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Mastering Chemistry Addison Wesley Notes Chapter 16: A Deep Dive into 
Chemical Kinetics

Whether you’re a high school student tackling your first chemistry textbook or a college freshman navigating the 

intricacies of chemical kinetics, the Addison Wesley “Chemistry” textbook is a cornerstone of modern chemical 

education. Chapter 16, titled Chemical Kinetics, lays the groundwork for understanding how reactions proceed and

why some reactions happen faster than others. This article serves as a comprehensive guide to the key concepts,

practical applications, and study strategies that will help you master the material and ace your exams.

What to Expect from Chemistry Addison Wesley Notes Chapter 16

Chapter 16 is a pivotal section of the Addison Wesley chemistry curriculum, covering everything from the basic

definition of reaction rates to advanced topics such as transition state theory and enzyme catalysis. The chapter is

structured to build on foundational concepts from earlier chapters, making it an ideal place to reinforce your

understanding of chemical equilibria, thermodynamics, and atomic structure.

Below, we outline the major themes and learning objectives that you’ll encounter in Chapter 16, along with practical

tips for taking effective notes and tackling challenging problems.

Key Concepts Covered in Chapter 16

•  Reaction Rates – How quickly a reaction proceeds.

•  Rate Laws and Rate Constants – Mathematical expressions that describe reaction kinetics.

•  Factors Affecting Rates – Temperature, concentration, surface area, and catalysts.

•  Collision and Transition State Theories – Theoretical frameworks that explain reaction mechanisms.

•  Activation Energy – The energy barrier that must be overcome for a reaction to occur.

•  Reaction Mechanisms – Step-by-step sequences that lead to product formation.

•  Catalysts & Enzymes – Substances that accelerate reactions without being consumed.

•  Practical Applications – Real-world examples, from industrial processes to biological systems.

Reaction Rates and Rate Laws

Understanding the Basics

In chemistry, the rate of a reaction is defined as the change in concentration of a reactant or product per unit time. 

It is commonly expressed in units of mol /L {¹ /s {¹. The rate lawprovides a quantitative relationship between the

concentration of reactants and the reaction rate.

1.  Zero �Order Reactions: Rate = k; concentration does not affect the rate.

2.  First �Order Reactions: Rate = k[A]; rate is directly proportional to the concentration of reactant A.

3.  Second �Order Reactions: Can be either Rate = k[A]² or Rate = k[A][B]; depends on the reaction mechanism.

When taking notes, it’s helpful to record the general form of the rate law and the specific example provided in the

textbook. For instance, the decomposition of hydrogen peroxide (2 /H ‚O ‚ /!’ /2 /H ‚O /+ /O ‚) follows a second �order rate law with 

respect to H ‚O ‚ concentration.



Determining the Rate Constant (k)

The rate constant k is a temperature �dependent parameter that appears in the rate law. For a first �order reaction, the 

integrated rate law is ln[A] /= / �kt /+ /ln[A] €. By plotting ln[A] versus time, the slope yields the negative of the rate

constant. In your notes, include the integrated equations for zero �, first �, and second �order reactions to simplify

problem �solving.

Factors Influencing Reaction Rates

Temperature

Increasing temperature generally speeds up reactions because molecules have higher kinetic energy, leading to

more frequent and energetic collisions. The Arrhenius equation, k = A e^("�E •/RT), quantifies this relationship. In your

study notes, record the activation energy (E •) and pre �exponential factor (A) for key reactions.

Concentration

Higher reactant concentrations increase the likelihood of collisions, thereby elevating the reaction rate. For a

bimolecular reaction, doubling the concentration of each reactant quadruples the rate.

Surface Area

For heterogeneous reactions, such as solid catalysts reacting with gases, the surface area of the solid plays a

crucial role. Powdered solids react faster than their bulk counterparts.

Catalysts

Catalysts lower the activation energy, providing an alternative pathway for the reaction. They are not consumed in

the process, making them highly valuable in industrial chemistry.

Collision Theory: The Microscopic View

Key Assumptions

•  Reactant molecules are in constant, random motion.

•  Collisions must be energetic enough to overcome activation energy.

•  Collisions must have the correct orientation for the reaction to occur.

In your notes, emphasize that collision theory is a qualitative model that explains why temperature, concentration,

and catalysts affect reaction rates. Illustrate with the reaction of hydrogen and iodine to form hydrogen iodide:

2 /H ‚ /+ /I ‚ /!’ /2 /HI.

Transition State Theory: The Energy Landscape

Conceptual Framework

Transition state theory posits that molecules must reach a high �energy transition state before forming products. This

theory complements collision theory by providing a more detailed view of the energy barrier.

Key Equation

The rate constant can also be expressed as k /= /(k_BT/h) /e^("�9Dxrõ T), where 9Dxr�—2�F†R�v– bs free energy of activation. 

In your notes, jot down this equation and note how it links thermodynamics to kinetics.

Activation Energy (E •) and Its Significance



Activation energy is the minimum energy required for reactants to transform into products. A lower E • means a faster

reaction. In practice, you can determine E • by measuring the rate constant at different temperatures and applying

the Arrhenius plot (ln /k vs. 1/T). The slope of this line equals "�E •/R.

Practical Example

Consider the decomposition of nitrogen dioxide (2 /NO ‚ /!’ /N ‚O „). By measuring the rate at various temperatures, students 

can calculate E • and compare it to theoretical predictions.

Reaction Mechanisms and the Rate �Determining Step

What Is a Mechanism?

A reaction mechanism is a detailed step �by �step description of how reactants transform into products, typically

involving intermediate species and transition states.

Identifying the Rate �Determining Step

In multi �step reactions, the slowest step controls the overall reaction rate. The mechanism’s rate �determining step

often has the highest activation energy.

Example: The Elimination Reaction of 2 �Chlorobutane

In the E2 mechanism, the base abstracts a proton while the leaving group departs simultaneously, making this

concerted step the rate �determining factor.

Catalysts: Accelerating Reactions Efficiently

Homogeneous vs. Heterogeneous Catalysts

•  Homogeneous – Catalyst and reactants are in the same phase.

•  Heterogeneous – Catalyst is in a different phase, typically solid with gas or liquid reactants.

Enzymes: Nature’s Catalysts

Enzymes are biological catalysts that exhibit remarkable specificity and efficiency. They lower activation energies

by stabilizing the transition state, often by binding substrates in a precise orientation.

Industrial Applications

Examples include the Haber process for ammonia synthesis, the catalytic converter in automobiles, and the

production of methanol from carbon monoxide.

Practical Applications of Chemical Kinetics

Pharmacology

Drug absorption and metabolism rates are governed by kinetics. Understanding the rate of drug release can inform

dosage schedules.

Environmental Science

Atmospheric reactions, such as ozone depletion, involve complex kinetic networks that can be modeled to predict

pollutant lifetimes.

Materials Science

The polymerization of plastics relies on controlled kinetic rates to achieve desired properties like tensile strength



and flexibility.

Study Tips for Chemistry Addison Wesley Notes Chapter 16

1.  Organize Your Notes: Use headings and subheadings that mirror the textbook’s structure. This will make 

review sessions more efficient.

2.  Practice Problems: Work through all end �of �chapter exercises, paying special attention to kinetic data analysis.

3.  Visual Aids: Draw reaction coordinate diagrams to visualize activation energies and transition states.

4.  Flashcards: Create cards for key equations, definitions, and reaction mechanisms.

5.  Group Study: Discuss reaction mechanisms and rate laws with peers to reinforce understanding.

Frequently Asked Questions

What
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