
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Redox-Initiated Polymerization of Methyl Methacrylate
G. S. Misraa; J. I. Khatiba

a Department of Chemistry, University of Jammu, Jammu, India

To cite this Article Misra, G. S. and Khatib, J. I.(1983) 'Redox-Initiated Polymerization of Methyl Methacrylate', Journal of
Macromolecular Science, Part A, 20: 5, 577 — 582
To link to this Article: DOI: 10.1080/00222338308061794
URL: http://dx.doi.org/10.1080/00222338308061794

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308061794
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A20( 5&6), pp. 577-582 ( 1983) 

Redox-Initiated Polymerization of 
Methyl Methacrylate 

G. S. MISRA and J. I. KHATIB 

Department of Chemistry 
University of Jammu 
Jammu 1, India 

A B S T R A C T  

The redox-initiated polymerization of methyl methacrylate (MMA) 
by the Ce(1V)-malic acid system has been carried out i n  aqueous 
medium under an inert atmosphere. The rate of polymerization 
was found to be proportional to [MMA] ”’ [MA] ’/’ [Ce( IV)] and 
the rate of ceric ion disappearance was proportional to [Ce(IV)] 
but independent of [MMA]. The rate increased linearly up to a 
certain range of [MA], above which it remained constant. Increas- 
ing [H’SOr] decreased the rate. The activation energy was found 
to be 57.44 kJ/mol. 

I N T R O D U C T I O N  

In the present paper the heterogeneous, aqueous polymerization of 
methyl methacrylate initiated by the redox system Ce (IV)- malic acid 
has been studied. The results have been compared with those obtained 
for the homogeneous polymerization of acrylamide initiated by the 
same redox system [ 11. 
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E X P E R I M E N T A L  

MISRA AND KHATIB 

Methyl methacrylate (SD’ S) was purified by the usual method, 
Ceric ammonium sulfate (Loba Chemie), malic acid (Riedal) and sul- 
furic acid, all A.R. or  equivalent grade, were used as such. All  the 
solutions were prepared i n  doubly distilled water. 

lowed earlier by Misra et al. [2, 31 except that the estimation of the 
polymer formed was carried out gravimetrically. The rate of ceric 
ion disappearance was calculated by ceremetry. The molecular 
weights were determined by using the relationship of Baxendale et  al. 

The technique followed in the present case was similar to that fol- 

~41.  

R E S U L T S  AND DISCUSSION 

R a t e  of M o n o m e r  D i s a p p e a r a n c e  (R ) D 

The rate and conversion increased with increasing [MA] up to 6.90 
X 10’’ mol/L above which both decreased (Fig. 1). At higher [MA] 
the rate of production of primary radicals is so  high that most of them 
are lost in side reactions which result in a decrease of rate and con- 
version. The MA exponent of 1.5 indicated a bimolecular termination 
mechanism. Increasing the ceric ion and monomer concentrations in- 
creased the rate and conversion. The ceric ion and monomer expo- 
nents were found to be 0.5 and 1.5, respectively, both confirming the 
bimolecular termination mechanism of two growing macroradicals. 
In the case of the polymerization of acrylamide by the same redox sys- 
tem, at lower [ceric ion] the ceric ion exponent was 1 but was inde- 
pendent of it at higher concentrations. This shows that this redox pair 
acts very differently in homogeneous and heterogeneous conditions. 
This is also confirmed by a monomer exponent of 1 in acrylamide and 
1.5 in MMA polymerization, under the same conditions. 

Increasing the reaction temperature from 30 to 40°C increased the 
rate. The rate attains a fairly constant value at and above 45°C. How- 
ever, conversion is a maximum at 35°C (Fig. 2). This complicated be- 
havior shows that at higher temperatures the occurrence of side reac- 
tions is well favored. The activation energy was found to be 63.78 
kJ/mol, which is in the normal range. The rate and conversion de- 
creased with increasing [EI~SOI].  This is due to the formation of a 
highly sulfated complex of ceric ions. Katai et al. [5] have reported 
this highly sulfatocerated complex to be less reactive, which de- 
creases the concentration of primary radicals and hence the initial 
rate and maximum conversion decreased. The molecular weights of 
the samples increased with increasing [MMA] and decreasing [Ce(IV)]. 
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FIG. 1. Time-conversion curves for the aqueous polymerization 
of methyl methacrylate with varying initial concentration of monomer 
at constant [MA] = 9.20 X lo-' mol/L, [Ce(IV)] = 4.04 X lo-' mol/L 
[H~SOI] = 27.86 X lo-' mol/L, 35 f 0.2OC. [MMA] = ( 0 )  3.76 x lo-' 
mol/L, ( 0 )  5.64 X lo-' mol/L, ( 0 )  7.52 X lo-' mol/L, ( 0 )  9.40 x 
mol/L, ( 0  ) 13.16 X 10" mol/L, ( 0 )  18.80 X 10" mol/L. 

Rate  of C e r i c  I o n  D i s a p p e a r a n c e  

The rate of ceric ion disappearance increased with increasing 
[Ce(IV)]. A plot of rate v s  [Ce(IV)] gave a straight line passing 
through the origin. However, in the case of acrylamide polymeriza- 
tion, the straight line did not pass through the origin at higher [Ce(IV)] , 
showing that ceric ions play some role other than the production of pri- 
mary radicals. The rate was found to be independent of [MMA], Both 
these points suggest that the ceric ions are not involved directly either 
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FIG. 2. Time-conversion curves for the aqueous polymerization of 
methyl methacrylate with varying reaction temperature a t  constant 
[MMA] = 9.40 X lo-* mol/L, [MA] = 6.90 X lo-' mol/L, [Ce(IV)] = 
32.40 x mol/L, [HzS04] = 0.225 mol/L. Temperature: ( 0 )  30"C, 
(0 ) 35"C, ( 0 )  40"C, ( 0) 45°C. 

in initiation or  termination by direct  interaction with the monomer or 
macroradicals. The rate increased very slowly with increasing [MA] 
up to a certain range above which it remained constant. A plot of rate 
vs  [MA] left an intercept on the ordinate, indicating the formation of 
a very stable complex between cer ic  ions and malic acid. A Michaelis- 
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Menten plot confirms the complex formation between ceric ion and 
malic acid. The yellowish complex formed was  subjected to various 
studies. IR spec t r a  of the complex gave a peak at 1550 cm-'  but no 
peak was observed at 1725 cm-' which appeared in the spec t r a  of 
malic acid. This shifted peak and a peak at 650 cm-' show the possi-  
bility of metal-oxygen bonding. The pH studies revealed a 1: 1 com- 
plex formation. A freshly prepared  solution of the complex in HzS04 
polymerized MMA, which indicated that the decomposition of the com- 
plex yields free radicals that initiate polymerization. 

58 1 

K I N E T I C  S C H E M E  A N D  R A T E  E X P R E S S I O N  

All the experimental observations can be explained by the following 
reaction scheme: 

K 
MA +Ce( IV)  - complex ( 1) 

R' + Ce(III) + Ht (2 )  
kr Complex 

products ( 3 )  
kO R + Ce(IV) 

R-M' ki R' + M 

k 
R-M'+ M R-M2' 

k 
R-Mhml + M - P R-Mn' 

polymer kt R-M * + R-M ' n m 

( 4 )  

( 5 )  

where R' and R-Mn' are the pr imary  radical and macro  radical, respec- 
tively. Applying the steady-state assumption to  both [R] and [R-M ' 3 ,  n 
and assuming that k [MI >> ki[M] , the following rate express ions  fo r  
the rate of monomer and ceric ion disappearance can be derived: 

P 

Kkrki[MA] [Ce( IV)] 

kt( ko[Ce(IV)] + +[MI ) 
- Rp = kp[M]s'2 

d[MI - - -  
dt 
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and 

Thus all the experimental observations can be explained by Eqs. 
(7) and (8), which confirms the bimolecular termination mechanism 
of the two growing macroradicals. Rao et al. [6] have also derived an 
equation similar to Eq. (7) in the case of the polymerization of acrylo- 
nitrile initiated by the same redox system. From all these observa- 
tions it appears that the malic acid-ceric ion pair  acts in two different 
ways in homogeneous and heterogeneous polymerizations. 
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