Chemical Lifetimes

A common concern in environmental chemistry is the length of time that a chemical species, let’s
call it “A”, will be present in the environment.

The half-life
In the simplest case, A will decay by a single first order process, with the following differential rate
law:

The integrated rate law takes the form:
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The half-life is the length of time necessary for [A], to reach half of its original concentration, [A]
Simple algebra shows that the half-life, t,,, is:
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The lifetime

In more complicated scenarios, A will decay by a variety of different pathways, some first order,
some not. For example, let’s say that there are three known decay paths for A:

A—B rate = k[A]
2A+C—=D+E rate = k[A]
A+X—=Y rate = k;[A][X]

The lifetime (abbreviated T) of A, or any compound, is defined by its concentration divided by the
sum of all rates of processes that are consuming A:
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Given the above three processes,

Thus, the lifetime of A is influenced by three rate constants, the concentration of A itself, and by the
concentration of a second reactant, X.



