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Aqueous Polymerization of Methyl 
Methacrylate Initiated by the Potassium 
Bramate-Thiomalic Acid Redox System 

J. S. SHUKLA, S. K. SHUKLA, and G. K. SHARMA 

Department of Chemistry 
University of Lucknow 
Lucknow, India 

A B S T R A C T  

The redox system composed of potassium bromate and thiomalic 
acid was used to initiate the aqueous polymerization of methyl 
methacrylate under nitrogen atmosphere at  35 f 0.2"C. The initial 
rates of polymerization have been found to be approximately pro- 
portional to the f i r s t  power of the initiator concentration in the 
range of 2.5 to 6.0 X lo-' M and to the first power ( 1.15) of mono- 
mer  concentration in the range of 3.72 to 11.16 X lo-' M. The 
overall rate was independent of activator concentrationTapproach- 
ing a maximum at 10 X lo-' M. The overall energy of activation 
was found to be 8.80 kcal/moT The initial ra te  and the maximum 
conversion attained a maximum value at  35°C in the temperature 
range of 20 to 45°C. 

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

Thio compounds coupled with such oxidants as potassium bromate 
and perdisulfate have been reported to be very useful redox pa i r s  to 
initiate the free radical polymerization of various vinyl monomers in 
aqueous media [ 1-31. 
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The formation of f ree  radicals by these redox pairs  has been ob- 
served to initiate vinyl polymerization effectively. In this laboratory 
a research program to study the polymerization of various vinyl mono- 
mers  by different redox pairs using thio compounds as activator has 
been carr ied out [4-91. 

With a view to extend this work, we undertook a study of the aqueous 
polymerization of methyl methacrylate (MMA) initiated by the potas- 
sium bromate ( KEirOs )-thiomalic acid (TMA) redox pair  a t  35 i 0.2"C 
under a nitrogen atmosphere. 

be polymerized with a minimum induction period. 
The advantage with KBrO3 is that most water-soluble monomers can 

E X P E R I M E N T A L  

Methyl methacrylate was purified by a standard method [ lo] .  Potas- 
sium bromate and thiomalic acid were of AnalaR grade. The polymeri- 
zation procedure, estimation, etc. were the same as described ea r l i e r  
[91. All experiments were carr ied out a t  35 i 0.2"C, except as other- 
wise mentioned. 

R E S U L T S  AND D I S C U S S I O N  

M e c h a n i s m  

A tentative mechanism for polymerization of MMA has been de- 

The organic free radical SCHz CH2 COOH produced by the interaction 
scribed ear l ier  [9]. 

of bromate and thiomalic acid initiates the polymerization of MMA. 

I n i t i a t o r  D e o e n d e n c e  

At fixed concentrations of activator TMA (10 X lo-' M) and mono- 
mer  MMA (9.3 X lo-' M), the initial rate of polymerizacon is found 
to increase in the wholzrange of initiator concentration (2.5 to 30.0 
X M )  while the maximum conversion begins to decrease above an 
initiatorconcentration of 4.0 X lo-' - M (Fig. 1). This can be explained 
as follows. 

Since TMA alone is incapable of initiating the polymerization of 
MMA, any increase in an initiator concentration brings a correspond- 
ing increase in the number of primary free radicals from TMA due 
to i ts  increased oxidation. This resul ts  in an increased rate of polym- 
erization and maximum conversion [ 111. At  an initiator concentration 
above 4.0 X lo-' M, the maximum conversion experiences a falling 
trend, which means that termination takes place easily due to the num- 
ber  of growing polymer radicals. 
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FIG. 1. Time vs  conversion curves for  the aqueous polymerization 
of MMA with varying initiator concentrations. [TMA] = 10.0 X lo-' 
mol/L, [MMA] = 9.3  x mol/L. 

The initiator exponent is found to be nearly unity (0 .964)  in the 
range from 2.5 to 6.0 X lo-' M, which indicates that termination of 
the growing polymer chain t a E s  place unimolecularly [4, 91 (Fig. 2). 

erization becomes almost independent of initiatorconcentration and 
hence of the termination. This means that either the rate  of radical 
generation in this system becomes almost independent of initiator 
concentration or  that the increased ionic strength of the medium leads 
to incipient coagulation which brings down the number of growing poly- 
mer  particles, thereby affecting the rate of polymerization [8]. 

At an initiator concentration above 6.0 X 10" M, the rate  of polym- 
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FIG. 2. Double logarithmic plot of the initial rates of polymeriza- 
tion Ri (%/min) vs  the concentration of the initiator KBrOs in mol/L. 

A c t i v a t o r  D e p e n d e n c e  

Figure 3 shows the results of having a variation in activator (TMA) 
at  fixed concentrations of initiator (6.0 X lo-' - M) and of monomer MMA 
(9.3 X lo-' M). 

The striking feature is that the rate of conversion of monomer into 
polymer is practically independent of activator concentration and falls  
only above 10 X lo-' M in the range from 4.0 to 40.0 X lo-' M. Such a 
trend is analogous t o a e  reports of Shukla e t  al. [6, 71, Mi& et al. 
[ 121, Palit et al. [13] , and others [ 14, 151 in other redox polymeriza- 
tions. Actually, beyond an optimum concentration of activator, the 
growing polymer chain radicals are ruptured and thus the overall rate 
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FIG. 3. Time vs conversion curves for  the aqueous polymerization 
of MMA with varying activator concentrations. [KBrOs] = 6.0 X lo-' 
mol/L, [MMA] = 9.3 X lo-' mol/L. 

of polymerization is suppressed [?'I. In our case this takes place at 
an activator concentration above 10 X lo-' M. Also, chain t ransfer  
reaction due to a growing polymer chain cannot be ruled out as ob- 
served by Cohen and Sparrow [16]. 

M o n o m e r  D e p e n d e n c e  

It was seen that the initial rate of polymerization varied some- 
what linearly with increasing monomer concentration from 3.72 to 
11.16 X lo-' M. 

say at 11.16 X loqa M, where the maximum conversion begins to de- 
crease. Similar observations have been made by previous workers 
in other redox systems [4, 6, 17-20). (Fig. 4). This can be explained 
on the basis of an explanation advanced by Norrish and Smith [21]. 

However, rdeviat ion is observed at higher monomer concentration, 
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FIG. 4. Time v s  conversion curves for the aqueous polymerization 
of MMA with varying monomer concentrations. [KBrOs 1 = 6.0 X 
mol/L, [TMA] = 10.0 X mol/L. 

According to them, the excess monomer acts as a good solvent for  
the polymer formed during the course of reaction, and a good solvent 
increases the mobility of the growing polymer chain, thereby increas- 
ing the chances of ear ly  termination and thus decreasing the polymer- 
ization rate. 

gested that the termination rate was unimolecular (Fig. 5). For a 
monomer like MMA which has a higher affinity for i t s  insoluble poly- 
mer  than for water, the general observation is of f i rs t -order  depen- 
dence of the rate on the initial monomer concentration [22].  

T e m p e r a t u r e  D e p e n d e n c e  

The linear relationship of monomer conversion into polymer sug- 

The overall rate of polymerization increases as the temperature is 
raised from 20 to 35°C and then decreases  up to 45°C. This is in line 
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FIG. 5. Double logarithmic plot of the initial rates of polymeriza- 
tion (%/min) v s  concentration of monomer MMA in mol/L. 

with the observations of Shukla et al. [6, 71 (Fig. 6). Actually, above 
35"C, a visible change in the physical nature of the aqueous polym- 
erization media from a colloidal to a precipitative phase takes place, 
which probably affects the overall rate of polymerization [22]. Sever- 
al workers have reported that the coagulating effect of heat is likely 
to decrease the overall rate of polymerization and is due to more 
facile mutual termination of growing macroradical chains [22, 231. 
Also, the chain t ransfer  reaction of thio compounds becomes faster  
than the production of primary free radicals a t  higher temperatures,  
with the result  that easy termination takes place and decreases  the 
overall ra te  of polymerization. 

The overall activation energy (E,) was found to be about 8.80 

kcal/mol as calculated from the Arrhenius plot (Fig. 7), a value 
well within the range observed by others in aqueous systems [24- 
261. Some of the values for E given by others are: Ea = 8.90 kcal/ a 
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FIG. 6. Effect of temperature on the rate of polymerization of 
MMA in queous  media. [KBrOs] = 6.0 X lo-' mol/L, [TMA] = 
10.0 x 10- mol/L, [MMA] = 9.3 x lo-' mol/L. 

mol for MMA by KMnO -oxalic acid (Pali t  and Konar [20] 1, Ea 
= 8.34 kcal/mol for MMA by K2S208-thioglycolic acid (Shukla 

and Tiwari [27] ), and E =8.34 kcal/mol for acrylamide by 

K2S208-TMA (Misra and Dubey [281). 
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FIG. 7. Arrhenius plot of the initial rates of polymerization Ri (%/ 
min) vs  the reciprocal absolute temperature of polymerization. 
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