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Kinetics of Polymerization of Methyl Methacrylate 
initiated by AiBN in the Presence of Acetophenone 

MANJUSHREE SENAPATI, NARAYAN C. SAMAL, RANU MISHRA, 
SWOYAM P. ROUT, LALIT N. PATNAIK,* and MAHENDRA K. ROUT 

Department of Chemistry 
Ravenshaw College 
Cuttack 753003, India 

A B S T R A C T  

The present investigation aims at estimating the retarding effect of 
acetophenone in the polymerization of methyl methacrylate initiated 
by ff,ff' -azobisisobutyronitrile in the temperature range of 50 to 
80°C. The results are interpreted in terms of Tttdus kinetic param- 
eter ( B ) .  The effects of varying concentrations of substrate, mono- 
mer, initiator, and salts have been investigated. A suitable reac- 
tion scheme and rate expression have been suggested on the basis 
of the experimental findings, and another kinetic parameter (K) to 
represent the reactivity of acetophenones toward the polymer radi- 
cal has been obtained graphically. 

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

Kinetic studies of the retarding influence of various organic sub- 
strates with different monomers like acrylonitrile and methyl meth- 
acrylate were reported earlier [l, 21. In continuation of this work, 

*To whom correspondence should be addressed. 
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568 SENAPATI ET AL. 

we report in this article the effect of acetophenone on the rate of 
polymerization of methyl methacrylate (MMA) initiated by azobisiso- 
butyronitrile (AIBN). 

Tud8s [3] has suggested a kinetic parameter B which is propor- 
tional to the reactivity of a substrate for the growing polymer radical 
(i.e., k3) of 

B = pk3x1” /2 ( Rik4)l” ( 1) 

where R. = rate of initiation 
1 

k = mutual termination rate 
p = stoichiometry of the inhibition process 
4 

It has also been shown that the numerical value of B can be calcu- 
lated from 

B = +x”2/[ZH] ( 2 )  

where R 
R 

x = initial concentration of initiator 
[ZH] = initial concentration of retardor (acetophenone) 

= rate of polymerization in the presence of acetophenone 
= rate of polymerization in the absence of acetophenone PO 

P 

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

Axobisisobutyronitrile, methyl methacrylate, and acetic acid were 
all BDH Analar o r  E. Merck (G.R.) products and were purified by 
standard methods. Acetophenone was distilled twice before use. The 
experimental procedure followed has been described earlier [ 11 , and 
all the kinetic results were described in terms of the Tiid& param- 
eter  B. 

R E S U L T S  AND DISCUSSION 

E f f e c t  of S u b s t r a t e  C o n c e n t r a t i o n  

Azobisisobutyronitrile brings about the polymerization of methyl 
methacrylate, and the rate has been found to decrease in the presence 
of acetophenone. The proposed reaction scheme for the given reaction 
explains the role of acetophenone in the given polymerization process. 
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POLYMERIZATION OF METHYL METHACRYLATE 569 

It is observed that acetophenone participates in the process of termin- 
ation by reacting with the growing PMMA radical in the following way: 

ZH + Mn' - M -H + Z' n 

This process of hydrogen abstraction is  considered to be solely re- 
sponsible for the retarding influence of acetophenone (Tcble 1, Fig. 1). 

E f f e c t  of T e m p e r a t u r e  

With an increase of temperature, the values of P gradually decrease. 
This i s  to be expected as  there i s  greater initiation at a higher temper- 
ature, resulting in less retardation (Table 1, Fig. 1). 

E f f e c t  of I n i t i a t o r  C o n c e n t r a t i o n  

The value of P has been found to be independent of the AIBN concentra- 
tion in a particular monomer and substrate concentration (Table 2). 

[ZHI (mol/L) 

FIG. 1. Effect of substrate concentration: [MMA] = 0,9349 mol/L, 
[AIBN] = 0.01 mol/L, acetic acid = 35% (v/v), ( 0 )  at 50°C, ( A )  at 55"C, 
( 0 )  at 60°C. 
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POLYMERIZATION OF METHYL METH ACRY LATE 

TABLE 2. Effect of [AIBN] on values of B at 55°C. [MMA] = 0.9349 
mol/L, [Acetophenone] = 0.4270 mol/L, Acetic Acid = 35% (v/v) 

571 

~~ 

[AIBN] (mol/L) lo5 X R P mol /L*s  (Rp)rel 'calculated 

0.005 0.1256 0.1588 0.2 54 

0.01 1.0681 0.1926 0.2926 

0.015 1.5781 0.2516 0.2666 

0.02 2.1293 0.3036 0.2474 

0.02 5 2.2088 0.2902 0.2920 

Similar observations have also been made by fid 'ds et al. [3] in con- 
nection with the retarding effect of phenol on the polymerization of 
vinyl acetate and also by Rout e t  al. [ 11 in connection with the kinetics 
of retardation by phenol of the polymerization of acrylonitrile. 

E f f e c t  of M o n o m e r  C o n c e n t r a t i o n  

With an increase of monomer concentration, B has been found to 
decrease (Table 3, Fig. 2). A plot of R versus [MI has been found 
to be linear, thus supporting the validity of our scheme. The decrease 
in the value of j3 i s  perhaps due to a relatively higher increase in the 
rate of polymerization with increasing monomer concentration. 

P 

E f f e c t  of S a l t s  

Bamford et  al. [4] have studied the effects of salts  on some vinyl 
polymerizations. The addition of such salts  as MnS04, FeCI3, KCI, 

TABLE 3. Effect of [MMA] on Values of B at 55°C. [Acetophenone] 
= 0.4270 mol/L, [AIBN] = 0.01 mol/L, Acetic Acid = 35% (v/v) 

'calculated [MMA] (mol/L) R x 10' mo l /L- s  ( R ~ ) ~ ~ ~  P 
0.7012 0.9248 0.1515 0.7550 

0.7947 1.3164 0.2071 0.54 12 

1.4186 0.2 166 0.5152 0.8882 

0.9817 1.596 0.2245 0.4952 
1.0752 1.8556 0.2345 0.4718 

1.1687 1.7571 0.245 0.4492 
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FIG. 2. Effect of monomer concentration: acetophenone] = 0.427 
mol/L, [AIBN] = 0.01 mol/L, acetic acid = (v/v), ( 0  ) at 55°C. 

and K SO facilitates retardation, resulting in an increase in the value 
of 6 (Table 4). The increased retardation is perhaps a consequence 
of stabilization of a polar transition state of the hydrogen abstraction 
process between the growing PMMA radical and acetophenone. The 
complexing ability of the salt may be a contributing factor in the re- 
tardation process [ 51. 

2 4  

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

The following reaction scheme has been proposed. Based on it, a 
kinetic expression has been derived making the usual assumptions of 
steady-state concentration of the radicals. 
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POLYMERIZATION O F  METHYL METHACRYLATE 573 

TABLE 4. Effect of Salts on Values of ' at  55°C. [Acetophenone] = 
0.4270 mol/L, [MMA] = 0.9349 mol/L, [AIBN] = 0.01 mol/L, Acetic 
Acid = 35% (v/v) 

'calculated salt  [Salt] (mol/L) 

MnS04 0.0125 

0.062 5 

Co(NO3I2 0.0125 
0.062 5 

FeC13 0.0125 
0.062 5 

K2S04 0.0125 
0.062 5 

KC1 0.0125 

0.062 5 

1.1475 

1.9352 

0.0742 

0.0994 

0.3053 

0.3662 

0.4735 
3.1604 

0.1590 

0.1771 

Initiation: 

M + I  - M 

Propagation: 

M ' +  M - - Mn' + M - P 

Termination: 

ZH + Mn*- Mn-H+ Z' 

Mn' + Mn'- M n n  -M ( K4) 

Mn' + Z' - M n -Z ( K5) 

where M, ZH, I , and P represent the monomer, r e t a rde r  (aceto- 
phenone), initiator, and chain carrier, respectively. 

2 
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574 SENAPATI E T  AL. 

At steady state: 

- = K3[ZH][Mn'] - K5[Z']-[Mn'] = 0 
d[Z'I 

dt 

or 

K3 

Kg 

[Z'] = - [ZH] ( 3 )  

Also 

- -  - Ri - K3[ZH][Mn'] - K4[Mn']' - K5[Z'][Mn'] = 0 ( 4 )  
d P n . 1  

dt 

R , the rate of initiation, is assumed to be constant. Substituting i 
the value of [Z'] f rom Eq. (3)  in Eq. (4), and taking the positive value 
of [M,']: 

.. 

-K3[ZH] + ( K i  [ZHI2 + K4Ri)'" 
[Mn'l = ( 5)  

K4 

which on rearrangement gives 

1 / 2  

[ M i ]  = -[ZH] -K3 + ( ;[ZHIa Ki 
+ Ri ) K4 K4 K4 

The rate of polymerization is given by 

On rearrangement: 

Equation ( 8 )  requi res  a l inear dependence of [MI /R on [ZH] (Fig. 1). 
The slope K = K3/K2Ri of Eq. (8), which is proportional to the reac- 
tivity of the substrate with the growing polymer radical (K3), can also 

P 
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POLYMERIZATION OF METHYL METHACRYLATE 575 

be directly used as another kinetic parameter for  expressing the re- 
tarding influence of acetophenone. 

G R A P H I C A L  D E T E R M I N A T I O N  O F  B 

By correlating the values of the slope and the intercept in the plot 
of [MI /R v s  [ZH] , we get the relationship P 

slope x [initiator] '1' 

intercept 
B =  

i f  the stoichiometry p is assumed to be 2. 

ship. The graphical values of 8, s o  determined, have been found to  
agree closely with the calculated P values derived from Tiidus' rela- 
tionship (Table 1). 

B values have been found graphically by using the above relation- 
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