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TO THE INSTRUCTOR

Philosophy
The cover of this new edition of Chemistry: The Central Science features a striking illus-
tration of the structure of graphene, a recently discovered form of carbon. As we began
preparing the previous edition in 2006, single-layer graphene was virtually unknown.
The extraordinary properties of graphene, and its promise for future applications, has
already resulted in a Nobel Prize. An understanding of the structure and many of the
properties of graphene is well within the reach of an undergraduate student of general
chemistry. Through such examples, it is possible to demonstrate in a general chemistry
course that chemistry is a dynamic science in continuous development. New research
leads to new applications of chemistry in other fields of science and in technology. In
addition, environmental and economic concerns bring about changes in the place of
chemistry in society. Our textbook reflects this dynamic, changing character. We hope
that it also conveys the excitement that scientists experience in making new discoveries
that contribute to our understanding of the physical world.

New ideas about how to teach chemistry are constantly being developed, and many
of them are reflected in how our textbook is organized and in the ways in which topics
are presented. This edition incorporates a number of new methodologies to assist stu-
dents, including use of the Internet, computer-based classroom tools, Web-based tools,
particularly MasteringChemistry®, and more effective means of testing.

As authors, we want this text to be a central, indispensable learning tool for stu-
dents. It can be carried everywhere and used at any time. It is the one place students can
go to obtain the information needed for learning, skill development, reference, and test
preparation. At the same time, the text provides the background in modern chemistry
that students need to serve their professional interests and, as appropriate, to prepare for
more advanced chemistry courses.

If the text is to be effective in supporting your role as teacher, it must be addressed to
the students. We have done our best to keep our writing clear and interesting and the book
attractive and well illustrated. The book has numerous in-text study aids for students,
including carefully placed descriptions of problem-solving strategies. Together we have
logged many years of teaching experience. We hope this is evident in our pacing, choice of
examples, and the kinds of study aids and motivational tools we have employed. Because
we believe that students are more enthusiastic about learning chemistry when they see its
importance to their own goals and interests, we have highlighted many important applica-
tions of chemistry in everyday life. We hope you make use of this material.

A textbook is only as useful to students as the instructor permits it to be. This book
is replete with features that can help students learn and that can guide them as they
acquire both conceptual understanding and problem-solving skills. But the text and all
the supplementary materials provided to support its use must work in concert with
you, the instructor. There is a great deal for the students to use here, too much for all of
it to be absorbed by any one student. You will be the guide to the best use of the book.
Only with your active help will the students be able to utilize most effectively all that
the text and its supplements offer. Students care about grades, of course, and with en-
couragement they will also become interested in the subject matter and care about
learning. Please consider emphasizing features of the book that can enhance student
appreciation of chemistry, such as the Chemistry Put to Work and Chemistry and Life
boxes that show how chemistry impacts modern life and its relationship to health and
life processes. Learn to use, and urge students to use, the rich Internet resources avail-
able. Emphasize conceptual understanding and place less emphasis on simple manipu-
lative, algorithmic problem solving.

PREFACE
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1.3 PROPERTIES OF MATTER
We then consider different characteristics, or properties, used
to characterize, identify, and separate substances.

1.4 UNITS OF MEASUREMENT
We observe that many properties rely on quantitative
measurements involving numbers and units. The units of
measurement used throughout science are those of the 
metric system.

WHAT’S AHEAD
1.1 THE STUDY OF CHEMISTRY
We begin with a brief description of what chemistry is, what
chemists do, and why it is useful to learn chemistry.

1.2 CLASSIFICATIONS OF MATTER
Next, we examine some fundamental ways to classify matter,
distinguishing between pure substances and mixtures and
between elements and compounds.

HUBBLE SPACE TELESCOPE IMAGE
of the Omega Nebula, a 15-light-year-wide
expanding remnant of a star’s supernova
explosion. The orange filaments are the
tattered remains of the star and consist
mostly of hydrogen, the simplest and most
plentiful element in the universe. Hydrogen
occurs as molecules in cool regions of the
nebula, as atoms in hotter regions, and as
ions in the hottest regions. The processes that
occur within stars are responsible for creating
other chemical elements from hydrogen.
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beverages such as beer and wine, whereas ethylene glycol is a viscous liquid used as au-
tomobile antifreeze. The properties of these two substances differ in many ways, as do
their biological activities. Ethanol is consumed throughout the world, but you should
never consume ethylene glycol because it is highly toxic. One of the challenges chemists
undertake is to alter the composition or structure of molecules in a controlled way, cre-
ating new substances with different properties.

Every change in the observable world—from boiling water to the changes that
occur as our bodies combat invading viruses—has its basis in the world of atoms and
molecules. Thus, as we proceed with our study of chemistry, we will find ourselves
thinking in two realms: the macroscopic realm of ordinary-sized objects (macro large)
and the submicroscopic realm of atoms and molecules. We make our observations in the
macroscopic world, but in order to understand that world, we must visualize how atoms
and molecules behave at the submicroscopic level. Chemistry is the science that seeks to
understand the properties and behavior of matter by studying the properties and behav-
ior of atoms and molecules.

G I V E  I T  S O M E  T H O U G H T
a. Approximately how many elements are there? 
b. What submicroscopic particles are the building blocks of matter?

Why Study Chemistry?
Chemistry greatly impacts our daily lives. Indeed, chemistry lies near the heart of many
matters of public concern: improvement of health care, conservation of natural re-
sources, protection of the environment, and provision of our daily needs for food, cloth-
ing, and shelter. Using chemistry, we have discovered pharmaceutical chemicals that
enhance health and prolong lives. We have increased food production through the use of
fertilizers and pesticides, and we have developed plastics and other materials used in al-
most every facet of our lives, from electronics to sporting equipment to building con-
struction. Unfortunately, some chemicals can harm our health or the environment. As
educated citizens and consumers, it is in our best interest to understand the profound
effects, both positive and negative, that chemicals have on our lives and to strike an in-
formed balance about their uses.

Most of you are studying chemistry, however, not merely to satisfy your curiosity or
to become more informed consumers or citizens but also because it is an essential part
of your curriculum. Your major might be chemistry, but it could be biology, engineer-
ing, pharmacy, agriculture, geology, or some other field. Why do so many subjects share
an essential tie to chemistry? The answer is that chemistry is the central science, central
to a fundamental understanding of other sciences and technologies. For example, our
interactions with the material world raise basic questions about the materials around us.
What are their compositions and properties? How do they interact with us and with our
environment? How, why, and when do materials undergo change? These questions are
important whether the material is part of a solar cell, a pigment used by a Renaissance
painter, or a living creature (" FIGURE 1.2).

=

(b)(a) (c)

# FIGURE 1.2
Chemistry helps us
understand the world
around us.
(a) Solar cells are made of
silicon. (b) A Renaissance
painting, Young Girl
Reading, by Vittore
Carpaccio (1472–1526),
uses pigments that keep
their color for years.
(c) The light from this
firefly is the result of
a chemical reaction within
the animal.
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desired properties; (2) measure the properties of matter; and (3) de-
velop models that explain and/or predict the properties of matter.
One chemist, for example, may spend years working in the laboratory
to discover new drugs. Another may concentrate on the development
of new instrumentation to measure properties of matter at the atomic
level. Other chemists may use existing materials and methods to un-
derstand how pollutants are transported in the environment or how
drugs are processed in the body. Yet another chemist will develop the-
ory, write computer code, or run computer simulations to understand
how molecules move and react on very fast time scales. The collective
chemical enterprise is a rich mix of all of these activities.

Chemistry and the Chemical Industry

Chemistry is all around us. Many people are familiar
with household chemicals such as those shown in

$ FIGURE 1.3, but few realize the size and impor-
tance of the chemical industry. Worldwide sales of

chemicals and related products manufactured in
the United States total approximately $550 billion annually. The
chemical industry employs more than 10% of all scientists and engi-
neers and is a major contributor to the US economy.

Vast amounts of chemicals are produced each year and serve as
raw materials for a variety of uses, including the manufacture and
processing of metals, plastics, fertilizers, pharmaceuticals, fuels,
paints, adhesives, pesticides, synthetic fibers, and microprocessor
chips. " TABLE 1.1 lists the top eight chemicals produced in the
United States.

Who are chemists, and what do they do? People who have de-
grees in chemistry hold a variety of positions in industry, government,
and academia. Those in industry work as laboratory chemists, devel-
oping new products (research and development), analyzing materials
(quality control), or assisting customers in using products (sales and
service). Those with more experience or training may work as man-
agers or company directors. Chemists are important members of the
scientific workforce in government (the National Institutes of Health,
Department of Energy, and Environmental Protection Agency all em-
ploy chemists) and at universities. A chemistry degree is also good
preparation for careers in teaching, medicine, biomedical research, in-
formation science, environmental work, technical sales, work with
government regulatory agencies, and patent law.

Fundamentally, chemists do three things: (1) make new types of
matter: materials, substances, or combinations of substances with

$ FIGURE 1.3
Common household
chemicals.

TABLE 1.1 • The Top Eight Chemicals Produced by the US Chemical Industry in 2008a

Rank Chemical Formula
2008 Production 
(Billions of Pounds) Principal End Uses

1 Sulfuric acid H2SO4 71 Fertilizers, chemical
manufacturing

2 Ethylene C2H4 50 Plastics, antifreeze
3 Lime CaO 44 Paper, cement, steel
4 Propylene C3H6 33 Plastics
5 Ammonia NH3 21 Fertilizers
6 Chlorine Cl2 21 Bleaches, plastics, water

purification
7 Phosphoric acid H3PO4 20 Fertilizers
8 Sodium hydroxide NaOH 16 Aluminum production,

soap

aMost data from Chemical and Engineering News, July 6, 2009, pp. 53, 56. Data on lime from U.S. Geological Survey.

By studying chemistry, you will learn to use the powerful language and ideas that
have evolved to describe and enhance our understanding of matter. Furthermore, an
understanding of chemistry provides powerful insights into other areas of modern sci-
ence, technology, and engineering.

CHEMISTRY PUT TO WORK
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1.2 | CLASSIFICATIONS OF MATTER
Let’s begin our study of chemistry by examining some fundamental ways in which mat-
ter is classified. Two principal ways of classifying matter are according to physical state
(gas, liquid, or solid) and according to composition (element, compound, or mixture).

States of Matter
A sample of matter can be a gas, a liquid, or a solid. These three
forms, called the states of matter, differ in some of their observ-
able properties. A gas (also known as vapor) has no fixed volume
or shape; rather, it conforms to the volume and shape of its con-
tainer. A gas can be compressed to occupy a smaller volume, or it
can expand to occupy a larger one. A liquid has a distinct volume
independent of its container but has no specific shape. It assumes
the shape of the portion of the container it occupies. A solid has
both a definite shape and a definite volume. Neither liquids nor
solids can be compressed to any appreciable extent.

The properties of the states of matter can be understood on
the molecular level ($ FIGURE 1.4). In a gas the molecules are far
apart and moving at high speeds, colliding repeatedly with one an-
other and with the walls of the container. Compressing a gas de-
creases the amount of space between molecules and increases the
frequency of collisions between molecules but does not alter the
size or shape of the molecules. In a liquid the molecules are packed
closely together but still move rapidly. The rapid movement allows
the molecules to slide over one another; thus, a liquid pours easily.
In a solid the molecules are held tightly together, usually in definite
arrangements in which the molecules can wiggle only slightly in
their otherwise fixed positions. Thus, the distances between mole-
cules are similar in the liquid and solid states, but the two states
differ in how free the molecules are to move around. Changes in
temperature and/or pressure can lead to conversion from one state
of matter to another, illustrated by such familiar processes as ice
melting or water vapor condensing.

Pure Substances
Most forms of matter we encounter—the air we breathe (a gas),
the gasoline we burn in our cars (a liquid), and the sidewalk we
walk on (a solid)—are not chemically pure. We can, however, sepa-
rate these forms of matter into pure substances. A pure substance (usually referred to
simply as a substance) is matter that has distinct properties and a composition that does
not vary from sample to sample. Water and table salt (sodium chloride), the primary
components of seawater, are examples of pure substances.

All substances are either elements or compounds. Elements are substances that
cannot be decomposed into simpler substances. On the molecular level, each element
is composed of only one kind of atom [$ FIGURE 1.5(a and b)]. Compounds are
substances composed of two or more elements; they contain two or more kinds of
atoms [Figure 1.5(c)]. Water, for example, is a compound composed of two elements:
hydrogen and oxygen. Figure 1.5(d) shows a mixture of substances. Mixtures are
combinations of two or more substances in which each substance retains its chemical
identity.

Elements
Currently, 118 elements are known, though they vary widely in abundance. For exam-
ple, only five elements—oxygen, silicon, aluminum, iron, and calcium—account for
over 90% of Earth’s crust (including oceans and atmosphere) and only three—oxygen,

Ice

Liquid water

Water vapor

! FIGURE 1.4 The three physical states of water—water
vapor, liquid water, and ice. We see the liquid and solid states but
cannot see the gas (vapor) state. When we look at steam or clouds,
we see tiny droplets of liquid water dispersed in the atmosphere.
The red arrows show that the three states of matter interconvert. 

G O  F I G U R E
In which form of water are the water molecules
farthest apart?
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