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Preface

C

hemistry is a dynamic and rapidly changing ﬁeld. It is an extraordinarily
interesting subject to study and an intriguing one to teach. The diversity of
knowledge of the beginning student presents a unique challenge to the student
and to the teacher. This text is written primarily for use in courses designed to
prepare students who wish to pursue a science major requiring a comprehensive course in general chemistry. These students, in most cases, have never taken
a course in chemistry or have had limited instruction in the basic math necessary to solve chemistry problems, so a chemistry course can be very threatening to them.
To address this issue, this text has four major goals:
1. To provide a clear, consistent methodology that a student can follow to
develop conceptual and quantitative problem-solving skills.
2. To engage the student by relying heavily on analogies that relate chemistry
to daily life.
3. To anticipate the points where students are apt to have difﬁculty and to
smooth the path to understanding by explaining in detail what the pitfalls
are and how to avoid them.
4. To present, at one time, points that may be easily confused with one another
so that students can avoid making the errors. For example, if a radioactive
decay problem asks for the number of atoms that have disintegrated instead
of the number remaining after a certain time, a student might easily make
a mistake. If in one problem both the number disintegrated and the number remaining are required, the student can hardly make that same mistake.
In a given chapter some early problems ask related questions together
and later ones ask them separately to ensure that the differences are not
forgotten.

Developing Problem-Solving Skills
ORGANIZING THEIR THOUGHTS
Students have numerous demands on their time, so helping them organize their
thoughts and identifying the key concepts is important. This book has several
ways to accomplish this task.

xi
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Chapter Outline At the beginning of each chapter, the
outline of the entire chapter is listed to introduce
students to the topics presented in the chapter. This
outline also provides the instructor with a quick
topic summary for organizing lecture material.
Chapter Objectives At the beginning of each chapter,
the learning objectives are presented to alert the
student to the key concepts covered in the chapter.
These enable students to preview the material and
become aware of the topics they are expected to
master. These are also a valuable study tool for
students when they are reviewing.
Review Clues At the beginning of each chapter
except the ﬁrst, there is a list of Review Clues.
These clues provide students the opportunity to go
back to previous sections in the book or to
Appendix 1 and review or relearn material
pertinent to the present chapter.

8
Chemical Reactions

■ 8.1

The Chemical Equation

■ 8.2

Balancing Equations

■ 8.3

Predicting the Products of
Chemical Reactions

■ 8.4

Acids and Bases
A reaction liberating energy

Review Clues
Section 8.1
Section 8.2
Section 8.3
Section 8.4

Section 7.4
Section 5.1
Section 5.4
Section 6.3

Objectives
8.1

8.2

8.3

8.4

To interpret a balanced chemical
equation in terms of mole ratios of
reactants and products
To balance chemical equations—that is,
to get the same number of atoms of
each element on each side
To predict the products of thousands of
chemical reactions by categorizing
reactions
To predict the products of the reactions
of acids with bases and metals, and to
use a specialized nomenclature for acidbase reactions

152

CHAPTER 5

■

Chemical Bonding

Summar y
206

Chemical formulas identify compounds, ions, or molecules. The formula implies that the atoms are held together by some kind(s) of chemical bond(s). When they
are not combined with other elements, hydrogen, nitrogen, oxygen, ﬂuorine, chlorine, bromine, and iodine exist
as diatomic molecules (Figure 5.2).
In formulas for binary compounds, the more electropositive element is written ﬁrst. A formula unit represents the collection of atoms in the formula. Subscripts in
a formula indicate the numbers of atoms of the elements in
each formula unit. For example, the formula unit H2O has
two hydrogen atoms and one oxygen atom. Formula units
of uncombined elements, such as Ne, are atoms. Formula
units of covalently bonded atoms are called molecules.
Formula units of ionic compounds do not have any special
name. In formulas, atoms bonded in special groups may
be enclosed in parentheses. A subscript following the closing parenthesis multiplies everything within the parentheses. For example, a formula unit of Ba(ClO4)2 contains
one barium atom, two chlorine atoms, and eight oxygen
atoms. Formulas for hydrates have a centered dot preceding a number and the formula for water, such as
CuSO4 #5H2O. The number multiplies everything following it to the end of the formula (Section 5.1).
Atoms of main group elements tend to accept, donate, or share electrons to achieve the electronic structure
of the nearest noble gas. Metal atoms tend to donate electrons and thereby become positive ions. When combining
with metals, nonmetal atoms tend to accept electrons and
become negative ions. The number of electrons donated
or accepted by each atom depends to a great extent on
the periodic group number; each atom tends to attain a
noble gas conﬁguration. The attraction of oppositely
charged ions is called an ionic bond. Transition and inner transition metal atoms donate their valence electrons
ﬁrst but ordinarily do not achieve noble gas conﬁgurations. Most of them can also lose electrons from an inner
shell and thus can form cations with different charges
(Section 5.2).

Electron dot diagrams can be drawn for atoms, ions,
and molecules, using a dot to represent each valence
electron. These diagrams are most useful for main group
elements. The diagrams help in visualizing simple reactions and structures of polyatomic ions and molecules
(Section 5.3).
Formulas for ionic compounds may be deduced from
the charges on the ions, since all compounds have zero
net charge. Given the constituent elements, we can predict the formula for binary compounds of most main
group metals. We cannot do so for most transition metals
because of their ability to form ions of different charges.
(Given the speciﬁc ions, we can write a formula for any
ionic compound.) Conversely, given the formula of an
ionic compound, we can deduce the charges on its ions.
Writing correct formulas for compounds and identifying
the ions in compounds from their formulas are two
absolutely essential skills (Section 5.4).
Nonmetal atoms can share electrons with other nonmetal atoms, forming covalent bonds. In electron dot diagrams, the shared electrons are counted as being in the
outermost shell of each of the bonded atoms. A single
bond consists of one shared electron pair; a double bond
consists of two shared electron pairs; a triple bond consists of three shared electron pairs. Macromolecules
result from covalent bonding of millions of atoms or
more into giant molecules.
Drawing electron dot diagrams for structures containing only atoms that obey the octet rule can be eased
by subtracting the number of valence electrons available
from the number required to get an octet (or duet) around
each nonmetal atom. The difference is the number of
electrons to be shared in the covalent bonds. For an ion,
we must subtract 1 available electron for each positive
charge on the ion or add 1 available electron for each negative charge. Main group metal ions in general require no
outermost electrons; but each hydrogen atom requires 2;
and each other nonmetal atom requires 8. Atoms in some
compounds do not follow the octet rule (Section 5.5).

Chapter Summary At the end of each chapter
is a summary designed to help the student
identify important concepts and help them
review for quizzes and tests.
Items for Special Attention At the end of
every chapter, this unique section
highlights and emphasizes key concepts
that often confuse students. This section
anticipates students’ questions and
problem areas and helps them avoid many
pitfalls.

Items for Special Attention
■

Because formulas are used to represent unbonded atoms,
covalently bonded molecules (Section 5.5), and ionically
bonded compounds (Section 5.2), a formula unit can represent an atom, a molecule, or the simplest unit of an
ionic compound (Figure 5.8). For example, He represents an uncombined atom; F2 represents a molecule of
an element; CO2 represents a molecule of a compound;

and NaCl represents one pair of ions in an ionic
compound.
■

The seven elements that occur in the form of diatomic molecules (Figure 5.2) form such molecules only when these
elements are uncombined with other elements. When
combined in compounds, they may have one, two, three,

Various Problem-Solving Methods
Many problems are worded to show students that very different questions may
sound similar and that the same question may be presented in very different
words. This will encourage students to try to understand concepts rather than to
memorize solutions.
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All Examples have the solutions following the stated problem. The solutions
range from a simple statement (Example 1.4 on pages 6–7) to a short explanation (Example 3.1 on page 78) to a step-by-step solution (Example 7.13 on pages
194–195). Side-by-side examples are also presented with the general method for
the technique presented on the left and a speciﬁc example of the method on the
right (pages 193–194).
After most numbered examples, a practice problem is presented for the students to practice the problem-solving method. The complete answers are presented in Appendix 4. The students will then use these methods to solve the
end-of-chapter problems.
The end-of-chapter problems have new variables while maintaining the same
skill pattern. The end-of-chapter problems provide practice for the student using
the skills presented in the chapter. Solutions to the problems numbered in red
are provided in Appendix 5.

SELF-TESTING AND REVIEWING
Snapshot Review
❒ We classify matter so that we can learn the general properties of each
type to enable us to answer speciﬁc questions about individual
samples.
❒ All substances have deﬁnite compositions.

ChemSkill Builder 3.6

A. Does the compound baking soda have a deﬁnite composition?

Self-Tutorial Problems
8.1

Assign each of the following types to one of the ﬁve
classes of reactions presented in Section 8.3:
Reactants

Products

(a) 2 elements

1 compound

(b) 1 compound

2 elements

(c) 2 compounds

2 different compounds

(d) 1 element 
1 compound

1 element  1 compound

(e) 1 compound

1 element  1 compound

(f) 1 compound  O2

2 or more compounds

(g) 1 element 
1 compound

1 compound

8.2

Explain how to recognize that O2 and MgO will not react
with each other in a single substitution reaction.

8.3

Rewrite the following equations with integral coefﬁcients:
(a) CrF2 (s)  12 F2 (g) £ CrF3 (s)

8.12 What type of reaction is the following? What are the
products?
C2H6 (g)  O2 (g, excess) £
8.13 In a certain double substitution reaction, CrCl3 is a
reactant. Is Cr(NO3 ) 3 or Cr(NO3 ) 2 more likely to be a
product?
8.14 Do the classes of reactions described in Section 8.3 include all possible types of chemical reactions?
8.15 Which table in this chapter should be used when working with single substitution reaction, and which ones
with double substitution reactions?
8.16 Which of the following compounds are acids?

(b) CoCl3 (s)  12 Co(s) £ 32 CoCl2 (s)

H2O

NH3

C4H8

HClO3

(c) CuCl(s)  12 Cl2 (g) £ CuCl2 (s)

AsH3

LiH

H2O2

H3PO4

(d)

2
3 H3PO4 (aq)

 CaCO3 (s) £
1
3 Ca3 (PO4 ) 2 (s)

 H2O(/)  CO2 (g)

(e) NH3 (g)  54 O2 (g) £ NO(g)  32 H2O(g)
8.4

8.10 Can a double substitution reaction occur between two
compounds containing one ion in common?
8.11 Are oxides of reactive metals or oxides of unreactive
metals more likely to decompose into their two elements
when heated?

Write a balanced chemical equation for each of the following reactions:
(a) SO2 (g)  PCl5 (s) £ SOCl2 (/)  POCl3 (/)
(b) SO2 (g)  Cl2 (g) £ SO2Cl2 (/)

8.5

What is the difference, if any, among (a) the reaction of
sodium with chlorine, (b) the combination of sodium and
chlorine, and (c) the formation of sodium chloride from
its elements?

8.6

Consider the reaction of aqueous chlorine with aqueous
zinc iodide.
(a) Identify the reaction type.

8.17 Classify each of the following as an acidic anhydride, a
basic anhydride, or neither:
N2O5

CaO

Cl2O7

N2O

K2O

SO3

8.18 Which, if any, of the common acids exist completely in
the form of ions (a) as a pure compound and (b) in aqueous solution?
8.19 What products are expected in each of the following cases?
(a) KClO3 is heated in the presence of MnO2 as a
catalyst.
(b) KClO3 is heated in the presence of MnO2.
(c) KClO3 and MnO2 are heated together.
(d) KClO3 is heated.

(b) Write correct formulas for all reactants and products.

8.20 What type of substance can act as an acid but does not
have hydrogen written ﬁrst in its formula?

(c) Write a balanced equation.

8.21 What is the difference between “acidic” and “acetic”?

8.7

Explain how a catalyst resembles a marriage broker.

8.8

A certain double substitution reaction produced silver
chloride and potassium acetate. What were the reactants?

8.22 Give two reasons why the following reaction produces
products:

8.9

Can a single substitution reaction occur between an
element and a compound of that same element?

Ba(HCO3 ) 2 (aq)  H2SO4 (aq) £
BaSO4 (s)  2 H2O(/)  2 CO2 (g)

Snapshot Review At the end of each chapter section, a
Snapshot Review appears. Students are provided a
short synopsis of the section and then asked a
question or two to test their comprehension of the
concept(s). Answers to the Snapshot Review
questions are provided at the end of each chapter.
ChemSkill Builder At the end of chapter sections,
where applicable, a ChemSkill Builder icon
appears. ChemSkill Builder is an online electronic
homework program that generates questions for
students in a randomized fashion with a constant
mix of variables. The icon lets the student know
which sections of ChemSkill Builder to practice for
the chemical skills relating to the speciﬁc content
of the text. The correlation to ChemSkill Builder
by James D. Spain and Harold J. Peters is
enhanced by the increased number of topics
covered there. Log on at www.mhhe.com/csb.
Self-Tutorial Problems This end-of-chapter section
presents problems in simple form designed as
teaching devices. Many are from everyday life, and
they emphasize the importance of identifying the
information needed to answer questions, thus
advancing analytical skills. By considering different
terms that look or sound alike in a single problem,
the students can more easily distinguish and learn
both. (see Problems 5.1, 5.5, and 5.6 on pages
153–154)
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Engaging Student Interest
ANALOGIES
Frequent use of analogies to daily life helps students understand that chemistry
problems are not signiﬁcantly different from everyday problems. For example,
calculations involving dozens of pairs of socks and moles of diatomic molecules
can be carried out by the same methods (see Problems 7.4 and 7.5 on page 201).
Oxidizing and reducing agents can be compared conceptually to hand towels
and wet hands (Example 16.11 on page 441). Speciﬁc heat calculations are like
those involving room rates at a resort (Example 14.5 on page 384).
REAL-WORLD PROBLEMS
Students are engaged in the study of a topic by use of a real-world problem.
The students easily understand by frequently using analogies to apply the scientiﬁc concept to a normal daily event. In working with conceptual problems,
the use of chemistry in the real world is brought alive to the student. (See Problem 7.130 on page 205)
ITEMS OF INTEREST
Periodically throughout the book the students will ﬁnd Items of Interest within the
textual material. These items demonstrate the use of chemistry in the present and
future. An example is the industrial Solvay process in Chapter 8 on page 222.
ART PROGRAM
Today’s students are much more visually oriented than any previous generation
and many are principally visual learners. We have attempted to develop this
style of learning through the expanded use of color and illustrations. Each chapter is amply illustrated with accurate, colorful diagrams that clarify difﬁcult concepts and enhance learning.

Content Changes in the Fifth Edition
Changes in the ﬁfth edition include:
• The addition of a NEW Chapter 17 on Electrochemistry, with calculation
of potentials and of stoichiometric quantities from electrical quantities and
vice versa. Six new in-chapter examples and forty end-of-chapter problems
were added, as well as two tables, Table 17.1 “Electrical Variables and
Units” and Table 17.2 “Standard Reduction Potentials.”
• The addition of a NEW Section 19.5 on Polyprotic Acids, with Table 19.4
on “Selected Dissociation Constants of Polyprotic Acids”.
• Changes in positions of several sections for better ﬂow of ideas:
– Chapter 2: Presentation of Exponential Numbers before The Metric
System
– Chapter 12: Presentation of Dalton’s Law immediately after Ideal
Gas Law
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• Five new Item of Interest additions:
– Chapter 10: Ion mass in food chemistry
– Chapter 14: High heat capacity and heat of vaporization of water
– Chapter 17: Puriﬁcation process for copper
Galvanic cell reactions
– Chapter 19: H2S, a dangerous but useful gas
• New Enrichment Box on Controlled Experiments in Chapter 13
• The elimination of Section 16.6 on Equivalents and Normality form Chapter 16. These concepts are available online for instructors who want them;
contact your McGraw-Hill Sales Representative.
In addition, the entire book has been examined for accuracy, and the problems
and examples have been amended. More in-chapter examples and end-of-chapter
problems have been added as well. The artwork has been upgraded to further
student interest and understanding.
Major pedagogy retained by the author includes:
• Asking questions in a way so students can understand concepts rather than
memorize has been retained and hopefully improved.
• Multiple-part questions that ask the same question in several different ways,
or that ask quite different questions in similar-sounding ways, have been
retained. (For example, see Problem 18.6 where equilibria involving solid
and gaseous iodine are both presented in a single problem.)
• Increase in the number of problems and examples; full solutions are given,
either in the appendices or the instructor’s manual.

Supplemental Materials
INSTRUCTOR RESOURCES
ARIS—Assessment, Review, and Instruction System.
ARIS is a complete, online tutorial, electronic
homework, and course management system,
designed for greater ease of use than any other
system available. Instructors can create and share
course materials and assignments with colleagues
with a few clicks of the mouse. All assignments,
quizzes, and question tutorials are directly tied to
text-speciﬁc materials, but instructors can also edit
questions, import their own content, and create
announcements and due dates for assignments.
ARIS has automatic grading and reporting of
homework, quizzing, and testing. All student activity within McGrawHill’s ARIS is automatically recorded and available through a fully
integrated gradebook that can be downloaded to Excel. Log on at
www.mhhe.com/goldberg.
Instructor’s Manual and Solution Manual is found in the Fundamentals of
Chemistry, Fifth Edition ARIS website under the Instructor Center.
The Instructor’s Manual contains the test bank questions, suggestions
on how to organize the course and answers to the end-of-chapter problems.
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Instructor’s Testing and Resource CD-ROM contains the electronic format
for the test bank questions allowing the instructors to edit or create
their own test templates. The Test Bank is formatted for easy integration
into any course management system.
Digital Content Manager CD-ROM is a multimedia collection of visual
resources allowing instructors to utilize artwork from the text in
multiple formats to create customized classroom presentation,
visually based tests and quizzes, dynamic course content, or
attractive support materials. The Digital Content Manager is a
cross-platform CD containing an image library, a photo library,
and a table library.
ChemSkill Builder is an online tool containing more than 1500
algorithmically generated questions, each with tutorial feedback.
There is a direct correlation between student time investment in this
program and increased problem-solving ability. A record of student
work is maintained in an online gradebook so that homework can
be done at home, in a dorm room, or in a university lab. Log on at
www.mhhe.com/csb
STUDENT RESOURCES
ARIS—Assessment, Review, and Instruction System. ARIS is a complete,
online tutorial, and electronic homework system, designed for greater
ease of use than any other system available. All assignments, quizzes,
and question tutorials are directly tied to text-speciﬁc materials.
ARIS has automatic grading and reporting of homework, quizzing,
and testing. All student activity within ARIS is automatically recorded
and available to the instructor. Log on at www.mhhe.com/goldberg.
ChemSkill Builder challenges the students’ knowledge of introductory
chemistry with an array of individualized problems. The ChemSkill
Builder icon in the text lets the student know
which section of ChemSkill Builder to practice
for the chemical skills relating to the speciﬁc
content of the text. Log on at
www.mhhe.com/csb
How to Study Science is written by Fred Drewes of
Suffolk County Community College. This
excellent workbook offers students helpful
suggestions for meeting the considerable
challenge of a science course. It offers tips on
how to take notes and how to get the most out of
laboratories, as well as how to overcome science
anxiety. The book’s unique design helps to rouse
critical thinking skills, while facilitating careful
note taking on the part of the student.
3000 Solved Problems in Chemistry is written by
David E. Goldberg. This Schaum’s solved
problem manual provides 3000 solved problems.
It provides problem-solving strategies and helpful
hints in studying.
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T

his book is designed to help you learn the fundamentals of chemistry. To
be successful, you must master the concepts of chemistry and acquire the
mathematical skills necessary to solve problems in this quantitative science. If
your algebra is rusty, you should polish it up. Appendix 1 reviews the algebra
used in basic chemistry and also shows how to avoid mistakes while solving
chemistry problems with your scientiﬁc calculator. The factor label method is
introduced in Chapter 2 to show you how to use units to help with problem
solutions. You can help yourself by using the standard symbols and abbreviations for various quantities (such as m for mass, m for meter, mol for moles,
and M for molarity). Always use the proper units with your numerical answers;
it makes a big difference whether your roommate’s pet is 6 inches long or 6 feet
long!
Many laws, generalizations, and rules are presented in the study of basic
chemistry. Most students can master these. Successful students, however, not
only know them but also know when to use each one. Word problems are the
biggest hurdle for most students who do have difﬁculty with chemistry. The best
way to learn to do word problems is to practice intensively. Review the Examples and do the Practice Problems until you feel conﬁdent that you understand the
concepts and techniques involved. (Do not try to memorize solutions; there are
too many different ways to ask the same questions, and many similar-sounding
questions are actually quite different.) Do the Snapshot Review items at the end
of each section. Do as many of the end-of-chapter problem as you possibly can
to see whether you have mastered the material.
You should not try to speed-read chemistry. Mere reading of a section will
not generally yield full comprehension of the material. You must be able to solve
the problems to be sure that you have really mastered the concepts. Many of
the problems sound alike but are very different (for example, Problems 5.10,
7.4, 7.5, and 11.9), and many others sound different but are essentially the same
(for example, Problems 3.5, 5.16, 8.5, and 8.19). These will help you develop
careful reading habits and prepare you for the questions asked on examinations.
Problems from everyday life that are analogous to scientiﬁc problems are
included to help you understand certain points better (for example, Problems
7.4 and 7.5). Other problems are ﬁrst presented in parts to help you work through
the solution and later appear as a single question, as is more likely to occur on
examinations. Some of the problems are very easy; these are generally intended
to emphasize an important point. After solving one of these problems, ask yourself why such a question was asked. Make sure you understand the point.
Make sure you understand the scientiﬁc meaning of each new term introduced.
For example, the word “signiﬁcant” as used in Chapter 2 means something

xviii
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xix
entirely different from its meaning in everyday conversation; be sure you understand the difference. Key terms are boldfaced when they are ﬁrst introduced in
the text. A list of these terms is given at the end of each chapter. A complete
glossary of all important terms is provided at the end of the book.
Other materials to aid your study include lists of standard symbols and
abbreviations for variables, units, and subatomic particles, found in Appendix 2.
A summary of the mathematical equations used in the book is presented in
Appendix 3. The solutions to all Practice Problems and selected end-of-chapter
problems are provided in Appendices 4 and 5, respectively. The selected endof-chapter problem numbers are printed in red. A periodic table is printed inside
the front cover of the book, and a table of the elements appears inside the back
cover. Let these tools help you succeed!
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1
Basic Concepts

■ 1.1

Classiﬁcation of Matter

■ 1.2

Properties

■ 1.3

Matter and Energy

■ 1.4

Chemical Symbols

■ 1.5

The Periodic Table

■ 1.6

Laws, Hypotheses, and Theories

A representation of atoms bonded together

Objectives
1.1

1.2
1.3

1.4

1.5

1.6

To classify matter into types to make
manageable the wealth of information
about matter
To use properties to help identify
substances
To distinguish among matter, mass, and
weight, as well as between matter and
energy
To write the symbols for the important
elements and the names of these
elements from the symbols
To begin to classify the elements in a
systematic manner. To identify periods,
groups, and sections of the periodic
table by name and/or number
To distinguish among laws, hypotheses,
and theories

1
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CHAPTER 1

■

11

Basic Concepts

Chemistry is the study of matter and energy. Matter includes all the material
things in the universe. In Section 1.1, we will learn to classify matter into
various types—elements, compounds, and mixtures—based on composition.
Properties—the characteristics by which samples of matter may be identiﬁed—
are discussed in Section 1.2.
Energy may be deﬁned as the ability to do work. We often carry out chemical reactions for the sole purpose of changing energy from one form to
another—for example, we pay large sums of money for fuels to burn in our
homes or cars. The relationship between energy and matter, an important one
for chemists, is explored in Section 1.3.
Symbols, introduced in Section 1.4, are used to represent the elements. The
periodic table, introduced in Section 1.5, groups together elements with similar
properties. Chemical symbols and the periodic table are both designed to
decrease the effort required to learn a great deal of chemistry. Section 1.6 presents scientiﬁc laws, hypotheses, and theories that generalize and explain natural phenomena.
For convenience, chemistry is often divided into the following ﬁve subdisciplines: organic chemistry, inorganic chemistry, analytical chemistry, physical
chemistry, and biochemistry. Organic chemistry deals with most compounds of
carbon. These compounds are introduced systematically in Chapter 20. Inorganic
chemistry deals with all the elements and with compounds that are not deﬁned
as organic. Analytical chemistry involves ﬁnding which elements or compounds
are present in a sample or how much of each is present. Physical chemistry
deals with the properties—especially quantitative (measurable) properties—of
substances. Biochemistry deals with the chemistry of living things.
These subdivisions of chemistry are somewhat arbitrary. A chemist specializing in any one of the ﬁrst four subdivisions uses all of them and often
biochemistry as well. A biochemist uses all ﬁve specializations. For example,
the modern organic chemist often uses inorganic compounds to convert starting
materials to desired products and then analyzes the products and measures their
properties. In addition, many organic chemists now are investigating compounds
of biological interest.
The importance of science in general and of chemistry in particular in our
everyday lives can hardly be overstated. For example, color television, computers, and modern copy machines all stem from chemical advances of the past few
decades. (Color TV requires compounds that glow intensely in red, blue, or green
when bombarded with electron beams. Computers work with “chips” made from
specially treated metalloids. Copy machines require materials that “remember”
how much light has fallen on them.) However, today’s and tomorrow’s chemists
are still faced with monumental tasks—cleaning up the environment and providing sufﬁcient food for an ever-growing world population to mention just two.

1.1 Classiﬁcation of Matter
Matter is deﬁned as anything that has mass and occupies space. All the materials in the world are composed of a few more than a hundred elements.
Elements are the simplest form of matter and cannot be broken down chemically into simpler, stable substances. They can be thought of as building blocks
for everything in the universe. The same elements that make up the Earth also
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make up the Moon, as shown by actual analysis of rock samples from the Moon.
Moreover, indirect evidence obtained from analysis of light from stars shows
that the rest of the universe is composed of the same elements.
Clearly the number of different combinations of elements must be huge to
get all the varieties of matter in the universe. But elements can combine in only
two fundamentally different ways: by physical changes to form mixtures or by
chemical changes to produce compounds. Chemical changes, also called
chemical reactions, change the composition (or structure) of a substance.
Physical changes do not alter the composition. The breaking of glass into small
pieces is an example of a physical change. The glass still has the same composition and the same properties as before, but its external form is changed. The
burning of charcoal (mostly carbon) in air (or in pure oxygen) to get carbon
dioxide, a colorless gas, is an example of a chemical reaction. Not only the form
of the material but also its composition has changed. The gas has both carbon
and oxygen in it, but the charcoal had no oxygen and the oxygen had no carbon.
If a sample of matter cannot be broken down into simpler substances by
ordinary chemical means, the sample is an element. [Ordinary chemical means
includes any methods except nuclear reactions (Chapter 21).] An element has a
deﬁnite set of properties. A compound is a chemical combination of elements
that has its own set of properties and a deﬁnite composition. For example, pure
water obtained from any natural source contains 88.8% oxygen and 11.2%
hydrogen by mass. Compounds can be separated into their constituent elements
only by chemical reaction. Elements and compounds are the two types of
substances, often referred to as pure substances.

EXAMPLE 1.1
The percentage of carbon in a small box of the pure substance sucrose (table
sugar) is 42.1%. (a) Is sucrose an element or a compound? (b) What is the percentage of carbon in a large box of the same substance?
Solution
(a) Sucrose is a compound; it contains more than one element.
(b) The larger sample is also 42.1% carbon because a given compound
always contains the same percentage of each of its elements, no matter
what the size of the sample.

Two or more substances—elements, compounds, or both—can combine
physically to produce a mixture. A mixture can be separated into its components
by physical means. Mixtures are physical combinations of substances that have
properties related to those of their components but that do not have deﬁnite
compositions. They can be either heterogeneous or homogeneous mixtures.
In heterogeneous mixtures, two or more different types of matter can be seen
to be present with the naked eye or a good optical microscope. Homogeneous
mixtures, also called solutions, look alike throughout, even under a microscope.
Both types of pure substances are usually homogeneous (but can be heterogeneous, as in ice water).
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The difference between elements and compounds is illustrated in human
nutrition:
A. Vitamins are complex compounds of carbon, hydrogen, and several
other elements. A vitamin owes its activity to the nature of the compound
as a whole, and any slight change in it can destroy its nutritional value.
B. About 20 elements are called minerals. They also play a role in human
nutrition. The minerals known to be essential for good health are calcium,
phosphorus, potassium, sulfur, sodium, chlorine, magnesium, iron, manganese, copper, iodine, cobalt, ﬂuorine, and zinc. Traces of silicon, boron,
arsenic, strontium, aluminum, bromine, molybdenum, selenium, and nickel
may also be required. These elements are eaten in the form of their compounds, but it does not matter much which compounds.
Heating a vitamin will destroy its potency by breaking the compound
into other compounds. In contrast, heating a compound that contains one
of the essential minerals might destroy the compound, but it will not
change the mineral into another element. For example, calcium citrate can
be changed into another calcium-containing compound, but the calcium is
still present.

ITEM OF INTEREST

●●●●●●●●●●●●●●●●●●●●●●

ITEM OF INTEREST

Table 1.1 Classiﬁcation of
Matter

Pure substances
Elements
Compounds
Mixtures
Heterogeneous mixtures
Homogeneous mixtures
(solutions)

The word homogenize is related to the term homogeneous, but as used in
everyday conversation, it does not mean exactly the same thing. For example, homogenized milk is not really homogeneous; we can see individual
particles of cream under a microscope. Truly homogeneous liquids are
transparent (though not always colorless). If we cannot recognize objects
viewed through a thin layer of liquid, the liquid is not homogeneous.

The entire classiﬁcation scheme for matter discussed in this section is outlined in Table 1.1 and Figure 1.1.

EXAMPLE 1.2
If we stir a teaspoon of sugar into a glass of water and a teaspoon of mud into
another glass of water, the sugar will disappear into the water (dissolve), but
the mud will not (Figure 1.2). Which mixture is a solution?
Solution
The sugar forms a solution—a homogeneous mixture—with the water. The mud
and water form a heterogeneous mixture. Particles of mud are easy to see in the
mud-water mixture, but seeing any sugar particles in the sugar-water solution
is impossible, no matter how hard we look (even with a microscope).
Practice Problem 1.2 When solid iodine is added to ethyl alcohol, a
colorless liquid, it forms a uniform, transparent liquid mixture with a deep color.
Is the mixture homogeneous or heterogeneous?

14

1.1

Goldberg: Fundamentals of
Chemistry, Fifth Edition

■

1. Basic Concepts

© The McGraw−Hill
Companies, 2007

Text

5

Classiﬁcation of Matter

Figure 1.1 Classiﬁcation

Matter

of Matter

Substances

Elements

Compounds

Mixtures

Heterogeneous
mixtures

Homogeneous
mixtures
(solutions)

EXAMPLE 1.3
Classify each of the following statements as true or false:
(a) Every mixture contains two or more free elements.
(b) Every compound is a substance.
(c) Every compound contains two or more elements.
(d) Every mixture contains two or more compounds.
(e) Every substance is a compound.
(f) All mixtures are homogeneous.
(g) Every mixture contains two or more substances.
Solution
(a) False (They may contain compounds and only one or no free elements.)
(b)
(c)
(d)
(e)
(f)
(g)

True
True
False (They may contain free elements or compounds or both.)
False (Some are free elements.)
False (Some are heterogeneous.)
True

Figure 1.2 Sugar Plus Water,
and Mud Plus Water
(a) Sugar dissolves in water and is
not distinguishable from the water; a
solution is formed. (b) Mud does not
dissolve in water; a heterogeneous
mixture is formed.

(a)

(b)

Goldberg: Fundamentals of
Chemistry, Fifth Edition

1. Basic Concepts

Text

6

© The McGraw−Hill
Companies, 2007

CHAPTER 1

■

15

Basic Concepts

Practice Problem 1.3 Classify each of the following statements as
true or false:
(a) Every mixture contains two or more elements.
(b) All mixtures are heterogeneous.
(c) Every substance contains two or more elements.
(d) All homogeneous samples are solutions.

Snapshot Review

ChemSkill Builder 3.6

❒ We classify matter so that we can learn the general properties of each
type to enable us to answer speciﬁc questions about individual
samples.
❒ All substances have deﬁnite compositions.
A. Does the compound baking soda have a deﬁnite composition?

1.2 Properties
Every substance has a deﬁnite set of properties. Properties are the characteristics by which we can identify something. For example, we know that pure water
is a colorless, odorless, tasteless substance that is a liquid under the conditions
usually found in an ordinary room. Water puts out ﬁres, and it dissolves sugar
and salt. Liquid water can be changed into a gas (called water vapor or steam)
by heating it, or into a solid (ice) by cooling it. Salt has a different set of properties from water; sugar has yet another set.
Chemical properties are the characteristic ways a substance can react to
produce other substances. Physical properties are the ways a substance can be
identiﬁed without changing its characteristic composition. For example, water
can react with very active metals to produce hydrogen and another compound.
That reactivity is a chemical property of water. Water can also freeze to ice at
0C (equal to 32F) or it can evaporate to water vapor, neither of which changes
it from H2O. These are physical properties of water.
Some properties of a sample of a substance depend on the quantity of the
sample. These properties are called extensive properties. For example, the
weight of a solid sample depends on how much of the substance is present.
Other properties, such as color and taste, do not depend on how much is present. These properties are known as intensive properties. Intensive properties
are much more useful for identifying substances.

EXAMPLE 1.4
(a) Sample A weighs twice as much as sample B. Is it possible to tell which
sample is iron and which is powdered sugar?
(b) Sample A is attracted by a magnet and sample B is a white powder. Is it
possible to tell which sample is iron and which is powdered sugar?
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Solution
(a) The weight of a sample is an extensive property that does not tell
anything about the material’s identity.
(b) The intensive properties described enable us to tell which of the two
samples is iron (the magnetic one) and which is powdered sugar (the
white one).
Practice Problem 1.4 Which is heavier, (a) bricks or straw? (b) one
package of cheese or two of those packages of cheese? (c) Which of these uses
of the word heavier describes an intensive property and which an extensive
property?

Caution: Carbon disulﬁde is
both explosive in air and
poisonous.

Some of the most important intensive properties that chemists use to identify
substances are ones that they measure; they are called quantitative properties.
Two such properties are the freezing point and the normal boiling point of a
substance, which are the temperatures at which a liquid freezes to form a solid
and boils to form a gas under normal atmospheric conditions, respectively. We
will discuss quantitative properties in more detail in Chapter 2.
We can distinguish compounds from mixtures because of the characteristic
properties of compounds. Mixtures have properties like those of their constituents. The more of a given component present in a mixture, the more the
properties of the mixture will resemble those of that component. For example,
the more sugar we put into a glass of water, the sweeter is the solution that is
produced.
An experiment will illustrate how properties are used to distinguish
between a compound and a mixture. We place small samples of iron ﬁlings
and powdered sulfur on separate watch glasses to investigate their properties
(Figure 1.3a). We note that both are solids. We place the samples in separate
test tubes and then hold a magnet beside the ﬁrst tube (Figure 1.3b). We ﬁnd
that the iron is attracted to the magnet. When we hold the magnet next to
the tube with the sulfur, nothing happens; the sulfur is not attracted by the
magnet.
When we pour carbon disulﬁde, a colorless, ﬂammable liquid, on the sulfur sample, the solid sulfur disappears, and the liquid turns yellow. The sulfur
has dissolved, forming a solution with the carbon disulﬁde. When we pour carbon disulﬁde on the iron, nothing happens; the iron stays solid, and the liquid
stays colorless. If we had large pieces of each element, we could pound them
with a hammer and ﬁnd that the sulfur is brittle and easily powdered but that
the iron does not easily break into small pieces. Iron is malleable—that is, it
can be pounded into various shapes. Table 1.2 lists the properties discussed so
far of the two elements.
Next we pour some iron ﬁlings and some powdered sulfur into a large test
tube and stir them together. The sample appears to be a dirty yellow, but if we
look closely, we can see yellow specks and black specks. If we hold a magnet
next to the test tube (Figure 1.3c), the black particles (with some yellow particles clinging to them) are attracted by the magnet. When we pour some
carbon disulﬁde on the sample, the liquid turns yellow. We pour off that liquid and pour on more carbon disulﬁde until no yellow solid remains in the
sample. When we evaporate the carbon disulﬁde in a fume hood, we get a
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Figure 1.3 Iron, Sulfur, and a Mixture of the Two
(a) Iron ﬁlings (black) and powdered sulfur (yellow).
(b) The iron is attracted by the magnet, but the sulfur is not.
(c) The iron ﬁlings in a mixture of iron and sulfur are still
attracted by the magnet. (Some of the powdered sulfur sticks to
the iron ﬁlings, but the sulfur is not attracted by the magnet.)

(a)

(b)

(c)

yellow solid again. If we place a magnet next to the black material left in the
large test tube, we ﬁnd that it is attracted to the magnet. It seems that mixing
the two samples of elements has not changed their properties. The sulfur is still
yellow and still soluble in carbon disulﬁde; the iron is still black and still
attracted by a magnet. The two elements have retained their properties and their
identities; they are still elements. This combination of the two is a mixture. A
mixture does not have a deﬁnite composition, and it has properties related to
the properties of its components.
Now we place two new, carefully measured samples of iron ﬁlings and
powdered sulfur in another large test tube and heat the mixture strongly
with a Bunsen burner. After a time, a red glow appears in the bottom of the
tube and gradually spreads throughout the sample. This is evidence of a

Table 1.2 Some Properties of Iron, Sulfur, and an
Iron-Sulfur Compound

Iron

Sulfur

Iron-Sulfur Compound

Solid
Shiny
Magnetic
Black
Malleable
Insoluble in carbon
disulﬁde

Solid
Dull
Not magnetic
Yellow
Brittle
Soluble in carbon
disulﬁde

Solid
Dull
Not magnetic
Black
Brittle
Insoluble in carbon
disulﬁde

