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THE HALF-LIFE OF A REACTION 

Half-life period of a reaction is defined as the time during which the concentration of a reactant 

is reduced to half of its initial concentration.  or 

The time in which half of a reaction is completed. It is generally denoted as t½ 

The half-life period of a first order reaction may be calculated as given below: 

The first order rate equation for the reaction 

A ———–> Products 

 

Now, half-life period corresponds to time during which the initial concentration, [A]0 is reduced 

to half i.e. 

[A] = [A]0 /2   at t= t½ 

Then half-life period, t½ becomes 



 

Thus, half-life period of a first order reaction is independent of the initial concentration of the 

reactant. Half-life period for the first order reaction is inversely proportional to the rate constant. 

For example, 

(i) Time required to complete 1/3 of the reaction will be given as: 

[A]o = a, [A] = a – a/3=2/3a 

 

(ii) Time required to complete 3/4 of the reaction will be 

[A]o = a, [A] = a – 3/4 a = 1/4 a 

 



Half Life period of zero order and second order reactions 

The integrated rate equation is, kt = [A]o - [A] 

For half-life period, t½, [A] = [A]0/2 

t½ = [A]o /2k 

Similarly for second order reaction, 

 

 



 

 

REACTION MECHANISM 

The term for the sequence of elementary steps that leads to product formation is reaction 

mechanism. 

As an example of a reaction mechanism, let us consider the reaction between nitric oxide and 

oxygen: 2NO(g) + O2(g)    

We know that the products are not formed directly from the collision of two NO molecules with 

an O2 molecule, because N2O2 is detected during the course of the reaction. Let us assume that 

the reaction actually takes place via two elementary steps as follows: 

2NO(g)   

N2O2(g) + O2(g)   

In the first elementary step, two NO molecules collide to form a N2O2 molecule. This event is 

followed by the reaction between N2O2 and O2 to give two molecules of NO2. 

The net chemical equation, which represents the overall change, is given by the sum of the 

elementary steps: 

Elementary step: NO + NO   

Elementary step: N2O2 + O2    

Overall reaction 2NO + O2    

Species such as N2O2 are called intermediates because they appear in the mechanism of the 

reaction (that is, the elementary steps) but not in the overall balanced equation. 

MOLECULARITY OF AN ELEMENTARY REACTION 
The minimum number of reacting particles (molecules, atoms or ions) that come together or 

collide in a rate determining step to form product or products is called the molecularity of a 

reaction. It is the number of reactant molecules taking part in a single step of the reaction. 

Example  

a. PCl5  PCl3 + Cl2    (Unimolecular) 

b. 2HI  H2 + I2             (Bimolecular) 

c. 2SO2 + O2  2SO3 (Termolecular) 

d. NO + O3NO2 + O2 (Bimolecular) 

e. 2CO + O22CO2 (Termolecular) 

f. 2FeCl3 + SnCl2 → SnCl2 + 2FeCl2 (Termolecular) 

In the reaction that involve sequence of steps rate is determined by the lowest step. 

Decomposition of H2O2 takes place in the following two steps: 

Step 1: H2O2H2O + [O]                       (Slow) 



Step 2: [O] + [O]  O2            (fast) 

H2O2H2O + 1/2O2                     (overall reaction) 

The slowest step is rate-determining. Thus, from step 1, reaction appears to be unimolecular. It 

may be noted that molecularity is a theoretical concept and it cannot be zero, negative, fractional, 

infinite and imaginary. 

RATE-DETERMINING STEP 
In a multi-step reaction, all the elementary reactions do not necessarily proceed at equal rates. 

One of them might be very rapid, moderate or very slow. The reactants can be converted to 

products only as fast as they can complete the slowest step. The slowest step in the sequence of 

steps leading to the formation of products is called the rate determining step. In other words, the 

slowest step in the mechanism determines the overall rate of the reaction. 

Because the rate-determining step limits the rate of the overall reaction, its rate law represents 

the rate law for the overall reaction. For example, the reaction of NO2 with F2 is given by the 

equation: 

             2NO2 (g) + F2 (g)   2NO2F(g) 

The experimentally determined rate law is: Rate = k [NO2][F2], the proposed reaction mechanism 

is: 

NO2 + F2    k1    NO2F + •F          slow 

NO2 + •F    k2  NO2F                   fast 

Let us check whether the proposed mechanism agrees with the experimental rate law or not. 

First, the sum of these reaction steps must give the overall balanced equation: 

NO2 + F2     NO2F + •F 

NO2 + •F    NO2F 

Overall equation: 2NO2 + F2   2NO2F 

So, the first requirement is satisfied. The formation of •F in the first step occurs more slowly than 

its reaction with NO2 to form NO2F in the second step. Thus, the rate of formation of NO2F in 

the second step is controlled by the rate of formation of •F in the first step. The overall rate 

cannot be faster than that of the slowest step. 

Overall rate = the rate of the slowest step 

The rate law agrees with experimentally determined rate law. So, the proposed mechanism is 

acceptable because it satisfies both requirements. 
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INSTRUCTION: Try to give clear and precise answer for the following questions. 

1. The decomposition of N2O5 in CCl4 at 45 °C is first order reaction with k = 6.32 ×10
–4

s
–1

. 

If the initial concentration of N2O5, is 0.40 mol/L: 

A. Calculate t½. 

B. Find the concentration of N2O5 remaining after t½. 

                     2N2O5(g)   4NO2(g) + O2(g) 

2. If a certain first-order reaction has a half-life of 30.0 minutes, 

A. Calculate the rate constant for this reaction. 

B. How much time is required for this reaction to be 35% complete? 

3. The rate constant for the formation of hydrogen iodide from the elements, 

           H2(g) + I2 (g)2HI (g) is 2.7 × 10
–4

L/(mol.s) at 600 K and 3.5 × 10
–3

 L/(mol.s) at 650 K. 

A. Find the activation energy Ea. 

B. Calculate the rate constant at 700 K. 

4. The rate constant for the decomposition of N2O5 in chloroform, 2N2O5  CHCl3 4NO2 + O2 

was measured at two different temperatures, T1 = 25 °C, k1 = 5.54 ×10
–5

 s
–1

 and T2 = 67 

°C, k2 = 9.30 × 10
–3

 s
–1

. Find the activation energy for this   reaction. 

5. Give the meanings of each of the following terms: 

a. Elementary steps 

b. Unimolecular reaction 

c. Bimolecular reaction 

d. Termolecular reaction 

6. Determine the Molecularity of the following reactions: 

a. NH4NO2   N2 + 2H2O 

b. O3 + NO    NO2 + O2 

c. 2NO + O2    2NO2 

7. Describe the term molecularity of a reaction. 

8. How do you identify the rate determining step for a reaction that involves more than one 

step? 

9. The reaction NO2 (g) + CO (g)  NO (g) + CO2(g) can be thought of as occurring in two 

elementary steps: 

a.NO2 + NO2  NO + NO3 (slow step) 

b.NO3 + CO NO2 + CO2 (fast step) 

           Identify the rate determining step and determine the molecularity of this reaction. 


