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Rate Laws (2) 

 There are two types of rate law:


1) The differentiated rate law or simply rate law, shows how the rate of a reaction depends on 
concentrations.


2) The integrated rate law shows how the concentrations of species in the reaction depend on time. 
Rate law can be converted into equations that tell us what the concentrations of the reactants or 
products are at any time during the course of reaction. 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The Differentiated Rate Law 

How can a reaction rate be explained? 

Rate law describes the way in which reactant concentration affects reaction rate.


For a reaction that involves a single reactant, the rate law takes the following form.


Rate = k [reactant 1] n

k:  rate constant

The exponent n, is called the order of the reaction.  It is usually a whole number, often 1 or 2.


Order in chemistry, is a classification of the chemical reactions that depends on the number of 
molecules that appear to enter into the reaction.


Reaction orders cannot be determined from a chemical equation.  They must be found by experiment.




�  of �3 14

Rate law for reactions involving a single reactant

A ————>  Products.

Rate =  - ∆[A]/∆t

Rate = k [A]n

  If n = 0 then the reaction is zero order.  The rate is constant and does not change with the change of 
concentration.

If n = 1 then the reaction is first order .  Doubling the concentration of A will double the rate of formation 
of the products.

If n = 2, then the reaction of second order.  When the concentration of A is doubled, the rate of formation 
of the product will be multiplied by 4.

A reaction is nth order if doubling the concentration causes a 2n increase in rate. 
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Example:

Experiment 2: rate 2 = k [HI]n 2 

Experiment 1: rate 1 = k [HI]n 1

rate 2 / rate 1 = k [HI]n 2 / k [HI]n 1  = ([HI]2 /[HI]1)n

4.4 x 10-3 / 1.1 x 10-3 = (0.03 / 0.015)n

4 = (2)n 

n = 2
When the concentration changes by a factor of 2, the rate changes by 4 or 22.  Therefore, n = 2 and the 

reaction order is 2. 
We can determine the rate of the reaction (k) using the data of any experiment.  For Experiment 1: 

k = rate 1/ [HI]2 1    = 1.1 x 10-3 / (0.015)2  =  1.1 x 10-3 / 0.225 x 10-3  = 4.88 (1/M.s)
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Rate laws for reactions with more than one reactant.

For the general reaction:

 aA + bB ————> cC + dD

Rate = k [A]m[B] n 

The overall order of the reaction = m + n  

Calculating m:

Choose conditions where the concentration of B is constant. Compare the concentration of A at different 

time will lead to knowing the value of m.

Calculating n:

Choose conditions where the concentration of A is constant. Compare the concentration of B at different 
time will lead to knowing the value of n.
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Rate laws for several reactants 
	 When a reaction has more than one reactant, a term in the rate law corresponds to each.




For the reaction:




It was determined experimentally that n1=n2=1.  

rate = k [NO][O3]


This suggests that this reaction has a simple one-step mechanism in which an oxygen atom is 

transferred when the two reactant molecules collide.
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The Integrated Rate Law Involving a Single Reactant

Determining the Form of the Rate Law:

Table 12.6 below is a summary of the kinetics for reaction involving a single reactant.

A ————>  Products.
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Half Life (t1/2)
Half-life (t1/2) is the time required for the concentration of a reactant to decrease to half its original value. 

Zero-Order Rate Laws 

A ————>  Products.

For zero-oder reaction, the rate is constant. It does not change with concentration;

Rate = - ∆[A]/∆t = k

The integrated rate law for zero-order reaction is: 

[A] = -kt + [A]o

A plot of [A] versus t: is a straight line. Slope =  -k. 

t1/2 = [A]o/ 2k 
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First –Order Reactions (n = 1)

aA ————>  Products.

Doubling the concentration of A will double the rate of formation of the products.

Rate = k [A]  =  - ∆[A]/∆t

Rate The integrated rate law is:

ln [A]t = -kt + ln[A]0 

A plot of ln[A]t versus t is a straight line.   

Slope = change in y / change in x = ∆y/∆x =  –k.

Half life is constant and does not depend on the concentration;         t1/2 = 0.693/k 

Example: 
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Doubling the concentration doubles the rate of formation of the products.

A plot of ln[A]t versus t is a straight line.   Slope = –k = -5.075 -(-2.303)/ 400-0 = -6.93 x 10-3 s-1
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 Two ways to determine half life of first order. 

Way one:  Using the table data

 

When the concentration of the reactant decreases by ½ , the time intervals, namely t1/2 remains the 
same (100s).  In other words, every 100s, the concentration decreases by half.
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Way two: Using the graph.

When the concentration of the reactant decreases by ½ , the time intervals, namely t1/2 remains the 
same (100s).  In other words, every 100s, the concentration decreases by half.
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Second-Order Rate Laws (n = 2)

A ————>  Products.

When the concentration of A is doubled, the rate of formation of the product will be multiplied by 4.

Rate =  - ∆[A]/∆t  = k [A]2

The integrated rate law is

1/[A]t = k t + 1/ [A]o  

A plot 1/[A]t of versus t:  is a straight line.  Slope = k .        

Intercept = 1/ [A]o 

Half life: t1/2 = 1/k [A]o 
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Example 
 

Rate = k [C4H6]2 


