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KISALTMALAR 

DADMAC      : Diallildimetilamonyum klorür 

ACOMP         : 3ROLPHUL]DV\RQ�UHDNVL\RQODUÕQÕQ�V�UHNOL�L]OHQPesi 
PDADMAC    : Poli(diallildimetilamonyum klorür) 

LS                  :�,úÕN�VDoÕOPDVÕ  
UV                   : Ultraviyole 

RI                    :�.ÕUÕOPD�LQGLVL 
MW                  :�0ROHN�O�D÷ÕUOÕ÷Õ 
HCl                 : Hidroklorik asit 
IR                    :�øQIUDUHG 

V                     : Volt 

CF                   : Kalibrasyon faktörü 
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ÖZET 

3ROLPHULN� PDGGHOHU� J�QO�N� KD\DWÕPÕ]GD� KHU� DODQGD� NXOODQGÕ÷ÕPÕ]� PDO]HPHOHULQ�
WHPHO�|÷HVLGLU��3ROLPHUOHU�GR÷DO�YH�VHQWHWLN�SROLPHUOHU�RODUDN�LNL\H�D\UÕOÕU��6HQWHWLN�
SROLPHUOHU� \�NO�� \D� GD� \�NV�]� RODELOLU��0ROHN�O� D÷ÕUOÕNODUÕ� LVH� oHúLWOL� JHQLúOLNOHUGH�
RODELOHQ�ELU�GD÷ÕOÕP�J|VWHULU��'R÷DO�SROLPHUOHULQ�EXQODUGDQ� IDUNÕ�\DSÕODUÕQGD�GDLPD�
\�NO�� JUXSODU� EXOXQGXUPDODUÕ� YH� VDELW� ELU� PROHN�O� D÷ÕUOÕ÷ÕQD� VDKLS� ROPDODUÕGÕU��
9�FXGXPX]XQ�\DSÕWDúODUÕQÕ�ROXúWXUDQ�'1$��51$�YH�SURWHLQOHU�GR÷DO�SROLPHUOHUGLU�� 
8]XQ�PROHN�OHU� ]LQFLUGHQ� ROXúPXú�� VXGD� o|]�QHQ� YH� L\RQL]H� RODELOHQ� IRQNVL\RQHO�
JUXSODU� LoHUHQ� RUJDQLN� ELOHúLNOHU� SROLHOHNWUROLW� RODUDN� DGODQGÕUÕOÕU�� %X� ELOHúLNOHUGH�
PDNURPROHN�OHU� ]LQFLU� ER\XQFD� GD÷ÕOPÕú� oRN� VD\ÕGD� \�N� PHYFXWWXU� YH� ]LQFLUGHNL�
\�NOHULQ�KHSVL�D\QÕ�YH\D�IDUNOÕ�LúDUHWOL�RODELOLU��3ROLHOHNWUROLWOHUH�YHULOHQ�|QHP�GR÷DO�
SROLPHUOHUOH� ELUOLNWH� oDOÕúDELOHFHN� KDWWD� RQODUÕQ� LúOHYOHrini üstlenebilecek, ucuza ve 

NRQWUROO��RODUDN�VHQWH]OHQHELOHFHN�\DSÕODUÕQ�DUD\ÕúÕQGDQ�ND\QDNODQPDNWDGÕU� 
%X� oDOÕúPDGD� �o� IDUNOÕ� S+¶GD� YH� �o� IDUNOÕ� NRQVDQWUDV\RQGD� '$'0$&�
�GLDOOLOGLPHWLODPRQ\XP�NORU�U��PRQRPHUL��NDW\RQLN�ELU�EDúODWÕFÕ�RODQ����¶-Azobis (2-

metil propion-DPLGLQ�� GLKLGURNORU�U� EDúODWÕFÕVÕ\OD� VXOX� o|]HOWLGH�
KRPRSROLPHUOHúPHVL�$&203��3ROLPHUL]DV\RQ�5HDNVL\RQODUÕQÕQ�6�UHNOL� ø]OHQPHVL��
VLVWHPLQGH�L]OHQGL��$&203�WHNQL÷LQGH��UHDNVL\RQ�RUWDPÕQGDQ�V�UHNOL�RODUDN�oHNLOHQ�
PLNWDU� RWRPDWLN� ELU� NDUÕúWÕUPD� SRPSDVÕ� LOH� GDKD�|QFHGHQ� EHOLUOHQPLú� RUDQODUGD� VDI�
o|]�F�� LOH� NDUÕúWÕUÕODUDN� VH\UHOWLOGLNWHQ� VRQUD�� VÕUDVÕ\OD� ELU� ÕúÕN� VDoÕOPDVÕ� GHGHNW|U��
�/6��� NDSLOHU� YLVNR]LPHWUH� GHGHNW|U��� 89� VSHNWURIRWRPHWUH� YH� NÕUÕOPD� LQGLVL�
dedektörüne (RI) gönderilir. Reaksiyon boyunca dedektörlerden voltaj cinsinden 

VLQ\DOOHU�DOÕQDUDN�SROLPHUL]DV\RQ�V�UHNOL�RODUDN�WDNLS�HGLOGL��0RQRPHU�YH�SROLPHULQ�
IDUNOÕ� GQ�GF� GH÷HUOHULQGHQ� \DUDUODQDUDN� SROLPHUL]DV\RQXQ� ]DPDQOD� LOHUOHPHVL� YH�
PROHN�O�D÷ÕUOÕ÷ÕQÕQ�YH�LQGLUJHQPLú�YLVNR]LWHQLQ��]DPDQOD ilerlemesi izlendi. Her bir 

S+� GH÷HULQGH� UHDNVL\RQ� NLQHWL÷L� LUGHOHQGL� YH� S+¶ÕQ� UHDNVL\RQ� NLQHWL÷LQH� HWNLVL�
WDUWÕúÕOGÕ�� 0ROHN�O� D÷ÕUOÕ÷Õ� YH� YLVNR]LWH� GH÷HUOHULQLQ� IDUNOÕ� S+¶ODUGDNL� GDYUDQÕúÕ�
SROLHOHNWUROLW�NDYUDPODUÕ�DoÕVÕQGDQ�WDUWÕúÕOGÕ� 
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ON LINE MONITORING OF  DIALLYLDIMETHYLAMMONIUM 
CHLORIDE  POLYMERIZATION AND  THE EFFECT OF PH IN  
5($&7,21�.ø1(7ø&6 

SUMMARY 

Polymeric materials are used widely for different purposes and classified into natural 

and synthetic polymers. Synthetic polymers can be neutral or charged. Their 

molecular weights exhibit a wide distribution. Unlike synthetic polymers, natural 

polymers always carry charged groups on the backbone and have a constant 

molecular weight. Since DNA, RNA and proteins  are polymers with charges, natural 

polymers are very important. So, polymers soluble in water and carrying functional 

groups ionized  are called polyelecrolytes. Interest of polyelectrolytes is due to 

seeking the sythesis of the structures having the same properties as natural polymers 

even taking their roles . 

In this work, DADMAC (Diallyldimethylammonium chloride) was polymerized at  

three different pH and three different monomer concentrations in water. 2,2’-Azobis 

(2-methyl propionamidine) dihydrochloride was used as initiator and temperature 

was 60
o
C. Polymerization reactions were monitored by ACOMP ( Automatic 

Continuous Online Monitoring of Polymerization ) technique. In this technique,  a 

small amount of reactor solution is  continuously withdrawn from the reactor and 

mixed with a much larger volume of  solvent to dilute the reactor solution. The 

diluted solution passes through the detectors consisting of light scattering detector 

(LS), viscometer detector, UV detector and refractive index detector (RI). Data was 

gathered in Volt thorough a data aqusition programme. From the RI data, the 

concentrations of polymer formed and monomer remained  were obtained by using 

their  dn/dc (refractive index increment) differences. Thus, conversion, molecular 

weight, reduced viscosity were monitored  during the reaction. The reaction kinetics 

and the effect of pH in reaction kinetics were investigated.  Molecular weight and 

viscosity results are disscussed in the light of polyelectrolyte concepts. 
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3ROLPHULN�PDGGHOHU�� \L\HFHNOHULQ�� JL\HFHNOHULQ�� \DSÕ� YH� WDúÕW�PDO]HPHOHULQLQ� WHPHO�
|÷HVLGLU�� øQVDQÕQ� J�QO�N� JHUHNVLQLPOHUL� \D� GD� X\JDUOÕN� G�]HQL� LoLQGH� \DUDUODQGÕ÷Õ�
PDGGHOHULQ�oR÷X�GR÷DO�SROLPHULN��U�QOHUGHQ�VD÷ODQÕU��$÷Do��HW��ND÷ÕW��\�Q��SDPXN��
LSHN��GHUL��NDXoXN�JLEL�J�QO�N�\DúDQWÕGD�NXOODQÕODQ�EX�PDGGHOHULQ�X]XQ�ELU�oL]HOJHVL�
\DSÕODELOLU��%X�W�U�PDGGHOHULQ� WHPHOL�RODQ�GR÷DO�RUJDQLN�SROLPHUOHU��VHO�OR]�� OLJQLQ��
UHoLQH�� QLúDVWD�� SURWHLQOHU� Y�E�� ELOHúLNOHU� FDQOÕ� HYUHQLQ� �U�QOHUL� ROXS�
makromoleküllHUGHQ�ROXúXUODU��0ROHN�OOHULQ�E�\�N�YH�NDUPDúÕN�ROXúX�EX�PDGGHOHULQ�
VRQ� GHUHFH� GH÷LúLN� YH� �VW�Q� |]HOOLNOHU� J|VWHUPHVLQH� \RO� DoDU�� 'R÷DO� RUJDQLN�
SROLPHUOHULQ� \DSÕODUÕ� GD� VRQ� HOOL� \ÕO� LoHULVLQGH� IL]LNVHO� YH� NLP\DVDO� DQDOL]�
\|QWHPOHULQLQ�JHOLúPHVL�LOH�D\GÕQODWÕOPÕú�YH�EX�PROHN�OOHULQ�|]HOOLNOHULQL�G�]HQOH\HQ�
LONHOHU�EXOXQPXúWXU� 
6HQWHWLN� SROLPHUOHU� \�NO�� \D� GD� \�NV�]� RODELOLU�� 0ROHN�O� D÷ÕUOÕNODUÕ� LVH� oHúLWOL�
JHQLúOLNOHUGH� RODELOHQ� ELU� GD÷ÕOÕP� J|VWHULU�� 'R÷DO� SROLPHUOHULQ� EXQODUGDQ� IDUNÕ�
\DSÕODUÕQGD�GDLPD�\�NO��JUXSODU�EXOXQGXUPDODUÕ�YH�VDELW�ELU�PROHN�O�D÷ÕUOÕ÷ÕQD�VDKLS�
ROPDODUÕGÕU� 
'R÷DO� SROLPHUOHULQ� KHPHQ� KHPHQ� KHSVL� \�NO�� JUXSODU� WDúÕUODU�� <DSÕODUÕQGD� \�NO��
JUXSODU�WDúÕ\DQ�SROLPHUOHUH�SROLHOHNWUROLW�DGÕ�YHULOLU��3ROLHOHNWUROLWOHU��X]XQ�PROHN�OHU�
zincirlerden� ROXúPXú�� VXGD� o|]�QHQ� YH� L\RQL]H� RODELOHQ� \�NO�� IRQNVL\RQHO� JUXSODU�
LoHUHQ�RUJDQLN�ELOHúLNOHUGLU��+HP�PDNURPROHN�O�KHP�GH�HOHNWUROLW�|]HOOL÷L�J|VWHULUOHU��
Bu polimerlerin özellikleri elektrokimyasal ve makromoleküler parametreleriyle ve 

NLP\DVDO� \DSÕODUÕ\OD� EHOLUOHQLU�� <�N� \R÷XQOX÷X� YH� \�N� J�F�� HOHNWURVWDWLN�
HWNLOHúLPOHUH�VHEHS�ROXU��%X�GXUXP��VXOX�o|]HOWLGH�SROLHOHNWUROLWOHULQ�IL]LNRNLP\DVDO�
|]HOOLNOHULQL� EHOLUOHU�� 3ROLHOHNWUROLWOHULQ� GDYUDQÕúODUÕ� RUWDPGDNL� L\RQ�
NRQVDQWUDV\RQXQD�YH�S+�GH÷HULQH�ED÷OÕ�RODUDN�GH÷LúLU��<�NO��PDNURPROHN�OOHUOH�]ÕW�
\�NO�� PDNURL\RQODU�� \�]H\� DNWLI� PDGGHOHU�� NROORLG� SDUoDFÕNODU� DUDVÕQGDNL� oHNLFL�
&RXORPE�NXYYHWOHULQGHQ�GR÷DQ�NRPSOHNV�ROXúXPODUÕ�SHN�oRN�WHNQLN�X\JXODPDODUGD�
büyük öneme sahiptir. Çok az miktarda polielektrolit, ortam viskozitesinde çok 

E�\�N� DUWÕúODUD� QHGHQ� ROXU�� %X� QHGHQOH� NXOODQÕP� DODQODUÕQGDQ� ELUL� NÕYDP�
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DUWWÕUÕFÕODUGÕU�� 'L÷HU� LúOHYOHUL� DUDVÕQGD� L\RQ� WXWPD�� ID]� D\ÕUPD�� o|]�Q�UOHúWLUPH�
VD\ÕODELOLU�� 7HNVWLO�� ND÷ÕW�� VX� DUÕWPD�� JÕGD�� LODo� HQG�VWULVLQGH� \R÷XQ� RODUDN�
kulODQÕOÕUODU�� 3ROLHOHNWUROLWOHULQ� \�NVHN�\DSÕVDO�GH÷LúNHQOL÷LQGHQ�GROD\Õ� DUWDQ� VD\ÕGD�
X\JXODPDODUÕ� YDUGÕU�� )DNDW� úLPGL\H� NDGDU� SURVHVOHULQ� oR÷XQXQ� WHPHOL� L\L�
DQODúÕODPDPÕúWÕU�� 3ROLHOHNWUROLWOHUL� LoHUHQ� ELOLPVHO� DUDúWÕUPDODU� GD� KHQ�]� \HWHUOL�
G�]H\GH� GH÷LOGLU� Bu konudaki incelemeler polielektrolitlerin bilinen 

X\JXODPDODUÕQÕQ� L\LOHúWLULOPHVLQH� YH� \HQL� X\JXODPD� DODQODUÕQÕQ� DoÕOPDVÕQD� NDWNÕGD�
bulunabilir. 

3ROL� �GLDOOLOGLPHWLODPRQ\XP�NORU�U�� HQG�VWULGH�\D\JÕQ�NXOODQÕP�EXODQ�ELU�PDO]HPH�
ROPDVÕQD� NDUúÕOÕN� UHDNVL\RQ� NLQHWL÷L� D\UÕQWÕOÕ� RODUDN� LQFHOHQPHPLúWLU�� %X� NRQXGD�
\DSÕODQ�oDOÕúPDODUGD�>���@�UHDNVL\RQ�VXGD�YH�G�ú�N�G|Q�ú�POHUGH�\DSÕOPÕú�YH�RUWDP�
S+¶Õ� NRQXVXQGD� ELU� ELOJL� YHULOPHPLúWLU��'L÷HU� WDUDIWDQ� SROLPHULQLQ� NDW\RQLN� \DSÕVÕ�
GROD\ÕVÕ� LOH� � o|]HOWL� |]HOOLNOHUL� oHúLWOL� WX]ODU� LoHULVLQGH� YH� IDUNOÕ� S+� GH÷HUOHULQGH�
D\UÕQWÕOÕ� ELU� úHNLOGH� LQFHOHQPLúWLU� >�-�@�� 5HDNVL\RQ� NLQHWL÷LQH� S+� HWNLVL� YH� \�NVHN�
G|Q�ú�POHUGH�UHDNVL\RQXQ�\�U�\�ú��NRQXVXQGD�LVH�KLoELU�ELOJL�EXOXQDPDPÕúWÕU�� 
%X� oDOÕúPDGD� �o� IDUNOÕ� S+¶GD� YH� �o� IDUNOÕ� NRQsantrasyonda DADMAC 

(diallildimetilamonyum klorür) monomeri, 2,2’-Azobis (2-metil propion-amidin) 

GLKLGURNORU�U� EDúODWÕFÕVÕ\OD� VXOX� o|]HOWLGH� KRPRSROLPHUOHúPHVL� $&203�
�3ROLPHUL]DV\RQ�5HDNVL\RQODUÕQÕQ�6�UHNOL� ø]OHQPHVL�� VLVWHPLQGH� L]OHQGL��5HDNVL\RQ�
boyunca� GHGHNW|UOHUGHQ� YROWDM� FLQVLQGHQ� VLQ\DOOHU� DOÕQDUDN� SROLPHUL]DV\RQ� V�UHNOL�
RODUDN� WDNLS� HGLOGL��0RQRPHU� YH� SROLPHULQ� IDUNOÕ� GQ�GF� GH÷HUOHULQGHQ� \DUDUODQDUDN�
SROLPHUL]DV\RQXQ� ]DPDQOD� LOHUOHPHVL� YH� PROHN�O� D÷ÕUOÕ÷ÕQÕQ� ]DPDQOD� LOHUOHPHVL�
izlendi. Her bir pH dH÷HULQGH� UHDNVL\RQ� NLQHWL÷L� LUGHOHQGL� YH� S+¶ÕQ� UHDNVL\RQ�
NLQHWL÷LQH�HWNLVL�WDUWÕúÕOGÕ��� 
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���7(25ø.�.,6,0 

2.1. Polielektrolitler 

3ROLHOHNWUROLWOHU�� X]XQ� PROHN�OHU� ]LQFLUGHQ� ROXúPXú�� VXGD� o|]�QHQ� YH� L\RQL]H�
olabilen fonksiyonel gruplar içeren organiN�ELOHúLNOHUGLU��ùHNLO�������%X�ELOHúLNOHUGH�
PDNURPROHN�OHU� ]LQFLU� ER\XQFD� GD÷ÕOPÕú� oRN� VD\ÕGD� \�N� PHYFXWWXU�� =LQFLUGHNL�
\�NOHULQ� KHSVL� D\QÕ� LúDUHWOL� YH\D� ]ÕW� LúDUHWOL� RODELOLU�� EX� W�U� SROLHOHNWUROLWOHUH�
SROLDPIROLW�DGÕ�YHULOLU�� 

 

 

 

                                 polimer                                      elektrolit 

  

 

         

                                                          polielektrolit 

ùHNLO������3ROLHOHNWUROLW�\DSÕVÕ 
d|]HOWLGH�KHU�SROLHOHNWUROLWH�Hú�PLNWDUGD�]ÕW�\�NO��G�ú�N�PRODU�N�WOHOL�NDUúÕW�L\RQODU�
HúOLN� HGHU�� 3ROLHOHNWUROLW� o|]HOWLVLQH� G�ú�N� PROHN�O� D÷ÕUOÕNOÕ� HOHNWUROLWOHU�
HNOHQGL÷LQGH�� � PDNURPROHN�OHU� ]LQFLUGHNL� \�NOH� D\QÕ� LúDUHWOL� L\RQODU� ROXúWX÷X� JLEL�
oHúLWOL� WLSOHUGH� ]ÕW� LúDUHWOL� L\RQODU� GD� PH\GDQD� JHOLU�� 3ROLHOHNWUROLW� PDO]HPH\H� ]ÕW�
\�NO�� SROLHOHNWUROLWLQ� LODYHVL� LOH� HOHNWURQ|WUDOLWH� NÕVPHQ� GH� ROVD� VD÷ODQÕUVD�
SROLHOHNWUROLW�NRPSOHNVOHU�ROXúXU� 
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'�ú�N�PROHN�O�D÷ÕUOÕNOÕ�HOHNWUROLWLQ��JHQHOOLNOH�WX]��ID]OD�PLNWDUGD�HNOHQPHVL��PDNUR�
iyonlardaki yüklerin perdelenip etkilerinin azalmDVÕQD�YH�EHOOL�ER\XWWD�Q|WU�PROHN�O�
özelliklerinin geri gelmesine sebep olur. 

'�ú�N� PROHN�O� D÷ÕUOÕNOÕ� NDUúÕ� L\RQODUÕQ� W�UOHUL� o|]HOWLGHNL� W�P� VLVWHP� |]HOOLNOHUL�
�]HULQGH� J�oO�� ELU� HWNL\H� VDKLSWLU�� %X� HWNL� |]HOOLNOH� o|]�Q�UO�N� YH� \DSÕ� ROXúXPX�
�]HULQHGLU�� øNL� |UQHN� YHULOHUHN� NDUúÕ� L\RQXQ� VDGHFH� HOHNWURQ|WUDOLWH\L� VD÷OD\DQ� ELU�
SDUoDoÕN� ROPDGÕ÷Õ� LVSDWODQDELOLU�� 3ROL� �GLDOOLOGLPHWLODPRQ\XP� NORU�U��
SROLNDW\RQXQGDNL� NORU�U� VXGD� NROD\OÕNOD� o|]�Q�U�� DPD� EHQ]HUL� RODQ� L\RG�U� WHUVLQH�
suda çözünmez. Suda çözünebilen yükVHN�PROHN�OHU�VHO�OR]�V�OIDWODUÕQÕQ�.+

 tuzu, % 

1-�� DUDVÕQGDNL� SROLPHU� NRQVDQWUDV\RQXQGD� NDWÕ�� NHVLOHELOLU� WHUPRWHUVLQLU� MHOOHU�
ROXúWXUXUNHQ� D\QÕ� NRQVDQWUDV\RQGDNL� D\QÕ� |UQH÷LQ� 1D+

 tuzu normal polimer 

çözeltisinin beklenen viskozitesini verir [8]. 

2.1.1. PoOLHOHWUROLWOHULQ�VÕQÕIODQGÕUÕOPDVÕ 
3ROLHOHNWUROLWOHU� IDUNOÕ� \ROODUOD� VÕQÕIODQGÕUÕODELOLU�� 'R÷DO� PDNURPROHN�OOHU�
�EL\RSROLPHUOHU��� VHQWHWLN� PDNURPROHN�OOHU� �ùHNLO� ������ �ùHNLO� ����� YH� NLP\DVDO�
PRGLIL\H�EL\RSROLPHUOHU�RODUDN�D\ÕUPDN�P�PN�QG�U��%X�W�UOHUH�VÕUDVÕ\OD�'1$��SROL�
(akrilik asit) ve karboksi metil selülöz örnek olarak verilebilir.  

 

 

 

 

 

     poli(akrilamidoalkil – trialkil amonyum)         poli(diallil dimetil amonyum) 

ùHNLO����� Sentetik katyonik polielektrolitler 
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                                  =D\ÕI                                              Kuvvetli 

                                 

  

 

 

             poli(akrilik veya metakrilik asit)              poli(stiren sülfonik asit) 

ùHNLO����� Sentetik anyonik polielektrolitler 

%HQ]HU�\ROOD�SROLHOHNWUROLWOHU�OLQHHU��GDOODQPÕú�YH�oDSUD]�ED÷OÕ�]LQFLUOHU�\D�GD�KRPR�
YH�NRSROLPHUOHU�RODUDN�JUXSODQGÕUÕOÕU��6ÕQÕIODQGÕUPDGD�HOHNWURNLP\DVDO�|]HOOLNOHUH�GH�
yer verilir. Nötr makromoleküllere benzer olarak poliasitler –COOH, -SO3H gibi 

HOHNWUROLW� JUXSODUÕQÕ� WDúÕU� YH� VXGD� o|]�QG�÷�QGH� QHJDWLI� \�NO�� SROLDQ\RQODUÕ� YH�
SURWRQODUÕ� �++�� YHULU�� 1|WU� HOHNWUROLW� JUXSODUÕQ� SROLED]ODUÕ� LVH�� –NH2 gibi, pozitif 

\�NO�� SROLNDW\RQODU� HOGH� HWPHN� LoLQ� SURWRQ� ED÷ODU�� (OHNWURNLP\DVDO� J|U�úH� J|UH��
NH3

+
 giEL� SR]LWLI� \�NO�� JUXS�� NRQM�JH� ED]Õ�1+2� LOH� GHQJHGHGLU�� =D\ÕI� DVLGLN� JUXS�

&22+�NRQM�JH�ED]Õ�&22-�LOH�GHQJHGHGLU�>�@��3ROLDPIROLWOHU�LVH��ùHNLO�����¶GH��DVLGLN�
YH� ED]LN� JUXSODUÕQ� KHU� LNLVLQL� GH� WDúÕUODU�� '�ú�N� S+¶GD� SR]LWLI� \�NO�� ROXS�� \�NVHN�
pH’da negatif \�NO�G�UOHU�� ø]RHOHNWULN� S+¶GD� SR]LWLI� \�N� PLNWDUÕ� QHJDWLI� \�N�
PLNWDUÕQD�HúLW�ROGX÷XQGDQ�\�NV�]G�UOHU� 
 

 

ùHNLO����� Maleik asit -�GLDOOLODPLQ�NRSROLPHULQLQ�NLP\DVDO�\DSÕVÕ 

Kuvvetli polielektrolitlerde aktif gruplar makromoleküler zincir üzerindeki elektrolit 

gruplarla kimyasal olarak reaksiyona girmezler sulu çözeltilerinde tamamen 

L\RQODUÕQD� D\UÕOÕUODU�� =D\ÕI� SROLHOHNWUROLWOHULQ� WDPDPHQ� L\RQODúDELOPHVL� LoLQ� 1D2+�
JLEL� NXYYHWOL� ELU� ED]OD� YH\D� +&O� JLEL� NXYYHWOL� ELU� DVLWOH� WLWUDV\RQ� \DSÕOÕU�� '�ú�N�
PROHN�O�D÷ÕUOÕNOÕ��HOHNWUROLWOHULQ�YDUOÕ÷ÕQGD��o|]HOWLGHNL�]D\ÕI�SROLDVLWOHU�YH�SROLED]ODU�
disosiasyon-DVRVLDV\RQ� GHQJHVL\OH� NDUDNWHUL]H� HGLOLUOHU�� .XYYHWOL� YH� ]D\ÕI�

CH2
CH

SO3H

( )n

CH2 CR

COOH

R=H veya CH
3

( )n

CH CH CH2

HOOC COOH 
N

CH2( )n

H
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SROLHOHNWUROLWOHU� DUDVÕQGDNL� IDUN�� o|]�F�\H�� VÕFDNOÕ÷D�� NRQVDQWUDV\RQD� YH� GL÷HU�
GHQH\VHO� NRúXOODUD� ED÷OÕGÕU�� %XQXQOD� ELUOLNWH�� LOHWNHQOLN� YH� SRWDQVL\RPHWULN�
titrasyonlarla deneysel olarak gösterilirler.  

2.1.2. Polielektrolit çözeltilerinin özellikleri 

3ROLHOHNWUROLW� o|]HOWLOHUL� \�NV�]�PDNURPROHN�OOHUGHQ�\D� GD� G�ú�N�PROHN�O� D÷ÕUOÕNOÕ�
elektrolitlerden olduNoD� IDUNOÕ� GDYUDQÕú� VHUJLOHUOHU�� %X� |]HOOL÷LQ� WHPHOL� X]XQ� ]LQFLU�
PROHN�O�\OH�\�N�HWNLOHúLPOHULQH�GD\DQPDNWDGÕU��%X�HWNLOHúLP��RUWDPGDNL�LNL� WDUDIÕQ�
NDUDNWHULVWLN�|]HOOLNOHULQLQ�NDUúÕOÕNOÕ�HWNLVLGLU�� 
3ROLDQ\RQ�YH�SROLNDW\RQ� VLVWHPOHULQLQ�HQ�oDUSÕFÕ�|]HOOL÷i; polistiren gibi hidrofobik 

SROLPHU� RPXUJDVÕQD� VDKLS� ROPDVÕQD� UD÷PHQ� 1D-SROLVWLUHQ� V�OIRQDWÕQ� VXOX� RUWDPGD�
o|]�QHELOPHVLGLU�� 6RQXoWD�� SROLHOHNWUROLWOHULQ� IL]LNVHO� NLP\DVÕ� VXOX� o|]HOWLOHU� YH�
RQODUÕQ� \RUXPX\OD� LOJLOHQPHNWHGLU�� 3ROLHOHNWUROLWOHULQ� � X\JXODPDODUÕQGD�GDLPD� VXGD�
o|]�QG�NWHQ�VRQUDNL�GHQJHOHU��GLNNDWH�DOÕQPDNWDGÕU�� 
9LVNR]LWH� JLEL� SROLHOHNWUROLW� o|]HOWLOHULQLQ� |]HOOLNOHUL� VXOX� RUWDPÕQ� L\RQLN� NXYYHWLQH�
ED÷OÕGÕU�� $UWDQ� L\RQLN� NXYYHWOH� YLVNR]LWH� \|Q�QGHNL� GH÷LúLNOLNOHU� PDNURL\RQGDNL�
elektrik yüklerinLQ� HOHNWURVWDWLN� SHUGHOHPHVLQGHQ� ND\QDNODQPDNWDGÕU�� ø\RQLN�
NXYYHWLQ�DUWPDVÕ\OD�\�NV�]�µQRUPDO¶�PDNURPROHN�O�GDYUDQÕúÕ�J|VWHULU�>�@� 
ø\RQLN� NXYYHWLQ� \DQÕQGD� RUWDPÕQ� S+¶Õ� o|]HOWLGHNL� ]D\ÕI� SROLHOHNWUROLWOHULQ�
özelliklerini çok etkiler. pH iyonik grubun disosiasyon derecesini belirler. Bu etki 

]D\ÕI� DVLW� YH� ]D\ÕI� ED]LN� JUXS� WDúÕ\DQ� SROLDPIROLWOHULQ� \DSÕVÕQGD� OLWHUDW�UGH� DoÕNoD�
J|VWHULOPLúWLU� 
3ROLHOHNWUROLW�X\JXODPDODUÕQÕQ�ELUoRN�DODQÕQGDNL�ELOLPVHO� LOJL�YH�SUDWLN�|QHP��\�NO��
PDNURPROHN�OOHUOH� ]ÕW� \�NO��PDNURL\RQODUÕQ�� \�]H\� DNWLI�PDGGHOHULQ� \D� GD� NROORLG�
SDUoDFÕNODUÕQ� DUDVÕQGDNL� SROLHOHNWUROLW� NRPSOHNVOHULQLQ� ROXúXPXQD� GD\DQPDNWDGÕU��
)ORN�ODV\RQ� YH� o|NW�UPH� H÷LOLPL� J|VWHUHQ� oHúLWOL� VD\ÕGD� DQ\RQLN� \�NO�� NROORLGDO�
W�UOHU�EXJ�QN��DWÕN�VX�LúOHPOHULQGH�\R÷XQ�RODUDN�NXOODQÕOPDNWDGÕU�� 
ùXQX� GD� YXUJXODPDN� JHUHNLU� NL�� NDUúÕW� \�NO�� W�UOHUOH� PDNURL\RQODUÕQ� � HWNLOHúLPL�
HOHNWURVWDWLN�NXYYHWOHULQ�HWNLVLQLQ��VW�Q�JHOPHVL\OH�JHUoHNOHúLU�� DPD�VDGHFH�EX�HWNL�
\RNWXU��<DSÕ�ROXúXPXQGD�YH�SROLHOHNWUROLW�X\JXODPDVÕQGD��&RXORPELN�NXYYetlere ek 

olarak H-ED÷ODUÕ�\D�GD�KLGURIRELN�NXYYHWOHULQLQ�|QHPOL�ELU�URO��YDUGÕU�>��@�� 
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d|]HOWLGHNL� SROLHOHNWUROLW� |]HOOLNOHUL\OH� LOJLOL� GH÷LQLOPHVL� JHUHNHQ� VRQ�QRNWD�\�NVHN�
LOHWNHQOL÷H� VDKLS� ROPDODUÕGÕU��0DNURL\RQODUÕQ� YH� G�ú�N�PROHN�OHU� L\RQLN� W�UOHUGHQ�
GDKD� G�ú�N� ELU� KÕ]GD� HOHNWULN� DODQGDNL� \�NO�� SROLPHU� NROORLGOHULQLQ� J�F�\OH�
LOHWNHQOLN� VD÷ODQÕU�� $\UÕFD�� L\RQLN� LOHWNHQOLN� GH� J|]OHQLU�� 3ROLHOHNWUROLW-su 

sistemlerinin bu elektrokimyasal özellikleri polielektrolit karakterizasyonunda temel  

WHNQLNOHUL�VD÷ODPDNWDGÕU� 

�������3ROLHOHNWUROLWOHULQ�X\JXODPDODUÕ 
3ROLHOHNWUROLWOHU�GR÷DGD�|QHPOL�ELU�UROH�VDKLSWLUOHU��%LUoRN�HQG�VWUL\HO�SURVHVOHUGH�YH�
J�QO�N�\DúDQWÕPÕ]GD�SHN�oRN��U�QOHUGH�\D\JÕQ�X\JXODPD�DODQÕ�EXOXUODU��7DEOR����¶GH�
X\JXODPD�DODQODUÕ�NÕVDFD�|]HWOHQPLúWLU�>��@� 

Tablo 2.1.�3ROLHOHNWUROLWOHULQ�X\JXODPD�DODQODUÕ� 
Endüstriyel Alan Ürün ve Proses Örnekleri 

Film ve tekstil endüstrisi Viskoz prosesi, antistatik ajanlar, tekstil 

.D÷ÕW�HQG�VWULVL 7XWPD�\DUGÕPFÕODUÕ��ND÷ÕW�NDSODPDODUÕ 
6X�YH�DWÕN�VX�SURVHVOHUL )ORN�ODQWODU��oDPXUGDQ�VX�oHNPH��3(/�ED]OÕ�

membranlar 

Kimya endüstrisi 3(/� ED]OÕ� PHPEUDQODU�� GHVWHNOHPH�
PDWHU\DOOHUL��SURVHV�\DUGÕPFÕODUÕ� 

Maden endüstrisi Flokülantlar 

Petrol endüstrisi 3HWURO�NX\XVX�GHOPH�\DUGÕPFÕODUÕ��SHWURO�JHUL�
ND]DQÕP�\DUGÕPFÕODUÕ 

<DSÕ�HQG�VWULVL %HWRQ� SURVHVOHULQGH� NDWNÕ� PDGGHOHUL��
SLJPHQW�GD÷ÕWÕFÕODUÕ 

Beslenme 'R÷DO�3(/�ED]OÕ�\R÷XQODúWÕUÕFÕ�YH�MHOOHúWLUPH�
DMDQODUÕ 

Kozmetik endüstrisi $QWLVWDWLN�DMDQODU��MHOOHúWLUPH�DMDQODUÕ 
7ÕS�YH�HF]DFÕOÕN 7DEOHW�NDSODPD��NDQ�X\JXQOX÷X�DUWÕUÕFÕ 
 

2.2. Diallildimetilamonyum klorür (DADMAC) ve Polimerleri 

0DNURPROHN�OHU�NLP\D�DODQÕQGDNL�|QHPOL�JHOLúPHOHU�VRQ����\ÕOGD�RUWD\D�oÕNPÕúWÕU��
%X�oDOÕúPDODU�VHQWHWLN�SROLPHU�PDGGHOHULQ�X\JXODPD�DODQODUÕQÕ�JHQLúOHWPLúWLU��dHYUH�
YH� VD÷OÕN� JLEL� IDNW|UOHULQ� NRUXQPD� JHUHNOLOL÷LQLQ� DUWPDVÕ\OD� EHUDEHU� VX� DUÕWPD�
\|QWHPOHULQGH� \HQLGHQ� G�]HQOHPH\H� JLGLOPLúWLU�� %X� \�]GHQ� VX� DUÕWPD� YH� DWÕN� VX�
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SURVHVOHULQGHNL� JHOLúPHOHU� VÕYÕ� ND\QDNODUÕQ� NRUXQPDVÕ� LoLQ� JHUHNOL� ROPXúWXU��
7DPDPOD\ÕFÕ� PDGGHOHULQ� JHOLúLPLQH� ED÷OÕ� RODUDN�� sentetik anyonik, katyonik ve 

DPIROLW� VXGD� o|]�QHQ� SROLPHUOHU� YH� SROLHOHNWUROLWOHU� |QHP� ND]DQPÕúWÕU�� %XQXQ�
\DQÕQGD� SROLPHULN� NXDUWHUQHU� DPRQ\XP� ELOHúLNOHUL� HQ� oRN� NXOODQÕODQ� NDW\RQLN�
SROLHOHNWUROLWOHU� ROPXúWXU�� øON� NXDUWHUQHU� DPRQ\XP� SROLPHUOHUL� '$'0$&¶GDQ 

EDúOD\DUDN� VHQWH]OHQPLúWLU�� 3ROL�GLDOOLOGLPHWLODPRQ\XP� NORU�U�� �3'$'0$&��
�]HULQH� \DSÕODQ� oDOÕúPDODU� ����¶OL� \ÕOODUGDQ� EHUL� V�UPHNWHGLU�� %X� GXUXP�� RQODUÕQ�
HúVL]� NLP\DVDO� \DSÕODUÕ�� YH� oRN� \|QO�� X\JXODPD� DODQODUÕQÕQ� ROPDVÕQGDQ�
ND\QDNODQPDNWDGÕU�� 3'$'0$&�� '$'0$&¶ÕQ� VLNOR� SROLPHUL]DV\RQX\OD�
VRQXoODQDQ� VLNOLN� ELULPOHULQ� LVNHOHWLQL� ROXúWXUXU�� (N� RODUDN�� KLGURILOLN� \�NO��
NXDUWHUQHU� DPRQ\XP�JUXSODUÕQÕQ�J�oO��SROLHOHNWUROLW� |]HOOLNOHULQH�ED÷OÕ�RODUDN�VXGD�
\�NVHN� o|]�Q�UO�NOHUL� YDUGÕU�� %X� PDGGHQLQ� LoPH� VX\X� DUÕWPD� VLstemlerinde 

NXOODQÕODQ� LON� SROLPHU� ROGX÷X� ELOLQPHNWHGLU�� )ORN�ODV\RQ�� NRDJ�ODV\RQ�� ILOWUH�
LúOHPOHUL�� IORWDV\RQ� YH� EXQD� EHQ]HU� D\ÕUPD� SURVHVOHUL� HQG�VWUL\HO� X\JXODPDODUGD�
NXOODQÕOPDVÕQD� HN� RODUDN� ED]Õ� WDPDPOD\ÕFÕ� X\JXODPDODU� GD� JHOLúWLULOPLúWLU�� $\UÕFD�
iyonik ve noniyonik monomerlerle kopolimerizasyonu yöntemiyle yeni maddeler 

�UHWLOPLúWLU�� <HQL� \DSÕODUÕQ� VHQWH]OHQPHVL� YH� RQODUÕQ� JHQLú� NXOODQÕP� DODQÕ� EX�
SROLHOHNWUROLWOHULQ�|QHPLQL�JLGHUHN�DUWÕUPÕúWÕU� 

2.2.1. DADMAC polimerizasyonu 

2.2.1.1. Homopolimerizasyon 

DADMAC homopolimerizasyonunu aseton, 1-metil-2-pirolidon, dimetil formamid 

JLEL� oHúLWOL� RUJDQLN� o|]�F�OHUGH� \DSPDN� P�PN�QG�U�� 3ROLPHUL]DV\RQGD� UDGLNDO��
iyonik ya da X-UD\�JLEL�oHúLWOL�EDúODWÕFÕ�\|QWHPOHUL�NXOODQÕOPDNWDGÕU��%X�o|]�F�OHUGH�
monomer çözünürlü÷�� VÕQÕUOÕ� ROGX÷XQGDQ� YH� ROXúDQ� KRPRSROLPHU� VDGHFH� VXGD� YH�
PHWDQROGH� o|]�QHELOGL÷LQGHQ� SROLPHUL]DV\RQ� VXOX� o|]HOWLGH� WHUFLK� HGLOPHNWHGLU��
+RPRMHQ�YH�KHWHURMHQ�VLVWHPOHUGHNL�SROLPHUL]DV\RQ��]HULQH�oDOÕúÕOPÕú��NLQHWLNOHUL�YH�
PHNDQL]PDODUÕ�G�ú�N�G|Q�ú�P�GH÷HUOHULQGH�LQFHOHQPLúWLU�>��@� 
6LNOLN� ROPD\DQ� �U�QOHULQ� SD\ÕQÕQ� VÕFDNOÕN� YH� PRQRPHU� NRQVDQWUDV\RQX\OD� DUWÕS��
]LQFLU� GDOODQPDVÕ� \D� GD� oDSUD]� ED÷ODQPD\OD� VRQXoODQDQ� G|Q�ú�POH� D]DOGÕ÷Õ�
J|U�OP�úW�U��=LQFLU�GDOODQPDVÕQÕQ�ER\XWXQX�VHQWH]�NRúXOODUÕ�HWNLOHU��'�ú�N�VÕFDNOÕNWD�
ve [M] < 4 mol L

-1� DOÕQGÕ÷ÕQGD�� � VDI�PRQRPHU�SROLPHUOHúWLULOLUVH� ]LQFLU�GDOODQPDVÕ�
LKPDO� HGLOHELOLU�� %XQXQOD� ELUOLNWH�� �UHWLP� NRúXOODUÕ� DOWÕQGD� WHNQLN� PRQRPHU�
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o|]HOWLOHULQLQ� VDIVÕ]OÕNODUÕQGDQ� GROD\Õ� SROLPHUOHUGH� \�NVHN� GDOODQPD� GHUHFHVL�
meydana geOLU�� ùHNLO� ���� PHWLOWULDOOLODPRQ\XP� NORU�U� YDUOÕ÷ÕQGD� RODVÕ� WHNUDUODQDQ�
ELULP�\DSÕODUÕQÕ�J|VWHULU� 
 

 

 

 

 

ùHNLO������3'$'0$&�\DSÕVDO�ELULPOHUL 

3ROLPHUL]DV\RQ� ER\XQFD� '$'0$&� VDGHFH� PRQRPHU� JLEL� GDYUDQPD\ÕS� D\UÕFD�
&RXORPELF� HWNLOHúLPOHUL� EDVWÕUDQ� G�ú�N� PROHN�O� D÷ÕUOÕNOÕ� HOHNWUROLW� JLEL� GDYUDQÕU��
1|WU� G�ú�N�PROHN�OO�� WX]ODUÕQ� �1D&O��1D%U�� WHWUDPHWLODPRQ\XP�NORU�U�� HNOHQPHVL�
SROLPHUL]DV\RQ� KÕ]ÕQÕQ� DUWÕúÕQGD� D\QÕ� WDYUÕ� VHUJLOHU�� .RQVDQWUDV\RQOD� PRQRPHU�
o|]HOWLVL� YLVNR]LWHVLQLQ� DUWPDVÕQD� UD÷PHQ� G�ú�N�G|Q�ú�POHUGH�bile polimerizasyon 

sisteminde viskozite, monomerden daha çok polimerden etkilenir. 

2.2.1.2. Kopolimerizasyon 

'$'0$&�NRSROLPHUL]DV\RQXQXQ�ELU�DPDFÕ�\�NVHN�PROHN�O�D÷ÕUOÕNOÕ�SROLPHUOHU�HOGH�
HWPHNWLU�� o�QN�� \DYDú� ]LQFLU� LOHUOHPHVL\OH� KRPRSROLPHUOHULQ� PROHN�O� D÷ÕUOÕNODUÕ�
VÕQÕUOÕGÕU��%X�\�]GHQ�'$'0$&�oRN�oHúLWOL�L\RQLN�YH�L\RQLN�ROPD\DQ�PRQRPHUOHUOH�
NRSROLPHUOHúWLULOPLúWLU�� %X� PRQRPHUOHUGHQ� HQ� \D\JÕQ� RODQÕ� DNULODPLWGLU�� 6XGD�
o|]�QHELOPH� \D� GD� \�N� \R÷XQOX÷X� JLEL� JHQHO� |]HOOLNOHUGHNL� GH÷LúLP�
kopolimerizasyonla mümkündür. 

2.2.2. DADMAC homo-�YH�NRSROLPHUOHULQLQ�X\JXODPDODUÕ 
3'$'0$&� LON� RODUDN� \�NVHN� LOHWNLQOLNWHNL� |]HO� ND÷ÕWODUÕQ� �UHWLPL� LoLQ�
NXOODQÕOPÕúWÕU������¶GDQ�LWLEDUHQ�ELUoRN�HQG�VWUL\HO�VDKDGD�X\JXODPD�DODQÕ�DUWPÕúWÕU��
$úD÷ÕGDNL� 7DEOR� ���¶GH� '$'0$&� KRPR- ve� NRSROLPHUOHULQLQ� X\JXODPD� DODQODUÕ�
YHULOPLúWLU� 

N

+

Cl-
N

+

Cl-

N

Cl-

+

+

N

+

Cl-

N

Cl-

+
N

+

Cl-

> %94 < %3 < %3
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Tablo 2.2. DADMAC homo-�YH�NRSROLPHUOHULQLQ�X\JXODPDODUÕ 
8\JXODPD�$ODQÕ Uygulama 

.D÷ÕW�YH�WHNVWLO��UHWLPL )LOWUH� LúOHPL�� NRDJ�ODV\RQ�� IORN�ODV\RQ��
ÕVODWPD�� VX� oHNPH�� UHQNOHQGLULFLOLN��
boyama, antistatik ajanlar, antimikrobiyel 

DUÕWPDODU 

6X�YH�DWÕN�VX�DUÕWPDVÕ Öncü koagülasyon, flokülasyon, 

oDPXUGDQ�VX�JLGHUPH��HPXOVL\RQ�NÕUÕFÕ 

Kömür, mineral, cam endüstrisi Flotasyon, flokülasyon, dengeyye 

JHWLUPH�� VX� JLGHUPH�� KLGURILOOHúWLUPH��
YLVNR]LWH�G�ú�UPH 

Kozmetik,�VDo�EDNÕPÕ ùDPSXDQ�� GHRGRUDQW�� VÕYÕ� VDEXQ�� VDo�
UHoLQHVL��DQWLPLNUREL\HO�ELOHúHQOHU 

%L\RORMLN��WÕS��JÕGD�SURVHVOHUL 9LU�V�JLGHULFL��E|FHN�LODFÕ��NRUXPD��K�FUH�
G�]HQOH\LFL��KDUHNHWVL]OHúWLUPH 

.DUÕúÕN Zar düzenleyici, film düzenleyici, analitik 

ajanlar  

2����5DGLNDOLN�.DWÕOPD�3ROLPHUL]DV\RQX 

%X� SROLPHUL]DV\RQ� W�U�QGH� oRN� VD\ÕGD� GR\PDPÕú� PROHN�OOHU� ELUOHúHUHN� E�\�N�
PROHN�OOHU� ROXúWXUXUODU�� %X� E�\�N� PROHN�OGH� PRQRPHU� ELULPOHUL� WHNOL� ED÷ODUOD�
ED÷ODQÕUODU� 
 

(n) CH2 = CXY         (CH2      CXY)n                                                      (2.1)                         

 

5DGLNDOLN� NDWÕOPD� SROLPHUL]DV\RQX� D\UÕQWÕOÕ� RODUDN� DUDúWÕUÕOPÕú�� L\L� ELOLQHQ� ELU�
SROLPHUL]DV\RQ�\|QWHPLGLU�>��@��3ROLPHUL]DV\RQ�UDGLNDOOHU��]HULQGHQ�EDúODU�YH�]LQFLU�
büyümesi \LQH� UDGLNDOOHU� �]HULQGHQ� LOHUOHU�� %�\�PH� DGÕPÕQGD� DNWLI� ELU� ]LQFLULQ�
XFXQGDNL� WHN� HOHNWURQ� PRQRPHULQ� oLIW� ED÷ÕQGDNL� π-HOHNWURQODUÕQGDQ� ELULVL\OH�
HWNLOHúHUHN�\HQL�ELU�PRQRPHUL�]LQFLUH�NDWDU��GL÷HU�π-HOHNWURQX�]LQFLU�XFXQD�DNWDUÕOÕU� 
.DWÕOPD� SROLPHUL]DV\RQXQD� \|QHOLN� LON� ELOJLOHU� ����¶OHUGH� 6WDXGLQJHU� WDUDIÕQGDQ�
YHULOPLú�� ����¶GH� )ORU\� UDGLNDOLN� SROLPHUL]DV\RQXQ� N�o�N� PROHN�OO�� PDGGHOHULQ�
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YHUGL÷L�]LQFLU�WHSNLPHOHULQH�EHQ]HU�úHNLOGH��EDúODPD��E�\�PH�YH�VRQODQPD�DGÕPODUÕ�
�]HULQGHQ�LOHUOHGL÷LQL�|QH�V�UP�úW�U�>�4]. 

.DWÕOPD�SROLPHUL]DV\RQX�G|UW�JHQHO�WHSNLPH�DGÕPÕQÕ�L]OHU� 
EDúODPD����DNWLI�PRQRPHULN�PHUNH]OHULQ�ROXúWX÷X�DGÕP 

oR÷DOPD���PRQRPHUOHULQ�DNWLI�PHUNH]OHUH�NDWÕOGÕ÷Õ�DGÕP��DNWLI�PHUNH]OHU�NRUXQDUDN� 
VRQODQPD��DNWLI�PHUNH]LQ�LúOHYLQL�\LWLUGL÷L��\RN�ROGX÷X��DGÕP 

]LQFLU�WUDQVIHUL���DNWLI�PHUNH]LQ�ELU�EDúND�PROHN�OH�DNWDUÕOGÕ÷Õ�DGÕP 

�������%DúODPD 

5DGLNDOLN�NDWÕOPD�SROLPHUL]DV\RQXQXQ�EDúOD\DELOPHVL�LoLQ�SROLPHUL]DV\RQ�RUWDPÕQGD�
PRQRPHU�YDUOÕ÷ÕQGD�VHUEHVW� UDGLNDOOHU�ROXúWXUXOPDOÕGÕU��6HUEHVW� UDGLNDOOHU��NLP\DVDO�
PDGGHOHU�NXOODQÕODUDN�\D�GD�IL]LNVHO�HWNHQOHUGHQ�\DUDUODQÕODUDN��UHWLOHELOLU� 
7DEOR� ���¶GH� LON� G|UW� JUXSWD� VÕUDODQDQ� NLP\DVDO� PDGGHOHU� QRUPDO� NRúXOODUGD�
NHQGLOL÷LQGHQ�\D�GD�ÕVÕ�HWNLVL\OH�SDUoDODQDUDN�UDGLNDO�ROXúWXUDELOHQ�ELOHúLNOHUGLU��,VÕ��
ÕúÕN�� \�NVHN� HQHUMLOL� ÕúÕQODU� JLEL� IL]LNVHO� HWNHQOHUOH� EDúODWÕODQ� UDGLNDOLN�
SROLPHUL]DV\RQGD� UDGLNDO� ND\QD÷Õ�� PRQRPHU�� o|]�F�� \D� GD� SROLPHUL]DV\RQ�
RUWDPÕQGD� EXOXQDQ� ELU� EDúND� PDGGH� RODELOLU�� (OHNWURNLP\DVDO� \|QWHP�� UDGLNDO�
�UHWPHQLQ�ELU�EDúND�\ROXGXU� 

                 Tablo 2.3.�5DGLNDOLN�SROLPHUL]DV\RQXQ�EDúODWÕOPDVÕQGD�NXOODQÕODQ� 
                                   kimyasal maddeler fiziksel etkenler 

 

Organik peroksit veya hidroperoksitler 

$]R�ELOHúLNOHUL 
5HGRNV�EDúODWÕFÕODU 
2UJDQRPHWDOLN�ELOHúLNOHU 
,VÕ 
,úÕN�YH�89-ÕúÕQODUÕ 
<�NVHN�HQHUMLOL�ÕúÕQODU 
Elektrokimyasal yöntem 

%DúODWÕFÕQÕQ� SDUoDODQPDVÕ� LOH� HOGH�HGLOHQ� UDGLNDOOHU�PRQRPHU� LOH� WHSNLPH\H�JLUHUHN�
DNWLI� PHUNH]OHUL� ROXúWXUXUODU�� %DúODWÕFÕ� RODUDN� NXOODQÕODQ� ,� PDGGHVLQGHQ� PH\GDQD�
gelen radikal R . ile gösterilirse,  

                                                                                                                                 (2.2) 

UHDNVL\RQX��EDúODWÕFÕQÕQ�KRPROLWLN�D\UÕúPDVÕ�LOH�ELU�oLIW� UDGLNDOLQ�PH\GDQD�JHOGL÷LQL�
belirtir. Burada kd�EDúODWÕFÕQÕQ�D\UÕúPDVÕ�UHDNVL\RQXQXQ�KÕ]�VDELWLGLU� 

,�����������������5NG .
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ùHNLO� ���� 2,2’- Azobis (2-metil propion-DPLGLQ�� GLKLGURNORU�U�Q� ÕVÕ� HWNLVL\OH�
SDUoDODQPDVÕ 

%DúODPD�UHDNVL\RQX�5�UDGLNDOLQH�LON�PRQRPHU�PROHN�O�Q�Q�NDWÕOPDVÕ�LOH� 
 

                                                                                                                                (2.3) 

]LQFLU� EDúODWÕFÕ� 01.� UDGLNDOLQLQ� ROXúPDVÕQÕ� VD÷ODU�� %XUDGD� 0� ELU� PRQRPHU�
molekülünü ki� LVH�EDúODPD�EDVDPD÷ÕQÕQ�KÕ]�VDELWLQL�J|VWHULU��%LU�YLQLO�PRQRPHULQLQ�
polimerizasyonunGD�������GHQNOHPL�DúD÷ÕGDNL�ELoLPGH�\D]ÕODELOLU� 

    

                                                                                                                                (2.4) 

                                                                                                                                 

�������dR÷DOPD 

%DúODPD� EDVDPD÷ÕQGD� PH\GDQD� JHOHQ� ]LQFLU� UDGLNDOL� PRQRPHU� PROHN�OOHULQLQ�
NDWÕOPDVÕ� LOH� E�\�U�� dR÷DOPD� UHDNVL\RQXQGD� \�]OHUFH�� ED]HQ� ELQOHUFH� PRQRPHU�
ELULPL� ]LQFLUH� NDWÕODELOLU��=LQFLUOHULQ� E�\�PHVL�� DúD÷ÕGDNL� UHDNVL\RQ� GHQNOHPOHUL� LOH�
gösterilebilir. 

Burada kp� oR÷DOPD� UHDNVL\RQXQXQ� KÕ]� VDELWLGLU�� =LQFLU� E�\�PHVLQH� YH� \�NVHN�
SROLPHULQ�ROXúPDVÕQD�\RO�DoDQ�oR÷DOPD� UHDNVL\RQX�oRN�E�\�N�ELU�KÕ]OD� LOHUOHU��%LU�
çok monomerlerde kp¶QLQ� GH÷Hri 10

2
-10

4
 litre/mol-san. düzeyinde bulunur. Bu 

GH÷HUOHU�� NLP\DVDO� UHDNVL\RQODUGD� UDVWODQDQODUD� NÕ\DVOD� E�\�N� UHDNVL\RQ� KÕ]ODUÕQÕ�
belirtir.  

 

 

 

5������0����������������0�. .NL

5�����&+� �&+;������������������5����&+�����&
+���
��

;
. .

NH3 C

NH

C

CH3
CH3

N N C

CH3
CH3

C NH3 NH3 C C

CH3

CH3
NH

+ +

Cl-Cl-

Cl-

+
2

NH
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∆
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                                                                                                                                (2.5)             

 

 

 

2.3.3. Sonlanma 

6RQODQPD�DGÕPÕQGD�DNWLI�SROLPHU�]LQFLUOHUL�RUWDPGD�EXOXQDQ�KHUKDQJL�ELU�PROHN�OOH�
HWNLOHúHUHN�DNWLIOLNOHULQL�\LWLULUOHU�YH�|O��SROLPHU�]LQFLULQH�G|Q�ú�UOHU��6RQODQPD\D�HQ�
EDVLW� |UQHN� EDúODWÕFÕGDQ� ROXúDQ� VHUEHVW� UDGLNDOOHULQ� DNWLI� SROLPHU� ]LQFLUOHUL\OH�
ELUOHúPHVLGLU� 
5DGLNDOLN� NDWÕOPD� SROLPHUL]DV\RQXQXQ� EDúODWÕOPDVÕQGD� NXOODQÕODQ� EDúODWÕFÕODUÕQ�
GHULúLPOHUL� PRQRPHU� GHULúLPLQGHQ� oRN� G�ú�NW�U� �N�WOHFH� �� �� GROD\ÕQGD��� %X�
QHGHQOH��DNWLI�]LQFLU�YH�EDúODWÕFÕGDQ�ROXúDQ�VHUEHVW�UDGLNDOOHU�DUDVÕQGDNL�VRQODQPDODU�
|QHPOL� GH÷LOGLU�� $\UÕFD�� EDúODWÕFÕ� GHULúLPL� G�ú�U�OHUHN� EX� W�U� VRQODQPD�
WHSNLPHOHULQLQ�KÕ]Õ�GDKD�GD�D]DOWÕODELOLU� 
6RQODQPD\D�QHGHQ�RODQ�HWNLQ�WHSNLPHOHU�DNWLI�SROLPHU�]LQFLUOHUL�DUDVÕQGD�JHUoHNOHúLU��
YiQHOHQHQ� ELULP� VD\ÕODUÕ� Q��� YH� P��� RODQ� LNL� DNWLI� ]LQFLU� ELUOHúHUHN� VRQODQÕUVD�
�ELUOHúPH�LOH�VRQODQPD��NHQGLOHULQGHQ�GDKD�X]XQ�ELU�SROLPHU�]LQFLULQH�G|Q�ú�UOHU� 
øNL� DNWLI� ]LQFLU� DUDVÕQGD� LOHUOH\HQ� ELU� GL÷HU� VRQODQPD� WHSNLPHVLQGH�� ELU� ]LQFLUGHQ�
GL÷HULQH� ELU� atom (genellikle β-KLGURMHQL�� DNWDUÕOÕU�� %X� W�U� VRQODQPDGD� WHSNLPH\H�
NDWÕODQ�]LQFLUOHU�ER\ODUÕQÕ�NRUXUODU��RUDQWÕVÕ]�VRQODQPD�� 

 

 

 

ùHNLO������%LUOHúPH�LOH�VRQODQPD 

 

0������0�����������������0���
0������0�����������������0���
0������0�����������������0���
�����������������������������������
0������0�����������������0��
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ùHNLO������2UDQWÕVÕ]�VRQODQPD 

2UDQWÕVÕ]� VRQODQPDGD� KLGURMHQ� WUDQVIHUL� LOH� LNL� SROLPHr molekülü meydana gelir. 

*|U�OG�÷�� JLEL� EX�PROHN�OOHUGHQ� ELULQGH� GR\PXú� |WHNLQGH� GR\PDPÕú� VRQ� JUXSODU�
EXOXQXU��6RQODQPD�UHDNVL\RQODUÕ�JHQHO�RODUDN� 
 

                                                                                                                                (2.6)        

                                

                                                                                                                                (2.7)     

 

reaksiyon denklemleri ile gösterilir. Burada ktc ve ktd� NDUúÕOÕNOÕ� RODUDN��ELUOHúPH� LOH�
VRQODQPD�YH�RUDQWÕVÕ]�VRQODQPD�UHDNVL\RQODUÕQÕQ�KÕ]�VDELWOHULQL�J|VWHULU� 
%LUOHúHUHN�VRQODQPDGD�ED÷�NÕUÕOPDVÕ�J|]OHQPH]�YH�G�ú�N�ELU�DNWLYDV\RQ�HQHUMLVL\OH�
LNL�UDGLNDO�ELUOHúLU��%XQD�NDUúÕQ�RUDQWÕVÕ]�VRQODQPDGD�ELU�ED÷�NÕUÕOGÕ÷Õ�LoLQ�DNWLYDV\RQ�
HQHUMLVL� \�NVHNWLU�� %X� QHGHQOH�� ELUOHúHUHN� VRQODQPD� oR÷X� UDGLNDOLN� NDWÕOPD�
SROLPHUL]DV\RQXQGD� HWNLQGLU�� 2UDQWÕVÕ]� VRQODQPDQÕQ� GDKD� HWNLQ� ROGX÷X�
SROLPHUL]DV\RQ� VLVWHPOHUL� GH� EXOXQPDNWDGÕU�� $NULORQLWULOLQ� UDGLNDOLN�
polimerizasyonunda biUOHúHUHN� VRQODQPDQÕQ�� YLQLO� DVHWDWÕQ� UDGLNDOLN�
SROLPHUL]DV\RQXQGD� RUDQWÕVÕ]� VRQODQPDQÕQ� EDVNÕQ� ROGX÷X� GHQH\VHO� RODUDN�
EHOLUOHQPLúWLU�� *HQHOOLNOH� KHU� LNL� W�U� VRQODQPD� GD� EHOOL� RUDQODUGD� EHUDEHUFH�
JHUoHNOHúLU��%LUOHúHUHN�VRQODQPD� WHSNLPHVL�VRQXFX�ROXúDQ�|O��polimer zincirlerinde 

LNL� WDQH�� RUDQWÕVÕ]� VRQODQPDGD� ROXúDQ� ]LQFLUOHUGH� ELU� WDQH� VHUEHVW� UDGLNDOGHQ� JHOHQ�
birim bulunur. Bu birimlerin analiziyle polimerizasyonda hangi sonlanma türünün 

HWNLQ� ROGX÷X� NHVWLULOHELOLU�� %|\OH� ELU� DQDOL]� LoLQ� oR÷X� NH]� UDG\RDNWLI� LúDUHWOHQPLú�
�|UQH÷LQ�14&�L]RWRSX\OD��EDúODWÕFÕODUGDQ�\DUDUODQÕOÕU� 

2.3.4. Zincir transfer tepkimeleri 

øGHDO�ELU�UDGLNDOLN�NDWÕOPD�SROLPHUL]DV\RQXQXQ� 
i) EDúODWÕFÕGDQ� ROXúDQ� VHUEHVW� UDGLNDOOHULQ� PRQRPHU� PROHN�OOHUL\OH�

HWNLOHúHUHN�LON�PRQRPHULN�DNWLI�PHUNH]OHUL�ROXúWXUPDVÕ 

CH2 C

H

X

C CH2

H

. + .

X

ktd

CH2 CH2
X + CHX CH

M   +  M                  M

M   +  M                 M   +  M

n m n+m

..

. .

nm mn

k

k
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ii) PRQRPHULN� DNWLI� PHUNH]OHULQ� \DOQÕ]FD� PRQRPHU� PROHN�OOHULQL� NDWDUDN�
GR÷UXVDO�ELU�úHNLOGH�oR÷DOPDVÕ 

iii) SROLPHU�]LQFLUOHULQLQ�VRQODQPDVÕ 
DGÕPODUÕQÕ� L]OHPHVL� EHNOHQLU�� $QFDN�� SROLPHUL]DV\RQ� RUWDPÕQGDNL� DNWLI� SROLPHU�
]LQFLUOHUL� oR÷DOPD� \D� GD� VRQODQPD� WHSNLPHOHUL� GÕúÕQGD� ED]Õ� \DQ� WHSNLPHOHUH� GH�
NDUÕúÕUODU� 
)ORU\�� ����¶GH� DNWLI� ELU� SROLPHU� ]LQFLULQLQ� DNWLIOL÷LQL� SROLPHUL]DV\RQ� RUWDPÕQGD�
EXOXQDQ� ELU� EDúND� PROHN�OH� DNWDUDELOHFH÷LQL� �]LQFLU� WUDQVIHU� WHSNLPHVL�� |QH�
V�UP�úW�U�� =LQFLU� WUDQVIHU� WHSNLPHOHULQLQ� YDUOÕ÷ÕQD� \|QHOLN� LON� GHQH\VHO� YHULOHUGHQ�
ELULVL� %UHLWHQEDFK� YH� 0DVFKLQ� WDUDIÕQGDQ� J|]OHQPLú� YH� DGÕ� JHoHQ� DUDúWÕUPDFÕODU�
karbontetraklorür içerisinde sentezledikleri polistiren içerisinde önemli oranda klor 

DWRPODUÕ� EXOXQGX÷XQX� J|]OHPOHPLúOHUGLU�� 3ROLPHULzasyon derecesinin 

SROLPHUL]DV\RQGD� NXOODQÕODQ� o|]�F�� W�U�QGHQ� HWNLOHQPHVL�� ]LQFLU� WUDQVIHU�
WHSNLPHOHULQLQ� RODELOHFH÷LQH� \|QHOLN� ELU� EDúND� GHQH\VHO� GHVWHNWLU�� %X� YHULOHU��
NXOODQÕODQ� o|]�F�Q�Q� SROLPHUL]DV\RQ� WHSNLPHOHULQH� ELU� úHNLOGH� NDUÕúWÕ÷ÕQÕ� J|VWHULU��
PROLPHUH�]LQFLU�WUDQVIHUL\OH�ROXúDQ�\HQL�DNWLI�PHUNH]OHUH�PRQRPHUOHULQ�NDWÕOPDVÕ\OD�
\DQ�]LQFLUOHU�E�\�U�YH�GDOODQPÕú�SROLPHU�HOGH�HGLOLU�>��@� 

�����5HDNVL\RQ�.LQHWL÷L 

%LU� SROLPHUL]DV\RQ� VLVWHPLQGH� GHQH\� NRúXOODUÕ� �VÕFDNOÕN�� PRQRPHU� YH� EDúODWÕFÕ�
konsantrasyoQODUÕ�JLEL��VDSWDQPÕú�LVH��E�\�PHNWH�RODQ�SROLPHU�UDGLNDOOHULQLQ��UHPH�
KÕ]Õ�EHOLUOLGLU��%X�KÕ]�5i ile gösterilir (mol/litre x saniye olarak polimer zincirlerinin 

EDúODPD� KÕ]Õ��� 3ROLPHUL]DV\RQGD� ELU� EDúODWÕFÕ� PDGGH� NXOODQÕOÕ\RUVD�� 5i� DúD÷ÕGDNL�
formül ile verilebilir [15].  

 

                                          Ri= 2 ƒ kd [ I ] + Ri, th                                                  (2.8)                       

 

Bu denklemde kd�EDúODWÕFÕ�RODUDN�NXOODQÕODQ�PDGGHQLQ�NHQGLOL÷LQGHQ�ELULQFL�PHUWHEH�
homolitik�SDUoDODQPDVÕQÕQ�KÕ]�VDELWLGLU��+HU�ELU�KRPROLWLN�SDUoDODQPD�LoLQ�LNL�SULPHU�
UDGLNDO� PH\GDQD� JHOGL÷L� LoLQ� �|UQH÷LQ� D]R� EDúODWÕFÕVÕ� LoLQ� EX� GXUXP� NROD\FD�
J|U�OHELOLU���� IDNW|U��GHQNOHPH�JLUPLúWLU��ƒ� IDNW|U�� LVH�EDúODWÕFÕQÕQ�HWNLQOLN� IDNW|U��
olup, polimerizaV\RQ�]LQFLUOHULQLQ�ROXúPDVÕQGD�HWNLQ�RODQ�SULPHU�UDGLNDOOHULQ�NHVULQL�
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�\�]GHVLQL��J|VWHULU��'HQNOHPLQ�VD÷�WDUDIÕQGDNL�LNLQFL�WHULP�WHUPDO�EDúODPDQÕQ�KÕ]ÕQÕ�
göstermektedir.  

5HDNVL\RQ� EDúODGÕ÷ÕQGD�� SROLPHUL]DV\RQ� VLVWHPLQGH�� EDúODWÕFÕQÕQ� SDUoDODQPDVÕ� LOH�
olXúDQ� VHUEHVW� UDGLNDOOHULQ� NRQVDQWUDV\RQODUÕ� \�NVHOLU�� +HU� oHúLW� VHUEHVW� UDGLNDOLQ�
konsantrasyonu, 

[C 
•
] = Σ [ RMn.]                                                              (2.9) 

ED÷ÕQWÕVÕ� LOH� YHULOLU�� ������ YH� ������ GHQNOHPOHULQGHQ� VRQODQPD� EDVDPD÷ÕQGa 

UDGLNDOOHULQ� \RN� ROPD� KÕ]ÕQÕQ� UDGLNDOOHULQ� NRQVDQWUDV\RQXQXQ� NDUHVL� LOH� RUDQWÕOÕ�
ROGX÷X� J|U�OPHNWHGLU��5HDNVL\RQXQ�EDúODPDVÕQGDQ�NÕVD� ELU� V�UH� VRQUD�� UDGLNDOOHULQ�
\RN�ROPD�KÕ]Õ�� UDGLNDOOHULQ�ROXúPD�KÕ]ÕQD�HúLW�ROXU��%X�QRNWDGD�� UDGLNDOOHULQ�NDUDUOÕ�
hal kRQVDQWUDV\RQXQD� HULúLOPLú� ROXU��+HU� VRQODQPD� UHDNVL\RQX� LNL�PDNUR� UDGLNDOLQ�
ND\EROPDVÕQD�\RO�DoWÕ÷Õ�LoLQ� 
                                   Ri = ( 2ktc + 2ktd ) [C 

•
]
2

                                                     (2.10) 

\D]ÕODELOLU��5p polimerizasyRQ�KÕ]Õ�LVH� 
                               Rp = -d[M]/dt = kp [C 

•
] [M]                                                 (2.11) 

GHQNOHPL�LOH�YHULOLU��<XNDUÕGDNL��������YH��������GHQNOHPOHULQGHQ 

                                R
2
p = ( [M]

2 
/ 2B ) Ri                     (2.12) 

elde edilir. Burada B = ( ktc + ktd ) / k
2
p  olarak ifade edilir. 

������GHQNOHPLQGH�WDQÕPODQDQ�5i’yi (2.12) denkleminde yerine koyulursa, 

 

      (2.13) 

                                                                                                                                        

ED÷ÕQWÕVÕ� HOGH�HGLOLU��7HUPDO�SROLPHUL]DV\RQ�KÕ]Õ�N�o�NVH�� VRQODQPD� UHDNVL\RQXQXQ�
KÕ]�VDELWLQL�WRSOXFD�Nt ile göstererek, Rp�SROLPHUL]DV\RQ�KÕ]Õ�LoLQ�� 

 

                                                                                                                              (2.14)        

 

ED÷ÕQWÕVÕ�HOGH�HGLOLU� 

5 L�
�% 0 �

%
�

S5  WK Nƒ G , 0

5 S  ƒ ,0N dS N
Nt

���
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.DWDOL]|UOHUOH� EDúODWÕODQ� SROLPHUL]DV\RQODUGD�� 5p� UHDNVL\RQ� KÕ]Õ� LoLQ�� DPSLULN�
yöntemlerle, 

                                             R
2
p = R

2
p, th + K

2
 [ I ] [ M ]

2
                                     (2.15) 

ED÷ÕQWÕVÕ� EXOXQPXúWXU�� %DúODWÕFÕ� RODUDN� NXOODQÕODQ� PDGGHQLQ� NRQVDQWUDV\RQX� SHN�
G�ú�N� GH÷LOVH� YH� D\UÕFD� EX� PDGGH� HWNLQ� ELU� SROLPHUL]DV\RQ� EDúODWÕFÕVÕ� LVH�� WHUPDO�
SROLPHUL]DV\RQXQ�NDWNÕVÕ ihmal edilebilir. Bu durumda (2.15) denklemi,  

                                          Rp = - d [M]/ dt ≅ K[ I ]
1/2

 [ M ]                                  (2.16) 

ROXU�� ������� GHQNOHPL�� SROLPHUL]DV\RQ� KÕ]ÕQÕQ� PRQRPHU� NRQVDQWUDV\RQXQD� J|UH�
birinci mertebeGHQ� ROGX÷XQX� J|VWHULU�� '|Q�úPH� \�]GHVLQLQ� G�ú�N� ROGX÷X�
SROLPHUL]DV\RQODUGD��\DNODúÕN�RODUDN�� 

                                              -d[M]/dt ≅  - ∆ [M]/ ∆ t                                           (2.17) 

\D]ÕODELOLU�� $\UÕFD�� >0@� YH� >,@� GH÷HUOHUL de, [M]0 ve [I]0� EDúODQJÕo�
NRQVDQWUDV\RQODUÕQD�HúLW�NDEXO�HGLOHUHN��GHQH\VHO�KÕ]�VDELWL�.�LoLQ� 

                      (2.18)  

EXOXQXU�� � 3ROLPHUL]DV\RQ� GHQH\OHUL�� EDúODQJÕoWD� VDSWDQDQ� KHUKDQJL� ELU� NDWDOL]|U�
�EDúODWÕFÕ��NRQVDQWUDV\RQX�LOH�\DSÕOÕU��IDNDW�GDKD�\�NVHN�G|Q�úPH�\�]GHOHULQH�NDGDU�
LOHUOHWLOLUVH���������GHQNOHPLQGH�UHDNVL\RQ�KÕ]ÕQÕQ�PRQRPHU�NRQVDQWUDV\RQXQD�ELULQFL�
PHUWHEHGHQ� ED÷OÕ� ROXúXQGDQ� \DUDUODQPDN� JHUHNLU�� %DúODWÕFÕ� NRQVDQWUDV\RQX��
PRQRPHU� NRQVDQWUDV\RQXQD� NÕ\DVOD�� SHN� D]� GH÷LúLNOL÷H� X÷UD\DFD÷Õ� LoLQ�� �������
denklemi integre edilerek 

                                   log ( [M]0 / [M] ) = K [ I ]0
1/2

 t / 2.303                               (2.19)     

HOGH� HGLOLU�� %X� GXUXPGD�� G|Q�úPH-zaman verileri log [M] – zaman olarak 

çizilmelidir. Bulunacak dR÷UXQXQ�ND\ÕP�GH÷HUL��ORJ�>0@0���H÷LPL�LVH�–K[I]0
1/2

/2.303 

RODFDNWÕU� 

 

 

 

 ,
0
��� 0. -

∆ / ∆ W
0 0
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�������3ROLPHUL]DV\RQ�NLQHWL÷L�LQFHOHPH�\|QWHPOHUL 
3ROLPHUL]DV\RQ� KÕ]Õ� �5p��� >0@� PRQRPHU� GHULúLPLQL� J|VWHUPHN� �]HUH� PRQRPHULQ�
KDUFDQPD�KÕ]Õ�úHNOLQGH�WDQÕPODQÕU� 
                      

                                                                                                                                                                  

                                                                                     (2.20) 

                                                                                                                                                                  

3ROLPHUL]DV\RQ� KÕ]ÕQÕ� JUDYLPHWUL�� \R÷XQOXN� GH÷LúLPL� �GLODWRPHWULN� \|QWHP���
YLVNR]LWH� YH� NÕUPD� LQGLVL� |Oo�POHUL�� 89� YH� ,5�� oLIW� ED÷ODUÕQ� WLWUDV\RQX� JLEL�
\|QWHPOHUOH� EXOPDN� RODVÕGÕU�� %DOODUG� YH� 9DQ� /LHQ� >��@� SROLPHU� YH� PRQRPHU�
\R÷XQOXNODUÕQÕ� NXOODQDUDN� YLQLO monomerlerinde dilatometrik yöntemle ilk 

SROLPHUL]DV\RQ� KÕ]ÕQÕ� KHVDSODGÕODU�� ,QIUDUHG� VSHNWURVNRSLVL� >��@�� XOWUDYL\ROH�
VSHNWURVNRSLVL�PRQRPHU�G|Q�úPH�RUDQÕQÕ�EHOLUOHPHGH�NXOODQÕOPÕúWÕU� 
3ROLPHUL]DV\RQ� NLQHWL÷LQLQ� L]OHQHELOPHVL� LoLQ� SHUL\RGLN� \D� GD� V�UHNOL olarak 

GHQH\GHQ�YHUL� DOÕQPDOÕGÕU��.HVLNOL� L]OHPH�\|QWHPL� >��@�GL\HELOHFH÷LPL]�EX�\|QWHP�
J�Q�P�]GH�\HULQL�V�UHNOL�L]OHPH�PHWRGODUÕQD�EÕUDNPDNWDGÕU� 

�����3ROLPHUL]DV\RQ�5HDNVL\RQODUÕQÕQ�6�UHNOL�ø]OHQPHVL 

ACOMP �3ROLPHUL]DV\RQ�5HDNVL\RQODUÕQÕQ�6�UHNOL�ø]OHQPesi) WHNQL÷LQGH��UHDNVL\RQ�
RUWDPÕQGDQ� V�UHNOL� RODUDN� oHNLOHQ�PLNWDU� RWRPDWLN� ELU� NDUÕúWÕUPD� SRPSDVÕ� LOH� GDKD�
|QFHGHQ� EHOLUOHQPLú� RUDQODUGD� VDI� VROYHQW� LOH� NDUÕúWÕUÕODUDN� VH\UHOWLOGLNWHQ� VRQUD��
VÕUDVÕ\OD� ELU� ÕúÕN� VDoÕOPDVÕ� GHGHNW|U�� �/6��� NDSLOHU� YLVNR]LPHWre dedektörü, UV 

VSHNWURIRWRPHWUH�YH�NÕUÕOPD�LQGLVL�GHGHNW|U�QH��5,��J|QGHULOLU��ùHNLO�������%|\OHFH��
bu dedektör seti Mw �PROHN�O� D÷ÕUOÕ÷Õ�� YH� PRQRPHU� G|Q�ú�P�Q�� � UHDNVL\RQ�
V�UHVLQFH�V�UHNOL�RODUDN� L]OHQPHVLQH� LPNDQ�VD÷ODU��$&203�XQ��o�D\UÕ�X\JXODPDVÕ�
varGÕU�����<HQL�SROLPHU�VHQWH]OHULQGH�NLQHWLN�YH�PHNDQLN�LQFHOHPHOHU�\DSÕODELOPHVL��
���(QG�VWUL\HO�|Oo�OHUGH�SROLPHU��UHWLPLQGH�V�UHNOL�L]OHPH�\DSÕODELOPHVL�����SROLPHU�
ve kopolimer özelliklerinin reaksiyon süresince kontrolü ve sonuç ürünün 

özelliklerinin isWHQLOGL÷L� JLEL� D\DUODQDELOPHVLGLU�� %X� VHEHSOH�� E|\OH� ELU� VLVWHP��
UHDNVL\RQ� NLQHWLN� YH� PHNDQL]PDVÕQÕQ� DQODúÕOPDVÕ� LoLQ� ELOLPVHO� DUDúWÕUPDODUGD�
NXOODQÕODELOHFH÷L�JLEL�SURVHV�NRQWURO��LoLQ�HQG�VWULGH�GH�NXOODQÕODELOLU�>�����@� 

Rp = - 
d[M]

dt
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$&203� PHWRGXQXQ� DOÕúÕOPÕú� PHWRWODUD� NDUúÕ� ED]Õ� DYDQWDMODUÕ� EXOXQPDNWDGÕU��
%XQODUGDQ�ED]ÕODUÕ��VDGHFH�ELU�WDQH�NRQVDQWUDV\RQX�EHOOL�SROLPHU�o|]HOWLVL�KD]ÕUODQÕU�
YH�NRQVDQWUDV\RQXQ�GR÷UXOX÷X�NRQVDQWUDV\RQ�GHGHNW|UOHUL\OH�WDNLS�HGLOLU��$\UÕFD��D]�
PLNWDUGD�PRQRPHU�o|]HOWLVL�NXOODQÕOÕU�YH�ELU� WHN�GHQH\GHQ�ELUoRN�QRNWD�DOÕQPDVÕQD�
ve çok miktarda bilgi toplanabilmesine olanak verir. 

 

 

 

 

 

 

ùHNLO����� ACOMP sistemi 

ACOMP  metodu serbest radikal kopolimerizayonuna ve homopolimerizasyonuna 

X\JXODQPDNWDGÕU�� 0RQRPHU� YH� SROLPHU� KDOOHUL� DUDVÕQGDNL� NÕUÕlma indisi ve UV 

DEVRUEDQVODUÕQÕQ� IDUNÕQGDQ� \DUDUODQÕODUDN�� PRQRPHULQ� G|Q�ú�P�Q�Q� V�UHNOL� RODUDN�
L]OHQPHVL� P�PN�QG�U�� %|\OHFH� KHUKDQJL� ELU� DQGD� PRQRPHULQ� SROLPHUOHúPHGHQ�
NDODQ�PLNWDUÕ�YH�SROLPHUH�JLUPLú��RODQ�PLNWDUÕ� �HOGH�HGLOHELOPHNWHGLU��%X�|]HOOLNOHU�
rHDNVL\RQ�ER\XQFD�SROLPHU�ROXúXPXQXQ�L]OHQPHVLQL�VD÷ODU� 
5,�GHGHNW|U��NXOODQÕODUDN�PRQRPHULQ�YH�SROLPHULQ�D\UÕ�D\UÕ�GQ�GF�GH÷HUOHUL�EXOXQXU��
$úD÷ÕGDNL� GHQNOHPOHU� NXOODQÕODUDN� UHDNVL\RQ� ER\XQFD� PRQRPHULQ� G|Q�ú�P� RUDQÕ�
KHVDSODQÕU�>��@� 
Cm(t)+ Cp(t) = Cm0                                                                                                (2.21) 

(VRI(t) –VRI,çözücü) CF = [(dn/dc)m] Cm(t) + [(dn/dc)p] Cp(t)                                (2.22)  

% X = (Cp(t)/ Cm0) x 100                                                                                      (2.23) 

��;� �'|Q�ú�P��RUDQÕ���������������������� 
Cm�W�� �+HUKDQJL�ELU�W�DQÕQGDNL�PRQRPHU�NRQVDQWUDV\RQX 

Bilgisayar     Isik 
saçilmasi

Viskozimetre      UV 
dedektörü

      RI 
dedektörü

PompalarBilgisayar

Çözelti Akis Yönü

Atik

Sinyal Akim Yönü

  Saf
çözücü

Reaktör
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Cp�W�� �+HUKDQJL�ELU�W�DQÕQGDNL�SROLPHU�NRQVDQWUDV\RQX�������� 
Cm0   � �5HDNW|UGHNL�EDúODQJÕo�PRQRPHU�NRQVDQWUDV\RQX 

VRI�W�� �+HUKDQJL�ELU�W�DQÕQGDNL�5,�VLQ\Dli (volt cinsinden) 

VRI,çözücü = Saf çözücünün RI sinyali 

CF = RI kalibrasyon faktörü 

[(dn/dc)m@� �0RQRPHULQ�GQ�GF�GH÷HUL 
[(dn/dc)p@� �3ROLPHULQ�GQ�GF�GH÷HUL 

�������6DoÕOPD�GHQNOHPL�YH�PRQRPHU�NRQVDQWUDV\RQXQXQ�VÕQÕUODPDODUÕ 
Homojen polimerizasyon reaksiyRQODUÕQÕQ�oR÷X�\�NVHN�PRQRPHU�NRQVDQWUDV\RQX\OD�
EDúODU��6WDWLN�ÕúÕN�VDoÕOPDVÕ�úLGGHWOHUL�VÕIÕU�VDoÕOPD�DoÕVÕQD��T� ����HNVWUDSROH�HGLOGL÷L�
]DPDQ�D÷ÕUOÕN�RUWDODPD�D÷ÕUOÕ÷Õ��0w������YLULDO�NDWVD\Õ��$2��YH����YLULDO�NDWVD\ÕODU��$3) 

=LPP�\DNODúÕPÕ\OD�GH÷HUOHQGirilir [22,23]. 

                                                                                                                               (2.24)                         

  

 I (q = 0), polLPHUOHULQ� 5D\OHLJK� VDoÕOPD� RUDQÕGÕU� �T�  � �¶GD� WRSODP� o|]HOWL�
VDoÕOPDVÕQGDQ� VDI� o|]�F�� VDoÕOPDVÕ� oÕNDUÕOÕU��� F�� J�FP3

 biriminde polimer 

NRQVDQWUDV\RQXGXU�� .� LVH� ELU� VDELW� ROXS� GLNH\� SRODUL]H� ÕúÕN� LoLQ� DúD÷ÕGD� YHULOHQ�
denklemle elde edilir.  

                                                                                                                               (2.25)                         

%XUDGDNL�Q�VDI�o|]�F�Q�Q�NÕUÕOPD�LQGLVLGLU��λ��ÕúÕN�ND\QD÷ÕQÕQ�YDNXP�GDOJDERyudur. 

NA� $YDJDGUR� VD\ÕVÕ� YH� GQ�GF� VDI� o|]�F�GHNL� SROLPHULQ� GLIHUDQVL\HO� UHIUDNWLI�
indeksidir.  

'HQNOHP� ����¶GHQ� J|U�OG�÷�� JLEL�� $2 ve A3� WHULPOHULQLQ� EDVNÕQ� ROGX÷X� \�NVHN�
konsantrasyonlarda, Mw� DUWDUNHQ� o|]HOWLQLQ� VDoÕOPDVÕ� ]DPDQOD� IDUN� HGLOLU� ELoLPGH�
GH÷LúPH\HFHNWLU�� %X� QHGHQOH�� \�NVHN� NRQVDQWUDV\RQGD� SROLPHU� N�WOHVLQL� L]OHPH\H�
oDOÕúPDN�ID\GDVÕ]�RODFDNWÕU��$QODPOÕ�|Oo�POHU�\DSPDN�LoLQ�o|]HOWL�VH\UHOWLOPHOLGLU� 

Kc
=

1

Mw

2 A2c 3 A3c
2+ +

I (q=0)

K = 
4 π2 n2 (dn/dc)2

NA λ4



 21 

                                                             

                                                                                                                               (2.26)                 

Bu denklemde Vtoluen�� VLVWHPGHQ� VDGHFH� WROXHQ� JHoHUNHQ� RNXQDQ� YROWDMÕ�
J|WHUPHNWHGLU�� )�WROXHQ�� o|]�F��� LVH� o|]�F�Q�Q� NÕUÕOPD� LQGLVLQLQ� WROXHQLQ� NÕUÕOPD�
LQGLVLQH�RUDQÕGÕU��)�WROXHQ��o|]�F���GH÷HUL�������¶G�U���,toluen toluenin belli bir dalga 

ER\XQGD� 5D\OHLJK� VDoÕOPD� RUDQÕQÕ� LIDGH� HGHU�� ,toluen� GH÷HUL� ���� QP� GDOJD� ER\XQGD�
1.075 x 10

-5
 cm

-1
’dir. 

2.5.2. Kapiler viskozimetre 

.DSLOHU�YLVNR]LPHWUH�ÕúÕN�VDoÕOPDVÕ�FLKD]ÕQGDQ�VRQUD�\HUOHúWLULOLU�YH�]DPDQOD�VH\UHOWLN�
o|]HOWLOHULQ� YLVNR]LWHVL� |Oo�O�U�� ����� LQ�� \DUÕoDSOÕ� NDSLOHU� NXOODQÕOÕU�� %X� FLKD]� EHOOL�
X]XQOXNWD�NDSLOHULQ� LNL�XFX�DUDVÕQD�ELU�EDVÕQo�GHGHNW|U��ED÷OD\DUDN�HOGH�HGLOPLúWLU��
Bu iki nokta arasÕQGDNL� EDVÕQo� IDUNÕQÕ� YROWDMD� oHYLUHUHN� ELOJLVD\DUD� YHULU��
'HGHNW|UGHQ�oÕNDQ�YROWDM�NDSLOHU�ERUXQXQ�LNL�XFX�DUDVÕQGDNL�EDVÕQo�G�úPHVL�LOH�GR÷UX�
RUDQWÕOÕGÕU� 
øQGLUJHQPLú� YLVNR]LWH�� ηr , ölçülen voltajdan (V(t)), kalibrasyon faktörüne ihtiyaç 

olmadan direkt RODUDN�KHVDSODQÕU�>��@� 
 

                                                                                                                               (2.27) 

 

 

                                                        

 

 

 

ηr =(t)
V (t) - V (saf çözücü)

c (t) V (saf çözücü)

I(t)= 

(V(t) - Vçözücü)

(Vtoluen - Vkaranlik)
F(toluen, çözücü)Itoluen
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3. DENEYSEL KISIM 

�����.XOODQÕODQ�Maddeler 

3.1.1. Diallildimetilamonyum klorür (DADMAC) 

)OXND� �U�Q�� RODQ�PRQRPHULQ��� ��¶OLN� VXGD� o|]HOWLVL� NXOODQÕOGÕ��<R÷XQOX÷X� ������
g/cm

3�ROXS�EX]GRODEÕQGD�VDNODQGÕ��0$ ��������J�PRO 

3.1.2. 2, 2’-Azobis (2-metilpropion-amidin) dihidroklorür 

Aldrich ürünü RODQ�EDúODWÕFÕ�VDWÕQ�DOÕQGÕ÷Õ�JLEL�NXOODQÕOGÕ��(ULPH�QRNWDVÕ����-177
0
C 

RODQ�EDúODWÕFÕ�EX]GRODEÕQGD�VDNODQGÕ� 

3.1.3. Hidroklorik asit (HCl) 

.XOODQÕODQ�DVLW�����¶OLN�ROXS�0HUFN��U�Q�G�U��6DWÕQ�DOÕQGÕ÷Õ�JLEL�NXOODQÕOGÕ�� 

3.1.4. Metanol, aseton 

Merck ürünleri RODQ� o|]�F�OHU� +3/&� VDIOÕNWD� ROGX÷XQGDQ�� VDWÕQ� DOÕQGÕ÷Õ� JLEL�
NXOODQÕOGÕ� 

3.1.5. Deiyonize su 

18 MΩ-FP�GLUHQFH�VDKLS�GHL\RQL]H�VX�NXOODQÕOGÕ� 

�����.XOODQÕODQ�&LKD]ODU 

3.2.1. Ultraviyole spektrofotometresi 

UV absorbans ölçümlerinde Shimadzu Double Beam UV-150-02 spektrofotometresi 

NXOODQÕOGÕ��89�VSHNWUXPODUÕ�.DOHLGD*UDSK�SURJUDPÕ�LOH�oL]LOGL� 

3.2.2. Termostat 

3K\ZH� PDUNDOÕ� VX� EDQ\RVXQGD� VÕFDNOÕN� VDELW� WXWXODUDN� SROLPHUL]DV\RQ�
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JHUoHNOHúWLULOGL� 

3.2.3. Vakumlu kurutma etüvü 

dDOÕúPDODU� VRQXQGD� HOGH� HGLOHQ� SROLPHUOHUL� NXUXWPDN� DPDFÕ\OD� YDNXPOX� NXUXWPD�
HW�Y��NXOODQÕOPÕúWÕU��'HGHR÷OX�PDUND�HW�Y�Q��]HULQGH�VDELW�VÕFDNOÕN�GHQHWLP�VLVWHPL�
YH�ELU�PDQRPHWUH�YDUGÕU� 

3.2.4. Pompalar 

$JLOHQW� �����6HULHV�PDUNDOÕ� �� DGHW� L]RNURWLN� SRPSD� LOH� VLVWHPH� VDELW� KDFLPOL� DNÕú�
VD÷ODQGÕ. 

�������,úÕN�VDoÕOPDVÕ�GHGHNW|U� 

,úÕN�VDoÕOPDVÕ�|Oo�POHULQGH�%,-0ZD��%URRNKDYHQ�,QVWUXPHQWV�&RUSRUDWLRQ��PDUNDOÕ�
ÕúÕN�VDoÕOPDVÕ�GHGHNW|U��NXOODQÕOGÕ��gOo�POHU�YROWDM�RODUDN�DOÕQGÕ� 

3.2.6. Viskozimetre dedektörü 

Validyne marka viskozimetre dedektörü ile viVNR]LWH� |Oo�POHUL� \DSÕOGÕ�� gOo�POHU�
YROWDM�RODUDN�DOÕQGÕ� 

3.2.7. Ultraviyole dedektörü 

UV absorbans ölçümlerinde Schimadzu SPD-10AV UV-9,6� GHGHNW|U�� NXOODQÕOGÕ��
gOo�POHU�YROWDM�RODUDN�DOÕQGÕ� 

�������.ÕUÕOPD�LQGLVL�GHGHNW|U� 

.ÕUÕOPD� LQGLVL� |Oo�POHULQGH� 6FKLmadzu RID-10A diferansiyel refraktometrik 

GHGHNW|U�NXOODQÕOGÕ��gOo�POHU�YROWDM�RODUDN�DOÕQGÕ� 

3.2.9. pH metre 

S+�|Oo�POHUL�:7:�LQR/DE�S+�/HYHO���S+�PHWUH�NXOODQÕOGÕ��+HU�NXOODQÕP�|QFHVLQGH�
kalibre edildi. 

3.2.10. Terazi 

7DUWÕPODUGD�|Oo�P�DUDOÕ÷Õ��-200 gr olan 0.0001 hassasiyetli Precisa 205 A terazisi 

NXOODQÕOGÕ� 
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��������'HL\RQL]H�VX�FLKD]Õ 
.XOODQÕODQ�VX�86)-(/*$�GHLRQL]H�VX�FLKD]ÕQGDQ�DOÕQGÕ�  

�����3ROLPHUL]DV\RQ�5HDNVL\RQODUÕ 

$&203�WHNQL÷LQGH�oRN�DoÕOÕ�ELU� ÕúÕN�VDoÕOPDVÕ�GHGHNW|U���YLVNR]LPHWUH�GHGHNW|U�� 
89�GHGHNW|U��YH�NÕUÕOPD�LQGLVL�GHGHNW|U��NXOODQÕOPÕúWÕU� 
dDOÕúPDPÕ]GD� PRQRPHU� RODUDN� GLDOOLOGLPHWLODPRQ\XP� NORU�U� YH� NDW\RQLN� ELU�
EDúODWÕFÕ� RODQ� ���¶-Azobis (2-metil propion-DPLGLQ�� GLKLGURNORU�U� NXOODQÕOGÕ��
.DW\RQLN� EDúODWÕFÕ� NXOODQÕOPDVÕQÕQ� QHGHQL� NLP\DVDO� \DQ� UHDNVL\RQODUÕ� |QOHPHN� YH�
SROLPHU� ]LQFLULQGH� VDGHFH� SR]LWLI� \�NOHULQ� EXOXQPDVÕQÕ� VD÷ODPDNWÕU� >�@�� 2UWDP�
|]HOOLNOHULQLQ�GH÷LúPHPHVL�LoLQ�KHP�UHDNW|UGH�KHP�GH�WDúÕ\ÕFÕ�o|]�F��RODUDN�D\QÕ�S+�
GH÷HULQGH� VX� NXOODQÕOGÕ�� ���� PJ�P/�� ���� PJ�P/� YH� ���� PJ�P/� PRnomer 

NRQVDQWUDV\RQODUÕQGD�� RUWDPÕQ� S+� GH÷HUOHUL� S+ ��� S+ �� YH� S+ �¶H� D\DUODQDUDN�
SROLPHUL]DV\RQODU�JHUoHNOHúWLULOGL� 

�������gQ�oDOÕúPDODU 
ACOMP sisteminde incelenecek reaksiyonda öncelikle izlenecek parametrenin 

seçimi gerekir.  Bu parametre monomerin azaOPDVÕQÕ� YH\D� SROLPHULQ� RUWD\D�
oÕNPDVÕQÕ� J|]OH\HELOHFH÷LPL]� ELU� 89� YH\D� ,5� GDOJD� ER\X� RODELOLU�� <D� GD�
SROLPHUL]DV\RQ�� GR÷UXGDQ� PRQRPHU� YH� SROLPHULQ� NÕUÕOPD� LQGLVL� IDUNODUÕQGDQ�
faydalanarak  RI’dan izlenebilir. Bu parametre dielektrik sabit, iletkenlik veya pH 

GH÷HUL�GH�RODELOLU� 
dDOÕúPDPÕ]GD� |QFHOLNOH� 89� LOH� L]OHPH� VHoLOHUHN� X\JXQ� GDOJD� ER\X� DUD\ÕúÕQD�
JLGLOPLúWLU�� øON� |QFH� ���� 0� 1D&O� o|]HOWLVL\OH� IDUNOÕ� NRQVDQWUDV\RQODUGD� KD]ÕUODQDQ�
PRQRPHU�� SROLPHU� YH� EDúODWÕFÕ� o|]HOWLOHULQLQ� 6KLPDG]X� �GRXEOH� EHDP�� 89�
spektURIRWRPHWUHVL�LOH�DEVRUEDQV�GH÷HUOHUL�|Oo�OG�������0�1D&O�o|]HOWLVLQH�NDUúÕ��YH�
.DOHLGH*UDSK� JUDILN� SURJUDPÕ� \DUGÕPÕ\OD� KHU� ELU� PDGGH� LoLQ� IDUNOÕ�
NRQVDQWUDV\RQODUGDNL� 89� VSHNWUXPODUÕ� HOGH� HGLOGL�� 7�P� úHNLOOHU� (NOHU� NÕVPÕQGD�
YHULOPLúWLU�� 6ÕUDVÕ\OD� ùHNLO� ����� ùHNLO� ���� YH� ùHNLO� ���¶GH� PRQRPHU�� SROLPHU� YH�
EDúODWÕFÕQÕQ� IDUNOÕ� NRQVDQWUDV\RQODUGDNL� o|]HOWLOHULQLQ� 89� VSHNWUXPODUÕ� YH�
NRQVDQWUDV\RQOD�GH÷LúLPL�J|U�OPHNWHGLU�� 
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'DKD� VRQUD� S+ �� RUWDPÕQGD� PRQRPHU�� SROLPHU� YH� EDúODWÕFÕQÕQ� 89� VSHNWUXPODUÕ�
çizilip uygun dalJD�ER\X�VHoLOGL��dDOÕúPDODU�EDúODWÕFÕ�DEVRUEDQVÕQÕQ�HQ�G�ú�N�GH÷HU�
YHUGL÷L� ���QP� YH� ���� QP¶GH� JHUoHNOHúWLULOGL�� ùHNLO� ���¶GH� PRQRPHU�� SROLPHU� YH�
EDúODWÕFÕQÕQ�89�VSHNWUXPODUÕ�J|VWHULOPHNWHGLU� 
dDOÕúPDODUÕPÕ]� VÕUDVÕQGD�� EDúODWÕFÕQÕQ�� ER]XQGX÷XQGD�� ���� QP¶GH�giderek artan bir 

VR÷XUPD� \DSWÕ÷ÕQÕ� IDUN� HWWLN�� 5HDNVL\RQ� úDUWODUÕQÕ� VD÷OD\DUDN� ���0&� YH� D]RW� JD]Õ�
JHoLUHUHN�� RUWDPGD� VDGHFH� EDúODWÕFÕ� YDUNHQ� \DSWÕ÷ÕPÕ]� |Oo�POHU� EXQX� GR÷UXODGÕ�
�ùHNLO�������'ROD\ÕVÕ\OD�G|Q�ú�P�KHVDSODUNHQ�89�GHGHNW|U�QGHQ�\DUDUODQDPDGÕN� 

3������.ÕUÕOPD�LQGLVL�GHGHNW|U�Q�Q�NDOLEUDV\RQ�IDNW|U�Q�Q�KHVDEÕ 
.ÕUÕOPD� LQGLVL� GHGHNW|U�Q�Q� NDOLEUDV\RQ� IDNW|U�� KHVDSODUNHQ� NÕUÕOPD� LQGLVL� ELOLQHQ�
1D&O� o|]HOWLVL� NXOODQÕOGÕ�� .RQVDQWUDV\RQX� EHOOL� ELU� 1D&O� VWRN� o|]HOWLVL� KD]ÕUODQÕS�
SRPSDODU� \DUGÕPÕ\OD� IDUNOÕ konsantrasyonlara ayarlanarak voltaj cinsinden RI 

VLQ\DOOHUL�DOÕQGÕ��.DOLEUDV\RQ�IDNW|U���&)��DúD÷ÕGDNL�GHQNOHPGHQ�������\DUDUODQÕODUDN�
KHVDSODQGÕ��+HVDSODPD�VRQXFXQGD�NDOLEUDV\RQ�IDNW|U������������EXOXQGX� 
 

CF . VRI(t) = (dn/dc)NaCl. C(t)                                                                                  (3.1)                         

CF = Kalibrasyon faktörü 

VRI�W�� �+HU�KDQJL�ELU�W�DQÕQGDNL�5,�VLQ\DOL 
(dn/dc)NaCl� �1D&O�WX]XQXQ�NÕUÕOPD�LQGLVL�GH÷HUL 
&�W�� �+HU�KDQJL�ELU�W�DQÕQGDNL�WX]XQ�NRQVDQWUDV\RQX� 
7DEOR����¶GH�1D&O�o|]HOWLVLQLQ� IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DOOHULQLQ�GH÷HUL�YH�
ùHNLO����¶GD�5,�VLQ\DOOHUL�JUDIL÷L�YHULOPLúWLU� 

Tablo 3.1.�1D&O�o|]HOWLVL�LoLQ�IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DO�GH÷HUOHUL 
Konsantrasyon 

(g/mL) 

RI(V) RI(V)-RI(V)çözücü 

Çözücü 0 0.0018040 0 

C1 2.0031e-3 0.034914 0.033110 

C2 3.0046e-3 0.052030 0.050226 

C3 4.0062e-3 0.068950 0.067146 

C4 5.0077e-3 0.085334 0.083530 

ùHNLO� ���¶GH� LVH� NRQVDQWUDV\RQD� NDUúÕOÕN� 5I(V)-RI (V)çözücü� GH÷HUOHULQLQ� JUDIL÷L�
YHULOPLúWLU� 
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�������GQ�GF�GH÷HUOHULQLQ�GHQH\VHO�RODUDN�HOGH�HGLOPHVL 
'$'0$&� PRQRPHUL�� 3'$'0$&� KRPRSROLPHUL� IDUNOÕ� S+� GH÷HUOHULQGHNL�
NRQVDQWUDV\RQX�EHOOL�VWRN�o|]HOWLOHUL�KD]ÕUODQGÕ��6LVWHPGHQ�|QFH� �o|]�F��JHoLULOHUHN�
o|]�F�� VLQ\DOL� VDELWOHQLQFH\H� NDGDU� EHNOHQGL�� +D]ÕUODQDQ� VWRN� o|]HOWLOHULQGHQ�
SRPSDODU�\DUGÕPÕ\OD�EHOLUOL�VH\UHOWPHOHU�\DSÕODUDN�IDUNOÕ�NRQVDQWUDV\RQODUGD�NÕUÕOPD�
LQGLVL�GH÷HUOHUL�|Oo�OG���'DKD�VRQUD�.DOHLGD*UDSK�JUDILN�SURJUDPÕ�\DUGÕPÕ\OD�KHU�ELU�
madde içLQ�IDUNOÕ�NRQVDQWUDV\RQODUD�NDUúÕOÕN�NÕUÕOPD�LQGLVL�GH÷HUOHUL�oL]LOGL�YH�GQ�GF�
GH÷HUOHUL� KHVDSODQGÕ�� ùHNLO� ���¶GH� '$'0$&� PRQRPHULQLQ� YROWDM� FLQVLQGHQ� 5,�
VLQ\DOOHUL� J|U�OPHNWHGLU�� ùHNLO� ���¶GD� LVH� NRQVDQWUDV\RQD� NDUúÕOÕN�5,�9�-RI(V)çözücü 

GH÷HUOHULQLQ� JUDIL÷L� YHULOPLúWLU�� '$'0$&� PRQRPHULQLQ� NRQVDQWUDV\RQ� GH÷HUOHUL�
DúD÷ÕGDNL�7DEOR����¶GH�YHULOPLúWLU� 

Tablo 3.2.�'$'0$&�LoLQ�IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DO�GH÷HUOHUL 
Konsantrasyon 

(g/mL) 

RI(V) RI(V)-RI(V)çözücü 

Çözücü 0 0.0018137 0 

C1 1.0033e-3 0.017866 0.016052 

C2 2.0066e-3 0.034928 0.033114 

C3 3.0404e-3 0.050705 0.048891 

C4 4.0437e-3 0.065729 0.063915 

$\QÕ� úHNLOGH� 3'$'0$&¶ÕQ� GQ�GF� KHVDEÕ� LoLQ� 3'$'0$&¶ÕQ� 5,� VLQ\DOOHUL� �ùHNLO�
������ YH� NRQVDQWUDV\RQD� NDUúÕOÕN� 5,�9�-RI(V)çözücü� GH÷HUOHUL� �ùHNLO� �����¶GH�
vHULOPLúWLU�� 3'$'0$&� NRQVDQWUDV\RQ� GH÷HUOHUL� DúD÷ÕGDNL� 7DEOR� ���¶GH�
görülmektedir. 

Tablo 3.3.�3'$'0$&�LoLQ�IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DO�GH÷HUOHUL 
Konsantrasyon 

(g/mL) 

RI(V) RI(V) – RI(V)çözücü 

Çözücü 0 0.0023752 0 

C1 1.0201e-3 0.021399 0.019024 

C2 2.0402e-3 0.043124 0.040749 

C3 5.0367e-3 0.099933 0.097558 

C4 7.0132e-3 0.13778 0.13540 

C5 9.0534e-3 0.17481 0.17243 
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�������S+ ���S+ ��YH�S+ ��RUWDPÕQGDNL�'$'0$&�KRPRSROLPHUL]DV\RQX 

����PJ�P/������PJ�P/�YH�����PJ�P/�JLEL� IDUNOÕ�PRQRPHU�NRQVDQWUDV\RQODUÕQGD�
SROLPHUL]DV\RQ�UHDNVL\RQODUÕ�L]OHQGL�� 
øON� GHQH\LPL]GH� ������ PJ�P/� NRQVDQWUDV\RQXQGD� S+ �� GH÷HULQGH� PRQRPHU�
o|]HOWLVL� KD]ÕUODQGÕ�� 3ROLPHUL]DV\RQ� G�]HQH÷L�� KRPRSROLPHUL]DV\RQ� UHDNVL\RQXQ�
JHUoHNOHúHFH÷L�ELU�FDP�EDORQ��ELU�JHUL�VR÷XWXFX��ELU�LQHUW�D]RW�JLULúL�YH�VLVWHPH�V�UHNOL�
DNÕú� VD÷OD\DFDN� NDSLOHU� ERUX� JLULúLQGHQ� ROXúPDNWDGÕU�� 0RQRPHU� o|]HOWLVL� YH�
NXOODQÕODFDN�o|]HOWLOHU�GHQH\GHQ�|QFH�����µm filtre ile süzüldü. 

5HDNVL\RQD� EDúODPDGDQ� |QFH� S+ �� GH÷HULQGHNL� VX� GHGHNW|UOHUGHQ� JHoLULOHUHN�
çözücü sinyalL� VDELWOHúLQFH\H� NDGDU� EHNOHQGL�� 6LVWHP� GHQJH\H� JHOGLNWHQ� VRQUD� ELU�
SRPSD�LOH������P/�PLQ�SROLPHUL]DV\RQ�o|]HOWLVLQGHQ�DOÕQGÕ�YH�EX�o|]HOWL�EDúND�ELU�
SRPSD� NXOODQÕODUDN� ����� P/�PLQ� S+ �� GH÷HULQGHNL� VX� LOH� VH\UHOWLOGL�� %|\OHFH� ��
�¶OLN� ELU� VH\UHOWPH� \DSÕOPÕú oldu. Seyreltme sonucu dedektör konsantrasyonu 4.05 

mg/mL’dir. 

Reaksiyon 60 
0&¶GH� VDELW� VÕFDNOÕN� EDQ\RVXQGD� JHUoHNOHúWLULOGL�� 0RQRPHU� VLQ\DOL�

VDELWOHQGLNWHQ�VRQUD�UHDNW|UGHNL�EDúODWÕFÕ�NRQVDQWUDV\RQX�����PJ�P/�RODFDN�úHNLOGH�
EDúODWÕFÕ� WDUWÕOÕS� UHDNW|UH� HNOHQGL� YH� SROLPHUL]DV\RQ� EDúODWÕOGÕ�� 5HDNW|U� o|]HOWLVL�
UHDNVL\RQ� |QFHVLQGH� ��� GDNLND� D]RW� JHoLULOHUHN� LoHULVLQGH� o|]�QP�ú� RODQ� KDYDGDQ�
WHPL]OHQGL��5HDNVL\RQ�ER\XQFD�GD�VR÷XWXFX�oÕNÕúÕQGDQ�D]RW�YHULOGL� 
'L÷HU�IDUNOÕ�NRQVDQWUDV\RQODUGDNL�SROLPHUL]DV\RQODUGD�GD�D\QÕ�G�]HQHN�NXOODQÕOGÕ�YH�
D\QÕ� LúOHPOHU�X\JXODQGÕ��'HQH\�SDUDPHWUHOHUL�7DEOR������7DEOR�����YH�7DEOR����¶GD�
YHULOPLúWLU� 

Tablo 3.4.�S+ ��RUWDPÕQGD�'$'0$&�SROLPHUL]DV\RQXQXQ�GHQH\�SDUDPHWUHOHUL 
Monomer 

konsantrasyonu  

(mg/mL) 

Monomer 

konsantrasyonu  

(mol/L) 

%DúODWÕFÕ�
konsantrasyonu 

(mol/L) 

6ÕFDNOÕN 

(0C) 

HCl 

konsantrasyonu 

(mol/L) 

Dedektör 

konsantrasyonu 

(mol/L) 

202.5 1.2525 0.01511 60 0.1 0.02505 

254.2 1.5722 0.01512 60 0.1 0.03144 

305.2 1.8876 0.01511 60 0.1 0.03775 

S+ ��YH�S+ ��RUWDPÕQGD�VÕFDNOÕN�YH�EDúODWÕFÕ�NRQVDQWUDV\RQODUÕQÕ�VDELW�WXWXS�VDGHFH�
PRQRPHU�NRQVDQWUDV\RQODUÕQÕQ�GH÷LúWLULOGL÷L���IDUNOÕ�GHQH\�JHUoHNOHúWLULOGL�� 
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Tablo 3.5.�S+ ��RUWDPÕQGD�'$'0$&�SROLPHUL]DV\RQXQXQ�GHQH\�SDUDPHWUHOHUL 
Monomer 

konsantrasyonu  

(mg/mL) 

Monomer 

konsantrasyonu 

(mol/L) 

%DúODWÕFÕ�
konsantrasyonu 

(mol/L) 

6ÕFDNOÕN 

(
0
C) 

HCl 

konsantrasyonu 

(mol/L) 

Dedektör 

konsantrasyonu 

(mol/L) 

205.03 1.2681 0.01516 60 0.001 0.02536 

254.3 1.5728 0.01519 60 0.001 0.03145 

306.1 1.8932 0.01523 60 0.001 0.0378 

Tablo 3.6.�S+ ��RUWDPÕQGD DADMAC polimerizasyonunun deney parametreleri 

Monomer 

konsantrasyonu  

(mg/mL) 

Monomer 

konsantrasyonu 

(mol/L) 

%DúODWÕFÕ�
konsantrasyonu 

(mol/L) 

6ÕFDNOÕN 

(0C) 

HCl 

konsantrasyonu 

(mol/L) 

Dedektör 

konsantrasyonu 

(mol/L) 

202.4 1.2518 0.01512 60 0.00001 0.02503 

254.3 1.5728 0.01510 60 0.00001 0.03145 

306.3 1.8944 0.01512 60 0.00001 0.03788 

ùHNLO�����¶GH� S+ �¶GH�������PJ�P/�NRQVDQWUDV\RQGD�JHUoHNOHúWLULOHQ� UHDNVL\RQXQ�
LúOHQPHPLú�5,��YLVNR]LWH�YH�ÕúÕN�VDoÕOPDVÕ�VLQ\DOOHUL�J|VWHULOPLúWLU� 
6ÕUDVÕ\OD�S+ ���S+ ��YH�S+ ��RUWDPÕQGD�IDUNOÕ�NRQVDQWUDV\RQODUGDNL�UHDNVL\RQODUÕQ�
LúOHQPHPLú�5,�VLQ\DOOHUL�ùHNLO�������ùHNLO������YH�ùHNLO�����¶GH�J|U�OPHNWHGLU�� 
6ÕUDVÕ\OD�S+ ���S+ ��YH�S+ ��RUWDPÕQGD�farkli konsantrasyonlar için viskozimetre 

VLQ\DOOHUL�ùHNLO�������ùHNLO������YH�ùHNLO�����¶GH�YHULOPHNWHGLU� 
ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GH� VÕUDVÕ\OD� ����PJ�P/�� ����PJ�P/� YH� ����
mg/mL NRQVDQWUDV\RQODUGDGD� IDUNOÕ� S+� GH÷HUOHUL� LoLQ� YLVNR]LWH� VLQ\DOOHUL�
görülmektedir. 

ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GH� VÕUDVÕ\OD� S+ ��� S+ �� YH� S+ �� RUWDPÕQGD�
IDUNOÕ�NRQVDQWUDV\RQODUGDNL�UHDNVL\RQODUÕQ�ÕúÕN�VDoÕOPD�VLQ\DOOHUL�YHULOPHNWHGLU� 
6ÕUDVÕ\OD� ����PJ�P/�� ����PJ�P/� YH� ����PJ�P/� NRQVDQWUDV\RQODUGDGD� IDUNOÕ� S+�
GH÷HUOHUL� LoLQ� ÕúÕN� VDoÕOPD� VLQ\DOOHUL� ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GH�
görülmektedir. 

DADMAC monomerinin polimerizasyonuyla elde edilen polimerleri asetonda 

o|NW�U�S�� NXUXWDUDN� JUDYLPHWULN� \|QWHPOH��� G|Q�ú�POHUL� EXOXQGX�� 5HDNVL\RQODUÕQ�
PRQRPHUH� J|UH� ��� PHUWHEH� ROGX÷X� G�ú�Q�OHUHN� ��� PHUWHEH� UHDNVL\RQ� GHQNOHPL�
\D]ÕOGÕ��������'DKD�VRQUD�5,�VRQXoODUÕQD����GHUHFH�UHDNVL\RQODUÕQ�ILW�GHQNOHPLQL�������
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uygulayarak ve (3.8) ve (3.9) denklemlerini kullanarak  polimerlerin (dn/dc)/CF 

GH÷HUOHUL��7DEOR������7DEOR�����YH�7DEOR������HOGH�HGLOGL�� 
- (d[M] / dt) = k [M]

2
                                                                                               (3.2) 

- (d[M]/ [M]
2
) = k dt                                                                                                (3.3) 

1/ [M] – 1/ [M]0 = k t                                                                                              (3.4) 

[P] =  [M]0 – [M]                                                                                                     (3.5) 

[P] = [M]0 (kt[M]0 / 1 + kt[M]0)                                                                              (3.6) 

[M] = Monomer konsantrasyonu 

N� �5DHNVL\RQ�KÕ]�VDELWL 
[M]0� ��%DúODQJÕo�PRQRPHU�NRQVDQWUDV\RQX 

[P] = Polimer konsantrasyonu 

y = m1 + m2*(M0–t) / (m3 + (M0-t))                                                                       (3.7) 

m1= RIilk (volt) 

m2 = Rson – Rilk (volt) 

m3� �5HDNVL\RQ�]DPDQÕ��V� 
W�� �5HDNVL\RQXQ�EDúODGÕ÷Õ�]DPDQ��V� 
∆n(V) = m2 = [M]0.[(dn/dc)/CF]                                                                             (3.8) 

m2 = Cdet. [((dn/dc)pol/CF) – ((dn/dc)mon/CF)]                                                         (3.9)       

Tablo 3.7.�S+ ��RUWDPÕQGDNL�GHQH\OHU�LoLQ��GQ�GF��&)�GH÷HUOHUL  
Konsantrasyon 

(mg/mL) 

tEDúODQJÕo 

(s) 

tson 

(s) 

��'|Q�ú�P 

(gravimetrik) 

Reax. sonu 

dön�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

Reax. 

RUWDVÕQGD�
G|Q�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

2. mertebe 

fit 

(dn/dc)/CF 

Monomer 

(dn/dc)/CF 

 

202.5 6597 35777 69.74 22.03  22.3958 

22.35 

16.839 

254.2 6161 35888 62.44 22.511 

 

20.57 24.3935 

23.54 

16.964 

305.2 5450 25750 68.91 20.211 

 

19.333 21.2143 

20.834 

16.992 
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Tablo 3.8.�S+ ��RUWDPÕQGDNL�GHQH\OHU�LoLQ��GQ�GF��&)�GH÷HUOHUL 
Konsantrasyon 

(mg/mL) 

tEDúODQJÕo 
(s) 

tson 

(s) 

% 

'|Q�ú�P 

Reax. sonu 

G|Q�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

Reax. 

RUWDVÕQGD�
G|Q�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

2. mertebe 

fit 

(dn/dc)/CF 

Monomer 

(dn/dc)/CF 

 

205.03 6111 70666    22.0717 17.1066 

254.3 5600 65777 79.62 21.855  20.45 

21.7978 

16.918 

306.3 5475 26166 87.9 19.321  22.19 

21.5243 

16.425 

 

Tablo 3.9.�S+ ��RUWDPÕQGDNL�GHQH\OHU�LoLQ��GQ�GF��&)�GH÷HUOHUL 
Konsantrasyon 

(mg/mL) 

tEDúODQJÕo 
(s) 

tson 

(s) 

% 

'|Q�ú�P 

Reax. Sonu 

G|Q�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

Reax. 

RUWDVÕQGD�
G|Q�ú�PGHQ�
(dn/dc)/CF 

(gravimetrik) 

2. mertebe 

fit 

(dn/dc)/CF 

Monomer 

(dn/dc)/CF 

 

202.4 6333 36888 75.808 21.053  22.4683 

22.05 

16.997 

254.3 4341 26083 80.05 20.9375  20.9231 

22.3127 

17.308 

306.3 4844 18666 72.15 20.314 21.545 22.27 

22.76 

17.3468 

0RQRPHU� G|Q�ú�P��� PHUWHEH�� PROHN�O� D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú� YLVNR]LWHOHU�
SROLPHULQ� �GQ�GF��&)� ����� DOÕQDUDN� KHVDSODQPÕúWÕU�7�P�S+�GH÷HUOHULQGH� D\UÕ� D\UÕ�
KHVDSODQDQ�GQ�GF�GH÷HUOHUL�DUDVÕQGD�oRN�XIDN�IDUNODU�J|]OHQGL\VH�GH�NRQIRUPDV\RQXQ�
NÕUÕOPD� LQGLVLQH� HWNLVL� LKPDO� HGLOHUHN� W�P� UHDNVL\RQODUGD� D\QÕ� GH÷HU� NXOODQÕOGÕ���
S+ ��� S+ �� YH� S+ �� RUWDPODUÕQGD� IDUNOÕ� NRQVDQWUDV\RQODUGD� UHDNVL\RQODU için 

]DPDQD�NDUúÕ�PRQRPHU�G|Q�ú�P��JUDILNOHUL�VÕUDVÕ\OD�ùHNLO�������ùHNLO������YH�ùHNLO�
����¶GD�J|VWHULOPLúWLU� 
���� PJ�P/�� ���� PJ�P/� YH� ���� PJ�P/� NRQVDQWUDV\RQODUGD� IDUNOÕ� S+¶ODU� LoLQ�
]DPDQD�NDUúÕ�PRQRPHU�G|Q�ú�P��JUDILNOHUL�VÕUDVÕ\OD�ùHNLO�������ùHNLO������YH�ùHNLO�
����¶GH�YHULOPLúWLU�� 

�������0HUWHEH�KHVDSODPDODUÕ 
dDOÕúPDPÕ]GDNL� UHDNVL\RQODUÕQ� PHUWHEHOHULQL� KHVDSODUNHQ� Q�� GHUHFHGHQ� UHDNVL\RQ�
PHUWHEH�GHQNOHPLQL��������NXOODQGÕN� 
ln (dM/dt) = - ln k + n ln (M)                                                                               (3.10) 
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OQ��0��GH÷HULQH�NDUúÕOÕN�OQ��G0�GW��JUDIL÷L�oL]LOGL÷LQGH�H÷LP�PHUWHEH\L�YHUPHNWHGLU��
S+ �� RUWDPÕQGDNL� ���� PJ�P/�� ���� PJ�P/� YH� ���� PJ�P/� NRQVDQWUDV\RQODUGDNL�
GHQH\OHULQ�PHUWHEH�JUDILNOHUL�ùHNLO�������ùHNLO������YH�ùHNLl 3.36’da verilmektedir. 

S+ �� RUWDPÕQGDNL� ���� PJ�P/� YH� ���� PJ�P/� NRQVDQWUDV\RQODUGDNL� GHQH\OHULQ�
PHUWHEH� JUDILNOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH� J|VWHULOPHNWHGLU�� S+ �� RUWDPÕQGDNL�
IDUNOÕ�NRQVDQWUDV\RQODUÕQ�PHUWHEH�JUDILNOHUL�ùHNLO�������ùHNLO������YH�ùHNLO�3.41’de 

verilmektedir. 

Tablo 3.10.�S+ ��RUWDPÕQGDNL�UHDNVL\RQODUÕQ�PHUWHEHOHUL 
Monomer konsantrasyonu 

(mg/mL) 

Mertebe 

202.5 1.4631 

254.2 1.7451 

305.2 1.7608 

Tablo 3.11.�S+ ��RUWDPÕQGDNL�UHDNVL\RQODUÕQ�PHUWHEHOHUL 
Monomer konsantrasyonu 

(mg/mL) 

Mertebe 

205.03 1.0067 

254.3 1.5844 

306.1 0.5565 

Tablo 3.12.�S+ ��RUWDPÕQGDNL�UHDNVL\RQODUÕQ�PHUWHEHOHUL 
Monomer konsantrasyonu 

(mg/mL) 

Mertebe 

202.4 1.2618 

254.3 1.0227 

306.3 0.7746 

�������0ROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�YLVNR]LWH�KHVDEÕ 
)DUNOÕ�S+�GH÷HUOHULQGH�YH�IDUNOÕ�PRQRPHU�NRQVDQWUDV\RQODUÕQGD�\DSÕODQ�'$'0$&�
KRPRSROLPHUL]DV\RQXQGDQ� HOGH� HGLOHQ� SROLPHULQ� PROHN�O� D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú�
YLVNR]LWHOHUL� WHRULN�NÕVÕPGD�YHULOHQ� �������� �������� �������YH��������GHQNOHPOHULQGHQ�
\DUDUODQÕODUDN� EXOXQGX�� S+ �� RUWDPÕQGD� ���� PJ�P/�� ���� PJ�P/� YH� ����PJ�P/�
NRQVDQWUDV\RQODUGD� JHUoHNOHúWLULOHQ� UHDNVL\RQODU� LoLQ� G|Q�ú�PH� NDUúÕOÕN� PROHN�O�
D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú� YLVNR]LWH� VRQXoODUÕ� VÕUDVÕ\OD�ùHNLO�������ùHNLO������ YH�ùHNLO�
����¶GH� YHULOPHNWHGLU�� S+ �� RUWDPÕQGD� ���� PJ�P/� YH 250 mg/mL 

NRQVDQWUDV\RQODUGD� JHUoHNOHúWLULOHQ� UHDNVL\RQODU� LoLQ� G|Q�ú�PH� NDUúÕOÕN� PROHN�O�
D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú� YLVNR]LWH� VRQXoODUÕ� VÕUDVÕ\OD� ùHNLO� ������ ùHNLO� ����¶GD�
J|VWHULOPHNWHGLU�� S+ �� RUWDPÕQGDNL� IDUNOÕ� NRQVDQWUDV\RQODUGDNL� UHDNVL\RQODUÕQ�
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G|Q�ú�PH� NDUúÕOÕN� PROHN�O� D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú� YLVNR]LWH� VRQXoODUÕ� ùHNLO� ������
ùHNLO������YH�ùHNLO�����¶GD�YHULOPHNWHGLU� 

Tablo 3.13. S+� ��RUWDPÕQGDNL�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�YLVNR]LWHOHUL 
�����G|Q�ú�P Reaksiyon sonu Monomer 

konsantrasyonu 

(mol /L) 

Dedektör 

konsantrasyonu 

(mol /L) 

HCl 

konsantrasyonu 

(mol /L) 

% 

G|Q�ú�P 

(hesapla) MW 

 

øQGLUJHQPLú 
Viskozite 

(mL/g) 

MW øQGLUJHQPLú 
Viskozite 

(mL/g) 

1.2525 0.02505 0.1 65 9200 48 8000 41 

1.5722 0.03144 0.1 76 11200 41 10000 40 

1.8876 0.03775 0.1 47 8000 50   

Tablo 3.14.�S+� ��RUWDPÕQGDNL�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�YLVNR]LWHOHUL 
�����G|Q�ú�P Reaksiyon sonu Monomer 

konsantrasyonu 

(mol /L) 

Dedektör 

konsantrasyonu 

(mol /L) 

HCl 

konsantrasyonu 

(mol /L) 

% 

G|Q�ú�P 

(hesapla) MW 

 

øQGLUJHQPLú 
Viskozite 

(mL/g) 

MW øQGLUJHQPLú 
Viskozite 

(mL/g) 

1.2681 0.02536 0.001 75 3135 119 2400 107 

1.5728 0.03145 0.001 85 3400 182 2250 150 

1.8932 0.03786 0.001 89.7 5500 200 3800 230 

Tablo 3.15.�S+� ��RUWDPÕQGDNL�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�YLVNR]LWHOHUL 
�����G|Q�ú�P Reaksiyon sonu Monomer 

konsantrasyonu 

(mol /L) 

Dedektör 

konsantrasyonu 

(mol /L) 

HCl 

konsantrasyonu 

(mol /L) 

% 

G|Q�ú�P 

(hesapla) MW 

 

øQGLUJHQPLú 
Viskozite 

(mL/g) 

MW øQGLUJHQPLú 
Viskozite 

(mL/g) 

1.2518 0.02503 0.00001 69 3650 63 3700 92 

1.5728 0.03145 0.00001 73 2500 174 1300 134 

1.8944 0.03788 0.00001 55.6 2700 200   
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���6218d/$5�9(�7$57,ù0$ 

4.1. Kinetik Sonuçlar 

dDOÕúPDPÕ]GD� '$'0$&� PRQRPHULQLQ� S+ ��� S+ �� YH� S+ �� RUWDPÕQGD� � ��� �¶-
Azobis (2-metilpropion-DPLGLQ�� GLKLGURNORU�U� EDúODWÕFÕVÕ� LOH serbest radikal 

SROLPHUL]DV\RQX� LQFHOHQGL�� 5HDNVL\RQODUÕQ� ELOJLVD\DUOD� V�UHNOL� L]OHQPHVL� VRQXFX��
$&203� VLVWHPLPL]GHQ� HOGH� HGLOHQ� � ]DPDQD� NDUúÕ� 5,� �YROW�� |Oo�POHUL� ùHNLO� ������
ùHNLO�������ùHNLO�����¶GH�J|U�OPHNWHGLU��%X�NDED�VLQ\DO��]HULQH�oL]LOHQ�HQ�L\L�H÷ULOHU�
LVH�ùHNLO�������ùHNLO������YH�ùHNLO�����¶GD�J|VWHULOPLúWLU��� 
*HQHO� VHUEHVW� UDGLNDO� SROLPHUL]DV\RQX� NLQHWL÷L� ELOJLOHULQH� X\JXQ� RODUDN�KHU� ELU� S+�
GH÷HULQGH� PRQRPHU� NRQVDQWUDV\RQXQXQ� DUWPDVÕ� LOH� UHDNVL\RQXQ� KÕ]ODQGÕ÷Õ� DoÕNoD�
J|U�OPHNWHGLU�� ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GD� J|U�OG�÷�� JLEL� ���� YH� ����
PJ�P/¶GHQ�����PJ�P/¶\H�oÕNÕOGÕ÷ÕQGD�UHDNVL\RQ�KÕ]ODQPDNWDGÕU��S+ ��YH�S+ �¶GH�
���PJ�P/� LOD����PJ�P/�DUDVÕQGDNL� IDUN�EHOLUJLQ�GH÷LOVH�GH�S+ �¶GH����������YH�
���� PJ�P/� NRQVDQWUDV\RQODUÕQGD� UHDNVL\RQ� KÕ]ÕQÕQ� JLGHUHN� DUWWÕ÷ÕQÕ� J|]O�\RUX]��
0RQRPHU� NRQVDQWUDV\RQXQ� DUWPDVÕ� LOH� UHDNVL\RQXQ� KÕ]ODQGÕ÷Õ� D\QÕ� G|Q�ú�POHUH�
GDKD� NÕVD� V�UHGH� XODúWÕ÷ÕPÕ]GDQ� GD� DQODúÕODELOLU�� 'HQH\� HVQDVÕQGD� GD� PRQRPHU�
NRQVDQWUDV\RQXQXQ�DUWPDVÕ�YH�UHDNVL\RQXQ�KÕ]ODQPDVÕ����PJ�P/�GHQH\OHUinde çok 

HWNLOL�ROGX�YH�ED]Õ�\HUGH�SRPSD�VLVWHPL�YLVNR]LWHGHQ�GROD\Õ�oHNHPH]�KDOH�JHOGL��%X�
QRNWDODUGD�VLVWHPL�GXUGXUXS�WHNUDU�oHNPH\H�]RUODGÕN�LVH�GH�NÕVD�ELU�V�UH�VRQUD�WHNUDU�
oHNLúLQ� D]DOGÕ÷Õ� J|U�OG�� YH� UHDNVL\RQ� EX� W�U� ROD\ODU� ELU� LNL� NH]� \DúDQGÕNWDQ� Vonra 

tamamen durduruldu.  

+HU� UHDNVL\RQ� VRQXQGD� JHUL� NDODQ� UHDNVL\RQ� NDUÕúÕPÕ� o|NW�U�O�S� WDUWÕODUDN� QLKDL�
YHULP� EXOXQGX�� %X� YHULPOHU� 7DEOR� ����� 7DEOR���� YH� 7DEOR� ���¶GD� YHULOPLúWLU�� %X�
YHULPOHUGHQ� GQ�GF� GH÷HUL� KHVDSODPDGD� \DUDUODQÕOGÕ�� /LWHUDW�UGH� SROLPHULzasyon 

UHDNVL\RQXQ�PRQRPHUH�J|UH�LNLQFL�PHUWHEHGHQ�ROGX÷X�YHULOPLúWLU�>�@���5HDNVL\RQODUÕ�
LNLQFL�PHUWHEHGHQ�NDEXO�HGHUHN�\DSWÕ÷ÕPÕ]�H÷UL�RWXUWPD�KHVDEÕQGDQ�HOGH�HGLOHQ�YHULP�
GH÷HUOHUL�LVH�7DEOR�������7DEOR������YH�7DEOR�����¶GH�YHULOPLúWLU��5HDNVL\RQ�VRQXQda 

HOGH� HWWL÷LPL]� YHULPOHUOH�� UHDNVL\RQX� LNLQFL� PHUWHEH� NDEXO� HGHUHN�
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EXOGX÷XPX]�YHULPOHU�DUDVÕQGD�GDKD�]L\DGH�����PJ�P/�NRQVDQWUDV\RQODUGD�EHOLUJLQ�
IDUNODU�J|]H�oDUSPDNWDGÕU��%X��GXUXP�EL]H�UHDNVL\RQXQ�LNLQFL�PHUWHEH\H�X\PDGÕ÷ÕQÕ�
J|VWHULQFH� \DSWÕ÷ÕPÕ]� PHUtebe bulma incelemesi Tablo 3.10, Tablo 3.11 ve Tablo 

����¶GHQ� J|U�OG�÷�� JLEL� � UHDNVL\RQXQ� PRQRPHUH� J|UH� ����� PHUWHEHGHQ� ROGX÷XQX�
J|VWHUPLúWLU� 

�����0ROHN�O�$÷ÕUOÕ÷Õ�YH�9LVNR]LWH�6RQXoODUÕ 

%L]LP� PRQRPHULPL]� NDW\RQLN� ELU� PRQRPHUGLU�� 2OXúDQ� SROLPHU� GH� NDW\RQik bir 

SROLHOHNWUROLWWLU�� =LQFLU� �]HULQGH� SR]LWLI� \�NOHU� PHYFXWWXU�� $\QÕ� ]DPDQGD��
sistemimizde Cl

-� NDUúÕW� L\RQODUÕ� PHYFXWWXU�� � 3ROLPHUL]DV\RQ� UHDNVL\RQX� HVQDVÕQGD�
SR]LWLI� \�NO�� IRQNVL\RQHO�JUXS� WDúÕ\DQ� � UDGLNDOLN�]LQFLUOHU�ROXúXU��%X�NDUúÕW� L\RQODU�
zincir üzerindeki yüklerin perdelenmesini ve yine pozitif yüklü fonksiyonel grup 

WDúÕ\DQ�PRQRPHULQ� ]LQFLUH�\DNODúPDVÕQD�\DUGÕPFÕ�ROXU��)DNDW�\�NOHULQ�GDKD� L\L�ELU�
úHNLOGH� SHUGHOHQPHVL� LoLQ� RUWDP� úDUWODUÕQÕQ� D\DUODQPDVÕ� JHUHNLU�� %L]LP�
UHDNVL\RQODUÕPÕ]� IDUNOÕ� S+¶ODUGD� JHUoHNOHúWLULOGL�� 5HDNW|U� EHVOHPH� o|]HOWLVLQH� +&,�
LODYHVL� LOH�RUWDPÕQ�S+¶Õ������YH��¶H�D\DUODQGÕ��%X�VD\HGH�RUWDPD�&,-�NDUúÕW� L\RQODUÕ�
VD÷ODQPÕú� ROGX��<DQL� RUWDPÕQ� L\RQLN� úLGGHWL� DUWWÕUÕOGÕ�� S+ �� ID]OD�+&,� LODYHVLQGHQ�
GROD\Õ�HQ�oRN�NDUúÕW�L\RQD�VDKLS�ROGX÷XPX]�VLVWHPGLU��%XQX�VÕUDVÕ\OD�S+ ��YH�S+ ��
WDNLS� HGHU�� <DQL� RUWDPÕQ� S+¶Õ� D]DOGÕNoD� \�NOHULQ� SHUGHOHQPHVLQH� \DUGÕPFÕ� RODFDN�
NDUúÕW�L\RQ�PLNWDUÕ�DUWPDNWD�YH�\�NOHU�GDKD�ID]OD�J|OJHOHQPHNWHGLU��%XGD�UHDNVL\RQ�
V�UHVLQFH� IDUNOÕ� S+¶ODUGD� J|]OHQHQ� � YLVNR]LWH� YH� /6� VRQXoODUÕQÕ� HWNLOHPHNWHGLU��
2UWDPÕQ�S+¶Õ�D]DOGÕNoD�\�NOHU�GDKD�ID]OD�J|OJHOHQHFH÷LQGHQ��\DGD�]LQFLUGHNL�\�NOHU�
GDKD� L\L� Q|WUDOL]H� HGLOGL÷LQGHQ�� ]LQFLUOHU� GDKD� \XPDNODúDFD÷ÕQGDQ� YLVNR]LWH� D]DOÕU��
$\QÕ� úHNLOGH� H÷HU� \�NOHU� WDP� J|OJHOHQHPH]VH� �� RUWDPGDNL� L\RQLN� úLGGHW� \�NOHULQ�
NDSDQPDVÕ� LoLQ� WDP� RODUDN� \HWHUOL� GH÷LOVH�� ]LQFLUGHNL� \�NOHULQ� HOHNWURVWDWLN�
HWNLOHúLPOHUL�DUWDFD÷ÕQGDQ�YH�]LQFLUGHNL�SR]LWLI�\�NOHU�ELUELULQL� LWHFH÷LQGHQ�]LQFLUOHU�
JHUJLQOHúLU�YH�DNÕú�HVQDVÕQGD�JHUJLQ�YH�\�NO��]LQFLUOHULQ�ELUELUOHUL��]HULQGHQ�ND\PDVÕ�
]RUODúÕU�YH�EX�GXUXP�YLVNR]LWHQLQ�DUWPDVÕQD�QHGHQ�ROXU��%X�VHEHSOH�YLVNR]LWH�DUWÕúÕ�
S+ �!S+ �!S+ ��úHNOLQGH�J|]OHQPLúWLU��S+ �¶GH�RUWDPGDNL�\�NOHU�\�NVHN�L\RQLN�
úLGGHWWHQ� GROD\Õ� GDKD� L\L� J|OJHOHQGL÷LQGHQ� ]LQFLU� ER\XWODUÕ� N�o�OPHNWH� YH� ÕúÕN�
VDoÕOPDVÕ� DUWPDNWDGÕU�� S+� DUWWÕNoD� ]LQFLUOHU� GDKD� JHUJLQ� ROGX÷XQGDQ� ÕúÕN� VDoÕOPD�
úLGGHWL�GH�D]DOÕU��,úÕN�VDoÕOPDVÕ�úLGGHWL�S+ �!S+ �!S+ ��úHNOLQGH�J|]OHQGL� 
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/6�GHGHNW|U��UHDNVL\RQ�V�UHVLQFH���PROHN�O�D÷ÕUOÕ÷ÕQÕQ�V�UHNOL�L]OHQPHVLQL�VD÷ODU��øON�
EDúWD� RUWDPGDNL� PRQRPHU� NRQVDQWUDV\RQXQXQ� \�NVHN� ROPDVÕ� VHEHEL� LOH� X]XQ�
]LQFLUOHU� ROXúXU�� 0RQRPHU� SROLPHUH� G|Q�úW�NoH� PRQRPHU� NRQVDQWUDV\RQXQXQ�
D]DOPDVÕ� QHGHQL\OH� GDKD� NÕVD� ]LQFLUOHU� ROXúPD\D� EDúODU�� %X� VHEHSOH� UHDNVL\RQ�
EDúÕQGD�PROHN�O�D÷ÕUOÕ÷Õ�\�NVHN�LNHQ�YHULP�DUWWÕNoD�PROHN�O�D÷ÕUOÕ÷Õ�D]DOÕU�9LVNR]LWH�
GDYUDQÕúÕ� LVH� RUWDPÕQ� SROLHOHNWUROLW� |]HOOL÷LQH� ED÷OÕ� RODUDN� S+¶D� ED÷OÕGÕU�� gUQH÷LQ�
S+ �¶GH�PROHN�O� D÷ÕUOÕ÷Õ� D]DOÕUNHQ� � LQGLUJHQPLú� YLVNR]LWH� DUWPDNWD� � IDNDW� EX� WHUV�
GDYUDQÕú�S+ ��YH�S+ �¶WH�úLGGHWOH�EHOLUJLQ�KDle gelmektedir.  

/LPLW�PROHN�O�D÷ÕUOÕ÷Õ�GH÷HUOHULQH�EDNDFDN�ROXUVDN�S+ �¶GH�L\RQLN�úLGGHWLQ�\�NVHN�
ROPDVÕ� YH� ]LQFLUGHNL� \�NOHU� GDKD� L\L� SHUGHOHQPHNWHGLU� �Q|WUDOL]H� HGLOHFHNWLU��
GROD\ÕVÕ\OD� ELUELUOHUL� LOH� HWNLOHúLPOHUL� �LWPH� NXYYHWOHUL�� D]GÕU�� %X� GXUXP� � NDWyonik 

PRQRPHULQ� \LQH� NDW\RQLN� JUXS� WDúÕ\DQ� DNWLI� SROLPHU� UDGLNDOLQH� NDWÕOPDVÕQÕ��
NROD\ODúWÕUDFDNWÕU�� %X� VHEHSOH� S+ �¶GH� HOGH� HGLOHQ� ]LQFLUOHULQ� PROHN�O� D÷ÕUOÕNODUÕ�
8000-10000 g/mol  viskozitesi ise 40-���P/�J� FLYDUÕQGD� LNHQ� � S+ �� YH� S+ �¶WH�
perdelenme olmaGÕ÷ÕQGDQ�PROHN�O�D÷ÕUOÕ÷Õ�����-3000 g/mol ve viskozitesi  ise 100, 

���������P/��J��RODUDN�EXOXQPXúWXU�� 
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EKLER 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ùHNLO������'$'0$&�PRQRPHULQLQ�89�VSHNWUXPXQXQ�NRQVDQWUDV\RQOD�GH÷LúLPL 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ùHNLO������3'$'0$&�SROLPHULQLQ�89�VSHNWUXPXQXQ�NRQVDQWUDV\RQOD�GH÷LúLPL 
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ùHNLO� ���� 2, 2’-Azobis (2-metilpropion-amiGLQ�� GLKLGURNORU�U�� EDúODWÕFÕQÕQ�� 89��
VSHNWUXPXQXQ�NRQVDQWUDV\RQOD�GH÷LúLPL  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ùHNLO������S+ ��RUWDPÕQGD�'$'0$&��3'$'0$&�YH�EDúODWÕFÕQÕQ�89�VSHNWUXPODUÕ 
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ùHNLO������2, 2’-Azobis (2-metilpropion-amidin) dihidroklorürün 60 
o&�GH�ER]XQPDVÕ�

UHDNVL\RQXQGD�����QP�GHNL�89�VR÷XUPDVÕQÕQ�]DPDQOD�GH÷LúLPL 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ùHNLO������1D&O�o|]HOWLVLQLQ�IDUNOÕ�NRQVDQWUDV\RQODU�LoLQ�5,�VLQ\DOOHUL 
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ùHNLO������1D&O�o|]HOWLVLQLQ�NRQVDQWUDV\RQD�NDUúÕOÕN�5,�9�-RI (V)çözücü�GH÷LúLPL 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ùHNLO������'$'0$&�PRQRPHULQLQ�IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DOOHUL 
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ùHNLO������'$'0$&�PRQRPHULQLQ�NRQVDQWUDV\RQD�NDUúÕOÕN�5,�9�-RI(V)çözücü  

GH÷LúLPL 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

ùHNLO������ PDA'0$&¶ÕQ�IDUNOÕ�NRQVDQWUDV\RQODUGD�5,�VLQ\DOOHUL 
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ùHNLO�������3'$'0$&¶ÕQ�NRQVDQWUDV\RQD�NDUúÕOÕN�5,�9�-RI(V)çözücü�GH÷LúLPL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ùHNLO������ ������PJ�P/��S+ ��RUWDPÕQGDNL�SROLPHUL]DV\RQXQ�5,��YLVNR]LWH�YH�ÕúÕN�
VDoÕOPDVÕ�Vinyalleri  
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ùHNLO�������)DUNOÕ�NRQVDQWUDV\RQODUGD�S+ �¶GH�LúOHQPHPLú�5,�VLQ\DOOHUL 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������)DUNOÕ�NRQVDQWUDV\RQODUGD�S+ �¶GH�LúOHQPHPLú�5,�VLQ\DOOHUL 
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ùHNLO�������)DUNOÕ�NRQVDQWUDV\RQODUGD�S+ �¶GH�LúOHQPHPLú�5,�VLQ\DOOHUL 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ pH=1 deki farkli konsantrasyonlar için viskozimetre sinyalleri 
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ùHNLO������ pH=3 deki farkli konsantrasyonlar için viskozimetre sinyalleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������pH=5 deki farkli konsantrasyonlar için viskozimetre sinyalleri 
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ùHNLO�����������PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�YLVNR]LWH�VLQ\DOOHUL 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����������PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�YLVNR]LWH�VLQ\DOOHUL 
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ùHNLO�3.21:�����PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�YLVNR]LWH�VLQ\DOOHUL 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ �¶GHNL�IDUNOL�NRQVDQWUDV\RQODU�LoLQ�ÕúÕN�VDoÕOPDVÕ�VLQ\DOOHUL 
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ùHNLO�������S+ �¶GHNL�IDUNOL�NRQVDQWUDV\RQODU�LoLQ�ÕúÕN�VDoÕOPDVÕ�VLQ\DOOHUL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ �¶GHNL�IDUNOL�NRQVDQWUDV\RQODU�LoLQ�ÕúÕN�VDoÕOPDVÕ�VLQ\DOOHUL 
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ùHNLO�����������PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�ÕúÕN�VDoÕOPDVÕ 
sinyalleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLl 3.26:�����PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�ÕúÕN�VDoÕOPDVÕ 
sinyalleri 
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ùHNLO�����������PJ�P/�NRQVDQWUDV\RQGD�IDUNOÕ�S+�GH÷HUOHUL�LoLQ�ÕúÕN�VDoÕOPDVÕ 
sinyalleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ �¶GH�IDUNOÕ�NRQVDQWUDV\RQODUGD�UHDNVL\RQODU�LoLQ�PRQRPHU�G|Q�ú�P� 
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ùHNLO�������S+ �¶GH�IDUNOÕ�NRQVDQWUDV\RQODUGD�UHDNVL\RQODU�LoLQ�PRQRPHU�G|Q�ú�P� 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ �¶GH�IDUNOÕ�NRQVDQWUDV\RQODUGD�UHDNVL\RQODU�LoLQ�PRQRPHU�G|Q�ú�P� 
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ùHkil 3.31:�����PJ�P/NRQVDQWUDV\RQGD�IDUNOÕ�S+¶ODUGDNL�UHDNVL\RQODU�LoLQ�PRQRPHU 
G|Q�ú�P� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����������PJ�P/NRQVDQWUDV\RQGD�IDUNOÕ�S+¶ODUGDNL�UHDNVL\RQODU�LoLQ�PRQRPHU 
G|Q�ú�P� 
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ùHNLO������ 300 mg/mLkonsantrasyondD�IDUNOÕ�S+¶ODUGDNL�UHDNVL\RQODU�LoLQ�PRQRPHU 
G|Q�ú�P� 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
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ùHNLO�������S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNil 3.36:�S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
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ùHNLO�������S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ pH=3, 306.1 mg/mL konsantrasyondaki reaksiyonun mertebe grafL÷L 
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ùHNLO�������S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ ���������PJ�P/�NRQVDQWUDV\RQGDNL�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
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ùHNLO������ pH=5, 306.3 mg/mL konsantrasyondaki�UHDNVL\RQXQ�PHUWHEH�JUDIL÷L 
 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������S+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú 
YLVNR]LWH�JUDIL÷L 
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ùHNLO�������S+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú 
YLVNR]LWH�JUDIL÷L 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO�������S+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�
YLVNR]LWH�JUDIL÷L 
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ùHNLO�������S+ ����������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�
YLVNR]LWH�JUDIL÷L 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ùHNLO�������S+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�
YLVNR]LWH�JUDIL÷L 
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ùHNLO�������S+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�
YLVNR]LWH�JUDIL÷L 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������ p+ ���������PJ�P/�UHDNVL\RQX�LoLQ�PROHN�O�D÷ÕUOÕ÷Õ�YH�LQGLUJHQPLú�
YLVNR]LWH�JUDIL÷L 
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ùHNLO� ������ S+ ��� ������ PJ�P/� UHDNVL\RQX� LoLQ� PROHN�O� D÷ÕUOÕ÷Õ� YH� LQGLUJHQPLú����
YLVNR]LWH�JUDIL÷L 
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g=*(d0øù 

�����\ÕOÕQGD�øVWDQEXO¶GD�GR÷GX�������\ÕOÕQGD�g]HO�$WD�/LVHVL¶QGHQ�PH]XQ�ROGXNWDQ�
VRQUD� D\QÕ� \ÕO� ø7h� )HQ-(GHEL\DW� )DN�OWHVL� .LP\D� %|O�P�QGH� OLVDQV� H÷LWLPLQH�
EDúODGÕ�� ����� \ÕOÕQGD� PH]XQ� ROXS� � ø7h� )HQ� %LOLPOHUL� (QVWLW�V�� .LP\D� $QDELOLP�
'DOÕ�� .LP\DJHUOLN� 3URJUDPÕQGD� \�NVHN� OLVDQV� |÷UHQLPLQH� EDúODGÕ�
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