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 THe CoNCePTUal CHeMisTry PHoTo alBUM 

Conceptual Chemistry  is a very personal book, as refl ected in the many 
 photographs of the author’s family and friends that grace its pages. Key to its 
inception is John’s uncle and mentor, Paul Hewitt, author of  Conceptual Physics , 
who appears on page  13 . On Uncle Paul’s lap is John’s son Evan Suchocki 
(pronounced su-HOCK-ee, with a silent  c ), who, as a toddler, sums up the book 
with his optimistic message. 

 Taking advantage of water’s high heat of vaporization is John’s wife, Tracy, 
who is seen fearlessly walking over hot coals on page  250  and  smelling the 
 fragrant-fi lled balloon on page  27 . She is seen again with their oldest child, Ian, 
on page  100 , and again with their second child Evan on page  64 . Their third child, 
Maitreya Rose, is showcased both as a fetus and as a baby on page  430 , with her 
mother on page  410 , and as a 2-year-old holding the  cellulose- and color-rich 
Vermont autumn leaves on page  404 . She appears yet again in the  Chapter    12    
opening photograph on page  354  and with her good friend Annabelle Creech as 
they brush their teeth on page  169 . About to enjoy his favorite beverage—by the 
liter—is son Evan on page  16 . He appears again on page  45 , using balloons to 
demonstrate the relationship between the volume of a gas and its temperature. 
Also, their beloved dog, Sam, shows off his great panting skills on page  240 . 

 Members of John’s extended family have also made their way onto the 
pages of  Conceptual Chemistry.  Nephew Graham Orr is seen on page  76  drink-
ing water both as a child and as a grown-up college student. Exploring the 
microscopic realm with the uncanny resolution of electron waves is cousin 
George Webster, who is seen on page  110  alongside his own scanning elec-
tron microscope. Cousin Gretchen Hewitt demonstrates her taste for chips on 
page   410 , and brother-in-law Peter Elias smells the camphor of a freshly cut 
Ping Pong® ball on page  383 . Of John’s dear friends, we see Rinchen Trashi 
looking through the spectroscope on page  105  and Nikki Church excited by the 
carbonation of water on page  219 . 

 The photographs of the children of many of John’s friends also grace this 
book. Ayano Jeffers-Fabro is the adorable girl hugging the tree on page   12 . 
Helping us to understand the nature of DNA in the  Chapter   13    opener on 
page  396  are Daniel and Jacob Glassman-Vinci. Makani Nelson, on page  398 , 
provides us with a fi ne example of a human body full of cells and biomolecules. 
Look also for Makani’s cameo appearance in the opening montage video at 
ConceptualChemistry.com.  
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  To THe sTUdeNT 

 Welcome to the world of chemistry—a world where everything around you 
can be traced to these incredibly tiny particles called  atoms.  Chemistry is the 
study of how atoms combine to form materials. By learning chemistry, you 
gain a unique perspective of what things are made of and why they behave 
as they do. 

 Chemistry is a science with a practical outlook. By understanding and 
controlling the behavior of atoms, chemists have been able to produce a 
broad range of new and useful materials—alloys, fertilizers,  pharmaceutical 
 products, polymers, computer chips, recombinant DNA, and more. These 
materials have raised our standard of living to unprecedented levels. 
Learning chemistry, therefore, is worthwhile simply because of the impact 
this fi eld has on society. More important, with a background in chemistry, you 
can judge for yourself whether available technologies are in harmony with 
the environment and with what you believe to be proper. 

 This book presents chemistry conceptually, focusing on the concepts of 
chemistry with little emphasis on calculations. Although sometimes wildly 
bizarre, the concepts of chemistry are straightforward and accessible—all it 
takes is the desire to learn. What you will gain from your efforts,  however, 
may be more than new knowledge about your environment and your 
 personal relation to it—you may improve your learning skills and become 
a better thinker! But remember, as with any other form of training, you’ll 
only get out of your study of chemistry as much as you put into it. I enjoy 
 chemistry, and I know you can too. So put on your boots and let’s explore this 
world from the perspective of its fundamental building blocks. 

 Good chemistry to you!  

xvi
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 As instructors, we share a common desire for our teaching efforts to have a 
long-lasting, positive impact on our students. We focus, therefore, on what 
we think is most important for students to learn. For students taking liberal 
arts chemistry courses, certain learning goals are clear. Those students should 
become familiar with—and perhaps even interested in—the basic concepts 
of chemistry, especially those that apply to their daily lives. They should 
understand, for example, how soap works and why ice fl oats on water. They 
should be able to distinguish between stratospheric ozone depletion and global 
 climate change and know what it takes to ensure a safe drinking water supply. 
Along the way, they should learn how to think about matter in regards to atoms 
and molecules. Furthermore, by studying chemistry, students should come 
to understand the methods of scientifi c inquiry and become better equipped 
to pass this knowledge along to future generations. In short, these students 
should become citizens of above-average scientifi c literacy. 

 These are noble goals, and it is crucial that we do our best to achieve them. I 
have come to realize, however, that these feats are not what my former students 
usually cherish most from having taken a course in chemistry. Rather, it is the 
personal development they experienced through the process. 

 As all science educators know, chemistry—with its many abstract concepts— 
is fertile ground for the development of higher-level thinking skills. Thus, it 
seems reasonable to share this valuable scientifi c offering—tempered to an 
appropriate level—with all students. Liberal arts students, like all other students, 
come to college not just to learn specifi c subjects, but also to grow personally. In 
fact, I would argue that this personal growth is the most vital commodity of a 
college education. This growth should include improvements in analytical and 
verbal reasoning skills, along with a boost in self-confi dence from having suc-
cessfully met well-placed challenges. The value of our teaching, therefore, rests 
not only on our ability to help students learn chemistry but also on our ability to 
help them learn about themselves. 

 You will fi nd in this book the standard discussions of the applications 
of chemistry, as shown in the table of contents. True to its title, this textbook 
also builds a conceptual base from which students may view nature more 
perceptively by helping them visualize the behavior of atoms and molecules 
and showing them how this behavior gives rise to our macroscopic environ-
ment. Numerical problem-solving skills and memorization are not stressed. 
Instead, chemistry concepts are developed in a storytelling fashion, with the 
frequent use of analogies and tightly integrated illustrations and photographs. 
Follow-up end-of-chapter questions are designed to challenge students’ under-
standing of concepts and their ability to synthesize and articulate conclusions. 
Concurrent with helping students learn chemistry,  Conceptual Chemistry  aims to 
be a tool by which students can learn how to become better thinkers and reach 
their personal goals of self-discovery.  

  To THe iNsTrUCTor 

xvii

A01_SUCH4414_05_SE_FM.indd   17 11/19/12   10:43 AM



A01_SUCH4414_05_SE_FM.indd   18 11/19/12   10:43 AM



A01_SUCH4414_05_SE_FM.indd   19 11/19/12   10:44 AM



A01_SUCH4414_05_SE_FM.indd   20 11/19/12   10:44 AM



A01_SUCH4414_05_SE_FM.indd   21 11/19/12   10:44 AM



A01_SUCH4414_05_SE_FM.indd   22 11/19/12   10:44 AM



A01_SUCH4414_05_SE_FM.indd   23 11/19/12   10:44 AM



  WHaT’s NeW iN THis ediTioN? 

 Notably, the organization of content in this fi fth edition is similar to that of the 
fourth edition. Thus, for instructors already using the fourth edition, changes to 
a course syllabus will be minimal. Under the hood, however, this fi fth edition is 
a major upgrade, especially in terms of its readability, accuracy, and new peda-
gogical features. Equally as important, the book has been updated to refl ect cur-
rent events, such as the 2011 earthquake and tsunami, and recent advances in 
science and technology, such as the success of immunotherapies against cancer 
and the development of hydraulic fracturing for shale gas. 

 This latest edition sports a new and modern-looking layout. Integrated into the 
design are learning objectives appearing alongside each chapter section  heading. 
Each learning objective begins with an active verb that specifi es what students 
should be able to do after studying that section, such as “Calculate the energy 
released by a chemical reaction.” These section-specifi c learning objectives are fur-
ther integrated into the Mastering Chemistry online tutorial and assessment tool. 

 Appearing beneath each section heading is an “Explain This” question. 
These questions would be fairly diffi cult for students to answer without hav-
ing read the chapter section. Some require that students recall earlier material. 
Others reveal interesting applications of chemistry concepts. In all cases, the 
Explain This question should serve as a launching point for classroom discus-
sion. The answers to these questions appear in the  Instructor Manual.  

 Also new to this edition, appearing in the margins of each chapter, are a set 
of questions that ask students to fi nd the chemical connection between seem-
ingly unrelated materials or processes. Such a “Chemical Connection” question 
is featured on the back cover of this textbook, where students are asked how a 
campfi re is connected to the Sun. Students tend to struggle with these riddle-
like questions, which probe into their understanding of atoms and molecules. 
These questions are best presented in class, where students will have fun think-
ing aloud with their classmates. You can expect to hear many creative answers. 
The author’s answers are published in the  Instructor Manual . 

 Changes have also been made to the end-of-chapter (EOC) material. Most 
importantly, each question was reviewed for quality and, as needed, either rewrit-
ten or replaced. All questions are now sorted by learning objectives, as shown in 
a grid appearing at the beginning of the EOC material. The hands-on chemistry 
activities are now called “Confi rm the Chemistry” to highlight their important role 
in the learning cycle. The more challenging “Think and Explain” questions are now 
organized by section number to facilitate the assigning of homework. 

 By popular demand, all 17 chapters are now included in the printed edition. 
Furthermore, the “Contextual Chemistry” essays have been updated and new 
ones written so that one of these essays now appears at the end of each chapter.  

  Content Changes to the Fifth Edition 
   •   New Contextual Chemistry Essays appear throughout the text. One at 

the end of  Chapter   1    uses the topic of global climate change to highlight the 
ever- important role of science in society. This essay sets the stage for a more 
thorough discussion of global climate change now appearing in  Chapter   16   . 
 Another new essay that appears after  Chapter   5    discusses the issues involved 
in  hydraulic fracturing and explains how this technology has boosted the 
United States in becoming the world’s leading producer of natural gas. Also, 
the new essay on genetically modifi ed foods appearing after  Chapter   15    was 
developed out of material that appeared in  Chapter   15    of the fourth edition.  
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What’s New in this Edition?  xxv  

• A discussion of atomic orbitals, energy level diagrams, and electron configura-
tions has been included in Chapter 4 to help students understand the structure 
of the atom as well as atomic behavior. These concepts are then summarized 
in a revised discussion of Pauling’s “argonian” shell model, which is now 
called the noble gas shell model to distinguish it from the traditional shell  model 
used to describe principal quantum states. Placed at the end of  Chapter  4 
and not discussed in subsequent chapters, this noble gas shell model can eas-
ily be skipped, which is advisable for courses designed to prepare students 
for  advanced chemistry. For the non-science-oriented student, however, this 
model provides valuable insight into the nature of the periodic table, electron-
dot structures, and chemical bonding.

Other content changes include the following:

• The discussion of wastewater treatment was moved from Chapter 7 to 
Chapter 16.

• New material on ocean acidification was written for Chapter 10.
• The section on the greenhouse effect and global climate change was moved 

to Chapter 16, where it fits with the strong focus on atmospheric chemistry.
• Discussions on angiogenesis inhibitors and other monoclonal antibodies 

were added to Chapter 14, which also features a more accurate description 
of the reuptake inhibiting modes of action for amphetamines and cocaine.

• A description of neonicotinoids, now the most widely used insecticides, 
and their benefits and risks was added to Chapter 15.

• Notably, Chapters 16 and 17 are the most “fact-heavy” chapters. Much research 
went into updating and cross-referencing the accuracy of the data presented 
in these chapters. Furthermore, the content of Section 17.3 now focuses on 
the issues of the nuclear industry, which allowed for removal of the discus-
sion of nuclear fusion that was redundant with the content of Chapter 5. 
Chapter 17 also features a new subsection on the history and current state 
of the aging North American power grid.

Changes to the Supplements
The Conceptual  Chemistry  Alive!  (CCAlive!) video lecture series, featuring 
the author’s lecture presentations, downloadable worksheets, and many other 
study resources, continues to be upgraded on a regular basis. A social media 
component, for example, now lets students work together in study groups that 
can be moderated by an instructor or a teaching assistant. Also, the author’s 
class journal (blog), where he describes his current classroom activities, is also 
available to registered instructors. The video lecture series can also be found 
online in MasteringChemistry and at ConceptualChemistry.com.

The Conceptual Chemistry Laboratory Manual now sports a new lab on 
Charles’ Law. Also, the Mastering Chemistry online homework system has 
been revised to match the significant changes that were created in the end-of-
chapter material of the textbook.

supplements available with the Fifth edition
For the Student 
MasteringChemistry® with Pearson eText MasteringChemistry® from Pearson 
has been designed and refined with a single purpose in mind: to help educa-
tors create that moment of understanding with their students. The Mastering 
platform delivers engaging, dynamic  learning opportunities—focused on your 
course objectives and responsive to each  student’s progress—that are proven 
to help students absorb course material and understand difficult concepts. By 
complementing your teaching with our engaging technology and content, you 
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can be confident that your students will arrive at that moment—the moment of 
true understanding.

The Conceptual Chemistry Alive! (CCAlive!) video lecture series,  featuring the 
author’s lecture presentations is available in MasteringChemistry and at 
ConceptualChemistry.com along with many other important study resources 
such as downloadable worksheets and practice quizzes. Each video lecture 
averages only 7 minutes in length, but there are over 200 of them,  spanning 
the table of contents of the textbook. These video lectures are best thought of 
as the “talking textbook,” in which students get to see and hear the concepts 
of chemistry. CCAlive!  complements the textbook as a means of delivering 
the content of chemistry. This, in turn, supports the instructor who is seeking 
to dedicate his or her classes to student-centered learning activities such as 
Process-Oriented Guided Inquiry Learning (POGIL). 

Explorations  in Conceptual Chemistry: A Student Activity Workbook (0-321-
68172-X) was written by Jeffrey Paradis of California State University, Sacramento. 
This manual features hands-on activities that help students learn by doing chem-
istry in a discovery-based team environment. The Student Activity Manual is also 
available in the Pearson Custom Library.

The  Laboratory  Manual (0-321-80453-8) was written by John Suchocki and 
Donna Gibson, of Chabot College. The Laboratory Manual features experiments 
tightly correlated to the chapter content. Each lab consists of objectives, a list of 
materials needed, a discussion, the procedure, and report sheets.

For the Instructor 
MasteringChemistry® with Pearson eText  MasteringChemistry® from Pearson 
has been designed and refined with a single purpose in mind: to help educa-
tors create that moment of understanding with their students. The Mastering 
platform delivers engaging, dynamic learning opportunities—focused on your 
course objectives and responsive to each student’s progress—that are proven 
to help students absorb course material and understand difficult concepts. By 
complementing your teaching with our engaging technology and content, you 
can be confident that your students will arrive at that moment—the moment of 
true understanding.

• By providing answer-specific feedback and coaching, the 
 MasteringChemistry® tutorial system helps students figure out where 
they are going wrong when problem solving. By offering feedback  specific 
to  students’ incorrect answers, MasteringChemistry® tutorials coach 
92  percent of students to the correct  answer.

• The program enables instructors to compare their class performance with 
the national average on specific questions or topics. At a glance, instructors 
can see class distribution of grades, time spent, most difficult problems, 
most difficult steps, and even most common answers.

• Pearson eText gives students access to the text whenever and wherever they 
can access the Internet. The eText pages look just like the printed text and 
include powerful interactive and customization functions. This product 
does not include the bound book.

Instructor  Resource  Materials (0-321-80450-3) This integrated collection of 
resources was designed to help you make efficient and effective use of your time. 
Resources feature art from the text, including figures and tables in JPEG format, as 
well as three prebuilt PowerPoint® presentations per chapter. The first presentation 
contains the images, figures, and tables embedded in the PowerPoint® slides, and 
the second presentation includes a complete lecture outline. The final presentation 
consists of approximately 15–25 Clicker questions per chapter. A TestGen® version 
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of the Test Bank, which allows you to create and tailor exams to your particular 
needs, is also offered. All of these resources can be downloaded from the Instructor 
Resource Center found at www.pearsonhighered.com/chemistry.

The TestGen®  Computerized  Test  Bank (0-321-80452-X) Prepared by John 
Suchocki and his wife, Tracy, the Test Bank contains more than 2100 multiple-
choice questions from which to choose in creating your own tests and quizzes. 
These files are also available in Microsoft® Word format and can be down-
loaded from the Instructor Resource Center, found at www.pearsonhighered.
com/chemistry.

Instructor  Manual (0-321-80451-1) Written by John Suchocki, the Instructor 
Manual contains sample syllabi, teaching tips, suggested demonstrations, and 
answers to all end-of-chapter questions. It is an important resource for the 
instructor who is seeking to implement student-centered learning techniques 
such as “student-centered circles” and “minute quizzes.” 

acknowledgments
For the creation of this fifth edition, I am most grateful to the many chemistry 
instructors who offered their time and energy to provide detailed and construc-
tive reviews. This includes reviews of the fourth edition, which set the stage 
for the fifth edition, as well as reviews of the fifth edition manuscript as it pro-
gressed. For these efforts, I thank the following instructors:

Eric Ball, Metropolitan State  College Denver
Nathan Bowling, University of  Wisconsin–Stevens Point
Charles Carraher, Florida Atlantic University
Richard Delgado, Lindenwood  University
Brian Fraser, Genessee Community College
Eric Goll, Brookdale Community College of  

Monmouth
Mike Maguire, Wayne State  University

I am grateful to numerous individuals and indebted for their assistance in 
the development of Conceptual Chemistry. Standing at the head of this crowd 
is my uncle and mentor, Paul G. Hewitt. He planted the seed for this book in 
the early 1980s and has lovingly nurtured its growth ever since. To my parents, 
thank you for your continued love and support. To my wife, Tracy, I remain 
deeply thankful for your endless patience and for the love and time you give 
to me daily. Tracy’s assistance in producing the manuscript and her persistent 
and creative efforts on the test bank were particularly helpful. To Ian, Evan, 
and Maitreya, who have grown up knowing only a dad who pores for hours 
over his computer, thank you for reminding me of the important things in life.

Special thanks to my inspirational high school  science teachers, Linda Ford 
(chemistry) and Edward Soldo (biology) of Sycamore High School, Ohio. Their 
positive impact on me has been lifelong.

To the faculty and staff of the chemistry and physics departments of Saint 
Michael’s College, I send a grand thank-you for your continued support and 
friendship. Special thanks are extended to Frank L. Lambert, to whom the 
fourth edition was dedicated, Professor Emeritus, Occidental College, for his 
much-appreciated assistance in the development of Conceptual Chemistry’s pre-
sentation of the second law of thermodynamics. I send a big mahalo to the crew 
that helped in the filming of CCAlive!, including Michael Reese, Peter Elias, 
Camden Barruga, Ed Nartatez, Kelly Sato, Sharon Hopwood, Patrick Garcia, 
Irwin Yamamoto, Stacy Thomas, Kai Dodge, and Maile Ventura. Also, I am 
grateful for the past support of the faculty and staff of Leeward Community 
College. Many thanks to Bradley Sieve of Northern Kentucky University for his 

John Means, University of Rio Grande
Sarah Morse, Bridgewater State University
Gregory Oswald, North Dakota State University
Rill Reuter, Winona State University
Kenneth Traxler, Bimidji State  University
Bob Widing, University of Illinois at Chicago

A01_SUCH4414_05_SE_FM.indd   27 11/19/12   10:44 AM



xxviii    Acknowledgments

assistance with the lecture PowerPoint® slides in both this edition and the previ-
ous edition. I send much thanks to John Singer of Jackson Community College 
for revising the Clicker questions, as well as Phil Reedy of Delta College of San 
Joaquin for his valuable feedback on the development of ConceptualChemistry.
com and for coordinating the  creation of the complete CCAlive! video lecture 
transcripts, which were created courtesy of Delta College.

To Jeff Paradis of CSU Sacramento, I am thankful for his efforts in creating 
the activities manual, which complements this textbook so well. For develop-
ing the Conceptual Chemistry Laboratory Manual, I am forever grateful to Donna 
Gibson of Chabot College. For past work on the Conceptual Chemistry test bank, I 
am deeply indebted to Bill Centobene of Cypress College as well as Dan Stasko 
of the University of Southern Maine. Thanks to Kelly Befus of Anoka-Ramsey 
Community College for checking the accuracy of the fifth edition test bank as 
well as the lab manual. For the “Wheel of Scientific Inquiry” shown in Figure 1.3, 
I thank William Harwood and his graduate students at Indiana University.

To the many talented and dedicated folks at Pearson, I send my deepest appre-
ciation. Thanks to President Paul Corey for his longtime support of Conceptual 
Chemistry and to Adam Jaworski for being an inspiration and for organizing and 
overseeing a mighty team of editors to tend to the development and production of 
this fifth  edition. To Jennifer Hart, thank you for being available as my main chan-
nel to the Pearson network—working with you has been a delight, and Pearson 
is fortunate to have you. To Coleen Morrison, thank you for nimbly receiving the 
baton when Jennifer was promoted. To Daniel Schiller, my developmental editor 
for this edition, thank you for bringing the Conceptual Chemistry manuscript to that 
next level of excellence. To Fran Falk, thank you for coordinating the supplements, 
and to Kristin Mayo, thank you for taking on the details of media production. To 
Kelly Morrison and her team at GEX Incorporated, thank you for your competence 
at piecing together the pages of this fifth edition—working with you has been a 
much-appreciated smooth sail. Special note of thanks to Marianne Miller for her 
eagle-eye copyediting and sense of humer [sic].

Continued thanks are due to my earlier editors from Benjamin Cummings: 
Ben Roberts, Jim Smith, Kate Brayton, Hilair Chism, and Irene Nunes. Tremendous 
thanks go to the reviewers listed here, who contributed immeasurably to the 
development of this and earlier  editions of Conceptual Chemistry:

Adedoyin M. Adeyiga, Cheyney University of 
 Pennsylvania

Pamela M. Aker, University of Pittsburgh
Edward Alexander, San Diego Mesa College
Sandra Allen, Indiana State University
Susan Bangasser, San Bernardino Valley College
Ronald Baumgarten, University of Illinois, Chicago
Stacey Bent, New York University
John Bonte, Clinton Community College
Emily Borda, Western Washington University
Richard Bretz, University of Toledo
Benjamin Bruckner, University of Maryland,  Baltimore 

County
Kerry Bruns, Southwestern University
Patrick E. Buick, Florida Atlantic University
John Bullock, Central Washington University
Barbara Burke, California State Polytechnical  University, 

Pomona
Robert Byrne, Illinois Valley Community College

Richard Cahill, De Anza College
David Camp, Eastern Oregon University
Charles Carraher, Florida Atlantic University
Jefferson Cavalieri, Dutchess Community College
William J. Centobene, Cypress College
Ana Ciereszko, Miami Dade Community College
Richard Clarke, Boston University
Natasha Cleveland, Frederick Community College
Cynthia Coleman, SUNY Potsdam
Virgil Cope, University of Michigan–Flint
Kathryn Craighead, University of Wisconsin– River Falls
Jerzy Croslowski, Florida State University
Jack Cummini, Metropolitan State College of Denver
William Deese, Louisiana Tech University
Sara M. Deyo, Indiana University Kokomo
Rodney A. Dixon, Towson University
Jerry A. Driscoll, University of Utah
Melvyn Dutton, California State University,  Bakersfield
J. D. Edwards, University of Southwestern Louisiana

A01_SUCH4414_05_SE_FM.indd   28 11/19/12   10:44 AM



Acknowledgments    1  

Karen Eichstadt, Ohio University
Karen Ericson, Indiana University–Purdue  University, 

Fort Wayne
David Farrelly, Utah State University
Andy Frazer, University of Central Florida
Kenneth A. French, Blinn College
Ana Gaillat, Greenfield Community College
Patrick Garvey, Des Moines Area Community  College
Shelley Gaudia, Lane Community College
Donna Gibson, Chabot College
Marcia L. Gillette, Indiana University Kokomo
Palmer Graves, Florida International University
Jan Gryko, Jacksonville State University
William Halpern, University of West Florida
Marie Hankins, University of Southern Indiana
Alton Hassell, Baylor University
Barbara Hillery, SUNY Old Westbury
Chu-Ngi Ho, East Tennessee State University
Angela Hoffman, University of Portland
John Hutchinson, Rice University
Mark Jackson, Florida Atlantic University
Kevin Johnson, Pacific University
Stanley Johnson, Orange Coast College
Margaret Kimble, Indiana University–Purdue  University, 

Fort Wayne
Joe Kirsch, Butler University
Louis Kuo, Lewis and Clark College
Frank Lambert, Occidental College
Carol Lasko, Humboldt State University
Joseph Lechner, Mount Vernon Nazarene College
Robley Light, Florida State University
Maria Longas, Purdue University
David Lygre, Central Washington University
Art Maret, University of Central Florida
Vahe Marganian, Bridgewater State College
Jeremy Mason, Texas Tech University
Irene Matusz, Community College of Baltimore  

County–Essex
Robert Metzger, San Diego State University
Luis Muga, University of Florida

B. I. Naddy, Columbia State Community College
Donald R. Neu, St. Cloud State University
Larry Neubauer, University of Nevada, Las Vegas
Frazier Nyasulu, University of Washington
Frank Palocsay, James Madison University
Robert Pool, Spokane Community College
Daniel Predecki, Shippensburg University
Britt E. Price, Grand Rapids Community College
Brian Ramsey, Rollins College
Jeremy D. Ramsey, Lycoming College
Kathleen Richardson, University of Central Florida
Ronald Roth, George Mason University
Elizabeth Runquist, San Francisco State University
Kathryn M. Rust, Tennessee Technological  University
Maureen Scharberg, San Jose State University
William M. Scott, Fort Hays State University
Francis Sheehan, John Jay College of Criminal Justice
Mee Shelley, Miami University
Anne Marie Sokol, Buffalo State College
Vincent Sollimo, Burlington County College
Ralph Steinhaus, Western Michigan University
Mike Stekoll, University of Alaska
Dennis Stevens, University of Nevada, Las Vegas
Anthony Tanner, Austin College
Joseph C. Tausta, SUNY Oneonta
Bill Timberlake, Los Angeles Harbor College
Margaret A. Tolbert, University of Colorado
Anthony Toste, Southwest Missouri State University
Carl Trindle, University of Virginia
Everett Turner, University of Massachusetts Amherst
Jason K. Vohs, Saint Vincent College
George Wahl, North Carolina State University
M. Rachel Wang, Spokane Community College
Karen Weichelman, University of Southwestern 

 Louisiana
Bob Widing, University of Illinois, Chicago
Ted Wood, Pierce University
David L. Yates, Park University
Sheldon York, University of Denver

To the struggling student, thank you for your learning efforts—you are on 
the road to making this world a better place.

Much effort has gone into keeping this textbook error-free and  accurate. 
However, some errors or inaccuracies may have escaped our notice. Forwarding 
such errors or inaccuracies to me would be greatly appreciated. Your questions, 
general comments, and criticisms are also welcome. I look  forward to hearing 
from you.

JOHN SUCHOCKI
John@ConceptualChemistry.com 
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