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13.2: General Features of Radical Reactions

The three phases of radical chain reactions 

Because of their high reactivity, free radicals have the potential to be both extremely powerful chemical tools and extremely
harmful contaminants. Much of the power of free radical species stems from the natural tendency of radical processes to occur in a
chain reaction fashion. Radical chain reactions have three distinct phases: initiation, propagation, and termination.

The initiation phase describes the step that initially creates a radical species. In most cases, this is a homolytic cleavage event, and
takes place very rarely due to the high energy barriers involved. Often the influence of heat, UV radiation, or a metal-containing
catalyst is necessary to overcome the energy barrier.

Molecular chlorine and bromine will both undergo homolytic cleavage to form radicals when subjected to heat or light. Other
functional groups which also tend to form radicals when exposed to heat or light are chlorofluorocarbons, peroxides, and the
halogenated amide N-bromosuccinimide (NBS).

The propagation phase describes the 'chain' part of chain reactions. Once a reactive free radical is generated, it can react with
stable molecules to form new free radicals. These new free radicals go on to generate yet more free radicals, and so on. Propagation
steps often involve hydrogen abstraction or addition of the radical to double bonds.

Chain termination occurs when two free radical species react with each other to form a stable, non-radical adduct. Although this
is a very thermodynamically downhill event, it is also very rare due to the low concentration of radical species and the small
likelihood of two radicals colliding with one another. In other words, the Gibbs free energy barrier is very high for this reaction,
mostly due to entropic rather than enthalpic considerations. The active sites of enzymes, of course, can evolve to overcome this
entropic barrier by positioning two radical intermediates adjacent to one another.
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