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Preface

The fourteenth edition continues a long tradition of providing a firm
foundation in the concepts of chemical principles while instilling an
appreciation of the important role chemistry plays in our daily lives. We
believe that it is our responsibility to assist both instructors and students in their
pursuit of this goal by presenting a broad range of chemical topics in a logical
format. At all times, we strive to balance theory and application and to
illustrate principles with applicable examples whenever possible.

As in previous editions, our goal is to create a text that clearly and concisely
explains abstract concepts yet comprehensive enough that students are
prepared to make the move forward in the chemistry curriculum. Encouraging
feedback from instructors and students alike reaffirm that our approach is
effective.

Learning Objectives and Summary of
Concepts and Facts

In the previous edition, a new listing of Learning Objectives was added to each
chapter. To better help instructors and students focus on relevant topics and
ideas in a given section, we are providing Learning Objectives at the beginning
of each section followed by a Summary of Concepts & Facts at the end of each
section. We believe that this perfectly introduces the pertinent idea(s) to be
covered and finishes with a reinforcement of those ideas at the end of a
section.

13.2 Rate Law



Learning Objectives

* Summarize reaction order and provide examples of a zeroth-, first-, and second-
order reaction rate law.

* \Write the rate law of a reaction given experimental data.

* Express the units of the rate constant k for a reaction.

Summary of Concepts & Facts

s The rate law expresses the relationship of the rate of a reaction to the rate
constant and the concentrations of the reactants raised to appropriate powers.
The rate constant k for a given reaction changes only with temperature.

* Reaction order is the power to which the concentration of a given reactant is
raised in the rate law. Overall reaction order is the sum of the powers to which
reactant concentrations are raised in the rate law. The rate law and the reaction
order cannot be determined from the stoichiometry of the overall equation for
a reaction; they must be determined by experiment. For a zero-order reaction,
the reaction rate is equal to the rate constant.

Student Hot Spots

The adaptive reading tool SmartBook® now gives authors a detailed analysis
of student performance on various learning objectives and concepts. With this
powerful insight into the ideas and concepts students struggle with, we are
now able to provide strategically placed notifications about access to
additional learning resources. Identified areas of particularly difficult content
are now denoted with a margin note called “Student Hot Spot.” These are
intended to direct students to additional learning resources specific to that
content. Students now have access to over 1,000 digital learning resources
throughout the SmartBook® version of this text. Included in these learning
resources are over 200 videos of chemistry faculty solving actual problems or
explaining concepts.

@‘ Student Hot Spot

Student data indicate you may struggle with significant figures. Access your
eBook for additional Learning Resources on this topic.



In the electronic version of this text, all the learning resources for the
Student Hot Spots are readily available.

Student data indicate you may struggle with this content. View the following video, "Converting Element Mass

into Males and Atoms” to make sure you understand the concept before maving on

Further, access to student results has guided the editing of content in many
chapters. While many of the changes are subtle, some are more
comprehensive. The ability to edit based on real-time assessment data from
students is the new paradigm for textbook authoring. Undoubtedly this
changes how we provide and enhance learning materials for our students in the
future!

Chapter Summary

A Chapter Summary is now provided at the end of every chapter with a
succinct overview of all sections in the chapter. These are intended to be a
reinforcement of the important ideas a student will have seen in the chapter.
These can easily be used as study guides as well.

Page xxi



Chapter Summary

Molecular Geometry Molecular geometry refers to the three-dimensional arrangement of atoms in a molecule.
For relatively small molecules, in which the central atom contains two to six bonds, geometries can be reliably pre-
dicted by the valence-shell electron-pair repulsion (VSEPR) model. This model is based on the assumption that
chemieal bonds and lone pairs tend to remain as far apart as possible to minimize repulsion. (Section 10.1)
Dipole Moments In a diatomic molecule, the difference in the electronegativities of bonding atoms results in a
polar bond and a dipole moment. The dipole moment of a molecule made up of three or more atoms depends on
both the polarity of the bonds and molecular geometry. Dipole moment measurements can help us distinguish
between different possible geometries of a molecule. (Section 10.2)

Valence Bond Theory Valence bond theory is a quantum mechanical description of bonding that assumes elec-
trons in a molecule occupy atomic orbitals of the individual atoms and these atomic orbitals overlap to form a
covalent bond. Valence bond theory states that stable molecules form when the potential energy of the system of
atoms has decreased to a minimum. Diatomic molecules can be easily explained by this minimization of potential
energy with changes in distance between reacting atoms. {Section 10.3)

Hybridization of Atomic Orbitals Hybridization is the quantum mechanical description of chemical bonding.
Atomic orbitals are hybridized, or mixed. to form hybrid orbitals. These orbitals then interact with other atomic
orbitals to form chemical bonds. Various molecular geometries can be generated by different hybridizations. The
hybridization concept accounts for the exception to the octet rule and also explains the formation of double and
triple bonds. {Sections 10.4. 10.5)

Molecular Orbital Theory Molecular orbital theory describes bonding in terms of the combination of atomic orbitals to
form orbitals that are associated with the molecule as a whole. Molecules are stable if the number of electrons in bond-
ing molecular orbitals is greater than that in antibonding molecular orbitals. We write electron configurations for molecu-
lar orbitals as we do for atomic orbitals, using the Pauli exclusion principle and Hund's rule. (Sections 1006, 10.7, 10.8)

Art Program and Design

For this edition, the art program was completely revised to impart a more
modern look and enhance visibility as well as provide better ADA compliance
for vision-impaired students. Clear graphics are a vital component of the
student learning process and as such, all molecular models, graphs, periodic
tables, and other figures have been updated with a new look and color scheme.
In some instances, illustrations have been replaced with scientifically accurate
photographs for enhanced chemical context. Many chapter-opening
photographs have been updated for new insights into various chemical topics
and applications.
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Content Changes

The following are just a few of the highlights of the fourteenth edition content
revision.

Chapter 1

* This chapter has been reorganized to better accommodate the study of
measurements versus the study of matter in a more logical presentation.

» Updated definitions of the fundamental SI units are now given based on the
revisions in 2019.

* The significant digit rules for logarithmic values are now discussed.

* Information on systematic and random errors has been added in conjunction
with accuracy and precision.

* A more detailed discussion of the phases of matter is provided to further
dispel the misconception that there are only four or five phases of matter.



Chapter 2 This edition of the text now exclusively uses the IUPAC
designation of 1-18 for groups on the periodic table.

Chapter 3 A new discussion of the concept of atom economy has been added.
This important idea in green chemistry adds a counter point-of-view to percent
yield while adding an environmental focus in synthetic chemistry.

Chapter 4 We have now combined the two separate sections on acid-base and
redox titrations to illustrate that titrations are simply a technique regardless of
the type of chemical reaction occurring.

Chapter 5 New information about the bar pressure unit has been included.
Chapter 6 The description of energy to open the chapter has been reorganized
for a more logical presentation. We now use ¢ for specific heat capacity as
noted by the [UAPC Gold Book instead of s.

Chapter 7

* New information about the foundation-building double-slit experiment, as
well as interference of waves, is now provided.

* The discussion of the photoelectric effect has been expanded.
* New insight into the importance of the Planck constant is provided.

* New material on the importance of the Heisenberg uncertainty principle is
given.

* The idea of spin correlation has been introduced.
* The correct IUPAC nomenclature lanthanoids and actinoids are now used.

Chapter 8 The inert pair effect is now introduced.

Chapter 9 The discussion of lattice enthalpy has been rearranged as well as
expanded. Additionally, the discussion of electronegativity has been updated
and reorganized.

Chapter 10 The discussion of orbital hybridization has been updated for a
more logical flow. And a disclaimer has now been added to the discussion on
the controversial topic of d-orbital hybridization.

Chapter 11 New material on intermolecular forces has been added Page xxii
along with a new table illustrating the relative strengths of the

various types of intermolecular forces. Also, the discussion of phase diagrams
has been updated with a more thorough introduction.

Chapter 13



» New material on units in rate laws has been added.

 Updated material on the temperature dependence of reactions is included.
* The discussion of reaction mechanisms has been reorganized.

 New insights on catalytic activity and enzymes are provided.

Chapter 16 The discussion of factors affecting solubility has been completely
reorganized for a more logical flow of material.

Chapter 17 The entire discussion of entropy has been reorganized and
updated to better reflect our current understanding of entropy as the dispersal
of energy. Numerous new figures to help illustrate this concept are now
provided. Further, we now exclusively use Gibbs energy given its IUPAC
designation for the thermodynamic quantity AG.

Chapter 19

 Extensive rewriting and updating of the material on radioactive particles and
balancing nuclear reactions has been done.

* There is now a small discussion of the strong nuclear force in relation to the
idea of nuclear stability.

* An expanded discussion on radioactive processes relative to the belt of
stability has been added.

* New information has been added on particle accelerators.

Chapter 21 The entire section of the chemistry of iron and copper has been
moved from Chapter 23 to Chapter 21 to better fit in the discussion of
metallurgy.

Chapter 23 The discussion of coordination chemistry geometry has been
updated.

Problem Solving

The development of problem-solving skills has always been a major objective
of this text. The two major categories of learning are shown next.
Worked examples follow a proven step-by-step strategy and solution.

* Problem statement is the reporting of the facts needed to solve the problem
based on the question posed.



* Strategy is a carefully thought-out plan or method to serve as an important
function of learning.

* Solution is the process of solving a problem given in a stepwise manner.

* Check enables the student to compare and verify with the source information
to make sure the answer is reasonable.

* Practice Exercise provides the opportunity to solve a similar problem to
become proficient in this problem type. The Practice Exercises are available
in the Connect electronic homework system. The margin note lists additional
similar problems to work in the end-of-chapter problem section.

End-of-Chapter Problems are organized in various ways. Each section
under a topic heading begins with Concept Review questions followed by
Problems. The Additional Problems section provides more problems not
organized by section, followed by the problem type Interpreting, Modeling, &
Estimating.

Many of the examples and end-of-chapter problems present extra tidbits of
knowledge and enable the student to solve a chemical problem that a chemist
would solve. The examples and problems show students the real world of
chemistry and applications to everyday life situations.

Visualization

Graphs and Flow Charts are important in science. In Chemistry, flow charts
show the thought process of a concept and graphs present data to comprehend
the concept. A significant number of Problems and Review of Concepts &
Facts, including many new to this edition, include graphical data.

Molecular art appears in various formats to serve different needs. Molecular
models help to visualize the three-dimensional arrangement of atoms in a
molecule. Electrostatic potential maps illustrate the electron density
distribution in molecules. Finally, there is the macroscopic to microscopic art
helping students understand processes at the molecular level.

Photos are used to help students become familiar with chemicals and
understand how chemical reactions appear in reality.

Figures of apparatus enable the student to visualize the practical arrangement
in a chemistry laboratory.

Study Aids



Setting the Stage

Each chapter starts with the Chapter Outline and a brief opening discussion of
the chapter.

Chapter Outline enables the student to see at a glance the big picture and
focus on the main ideas of the chapter.

Tools to Use for Studying Page xxiii

Useful aids for studying are plentiful in Chemistry and should be used
constantly to reinforce the comprehension of chemical concepts.

Worked Examples along with the accompanying Practice Exercises are very
important tools for learning and mastering chemistry. The problem-solving
steps guide the student through the critical thinking necessary for succeeding
in chemistry. Similar problems in the end-of-chapter problems section are
listed at the end of the examples, enabling the student to apply new skill to
other problems of the same type. Answers to the Practice Exercises are listed
at the end of the chapter problems.

Key Equations are highlighted within the chapter, drawing the student’s eye
to material that needs to be understood and retained. The key equations are
also presented in the chapter summary materials for easy access in review
and study.

Chapter Summary provides a quick review of concepts presented and
discussed in detail within the chapter.

Key Words are a list of all important terms to help the student understand the
language of chemistry.

Testing Your Knowledge

Review of Concepts & Facts lets students pause and check to see if they
understand the concept presented and discussed in the section. Answers to
the Review of Concepts can be found in the Student Solution Manual.

End-of-Chapter Problems enable the student to practice critical thinking and
problem-solving skills. The problems are broken into various types:

* By chapter section. Starting with Review Questions to test basic
conceptual understanding, followed by Problems to test the student’s skill
in solving problems for that particular section of the chapter.

* Additional Problems use the knowledge gained from the various sections
and/or previous chapters to solve the problem.



* Interpreting, Modeling, & Estimating problems teach students the art of
formulating models and estimating ballpark answers based on appropriate
assumptions.

Real-Life Relevance

Interesting examples of how chemistry applies to life are used throughout the
text. Analogies are used where appropriate to help foster understanding of
abstract chemical concepts.

End-of-Chapter Problems pose many relevant questions for the student to
solve. Examples include: Why do swimming coaches sometimes place a
drop of alcohol in a swimmer’s ear to draw out water? How does one
estimate the pressure in a carbonated soft drink bottle before removing the
cap?

Chemistry in Action boxes appear in every chapter on a variety of topics, each

with its own story of how chemistry can affect a part of life. The student can

learn about the science of scuba diving and nuclear medicine, among many
other interesting cases.

CHEMISTRY in Action

The Search for the Higgs Boson

|.---.:-- ol iy s e b e
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Chemical Mystery (digital only) poses a mystery case to the student in online
format. A series of chemical questions provide clues as to how the mystery
could possibly be solved. Chemical Mystery will foster a high level of critical
thinking using the basic problem-solving steps built up throughout the text.
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Instructor and Student Resources

 ALEKS

ALEKS (Assessment and LEarning in Knowledge Spaces) is a web-based
system for individualized assessment and learning available 24/7 over the
Internet. ALEKS uses artificial intelligence to accurately determine a student’s
knowledge and then guides her to the material that she is most ready to learn.
ALEKS offers immediate feedback and access to ALEKSPedia—an interactive
text that contains concise entries on chemistry topics. ALEKS is also a full-
featured course management system with rich reporting features that allow
instructors to monitor individual and class performance, set student goals,
assign/grade online quizzes, and more. ALEKS allows instructors to spend
more time on concepts while ALEKS teaches students practical problem-
solving skills. And with ALEKS 360, your student also has access to this text’s
eBook. Learn more at www.aleks.com/highered/science

Instructors have access to the following instructor resources:

 Art Full-color digital files of all illustrations, photos, and tables in the book
can be readily incorporated into lecture presentations, exams, or custom-
made classroom materials. In addition, all files have been inserted into
PowerPoint slides for ease of lecture preparation.

* Animations Numerous full-color animations illustrating important processes
are also provided. Harness the visual impact of concepts in motion by
importing these files into classroom presentations or online course materials.

* PowerPoint Lecture Outlines Ready-made presentations that combine art
and lecture notes are provided for each chapter of the text.

* Computerized Test Bank Over 3,000 test questions that accompany
Chemistry are available for creating exams or quizzes.


http://www.aleks.com/highered/science

* Instructor’s Solutions Manual This supplement contains complete,
worked-out solutions for all the end-of-chapter problems in the text.
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McGraw Hill Virtual Labs is a must-see, outcomes-based lab simulation. It
assesses a student’s knowledge and adaptively corrects deficiencies, allowing
the student to learn faster and retain more knowledge with greater success.
First, a student’s knowledge is adaptively leveled on core learning outcomes:
Questioning reveals knowledge deficiencies that are corrected by the delivery
of content that is conditional on a student’s response. Then, a simulated lab
experience requires the student to think and act like a scientist: recording,
interpreting, and analyzing data using simulated equipment found in labs and
clinics. The student is allowed to make mistakes—a powerful part of the
learning experience! A virtual coach provides subtle hints when needed, asks
questions about the student’s choices, and allows the student to reflect on and
correct those mistakes. Whether your need is to overcome the logistical
challenges of a traditional lab, provide better lab prep, improve student
performance, or make your online experience one that rivals the real world,
LearnSmart Labs accomplishes it all.

McGraw Hill Create™

With McGraw Hill Create, you can easily rearrange chapters, combine
material from other content sources, and quickly upload content you have
written, like your course syllabus or teaching notes. Find the content you need
in Create by searching through thousands of leading McGraw Hill textbooks.
Arrange your book to fit your teaching style. Create even allows you to



personalize your book’s appearance by selecting the cover and adding your
name, school, and course information.

Order a Create book and you’ll receive a complimentary print review copy in
three to five business days or a complimentary electronic review copy
(eComp) via email in minutes. Go to www.mcgrawhillcreate.com

today and register to experience how McGraw Hill

Create empowers you to teach your students your  way.
www.mcgrawhillcreate.com
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Student Solutions Manual

Students will find answers to the Practice Exercises and detailed solutions for
selected problems from the text in the Student Solutions manual. In addition,
there are problem-solving strategies and tutorial solutions that surround each
chapter’s most important topics and problem types.
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