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S U M M A R Y  

The polymerization of methacryllc acid in presence 

of poly/2-vinylpyridine/ of different molecular weight 

was investigated. The resulted complex has been sepa- 

rated and analysed by elemental analysis and UV spectro- 

metry. The kinetics of complex formation was examined 

by means of nephelometric analysis and determination 

of acid groups. The results obtained show that the 

complex formation rate does not depend visibly on the 

degree of polymerization of the template due to the 

template polymerization. 

1. I n t r o d u c t i o n  

The templa te  p o l y m e r i z a t i o n  process arouses g r e a t e r  

and greater interest. The best known example of this 

process is the polymerization of methacrylic acid in the 

presence of poly/2-vinylpyridlne/. Some papers /I-6/ 

have recently dealt with this subject including the 

e f f e c t s  of templa te  c o n c e n t r a t i o n  / 1 / .  i n i t i a t o r  

c o n c e n t r a t i o n  / 2 / .  monomer c o n c e n t r a t i o n  / 3 / ~  templa te  

t a c t i c i t y  / 4 / .  temperature / 5 /  and so l ven t  / 6 / .  

These s t u d i e s  have a l lowed to propose a mechanism of 

the process end to desc r i be  i t s  k i n e t i c s .  

It seems, however, that despite so thorough studies, 

some questions have not been fully understood as yet. 

Th is  concerns the e f f e c t  of the mo lecu la r  weight  of 

templa te  on the process as we l l  as the fo rma t ion  

of p o t y / m e t h a c r y l i c  a c i d /  w i t hou t  s complex being 
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formed simultaneously with the template polymerization. 

These questions are the subject of the present study. 

The template polymerization has been carried out using 

fractions of poly/2-vinylpyridine/. The resulted complex 

has been separated and analysed. 

2. Exper imenta l  

2.1. Fractionation 

In order to produce template fractions, a fractional 

precipitation of poly/2-vinylpyridine/ was carried out 

from a methanol solution using water as non-solvent. 

Molecular weights of the fractions were determined by 

viscoslmetry at 25~ in methanol with the use of the 

r e l a t i o n s h i p =  

z z . 3  , zo - s  M ~  

Fractions with the following molecular weights were 

used f o r  the exper iments :  231, 375, 693, 889 and 1431. 

2.2. Polymerization 

The polymerization was carried out in a round-bot- 

tom flask provided with a stirrer, a reflux condenser 

and ~nput and output for nitrogen, using dimethyl- 

formamide /DMF/ as solvent and azobislsobutyronltrile 

AIBN as initiator. The reaction was performed at a tempe- 

rature of 60~ The monomer concentration was 0.23 mol/l 

in all the cases; the template concentration was O.l mol/l 

and that of initiator 0.015 mol/l. 

2.3. Methods of Analysis 

a/ The extent of monomer conversion to polymer 

due to the polymerization without template was measured 

by bromometrlc titration of double bonds. 

b/ The number of acid groups was determined in the 

f i l t r a t e  a f t e r  f i l t e r i n g  o f f  the complex p r e c i p i t a t e d  
as in /c/. The filtrate was titrated with a 0.05 n NaOH 
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solution against phenolphthaleln. This method allows 

to find all the acid groups in the unconverted metha- 

cryllc acid and in th non-complexed poly/methacrylic 

acid/. The difference between the initial measurement 

und that carried out after time t gives the amount 

of acid combined with the template /conversion into 

complex/, which allows to prepare a calibration diagram. 

c/ The amount of the polymer complex formed was 

determined by the nephelometric analysis. A sample of 

the reaction mixture was diluted with ethyl alcohol 

in ratio ill. It was found on the basis of separate 

tests that under these conditions, a stable sol is 

formed from the complex of poly/2-vlnylpyrldine/ and 

poly/methacryllc acid/~ its concentration can be determi- 

ned by measuring light absorption in a photocolorimetar 

from El~ad, using a 690 nm filter. The complex concentra- 

tion was found from the calibration diagram, and hence 

the extent of conversion of msthacryllc acid into 

a complex w i t h  the  t e m p l a t e .  

d/ The concentration of poly/2-vlnylpyrldlne/ was 

measured by UV spectrometry /7/, using DHF as solvent. 

The measurements were taken for concentrations of the 

magni tude lO " 4  mol /1  a t  a wave leng th  of  267 nm. The 

u s e a b l l i t y  o f  the  Beer law was con f i rmed  p r e v i o u s l y  

and a s t a n d a r d  s t r a i g h t  l i n e  was p r e p a r e d .  

e /  The c o m p o s i t i o n  of  the  sepa ra ted  complex was 

examined by the method o f  e l e m e n t a r y  a n a l y s i s ,  

3. Results and Discussion 

In order to verify the accuracy of the methods 

and to compare the results with the literature data, 

polymerization of methacrylic acid without the template 

was carried out. The extent of conversion was determined 

by the bromometric method as described in /a/. The results 

are given in Fig. i ,  in the system used for classic 

polymerization, i.e.: -in/i-a/ versus time t. As is 
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seen, the polymerization proceeds according to the 

equation V = K/H/• /I/I/2, taking into consideration that 

the small period of activation is brought about probably 

by the rest of unremoved oxygen. The calculated value 

of K is 2.72x10 "4 moll/2s -1. This value refers to the 

! 

I 

0,4 
0 

0.2 

10 
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temperature used by us. i.e. 60~ and is similar to 

the value 3,0x10"4moll/2s -1 calculated for this tempera- 
ture from the equation K = exp/21.5 - B2xlO3/RT/ given 

in paper /5/. 

The results of the template polymerization are 

given in Flg. 2. It is worth noting that the used method 

of complex separation allows to follow the kinetics 

of complex formation and not the kinetics of the overall 

polymerization proceeding also beyond the template. The 

ordinate axis in Fig. 3 show the extent of conversion 

of the methacrylic acid wihich takes part in the compo- 

sition of the complex wlth the template. As is seen, 

the conversion so calculated reaches a value of about 
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F i g u r e  3. ~ o f  c o n v e r s i o n  of  the monomer i n t o  complex 

in template polymerization, Degree of polymerization 

of p o l i / 2 - v l n y l o  p l r y d i n e /  / t e m p l a t e / =  ~ - 231,  

x -  375,  �9 - 693,  o - 889,  o - 1431. 

42~ and then does not  change.  T h i s  i s  i n  agreement w i t h  

the excess o f  monomer used w i t h  r e s p e c t  to  the t emp la te  

and,  on the  o t h e r  hand,  w i t h  the  assumed e q u i m o l a r  

complex c o m p o s i t i o n .  T h i s  assumpt ion  was a d d i t i o n a l l y  

con f i rmed  by e l smen taLy  a n a l y s i s  o f  the sepa ra ted  

complex c o m p o s i t i o n  / f o u n d  N = 7 . 4 ~ ,  c a l c u l a t e d  f o r  the  

e q u i m o l a r  c o m p o s i t i o n  N = 7,3~o/,  

I t  f o l l o w s  from the  i n i t i a l  c o m p o s i t i o n  o f  the 

monomer- templa te  m i x t u r e  t h a t  the  maximum amount of  

p o l y / m e t h a c r y l i c  a c i d /  co r responds  to  a c o n v e r s i o n  

of  44~ a t  the  assumed comple te  " f i l l i n g "  o f  the  t e m p l a t e .  

I t  r e s u l t s  from the above f a c t s  t h a t  r e c o m b i n a t i o n  o f  

the  r a d i c a l  o f  f i l l e d  t e m p l a t e  w i t h  the  m a o r o r a d i c a l s  

of  the homopolymer formed beyond the t e m p l a t e  i s  h a r d l y  

p r o b a b l e  to  o c c u r .  I t  amounts to  a low v a l u e  of  the  

c o n s t a n t  of  cross-termlnation. 
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In additlono one can state that the relative inltial 

rates of the template polymerization /the ratio of the 

t e m p l a t e  p o l y m e r i z a t i o n  ra~e to the p o l y m e r i z a t i o n  r a t e  

w i t h o u t  t e m p l a t e /  a re  w i t h i n  3 .2  - 3 . 5 ,  wh ich  i s  s l i g h t l y  

l o w e r  v a l u e  than t h a t  g i v e n  i n  paper  / 1 / .  

I t  i s  seen from the  r e s u l t s  g i v e n  i n  F i g .  3 t h a t  

the  complex f o r m a t i o n  r a t e  due to the  t emp la te  p o l y m e r i -  

z a t i o n  does not  depend v i s i b l y  on the p o l y m e r i z a t i o n  

degree of  the t emp la te  w i t h i n  the  range under  s t u d y .  T h i s  

semms to show t h a t  the c r i t i c a l  l e n g t h  of  m a c r o r a d i c a l s  

adsorbed by the  t emp la te  i s  much l owe r  than the 

c o r r e s p o n d i n g  t emp la te  w i t h  the  p o l y m e r i z a t i o n  degree 231. 
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