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Free radicals can be generated by a number of ways, including thermal or photochemical decomposition of organic
peroxides, hydroperoxides, or azo or diazo compounds. Other methods of generation of free radicals include
dissociation of covalent bonds by high-energy irradiation and oxidation—reduction (redox) reactions. The active species
produced by these processes are referred to as initiators. These species are frequently but erroneously also called
catalysts. Initiators are consumed in the reaction while catalysts are regenerated after the reaction. Compounds usually
used for free-radical generation include
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The reactivities of methylstyrene and styrene radicals are essentially the same due to their similar
resonance stabilization. However, the activation of the double bond by the phenyl group is
compensated somewhat by the presence of the electron-donating methyl group in methylstyrene.
The methyl group also provides steric hindrance at the reactive site. Consequently, methylstyrene

Is less reactive than styrene.
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Ideally, free-radical polymerization involves three basic steps: initiation, propagation, and
termination, as discussed above. However, a fourth step, called chain transfer, is usually
involved. In chain-transfer reactions, a growing polymer chain is deactivated or terminated
by transferring its growth activity to a previously inactive specie.

(Chain transfer agent) : could be a monomer, polymer, or other molecules deliberately or
inadvertently introduced into the reaction mixture.
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The rate of polymerization of vinyl monomers can be reduced or almost completely inhibited by the addition
of relative small amounts of certain molecules, called retarders and inhibitors. Inhibitors are substances that
almost completely suppress the polymerization reaction, that is, the inhibitor has to be completely

consumed before the reaction rate assumes its normal value. The induction time, which is the time between
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addition of initiator and start of reaction (normal rate of reaction), is linear proportional to the amount of
inhibitor added. Retarders, on the other hand, only reduce the rate of polymerization, that is, the rate of
reaction steadily increases as the retarder is consumed. The equivalent induction time of a retarder is the
time that would have been required for all the retarder to be consumed if it had completely suppressed the

reaction.

According to the general theory of inhibition, inhibitors and retarders react with initiator radicals to give
products that are unable to induce further polymerization; retarders are less reactive than inhibitors and,
therefore, do not entirely prevent initiators from reacting with monomers followed by the propagation

reaction. Thus, a high concentration of retarder will simulate the behavior of an inhibitor.

Typical conversion time curves are shown below. The polymerization in the presence of an inhibitor (blue

curves) shows a flat plateau with no or very low reaction rates; at a certain point in time (induction time) the
reaction rate rapidly increases to a value close to the one found in the absence of inhibitor. The retarder, on
the other hand, reduces only the rate of polymerization (red curves). The reaction rate increases steadily as

the retarder is consumed and finally assumes its normal rate.
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