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PREFACE

In a time when there is great concern about the dwindling numbers of chemical
sciences majors, those of us who teach freshman chemistry must show that our
discipline is accessible, fascinating, and important—one that offers very di-
verse, but always interesting and challenging, job opportunities. We must also
let our own enthusiasm for our discipline show clearly as we provide our
students with the rigorous and challenging introduction they need to proceed
successfully through a demanding curriculum. This is what I have tried to do in
Chemical Principles.

This text is based on my experience at the University of Illinois teaching an
accelerated general chemistry course for chemical sciences majors and other
students who require a rigorous introductory course. These students typically
have excellent credentials and an excellent aptitude for chemistry, but have had
only limited exposure to the fundamental concepts of chemistry. Although they
may know how to solve stoichiometry and gas problems when they arrive in my
course, these students typically lack understanding of the chemical principles
that underlie these applications. This is not because they have had inadequate
preparation in high school; instead, I believe it results from the nature of
chemistry itself—a very complex subject that requires several passes before real
mastery can take place.

So my point in writing this text is to produce a book that does not assume
that students already know how to think like chemists. These students will do
complicated and rigorous thinking eventually, but they must be brought to that
point gradually. Thus this book covers the advanced topics (in gases, atomic
theory, thermodynamics, and so on) that one expects in a course for chemical
science majors, but it starts with the fundamentals, and then builds to the level
required for more complete understanding.

In Chemical Principles, 1 take advantage of the excellent math skills that
these students typically possess. As a result, there are fewer worked-out exam-
ples than would be found in a mainstream book. However, the end-of-chapter
problems cover a wide range—from drill exercises to difficult problems, some
of which would challenge the average senior chemistry major. Thus instructors
can tailor the problem assignments to the level appropriate for their students.

Finally, instead of being written in the style typical of a physical chemistry
text (which, of course, is aimed at juniors), this book maintains a student-
friendly approach without being patronizing. In addition, to demonstrate the
importance of chemistry in real life, I have incorporated throughout the book a
number of applications and recent advances in chemistry in essay form.

What’s It Like to Be a Chemical Professional?

The most unusual chapter in this text is Chapter 1, which discusses what it
means to be a chemical professional. I have included this material because
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students, especially freshmen, know very little about possible careers in the
chemical sciences and tend not to think about these issues until it’s time for
them to start looking for jobs. In addition, they do not realize the incredible
diversity of opportunities that exist in the chemical sciences or how often the
typical person changes jobs. To inform students about these issues, Chapter 1
discusses some typical jobs, as well as some typical problems confronted by
someone working in the chemical sciences. I have also included profiles of some
real people—several young professionals who are pursuing diverse careers.

Organization

The order in which topics are discussed in this book is traditional for high-level
general chemistry courses. The early chapters deal with chemical reactions.
Stoichiometry is covered in Chapters 3 and 4, with special emphasis on reac-
tions in aqueous solutions. The properties of gases are treated in Chapter 5,
followed by coverage of gas phase equilibria in Chapter 6. Acid-base equilibria
are covered in Chapter 7, and Chapter 8 deals with additional aqueous equilib-
ria. Thermodynamics is covered in two chapters: Chapter 9 deals with
thermochemistry and the first law of thermodynamics; Chapter 10 treats the
topics associated with the second law of thermodynamics. The discussion of
electrochemistry follows in Chapter 11. Atomic theory and quantum mechan-
ics are covered in Chapter 12, followed by two chapters on chemical bonding
(Chapters 13 and 14). Chemical kinetics is discussed in Chapter 15, followed by
coverage of solids and liquids in Chapter 16, and the physical properties of
solutions in Chapter 17. A systematic treatment of the descriptive chemistry of
the representative elements is given in Chapters 18 and 19, and of the transition
metals in Chapter 20. Chapters 21-23 cover topics in nuclear chemistry,
organic chemistry, and biochemistry, respectively.

Flexibility of Topic Order

Although this text will be easiest to use in the order written, instructors have
several options for arranging the material to complement their syllabi. For
example, the section on gas phase and aqueous equilibria (Chapters 6—8) could
be moved to any point later in the course. The chapters on thermodynamics can
be separated: Chapter 9 can be used early in the course, with Chapter 10 later.
In addition, the chapters on atomic theory and bonding (Chapters 12—14) can
be used near the beginning of the course. In summary, an instructor who wants
to cover atomic theory early and equilibrium later might prefer the following
order of chapters: 1-5, 9, 12, 13, 14, 10, 11, 6, 7, 8, 15—23. An alternative
order might be: 1-5, 9, 12,13, 14, 6, 7, 8, 10, 11, 15-23. The point is that the
chapters on atomic theory and bonding (12—14), thermodynamics (9, 10), and
equilibrium (6, 7, 8) can be moved around quite easily. In addition, the kinetics
chapter (Chapter 15) can be covered at any time after bonding. It is also
possible to use Chapter 21 (on nuclear chemistry) much earlier—after Chapter
12, for example—if desired.
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Chemists and Chemistry

C HEMISTRY. It is a word that evokes various, and often dramatic, responses
in people. It is a word that is impossible to define concisely, because the
field is so diverse, and its practitioners perform such an incredible variety of
jobs. Chemistry mainly deals with situations in which the nature of a substance
is changed by altering its composition: entirely new substances are synthesized
or the properties of existing substances are enhanced.

There are many misconceptions about the practitioners of chemistry. Many
people picture a chemist as a solitary figure who works in a laboratory and does
not talk to anyone else for days at a time. Nothing could be further from the
truth. Many chemists do indeed work in laboratories but rarely by themselves.
A typical day for a modern chemist would be spent as a member of a team
solving a particular problem important to his/her company. This team might
consist of chemists from various specialities: chemical engineers, development
specialists, and possibly even lawyers. Figure 1.1 represents the people and
organizations with which typical laboratory chemists might expect to interact
in the course of their jobs.

On the other hand, many persons trained as chemists do not perform actual
laboratory work but may work as patent lawyers, financial analysts, plant
managers, salespeople, personnel managers, and so on. Also, it is quite com-
mon for a person trained as a chemist to have many different jobs during a
career. This will become obvious to you as you read the profiles of chemists at
the end of this chapter.

The goal of this chapter is to introduce some of the important aspects of
chemistry not typically discussed in connection with learning chemistry. In the
remainder of this text we will concentrate on the formal discipline of chemis-
try—its observations, theories, and applications. In this first chapter we briefly
discuss what it means to be a chemist, biochemist, or chemical engineer, and
point out some of the opportunities that exist for someone trained in the
chemical sciences. This discussion of opportunities is by no means exhaustive.
Its purpose is to give some appreciation for the great variety of interesting jobs
available to a person with a chemical sciences background. We include an
introduction to the world of commercial chemistry and provide a couple of
specific examples of the types of problems confronted by the practitioners of the

1.1 Thinking Like a Chemist

1.2 A Real-World Chemistry
Problem

1.3 The Scientific Method

1.4 Industrial Chemistry

1.5 The Production of Chemicals

1.6 Polyvinyl Chloride (PVC):
Real-World Chemistry

1.7 Profiles of People Working in
the Chemical Sciences




