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Preface
To the Student
As you begin this course, I invite you to think about your
reasons for enrolling in it. I think the primary reason for your
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 to you. Understanding chemistry, I believe, is an important source of happiness and fulfillment. Let me explain.
Understanding chemistry helps you to live life to its fullest for two basic reasons. The first is intrinsic: through an understanding of chemistry, you gain a powerful appreciation
for just how rich and extraordinary the world really is. 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. 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.
How does chemistry help prepare you for a rich life and
conscientious citizenship? Let me explain with two examples. My first one comes from the very first page of Chapter 1
of this book. There, I ask the following question: What is the
most important idea in all of scientific knowledge? My answer to that question is this: the behavior of matter is determined by the properties of molecules and atoms.
That simple statement is the reason I love chemistry. We humans have been able to study the substances that compose
the world around us and explain their behavior 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. To have never encountered this truth is like never having read a play by Shakespeare
or seen a sculpture by Michelangelo—or, for that matter, like
never having discovered that the world is round. It robs you
of an amazing and unforgettable experience of the world and
the human ability to understand it.
My second example demonstrates how science literacy
helps you to be a better citizen. Although I am largely sympathetic to the environmental movement, a lack of science literacy within some sectors of that movement and the resulting
anti-environmental backlash create confusion that impedes
real progress and opens the door to what could be misinformed
policies. For example, I have heard conservative pundits say
that volcanoes emit more carbon dioxide—the most significant
greenhouse gas—than does petroleum combustion. I have also
heard a liberal environmentalist say that we have to stop using
hairspray because it is causing holes in the ozone layer that will
lead to global warming. Well, the claim about volcanoes emitting more carbon dioxide than petroleum combustion can be

refuted by the basic tools you will learn to use in Chapter 4 of
this book. We can easily show that volcanoes emit only 1/50th
as much carbon dioxide as petroleum combustion. As for hairspray depleting the ozone layer and thereby leading to global
warming, the chlorofluorocarbons that deplete ozone have
been banned from hairspray since 1978, and ozone depletion
has nothing to do with global warming anyway. People with
special interests or axes to grind can conveniently distort the
truth before an ill-informed public, which is why we all need to
be knowledgeable.
So this is why I think you should take this course. Not
just to satisfy the requirement for your major, and not just
to get a good job some day, but to help you to lead a fuller
life and to make the world a little better for everyone. I 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.

To the Instructor
First and foremost, thanks to all of you who adopted this
book in its previous editions. You helped to make this book
one of the most popular general chemistry textbooks in the
world. I am grateful beyond words. Second, I have listened
carefully to your feedback on the previous edition. The
changes you see in this edition are the direct result of your
input, as well as my own experience using the book in my
general chemistry courses. If you have reviewed content or
have contacted me directly, you will likely see your suggestions reflected in the changes I have made. Thank you.
Some of the most exciting changes in this edition are in
the media associated with the book. I have added approximately 57 new Key Concept Videos and 61 new Interactive
Worked examples to the media package. You can see a more detailed description of these videos in the following section entitled What’s New in This Edition. This means that you now have
a library of over 150 interactive videos to enhance your course.
In my courses, I use these videos to implement a before, during,
after strategy for my students. My goal is simple: Engage students
in active learning before class, during class, and after class. To that
end, I assign a key concept video before each class session.
The video introduces students to a key concept for that day and
gets them thinking about it before they come to class. During
class, I expand on the concept and use Leaning Catalytics to
question my students. Instead of passively listening to a lecture, they are interacting with the concepts through questions
that I pose. Some of these questions are answered individually;
other times I have them pair up with a partner. This approach
has changed my classroom. Students engage in the material in
new ways. They have to think and process and interact. It is

xix
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deeply satisfying for me to see my students so engaged. Finally,
after class, I give them another assignment, often an interactive
worked example with a follow-up question. At this point, they
have to apply what they have learned to solve a problem.
The results have been fantastic. My students are enjoying
the process because they are engaged before, during, and after
class rather than only looking at material the night before a
problem set is due. I have seen evidence of their improved
learning through increases in their scores on the American
Chemical Society Standard General Chemistry Exam, which I
always administer as the final exam for my course.
Although we have added exciting new media elements
and made other changes to the book, the book’s goal remains
the same: to present a rigorous and accessible treatment of general
chemistry in the context of relevance. Teaching general chemistry would be much easier if all of our students had exactly the
same level of preparation and ability. But alas, that is not the
case. Even though I teach at a relatively selective institution,
my courses are populated with students with a range of backgrounds and abilities in chemistry. The challenge of successful teaching, in my opinion, is figuring out how to instruct
and challenge the best students while not losing those with
lesser backgrounds and abilities. My strategy has always been
to set the bar relatively high, while at the same time providing the motivation and support necessary to reach the high
bar. That is exactly the philosophy of this book. We do not
have to compromise away rigor in order to make chemistry
accessible to our students. In this book, I have worked hard to
combine rigor with accessibility—to create a book that does
not dilute the content, yet can be used and understood by any
student willing to put in the necessary effort.
Chemistry: A Molecular Approach is first and foremost a
student-oriented book. My main goal 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. Chemistry: 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 laboratory
or in industry, this book teaches chemistry in the context 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 pedagogically driven book. In seeking to develop problem-solving
skills, a consistent approach (Sort, Strategize, Solve, and
Check) is applied, usually in a two- or three-column format.
In the two-column format, the left column shows the student how to analyze the problem and devise a solution strategy. It also lists the steps of the solution, explaining 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 contexts.
The aim is to help students understand both the concept of
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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, I use images to deepen the student’s insight into chemistry. In developing chemical principles, multipart images help show the connection between everyday
processes visible to the unaided eye and what atoms and molecules are actually 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
are rich with 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 information but also uncommonly clear and quickly understood.
Fourth, Chemistry: A Molecular Approach is a “big picture”
book. At the beginning of each chapter, a short paragraph
helps students to see the key relationships between the different topics they are learning. Through a focused and concise narrative, I strive to make the basic ideas of every chapter
clear to the student. Interim summaries are provided at selected spots in the narrative, 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 several Conceptual Connections, which ask them to think about concepts and solve
problems without doing any math. I want students to learn
the concepts, not just plug numbers into equations to churn
out the right answer. This philosophy is also integral to the
Key Concept Videos, which concisely reinforce student appreciation of the core concepts in each chapter.
Chemistry: A Molecular Approach is lastly a book that delivers the depth of coverage faculty want. We do not have to
cut corners and water down the material in order to get our
students interested. We have to meet them where they are,
challenge them to the highest level of achievement, and support them with enough pedagogy to allow them to succeed.
I hope that this book supports you in your vocation of
teaching students chemistry. I am increasingly convinced of
the importance of our task. Please feel free to email me with
any questions or comments about the book.
Nivaldo J. Tro
tro@westmont.edu

What’s New in This Edition?
The book has been extensively revised and contains more
small changes than can be detailed here. The most significant
changes to the book and its supplements are listed below:
• NEW! Chapter 12: Solids and Modern Materials. This
chapter contains new topics and consolidates content
on materials that was found in other parts of the book
in previous editions into one new chapter. All chapters
beyond Chapter 12 have been renumbered.
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• With the help of my colleagues, Thomas Greenbowe
(University of Oregon), Kristin Ziebert (Oregon State University), and Michael Everest (Westmont College), I have
added two new categories of end-of-chapter questions
designed to help students build what we call “twentyfirst-century skills.” The first new category of questions is
Data Interpretation and Analysis. These questions present
real data in real-life situations and ask students to analyze
that data. These in-depth exercises give students much
needed practice in reading graphs, digesting tables, and
making data-driven decisions. The second new category
of questions is Questions for Group Work. Our group work
questions give students the opportunity to work with
their peers in small groups. The questions can be used in
or out of the classroom, but the idea is to foster collaborative learning and to encourage students to work together
as a team to solve problems.
• I have added approximately 57 new Key Concept Videos
and 61 new Interactive Worked Examples to the media
package that accompanies the book. (Since the previous edition had 40 Interactive worked examples, there
is now a total of 158 interactive videos.) These tools are
designed to help instructors engage their students in active learning. Recent research has conclusively demonstrated that students learn better when they are active in
the learning process, as opposed to passively listening
and simply taking in content. The Key Concept Videos
are brief (two to five minutes), and each introduces a key
concept from a chapter. The student does not just passively listen to the video; the video stops in the middle
and poses a question to the student. The student must
answer the question before the video continues. Each
video also includes a follow-up question that is assignable in MasteringChemistryTM. The Interactive Worked
Examples are similar in concept, but instead of explaining a key concept, they walk the student through one
of the in-chapter worked examples from the book. Like
the Key Concept Videos, Interactive Worked Examples
stop in the middle and force the student to interact
by completing a step in the example. The examples
also have a follow-up question that is assignable in
MasteringChemistryTM. The power of interactivity to
make connections in problem solving is immense. I did
not quite realize this power until we started creating the
Interactive Worked Examples and I saw how I could use
the animations to make connections that are just not
possible on the static page.
• There are approximately 21 new Conceptual Connection
questions throughout the book.
• All the data throughout the book have been updated to
reflect the most recent measurements available. These
updates include Figure 4.2 Carbon Dioxide in the Atmosphere; Figure 4.3 Global Temperatures; Figure 4.25 U.S.
Energy Consumption; the unnumbered figure in Section 6.10 of U.S. Energy Consumption; Figure 6.12 Energy
Consumption by Source; Table 6.6 Changes in National
Average Pollutant Levels, 1980–2013; Table 14.4 Change
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in Pollutant Levels; Figure 14.19 Ozone Depletion in the
Antarctic Spring; Figure 16.15 Sources of U.S. Energy; Figure 16.16 Acid Rain; and Figure 16.18 U.S. Sulfur Dioxide
Pollutant Levels.
• Example 4.13 Writing Equations for Acid–Base Reactions
Involving a Strong Acid and Example 14.2 Determining the Order and Rate Constant of a Reaction have been
expanded.
• New worked examples have been added, including Example 4.14 Writing Equations for Acid–Base Reactions Involving
a Weak Acid; Example 18.2 Calculating ∆S for a Change of
State; Example 12.2 Calculating the Packing Efficiency of a
Unit Cell; and Example 12.3 Relating Unit Cell Volume, Edge
Length, and Atomic Radius.
• Several chapter-opening sections and (or) the corresponding art, including Sections 1.1, 2.1, 5.1, 16.1, and
17.1, have been replaced or modified.
• New information about Thermoluminescent Dosimeters,
including new Figure 20.7, has been added.
• A definition and explanation for the heat (or enthalpy)
of sublimation have been added to Section 11.6.
• A new section (Section 18.4) on the Entropy Changes
Associated with State Changes has been added. This section
also includes expanded coverage on reversible and irreversible processes.
• Several sections in Chapter 20: Radioactivity and Nuclear
Chemistry have been modified, including Sections 20.3
and 20.5 and Tables 20.1 and 20.4.
• Approximately 40 end-of-chapter problems (in addition
to over 40 new problems that have been added to new
Chapter 12) have been added or modified.

Tips for AP Chemistry
Exam Success
By Marian DeWane, University of California Irvine and Thomas
Greenbowe, University of Oregon.
Marian taught AP Chemistry at Centennial High School in
Boise, Idaho. She earned the Presidential Award for Excellence in
Science Teaching in 2009. Marian has been involved with the AP
exam as a question writer, reader, table leader, and question
leader.
From 2007–2013, Thomas served on the Advanced Placement Chemistry College Board Test Development Committee and
has been involved with the reading of the exam. He has served as a
reader, table leader, and question leader.
The tips below are based on the College Board’s Curriculum Framework for AP Chemistry. This framework can be
found at https://secure-media.collegeboard.org/digitalServices/pdf/ap/ap-chemistry-course-and-exam-description.pdf
The AP Chemistry exam is offered each May. The exact date
varies per year but it is during the first two weeks of the
month. These tips are based on the current Framework at
the time of publication. Additional tips can be found at
www.PearsonSchool.com/advanced
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The AP Exam

The AP Curriculum

The Advanced Placement Chemistry Exam is comprehensive and includes most topics of a first year general chemistry college course. The exam has two parts; multiple choice
and free response. Each section is worth 50% of the total
score.

The AP curriculum has been separated into six big ideas. These
are as follows

The Multiple Choice Section For this section of the
exam you will get a periodic table and equation sheet.
There are sixty (60) multiple choice questions and each has
four choices. No points are deducted for a wrong answer, so
guessing is OK. Approximately half of the questions will be
“grouped” style. This means there will be one set of data or
diagrams and there will be several questions from the data.
All the questions are tied to a learning objective and science practice as defined by the College Board. The learning
objectives each have specific material they encompass, the
science practices represent skills expected to be able to be
demonstrated in answers.
Strategy: Answer every multiple choice question!
Strategy: Practice with the periodic table and equation sheet from the sample exam during the
school year so you are familiar with it. It will
be very helpful to know commonly used
masses and where to find equations and
constants while taking the exam.
The Free Response In this section of the exam you will
get to use the same periodic table and equation pages but
also a calculator. There are seven (7) free response questions. Of the seven questions, the first three are long questions are worth ten (10) points each and have many
subparts. The last four questions worth four (4) points
each are short questions with generally only one or two
parts. Total time allowed for this section of the exam is 105
minutes. Each question in its subparts will cover a variety
of topics. Most questions will involve more than one concept in chemistry. In all questions, you will be asked to
explain concepts, show you understand lab design, show
you know how to apply mathematics, and apply all the
science practices.
In the test prep book, sample questions of both types
of questions are provided in each section as well as a full
length practice exam at the end.
*Be cautious when using older exams or guidebooks or
following guidance from those who have taken the exam
before 2014, the year the AP Chemistry Exam format and
policies changed.

1.
2.
3.
4.
5.
6.

Atomic Structure
States of Matter, Intermolecular Forces, and Bonding
Reactions
Kinetics
Thermodynamics
Equilibrium

Each big idea is broken into enduring understandings and
points of essential knowledge. Under these, the learning
objectives identify what students should know and be able to
do. Each learning objective is further linked to one or more of
the science practices. These learning objectives are important
as all the AP test questions come from the learning objectives
and the science practice they are linked to. For instance, if the
learning objective says to explain a concept such as periodic
trends and the science practice says to provide evidence, then
the AP questions will require the student to correctly link reasons and evidence with the trend. This book has excellent
explanations and diagrams that will help the student understand the concepts. Good practice is to be able to explain any
of the learning objectives in clear concise language and use a
diagram in the explanation.
Strategy: Have each LO on an Index cards and on the back
make all your notes on the topic. Review your
index cards each week.
Strategy: Also practice writing out explanations each
week. The LOs in each chapter are identified in
the overview of each chapter in the next section.

Science Practices
The learning objectives asking the student to design and plan
labs and data collection strategies require knowledge of lab and
lab design on those concepts. Those learning objectives are
1.16, 1.19, 1.20, 2.10, 2.22, 3.5, 3.9, 4.1, 5.7, 6.9, and 6.18. Be sure
to make a list of the general steps needed to perform each lab.

Strategy: Practice explaining concepts and providing
the evidence supporting the answer in three
sentences or less.
Strategy: Any vocabulary in the Learning Objectives
you do not know, make into flashcards and
learn them. The vocabulary in them is often
used on the exam.
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AP Correlation Guide
Big Idea 1 Learning Objectives
The chemical elements are fundamental building materials of matter, and all matter can be
understood in terms of a
 rrangements of atoms. These atoms retain their identity in chemical
reactions.

Learning Objective

Science Practice

Chapter and Section

1.1

The student can justify the observation that the ratio of the masses
of the constituent elements in any pure sample of that compound is
always identical on the basis of the atomic molecular theory.

6.1

2.5–2.8, 3.9–3.10

1.2

The student is able to select and apply mathematical routines to
mass data to identify or infer the composition of pure substances
and/or mixtures.

2.2

3.9–3.10

1.3

The student is able to select and apply mathematical relationships
to mass data in order to justify a claim regarding the identity and/or
estimated purity of a substance.

1.4

The student is able to connect the number of particles, moles,
mass, and volume of substances to one another, both qualitatively
and quantitatively.

1.5

The student is able to explain the distribution of electrons in an
atom or ion based upon data.

1.6

The student is able to analyze data relating to electron energies for
patterns and relationships.

5.1

1.7

The student is able to describe the electronic structure of the atom,
using PES data, ionization energy data, and/or Coulomb’s Law to
construct explanations of how the energies of electrons within
shells in atoms vary.

5.1, 6.2

1.8

The student is able to explain the distribution of electrons using
Coulomb’s Law to analyze measured energies.

6.2

8.3

1.9

The student is able to predict and/or justify trends in atomic
properties based on location on the periodic table and/or the shell
model.

6.4

7.3–7.6, 8.2–8.9

6.1

7.3–7.6, 8.2–8.9

1.10 Students can justify with evidence the arrangement of the periodic
table and can apply periodic properties to chemical reactivity.
1.11 The student can analyze data, based on periodicity and the
properties of binary compounds, to identify patterns and generate
hypotheses related to the molecular design of compounds for which
data are not supplied.

2.2,6.1

7.1

1.5, 6.2

3.1, 5.1

3.9–3.10, Labs in Mastering:
Experiment 2, 4
2.8–2.9, 3.8–3.11

You can access coverage of this
learning objective at www.
PearsonSchool.com/Advanced
7.1–7.6, 8.1–8.8
8.2–8.9

8.9

1.12 The student is able to explain why a given set of data suggests, or
does not suggest, the need to refine the atomic model from a
classical shell model with the quantum mechanical model.

6.3

2.3–2.4, 7.3–7.6, 8.3–8.4

1.13 Given information about a particular model of the atom, the student
is able to determine if the model is consistent with specified
evidence.

5.3

1.2, 2.3–2.5, 7.3–7.6, 8.1–8.8

1.14 The student is able to use data from mass spectrometry to identify
the elements and the masses of individual atoms of a specific
element.

1.4, 1.5

2.8

1.15 The student can justify the selection of a particular type of
spectroscopy to measure properties associated with vibrational or
electronic motions of molecules.

4.1, 6.4

7.2–7.6
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Learning Objective

Science Practice

1.16 The student can design and/or interpret the results of an
experiment regarding the absorption of light to determine the
concentration of an absorbing species in a solution.

4.2, 5.1

Chapter and Section
7.2–7.6, Labs in Mastering:
Experiment 9, 18B

1.17 The student is able to express the law of conservation of mass
quantitatively and qualitatively using symbolic representations and
particulate drawings.

1.5

1.2–1.4, 3.11, 4.2

1.18 The student is able to apply conservation of atoms to the
rearrangement of atoms in various processes.

1.4

2.8–2.9, 3.3–3.11

1.19 The student can design, and/or interpret data from, an experiment
that uses gravimetric analysis to determine the concentration of an
analyte in a solution.

4.2, 5.1, 6.4

Labs in Mastering: Experiment 4

1.20 The student can design, and/or interpret data from, an experiment
that uses titration to determine the concentration of an analyte in a
solution.

4.2, 5.1, 6.4

4.8, 17.4

Big Idea 2 Learning Objectives
Chemical and physical properties of materials can be explained by the structure and
rearrangement of atoms, ions, molecules and the forces between them.

Learning Objective

Science Practice

2.1

Students can predict properties of substances based on their chemical
formulas, and provide explanations of their properties based on particle
views.

2.2

The student is able to explain the relative strengths of acids and bases
based on molecular structure, interparticle forces, and solution equilibrium.

2.3

The student is able to use aspects of particulate models (i.e., particle
spacing, motion, and forces of attraction) to reason about observed
differences between solid and liquid phases and among solid and liquid
materials.

6.4, 7.1

11.2–11.4, 11.7–11.10,
12.5, 12.6

2.4

The student is able to use KMT and concepts of intermolecular forces to
make predictions about the macroscopic properties of gases, including
both ideal and nonideal behaviors.

1.4, 6.4

5.4–5.10

2.5

The student is able to refine multiple representations of a sample of
matter in the gas phase to accurately represent the effect of changes in
macroscopic properties on the sample.

1.3, 6.4, 7.2

5.3–5.10

2.6

The student can apply mathematical relationships or estimation to
determine macroscopic variables for ideal gases.

2.7

The student is able to explain how solutes can be separated by
chromatography based on intermolecular interactions.

2.8

The student can draw and/or interpret representations of solutions that
show the interactions between the solute and solvent.

2.9

The student is able to create or interpret representations that link the
concept of molarity with particle views of solutions.

2.10 The student can design and/or interpret the results of a separation
experiment (filtration, paper chromatography, column chromatography, or
distillation) in terms of the relative strength of interactions among and
between the components.

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd 24

6.4, 7.1

Chapter and Section

7.2

2.2, 2.3
6.2
1.1, 1.2, 6.4
1.1, 1.4
4.2, 5.1, 6.4

3.2–3.6, 3.12, 4.5, 4.8,
11.2, 11.3, 12.3, 12.5,
12.6
4.4–4.8, 16.2, 16.4

5.3–5.4
Labs in Mastering:
Experiment 15A
13.2, 13.3
4.4–4.5, 13.5
Labs in Mastering:
Experiment 2, 15A
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Learning Objective

Science Practice

Chapter and Section

2.11 The student is able to explain the trends in properties and/or predict
properties of samples consisting of particles with no permanent dipole on
the basis of London dispersion forces.

6.2, 6.4

11.3

2.12 The student can qualitatively analyze data regarding real gases to identify
deviations from ideal behavior and relate these to molecular interactions.

5.1, 6.5

11.2–11.3, 13.12

2.13 The student is able to describe the relationships between the structural
features of polar molecules and the forces of attraction between the
particles.

1.4, 6.4

11.2–11.3

2.14 The student is able to apply Coulomb’s Law qualitatively (including using
representations) to describe the interactions of ions, and the attractions
between ions and solvents to explain the factors that contribute to the
solubility of ionic compounds.

1.4, 6.4

8.3, 11.3

2.15 The student is able to explain observations regarding the solubility of ionic
solids and molecules in water and other solvents on the basis of particle
views that include intermolecular interactions and entropic effects.

1.4, 6.2

11.3–11.5, 5.4, 5.10

2.16 The student is able to explain the properties (phase, vapor pressure,
viscosity, etc.) of small and large molecular compounds in terms of the
strengths and types of intermolecular forces.

6.2

11.3–11.5

2.17 The student can predict the type of bonding present between two atoms in
a binary compound based on position in the periodic table and the
electronegativity of the elements.

6.4

9.2–9.6

2.18 The student is able to rank and justify the ranking of bond polarity on the
basis of the locations of the bonded atoms in the periodic table.

6.1

9.2–9.6, 9.8, 11.3,

2.19 The student can create visual representations of ionic substances that
connect the microscopic structure to macroscopic properties, and/or use
representations to connect the microscopic structure to macroscopic
properties (e.g., boiling point, solubility, hardness, brittleness, low volatility,
lack of malleability, ductility, or conductivity).

1.1, 1.4, 7.1

2.20 The student is able to explain how a bonding model involving delocalized
electrons is consistent with macroscopic properties of metals (e.g.,
conductivity, malleability, ductility, and low volatility) and the shell model of
the atom.

6.2, 7.1

9.11, 1.3–1.4, 21.7

2.21 The student is able to use Lewis diagrams and VSEPR to predict the
geometry of molecules, identify hybridization, and make predictions about
polarity.

1.4

9.6–9.10, 10.2–10.8

2.22 The student is able to design or evaluate a plan to collect and/or
interpret data needed to deduce the type of bonding in a sample
of a solid.

4.2, 6.4

9.4, 11.1–11.3, 1.3–1.4

You can access coverage
of this learning objective at
www.PearsonSchool.com/
Advanced

1.1

9.2, 11.1–11.3, 8.3,

2.24 The student is able to explain a representation that connects properties of
an ionic solid to its structural attributes and to the interactions present at
the atomic level.

1.1, 6.2, 7.1

9.2, 11.1–11.3, 8.3,

2.25 The student is able to compare the properties of metal alloys with their
constituent elements to determine if an alloy has formed, identify the type
of alloy formed, and explain the differences in properties using particulate
level reasoning.

1.4, 7.2

9.2, 11.2, 24.2–24.4

2.26 Students can use the electron sea model of metallic bonding to predict or
make claims about the macroscopic properties of metals or alloys.

6.4, 7.1

9.2, 11.2, 24.2–24.4

2.23 The student can create a representation of an ionic solid that shows
essential characteristics of the structure and interactions present in the
substance.

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd 25

2016/01/27 10:53 AM

xxvi

Preface

Learning Objective
2.27 The student can create a representation of a metallic solid that shows
essential characteristics of the structure and interactions present in the
substance.
2.28 The student is able to explain a representation that connects properties of
a metallic solid to its structural attributes and to the interactions present
at the atomic level.
2.29 The student can create a representation of a covalent solid that shows
essential characteristics of the structure and interactions present in the
substance.
2.30 The student is able to explain a representation that connects properties of
a covalent solid to its structural attributes and to the interactions present
at the atomic level.
2.31 The student can create a representation of a molecular solid that shows
essential characteristics of the structure and interactions present in the
substance.
2.32 The student is able to explain a representation that connects properties of
a molecular solid to its structural attributes and to the interactions present
at the atomic level.

Science Practice

Chapter and Section

1.1

9.2, 11.2, 24.2–24.4

1.1, 6.2, 7.1

9.2, 11.2, 24.2–24.4

1.1

11.2–11.3, 23.3–23.5

1.1, 6.2, 7.1

11.2–11.3, 23.3–23.5

1.1

9.2–9.3, 11.2

1.1, 6.2, 7.1

9.2–9.3, 11.2

Big Idea 3 Learning Objectives
Changes in matter involve the rearrangement and/or reorganization of atoms and/or the
transfer of electrons.

Learning Objective

Science Practice

Chapter and Section

3.1

Students can translate among macroscopic observations of change,
chemical equations, and particle views.

1.5, 7.1

1.3, 1.4, 3.11, 4.6–4.8, 5.3,
14.5–14.7, 16.3, 19.3

3.2

The student can translate an observed chemical change into a balanced
chemical equation and justify the choice of equation type (molecular, ionic,
or net ionic) in terms of utility for the given circumstances.

1.5, 7.1

1.4, 3.11, 4.6–4.9

3.3

The student is able to use stoichiometric calculations to predict the
results of performing a reaction in the laboratory and/or to analyze
deviations from the expected results.

2.2, 5.1

3.11, 4.2–4.3, 4.8–4.9, 5.7

3.4

The student is able to relate quantities (measured mass of substances,
volumes of solutions, or volumes and pressures of gases) to identify
stoichiometric relationships for a reaction, including situations involving
limiting reactants and situations in which the reaction has not gone to
completion.

2.2, 5.1, 6.4

3.11, 4.2–4.3, 4.8–4.9, 5.7

3.5

The student is able to design a plan in order to collect data on the
synthesis or decomposition of a compound to confirm the conservation of
matter and the law of definite proportions.

2.1, 4.2, 6.4

2.3

3.6

The student is able to use data from synthesis or decomposition of a
compound to confirm the conservation of matter and the law of definite
proportions.

2.2, 6.1

2.3, 3.10

3.7

The student is able to identify compounds as Brønsted-Lowry acids,
bases, and/or conjugate acid-base pairs, using proton-transfer reactions
to justify the identification.

6.1

4.8, 16.3

3.8

The student is able to identify redox reactions and justify the identification
in terms of electron transfer.

6.1

4.9, 19.1–19.3, 22

3.9

The student is able to design and/or interpret the results of an experiment
involving a redox titration.

4.2, 5.1
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3.10 The student is able to evaluate the classification of a process as a
physical change, chemical change, or ambiguous change based on both
macroscopic observations and the distinction between rearrangement of
covalent interactions and noncovalent interactions.

1.4, 6.1

1.4–1.5, 4.2–4.9

3.11 The student is able to interpret observations regarding macroscopic
energy changes associated with a reaction or process to generate a
relevant symbolic and/or graphical representation of the energy changes.

1.5, 4.4

6.1–6.6

3.12 The student can make qualitative or quantitative predictions about
galvanic or electrolytic reactions based on half-cell reactions and
potentials and/or Faraday’s laws.
3.13 The student can analyze data regarding galvanic or electrolytic cells to
identify properties of the underlying redox reactions.

2.2, 2.3, 6.4

5.1

19.3–19.8

19.4

Big Idea 4 Learning Objectives
Rates of chemical reactions are determined by details of the molecular collisions.

Learning Objective

Science Practice

Chapter and Section

4.1

The student is able to design and/or interpret the results of an experiment
regarding the factors (i.e., temperature, concentration, surface area) that may
influence the rate of a reaction.

4.2, 5.1

14.1–14.5

4.2

The student is able to analyze concentration vs. time data to determine the
rate law for a zeroth-, first-, or second-order reaction.

5.1, 6.4

14.1–14.5

4.3

The student is able to connect the half-life of a reaction to the rate constant
of a first-order reaction and justify the use of this relation in terms of the
reaction being a first-order reaction.

2.1, 2.2

14.1–14.5

4.4

The student is able to connect the rate law for an elementary reaction to the
frequency and success of molecular collisions, including connecting the
frequency and success to the order and rate constant, respectively.

7.1

14.2–14.5

4.5

The student is able to explain the difference between collisions that convert
reactants to products and those that do not in terms of energy distributions
and molecular orientation.

6.2

14.5

4.6

The student is able to use representations of the energy profile for an
elementary reaction (from the reactants, through the transition state, to the
products) to make qualitative predictions regarding the relative temperature
dependence of the reaction rate.

1.4, 6.4

14.5

4.7

The student is able to evaluate alternative explanations, as expressed by
reaction mechanisms, to determine which are consistent with data regarding
the overall rate of a reaction, and data that can be used to infer the
presence of a reaction intermediate.

6.5

14.6

4.8

The student can translate among reaction energy profile representations,
particulate representations, and symbolic representations (chemical
equations) of a chemical reaction occurring in the presence and absence of
a catalyst.

1.5

14.7

4.9

The student is able to explain changes in reaction rates arising from the use
of acid-base catalysts, surface catalysts, or enzyme catalysts, including
selecting appropriate mechanisms with or without the catalyst present.

6.2, 7.2

14.7
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Big Idea 5 Thermochemistry
The laws of thermodynamics describe the essential role of energy and explain and predict the
direction of changes in matter.

Learning Objective

Science Practice

Chapter and Section

5.1

The student is able to create or use graphical representations in order to
connect the dependence of potential energy to the distance between atoms
and factors, such as bond order (for covalent interactions) and polarity (for
intermolecular interactions), which influence the interaction strength.

1.1, 1.4, 7.2

9.5, 9.6, 9.10, 8.3

5.2

The student is able to relate temperature to the motions of particles, either via
particulate representations, such as drawings of particles with arrows
indicating velocities, and/or via representations of average kinetic energy and
distribution of kinetic energies of the particles, such as plots of the MaxwellBoltzmann distribution.

1.1, 1.4, 7.1

6.1–6.4, 18.3

5.3

The student can generate explanations or make predictions about the transfer
of thermal energy between systems based on this transfer being due to a
kinetic energy transfer between systems arising from molecular collisions.

7.1

6.1–6.4

5.4

The student is able to use conservation of energy to relate the magnitudes of
the energy changes occurring in two or more interacting systems, including
identification of the systems, the type (heat versus work), or the direction of
energy flow.

1.4, 2.2

6.1–6.8

5.5

The student is able to use conservation of energy to relate the magnitudes of
the energy changes when two nonreacting substances are mixed or brought
into contact with one another.

2.2

6.3–6.4

5.6

The student is able to use calculations or estimations to relate energy
changes associated with heating/cooling a substance to the heat capacity,
relate energy changes associated with a phase transition to the enthalpy of
fusion/vaporization, relate energy changes associated with a chemical
reaction to the enthalpy of the reaction, and relate energy changes to P∆V
work.

2.2, 2.3

6.1–6.9

5.7

The student is able to design and/or interpret the results of an experiment in
which calorimetry is used to determine the change in enthalpy of a chemical
process (heating/cooling, phase transition, or chemical reaction) at constant
pressure.

4.2, 5.1, 6.4

6.5–6.7

5.8

The student is able to draw qualitative and quantitative connections between
the reaction enthalpy and the energies involved in the breaking and formation
of chemical bonds.

2.3, 7.1, 7.2

6.6–6.9, 9.10, 8.3

5.9

The student is able to make claims and/or predictions regarding relative
magnitudes of the forces acting within collections of interacting molecules
based on the distribution of electrons within the molecules and the types of
intermolecular forces through which the molecules interact.

6.4

11.1–11.9

5.10 The student can support the claim about whether a process is a chemical or
physical change (or may be classified as both) based on whether the process
involves changes in intramolecular versus intermolecular interactions.

5.1

11.1–11.9

5.11 The student is able to identify the noncovalent interactions within and between
large molecules, and/or connect the shape and function of the large molecule
to the presence and magnitude of these interactions.

7.2

11.3, 21.14,
22.1–22.7

5.12 The student is able to use representations and models to predict the sign and
relative magnitude of the entropy change associated with chemical or physical
processes.

1.4

18.4–18.9
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5.13 The student is able to predict whether or not a physical or chemical process is
thermodynamically favored by determination of (either quantitatively or
qualitatively) the signs of both ∆H° and ∆S°, and calculation or estimation of
∆G° when needed.

2.2, 2.3, 6.4

18.1–18.9

5.14 The student is able to determine whether a chemical or physical process is
thermodynamically favorable by calculating the change in standard Gibbs free
energy.

2.2

18.5–18.7

5.15 The student is able to explain how the application of external energy sources
or the coupling of favorable with unfavorable reactions can be used to cause
processes that are not thermodynamically favorable to become favorable.

6.2

19.8, 18.7

5.16 The student can use LeChatelier’s principle to make qualitative predictions for
systems in which coupled reactions that share a common intermediate drive
formation of a product.

6.4

18.7

5.17 The student can make quantitative predictions for systems involving coupled
reactions that share a common intermediate, based on the equilibrium
constant for the combined reaction.

6.4

15.3

5.18 The student can explain why a thermodynamically favored chemical reaction
may not produce large amounts of product (based on consideration of both
initial conditions and kinetic effects), or why a thermodynamically unfavored
chemical reaction can produce large amounts of product for certain sets of
initial conditions.

1.3, 7.2

18.1–18.9

Big Idea 6 Equilibrium
Any bond or intermolecular attraction that can be formed can be broken. These two processes
are in a dynamic c ompetition, sensitive to initial conditions and external perturbations.

Learning Objective

Science Practice

Chapter and Section

6.1

The student is able to, given a set of experimental observations regarding
physical, chemical, biological, or environmental processes that are reversible,
construct an explanation that connects the observations to the reversibility of
the underlying chemical reactions or processes.

6.2

15.1–15.2, 16.6, 17.2

6.2

The student can, given a manipulation of a chemical reaction or set of
reactions (e.g., reversal of reaction or addition of two reactions), determine
the effects of that manipulation on Q or K.

2.2

15.3–15.5, 17.6

6.3

The student can connect kinetics to equilibrium by using reasoning about
equilibrium, such as LeChatelier’s principle, to infer the relative rates of the
forward and reverse reactions.

7.2

You can access
coverage of this learning objective at www.
PearsonSchool.com/
Advanced

6.4

The student can, given a set of initial conditions (concentrations or partial
pressures) and the equilibrium constant, K, use the tendency of Q to
approach K to predict and justify the prediction as to whether the reaction will
proceed toward products or reactants as equilibrium is approached.

2.2, 6.4

6.5

The student can, given data (tabular, graphical, etc.) from which the state of a
system at equilibrium can be obtained, calculate the equilibrium constant, K.

2.2

6.6

The student can, given a set of initial conditions (concentrations or partial
pressures) and the equilibrium constant, K, use stoichiometric relationships
and the law of mass action (Q equals K at equilibrium) to determine
qualitatively and/or quantitatively the conditions at equilibrium for a system
involving a single reversible reaction.
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6.7

The student is able, for a reversible reaction that has a large or small K, to
determine which chemical species will have very large versus very small
concentrations at equilibrium.

2.2, 2.3

15.2–15.7, 16.4

6.8

The student is able to use LeChatelier’s principle to predict the direction of
the shift resulting from various possible stresses on a system at chemical
equilibrium.

1.4, 6.4

15.9

6.9

The student is able to use LeChatelier’s principle to design a set of
conditions that will optimize a desired outcome, such as product yield.

4.2

15.9

6.10 The student is able to connect LeChatelier’s principle to the comparison of Q
to K by explaining the effects of the stress on Q and K.

1.4, 7.2

15.9

6.11 The student can generate or use a particulate representation of an acid
(strong or weak or polyprotic) and a strong base to explain the species that
will have large versus small concentrations at equilibrium.
6.12 The student can reason about the distinction between strong and weak acid
solutions with similar values of pH, including the percent ionization of the
acids, the concentrations needed to achieve the same pH, and the amount of
base needed to reach the equivalence point in a titration.
6.13 The student can interpret titration data for monoprotic or polyprotic acids
involving titration of a weak or strong acid by a strong base (or a weak or
strong base by a strong acid) to determine the concentration of the titrant
and the pKa for a weak acid, or the pKb for a weak base.
6.14 The student can, based on the dependence of Kw on temperature, reason
that neutrality requires [H+] = [OH-] as opposed to requiring pH = 7, including
especially the applications to biological systems.

1.1, 1.4, 2.3

16.1–16.4, 16.7, 17.2,
17.4

1.4, 6.4

16.1–16.4, 16.7, 17.2,
17.4

5.1

2.2, 6.2

17.1–17.4

16.5

6.15 The student can identify a given solution as containing a mixture of strong
acids and/or bases and calculate or estimate the pH (and concentrations of
all chemical species) in the resulting solution.

2.2, 2.3, 6.4

16.1–17.4

6.16 The student can identify a given solution as being the solution of a
monoprotic weak acid or base (including salts in which one ion is a weak acid
or base), calculate the pH and concentration of all species in the solution,
and/or infer the relative strengths of the weak acids or bases from given
equilibrium concentrations.

2.2, 6.4

16.1–17.4

6.17 The student can, given an arbitrary mixture of weak and strong acids and
bases (including polyprotic systems), determine which species will react
strongly with one another (i.e., with K 7 1) and what species will be present
in large concentrations at equilibrium.

6.4

6.18 The student can design a buffer solution with a target pH and buffer capacity
by selecting an appropriate conjugate acid-base pair and estimating the
concentrations needed to achieve the desired capacity.

2.3, 4.2, 6.4

17.1

6.19 The student can relate the predominant form of a chemical species involving
a labile proton (i.e., protonated/deprotonated form of a weak acid) to the pH
of a solution and the pKa associated with the labile proton

2.3, 5.1, 6.4

16.1–16.4

6.20 The student can identify a solution as being a buffer solution and explain the
buffer mechanism in terms of the reactions that would occur on addition of
acid or base.

6.4

17.1–17.4

6.21 The student can predict the solubility of a salt, or rank the solubility of salts,
given the relevant Ksp values.

2.2, 2.3, 6.4

17.5–17.7

6.22 The student can interpret data regarding solubility of salts to determine, or
rank, the relevant Ksp values.

2.2, 2.3, 6.4

17.5–17.7
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6.23 The student can interpret data regarding the relative solubility of salts in
terms of factors (common ions, pH) that influence the solubility.

5.1, 6.4

17.5–17.7

6.24 The student can analyze the enthalpic and entropic changes associated with
the dissolution of a salt, using particulate level interactions and
representations.

1.4, 7.1

13.3

6.25 The student is able to express the equilibrium constant in terms of ∆G° and
RT and use this relationship to estimate the magnitude of K and,
consequently, the thermodynamic favorability of the process.

2.3

18.9

Upon publication, this text was correlated to the College
Board’s AP Chemistry Curriculum Framework for the
2013–2014 school year. We continually monitor the College
Board’s AP Course Description for updates to exam topics. For
the most current AP correlation for this textbook, visit
PearsonSchool.com/AdvancedCorrelations.

Syllabus for the New
AP Curriculum
Framework Overview Per Chapter
For every concept be able to draw macroscopic and particle
representations.
1. Matter, Measurement, and Problem Solving
The information in this chapter is primarily background
material reviewing skills needed in answering questions
about chemistry concepts. How to use significant figures
and do basic conversions are covered. While not tested
individually as math problems, these skills must be mastered to earn marks on numerical problems. Skills in the
curriculum using introductory concepts include how to
identify physical and chemical changes and how to use
the lab practices of distillation and filtration to identify
compounds and mixtures. Be able to look at particulate
representations and explain the difference between
sugar and table salt dissolving.
2. Atoms and Elements
Most of this chapter should also be review from a first
year course or elementary or middle school science. The
Law of Conservation, the Law of Definite Proportions,
The Law of Multiple Proportions and what evidence
supports these laws should be reviewed. The history of
what we know about the atom is discussed. For each
experiment know how the resulting evidence changed
our view of the atom. In particular, know how the
evidence from the gold foil experiment by Rutherford
led to knowing there is a nucleus in an atom. Concepts
reviewed include isotopes and the evidence from a mass
spectrum indicating their presence, the basics of the
periodic table, atomic mass, molar mass, and moles.
3. Molecules, Compounds, and Chemical Equations
The main focus of this chapter is a review of naming of
ionic compounds, molecular compounds, acids, and
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the basics of organic naming. Balancing equations is an
extremely important key concept to be mastered. The
chart in figure 3.10 is very useful reminder on the steps
in naming. How to use experimental data to determine a
chemical formula should also be mastered.
4. Chemical Quantities and Aqueous Reactions
This chapter extends the basic mathematics of chemistry started in the previous chapter: stoichiometry,
limiting reagents, theoretical yield, percent yield,
and solution stoichiometry. Types of reactions are
introduced in aqueous solutions including precipitate
reactions, acid-base reactions, gas-evolution reactions,
and oxidations reactions. Three ways to represent each
reaction are examined: balanced equations, balanced
ionic equations, and net ionic equations. It is important to be able to represent and explain each type of
reaction with a model particle drawing. An important
skill to be mastered is the determining of oxidation
states of atoms. This will be crucial to all equation
balancing, and especially useful in the
electrochemistry chapter.
5. Gases
Most of the material in this chapter should be review.
The focus in the review should be how to explain (in
writing) all the gas laws using kinetic molecular theory
(KMT) as well as performing calculations using standard equations. Gas reaction stoichiometry, partial
pressures, and molar gas volume should be mastered in
this chapter. Know how to explain how intermolecular
forces affect the behavior of real gases. Understanding
graphical representations of all gas laws and concepts
should be emphasized.
6. Thermochemistry
This chapter introduces the concepts of heat and enthalpy, and calculations involving these concepts. Mastering
this material will be essential before the second chapter
on Thermodynamics, chapter 18. This material is all part
of Big Idea 5: “The laws of thermodynamics describe
the essential role of energy and explain and predict the
direction of changes in matter.” Energy diagrams for reactions and physical changes need to be understood and
as well as to identify and explain all the features of such
diagrams. Section 6.5 Constant Volume Calorimetry is
not in the AP Curriculum.
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7. The Quantum-Mechanical Model of the atom
Through history, the model of the atom has changed.
It is important to understand how the models have
changed and be able to draw representations of each of
the models and especially the difference between the
Bohr model and quantum model. Additional material
includes photon energy calculations, emission and
absorption spectrums. Also be able to draw the basic
shape differences between s and p orbitals. Even though
quantum numbers are not strictly part of the curriculum, one needs to be able to identify and explain where
the electrons are located.
8. Periodic Properties of the Elements
Chapter 8 is a continuation of chapter 7 and electron
locations. Electron configurations, valence versus core
electrons, periodic trends, Coulomb’s Law, effective
nuclear charge and shielding are concepts important to
master. These need to be used to explain periodic table
trends such as ionization energy. Understanding these
concepts is crucial to understanding chapter 9 and 10
on bonding. It is important to practice writing explanations of differences between atoms of an element, its
neighbors in the periodic table, and other members of
its family (or group) in the periodic table.
9. Chemical Bonding I: The Lewis Model
Chapter 9 addresses the basic differences and models of
covalent, ionic, and metallic bonding. Types of chemical bonds, ionic lattice energies, bond polarity, Lewis
structures, resonance, bond energies, bond length, and
the “electron sea” in metallic bonds are covered. These
topics are important to understanding molecular shapes
in chapter 10 and properties of solids and solutions in
chapters 11 and 13. These concepts help to explain the
properties substances exhibit. These relationships need
to be explained and models should be able to be drawn
to support each concept.
10. Chemical Bonding II: Molecular Shapes, Valence Bond
Theory, and Molecular Orbital Theory
VSEPR, predicting geometries, molecular orbital theory,
shape and polarity, sp, sp2, sp3 hybridization (other
hybridizations are not in the AP curriculum) are in this
chapter.

11. Liquids, Solids, and Intermolecular Forces
Intermolecular forces in solids, liquids, and gases are the
crux of this chapter’s focus. Understanding and being
able to draw particle (molecular) representations of the
concepts of surface tension, viscosity, and capillary action
are important in this chapter. Also covered are the importance of water and its properties, including the energies of
phase changes and heating curves of water. Not included
in the AP curriculum are phase diagrams although they
need to be understood. Figure 11.9 is important to
understand along with figure 11.50. Using drawings and
evidence, explain how different intermolecular forces
such as hydrogen bonding and dispersion forces affect
physical properties of substances.
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12. Solids and Modern Materials
This chapter explains the structure of ionic solids, network covalent solids, and many modern materials such
as polymers, semi-conductors, and ceramics. Modern
materials explains many cross domain uses of chemistry.
13. Solutions
Understanding and being able to explain all the types
of solutions and the evidence of intermolecular forces
through species interactions for each type of solution
is required material. Solution equilibrium and factors
affecting solution equilibrium should be understood.
There are many types of concentration units but the
one to know for the AP Chemistry Examination is the
concentration in molarity (M). Not included in the AP
curriculum from this chapter are colligative properties
and the calculations of freezing point depressions and
boiling point elevations.
14. Chemical Kinetics
What affects the rate of a reaction is an important
branch of chemistry. Determining orders, writing rate
laws, and solving for the rate constant are in the AP
curriculum. In addition, the integrated rate law and
half-life equations for zero, first, and second order
reactions should be understood. Another important skill
in this chapter is explaining with the use of diagrams
how collisions affect rates (collision theory). Energy
profile diagrams with and without a catalyst, chemical
mechanisms, identifying intermediates and catalysts
and how they affect rates are vital concepts in this chapter needing to be explained. Different types of catalysts
and examples of each including surface catalysts, acidbase catalysts and enzyme catalysts should be able to be
explained.
15. Chemical Equilibrium
Reactions that do not go to completion, but reach an equilibrium condition, comprise a large component of the
AP Chemistry Exam. Dynamic equilibrium, equilibrium
constants, Kp, Kc, and Q, the reaction quotient and what
the numerical values of these indicates, need to be understood both qualitatively and quantitatively. In addition,
Le Châtelier’s principle and how equilibrium systems
react to disturbances or stresses of temperature, pressure,
and concentration are notable concepts to master.
16. Acids and Bases
The acid–base theories of Arrhenius and Brønsted-Lowry
are in the AP curriculum. Acid ionization constant, Ka,
base ionization constant, Kb, and the water ionization
constant, Kw, are vital topics to master. The pH scale,
pH acid base properties of ions and salts, polyprotic
acids, acid molecular structure complete the chapter.
Everything in the chapter except Lewis Acids and Bases
and calculations with polyprotic acids (which are excluded from the AP curriculum) is essential content.
17. Aqueous Ionic Equilibrium
This chapter addresses two major concepts: buffer
solutions and solubility equilibria. Buffer solution
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concepts include identifying buffer solutions, buffer effectiveness, buffer range, and buffer capacity.
Titrations and various pH curves and identifying areas
of each curve are fully covered and need to be mastered. Choosing indicators is also an important skill
to master. The second part of the chapter covers Ksp,
solubility equilibria, qualitative analysis, and selective
precipitation. Those topics not in the AP curriculum
in this chapter are complex ion equilibria (Kf), the
Henderson-Hasselbach equation, and calculating pH
after addition acid or base to a buffer.

21. Organic Chemistry
This chapter introduces the basics of organic chemistry (chemistry of carbon compounds, mostly important to life). Remember that Chapter 3 taught about
naming organic compounds. The Lewis structures,
functional groups, and basic properties of these types
of compounds needs to be learned. This chapter goes
into considerably more detail than required by the AP
curriculum by covering chirality, enantiomers, and
organic reactions such as addition and condensation
reactions.

18. Free Energy and Thermodynamics
Chapter 18 applies the concept of enthalpy introduced in chapter 6, Thermochemistry. The Laws of
Thermo-dynamics, the concepts of entropy and Gibb’s
free energy are at the crux of chemistry. Why reactions
happen are rationalized using these concepts. Understanding the relationships between these concepts and
energy diagrams, equilibrium constants, and favorable and unfavorable processes is highly important.
Particular figures and tables to explain are figure 18.13,
18.14, and table 18.1 Note: The AP test will not use the
terms spontaneous and nonspontaneous but instead
uses “thermodynamically favored or thermodynamically unfavored”. All parts of this chapter are included in
the AP Chemistry curriculum.

22. Biochemistry
Although the majority of this chapter has a biology
focus, the basic structures of lipids, carbohydrates,
and proteins are in this chapter. This is important
background material in relation to science practice 7:
understanding concepts across domains. For instance,
knowing how the nucleic acids are important to the
building blocks of protein structures such as DNA shows
an understanding of the chemistry structure affecting a
biological system.

19. Electrochemistry
Oxidation—reduction reactions were first introduced
in chapter 4. This chapter goes into more detail and
introduces the ideas of electrochemistry that use these
reactions. Balancing oxidation - reduction reactions,
predicting the direction of a cell, voltaic cells, electrode
potentials, and cell potential are all principle skills
needed. Explaining the components and the function of
each component in figure 19.2 is required material. Concepts and calculations in relation to Gibbs free energy and
the equilibrium constant are essential topics. Electrolysis
and electrolysis calculations are also included. Material
not in the AP chemistry curriculum includes all the types
of batteries and how they work.
20. Radioactivity and Nuclear Chemistry
Neither radioactivity nor nuclear chemistry is included
in the AP curriculum although nuclear reactions and
half-lives are examples of first order kinetics which is
covered in Chapter 14.

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd 33

23. Chemistry of the Nonmetals
Specific properties and reactions of the nonmetals are
in this chapter. Particular significant nonmetals such
as carbon, silicon, nitrogen, phosphorus, oxygen,
sulfur, and the halogens fluorine and chlorine are
discussed. Many cross domain applications and affects
of reactions with these elements or their compounds
are given. One example of a cross domain reference is
how the oxides of nitrogen affect air pollution. This
chapter also has background material on properties
of materials, such as the differences between graphite
and diamond.
24. Metals and Metallurgy
Metals are the majority of the elements in the periodic
table. Some key metals such as copper and zinc, their
compounds, and uses are covered in this chapter. This
chapter is primarily background material for understanding the uses of chemistry across domains.
25. Transition Metals and Coordination Compounds
Similar to chapters 23 and 24, the majority of this chapter is background material specific to transition metals
and understanding coordination compounds and the
uses of them.
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21st Century Skills
Tro’s approach to General Chemistry addresses 21st century skills,
including the ability to analyze and interpret data and the capacity
to work well in groups. Concepts are covered in a thorough and
approachable manner, which ensures that every explanation is relevant
and helps students see the real-world importance and applications of
Chemistry. Students can learn concepts and build skills through
numerous resources for use before, during, and after class.

NEW! Data Interpretation and
Analysis questions present real
data in real life situations and
ask students to analyze that data.
These in-depth exercises give
students practice reading graphs,
digesting tables, and making
data-driven decisions.
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21st Century Skills

NEW! Questions for Group Work give students the
opportunity to work with their peers in small groups. The
questions can be used in or out of the classroom, and
the goal is to foster collaborative learning and encourage
students to work together as a team to solve problems.
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Interactive Problem-Solving Strategy
A unique and consistent step-by-step format encourages
logical thinking throughout the problem-solving process,
driving students to think through problems critically,
rather than to simply memorize formulas.

Icons appear next to
examples indicating
an Interactive Worked
Example digital version
is available in the eText
and on mobile devices
via a QR code located
here, and on the back
cover of your textbook.

NEW! 61 Interactive Worked Examples
make Tro’s unique problem-solving
strategies interactive, bringing his awardwinning teaching directly to all students
using his text. In these digital, mobile
versions, students are shown how to
break down problems using Tro’s proven
“Sort, Strategize, Solve, and Check”
technique, helping to learn how to
consistently solve chemical problems.
These examples can be utilized as an
after class activity.
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A Focus on Conceptual Understanding

NEW! 57 Key Concept Videos combine artwork from the
textbook with both 2D and 3D animations to create a dynamic
on-screen viewing and learning experience. These short videos
include narration and brief live-action clips of author Niva Tro
explaining the key concepts of each chapter. These videos can
be utilized as a before class activity.
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NEW!
Chapter 12—Solids and Modern Materials
This chapter contains new topics and consolidates content on materials
that was found in other parts of the book in previous editions into one
new chapter. New and consolidated topics include unit cells, carbon
and silicates, ceramics, cement, glass, polymorphs, polyethylene, and the
band gap in Group 4A elements.
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Active and Adaptive
MasteringChemistry is the leading online homework, tutorial, and assessment
system, designed to improve results by engaging students before, during, and
after class with powerful content. Instructors can ensure students arrive ready
to learn by assigning educationally effective content before class, and
encourage critical thinking and retention with in-class resources. Students
can further master concepts after class through traditional and adaptive
homework assignments that provide hints and answer-specific feedback.

NEW! Ready-to-Go Teaching Modules in the Instructor Resources section help
instructors efficiently make use of the available teaching tools for each chapter. Pre-built
before class assignments, in-class activities, and after-class assignments are provided
for ease of use. Instructors can incorporate active learning into their course with the
suggested activity ideas, Learning Catalytics questions, and clicker questions.
BEFORE
CLASS

AFTER
CLASS

DURING
CLASS

before class

Dynamic Study Modules help students study effectively
on their own by continuously assessing their activity and
performance in real time. In this edition, 66 topics
include key math skills, general chemistry skills
such as nuclear chemistry, phases of matter, redox
reactions, acids and bases, and organic and
biochemistry skills.

NEW! The Chemistry Primer is a
series of tutorials focused on remediating students in preparation for their
first college chemistry course. The
primer is offered as a pre-built assignment automatically generated as a
default assignment with every newly
created General Chemistry Course.
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BEFORE
CLASS

AFTER
CLASS

during class
DURING
CLASS

Learning Catalytics™ generates class discussion,
guides lecture, and promotes peer-to-peer learning
with real-time analytics. MasteringChemistry 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 can:

• Pose a variety of open-ended questions that
help students develop critical thinking skills

• Monitor responses to find out where students
are struggling

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

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

A01_TRO5187_04_SE_NASTAFM_A-i-A-xlvv3.1.12.indd 40

Questions for Group Work
Tools for active learning have been enhanced
throughout the book, allowing students to dive
into material in an engaging and effective way.

2016/01/27 10:55 AM

BEFORE
CLASS

AFTER
CLASS

after class
DURING
CLASS

NEW! In this edition, 200 more
end of chapter problems now contain
wrong answer specific feedback with
links to the eText.

Self-Assessment Quizzes now contain wronganswer feedback links to the eText, and an
additional 10–15 multiple-choice questions
authored in the ACS-exams and MCAT style in
each chapter. These improvements help
students optimize the use of quizzing to improve
their understanding and class performance.

Multimedia-rich Tutorials feature
specific wrong-answer feedback,
hints, and a wide variety of
educationally effective content
to guide your students through
the toughest topics in chemistry.
The hallmark Hints and Feedback
offer instruction similar to what
students would experience in an
office hours visit, allowing them
to learn from their mistakes
without being given the answer.
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MasteringChemistry™ 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.

Gradebook
Every assignment is
automatically graded.
Shades of red highlight
struggling students and
challenging assignments.

Gradebook Diagnostics
This screen provides you with your
favorite diagnostics. With a single
click, charts summarize the most
difficult problems, vulnerable
students, grade distribution, and even
score improvement over the course.

Adaptive Follow-Ups are personalized assignments pairing MasteringChemistry’s
powerful content with Knewton’s adaptive learning engine to provide personalized help
to students before misconceptions take hold. These assignments address topics
students struggle with on assigned homework, including core prerequisite topics.
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MasteringChemistry™ Access/
Instructor Program Components
MasteringChemistry™ is the most advanced, most widely
used online chemistry tutorial and homework program available. MasteringChemistry™, with Pearson eText, utilizes the
Socratic method to coach students through problem-solving
techniques, offering hints and simpler questions on request
to help students learn, not just practice. Tutorials guide students through the most challenging chemistry topics and
help them make connections.
Upon textbook purchase, students and teachers are
granted access to MasteringChemistry™ with Pearson eText.
High school teachers can obtain preview or adoption access
to MasteringChemistry™ in one of the following ways:
Preview Access
• Teachers can request preview access online by visiting
www.PearsonSchool.com/Access_Request. Select Science,
choose Initial Access, and complete the form under
Option 2. Preview Access information will be sent to the
teacher via e-mail.
Adoption Access
• With the purchase of this program, a Pearson Adoption
Access Card with Instructor Manual will be delivered with
your textbook purchase. (ISBN: 978-0-13-354087-1)
• Ask your sales representative for a Pearson Adoption
Access Card with Instructor Manual. (ISBN: 978-0-13354087-1)
OR
• Visit PearsonSchool.com/Access_Request, select Science,
choose initial Access, and complete the form under
Option 3—MyLab/Mastering Class Adoption Access.
Teacher and Student access information will be sent to
the teacher via e-mail.
Students, ask your teacher for access.
Pearson reserves the right to change and/or update technology platforms, including possible edition updates to customers during the
term of access. This will allow Pearson to continue to deliver the
most up-to-date content and technology to customers. Customer
will be notified of any change prior to the beginning of the new
school year.
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For the Instructor

Most of the teacher supplements and resources for this text
are available electronically to qualified adopters within
Mastering and on the Instructor Resource Center (IRC).
Upon adoption or to preview, please go to www.
pearsonschool.com/access_request and select Instructor Resource Center. You will be required to complete a brief
one-time registration subject to verification of educator status. Upon verification, access information and instructions
will be sent to you via e-mail. Once logged into the IRC, enter
978-0-13-442903-8 in the “Search our Catalog” box to locate
resources.
Instructor’s Resource Manual
Organized by chapter, this useful guide includes objectives,
lecture outlines, references to figures and solved problems, as
well as teaching tips. Prepared by Michael Ferguson.
Instructor’s Resource Materials
This resource contains the following:
• All illustrations, tables, and photos from the text in JPEG
format.
• Three pre-built PowerPoint
worked examples, and images)

Presentations

(lecture,

ExamView
The ExamView computerized test bank includes hundreds of
questions, allowing teachers to build, edit, print, and administer tests based on text objectives. Algorithmically based,
ExamView enables teachers to create multiple but equivalent
versions of the same question or test with a click of a button.
Instructor’s Manual for Laboratory Manual
This manual provides solutions to the questions asked before
each experiment in the accompanying Laboratory Manual,
and provides background and suggestions for the instructor
directing the lab.
TestGen/Test Bank
The Test Bank, prepared by Christine Hermann, contains
more than 3,000 multiple choice, matching, and shortanswer questions. The TestGen version of the Test Bank,
which allows you to create and tailor exams to your needs.
Solutions Manual
Prepared by Kathy Shaginaw, this manual contains step-bystep solutions to all end-of-chapter exercises. With instructor
permission, this manual may be made available to students.
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Student Program Components

For the Student

The following resources are available for purchase.
Pearson’s Test Prep Series for AP® Chemistry:
The test prep workbook contains concise content summaries
of each chapter that are relevant to the AP Chemistry Exam,
test taking tips, multiple-choice and free-response practice
questions, a practice exam with scoring guidelines, and
answers and detailed explanations of all questions and
answers.

Study Guide
This Study Guide, prepared by Jennifer Shanoski, presents the
major concepts, theories, and applications discussed in the
text in a comprehensive and accessible manner.
Selected Solutions Manual
Prepared by Kathy Shaginaw, the selected solutions manual
for students contains complete, step-by-step solutions to
selected odd-numbered, end-of-chapter problems.

Laboratory Manual
Prepared by John B. Vincent and Erica Livingston, this manual contains experiments with a focus on real-world applications. Each experiment covers one or more topics discussed
within a chapter of the textbook.
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