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Inhibition of Free Radical Polymerizations by Azodibenzoyl : a Degradative 
Chain Transfer in Competition with a Simple Reaction 

By FARIDEH BASSAM and RICHARD G. JONES* 

(University Chemical Laboratory, University of Kent at Canterbury, Kent CT2 7NH) 

Summary The cycloaddition of azodibenzoyl to a selection 
of monomers with electron-rich vinyl groups has been 
shown to compete with its efficient radical-induced 
decomposition when it is present in systems in which the 
polymerization of the monomers by a free radical mecli- 
anism is initiated. 

- 
OVER the years, exhaustive studies of azo compounds as 
initiators of free radical polymerization have been made. 
It is now well recognized that amongst this class the most 

efficient initiators are aliphatic azo compounds, and that 
although aromatic azo compounds are radical sources, the 
parent compound is almost invariably an agent for degra- 
dative chain transfer, the product of this reaction being 
thought to be a stable hydrazyl radica1.l If the poly- 
merizing monomer is substituted with an electron-with- 
drawing group, the effect is simply to retard the poly- 
merization, but if the substituent is electron-repelling, the 
reactivity is sufficiently increased as to inhibit the poly- 
merization. Although these conclusions are well founded, 
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in this paper we report evidence tha t  the reaction scheme 
for the polymerization of a range of monomers in the 
presence of azodibenzoyl (AZDB) (i) cannot be explained 
solely in terms of degradative chain transfer, and (ii) that  
this process is itself complex. 

AZDB in benzene solution does not thermally decompose 
to give radicals a t  a significant rate at < 350 I<.2 IVe have 
found that in benzene solution in the presence of a monomer 
with a donor substituent, although polymerization is not 
evident, the originally orange solutions turn yellow even 
a t  323 K. Product isolation followed by C, H, and N 
analysis and i.r. and n.m.r. spectroscopy (see Table) have 
established that the mononiers and AZDB undergo an  
inverse Diels-Alder cycloaddition to form 6-substitu ted 
2-phenyl-4-benzoyl-4H-5,6-dihydro- 1,3,4-oxadiazines ac- 
cording to equation ( l ) ,  a t  rates that  correlate with the 
extent to which the vinyl group of the monomer is 
electron-rich. 

Ph P h  5 
I 1 H\ In 

. .s  

I 
P h  

N-0 

Ph 

When polymerization of the above monomers was 
initiated with azobisisobutyronitrile (AIBN) in the presence 
of AZDB in benzene solution a t  323 K (at which tempera- 
ture radical production from AZDB’ is negligible compared 
to tha t  from AIBX3j, inhibition periods were observed, the 
duration of which ( f l )  correlated with equation ( a ) ,  based 

k2 
Cycloaddition M + I --+ Product 

Radical production C 2 13. 

Initiation 13. + M -Me Rate = RI 

Inhibition M. + I --+ Products 

on tlie Scheme in wliicli the iiionoiiier, AIRS, aiicl AZDB 
are represented by M,  C,  and I ,  respectively, and priiiiary 
radicals and initiated chains bjr li. and >I.. Post-inhibitioii 
retardation was not observed. 

In the case of I~~-vinylcarbazole, for \vhicli it  can be 
shown that k,[hil] [I] >> At, and Ri liave been e\-aluatecl 
from the slope and intercept of a plot of 11ilI; z8.s. fi. Tlie 
rate constant thus obtained (1.14 x dm3 niol-l s-lj, 
although louw than that quoted i n  the Table, is nonetlieless 
of comparable order. Apparent Ri values for tlie other 
monomers have bccn calculated from the values of k ,  
quoted in the Table. They are all niarliecllj~ greater tlian 

TABLI.:. I .r . ,  n.m.r., and  rate data for the cycloatltlition (1) 

x.111.r. V 

/<:a/ -A- -, 1. r .  cm-I 
din3 mol-‘ H5 H5‘ H6 (Nu jol ) 

VC=O VC-N l i  5 -1 6 p.p.111. 

Carbazol-9-yl 1.9 x 3 . 7 0  4.XO 6.20 184s l(i3X 
p-MeOC,H, 7.1 x 1 0 F  3.66 4.68 5 - 5 2  - 1 ( i40  
Ph 5.7 x 10-5 3.70 4.76 5.64 1640 I C ~ ~ X  
MeCO,h -_ 3.10 4.34 6.28 - ._ 

a Obtained spectrophotomctric~tll~,. ’) \ * i n ! r l  acctatc react.: 
very slowly at  323 l i .  

the more likely accurate rates of initiation obtained using 
diphenylpicrylhydrazyl as  the inhibitor (4 fold, 5 fold, and 
12 fold for styrene, \.in\-l acetate, ant1 .V-~iii~~lcarbazole, 
respectively). The only explanation of tliis observation 
would seem to be that the prod~icts o f  tlie inliibition 
reaction include a radical (probably benzo!Tl) lvliicli is 
capable of reinitiating tlie polymerizatioii, z.e. that the 
AZDB is consunietl in the propagation step of ;I cliain 
reaction. If that is the case, then it is difficult to visualisc 
a stable hydrazyl radical being formed, and preliininary 
e.s.r. studies have i n  fact indicated that no such species is 
retained within these systems. 
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