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Preface

To the Student

As you begin this course, think about your reasons for enroll-
ing in it. Why are you taking general chemistry? Why are you
pursuing a university or college education at all? If you are like
most students taking general chemistry, part of your answer is
probably that this course is required for your major or you are
pursuing your education so that you can get a job some day.
Although these are both good reasons, we think there is a better
one. The primary reason for an education is to prepare you to
live a good life. You should understand chemistry—not for what
it can get you—but for what it can do for you. Understanding
chemistry is an important source of happiness and fulfillment.

Understanding chemistry helps you to live life to its fullest
for two basic reasons. The first is intrinsic: through an under-
standing of chemistry, you gain a powerful appreciation for just
how rich and extraordinary the world really is. For example,
one of the most important ideas in science is that the behav-
iour of matter is determined by the properties of molecules
and atoms. With this knowledge, we have been able to study
the substances that compose the world around us and explain
their behaviour by reference to particles so small that they can
hardly be imagined. If you have never realized the remarkable
sensitivity of the world we can see to the world we cannot, you
have missed out on a fundamental truth about our universe. The
second reason is extrinsic: understanding chemistry makes you
a more informed citizen—it allows you to engage with many
of the issues of our day. Scientific literacy helps you under-
stand and discuss in a meaningful way important issues from
the development of the oil sands in Alberta (Chapter 6) to how
the production of pharmaceuticals and personal care products
affects our environment and our bodies (Chapter 12). In other
words, understanding chemistry makes you a deeper and richer
person and makes your country and the world a better place to
live. These reasons have been the foundation of education from
the very beginnings of civilization.

So this is why we think you should take this course and
why we wish you the best as you embark on the journey to
understand the world around you at the molecular level. The
rewards are well worth the effort.

The Strengths of Chemistry:
A Molecular Approach

Chemistry: A Molecular Approach is first and foremost a
student-oriented book. The main goal of the book is to motivate
students and get them to achieve at the highest possible level.
As we all know, many students take general chemistry because
it is a requirement; they do not see the connection between
chemistry and their lives or their intended careers. Chemis-
try: A Molecular Approach strives to make those connections
consistently and effectively. Unlike other books, which often
teach chemistry as something that happens only in the labora-
tory or in industry, this book teaches chemistry in the context

Xviii
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of relevance. It shows students why chemistry is important to
them, to their future careers, and to their world.

Second, Chemistry: A Molecular Approach is a pedagogi-
cally driven book. In seeking to develop problem-solving skills,
a consistent approach is applied (Sort, Strategize, Solve, and
Check), usually in a two- or three-column format. In the two-
column format, the left column shows the student how to ana-
lyze the problem and devise a solution strategy. It also lists the
steps of the solution and explains the rationale for each one,
while the right column shows the implementation of each step.
In the three-column format, the left column outlines the general
procedure for solving an important category of problems that is
then applied to two side-by-side examples. This strategy allows
students to see both the general pattern and the slightly different
ways in which the procedure may be applied in differing con-
texts. The aim is to help students understand both the concept of
the problem (through the formulation of an explicit conceptual
plan for each problem) and the solution to the problem.

Third, Chemistry: A Molecular Approach is a visual book.
Wherever possible, images are used to deepen the student’s in-
sight into chemistry. In developing chemical principles, multipart
images help to show the connection between everyday processes
visible to the unaided eye and what atoms and molecules are actu-
ally doing. Many of these images have three parts: macroscopic,
molecular, and symbolic. This combination helps students to see
the relationships between the formulas they write down on paper
(symbolic), the world they see around them (macroscopic), and
the atoms and molecules that compose that world (molecular).
In addition, most figures are designed to teach rather than just to
illustrate. They include annotations and labels intended to help
the student grasp the most important processes and the principles
that underlie them. The resulting images are rich with informa-
tion but also uncommonly clear and quickly understood.

Fourth, Chemistry: A Molecular Approach is a “big pic-
ture” book. At the beginning of each chapter, a short paragraph
helps students to see the key relationships between the differ-
ent topics they are learning. A focused and concise narrative
helps make the basic ideas of every chapter clear to the student.
Interim summaries are provided at selected spots in the narra-
tive, making it easier to grasp (and review) the main points of
important discussions. And to make sure that students never
lose sight of the forest for the trees, each chapter includes sev-
eral Conceptual Connections, which ask them to think about
concepts and solve problems without doing any math. The idea
is for students to learn the concepts, not just plug numbers into
equations to churn out the right answer.

Finally, Chemistry: A Molecular Approach is a book that de-
livers the depth of coverage faculty want and students need. We do
not have to cut corners and water down the material in order to get
our students interested. We simply have to meet them where they
are, challenge them to the highest level of achievement, and then
support them with enough pedagogy to allow them to succeed.

The Canadian Edition

Chemistry: A Molecular Approach, by Nivaldo J. Tro, is widely
used in general chemistry courses at colleges and universities
across North America. So, why do we need a Canadian edition?
The short answer is that general chemistry courses in Canada are
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different from those in the United States. First-year chemistry
curricula in Canada are generally at a higher level than what is
seen south of the border. There is a need for a strong chemistry
textbook that serves Canadian general chemistry courses.

The Canadian adaptation of Chemistry: A Molecular
Approach drew very heavily on feedback from professors and
instructors across Canada. As the Canadian authors, we took
the reviews and consultations very seriously and did our best to
adapt Tro’s textbook accordingly. In general terms, the adapta-
tion involved making the following changes.

International Conventions on Units, Symbols, and Nomenclature
The field of chemistry is communicated according to
conventions that are determined by the broader international
chemistry community, through the International Union of Pure
and Applied Chemistry (IUPAC). IUPAC continually releases
recommendations on chemical nomenclature, definitions,
symbols, and units. [UPAC recommendations are not static; they
may evolve over time as new information comes to light. Although
many textbooks state that they follow the recommendations
of the TUPAC, you will find that the Canadian edition of
Chemistry: A Molecular Approach scrupulously follows [UPAC
recommendations for chemical names and symbols, nomenclature,
and conventions for symbols and units in measurements. In the
case of chemical nomenclature, there are a number of non-IUPAC
chemical names that are so common that we have to include them
along with the IUPAC recommended name.

S.1. units of measurement are used exclusively. Imperial
units such as the gallon, pound, and the Fahrenheit scale of
temperature have not been used in modern science for over a
generation. [UPAC recommended defining standard pressure
as 1 bar (or 100 kPa) back in 1982. This is the standard that
has been adopted by chemists worldwide and is almost exclu-
sive in second-year physical chemistry texts. Only in first-year
textbooks does the atmosphere still linger as standard pressure.
In this text, standard pressure is the [UPAC-recommended bar.
Students will see pressure in various units, but we make little
use of the atmosphere. When dealing with ideal gases, the most
common value of R is 0.08314 L bar mol™' K.

In thermodynamics, we have adopted the recommended no-
tation for enthalpy, entropy, and Gibbs energy changes, placing
subscripts for changes after the delta sign rather than after H, S,
or G. For example, the standard reaction enthalpy is expressed
as A H° rather than AH,,. This is a subtle change that matters.
The type of change (A) is marked on the A symbol (reaction,A,;
formation, Ay; and so on), rather than the type of thermodynamic
quantity. We understand that this notation is not used everywhere.
However, we believe that students should use standard notation
throughout their education. Students who continue in chemistry
or other sciences will eventually come across the standard nota-
tion in physical chemistry textbooks and in places like the CRC
Handbook of Chemistry and Physics and the NIST Chemistry
Webbook (http://webbook.nist.gov/). Furthermore, thermody-
namic quantities like A H° are always molar quantities and have
the units kJ mol™, as recommended by IUPAC. Exclusive use of
TUPAC-recommended units keeps students from getting into unit
troubles when doing thermodynamic calculations.

Explicitly, we have provided the distinctions and connec-
tions between the unitless thermodynamic equilibrium constant,
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K., or simply K, and the phenomenological equilibrium con-
stants, K, and Kp, which can have units in terms of concentra-
tion and pressure, respectively, again in accordance with [UPAC
recommendations. This is done in the most basic of terms,
assuming that gases and solutions are ideal so that their par-
tial pressures and concentrations are assumed to be numerically
equivalent to their activities, setting up for a more rigorous treat-
ment in second-year analytical and physical chemistry courses.
Following recommendations set out by the IUPAC ensures
that we speak a common language—and teach a common lan-
guage. Otherwise, students who go on in chemistry have to con-
vert from the language learned in first year as soon as the very
next year, when they take their first physical chemistry course.

Current Theories We have updated the text so that the most
current, consensus scientific view is described. This is most notable
in the case of bonding theory and the so-called expanded octet.
In this case, evidence shows that the d orbitals have a negligible
contribution to bonding, which means that full sp’d and sp’d®
hybridizations should no longer be included in bonding theories,
even though this idea continues to appear in general chemistry
textbooks. This Canadian edition reflects the most current
understanding of chemical phenomenon, at the first-year level.

Organic Chemistry The coverage of organic chemistry has
been expanded to two chapters, reflecting the curricula in
many Canadian universities, which provide additional organic
chemistry coverage in first-year chemistry. The first organic
chemistry chapter covers structure and bonding, stereochemistry,
and structure determination. The second chapter covers organic
reactivity, and it is organized according to reaction mechanisms.

Canadian Context Naturally, a Canadian edition will include
Canadian examples. In some places, the Canadian content is
fun, like the hockey goalie’s “Quantum mechanical five hole”
in Chapter 7. In other places, Canadian chemistry examples
are serious and important, like the chemistry of the oil sands.
Wherever Canadian content appears in this edition, it is there
to promote student engagement. This book is meant for the
Canadian student.

End-of-Chapter Problems  One of the first things that professors
consider when choosing a chemistry textbook is the quality of
end-of-chapter problems. This is because, to learn chemistry,
students need to work through meaningful exercises and
problems. Tro’s Chemistry: A Molecular Approach has extensive,
high-quality problems.

First-year chemistry courses are perhaps the most impor-
tant courses in chemistry programs, because they lay the foun-
dation for all higher level courses. First-year courses introduce
students to the language and discipline of chemistry, and some
concepts are not touched on again in the entire undergraduate
curriculum. Indeed, many Ph.D. comprehensive questions fall
back to ideas learned in first year. This book was prepared with
the full undergraduate curriculum in mind. If you are a student,
we hope that the Canadian edition of Chemistry: A Molecular
Approach helps you succeed in chemistry. We encourage you to
make use of all of the features in this book that are designed
to help you learn. If you are a professor, it is our hope that this
textbook provides you with the strong content you need to teach
first-year chemistry in a way that is true to our discipline.
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XX PREFACE

Second Canadian Edition

For the second Canadian edition, our goal was to fine-tune the
content from the first Canadian edition and ensure the concepts
presented are in alignment with current, accepted theories. We
also replaced or updated a number of the “Chemistry in Your
Day” boxes to bring them up to date and add context for stu-
dents. We have also added numerous electrostatic potential
maps throughout the text to give students a visual aid to better
understand chemical concepts related to electrostatic forces.
Some of the substantial changes are described below.

Some material has been moved. For example, balancing
redox equations has been moved from Chapter 18 (Electro-
chemistry) to Chapter 4 (Chemical Reactions and Stoichiom-
etry); Chapter 9 (Chemical Bonding I: Lewis Theory) has been
rearranged to make the content flow better for students.

In Chapter 7 (The Quantum Mechanical Model of the
Atom), we revised and expanded the section on electron con-
figurations to bring it in line with current literature, especially
in regard to the transition metals. These changes should clear
up some of the misconceptions that arise when students learn
the Aufbau principle.

Chapter 10 (Chemical Bonding II: Molecular Shapes, Va-
lance Bond Theory, and Molecular Orbital Theory) includes
a section on larger conjugated systems as well as conductors,
semiconductors, and insulators, which we feel is important for
students who continue in chemistry. The molecular orbital dia-
grams in this chapter have also been updated, providing more
“realistic” visual representations.

In Chapter 17 (Gibbs Energy and Thermodynamics), we
added a more rigorous and chemically-relevant description of
entropy and microstates which will benefit every student who
continues in chemistry and other sciences.

Supplements

For the Instructor

MasteringChemistry® is the best adaptive-learning online
homework and tutorial system. Instructors can create online
assignments for their students by choosing from a wide range
of items, including end-of-chapter problems and research-
enhanced tutorials. Assignments are automatically graded with
up-to-date diagnostic information, helping instructors pinpoint
where students struggle either individually or as a class as a
whole.

Instructor resources are password protected and avail-
able for download from the Pearson online catalogue at http://
catalogue.pearsoned.ca/.

Instructor’s Solutions Manual This manual contains step-
by-step solutions to all complete, end-of-chapter exercises.
The Instructor’s Solutions Manual to accompany the second
Canadian edition has been extensively revised and checked
for accuracy. The Instructor’s Solutions Manual can be
downloaded from the online catalogue.
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Instructor’s Resource Manual Organized by chapter, this
useful guide includes objectives, lecture outlines, and references
to figures and solved problems, as well as teaching tips. The
Instructor’s Resource Manual can be downloaded from the
online catalogue.

Computerized Test Bank Pearson’s computerized test banks
allow instructors to filter and select questions to create quizzes,
tests or homework. Instructors can revise questions or add their
own, and may be able to choose print or online options. These
questions are also available in Microsoft Word format.

PowerPoint® Presentations  PowerPoint® lecture slides provide
an outline to use in a lecture setting, presenting definitions,
key concepts, and figures from the textbook. The textbook’s
worked examples and a selection of practice problems are also
provided in PowerPoint® format. These PowerPoint® slides can
be downloaded from the online catalogue.

Questions for Classroom Response Systems Another set of
PowerPoint® slides provide sample exercises and questions to
be used with Classroom Response Systems. These questions
can be downloaded from the online catalogue.

Image Libraries  All images, figures, and tables in the textbook
are provided in PowerPoint® format. The images, figures, and
tables are also available in a separate image library in jpeg
or gif format. The Image Libraries are available through the
online catalogue.

Learning Solutions Managers Pearson’s Learning Solutions
Managers work with faculty and campus course designers to
ensure that Pearson technology products, assessment tools,
and online course materials are tailored to meet your specific
needs. This highly qualified team is dedicated to helping
schools take full advantage of a wide range of educational
resources, by assisting in the integration of a variety of
instructional materials and media formats. Your local Pearson
Sales Representative can provide you with more details on this
service program.

For the Student

MasteringChemistry® provides you with two learning systems:
an extensive self-study area with an interactive eBook and the
most widely used chemistry homework and tutorial system (if
your instructor chooses to make online assignments part of your
course).

Mastering with Knewton Adaptive Learning Knewton provides
personalized recommendations on what to study next—helping
students work more effectively in and out of class. The Knewton
award-winning Adaptive Learning Platform uses proprietary
algorithms to deliver a personalized learning path for each
student, each day. Knewton’s technology identifies each student’s
strengths, weaknesses, and unique learning style. Taking into
account both personal proficiencies and course requirements,
the platform continuously tailors learning materials to each
student’s exact needs, delivering the most relevant content in the
most efficient and effective form.
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Learning Catalytics Learning Catalytics is a “bring your
own device” student engagement, assessment, and classroom
intelligence system. With Learning Catalytics, you can:

> Assess students in real time, using open-ended tasks to
probe student understanding.

» Understand immediately where students are and adjust
your lecture accordingly.

v

Improve your students’ critical-thinking skills.

v

Access rich analytics to understand student performance.

» Add your own questions to make Learning Catalytics fit
your course exactly.

» Manage student interactions with intelligent grouping and
timing.

Learning Catalytics is a technology that has grown out of
20 years of cutting-edge research, innovation, and implemen-
tation of interactive teaching and peer instruction. Available
integrated with MasteringChemistry.

Pearson eText The Pearson eText gives students access
to their textbook anytime, anywhere. In addition to note
taking, highlighting, and bookmarking, the Pearson eText
offers interactive and sharing features. Instructors can
share their comments or highlights, and students can add
their own, creating a tight community of learners within
the class.

NEW!

» Now available on smartphones and tablets.
» Accessible (screen-reader ready).

» Configurable reading settings, including resizable type and
night reading mode.

» Instructor and student note-taking, highlighting, book-
marking, and search.

Selected Solutions Manual This manual for students contains
complete, step-by-step solutions to selected odd-numbered
end-of-chapter problems. The Selected Solutions Manual to
accompany the second Canadian edition has been extensively
revised, with all problems checked for accuracy.

PREFACE Xxi

During the development of this book, we obtained many
helpful suggestions and comments from colleagues from
across the country. We sincerely thank the following instruc-
tors who were members of our Chemistry Advisory Board for
this edition:

Phil Dutton, University of Windsor

Noel George, Ryerson University

Krystyna Koczanski, University of Manitoba
Andrew McWilliams, Ryerson University
Andrew Vreugdenhil, Trent University

We acknowledge Prof. Dietmar Kennepohl (Athabasca
University) and Dr. Nicole Sandblom (University of Calgary),
Dr. Neil Anderson (Onyx Pharmaceuticals), Drs. Chris Flinn,
Bob Helleur, Karen Hattenhauer, Peter Warburton, and Chris
Kozak, (Memorial University), Mr. Nicholas Ryan (Memorial
University), and Drs. Lucio Gelmini and Robert Hilts (MacEwan
University) for helpful discussions and insightful comments.

Dr. Ian Hunt of the University of Calgary worked with us
in the early development of the organic chemistry chapters. He
provided sage advice on the organization of these chapters and
made numerous suggestions on how to present organic chemis-
try in a way that is both rigorous and accessible to the first-year
student.

Professor Francois Caron of Laurentian University pro-
vided expert advice on revisions to Chapter 19, improving the
presentation of nuclear reaction energetics so that it is consis-
tent with the field of nuclear chemistry.

We would like to thank our wives Lisa and Tanya for their
encouragement and their continuing patience during all the
evenings and weekends we spent working on this book when
we could have been with our families.

Finally, we would also like to acknowledge the assistance
of the many members of the team at Pearson Canada who
were involved throughout the writing and production process:
Cathleen Sullivan, Executive Acquisitions Editor; Kim Teska,
Senior Marketing Manager; Darryl Kamo, Program Manager;
Martina van de Velde, Developmental Editor; Jessica Hellen,
Project Manager; Anthony Leung, Senior Designer.

Travis D. Fridgen
Lawton E. Shaw
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Relevant examples and clear language

- e
- - - 3

hemistry is relevant to every process occurring around you, at every second. The authors

help you understand this connection by weaving specific, vivid examples throughout the
text that tell the story of chemistry. Every chapter begins with a brief story that illustrates how
chemistry is relevant to all people, at every moment.

Periodic Properties <---Are you interested in

of the Elements knowing how nerve cells
: ; transmit signals?

See Chapter 8 to learn why

periodic properties are essential to
understanding this process.

Chemical Reactions
and Stoichiometry

What about the chemistry -
of everyday life?
Chapter 4 illustrates the role chemistry

plays in cuisine, from baking a cake to
why lemons go well with fish.

Solutions

: : Chemical Bonding II:
Chemical Bonding I: Molecular Shapes,

Lewis Theory Valence Bond Theory, and
Molecular Orbital Theory

These examples make the material
more accessible by contextualizing
the chemistry and grounding it in the
world you live in.

XXii
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Student Interest

Throughout the narrative and in special boxed
features, interesting descriptions of chemistry in
the modern world demonstrate its importance.

CHEMISTRY IN THE ENVIRONMENT REVGi¢TZ AN I

Wood frogs (Rana sylvatica) ook like most other frogs. They are

a few inches long and have characteristic greenish-brown skin.
However, wood frogs survive cold winters in a remark-
able way—they partially freeze. In its partially frozen
state, the frog has no heartbeat, no blood circulation, no
breathing, and no brain activity. Within 1-2 hours of thawing,
however, these vital functions return and the frog hops off to
find food. How does the wood frog do this?

Most cold-blooded animals cannot survive freezing
temperatures because the water within their cells freezes.
As we learned in Section 11.9, when water freezes, it
expands, irreversibly damaging cells. When the wood
frog hibernates for the winter, however, it produces
large amounts of glucose that is secreted into its blood-
stream and fills the interior of its cells. When the temper-
ature drops below freezing, extracellular body fluids, such
as those in the abdominal cavity, freeze solid. Fluids within
cells, however, remain liquid because the high glucose concen-
tration lowers their freezing point. In other words, the concentrated
glucose solution within the frog’s cells acts as antifreeze, preventing the
water within the cells from freezing and allowing the frog to survive.

A The wood frog survives winter by partially freezing.
It protects its cells by flooding them with glucose,
which acts as an antifreeze.

Question

The wood frog can survive at body temperatures as low as —8.0 °C. Calculate the molality

of a glucose solution (C¢H,,04) required to lower the freezing point of water to —8.0 °C.

CHEMISTRY AND MEDICINE [:TTE BT

Osteoporosis—which means porous bone—is
a condition in which bone density becomes too
low. The healthy bones of a young adult have
a density of about 1.0 g cm > Patients suffering
from osteoporosis, however, can have bone densities
as low as 0.22 g cm . These low densities mean the bones have
deteriorated and weakened, resulting in increased susceptibility
to fractures, especially hip fractures. Patients suffering from
osteoporosis can also experience height loss and disfigura-
tion such as dowager’s hump, a condition in which the patient
becomes hunched over due to compression of the vertebrae.
Osteoporosis is most common in postmenopausal women, but
it can also occur in people (including men) who have certain

A Magnified views of the bone matrix in a
normal femur (left) and one weakened by
osteoporosis (right).

diseases, such as insulin-dependent diabetes, or who take cer-
tain icati such as is is usually
diagnosed and monitored with hip X-rays. Low-density bones
absorb fewer of the X-rays than do high-density bones, produc-
ing characteristic differences in the X-ray image. Treatments
for osteoporosis include additional calcium and vitamin D,
drugs that prevent bone weakening, exercise and strength train-
ing, and, in extreme cases, hip-replacement surgery.

Question

Suppose you find a large animal bone in the woods, too large
to fit in a beaker or flask. How might you approximate its
density?

A Severe osteoporosis can neces-
sitate surgery to implant an arti-
ficial hip joint, seen in this X-ray
image.

health-related topics.

and societal issues.

W Chemistry In Your Day

As is shown in Table 5.3, the air we breathe
contains 78% N, and 21% O,. The other 1%
is a mixture of Ar, CO,, Ne, and other trace
gases. Besides oxygen, human beings can
survive without any of the other gases as they
fill no physiological requirements. In the low pressures of
outer space, pure oxygen is exactly what astronauts breathe.
For the best mobility, it is an advantage to have as low a
pressure as possible in a spacesuit when astronauts go on a
spacewalk. In air at a pressure of 1 bar, the partial pressure
of O, is 207 mbar. It is not as simple as having a pressure of
207 mbar of oxygen in the spacesuit. In the alveoli of your
lungs, there is a partial pressure of CO; (53 mbar) due to
respiration and water vapour (63 mbar) from the lung tissue.
This adds up to a total alveolar pressure of 116 mbar. In or-
der to have a partial pressure of oxygen of 207 mbar, the space-

the experience of high altitude mountain climbing.

A Chemistry and Medicine boxes show
applications relevant to biomedical and

<« Chemistry in the Environment boxes
relate chapter topics to current environmental

the importance of chemistry in everyday
situations.

boxes demonstrate

CHEMISTRY IN YOUR DAY ROSTBNIR EIRT

A Cosmonaut Sergey Volkov dons a spacesuit during a 6 hour and
23 minute spacewalk.

suit must be pressurized by an extra 116 mbar, to 323 mbar O,. If the spacesuit were only pressurized to 207 mbar with pure
oxygen, the partial pressure of O, in the lungs would be 207 — 116 = 91 mbar, about 44% of the partial pressure at sea level.
This is the same as the partial pressure of oxygen at 5.5 km above sea level, which is 400 m higher than the highest permanently
inhabited town in the world, Rinconada, Peru. For an astronaut, working under this low pressure of oxygen would be similar to
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Pioneering artwork makes

CONCEPTS CLEAR

Annotated Molecular Art
Many illustrations have three parts:

® a macroscopic image (what you can see with your eyes)
e amolecular image (what the molecules are doing)

e asymbolic representation (how chemists represent the process with symbols and equations)

The goal is for you to connect what you see and experience (the macroscopic world) with the
molecules responsible for that world, and with the way chemists represent those molecules.
Atter all, this is what chemistry is all about.

2H,(g) + Ox(9) —— 2H,0(9) A g
Hydrogen and oxygen react to form gaseous water. ‘ ........................ Sym bO I IC re p resentatlon
--------- Molecular image
L EERRER Macroscopic image
A FIGURE 4.10 Oxidation-Reduction Reaction The hydrogen in the balloon reacts with oxygen upon ignition to form gaseous water
(which is dispersed in the flame).
o —— 2o - 0 | P Annotations
— tell the story of the
] . q

e image concisely.
soluble;
.\ S (soluble)

5‘ {+ ............. Molecular |mage
Pb(NO,),(aq)
(soluble)
Macroscopic image -+ q--«---=---+- > ;
2 KNOj3(aq)
(soluble)
+
®

(insoluble)

XXiv
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Multipart Images

Multipart images make connections among graphical
representations, molecular processes, and the macroscopic world.

NaCl(s)

When sodium chloride is first added to
water, sodium and chloride ions begin to
dissolve into the water.

(a) Initial

A FIGURE 12.9 Dissolution of NaCl

A01_TRO6563_02_SE_FM.indd 25

NaCl(s) —— Na'(aq) + Cl (aq) ) NaCl(s) == Na'(aq) + Cl (aq)

As the solution becomes more concentrated, When the rate of dissolution equals the rate
some of the sodium and chloride ions can of recrystallization, dynamic equilibrium
begin to recrystallize as solid sodium chloride.

has been reached.

4--------- Molecular image

Rate of dissolution > Rate of recrystallization Rate of dissolution = Rate of recrystallization

(c) Dynamic equilibrium

» FIGURE 11.10 Polar and Nonpolar
Compounds  Water and pentane do
not mix because water molecules

are polar and pentane molecules are
nonpolar.

-

Graphical representation

4--------- Macroscopic image

4--------- Symbolic representation
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Two-Column Example
A consistent approach to problem solving is used throughout the book.

46 Chapter 2 Atoms and Elements .
Y Theleﬂcolumnexplams
The molar mass of any element yields the conversion factor between mass (in grams) :
of that element and the amount (in moles) of that element. For carbon: hOW the prOblem IS SOIVed.

12.01gC 1 mol C

1201gC = 1molC or ——= of —2 ™
£ MOS0 hetc ¥ 1201gC

‘We now have all the tools to count the number of atoms in a sample of an element
by weighing it. First, obtain the mass of the sample. Then convert it to the amount
in moles using the element’s molar mass. Finally, convert to number of atoms using
Avogadro’s number. The conceptual plan for these kinds of calculations takes the
following form:

) i)

.- The right column shows the
implementation of the steps

e e e e e e e s e s s s s s s s s s s cc st s s s s s s s e

s o explained in the left column.
of element number  *
Example 2.4 demonstrates these conversions. .
Notice that numbers with large exponents, such as:6.022 X 10%, are unbelievably
large. Twenty-two copper pennies contain 6.022 X 1023:0r 1 mol of copper atoms, but A four—pal‘t structure (“SOI’t
. )
v Strategize, Solve, Check”)
THE MOLE CONCEPT: CONVERTING FROM MASS TO MOLES AND NUMBER OF ATOMS provides you with a framework
Calculate the number of moles of copper atoms and the number of copper atoms that are in 3.10 g of copper. for analyzing and Solving
» SORT You are given the mass of copper atoms | GIVEN: 3.10 g Cu prOblems-

and asked to find the number of moles of cop- | FIND: Moles and number of Cu atoms
per atoms and the number of copper atoms.

} STRATEGIZE Convert between the mass | CONGEPTUAL PLAN ‘ AR DR Many problems are solved

ﬁ :_::’lzl::lfe;[(’:S irfa:;lz :lr; (1111::1: ;;Eﬂ[)}?; [g_:)-’(mol Cu)—b[ number of Cu atoms) W|th a Gonceptllal plan that
molar mass. 1 mol Cu 6022 X 10 Cu atoms prOVideS a visual outline of the
Then convert from mo’les to the number of 63.55g Cu 1 mol Cu Steps |ead|ng from the glven
atoms using Avogadro’s number. RELATIONSHIPS USED . : g

63.55 g Cu= 1 mol Cu (Molar mass of copper) information to the solution.

6.022 X 10 = 1 mol (Avogadro’s number)

} SOLVE Follow the conceptual plan to solve | SOLUTION
the problem. Begin with 3.10 g Cu and | Number of moles Cu:
multiply by the appropriate conversion fac-

1 mol Cu
tor to obtain th ber of moles of . | 3.10 X ———— = 4.88 X 10 2mol C
or to obtain the number of moles of copper. g€u 03552Ca mol Cu
Then multiply the number of moles by | Number of Cu atoms:
Avogadro’s number to arrive at the number 23
6.022 X 107 Cu aty
of copper atoms. 4.88 X 102 mol-Cu X oes A T udloms 2.94 X 10?2 Cu atoms

1 mol-Cu

R R I I I N I I I A A )

} CHECK The answer (the number of copper atoms) is less than 6.022 X 103 (one mole). This is consistent with the given mass
of copper atoms, which is less than the molar mass of copper.

FORPRACTlCEZ.«"""""'"""""""""""""""""""""" ceecnne . EveryworkedExampleis
followed by one or more

FOR MORE PRACTICE 2.4 “For Practice” problems that
Calculate the mass of 2.25 X 10> tungsten atoms.

How many carbon atoms are there in a 1.3 carat diamond? Diamonds are a form of pure carbon. (1 carat = 0.20 grams)

you can try to solve on your
own. Answers to “For Practice”
problems are in Appendix IV.

XXVi
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Three-Column Example
Problem-Solving Procedure Boxes for important categories of problems enable
you to see how the same reasoning applies to different problems.

The formula for the ionic compound composed of calcium and chlorine, however, is CaCl,
because Ca always forms 2+ cations and Cl always forms 1— anions in ionic compounds.
In order for this compound to be charge-neutral, it must contain one Ca>* cation for every
two C1™ anions.

Summarizing lonic Compound Formulas

» Ionic compounds always contain positive and negative ions.
» In achemical formula, the sum of the charges of the positive ions (cations) must equal
the sum of the charges of the negative ions (anions).
» A formula reflects the smallest whole-number ratio of ions.
To write the formula for an ionic compound, follow the procedure in the left column
in the following example. Two examples of how to apply the procedure are provided in
the centre and right columns.

I R R I I I TR

EXAMPLE 3.2

» PROCEDURE FOR ...

3.4 Formulas and Names 65

R I R R I R R I I I R R A N P A A A A Y

EXAMPLE 3.3

Writing Formulas for Ionic Writing Formulas for Ionic Writing Formulas for Ionic
Compounds Compounds Compounds
Write a formula for the ionic compound | Write a formula for the ionic compound
that forms between aluminum and oxygen. | that forms between calcium and oxygen.
1. Write the symbol for the metal A o <4< R
cation and its charge followed
by the symbol for the nonmetal
anion and its charge. Obtain
charges from the element’s group
number in the periodic table (refer
to Figure 2.12).
2. Adjust the subscript on each cation ART 0% cat 0
and anion to balance the overall ¢
charge. Al, O, CaO
3. Check that the sum of the charges | cations: 2(3+) = 6+ cations: 2+
of the cations equals the sum of the | anions: 3(2—) = 6— anions: 2—
charges of the anions. The charges balance. The charges balance.
FOR PRACTICE 3.2 FOR PRACTICE 3.3 ‘ SEEEEEEERER]: ¢ ¢ «
Write a formula for the compound formed | Write a formula for the compound
between potassium and sulfur. formed between aluminum and nitrogen.

Naming lonic Compounds The first step in naming an ionic compound is to identify it as one.
Tonic compounds are often composed of metals and nonmetals; any time you see a metal
and one or more nonmetals together in a chemical formula, assume that you have an ionic
compound.

Table 3.2 gives names of common cations and anions. In the case of KBr,
the name of the K* ion is potassium. For metals that form cations with only one
charge, the name of the cation is the same as the metal. For metals that can form
cations with different charges, the name of the cation is the name of the metal fol-
lowed by the charge in roman numerals in brackets. Thus, Fe>" is named iron(II)
and Fe>* is named iron(Ill). Many transition metals give ions with different charges
(Figure 3.6 »). Names for monoatomic anions consist of the base name of the ele-
ment followed by the suffix —ide. For example, the base name for bromine is brom,
and the name of the Br™ ion is bromide. The name of KBr is the name of the K*

cation, followed by the name of the Br™ anion: potassium bromide.

[

The name of the ionic compound is simply
the name of the cation followed by the name
of the anion.

[[]Main groups
t [J'Transition
—|  elements

A FIGURE 3.6 Transition Elements
Metals that can have different charges
in different compounds are usually
(but not always) found in the transition
elements.

-+ The general procedure is
shown in the left column.

- Two worked examples, side
by side, make it easy to see
how differences are handled.

-+ Every worked Example is
followed by one or more
“For Practice” problems that
you can try to solve on your
own. Answers to “For Practice”
problems are in Appendix IV.
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End-of-chapter

MATERIAL A

End-of-Chapter Review Section
The end-of-chapter review section helps
you study the chapter’s concepts and skills
in a systematic way that is ideal for test
preparation.

Key Terms

Section 5.1
pressure (149)

Section 5.3
Boyle’s law (154)

Section 5.6
partial pressure (P,) (166)

effusion (180)
Graham's law of

. Charles’s law (157) Dalton’s law of partial cffusion (181)
Section 5.2 Avogadro’s law (159) pressures (166) .
millimetre of mercury mole fraction (x,) (166) Section 5.10
(mmHg) (151) Section 5.4 vapour pressure (169) van der Waals
barometer (151) ideal gas law (160) equation (184)
torr (151) ideal gas (160) Section 5.8 real gas (184)

Kinetic molecular
theory (174)

pascal (Pa) (151)
atmosphere (atm) (151)
standard pressure (152)
bar (152)

millibar (mbar) (152)
manometer (152)

ideal gas constant (160)

Section 5.5

molar volume (162)

standard temperature and
pressure (STP) (162)

Section 5.9
mean free path (180)
diffusion (180)

A Key Terms list all of the chapter’s boldfaced terms,
organized by section in order of appearance, with page
references. Definitions are found in the Glossary.

Key Equations and Relationships

Relationship Between Pressure (P), Force (F), and Area (4) (5.2)

F
P=3
Boyle's Law: Relationship Between Pressure (P) and Volume (V) (5.3)
1
Ve g
P = Pl
Charles's Law: Relationship Between Volume (V) and Temperature (T) (5.3)
Ve T (inK)
L %
A

Avogadro's Law: Relationship Between Volume () and Amount in Moles (r) (5.3)
Veon
hW_ bk
mom
Ideal Gas Law: Relationship Between Volume (V), Pressure (P), Temperature (T), and Amount (r) (5.4)

Key Concepts

Pressure (5.1, 5.2)

Gas pressure is the force per unit area that results from gas particles
colliding with the surfaces around them. Pressure is measured in a
number of units, including bar, mbar, mmHg, torr, Pa, psi, and atm.

The Gas Laws (5.3)

The gas laws express relationships between pairs of variables when
the other variables are held constant. Boyle’s law states that the vol-
ume of a gas is inversely proportional to its pressure. Charles’s law
states that the volume of a gas is directly proportional to its tem-
perature. Avogadro’s law states that the volume of a gas is directly
proportional to the amount (in moles).

The Ideal Gas Law and Its Applications (5.4, 5.5)

The ideal gas law, PV = nRT, gives the relationship among all four
gas variables and contains the gas laws within it. We can use the
ideal gas law to find one of the four variables given the other three.
We can use it to calculate the molar volume of an ideal gas, which
is 22.7 L at STP, and to calculate the density and molar mass of
agas.

Mixtures of Gases and Partial Pressures (5.6)

In a mixture of gases, each gas acts independently of the others so
that any overall property of the mixture is the sum of the properties
of the individual components. The pressure of any individual com-
ponent is its partial pressure.

Gas Stoichiometry (5.7)

In reactions involving gaseous reactants and products, quantities are
often reported in volumes at specified pressures and temperatures. We
can convert these quantities to amounts (in moles) using the ideal gas
law. Then we can use the stoichiometric coefficients from the balanced
equation to determine the stoichiometric amounts of other reactants or

products. The general form for these types of calculations is often as
follows: volume A — amount A (in moles) — amount B (in moles) —
quantity of B (in desired units). In cases where the reaction is carried
out at STP, the molar volume at STP (22.7 L = 1 mol) can be used to
convert between volume in litres and amount in moles.

Kinetic Molecular Theory and Its Applications (5.8, 5.9)
Kinetic molecular theory is a quantitative model for gases. The
theory has three main assumptions: (1) the gas particles are negli-
gibly small, (2) the average kinetic energy of a gas particle is pro-
portional to the temperature in kelvin, and (3) the collision of one
gas particle with another is completely elastic (the particles do not
stick together). The gas laws all follow from the kinetic molecular
theory.

‘We can also use the theory to derive the expression for the root
mean square velocity of gas particles. This velocity is inversely pro-
portional to the molar mass of the gas, and therefore—at a given
temperature—smaller gas particles are (on average) moving more
quickly than larger ones. The kinetic molecular theory also allows us
to predict the mean free path of a gas particle (the distance it travels
between collisions) and relative rates of diffusion or effusion.

Real Gases (5.10)

Real gases differ from ideal gases to the extent that they do not
always fit the assumptions of kinetic molecular theory. These as-
sumptions tend to break down at high pressures, where the volume
is higher than predicted for an ideal gas because the particles are no
longer negligibly small compared to the space between them. The
assumptions also break down at low temperatures where the pressure
is lower than predicted because the attraction between molecules
combined with low kinetic energies causes partially inelastic col-
lisions. The van der Waals equation predicts gas properties under
nonideal conditions.

A The Key Concepts section summarizes
the chapter’s most important ideas.

Key Skills

+ Example 6.1 < For Practice 6.1

* Example 6.2 « For Practice 6.2

Thermal Energy Transfer (6.4)
* Example 6.3 = For Practice 6.3

+ Example 6.4 For Practice 6.4
« Example 6.5« For Practice 6.5
* Examples 6.6, 6.7« For Practice 6.6, 6.7
* For Practice 6.6

+ Example 6.6

* Examples 6.8, 6.12  + For Practice 6.8, 6.12

Finding A H Using Calorimetry (6.7)
« Example 6.9
Finding A, H Using Hess’s Law (6.8)
+ Example 6.10

« For Practice 6.9

* For Practice 6.10

Finding Work from Volume Changes (6.4)
* Exercises 51-52

« For More Practice 6.8

* For More Practice 6.10

Calculating Internal Energy from Heat and Work (6.3)
« Exercises 41-44, 53-54

Finding Heat from Temperature Changes (6.4)
« For More Practice 6.2

* Exercises 47-48

* Exercises 49-50, 65-70

Finding Pressure-Volume Work for Chemical Reactions Involving Gases (6.4)
« Exercises 53-56

Using Bomb Calorimetry to Calculate A .U and A H (6.5, 6.6)
* For More Practice 6.6

« Exercises 73-74

Predicting Endothermic and Exothermic Processes (6.6)
« Exercises 59-60

Determining Heat from AH and Stoichiometry (6.6)

* Exercises 61-64

* Exercises 75-76

* Exercises 79-82

A The Key Skills section lists the major types of problems
that you should be able to solve, with the chapter examples
that show the techniques needed—along with the “For
Practice” problems and end-of-chapter exercises that offer
practice in those skills.

PV = nRT

A The Key Equations and Relationships section lists
each of the key equations and important quantitative
relationships from the chapter.
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End-of-Chapter Review Exercises

Answers to odd-numbered questions are in
Appendix Il.

Review Questions

1. Why is molecular geometry important? Give some examples. c. five electron groups overall; four bonding groups and one
2. According to VSEPR theory, what determines the geomelry of a Tone pair

molecule? d. five electron groups overall; three bonding groups and two
3. Name and sketch the five basic electron geometries, and state lone pairs

the number of electron groups corresponding to cach, What e. five electron groups overall; two bonding groups and three

constitutes an electron group? P lone ?ﬂ'zs 1 five bondi "

. six electron groups overall; five .

4. Explain the difference between electron geometry and molceu- o eearon groups overall: five bonding groups and one

lar geometry. Under what circumstances are they not the same? one p: .

" & six clectron groups overall; four bonding groups and two

5. Give the correet clectron and molecular geometies that correspond Jone pairs

to each set of electron groups around the central atom of a molecule:
a. four electron groups overall: three bonding groups and one
Tone pair

6. How do you apply VSEPR theory to predict the shape of a mol-
ccule with more than one interior atom?
7. How do you determine whether a molecule is polar? Why is

A Review Questions can be used to review chapter content.

Cumulative Problems

@ Bromine is a highly reactive liquid, while krypton is an inert gas. in nerve

82. Suppose you were trying to find a substitute for Na
Explain the difference based on their electron issi

signal Where would you begin your search? What
fons would be most like Na'? For each ion you propose. explain
the ways in which it would be similar to Na™ and the ways it
would be different. Use periodic trends in your discussion.

80. Potassium is a highly reactive metal, while argon is an inert gas.
Explain the difference based on their electron configurations.

@ Suppose you were trying to find a substitute for K* in nerve
signal transmission. Where would you begin your search? What
ions would be most like K*? For each ion you propose, explain
the ways in which it would be similar to K* and the ways it
would be different. Refer to periodic trends in your discussion

@ Life on Earth evolved around the element carbon. Based on pe-
riodic properties. what two or three elements would you expect
to be most like carbon?

A Cumulative Problems combine material from different parts
of the chapter, and often from previous chapters as well, allowing
you to see how well you can integrate the course material.

Conceptual Problems

@ 1magine that in another universe, atoms and elements are identi-
cal to ours, except that atoms with six valence electrons have
particular stability (in contrast to our universe, where atoms
with eight valence electrons have particular stability). Give an
example of an element in the alternative universe that corre-
sponds to:

a. anoble gas.
b. a reactive nonmetal.
e arcactive metal

114, According to Coulomb’s law, rank the interactions between
the charged particles from lowest potential energy to highest
potential energy:

a. A 1+ charge and a 1 - charge separated by 100 pm.
b. A2+ charge and a 1 - charge separated by 100 pm.
. A 1+ charge and a 1+ charge separated by 100 pm.
d. A 1+ charge and a 1 - charge separated by 200 pm.

@ Use the rends in ionization energy and electron affinity to explain
why calcium fluoride has the formula CaF; and not Ca,F or CaF.

A Conceptual Problems let you test your grasp of key chapter
concepts, often through reasoning that involves little or no math.
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Problems by Topic

Valence Electrons and Dot Structures

€@ Write an electron configuration for N. Then write a Lewis struc-

w

ture for N and show which electrons from the electron configu-
ration are included in the Lewis structure.

Write an electron configuration for Ne. Then write a Lewis
structure for Ne and show which electrons from the electron
configuration are included in the Lewis structure.

€ Write a Lewis structure for each atom or ion:

a. Al b. Na* e Cl [Ney
36. Write a Lewis structure for each atom or ion:
a. §° b. Mg e Mg** d P

lonic Lewis Structures and Lattice Energy

o

42.

Explain the trend in the lattice energies of the alkaline earth
metal oxides:

Metal Oxide  Lattice Energy (kJ mol )
Mg 3795
Ca0 3414
$10 3217
BaO 3029

Rubidium iodide has a lattice energy of ~617 kJ mol ', while
potassium bromide has a lattice energy of —671 kJ mol~'. Why
is the lattice energy of potassium bromide more exothermic than

A Problems by Topic are paired, with answers to the
odd-numbered questions appearing in Appendix Ill.

Challenge Problems

@ Consider the densities and atomic radii of the noble gases at 1 bar

and 25

Element Atomic Radius (pm) Density (g L~")
He 32 0.16

Ne 70 0.81

Ar 98 —

Kr 112 3.38

Xe 130 —

Rn — 8.96

a. Estimate the densities of argon and xenon by interpolation
from the data.

Provide an estimate of the density of the yet undiscovered ele-
ment with atomic number 118 by extrapolation from the data.
Use the molar mass of neon to estimate the mass of a neon
atom. Then use the atomic radius of neon to calculate the
average density of a neon atom. How does ths density com-
pare to the density of neon gas? What does this comparison
suggest about the nature of neon gas?

13

o

@

d. Use the densities and molar masses of krypton and neon to
calculate the number of atoms of each found in a volume of
1.0 L. Use these values to estimate the number of atoms that
occur in 1.0 L of Ar. Now use the molar mass of argon to
estimate the density of Ar. How does this estimate compare
to that in part (a)?

. As we have seen, the periodic table is a result of empirical

observation (i.e.. the periodic law), but quantum theory explains
why the table is so arranged. Suppose that, in another universe,
quantum theory was such that there were one s orbital but
only two p orbitals (instead of three) and only three d orbitals
(instead of five). Draw out the first four periods of the periodic
table in this alternative universe. Which clements would be the
equivalent of the noble gases? Halogens? Alkali metals?
Consider the metals in the first transition series. Use periodic
trends to predict a trend in density as you move to the right
across the seris.

100. Only trace amounts of the synthetic element darmstadtium,

atomic number 110, have been obtained. The element is so highly
unstable that no observations of its properties have been possible.
Based onits position in the periodic table. propose three different
plausible valence electron configurations for this element

A Challenge Problems are designed to challenge
stronger students.
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Chemistry® for Students

www.masteringchemistry.com

MasteringChemistry® tutorials guide students through the most challenging topics while helping them make
connections between related chemical concepts. Immediate feedback and tutorial assistance help students
understand and master concepts and skills in chemistry —allowing them to retain more knowledge and perform
better in this course and beyond.

Applying Dalton's Atomic Theory

Part A
- Hint 1. Interpreting the third postulate of Dalton's atomic theo
As early as 400 B.C.. Greek philosophers proposed that Which of the following reactions is possible according to Dalton’ P g 3 e
matter was made up of particles. _DU””Q the 1800s, John The third postulate of Dalton's atomic theory of matter states that
Dalton linked the idea of atoms with the chemical & Ny— 0 Atoms of an element are not changed into atoms of a different element by chemical reactions; atoms are
= Na 2

identity of an element. His atomic theory of matter
involved the following postulates.

neither created nor destroyed in chemical reactions.
For example, when iron rusts, it is because iron atoms are combining with axygen atoms to form a new

£ Na+05 = 2NO
compound, iron oxide. Iron atoms do not tumn into other types of atoms to cause rusting.

1. Each element is composed of extremely

small particles called atoms. © €0z —NO;
2. All atoms of a given element are identical .
B s e b i e e e ¢ Hy0 = HS Hint 2. Analyze the first reaction
Papide, but the atoms of one element Classify the following statements as true or false.
are different from the atoms of other
elements. Submit Hints My Answers GiveUp Review Part Drag each item to the appropriate bin.

w

. Atoms of an element are not changed into
atoms of a different element by chemical .
reactions; atoms are neither created nor Try Again
destroyed in chemical reactions.

4. Compounds are formed when atoms of

more than one element combine; a given

compound always has the same relative

Mitrogen atoms cannot tum into oxygen atoms. — 1 : f
A nitrogen atom i A nitrogen atom is identical to an
different from an oxygen atom. I oxygen atom.

number and kind of atoms. 7
Scientists later discovered isotopes, which showed that [N\trogen aturrsa;;:lm (moExygen
the second postulate was not entirely true, and nuclear PartB .
reactions, which showed that the third postulate was not
true. Magnesium oxide decomposes into magnesium and oxygen. If

mass of oxygen gas is also released in the reaction?
True False

MasteringChemistry® is the only system to provide
instantaneous feedback specific to the most common
wrong answers. Students can submit an answer and receive
immediate, error-specific feedback. Simpler sub-problems
and hints are provided upon request.

My Answers Give Up

Math Remediation links found in selected tutorials launch algorithmically generated math exercises that give
students unlimited opportunity for practice and mastery of math skills. Math Remediation exercises provide
additional practice and free up class and office-hour time to focus on the chemistry. Exercises include guided
solutions, sample problems, and learning aids for extra help, and offer helpful feedback when students enter
incorrect answers.

%) You Try It - Mozilla Firefox [BE[E] * Reaction Rates Resources ~ | Help | Ciose [X
;) idemastx, 11, 685e=CBfromPlayerCheck=yes ~ 7y|| Mem Type: Tutorial | Difficulty: 1 | Time: 6m | Leaming Outcomes + | Caniact the Publisher Manage this ltem: [ Standard View Non-Randomized (v]
+ Reaction Rates. Al
= Now consider the following reaction and data
Divide and write the result using scientific notation, 84x10"7 s To measure the speed of a car, we use miles per hour
4 eI 8-+ Help Me Salve This (miles/hour or mph). To measure the rate of a
i (Simplify your answer. Use scientific notation. Use I #§ View an Example reaction we use molar concentration per second
4.2x10% the multiplication symbol in the math palette as (MJs).
needed) & Print

a
(¥) Good job!

What is the average rate of formation of I, ?

s your answer to three decimal places de the appropriate units.

You multiplied by time instead of dividing. /s lterally means M divided by s

in the edit field, then click Check Answer. @

e
—
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Pearson eText gives students access to the text whenever and wherever
they can access the Internet. The eText includes powerful interactive and

customization functions.

e You can create notes, highlight text, and create bookmarks.
e You can perform a full-text search and share comments.

e |nstructors can share their notes and highlights with students and can also

hide chapters that they do not want their students to read.

What will happen when we place a
silver wire into a Cu(NO;); solution?

MasteringChemistry*
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Mass Number

Net Charge

¥ Show element name

oo i =)

7/ Show stablelunstable

15 Pause and Predict Video Quizzes ask
students to predict the outcome of experiments
and demonstrations as they watch the videos;
a set of multiple-choice questions challenges
students to apply the concepts from the video
to related scenarios. These videos are also
available in web and mobile-friendly formats
through the Study Area of MasteringChemistry
and in the Pearson eText.

15 Simulations, assignable in MasteringChemistry®,
include those developed by the PhET Chemistry Group,
and the leading authors in the simulation development
covering some of the most difficult chemistry concepts.
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Chemistry® for Instructors

www.masteringchemistry.com

The Mastering platform was developed by scientists for science students and instructors. Mastering has been
refined from data-driven insights derived from over a decade of real-world use by faculty and students.

MasteringChemistry® Gradebook

Gradebook

e s Eumemmennssinns - Eyary assignment is automatically graded.
=l Shades of red highlight struggling students

Studers por page: [0 9]

e wesw @i en e s e ae an  owenws w w weww || ANd challenging assignments.

Class Average - 1!.Aﬂ u.nu nz.lﬂ HBA'] ns.sl] nun suu s:nn 90n|] nson 111|] € 245
Lastot, Firs. - ma] 7] wa] 2] see] G sss] ] reof0G6[  srell 2 aee
Lastoz, Frso - o] es] wme] seo]  ss] w2 ras]  as] eool  sesl . esal j2s2 : )
Lastos,Firsto - el wso]  ers] e t02]  ses]  sso  1eo] MN""BICMWW — Gradebook D|agnost|cs
Lasto, Firs. - ms] sasleel  sal  ses]  esa]l  soo  sas] Chemistry 101
Lastos, Firsto. - 188 93] 88 0] ars 2] a2s] s . . .
e B R R e R R e e==masezs | hiS SCreen provides you with
o wmi ml ol wd el ] el ]| St e - your favourite diagnostics. With a
Lastio, Fist. - ] o 7ee]  tos]  ses]  sms]  sa]  es] single CliCk, Charts summarize the
most difficult problems, vulnerable
students, grade distribution, and even
score improvement over the course.
MasteringChemistry* I.earning Outcomes
o @overten . e @t it Let Mastering do the work in tracking student
T — performance against your learning outcomes:
AT o ® Add your own or use the publisher-provided
e learning outcomes.
— e View class performance against the specified
— learning outcomes.
‘Electron-Dot Formylas for Elements
nsass R * Export results toa spreadshee_t that you can
mamae A LS further customize and share with your chair, dean,
= A — administrator, or accreditation board.
XXXii
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NEW! Dynamic Study Modules

Personalize each student’s learning experience and help them study effectively on their own by continuously
assessing their activity and performance in real time. Here’s how it works: students complete a set of questions
with a unique answer format that also asks them to indicate their confidence level. Questions repeat until the
student can answer them all correctly and confidently. Once completed, Dynamic Study Modules explain the
concept using materials from the text. These are available as graded assignments prior to class, and accessible
on smartphones, tablets, and computers.

NEW! Learning Catalytics™

Promote student engagement, generate class discussion, guide your lecture, and promote peer-to-peer learning
with real-time analytics. Mastering with eText now provides Learning Catalytics—an interactive student response
tool that uses students’ smartphones, tablets, or laptops to engage them in more sophisticated tasks and
thinking.

Instructors, you can:
» Pose a variety of open-ended questions that help your students develop critical-thinking skills.
» Monitor responses to find out where students are struggling.

» Use real-time data to adjust your instructional strategy and try other ways of engaging your students during
class.

e Manage student interactions by automatically grouping students for discussion, teamwork, and peer-to-peer
learning.

NEW! Adaptive Follow-Ups

Adaptive Follow-Up Assignments are based on each student’s past performance on their course work to date,
including homework, tests, and quizzes. These provide additional coaching and targeted practice as needed, so
students can master the material.
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