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A B S T R A C T 

The in te rac t ion between polymethacrylic ac id 

(PMA) and d iva len t metal ions has been studied at 

25 oC and. varying conditions of ion ic s t rength , polymer 

concentrat ion, ca t ion concentrat ion and degree of 

ionizat ion by d i f fe ren t experimental techniques. 

The experimental techniques used were conductance 

measurements, viscometric t i t r a t i o n , spectrophotometric 

t i t r a t i o n , d i a l y s i s equi l ibr ium, potent iometr ic t i t r a -

t ion and l ight sca t t e r ing . 

Data from di f ferent experimental methods reveal 

tha t both copper and zinc i n t e r a c t qui te s trongly with 

preionized PMA to form complexes. Copper has been 

found to he a stronger hinder than z inc . 

Copper ions bind PMA to form complexes involving 

four , two and one carboxylate groups per copper ion 

while zinc forms complexes involving two and one ca r -

hoxylate groups per zinc ion. 



FMA molecules ex i s t in t i g h t l y coiled s t a t e when 

unneutral ized or at low degrees of i o n i z a t i o n (0.1>α). 

The ionized molecules undergo a conf igura t ions ! t r a n -

s i t i o n in the range 0.1 < α <0.27. The t r a n s i t i o n 

is completed at a = 0.27. Maximum chain extension 

has been achieved at 70% n e u t r a l i z a t i o n . The uncoil ing 

of the polymer molecule has been a t t r i b u t e d to strong 

e l e c t r o s t a t i c repulsive forces between the charged 

carboxylate groups along the polymer backbone. The 

uncoiling of the compact PMA molecules is a s ingle-s tep 

process . 

It has been establ ished t h a t some experimental 

techniques used were more sens i t ive than others . With 

conductance measurements, spectrophotometry and poten-

t iometr ic t i t r a t i o n s i t i s quite poss ib le t o detect 

almost a l l types of complex species present in M2+ -PMA 

systems with t h e i r corresponding co-ordinat ion numbers, 

while viscometric t i t r a t i o n s and d i a l y s i s equilibrium 

w i l l only detect the most s table complex formed and 

the corresponding co-ordination number. 

The r e s u l t s presented in chapter 4 for spectro-

photometries t i t r a t i o n s show that Cu2+-FMA complexes are 

charge-transfer complexes. 

In chapter 5, equations were derived for M2 + PMA 



s y s t e m s t o e n a b l e t h e a u t h o r t o c a l c u l a t e t h e s t a b i l i t y 

c o n s t a n t s and t h e c o - o r d i n a t i o n numbers o f complexes 

f o r m e d . These e q u a t i o n s were t e s t e d g r a p h i c a l l y and 

t h e r e was s a t i s f a c t o r y ag reemen t b e t w e e n t h e o r y and 

e x p e r i m e n t . I t was found t h a t , o n t h e a v e r a g e , e a c h 

c a t i o n formed c o m p l e x e s i n v o l v i n g two c a r b o x y l a t e g r o u p s 

p e r m e t a l i o n and t h a t t h e mode o f b i n d i n g c o u l d b e 

e i t h e r i n t r a m o l e c u l a r l y o r i n t r a m o l e c u l a r l y d e p e n d i n g 

o n t h e i o n i c s t r e n g t h and d e g r e e o f i o n i z a t i o n ( a ) . 

I t h a s been shown c o n v i n c i n g l y i n c h a p t e r 6 t h a t 

t h e a c i d d i s s o c i a t i o n c o n s t a n t K a i s n o t a c o n s t a n t b u t 

a function of a. Potentiometric behaviour of PMA in 

t h e a b s e n c e and i n the p r e s e n c e o f d i v a l e n t c a t i o n s 

h a s b e e n d i s c u s s e d i n l i g h t o f d o u b l e l a y e r e f f e c t 

and a l s o i n l i g h t o f t h e e m p i r i c a l e q u a t i o n s d e v e l o p e d 

for calculating [coo-]bound and [M2+]bound. 

L i g h t s c a t t e r i n g s t u d i e s c o n f i r m t h a t a t low 

d e g r e e s o f i o n i z a t i o n a d imer i s formed i n t h e p r e s e n c e 

o f Cu 2 + and Zn 2 + i o n s b e c a u s e t h e m o l e c u l a r w e i g h t i s 

a p p r o x i m a t e l y d o u b l e d . T h i s s u g g e s t s t h a t t h e m o s t 

l i k e l y mode o f b i n d i n g i s i n t e r m o l e c u l a r l y . L i g h t 

s c a t t e r i n g s t u d i e s a l s o c o n f i r m t h a t p a r t i a l l y 

i o n i z e d P M A m o l e c u l e s e x i s t i n random c o i l s . 



Fina l ly in chapter 8, the r e s u l t s obtained from 

d i f fe ren t chapters are compared and the i n t e r p r e t a t i o n 

and deductions made are found to corrobora te . Cumula-

t ive constants 3 have been calcula ted for the various 

complex species in the react ion mixture . 


































































































































































































































