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Instantaneous Rate

▪ Value of the rate at a particular instant of time can  
be obtained by computing the slope of a line tangent 
to the rate curve at that point.
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Section 12.2
Rate Laws: An Introduction

Rate Law

Rate  =  k [NO2]n

▪ The concentrations of the products do not appear in the 
rate law because the reaction rate is being studied 
under conditions where the reverse reaction does not 
contribute to the overall rate.
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Section 12.2
Rate Laws: An Introduction

Rate Law

Rate  = k [NO2]n 

The value of the exponent n must be determined experimentally; 
it cannot be written from the balanced equation.
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Section 12.2
Rate Laws: An Introduction

Types of Rate Laws

▪ Differential Rate Law (rate law) – shows how the rate of 
a reaction depends on concentrations.

▪ Integrated Rate Law – shows how the concentrations of 
species in the reaction depend on time.
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Section 12.2
Rate Laws: An Introduction

Rate Laws: A Summary

▪ Reaction rates are studied under conditions were the 
reverse reaction is unimportant. So, the concentrations 
of the products are not part of the rate law equation.  

▪ The differential and integrated rate laws for a given 
reaction are related in a well–defined way. Therefore, 
the experimental determination of either of the rate 
laws is sufficient.
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Section 12.3
Determining the Form of the Rate Law

Method of Initial Rates

▪ Several experiments are carried out using different 
initial concentrations of each of the reactants where the 
initial rate is determined for each run. 

▪ The results are then compared to see how the initial 
rate depends on the initial concentrations of each of the 
reactants.
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Section 12.3
Determining the Form of the Rate Law

Overall Reaction Order

▪ The sum of the exponents in the reaction rate equation.

  Rate = k [A]n[B]m

  Overall reaction order = (n + m)

  k = rate constant

  [A] = concentration of reactant A

  [B] = concentration of reactant B
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The Integrated Rate Law

First-Order:

▪
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First-Order

▪
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Section 12.4
The Integrated Rate Law

Second-Order

▪
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The Integrated Rate Law

Plot of ln[C4H6] vs Time and Plot of 1/[C4H6] vs Time 
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Second-Order
Use the data (slide 18) to  calculate the half-life? 
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The Integrated Rate Law

Zero-Order

▪
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Section 12.4
The Integrated Rate Law

Plot of [A] vs Time
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Section 12.4
The Integrated Rate Law

Zero-Order

▪ Half–Life:

 k = rate constant (s/M) ;  l/M = L/mol.

 [A]o = initial concentration of A  

 

▪ Half–life gets shorter as the reaction progresses and the 
concentration of reactants decrease.  
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Section 12.4
The Integrated Rate Law

How can you tell the difference among 0th, 1st, and 2nd 
order rate laws from their graphs?

How can you tell the difference among 0th, 1st, and 2nd 
order rate laws from the units of their rate constant? 

How can you tell the difference among 0th, 1st, and 2nd 
order rate laws from the dependence of the half-life on 
the initial concentration? 
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CONCEPT CHECK!



Section 12.4
The Integrated Rate Law

Summary of the Rate Laws
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Section 12.4
The Integrated Rate Law

Consider the reaction aA → Products. 
[A]0 = 5.0 M and k = 1.0 × 10–2 (assume the units are appropriate 
for each case). Calculate [A] after 30.0 seconds of the reaction, 
assuming the reaction is:

a)  Zero order   

b)  First order     

c)  Second order

End of CH 12 for Chemistry 108  
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3.7 M

2.0 M

EXERCISE!



Section 12.4
The Integrated Rate Law

Activation Energy, Ea

▪ Energy that must be overcome to produce a chemical 
reaction.

Copyright © Cengage Learning. All  rights reserved 26



Section 12.4
The Integrated Rate Law

Change in Potential Energy
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Section 12.4
The Integrated Rate Law

Arrhenius Equation

 A = frequency factor

  Ea = activation energy

  R = gas constant (8.3145 J/K·mol)

  T = temperature (in K)
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Section 12.4
The Integrated Rate Law

Linear Form of Arrhenius Equation
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Section 12.4
The Integrated Rate Law

Linear Form of Arrhenius Equation
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Section 12.4
The Integrated Rate Law

▪
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EXERCISE!



Section 12.4
The Integrated Rate Law

Catalyst

▪ A substance that speeds up a reaction without being 
consumed itself.

▪ Provides a new pathway for the reaction with a lower 
activation energy.
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Section 12.4
The Integrated Rate Law

Energy Plots for a Catalyzed and an Uncatalyzed Pathway 
for a Given Reaction
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