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Preface
s

Audience

The sixth edition of Introductory Chemistry: An Active Learning Approach is writ-
ten for a college-level introductory or preparatory chemistry course for students
who later will take a full-fledged general chemistry course. It can also be used for
the first-term general portion of a two-term, general, organic, and biological chem-
istry course. It assumes that this is a student’s first chemistry course, or if there has
been a prior chemistry course, it has not adequately prepared the student for gen-
eral chemistry.

Overarching Goals

Introductory Chemistry was written with the following broad-based goals. Upon
completing the course while using this text, our hope is that students will be
able to:

1. Read, write, and talk about chemistry, using a basic chemical vocabulary;
2. Write routine chemical formulas and equations;

3. Set up and solve chemistry problems;
4

Think about fundamental chemistry on an atomic or molecular level and visu-
alize what happens in a chemical change.

To reach these goals, Introductory Chemistry helps students deal with three
common problems: developing good learning skills, overcoming a weak back-
ground in mathematics, and overcoming difficulties in reading scientific mate-
rial. The first problem is broached in Sections 1-4-1-5, which together make up an
“introduction to active learning.” These sections describe the pedagogical features
of the text and how to use them effectively to learn chemistry in the least amount
of time—that is, efficiently.

Introductory Chemistry deals with a weak quantitative problem-solving back-
ground in Chapter 3, “Measurement and Chemical Calculations.” Algebra, includ-
ing the use of conversion factors, is presented as a problem-solving method that
can be used for nearly all of the quantitative problems in the book. The thought
processes introduced in Chapter 3 are used in examples throughout the text, con-
stantly reinforcing the student’s ability to solve chemistry problems. These thought
processes are featured in the examples found in Chapter 3, as well as in the main
body of the text.

Active Learning Approach and
Target Checks

The Active Learning Approach subtitle of the book refers in part to a question-
and-answer presentation in which the student actively learns chemistry while
studying an assignment, rather than studying now with the intent to learn later. A
typical example leads students through a series of steps where they “listen” to the
authors guide them to the solution, step-by-step, while simultaneously attempting
the answer themselves. As students solve the problem, they actively write each

XVii

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Xviii Preface

A sample Active Example: answer step, covering the authors’ answer with the shield provided in the book.
Students write in the right column, This example feature turns the common passive “read the author’s solution”
while guided by the authors in the approach into an active “work the problem” approach while guided by the
left column. authors’ methodology.

T

Active Example 7-9 Percentage Composition by Mass Il

How many grams of fluorine are in 216 g of calcium fluoride?
Think Before You Write The key concept is to use percentage as a conversion factor, grams of the element per 100 g of
the compound.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

Given: 216 g CaF, In Active Example 7-7 you found that calcium
Wanted: g F fluoride is 48.67% fluorine. Use this percentage
48.67 g F = 100 g CaF, to solve the problem.

/

Check the solution. Is the value of the answer

reasonable? What did you learn by solving this
You improved your skill at using percentage composition Active Example?

by mass as a conversion factor.

; the value of the answer is reasonable.

Practice Exercise 7-9

In Practice Exercise 7-7, you determined that aluminum chlorate is 38.35% chlorine. What mass of aluminum chlorate is
needed as a source of 50.0 milligrams of chlorine?

We also provide Target Check questions for students to answer while studying
the qualitative material. These just-in-time, fundamental questions help students
to monitor their progress as they work instead of waiting for the end-of-chapter
questions to discover incomplete understandings or misunderstandings.

A sample Target Check:

A just-in-time check of
students’ understanding of
the material.

v" Target Check 14-1

A horizontal cylinder (a) is closed at one end by a piston that moves freely left or right, depending on the
pressure exerted by the enclosed gas. The gas consists of 10 two-atom molecules. A reaction occurs in
which 5 of the molecules separate into one-atom particles. In cylinder (b), sketch the position to which the
piston would move as a result of the reaction. Pressure and temperature remain constant throughout the
process. (Hint: How many total particles would be present after the reaction? Include them in your sketch.)
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Order of Coverage: A Flexible Format

Topics in a preparatory course or the general portion of a general-organic—
biological chemistry course may be presented in several logical sequences, one of
which is the order in which they appear in this textbook. However, it is common for
individual instructors to prefer a different organization. Introductory Chemistry
has been written to accommodate these different preferences by carefully writing
each topic so that regardless of when it is assigned, it never assumes knowledge of
any concept that an instructor might reasonably choose to assign later in the
course. If some prior information is needed at a given point, it may be woven into
the text as a Preview to the extent necessary to ensure continuity for students who
have not seen it before, while affording a brief Review for those who have. (See the
following P/Review.) At other times, margin notes are used to supply the needed
information. Occasionally, digressions in small print are inserted for the same pur-
pose. There is also an Option feature that actually identifies the alternatives for
some topics. In essence, we have made a conscious effort to be sure that all students
have all the background they need for any topic whenever they reach it.

O P/Review Information and section references are provided in the narrative or as a note in
the margin showing students were to find relevant information before or after a given section.

Introductory Chemistry also offers choices in how some topics are presented.
The most noticeable example of this is the coverage of gases, which is spread over
two chapters. Chapter 4 introduces the topic through the P-V-T combined gas laws.
This allows application of the problem-solving principles from Chapter 3 immedi-
ately after they are taught. Then the topic is picked up again in Chapter 14, which
uses the Ideal Gas Law. An instructor is free to move the Chapter 4 material to
immediately precede Chapter 14, should a single “chapter” on gases be preferred.

We have a two-chapter treatment of chemical reactivity with a qualitative
emphasis, preceding the quantitative chapter on stoichiometry. Chapter 8 pro-
vides an introduction to chemical reactivity, with an emphasis on writing and bal-
ancing chemical equations and recognizing reaction types based on the nature of
the equation. After students have become confident with the fundamentals, we
then increase the level of sophistication of our presentation on chemical change by
introducing solutions of ionic compounds and net ionic equations. Chapter 9 on
chemical change in solution may be postponed to any point after Chapter 8. Chap-
ter 8 alone provides a sufficient background in chemical equation writing and
balancing to allow students to successfully understand stoichiometry, the topic of
Chapter 10. You may wish to combine Chapter 9 with Chapter 16 on solutions.

Chapter 14 features sections that offer alternative ways to solve gas stoichiometry
problems at given temperatures and pressures. You can choose the section that you
want to assign. Section 14-8 is based on what we call the molar volume method, where
molar volume is used as a conversion factor to change between amount of substance in
moles and volume. Section 14-9 is based on what we term the ideal gas equation method,
where PV = nRT and algebra is the method to make the amount—volume conversion.

On a smaller scale, there are minor concepts that are commonly taught in dif-
ferent ways. These may be identified specifically in the book, or mentioned only
briefly, but always with the same advice to the student: Learn the method that is
presented in lecture. If your instructor’s method is different from anything in the
book, learn it the way your instructor teaches it. Our aim is to have the book sup-
port the classroom presentation, whatever it may be.

Features New to this Edition

MindTap™ Version A great deal of our effort in producing this edition was directed
toward creating a MindTap™ version of the textbook. MindTap™ is an interac-
tive online learning management system. The MindTap™ edition of this book has
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clickable answers for every Active Example problem, as well as clickable key terms
and figure callouts. Students are able to create personalized Learning Paths with
MindTap™ Reader that are flexible and easy to follow.

OWLv2 The OWL online learning system offers additional practice exercises and
Personalized Study Plans (PSPs). All Test Yourself questions from the fifth edition
have been altered to a multiple choice format in OWLv2, with more questions test-
ing a broader range of course content. OWLv2 also contains a complete range of
practice exercises to supplement the end-of-chapter problems found in the book.
In addition, the chemical input tools have been improved to allow students to cre-
ate more accurate chemical symbols, formulas, and equations. OWLv2 offers a
range of study and planning tools that can be adjusted as a student progresses
through the course topics.

Chapter Summaries Section The Chapter in Review cards from the fifth edition have
been condensed into a single summary section that follows the last standard chap-
ter (Chapter 22). This section effectively serves as a study guide for the textbook. It
presents a list of the chapter goals, and each goal is followed with a summary of the
key concepts associated with the goal, with key terms in bold. These summaries can
be used as a preview to help students organize their learning before new material
is introduced in the lecture portion of the course, and they serve as a review source
during the term, as well as a comprehensive review source for the final exam.

Revised Approach to Measurement and Chemical CGalculations (Chapter 3) Users
of the fifth edition told us that the mathematical backgrounds of a significant
fraction of their students were insufficient to fulfill the functional prerequisite
for introductory chemistry. We therefore redesigned the calculations chapter to
address this need. For example, we significantly revised what was Section 3-3 in
the previous edition and split it into the new sixth edition Sections 3-2 and 3-3.
Section 3-9 from the fifth edition is now integrated into the current Sections 3-2
and 3-3. This restructuring and revising provides a strengthened approach to
teaching students how to solve quantitative problems. You will also notice that
we have stopped using the term dimensional analysis, although we still use it as a
problem-solving approach. Instead, we use the less daunting and more intuitive
term conversion factors. All of the Active Examples have been revised to align with
the revised approach, in both the calculations chapter and throughout the book.

Revised Approach to Nomenclature (Chapter 6) The users of the fifth edition also
reported that the nomenclature chapter was a sticking point for a non-trivial frac-
tion of their students. The faculty said that although they found the nomenclature
chapter to be logical and well written, and they did not have specific suggestions
for changes, they would appreciate it if we would try to come up with an improved
pedagogy for teaching nomenclature. Accordingly, we decided to rewrite the
nomenclature chapter with the goal of keeping it as simple as possible while still
fully preparing students for the general chemistry sequence. If you feel that your
students should know more nomenclature than we are now presenting, it will be a
straightforward task to assign this additional responsibility.

The first change in the nomenclature chapter is the first section. Here, we pro-
vide a brief review of the topics that are prerequisite to learning nomenclature;
plus, we give students a cross-referenced checklist to use for additional review, as
necessary. We have reorganized the presentation of names and formulas of ions,
and we have students writing the formula of ionic compounds earlier than we did
in the previous edition. Then, as they learn new ions, they practice in context,
writing formulas of those new ions as part of ionic compounds, reinforcing both
the learning of the new ions and the procedure for writing ionic compounds. We’ve
also broken oxoacid and oxoanion nomenclature into smaller chunks, which
should make it easier to learn.
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Increased Emphasis on Mental Arithmetic To further address the issue of insuf-
ficient mathematical preparation, we have increased our emphasis on estimating
calculation results. All Active Examples that include a calculation now include an
arithmetic check step. At a minimum, we aim to instill students with the philoso-
phy that all results displayed on a calculator must be mentally challenged. Ideally,
we hope they will embrace these estimation steps and improve their skill at doing
mental arithmetic through practice. You may instruct students to omit these cal-
culation verification steps, should your educational philosophy be such that you
do not wish to require them in your course.

Merging of Dimensional Analysis and Algebra In previous editions, we have treated
dimensional analysis and algebra as alternatives, where students should select one
or the other as a problem solving approach. With this edition, we treat dimensional
analysis as an application of algebra. In Section 3-2, we begin with an algebra
refresher, and we introduce the concept that a quantity is the product of a value and
a unit, where units can be cancelled just like common factors in the numerator and
denominator of fractions. We then introduce dimensional analysis as a problem-
solving method where equivalencies—two quantities that are equivalent in what
they represent—can be written as two conversion factors. These concepts then
become the basis of the strategy for solving quantitative problems in Section 3-3.

Simpler versus Precisely Correct Textbook authors continually battle with the issue
of choosing between describing concepts simply versus giving a completely accurate
and precise description. For example, the IUPAC definition of the mole is: “The
mole is the amount of substance of a system which contains as many elementary
entities as there are atoms in 0.012 kilogram of carbon-12; its symbol is ‘mol.” When
the mole is used, the elementary entities must be specified and may be atoms, mol-
ecules, ions, electrons, other particles, or specified groups of such particles.” We
have never seen a textbook that introduces the mole with its exact definition; there
is literally unanimous agreement among the community of textbook authors and
chemistry instructors that a simpler definition is a better pedagogical approach.

In this edition, we decided that we should lean toward the simpler choice a bit
more heavily than in previous editions. The preparatory course is just that, prepa-
ratory, and any given concept can be described in more detail in the subsequent
general chemistry course, if necessary. The GOB course is designed for students
preparing for careers in the health professions, and these students need a firm
foundation in fundamental chemistry in preparation for organic and biological
chemistry; any necessary additional detail will be provided in the later part of the
course sequence. For example, in previous editions, we used the terms exponen-
tial notation, standard exponential notation, exponential (scientific) notation, and
scientific notation to describe what is essentially a single method for expressing
numbers. Now we just use scientific notation. Simpler.

Everyday Chemistry Quick Quizzes Each Everyday Chemistry essay is now fol-
lowed by two questions about the essay. Assignment of these questions is optional.
Answers are provided in the Instructor’s Manual.

Frequently Asked Questions This end-of-chapter feature has two main purposes: (1)
to identify particularly important ideas and offer suggestions on how they can be
mastered and (2) to alert students to some common mistakes so they can avoid
making them.

Features Continuing in This Edition

Thinking About Your Thinking Boxes This feature helps students think about more
than just the content of the chemical concepts; it gives them a broader view of the
thinking skills used in chemistry. By focusing on how chemists think, students can
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not only learn the context in which material is presented but also improve their
competence with the more general skill. These broad thinking skills can then be
applied to new contexts in their future chemistry courses, in other academic disci-
plines, and throughout their lives.

Goals Learning objectives, identified simply as Goals, appear at the beginning of
the section in which each topic is introduced. They focus attention on what stu-
dents are expected to learn or the skill they are expected to develop while studying
the section.

@ P/Review The flexible format of this book is designed so that any common
sequence of topics will be supported. A cross-reference called P/Review refers to
a topic already studied or one that is yet to be studied. Our aim is to provide a
textbook that will work for your curriculum, as opposed to a book that dictates
the curriculum design. We therefore assume that the chapters will not necessarily
be assigned in numerical order. The P/Reviews allow flexibility in chapter order.

a summary of... and how to... Boxes Clear in-chapter summaries and listings of
steps that explain how to carry out a procedure appear throughout the text. These
boxes allow students to reflect on what they’ve just studied and give them the
structure for learning the chemistry.

Target Check Target Check questions enable students to test their understanding
immediately after studying a topic. Target Checks are most prominent in the qual-
itative chapters, where the material does not fit well with Active Examples.

Everyday Chemistry All chapters have one or more Everyday Chemistry sections
that move chemistry out of the textbook and classroom and into the daily experi-
ence of students. This feature gives students a concrete application of a principle
within each chapter.

Concept-Linking Exercises An isolated concept in chemistry often lacks meaning
to students until they understand how that concept is related to other concepts.
Concept-Linking Exercises ask students to write a brief description of the rela-
tionships among a small group of terms or phrases. If they can express those rela-
tionships correctly in their own words, they understand the concepts.

Small-Group Discussion Questions A growing number of courses feature some sort
of groupwork formally integrated within the curriculum. We believe that the end-of-
chapter questions typically used as homework are best for individual study, so each
chapter has a set of questions for that were designed with groupwork in mind. These
questions are typically more conceptual, more challenging, and, potentially, more
lengthy than the average end-of-chapter questions. We have not provided solutions
to these questions in the hope of removing the temptation for students to give up too
quickly and look at the solution as a method of learning how to answer the questions.

Questions, Exercises, and Problems Each chapter except Chapter 1 includes an abun-
dant supply of questions, exercises, and problems arranged in three categories.
There are questions grouped according to sections in the chapter, General Ques-
tions from any section in the chapter, and finally, More Challenging Problems.
Answers for all blue-numbered questions appear at the end of the chapter. Interac-
tive versions the questions are available in OWL (Online Web-Based Learning).

The Reference Pages Tear-out cards may be used as shields to cover step-by-step
answers while solving Active Examples. One side of each card has a periodic table
that gives students ready access to all the information that table provides. The
reverse side of each card contains instructions, taken from Chapter 3, on how to
use it in solving examples.
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We also include a larger version of the Periodic Table and an alphabetical list-
ing of the elements in another tear-out card. In addition, the information on the
inside covers of the book comprises a summary of nomenclature rules, selected
numbers and constants, definitions, and equations, and a mini-index of important
text topics, all keyed to the appropriate section number in the text.

Appendices Appendixes I and II include a section on how to use a calculator in
solving chemistry problems; a general review of arithmetic, exponential notation,
algebra, and logarithms as they are used in this book; and a section on SI units
and the metric system.

Glossary An important feature for a preparatory chemistry course is a glossary.
With each end-of-chapter summary of Key Terms, we remind students to use their
glossary regularly. The glossary provides definitions of many of the terms used in
the textbook, and it is a convenient reference source to use to review vocabulary
from past chapters.

Active Examples For many years, we have been following with great interest the
research that utilizes magnetic resonance imaging as a technique to learn how
the human brain works. One of the many findings from this line of research indi-
cates that the brain continues to develop until people are in their late twenties.
One way in which the pre—steady-state brain differs from the fully matured brain
is in the nature of impulse control and decision making, where teenagers and
people in their twenties tend to rely more on their impulses and are less adept at
planning.

Given our personal observations of students often rushing to apply an algo-
rithm immediately after reading a problem statement, matching the results of the
brain research, we explicitly label the first frame in every Active Example as Think
Before You Write. This is to encourage students to be less impulsive and to slow
down and analyze the problem statement before working on the solution.

Active Examples are featured in two columns. The left column (the authors’
answers) is to be covered by students while they write their own answers in the
right column. As they actively work through and complete the solution in the right
column, students can reveal the solution to each step in the left column, thereby
receiving immediate feedback about their understanding of the concept as it is
being formed.

Each example is titled so that students can better identify the concept or problem-
solving skill they are learning. This should also be useful when reviewing for exams.

Practice Exercises Each Active Example is immediately followed by a paral-
lel Practice Exercise designed to firm up the potentially fragile new knowledge
that was just constructed during the process of completing the companion Active
Example. The Practice Exercises cover the same concept as the Active Example,
but they are typically slightly more challenging, leading students toward improved
conceptual understanding and problem-solving skills. Solutions to the Practice
Exercises are provided at the end of the chapter.

Art and Photography We have maintained the large number of photographs in
the book, illustrating the chemistry that is also described in words. We have also
retained high-quality art pieces, with an emphasis on simple color schemes, plenti-
ful macro-to-micro art, and instructional descriptions.

End-of-Chapter lllustrations Well over 100 photographs and line drawings appear
in the end-of-chapter Questions, Exercises, and Problems, primarily to better
illustrate the macroscopic aspect of chemistry. Students will now be able to see
physical and chemical changes and common forms of industrial manufacturing
processes, as well as to better visualize the scenarios described in the questions.
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Readability

We aim to help students overcome difficulties in reading scientific material by dis-
cussing chemistry in simple, direct, and user-friendly language. Maintaining the
book’s readability continues to be a primary focus in this edition. The book fea-
tures relatively short sections and chapters to facilitate learning and to provide
flexibility in ordering topics.

Alternate Versions

Introductory Chemistry: An Active Learning Approach, sixth edition Hybrid Version
with Access (24 months) to OWLv2 with MindTap Reader

ISBN: 9781305108981

This briefer, paperbound version of Introductory Chemistry: An Active Learning
Approach, sixth edition does not contain the end-of-chapter problems, which can
be assigned in OWL, the online homework and learning system for this book.
Access to OWLv2 and the MindTap Reader eBook is included with the Hybrid ver-
sion. The MindTap Reader is the full version of the text, with all end-of-chapter
questions and problem sets.

Supporting Materials

Please visit http://www.cengage.com/chemistry/cracolice/introchem6e for information
about student and instructor resources for this text, including custom versions and
laboratory manuals.
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<« How many students in a
typical Introductory Chemistry
course are chemistry majors?
Usually it is only a small fraction.
How many students in a typical
Introductory Chemistry course
need chemistry for their major?
All of them—that is why the stu-
dents gathered around this table
in their school library are study-
ing chemistry together. In fact,
all educated members of society
need to know the fundamentals
of chemistry to understand the
natural world. In this chapter, we

© Monkey Business Images/Shutterstock.com

introduce you to the science and
study of chemistry and all of the
learning tools available to you,
including this textbook.

‘ N 7 elcome to your first college chemistry course! Chemistry is the gateway to careers

in scientific research and human and animal health. You may be wondering why
you, as a biology, premedicine, pharmacy, nursing, or engineering major—or as someone
with any major other than chemistry—are required to take this course. The answer is that
all matter is made up of molecules, and chemistry is the science that studies how mol-
ecules behave. If you need to understand matter, you need to know chemistry.

What lies before you is a fascinating new perspective on nature. You will learn to
see the universe through the eyes of a chemist, as a place where you can think of all
things large or small as being made up of extremely tiny molecules . Let’s start by tak-
ing a brief tour of some of the amazing variety of molecules in our world.

First consider the simple hydrogen molecules in Figure 1-1(a). This shows you what
you would see if you could take a molecular-level look at a cross section from a cylinder
filled with pure hydrogen. The molecules are moving incredibly fast—more than 4,000
miles per hour when the gas is at room temperature! The individual molecule is two hydro-
gen atoms attached by the interaction between minute, oppositely charged particles within
the molecule. Even though the hydrogen molecule is simple, it is the high-energy fuel that

Introduction to
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Introduction to
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Figure 1-1 A sampling from

the amazing variety of molecules.
(@) A molecular-level view of a tiny
sample of pure hydrogen. Each
hydrogen molecule is made up of
two hydrogen atoms. Hydrogen is a
gas (unless pressurized and cooled
to a very low temperature), so the
molecules are independent of one
another and traveling at very high
speeds. (b) A molecule of deoxyribo-
nucleic acid, more commonly known
as DNA. Notice how the molecule
twists around a central axis. Also
observe the repeating units of the
pattern within the molecule. (c) The
protein chymotrypsin, which is one
of approximately 100,000 different
types of protein molecules in the
human body. The function of this
molecule is to speed up chemical
reactions.

The Metropolitan Museum of Art/Art Resource, NY

Figure 1-2 Antoine Lavoisier and
his wife, Marie. They were married in
1771 when he was 28 and she was
only 14. Marie was Antoine’s labora-
tory assistant and secretary.

Hydrogen, H,

Chymotrypsin

powers the sun and other stars. It is the ultimate source of most of the energy on earth.
Hydrogen is found everywhere in the universe. It is part of many molecules in your body.
Hydrogen is also the favorite molecule of theoretical chemists, who take advantage of its
simplicity and use it to investigate the nature of molecules at the most fundamental level.

Now look at the DNA molecule (Fig. 1-1[b]). DNA is nature’s way of storing instruc-
tions for the molecular makeup of living beings. At first glance, it seems complex, but on
closer inspection you can see a simple pattern that repeats to make up the larger mol-
ecule. This illustrates one of the mechanisms by which nature works—a simple pattern
repeats many times to make up a larger structure. DNA stands for deoxyribonucleic acid,
a compound name that identifies the simpler patterns within the molecule.

Even this relatively large molecule is very, very tiny on the human scale. Five million
DNA molecules can fit side-by-side across your smallest fingernail. (By the way, if you
are a health or life sciences major, we think you’ll agree that understanding the DNA
molecule is a critical part of your education!)

Speaking of fingernails, they are made of the protein keratin. The human body contains
about 100,000 different kinds of protein molecules. Some protein molecules in living organ-
isms act to speed up chemical reactions. Figure 1-1(c) shows one such molecule, known as
chymotrypsin. Proteins have many other essential biological functions, including being the
primary components of skin, hair, and muscles, as well as serving as hormones.

Before you can truly understand the function of complex molecules such as DNA
or proteins, you will have to understand and link together many fundamental concepts.
This book and course are your first steps on the journey toward understanding the
molecular nature of matter.

Now that you've had a look into the future of your chemistry studies, let’s step briefly
back to the past and consider the time when the science now called chemistry began.

Introduction to Chemistry: Lavoisier and

the Beginning of Experimental Chemistry

Antoine Lavoisier (1743-1794) is often referred to as the father of modern chemistry
(Fig. 1-2). His book Traité Elémentaire de Chime, published in 1789, marks the
beginning of chemistry as we know it today, in the same way Darwin’s Origin of
Species forever changed the science of biology.

Lavoisier’s experiments and theories revolutionized thinking that had been
accepted since the time of the early Greeks. Throughout history, a simple observa-
tion defied explanation: When you burn a wooden log, all that remains is a small
amount of ash. What happens to the rest of the log? Johann Becher (1635-1682) and
Georg Stahl (1660-1734) proposed an answer to the question. They accounted for the
“missing” weight of the log by saying that phlogiston was given off during burning.
In essence, wood was made up of two things, phlogiston, which was lost in burning,
and ash, which remained after. In general, Becher and Stahl proposed that a// matter
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1-1 Introduction to Chemistry: Lavoisier and the Beginning of Experimental Chemistry

that had the ability to burn was able to do so
because it contained phlogiston.

Lavoisier doubted the phlogiston theory.
He knew that matter loses weight when it
burns. He also knew that when a candle
burns inside a sealed jar, the flame eventu-
ally goes out. The larger the jar, the longer it
takes for the flame to disappear. How does
the phlogiston theory account for these
observable facts? If phlogiston is given off
in burning, the air must absorb the phlo- -
giston. Apparently a given amount of air ' |
can absorb only so much phlogiston. When
that point is reached, the flame is extin-
guished. The more air that is available, the ‘
longer the flame burns. e 8

So far, so good—no contradictions. Still, N Nt
Lavoisier doubted. He tested the phlogiston
theory with a new experiment. Instead of a
piece of wood or a candle, he burned some phosphorus. Moreover, he burned it in
a bottle that had a partially inflated balloon over its top (Fig. 1-3[a]). When the
phosphorus burned, its ash appeared as smoke. The smoke was a finely divided
powder, which Lavoisier collected and weighed. Curiously, the ash weighed more
than the original phosphorus. What’s more, the balloon collapsed; there was less
air in the jar and balloon after burning than before (Fig. 1-3[b]).

What happened to the phlogiston? What was the source of the additional
weight? Why did the volume of air go down when it was supposed to be absorbing
phlogiston? Is it possible that the phosphorus absorbed something from the air,
instead of the air absorbing something (phlogiston) from the phosphorus? What-
ever the explanation, something was very wrong with the theory of phlogiston.

Lavoisier needed new answers and new ideas. He sought them in the chemist’s
workshop: the laboratory. He devised a new experiment in which he burned liquid
mercury in air. This formed a solid red substance (Fig. 1-4). The result resembled
that of the phosphorus experiment. The red powder formed weighed more than
the original mercury. Lavoisier then heated the red powder by itself. It decom-
posed, reforming the original mercury and a gas. The gas turned out to be oxygen,
which had been discovered and identified just a few years earlier.

These experiments—burning phosphorus and mercury, both in the pres-
ence of air and both resulting in an increase in weight—disproved the phlogis-
ton theory. A new hypothesis took its place: When a substance burns, it combines
with oxygen in the air. This hypothesis has been confirmed many times. It is now
accepted as the correct explanation of the process known as burning.

But wait a moment. What about the ash left after a log burns? It does weigh
less than the log. What happened to the lost weight? We’ll leave that to you to
think about for a while. You probably have a good idea about it already, but (also
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Figure 1-3 Lavoisier’s phosphorus-
burning experiment. (a) The sample
of phosphorus inside the jar is
burning. (b) A fine dust of white ash
remains after burning. The balloon
has collapsed.

Figure 1-4 Lavoisier’s apparatus
for investigating the reaction of mer-
cury and oxygen, as illustrated in his
book Traité Elémentaire de Chime.
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Figure 1-5 The scientific method.

probably) you aren’t really sure. If you were Lavoisier, and you wondered about the
same thing, what would you have done? Another experiment, perhaps? We won’t
ask you to perform an experiment to find out what happens to the lost weight.
We’ll tell you—but not now. The answer is explained in Chapter 9.

Before leaving Lavoisier, let’s briefly visit a spin-off of his phosphorus exper-
iment. Lavoisier was the first chemist to measure the weights of chemicals in a
reaction. The concept of measuring weight may seem obvious to you today, but it
was revolutionary in the 1700s. We have already noted that the phosphorus gained
weight. The weight gained by the phosphorus was “exactly” the same as the weight
lost by the air. “Exactly” is in quotation marks because the weighing was only
as exact as Lavoisier’s scales and balances were able to measure. As you will see
in Chapter 3, no measurement can be said to be “exact.” In Chapter 2, you will
see the modern-day conclusion of Lavoisier’s weight observations. It is commonly
known as the Law of Conservation of Mass. It says that mass is neither gained nor
lost in a chemical change.

Introduction to Chemistry: Science

and the Scientific Method

We have selected a few of Antoine Lavoisier’s early experiments to illustrate what
has become known as the scientific method (Fig. 1-5). Examining the history of
physical and biological sciences reveals features that occur repeatedly. They show
how science works, develops, and progresses. They include the following:

1. Observing. A wooden log loses weight when it burns.

2. Proposing a hypothesis. A hypothesis is a tentative explanation for observa-
tions. The initial hypothesis posed by scientists before Lavoisier was that
wood—and everything else that burns—contains phlogiston. When some-
thing burns, it loses phlogiston.

3. Being skeptical. Lavoisier was skeptical of the phlogiston hypothesis because
metals gained weight when strongly heated. If this process was similar to
burning wood, why was the phlogiston not lost?

4. Predicting an outcome that should result if the hypothesis is true. When phos-
phorus burns, it should lose weight.

5. Testing the prediction by an experiment. Lavoisier burned phosphorus. It gained
weight instead of losing it. The new observation required. . . .

6. Revising or changing the hypothesis. Lavoisier proposed that burning com-
bines the substance burned and oxygen from the air. (How did Lavoisier know
about oxygen?)

7. Testing the revised or new hypothesis and predicting a new experimental out-
come. The new hypothesis was supported when Lavoisier burned mercury and
it gained weight.

8. Upgrading the hypothesis to a theory by more experiments. Lavoisier and others
performed many more experiments. (How did others get into the process?) All
the experiments supported the explanation that burning involves combining
with oxygen in the air. When a hypothesis is tested and confirmed by many
experiments under varying conditions, without contradiction, it becomes a
theory or scientific model.

The scientific method is not a rigid set of rules or procedures. When scientists
get ideas, they most often try to determine if anyone else has had the same idea or
perhaps has done some research on it. They do this by reading the many scientific
journals in which researchers report the results of their work. Modern scientists
communicate with each other through technical literature. Scientific periodicals
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are also a major source of new ideas, as well as talks and presentations at scientific
professional meetings.

Communication is not usually included in the scientific method, but it should
be. Lavoisier knew about oxygen because he read the published reports of Joseph
Priestley and Carl Wilhelm Scheele, who discovered oxygen independently in the
early 1770s. In turn, other scientists learned of Lavoisier’s work and confirmed it
with their own experiments. Today, communication is responsible for the explo-
sive growth in scientific knowledge (Fig. 1-6). It is estimated that the total volume
of published scientific literature in the world doubles every 8 to 10 years.

Another term used to describe patterns in nature in a general way is law. In
science, a law is a summary of a pattern of regularity detected in nature. Probably
the best known is the law of gravity: objects are attracted to one another. If you
release a rock above the surface of the earth, it will fall to the earth. No rock has
ever “fallen” upward.

A scientific law does not explain anything, as a hypothesis, theory, or scientific
model might. A law simply expresses a pattern. Although laws cannot be proved,
we do rely on them. The only justification for such faith is that in order for a law to
be so classified, it must have no known exceptions. Water never runs uphill.

Introduction to Chemistry:
The Science of Chemistry Today

Chemists study matter and its changes from one substance to another by probing
the smallest basic particles of matter to understand how these changes occur.
Chemists also investigate energy gained or released in chemical change—heat,
electrical, mechanical, and other forms of energy.

Chemistry has a unique, central position among the sciences (Fig. 1-7). It is so
central that much research in chemistry today overlaps physics, biology, geology,
and other sciences. You will frequently find both chemists and physicists, or chem-
ists and biologists, working on the same research problems. Scientists often refer
to themselves with compound words or phrases that include the suffix or word
chemist: biochemist, geochemist, physical chemist, medicinal chemist, and so on.

Chemistry has traditionally been classified into five subdivisions: analytical,
biological, organic, inorganic, and physical. Analytical chemistry is the study of
what (qualitative analysis) and how much (quantitative analysis) are in a sample
of matter. Biological chemistry—biochemistry—is concerned with living systems
and is by far the most active area of chemical research today. Organic chemistry

© 2014 American Chemical Society

Figure 1-6 Chemical Abstracts
Service, a division of the American
Chemical Society, is located in
Columbus, Ohio. They maintain a
database of chemical substances.
You can search about 7,900 common
chemicals at http://commonchemistry.
org/. Your college or university library
may have subscriptions to more
powerful database searching tools.

Figure 1-7 Chemistry is the
central science. Imagine all sciences
as a sphere. This cross section of the
science sphere shows chemistry at
the core. If you view the other sci-
ences as surface-to-center samples,
each contains a chemistry core.
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Figure 1-8 Chemists at work.
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Figure 1-9 Polypropylene plant. Plastics are the substances produced in the greatest quantity
by the chemical industry. This plastic manufacturing facility is located in Tobolsk, Russia (a historic
capital of Siberia).

is the study of the properties and reactions of compounds that contain carbon.
Inorganic chemistry is the study of all substances that are not organic. Physical
chemistry examines the physics of chemical change.

You will find chemists—the people who practice chemistry—in many fields.
Probably the chemists most familiar to you are those who teach and do chemi-
cal research in colleges and universities. Many industries employ chemists for
research, product development, quality control, production supervision, sales, and
other tasks. The petroleum industry is the largest single employer of chemists, but
chemists are also highly visible in medicine, government, chemical manufactur-
ing, the food industry, and mining (Fig. 1-8).

Chemical manufacturers produce many things we buy and take for granted
today. They convert raw materials available in nature, such as oil, coal, and natu-
ral gas, into products such as plastics, fertilizers, and pharmaceutical drugs. The
most commonly produced products are plastics, such as plastic bags, bottles, and
packaging (Fig. 1-9). Another familiar and important category of manufactured
goods from the chemical industry is health products, such as pharmaceuticals and
nutritional supplements. Millions of people are employed worldwide by the chemi-
cal industry. The German-based company BASF is the largest chemical company
in the world. The chemical company in the United States with the greatest dollar
amount of sales currently is Dow Chemical.

Introduction to Active Learning:
Learning How to Learn Chemistry

Here is your first chemistry “test” question:
Which of the following is your primary goal in this introductory chemistry course?
A. To learn all the chemistry that I can in the coming term.

To spend as little time as possible studying chemistry

B
C. To get a good grade in chemistry.
D. All of the above.
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If you answered A, you have the ideal motive for studying chemistry—and any
other course for which you have the same goal. Nevertheless, this is not the best answer.

If you answered B, we have a simple suggestion: Drop the course. Mission
accomplished.

If you answered C, you have acknowledged the greatest short-term motivator
of many college students.

Fortunately, most students have a more meaningful purpose for taking a course.

If you answered D, you have chosen the best answer.

Let’s examine answers A, B, and C in reverse order.

C: There is nothing wrong in striving for a good grade in any course, just as
long as it is not your major objective. A student who has developed a high level
of skill in cramming for and taking tests can get a good grade even though he or
she has not learned much. That helps the grade point average, but it can lead to
trouble in the next course of a sequence, not to mention the trouble it can cause
when you graduate and aren’t prepared for your career. It is better to regard a
good grade as a reward earned for good work.

B: There is nothing wrong with spending “as little time as possible studying
chemistry” as long as you learn the needed amount of chemistry in the time spent.
Soon we’ll show why the amount of time required to learn (not just study) chem-
istry depends on when you study and learn. They should occur simultaneously.
Reducing the time required to complete any task satisfactorily is a worthy objec-
tive. It even has a name: efficiency.

A: There is nothing wrong with learning all the chemistry you can learn in the
coming term, as long as it doesn’t interfere with the rest of your schoolwork and the
rest of your life. The more time you spend studying chemistry, the more you will
learn. College is the last period in the lives of most people in which the majority of
their time can be devoted to intellectual development and the acquisition of knowl-
edge, and they should take advantage of the opportunity. But maintain some bal-
ance. Mix some of answer B in your endeavor to learn. Again, the key is efficiency.

To summarize, the best goal for this chemistry course—and for all courses—is
to learn as much as you can possibly learn in the smallest reasonable amount of time.

The rest of this section identifies choices that you need to make to ensure that
you will reach your goal.

Choice 1: Commit to Sufficient Time Outside of Class

A rule of thumb for college coursework is that an average student in an average
course should spend two hours outside of class for every hour in class. Are you ready
to choose to make this commitment? You may have to spend more time outside of
class if your math skills are weak, if you have not recently had a good high school
chemistry course, if English is not your native language, or if you have been out of
school for some time. To keep your out-of-class time to an efficient minimum, you
must study regularly, doing each assignment before the next class meeting. Chemistry
builds on itself. If you don’t complete today’s assignment before the next class meet-
ing, you will not be ready to learn the new material. Many successful students sched-
ule regular study time, just as they would schedule a class. Failure to commit sufficient
time outside of class is the biggest problem when it comes to learning chemistry.

Choice 2: Commit to Quality Time When Studying

Efficient learning means learning at the time you are studying. It does not mean
just reading your notes or the book and deciding to come back and learn the mate-
rial later. It takes longer to learn now than it does to passively read the textbook,
but the payoff comes with all the time you save by not having to learn later. This is
so important that we have special Learn It Now! reminders throughout the text-
book. Are you ready to choose to commit to making your study time high quality?
If so, you should also commit to studying without distractions—without sounds,
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Figure 1-10 Introductory chemistry
is often taught in large lecture halls.
Attendance at every lecture is impor-
tant, even if roll is not taken.

sights, people, or thoughts that take your attention away from learning. Turn your
cell phone off for at least an hour at a time while studying. Every minute your mind
wanders while you study must be added to your total study time. Your time is lim-
ited, and that wasted minute is lost forever.

Choice 3: Commit to Utilizing All Learning Resources

College chemistry courses typically have a multitude of learning resources, which
may include lecture, this textbook and its accompanying online learning tools,
laboratory exercises, discussion sections, help centers, tutors, instructor office
hours, Internet resources, and your school library. Are you ready to choose to com-
mit to taking advantage of all of the learning tools provided in your course? Let’s
consider some of these tools in more detail.

Lecture Although it is obviously the wrong way to learn, some students choose
to skip lectures occasionally. Don’t be one of those students. Attend every lecture
(Fig. 1-10). If you miss just one lecture per month in a semester course, you will
probably miss 10% of the material. That is a reduction of one letter grade worth
of content in a typical course. You need to learn the role of lecture in your course.
If your instructor expects you to listen to his or her discussion and watch presen-
tation slides and/or material written on the board or an overhead projector, you
will need to take notes. We recommend that your note-taking procedure follow
these general steps: (1) Preview the material by skimming the textbook. Usually,
this only needs to be done every few lectures as a new chapter is about to be intro-
duced. Look in particular for new words and the major concepts so that you are
not caught unprepared when they are introduced in lecture. (2) Concentrate dur-
ing lecture and take notes. Don’t fool yourself; concentrating over an extended
period of time is hard work. Focus on what is being shown and said, and work to
transcribe as much material as accurately and quickly as you can. Use a notebook
that is exclusively for chemistry lecture. (3) Organize your notes as soon as pos-
sible after lecture. Organization is the key. During a classic lecture, you often are
mostly working to transcribe the material. True learning occurs when you work
to make sense of the material and try to analyze the relationships among the con-
cepts that were discussed. (4) Study the textbook, work the assigned problems, and
look for connections between the lecture and the textbook. You will often find
that seeing the material presented in a slightly different way is the key to helping
you make sense of a concept. Combining your organized lecture notes with the
textbook presentation of the same topic is a powerful learning technique.
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Textbook This book is a central learning resource in your chemistry course. We
will help you to become familiar with its structure in the next section.

MindTap This highly interactive, fully online version of the book combines multime-
dia, activities, and assessments to further engage your active learning of chemistry.

Laboratory If your course includes a laboratory, learn what each experiment is
designed to teach. Relate the experiment to the lecture and textbook coverage of
the same topic. Seeing something in the laboratory and getting a hands-on experi-
ence is often just what you need to fully understand what you read in the textbook
and see and hear in the lecture.

Instructor Office Hours Many chemistry instructors are available for help outside
of class. If your instructor is not, you likely have a teaching assistant with office
hours or a tutoring center that you can visit instead. No matter the quality of print
or electronic instructional resources available to you, human help is occasion-
ally needed to accomplish your learning goals. We recommend that you develop a
list of questions and/or sample problems that you cannot solve before you attend
office hours.

Internet The Internet provides you with an abundance of information related
to introductory chemistry. When a topic presented in class or this textbook is
unclear, clarification may be available by doing a search for the topic to see if
an alternative perspective helps you learn. A well-written website can often have
the information you need to solidify your understanding of a concept. However,
you should use the Internet with a healthy dose of skepticism. Most websites
lack the sequencing, structure, and integration of topics that your instructor,
your course curriculum, and this textbook provide. Also be sure that you choose
reputable websites to ensure that you are not led astray by incorrect or incom-
plete information.

Library or Learning Center Many college libraries and learning centers have Inter-
net resources, computer programs, workbooks, and other learning aids that are
helpful for practice with using chemical formulas, balancing equations, solving
problems, and other routine skills. Find out what is available for your course
and use it as needed. Some instructors will also put supplementary materials on
reserve. Take advantage of these, if provided.

Choice 4: Commit to Improvement

By definition, you are changed as a result of learning. You need to be willing to
open your mind to new, more powerful ways of thinking about the natural world
and the process of personal intellectual development. The purpose of your college
education is to make you a better person. Are you willing to choose to commit to
improving the way you understand nature, becoming a better learner, and develop-
ing your intellect? Let’s look at some ways to do this within the framework of this
chemistry course.

Think Like a Chemist The perspective of the chemist is unique, as is the perspec-
tive of the philosopher, the mathematician, the geographer, or the linguist. Each
course you take in college will expose you to a different way of thinking about
the world. In this chemistry course, you should work to understand the distinctive
viewpoint of a chemist. In particular, focus on the relationships among the mac-
roscopic, directly observable natural world; the abstract, particulate makeup of
those macroscopic materials; and the symbols that chemists use to represent both
the macroscopic and particulate world, as illustrated in Figure 1-11.
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Figure 1-11 How to think like a
chemist. You are familiar with the
macroscopic view of matter, as seen
in this container filled with boiling
water. A key characteristic of thinking
like a chemist is imagining how the
water would appear if you could see it
at the particulate level. The particulate
circle shows how a chemist views
water. To express this viewpoint in
writing, chemists use symbols. The
symbols in the formula H,O describe
the particulate-level composition of
each water molecule.
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Think Conceptually A trap that some students fall into while solving quantitative
chemistry problems is to mindlessly crunch numbers without thinking about the
underlying concept. Almost certainly, there will be a few routine types of quantita-
tive problem setups that you should master without the need to reinvent the proce-
dure each time you solve such a problem. But many other problems will be more
complex. With these more complex problems, it is critical to understand the underly-
ing concept. If you can imagine the particulate-level process described in the prob-
lem statement, do so. Remember that it is not the answer that is important when you
tackle difficult problems but rather the process that should be your focus.

Embrace Multiple Ways of Knowing This chemistry course will expose you to many
ways of obtaining new knowledge. You will likely need to learn (in order of increas-
ing complexity) facts, rules, concepts, and problem solving. Facts are things that
you need to memorize, such as the fact that the symbol for hydrogen is H. Rules are
connections between things, and they are often expressed as mathematical relation-
ships. For example, the volume of a pure substance is directly proportional to its
mass, which can be expressed in symbols as V « m. Rules also are often expressed
in the form of if/then statements. /f an element forms a monatomic anion, then the
name of the anion is the name of the element, changed to end in -ide. Concepts are
mental models of the natural world. We will present relatively simple conceptual
models in this introductory course, and as you learn more about chemistry in future
courses, you will find that you will need to revise and increase the complexity of
your conceptual models. Problem solving is a skill that you learn through coach-
ing and practice. Good problem solvers are highly regarded in all aspects of profes-
sional life. We will help guide you in developing your problem-solving skills in this
textbook, but you will also need to put in a good deal of practice time to become a
skilled problem solver. You will likely have your favorite type of learning, and that
will probably shape your decision about your major and, ultimately, your career
path, but recognize that each mode of learning has its importance in your education.
Embrace the opportunity to become a more skilled learner in each type of knowing.

Think About Your Thinking It is important not only to learn chemistry content
while in this course but also to work to develop the thinking skills that are used
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Figure 1-12 The feedback loop.
Learning from your mistakes is an
essential part of the knowledge-
building process.

Feedback loop

‘.\ow can ’lea’_"
grom My err(,,.s >
So,
?z_[nb 10/pue s“lg*a [

. S
A Q"estlon ansW®
and exam keY®

by chemists. An example of a thinking skill is proportional reasoning, which is the
ability to recognize and apply relationships between two variables that are directly
proportional to one another. If you learn to see these types of relationships beyond
their immediate application, you will be able to utilize these skills in solving prob-
lems in many other contexts. We will discuss this further in the next section.

Utilize Feedback in a Positive Manner  All courses will provide you with feedback on
your performance in some way. Typically, courses have exams and/or quizzes that
assess your learning. This textbook has many end-of-chapter questions, exercises,
and problems that are accompanied by answers at the end of each chapter. You can
choose to use such feedback as merely a descriptor of your learning history, such
as “I earned an 80 on the gases chapter test,” or “I got that problem wrong,” or you
can use the feedback in a positive manner by thinking, “What did I do wrong, and
how can I improve?” A critical element of the process of learning is to learn from
your mistakes (Fig. 1-12). When you receive a corrected exam or quiz, look at your
errors and make a commitment to change your thinking so that you don’t repeat
the same error. When you solve an end-of-chapter problem incorrectly, assess what
you did wrong and restudy the appropriate material so that you can replace the
misconception with a more accurate understanding of the concept or procedure.

Introduction to Active Learning:
Your Textbook

The most important tool in most college courses is the textbook. It is worth taking
a few minutes to examine this book and look for its unique learning aids. In this
section, we’ll show you the book’s features that are designed specifically to help you
learn chemistry as efficiently as possible.

Section-by-Section Goals

Goal 1 Read, write, and discuss chemistry using a fundamental and scientifically

accurate and precise chemical vocabulary.

2 Write a fundamental set of inorganic chemical formulas and write names of
substances when formulas are given.

3 Write, balance, and interpret chemical equations.

4 Set up and solve elementary chemical problems.

5 “Think” chemistry in some of the relatively simple theoretical areas and
visualize what happens at the particulate level.
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6 Improve your scientific thinking skills, particularly in proportional reasoning
and mental modeling.

The goals listed here are not only for a section but also for this entire book and the
course in which you will use it. They tell you what you will be able to do when you
complete the course.

As you approach most sections in this text, you will find one or more goals.
They tell you what you should be able to do after you study the section and com-
plete the end-of-chapter questions. If you focus your attention on learning what is
in the goals, you will learn more in less time.

Few chemistry textbooks include section-by-section goals, although they some-
times appear in study guides that accompany those books. When you move on to
the next chemistry course required for your major, it becomes your responsibility
to write the goals yourself—to figure out what understanding or ability you are
expected to gain in your study. Literally writing your own goals is an excellent way
to prepare for an exam.

Learn It NOW! In the previous section, “Choice 2: Commit to Quality Time When Studying,”
we discussed the importance of learning efficiently. We noted that we would provide you with
Learn It Now! reminders throughout the textbook, printed in red.

When you come to a Learn It Now! entry, stop. Do what it says to do. Think
about it. Make a conscious effort to understand, learn, and, if necessary, memo-
rize what is being presented. When you are satisfied that this idea is firmly fixed in
your mind, then continue on. In short, learn it—now! Tomorrow it will take longer.
Tomorrow is too late.

Active Examples

As you study this book, you will acquire certain “chemical skills.” These include writ-
ing chemical names and formulas, writing and interpreting chemical equations, and
solving chemical problems—the things listed previously as Goals 2, 3, and 4. You will
develop these skills by studying and actively working the examples in the text.

Active Example 1-1 How to Actively Work an Example

What do you do when you come to an Active Example in this textbook?

Think Before You Write All active examples begin with a brief discussion designed to help you think about the nature
of the problem statement. This helps you to think carefully about approaching the problem and to avoid acting impulsively. It
also allows you to activate and engage the location in your brain where scientific thinking is processed.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Our answer is provided in the blue-shaded box immediately ~ The remaining frames lead you step-by-step through
to the left of where you write your answer. Always keep this the thought process needed to answer the question or
box covered until you have written your answer. Use the solve the problem. These mimic what a personal tutor
tear-out shield provided in the book for this purpose. You will  would be doing if you were working one-on-one. To
maximize the utility of this book by writing your answers first,  take full advantage of the Active Examples, use your
and then comparing your answer with ours. tear-out shield to cover the left column, and literally

When our answer needs additional explanation, the dis- write your answers in the space provided. This

cussion appears in this style of print in a separate paragraph. process—writing your own responses before you look

at ours—is a powerful and efficient learning technique.

,
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Practice Exercise 1-1

All Active Examples end with an exercise similar to the problem that you just solved for yourself with our
guidance. These Practice Exercises allow you to see if you can answer a similar question or solve a similar
problem without our stepwise assistance. They will help you reinforce what you just learned and extend and

refine your knowledge.

Most Active Examples in this book take you through a series of questions and
answers. Space is provided for you to actually write in a formula or equation or to
solve a problem yourself. A small pencil icon appears within each space in which
you should be writing answers. The next Active Example in this book appears in
Section 3.1. At that point you will find detailed instructions for working this kind
of example problem.

If you are to learn from Active Examples, you need to work through each one
as you come to it. Never weaken the learning process that occurs when you work
through an example by simply passively reading our answer.

Also, you will often see that what you learn in an Active Example is used imme-
diately in the next section. Keep in mind that knowledge of chemistry is acquired
through a building process. You will not be able to understand that next section
without understanding the concept from the current Active Example. Learn it now!

Target Checks

Chemical principles, models, and theories are introduced with words and illustrations.
Ideally, you will learn and understand these ideas as you study the text and figures. Use
a Target Check question to find out if you have caught on to the main ideas immedi-
ately after they appear in the text. A Target Check is identified by the heading.

v Target Check

Like Active Examples, Target Checks should be completed as you reach them.
Answers to Target Checks can be found at the end of each chapter. If you answer a
Target Check incorrectly, go back and restudy the targeted material before moving
on to the next section or example.

The best thing that you can do to maximize your learning from the textbook is
to take written notes, work the Active Examples, and complete the Target Checks
while you study. This means writing in the book and not simply highlighting the
textbook. A heavily highlighted textbook is nothing more than a brightly colored
list of things you plan to learn later. It is just the opposite of the Learn It Now! phi-
losophy. The very act of reading something, thinking about what it means, sum-
marizing it, and answering a Target Check question in your own words actively
generates learning.

P/Review

Often in the study of chemistry you see some term or concept that was introduced
earlier in the course. To understand the idea in its new context, you may wish to
review it as it was presented earlier. At other times, a topic is introduced briefly to
meet a present need, even though it may not be necessary to understand it fully.
That comes later; the present introduction is a preview.

This book has an optional order of topics, so the same item may be a pre-
view with one instructor and a review with another. We therefore identify this kind
of cross-reference as a P/Review. Each P/Review is carefully worded so that as a
review, it gives you the information you must recall immediately but not so much
that it will be confusing if it’s read as a preview. A P/Review usually appears in the
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14 Chapter 1 Introduction to Chemistry and Introduction to Active Learning

© P/Review This is what a
P/Review looks like in the margin.

Thinking About

margin closest to where this icon appears < @, and it always includes a specific
chapter or section number that you may refer to, if you wish.

In-Chapter a summary of... and how to... Features

Throughout this book, you will find summaries and step-by-step procedures that
are headed as follows:

Format of a summary of... and how to...

Each a summary of... or how to... explanation or procedure is highlighted like this paragraph.
These give you, in relatively few words, the main ideas and methods you should learn from a
more general discussion nearby in the text. They should help you clinch your understanding of
the topic. Occasionally, summaries are in the form of a table or illustration; some even combine
the two. These forms are particularly helpful in reviewing for a test. Not only do they review the
topic briefly, but they also create a mental image that may be recalled during an exam.

Thinking About Your Thinking
You will find passages throughout the text that look like this:

Your Thinking

_ Name of SKill

One goal of this textbook is to help you learn the thinking skills that chemists and
= other scientists commonly use. In this feature, we discuss thinking skills them-

selves, somewhat removed from the content of the surrounding text, so that you

can clearly think about the skill itself, learn it, and apply it in any context. This
feature will help you to learn to think about chemistry—and many other subjects—far beyond the
days you spend in this course.

When you come to a Thinking About Your Thinking discussion, take a few
moments to read it and reflect on the thinking skill it discusses. Ask yourself,
“Could I apply this skill in any other context?” Perhaps you’ve used the skill before
in a math or physics course. Maybe you’ve used it before in this course. The greater
the number of contexts in which you can imagine applying a skill, the more gener-
alizable your thinking skills will become. In this way, you grow intellectually.

Key Terms

Immediately after the last section of each chapter, you will find the first end-of-
chapter feature, which is the key terms list. Key terms and concepts appear in the
Glossary. Use your Glossary regularly.

Frequently Asked Questions

Immediately after the key terms, you will find the second end-of-chapter feature,
which provides answers to questions that students often ask. These are written in a
question-and-answer format, with a question that is similar to those frequently
asked of instructors during office hours, followed by an answer. The questions
typically cover both “how to study” topics and common mistakes and how to avoid
them. You will find it helpful to read these questions and answers after you have
studied each chapter. It will take only a couple of minutes, and you will likely find
the answer to a question that you may have, or you may learn to avoid a potential
pitfall before it becomes an issue.
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1-5 Introduction to Active Learning: Your Textbook

Concept-Linking Exercises

After completing your study of a chapter, but before you begin to work on the
Questions, Exercises, and Problems (described shortly), you will need to have a
firm understanding of the key terms and concepts from the chapter and the rela-
tionships among them. To help you learn the relationships among the concepts,
most chapters include Concept-Linking Exercises. These exercises consist of
groups of concepts that you link together with a brief description of how they are
related. Answers to the Concept-Linking Exercises can be found after the answers
to the Target Checks at the end of each chapter.

Small-Group Discussion Questions

After the Concept-Linking Exercises, you will find a group of questions that are
written so that they are best solved in collaboration with a small group of class-
mates. They should be attempted after you have completed your independent work
studying the chapter. Whereas the end-of-chapter questions (discussed in the next
subsection) are designed for individual work, the Small-Group Discussion
Questions are generally more complex and are aimed at helping you to “think
chemistry” at a deeper level than you might in the absence of support and assis-
tance from a group of peers in the same course. We do not provide answers to the
Small-Group Discussion Questions. The process of verifying your answers to the
questions without “the” answer being readily provided will help you to better
understand how scientists actually work.

End-of-Chapter Questions, Exercises, and Problems

At the end of all chapters, you will find Questions, Exercises, and Problems that are
grouped by the section in the chapter to which they apply. Some questions are rela-
tively straightforward, similar to the Active Examples and Target Checks. Others
are more demanding. You may have to analyze a situation, apply a chemical prin-
ciple, and then explain or predict some event or calculate some result. General
Questions that may be drawn from any section in the chapter follow the section-
specific questions. After these are the More Challenging Questions, designed to
stretch you beyond the goals listed for the chapter.

The Questions, Exercises, and Problems generally are in matched pairs in
which the consecutive odd-even numbered combinations involve similar reason-
ing, and in the case of exercises, similar calculations. All of the odd-numbered
questions out of the matched-pair groups are answered at the end of the chap-
ter. Answers to exercises and problems include calculation setups. Most General
Questions and More Challenging Questions, odd-numbered and even, are also
answered at the end of the chapter. Numbers of answered questions are printed in
blue; numbers of unanswered questions are printed in black.

As you solve problems in the textbook, remember that your main objective is
to understand the principle upon which the problem is based, not to get a correct
answer. Even when your answer is correct, stop and think about it for a moment.
Don’t leave the problem until you feel confident that you will recognize any new
problem that is worded differently but that requires reasoning based on the same
principle. Then be confident that you can solve such a problem.

Even more important is what you do when you do not get the correct answer to a
problem. You may be tempted to return to the Active Examples and Target Checks,
find one that matches your problem, and then solve the assigned problem step by step
as in the example. You should resist this temptation. If you get stuck on a problem, it
means that you did not truly /earn from the earlier examples. Leave the problem. Turn
back to the corresponding section. Study it again, by itself, until you understand it
thoroughly. Then return to the assigned problem with a fresh start and work on it to
the end without further reference to the section. Finally, work the remainder of the
problems in the group until you are confident that you can solve this problem type.
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16 Chapter 1 Introduction to Chemistry and Introduction to Active Learning

Figure 1-13 “With self-discipline
most anything is possible.”
—Theodore Roosevelt (1858-1919),
the 26th president of the

United States.

GL Archive/Alamy

Appendices
The Appendix of this book has four parts.

1. Chapter Summaries. A summary of all goals and the associated key terms and
concepts for each chapter are assembled in the Chapter Summaries section to
provide a single-location preview and brief review source.

2.  Appendix I: Chemical Calculations. Here you will find suggestions on how to use a
calculator specifically to solve chemistry problems. There is also a general review
of the arithmetic and algebraic operations used in this book. You will find these
quite helpful if your math skills need dusting off before you can use them.

3. Appendix II: The SI System of Units. This explains the units in which quanti-
ties are measured and expressed in current science textbooks and other scienti-
fic publications.

4. Glossary. Like other fields of study, chemistry has its own special language,
in which common words have very specialized and specific meanings. The
Glossary lists these words in alphabetical order so you can find them easily and
learn to use them. All of the boldfaced words in the text are in the Glossary.
Use the Glossary regularly; it’s a real time saver.

A Choice

Discipline is the bridge between goals and accomplishments.
—Author unknown

You have a choice to make. You can choose to continue learning as you did before,
or you can choose to improve your learning skills (Figure 1-13). Even if those skills
are already good, they can be improved. This chapter gives you some specific sug-
gestions on how to do this. It also helps you to upgrade your study habits, begin-
ning here and continuing throughout the book.

If you ever begin to feel that chemistry is a difficult subject, read this chapter
again. Then ask yourself, and give an honest answer: “Do I have trouble because
the subject is difficult, or is it because I did not choose to improve my learning
skills?” Your honest answer will tell you what to do next.

At all stages of our lives we make choices. We then live with the consequences
of those choices. Choose wisely—and enjoy learning chemistry.

Questions, Exercises, and Problems

1. Develop a study plan for your chemistry course. Your

activity you include in your study plan. Adjust your study

instructor has probably already explicitly or implicitly
informed the class about what she or he considers to

be the most important out-of-class activity needed for
success in the course. What activity is most important

in your course? Write down all out-of-class activities

that will be part of your study plan. Things to consider
include previewing chapters to identify key terms; spend-
ing time in class, time in lab, and/or discussion section

(if your course includes these); organizing lecture notes;
studying the textbook; doing end-of-chapter ques-

tions, exercises, and problems; studying and completing
online assignments; consulting academic websites on the
Internet; reviewing and learning from your mistakes on
returned quizzes and exams; reviewing for exams (includ-
ing the final exam, if any); writing lab reports (if appli-
cable); and accessing human, in-person help via activities
such as attending instructor office hours, review sessions,
tutoring, and working with other students in the course.
Estimate the quantity of time needed per week for each

plan as the academic term progresses and as you learn
more about the keys to success in your course.

. Develop a weekly calendar for the quarter or semester.

Search the Internet for “study schedule template” or
something similar to find a form that you can print, copy,
or download. As you fill in the schedule, be honest and
realistic. Include time for personal activities such as meals,
time with family and friends, exercise, TV, games, Internet
surfing, clubs and organizations, religious activities, rou-
tine household chores, and so on. Enter your typical work
hours if you are employed. Enter all class and lab hours.
Most importantly, add time for out-of-class study. Use the
rule of thumb that you should spend two hours outside of
class for each hour in class. Is your schedule realistic? If
not, consider how you might change it to give yourself the
maximum opportunity to succeed in college while still liv-
ing a reasonably balanced lifestyle. As the academic term
progresses, revisit your calendar and adjust it as you gain
experience in learning the time demands of a typical week.
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Matter

<« Understanding the chemistry
of living organisms, such as

this dolphin, is the goal of many
21st century chemists. All living
organisms—bacteria, plants,
and animals—share a set of tiny
particles that change from one
substance to another by remark-
ably similar chemical processes.

© Mindaugas Dulinskas/Shutterstock.com

( :hemistry is the study of substances and the energy associated with their change.
In this chapter, we explain some fundamental features of matter and energy and

introduce the vocabulary scientists use to talk about their transformations.

Representations of Matter:
Models and Symbols

Goal 1 1dentify and explain the differences between interpreting and describing
matter at the macroscopic, microscopic, and particulate levels.
2 Define the term model as it is used in chemistry to represent pieces of matter
too small to see.

Learn It NOW! The numbered Goals tell you what you should be able to do after you
study a section. Always focus your study on the goals. When you complete this section and
the corresponding end-of-chapter questions, you should know the differences between the
macroscopic, microscopic, and particulate levels when interpreting and describing matter,
and you should be able to define the term model as it is used in this text.

21

2-2
2-3

2-4

and Energy

CHAPTER CONTENTS

Representations of
Matter: Models and
Symbols

States of Matter

Physical and Chemical
Properties and Changes

Pure Substances and
Mixtures

Separation of Mixtures

Elements and
Compounds

The Electrical Character
of Matter

Characteristics of a
Chemical Change

Conservation Laws and
Chemical Change
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18 Chapter 2 Matter and Energy
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Figure 2-1 Macroscopic, microscopic, and particulate forms of
matter. The particulate-level drawings are models of types of mat-
ter too small to see with the human eye or an optical microscope.
Electron microscopes “shine” a beam of electrons through a

sample in much the same way as optical microscopes shine light
through the specimen. Scanning-tunneling microscopes depend
on electrical properties of matter to create computer-generated
images.

Everything that has mass (weight in everyday language) is matter. The warmth of
the sun and the light it gives off are not forms of matter, but the substances the sun
is made of are matter. All physical objects are matter.

We can describe some forms of matter by observation with the naked eye.
These macroscopic samples of matter include a huge range of sizes, varying from
mountains, rocky cliffs, huge boulders, and all sizes of rocks and stone to gravel
and tiny grains of sand. Geologists often study matter at this level. The macro-
scopic size range illustrated in Figure 2-1 shows additional examples of macro-
scopic samples of matter that are visible with the human eye.

It is common for middle school and high school biology students to use micro-
scopes to observe types of matter that are too small to be seen with the unaided
human eye <. You've probably used a microscope to observe tiny animals or
plants, or perhaps the tiny crystals on the surface of a polished rock. These are
examples of microscopic samples of matter. The middle section of Figure 2-1 illus-
trates some microscopic samples of matter.

Chemists often think about matter that is too small to be seen even with the
most powerful optical microscope. A chemist considers the behavior and transfor-
mations of the tiny particles that make up matter. Thinking this way is thinking at
the particulate level. One of the most valuable skills you will learn in this course is
to think about the particulate nature of matter. The particulate range illustrated in
Figure 2-1 is not visible, even with a microscope. Chemists use specialized instru-
ments to collect information that is used to help imagine what the particles would
look like if they were visible.

Most of the time, chemists and biologists work with macroscopic samples in
the laboratory, but they imagine what happens at the particulate level while they
do so. By understanding and directing the behavior of particles, the chemist and
biologist control the macroscopic behavior of matter. This is, in fact, a distinguish-
ing characteristic of chemistry, biochemistry, and molecular biology. A chemist,
biochemist, or molecular biologist imagines the nature of the behavior of the tiny
particles that make up matter, and then she or he applies this knowledge to carry
out changes from one type of matter to another.

Because matter at the particulate level is too small to see, chemists use mod-
els to represent the particles. A model is a representation of something. Chem-
ists use models of atoms and molecules—tiny particulate-level entities—that are
based on experimental data. We cannot see atoms and molecules directly, so we use

The prefix macro—-means large,
and the prefix micro-means
small. The suffix-scopic refers to
viewing or observing.
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Thinking About

2-1 Representations of Matter: Models and Symbols

H

H\un-"'lc\ H
H

Charles D. Winters

Ball-and-stick model

Plastic model

Simple perspective
drawing
Figure 2-2 Models and symbols used by chemists to represent
molecules. All of these models and symbols represent the same
thing: a methane molecule. Methane is the primary component of
natural gas. A methane molecule consists of a central carbon atom,

represented by the symbol C or a black sphere, surrounded by four form the molecule.

data from experiments to infer what they would look like if they were much, much
larger. We then construct physical models that match the data.

The two most common molecular models used by chemists are ball-and-stick
models and space-filling models, which are illustrated in Figure 2-2. The ball-and-
stick model shows atoms as balls and linking electrons as sticks connecting the
atoms. The space-filling model shows the outer boundaries of the particle in three-
dimensional space.

The renowned scientists James Watson and Francis Crick used models to
deduce the structure of the DNA molecule, the molecular storehouse of genetic
information (Fig. 2-3). They used numerical information from experiments, such
as the distances between atoms, to construct models of the pieces that make up the
DNA molecule. Working with these physical representations of the small pieces,
they could see how the pieces fit together to form the double-helix structure of
DNA. They completed the scientific research cycle by using their model to predict
experimental outcomes, and the actual experimental outcomes were indeed con-
sistent with the model.

Yoqr Thinking

- Mental Models

A model is a depiction of something. You are probably familiar with models of the
earth. Globe models are common in geology and earth science classrooms and
laboratories. We use these models because the earth is so large. A globe allows
us to mentally picture something that otherwise is too big to understand well.
Models of molecules are used in chemistry for exactly the opposite reason: Molecules are
too small to observe with the naked eye. Chemists use concrete models to understand the behav-
ior of molecules. Figure 2-2 helps you form a mental image of a methane molecule. Many other
molecular models will be shown throughout this book.
As you study chemistry, you will develop the skill of visualizing the particulate-level behavior of
molecules. Imagine the models of the molecules in three dimensions. Try to think about how they

I
E

move. When we describe chemical processes in words and two-dimensional illustrations, translate
these words and figures into three-dimensional “mental movies” in which the molecules are in motion.

We will remind you periodically throughout the book about forming these mental models.
You will see the words “Thinking About Your Thinking: Mental Models” whenever you should think
about this process. Doing so will greatly improve your skill in thinking as a chemist.

*P/Reviews are references to items covered in another chapter in the textbook. For a description of
P/Reviews, see Section 1-5.

Space-filling model

19

H““:‘ ‘
H

All visualizing techniques
represent the same molecule

equidistant and equally spaced hydrogen atoms, represented by
the symbol H or a white sphere. The lines in the simple perspective
drawing and the sticks in the plastic and sketched ball-and-stick
models represent the tiny particles that bond the atoms together to

A. Barrington Brown/Science Source

Figure 2-3 James D. Watson

(b. 1928) (left) and Francis H. C.
Crick (1916-2004) (right) posing with
a model of the DNA molecule. Physi-
cal models (such as this one) can be
valuable tools in chemistry. Today’s
chemists, however, usually use
computer animations of molecules
to model matter at the particulate

level. 0

@ P/Review* Much progress in
chemistry has resulted from build-
ing a model that might explain the
observed behavior of a substance.
This is an example of a hypothesis.
Chemists can then use this model
to predict additional behavior and
to design experiments to confirm
or refute the prediction. In turn, the
results of the experiments support
or discredit the proposed model.
This is an illustration of the scientific
method described in Section 1-2.
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20 Chapter 2 Matter and Energy

Figure 2-4 Imagining macroscopic
matter as particulate-level mental
models and using symbols to repre-
sent those particles. Chemists fre-
quently make mental transforma-
tions between visible macroscopic
matter: in this case, the drops of
water, and the particulate-level
model of the molecules that make
up the matter, as shown in the
instructor’s thought cloud. Written
symbols, as shown on the board,
serve as simpler representations of
the particulate-level models.

Another state of matter is plasma,
which consists of positive ions
and free electrons in a gaslike
state. Examples of plasmas
include the substances inside
fluorescent lights and neon signs.

Models are often represented by a simple chemical symbol that can be easily
written or typed. The symbol H is used to represent a hydrogen atom, and the
symbol O represents an oxygen atom. You are probably familiar with how these
symbols are combined to form the symbolic representation of a water molecule. Its
chemical formula is H,O. This formula tells us that a water molecule is composed
of two hydrogen atoms and one oxygen atom.

A chemist can think about matter at many levels, often switching among different
representations in one discussion. When talking about a drop of water, for example,
as illustrated in Figure 2-4, a chemist may initially think about the macroscopic char-
acteristics of the drop, such as its shape, lack of color, and size. She may then form a
mental model of the water molecules in the drop and imagine the invisible forces that
make the molecules stick together, as shown in the thought cloud in Figure 2-4. To
express her mental model in two dimensions on the board in Figure 2-4, she will then
use symbols to represent her three-dimensional model in the form of letters, dashes,
and dots. One of our major goals in this book is to help you think as a chemist by using
models and symbolic representations of the particulate nature of matter.

v Target Check 2-1

Consider the photograph and illustra-
tions of table salt. Do they include a
model? Do they include a depiction | |
of matter at the macroscopic, micro-
scopic, and/or particulate levels?
Explain your answers.

© Cengage Learning®

B2 states of Matter

Goal 3 Identify and explain the differences among gases, liquids, and solids in
terms of (a) the macroscopic-level properties shape and volume; (b) particle
movement; and (c) particle spacing.

The air you breathe, the water you drink, and the foods you eat are examples of the
states of matter called gases, liquids, and solids <\. Water is a common substance
that is familiar to us in all three states, as Figure 2-5 depicts. We can explain the
differences among gases, liquids, and solids in terms of the kinetic molecular theory.
According to this theory, all matter consists of extremely tiny particles that are in
constant motion. Kinetic refers to motion; molecular comes from molecule, the
smallest individual particle in one kind of matter. Oxygen, water, and sugar are
examples of three common molecular substances.

Molecules are attracted to one another. The strength of these attractive forces
varies from substance to substance. For example, the tungsten atoms in a light-
bulb filament are strongly attracted to one another. In contrast, the helium atoms
in a helium balloon are very weakly attracted to one another.

Opposing this attractive force is molecular motion. According to the kinetic
molecular theory, the speed at which particles move is faster at higher tempera-
tures and slower at lower temperatures. As the particles in a sample move faster,
the motion of the particles overcomes the tendency for particles to stick together.
When particles are moving fast enough to overcome the attractive forces, the sam-
ple exists as a gas. In the gaseous state, the particles move so far apart from one
another that we can ignore the interactions between them.

When a gas is in a closed container, the particles move in straight lines
until they interact with something else, either another particle or the walls of
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Gas Liquid Solid
Water as
an example: ' " Gaseous
' water
‘ (steam)
' —
a0 >
3 /]
Solid
water
(ice)

Shape Variable— Variable—
same as a closed container same as the bottom of
the container

Constant—rigid, fixed

Volume Variable— Constant
same as a closed container

Constant

Particle Completely independent Independent beneath Vibration in fixed
Movement (random); each particle the surface, limited to position
may go anyplace in a the volume of the
closed container liquid and the shape of
the bottom of the
container
Particle Very far apart— Close— Close—
Spacing particle interactions are particle interactions are particle interactions are
negligible important important

the container. This causes the shape of a gas to be the same shape as the con-
tainer in which it is held. The volume of a gas is also the same as the volume of
the container in which it is held.

If we imagine a gas at a high temperature in a closed container, the particle—
particle attractions have almost no effect. If the temperature decreases, the par-
ticles move more slowly. Therefore, the attractions have more of an effect, and the
particles clump together to form a liquid drop. The drops fall to the bottom of the
container, taking on the shape of the bottom of the container. At the particulate
level, the molecules in a liquid touch one another, but their movement is suffi-
ciently rapid to allow them to move freely among themselves. Since the particles
are touching one another, the volume of the liquid is constant.

If we continue to imagine further reducing the temperature of our liquid sub-
stance, particle movement becomes more and more sluggish. Eventually, the par-
ticles no longer move among one another. Their movement is reduced to vibrating,
or shaking, in fixed positions relative to one another. This is how we model the
solid state at the particulate level. Like a liquid, a solid has a constant volume. But
unlike a liquid, a solid has its own unique shape that remains the same wherever
the sample may be placed.

Learn It NOW! Figure 2-5 summarizes the states of matter. Study it carefully to be sure that
you can satisfy Goal 3.

Figure 2-5 Three states of matter
illustrated by water.
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Crystalline Amorphous

Figure 2-6 Crystalline and amorphous solids. At the macroscopic level, you cannot necessarily
distinguish between a crystalline and an amorphous solid. At the particulate level, the difference is
apparent. A crystalline solid has an orderly particle arrangement, whereas an amorphous solid has
no long-range consistency in structure.

The particles in the solid state can arrange into an orderly pattern. Imag-
ine how a brick wall is typically laid, with the pattern repeating in every other
row. When the molecules of a substance are arranged in an orderly pattern,
the substance is called a crystalline solid. Common crystalline solids include
table salt and snowflakes. Chemists use the term crystalline to refer to the
orderly arrangement at the particulate level, as illustrated in Figure 2-6. This
orderly arrangement tends to be “patchy,” with orderly portions interspersed
with breaks.

An amorphous solid has no long-range order. The beginning of the word, a—,
means a lack of, and the middle of the word, —morph—, means shape. An amor-
phous solid has a lack of a pattern in its particle arrangement (Fig. 2-6). Common
examples of amorphous solids include rubber and many types of plastic.

Your Thinking

- Mental Models

Figure 2-5 illustrates water molecules in three dimensions. For each molecule, the
red sphere represents an oxygen atom, and the white spheres represent hydrogen
atoms. All three spheres are chemically linked to form a single molecule of water.
Now let’s refine your mental model of water so that it is dynamic, or moving.
Start with the gaseous state of water, as illustrated in the left column of Figure 2-5. In the gas-
eous state, the molecules are far apart and moving very rapidly in straight lines until they collide
with one another or the walls of the container. They then move off in a straight line in another
direction. Can you make a “mental movie” of water at the particulate level in the gaseous state?
If not, try doing an Internet search for a video of “states of matter,” but be skeptical and cau-

|

tious about the source.

Now imagine the water molecules as they slow down. They begin to “feel” the attractive
forces of neighboring particles. The particles begin to stick together, forming drops at the
macroscopic level. The drops fall to the bottom of the container. At the bottom of the con-
tainer, the liquid water takes its shape. Although the particles are moving more slowly than
in the gaseous state, they are moving fast enough to move past one another while close
enough to touch their neighbors. The molecules rotate and slip around one another. This is
the liquid state.

At even lower temperatures, the molecular movement becomes even more sluggish. The mol-
ecules stop moving past one another, surrounded by the same set of neighbors. They continue to
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vibrate, but they stay in the same positions relative to one another. The space between the particles
approaches its minimum. This is the solid state.

All other substances have particulate-level behavior similar to that of water with respect
to how they change between the three states of matter and behave in each state. As you con-
tinue in this course, practice using your mental model of the states of matter each time the
opportunity arises.

4 Target Check 2-2

In the left box, draw a particulate-level illustration of a substance in the gaseous state. Model the
particles as spheres, which can be drawn as simple circles. Assume that the box represents a tiny,
closed container that holds the particles. In the right box, draw a particulate-level illustration of the
same substance after it cools and becomes a liquid.

Learn It NOW! Always complete a Target Check as soon as you come upon one. Then
check the answer at the end of the chapter. If your answer is correct, then you should move on
to the next section. If your answer is not correct, then you should figure out why immediately.
Reread the text until you understand how the correct answer was derived. If restudying the text
does not help you understand the answer, then write a note about what you still cannot figure
out. As soon as possible, ask a classmate or see your instructor (or teaching assistant) to get
in-person help.

Physical and Chemical Properties
and Changes

Goal 4 Distinguish between physical and chemical properties at both the particulate
level and the macroscopic level.
5 Distinguish between physical and chemical changes at both the particulate
level and the macroscopic level.

If you were asked to describe a substance, you might list its color, feel, and smell.
Charcoal is black; sulfur is yellow. Glass is hard; bread dough is soft. The smell of
a rose is pleasant; the odor of ammonia is disagreeable.

To be more thorough, you could continue in the laboratory. For example, you
could determine the temperature at which a substance boils (the boiling point) or
melts (the melting point). You could see if it is attracted to a magnet.

Color, feel, smell, boiling point, melting point, and magnetism are all physical
properties: characteristics that can be observed and measured without altering the
identity of the substance.

If you were asked to change the physical form of a sample of matter without
changing its chemical identity, you might melt an ice cube. You could then refreeze
the liquid water. The substance is still water after it melts and after it refreezes.
Another choice that you might make is to dissolve sugar in water. The sugar may
seem to disappear, but if you taste the sugar water solution, you’ll know the sugar is
there. You could then recover the dissolved sugar by evaporating the water. Change
of state and change of appearance are examples of physical change: a change in the
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Liquid Gas

Figure 2-7 Physical changes. Changing ice to liquid water to steam is a physical change. At the
macroscopic level, the form of water changes, but in all three states the substance is water. At the
particulate level, the smallest particle of matter—the molecule—is unchanged. Water molecules are
still water molecules whether in the solid, liquid, or gaseous state.

form of a substance without changing its chemical identity (Fig. 2-7). Changes in size
or shape are other examples of physical changes.

Your Thinking

Mental Models

— e It is important to carefully consider the contrast between physical properties and
b changes at the macroscopic level and the mental models you need to create at

the particulate level. Physical properties are macroscopic properties only. Any

individual molecule does not have color, feel, boiling point, or any other physical

property. Physical properties depend on more than just the structure of the individual molecule.
These properties also result from the nature of the particulate-level arrangement of the particles.

Physical changes can be tricky to deduce at the macroscopic level. For example, if you can’t

taste a sugar water solution, you might not know that sugar was dissolved in it. Appearance alone
does not allow you to distinguish between a solution of something that is colorless when com-

pletely dissolved in water and pure water. However, if you know what happens at the particulate

level, the identification of physical changes is straightforward. In a physical change, the molecules

do not change.

A chemical change occurs when the chemical identity of a substance is destroyed
and a new substance forms. For example, at the macroscopic level, when liquid
water is subjected to an input of electrical energy from batteries, it decomposes into
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Oxygen gas

/Hydrogen gas

Platinum—__|
electrodes

Batteries

gaseous oxygen and gaseous hydrogen (Fig. 2-8). The water is destroyed and oxygen
and hydrogen form. At the particulate level, water molecules are destroyed and oxy-
gen molecules and hydrogen molecules form. The atoms do not change, but their
arrangement in molecules is changed.

A chemical change is also called a chemical reaction. As a group, all the chemi-
cal changes possible for a substance make up its chemical properties. A chemical
property of water is that it decomposes to oxygen and hydrogen when subjected to
an electrical current.

One or more of our five physical senses can often detect chemical changes. A
change of color almost always indicates a chemical change, as when you caramel-
ize sugar, as shown in Figure 2-9. You can feel the heat and see the light given off
as a match burns. You can smell and taste milk that becomes sour. Explosions give
off sound.

Sucrose (Reactant) Carbon + Water (Products)

changes to

Charles D. Winters

... it caramelizes,
turning brown.

When table sugar
(sucrose) is heated . . .

Figure 2-8 A chemical change.
When electricity is passed through
water, the water decomposes into

its elements: oxygen and hydrogen.
This is a chemical change. At the
macroscopic level, the original
substance—liquid water—is
destroyed and new substances—
oxygen gas and hydrogen gas—
are formed. At the particulate

level, water molecules (center) are
destroyed, and oxygen molecules
(left) and hydrogen molecules (right)
are formed. The number and type of
atoms that make up the molecules
remain the same. The number and
type of molecules change.

Figure 2-9 Chemical change. A
change in color is often evidence that
a chemical change has occurred.

Water
vapor

Carbon

Heating to a higher temperature causes further
decomposition (charring) to carbon and water vapor.
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iy:1.) (558 Chemical and Physical Changes and Properties

Chemical Physical
Changes Macroscopic Original substance destroyed. Different form of same substance.
New substance formed. No new substance formed.
Particulate Original molecules destroyed. Molecules unchanged.

New molecules formed.

Properties Types of chemical changes possible. Description by senses such as color,
shape, odor.

Measurable properties such as boiling
point, magnetism.

Table 2-1 summarizes chemical and physical changes and properties.

Learn It NOW! Table 2-1 summarizes the major points in Section 2-3. Be sure that you can
distinguish among chemical and physical changes and properties.

Your Thinking

_ Mental Models

C Compare and contrast Figure 2-7 with Figure 2-8 to help form mental models of
the difference between a physical change and a chemical change. In a physi-
cal change, the molecules remain unchanged; in a chemical change, the original
molecules are destroyed and new molecules form.

|

Thinking About

v Target Check 2-3

Classify the following changes as chemical (C) or physical (P).
a) Baking bread

b) Grinding sugar into powder

c)

What type of change is represented in c.?
d)

\)‘o\)i o ng
‘? Ne - - cuac’

5 & @ ©
2 20,}0

What type of change is represented in d.?
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Chemists engaged in crime analysis are
called forensic chemists. Forensic chem-
ists and detectives have a lot in common.
They both examine physical evidence in
the hope that they can identify some fact,
some object, or some person.

The Federal Bureau of Investigation (the
FBI) has on file the fingerprints of more
than 70 million people in its criminal master
file and 34 million civil prints (Fig. 2-10).
If two sets of fingerprints share 16 charac-
teristics, they are almost certain to come
from the same person. Matching sets of
fingerprints by hand is difficult. Comput-
ers match fingerprint patterns much more
quickly than people can match them. In
July 1999, the FBI’s Integrated Automated
Fingerprint Identification System became
fully operational, dramatically reduc-
ing the time needed to make fingerprint
identifications.

What if there were no fingerprints? What
if the suspect’s fingerprints are not in the
automated identification system? Is there
another way to reach positive identification?

The genetic information in a person’s
DNA (deoxyribonucleic acid) governs
that individual’s physical characteristics
(Fig. 2-11). Because every person’s DNA
is believed to be unique (even identical
twins can have tiny differences in their
DNA because of mutations in the devel-
oping embryos), DNA analysis can, in
theory, provide positive identification.
As a result, DNA profiling—also called

DNA fingerprinting—has rap-
idly moved into courtrooms.
Unfortunately, DNA profiling
cannot prove beyond a doubt
a person’s guilt. Fortunately
for the innocent, however, it
can exonerate those falsely
accused.

A DNA sample from human
tissue is taken at a crime scene
and, for comparative purposes,
from victims and suspects. At a laboratory,
the DNA is extracted from the samples and
purified. The pure DNA is then mixed with
another substance that, through chemical
reactions, fragments the long DNA mol-
ecule into smaller pieces. The fragments
are moved via an electric current through
a gel, causing them to sort by length. The
DNA is then transferred to a nylon sheet,
and radioactive probes are added, which
attach to the DNA fragments. The radioac-
tive emissions from the probe expose x-ray
film, and the film is developed to reveal the
DNA fingerprint.

The FBI has a Combined DNA Index
System program that provides software
and technical assistance to forensic labo-
ratories across the nation. The system
allows all the laboratories to exchange
DNA profiles electronically so that pro-
files on file can be matched to samples
from crime scenes. All states now have
laws in place that require certain catego-
ries of convicted offenders to submit a

Charles D. Winters

Figure 2-10 Fingerprinting is a tool used by forensic scientists.

m:‘: Everyday Chemistry 2-1

THE ULTIMATE PHYSICAL PROPERTY?

Volker Steger/Science Source

Figure 2-11 Solid DNA precipitates from solution.

DNA sample, which is then placed in the
database.

A feature of the Combined DNA Index
System is the National DNA Index System,
which has operated since October 1998.
Over 12 million DNA profiles of convicted
offenders, arrestees, and others are now
in the system.

Could employment as a forensic chem-
ist be a career option for you? The FBI and
the network of forensic laboratories across
the country employ scientists who special-
ize in forensics. An undergraduate degree
in chemistry, biochemistry, molecular biol-
ogy, or physics is usually required, followed
by a master’'s degree in forensic science.
The FBI has a Forensic Science Research
and Training Center that provides courses
to a variety of agents, students, and law
enforcement personnel.

With continued research progress in
DNA profiling, the DNA fingerprint could
replace the standard fingerprint as the
most common forensic identification tech-
nique. Currently, people use many differ-
ent techniques at each step of the iden-
tification process and actively debate the
relative merits of each. If repeatable tech-
niques of DNA analysis become widely
available, we will have taken a long step
toward identifying everyone by the “Ulti-
mate Physical Property.”

Quick Quiz
1. A DNA fingerprint is an x-ray. An x-ray
of what?

2. What are some advantages of using
DNA fingerprints instead of traditional
ink fingerprints?

27
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100°C

Water

Temperature

Time

Figure 2-12 Comparison of

the boiling temperatures of a pure
liquid and a liquid mixture. Pure
water, shown by the red line, has

a constant boiling point. All pure
substances have a constant boiling
point. The saltwater solution, shown
by the blue line, increases in boiling
temperature as the water boils away
from the solution and the solution
becomes more concentrated.

Pure Br,

Pure substance

(a)

Figure 2-13 Pure substances and mixtures at the particulate
level. You cannot distinguish a pure substance from a mixture by
macroscopic-level observation alone. The pure bromine in part
(a) looks similar to the concentrated bromine solution in part

EE pure Substances and Mixtures

Goal 6 Distinguish between a pure substance and a mixture at both the particulate
level and the macroscopic level.
7 Distinguish between homogeneous and heterogeneous matter.

At normal atmospheric pressure, pure water boils at 100°C. As boiling continues, the
temperature remains at 100°C until all of the liquid has been changed to a gas, as
shown by the red line in Figure 2-12. Water from the ocean—salt water—is different.
Not only does it boil at a higher temperature, but also the boiling temperature con-
tinually increases as boiling proceeds, as shown by the blue line in Figure 2-12.
If boiled long enough, the water boils off as a gas and the salt is left behind as a solid.

The properties of pure water and ocean water illustrate the difference between
a pure substance and a mixture. A pure substance* is a single chemical-—one kind
of matter—entirely made up of one type of molecule. It has its own set of physical
and chemical properties, not exactly the same as the properties of any other pure
substance. For example, water is a pure substance that has a boiling point of 100°C,
as shown in Figure 2-12. The identity of a pure substance does not change when it
undergoes a physical change. Liquid water is still water after it boils to steam.

A mixture is a sample of matter that consists of two or more pure substances
that have been mixed together. The properties of a mixture depend on the sub-
stances in it. These properties vary as the relative amounts of the different sub-
stances change. Figure 2-12 shows that the boiling point of a saltwater solution
increases as the concentration of the salt increases. Figure 2-13 illustrates the dif-
ferences between pure substances and mixtures at the particulate level.

A small amount
of Bry in H,0

A greater amount
of Bry in H,0

Pure H,0

Mixture

(b) (c) (d)

Pure substance Mixture

apparent. The pure bromine in part (a) consists of bromine mol-
ecules only. The pure water in part (b) consists of water molecules
only. The mixtures of bromine and water in parts (c) and (d) consist
of mixtures of bromine molecules and water molecules.

(d). On the particulate level, however, the difference is readily

*Technically, a substance is pure by definition. The word is so commonly used for any sample of mat-
ter, however, that we include the adjective pure when referring to a single kind of matter.
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Learn It NOW! Compare the macroscopic-level descriptions of pure substance and mixture
given in the text with the particulate-level illustrations of pure substances and mixtures in Figure 2-13.
Be sure that you understand how these two ways of thinking about pure substances and mixtures
are stating the same thing from different perspectives.

Your Thinking
3 Mental Models

If you can deduce the particulate-level composition of a substance, you can
decide whether it is a pure substance or a mixture. All of the molecules are iden-
tical in a pure substance, and a mixture is a combination of two or more different

T

types of molecules.

When water and alcohol are mixed, they dissolve in each other and form a
solution. A solution has a uniform appearance, and once properly stirred, it has
a uniform composition. If you were to take two samples of a given water—alcohol
mixture from anyplace in a container, they would have exactly the same composi-
tion and properties. This is what is meant by homogeneous: If a mixture has a uni-
form appearance and composition throughout, it is a homogeneous mixture. The
prefix homo means same. Thus, a homogeneous mixture and a solution are the
same thing.

When cooking oil and water are mixed, they quickly separate into two
distinct layers, or phases, forming a heterogeneous mixture. The prefix hetero
means different. The different phases in a heterogeneous sample of matter are
usually visible to the naked eye. Figure 2-14 illustrates homogeneous pure sub-
stances and homogeneous mixtures at both the macroscopic and the particu-
late levels.

A mixture of water and
ethanol is homogeneous

A sample of pure ethanol
is homogeneous

A sample of pure water
is homogeneous

Charles D. Winters

Figure 2-14 Homogeneous pure
substances and homogeneous
mixtures. The terms homogeneous
and heterogeneous only refer to
macroscopic samples of matter. They
refer to the macroscopic appearance
and composition of the substance.
The photographs show pure water,
pure ethanol, and a mixture of water
and ethanol. At the macroscopic
level, all three liquids appear the
same, and if the mixture was thor-
oughly shaken or stirred, it would
have a uniform composition through-
out. All three are homogeneous
samples of matter. At the particulate
level, we can deduce that the pure
substances must be homogeneous,
but the nature of the limited sample
size of the molecular composition

of the mixture gives us no informa-
tion about whether it has a uniform
appearance and composition at the
macroscopic level.
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v Target Check 2-4

Specific gravity is a physical property. Beakers hold three clear, colorless liquids A, B, and C. The
values of the specific gravities of the liquids are measured and then listed in the “Before Freezing”
column. The beakers are placed in a freezer until a solid crust forms across the surface of each.
The crusts are removed, and the liquids are warmed to room temperature. Their specific gravities
are measured again, and then their values are listed in the “After Freezing” column. Which beaker(s)
contain(s) a pure substance, and which contain a mixture? Explain your reasoning.

Before Freezing After Freezing
Liquid A 1.08 1.10
Liquid B 1.00 1.00
Liquid C 1.12 1.15

v Target Check 2-5

Classify the following as homogeneous or heterogeneous:

a) The contents of the beaker on the left in the photograph

b) The contents of the beaker on the right in the photograph

¢) Real lemonade (made by squeezing lemons and adding sugar and water)
d) Beach sand

Charles D. Winters

—— mSeparation of Mixtures
What type of mixture is in each

beaker? Goal 8 Describe how distillation and filtration rely on physical changes and
properties to separate components of mixtures.

If you try to think of a pure substance that occurs by itself in nature, you’ll begin to
appreciate the value of techniques that chemists use to separate mixtures into their
components. Samples of pure substances in nature are rare. You may have initially
thought of air, but it is a mixture of nitrogen, oxygen, and many other gases. Water
in rivers is among the purest form of natural water, but all natural waters contain
significant quantities of dissolved substances. Even rainwater contains dissolved
gases from the air. Soil is, of course, a mixture. Finding a naturally occurring pure
substance is very unusual. Mixtures, on the other hand, abound in nature.

. Most methods for separating mixtures into their components depend on
Figure 2-15 Separatingamixture  qiffering physical properties among those components. Figure 2-15 shows the
of iron and sulfur. Iron and sulfur . . . . . .
form a heterogeneous mixture. The remqvgl of iron from a mixture of iron and sulfur. A physical property of iron is

that it is attracted to a magnet. Sulfur is not attracted to a magnet. Because of this

physical property of magnetism diff i1 phvsical . fth .
allows us o remove iron, leaving ifference in physical properties, we can separate components of the mixture.

sulfur behind.

Repeated stirrings
eventually leave a
bright yellow sample
of sulfur that cannot
be purified further by
this technique.

Charles D. Winters

Iron and sulfur can be The first time the The sulfur still looks
separated by stirring magnet is removed, dirty because a small
with a magnet. much of the iron is quantity of iron remains.

removed with it.
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Another separation technique is distillation, as
illustrated in Figure 2-16. Water has a lower boil-
ing point than the dissolved solids in a solution of
natural water collected from a river, a lake, a reser-
voir, a groundwater source, and so forth. Heating
the natural water solution to its boiling point causes
the water to vaporize, or change to the gaseous
state. The dissolved solids, which have a much higher
boiling point than water, remain in solution. When
the steam reaches the condenser within the distilla-
tion apparatus, which is cooled by an external jacket
of flowing tap water, it decreases in temperature and
changes back to the liquid state. The liquid water is
collected in a receiving flask. The resulting distilled
water is a pure substance.

Distillation relies on a physical change to sepa-
rate one component from the other components of a
mixture. The original natural water is a mixture, more
specifically a homogeneous mixture. The distillate is a
pure substance, liquid water. The distillation process
separates a component of the mixture—the water—
from the other components, dissolved substances,
through a physical change. The water changes from
the liquid state to the gaseous state and then back to
the liquid state. In both states—liquid and gas—water
remains water, so it is a physical change that causes
the separation process.

If we collected natural water with some sediment in the sample, our first
step would be to separate the solid sediment from the liquid solution by filtration
(Fig. 2-17). A porous medium, generally paper or plastic that is perforated with
a large number of tiny holes, is used to separate the components of the mixture.
The pore size in the filtration device must allow one or more components of the
mixture to pass through while blocking other components. For example, filter

Mixture of
solid and liquid

Homogeneous
liquid

1 —~Ring stand

2-5 Separation of Mixtures 31

Thermometer
e

W, Tube carrying
R cooling water out

Condenser (cools
vapor to liquid)

_Distillation
= flask

N

Tube carrying ! i

cooler —

water in Pure
liquid
water

Figure 2-16 Laboratory distillation
apparatus. When a natural water solu-
tion is heated, only the water compo-
nent of the mixture boils off. It is then
cooled, condensed (changed back to
a liquid), and collected as pure distilled
water. Room temperature tap water
flows through the outer jacket of the
condenser to cool the steam within so
that it changes to the liquid state.

Figure 2-17 Gravity filtration.

1. A piece of filter paper is selected
with a pore size appropriate for the
components of the heterogeneous
mixture. The filter paper is con-
structed so that when it is folded
in half and then folded again, it
opens into a conical shape that fits
a filtration funnel. A piece is often

Ring torn from the corner to help seal
the paper to the funnel.

2. The filter paper cone is placed into
a filtration funnel.

3. The funnel is placed in aring on a
ring stand. The mixture is poured
along a stirring rod, and the filter
paper traps the solids as the liquid
solution passes into a beaker.
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Coffee drinkers are familiar with paper allows the liquid from the mixture to pass through and prevents passage
one of the most common applica- of the gravel, sand, and dirt in the sediment.

tions of filtration: separating cof-
fee grounds from a coffee solution
with filter paper.

Filtration is based on the physical properties of the components of a mixture.
The particle sizes of the components of the mixture must be significantly larger
or smaller than the pore size of the filtration medium. The smaller particles pass
through the filter, and the larger particles are left behind.

right of the photo. If you want to separate the mixture, would the distillation apparatus in Figure 2-16

v Target Check 2-6
Table salt from the beaker on the left in the photograph is added to water, forming the solution on the

Table salt and a solution of table
salt dissolved in water.

or the filtration apparatus in Figure 2-17 be the better choice? Explain.

EXd Elements and Compounds

Goal 9 Distinguish between elements and compounds.
10 Distinguish between elemental symbols and the formulas of chemical
compounds.
11 Distinguish between atoms and molecules.
12 State the Law of Definite (or Constant) Composition, and explain its
implication for how compounds and mixtures differ in composition.

'—: &0
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Charles D. Winters

Silver represents one of the two kinds of pure substances. Like all pure substances,
it has its own unique set of physical and chemical properties that are unlike the
properties of any other substance. Among its chemical properties is that silver can-
not be decomposed or separated into other stable pure substances (Fig. 2-18). This
identifies silver as an element.

Water represents the second kind of pure substance. Unlike silver, it can be
decomposed into other pure substances. Go back and look at Figure 2-8, which

Figure 2-18 The element silver. illustrates the decomposition of water. Any pure substance that can be decom-

Silver cannot be decomposed into
other stable pure substances because
all atoms are the same element.
Atoms of one element cannot

be changed to atoms of another

posed by a chemical change into two or more other pure substances is a compound.
Figure 2-19 diagrams how a compound is separated into other pure substances by
a chemical change (e.g., water is separated by electrolysis into hydrogen and oxy-
gen). Figure 2-19 also contrasts a compound with a mixture, which may be sepa-

element under normal conditions. rated (see Section 2-5) into the components of the mixture by a physical change
The particulate-level view suggests (e.g., pure water can be distilled from a natural water solution).

that the silver atoms are arranged in

regularly repeating patterns.

Learn It NOW! Be sure to catch the distinction between separating a compound into other pure
substances by chemical means and separating a mixture into its components by physical means.

COMPOUNDS MIXTURES
(pure) (impure) |

Separation

Separation

by by
chemical physical
means means

ELEMENTS and/| COMPOUNDS ‘COMPOUNDS and/| ELEMENTS

(pure) | or (pure) | (pure) | or (pure) |

Figure 2-19 Separation of a compound versus separation of a mixture. A compound—a pure
substance—may be separated into other pure substances by chemical means, using a chemical
change. A mixture—an impure substance—may be separated into pure substances by physical

means, using a physical change or by use of a physical property.
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Your Thinking

e
- Mental Models

—y =] Imagine the different forms an element can take at the particu-
. late level. It can be a collection of single atoms. It can be made
up of molecules of two atoms, four atoms, eight atoms, or more.
But in any case, all of the atoms in the smallest particle of an
element are the same. Now compare your mental model of an element to your
model of a compound. At least one of the atoms in a molecule or unit of a com-
pound is different from the other atoms.

——

To date, scientists have discovered 98 elements on earth. Copper, silver, gold,
and sulfur are among the few well-known solid elements that sometimes occur
uncombined in nature. At common temperatures and pressures, 11 elements
occur as gases, two (mercury and bromine) occur as liquids, and the remainder
are solids. Most of the human body is made up of compounds made from just
four elements (Fig. 2-20).

To distinguish between an element and a compound, at present, you may
use the number of words in the name of a substance to predict its categoriza-
tion. The name of an element is always a single word, such as oxygen or iron. The
names of many compounds have two words, such as sodium chloride (the main
ingredient in table salt) and calcium carbonate (limestone). A few familiar com-
pounds have one-word names, such as water and ammonia. Figure 2-21 shows

Charles D. Winters

[l Oxygen, 65%
@ Carbon, 18%
[l Hydrogen, 10%
[ Nitrogen, 3%
[ Others, 4%

Figure 2-20 Major elements of the
human body by mass percent. Of the
mass of your body, 96% comes from
atoms of just four elements: oxygen,
carbon, hydrogen, and nitrogen.

Familiar objects that have a significant component that is a pure
or a nearly pure element (approximately clockwise from the
center rear): compact disc, a thin layer of aluminum is applied
to the surface of the plastic disc; U.S. one cent coins, copper
plating on a zinc coin; pencils, the core is a mixture of carbon
(in its graphite form) and clay; nuts and bolts, a steel core that is
largely iron with a zinc coating; fishing sinkers, lead or tungsten;
copper wire, copper; silicon, used in the semiconductors in
computer hardware; bracelets, mostly silver.

Familiar substances that have a significant component that is
a pure or a nearly pure compound (approximately clockwise
from the center rear): photographic fixer, a solution of sodium

Charles D. Winters

Figure 2-21 Common elements and compounds.

thiosulfate; Rolaids brand antacid, largely calcium carbonate and
magnesium hydroxide; baking soda, sodium hydrogen carbon-
ate; milk of magnesia tablets, magnesium hydroxide; blackboard
chalk sticks, calcium sulfate dihydrate; water; solid ant killer, boric
acid; lye, sodium hydroxide.
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© P/Review The periodic table is
a remarkable source of information
that you will use throughout your
study of chemistry. Your first use

of it will be as an aid to learning the
names and symbols of the elements
in Section 5-7.

Thinking About

some well-known elements and compounds in the left column and explains the
pattern in their names in the right column.

Chemists represent each element in print or writing with an elemental symbol.
The first letter of the name of the element, written as a capital, is often its symbol.
If more than one element begins with the same letter, a second letter, written in
lowercase, is added. Thus, H is the symbol for hydrogen and He is the symbol
for helium; O is the symbol for oxygen and Os is the symbol for osmium; C is the
symbol for carbon and Cl is the symbol for chlorine. The symbols of most elements
correspond to their English names, but the symbols of some elements are derived
from their Latin names, such as Na for sodium (from natrium) and Fe for iron
(from ferrum).

On one side of the tear-out reference page is a Table of Elements that lists
the symbols of all the elements and their names, in addition to other information
about them. The symbols of the elements also appear on the periodic table of the
elements < @ .

In the next few paragraphs, we describe the particulate character of several
pure substances. These are illustrated in Figure 2-22, which also includes, when-
ever possible, photographs of macroscopic samples of the substances. We suggest
that you refer to Figure 2-22 as you read. It will help you visualize the particulate
nature of the substances we name.

Your Thinking
Mental Models

Figure 2-22 includes particulate-level illustrations to help you form mental

| H models of atoms, molecules, and crystalline solids.

The symbolic representation of a molecule or formula unit of a pure substance
is its chemical formula. A formula is a combination of the symbols of the elements
in the substance with subscript numbers to show the number of atoms of each ele-
ment in a molecule or formula unit.

The formula of most elements is the same as the symbol of the element. This
indicates that the stable, particulate-level composition of the element is single
atoms. Helium (He), sodium (Na), and barium (Ba) are examples. Other elements
that exist in nature have stable, distinct, and independent molecules that consist
of two or more atoms chemically bonded to one another.* Hydrogen, oxygen, and
chlorine are three such elements. Their elemental symbols are H, O, and Cl, respec-
tively, but their chemical formulas are H,, O,, and Cl,. The subscript “2” indicates
in each case that a molecule of the element has two atoms. Figure 2-22 shows all of
these elements.

The formulas of multi-element molecules also use elemental symbols and
subscript numbers to show the number of atoms of each element in a molecule.
Hydrogen and chlorine, for example, form a compound whose molecules consist
of one atom of each element, a ratio of 1:1. Its chemical formula is therefore HCI.
A molecule of water contains two atoms of hydrogen and one atom of oxygen, a
ratio of two hydrogens to one oxygen. Its formula is therefore H,O. Notice that if
there is only one atom of an element in a molecule, the subscript for that element is
omitted. Figure 2-22 shows both of these compounds.

Another type of pure substance exists as an orderly, repeating pattern of two
or more elements rather than as independent molecules. The chemical formula

*A molecule is the smallest individual particle in a pure substance that retains the identity of that sub-
stance. Therefore, the term molecule is not restricted to molecules of two or more atoms. It also refers
to elemental particles that are stable as individual atoms. In this sense, helium atoms are monatomic
molecules. Mono is a prefix that means one.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



2-6 Elements and Compounds

Natural Form
Symbol or at Room Particulate lllustration Macroscopic
Substance Formula | Temperature (not to scale) Photograph
Helium He Atom/Gas A colorless gas
Atom/
Sodium Na Crystalline
solid X
Atom/ 2
Barium Ba Crystalline
solid |
st '(m?
Two-atom ‘Y
H
Hydrogen 2 Molecule/Gas Q A colorless gas
Two-atom
Oxyaen % Molecule/Gas o R
o
?Tﬂ'
£
. Two-atom
Cl
i z Molecule/Gas o
Hydrogen HCl Two-atom p
chloride Molecule/Gas :
Three-atom
Water H,0 Molecule/
Liquid
-
Sodium Crystalline
chloride NaCl 1 solid
Barium Crystalline
BaCl
chloride &2 solid

Charles D. Winters

Charles D. Winters

Charles Steele

George Semple Charles D. Winters

Charles D. Winters

35

Figure 2-22 Particulate and
macroscopic views of elements

and compounds discussed in
Section 2-6. Some elements, such
as helium, sodium, and barium, occur
in nature as one-atom molecules.
Other elements, such as hydrogen,
oxygen, and chlorine, occur in nature
as multiatom molecules. Hydrogen
chloride, water, sodium chloride, and
barium chloride are compounds—
substances that consist of two or
more elements. The term crystalline
refers to solids with particles that
are arranged in a regularly repeating
pattern.
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expresses the simplest ratio of particles in the solid. Atoms of sodium and chlorine
combine in a 1:1 ratio to form sodium chloride, commonly known as additive-free
table salt. This 1:1 ratio is expressed in the formula NaCl. Barium atoms and
chlorine atoms combine in a 1:2 ratio to form barium chloride. Its formula is BaCl,.

The precise ratio of atoms of different elements in a compound is responsible
for the Law of Definite Composition, also called the Law of Constant Composition:
Any compound is always made up of elements in the same proportion by mass
(weight). This mass proportion is a direct consequence of the atom proportion in
a molecule of the compound. For example, a water molecule is made up of two
atoms of hydrogen and one atom of oxygen. It is not possible to have a fraction of
an atom. Water molecules have exactly a 2-to-1 hydrogen-to-oxygen atom ratio,
never a 2.1-to-1 or 2-to-1.05 atom ratio, and so forth. Since the atom ratio is fixed,
and since atoms have a characteristic average weight, the weight ratio of elements
in a compound must also be fixed.

A compound has a definite composition. Contrast this fact with the compo-
sition of a mixture, which depends on the relative quantities of the components
that make up a mixture. For example, a water—alcohol mixture can be 10% water
and 90% alcohol, 20% water and 80% alcohol, and an infinite number of other
proportions. Thus, a characteristic that distinguishes compounds from mixtures
is that a compound has definite composition whereas a mixture has variable
composition.

The properties of compounds are always different and completely indepen-
dent from the properties of the elements of which they are formed. Sodium is a
shiny metal that reacts vigorously when exposed to air or water (see its photo-
graph in Fig. 2-22); chlorine is a yellow-green gas that was the first poison gas
used in World War I (also shown in Fig. 2-22). Yet the compound formed from
these two elements, sodium chloride (commonly known as table salt; also shown
in Fig. 2-22), is safe to eat and even essential in the diets of many animals, includ-
ing humans.

Figure 2-23 summarizes the classification system for matter.

MATTER
—J

GAS LIQUID SOLID
Variable shape and Constant volume with Constant volume
volume that fills shape of bottom of and shape; particles
container; random container; random vibrate in place.
particle movement. particle movement

within fixed volume. I |
PURE MIXTURE
One substance only. Two or more substances.
Definite composition. Variable composition.
Definite properties. Properties depend on
composition.

ELEMENT COMPOUND HOMOGENEOUS HETEROGENEOUS
Cannot be separated Can be separated Uniform appearance, Appearance, composi-
chemically into chemically into composition, and tion, and properties
simpler substances. simpler substances. properties throughout. variable in different

parts of sample.

Figure 2-23 Summary of the classification system for matter.
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2-7 The Electrical Character of Matter

Learn It NOW! Figure 2-23 is designed to help you organize your knowledge of topics
related to matter into a cohesive whole. The states of matter—gases, liquids, and solids—were
introduced in Section 2-2. Pure substances and mixtures and homogeneous and hetero-
geneous matter were introduced in Section 2-4. Elements and compounds are introduced here in
Section 2-6. You now need to consider the relationships among all of these concepts. If you can
name a few examples that fit into each box in Figure 2-23 you are well on your way to organizing
your knowledge into a connected system, and the development of these systems of concepts is
an essential component of learning.

v Target Check 2-7

Which of the following are compounds, and which are elements?

a) Na,S €) - f)
0 o N &
c) Potassium hydroxide /a "
d) Fluorine .
Compound or element? Compound or element?

v Target Check 2-8

Is a compound a pure substance or a mixture? On what differences between pure substances and
mixtures is your answer based?

BEA The Electrical Character of Matter

Goal 13 Match electrostatic forces of attraction and repulsion with combinations of

positive and negative charges. The four fundamental forces in
the universe are gravity, the

electromagnetic force, the strong
. I . 5 S force, and the weak force. The
ity, a familiar invisible attractive force between the object and the earth. Gravity is one strong and weak forces operate

If you release an object held above the floor, it falls to the floor. This is the result of grav-

of four fundamental forces that govern the operation of the universe. Forces are sensed within atoms.
as pushes or pulls on an object. Another less familiar force is the electromagnetic

force . Electricity and magnetism are each a part of the electromagnetic force. A~ Flgure 2-24 Electrostatic
attraction and repulsion. Pith is a

spongy tissue extracted from plants.
It is lightweight, and it transfers
electrical charge very readily.

physical property of matter is electric charge, which we will now consider more closely.
Figure 2-24 illustrates an experiment that demonstrates the nature of elec-
tric charge. If a glass rod is rubbed with a silk cloth, the rod gains a positive

When a silk cloth is When the positively Each pith ball has When fur is rubbed on The rod has a
rubbed on a glass rod, charged rod touches a positive charge. a rubber rod, electrons negative charge and
electrons are two pith balls, it This shows are transferred from the pith balls have
transferred from the removes some evidence that like the fur to the rod, positive charge. This
rod to the cloth, electrons from the pith charges repel leaving the rod shows evidence that
leaving the rod balls, leaving them with each other. negatively charged. opposite charges
positively charged. positive charges. attract each other.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the éBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

37

© Richard Megna/Fundamental Photographs, NYC



38 Chapter 2 Matter and Energy

© P/Review The quantity of
energy transferred in a chemical
change is considered in Sections
10-7 through 10-9.

charge. If a pith ball (a small spongy ball made of plant fiber) is touched with a
positively charged rod, the pith ball itself becomes positively charged. When two
pith balls that are positively charged are suspended close to one another, they
repel each other.

A hard rubber rod that is rubbed with fur acquires a negative charge. The ebo-
nite rod shown in Figure 2-24 is made from a very hard rubber used to make bowl-
ing balls. The positively charged pith balls are attracted to the negatively charged
rubber rod.

These charges are like those you develop if you scrape your feet across a rug
on a dry day. You can discharge yourself by touching another person, and each of
you receives a mild shock in the process. In each of these situations—you rubbing
your feet on a rug and a pith ball being touched with a positively charged glass
rod—the object acquires an electrical charge that does not move over a distance. It
is a static, or unmoving, charge. The electrical force is known as static electricity.
The force is also called an electrostatic force.

These experiments and numerous other similar experiments illustrate the
nature of electric charge:

a summary of... The Electrical Character of Matter

1. Electric charge is a physical property of matter.

2. There are only two types of electric charge: positive and negative.

3. Two objects having the same charge—either both positive or both negative—exert a repulsive
force on one another. Like charges repel.

4. Two objects having unlike charges—one positive and one negative—exert an attractive force
on one another. Unlike charges attract.

Electrical forces show that matter has electrical properties. These forces are
responsible for the energy absorbed or released in chemical changes, which will be
discussed further in the next section < @.

v Target Check 2-9

Identify the net electrical force—attraction, repulsion, or none—between the following pairs:

a) Two positively charged table tennis balls.

b) A negatively charged piece of dust and a positively charged dust particle.

c) A positively charged sodium ion and a positively charged potassium ion (ions are charged
particles similar to atoms).

EX:] Characteristics of a Chemical Change

Chemical Equations

Goal 14 Distinguish between reactants and products in a chemical equation.

In Section 2-3, we said that a chemical change occurs when a substance is destroyed
and a new substance forms. Chemists describe such a change in a convenient, com-
pact form by writing a chemical equation. The formulas of the original substances,
called reactants, are written to the left of an arrow that points to the formulas of the
new substances formed, called products. The chemical equation for the reaction of the
element carbon with the element oxygen to form the compound carbon dioxide is

C+02—)C02

Notice how the chemical equation is a symbolic representation of the chemical
change: The reactants carbon (C) and oxygen (O,) no longer exist after the chem-
ical change occurs, as symbolized by the arrow, and the product carbon dioxide
(CO,) forms.
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2-8 Characteristics of a Chemical Change 39

The decomposition of water, as illustrated in Figure 2-8, is a chemical change
that we can use as another example to illustrate how a chemical equation is writ-
ten. The original compound, water (H,0), the reactant, decomposes into the ele-
ments hydrogen (H,) and oxygen (0O,), the products. The equation is

2H,0 »2H, + O,

As noted in Figure 2-8’s caption, atoms are neither created nor destroyed in a
chemical change. To represent this in a chemical equation, coefficients may be used
to achieve atom balance in the equation. The “2” before the formula of water and
the “2” before the formula of hydrogen are the coefficients needed to achieve atom
balance, 4 total hydrogen atoms before and after the change and 2 total oxygen
atoms before and after the change. We will discuss coefficients and the balancing
of chemical equations in more detail in Chapter 8.

Energy in Chemical Change

Goal 15 Distinguish between exothermic and endothermic changes.
16 Distinguish between kinetic energy and potential energy.

If you ignite a butane lighter and move your finger close to the flame, you will
quickly sense the heat energy being transferred to your finger. Energy is defined as
the ability to do work or transfer heat. In this case, energy in the form of heat is
transferred from the chemical system—the burning reaction—to your finger (and
the surrounding atmosphere). A chemical change that transfers energy to its sur-
roundings is called an exothermic reaction.

Sometimes energy terms are included in chemical equations. Burning reac-
tions combine the fuel with oxygen (O,) from the air, producing invisible carbon
dioxide (CO,) and water (H,O) gases. In the case of an ignited butane (C,H,)
lighter, we have

2 C4H10 + 13 02 i 8 C02 + 10 Hzo + cenergy

In an exothermic reaction, the energy term appears as a product; heat energy is
released from the system.

The reason that you sense the heat transferred from a burning reaction is that
the molecules in your finger move faster due to the energy gained. Kinetic energy is
the energy due to the motion of an object. Thus, what your brain interprets as /ot!
is the increased motion of the molecules near and within the nerves in your finger.

Although most chemical reactions result in the transfer of energy to the sur-
roundings, some chemical changes result in the transfer of energy from the sur-
roundings to the chemical system. An endothermic reaction is a chemical change
that removes energy from the surroundings. The photosynthesis reaction by which
plants convert light energy to chemical energy is perhaps the most important
endothermic reaction that occurs on earth:

6 C02 + 6 H20 + cnergy — C6H1206 +6 02

The products of photosynthesis are a sugar found in plants, C(H;,O,, and oxygen.
Notice how it is essentially the opposite of a burning reaction.

The energy in plant sugar is stored as a form of potential energy )»: the energy
due to the arrangement of the charged particles in a system.* Each atom in a
molecule is made up of miniscule particles even smaller than the atom. Some of
these particles are charged, with both positive charge and negative charge. We will
formally introduce these particles in Chapter 5. When like-charged particles are

*Another form of potential energy is gravitational potential energy: the energy of an object due to its posi-
tion in a gravitational field. This form of energy is primarily affected by the very large mass of the earth.
For chemical change, the tiny particles exert a trivial gravitational force on one another, and thus the only
important form of potential energy for chemical change is the interaction among charged particles.

Although the coefficients in this
reaction appear complicated, you
will learn in Chapter 8 that it is a
relatively straightforward process
to balance this equation!

You rely on the potential energy in
a sugar molecule to sustain your
life when you metabolize it and
use the energy transferred from
the reaction of the sugar molecule
to power bodily functions.
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40 Chapter 2 Matter and Energy

Figure 2-25 Albert Einstein
(1879-1955) is possibly the most
well-recognized scientist in history.
He was awarded the 1921 Nobel
Prize in Physics for his contributions
to theoretical physics and his expla-
nation of the photoelectric effect.

moved closer to one another within a molecule or when unlike-charged particles
are moved apart, the potential energy of the molecule is increased.

Chemical systems tend to change in a way that reduces their total energy.
For example, a fuel will burn on its own, transferring energy to the surroundings,
after the burning reaction is initiated with a spark. The chemical energy within
molecules comes largely from the arrangement of minuscule charged particles
within the molecules. Reduction of the energy in a chemical system to the smallest
amount possible is one of the driving forces that causes chemical changes to occur.
You will see this mentioned again from time to time in this textbook.

v Target Check 2-10

a) s the process of boiling water exothermic or endothermic with respect to the water?

b) A charged object is moved closer to another object that has the same charge. The energy of the
system changes. Is it a change in kinetic energy or potential energy? Is the energy change an
increase or a decrease?

Learn It NOW! There are three pairs of terms in Section 2-8 that represent concepts that
you need to understand: reactant and product; exothermic and endothermic; and kinetic and
potential energy. Be sure that you understand each individual term as well as how it is related to
the term it is paired with.

PX] Conservation Laws and Chemical Change

The Law of Conservation of Mass and Energy

In 1905, Albert Einstein (Fig. 2-25) published a paper in a scientific journal (see the
discussion about communication in science in Section 1-2) that proposed that a
fundamental principle of nature is the sameness between energy and mass. This
mass-energy equivalence may be expressed as the equation

E = mc®

where E is energy, m is mass,* and c is the speed of light. The relationship shown in
the equation tells us that mass and energy are the same thing that can be expressed
as the same quantity. A pattern in nature is that
the total quantity of mass and energy in the uni-
verse is fixed and does not change. This is the
Law of Conservation of Mass and Energy.

The Law of Conservation
of Mass

Goal 17 State the meaning of, or draw
conclusions based on, the Law of
Conservation of Mass.

As discussed in Chapter 1, early chemists who
studied burning wood hypothesized that
because the ash remaining was so much lighter
than the object burned, something called phlo-
giston was lost in the reaction. Lavoisier pro-
posed an alternate hypothesis: Burning is a

Mary Evans Picture Library/Alamy

*Mass is quantity of matter. It is closely related to the more familiar term weight. Section 3-5 explains
the difference between mass and weight.
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2-9 Conservation Laws and Chemical Change 41

chemical reaction between the burning object and oxygen in the air. His experi-
ments demonstrated that oxygen in the air, which could not be seen, was a reactant,
and that carbon dioxide and water vapor, also invisible, were products. Lavoisier
showed that

Mass of (wood + oxygen) = Mass of (ash + carbon dioxide + water vapor)
More generally, we can state that, for any chemical change,
Total mass of reactants = Total mass of products

This equation is the Law of Conservation of Mass: The total mass of the reactants
in a chemical change is equal to the total mass of the products @ ».

Given the equivalence between mass and energy, the Law of Conservation of
Mass and Energy and the Law of Conservation of Mass are statements of the same
principle.

The Law of Conservation of Energy

Goal 18 state the meaning of, or draw conclusions based on, the Law of Conservation
of Energy.

Energy changes take place all around us—and within us—all the time. Driving
an automobile starts with the chemical energy of a battery and fuel. This
changes into kinetic, potential, sound, and heat energy as the car moves up and
down hills and into light energy when the brake lights go on. The cell phone
alarm clock that works silently next to your bed converts electrical energy to
chemical energy in the battery and then to light energy and sound energy when
the night is past. Even as you sleep, your body is processing the food you ate
into heat energy that maintains your body temperature. Figure 2-26 shows
other energy conversions.

Careful study of energy conversions shows that the energy lost or used in one
form is always exactly equal to the energy gained in another form. This leads to
another conservation law, the Law of Conservation of Energy: The quantity of
energy within an isolated system does not change. Even when a chemical change
occurs within that system, the energy of the system is conserved. It is neither cre-
ated nor destroyed.

Again, given the equivalence between mass and energy, the Law of Conserva-
tion of Mass and Energy, the Law of Conservation of Mass, and the Law of Con-
servation of Energy are statements of the same principle.

Boiler ' =
AAAAAAAAA
Natural Turbine Generator
gas

@) P/Review Lavoisier’s experi-
ments, the disproving of the phlo-
giston theory, and the proposal of
the Law of Conservation of Mass are
described more fully in Section 1-1.

Figure 2-26 Energy conversions.
Common events in which energy
changes from one form to another.

1. Chemical energy of fuel changes to
heat energy.

2. Heat energy changes to higher
kinetic and potential energy of
steam compared to liquid water.

3. Kinetic energy changes to rotating
mechanical energy in a turbine.

4. Mechanical energy is transmitted
to a generator, where it changes
to electrical energy.

5. Electrical energy changes to heat
and light energy.

6. Electrical energy is changed to light,
sound, and heat energy.

7. Electrical energy changes to
heat energy.
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42 Chapter 2 Matter and Energy

Learn It NOW! The term conserve is used in the sciences in a very specific, unique way. Be
sure that you understand the concept of conservation as it is applied in the sciences.

v Target Check 2-11

IN REVIEW

In everyday language, the term conserve usually refers to protecting something. (It is important to
conserve natural resources.) What does the term conserve mean in scientific language?

See the Chapter Summaries section following Chapter 22 for a summary list of the chapter goals and a summary of the key concepts associated with
each goal. Answers to Target Checks, Practice Exercises, Concept-Linking Exercises, Blue-Numbered Questions, Exercises, and Problems appear
at the end of the chapter. Your instructor will have the answers to Everyday Chemistry Quick Quiz questions and Black-Numbered Questions,

Exercises, and Problems.

Key Terms

Most of the key terms and concepts and many others appear in the Glossary. Use your Glossary regularly.

Amorphous p. 22
Ball-and-stick model p. 19
Chemical change p. 24
Chemical equation p. 38
Chemical formula p. 34
Chemical properties p. 25
Chemical reaction p. 25
Chemical symbol p. 20
Compound p. 32
Crystalline solid p. 22
Distillation p. 31

Distilled water p. 31
Electric charge p. 37
Electrostatic force p. 38
Element p. 32

Elemental symbol p. 34
Endothermic reaction p. 39
Energy p. 39

Equation p. 39

Exothermic reaction p. 39

Filtration p. 31

Gas p. 20

Heterogeneous mixture p. 29

Homogeneous mixture p. 29

Kinetic energy p. 39

Kinetic molecular theory p. 20

Law of Conservation of Energy p. 41

Law of Conservation of Mass p. 41

Law of Conservation of Mass and
Energy p. 40

Law of Constant Composition p. 36

Law of Definite Composition p. 36

Liquid p. 21

Macroscopic p. 18

Mass-energy equivalence p. 40

Matter p. 18

Frequently Asked Questions

Microscopic p. 18
Mixture p. 28

Model p. 18

Molecule p. 20
Particulate p. 18
Periodic table of the elements p. 34
Phases p. 29

Physical change p. 23
Physical properties p. 23
Potential energy p. 39
Products p. 38

Pure substance p. 28
Reactants p. 38

Solid p. 21

Solution p. 29
Space-filling model p. 19
States of matter p. 20
Static electricity p. 38

Q: How can I determine if a change is chemical or physical?

A: If the description of the change is at the macroscopic

level, consider whether or not the identity of the substance is
destroyed. The change is chemical if the original substance is
destroyed and a new substance is formed. The change is phys-
ical if the substance is the same but in a different form. If the
description of the change is at the particulate level, the change
is chemical if the molecules are changed, and the change is
physical if the molecules remain the same.

Q: I don’t understand why a compound isn’'t a mixture.

A: Think of an example when you think about the terms pure
substance and mixture and element and compound. Let’s use

water to help clarify these terms. Water is a pure substance
because it is one kind of matter, simply water. Water is also a
compound because its molecules are made up of two different
types of atoms. Even though a water molecule is composed
of two hydrogen atoms attached to an oxygen atom, once the
atoms become attached to one another, the molecule behaves
as the smallest individual particle of a substance. When water
is subjected to an electric current, the input of energy will
cause the water molecules to decompose, forming hydrogen
molecules and oxygen molecules. Neither the hydrogen mol-
ecules nor the oxygen molecules will undergo decomposition,
so each substance is an element. A container holding both
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hydrogen gas and oxygen gas holds a mixture: a combina-
tion of two or more pure substances that can have variable

Concept-Linking Exercises

Write a brief description of the relationships among each of the follow-
ing groups of terms or phrases. Answers to the Concept-Linking Exer-
cises are given at the end of the chapter.

Example: Natural sciences, physical sciences, biological sciences,
chemistry, physics, botany, zoology.

Solution: The natural sciences can be divided into two general
categories: physical sciences (the study of matter and energy) and
biological sciences (the study of living organisms). Botany and
zoology are biological sciences. Physics and chemistry are physi-
cal sciences, although chemistry overlaps the biological sciences
in the fields of biochemistry, biological chemistry, and chemical
biology.

Small-Group Discussion Questions

Small-Group Discussion Questions are for group work, either in class
or under the guidance of a leader during a discussion section.

1. A model often is simpler than the natural phenomenon
that it represents. How is this an advantage for thinking
about matter? How is it a disadvantage?

2. Viscosity is defined as the resistance of a substance to
flow. Explain why each state of matter either does or
does not have the property of viscosity. How do you sup-
pose viscosity occurs at the particulate level?

3. Describe as many chemical and physical changes and
properties as possible that are given in, or that you can
deduce from, the following: At the end of a day of hik-
ing in the mountains, you set up camp. You gather dry
sticks and logs to build a fire, and you light the fire with
a match. After roasting marshmallows over the fire, you
douse it with cold water from a nearby stream, causing a
cloud of steam to form as the fire goes out.

4. If you were to go on a hunt around campus for pure sub-
stances, what would you find? List at least as many pure
substances as there are members of your group, and for
each substance listed, explain why it is pure.

Questions, Exercises, and Problems

Interactive versions of these problems may be assigned by your instructor.
Solutions for blue-numbered questions are at the end of the chapter.
Questions other than those in the General Questions and More Challeng-
ing Problems sections are paired in consecutive odd-even number com-
binations; the odd-numbered questions are blue, and the even-numbered
questions are black in these pairs.

Section 2-1: Representations of Matter:
Models and Symbols

1. Identify the following samples of matter as macro-
scopic, microscopic, or particulate: (a) a human skin
cell; (b) a sugar molecule; (c) a blade of grass; (d) a
helium atom; (e) a single-celled plant too small to see
with the unaided eye.

Questions, Exercises, and Problems 43

composition. A glass filled with water is not holding a mix-
ture because it contains a single pure substance: water.

1. Matter, state of matter, kinetic molecular theory, gas,
liquid, solid

2. Homogeneous, heterogeneous, pure substance, mixture
3. Element, compound, atom, molecule

4. Physical property, physical change, chemical property,
chemical change

5. Conservation of mass, conservation of energy, conserva-
tion of mass and energy

6. Energy, kinetic energy, potential energy, endothermic
change, exothermic change

5. Consider the distillation apparatus in Figure 2-16.
Explain how you can use the change illustrated as evi-
dence to deduce the composition of the gas that forms in
the distillation flask.

6. If you were to go on a hunt around campus for elements,
what would you find? List at least as many elements as
there are members of your group, and for each element
listed, explain why it is an element. How many elements
on your list are pure substances? Explain.

7. Compare and contrast the electrical character of matter
with the magnetic character of bar magnets. How are
they the same? How are they different?

8. Can you have a chemical change without an accompany-
ing physical change? Explain, defining both chemical
change and physical change. Give an example and a coun-
terexample, if possible, to support your explanation.

9. If matter is indeed conserved, how can you explain the
fact that a glass of water left alone on a kitchen counter
will eventually empty? The outside of a glass of cold
water typically becomes wet. What substance wets the
glass, and where does it come from?

2. Classify each of the following as macroscopic, micro-
scopic, or particulate: (a) a cell membrane; (b) a silver
atom; (c) iron filings.

3. Suggest a reason for studying matter at the particulate
level, given that it is too small to see.

4. How does a chemist think about particles that are so
small that they are impossible to see with the naked eye
or with even the most powerful optical microscope?

Section 2-2: States of Matter

5. Using spheres to represent individual atoms, sketch par-
ticulate illustrations of a substance as it is heated from
the solid to the liquid and to the gaseous state.
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43a Chapter 2 Matter and Energy

6. Describe a piece of ice at the particulate level. Then

describe what happens to the ice as it is heated until it 0
melts and eventually boils. o

7. The word pour is commonly used in reference to liquids s 0
but not to solids or gases. Can you pour a solid or a gas? o 0 o

Why or why not? If either answer is yes, can you give an
example? Q oo

8. The slogan “When it rains, it pours” has been associated a
with a brand of table salt for decades. How can salt, a o
solid, be poured? What unique feature—unique at one 0 o 0
time, but not today—do you suppose was being empha-
sized by the slogan? In other words, under what circum-
stances would one brand of salt “pour” whereas another

brand would not, and why? Section 2-4: Pure Substances and Mixtures
9. Which of the three states of matter is most easily com- 17. Diamonds and graphite are two forms of carbon. Carbon
pressed? Suggest a reason for this. is an element. Chunks of graphite are sprinkled among

the diamonds on a jeweler’s display tray. Is the material
on the tray a pure substance or a mixture? Is the display
homogeneous or heterogeneous? Justify both answers.

10. Compare the volumes occupied by the same sample of
matter when in the solid, liquid, and gaseous states.

18. Aspirin is a pure substance. If you had the choice of buy-
ing a widely advertised brand of aspirin whose effective-

Section 2-3: Physical and Chemical Properties ness is well known or the generic product of a new manu-

and Changes facturer at half the price, which would you buy? Explain.

11. Classify each of the following properties as chemical or 19. The substance in the glass below is from a kitchen tap. Is
physical: (a) hardness of a diamond; (b) combustibility of it a pure substance or a mixture? What if it came from a
gasoline; (c) corrosive character of an acid; (d) elasticity bottle of distilled water?

of a rubber band; (e) taste of chocolate.

12. Classify the italicized property as chemical or physi-
cal: (a) a shiny piece of iron metal gets rusty when left
outside; (b) the purple crystalline solid potassium per-
manganate forms a purple solution when dissolved in
water; (c) the shiny metal mercury is a liquid at room
temperature.

13. Which among the following are physical changes?
(a) blowing glass; (b) fermenting grapes; (c) forming a
snowflake; (d) evaporating dry ice; (¢) decomposing a
substance by heating it.

14. Classify each of the following changes as chemical
or physical: (a) grilling a steak; (b) souring of milk;
(c) removing nail polish.

Charles D. Winters

20. Are the contents of the bottle in the picture below a pure

15. Is the change illustrated below a physical change or a substance or a mixture?

chemical change? Explain your answer.

16. Is the change in the illustration below a physical change
or a chemical change? Explain your answer.

Charles D. Winters
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21. Which of the following particulate illustrations represent
pure substances and which represent mixtures?
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22. Which of the following particulate illustrations represent
pure substances and which represent mixtures?
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23. Which of the following are pure substances and which
are mixtures: (a) table salt; (b) tap water; (c) clean, dry
air; (d) steam.

24. Which of the substances below are pure and which
are mixtures? Which could be either? Explain your
answers.

Questions, Exercises, and Problems 43b

Charles D. Winters

(a) (b) (c)

25. Apart from food, list five things in your home that are
homogeneous.

26. Can the terms homogeneous and heterogeneous be applied
to pure substances as well as to mixtures? Explain.

27. Which items in the following list are heterogeneous?
(a) sterling silver; (b) freshly opened root beer; (c) popcorn;
(d) scrambled eggs; (¢) motor oil.

28. Classify each of the following mixtures as either homo-
geneous or heterogeneous: (a) apple juice; (b) concrete;
(c) gin.

29. Some ice cubes are homogeneous and some are hetero-
geneous. Into which group do ice cubes from your
home refrigerator fall? If homogeneous ice cubes are
floating on water in a glass, are the contents of the
glass homogeneous or heterogeneous? Justify both
answers.

30. The freshly polished brass cylinder in the picture below
is a mixture of copper and zinc. Is the cylinder a homoge-
neous or heterogeneous substance?

Charles D. Winters

31. Draw a particulate-level sketch of a heterogeneous pure
substance.

32. Draw a particulate-level sketch of a homogeneous
mixture.

Section 2-5: Separation of Mixtures

33. Suppose someone emptied ball bearings into a container
of salt. Could you separate the ball bearings from the
salt? How? Would your method involve no change, be a
physical change, or be a chemical change?

34. Suggest at least two ways to separate ball bearings from
table tennis balls. On what property is each method
based?

35. A liquid that may be either pure or a mixture is placed
in a distillation apparatus (see Fig. 2-16). The liquid is
allowed to boil, and some condenses in the receiving
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43c Chapter 2 Matter and Energy

flask. The remaining liquid is then removed and frozen,
and the freezing point is found to be lower than the freez-
ing point of the original liquid. Is the original liquid pure
or a mixture? Explain.

36. You receive a mixture of table salt and sand and have to
separate the mixture into pure substances. Explain how
you would carry out this task. Is your method based on
physical or chemical properties? Explain.

Section 2-6: Elements and Compounds

37. Classify the following as compounds or elements: (a) sil-
ver bromide (used in photography); (b) calcium carbon-
ate (limestone); (¢) sodium hydroxide (lye); (d) uranium;
(e) tin; (f) titanium.

38. Classify each of the following pure substances as either

an element or a compound: (a) silicon dioxide; (b) tung-
sten; (c) silver.

39. Which of the following are elements, and which are com-
pounds? (a) NaOH; (b) BaCl,; (c) He; (d) Ag; (e) Fe,O;.

40. Classify each of the following pure substances as either
an element or a compound: (a) C; (b) C,H;OH; (c) Cl,.

41. Classify each substance in the illustrations below as an
element or a compound.

(e)

42. Does each of the particulate-level models below depict an
element or a compound?
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43. (a) Which of the following substances would you
expect to be elements and which would you expect
to be compounds? (1) calcium carbonate; (2) arsenic;
(3) uranium; (4) potassium chloride; (5) chloromethane.
(b) On what general rule do you base your answers to
part (a)? Can you name any exceptions to this general
rule?

44. (a) Which of the following substances would you expect
to be elements and which would you expect to be com-
pounds? (1) aluminum sulfate; (2) osmium; (3) radon;
(4) lithium carbonate; (5) dimethylhydrazine. (b) On
what general rule do you base your answers to part (a)?
Can you name any exceptions to this general rule for
compounds?

45. Metal A dissolves in nitric acid solution. You can recover
the original metal if you place Metal B in the solution.
Metal A becomes heavier after prolonged exposure to
air. The procedure is faster if the metal is heated. From
the evidence given, can you tell if Metal A definitely
is or could be an element or a compound? If you can-
not, what other information do you need to make that
classification?

46. A white, crystalline material that looks like table salt
gives off a gas when heated under certain conditions.
There is no change in the appearance of the solid that
remains, but it does not taste the same as it did originally.
Was the beginning material an element or a compound?
Explain your answer.

Questions 47 and 48: Samples of matter may be classified in several
ways, including gas, liquid, or solid (G, L, S); pure substance or
mixture (P, M); homogeneous or heterogeneous (Hom, Het); and,
for pure substances, element or compound (E, C). For each substance
in the left column of the tables shown, place in the other columns the
symbol from the top of the column that best describes the substance
in its most common state at room temperature and pressure. Assume
that the material is clean and uncontaminated. (The first box is filled
in as an example.)
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47.

48.

G, L,S P, M Hom, Het E,C

Factory All, but
smokestack mostly
emissions G

Concrete (in a
sidewalk)

Helium

Hummingbird
feeder solution

Table salt

G, LS P,M Hom, Het ENE

Limestone
(calcium
carbonate)

Lead

Freshly
squeezed
orange juice

Oxygen

Butter in the
refrigerator

Section 2-7: The Electrical Character of Matter

49.

50.

What is the main difference between electrostatic forces
and gravitational forces? Which is more similar to the
magnetic force? Can two or all three of these forces be
exerted between two objects at the same time?

Identify the net electrostatic force (attraction, repulsion,
or none) between the following pairs of substances: (a)

a small, negatively charged piece of paper and a small,
positively charged piece of paper; (b) two positively
charged lint balls; (c) a positively charged sodium ion and
a negatively charged oxide ion.

Section 2-8: Characteristics of a Chemical
Change

51.

52.

54.

Identify the reactants and products in the equation
AgNO; + NaCl — AgCl + NaNO,.

In the following equation for a chemical reaction, the
notation (s), (f), or (g) indicates whether the substance is

in the solid, liquid, or gaseous state: 2 H,S(g) + 3 O,(g) —
2 H,0O(g) + 2 SO4(g) + energy. Identify each of the fol-
lowing as a product or reactant: (a) SO,(g); (b) H,S(g);

(c) Ox(g); (d) H,O(g). When the reaction takes place, is
energy released or absorbed? Is the reaction endothermic
or exothermic?

. In the equation Ni + Cu(NOj;), — Ni(NOj3), + Cu, which

of the reactants is/are elements, and which of the prod-
ucts is/are compounds?

Write the formulas of the elements that are products and
the formulas of the compounds that are reactants in 2 Na +
2 H,O — 2 NaOH + H,.

Questions, Exercises, and Problems 43d

55. Which of the following processes is/are exothermic?
(a) water freezing; (b) water vapor in the air changing to
liquid water droplets on a windowpane; (c) molten iron
solidifying; (d) chocolate candy melting.

56. Classify each of the following changes as endothermic
or exothermic with respect to the italicized object:
(a) cooling a beer, (b) burning leaves, (c) cooking a
hamburger.

57. As achild plays on a swing, at what point in her move-
ment is her kinetic energy the greatest? At what point is
potential energy at its maximum?

58. A bicycle accelerates from 5 miles per hour to 15 miles
per hour. Does its energy increase or decrease? Is the
change in potential energy or kinetic energy?

Section 2-9: Conservation Laws and Chemical
Change

59. After solid limestone is heated, the rock that remains
weighs less than the original limestone. What do you
conclude has happened?

60. Before electronic flashes were commonly used in pho-
tography, a darkened area was lit by a device known
as a flashbulb. This one-use device was essentially
a glass bulb filled with oxygen that encased a metal
wire. An electrical discharge from the camera ignited
the wire, causing a brief flash of light as the wire
quickly burned. How would you expect the mass of a
flashbulb before use to compare with its mass after
use? Explain.

61. The photograph below shows a beaker of water and a
sugar cube, the combined mass of which is balanced
by the weights on the right pan. The sugar cube is then
placed in the water, and it dissolves completely. Do
weights need to be added to or taken away from the right
pan to keep the system in balance? Explain.

Charles D. Winters

62. Plants manufacture their own food. What is the source of
energy for this process? Explain how energy is conserved
as a plant makes its food.

63. Identify several energy conversions that occur regularly
in your home. State whether each is useful, wasteful, or
sometimes useful and sometimes wasteful.

64. List the energy conversions that occur in the process
from the time water is about to enter a hydroelectric dam
to the burning of an electric lightbulb in your home.
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General Questions
65.

66.

67.

68.

69.
70.

71.

72.

74.

Chapter 2 Matter and Energy

Distinguish precisely and in scientific terms the differ-
ences among items in the following groups.

a) Macroscopic matter, microscopic matter, particulate
matter

b) Physical change, physical property, chemical change,
chemical property

¢) Gases, liquids, solids

d) Element, compound

e) Atom, molecule

f) Pure substance, mixture

g) Homogeneous matter, heterogeneous matter

h) Reactant, product

i) Exothermic change, endothermic change

j) Potential energy, kinetic energy

Determine whether each of the following statements is

true or false:

a) The fact that paper burns is a physical property.

b) Particles of matter are moving in gases and liquids,
but not in solids.

c) A heterogeneous substance has a uniform appearance
throughout.

d) Compounds are impure substances.

e) If one sample of sulfur dioxide is 50% sulfur and 50%
oxygen, then all samples of sulfur dioxide are 50%
sulfur and 50% oxygen.

f) A solution is a homogeneous mixture.

g) Two positively charged objects attract each other, but
two negatively charged objects repel each other.

h) Mass is conserved in an endothermic chemical change
but not in an exothermic chemical change.

i) Potential energy can be related to positions in an elec-
trical field.

j) Chemical energy can be converted to kinetic energy.

k) Potential energy is more powerful than kinetic energy.

1) A chemical change always destroys something and
always creates something.

A natural-food store advertises that no chemicals are
present in any food sold in the store. If the ad is true,
what do you expect to find in the store?

Name some things you have used today that are not the
result of human-made chemical change.

Name some pure substances you have used today.

How many homogeneous substances can you reach with-
out moving from where you are sitting right now?

Which of the following can be pure substances: mercury,
milk, water, a tree, ink, iced tea, ice, carbon?

Can you have a mixture of two elements as well as a com-
pound of the same two elements?

. Can you have more than one compound made of the

same two elements? If yes, try to give an example.

Rainwater comes from the oceans. Is rainwater more pure,
less pure, or of the same purity as ocean water? Explain.

76.

77.

78.

. Alarge box contains a white powder of uniform appear-

ance. One sample is taken from the top of the box and
another is taken from the bottom. Analysis reveals that
the percentage of oxygen in the sample from the top is
48.2%, whereas in the sample from the bottom it is 45.3%.
Answer each question below independently and give a
reason that supports your answer.

a) Is the powder an element or a compound?

b) Are the contents of the box homogeneous or
heterogeneous?

¢) Can you be certain that the contents of the box are
either a pure substance or a mixture?

If energy cannot be created or destroyed, as the Law of
Conservation of Energy states, why are we so concerned
about wasting our energy resources?

Consider the sample of matter in the illustration below.

Answer each question independently and explain your
answers.

a) Is the sample homogeneous or heterogeneous?
b) Is the sample a pure substance or a mixture?
c) Are the particles elements or compounds?

d) Are the particles atoms or molecules?

e) Isthe sample a gas, a liquid, or a solid?

A particulate-level illustration of the reaction AB + CD —

AD + CB is shown below.
—_—
a) Identify the reactants and products in this reaction.

b) Is the change shown chemical or physical?

c) Is the mass of the product particles less than,
equal to, or greater than the mass of the reactant
particles?
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d) If the reaction takes place in a container that allows
no energy to enter or to leave, how does the total
energy in the container after the reaction compare
with the total energy in the container before the
reaction?

More Challenging Problems

79.

80.

81.

82.

83.

A clear, colorless liquid is distilled in an apparatus
similar to that shown in Figure 2-16. The temperature
remains constant throughout the distillation process.
The liquid leaving the condenser is also clear and color-
less. Both liquids are odorless, and they have the same
freezing point. Is the starting liquid a pure substance
or a mixture? What single bit of evidence in the preced-
ing description is the most convincing reason for your
answer?

The density of a liquid is determined in the laboratory.
The liquid is left in an open container overnight.

The next morning the density is measured again

and found to be greater than it was the day before.

Is the liquid a pure substance or a mixture? Explain
your answer.

There is always an increase in potential energy when an
object is raised higher above the surface of the earth; that
is, when the distance between the earth and the object
increases. Increasing the distance between two electri-
cally charged objects, however, may raise or lower poten-
tial energy. How can this be?

In the gravitational field of the earth, an object always
falls until some physical object prevents it from falling
farther. Two electrically charged objects, each of which is
made up of unequal numbers of both positive and nega-
tive charges, will reach a certain separation distance and
stay there without physical support. Can you suggest an
explanation for this?

Particles in the illustration below undergo a chemical
change.

‘@
® &

Which among the remaining boxes, (a) through (d), can
represent the products of the chemical change? If a box
cannot represent the products of the chemical change,
explain why.

Questions, Exercises, and Problems 43f

(a) (b)

(c) (d)

84. Draw a particulate illustration of five particles in the gas

phase in a box. Show the particles at a lower tempera-
ture, in the liquid phase, in a new box. Now show the
particles at an even lower temperature, in the solid phase,
in a new box. Write a description of your illustrations in
terms of the kinetic molecular theory.

Answers to Target Checks

1.

The art depicts a model of table salt at the particulate
level. The photograph shows salt at the macroscopic
level.

Your illustration for the gaseous state should show the
particles spaced far apart and distributed throughout

the container. The number of particles should be the
same for the liquid illustration. Here, the particles will be
touching each other, taking the shape of the bottom of
the container. See Figure 2-5.

a and d are chemical changes; b and ¢ are physical
changes.

Beaker B holds a pure substance because its specific
gravity, a physical property, is constant. Beakers A and
C hold mixtures because their specific gravities are
variable.

5. b, ¢, and d are heterogeneous; a is homogeneous.

6. The distillation apparatus is the better choice. The filtra-

tion apparatus will not work to separate the components
of the salt water solution because the solution is homo-
geneous. The filtration apparatus separates solid from
liquid in a heterogeneous mixture.
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Chapter 2 Matter and Energy

Compounds: a, c, f. Elements: b, d, e.

8. A compound is a pure substance because it has definite

10.

11.

physical and chemical properties.
a and ¢, repulsion; b, attraction.

(a) Boiling water is endothermic with respect to the
water. Energy must be transferred to the water in order
to boil. (b) The change is an increase in potential energy.

In a scientific context, the term conserve means that the
quantity of something remains constant before and after
a change.

Answers to Concept-Linking Exercises
You may have found more relationships or relationships other than the
ones given in these answers.

1.

Matter is whatever has mass. The kinetic molecular
theory explains that matter consists of particles in con-
stant motion. The strength of the attractive forces among
particles versus the amount of motion determines the
state of matter: A gas has the greatest amount of motion,
a solid has the least, and the amount of motion in a liquid
is intermediate.

A homogeneous substance has a uniform appearance
and composition throughout. It may be pure, consisting
of only one substance, or it may be a mixture of two or
more substances. A heterogeneous substance has differ-
ent phases.

. Anelement is a pure substance that cannot be changed

into a simpler pure substance. A compound can be
changed into simpler pure substances. An atom is the
smallest particle of an element. Molecules are the small-
est individual particles in a pure substance.

. A chemical change occurs when one substance disap-

pears and another substance appears. The chemical
properties of a substance are the chemical changes that
are possible for the substance. A physical change is a
change in the form of a substance without a change in its
identity. Physical properties can be measured or detected
with the five physical senses.

. The Law of Conservation of Mass and Energy states

that the total of all mass and energy is conserved in all
changes. The individual Laws of Conservation of Mass
and Energy hold that both mass and energy are con-
served independently.

. Energy is the ability to do work or transfer heat. Kinetic

energy is associated with molecules or other objects in
motion. Potential energy is related to the position of
charged particles in a system. A change is exothermic if it
transfers energy to the surroundings and endothermic if
energy is transferred from the surroundings.

Answers to Blue-Numbered Questions,
Exercises, and Problems

1.
3.

Macroscopic: c. Microscopic: a, e. Particulate: b, d.

An advantage is that understanding the behavior of par-
ticles allows us to predict the macroscopic behavior of
samples of matter made from those particles. Chemists
can then design particles to exhibit desired macroscopic

11.
13.
15.
17.

19.

23.
25.

27.
29.

31.

33.

35.

45.

characteristics, as seen in drug design and synthesis, for
example.

Your illustration should resemble the particulate view in
Figure 2-6.

A dense gas that is concentrated at the bottom of a
container can be poured because its particles can move
relative to each other. Chunks of solids, such as sugar
crystals, can be poured.

Gases are most easily compressed because of the large
spaces between molecules.

Chemical: b, ¢. Physical: a, d, e.

a,c,d.

Physical—the particles simply change state.

The material is a pure substance, one kind of matter.

However, the display is heterogeneous, consisting of two
visibly different forms or phases of carbon.

Tap water is a mixture of water and dissolved minerals
and gases. Distilled water is pure water.

Pure substances: a, ¢. Mixtures: b, d.
Pure substances: a, d. Mixtures: b, c.

Examples include glass products, plastic products,
aluminum foil, cleaning and grooming solutions, and
the air.

b, c,d.

Ice cubes from a home refrigerator are usually heteroge-
neous, containing trapped air. Homogeneous cubes in
liquid water are heterogeneous, having visible solid and
liquid phases.

Your sketch should show one type of particle (a pure sub-
stance) but in more than one state of matter or molecular
form (heterogeneous).

Pick out the ball bearings (no change); use the magnetic
property of steel to pick up the ball bearings with a mag-
net (no change); dissolve the salt in water and filter or
pick out the ball bearings (physical change).

The original liquid must be a mixture because the freez-
ing point changed when some of the liquid was removed.
The freezing point of a pure substance is the same no
matter how much of the substance you have.

. Compounds: a, b, c. Elements: d, e, f.

Elements: ¢, d. Compounds: a, b, e.

. Elements: a, b, e. Compounds: ¢, d.

. (a) Elements: 2, 3; compounds: 1, 4, 5. (b) In general, if

there are two or more words in the name, the substance is
a compound. However, many compounds are known by
one-word common names, and one-word names for many
compounds that contain carbon are assembled from pre-
fixes, suffixes, and special names for recurring groups.
Chloromethane is such a compound. The name of an ele-
ment is always a single word.

There is no evidence that A is a compound because it has
not been broken down into two or more other pure sub-
stances by a chemical or physical change. However, only
two methods have been tried. A is most likely an element,
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47.

49.

51.
53.

55.

57.

59.

61.

63.

66.
67.
71.
72.

73.

but the evidence is not conclusive. More tests need to be
conducted.

G,L,S P, M Hom, Het E,C
Factory All, but M Het
smokestack mostly
emissions G
Concrete (in S M Het
a sidewalk)
Helium G P Hom E
Hummingbird L M Hom
feeder solution
Table salt S P Hom C

Gravitational forces are attractive only; electrostatic
forces can be attractive or repulsive. Magnetic forces
can be attractive or repulsive also. All three can act
simultaneously.

Reactants: AgNO;, NaCl. Products: AgCl, NaNOs.

The reactant Ni is an element; the product Ni(NOjy), is a
compound.

a,b,c.

Kinetic energy is greatest when the swing moves through
its lowest point. Potential energy is at a maximum when
the swing is at its highest point.

A gaseous substance has been driven off by the heating
process.

The pans will balance without changing the weights. The
Law of Conservation of Mass states that mass is neither
created nor destroyed in a change.

Examples include electrical energy being converted

to mechanical energy (washing machine), light energy
(lightbulb), or heat energy (oven). These changes are use-
ful because they are advantageous to you, but they are
wasteful because they are not 100% efficient and thus are
an imperfect use of energy.

True: e, f, 1, ], 1. False: a, b, ¢, d, g, h, k.
Nothing.
Mercury, water, ice, carbon.

Yes; nitrogen and oxygen in air are a mixture of two
elements. Compounds of nitrogen and oxygen, such as
nitrogen dioxide, also exist.

Yes; nitrogen oxides, for example, occur as at least six
different compounds. You also may have thought of car-
bon monoxide and carbon dioxide.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Questions, Exercises, and Problems 43h

Rainwater is more pure. Ocean water is a solution of salt
and other substances. Ocean water is distilled by evapo-
ration and condensed into rain.

(a) The powder is neither an element nor a compound,
both of which have a fixed composition. (b) The con-
tents of the box are heterogeneous because, although the
powder has a uniform appearance, it lacks constant com-
position. (c) The contents must be a mixture of varying
composition.

The sources of usable energy now available are limited.
If we change them into forms that we cannot use, we risk
having an energy shortage in the future.

(a) Neither: The distinction between homogeneous and
heterogeneous is not a particulate property. (b) The
sample is a mixture because it consists of two differ-
ent particle types. (c) The particles are compounds
because they consist of more than one type of atom.
(d) The particles are molecules because they are made
up of more than one atom. (e¢) The sample is a gas
because the particles are completely independent of
one another.

(a) Reactants: AB, CD. Products: AD, CB. (b) A
chemical change is shown. (c) The masses of product
particles and the reactant particles are equal. (d) The
energy in the container is the same before and after the
reaction.

Pure substance. A mixture would have changed boiling
temperature during distillation because of a change in
composition of the mixture.

The substance is a mixture. If it was a pure substance, its
density would not change.

If the objects have opposite charge, there is an attrac-
tion between them. An increase in separation will be an
increase in potential energy. If they have the same charge
(repulsion), the greater distance will be lower in potential
energy.

Because each object contains particles with both posi-
tive and negative charges, there are both attractive and
repulsive forces between the objects. If the net force is
one of attraction, the particles move toward each other;
if the net force is one of repulsion, the particles sepa-
rate. When the two forces are balanced, the net force is
zero and the particles remain separated at a constant
distance.

(a) This is a physical change. (b) The number of par-
ticles is not conserved. (c) New particles appear from
nowhere. (d) This could be the product of a chemical
change.
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and Chemaical

Calculations

3-1 Scientific Notation

<« In Chapter 1, you learned that 3-2  Conversion Factors
French scientist Antoine Lavoisier 3-3 A Strategy for Solving
was the first person to measure Quantitative Chemistry
the weights of substances before Problems

and after chemical changes. 3-4 Introduction to

Lavoisier is sometimes called Measurement

the father of modern chemistry 3-5 Metric Units

because of his demonstration of 3.6 Significant Figures

the usefulness of measurement

in the science of chemistry. It has 37 significant Figuresiin

© Adam Gryko/Shutterstock.com; Eugene Shapovalov/Shutterstock.com; Joe Belanger/

£

2 i Calculations

& now become routine to accept )

g the central role of accurate and 3-8 Metric-USCS

5 . . o Conversions

2 precise measurement in scientific

s investigations. The mechani- 3-9  Temperature

g cal balance that Lavoisier used 3-10 Proportionality and
g to revolutionize the nature of Density

2 scientific investigation has been 3-11 Thoughtful and

& improved upon by the electronic Reflective Practice

balance shown in the photograph.
Also shown here are other mod-
ern instruments used to measure
length, time, and temperature.

The science of chemistry is both qualitative and quantitative. In its qualitative role, it
explains how and why chemical and physical changes occur. Quantitatively, it con-
siders the amount of a substance measured, used, or produced. Determining the amount
involves both measuring and performing calculations, which are the subjects of Chapter 3.
Performing calculations requires you to develop your problem-solving skills; therefore,
providing the opportunity for you to do so is also a major focus of this chapter.

Scientific Notation

Goal 1 Write in scientific notation a number given in ordinary decimal form; write
in ordinary decimal form a number given in scientific notation.
2 Use a calculator to add, subtract, multiply, and divide numbers expressed in
scientific notation.

Chemistry calculations and measurements sometimes involve very large or
very small numbers. For example, the mass (weight) of a helium atom is
0.00000000000000000000000665 gram (a gram is 1/454 pound). In 1 liter of

45
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46 Chapter 3 Measurement and Chemical Calculations

Space Science Institute/JPL/NASA

Figure 3-1 Scientists work with
large numbers. This picture was
taken by the Casini spacecraft on
May 7, 2004, when it was 2.82 X 107
kilometers (17.6 million miles) from
Saturn.

blood cells— SEESG

Ken Edward/Science Source

Martin Dohrn/Science Source

Figure 3-2 Scientists work with
small numbers. At the microscopic
level, blood is a mixture of numerous
components. The diameter of a typi-
cal human red blood cell is 7 x 107
meter (3 X 107* inch).

helium at 0°C and 1 atmosphere of pressure (that’s about a quart of the gas at 32°F
and the atmospheric pressure found at sea level on a sunny day), there are
26,880,000,000,000,000,000,000 helium atoms. These are two very good reasons to
use scientific notation for very large and very small numbers (Fig. 3-1 and Fig. 3-2).
It is also a good reason to devote a section to reviewing calculation methods using
these numbers.

A number may be written in scientific notation as follows:

abcd X 10°

Number equal to or greater Power of 10
than 1 and less than 10

where a.bcd is the coefficient and 10° is an exponential. The coefficient a.bcd may
have as many digits as necessary after the decimal point or it may have no digits
after the decimal point. For example, 1, 3.4, 8.87, and 4.232990 all are acceptable as
coefficients, but 0.23, 12.5, and 200 usually are not. Occasionally, the coefficient
may be written in a nonstandard format, outside of the standard range of being
equal to or greater than 1 and less than 10. The exponent, ¢, is a whole number
(integer); it may be positive or negative.

When an exponent is positive, it indicates that the coefficient is to be multi-
plied by 1 times 10 e times, as in the following examples:

1.234 X 10° = 1.234 x 1 = 1234
1.234 X 10" = 1.234 X1 X 10 = 12.34
1.234 X 10° = 1.234 X 1 X 10 X 10 = 1234
1234 X 10° = 1234 X1 X10X 10X 10 = 1234

When an exponent is negative, it indicates that the coefficient is to be multi-
plied by 1 times 1/10 e times, as in the following examples:

5678 X 1070 = 5678 X 1 X 1170 = 0.5678
1 1
678 X 102 = 5678 X 1 X —X— = 0.
5.678 X 10 5.678 X 1 10 %70 0.05678
1 1 1
678 X107 = 5678 X1 X —X—X = 0.
5.678 0 5.678 10 570 %10 0.005678

Do you see the pattern in the relationship between the exponent and the move-
ment of the decimal place in the coefficient? If not, go back and look at our exam-
ples again. This leads to what we call the larger/smaller approach to changing dec-
imal numbers to scientific notation:

how to... Change a Decimal Number to Scientific Notation
Sample Problem: Write the following num- 813,000 0.000318
bers in scientific notation:

Step 1: Rewrite the number, placing the 813 X 10 3.18 X 10

decimal after the first nonzero digit. Then

write X 10

Step 2: Count the number of places the 813,000 0.000318
decimal in the original number moved to its The decimal moved The decimal moved

new place in the coefficient. Write that num- 5 places: 813 X 10° P
ber as the exponent of 10. P T

Step 3: Compare the original number with 8.13 x 10°
the coefficient in Step 1.
a) If the coefficient in Step 1 is smaller
than the original number, the exponent
is larger than O; it has a positive value.
It is not necessary to write the + sign.
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Thinking About

b) If the coefficient in Step 1 is larger than 318 x 107
the original number, the exponent is
smaller than O; it has a negative value.
Insert a minus sign in front of the
exponent.

The larger/smaller approach works no matter which way the decimal moves
You can also use it for relocating the decimal of a number already in scientific
notation or for changing a number in scientific notation to ordinary decimal form.

Most calculators will convert between scientific notation and ordinary deci-
mal form. To change a number in scientific notation to decimal form, simply enter
the number in scientific notation and hit the equals key. For example, to change
2.18 X 10° to decimal form, enter 2.18, then press the EE or EXP key, type 3, and
then press the equals key: 2180 shows on the display. To change a number in dec-
imal form to scientific notation, enter the number and then press the scientific
notation key, typically labeled SCI (it is often at the second or third function level).
For example, to convert 12,985 to scientific notation, enter 12985 and press SCI.
The display shows 1.2985 %, indicating 1.2985 X 10 If our instructions do not
work on your calculator, you should use an online web search engine or consult
your instruction book to learn how to do this now.

Your Thinking

_ Equilibrium

The larger/smaller approach has the mathematical form a X b = constant. This
type of reasoning is called equilibrium, and it is used frequently in science and in
other aspects of everyday life. This is one of the reasons you should use it instead
of the positive/negative, left/right approach.
If a goes up, b must come down proportionally; if b goes up, a must come down by a recip-
rocal quantity. The product of the two quantities must always be the same; it is constant. When
applying the equilibrium thinking skill to scientific notation, the constant is the value of the num-
ber itself. The product of the coefficient and the exponential must equal the number, no matter
whether it is in ordinary decimal form or in scientific notation. This leads to the larger/smaller

|

approach. Let’s look at a previous example:

a X b = constant
coefficient X exponential = constant
0.000318 X 10° = 0.000318 (10° = 1)
I | I
larger smaller unchanged This is equilibrium.
l \: l
3.18 X 107 = 0.000318

As with all Thinking About Your Thinking skills, we will revisit equilibrium later in this book.

It is likely that this chapter is your introduction to quantitative problem solving
in this course. Most of the examples in this book are written in an active-learning,
self-teaching style in which a series of questions and answers guide you to under-
standing a problem. To reach that understanding, you should answer each question
before looking at the answer. This requires a shield to cover that answer while you
consider the question. Tear-out shields for this purpose are provided in the book.

Find them now and tear one off. On one side you will find instructions on how
to use the shield, copied from this section. On the other side is a periodic table that
you can use for reference.

The examples provided in this textbook are designed so that you can actively
work them, writing your response to each question. This does not mean that the

3-1 Scientific Notation 47

In a previous course, you may
have learned that the exponent is
positive if the decimal moves left
and negative if it moves right. This
rule is easy to learn but just as
easy to reverse in one’s memory.
We have found that students are
more successful when thinking
with the larger/smaller approach.
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48 Chapter 3 Measurement and Chemical Calculations

examples are optional or are something to do after you read the text. On the con-
trary, they are an integral part of the textbook. To maximize your learning, work
each Active Example when you come to it.

We understand the temptation to just read the textbook in the same way
you might read a novel. It’s certainly much easier than doing the work of writ-
ing answers to our questions, comparing your answers to ours, thinking about
your thinking, and working to improve. But research on human learning clearly
shows that to only read a textbook results in almost no real learning. You have
to actively work at learning. This textbook provides that opportunity. A say-
ing often attributed to Confucius is, “I hear and I forget, I see and I remem-
ber, I do and I understand.” Our textbook follows the “I do and I understand”
philosophy.

This is the point in this course where you need to ask yourself, “Do I want
to learn chemistry as a result of my study? Do I want to learn the thinking skills
chemists use?” If the answer is yes, put your wants into action. Make the commit-

. . ment now to work each example when it is presented. There is no better way to
and grow intellectually. Passive learn the content and process of chemistry than by actively answering questions
learners remember temporarily A p .. y. y y g4
and then forget, without mental and solving examples </. This is why we’ve titled the textbook Introductory Chem-
growth. istry: An Active Learning Approach.

Active learners learn permanently

how to... Work an Active Example
The procedure for solving an Active Example is as follows:

Step 1: When you come to an example, locate the point in the left column at which the first
blue-shaded background appears. Use the shield to cover all of the blue-shaded boxes in the
left column.

Step 2: Read the problem statement. Write any answers or calculations needed in the blank
space where the pencil icon is located. Note that the “Think Before You Write” instructions are
different for each Active Example.

Step 3: Move the shield down to reveal the first blue-shaded box.

Step 4: Compare your answer to the one you can now read in the book. Be sure you understand
the example up to that point before going on.

Step 5: Repeat the procedure until you finish the example.

Learn It NOW! We cannot overemphasize how important it is that you answer the question
yourself before you look at the answer in the book. This is the most important of all the Learn It
Now! statements.

Active Example 3-1 Conversion from Decimal Form to Scientific Notation

Write each of the following in scientific notation: (a) 3,672,199; (b) 0.000098; (c) 0.00461; (d) 198.75.

Think Before You Write Place your shield over the left column. Use larger/smaller reasoning to make the conversions.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

(a) 3,672,199 = 3.672199 x 10° Write your answers to all parts of the question in the

(b) 0.000098 = 9.8 X 10°° space provided under the pencil icon below. When you are
(c) 0.00461 = 4.61 x 1073 finished, move the shield to reveal our solution, and

(d) 198.75 = 1.9875 X 102 compare your answer with ours.

),
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3-1 Scientific Notation 49

(@) Stepwise thinking: (1) 3,672,199 becomes 3.672199 X 10
(2) The decimal moved six places, giving 3.672199 X 10 6.
(3) The coefficient is smaller than the original number.

The exponential must then be larger than 1. The sign is +
and therefore omitted, yielding the final answer
3.672199 x 10°.

(b) Stepwise thinking: (1) 0.000098 becomes 9.8 X 10
(2) The decimal moved five places, giving 9.8 X 10 °.
(8) The coefficient is larger than the original number.
The exponential must then be smaller than 1. The sign is —,
yielding the final answer 9.8 X 107°.
©) (1) 4.61 X 10 . (2)4.61 X 10 5. (3) 4.61 is larger than
0.00461, 107 is smaller than 1.
@) (1) 1.9875 x 10 . (2) 1.9875 x 10 2. (3) 1.9875 is smaller
than 198.75, 107 is larger than 1.
There are no more light grey answer spaces, so this is the
end of the example. Check your answers against those
above. If any answer is different, find out why before
proceeding.

Practice Exercise 3-1
Write each of the following in scientific notation: (a) 3,887.5; (b) 409,809,089 (c) 0.000022; (d) 0.0000005.

Now that you’ve completed Active Example 3-1, you can see how this textbook If you still have some doubt about
promotes active learning. Congratulations! You’ve just taken the most important whether you understand how to

. . . convert from ordinary decimal
step—the first one—toward becoming an active learner. o ye
form to scientific notation, go

' To change a nun‘lbe'r written in'sc.ient'ific notatiqn to ordinary decimal form, back and study the textbook
simply perform the indicated multiplication. The size of the exponent tells you some more until you are confident
how many places to move the decimal point. A positive exponent indicates a large that you have learned this proce-

dure. If (or when) you are satisfied
with your learning, continue on
with your studies.

number, so the coefficient is made larger—the decimal is moved to the right. A
negative exponent says the number is small, so the coefficient is made smaller—
the decimal is moved to the left. Thus the positive exponent in 7.89 X 10° says the
ordinary decimal number is larger than the coefficient, so the decimal is moved
five places to the right: 789,000. The negative exponent in 5.37 X 10~* indicates
that the ordinary decimal number is smaller than the coefficient, so the decimal
moves four places to the left: 0.000537.

Active Example 3-2 Conversion from Scientific Notation to Decimal Form

Write each of the following numbers in ordinary decimal form: (a) 3.49 x 107", (b) 3.75 x 107", (c) 5.16 x 10%,
(d) 43.71 x 107,

Think Before You Write Move the decimal point the number of places and in the direction indicated by the exponent.
Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

(@) 3.49 x 107" = 0.0000000000349 Complete all four parts.
(0) 3.75 X 107" = 0.375

(c) 516 X 10* = 51,600

(d) 43.71 X 10* = 0.004371

Practice Exercise 3-2

Write each of the following numbers in ordinary decimal form: (a) 0.011 X 107%; (b) 14.3 X 1072; (c) 0.00477 x 105%;
(d) 5.00858585 x 10°.
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E®) Conversion Factors

Goal 3 Convert an equivalency into two conversion factors.

A Brief Algebra Refresher

Think back to when you first learned division. You probably started with a simple
problem like this:

L 2R 2R 2K 2R 2R 2R 2% 4
Divide 8 diamonds into groups of 2. How many groups are there?

Initially, you literally circled groups of two diamonds and then counted them, find-
ing that there are four. This approach taught you that 8 is made up of 4 groups of 2.
You then translated that into an equation: 8 = 4 X 2. You then learned that the
process you were doing is called division, and you changed the “how many groups
of 2 are in 8?” question into an equation: § ~ 2 = ?

Since 8 is the same as 4 X 2, you eventually learned to solve the problem by
factoring:

8 4X2 2
8+2 > 7 4 7 4X1=4
You then learned that since 2 + 2 = 1, you could solve the same problem more
efficiently by cancelling the factors that appear on the top and the bottom of a frac-

tion (for multiplication only; not addition or subtraction):
8 4x7Z

2 4
As you moved along in your mathematical comprehension, you learned that
variables—quantities that can have any value—may be cancelled in the same way
as numbers. As examples,

6><}z5: axXpy a 6XaXb FX2XaxXkP 2Xa

B 6 and IxBxc 3xc M 3xbxe ZxBxc | ¢

In summary, when you have one or a series of factors multiplied by one
another, and these are divided by one or a series of factors multiplied by one
another, the factors common to the numerator (top of the fraction) and denom-
inator (bottom of the fraction) may be cancelled because each pair of common
divided factors is equal to 1.

Let’s now extend this idea. If someone asks how long your chemistry class is,
you don’t answer “50,” instead you say “50 minutes.” When we express quantities,
we must use both a value and a unit:

Quantity = Value X Unit

If you conceptualize a quantity as the product of a value (50) and a unit (minutes), a
powerful problem-solving tool is at your disposal. When you solve quantitative
chemistry problems, think of a quantity as the product of a value and a unit.

Let’s see how this works. How long is your chemistry class in seconds? You
know that it is 50 minutes, but you want to express this amount of time in seconds.
You know that there are 60 seconds in a minute. Before you took this course, you
would have said that your class is scheduled for 50 X 60 = 3000 seconds. But look
at what happens if we treat this conversion like an algebra problem in which each
quantity is expressed as the product of a value and a unit:

60 X seconds

X mi X———F—= X X = X
50 X minautes T 50 X 60 X seconds = 3000 X seconds

Minutes, as units, cancel, just as numbers and variables cancel.
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In algebra, you learned that you could write 3 X b as just 3b. Similarly, we
can remove the value X unit multiplication symbols from our minutes-to-seconds
setup:

50 minutes X M = 3000 seconds
| minute
Notice how the units cancel in exactly the same way when we omit the value X unit
multiplication symbols.

But wait a minute. It was easy to convert minutes to seconds simply by multi-
plying by 60. Why go to all of this trouble of constructing an algebraic setup with
quantities treated as the products of values and units? The eventual answer will be
that we will use this strategy to solve chemistry problems, where units are much
less familiar to you than are common time units. We’ll also be working on prob-
lems that require more than one step, and cancelling the units will be a productive
way to make sure that each step is making sense. Given that, let’s take a quick look
at how this strategy can help you become a better problem solver.. ..

Active Example 3-3 Using “Quantity = Value x Unit” to Solve a Problem

The oldest horse racing track in the United States is the 8-furlong Pleasanton Fairgrounds Racetrack in California.

What is the length of the track in rods? 0.025 furlong is equal to 1 rod.

Think Before You Write You're likely unfamiliar with the length units furlongs and rods, which makes it challenging to

3-2 Conversion Factors

51

quickly do the calculation in your head. Is the solution 8 X 0.025, 8 + 0.025, 0.025 X 8, or 0.025 + 8? How can you be sure?

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

8 furengs X = 320 rods

The units furlongs must appear in the numerator and the
denominator in order to cancel. The units of the answer must
be rods, so they must be in the numerator.

7

Practice Exercise 3-3

An acre used to be defined as the area 1 furlong long and 4 rods wide. Area is calculated by multiplying length times

width. What is the area of an acre expressed in square rods (rods X rods)?

Equivalency and Conversion Factors

The relationship “0.025 furlong is equal to 1 rod” from Active Example 3-3 is an
example of an equivalency, two quantities that are equivalent in value. In this case,
0.025 furlong and 1 rod represent the same physical length, expressed in different
units. Any equivalency can be expressed in the form of an equation or as a fraction:
0.025 furlong 1 rod
0.025 furlong = 1 rod and Lrod and 0.025 furlong

When an equivalency is expressed as a fraction, we call it a conversion factor. Two
conversion factors result from each equivalency. In Active Example 3-3, you used
the conversion factor ﬁ to convert a length expressed in furlongs to a length
expressed in rods.

In Active Example 3-3, the equivalency from which you derived the conver-
sion factor needed to solve the problem was given to you. More commonly, you
will encounter problems where the equivalency is not explicitly stated. It may be

1rod Use the cancellation of units to guide you. You need to
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Figure 3-3 Direct proportionali-
ties. You use direct proportionali-
ties almost every day. When in the
grocery store, you use the price per
pound of raw potatoes as a direct
proportionality to determine the cost
of a measured weight. The cost in
cents and the weight in pounds of
the potatoes are directly propor-
tional: cost « weight.

© iStockphoto.com/Timotale

Thinking About

something you already know or a new equivalency you will need to learn. We will
help you learn many new equivalencies in the course in which this textbook is being
used. However, before we begin to introduce new equivalencies, let’s look at an
example of a problem that you can already solve that does not explicitly state the
needed equivalency: How many days are there in three weeks?

What unstated equivalency is needed to solve this problem? You have prob-
ably already figured this out: 7 days = 1 week. This yields the two conversion
factors:

7 days 1 week
S and =2
1 week 7 days
The quantity given in the problem statement is 3 weeks, which is in the numerator.

Therefore, we want to use the conversion factor with weeks in the denominator so
that the units will cancel:

3weeks X L9 _ o1 g
I = ays
We recommend that you literally draw cancellation lines through units, just as we
are doing in our examples.
What would have happened if you had selected the wrong conversion factor,
the reciprocal of 7 days/week? Let’s see:

1 week 0.42857 ... week’
7 days day

3 weeks X

It wouldn’t take long to recognize that this answer is wrong—even if you saw the
numerical answer on your calculator! First of all, you know that the number of
days in 3 weeks can’t be 0.42. . . . The number of days has to be greater than the
number of weeks. Second, what is a “week?/day”? This unit makes no sense. In the
incorrect setup above, the weeks don’t cancel to leave only the wanted days, as they
should. Any time your calculation setup yields nonsensical units, you can be sure
that the answer is wrong in both value and units. If you get an answer with nonsen-
sical units, you know you have made a mistake. Always include units in your calcula-
tion setups.

Your Thinking

_ Proportional Reasoning

The mathematical requirement for an equivalency and the resulting conversion
— factors is that the two quantities are directly proportional to each other. What you
pay for raw potatoes at the grocery store in units of money, for example, is directly
proportional to the amount you buy in units of weight. Two pounds cost twice as
much as 1 pound. If potatoes are priced at 25 cents per pound, 3 pounds—three times as many
pounds—cost 75 cents—three times as many cents (Fig. 3-3).

Learn It NOW! Two variables, x and y, are directly proportional if there is a non-zero constant
k that relates them in the form y = kx. This relationship can also be expressed as y « x. The
symbol « is the “is proportional to” sign.

In general, if a variable, vy, is directly proportional to another variable, x, we express this
mathematically as
y X

The symbol « represents “is proportional to.” This means that any change in either x or y will be
accompanied by a corresponding change in the other: double x, and y is also doubled; reduce y
by 1/3, and x will also be reduced by 1/3.
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A proportionality can be converted into an equality by inserting a proportionality constant, m:

the proportionality changes to an equality
y * X

y =m XX

In the days-in-3-weeks example, y represents days, x represents weeks, and m is the propor-
tionality constant. Proportionality constants sometimes, but not always, express a meaningful
physical relationship. This one does. It can be found by solvingy = m X x for the constant, m, and

inserting the units of the variables:

_y _ydays 7days
mixixweeksi1week

In this form, the proportionality constant is a conversion factor.

Active Example 3-4 Equivalency and Conversion Factors

Write the equivalency and conversion factors for each of the following: (a) one day is 24 hours, (b) 1 dime is 0.1 dollar,
(c) grapes are $2.99 per pound, (d) my car averages 17 miles per gallon.

Think Before You Write You are being asked to write three things for each statement: (1) the equivalency, (2) one of the
two conversion factors, and (3) the reciprocal of the first conversion factor you wrote.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.
1 day
24 hours

Your equivalency states that 1 day and 24 hours represent
the same amount of time, expressed in different units.

24 hours

1day =24 h
ay ours T day

1 dime
0.1 dollar

If you multiply both sides of the equivalency by 10, or if
you multiply the numerator and denominator of the fractions
by 10, you get the more familiar 10 dimes = 1 dollar. Either
form is expressing the same relationship.

0.1 dollar
1 dime

1 dime = 0.1 dollar

$2.99
1 pound

1 pound
$2.99

The dollar sign in U.S. currency traditionally comes before
the value, but value X unit = unit X value, so you can use
either $2.99 or 2.99 $ in a conversion factor that has dollars
at the unit.

$2.99 = 1 pound

1 gallon

17 miles
17 miles

17 miles = 1 gallon N @ellen

As long as the conditions of the equivalence are main-
tained (either implied or explicitly stated), the conversion
factors remain valid. For this car under these conditions, if it
has traveled 17 miles, it has used 1 gallon of gas, and if it has
used 1 gallon of gas, it has travelled 17 miles.

Practice Exercise 3-4

Let’s take this one part at a time. Remember that a
quantity is a value times a unit, but you don’t have to
show the multiplication sign. Write all three items for

part (a).

7

In part (b), one of the values is fractional, but that does
not make a difference in how you write the equivalency
and conversion factors.

;

The relationship in part (c) is only valid for the period of
time at the grocer during which it applied, but the same
procedure applies in writing the three items.

7

The relationship in part (d) is an average for a specific
automobile over a specific time period, but again, you
can still write an equivalency and conversion factors.

),

Write the equivalency and conversion factors for each of the following: (a) each tablet of vitamin C is 500 milligrams
of calcium ascorbate, (b) there is a total volume of 288 fluid ounces in the case of soda, (c) 10 nickels are the same
amount of money as 2 quarters, (d) the recipe calls for 23/, cups of flour to make 24 cupcakes.
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EX] A Strategy for Solving Quantitative
Chemistry Problems

Goal 4 Learn and apply the algorithm for using conversion factors to solve
quantitative problems.

A major goal of the course in which this book is being used is to help you as you
work to improve your skills at solving quantitative chemistry problems. To
achieve this goal, two overarching efforts must interact with one another. One
effort is the responsibility of the teaching team: your course instructor or
instructors and the authors of this textbook. We have researched what is known
about chemistry teaching and learning, and we have designed a curriculum that
will maximize the potential for you to learn. We will also coach you as you work
through the process of learning chemistry.

The other required effort is yours. You must be willing to keep trying even
when the concepts you are working to learn are challenging. You must be wiling
to go back and review when feedback from the course indicates that you have
not yet fully understood a concept, and, most importantly, you must commit
the time needed to learn chemistry. As the old joke goes, “How do you get to
Carnegie Hall?....Practice, practice, practice”—there is no better alternative
than to practice solving problems while working to improve your problem-
solving skills.

This book and the course in which it is being used are set up to provide you with
a big-picture, good-quality curriculum and continual coaching. This section in par-
ticular is a mini-version of the course and textbook. We will first provide you with
a procedure to use to solve quantitative chemistry problems, and then we will have
you practice while being assisted with our coaching. Let’s dive in!

how to... Solve a Quantitative Chemistry Problem

* ANALYZE the problem statement. \
¢ Determine the given quantity: value X unit.

¢ Describe the property of the given quantity.

¢ Describe the property of the wanted quantity.

* State the unit of the wanted quantity. J

IDENTIFY equivalencies or an algebraic relationship that may be needed \
to solve the problem.

* Change the equivalencies to conversion factors or solve the algebraic
equation for the wanted variable.

Q<

* CONSTRUCT the solution setup.
¢ Confirm that the units cancel correctly and calculate the value of the answer.

¢ CHECK the solution at two levels: (a) making sense and (b) what was learned.
* Making sense: Is the value reasonable?
* What was learned: What new knowledge or skill did | obtain or improve?

NP NN

Don’t try to memorize this sow to.... You will learn it by applying it while
practicing problem solving. Reading through it once is all that is necessary for
now. Let’s start with a simple problem just to illustrate the methodology.
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Active Example 3-5 An Introduction to Solving Quantitative Problems

How many weeks are in 35 days?

Think Before You Write We understand that you can already solve this problem, but work through it with the purpose of
learning to apply the quantitative problem-solving procedure. We will guide you through a number of small steps.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.
35 days

Always give both the value and the unit when you state a
quantity.

Time units

Time units, weeks

7 days = 1 week

1 week
7 days

We wrote the conversion factor with days in the denomi-
nator because we want to cancel the units days in the given
quantity.

1 week
7 days

The unit cancellation verifies the correctness of

your setup.

= 5 weeks

35 days X

35 days is a larger value with a smaller unit than 7 weeks.
The answer quantity makes sense.

We will discuss this in more detail immediately following
this Active Example.

With this exercise, you began to work to improve your skill at

solving quantitative problems.

Practice Exercise 3-5

How many seconds are in 12 minutes?

The first step is to analyze the problem statement.
Recall that a quantity = value X unit. The given
quantity is typically something that has been measured.
Write the given quantity.

;

Continue your analysis by describing the property of the
given quantity. When we say “property,” we mean the
general attribute of the quantity. For example, 12 inches
and 1 foot have the property of being U.S. length units.

7

State the property of the wanted quantity, and state the
units in which it is to be expressed.

;

The next step is to identify the equivalency needed to
solve the problem. What equivalency do you know that
relates days to weeks? Write it as both as an equivalency
and as a conversion factor.

;

The third step is to construct the solution setup. Set up
the problem, show the unit cancellation, calculate the
answer, and write the answer as a quantity.

;

The final step is to check the solution. You know that
the units of your answer make sense when the units
cancel as they should, but you also need to make sure
that the value makes sense.

7

As you complete each exercise or end-of-chapter
problem in this textbook, you should ask yourself,
“What new knowledge or skill did I obtain or improve
by doing this exercise or problem?”

,
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Thinking About

The important final step in solving any problem is to be sure the answer
makes sense. Let’s use Active Example 3-5 to establish a method of checking
conversions between units. The two equal quantities, 5 weeks and 35 days, are
made up of a smaller value with a proportionally larger unit and a larger value
with a smaller unit:

S weeks = 35 days

smaller value X larger unit = larger value X smaller unit

This is the same larger/smaller reasoning we used when moving a decimal point in
working with scientific notation in the last section.

Your Thinking

_ Equilibrium

The equilibrium thinking skill has the form a X b = constant. No matter whether we
- call it 5 weeks, 35 days, 840 hours, 50,400 minutes, or 3,024,000 seconds, we are

describing the exact same amount of time—a constant quantity. Therefore, if we

use a relatively large unit, such as the week, it must be associated with a relatively
small value of those larger units. If we express the same amount of time in a smaller unit (days
in this case), we must have a larger value of those smaller units to describe the same number of
“ticks of the clock.” A larger value of time units compensates for a smaller unit in which time is
expressed and vice versa.

Active Example 3-6 Multiple-Step Conversions

Calculate the number of weeks in 672 hours.

Think Before You Write \When you read the problem statement, you should think about the relationship between weeks
and hours, and (for most people) you will recognize that you don’t know an equivalency. When this occurs, think about the
equivalencies that you do know that can relate the units in multiple steps.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Given: 672 hours, time units
Wanted: time units, weeks

24 hours = 1 da ﬂ
urs = y 24 hours
1 week
7 d =1 k
ays wee T

If you had to take a couple of wrong turns before coming
up with these equivalencies and conversion factors, don’t be

concerned. It’'s a normal part of the problem-solving process.

The key is to keep working and keep trying.

1 day 1 week
hours X X
672 24 hours 7 days

= 4 weeks

Analyze the problem. Write the given quantity and its
property, and then write the wanted property and its unit.

7

Identify the equivalencies needed to solve the problem.
If you don’t immediately see the equivalencies you need,
brainstorm. You can work from hours to larger units
and/or from weeks to smaller units. Write as many
equivalencies as you need until you find a combination
that works. Then change them into the conversion
factors that you will use.

/

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity.

/

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



3-3 A Strategy for Solving Quantitative Chemistry Problems 57

Larger value X Smaller unit (672 hours) = Smaller value X Check. Use larger/smaller reasoning to decide if the
Larger unit (4 weeks). The value of the answer is reasonable.  value of the answer is reasonable. Reflect on what you
You improved your skill at solving quantitative problems with  learned by working this exercise.

more than one conversion factor. /‘

What you learn from each Active Example won’t always
match what we targeted, but keep in mind that the point of
reflection is to be conscious of your learning and intellectual
growth as you progress in this course.

Practice Exercise 3-6
Determine the number of seconds in 15 hours.

Some conversion factors are established by definition, such as 1 week =
7 days, or 1 minute = 60 seconds. In these examples, the symbol = may be read
as “is defined as” or “is identical to”: “1 week is defined as 7 days” or “1 minute
is identical to 60 seconds.” The relationship never changes. The units of measure-
ment are for the same thing—time, in this case. Other conversion relationships are
temporary. They may have one value in one problem and another value in another
problem. Speed, measured in kilometers per hour, is an example (Fig. 3-4). If we
drive a car at an average of 80 kilometers per hour, we can calculate the distance
traveled in 2, 3, or any number of hours. As long as the speed remains the same,
the number of kilometers driven is proportional to the number of hours, and
1 hour of driving is equivalent to 80 kilometers. Thus the equivalence between
kilometers and hours is 80 kilometers = 1 hour at 80 kilometers per hour. But if
you slow to an average of 50 km/hr, then 50 kilometers = 1 hour.

© Better Stock/Shutterstock.com

Active Example 3-7 Temporary Relationships as Conversion Factors

Figure 3-4 Temporary relation-
ships can be expressed as direct
proportionalities. The average speed
of a car is a direct proportionality
between distance and time.

What distance, expressed in miles, will an automobile travel in 3.00 hours at an average speed of 62.0 miles per hour?

Think Before You Write The average speed in miles per hour is an equivalency that states the relationship between the

quantities 62.0 miles and 1 hour.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.
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Given: 3.00 hours, time units
Wanted: distance (length) units, miles

62.0 miles
1 hour
62.0 miles
: X ———= i
3.00 hours ; 186 miles

We expect a car to travel a greater number of miles than the
number of hours that it has been traveling, so the answer
makes sense.

You learned how temporary relationships can be used as
conversion factors in problem solving.

Practice Exercise 3-7

Analyze the problem statement. Write the given quantity
and its property, and then write the wanted property and
its unit.

;

Identify the equivalency. In this example, the equiva-
lency is given in the problem statement. Write the con-
version factor.

,

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity.

;

Check. Does the answer make sense? Reflect on what
you learned by working this exercise.

;

Japanese bullet trains travel the 345 miles between Tokyo and Osaka at an average speed of 150 miles per hour. If you
leave Tokyo at 9:00 AM, at what time will you arrive in Osaka?

The decimal-based

monetary system in the United States yields calculations

that are just like calculations with metric units, which are introduced in the next

section.

Active Example 3-8 Decimal System of Units |

If you went into a bank and obtained 325 dollars in dimes, h

ow many dimes would you receive?

Think Before You Write The equivalency needed to solve this problem is not given in the problem statement. Instead, it

is something that you already know.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Given: 325 dollars, U.S. money units
Wanted: U.S. money units, dimes

10 dimes = 1 dollar

10 dimes
1 dollar

Analyze the problem statement. Write the given quantity
and its property, and then write the wanted property and
its unit.

/

Identify and write the equivalency needed to convert
between the given and wanted units, and then write the
conversion factor.

7
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10 dimes

325 deftars X = 3250 dimes

Multiplication by 10 moves the decimal place one position
to the right to make the value larger. 325.0 becomes 3250.

Smaller value X Larger unit (325 dollars) = Larger value X
Smaller unit (3250 dimes). The value of the answer is reason-
able. You learned that all you had to do to find the answer
was move the decimal point, and the setup shows you which
way to move the decimal point.

With a decimal system of units, such as the U.S. money
system, conversion among units is relatively simple because
of the ease of moving a decimal point.

Practice Exercise 3-8

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity. If you can calculate the value of
the answer without a calculator, do so.

7

Check the solution at two levels. Use larger/smaller
reasoning to decide if the value of the answer is reason-
able. Reflect on what you learned by working this
exercise.

;

How many pennies would you receive if you cashed in 135 dimes?

Active Example 3-9 Decimal System of Units Il

A little girl broke open her piggy bank. Inside she found 2608 pennies. How many dollars did she have?

Think Before You Write This is the last problem in this section that emphasizes learning about problem solving. Even
though you probably know the answer, work through all of the steps in our problem-solving procedure. There is a reason; you

will see why in the next section.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Given: 2608 pennies, U.S. money units
Wanted: U.S. money units, dollars

100 pennies = 1 dollar

1 dollar
100 pennies
. 1 dollar
X ————— = 26.
2608 pennies 100 - 26.08 dollars

Larger value X Smaller unit (2608 pennies) =
Smaller value X Larger unit (26.08 dollars). OK.

A decimal based system makes answer values simple to
calculate.

Practice Exercise 3-9

Analyze the problem statement. Write the given quan-
tity and its property, and then write the wanted prop-
erty and its unit.

Again notice that the equivalency is not given in the
problem statement. Identify and write the equivalency
needed to convert between the given and wanted units,
and then write the conversion factor.

;

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity. Calculate the value of the answer
without using a calculator.

Check. Use larger/smaller reasoning to decide if the
value of the answer is reasonable. Reflect on what you
learned by working this exercise.

7

How many five-dollar bills should you receive in exchange for 800 nickels?
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Figure 3-5 The measurement of
time is typically the first measured
quantity you encounter in a day. Mea-
sured quantities then continue to be
an important part of your daily routine.

A summary of the Sl system
appears in Appendix Il.

Your instructor will probably tell
you which prefixes from this table
to memorize. If not, memorize the
three prefixes in boldface. You
need to recall and use the memo-
rized prefixes, and you need to
be able to use the other prefixes,
given their value.

MIntroduction to Measurement

Goal 5 Explain why the metric system of measurement is used in the sciences.

Take a moment to think about how measurement is a recurrent part of your life. When
your alarm went off this morning, it was measuring time (Fig. 3-5). You may have then
adjusted your thermostat to a comfortable awakening temperature, which is another
measurement. The orange juice that you may have had with your breakfast may have
come in a one-quart container, a measurement of volume. If you used that orange juice
to wash down a multivitamin, the pill had measured amounts of each vitamin by
weight. There are many more examples. You might consider spending the rest of the
day making mental notes of how central measurement is to your daily activities.

Although measurement is already familiar to you, what may be new in this
introductory chemistry course, if you live in the United States, are the units in
which scientific measurements are expressed. Scientific measurements—and most
everyday measurements in the rest of the world—are made in the metric system.
Scientists prefer the metric system because it is internationally standardized. All
scientists everywhere in the world agree on the definitions of metric units. Addi-
tionally, scientists adopted the metric system for their standard of measurement
because it is decimal-based. Units differ by powers of ten. There are 10 millimeters
in a centimeter, 10 centimeters in a decimeter, and 10 decimeters in a meter. Com-
pare that to the awkward 12 inches per foot, 3 feet per yard, 1760 yards per mile,
and so on, of the U.S. Customary System.

Modern scientists often use SI units, which are a subset of units in the metric
system. SI is an abbreviation for the French name for the International System of
Units. </ The SI system describes seven base units that serve as fundamental defini-
tions. This chapter describes three of these—units of mass, length, and tempera-
ture. Other quantities are made up of combinations of base units; these are called
derived units. Two of these, units for volume and density, appear in this chapter.

EE] Metric Units

Goal 6 State and write with appropriate metric prefixes the relationship between any
metric unit and its corresponding kilounit, centiunit, and milliunit.
7 Using Table 3-1, state and write with appropriate metric prefixes the
relationship between any metric unit and other larger and smaller metric units.
8 Distinguish between mass and weight.
9 Identify the metric units of mass, length, and volume.

yi-1) S8 Metric Prefixes*

LARGE UNITS SMALL UNITS

Metric Metric Metric

Prefix Symbol Multiple Prefix Metric Symbol Multiple
tera- T 102 Unit (gram, meter, liter) 1=10°
giga- G 10°  deci- d 01=10"
mega- M 1,000,000 = 10°  centi- c 0.01 =102
kilo- k 1,000 = 10°  milli- m 0.001 =103
hecto- h 100 = 10>  micro- u 0.000001 = 10°
deca- da 10 = 10"  nano- n 10°°
Unit (gram, meter, liter) 1=10° pico- P 10712

*The most important prefixes are printed in boldface.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Metric Prefixes

In the metric system, units that are larger than the basic unit are larger by multiples
of 10, that s, 10 times larger, 100 times larger, 1000 times larger, and so on. Similarly,
smaller units are 1/10 as large, 1/100 as large, and so forth. This is what makes the
metric system so easy to work with. To convert from one unit to another, all you
have to do is move the decimal point.

Larger and smaller metric units are identified by metric prefixes. The prefix
for the unit 1000 times larger than the basic unit is kilo-, and its symbol is k. Let’s
apply this using the symbol $ for U.S. dollars. When the kilo- symbol, k, is com-
bined with the symbol for dollars, $, you have the symbol for kilodollar, k$. One
kilodollar is a thousand dollars, so if we applied metric prefixes to the money sys-
tem, a thousand-dollar bill would be called a kilodollar. Similarly, centi-, symbol c,
is the prefix for the unit that is 1/100 as large as the basic unit. Thus 1/100 of a dollar
is 1 centidollar, c$. One centidollar is one cent, a penny.

Table 3-1 lists many metric prefixes and their symbols. Entries for the kilo-,
centi-, and milli- units are shown in boldface. Memorize these; you should be able
to apply them to any metric unit. We will have fewer occasions to use the prefixes
and symbols for other units, but by referring to the table you should be able to
work with them, too.

Mass and Weight

Consider a tool carried to the International Space Station (ISS) by scientists.
Suppose that tool weighs 6 ounces on the earth. Released in the near-weightless
environment of the ISS, it will remain there, floating, until moved by someone to
some other location. Yet in both locations it would be the same tool, having a con-
stant quantity of matter.

Mass is a measure of quantity of matter. Weight is a measure of the force of
gravitational attraction. Weight is proportional to mass, but the ratio between
them depends on where in the universe you happen to be. This proportionality
is essentially constant over the surface of the earth. Therefore, when you weigh
something—that is, measure the force of gravity on the object—you can express
this weight in terms of mass. In effect, weighing an object is one way of measuring
its mass. In the laboratory, mass is measured on a balance (Fig. 3-6).

3-5 Metric Units 61

It is essential that you use upper-
and lowercase metric prefixes
and symbols appropriately. For
example, the symbol for the met-
ric prefix mega-, 1,000,000 times
larger than the basic unit, is M
(uppercase), and the symbol for
milli-, 1000 times smaller than the
basic unit, is m (lowercase).

Ohaus Corporation
Ohaus Corporation

Figure 3-6 Three examples of laboratory balances. (a) A triple-beam balance measures mass
with an error of £0.01 g. It is usually used when high accuracy is not required, such as in non-
chemistry applications. (b) This top-loading balance measures mass with an error of +£0.001 g.
It has sufficient accuracy for most introductory chemistry applications. (c) An analytical balance
measures mass with an error of =0.0001 g. It is usually used in more advanced courses and in
scientific laboratories.
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Figure 3-7 The International
Prototype Kilogram. Since 1889,

a kilogram has been defined as the
mass of this object. The kilogram

is the only Sl unit defined by a
man-made object. The scientific
community is currently considering
changing the definition of a kilogram
to a standard that is reproducible in
a laboratory; this change is likely to
occur soon.

Figure 3-8 Length measurements: inches, centime-
ters, and millimeters. This illustration is very close to full
scale. The numbers and the long lines on the top scale
are inches, and the numbers and the long lines on the
bottom scale are centimeters. One inch is defined as
2.54 centimeters, which is the same as 25.4 millimeters
(shorter unnumbered lines).

The head of a dead ant is

6 X 10°*m wide. This is

0.6 milimeter or 6 X 10 microm-
eter. Scientists often shorten the
word micrometer to micron.

Photos courtesy of Charles Rettner of IBM’s

Almaden Research Center

Rob Walls/Alamy

Chapter 3 Measurement and Chemical Calculations

The SI unit of mass is the kilogram (kg).
It is defined as the mass of a platinum-—
iridium cylinder that is stored in a vault in
Sévres, France (Fig. 3-7). A kilogram weighs
about 2.2 pounds. The basic unit for mass is the
gram (g). There are 1000 grams in a kilogram.

Length

The SI unit of length is the meter*; its abbre-
viation is m. The meter has a very precise but
awesome definition: the distance light travels
inavacuumin 1/299,792,458 second. Modern
technology requires such a precise defini-
tion. The meter is 39.37 inches long—about 3 inches longer
than a yard.

The common longer length unit, the kilometer (km)
(1000 meters), is about 0.6 mile. Both the centimeter and the
millimeter are used for small distances. A centimeter (cm) is
about the width of a fingernail; a millimeter (mm) is roughly
the thickness of a dime. Figure 3-8 compares small metric
and U.S. length units. A very tiny unit of length is illustrated
in Figure 3-9.

Photography courtesy of the BIPM

Volume

The SI volume unit is the cubic meter, m>. This is a derived
unit because it consists of three base units, all meters, multi-
plied by each other. A cubic meter is too large a volume—
larger than a cube whose sides are 3 feet long—to use for
laboratory measurements. A more practical unit is the cubic
centimeter (cm?). It is the volume of a cube with an edge of
1 cm (Fig. 3-10). A teaspoon holds about 5 cm?.

A

Photos courtesy of Charles Rettner of IBM's

Photos courtesy of Charles Rettner of IBM’s
Almaden Research Center

Almaden Research Center

The scientists have inscribed a
message to you on one lens of
the compound eye. The word
homework! is just 1.5 micrometer
in length.

A close-up of the eye of the ant.

Figure 3-9 The micron. Scientists at the IBM Aimaden Research Center in California used a
scanning electron microscope to produce these images.

*Qutside the United States, the length unit is spelled metre, and the liter, the volume unit that we will
discuss shortly, is spelled /itre. These spellings and their corresponding pronunciations come from
France, where the metric system originated. In this book, we use the U.S. spellings, which match their
pronunciations in the English language.
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Figure 3-10 One cubic centi- S|E
meter. One milliliter and one cubic 8 §
centimeter are the same volume, =
1 mL = 1 cm?®. The milliliter and - |

the cubic centimeter are the most
common volume units you will use in
introductory chemistry.

T
1000 cubic centimeters

1 cubic millimeter
(magnified about 3x)
@

4

1 cubic centimeter =
1000 cubic millimeters =
(magnified about 3X)

1 centimeter

Liquids and gases are not easy to weigh, so we usually measure them in terms
of the volumes they occupy. The basic unit for expressing their volumes is the liter (L),
which is defined as exactly 1000 cubic centimeters. Thus there are 1000 cm¥/L.
This volume is equal to 1.06 U.S. quarts. Smaller volumes are expressed using the
milliliter (mL). Notice that there are 1000 mL in 1 liter (there are always 1000 mil-
liunits in a unit), and 1 liter is 1000 cm?®. This makes 1 mL and 1 cm?® exactly the
same volume (Fig. 3-11):

ImL=0.00lL=1cm?

Unit Conversions within the Metric System

Goal 10 Given a mass, length, or volume expressed in basic metric units, kilounits,
centiunits, or milliunits, express that quantity in the other three units.
11 Given a mass, length, or volume expressed in any metric units and Table 3-1
or the equivalent, express that quantity in any other metric unit.

Conversions from one metric unit to another are accomplished by recalling or
looking up the needed equivalency, changing it to the appropriate conversion fac-
tor, and performing the multiplication. Goal 10 says you should memorize the
values needed to be able to make these conversions among the unit, kilounit, cen-
tiunit, and milliunit. In this context, unit (1) may be gram (g), meter (m), or liter (L).
Goal 11 says that for any other metric prefix, given the value of the prefix, you
should be able to make conversions to another metric prefix. These relationships
are summarized here as equivalencies and their resulting conversion factors:

1000 units (u) = 1 kilounit (ku) 1000 u 1 ku

ku 1000 u
100 centiunits (cu) = 1 unit (u) 100 cu lu

u 100 cu
1000 milliunits (mu) = 1 unit (u) 1000 mu lu

u 1000 mu

3-5 Metric Units

Figure 3-11 The relationship
among 1000 cubic centimeters

(a liter), the cubic centimeter

(a milliliter), and the cubic milliliter.
1L =1000 cm® = 1000 mL, and
1000 mm® = 1 cm®,

Learn It NOW! This simple
relationship is often missed. There
is 1 mL in 1 cm®, not 1000.
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64 Chapter 3 Measurement and Chemical Calculations

Your instructor may add other units to those you are required to know from mem-
ory. If you can look at Table 3-1, you should be able to convert from any unit in the

table to any other unit.

Your Thinking

Conversions
examine the

jn

quantity, the

Thinking About

_ Proportional Reasoning

between metric units are an example of proportional reasoning. Let’s
1000 units = 1 kilounit equivalency more closely. In any measured
number of units is directly proportional to the number of kilounits:

(# of units) « (# of kilounits) (Fig. 3-12):

1400
1200
1000
800
600
400
200
0

Units

0

Figure 3-12 A

0.2 0.4 0.6 0.8

Kilounits

plot of units versus kilounits.

Changing to the form of an equality, (# of units) = m X (# of kilounits). The graph shows that

the quantities have a straigh
m, is 1000 units/kilounit, so (

Active Example 3-10 Unit Conversions within the

How many grams are in 2608 centigrams?

t-line relationship that passes through the origin and that the slope,
# of units) = 1000 units/kilounit X (# of kilounits).

Metric System: Mass

Think Before You Write You have memorized the relationships among kilounits, centiunits, milliunits, and basic units.
This problem requires you to use the appropriate equivalency from among these.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Given: 2608 centigrams (cg), metric mass units
Wanted: metric mass units, grams (g)

100cg=1g

149

100 cg

2608 o X —-9 — 26,08
9% J00cg 09

Larger value X Smaller unit (2608 cg) = Smaller value X
Larger unit (26.08 g). OK.

You have improved your skill at performing unit conver-
sions in the metric system.

Practice Exercise 3-10
How many grams are in 0.711 kilogram?

Analyze the problem. Write the given quantity and its
property, and then write the wanted property and its unit.

Identify and write the equivalency needed to convert
between the given and wanted units, and then write the
conversion factor.

/

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity. Calculate the value of the answer
without using a calculator.

Check. Use larger/smaller reasoning to decide if the
value of the answer is reasonable. Reflect on what you
learned by working this exercise.

/
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3-5 Metric Units 65

When did you first know the answer to the preceding example? Was it as soon
as you read the question? Look back to Active Example 3-9. You probably knew
the answer to that question just as quickly. In essence, that problem was, “How
many dollars are in 2608 pennies?” Aside from the units, Active Examples 3-9 and
3-10 are exactly the same problem. In both examples, all you had to do was move
the decimal point.

The most common error made in metric—metric conversions is moving the
decimal the wrong way. The best protection against that mistake is to avoid
shortcuts and set up the problem, including all units. Always check your result
with the larger/smaller rule: If your quantities have a large value and small units
and a small value and large units, and if you’ve moved the decimal the correct
number of places, which can be verified on your calculator, the answer should

be correct.

Active Example 3-11 Unit Conversions within the Metric System: Length

How many millimeters are in 3.04 centimeters?

Think Before You Write If you are sufficiently familiar with the metric system, you can solve this problem in one
step. However, at this point we recommend that you convert from the given unit to the basic unit, and then from the

basic unit to the wanted unit.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

Given: centimeters (cm), metric
length units

Wanted: metric length units,
millimeters (mm)

Given to basic: 100cm = 1 m
Basic to Wanted: 1000 mm = 1 m

im
100 cm

1000 mm
m

1T y 1000 mm
100 ent AT

3.04 eaT X = 30.4 mm

Smaller value X Larger Unit (3.04 cm) = Larger value X
Smaller unit (30.4 mm). OK.

You have improved your skill at performing unit conver-
sions in the metric system.

Practice Exercise 3-11
Convert 5.25 x 10° milligrams to kilograms.

Analyze the problem. Write the given quantity and
its property, and then write the wanted property and
its unit.

Identify and write the equivalency needed to convert
between the given and base unit, and then write the
equivalency needed to convert between the base unit
and the wanted unit. Write both conversion factors.

;

Construct the solution. Set up the problem, show the
unit cancellations, calculate the answer, and write the
answer as a quantity. Calculate the value of the answer
without using a calculator.

Check. Use larger/smaller reasoning to decide if the
value of the answer is reasonable. Reflect on what you
learned by working this exercise.

;
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66 Chapter 3 Measurement and Chemical Calculations

Active Example 3-12 Unit Conversions within the Metric System: Volume

A fruit drink is sold in bottles that contain 1892 milliliters. Express the volume in
cubic centimeters and in liters. (See Figure 3-13 for equipment that is used to
measure liquid volumes in a chemistry laboratory.)

Think Before You Write Go back and review the volume subsection, if neces-
sary, if you need a reminder about how cubic centimeters are related to other metric
volume units.

Answers Cover the left column with your tear-out shield. Reveal each answer only
after you have written your own answer in the right column.

1892 mL = 1892 cm® Analyze the problem statement.

1 mL and 1 cm? are the same volume. There are two problems here. One is
to convert the given volume to cubic
centimeters, and the other is to
convert the given volume to liters.

Charles D. Winters

Figure 3-13 Volumetric glass- Complete the milliliters-to-cubic-
ware. The beaker is only for estimat- centimeters conversion first.

ing volumes. The tall graduated

cylinder is used to measure volume

more accurately. The flask with the

tall neck (volumetric flask) and the Given: milliliters (mL), metric volume unit Now work on the milliliters-to-liters
pipet are used to obtain samples of Wanted: metric volume unit, liters conversion. Write the given quantity
fixed but precisely measured vol- and its property, and then write the
umes. The buret is used to dis 1000mL =1L 3 i
: pense wanted property and its unit.
variable volumes with high precision. 1L i . .
— Identify and write the equivalency
1000 mL .
needed to convert between the given
1892 At X 1L _ 1.892 L and war}ted units, and then write the
1000 pAt conversion factor.
Larger value X Smaller Unit (1892 mL) = Construct the solution. Set up the
Smaller value X Larger unit (1.892 L). OK.  problem, show the unit cancellations,
You have improved your skill at per- calculate the answer, and write the
forming unit conversions in the metric answer as a quantity. Calculate the
system. value of the answer without using a
calculator.

Check. Use larger/smaller reasoning
to decide if the value of the answer is
reasonable. Reflect on what you
learned by working this exercise.

7

Practice Exercise 3-12

Convert 7.05 X 10° cubic centimeters to centiliters.

EXd significant Figures

Goal 12 Given a description of a measuring instrument and an associated
measurement, express the measured quantity with the uncertain digit
in the correct location in the value.
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It is important in scientific work to make accurate measurements and to record
them correctly. The recorded measurement should indicate the size of its uncer-
tainty. One way to do this is to attach a * value to the recorded number. For
example, if a grocery store scale indicates weight correctly to within one-tenth
of a pound, and a shopper reads the scale at 2.4 pounds, this weight would
properly be expressed as 2.4 * 0.1 pound (Fig. 3-14). The last digit, 4, is the
uncertain digit.

Another way to indicate uncertainty is to use significant figures. The num-
ber of significant figures in a quantity is the number of digits that are known
accurately plus the uncertain digit. It follows that if a quantity is recorded cor-
rectly in terms of significant figures, the uncertain digit is the last digit written.
In 2.4 pounds, 4 is the uncertain digit. Uncertainty in measurement is illustrated
in Figure 3-15. Study the figure carefully now, before proceeding to the next
paragraph.

3-6 Significant Figures 67

The uncertain digit is also called
the doubtful or estimated digit.

P

g/Shutterstock.com

© arek_malan

Learn It NOW! Textbook authors sometimes use illustrations to introduce major con-

cepts. If the text that accompanies the figure is long, it may be written into the figure. This Figure 3-14 Grocery store

produce scale. If a scientist were to
record the weight of an object mea-
sured by this grocery store scale,
she would write the value so that

it expresses both the weight of the
object and the associated uncer-
tainty in the measurement.

keeps the text and the picture on the same page when the book is printed. When this is
done, the figure becomes the text. Figure 3-15 is such an illustration. In fact, it is the only
text that addresses Goal 12.

There are no marks. The board is definitely more than half a meter long, prob-
ably close to two-thirds. In decimals this is between 0.6 and 0.7 meter (m).
The number of tenths is uncertain. Uncertainty is often added to a
measurement as a “plus or minus” (+) value. In this case the length might
be recorded as 0.6 = 0.1 mor 0.7 £ 0.1 m.

Graduation marks appear at every 0.1 m but are numbered in centimeters
(cm) (100 cm = 1 m). The board is less than halfway between 60 and

70 cm (0.6 and 0.7 m). The length might be closer to 64 cm (0.64 m) than
65 cm (0.65 m), but it is hard to tell. Both 64 = 1 cmand 0.64 = 0.01 m
are reasonable estimates.

Now the centimeter lines are added to the graduations shown in the magni-
fied view. The board’s length is clearly closer to 64 cm than 65 cm. It also
appears to be about one-fourth to one-third of the way between 64 and 65.
Estimating the closest tenth of a centimeter (0.001 m) gives 64.2 + 0.1 cm
(0.642 = 0.001 m) and 64.3 = 0.1 cm (0.643 = 0.001 m) as reasonable
estimates.

When millimeter (mm) (10 mm = 1 cm) lines are added, the board is clearly
closest to, but a little less than, 64.3 cm (0.643 m). Do we estimate to the
next decimal? Usually you can estimate between the smallest graduation
marks, but in this case wear or roughness at the end of the meter stick can
introduce errors as much as several 0.01 cm (0.0001 m). It is best to
accept 64.3 = 0.1 cm or 0.643 = 0.001 m as the most reliable measure-
ment you can make.

-

Figure 3-15 Uncertainty in measurement. The length of a board is measured (estimated) by comparing it with meter sticks
that have different graduation marks.
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68 Chapter 3 Measurement and Chemical Calculations

Active Example 3-13 The Location of the Uncertain Digit in a Measured Quantity

A graduated cylinder is used in the laboratory to measure the volume of liquids. The instruments are calibrated to
read at the bottom of the curved surface. What is the volume of the blue liquid in the cylinder?

|

40 mL

LA

30 mL
-

Think Before You Write When a quantity is recorded in scientific writing, its value expresses both the measurement and
its uncertainty.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

The volume is definitely between 34 mL and 35 mL. You are to report the volume with all digits known with
certainty plus one uncertain digit. We’ll start with the
digits known with certainty. The volume of the liquid is
definitely between what two whole-number quantities?

,

34.5 mL Now determine the uncertain digit. Estimate the volume

You may have answered 34.4 mL’ 34.5 mL, or 34.6 m[_; all to the nearest One'tenth Ofa mllhhtel‘ EXpreSS the quan-
answers are acceptable because the uncertain digit—the last ~ tity with the appropriate number of significant figures.
digit in the value—is estimated.

Practice Exercise 3-13

What is the volume of liquid in the buret in the illustration? (Note that the volumes on a buret, expressed in milliliters,
are sequenced in the opposite direction of a graduated cylinder.)
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Significant figures do not apply to exact numbers. An exact number has no
uncertainty; it is infinitely significant. Counting numbers are exact. A bicycle has
exactly two wheels. Numbers fixed by definition are exact. There are exactly
60 minutes in an hour and exactly 12 eggs in 1 dozen eggs (Fig. 3-16).

Counting Significant Figures

Goal 13 sState the number of significant figures in a given quantity.

Reconsider Figure 3-15. It also illustrates how to count the number of significant
figures in a measured quantity. In part (a), where the board is 0.6 m long, the first
nonzero digit is 6, so counting starts there. The last digit shown, the same 6, is
uncertain, so counting stops there. Therefore 0.6 m has one significant figure. In
part (b), the length of the board is 0.64 m or 64 cm. The first nonzero digit is 6, so
counting starts there. The last digit shown, 4, is uncertain, so counting stops there.
Both 0.64 and 64 have two significant figures. In parts (c) and (d), the measuring
instrument allows us to express the board’s length as 0.643 m or 64.3 cm. The first
nonzero digit is 6, so counting starts there. The last digit shown, 3, is uncertain, so
counting stops there. Both 0.643 and 64.3 have three significant figures.

Based on this pattern, we can state the rule for counting the number of signifi-
cant figures in any quantity:

how to... Count Significant Figures

Begin with the first nonzero digit and end with the uncertain digit—the last digit shown.

It should be no surprise that both 0.643 m and 64.3 cm in Figure 3-15(d) have
three significant figures. Both quantities came from the same measurement.
Therefore, they should have the same uncertainty, the same uncertain digit. Only
because the units are different are the decimal points in different places. There-
fore, the important conclusion is: The measurement process, not the unit in which a
result is expressed, determines the number of significant figures in a quantity.

If 0.643 m is written in kilometers (km) (1000 m = 1 km), it is 0.000643 km.
This is also a three-significant-figure number. The first three zeros after the decimal
point are not significant, but they are required to locate the decimal point. Counting
still begins with the first nonzero digit, 6. Do not begin counting at the decimal point.

If the 0.643 m is written in nanometers (nm) (1 m = 1 X 10° nm), it is
643,000,000 nm. This is still a three-significant-figure number, but the uncertainty
is 1,000,000 nm. This time we have six zeros that are not significant, but they are
required to locate the decimal point. How do we end the recorded value with the
uncertain digit, 3? Write it in scientific notation: 6.43 X 10° nm. The coefficient
shows clearly the number of significant figures in the quantity. Scientific notation
works with very small numbers, too: 6.43 X 10~* km.

The last two values show that in very large and very small numbers, zeros
whose only purpose is to locate the decimal point are not significant.

Sometimes—one time in ten, on the average—the uncertain digit is a zero. If
s0, it still must be the last digit recorded. Suppose, for example, that the length of
a board is 75 centimeters plus or minus 0.1 cm. To record this as 75 cm is incorrect;
it implies that the uncertainty is £1 cm. The correct way to write this number is
75.0 cm. If the measurement has been uncertain to 0.01 cm, it would be recorded as
75.00 cm. The uncertain digit is always the last digit written, even if it is a zero to the
right of the decimal point.

When the uncertain digit is a zero, it is best to have it to the right of the
decimal point. If 75.0 cm were to be written in the next-smaller decimal unit, it
would be 750 mm. The reader of this measurement is faced with the question,
“Is the zero significant, or is it a placeholder for the decimal point?” With 75.0 cm
or 7.50 X 10> mm, there is no question: The zero is significant.

3-6 Significant Figures 69

Charles Steele

Figure 3-16 Exact numbers.
There is no uncertainty in exact
numbers, so significant figures do
not apply. There are 12 items in a
dozen.

When authors emphasize a point
so strongly, there must be a rea-
son. Many errors are made when
students relate significant figures
to the location of the decimal
point. Do not allow yourself to be
included among such students!
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70 Chapter 3 Measurement and Chemical Calculations

Some instructors prefer a dif- a summary of... The Number of Significant Figures in a Measurement
ferent method to indicate the

L . 1. Significant figures are applied to measurements and quantities calculated from measure-
significance of numbers ending

in zero. If yours is among them, ments. They do not apply to exact numbers.

we recommend that you follow 2. The number of significant figures in a quantity is the number of digits that are known accu-
your instructor’s method rather rately plus the one that is uncertain—the uncertain digit.

than ours. 3. The measurement process, not the unit in which the result is expressed, determines the

number of significant figures in a quantity.

4. The uncertain digit is the last digit written. If the uncertain digit is a zero to the right of the
decimal point, that zero must be written.

5. Scientific notation must be used for very large numbers to show if final zeros are significant.

Active Example 3-14 The Number of Significant Figures in a Measurement
How many significant figures are in each of the following quantities?
(a) 45,261 ft, (b) 0.109 in., (c) 0.00025 kg, (d) 2.3600 x 10~ cm

Think Before You Write Review the summary of the number of significant figures in a measurement, if necessary. Be
sure that you understand the role of zeroes in counting significant figures.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

a) 45,261 ft: 5 significant figures, (b) 0.109 in.: 3 significant Answer all four parts for yourself before you look at
figures, (c) 0.00025 kg: 2 significant figures (begin counting our answer.

significant figures with the first nonzero digit, the 2),

(d) 2.3600 x 1078 cm, 5 significant figures (the zeroes to the /

right of the decimal point are there because the uncertainty
of the measuring process was +0.0001 cm)

Practice Exercise 3-14

State the number of significant figures in each of the following quantities: (a) 52.0 cm?; (b) 0.00020 kL;
(c) 8.50 X 10* mm; (d) 300.0 cg

EEd significant Figures in Calculations

Chemists often calculate amounts of reactants or products in a chemical change
based on how much product is desired or how much reactant is used initially. For
example, how much starting material is needed to produce 5000 tablets of a 425-mil-
ligram dose of medication? These calculations involve a measured quantity, and
thus the uncertainty of the measurement needs to continue to be reflected in the
result of the calculation. In this section, we investigate how to express calculated
quantities with the correct number of significant figures.

Rounding Off

Goal 14 Round off given values to a specified number of significant figures.

Sometimes when you add, subtract, multiply, or divide experimentally measured
quantities, the result contains digits that are not significant. When this happens,
you must round off the result. Rules for rounding are as follows:

For any individual round-off by how to... Round Off a Calculated Value
any method, every rule has a 50%
chance of being “more correct.”
Even when “wrong,” the rounded- Example: If we round 5.9936 to three significant figures, we obtain 5.99.
off result is acceptable because
only the uncertain digit is affected.

Step 1: If the first digit to be dropped is less than 5, leave the digit before it unchanged.

Step 2: If the first digit to be dropped is 5 or greater, increase the digit before it by 1.

Example: If we round 34.581 to three significant figures, we obtain 34.6.
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Other rules for rounding vary if the first digit to be dropped is exactly 5. We
recommend that you follow your instructor’s advice if it differs from ours.
Active Example 3-15 Rounding Off a Calculated Value
Round off each of the following quantities to three significant figures:

(@) 1.42752 cm®, (b) 45,853 cm, (c) 643.349 cm2, (d) 0.03944498 m

Think Before You Write Review the how to... box that describes how to round off a calculated number, if necessary.
Keep in mind that the key is to know what to do when the first digit to be dropped is less than 5 versus 5 or greater.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

(@ 1.43 cm?, (b) 4.59 X 10* cm, (c) 643 cm?, (d) 0.0394 m or Complete the problem.
3.94 X 10?m

Practice Exercise 3-15

Round off each of the following quantities to two significant figures: (a) 25.55 mL; (b) 0.00254 m; (c) 1.491 X 10° mg;
(d) 199 Gg

Addition and Subtraction

Goal 15 Add or subtract given measured quantities and express the result in the
proper number of significant figures.

The significant figure rule for addition and subtraction is:

how to... Round Off a Sum or Difference

Round off the answer to the first column that has an uncertain digit. (Active Example 3-16 shows
how to apply this rule.)

© Sergio Ponomarev/Shutterstock.com

Figure 3-17 Weighing a substance
added to a beaker on a balance.

Active Example 3-16 The Significant Figure Rule for Addition and Subtraction

A student weighs a beaker and four different chemicals using different balances (Fig. 3-17). The individual masses
and their sum are as follows:

Beaker 319.5 g
Chemical A 20.460 g
Chemical B 0.0639 g
Chemical C 45.642 g
Chemical D 4173 ¢
Total 389.8389 g

Express the sum to the proper number of significant figures.

Think Before You Write Review the procedure that describes how to round off a sum or difference, if necessary. The
key is to express the sum with no more digits than the value with an uncertain digit in the highest-value column.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

Tenths. The uncertain digit in 319.5 g is in the tenths column.  The sum is to be rounded to the first column that has

In all other numbers the uncertain digit is in the hundredths an uncertain digit. What column is this: hundreds,

column or smaller. tens, ones, tenths, hundredths, thousandths, or ten
thousandths? Explain.

,
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72 Chapter 3 Measurement and Chemical Calculations

389.8 g

Practice Exercise 3-16

According to the addition and subtraction rule, the
answer must now be rounded off to the nearest number
of tenths. What answer should be reported?

Y,

Express the following sum to the proper number of significant figures: 2.3 X 103 mL + 4.22 X 10* mL + 9.04 X 10° mL

+ 8.71 X 10° mL.

© Beth Van Trees/Shutterstock.com

Figure 3-18 Compressed oxygen
for medical use is stored in alumi-
num cylinders with green tops. If
you know the mass of a specified
volume of oxygen, you can calculate
the mass of any other volume of
oxygen at the same pressure and
temperature.

We can use this example to justify the rule for addition and subtraction. A
sum or difference digit must be uncertain if any number entering into that sum or
difference is uncertain or unknown. In the left addition that follows, all uncertain
digits are shown in blue, and all digits to the right of a colored digit are simply
unknown:

319.5 319.5

220.460 20.4|60
0.0639 0.0{639
45.642 45.6|42
4.173 4.1|73

389.8389 = 389.8 389.81389 = 389.8

In the left addition, the 8 in the tenths column is the first uncertain digit.

The addition at the right shows a mechanical way to locate the first uncertain
digit in a sum. Draw a vertical line after the last column in which every space is
occupied. The uncertain digit in the sum will be just left of that line.

The same rule, procedure, and rationalization hold for subtraction.

Multiplication and Division

Goal 16 Multiply or divide given measured quantities and express the result in the
proper number of significant figures.

The significant figure rule for multiplication and division is:

how to... Round Off a Product or Quotient

Round off the answer to the same number of significant figures as the smallest number
of significant figures in any measured quantity. (Active Example 3-17 shows an application
of this rule.)

Active Example 3-17 The Significant Figure Rule for Multiplication and Division |

If the mass of 1.000 L of a gas is 1.436 g, what is the mass of 0.0573 L of the gas (Fig. 3-18)?

Think Before You Write This Active Example provides an opportunity to check your progress in developing your
problem-solving skills. Do you recognize the equivalency given in the problem statement?

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.
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Given: 0.0573 L, a metric volume unit
Wanted: mass, no unit is specified

When no unit is specified, you can use the most convenient
unit or the unit that is used conventionally. In this case, the
mass given in the problem statement is in grams, so answering
in grams will be convenient.

1.000L =1.436 g

1.436 g
1.000 L

Notice that we retained the volume value intact from the
problem statement as 1.000 L. The measurement was made
to four significant figures, and that information would be lost if
we wrote 1 L.

1.436 9

. X
00873 500

=0.0823 g

We are multiplying 0.05... by about 115, SO we expect
something close to 0.075 (5 X 115 = 7.5). The answer makes
sense. The smallest number of significant figures in any
factor is 3, from 0.0573 L. Three significant figures are
expressed in the answer, which is correct.

You improved your skill at applying the significant figure
rule for multiplication and division.

Practice Exercise 3-17

3-7 Significant Figures in Calculations 73

Analyze the problem statement: Write the given
quantity, its property, the property of the wanted
quantity, and its unit.

y

Identify the equivalency and write the conversion
factor.

;

Construct the setup and write the answer. Show unit
cancellation. Make sure that the answer is expressed
with the correct number of significant figures.

/

Check the value of the answer. Does it make sense?
Are the significant figures correct? What did you learn
from this Active Example?

;

At a certain temperature, 0.878 g of a pure liquid substance occupies 1.00 mL. What is the volume of 33 grams

of liquid?

Active Example 3-17 and its product

0.0573 X 1.436 = 0.0822828 = 0.0823 in three significant figures

may be used to justify the rule for multiplication and division. Suppose these mea-
surements are the true values and they are correctly expressed in terms of signifi-
cant figures; that is, the final digit is the uncertain digit in each value. Now consider
what the product would be if the actual measurements were both 1 higher in the
uncertain digit. In that case, the multiplication would be

0.0574 X 1.437 = 0.0824838 = 0.0825 in three significant figures

If the actual measurements were both 1 lower in the uncertain digit, the multiplica-
tion would be

0.0572 X 1.435 = 0.0820820 = 0.0821 in three significant figures

Compare the three results in three significant figures: 0.0823, 0.0825, and 0.0821.
With the third nonzero digit uncertain, these three three-significant-figure prod-
ucts are equal. They might be expressed as 0.0823 = 0.0002.
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74 Chapter 3 Measurement and Chemical Calculations

Alternately, each product number reached with an uncertain multiplier must
itself be uncertain. Blue numbers indicate the uncertain digits in the detailed

multiplication:
1 .436 4 significant digits
X0.0573 3 significant digits
4308
10052
7180
0.0822828=0.0823 3 significant digits (multiplication/division rule)

Active Example 3-18 The Significant Figure Rule for Multiplication and Division Il
How many hours are in 6.924 days? Express the answer in the proper number of significant figures.

Think Before You Write \What equivalency is needed to solve the problem?

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer
in the right column.

Given: 6.924 days, time units
Wanted: time units, hours

24 hours = 1 day

Analyze the problem by writing the given quantity and
its property and the wanted property and unit. Identify
the equivalency needed to solve the problem, and write

the conversion factor.

24 hr

1 day /

. 24 hours 1 Construct the setup, and check your answer. What did
R B X 1day < nours you learn by doing this example?

Smaller value X Larger unit = Larger value X Smaller unit, OK. /
There are 4 significant figures in the measured quantity, and

significant figures do not apply to the definition 24 hours =

1 day, so there should be 4 significant figures in the

answer, OK.

You improved your skill at applying the significant figure
rule for multiplication and division.

Practice Exercise 3-18
How many days are in 55 weeks?

Addition/Subtraction and Multiplication/
Division Combined

When a calculation contains both addition/subtraction and multiplication/divi-
sion, you must apply each individual rule for significant figures separately. If two
numbers are to be added and their sum is to be divided by another number, such

W, first perform the addition to the correct number of significant
figures. Then perform the division, applying the multiplication/division signifi-
cant-figure rule.

For the addition, we obtain

34419
+ 73

uncertain two digits past the decimal point

()

uncertain one digit past the decimal point

<— uncertain one digit past the decimal point
(addition and subtraction rule)
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Now apply the multiplication/division rule:

three significant figures

41.8
17 = 3.03 <« three significant figures (the smallest number
3.80 of significant figures in any factor)

four significant figures

3-7 Significant Figures in Calculations 75

Figure 3-19 A buret and a pipet.
The buret on the left is used to
deliver variable volumes to an
accuracy of +0.05 mL. The pipet on
the right is used to dispense a fixed
volume of liquid with an accuracy
of £0.03 mL. These instruments are
common in introductory chemistry
laboratories, but most research
labs use automated titrators and
automatic pipets.

Charles D. Winters

Active Example 3-19 Addition/Subtraction and Multiplication/Division Combined

The density of a substance is given by: density = mass

volume

A pipet is used to deliver a volume of 5.00 mL of a liquid to a beaker that has a mass of 36.3 g (Fig. 3-19). The mass
of the liquid plus the beaker is 42.54 g. What is the density of the liquid?

Think Before You Write The problem is solved by first calculating the mass of the liquid, which is the difference
between the mass of the liquid plus beaker and the mass of the empty beaker. This difference is then divided by the

volume of the liquid.

Answers Cover the left column with your tear-out shield. Reveal each answer only after you have written your own answer

in the right column.

1.2 g/mL

If you got the correct answer, good. Before showing the
setup that produces that answer, though, let’s look at a few
wrong answers and the common errors that produce them.

1.248 g/mL comes from ignoring significant figures altogether
and taking the answer displayed on the calculator.

1.25 g/mL comes from not recognizing that the numerator
has only two significant figures after applying the rule for sub-
tracting and rounding (6.24 + 5.00 = 1.248) to 1.25.

42.5(4
—36.3
6.214=6.2

1.24 g/mL comes from rounding off the numerator correctly
to two significant figures, but not recognizing that those two
significant figures limit the final answer to two significant
figures: 6.2 + 5.00 = 1.24.

The correct calculation and round-off sequence is
(42.54 — 36.3) + 5.00 = 6.24 - 5.00 =
6.2 +5.00 =124 =1.2g/mL
) )

Round off subtraction Round off

in numerator division

You improved your skill at applying the significant fig-
ure rule for a problem with both addition/subtraction and
multiplication/division.

Practice Exercise 3-19

Perform the addition (or subtraction, in this case)
first and then do the division. Take it all the way to a
calculated answer, expressed in the proper number of
significant figures.

/

Check: What did you learn?

/

A solid metallic object is dropped into a graduated cylinder that contains 25.00 mL of water. The volume increases to
37.25 mL. The mass of the object is 96 grams. Use the definition density = mass + volume to calculate the density of

the metal.
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In the 1970s, the four major English-
speaking nations of the world—the
United States, Great Britain, Canada, and
Australia—took action to replace what was
then called the British system of units with
the metric system. Three of these nations
have made the change successfully. Any-
one living in the United States knows
which country did not. In fact, the name of
the U.S. measurement system has been
changed to the United States Customary
System (USCS) because the British no lon-
ger use it.

Why does the United States cling to
USCS units? Simply because of resis-
tance to change. We've grown up with
USCS units. For most Americans, there is
no advantage to metrics. One kilogram of
potatoes is no more convenient a quan-
tity than 2.2 pounds of potatoes, so why
bother to change? Americans can get
used to metric quantities, however. We
now buy soft drinks in 1- or 2-liter bottles
(Fig. 3-20). Is 2 liters less convenient than
2.11 quarts, the equivalent USCS volume?
The number is not important once you get
used to it, until you get to calculating.

If you must work with measured
quantities—calculate as we must in the

Rachel Epstein/PhotoEdit

Figure 3-20 Americans are accustomed
to buying soft drinks in containers with
metric volumes.

sciences, or buy, sell, and build as they do
in commerce and industry—metrics are
so much easier and so much more logi-
cal that the choice is obvious. If, in solving
the problems in this book, you had to work
with quantities expressed in USCS units,
your chemistry course would be much
more difficult, not because of the chemis-
try, but because of the USCS units!

The fact is that most people have little
day-to-day need to calculate, beyond simple

Everyday Chemistry 3-1

SHOULD THE UNITED STATES CONVERT TO METRIC U