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Physical Chemistry 

Chemical Kinetics 

 

    Integrated rate laws 

    Because rate laws are differential equations, we must integrate them if we want to find the 

concentrations as a function of time. A number of simple cases analytical solutions are easily obtained, 

and prove to be very useful. We examine a few of these simple cases here. 

(A)Zero-order Reaction 

   A reactant whose concentration does not affect the reaction rate is not included in the rate law. In 

effect, the concentration of such a reactant has the power 0. Thus [A]0 = 1. A zero order reaction is one 

whose rate is independent of concentration.  

A ⎯⎯→ Products 

Rate of reaction =  

 

This expression can be integrated directly because k is a constant independent of t. Initially (at t = 0) the 

concentration of A is [A]0 , and at a later time t it is [A], so we make these values the limits of the 

integrals and write 

∫ 𝑑[𝐴] =  ∫ 𝑑𝑡

𝑡

𝑡=0

[𝐴]

[𝐴]0

 

Integration of the expression gives: 

[A] −[A]0 = −k0  t                 ……7-1 
 
Thus the units of k are mol l–1 time–1 
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Half-lives time : 

  A useful indication of the rate of a first-order chemical reaction is the half-life, t1/2, of a substance, the 

time taken for the concentration of a reactant to fall to half its initial value. The time for [A] to decrease 

from [A]0 to 1/2 [A]0 in a first-order reaction is given by eqn. 7-1 as : 

1/2[A]0 −[A]0 = −k0 t 

Hence:   t ½ = 
[𝑨]𝟎

𝟐𝑲
 

(B) First-order reactions 

For the reaction 

A  ⎯⎯→ products 

   The rate low 

 

This expression can be integrated directly because k is a constant independent of t. Initially (at t = 0) the 

concentration of A is [A]0, and at a later time t it is [A], so we make these values the limits of the 

integrals and write 

∫ 𝒅[𝑨]/[𝑨] =  𝑲 ∫ 𝒅𝒕

𝒕

𝒕=𝟎

[𝑨]

[𝑨]𝟎

 

 

Integration of the expression gives: 

𝒍𝒏
[𝑨]

[𝑨]𝟎 
= −𝑲𝒕     or    [A] = [A]0 𝒆−𝑲𝒕               ……  7-2                   

the concentration of A is a moles litre–1. after time t, x moles of A have changed, the concentration of A 

is a – x ,  eq. (1) will be 
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Half-lives time : 

   

Hence: 

(ln 2 = 0.693.) 

Examples of First order Reactions 

Some common reactions which follow first order kinetics are listed below : 

(1) Decomposition of N2O5 in CCl4 solution. Nitrogen pentoxide in carbon tetrachloride solution 

decomposes to form oxygen gas, 

 

The progress of the reaction is monitored by measuring the volume of oxygen evolved from time to 

time. If Vt be the volume of O2 at any time t and V∞ the final volume of oxygen when the reaction is 

completed, the V∞ is a measure of the initial concentration of N2O5 and (V∞ – Vt) is a measure of 

undecomposed N2O5 (a – x) remaining at time t. Thus, 

 

On substituting values of V∞, (V∞ – Vt) at different time intervals, t, the value of k is found to be 

constant. Thus it is a reaction of the first order. 
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Example/ 
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(c) Second-order reactions 

    1-  For the reaction 

  A  ⎯⎯→ products 

      The rate low: 

 

The concentration of A is [A0] at t = 0 and [A] at a general time t later. Therefore, 

− ∫ 𝒅[𝑨]/[𝑨]𝟐 =  ∫ 𝑲 𝒅𝒕

𝒕

𝒕=𝟎

[𝑨]

[𝑨]𝟎

 

is either of the following two forms: 

 

Because the integral of 1/x2 is −1/x 

. 

𝟏

[𝐀]
−

𝟏

[𝐀] 𝟎

= 𝐊𝐭                    ……..(7-3) 

Or 

[A]=
[𝑨] 𝟎

𝟏+𝑲𝒕 [𝑨] 𝟎

   

The units for K for second order reactions are (mol–1 L time–1), in some references Eq. (7-3) will be    

𝟏

𝒂 − 𝒙
− 

𝟏

𝒂
= 𝑲𝒕 

The half-life for this reaction: 

    

  B)    A reaction that occurs in solution that is first order in two reactants is second order overall. 
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         d[A]/dt = -k[A][B]                        ------- (7-4)          

      If the reaction has the stoichiometry  

         a A + b B → P 

    [A]0 : Initial conc. of A, [B]0 : Initial conc. of A 

     a : no. of moles of A, b : no. of moles of B 

    X : No. of reactant moles, the conc.  Of A after t time   

        [A] = [A]0  - x                                    ------ (7-5) 

The no. of moles of   B after t time will proportional with x(
𝒃

𝒂
)    will be: 

[B] = [B] 0 – x ( 
𝒃

𝒂
    )                              ------- (7-6) 

X = [A]0  _ [A]  from eq.   (7-5), by substitution of  x in eq. (7-6)  

[B]= [B] 0  _  ba-1 ([A]0   - [A]) 

For this type of reactions the  integrated rate equation is: 

𝟏

𝒂[𝑩] 𝟎 −𝒃[𝑨] 𝟎

 𝐥𝐧
[𝑩]/[𝑩] 𝟎

[𝑨]/[𝑨] 𝟎

= 𝑲𝒕                                  --------(7-7) 

 

 

Example: 
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(D) Third -order reactions: 

   1-   Let us consider a simple third order reaction of the type 

         A ⎯⎯→ products 

d [A]/ dt = K [A] 3  

∫
𝒅[𝑨]

[𝑨] 𝟑
= − ∫ 𝑲 𝒅𝒕

𝒕

𝒕=𝟎

𝑨

𝑨𝟎
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   The  integrated rate equation is: 

𝟏

[𝑨] 𝟐 −  
𝟏

[𝑨] 𝟎
𝟐

𝟎
𝟐

= 𝟐𝑲𝒕                                                                       --------(7-8) 

The unit of K (mol-2 L-2 Min.-1 ) 

The t1/2  for this reaction : 

t1/2 = 
3

2 [𝐴]𝑂
2 𝐾

 

2- For the reaction: 

aA + bB ⎯⎯→ P 

The rate low 

-d [A]/ dt = K [A] 2 [B] 

   The  integrated rate equation is: 

1

𝑎[𝐵] 0 −𝑏[𝐴] 0

 (
1

[𝐴] 0

- 
1

[𝐴]
+ 

𝑏

𝑎[𝐵] 0 −𝑏[𝐴] 0

ln
[𝐵]/[𝐵] 0

[𝐴]/𝐴] 0

) = 𝐾 𝑡 ------(7-9) 
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