 HALF LIFE
Another characteristic used to determine the order of a reaction from experimental data is the half-life (t1/2t1/2). By definition, the half life of any reaction is the amount of time it takes to consume half of the starting material. For a second-order reaction, the half-life is inversely related to the initial concentration of the reactant (A). For a second-order reaction each half-life is twice as long as the life span of the one before.
Consider the reaction 2A→P2A→P:
We can find an expression for the half-life of a second order reaction by using the previously derived integrated rate equation.
1[A]t−1[A]o=kt(32)(32)1[A]t−1[A]o=kt
Since,
[A]t1/2=12[A]o(33)(33)[A]t1/2=12[A]o
When,
t=t1/2(34)(34)t=t1/2
Our integrated rate equation becomes:
112[A]o−1[A]o=kt1/2(35)(35)112[A]o−1[A]o=kt1/2
After a series of algebraic steps,
2[A]o−1[A]o=kt1/2(36)
(36)2[A]o−1[A]o=kt1/2

We obtain the equation for the half-life of a second order reaction:
t1/2=1k[A]o(38)(38)t1/2=1k[A]o
This inverse relationship suggests that as the initial concentration of reactant is increased, there is a higher probability of the two reactant molecules interacting to form product. Consequently, the reactant will be consumed in a shorter amount of time, i.e. the reaction will have a shorter half-life. This equation also implies that since the half-life is longer when the concentrations are low, species decaying according to second-order kinetics may exist for a longer amount of time if their initial concentrations are small.

