) ya da 

homopolimer radikali (ROMn-1M
•) olabilir. 

 
ROOR                    2 RO •                                        (1.2) 

2 RO •   +    nM                     ROMn-1M •                                          (1.3) 
 

%LULQFL�EDVDPDNWD�JHUoHNOHúHQ�EDúODPD�WHSNLPHOHULQL�������DúÕODPDQÕQ�
JHUoHNOHúWL÷L�LOHUOHPH�EDVDPD÷Õ�������YH�VRQODQPD�WHSNLPHOHUL�������L]OHU� 
 

S •   +   nM                     SMn •                                       (1.4) 

SMn •   +  Y •                   P ya da 2P                                  (1.5) 

    
6RQODQPD� EDVDPD÷ÕQGD� ������� <• radikali ortamdaki herhangi bir 

radikal olabilir (RO•, ROMn-1M
•, SMn-1M

•��� $\UÕFD� DúÕODQPÕú� ELU� SROLPHULN�
makro-UDGLNDO��KRPRSROLPHU��DúÕODQPÕú�\D�GD�DúÕODQPDPÕú�SROLPHU��PRQRPHU�

kt 
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 \D� GD� NXOODQÕODQ� o|]�F�� JLEL� ELU� 7� PDGGHVL� LOH� GH� WUDQVIHU� VRQXFXQGD�
sonlanabilir. 

 
SMn •   +   T                    SMn   +   T •                (1.6)       

 
 6ÕFDNOÕN�� NXOODQÕODQ� o|]�F��� PRQRPHU� YH� EDúODWÕFÕQÕQ� \DSÕVÕ� DúÕODPD\D�
HWNL� HGHQ� IDNW|UOHUGLU�� $\UÕFD� EDúODWÕFÕQÕQ� HWNLQOL÷L� GH� |QHPOL� ELU� IDNW|UG�U��
øGHDO� EDúODWÕFÕ�� RNVLWOH\LFL� |]HOOL÷L� ROPD\DQ�� KLGURMHQ� NRSDUDELOHQ� YH� DúÕODPD 

NRúXOODUÕQGD� \HWHUOL� \DUÕODPD� |PU�� RODQ� EDúODWÕFÕODUGÕU�� %HQ]RLO� SHURNVLW��
BPO(17-19) , dikümil peroksit, DCP(11,20) , di(tert-bütil)peroksit,  DTBP(21), tert-

bütilperoksipivalat, t-BPOV(17,22), 2,5-bis(tert-bütilperoksi)-2,5-

dimetilhekzan(23), diizopropil peroksidikarbonat(24) ve loril peroksit, LPO(17) 

33¶LQ�DúÕ�NRSROLPHUL]DV\RQXQGD�EDúDUÕ\OD�NXOODQÕODQ�EDúODWÕFÕODUGDQGÕU� 
  

1DWWD� YH� DUNDGDúODUÕ(17) PHWLO� DNULODWÕ� %32�� /32�� W-BPOV ve 

D]RL]RE�WLURQLWULO�� $,%1�� EDúODWÕFÕODUÕ� LOH� $33� �]HULQH� DúÕODPÕúODU� YH� BPO 

PLNWDUÕQÕQ� WDNÕOPD�PLNWDUÕQÕ� ID]OD�HWNLOHPHGL÷LQL�EXOPXúODUGÕU��*XKDQL\RJL�YH�
DUNDGDúODUÕ(18)� $33¶H� HWLO� DNULODWÕ� DúÕ� NRSROLPHUL]DV\RQX� \|QWHPL\OH� NVLOHQ�
o|]HOWLVLQGH�%32�NXOODQDUDN�DúÕODPÕúODU�YH�DúÕODPD�KÕ]ÕQÕQ�%32�GHULúLPLQLQ�
DUWPDVÕ\OD�DUWWÕ÷ÕQÕ�EXOPXúODUGÕU��'�ú�N�YHULPOHUGH�KRPRSROLPHU�ROXúXPXQXQ�
GDKD� ID]OD� ROGX÷X�� YHULP� DUWWÕNoD� DúÕODPD� \�]GHVLQLQ� YH� 0n� GH÷HULQLQ� GH�
DUWWÕ÷Õ�ELOGLULOPLúWLU� 

 
 $úÕODPDQÕQ� KÕ]Õ� YH� YHULPL�� PRQRPHULQ� \DSÕVÕQD� YH� VLVWHP� ELOHúHQOHULQLQ�
J|UHFHOL� HWNLQOLNOHULQH� GH� ED÷OÕGÕU�� gUQH÷LQ� %32� \D� GD� '&3� NXOODQÕODUDN�
$33¶H� VWLUHQ� \D� GD� PHWLO� PHWDNULODW� DúÕODPDGD�� DúÕODPD� YHULPLQLQ� PHWLO�
PHWDNULODWWD� GDKD� G�ú�N� ROGX÷X� EXOXQPXúWXU(25)�� %DúND� ELU� oDOÕúPDGD� LVH�
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 PP’e vinil ester, CH2=CHOAc/stiren blok kopolimeri, polistirene göre daha 

yüNVHN� YHULPOH� DúÕODQPÕúWÕU(26)�� 33� ILOP� \D� GD� HO\DIÕQD� ]LQFLU� WUDQVIHU�
PHNDQL]PDVÕ� LOH��PDOHLN� DQKLGULW�VWLUHQ� \D� GD� YLQLO� DVHWDW(22,27), etil akrilat(18), 

akrilik asit(28), vinil asetat(20), maleik anhidrit(19,22,24), vinil klorür(29),metil 

metakrilat(17,30), vinil piridin, akrilamid ve vinil kaprolaktam(31) gibi 

PRQRPHUOHULQ�DúÕODQGÕ÷Õ�ELOGLULOPLúWLU� 
  

=LQFLU� WUDQVIHU� PHNDQL]PDVÕQD� DúÕODPD� VÕFDNOÕ÷Õ� YH� NXOODQÕODQ�
o|]�F�Q�Q� \DSÕVÕ� GD� HWNL� HGHQ� IDNW|UOHUGHQGLU�� 3HYOLQHF� YH� DUNDGDúODUÕ(25) 

BPO ve DCP kullanaUDN� VWLUHQ� YH� PHWLO� PHWDNULODWÕQ�� 00$�� $33¶H�
DúÕODQPDVÕQÕ� JHUoHNOHúWLUPLúOHUGLU�� 00$¶ÕQ� EHQ]HQ� LoHULVLQGH� Q-heptandan 

���� GDKD� ID]OD� DúÕODQGÕ÷ÕQÕ� EXOPXúODUGÕU�� 00$� EHQ]HQ� LoHULVLQGH� GDKD� L\L�
o|]�QG�÷�QGHQ��PDNUR-UDGLNDOOHULQ� o|]HOWL� LoHULVLQGH� GDKD� L\L� GD÷ÕODFD÷Õ� YH�
HWNLQOLNOHULQLQ� GDKD� ID]OD� DúÕODPD� LoLQ� NXOODQÕODFD÷ÕQGDQ� YHULPLQ� DUWWÕ÷Õ�
úHNOLQGH� \RUXPODQPÕúWÕU�� 'L÷HU� WDUDIWDQ�� 33� �]HULQH� VWLUHQLQ� DúÕODQPDVÕQGD�
LVH�o|]�F�GHNL�GH÷LúLNOL÷LQ�VWLUHQLQ�DúÕODPD�RUDQÕQÕ�HWNLOHPHGL÷L�J|U�OP�úW�U��
300$� LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� SROLVWLUHQ� UDGLNDOOHULQLQ� DúÕODPDQÕQ�
EDúODPDVÕQGD�GDKD�D]�HWNLQ�ROGX÷X�VRQXFXQD�YDUÕOPÕúWÕU� 
 
 33� �]HULQH� ED]Õ� YLQLO� PRQRPHUOHULQLQ� DúÕODQPDVÕ� oDOÕúPDODUÕQGD� YHULPL�
DUWWÕUDQ�NDWDOL]|UOHU�NXOODQÕOPÕúWÕU��0DOHLN�DQKLGULWLQ�DúÕODQPDVÕQGD�WROXHQLQ(32), 

DNULORQLWULOLQ� DúÕODQPDVÕQGD�GHPLU�,,��V�OIDWÕQ(33), maleik anhidrit ya da stiren-

PDOHLN�DQKLGULW�DúÕODQPDVÕQGD�1�1-diizopropiletanolaminin(22) katalizör olarak 

NXOODQÕOGÕ÷Õ�ELOGLULOPLúWLU� 
 
6RQ� ]DPDQODUGD� SROLROHILQOHULQ� IRQNVL\RQODQGÕUÕOPDVÕQGD� PDOeik 

anhidrit, dietil fumarat, p-fenilen-ELV�PDOHDPLN�DVLW�YH�oHúLWOL�DOLO�ELOHúLNOHUL�JLEL�
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 SROLPHUOHúPH\HQ� \D� GD� SROLPHUOHúPH� H÷LOLPL� G�ú�N� RODQ� GR\PDPÕú�
ELOHúLNOHULQ�NXOODQÕOGÕ÷Õ�oDOÕúPDODUD�\|QHOLN�LOJL�DUWPÕúWÕU(2,23,34,35). H. Huang ve 

DUNDGDúODUÕ(36), PP’i eriyik halde oleik asit ve undesilenik asit ile 

DúÕODPÕúODUGÕU�� '&3�%32� �� ���� �� RUDQODUÕQGD� NDUÕúÕN� EDúODWÕFÕ� NXOODQÕPÕQÕQ�
DúÕODPD� PLNWDUÕQÕ� DUWWÕUGÕ÷ÕQÕ� YH� RUWDPD� VWLUHQ� HNOHQPHVLQLQ� ]LQFLU�
GHJUHGDV\RQXQX� D]DOWWÕ÷ÕQÕ� ELOGLUPLúOHUGLU�� (�� 3�� &ROODU� YH� DUNDGDúODUÕ(37), 

APP’e saksinik anhidrit ve saksinik-IORURVHLQ� DúÕODQPDVÕQÕQ�� 7g’ yi 8-11°C 

DUWWÕUGÕ÷ÕQÕ� EXOPXúODU� YH� LVWHQPH\HQ� GHJUHGDV\RQ� WHSNLPHOHULQLQ� DúÕODPD�
WHSNLPHOHULQH�ED÷OÕ�ROPDGÕNODUÕQÕ�LOHUL\H�V�UP�úOHUGLU� 
 

Z. Öktem(38), G. A. Öktem(39) ve aUNDGDúODUÕ�� $33¶LQ�
IRQNVL\RQODQGÕUÕOPDVÕQÕ�oHúLWOL�DOLOLN�YH�YLQLOLN�ELOHúLNOHUOH�����°C’da eriyik halde 

oDOÕúPÕúODU�YH�WDNÕOPD�LOH�ELUOLNWH�$33¶LQ�PROHN�O�N�WOHVLQLQ�YH�7g¶VLQLQ�DUWWÕ÷ÕQÕ�
EXOPXúODUGÕU�� $33¶LQ� �-alil-1,2-dimetoksibenzen (DMAB) ve 4-alil-2-

PHWRNVLIHQRO� �HXJHQRO�� LOH� IRQNVL\RQODQGÕUÕOPDVÕQGD� WHSNLPHQLQ� �° polimer 

UDGLNDOL� LOH�ROXúDQ�DOLO� UDGLNDOLQLQ� ELUOHúPHVL� LOH� \�U�G�÷�Q�� LOHUL� V�UP�úOHUGLU�
�ùHNLO������ 
 

Eugenol ile daha yüksek molekül kütleli ürün elde edilmesini ise, 

fenoksi radikalinin SROLPHU� ]LQFLUL� �]HULQGH� ROXúWXUGX÷X� �° ve 2° radikallerin 

GDOODQPD�YH�oDSUD]�ED÷ODQPD�WHSNLPHOHULQH�ED÷ODPÕúODUGÕU� 
 
4-DOLOSURSHQLODQLVRO� �DQHWRO�� LOH� \DSÕODQ� oDOÕúPDODUGD�� ROXúDQ� PHWLOHQ�

UDGLNDOLQLQ� DOLOLN� UDGLNDOH� G|Q�úW�÷�� YH� EX� UDGLNDOLQ� SROLPHU� UDGLNali ile 

ELUOHúHUHN� IRQNVL\RQODQPDQÕQ� JHUoHNOHúWL÷L� LOHUL\H� V�U�OP�úW�U�� $QFDN��
PROHN�O�N�WOHVLQGH��DUWDQ�EDúODWÕFÕ�PLNWDUÕ�LOH�EHNOHQHQ�DUWÕúÕQ�J|]OHQPHPHVL��
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OCH 3 

OR 

CH 2 CH CH 2 

R 1 

CH 2 CH 

OR 

OCH 3 

CH 

+ 
+ R 1 H 

\�NVHN� EDúODWÕFÕ� PLNWDUODUÕQGD� IRQNVL\RQODQPDQÕQ� D÷ÕUOÕNOÕ� RODUDN� NDWÕOÕP�
WHSNLPHVL�LOH�JHUoHNOHúWLULOPHVLQH�GD\DQGÕUÕOPÕúWÕU��ùHNLO������ 
 

 

 

 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
DMAB; R = CH3 

Eugenol; R = H 

R1
• = DCP/polimer radikali 

R2
•� �3ROLPHU�UDGLNDOL�'&3�SDUoDVÕ 

R3
•� �3ROLPHU�UDGLNDOL�'&3�SDUoDVÕ�+�DWRPX� 

 

ùHNLO����� FonksiyRQODQPD�0HNDQL]PDVÕ 

CH3

CH2CH2 C

OR

OCH3

CH CH CH2

CH2CCH2

CH2CHCH

OCH3

OR
CH3

+

CH2

CH3

CH2CH2 C

OR

OCH3

CH CH CH2

1. R2

2. R3
CHCH

OCH3

OR

CCH2 CH2

CH3

R2

R3



21 

  
 
 

 
 
 

 

 

 

 

   

 

 

 

 

 

 

    

 

 

  

R•� �3ROLPHU�UDGLNDOL�\D�GD�'&3�SDUoDVÕ� 
 

ùHNLO������$QHWRO�Q�DúÕODPD�WHSNLPHOHUL��� 
 

 

C H 3 C H C H

OC H 3 OC H 3

C HC HC H 2

R

O C H 3

C HC H 2 C H

R

birle sm e,

C HC H 2 C H

O C H 3

R

 

R 

CH CH 

OCH 3 

CH 3 

 kat ÕOPD 

CH 3 

OCH 3 

CH CH 

R 
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1.1.2. )RQNVL\RQHO�*UXSODUÕQ�33¶H�7DNÕOPDVÕ 
 

3ROLPHUOHUH� IRQNVL\RQHO� JUXSODUÕQ� WDNÕOGÕ÷Õ� DúÕ� NRSROLPHUL]DV\RQX�
önemli bir modLILNDV\RQ� \|QWHPLGLU�� %X� \|QWHPGH� SROLPHU�� DúÕODPD�
WHSNLPHOHULQGH� NXOODQÕODFDN� HWNLQ� PHUNH]OHULQ� ROXúPDVÕ� \D� GD� IRQNVL\RQHO�
JUXSODUÕQ�WDNÕOPDVÕ�LoLQ�X\JXQ�NLP\DVDOODUOD�WHSNLPH\H�VRNXOXU� 
 

1.1.2.1. Hidroperoksidasyon 

 
 Hidroperoksidasyon, birçok vinil monomerin PP �]HULQH� DúÕODQPDVÕQGD�
NXOODQÕOPÕú� RODQ� ELU� \|QWHPGLU(40,41). PP’in oksidasyonu, birçok organik 

PROHN�OGH�ROGX÷X�JLEL�RWR-NDWDOLWLN� ELU� LúOHPGLU(42,43). 3° karbon atomunun H-

DWRPX� VRQ� GHUHFH� UHDNWLI� ROXS� RNVLMHQOH� KLGURSHURNVLW� ROXúWXUPDN� �]HUH�
tepkimeye giUHU�� +LGURSHURNVLWOHULQ� ER]XQXPX� LVH� DúÕODPD� LoLQ� JHUHNOL� RODQ�
UDGLNDOOHUL�ROXúWXUXU� 

                      

         (1.8) 

 

 

 

 
                                                                          (1.9) 

 

 

 

CH2 CH

CH3 CH3

CCH2

O

O

O2
CH2 CCCH2

CH3 CH3
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                                                                        (1.10) 

   

 

 

 

                                                              (1.11) 

 

 

70-80°&¶GD�JHUoHNOHúWLULOHQ�KLGURSHURNVLGDV\RQ�\|QWHPL\OH�33�ILOP�\D�
da fiber üzerine MMA(44), vinilklorür, vinil asetat, 2-vinil piridin ve metil 

akrilat(2)�� DURPDWLN� DPLQOHU� \D� GD� IHQROOHU� LoHUHQ� oHúLWOL� PHWDNULOLN� HVWHU�
türevleri(45)��SROLPHUOHúHELOHQ�oHúLWOL�D]R�ER\DODU� (45), stiren(44) ve 2-hidroksietil 

metakrilat(46)�JLEL�oHúLWOL�PRQRPHUOHU�DúÕODQPÕúWÕU�� 
 
 HidroperoksidasyondD� KDYD� RNVLGDV\RQX� \HULQH� R]RQROL]� \DSÕOPDVÕQÕQ�
SROLPHU� �]HULQGH� HWNLQ� PHUNH]OHU� ROXúWXUPDGD� GDKD� YHULPOL� ROGX÷X� YH� EX�
\|QWHPOH� HOGH� HGLOHQ� DúÕ� NRSROLPHUL]DV\RQXQ� GDKD� \�NVHN� YHULPOL� YH� GDKD�
KÕ]OÕ�ROGX÷X�ELOGLULOPLúWLU(44,47). 

O

O

CH2 C CHCH2+

CH3CH3

O

O

CH2 C CCH2+

CH3CH3

H

CH 

O 

O 

CH 2 C 

3 

H 

monomer $úÕOÕ�NRSROLPHU 
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 1.1.2.2. Halojenleme 

 
 Halojenleme, PP¶H� IRQNVL\RQHO� JUXS� WDNÕOPDVÕQGD� NXOODQÕODQ� GL÷HU� ELU�
yöntemdir(2). PP zincirleri etkin merkezleri olmayan apolar moleküllerdir. Bu 

PROHN�OOHULQ� KDORMHQOHQPHVL�� |UQH÷LQ� NORUODQPDVÕ�� PROHN�OOHUH� DUWDQ� NORU�
PLNWDUÕ� LOH� DUWDQ� SRODU� |]HOOLN� ND]DQGÕUPDNWDGÕU�� %X� úHNLOGH� DNWLYH� HGLOPLú�
SROLPHU� PROHN�OOHUL� GH� oHúLWOL� PRQRPHUOHUOH� DúÕ� NRSROLPHUL]DV\RQXQD�
JLUHELOPHNWHGLU�� 33¶LQ� NORUODQPDVÕ� ELUoRN� DUDúWÕUPDFÕ� WDUDIÕQGDQ�
oDOÕúÕOPÕúWÕU(48,49). Genel olarak polimer CCl4, CHCl3, C6H5Cl, C2H4Cl2 ve 

C2HCl3 gibi klorlu hidrokarbonlar içerisinde, t-bütilhidroperoksit, AIBN gibi 

UDGLNDO�EDúODWÕFÕODU�YDUOÕ÷ÕQGD�ÕVÕWÕODUDN�NORUODQÕU��$33¶LQ�&&O4 içerisinde UV ya 

GD�GR÷DO� ÕúÕNOD�GD�NORUODQGÕ÷Õ�ELOGLULOPLúWLU(50)��$33��]HULQGH�\DSÕODQ�NORUODPD�
oDOÕúPDODUÕQGD��NORUODQPD�PHNDQL]PDVÕQÕQ�G�ú�N�PROHN�O�N�WOHOL�SDUDILQOHULQ�
NORUODQPDVÕQD� J|UH� GDKD� NRPSOHNV� ROGX÷X� ELOGLULOPLúWLU(49,51). Sonuçlar etkin 

olan 3° KLGURMHQLQ� NORU� DWRPX� LOH� \HU� GH÷LúWLUPHVLQGHQ� VRQUD� �° ve 2° 

KLGURMHQOHULQ�GH�GH÷LúHQ�HWNLQOLNOHULQGHQ�GROD\Õ�NORU�DWRPODUÕ�LOH�\HU�GH÷LúWLUPH�
WHSNLPHVLQH�JLUGLNOHULQL�J|VWHUPLúWLU(52,53). 

 
 $33¶LQ� NORUODQPDVÕ� ]LQFLU� WUDQVIHU�PHNDQL]PDVÕ� LOH� JHUoHNOHúPHNWHGLU(51). 

$úÕODPD� WHSNLPHOHUL� NORU� PROHN�O�Q�Q� ÕVÕ� HWNLVL\OH� VHUEHVW� UDGLNDOOHULQH�
D\UÕúPDVÕ� LOH� EDúODPDNWDGÕU� �������� 2OXúDQ� NORU� radikalleri APP’den bir 3° 

KLGURMHQ�NRSDUDUDN�PDNURPROHN�O�VHUEHVW� UDGLNDOLQL�ROXúWXUXU���������ho�QF��
EDVDPDNWD� NORU� PROHN�O�� SROLYLQLO� NORU�U� EHQ]HUL� ELU� \DSÕ� YH� VHUEHVW� NORU�
UDGLNDOLQL�ROXúWXUPDN��]HUH�PDNURPROHN�O�UDGLNDOL� LOH� WHSNLPH\H�JLUHU� ��������
DL÷HU�RODVÕ�NORUODQPD�WHSNLPHOHUL�LVH�HúLWOLN�����-����¶WH�J|VWHULOPLúWLU� 
%DúODPD�7HSNLPHVL� 
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Cl2                        2Cl •                                   (1.12) 

 
øOHUOHPH�7HSNLPHOHUL� 
 
 
 
                                                                        (1.13) 

 

 

                                                                        (1.14) 

 

'L÷HU�7HSNLPHOHU� 
A.  

            

                                                                        (1.15)

  

 

                                                                        (1.16) 

 

 

 

                                                                        (1.17) 

 
 
 

 
 
                                                                        (1.18) 

            
           
 

CH2 CH

CH3

Cl+

CH3

CCH2 + HCl

C l+

C H 3

CC H 2 + C l2
C H 2 C

C H 3

C l

Cl+CH2 C

CH3

Cl

CH C

CH3

Cl

+ HCl

C lC H C

C H 3

C l

+ +

C l

C H 2

CC H

C l

H C l

+

Cl

CH2

CCH

Cl

Cl2

Cl

CH C

CH2Cl

Cl

+ HCl

C lC H C

C H 3

C l

+ C l2 +

C l

C H 3

CC H

C l



26 

 B. 
 
 

                                                                        (1.19) 
 
                  
 

 
  
                                                                            (1.20) 
               
                        

                 

                                   (1.21) 

 
           

                                      (1.22) 

 

        

                                        (1.23) 

 

 

           

                                           (1.24) 
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CH2

+ Cl2

CH2Cl

CCH

Cl Cl Cl

H C l+

C l

C H C

C H 2

C l

C l+

C l

C H 3

CC H

C l

Cl

CH C

CH2

+ Cl

Cl

CH2

CCH

Cl



27 

 Sonlanma Tepkimeleri, 

 
                                  (1.25) 

                  (1.26) 

(1.27) 

   
  

APP’in 75°C’da CCl4� LoHULVLQGH� NORUODQGÕ÷Õ� oDOÕúPDGD� 0XNKHUMHH� YH�
DUNDGDúODUÕ(51)� NORUODQPD� PHNDQL]PDVÕQGD� %� WLSL� WHSNLPHOHULQ� EDVNÕQ�
ROGX÷XQX� YH� HOGH� HGLOHQ� �U�QOHUGH� oDSUD]� ED÷ODQPD� ROPDGÕ÷ÕQÕ� LOHUL�
V�UP�úOHUGLU�� %HQ]HU� oDOÕúPDODU� EURPOD� GD� \DSÕOPÕú� YH� ��°C’da CCl4 

içerisiQGH� $33� ]LQFLUOHULQLQ� EURPODQPD� VÕUDVÕ� LOH� �°, 2° ve 1° hidrojenler 

�]HULQGHQ�JHUoHNOHúWL÷L�ELOGLULOPLúWLU(14). 

 

1.1.3. )RWRNLP\DVDO�$úÕODPD 

 
33� �]HULQH� oHúLWOL� PRQRPHUOHULQ� DúÕ� NRSROLPHUL]DV\RQXQGD� 89� YH�

J|U�Q�U�E|OJHGHNL�HOHNWURPDQ\HWLN�UDG\DV\RQ�\D\JÕQ�RODUDN�NXOODQÕOPÕúWÕU(54). 

gUQH÷LQ� 89� UDG\DV\RQXQD� WXWXOPDVÕ�� SROLPHU� PROHN�OOHULQLQ� ER]XQDUDN�
VHUEHVW� UDGLNDOOHUL� ROXúWXUDELOHFH÷L� X\DUÕOPÕú� KDOH� JHoPHVLQH� QHGHQ� ROXU��
2OXúDQ�UDGLNDOOHU�33¶LQ�DúÕ�NRSROLPHUL]DV\RQXQGD�NXOODQÕODELOPHNWHGLU(54). Bu 

yöntemde genelliNOH� HQHUML� VR÷XUXS�� VR÷XUGXNODUÕ� HQHUML\L� SROLPHU�
moleküllerine aktarabilen benzofenon gibi maddeler foto-X\DUÕFÕ� RODUDN�
NXOODQÕOPDNWDGÕU(55).  

 

 

+ Cl2Cl Cl

+ ClR R Cl

+R R R R
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 1.1.4. <�NVHN�(QHUMLOL�5DG\DV\RQOD�$úÕODPD 

 
33¶LQ� UDG\DV\RQ� NLP\DVÕ� ELUoRN� DUDúWÕUPDFÕ� WDUDIÕQGDQ�

oDOÕúÕOPÕúWÕU(56,57)�� <�NVHN� HQHUMLOL� UDG\DV\RQOD� DúÕ� NRSROLPHUL]DV\RQX� GD� LOJL�
oHNHQ� ELU� DUDúWÕUPD� NRQXVX� ROPXúWXU(58,59)�� $úÕODQDFDN� ]LQFLULQ� VD\ÕVÕ��
X]XQOX÷X�YH�DúÕODPD�\HUL�YHULOHQ�GR]�YH�GR]�KÕ]Õ�LOH�NRQWURO�HGLOHUHN�LVWHQLOHQ�
ELOHúLPOHUGH�SROLPHUOHULQ�KD]ÕUODQPDVÕQGD�NXOODQÕODELOPHNWHGLU(60). 

  
$úÕ� NRSROLPHUOHULQ� KD]ÕUODQPDVÕ� LoLQ� SHN� oRN� UDG\DV\RQ� \|QWHPL�

JHOLúWLULOPLúWLU�� %X� \|QWHPOHU� DUDVÕQGD� GLUHNW� UDG\DV\RQ� DúÕODPD��
SHURNVLWOHQPLú� 33� �]HULQH� UDG\DV\RQ� DúÕODPD� YH� WXWXNODQPÕú� UDGLNDOOHU� LOH�
DúÕODPD�\|QWHPOHUL�33��]HULQH�DúÕ�NRSROLPHUL]DV\RQXQGD�EDúDUÕOÕ�ELU�úHNLOGH�
X\JXODQPÕúWÕU� 
 

1.1.5. 'L÷HU�$úÕODPD�<|QWHPOHUL 
 

$úÕ� NRSROLPHUL]DV\RQX�� SROLPHUOHUH� V�UW�QPH� \D� GD� PHNDQLN� NXYYHW�
�úLGGHWOL� VDOODPD�� KÕ]OÕ� NDUÕúWÕUPD� \D� GD� |÷�WPH� JLEL�� X\JXOD\DUDN� GD� HOGH�
edilebilmektedir. Bu kuvYHWOHU� DOWÕQGD� NRSDQ� XoODUGD� UDGLNDOOHU� ROXúWXUPDN�
�]HUH� ]LQFLU� NÕUÕOPDODUÕ� RODELOPHNWHGLU�� 2OXúDQ� HWNLQ� XoODUÕQ� DúÕODPD�
WHSNLPHOHULQGH�NXOODQÕOGÕ÷Õ�ELOGLULOPLúWLU(61). 

 

1.2. %LU�5DGLNDO�%DúODWÕFÕ�LOH�$WDNWLN�3ROLSURSLOHQLQ�7HSNLPHVL 
 
Poliolefinler hem zincir dHJUHGDV\RQX� ROXúWXUPDN� KHP� GH� oDSUD]�

ED÷ODQPD\Õ�DUWWÕUPDN�DPDFÕ\OD�VHUEHVW�UDGLNDOOHU�LOH�WHSNLPH\H�VRNXOXUODU��33�
]LQFLUOHUL��]HULQH�UDGLNDOOHULQ�HWNLOHUL�EHOLUOHPHN�DPDFÕ\OD�\DSÕODQ�oDOÕúPDODUÕQ�
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 ELU�oR÷XQGD�\D�L]RWDNWLN�33�\D�GD�NDUÕúÕN�33�NXOODQÕOPÕúWÕU. Radikallerin APP 

�]HULQH� RODQ� HWNLOHUL� LVH� GDKD� D]� oDOÕúÕOPÕúWÕU(12,62-64)�� %X� oDOÕúPDODUÕQ� ELU�
NÕVPÕQÕ� LVH� SHQWD-eritritol tetra-alil eter(63), sülfür(65) ve tioüre(66) gibi çapraz 

ED÷OD\ÕFÕODU�LOH�\DSÕODQ�$33¶LQ�oDSUD]�ED÷ODQPD�oDOÕúPDODUÕ�ROXúWXUPDNWDGÕU� 
 
APP-UDGLNDO� UHDNWLI� VLVWHPLQGH� ROXúDELOHFHN� WHSNLPHOHU� DúD÷ÕGDNL�

gibidir, 

 

                  (1.28) 

 

 
                  (1.29) 

 

 

                  (1.30) 

 

 

                          (1.31) 

                  

       (1.32) 

 

 
                   

       (1.33) 

             

                  (1.34) 
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 2 RO •                         ROOR                                              (1.35) 

 
 
5� �%DúODWÕFÕ�UDGLNDOL 
 

1.3. 3ROLPHUOHúPHOHULQ�(OHNWURNLP\DVDO�<|QWHPOHUOH�%DúODWÕOPDVÕ 
 

Bir elektropolimerizasyon sisteminde elektrolit, monomer ve çözücü ile 

HOHNWURWODUÕ�LoHUHQ�ELU�HOHNWUROL]�K�FUHVL�EXOXQXU��6LVWHPGHQ�DNÕP�JHoLULOGL÷LQGH�
HOHNWURW� WHSNLPHOHUL� EDúODWÕOPÕú� ROXU�� (OHNWURNLP\DVDO� SROLPHUOHúPHGH� ]LQFLU�
büyümesi radikal ya da iyon halindeki ara maddeleri içeren homojen ya da 

KHWHURMHQ� WHSNLPHOHUGHQ� ROXúDELOLU�� 3ROLPHU� ]LQFLULQLQ� E�\�PHVL� HOHNWURW�
\�]H\LQGH� RODELOGL÷L� JLEL�� NLP\DVDO� \|QWHPOHUOH� EDúODWÕOPÕú� SROLPHUOHúPHOHUH�
EHQ]HU� úHNLOGH� o|]HOWL� LoHULVLQGH� GH� JHUoHNOHúHELOLU�� =LQFLU sonlanma ya da 

]LQFLU� WUDQVIHU� WHSNLPHOHUL� NLP\DVDO� SROLPHUOHúPHOHUGHNL� DOÕúÕODJHOPLú�
úHNLOOHUGH� RODELOHFH÷L� JLEL� HOHNWURW� WHSNLPHOHUL� VRQXFXQGD� GD� ROXúDELOLU��
gUQH÷LQ� HOHNWURNLP\DVDO� SROLPHUOHúPH\H� |]J�Q� RODQ� ELU� VRQODQPD�
PHNDQL]PDVÕ� DNWLI� SROLPHU� ]LQFLULQLQ� HOHNWURWWDQ� ELU� HOHNWURQ� DOPDVÕ� \D� GD�
HOHNWURGD�ELU�HOHNWURQ�YHUPHVL�LOH�JHUoHNOHúHQ�WHSNLPHGLU� 

 
%D]Õ� GXUXPODUGD� PRQRPHUOHULQ� NLP\DVDO� \|QWHPOHUOH� DNWLYDV\RQX�

mümkün olmayabilir (ketonlar, aldehitler, tiyoketonlar, vb)(67,68). 

Elektrokimyasal yöntemlHUOH� SROLPHUOHúWLUPH� VLVWHPLQGH� EX� WLS� PRQRPHUOHU�
elektrot geriliminin kontrolü ile aktive edilebilirler. Elektrot geriliminin kontrolü 

PRQRPHUL� NLP\DVDO� EDúODWÕFÕODUD� J|UH� GDKD� NXYYHWOL� HWNLOH\HELOPHNWHGLU��
(OHNWURNLP\DVDO� \|QWHPOHUOH�SROLPHUOHúPHOHU�GR÷UXGDQ� �GLUHN�� \D� GD�GROD\OÕ�
�HQGLUHN��RODUDN�EDúOD\DELOPHNWHGLU� 
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 1.3.1. 'ROD\OÕ��(QGLUHN��%DúODPD 

 
'ROD\OÕ��HQGLUHN��EDúODPD��SROLPHUOHúPHQLQ�EDúODPDVÕQÕ�VD÷OD\DQ�DNWLI�

PDGGHOHULQ� o|]HOWLQLQ� NRQWUROV�]� HOHNWUROL]L� VRQXFXQGD� ROXúWX÷X� EDúODWPD�
yöntemidir(69,70). PolLPHUOHúPHQLQ� WDNLS� HGHFH÷L� PHNDQL]PD� ROXúDQ�
EDúODWÕFÕQÕQ�W�U�QH��DQ\RQ��NDW\RQ�\D�GD�UDGLNDO��ED÷OÕGÕU� 

 
'ROD\OÕ� DQ\RQLN� EDúODPD�� NXOODQÕODQ� DQRUJDQLN� \D� GD� RUJDQRPHWDOLN�

elektrolitin metal iyonunun indirgenme geriliminin monomerin indirgenme 

geriliminden GDKD� G�ú�N� ROGX÷XQGD� JHUoHNOHúLU�� (OHNWUROLWLQ� PHWDO� L\RQX��
HúLWOLN� ������ ����� YH� ����¶GH� J|VWHULOGL÷L� úHNLOGH� SROLPHUOHúPH\L�
EDúODWDELOPHNWHGLU(67,68)�� %X� W�U� EDúODPDODUGD� SROLPHUOHúPH� ROXúDQ� UDGLNDO-
anyon ya da dianyon üzerinden yürümektedir(71,72). 

 

                  (1.36) 

                                                                        (1.37)

                 (1.38) 

 

 'ROD\OÕ� UDGLNDO� EDúODPD� HOHNWUROLW� RODUDN� WHWUDDONLO� DPRQ\XP� WX]ODUÕ�
NXOODQÕOGÕ÷ÕQGD�J|U�O�U(73)��HúLWOLN�����-1.41). 

 
                  (1.39) 

                 (1.40) 

          

                  (1.41) 

M n+ e-  (n-1)+
M+

M
 (n-1)+ CH2 CHR CHRCH2

-  n+M+ +

-
CH2 CHR

-
RCH CH2

-
CH2 CHR

e-R4N
  n+

+ R4N

R4N R3N + R1

CH2 CH2 RCH2 CH2R +
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.DW\RQLN�GROD\OÕ�EDúODPD��PRQRPHULQ�\�NVHOWJHQPH�\D�GD�LQGLUJHQPH�

SRWDQVL\HOL� HOHNWUROLWLQ� SRWDQVL\HOLQGHQ� GDKD� \�NVHN� ROGX÷XQGD�
JHUoHNOHúHELOLU��%X�NRúXOODUGD�EDúODPD�UDGLNDOLk bir mekanizma da izleyebilir. 

3HUNORUDW� YH� IORURERUDW� WX]ODUÕ� LOH� GROD\OÕ� EDúODPDQÕQ� DúD÷ÕGDNL� úHNLOGH�
JHUoHNOHúWL÷L�LOHUL\H�V�U�OP�úW�U(73)��HúLWOLN�����-1.47). 

 
 

                  (1.42) 

  
                             (1.43) 

 
                  (1.44) 

 
                 (1.45) 

 
                 (1.46) 

 
                 (1.47) 

 

3ROLPHUOHúPH� ROXúDQ� GLNDW\RQ� \D� GD� UDGLNDO-katyon üzerinden 

yürüyebilmektedir. S. K. Samal ve B. Nayak(74)�� VDELW� DNÕPGD�
JHUoHNOHúWLUGLNOHUL� DNULODPLGLQ� DQRGLN� SROLPHUOHúPHVLQGH�� SROLPHU� \DSÕVÕQGD�
NORU� EXOPDODUÕQD� GD\DQDUDN�� HOHNWUROLW� RODUDN� NXOODQÕODQ� WHWUDE�WLO�
DPRQ\XPSHUNORUDWÕQ�HOHNWUROL]�HVQDVÕQGD�\�NVHOWJHQPHVL\OH�ROXúDQ�SHUNORUDW�
UDGLNDOOHULQLQ� DNULODPLGH� NDWÕOÕPÕ� LOH� SROLPHUOHúPHQLQ� EDúODGÕ÷ÕQÕ� LOHUL�
V�UP�úOHUGLU��HúLWlik 1.48-1.50). 

 

 

 

 

ClO4
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ClO4 e -+

+ C lO 4
-+

RC H C H 2+ C H 2RC HC lO 4

CH2RCH CH2 CHR
+++
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BF4
-
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BF4 RCH CH2+ CH2RCH
+ -BF4+

CH2RCH CH2 CHR
+++
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                                                  (1.48) 
 
 
                                                               (1.49)

        

                                  (1.50)
            

 
 

  Divinil benzenin tetrabütil amonyum florRERUDW�LOH�VDELW�DNÕPGD�\DSÕODQ�
HOHNWURNLP\DVDO� SROLPHUOHúPHVLQGH� LVH� DQRWWD� %)4� UDGLNDOLQLQ� ROXúWX÷X��
ROXúDQ�UDGLNDOLQ�%)3 ve F•�YHUPHN��]HUH�ER]XQGX÷X��IORU�UDGLNDOLQLQ�RUWDPGD�
EXOXQDQ�VX�\D�GD�GL÷HU�PDGGHOHUGHQ�ELU�KLGURMHQ�DODUDN�+)�ROXúWXUGX÷X�YH�
HF’üQ� GH� GLYLQLOEHQ]HQL� NDW\RQLN� RODUDN� SROLPHUOHúWLUGL÷L� LOHUL� V�U�OP�úW�U(75) 

�HúLWOLN�����-1.54). 

 
                           (1.51) 

                 (1.52) 

                 (1.53) 

                    (1.54) 

 

1.3.2. 'R÷UXGDQ��'LUHN��%DúODPD 

 
'R÷UXGDQ�EDúODPD��PRQRPHULQ�o|]HOWLQLQ�GL÷HU�ELOHúHQOHUH�J|UH�GDKD�

NROD\�LQGLUJHQGL÷L�\D�GD�\�NVHOWJHQGL÷L�RUWDPODUGD�JHUoHNOHúLU(71). 

 
'R÷UXGDQ� DQ\RQLN� EDúODPDGD�� NDWRWWDQ� PRQRPHULQ� HQ� G�ú�N� ERú�

PROHN�OHU�RUELWDOLQH��/802��ELU�HOHNWURQ�JHoLúL�ROXU(76)��3ROLPHUOHúPH�ROXúDQ�
radikal-DQ\RQ�\D�GD�GLDQ\RQ��]HULQGHQ�\�U�U��HúLWOLN�����-1.56). 

ClO4
-

ClO4 e-+

C lO 4 + M O 4C l M

MO4Cl + nM MO4Cl   n+1

BF4
-

BF4
e -

BF3 + F

F H+ HF

+
MHF HM + F -

+

nMHM +
+

+
HM n+1
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                (1.55)          

                 
       (1.56) 

  

'R÷UXGDQ�NDW\RQLN�EDúODPDGD�LVH�HOHNWURQ�PRQRPHULQ�HQ�\�NVHN�GROX�
PROHN�OHU�RUELWDOLQGHQ��+202��DQRGD�YHULOLU��2OXúDQ�LNLQFil karbonyum iyonu 

NDW\RQLN�SROLPHUOHúPH\L�EDúODWÕU(77)��HúLWOLN�����-1.58). 

 

                 (1.57)             

                 (1.58)             

 

1.4. Uygulamalar 

 
33¶H� oHúLWOL� \|QWHPOHUOH� X\JXODQDQ� NLP\DVDO� PRGLILNDV\RQ�� SROLPHUH�

DUDQÕODQ� |]HOOLNOHUL� ND]DQGÕUÕS� X\JXODPD� DODQODUÕQÕ� JHQLúOHWPHN� DPDFÕ\OD�
\DSÕOPDNWDGÕU��3ROLPHULQ�ND]DQDFD÷Õ�|]HOOLNOHU��NXOODQÕODQ�PRQRPHULQ�\DSÕVÕ��
DúÕODPDQÕQ� PLNWDUÕ� YH� SROLPHU� �]HULQGHNL� JUXSODUÕQ� GD÷ÕOÕPÕ� JLEL� HWNHQOHUH�
ED÷OÕGÕU(78)�� dHúLWOL� PDGGHOHUOH� \DSÕODQ� DúÕODPDODU� VRnucunda PP’in 

ER\DQDELOLUOL÷L�� IRWRNLP\DVDO� YH� ÕVÕVDO� NDUDUOÕOÕ÷Õ�� PHNDQLN� |]HOOLNOHUL� YH�
NRPSR]LW� PDO]HPHOHUGH� X\XPOXOX÷X� JLEL� |]HOOLNOHULQGH� |QHPOL� L\LOHúPHOHULQ�
ROGX÷X�ELOGLULOPHNWHGLU��� 
 

 

 

e-+
-

RCH CH2 RCH CH2
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+
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 1.4.1. ,VÕO�g]HOOLNOHU�YH�.DUDUOÕOÕN 

 
33¶LQ�\DSÕúPD�VÕFDNOÕ÷ÕQÕQ����°&�YH�HULPH�VÕFDNOÕ÷ÕQÕQ����°&�ROPDVÕ�

\�NVHN� VÕFDNOÕNODUGD� NXOODQÕPÕQÕ� NÕVÕWODPDNWDGÕU�� 'ROD\ÕVÕ\OD� 33¶LQ� ÕVÕVDO�
NDUDUOÕOÕ÷ÕQ� DUWWÕUÕOPDVÕ�� GDKD� \�NVHN� VÕFDNOÕNODUGD� NXOODQÕODELOPHVLQL�
VD÷ODPDNWDGÕU�� 6DQGDUGL� YH� DUNDGDúODUÕ(79), vinil pirolidon ve akrilik asit 

PRQRPHUOHUL\OH� \DSWÕNODUÕ� oDOÕúPDODUGD� 33¶LQ� HULPH� VÕFDNOÕ÷ÕQÕQ� ���°C’un 

�]HULQH�oÕNWÕ÷ÕQÕ�ELOGLUPLúOHUGLU��0HWDNULOLN�DVLW� LOH�\DSÕODQ�GL÷HU�ELU�oDOÕúPDGD�
LVH�33¶LQ�ER]XQPD�VÕFDNOÕ÷ÕQÕQ����°&¶XQ��]HULQGH�ROGX÷X�ELOGLULOPLúWLU(80). 

 
  %HQ]HU� ÕVÕVDO� NDUDUOÕOÕN� $33� LOH� \DSÕODQ� oDOÕúPDODUGD� GD� J|]OHQPLúWLU��
APP-HWLO� DNULODW� DúÕ� NRSROLPHULQLQ� LON� ER]XQPD� VÕFDNOÕ÷ÕQÕQ� ���°&¶D� oÕNWÕ÷Õ�
ELOGLULOPLúWLU(81)�� 0XNKHUMHH� YH� DUNDGDúODUÕ(49)�� $33¶LQ� NORUODQPDVÕ�
oDOÕúPDODUÕQGD�� NORUODQPÕú� $33¶LQ� LON� ER]XQPD� VÕFDNOÕ÷ÕQÕQ� WDNÕODQ� NORU�
\�]GHVL� LOH� DUWWÕ÷Õ� YH� ������ NORUODPDGD� �����°&¶D� oÕNWÕ÷ÕQÕ� ELOGLUPLúOHUGLU��
$\QÕ�oDOÕúPDGD�SROLPHULQ�7J¶VLQLQ�GH�NORUODPD�LOH�DUWWÕ÷Õ�YH�–13°C’dan %53.5 

klorlanmada 95°&¶D�oÕNWÕ÷Õ�ELOGLULOPLúWLU(14)��$úÕODQDQ�33¶LQ� ÕVÕVDO�NDUDUOÕOÕ÷Õ� LOH�
foWRNLP\DVDO� NDUDUOÕOÕ÷ÕQÕQ� GD� DUWWÕ÷Õ� oHúLWOL� DUDúWÕUPDFÕODU� WDUDIÕQGDQ�
ELOGLULOPLúWLU(82,83). 

 

1.4.2. Mekanik Özellikler 

 
$úÕ� NRSROLPHUOHULQLQ�PHNDQLN� |]HOOLNOHUL� DúÕODQDQ�PDGGHQLQ�PLNWDUÕQD��

E�\�NO�÷�QH�� \HULQH� YH� DúÕODQDQ� SROLPHUOHUOH� X\XPXQD� ED÷OÕGÕU(84). PP’in 

IL]LNVHO� |]HOOLNOHUL� YH� LúOHQHELOLUOL÷L� YLQLO� PRQRPHUOHULQ� DúÕODQPDVÕ� LOH� E�\�N�
|Oo�GH� HWNLOHQLU�� 7RULNDL� YH� DUNDGDúODUÕ(85)� WDUDIÕQGDQ� \DSÕODQ� ELU� oDOÕúPDGD�
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 33¶H�YLQLO�DVHWDWÕQ�DúÕODQPDVÕ\OD�PHNDQLN��ÕVÕO�YH�ER\DQDELOLUOLN�|]HOOLNOHULQLQ�
PP homopolimerlHULQ� � |]HOOLNOHULQGHQ� GDKD� �VW�Q� ROGX÷X� J|U�OP�úW�U��
%XQXQOD� ELUOLNWH� D÷ÕUOÕNoD� �� ��� %32� LoHUHQ� WROXHQ� o|]�F�V�� LoLQGHNL� YLQLO�
SLULGLQ�� DNULODPLG� YH� YLQLO� NDSURODNWDP� � PRQRPHUOHUL\OH� DúÕODQPDGDQ� VRQUD�
GH÷LúPHGL÷L� J|U�OP�úW�U�� $\UÕFD� VWLUHQ� YH� 00$� LOH� DúÕ� Nopolimerizasyonu 

\DSÕODQ� $33¶LQ� \�NVHN� GDUEH� GLUHQFL� YH� VRQ� GHUHFH� úHIIDI� ROGX÷X(86), vinil 

NORU�U� YH� YLQLO� DVHWDW� LOH� DúÕODQDQ� $33¶LQ� GH� LúOHQHELOLUOL÷L� LOH� IL]LNVHO� YH�
NLP\DVDO�|]HOOLNOHULQLQ�DUWWÕ÷Õ�ELOGLULOPLúWLU(87). 

 
$33¶LQ� o|]�Q�UO�÷�� YH� ILOP� ROXúWXrabilme özellikleri vinil 

PRQRPHUOHULQLQ�DúÕODQPDVÕ\OD�|QHPOL�|Oo�GH�JHOLúWLULOHELOPHNWHGLU��6FKXO]�YH�
DUNDGDúODUÕ(88), 60-80°&¶GD� EDúODWÕFÕ� YDUOÕ÷ÕQGD� $33¶H� YLQLO� DVHWDWÕ�
DúÕODPÕúODUGÕU�� $úÕODQDQ� SROLPHULQ� o|]�Q�UO�N� YH� ILOP� ROXúWXUDELOPH�
özelliklerinin aúÕODQPDPÕú� $33¶H� J|UH� GDKD� L\L� ROGX÷X� J|U�OP�úW�U�� %HQ]HU�
VRQXoODU� D\QÕ� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� SROLSURSLOHQH� PDOHLN� DQKLGULW�
DúÕODQPDVÕ�VRQXFX�HOGH�HGLOHQ�NRSROLPHUOH�GH�HOGH�HGLOGL÷L�ELOGLULOPLúWLU(27). 

 

1.4.3. <DSÕúPD�YH�.DSODPD 

 
<�]H\�\DSÕúWÕUÕFÕODUÕ��NDSODPDODU�YH�ER\DODU�PRGLIL\H�HGLOPLú�33¶LQ�HQ�

|QHPOL� NXOODQÕP� DODQODUÕQGDQGÕU�� %X� DPDoOD� NXOODQÕODQ� SROLPHUOHU� JHQHOOLNOH�
33¶LQ� YLQLO� PRQRPHUOHUOH� DúÕODQPDODUÕ� VRQXFXQGD� HOGH� HGLOLU(89). Patentli bir 

oDOÕúPDGD(90)� PDOHLN� DQKLGULW� DúÕODQPÕú� 33¶LQ� DO�PLQ\XP� SODkalar üzerine 

180°&¶GD� ��NJ���PP¶OLN� ELU� VR\PD� GLUHQFL� LOH� \DSÕúWÕ÷Õ� ELOGLULOPLúWLU�� $\UÕFD��
PDOHLN� DVLW� DúÕODQPÕú� 33¶LQ� oHOLN� ERUXODU� LoLQ� L\L� ELU� NDSODPD� YH� \DSÕúWÕUÕFÕ�
ROGX÷X�ELOGLULOPLúWLU(91). 
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 1.4.4. Nem Çekme ve Antistatik Özellikler 

 
0RGLIL\H� HGLOPHPLú� 33¶LQ� QHP� WXWXFXOX÷X� LKPDO� HGLOHELOHFHN� NDGDU�

D]GÕU��33�HO\DIODUGDQ�HOGH�HGLOHQ��U�QOHULQ�DQWLVWDWLN�|]HOOLNOHUL�GH�VRQ�GHUHFH�
G�ú�NW�U��$úÕODQDQ�PRQRPHULQ�KLGURILOLWHVLQH�YH�DúÕODQPD�PLNWDUÕQD�J|UH�33�
ILEHUOHULQLQ�QHP�WXWXFXOX÷X�YH�DQWLVWDWLN�|]HOOL÷L�DUWPDNWDGÕU(92). Vinil pirolidon 

YH� DNULOLN� DVLW� 33� ILEHUOHULQLQ� QHP� WXWXFXOX÷XQX� HQ� L\L� DUWWÕUDQ� PRQRPHUOHU�
RODUDN�EXOXQPXúWXU(79). 

 

1.4.5. Boyanabilirlik 

 
33¶LQ�ER\DQDELOLUOL÷LQL�DUWWÕUPDN�DPDFÕ\OD�oHúLWOL�KLGURILOLN�PRQRPHUOHUOH�

DúÕODPD�oDOÕúPDODUÕ�\DSÕOPÕúWÕU(93,94)��8QR�YH�DUNDGDúODUÕ(95)��D]R�ER\DODUÕQÕ�33�
ILEHUOHUH� DúÕODPD\Õ� EDúDUÕS� UHQNOL� ILEHUOHU� HOGH� HWWLNOHULQL� ELOGLUPLúOHUGLU��
<DSÕODQ�oDOÕúPDODUGD� YLQLO�PRQRPHUOHU� DUDVÕQGD�HQ� L\L� VRQXo�� DúÕODQPÕú�33�
ILEHUOHULQLQ� JHQLú� ELU� ER\D� JUXEX� LOH� ER\DQPDVÕQÕ� VD÷OD\DQ� pirolidin ile elde 

HGLOGL÷L�GH�ELOGLULOPLúWLU(79). 

 

1.4.6. Kompozitler 

 
33¶LQ� HQ�|QHPOL� NXOODQÕP�DODQODUÕQGDQ�ELUL� GH�NRPSR]LW�PDO]HPHOHULQ�

ROXúWXUXOPDVÕGÕU�� 6RQ� \ÕOODUGD� EX� NRQX� GD� ELUoRN� DUDúWÕUPDFÕQÕQ� GLNNDWLQL�
oHNPLúWLU(96)�� 6DVDNL� YH� DUNDGDúODUÕ(97), akrilik� DVLW� DúÕODQPÕú� 33� YH� FDP�
HO\DIÕQ� WDNYL\H� PHNDQL]PDVÕQÕ� LQFHOHPLúOHU� YH� DúÕODQPÕú� 33� HO\DIÕQÕQ�
DPLQRVLODQ� YH� HSRNVLVLODQD� J|UH� FDP� HO\DID� oRN� GDKD� L\L� \DSÕúWÕ÷ÕQÕ�� ÕVÕO�
GLUHQFL� YH� PHNDQLN� NXYYHWLQ� DUWWÕ÷ÕQÕ� EXOPXúODUGÕU�� *�oOHQGLUPHGH� |QHPOL�
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 faktörlerden bLUL�GH�\DSÕúPDGÕU��6RQ�\ÕOODUGDNL�oDOÕúPDODU�SROLPHULQ�\DSÕúPD�
|]HOOL÷LQL�DUWWÕUPD�DPDFÕQÕ�LoHUPHNWHGLU(89). 

 

1.4.7. 'L÷HU�.XOODQÕP�$ODQODUÕ 
 

9LQLO�PRQRPHUOHU�DúÕODQPÕú�33�PDO]HPHOHU�EL\RNLP\D�YH�NLP\DGD�GD�
|]HO� NXOODQÕP� DODQODUÕ� EXOPDNWDGÕU�� 'RQDUXPD� YH� 9RJO(98)�� DúÕODQPÕú� ELU� 33�
NRSROLPHU� ILOPL� EDúDUÕOÕ� ELU� úHNLOGH� ELU� YDVNXODU� SURWHLQ� \�]H\�
PRGLILNDV\RQXQGD�NXOODQGÕNODUÕQÕ�ELOGLUPLúOHUGLU��S-1LWURVWLUHQ�DúÕODQPÕú�33¶LQ�
birçok kimyasal ve biyokimyasal makromolekülü immobilize etmede 

NXOODQÕOPDVÕ(99)  ve amino grXSODUÕ�LOH�PRGLIL\H�HGLOPLú�33¶LQ�DOE�PLQ�ED÷OD\DQ�
bir biyomateryal(100)� RODUDN� NXOODQÕOPDVÕ�� 33¶LQ� GL÷HU� NXOODQÕP� DODQODUÕQD�
verilebilecek örneklerdendir. 

 
dHúLWOL�YLQLO�PRQRPHUOHULQLQ��1-vinil pirolidon, vinil asetat, stiren, akrilik 

asit, metil akrilat, 4-vinil piridin, 1-YLQLO�LPLGD]RO��33��]HULQH�DúÕODQPDVÕ�LOH�\DUÕ�
JHoLUJHQ� \D� GD� L\RQ� VHoLFL� PHPEUDQODU� \DSÕOPÕúWÕU�� )DQJ� YH� 6KL(101), 2-

KLGURNVLHWLO� PHWDNULODWÕ� 33¶H� DúÕOD\DUDN� GL\DOL]� PHPEUDQÕ� \DSWÕNODUÕQÕ�
ELOGLUPLúOHUGLU�� 'L÷HU� ELU� oDOÕúPDGD�� \�]H\LQH� OLJDQWODU� WDNÕOPÕú� PRGLIL\H� 33�
PHPEUDQ�� UHQN� ROXúXPX� LOH� D÷ÕU� PHWDO� L\RQODUÕQÕQ� EHOLUOHQPHVLQGH�
NXOODQÕOPÕúWÕU(102). 

 

1.4.8. $WDNWLN�3ROLSURSLOHQLQ�.XOODQÕP�$ODQODUÕ 
 

$33�PXPVX��\DSÕúNDQ��G�ú�N�\XPXúDPD�VÕFDNOÕ÷ÕQD�VDKLS��DSRODU�YH�
G�ú�N�PROHN�O� N�WOHOL� ELU�PDO]HPHGLU��$33�PRGLIL\H� HGLOPHPLú�KDOL� LOH� ND÷ÕW�
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 ODPLQDV\RQX�� \DOÕWÕP� YH� O�EULNDQ� PDO]HPHVL� JLEL� oHúLWOL� DODQODUGD�
NXOODQÕOPDNWDGÕU�� $úÕODPD� \|QWHPL\OH� |]HOOLNOHUL� JHOLúWLULOGL÷LQGH� GH�
JHQOHúWLULOPLú� 39&¶GH� SODVWLNOHúWLULFL(7), darbe dirençli polistirende kullDQÕODQ��
NDXoX÷XQ� NÕVPHQ� \HULQH(8,29)�� NDEOR� NDSODPDODUÕQGD� GROJX� PDO]HPHVL� YH�
SODVWLNOHúWLULFL(29)� YH� oHúLWOL� SROLPHULN� PDO]HPHOHUGH� NDWNÕ� PDO]HPHVL� RODUDN�
NXOODQÕOPDNWDGÕU��9LQLO�NORU�U�YH�YLQLO�DVHWDW� LOH�DúÕODQPÕú�33¶LQ�|QHPOL�VDQD\L�
X\JXODPDODUÕQÕQ�ROGX÷X�GD�ELOGLULOPHNWHGLU(17,44). 

 

1.4.9. dDOÕúPDQÕQ�$PDFÕ 
 
Günümüzde endüstriyel öneme sahip olan APP, PP endüstrisinde yan 

�U�Q� RODUDN� HOGH� HGLOPHNWHGLU�� $33�� \D� ,33¶H� ELU�PRGHO�PDGGH� ROXúWXUPDN�
�]HUH�\D�GD�]LQFLU�\DSÕVÕQD�SRODULWH�ND]DQGÕUPDN�DPDFÕ\OD�ELUoRN�oDOÕúPDQÕQ�
NRQXVXQX�ROXúWXUPXúWXU��$QFDN��EX�oDOÕúPDODUÕQ�ELUoR÷XQGD�\�NVHN�PROHN�O�
N�WOHOL� $33� NXOODQÕOÕUNHQ� ELUoR÷XQGD� LVH� $33¶LQ� |]HOOLNOHULQLQ� E�\�N� |Oo�GH�
GH÷LúPHVLQH�QHGHQ�RODQ�SROLPHUOHúHELOHQ�IRQNVL\RQHO�PDGGHOHU�NXOODQÕOPÕúWÕU�� 

 
%X�oDOÕúPDGD�DQDOL]�YH�NXOODQÕPÕ�NROD\�RODELOHFH÷L�YH� ,33� LoLQ�PRGHO�

ROXúWXUDELOHFH÷L�G�ú�QFHVL\OH�G�ú�N�PROHN�O�N�WOHOL�$33�YH�SROLPHUOHúPH\HQ�
IRQNVL\RQHO�PDGGHOHU�NXOODQÕOPÕúWÕU��dDOÕúPD�LNL�DúDPDOÕ�RODUDN�SODQODQPÕúWÕU��
øON� DúDPDGD�� SROLPHU� GHJUHGDV\RQX� YH� oDSUD]� ED÷ODQPDVÕ� oRN� G�ú�N�
RUDQODUGD� JHUoHNOHúHELOHFH÷L� G�ú�Q�OHQ� YH� �]HULQGH� \DSÕOPÕú� KHUKDQJL� ELU�
oDOÕúPD� EXOXQPD\DQ�� $33¶LQ� HOHNWURNLP\DVDO� RODUDN� IRQNVL\RQODQGÕUÕOPDVÕ��
LNLQFL� DúDPDGD� LVH�� \LQH� GHJUHGDV\RQ� YH� oDSUD]� ED÷ODQPD� WHSNLPHOHULQLQ�
G�ú�N� RUDQODUGD� JHUoHNOHúHELOHFH÷L� G�ú�Q�OHQ� o|]HOWL� LoLQGH�
IRQNVL\RQODQGÕUPD�SODQODQPÕúWÕU�� 



40 

  
$\UÕFD�� |UQHNOHULQ� VD\Õ� YH� YLVNR]LWH� RUWDODPD� PROHN�O� N�WOHOHULQLQ�

EHOLUOHQPHVL�� ÕVÕO� YH� \DSÕVDO� DQDOL]OHULQLQ� \DSÕOPDVÕ� YH� IRQNVL\RQODQGÕUPD�
PHNDQL]PDODUÕQÕQ�EXOXQPDVÕ�GD�DPDoODQPÕúWÕU� 
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2. MATERYAL VE YÖNTEM 

 

2.1. Kimyasallar 

 
'HQH\OHUGH�NXOODQÕODQ�DQDOLWLN�VDIOÕNWDNL�o|]�F�OHU��WROXHQ��EHQ]HQ��

metanol, karbontetraklorür, ksilen, kloroform ve 1,1-diklorometan Merck A.G. 

ILUPDVÕQGDQ�VD÷ODQPÕú�YH�DOÕQGÕNODUÕ�VDIOÕNWD�NXOODQÕOPÕúODUGÕU� 
 
7HNQLN�VDIOÕNWD�DOÕQDQ�QDIWDOLQ�LNL�NH]�V�EOLPOHúWLULOHUHNVDIODúWÕUÕOPÕúWÕU� 

 

$33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕQGD� NXOODQÕODQ� �-alil-2-metoksifenol, 

HXJHQRO�� 0HUFN� $�*�� ILUPDVÕQGDQ�� �-alil-1,2-dimetoksi benzen, DMAB, 

alilbenzen ve 4-alilanisol AldriFK� ILUPDVÕQGDQ� DOÕQPÕú� YH� DOÕQGÕNODUÕ� VDIOÕNWD�
NXOODQÕOPÕúODUGÕU� 

 
(OHNWURNLP\DVDO� IRQNVL\RQODQGÕUPD� oDOÕúPDODUÕQGD� HOHNWUROLW� RODUDN�

NXOODQÕODQ� WHWUDE�WLODPRQ\XP� WHWUDIORURERUDW�� WHWUDE�WLODPRQ\XP�SHUNORUDW� YH�
VRG\XP� SHUNORUDW� 0HUFN� $�*�� ILUPDVÕQGDQ� VD÷ODQPÕú� YH� DOÕQGÕNODUÕ� VDIOÕNWD�
NXOODQÕOPÕúODUGÕU. 

 
5DGLNDO� EDúODWÕFÕ� RODUDN� NXOODQÕODQ� GLN�PLO� SHURNVLW�� '&3�� $OGULFK�

ILUPDVÕQGDQ� VD÷ODQPÕú� YH� DOÕQGÕ÷Õ� VDIOÕNWD� NXOODQÕOPÕúWÕU�� 0HUFN� $�*��
ILUPDVÕQGDQ� VD÷ODQDQ� EHQ]RLO� SHURNVLW�� %32�� LVH� NXOODQÕOPDGDQ� |QFH�
kloroform içerisinde  çözülüp, süzüldükten sonra metanol ile çöktürülerek 

VDIODúWÕUÕOPÕúWÕU��%32�YDNXP�DOWÕQGD�NXUXWXOPXúWXU� 
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 2.2. '�ú�N�0ROHN�O�.�WOHOL�$WDNWLN�3ROLSURSLOHQLQ�(OGHVL 
 

)RQNVL\RQODQGÕUPD�WHSNLPHOHULQGH�NXOODQÕODQ�DWDNWLN�SROLSURSLOHQ��$33��
Pektim,� $OLD÷D� 5DILQHULVLQGHQ� DOÕQPÕúWÕU�� <�NVHN� PROHN�O� N�WOHOL� L]RWDNWLN�
polipropilen, IPP, üretiminin yan ürünü olan ataktik polipropilen, aseton 

LoHULVLQGH� ELU� JHUL� VR÷XWXFX� DOWÕQGD� \DNODúÕN� ��� VDDW� ND\QDWÕODUDN� DVHWRQGD�
çözünebilen çok küçük molekül kütleli �U�Q� YH� VDIVÕ]OÕNODUGDQ� D\UÕOPÕúWÕU��
$VHWRQGDQ� D\UÕOGÕNWDQ� VRQUD� WHPL]� DVHWRQ� LOH� \ÕNDQDQ� YH� NXUXWXODQ� DWDNWLN�
SROLSURSLOHQ�� EHQ]HQ� LoHULVLQGH� ELU� JHUL� VR÷XWXFX� DOWÕQGD� \DNODúÕN� ��� VDDW�
ND\QDWÕOPÕú�YH�EHQ]HQ�ID]ÕQD�JHoHQ�N�o�N�PROHN�O�N�WOHOL�DWDNWLN�SROLSropilen 

süzülerek benzende çözünmeyen yüksek molekül kütleli ataktik ve izotaktik 

NÕVÕPODUGDQ� D\UÕOPÕúWÕU�� 'RQGXUDUDN-kurutma (freeze-drying) yöntemi ile 

EHQ]HQL� X]DNODúWÕUÕODQ� G�ú�N� PROHN�O� N�WOHOL� DWDNWLN� SROLSURSLOHQ�� $33��
IRQNVL\RQODQGÕUPD�oDOÕúPDODUÕQGD�NXOODQÕOPÕúWÕU� 
 

2.3. Ataktik Polipropilenin Hidrojenasyonu 

 
Ataktik Polipropilen, APP, Vogel(103)� WDUDIÕQGDQ� YHULOHQ� \|QWHPH� J|UH�

EHQ]HQ�LoHULVLQGH�SODWLQGLRNVLW��$GDP�.DWDOL]|U���NXOODQDUDN�KLGURMHQOHQPLúWLU��
Benzen içerisinde çözünen APP’ye belirli miktarda platindioksit eklendikten 

VRQUD� o|]HOWL� NDEÕ� ELU� YDNXP� VLVWHPLQH� ED÷ODQPÕú� YH� JD]Õ� XoXUXOPXúWXU��
6LVWHPLQ� EDúND� ELU� WDUDIÕQGD� LVH� 1D� PHWDOL� YH� HWDQRO� D\UÕ� D\UÕ� NDSODUGD�
VLVWHPH�ED÷ODQPÕú�YH�VLVWHPLQ�KDYDVÕ�DOÕQPÕúWÕU��*D]Õ�DOÕQPÕú�HWDQROX�WXWDQ�
PXVOX÷XQ� DoÕOPDVÕ\OD� 1D� PHWDOL� �]HULQH� DNDQ� HWDQRO� VLVWHPLQ� +2� JD]Õ� LOH�
GROPDVÕQÕ� VD÷ODPÕúWÕU�� 0DQRPHWUH� \DUGÕPÕ\OD� JD]� W�NHWLPL� L]OHQHQ� WHSNLPH��
JD]� PLNWDUÕQGD� GH÷LúLNOLN� J|U�OPH\LQFH\H� NDGDU� GHYDP� HWWLULOPLúWLU�� 'DKD�
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 VRQUD� $33� V�]�OHUHN� NDWDOL]|UGHQ� D\UÕOPÕú��PHtanol içerisinde çökeltilerek 

VDIODúWÕUÕOPÕú�YH�YDNXP�DOWÕQGD�NXUXWXOPXúWXU� 
 

2.4. $WDNWLN�3ROLSURSLOHQLQ�)RQNVL\RQODQGÕUÕOPDVÕ 
 

'�ú�N�PROHN�O� N�WOHOL� $33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕQGD� ���-dimetoksi-

4-alilbenzen, DMAB, 4-alil-2-metoksifenol, eugenol, 4-alilanisol ve alilbenzen 

NXOODQÕOPÕúWÕU��$33¶LQ� \DSÕúPD�|]HOOL÷LQGHQ� GROD\Õ� IRQNVL\RQODQGÕUPD� NDEÕQD�
DNWDUÕPÕ�]RUGXU��%X�QHGHQOH�|QFH� LVWHQLOHQ�PLNWDUGDNL�$33������J�� WROXHQGH�
o|]�OHUHN� �]HULQH� KHVDSODQDQ� PLNWDUGD� %32� HNOHQPLú� YH� GDKD� VRQUD�
çözücüyle istenilen hacme� VH\UHOWLOHUHN� IRQNVL\RQODQGÕUÕOPDQÕQ� \DSÕODFD÷Õ�
FDP� EDORQD� DNWDUÕOPÕúWÕU�� 'DKD� VRQUD� o|]HOWL� ELU� JHUL� VR÷XWXFX� DOWÕQGD�
EHOLUOHQHQ� IRQNVL\RQODQGÕUPD� V�UHVL� ER\XQFD� ND\QDWÕOPÕúWÕU� �ND\QDPD�
QRNWDVÕ ���°&��� )RQNVL\RQODQGÕUPD� LúOHPL� VRQXQGD� o|]HOWL� ELU� G|QHU�
bXKDUODúWÕUÕFÕGD� GHULúWLULOPLúWLU�� <DNODúÕN� ��� P/� WROXHQ� LoHULVLQGH� NDODQ�
IRQNVL\RQODQGÕUÕOPÕú� $33�� o|]HOWL\H� ERO� PLNWDUGD� �\DNODúÕN� ���� P/�� VR÷XN�
PHWDQRO� LODYHVL� LOH�o|NHOWLOPLúWLU��d|NW�U�OHQ�|UQHNOHU�V�]�OHUHN�DOÕQGÕNWDQ�YH�
az miktarda benzende çözündükten sonra dondurarak-kurutma yöntemi ile 

HOGH�HGLOPLúWLU� 
 

2.5. 6D\Õ�2UWDODPD�0ROHN�O�.�WOHVLQLQ��0Q��%HOLUOHQPHVL 
 
(OGH� HGLOHQ� IRQNVL\RQODQGÕUÕOPÕú� $33� |UQHNOHULQLQ� VD\Õ� RUWDODPD�

PROHN�O� N�WOHOHUL�� 0Q�� NUL\RVNRSL� \|QWHPL\OH� EHOLUOHQPLúWLU(104). Ölçümler, 

örneklHULQ� EHQ]HQ� o|]HOWLOHUL� LOH� JHUoHNOHúWLULOPLúWLU�� .UL\RVNRSL� VDELWLQLQ�� .f, 
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 EHOLUOHQPHVLQGH� V�EOLPOHúWLULOHUHN� VDIODúWÕUÕODQ� QDIWDOLQLQ� VWDQGDUW� o|]HOWLOHUL�
NXOODQÕOPÕúWÕU� 

 
.UL\RVNRSL�K�FUHVL�RODUDN�YDNXPODQPÕú��FHNHWOL�ELU�K�FUH�NXOODQÕOPÕúWÕU��

6R÷XWPD��NUL\RVNRSL�K�FUHVLQLQ�PHNDQLN�RODUDN�NDUÕúWÕUÕODQ�YH�VÕFDNOÕ÷Õ��°C’a 

D\DUODQPÕú� RODQ� ELU� VDELW� VÕFDNOÕN� EDQ\RVXQD� GDOGÕUÕOPDVÕ\OD�
JHUoHNOHúWLULOPLúWLU�� d|]HOWL� VÕFDNOÕ÷ÕQGDNL� G�ú�ú� YH� o|]HOWLOHULQ� GRQPD�
VÕFDNOÕNODUÕ�ELU�%HFNPDQ�WHUPRPHWUHVL�LOH�L]OHQHUHN�EHOLUOHQPLúWLU� 

 
d|]HOWLOHUGH� DúÕUÕ� VR÷XPD� YH� NULVWDOL]DV\RQX� WDNLS� HGHQ� VÕFDNOÕN�

\�NVHOPHVL� J|]OHQPLúWLU�� d|]HOWLOHULQ� HULWLOLS� \HQLGHQ� GRQGXUXOPDVÕ� LOH�
WHNUDUODQDELOHQ�VRQXoODU�HOGH�HGLOPLúWLU� 

 

2.6. UV-VIS Spektrometresi Ölçümleri 

 
$33¶H� ED÷ODQPÕú� IRQNVL\RQHO� PDGGH� PLNWDUODUÕ� 3KDUPDFLD� %LRWHFK��

Ultraspec 2000, UV-J|U�Q�U� E|OJH� VSHNWURPHWUHVL� LOH� EHOLUOHQPLúWLU�� $33¶H�
ED÷ODQPÕú� IRQNVL\RQHO� PDGGH� PLNWDUODUÕQÕ� EXOPDN� DPDFÕ\OD�� IRQNVL\RQHO�
PDGGHOHULQ�ELOLQHQ�GHULúLPOHUGH�&&O4�o|]HOWLOHUL�KD]ÕUODQPÕúWÕU��+HU�ELU�PDdde 

için maksimum absorbans (�max�� GH÷HUOHUL� EHOLUOHQPLú� ��-alil-2-metoksifenol 

(eugenol), 283 nm, 4-alil-1,2-dimetoksi benzen (DMAB), 282 nm, alilbenzen, 

273 nm ve 4-DOLODQLVRO�� ���� QP��� EX� GDOJD� ER\ODUÕQGD� GHULúLP-absorbans 

NDOLEUDV\RQ� H÷ULOHUL� ROXúWXUXOPXú� YH� $33¶H� WDNÕOPÕú� IRQNVL\RQHO� PDGGH�
PLNWDUODUÕ�ROXúWXUXODQ�NDOLEUDV\RQ�H÷ULOHULQGHQ�KHVDSODQPÕúWÕU� 
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 2.7. Viskozite Ölçümleri 

 
gUQHNOHULQ� YLVNR]LWH� |Oo�POHUL� 8EEHORKGH� YLVNR]LPHWUHVL� NXOODQÕODUDN�

toluenle seyreltilerek, 25o&� VDELW� VÕFDNOÕNWD� JHUoHNOHúWLULOPLúWLU�� øQWULQVLN�
YLVNR]LWH�GH÷HUOHUL�VRQVX]�VH\UHOPHGHNL�ηsp/c -�F�H÷ULOHULQGHQ�EHOLUOHQPLúWLU�� 

 

2.8. FT-,5�dDOÕúPDODUÕ 
 

+D]ÕUODQDQ�IRQNVL\RQODQGÕUÕOPÕú�$33�|UQHNOHULQLQ�YH�PRQRPHUOHULQ�)7-

,5� VSHNWUXPODUÕ� -DVFR�� )7�,5-480 Plus model FT-IR spektrometresi ile 

çDOÕúÕOPÕúWÕU�� 6SHNWUXPODU�� |UQHNOHULQ� &+&O3� o|]HOWLOHUL� HPGLULOPLú� YH� &+&O3’u 

XoXUXOPXú�.%U�GLVNOHUL�NXOODQÕODUDN�HOGH�HGLOPLúWLU� 
 

2.9. 'LIHUDQVL\HO�7DUDPDOÕ�.DORULPHWUH��'6&��$QDOL]OHUL 
 
$33�YH�IRQNVL\RQODQGÕUÕODQ�$33�|UQHNOHULQLQ�'6&�|Oo�POHUL�GDNLNDGD�

5oC aUWÕúOD�� D]RW� DWPRVIHUL� DOWÕQGD� 3HUNLQ� (OPHU� ,QVWUXPHQWV� 6DSSKLUH� '6&�
GLIHUDQVL\HO� WDUDPDOÕ� NDORULPHWUHVL� LOH� JHUoHNOHúWLULOPLú� YH� |UQHNOHULQ� FDPVÕ�
JHoLú�VÕFDNOÕNODUÕ��7g��HOGH�HGLOHQ�WHUPRJUDPODUGDQ�EHOLUOHQPLúWLU� 
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 3. $5$ù7,50$�%8/*8/$5,�9(�7$57,ù0$ 

 

3.1. Ataktik Polipropilenin Karakterizasyonu 

 
$WDNWLN�SROLSURSLOHQLQ��$33��IRQNVL\RQODQGÕUÕOPDVÕ�LOH�LOJLOL�\DSÕOPÕú�RODQ�

ELUoRN� oDOÕúPDQÕQ� oRN� D]ÕQGD� $33¶LQ� G�ú�N� PROHN�O� N�WOHOL� NÕVÕPODUÕQÕQ�
NXOODQÕOGÕ÷Õ� ELOGLULOPLúWLU�� %X� oDOÕúPDGD�� WHSNLPH� NDUÕúÕPODUÕQÕQ�
hazÕUODQPDVÕQGD� YH� HOGH� HGLOHQ� �U�QOHULQ� NDUDNWHUL]DV\RQXQGDNL� NROD\OÕNODU�
QHGHQL\OH� G�ú�N� PROHN�O� N�WOHOL� $33� LOH� oDOÕúÕOPDVÕ� WHUFLK� HGLOPLúWLU��
)RQNVL\RQODQGÕUPDODUGD�NXOODQÕODQ�$33��3HNWLP�$OLD÷D�5DILQHULVLQGH�L]RWDNWLN�
polipropilen, IPP, üretiminin  yan üU�Q�� RODUDN� ROXúDQ� $33¶LQ�� DVHWRQGD�
o|]�QHQ� NÕVÕPODUÕ� X]DNODúWÕUÕOGÕNWDQ� VRQUD� EHQ]HQGH� o|]�QHQ� NÕVÕPODUÕQÕQ�
DOÕQPDVÕ�LOH�HOGH�HGLOPLúWLU� 

 

3.1.1. $WDNWLN�3ROLSURSLOHQLQ�6D\Õ�2UWDODPD�0ROHN�O�.�WOHVLQLQ�
Belirlenmesi 

 
$33�YH�IRQNVL\RQODQGÕUÕOPÕú�|UQHNOHULQ�VD\Õ�RUtalama molekül kütleleri, 

0Q�� NUL\RVNRSL� \|QWHPL� LOH� EHOLUOHQPLúWLU�� .UL\RVNRSL� VDELWL�� .f, naftalinin 

VWDQGDUW�RODUDN�NXOODQÕOPDVÕ�LOH�VDSWDQPÕúWÕU��(Q�D]��o�NH]�VH\UHOWLOHQ�EHQ]HQ�
o|]HOWLVLQLQ� GRQPD� QRNWDVÕ� DOoDOPDVÕ�� KHU� GHULúLP� LoLQ� WHNUDUODQDQ� �-4 

ölç�P�Q� RUWDODPDVÕQGDQ� EXOXQPXúWXU�� .f� GH÷HUL� HúLWOLN� ���¶H� J|UH�� 0∆T–c 

H÷ULVLQLQ�H÷LPLQGHQ�−49,956 0C.J�PRO�RODUDN�KHVDSODQPÕúWÕU��ùHNLO������ 
 

Kf = M∆T / c                                            (3.1) 
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M  : Naftalinin molekül kütlesi, 128 g/mol, 

∆T : DRQPD�QRNWDVÕ�DOoDOPDVÕ� 
F����������J�o|]�F�GHNL�PDGGH�PLNWDUÕ� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO����� 6WDQGDUW�QDIWDOLQ�o|]HOWLVLQLQ�GRQPD�QRNWDVÕ�DOoDOPDVÕ-GHULúLP�
H÷ULVL��d|]�F� �%HQ]HQ��(÷LP �−49,956 oC.g/mol, R2=0.995 ) 

 
$33¶LQ�VD\Õ�RUWDODPD�PROHN�O�N�WOHVL��ùHNil 3.2’de verilen Mn, ∆T/c–c 

H÷ULVLQLQ��NHVLúLP�QRNWDVÕ�GH÷HULQL�NXOODQDUDN�HúLWOLN����¶\H�J|UH�KHVDSODQPÕú�
YH�0Q �����RODUDN�EXOXQPXúWXU� 
 

    Mn = Kf / (∆T/c)c=0                                      (3.2) 

 

c, g/100 g çözücü

M
∆

T

1.0 1.5 2.0 2.5

-150

-130

-110

-90

-70
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ùHNLO����� $33¶LQ�GRQPD�QRNWDVÕ�DOoDOPDVÕ-GHULúLP�H÷ULVL� 
 �d|]�F� %HQ]HQ��.HVLúLP�QRNWDVÕ −0.02126, R2 = 0.996) 
 

3.2. $33¶LQ�(OHNWURNLP\DVDO�)RQNVL\RQODQGÕUÕOPDVÕ 
 

APP’in daha önce eriyik halde, 170°&¶GD� JHUoHNOHúWLULOHQ�
IRQNVL\RQODQGÕUÕOPDODUÕQGD� ]LQFLU� NÕUÕOPDVÕ� �GHJUHGDV\RQ�� YH� oDSUD]�
ED÷ODQPDQÕQ� ELUOLNWH� JHUoHNOHúWL÷L� YH� EX� WHSNLPHOHU� VRQXFXQGD� $33� LQ�
PROHN�O� N�WOHVLQGH� E�\�N� GH÷LúLNOLNOHU� ROGX÷X� EXOXQPXúWXU(33,34). Molekül 

N�WOHVLQGHNL� GH÷LúLNOLNOHU�� SROLPHULQ� IL]LNVHO� |]HOOLNOHULQGH� DUDQDQ� L\LOHúPHQLQ�
QH� NDGDUÕQÕQ� WDNÕODQ� IRQNVL\RQHO� PDGGH� JUXSODUÕQGDQ� JHOGL÷LQL� EHOLUOHPHGH�
J�oO�N�\DUDWÕU��%X�QHGHQOH��G�ú�N�VÕFDNOÕNODUGD�GD��oDOÕúÕODELOHFH÷LQGHQ��]LQFLU�
NÕUÕOPDVÕ� YH� oDSUD]� ED÷ODQPD� ROXúPDGDQ� \D� GD� PLQLPXPGD� NDODUDN�

c, g/100 g çözücü

∆
T/

c

10 12 14 16 18
-0.038

-0.036

-0.034

-0.032
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 JHUoHNOHúWLULOHELOHFHN� ELU� IRQNVL\RQODQGÕUPD� \|QWHPL� RODUDN� HOHNWURNLP\DVDO 
IRQNVL\RQODQGÕUPD�G�ú�Q�OP�úW�U�� 

 
APP’in asidik 3°� KLGURMHQLQLQ� HOHNWUROLWLN� RODUDN� NRSDUÕOPDVÕ� VRQXFX�

RUWDPGDNL� IRQNVL\RQHO� PDGGH� LOH� HúLWOLN� ���¶WH� YHULOHQ� WHSNLPH\H� EHQ]HU� ELU�
WHSNLPHQLQ�ROXúPDVÕ�EHNOHQPLúWLU� 
 

 

 

 

 

 

 

 

 

                    (3.3) 

 

Bu DPDoOD�oHúLWOL�NRúXOODUGD�LNL�\D�GD�WHN�E|OPHOL�HOHNWUROL]�K�FUHOHUL�LOH�
|QFH� VDELW� SRWDQVL\HOGH� HOHNWUROL]OHU� \DSÕOPÕú� DQFDN� o|]HOWLOHUGHQ� JHoHQ�
DNÕPÕQ�YH�WDNÕOPD�YHULPLQLQ�VRQ�GHUHFH�G�ú�N�ROPDVÕ�QHGHQL\OH�HOHNWUROL]OHUH�
VDELW�DNÕPGD�GHYDP�HGLOPLúWLU�� 

 
$33¶LQ� o|]HOWL� LOHWNHQOL÷L� ROGXNoD� G�ú�NW�U�� <�NVHN� HOHNWUROLW�

GHULúLPOHULQGH�YH�\�NVHN�VÕFDNOÕNODUGD�ELOH�o|]HOWLGHQ�JHoHQ�DNÕP�PLNWDUÕ�HQ�
ID]OD� ��� P$� ROPXúWXU�� $\UÕFD�� HOHNWUROLWLQ� HOHNWURNLP\DVDO� ER]XQXPX� LOH�
o|]HOWLOHULQ� GLUHQoOHUL� KÕ]OD� DUWPÕú� YH� X]XQ� V�UH� VDELW� DNÕP� ROXúWXUPDN�
P�PN�Q� ROPDPÕúWÕU�� 6DELW� DNÕP� ROXúWXUDELOPHN� LoLQ� oRN� J�oO�� GR÷UX� DNÕP�
ND\QDNODUÕQD� LKWL\Do� GX\XOPXú� YH� HQ� VRQXQGD� ELU� WUDQVIRUPHU� \DUGÕPÕ\OD�
úHKLU� HOHNWUL÷L� GR÷UX� DNÕPD� oHYULOPLú� YH� ELU� YDU\DN� \DUGÕPÕ\OD� SRWDQVL\HOL�

C

CH3

CH2

H

CH2

CH3

C RH+.+ R
.

.C

CH3

CH2 + CH2 CH

CH2 Ar

CH2

CH3

C

ArCH2CHCH2

R
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 kontrol edeUHN� VDELW� DNÕP� X\JXODQPÕúWÕU�� %X� úHNLOGH� o|]HOWLOHUGHQ� GDKD�
\�NVHN�PLNWDUODUGD�HOHNWULN�JHoLULOPLú�ROPDVÕQD�UD÷PHQ�JHoHQ�DNÕP�o|]HOWLQLQ�
V�UHNOL�DUWDQ�GLUHQFL�QHGHQL\OH����P$µGHQ����P$¶H�NDGDU�G�úP�úW�U���$QFDN��
çözeltilerden geçirilen toplam elektrik miktDUÕ� EX� úHNLOGH� ���� &RXORPE¶XQ�
�]HULQH� oÕNDUÕODELOPLúWLU� �dL]HOJH� ����� 'HQH\� 1R����� ����� (OHNWUROL]OHU��
o|]HOWLOHULQ� \�NVHN� GLUHQFL� QHGHQL\OH� ]DPDQOD� DUWDQ� VÕFDNOÕNODUÕQÕ�
D\DUOD\DELOPHN�LoLQ�VDELW�VÕFDNOÕN�EDQ\RODUÕQGD�JHUoHNOHúWLULOPLúWLU�� 

 
dHúLWOL�NRúXOODUGD�JHUoHNOHúWLULOHQ�HOHNWUROL]OHUGHQ�HOGH�HGLOHQ��VRQXoODU�

dL]HOJH� ���¶GH� YHULOPLúWLU�� *HQHOOLNOH�� GDKD� |QFHNL� oDOÕúPDODUGD� HQ� \�NVHN�
WDNÕOPD� \�]GHVLQH� XODúÕODQ� HXJHQRO�� IRQNVL\RQHO� PDGGH� RODUDN� VHoLOPLúWLU��
d|]�F�� RODUDN� $33¶LQ� NROD\OÕNOD� o|]�QG�÷�� GLNORURPHWDQ� NXOODQÕOPÕúWÕU��
$33¶LQ� o|]�QPHPHVL� \D� GD� HOHNWUROL]� HVQDVÕQGD� o|NPHVL� QHGHQL\OH� GDKD�
\�NVHN� GLHOHNWULN� VDELWOL� o|]�F�OHU� NXOODQÕODPDPÕúWÕU�� (OHNWUROL]OHU� VRQXQGD��
YDU\DN� NXOODQÕPÕ� LOH� \�NVHN� HOHNWULN�PLNWDUODUÕQD�XODúÕOGÕ÷ÕQGD� ELOH� DUWDQ� \�N�
miktaUÕ� LOH� WDNÕODQ� IRQNVL\RQHO� PDGGH� PLNWDUÕ� DUDVÕQGD� KHUKDQJL� ELU� LOLúNL�
J|U�OHPHPLúWLU�� $\UÕFD�� WDNÕOPD� PLNWDUODUÕ� G�ú�N� YH� VRQXoODU� WHNUDUODQDELOLU�
EXOXQDPDPÕúWÕU��%X�QHGHQOH��$33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕQGD�\D\JÕQ�RODUDN�
NXOODQÕODQ� ELU� IRQNVL\RQODQGÕUPD� \|QWHPL� RODQ� YH� \�NVHN� VÕFDNOÕNODUGDNL�
IRQNVL\RQODQGÕUPDODUD�J|UH�GDKD�G�ú�N�PLNWDUODUGD�]LQFLU�NÕUÕOPDVÕ�YH�oDSUD]�
ED÷ODQPD� ROXúDFD÷Õ� G�ú�Q�OHQ� o|]HOWLGH� IRQNVL\RQODQGÕUPD� \|QWHPL�
NXOODQÕOPÕúWÕU� 

 
(OHNWUROL]LQ��$33¶LQ�PROHN�O� N�WOHVLQH� \DSWÕ÷Õ� HWNL\L� EHOLUOHPHN�DPDFÕ\OD�

dL]HOJH� ���¶GH� GHQH\� QR� �� YH� ��� LoLQ� YHULOHQ� NRúXOODUGD� JHUoHNOHúWLULOHQ�
elektrolizlerden  elde  edilen  örneklerin  Mn ve  [η@��GH÷HUOHUL��|Oo�OP�ú�YH�>η]  
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 Çizelge 3.1.�(OHNWURNLP\DVDO�IRQNVL\RQODQGÕUPDQÕQ�PROHN�O�N�WOHVLQH�HWNLVL 
 

Deney No ��7DNÕOPD Mn, g/mol [η], dL/g Tg, °C 

APP - 2350 0.1260 −17.7 

9 0.30 4128 0.1265 −11.7 

20 0.53 5676 0.1283 −15.0 

 

GH÷HUL� GH÷LúPH]NHQ� 0Q� GH÷HULQLQ� DUWWÕ÷Õ� EXOXQPXúWXU� �dL]HOJH� ������
6RQXoODU�� N�o�N� PROHN�OOHULQ� ELUOHúHUHN� oDSUD]� ED÷ODQGÕ÷ÕQÕ�� EX� úHNLOGH�
ortamdaki küçük moleküllerin molekül kütlelerini 1.5-�� NDWÕQD� oÕNDUWWÕ÷ÕQÕ�
GROD\ÕVÕ\OD�0Q�GH÷HUOHULQLQ�DUWWÕ÷ÕQÕ�G�ú�QG�UP�úW�U��$QFDN�>η@�GH÷HUOHULQGH�
|QHPOL� ELU� GH÷LúLNOL÷LQ� ROPDPDVÕ� E�\�N� PROHN�OOHULQ� oDSUD]� ED÷ODQPD\D�
NDWÕOPDGÕ÷ÕQÕ� J|VWHUPLúWLU�� $QFDN� bu tepkimelerde heterojenlik indisinin 

G�úW�÷��GH�DUWDQ�7J�GH÷HUOHULQGHQ�DQODúÕOPDNWDGÕU� 
 
 

3.3. $33¶LQ�d|]HOWL�)RQNVL\RQODQGÕUÕOPDVÕ 
 
$33¶LQ�HOHNWURNLP\DVDO�IRQNVL\RQODQGÕUÕOPDVÕQGD�\HWHULQFH�IRQNVL\RQHO�

PDGGHQLQ� $33� �]HULQH� WDNÕOPDPÕú� ROPDVÕ� YH� WHNUDUODQDELOir sonuçlar elde 

HGLOHPHPHVL� QHGHQL\OH� $33¶LQ� o|]HOWL� LoLQGHNL� IRQNVL\RQODQGÕUÕOPDVÕ�
oDOÕúÕOPÕúWÕU�� d|]HOWL� LoHULVLQGH�� o|]HOWLQLQ� ND\QDPD� VÕFDNOÕ÷ÕQGD�
JHUoHNOHúWLULOHQ� LúOHPGH�� HUL\LN� KDOGHNL� IRQNVL\RQODQGÕUPD\D� J|UH� VÕFDNOÕ÷ÕQ�
G�ú�N� YH� GHULúLPLQ� VH\UHOWLN� ROPDVÕ� QHGHQL\OH� GDKD� D]� ]LQFLU� NÕUÕOPDVÕ� YH�
oDSUD]� ED÷ODQPD� RODFD÷Õ� G�ú�Q�OP�ú� YH� EX� DPDoOD� X\JXQ�
IRQNVL\RQODQGÕUPD� RUWDPÕQÕ� EHOLUOHPHN� LoLQ� HXJHQRO� |UQHN� PDGGH� RODUDN�
DOÕQPÕú�YH�NXOODQÕODQ�o|]�F�Q�Q�ND\QDPD�VÕFDNOÕ÷ÕQGD�� �NXOODQÕODQ� �EDúODWÕFÕ��
ve  çöz�F�Q�Q��WDNÕOPD�PLNWDUÕQD�HWNLVL�GHQHQPLúWLU� 6RQXoODUÕ�dL]HOJH����¶GH 
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 Çizelge 3.2. (OHNWURNLP\DVDO�IRQNVL\RQODQGÕUPD�VRQXoODUÕ 

 

Sabit potansiyel(No.1 ve 12), Çözücü : Diklorometan, THF(No.14) 

CAPP=3.4x10−2 M, Monomer : Eugenol, DMAB(No.20) 

CBPO=6.6x10−2 M(No.22 ve 24), Elektrolit : Tetrabütilamonyum perklorat,  

Tetrabütilamonyum tetrafloroborat(No.13), Sodyum perklorat(No.14) 

 

No t, 

saat 

T, 

°C 

Celektrolit, 

M 

CMonomer, 

M 

Q, 

Coul 

% 

7DNÕOPD 

.DUÕúWÕUPD Hücre   

bölmesi 

1 - 20 0.10 0.12 - 0.17 − VAR 

2 2.5 20 0.10 0.5 9 0.33 − VAR 

3 2.5 20 0.10 0.5 9 0.07 VAR − 

4 2.5 20 0.10 0.5 9 0.11 − VAR 

5 2.5 20 0.10 0.5 9 0.07 VAR VAR 

6 2.5 20 0.10 1.3 9 0.20 − VAR 

7 8.8 30 0.15 1.56 39 0.45 − VAR 

8 8.5 30 0.15 1.56 41 0.44 VAR − 

9 4.5 30 0.15 1.56 61 0.30 VAR VAR 

10 17 30 0.15 1.3 61 0.05 VAR − 

11 4.8 30 0.2 1.56 123 0.33 VAR VAR 

12 6.1 30 0.15 1.56 138 1.20 − VAR 

13 5.5 30 0.15 1.56 138 0.32 − − 

14 7.8 30 0.15 1.56 140 0.20 − VAR 

15 3.7 30 0.20 1.56 218 0.41 − VAR 

16 10 30 0.20 1.56 223 0.66 − VAR 

17 5.3 30 0.20 0.5 277 0.22 − VAR 

18 5.0 30 0.20 1.56 308 0.48 − VAR 

19 5.0 10 0.15 1.56 545 0.50 VAR VAR 

20 8.0 20 0.15 1.56 900 0.53 VAR VAR 
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 Çizelge 3.3.�(XJHQRO�WDNÕOPD�PLNWDUÕQD�EDúODWÕFÕ�YH�o|]�F��HWNLVL 
 
 

T, °C Çözücü %DúODWÕFÕ %DúODWÕFÕ�
GHULúLPL��0 

CAPP, M ��7DNÕOPD 

78  Benzen BPO 8.3x10−3 4.3x10−3 1.23 

78  Benzen DCP 7.4x10−3 4.3x10−3 0.60 

134    Ksilen BPO 8.3x10−3 4.3x10−3 0.80 

134    Ksilen DCP 7.4x10−3 4.3x10−3 0.48 

108    Toluen BPO 8.3x10−3 4.3x10−3 1.67 

108    Toluen DCP 7.4x10−3 4.3x10−3 0.67 

108    Toluen BPO 16.5x10−3 8.5x10−3 1.02 

108    Toluen DCP 14.8x10−3 8.5x10−3 0.83 

     
     
 t=5.5 saat, CEugenol=0.196 M 

 

YHULOPHNWH� RODQ� EX� IRQNVL\RQODQGÕUPDODU� VRQXFXQGD� HQ� \�NVHN� WDNÕOPDQÕQ�
EHQ]RLO� SHURNVLW�� %32�� EDúODWÕFÕVÕ\OD� WROXHQ� LoHULVLQGH� JHUoHNOHúWL÷L�
J|U�OP�úW�U�� %X� QHGHQOH� IRQNVL\RQODQGÕUPDODU� %32� LOH� WROXHQ� LoHULVLQGH�
JHUoHNOHúWLULOPLúWLU� 
 

3.4. 7DNÕOPD�0LNWDUÕQÕQ�=DPDQOD�'H÷LúLPL 
 
)RQNVL\RQODQGÕUÕOPÕú� �U�Q�Q� |]HOOLNOHUL�� IRQNVL\RQODQPD� HVQDVÕQGD�

ROXúDELOHFHN� ]LQFLU� NÕUÕOPDVÕ� YH� oDSUD]� ED÷ODQPD� WHSNLPHOHULQLQ� \DQÕ� VÕUD�
WDNÕODQ� PDGGHQLQ� |]HOOLNOHULQGHQ� GH� HWNLOHQLU�� $úÕ� SROLPHUOHúPHVL� LOH�
JHUoHNOHúWLULOHQ���IRQNVL\RQODQGÕUPDODUGD���SROLPHU���]LQFLUOHULQH���ED÷OÕ���RODUDN� 
SROLPHUOHúHQ�PRQRPHU��SROLPHULQ�|]HOOLNOHULQLQ�WDPDPHQ�GH÷LúPHVLQH�QHGen 
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ùHNLO������$33��]HULQGH�IRQNVL\RQHO�PDGGH�ROXúXPXQXQ�]DPDQOD�GH÷LúLPL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 

 CBPO=8.3x10−3 M, CAPP=4.3x10−3 M 

 
olur(13-15,21-26,106)�� %X� QHGHQOH� EX� oDOÕúPDGD� SROLPHUOHúPH� H÷LOLPOHUL� VRQ�
GHUHFH�G�ú�N�RODQ�YH�UDGLNDOLN�EDúODWÕFÕODUOD�SROLPHU�ROXúWXUPD\DQ�oHúLWOL�DOLO�
PDGGHOHULQLQ�NXOODQÕOPDVÕ�WHUFLK�HGLOPLúWLU� 
 

dDOÕúÕODQ� KHU� IRQNVL\RQHO�PDGGH� LoLQ�� IDUNOÕ� GHULúLPGH� DOÕQPÕú� ROVDODU�
GD�� PDNVLPXP� IRQNVL\RQHO� PDGGH� ED÷ODQPDVÕQÕQ� \DNODúÕN� ���� Gakika 

VRQXQGD�JHUoHNOHúPLúWLU� �ùHNLO� ������$\UÕFD��HXJHQRO�YH�'0$%¶D�J|UH�GDKD�
\�NVHN� GHULúLPOHUGH� NXOODQÕOGÕ÷Õ� KDOGH� G�ú�N� PLNWDUODUGD� ED÷ODQDQ�
DOLODQLVROXQ�GL÷HU�PDGGHOHUH�J|UH�$33¶H�ED÷ODQPDGD�GDKD� LVWHPVL]�ROGX÷X�
J|U�OP�úW�U� 
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 3.5. %DúODWÕFÕ�0LNWDUÕQÕQ�7DNÕOPD�0LNWDUÕQD�(WNLVL 
 
0DNVLPXP�IRQNVL\RQODQPDQÕQ�JHUoHNOHúWL÷L�NRúXOODUÕQ�EHOLUOHQHELOPHVL�

LoLQ� $33¶H� ED÷ODQDQ� IRQNVL\RQHO� PDGGH� PLNWDUÕQÕQ� o|]HOWLGH� EXOXQDQ�
EDúODWÕFÕ� PLNWDUÕ� LOH� QDVÕO� GH÷LúWL÷L� GH� oDOÕúÕOPÕúWÕU�� %X� DPDoOD�� IDUNOÕ� %32�
GHULúLPOHUL� NXOODQÕODQ� YH� WROXHQLQ� ND\QDPD� VÕFDNOÕ÷ÕQGD� JHUoHNOHúWLULOHQ�
IRQNVL\RQODQGÕUPDODUÕQ�V�UHOHUL�����GDNLND�RODUDN�DOÕQPÕúWÕU� 

 
)DUNOÕ� %32� GHULúLPOHUL� LOH� JHUoHNOHúWLULOHQ� IRQNVL\RQODQGÕUPDODU�

sonunda, 0.174 M DMAB çözeltisi ile 8.3x10−3�0�%32�GHULúLPLQGH�����¶OLN�
bir�WDNÕOPD�\�]GHVLQH��XODúÕOPÕúWÕU��ùHNLO��������$QFDN���EX��%32��GHULúLPLQGHQ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO������$33��]HULQGH�IRQNVL\RQHO�PDGGH�ROXúXPXQD�%32�GHULúLPL�HWNLVL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 

 CAPP=4.3x10−3 M, t=100 dakika 
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 sonUD� WDNÕOPD� PLNWDUÕ� V�UDWOH� D]DOPÕúWÕU�� 5DGLNDOOHULQ� PRQRPHU� \D� GD�
$33¶GHQ�KLGURMHQ�NRSDUPDN�\D�GD�DOLO�ED÷Õ\OD�WHSNLPH\H�JLUPHN�\HULQH��DUWDQ�
GHULúLPOHUL�QHGHQL\OH�ELUOHúHUHN�VRQODQPDODUÕQÕQ�EX�G�ú�úH�QHGHQ�RODELOHFH÷L�
G�ú�Q�OPHNWHGLU�� '0$%¶GDNL� NDGDU� \�NVHN� ELU� DUWÕú� YH� EXQX� WDNLS� HGHQ�
NHVNLQ� ELU� G�ú�ú� ROPDVD� GD�� GL÷HU� IRQNVL\RQHO� PDGGHOHU� LoLQ� GH� EHOLUOL�
EDúODWÕFÕ� GHULúLPOHUL� DUDOÕ÷ÕQGD�� %32� GHULúLPL� LOH� DUWDQ� ED÷ODQPD� PLNWDUÕ�
J|]OHQPLúWLU� 

 

3.6. )RQNVL\RQHO�0DGGH�0LNWDUÕQÕQ�7DNÕOPD�0LNWDUÕQD�(WNLVL 
 

ÇözeltideNL� IRQNVL\RQHO� PDGGH� PLNWDUÕQÕQ� WDNÕOPD� PLNWDUÕQÕ� QDVÕO�
HWNLOHGL÷L� GH� IDUNOÕ� IRQNVL\RQHO� PDGGH� GHULúLPOHUL� LOH� \DSÕODQ�
IRQNVL\RQODQGÕUPDODUOD�oDOÕúÕOPÕúWÕU�� 
 
 (OGH�HGLOHQ�VRQXoODU��GDKD�|QFH�HOGH�HGLOHQOHUH�EHQ]HU�úHNLOGH��HQ�\�NVHN�
WDNÕOÕP�PLNWDUÕQÕQ�'0$%�LOH�YH�HQ�G�ú�N�WDNÕOÕPÕQ�DOLODQLVRO�LOH�JHUoHNOHúWL÷LQL�
J|VWHUPLúWLU� �ùHNLO� ������ $\UÕFD�� PDNVLPXP� WDNÕOPD� \�]GHOHULQLQ� ���-0.3 M 

IRQNVL\RQHO�PDGGH�GHULúLPOHULQGH�HOGH�HGLOGL÷L�GH�J|U�OPHNWHGLU� 
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ùHNLO������$33��]HULQH�ED÷ODQPD\D�IRQNVL\RQHO�PDGGH�GHULúLPL�HWNLVL 
 CAPP=4.3x10−3 M, CBPO=8.3x10−3 M, t=100 dakika 

  

3.7. 0Q�YH�7J��6RQXoODUÕ 
 
$33�YH�IRQNVL\RQODQGÕUÕOPÕú�|UQHNOHULQ�PROHN�O�N�WOHOHUL�NUL\RVNRSL�YH�

YLVNR]LWH�|Oo�POHUL�LOH�EHOLUOHQPLúWLU��(OGH�HGLOHQ�VD\Õ�RUWDODPD�PROHN�O�N�WOHVL��
Mn, ve intrinsik viskozite, [η@�� GH÷HUOHUL� LQFHOHQHUHN� IRQNVL\RQODQGÕUPDQÕQ�
$33¶LQ� PROHN�O� N�WOHVLQH� QDVÕO� HWNL� HWWL÷L� YH� IRQNVL\RQODQGÕUPD� HVQDVÕQGD�
]LQFLU� NÕUÕOPD�� oDSUD]� ED÷ODQPD� YH� GLVSURSRUVL\RQODQPD� WHSNLPHOHULQLQ�
ROXúXS�ROXúPDGÕNODUÕ�EHOLUOHQPH\H�oDOÕúÕOPÕúWÕU� 

 
)RQNVL\RQODQGÕUPDQÕQ� $33¶LQ� FDPVÕ� JHoLú� VÕFDNOÕ÷ÕQÕ�� 7J�� QDVÕO�

HWNLOHGL÷LQL�EHOLUOHPHN��]HUH�|UQHNOHULQ�7J�GH÷HUOHUL�GH�EHOLUOHQPLúWLU��$33�JLEL�
WDPDPHQ�KLGURNDUERQ�RODQ�SROLPHUOHULQ�NRKH]LI�HQHUML�\R÷XQOXNODUÕQÕQ�G�ú�N�
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 ROGX÷X� YH� EXQXQ� QHWLFHVLQGH� HVQHN� ]LQFLUOHUH� YH� GROD\ÕVÕ\OD� G�ú�N� 7J�
GH÷HUOHULQH�VDKLS�ROGXNODUÕ�ELOLQPHNWHGLU��)RQNVL\RQHO�PDGGH�ED÷ODQPDVÕ\OD�
dipol-dipol ve H-ED÷Õ� HWNLVL\OH� DUWDQ� LNLQFLO� NXYYHWOHU�� DSRODU� ]LQFLUOHUH� SRODU�
|]HOOLN� ND]DQGÕUÕUODU�� $UWDQ� LNLQFLO� NXYYHWOHU� ]LQFLUOHULQ� VHUWOL÷LQL� DUWÕUÕUNHQ�
NRKH]LI� HQHUML� \R÷XQOX÷XQXQ� YH� GROD\ÕVÕ\OD� 7J¶QLQ� GH� DUWPDVÕQD� QHGHQ�
olurlar. 

 
3ROLPHUOHULQ�� LNLQFLO� NXYYHWOHUGHNL� DUWÕúWDQ� HWNLOHQHFHN� GL÷HU� ELU�

özellikleri de viskoziteleridir. Artan H-ED÷Õ�YH�GLSRO-GLSRO�HWNLOHúLPL�]LQFLUOHULQ 

HVQHNOL÷LQL� G�ú�U�U�� 'ROD\ÕVÕ\OD�� VH\UHOWLN� o|]HOWLOHUGH� KLGURGLQDPLN� KDFLP�
G�úHUNHQ�YLVNR]LWH�GH�G�úHU� 

 
7J�� VD\Õ�RUWDODPD�PROHN�O� N�WOHVLQH�YH�PROHN�O� N�WOHVL� GD÷ÕOÕPÕQD� \D�

GD� SROLPHULQ� KHWHURMHQOLN� LQGLVLQH� GH� ED÷OÕGÕU�� 'ROD\ÕVÕ\OD�� SROLPHUGH�
plastikleúWLULFL�HWNL�\DSDQ�G�ú�N�PROHN�O�N�WOHOL� ]LQFLUOHU�7J¶\L�G�ú�U�U��7J¶QLQ�
QH�NDGDU�G�úHFH÷L�SROLPHULQ� LoHUGL÷L�G�ú�N�PROHN�O�N�WOHOL��U�Q�Q�PLNWDUÕQD�
ED÷OÕGÕU�� 'ROD\ÕVÕ\OD�� |UQHNOHULQ� |Oo�OHQ� 7J� GH÷HUOHUL� GH�� EHOLUOHQHQ�PROHN�O�
kütleleri ile birlikte fonksi\RQODQGÕUPD�HVQDVÕQGD�ROXúDELOHQ�oDSUD]�ED÷ODQPD��
]LQFLU� NÕUÕOPDVÕ� YH� ED]Õ� GXUXPODUGD� GLVSURSRUVL\RQODQPD� WHSNLPHOHULQLQ�
EHOLUOHQPHVLQGH�NXOODQÕOPÕúWÕU� 

 
'LVSURSRUVL\RQODQPD� WHSNLPHOHUL� ]LQFLU� NÕUÕOPD� WHSNLPHOHUL� GH÷LOGLU��

$QFDN��DNWLI�PHUNH]OHUL�VRQODQGÕUÕS�oDSUD]�ED÷ODQPD�PLNWDUÕQÕ�\D�GD�PROHN�O�
N�WOHVL�DUWÕúÕQÕ�HQJHOOHU(58).  

 
[η@�DUWDUNHQ�0Q�GH÷HULQGHNL�ELU�G�ú�ú��\D�GD�EXQX�WHUVL�ELU�GDYUDQÕúÕ�

DoÕNOD\DELOPHN� LoLQ� EX� LNL� PROHN�O� N�WOHVLQLQ� �0Q� YH� 0Y�� |]HOOLNOHULQLQ�
bilinmesi gerekir. 
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 (úLWOLN����¶GH�J|UH�YHULOHQ�VD\Õ�RUWDODPD�PROHN�O�N�WOHVL��0n, polimerin 

GDKD� oRN� G�ú�N� PROHN�O� N�WOHOL� NÕVPÕQGDQ� HWNLOHQGL÷LQGHQ� G�ú�N� PROHN�O�
N�WOHOL��U�QOHULQ�RUWDODPD�PROHN�O�N�WOHVLQL�\DQVÕWÕU� 

 

 

                   (3.4) 

 

 

Nx=Molekül kütlesi Mx olan zincirlerin mol sayÕVÕ 
  

(úLWOLN� ���� LOH� YHULOHQ� D÷ÕUOÕN� RUWDODPD� PROHN�O� N�WOHVL�� 0Z�� SROLPHULQ�
\�NVHN�PROHN�O�N�WOHOL�NÕVPÕQD�GDKD�KDVVDVWÕU�� 
 

 

         (3.5) 

 

 

 0Q�YH�0Z�PROHN�O� N�WOHOHULQLQ� G�ú�N� YH� \�NVHN�PROHN�O� N�WOHOL� �U�QOHUH�
KDVVDV� ROPDVÕQÕQ� QH� DQODPD� JHOGL÷LQH� ELU� |UQHNOH� EDNÕODFDN� ROXUVD�� ELU�
NDUÕúÕPÕQ�N�WOHFH����¶LQLQ�PROHN�O�N�WOHVL�������J�PRO�YH���¶LQLQ�����J�PRO�
RODQ� PROHN�OOHUGHQ� ROXúWX÷XQX� NDEXO� HGHUVHN�� EX� NDUÕúÕPÕQ� 0Q� YH� 0Z�
GH÷HUOHUL� HúLWOLN� ���� YH� ���¶WHNL� IRUP�OOHUH� J|UH� ����� YH� ����� J�PRO� ROXU��
DolayÕVÕ\OD� E|\OH� ELU� NDUÕúÕPÕQ� PROHN�O� N�WOHVL� YH� EHNOHQHQ� |]HOLNOHUL� 0Z�
GH÷HUL�LOH�0Q�GH÷HULQGHQ�oRN�GDKD�L\L�DoÕNOD\DELOPHNWHGLU� 
  

(úLWOLN� ���¶GD� J|VWHULOGL÷L� úHNLOGH� LIDGH� HGLOHQ� YLVNR]LWH� RUWDODPD�
PROHN�O� N�WOHVL�� 0Y�� 0Z� GH÷HULQH� JHQHOOLNOH� \DNÕQ� ROGX÷X� Lçin (%10-20), 

\DNODúÕN�D÷ÕUOÕN�RUWDODPD�PROHN�O�N�WOHVL�GH÷HULQL�WDKPLQ�HWPHGH�NXOODQÕOÕU(107). 
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                   (3.6)  

 

.�YH�D�VDELW�GH÷HUOHU� 
  

$33�YH�IRQNVL\RQODQGÕUÕOPÕú�|UQHNOHULQ�LQWLULQVLN�YLVNR]LWHOHUL�|UQHNOHULQ�
WROXHQ� o|]HOWLOHULQGHQ� oDOÕúÕOPÕúWÕU�� $33� LOH� \DSÕODQ� |Oo�POHUGHQ� $33¶LQ�
LQWLULQVLN�YLVNR]LWHVL�������G/�J�RODUDN�EXOXQPXúWXU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO����� Mn�GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 

 CBPO=8.3x10−3 M, CAPP=4.3x10−3 M 
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ùHNLO����� [η@�GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 
 CBPO=8.3x10−3 M, CAPP=4.3x10−3 M 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������7J�GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 
 CBPO=8.3x10−3 M, CAPP=4.3x10−3 M 
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 3.7.1. Mn, [ηη@�YH�7J�'H÷HUOHULQLQ�=DPDQOD�'H÷LúLPL 
 
 )RQNVL\RQODQGÕUPDODUGD� �����¶OLN� ELU� WDNÕOPD\OD� HQ� \�NVHN�
IRQNVL\RQODQPD�PLNWDUÕ�'0$%�GHULúLPL�������0�YH�%32�GHULúLPL����[��−3 M 

olan çözeltiden 100 dakika sonunda elGH�HGLOPLúWLU��dL]HOJH�����������J�$33�
\DNODúÕN� ������ PRO� RODFD÷ÕQD� J|UH� IRQNVL\RQODQGÕUPDODUGDQ� HOGH� HGLOPHVL�
JHUHNHQ�HQ�\�NVHN�PROHN�O�N�WOHVLQLQ�\DNODúÕN����������������� �����J�PRO�
ROPDVÕ�JHUHNLU� 
 

$QFDN�� IRQNVL\RQODQGÕUPDODU� VRQXQGD� |UQHNOHULQ� 0Q� GH÷Hrleri, eriyik 

KDOGH� HOGH� HGLOHQ� |UQHNOHULQ� 0Q� GH÷HUOHULQH� EHQ]HU� úHNLOGH(33,34,108), bütün 

|UQHNOHUGH�$33¶LQ�0Q�GH÷HULQGHQ�GDKD� \�NVHN�RODUDN�HOGH�HGLOPLúWLU� �ùHNLO�
������(XJHQRO�YH�'0$%�LOH�\DSÕODQ�oDOÕúPDODUGD��0Q�GH÷HUOHULQGHNL�DUWÕúODUÕQ�
eriyik halde D&3� LOH� JHUoHNOHúWLULOHQ� IRQNVL\RQODQGÕUPDODUGDNL� DUWÕúODU� NDGDU�
\�NVHN�ROGX÷X�GD�J|]OHQPLúWLU�� 
 
 '0$%�LOH�\DSÕODQ�IRQNVL\RQODQGÕUPDODUGD�0Q�GH÷HUOHUL� WDNÕOPD�PLNWDUÕ� LOH�
���� GDNLND\D�NDGDU� DUWPÕúWÕU� �dL]HOJH� ������ ���GDNLND\D�NDGDU� >η] ve Tg’de 

gözlenen aUWÕú�� IRQNVL\RQODQGÕUPD� EDúÕQGD� oDSUD]� ED÷ODQPDQÕQ� HWNLQ�
ROGX÷XQX�DQFDN��GDKD�VRQUD�>η@�YH�7J¶GH�J|]OHQHQ�G�ú�ú�WHSNLPHGH�G�ú�N�
PROHN�O� N�WOHOL� �U�QOHULQGH� ROXúPD\D� EDúODGÕ÷ÕQÕ� J|VWHUPLúWLU� �ùHNLO� ����� YH�
������'DKD�X]XQ�V�UHOHUGH�G�úHQ�0Q�YH�>η@�GH÷HUOHUL�]LQFLU�NÕUÕOPDODUÕQÕQ�HWNLQ�
ROGX÷XQX� G�ú�QG�U�UNHQ� 7J� GH÷HUOHULQGHNL� \DNODúÕN� �°&¶OXN� DUWÕú� $33�
�]HULQGHNL� IRQNVL\RQHO� PDGGH� HWNLQOL÷LQLQ� \DQÕ� VÕUD� $33¶LQ� KHWHURMHQOLN�
LQGLVLQLQ�GH�G�úW�÷�Q��J|VWHUPHNWHGLU� 
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 (XJHQRO� LOH� \DSÕODQ� oDOÕúPDODUGD� 0Q� GH÷HUOHULQdeki 150 dakikaya 

NDGDU� J|]OHQHQ�DUWÕú� >η@� GH÷HUOHULQGH�VDGHFH� LON����GDNLND� LoLQ�J|]OHQPLúWLU�
�dL]HOJH� ������ %XQD� UD÷PHQ� 7J� GH÷HUOHUL� LON� ��� GDN� LoLQ� ELU� GH÷LúLNOLN�
J|VWHUPH]NHQ� RQGDQ� VRQUDNL� V�UHOHUGH� G�]HQOL� ELU� DUWÕú� J|VWHUPLúWLU� �ùHNLO�
������0Q�GH÷HUOHULQGHNL�DUWÕú�oDSUD]�ED÷ODQPD� WHSNLPHOHULQLQ�JHUoHNOHúWL÷LQL�
gösterirken [η@� GH÷HUOHULQGHNL� G�ú�úWH� RUWDPGD� SODVWLNOHúWLULFL� HWNL� \DSDQ�
G�ú�N�N�WOHOL�]LQFLUOHULQ�ROXúWX÷XQX� LúDUHW�HWPHNWHGLU��ùHNLO�����YH�������+HP�
NÕUÕOPD�KHP�GH�oDSUD]�ED÷ODQPD�WHSNLPHOHULQLQ�DUWDQ�7J�GH÷HUOHUL\OH�ELUOLNWH�
ROXúPDVÕ� SROLPHULQ� G�ú�N� PROHN�O� N�WOHOL� �U�QOHULQLQ� oDSUD]� ED÷ODQÕUNHQ�
polimer içerisinde moleküler bir düzenlenme ile daha dar bir moleküler 

GD÷ÕOÕPÕQ�ROXúWX÷XQX�G�ú�QG�UPHNWHGLU�� 
  

(Q�G�ú�N� WDNÕOPD�PLNWDUODUÕ� DOLODQLVRO� LOH� HOGH�HGLOPLúWLU� �dL]HOJH� ������
$OLOEHQ]HQ�YH�DOLODQLVRO�LOH�IRQNVL\RQODQGÕUÕOPÕú�|UQHNOHULQ�>η@�GH÷HUOHULQGH�oRN�
E�\�N�GH÷LúLNOLNOHU�HOGH�HGLOPH]NHQ�DOLOEHQ]HQLQ�0Q�GH÷HUOHULQGHNL�DUWÕú�GDKD�
\�NVHNWLU� �dL]HOJH�������'�ú�N� >η@� GH÷HUOHUL� oDSUD]�ED÷Oanma tepkimelerinin 

EX�IRQNVL\RQODQGÕUPDODUGD�oRN�ID]OD�HWNLQ�ROPDGÕ÷ÕQÕ�G�ú�QG�UP�úW�U��$QFDN�
0Q� GH÷HUOHULQGHNL� N�o�N� DUWÕúODU� YH� EX� |UQHNOHULQ� 7J� GH÷HUOHULQLQ� GH� GL÷HU�
|UQHNOHU�NDGDU�\�NVHN�ROPDVÕ� WHSNLPHOHUGH�]LQFLU�NÕUÕOPDVÕ�WHSNLPHOHULQLQ�GH�
etkin olmDGÕ÷ÕQÕ� J|VWHUPLúWLU�� 'ROD\ÕVÕ\OD�� 7J� GH÷HUOHULQGH� J|]OHQHQ� DUWÕúD��
disproporsiyonlanma tepkimeleri sonucu örneklerin molekül kütleleri çok fazla 

DUWPD]NHQ� D]� PLNWDUODUGD� JHUoHNOHúHQ� ]LQFLU� NRSPD� YH� oDSUD]� ED÷ODQPD�
WHSNLPHOHUL� VRQXFX� PROHN�OHU� GD÷ÕOÕPÕQÕQ� G�úPHVLQLQ� QHGHQ� ROGX÷X�
G�ú�Q�OHELOLU� 
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 3.7.2. %32�'HULúLPLQLQ�0Q��>ηη@�YH�7J�'H÷HUOHULQH�(WNLVL 
 
$33� �]HULQH� ED÷ODQDQ� IRQNVL\RQHO�PDGGH�PLNWDUÕ� JHQHO� RODUDN� %32�

GHULúLPL� LOH� ELU� DUWÕú� J|VWHUPLúWLU� �ùHNLO� ������ '0$%� LOH� JHUoHNOHúWLULOHQ�
IRQNVL\RQODQGÕUPDODUGD� %32� GHULúLPL� LOH� J|]OHQHQ� DUWÕú� ���[��−3 M BPO 

GHULúLPLQGH�ELU�PDNVLPXP�ROXúWXUGXNWDQ�VRQUD�G�úP�úW�U��%HQ]HU�GDYUDQÕú�
örneklerin Mn ve [η@�GH÷HUOHULQGH�GH�J|]OHQPLúWLU��0Q�GH÷HULQLQ�������J�PRO�
JLEL�$33¶LQ�0Q�GH÷HULQLQ���NDWÕQD�oÕNPDVÕ�WHSNLPHOHUGH�oDSUD]�ED÷ODQPDQÕQ�
VRQ�GHUHFH�HWNLQ�ROGX÷XQX�J|VWHUPLúWLU��$QFDN��>η@�GH÷HULQLQ�oRN�ID]OD�DUWPÕú�
ROPDPDVÕ�� \D� GD� ED]Õ� GDKD� G�ú�N� 0Q¶OL� |UQHNOHULQ� GDKD� \�NVHN� >η] 

GH÷HUOHULQH� VDKLS� ROPDVÕ� oDSUD]� ED÷ODQPDQÕQ� \DQÕ� VÕUD� ]LQFLU� NÕUÕOPDODUÕQÕQ�
GD�JHUoHNOHúWL÷LQL�J|VWHUPLúWLU� �dL]HOJH�������gUQH÷LQ�oRN�ID]OD�\�NVHOPHPLú�
RODQ� 7J� GH÷HUL� �−15.2°&��� KHU� LNL� WHSNLPHQLQ� GH� ROXúWX÷X� J|U�ú�Q��
desteklemektedir.  

 
17.4x10−2 M DMAB ve 8.3x10−3� 0� %32� GHULúLPL� LOH� JHUoHNOHúWLULOHQ�

IRQNVL\RQODQGÕUPDGD� HOGH� HGLOHQ� ������ J�PRO¶O�N� 0Q� GH÷HUi 
IRQNVL\RQODQGÕUPDODUGD� HOGH� HGLOHQ� HQ� \�NVHN� 0Q� GH÷HULGLU�� (UL\LN� KDOGH�
\DSÕODQ� IRQNVL\RQODQGÕUPDODUGD� GD�HQ� \�NVHN�0Q�� ������ J�PRO� RODUDN�����
'&3� YH� ��� '0$%� LOH� \DSÕODQ� IRQNVL\RQODQGÕUPDGDQ� HOGH� HGLOGL÷L�
ELOGLULOPLúWLU(33,34,108). 

 
(XJHQRO� LOH� \DSÕODQ� oDOÕúPDODUGD�� '0$%� VRQXoODUÕQD� EHQ]HU� úHNLOGH�

HQ� \�NVHN� %32� GHULúLPL� KDULo�� DUWDQ� >η@� GH÷HUOHUL� oDSUD]� ED÷ODQPDQÕQ�
ROXúWX÷XQX� J|VWHUPLúWLU�� 0Q� GH÷HUOHULQGH� LVH� %32� � GHULúLPL� LOH� oRN� E�\�N�
GH÷LúLNOLNOHU� J|U�OPHPLúWLU� �dL]HOJH� ������ 'DKD� GDU� ELU� GD÷ÕOÕP� J|VWHren Mn 
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 GH÷HUOHUL�� $33¶LQ� �-�� NDWÕ� GH÷HUOHUOH�� WHSNLPHOHULQ� JHQHOOLNOH� PROHN�OHU��
GD÷ÕOÕPÕ�D]DOWDFDN�\|QGH�HWNL�\DSWÕ÷ÕQÕ�J|VWHUPHNWHGLU��ùHNLO�����YH�������� 

 
$QFDN�� \�NVHN� %32� GHULúLPLQGH� EHNOHQPHGLN� úHNLOGH� ELU� G�ú�ú�

gösteren [η@� GH÷HUL� ]LQFLU� NÕUÕOPDVÕQÕQ� DUWDQ� %32� GHULúLPL� LOH� DUWWÕ÷ÕQÕ� GD�
J|VWHUPHNWHGLU�� 7J� DQDOL]OHUL� LVH�� GDKD� |QFHNL� J|]OHPOHUH� EHQ]HU� úHNLOGH�
7J¶QLQ�� ED÷ODQDQ� IRQNVL\RQHO� PDGGH� PLNWDUÕ� \D� GD� DUWDQ� PROHN�O� N�WOHVL�
\HULQH�PROHN�OHU�GD÷ÕOÕPGDQ���HWNLOHQGL÷LQL�J|VWHUPLúWLU��ùHNLO������� 

 
AOLOEHQ]HQ� LOH� IDUNOÕ� %32� GHULúLPOHULQGH� JHUoHNOHúWLULOHQ�

IRQNVL\RQODQGÕUPDODUGDQ� HOGH� HGLOHQ� |UQHNOHULQ� 0Q� GH÷HUOHUL� '0$%� YH�
(XJHQRO� ED÷ODQPÕú� |UQHNOHULQ� 0Q� GH÷HUOHULQH� J|UH� JHQHOOLNOH� G�ú�NW�U�
(Çizelge 3.6). 12.4x10−3�0�%32� LOH�JHUoHNOHúWLULOHQ� IRQNVL\RQODQGÕUPD�KDULo��
HOGH� HGLOHQ� |UQHNOHULQ�0Q� GH÷HUOHUL� \DNODúÕN�$33¶LQ�0Q� GH÷HULQLQ� �� NDWÕGÕU��
Örneklerin [η@�GH÷HUOHUL�LVH�%32�GHULúLPL�LOH�N�o�N�DUWÕúODU�J|VWHUPLúWLU��ùHNLO�
3.10). [η@� GH÷HUOHULQGHNL� N�o�N� DUWÕúODU� oDSUD]� ED÷ODQPDQÕQ� JHUoHNOHúWL÷LQL�
göstermeNWHGLU�� 7J� GH÷HUOHULQGH� J|]OHQHQ� �-5°&¶OXN� DUWÕúODU� LVH� |UQHNOHULQ�
G�ú�N� PROHN�O� N�WOHOL� �U�QOHULQ� PLNWDUÕQGD� ELU� G�ú�ú� ROGX÷XQX� J|VWHUPLúWLU�
�ùHNLO� ������� %X� QHGHQOH�� ����[��−3� 0� %32� LOH� JHUoHNOHúWLULOHQ�
IRQNVL\RQODQGÕUPD� KDULo�� ELUELULQH� \DNÕQ� GH÷HUOHU� Rlarak elde edilen ve çok 

ID]OD� DUWÕú� J|VWHUPH\HQ� 0Q� GH÷HUOHULQLQ� ]LQFLU� NÕUÕOPDODUÕQGDQ� oRN��
GLVSURSRUVL\RQODQPD�WHSNLPHOHUL�QHGHQL\OH�GDKD�ID]OD�DUWDPDGÕ÷ÕQÕ�YH�N�o�N�
PROHN�OOHULQ� ELUOHúPHVL\OH� GDKD� E�\�N� PROHN�OO�� KRPRMHQ� ELU� NDUÕúÕPÕQ�
ROXúWX÷XQX�J|VWHUPLúWLU� 
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ùHNLO������0Q�GH÷HUOHULQH�%32�GHULúLPL�HWNLVL 
 CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 
 CAPP=4.3x10−3 M, t=100 dakika 
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 
ùHNLO������ [η@�GH÷HUOHULQH�%32�GHULúLPL�HWNLVL 
   CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 
   CAPP=4.3x10−3 M, t=100 dakika 
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ùHNLO�������7J�GH÷HUOHULQH�%32�GHULúLPL�HWNLVL 
   CEug=0.195 M, CDMAB=0.174 M, CAA=0.260 M, CAB=0.302 M 

   CAPP=4.3x10−3 M, t=100 dakika 

 
  

(Q� G�ú�N� WDNÕOPD� \�]GHOHUL� DOLODQLVRO� LOH� \DSÕODQ� oDOÕúPDODUGDQ� HOGH�
HGLOPLúWLU�� %X� QHGHQOH� IDUNOÕ� %32� GHULúLPOHULQGH� \DSÕODQ� oDOÕúPDODUGD� ELUD]�
GDKD� \�NVHN� WDNÕOPD� PLNWDUODUÕ� HOGH� HGLOHFH÷L� G�ú�QFHVL\OH�
IRQNVL\RQODQGÕUPDODU�DOLODQLVRO�LoLQ�PDNVLPXP�ED÷ODQPDQÕQ�HOGH�HGLOGL÷L�����
GDNLNDOÕN� V�UHOHUGH� JHUoHNOHúWLULOPLúWLU�� %X� úHNLOGH� ED÷ODQPD�PLNWDUÕQGD� �-4 

NDW�GDKD� ID]OD� WDNÕOPD�HOGH�HGLOPHVLQH� UD÷PHQ�PDNVLPXP� WDNÕOPD� ������¶L�
JHoPHPLúWLU��dL]HOJH������� 

 
 6RQ� GHUHFH� G�ú�N� \�]GHOHUGH� ������-������� HOGH� HGLOHQ� WDNÕOPD�
PLNWDUÕQD� UD÷PHQ� 7J� GH÷HUOHULQGH� HOGe edilen 4-5°&¶OXN� DUWÕú� ELU� NH]� GDKD�
7J¶QLQ� ED÷ODQPÕú� IRQNVL\RQHO�PDGGH�PLNWDUÕQGDQ� oRN� DUWDQ�PROHN�O� N�WOHVL�
YH� PROHN�O� N�WOHVL� GD÷ÕOÕPÕQD� ED÷OÕ� ROGX÷XQX� J|VWHUPLúWLU� �ùHNLO� �������

CBPO, M

T g,
°C

0.000 0.005 0.010 0.015 0.020
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 $OLODQLVRO� IRQNVL\RQODQGÕUPDVÕQGD� DUWDQ� %32� GHULúLPL� LOH� 0Q� GH÷HULQGH�
gözOHQHQ�DUWÕúODU�>η@�GH÷HUOHULQGH�G�]HQOL�ELU�úHNLOGH�J|]OHQPHPHNWHGLU��ùHNLO�
����YH��������$\UÕFD��EHQ]HU�0Q¶OL�|UQHNOHUH�J|UH�GDKD�G�ú�N�ROGX÷X�J|U�OHQ�
[η@� GH÷HUOHUL�� \DNODúÕN� �°&¶D� NDGDU� DUWÕú� J|VWHUHQ� 7J� GH÷HUOHUL\OH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD� oDSUD]� ED÷ODQPD� tepkimelerinin disproporsiyonlanma ile 

VÕQÕUODQGÕUÕOGÕ÷ÕQÕ�G�ú�QG�UPHNWHGLU� 
  

3.7.3. )RQNVL\RQHO�0DGGH�'HULúLPLQLQ�0Q��>ηη@�YH�7J�'H÷HUOHULQH�(WNLVL 
 
)DUNOÕ�'0$%�GHULúLPOHUL� LOH�JHUoHNOHúWLULOHQ�IRQNVL\RQODQGÕUPDODUGD�>η] 

GH÷HUOHUL� DUWDQ� '0$%� GHULúLPL� LOH� DUWPÕúWÕU� �ùHNLO� ������� 0Q� GH÷HUOHUL�
17.4x10−3� 0� '0$%� GHULúLPLQGH� ������ J�PRO� LOH� ELU� PDNVLPXP�
ROXúWXUPDNWDGÕU� �ùHNLO� ������� 'L÷HU� GHULúLPOHUGH� GH� 0Q�� ����-10000 g/mol 

GH÷HUOHUL� DUDVÕQGDGÕU�� dDSUD]� ED÷ODQPD� WHSNLPHOHULQLQ� VRQ� GHUHFH� HWNLQ�
ROGX÷X� DQODúÕODQ� EX� IRQNVL\RQODQGÕUPDODUGD� \�NVHN� WDNÕOPD� \�]GHVL� YH�
yüksek Mn ve [η@� GH÷HUOHULQH� UD÷PHQ� 7J� GH÷HUOHULQGHNL� ���-3°&¶OXN� DUWÕú�
|UQHNOHUGH�G�ú�N�PROHN�O�N�WOHOL��U�QOHULQ�GH�EXOXQGX÷XQX��GROD\ÕVÕ\OD�0Q�YH�
[η@� GH÷HUOHULQGHQ� DQODúÕOPDPDVÕQD� UD÷PHQ� ]LQFLU� NÕUÕOPD� WHSNLPelerinin de 

JHUoHNOHúPHNWH�ROGX÷XQX�J|VWHUPLúWLU��ùHNLO������YH�dL]HOJH������ 
 
(XJHQRO� LOH� \DSÕODQ� IRQNVL\RQODQGÕUPDODUGD� 0Q� GH÷HUOHULQGH� ���-3.5 

NH]�DUWÕú�J|]OHQLUNHQ� >η@� GH÷HUOHUL� �����[��−3−19.5x10−3 0�(XJHQRO�GHULúLPL�
DUDOÕ÷ÕQGD� ������−0.1600 dL/g arasÕQGDGÕU� �dL]HOJH� ������ (XJHQRO� GHULúLPL�
32.6x10−3�0¶D� oÕNDUÕOGÕ÷ÕQGD� � >η@�� ������� G/�J� GH÷HULQH� G�úHUNHQ�0Q� �����
J�PRO�RODUDN�NDOPDNWDGÕU��6RQ�GHUHFH�G�ú�N�PROHN�O�N�WOHOL��U�Q�Q�ROXúWX÷X 
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ùHNLO�������0Q�GH÷HUOHULQLQ�IRQNVL\RQHO�PDGGH�GHULúLPL�LOH�GH÷LúLPL 
CAPP=4.3x10−3 M, CBPO=8.3x10−3 M, t=100 dakika 

  
Tg’nin −17.0°&¶OXN�GH÷HULQGHQ�GH�DQODúÕOPDNWDGÕU��%X�NRúXOGD�]LQFLU� NÕUÕOPD�
WHSNLPHOHUL�EDVNÕQ�ROVD\GÕ��N�o�N�PROHN�OOHUH�GX\DUOÕ�0Q¶LQ�GH�G�ú�N�ROPDVÕ�
EHNOHQLUGL�� $\UÕFD�� GLVSURSRUVL\RQODQPD� WHSNLPHOHULQLQ� HWNLVL� ID]OD� ROVD\GÕ��
0Q¶LQ� G�ú�N� YH� >η@� GH÷HULQLQ� \�NVHN� ROPDVÕ� EHNOHQLUGL�� 'ROD\ÕVÕ\OD� EX�
NRúXOODUGD� N�o�N� PROHN�OOHU� EHOLUOL� RUDQODUGD� oDSUD]� ED÷ODQÕUNHQ�� \�NVHN�
HXJHQRO� GHULúLPL� QHGHQL\OH� HXJHQRO�PROHN�OOHULQLQ� $33� �]HULQH� ED÷ODQPDN�
yerLQH�NHQGL�DUDODUÕQGD�WHSNLPH\H�JLUGLNOHUL�G�ú�Q�OPHNWHGLU� 
 
 <�NVHN� GHULúLPOL� HXJHQRO� o|]HOWLVLQH� EHQ]HU� úHNLOGH� DOLOEHQ]HQ� YH�
DOLODQLVRO� LOH� JHUoHNOHúWLULOHQ� IRQNVL\RQODQGÕUPDODUGDQ� GD� G�ú�N� >η@� GH÷HUOHUL�
HOGH� HGLOPLúWLU� �ùHNLO� ������� ����� J�PRO� FLYDUÕQGD Mn’e sahip örneklerinde 

ROXúWX÷X�EX�IRQNVL\RQODQGÕUPDODUGD�0Q�GH÷HUOHUL�JHQHOOLNOH�����−7000 g/mol 
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ùHNLO������ [η@�GH÷HUOHULQLQ�IRQNVL\RQHO�PDGGH�GHULúLPL�LOH�GH÷LúLPL 
CAPP=4.3x10−3 M, CBPO=8.3x10−3 M, t=100 dakika 

 

RODUDN� HOGH� HGLOPLúWLU� (Çizelge 3.6 ve 3.7). Bu örnekler için de gözlenen  

−14.0- −15.0°&�DUDOÕ÷ÕQGDNL�7J�GH÷HUOHUL��ùHNLO��������IRQNVL\RQODQGÕUPDODUGD�
D]�PLNWDUGD� oDSUD]� ED÷ODQPDQÕQ� JHUoHNOHúWL÷LQL� YH� D\UÕFD�� DUWPÕú� RODQ� 0Q�
GH÷HUOHUL�QHGHQL\OH��ùHNLO�������� >η@�GH÷HUOHULQLQ�GLsproporsiyonlanma yerine 

IRQNVL\RQHO� PDGGH� PROHN�OOHULQLQ� NHQGL� DUDODUÕQGD� YHUGLNOHUL� WHSNLPHOHU�
QHGHQL\OH�G�ú�N�NDOGÕ÷Õ�DQODúÕOPDNWDGÕU�� 
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ùHNLO�������7J�GH÷HUOHULQLQ�IRQNVL\RQHO�PDGGH�GHULúLPL�LOH�GH÷LúLPL 
CAPP=4.3x10−3 M, CBPO=8.3x10−3 M, t=100 dakika 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cfonksiyonel madde, M

T g,
°C
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 Çizelge 3.4.�$33¶LQ�'0$%�LOH�IRQNVL\RQODQGÕUPD�VRQXoODUÕ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d|]HOWL�'HULúLPL t, dak APP’deki 

DMAB %’si 

Mn, g/mol [η], dL/g Tg, °C 

APP − − 2350 0.1260 −17.7 

CBPO=8.3x10−3 M 50 3.13 9991 0.1884 −13.0 

CBPO=8.3x10−3 M 100 3.82 17226 0.1614 −15.2 

CBPO=8.3x10−3 M 150 3.02 5430 0.1700 − 

CBPO=8.3x10−3 M 360 2.52 6843 0.1294 −12.8 

CBPO=4.1x10−3 M 100 1.34 3445 0.1481 −9.0 

CBPO=8.3x10−3 M 100 3.82 17226 0.1614 −15.2 

CBPO=16.5x10−3 M 100 1.45 6938 0.1970 −13.6 

CBPO=20.6x10−3 M 100 0.49 3243 0.1300 −12.8 

CDMAB=11.6x10−2 M 100 1.37 7929 0.1316 −14.6 

CDMAB=17.4x10−2 M 100 3.82 17226 0.1614 −15.2 

CDMAB=23.2x10−2 M 100 2.99 9991 0.1785 −14.8 

CDMAB=29.1x10−2 M 100 1.82 5808 0.1604 −14.9 
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 Çizelge 3.5. APP’in (XJHQRO�LOH�IRQNVL\RQODQGÕUPD�VRQXoODUÕ 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d|]HOWL�'HULúLPL T, dak APP’deki 

Eugenol %’si 

Mn, g/mol [η], dL/g Tg, °C 

APP − − 2350 0.1260 −17.7 

CBPO=8.3x10−3 M 50 0.98 6750 0.1689 −18.0 

CBPO=8.3x10−3 M 100 2.02 7240 0.1596 −16.5 

CBPO=8.3x10−3 M 150 1.50 11894 0.1322 −13.5 

CBPO=8.3x10−3 M 310 1.17 6660 0.1583 −12.0 

CBPO=8.3x10−3 M 615 0.86 8467 0.1562 −16.7 

CBPO=4.1x10−3 M 100 1.27 6843 0.1662 −15.8 

CBPO=8.3x10−3 M 100 1.17 6660 0.1583 −12.0 

CBPO=16.5x10−3 M 100 1.16 9606 0.1758 − 

CBPO=33.0x10−3 M 100 1.28 8764 0.1380 −15.7 

CEugenol=6.52x10−2 M 100 0.44 5808 0.1600 − 

CEugenol=9.77x10−2 M 100 0.76 8467 0.1513 −10.2 

CEugenol=19.5x10−2 M 100 1.64 7240 0.1596 −16.5 

CEugenol=32.6x10−2 M 100 1.86 6404 0.1310 −17.0 
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 Çizelge 3.6. APP’in�$OLODQLVRO�LOH�IRQNVL\RQODQGÕUPD�VRQXoODUÕ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d|]HOWL�'HULúLPL t, dak APP’deki 

Alilanisol %’si 

Mn, g/mol [η], dL/g Tg, °C 

APP − − 2350 0.1260 −17.7 

CBPO=8.3x10−3 M 50 0.25 4500 0.1354 −13.7 

CBPO=8.3x10−3 M 100 0.33 6573 0.1378 −14.9 

CBPO=8.3x10−3 M 150 0.47 4420 0.1297 −15.3 

CBPO=8.3x10−3 M 200 0.16 5809 0.1325 −13.1 

CBPO=8.3x10−3 M 300 0.15 5742 0.1381 −16.9 

CBPO=4.1x10−3 M 150 0.14 6843 0.1464 −12.3 

CBPO=8.3x10−3 M 150 0.47 4420 0.1297 −15.3 

CBPO=12.4x10−3 M 150 0.63 5046 0.1530 −14.0 

CBPO=16.5x10−3 M 150 0.80 7036 0.1500 − 

CBPO=20.6x10−3 M 150 0.45 9795 0.1313 − 

CAlilanisol=6.5x10−2 M 100 0.2 7346 0.1550 − 

CAlilanisol=19.5x10−2 M 100 0.25 3646 0.1382 −15.7 

CAlilanisol=26.0x10−2 M 100 0.33 6573 0.1378 −14.9 

CAlilanisol=32.6x10−2 M 100 0.28 7240 0.1393 −15.0 

CAlilanisol=39.1x10−2 M 100 0.15 10629 0.1363 −15.0 
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 Çizelge 3.7.�$33¶LQ�$OLOEHQ]HQ�LOH�IRQNVL\RQODQGÕUPD�VRQXoODUÕ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d|]HOWL�'HULúLPL t, dak APP’deki 

Alilbenzen %’si 

Mn, g/mol [η], dL/g Tg, °C 

APP − − 2350 0.1260 −17.7 

CBPO=8.3x10−3 M 50 1.16 9606 0.1444 −15.0 

CBPO=8.3x10−3 M 100 2.39 4897 0.1394 −14.5 

CBPO=8.3x10−3 M 150 1.51 6405 0.1379 −15.0 

CBPO=8.3x10−3 M 300 1.35 12184 0.1419 −13.4 

CBPO=4.1x10−3 M 100 2.27 4420 0.1375 −14.7 

CBPO=8.3x10−3 M 100 2.39 4897 0.1394 −14.5 

CBPO=12.4x10−3 M 100 2.16 9991 0.1404 − 

CBPO=16.5x10−3 M 100 2.39 5550 0.1555 −12.4 

CAlilbenzen=7.5x10−2 M 100 0.59 7685 0.1372 −11.3 

CAlilbenzen=22.6x10−2 M 100 1.38 5742 0.1367 −14.6 

CAlilbenzen=30.2x10−2 M 100 2.39 4897 0.1394 −14.5 

CAlilbenzen=37.7x10−2 M 100 2.21 3902 0.1409 − 

CAlilbenzen=45.3x10−2 M 100 2.16 − 0.1341 −15.0 
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 3.8. FT-IR Spektroskopisi Analizleri 

 
$33� YH� IRQNVL\RQODQGÕUÕOPÕú� |UQHNOHULQ� \DSÕVDO� DQDOL]OHULQLQ� )7-IR 

VSHNWURVNRSLVL� LOH�\DSÕOPÕúWÕU��%X�DPDoOD�ROXúDQ�GH÷LúLNOLNOHUL�EHOLUOH\HELOPHN�
için önce APP’in FT-,5� VSHNWUXPX� DOÕQPÕúWÕU�� ùHNLO� ����¶WH� YHULOHQ� $33¶LQ�
spektrumda 3100 cm−1’de  =C−H, 2957 ve 2723 cm−1’de ise CH2 ve CH3 

JHULOPH�WLWUHúLPOHUL�������YH������FP−1’de CH3 ve CH2�JUXSODUÕQD�DLW�E�N�OPH�
titreúLPOHUL�� ����� FP−1’de C=C gerilimi, C−C ve C−+� E�N�OPH� WLWUHúLPOHUL�
DEVRUSVL\RQODUÕ�GD������YH�����FP−1�FLYDUODUÕQGD�J|U�OPHNWHGLU�� 

 
$EVRUSVL\RQ� EDQGODUÕQÕQ� GDKD� L\L� EHOLUOHQHELOPHVL� LoLQ� $33� E|O�P�

���¶GH�DQODWÕOGÕ÷Õ�JLEL�EHQ]HQ�LoHULVLQGH�KLGURMHQH�HGLOPLúWLU��+LGURMHQH�HGLOPLú�
APP’in FT-,5� VSHNWUXPX� ùHNLO� ����¶WH� YHULOPLúWLU�� +LGURMHQDV\RQGDQ� GROD\Õ�
APP’in spektrumunda 3100 cm−1’deki  =C−H, 1650 cm−1’deki C=C gerilimi 

EDQGODUÕ� ND\EROXUNHQ������YH�����FP−1� FLYDUODUÕQGD�J|]OHQHQ�&−C ve C−H 

E�N�OPH� WLWUHúLPOHUL� LVH� WHN� W�U� JUXED� DLW� E�N�OPH� WLWUHúLPOHUL� RODFDN� úHNLOGH�
VDGHOHúPLúWLU� 

 
$33� �]HULQGH� & &� JUXSODUÕQÕQ� EXOXQGX÷X� )7-IR analizlerinden 

J|U�OP�úW�U�� )RQNVL\RQODQGÕUPD� HVQDVÕQGD� ]LQFLU� NÕUÕOPDVÕ� YH�
disproporsiyonlanma tepkimeleri sonucu da zincirler üzerLQGH�& &�ED÷ODUÕQÕQ�
ROXúPDVÕ� P�PN�QG�U�� $\UÕFD�� IRQNVL\RQHO� PDGGH� GH� $33� �]HULQH�
ED÷ODQÕUNHQ� DOLOLN� oLIW� ED÷� �]HULQGH� ROXúDQ� UDGLNDOLQ� EHQ]LQ� UDGLNDOLQH�
G�]HQOHQPHVL\OH� GH� \DSÕGD� oLIW� ED÷� ROXúDELOPHNWHGLU(33,34,108). Bu nedenle 

\DSÕQÕQ� WDP� RODUDN� DQDOL]� HGLOHELOPHVL� DPDFÕ\OD� $33� KLGURMHQOHQGLULOPLú� YH�
IRQNVL\RQODQGÕUPD� oDOÕúPDODUÕQD� EX� $33� LOH� EDúODQPÕúWÕU�� (OHNWURNLP\DVDO�
RODUDN� JHUoHNOHúWLULOPH\H� oDOÕúÕODQ� IRQNVL\RQODQGÕUPDODUGD� oRN� G�ú�N� RODQ�
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 WDNÕOPD�\�]GHOHUL�QHGHQL\OH�VSHNWUXPODUGD�WDNÕODQ�PDGGHOHUH�DLt ya da zincir 

NÕUÕOPDVÕ�YH�GLVSURSRUVL\RQODQPD\D�DLW�KHUKDQJL�ELU�GH÷LúLNOLN�J|U�OHPHPLúWLU��
(OHNWUROL]OHUGH�]LQFLU�NÕUÕOPDVÕ�YH�GLVSURSRUVL\RQODQPD�J|U�OPHPHVL�\|QWHPLQ�
GR÷UXOX÷XQX� DQFDN� WDNÕOPD� PLNWDUODUÕQÕQ� DUWWÕUÕODPDGÕ÷Õ� LoLQ� \HWHUVL]OL÷LQL�
J|VWHUPLúWLU�� %X� QHGHQOH� IRQNVL\RQODQGÕUPDODUD� GDKD� ID]OD� WDNÕOPDQÕQ� HOGH�
HGLOGL÷L� o|]HOWL� IRQNVL\RQODQGÕUPDVÕ� LOH� GHYDP� HGLOPLúWLU�� $QFDN�� EDúDUÕVÕ]�
RODQ� GHQH\OHUOH� ELUOLNWH� \DNODúÕN� ��� GHQHPH� \DSÕODQ� HOHNWURNLP\DVDO�
IRQNVL\RQODQGÕUPDODU� VRQXFX� KLGURMHQOHQGLULOPLú� $33� W�NHWLOPLú� YH� \HULQH�
\HQLVL� KLGURMHQH� HGLOHPHPLúWLU�� %X� QHGHQOH� o|]HOWLGH� JHUoHNOHúWLULOHQ�
IRQNVL\RQODQGÕUPDODU�KLGURMHQOHQGLULOPHPLú��oRN�N�o�N�PROHN�O�N�WOHOL��U�QOHUL��
YH� VDIVÕ]OÕNODUÕ� DVHWRQ� LOH� X]DNODúWÕUÕOPÕú� YH� EHQ]HQGH� o|]�QHQ� NÕVÕP� LOH�
fonksi\RQODQGÕUPDODUD�GHYDP�HGLOPLúWLU� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ùHNLO������ APP’in FT-IR spektrumu 
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ùHNLO�������+LGURMHQOHQPLú�$33¶LQ�)7-IR spektrumu 

 

 
6SHNWUXPODUGD� NDUDNWHULVWLN� DURPDWLN� DEVRUSVL\RQ� EDQGODUÕQÕQ� \DQÕ�

VÕUD��HúLWOLN����¶\H�J|UH�ROXúDQ�]LQFLU�NÕUÕOPDVÕ�LOH�ROXúDFDN� &+2 grubuna ait 

EDQGÕQ������FP−1�FLYDUÕQGD�YH�HúLWOLN����¶H�J|UH�ROXúDQ�GLVSURSRUVL\RQODQPD�
LOH� ROXúDFDN� � � � � � � � � � � � � � � � � � JUXEXQD� DLW� EDQGÕQ� GD� ����� FP−1� FLYDUÕQGD�
gözlenmesi beklenir. 

 

 

 

         (3.7) 

 

 

 

(3.8) 

 

SpektruPODUGD� $33¶LQ� VSHNWUXPXQGDQ� oRN� E�\�N� IDUNOÕOÕNODU�
J|]OHQPHPHNWHGLU�� 7DNÕOPDODUGDQ� GROD\Õ� J|U�OPHVL� EHNOHQLOHQ� DURPDWLN�

CH C

C CH2

CH3

CH2

CH3 CH3

CHCH2 + CH2 C

CH3

.CH2 .

.CH2 C

CH3

+

CH3

CCH2 . CH2 CH

CH3

+

CH3

CCH
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 \DSÕ\D� DLW� DEVRUSVL\RQODU�� WDNÕOPD� PLNWDUODUÕQÕQ� D]� ROPDVÕ� QHGHQL\OH� D]�
VD\ÕGDNL� VSHNWUXPGD� G�ú�N� úLGGHWOL� ELU� DEVRUSVL\RQ� EDQGÕ� RODUDN�
görülmektedir.  

 
'0$%� WDNÕOPÕú� $33¶LQ� VSHNWUXPXQGD� VRQ� GHUHFH� G�ú�N� ELU� úLGGHWOH��

1723 ve 1600 cm−1�FLYDUÕQGD�EHNOHQHQ�EDQGODUÕQ�ROXúXPX�J|]OHQPLúWLU��ùHNLO�
������� $33¶LQ� VSHNWUXPXQGDQ� EX� N�o�N� IDUNOÕOÕNODUGDQ� EDúND� ELU� IDUN�
görülmemektedir.  

 
Eugenol ile� IRQNVL\RQODQGÕUÕOPÕú� $33¶\H� |UQHN� RODUDN� DOÕQDQ�

VSHNWUXPGD��ùHNLO��������������������������������JUXEXQD�DLW�EDQG������FP−1’de ve 

DURPDWLN�& &� ED÷ÕQD� DLW� DEVRUSVL\RQ� EDQGÕ� ����� FP−1¶GH� GDKD� úLGGHWOL� ELU�
úHNLOGH�J|U�OPHNWHGLU��(XJHQRO�ED÷ODQPÕú�ED]Õ�|UQHNOerde −OH grubuna ait 

absorpsiyon da 3400 cm−1�FLYDUÕQGD�J|U�OHELOPHNWHGLU� 
 
$OLOEHQ]HQ�LOH�IRQNVL\RQODQGÕUÕOPÕú�$33¶LQ�)7-,5�VSHNWUXPXQGD�GD�D\QÕ�

|]HOOLNOHU� J|]OHQLUNHQ� �ùHNLO� ������ $OLODQLVRO� WDNÕOPÕú� $33� |UQHNOHULQLQ�
KLoELULQGH�GL÷HU�|UQHNOHUGH�J|]OHQGL÷L�NDGDU�EHOLUJLQ�EDQGODU�J|]OHQHPHPLúWLU�
�ùHNLO������� 

 
$33¶LQ� \DSÕVÕQGD�� VHQWH]GHQ� JHOHQ� \D� GD� VRQUDGDQ� ]LQFLU� NÕUÕOPD�

WHSNLPHOHUL� LOH�ROXúDQ��oLIW�ED÷ODU�EXOXQPDVÕ�QHGHQL\OH�������FP−1� FLYDUÕQGD�
J|]OHQHQ�EDQGÕQ�$33��]HULQGHNL�oLIW�ED÷D��]LQFLU�NÕUÕOPDVÕQGDQ�ROXúDQ�&+2= 

JUXEXQD� \D� GD� UDGLNDO� ELUOHúPHVL� LOH� JHUoHNOHúHQ� ED÷ODQPD� PHNDQL]PDVÕ�
VRQXFXQGD� IRQNVL\RQHO� PDGGH� �]HULQGH� ROXúDQ�� $U−CH=CH−CH2− 

\DSÕVÕQGDNL� oLIW� ED÷D�DLW� ROGX÷XQX�V|\OHPHN�P�PN�Q�GH÷LOGLU��$QFDN�� �����
cm−1�FLYDUÕQGD�J|]OHQHQ�DEVRUSVL\RQ�EDQGÕQÕQ�GLVSURSRUVL\RQODQPD�VRQXFX 

C H C
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ùHNLO�������'0$%�WDNÕOPÕú�$33¶LQ�)7-IR spektrumu 

 CBPO=20.6x10−3 M, CDMAB=0.174 M 

   
 
ROXúDQ� � � � � � � � � � � � � � � � � � � � JUXEXQGDNL� oLIW� ED÷ÕQ�JHULOLP� WLWUHúLPLQH�DLW� ELU�EDQG�
ROGX÷X�V|\OHQHELOLU��%X�GD�EHNOHQGL÷L gibi disproporsiyonlanma tepkimelerinin 

o|]HOWL�LoLQGHNL�IRQNVL\RQODQGÕUPDODUGD�GD�JHUoHNOHúWL÷LQL�J|VWHUPHNWHGLU� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ùHNLO�������(XJHQRO�WDNÕOPÕú�$33¶LQ�)7-IR spektrumu 

  CBPO=16.5x10−3 M, CEugenol=0.195 M 

CH C
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ùHNLO�������AlLOEHQ]HQ�WDNÕOPÕú�$33¶LQ�)7-IR spektrumu 

  CBPO=16.5x10−3 M, CAlilbenzen=0.302 M 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ùHNLO�������$OLODQLVRO�WDNÕOPÕú�$33¶LQ�)7-IR spektrumu 

  CBPO=16.5x10−3 M, CAlilbenzen=0.302 M 
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  4. SONUÇ 

 

%X� oDOÕúPDGD� $33�� SROLPHUOHúPH� H÷LOLPOHUL� ROPD\DQ� oHúLWOL� DOLOLN�
PDGGHOHUOH� IRQNVL\RQODQGÕUÕOPÕúWÕU�� dDOÕúPD� HOHNWURNLP\DVDO� YH� o|]HOWL�
IRQNVL\RQODQGÕUÕOPDVÕ�RODUDN�LNL�JUXSWD�HOH�DOÕQDELOLU� 
  

(OHNWURNLP\DVDO� IRQNVL\RQODQGÕUPD� $33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕQGD�
\HQL� ELU� \|QWHP�RODUDN�GHQHQPLúWLU��$33¶LQ� IRQNVL\RQODQGÕUÕOPDVÕ�HVQDVÕQGD�
oRN� PLNWDUGD� ]LQFLU� NÕUÕOPDVÕ� YH� oDSUD]� ED÷ODQPD� WHSNLPHOHUL�
JHUoHNOHúPHNWHGLU�� %X� WHSNLPHOHULQ�PLQLPXP�PLNWDUODUGD� ROXúDFD÷Õ� \HQL� ELU�
\|QWHP� DUD\ÕúÕ� DPDFÕ\OD� JHUoHNOHúWLULOHQ� HOHNWURNLP\DVDO�
IRQNVL\RQODQGÕUPDODUGD�� ]LQFLU� NÕUÕOPD� WHSNLPHOHUL� J|]OHQPH]NHQ� N�o�N�
PROHN�OOHU� DUDVÕQGD�� $33¶LQ� 0Q� GH÷HUL� DUWWÕUDFDN� úHNLOGH� oDSUD]� ED÷ODQPD�
WHSNLPHOHULQLQ� JHUoHNOHúWL÷L� J|]OHQPLúWLU�� $QFDN�� GH÷LúPH\HQ� >η@� GH÷HUOHUL�
E�\�N� PROHN�OHULQ� EX� WHSNLPHOHUH� � NDWÕOPDGÕNODUÕQÕ� J|VWHUPLúWLU��
EleNWURNLP\DVDO� IRQNVL\RQODQGÕUPD� oDOÕúPDODUÕQGD� HOGH� HGLOHQ� VRQ� GHUHFH�
G�ú�N� WDNÕOPD� YHULPOHUL� QHGHQL\OH� EX� \|QWHPLQ� $33¶LQ�
IRQNVL\RQODQGÕUÕOPDVÕQGD�\HWHUVL]�ROGX÷X�EXOXQPXúWXU� 
 
 $33¶LQ�o|]HOWL�IRQNVL\RQODQGÕUPDVÕQGD�LVH�úX�VRQXoODU�HOGH�HGLOPLúWLU� 
− EugenROH�J|UH�EHOLUOHQHQ�IRQNVL\RQODQGÕUPD�úDUWODUÕQGD�HQ�\�NVHN�WDNÕOPD�
YHULPL�WROXHQ�LoHULVLQGH�EHQ]RLO�SHURNVLW�EDúODWÕFÕVÕ�LOH�HOGH�HGLOPLúWLU� 
−� (Q� \�NVHN� WDNÕOPD� PLNWDUÕQD� '0$%� LOH� \DSÕODQ� IRQNVL\RQODQGÕUPDODUGD�
XODúÕOÕUNHQ� DOLODQLVRO� LOH� \DSÕODQ� oDOÕúPDODUGD� LVH� oRN� G�ú�N� WDNÕOPDODU� HOGH�
HGLOPLúWLU� 
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 −� 6DELW� EDúODWÕFÕ� YH� IRQNVL\RQHO� PDGGH� GHULúLPOHULQGH� WDNÕOPD� PLNWDUÕ�
]DPDQOD�ELU�PDNVLPXP�ROXúWXUGXNWDQ�VRQUD�D]DOPDNWDGÕU� 
−�*HQHO� RODUDN� WDNÕOPD�PLNWDUÕ� EDúODWÕFÕ�PLNWDUÕ� LOH� EHOLUOL� RUDQODUGD�DUWWÕNWDQ�
sonUD� \�NVHN� EDúODWÕFÕ� GHULúLPOHULQGH� G�úP�úW�U�� )DUNOÕ� EDúODWÕFÕ� GHULúLPOL�
o|]HOWLOHUGH�GH�HQ�\�NVHN�WDNÕOPD�GH÷HUOHULQH�'0$%�LOH�XODúÕOÕUNHQ�DQLVRO� LOH�
HQ�G�ú�N�GH÷HUOHU�HOGH�HGLOPLúWLU� 
−�.XOODQÕODQ�IRQNVL\RQHO�PDGGH�PLNWDUODUÕQGD�\DSÕODQ�DUWÕú�WDNÕOPD�PLNWDUÕQÕQ�
GD� DUWPDVÕQD� VD÷ODPÕúWÕU��7DNÕOPD�PLNWDUÕ�'0$%�GHULúLPL� LOH� ELU�PDNVLPXP�
ROXúWXUPXú� YH� GDKD� \�NVHN� GHULúLPOHUGH� WDNÕOPD� PLNWDUÕ� D]DOPÕúWÕU�� 'L÷HU�
PDGGHOHUOH� ELU� PDNVLPXP� ROXúXPX� J|]OHQPH]NHQ� PDGGH� GHULúLPLQ�
DUWWÕUÕOPDVÕ�GD�WDNÕODQ�DOLODQLVRO�PLNWDUÕQGD�ID]OD�ELU�DUWÕúD�QHGHQ�ROPDPÕúWÕU� 
−�)RQNVL\RQODQGÕUPDODUGD�HOGH�HGLOHQ�|UQHNOHULQ�0Q�YH� >η@� GH÷HUOHUL�$33¶LQ�
Mn ve [η@�GH÷HUOHULQGHQ�JHQHOOLNOH�oRN�GDKD�\�NVHNWLU��(Q�\�NVHN�0Q�GH÷HUL�
�����J�PRO�RODUDN�'0$%�LOH�\DSÕODQ�IRQNVL\RQODQGÕUPDODUGDQ�HOGH�HGLOPLúWLU��
'L÷HU� PDGGHOHUOH� GH� ������ J�PRO¶OXN� 0Q� GH÷HUOHULQH� XODúÕOÕUNHQ� WDNÕOPD�
PLNWDUÕ� oRN� D]� RODQ� DOLODQLVRO� LOH� \DSÕODQ� oDOÕúPDODUGD� GD�0Q�GH÷HUL� �����-

������J�PRO�RODQ�|UQHNOHU�HOGH�HGLOPLúWLU� 
− Örneklerin yüksek Mn ve [η@�GH÷HUOHUL�IRQNVL\RQODQGÕUPD�RUWDPÕQGD�oDSUD]�
ED÷ODQPD�WHSNLPHOHULQLQ�JHUoHNOHúWL÷LQL�J|VWHUPLúWLU� 
−� '�ú�N� 0Q� YH� 7J� GH÷HUOL� |UQHNOHU� IRQNVL\RQODQGÕUPD� RUWDPÕQGD� ]LQFLU�
NÕUÕOPD�WHSNLPHOHULQLQ�GH�JHUoHNOHúWL÷LQL�J|VWHUPLúWLU� 
−� $33� �]HULQH� ED÷ODQDQ� IRQNVL\RQHO� PDGGH� PLNWDUÕ� LOH� 0Q�� >η] ve  Tg 

DUDVÕQGD�EHOLUJLQ�ELU�LOLúNL�EXOXQPDPDNWDGÕU� 
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 −�gUQHNOHULQ�7J� GH÷HUOHUL� DUWDQ�PROHN�O� N�WOHVL� LOH� DUWPDNOD� EHUDEHU�� GDKD�
oRN�|UQHNOHULQ�PROHN�OOHU�GD÷ÕOÕPÕQGDQ�HWNLOHQGL÷L�J|]OHQPLúWLU� 
− Örneklerin Mn ve [η@� GH÷HUOHUL� JHQHO� RODUDN� DUWDQ� %32� PLNWDUÕ� LOH�
DUWPDNWDGÕU�� $QFDN� \�NVHN� %32� GHULúLPOHULQGH� >η@� GH÷HUOHUL� DUWDQ� ]LQFLU�
NÕUÕOPD�WHSNLPHOHUL�QHGHQL\OH�G�úPHNWHGLU� 
−� )RQNVL\RQHO� PDGGH� GHULúLPLQL� DUWWÕUPDN� 0Q� YH� >η@� GH÷HUOHULQH� EHOLUOL�
RUDQODUGD�DUWÕú�VD÷ODUNHQ�7J�GH÷HUOHULQLQ�GH�DUWWÕ÷Õ�J|]OHQPLúWir.  
−� $33¶LQ� VHQWH]LQGHQ� JHOHQ� \DSÕVÕQGDNL� & &� ED÷Õ� ED÷ODQPD�
PHNDQL]PDVÕQÕQ� EHOLUOHQPHVLQL� HQJHOOHPLúWLU�� $QFDN� VSHNWURVNRSLN� DQDOL]OHU�
IRQNVL\RQODQGÕUPDODUGD� GLVSURSRUVL\RQODQPD� WHSNLPHOHULQLQ� GH� ROXúWX÷XQX�
J|VWHUPLúWLU� 
 
 d|]HOWL� LoHULVLQGH� \DSÕODQ� IRQNVL\RQODQGÕUPDODUGD� HUL\LN� KDOGH� \DSÕODQ�
IRQNVL\RQODQGÕUPDODUD� J|UH� GDKD� G�ú�N� WDNÕOPDODU� HOGH� HGLOPHVLQLQ� GÕúÕQGD�
APP örneklerinin Mn, [η@� YH� 7J� GH÷HUOHULQGH� oRN� ID]OD� IDUNOÕOÕNODU� ROPDGÕ÷Õ�
J|U�OP�úW�U�� 'H÷HUOHU� ]LQFLU� NÕUÕOPD�� oDSUD]� ED÷ODQPD� YH�
disproporVL\RQODQPD� WHSNLPHOHULQ� o|]HOWLGH� GH� JHUoHNOHúWL÷LQL� J|VWHUPLúWLU��
$\QÕ�DQGD�JHUoHNOHúHQ�EX�WHSNLPHOHU�|UQHNOHULQ�PROHN�O�N�WOHVL�GD÷ÕOÕPÕQD�YH�
GROD\ÕVÕ\OD�7J�GH÷HUOHULQH�HWNL�HWPHNWHGLUOHU�� 
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