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MECHANISM OF INITIATION OF POLYMERIZATION 
BY FERRIC ACETYLACETONATE 

Results on the autooxidative decomposition of the transition metal B-dike- 
tonates (1-3) suggested the possibility of these chelates acting as initiators for 
the radical polymerization of vinyl monomers. Research in this field soon re- 
vealed the importance of the central metal atom as well as the ligand structure 
(4-10). Of a series of metal acetylacetonate~-Mn(Acac)~, M n ( A ~ a c ) ~ ,  Fe- 
( A ~ a c ) ~ ,  Co(Acac)2, N i ( A ~ a c ) ~  etc. - Mn(Acac), was found to be the most 
effective initiator; its efficiency was comparable to that of tertiary butyl hy- 
droperoxide. The striking influence of the ligand in determining the activity 
of the chelate was brought about through the studies carried out by Bamford 
et al. (7) on M n ( A ~ a c ) ~ ,  Mn(p-p'dichloro DBM)3, Mr~(FAcac)~, and Mn- 
(DBM)3. 

A monomer order of higher than unity is a widely observed and naturally 
accepted feature of the chelate-initiated polymerization systems. The order 
with respect to the chelate is almost always close to 0.5. Bamford suggested, 
in agreement with Arnett and Mendelsohn (1-3), that the initial initiation step 
involves the scission of the ligand as a free radical and the reduction of the 
metal as in the following equation: 

0 0  
( Acac 2Mn _I) (Acac) $ W I + C H ~ E - ~ H - ~ - C H ~  

' CH3 

But he feels that the process is probably more complicated than that repre- 
sented by the equation, and that monomer may be involved in the initiation 
process, since the order with respect to the monomer for the overall polymeri- 
zation reaction exceeds unity. For methyl methacrylate in benzene and sty- 
rene in toluene, the order is close to 1.5. 

tonates are good initiators. These chelates are stable when heated in benzene 
alone, in the absence of the monomer; but in the presence of styrene, decom- 
position and subsequent polymerization occur. Naturally a monomer order of 
1.8 was observed. These investigators suggested an initiation mechanism in- 
volving an interaction between the chelate and the monomer. 

provide conclusive evidence for the involvement of the monomer in the initia- 
tion step of the polymerization reaction. 

The inhibitory effects of hydroquinone and DPPH in the polymerizations 
of methyl methacrylate and styrene using the above initiators indicated a free- 
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Uehara et al. (10) have observed that the 3-substituted copper(I1) acetylace- 

Experiments carried out in this laboratory using Fe(DPM), and F e ( A ~ a c ) ~  
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Fig. 1. (1) Effect of Fe(Acac)3 on the rate of polymerization of MMA at 
70°C in benzene. [MMA] = 4.7 mole/l. (2) Effect of MMA concentration on 
the rate of polymerization in the presence of Fe(Acac), at 70°C in benzene. 

radical mechanism. The values of 6 and CM obtained with ferric acetylacete 
nate-initiated systems for styrene and methyl methacrylate, are in good agree- 
ment with those reported in the literature for conventional free-radical sys- 
tems. The square-root dependency of the rate of polymerization on the che- 
late concentration suggests bimolecular termination reaction. The monomer 
order in Fe(Acac)3 is close to 1.5. (Fig. 1). 

ferric acetylacetonate, such as, 
Even though Arnett et al. (1-3) have suggested that direct decomposition of 

Fe(Acac), ___+ Fe(Acac)2 t Acac' 

is possible, this seems to be improbable in the absence of oxygen. According 
to Vanhoene et al. (1 1), ferric acetylacetonate does not undergo low-tempera- 
ture thermal decomposition. If it  decomposes at all, the decomposition sets in 
at somewhere near its melting point (1 64°C). All the polymerization experi- 
ments are carried out at temperatures below 80°C and obviously it is difficult 
to assume direct decomposition of the chelate to be solely responsible for the 
radical production. 

This convincingly rules out the direct decomposition of the ferric chelate 
to be a radical-producing reaction. The proof for the monomer-chelate inter- 
action was obtained from spectroscopic investigations. Ferric acetylacetonate 
exhibits a strong absorption peak in the ultraviolet region at 278 nm. This 
peak appears unchanged in solvents like benzene, chloroform, alcohol, etc., 
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in Benzene 
h m P  

in Chloroform 

mP 
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Fig. 2. Spectra of ferric Acac in different solvents at room temperature. 
Concentration of the chelate - lo-’ M. 

and has been assigned to the I1 - 11* transition, characteristic of the coordi- 
nated ligand (12). When styrene or methyl methacrylate is employed as the 
solvent, this peak shifts to 308 nm or 298 nm, respectively. Hence it may be 
assumed that the interaction between the chelate and the monomer greatly af- 
fects the ligand part and promotes the induced decomposition of the chelate 
to yield radicals. The decomposition may be envisaged as: 

Fe(Acac)3 + Monomer - [Complex] ___f Fe(Acac)2 + R’ 

This is quite consistent with the detection of ferrous in the reaction mixture. 
The interaction between the chelate and the monomer is found to occur 

only in solution and the Job’s variation method as well as the Benesi-Hilde- 
band plot shows the stoichiometry of interaction to be 1: l .  
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