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PREFACE

hemistry: Principles and Reactions differs in mass and volume from other
general chemistry texts.The typical text today runs anywhere from 1000
to 1300 pages and weighs 4 to 6 pounds. This book is several hundred
pages shorter and at least a couple of pounds lighter.

An obvious advantage of a shorter text is the lower cost to the student (this
book sells for much less than the $90 to $110 for the average general chemistry
text). A further advantage is that this book can be covered in its entirety in a year
course. With most of the general chemistry texts on the market, the instructor has
to decide which chapters to omit. Frequently some of the most interesting topics
are skipped, such as complex ions (Chapter 15 in this book) and nuclear chemistry
(Chapter 19). Another casualty due to time restraints is often descriptive inorganic
chemistry (Chapters 20 and 21 in this book).

You may be curious as to how we achieved this reduction in size. It was not
done by lowering the level. Our criterion for including material was its importance
and relevance to the student, not its difficulty. Beyond that, we have developed
chemical principles slowly and carefully, devoting as much space to a topic as ex-
perience has shown to be necessary for student understanding.

How then did we arrive at a text at least 300 pages shorter than most general
chemistry texts? For one thing, we have eliminated repetition and duplication
wherever possible. For example, the book contains—

m one and only one method of balancing redox equations, the half-equation ap-
proach introduced in Chapter 4.

m one and only one way of working gas law problems, using the ideal gas law in
all cases (Chapter 5).

m one and only one way of calculating AH (Chapter 8), using enthalpies of forma-
tion.

m one and only one equilibrium constant for gas phase reactions (Chapter 12), the
thermodynamic constant K, often referred to as Kj,. This simplifies not only the
treatment of gaseous equilibrium but also the discussion of reaction spontaneity
(Chapter 17) and electrochemistry (Chapter 18).

Certain topics ordinarily covered in texts of 1,000 or more pages have been
deleted, abbreviated, or relegated to an appendix. Items in this category are—

® biochemistry, traditionally covered in the last chapter of general chemistry texts.
Interesting as this material is, it requires a background in organic chemistry that
first-year college students do not have. Our last chapter (Chapter 22) is devoted
to the concepts of organic chemistry, including isomerism.

m molecular orbital theory (Appendix 5). Our experience has been that, important as
this approach to chemical bonding is, it doesn’t go over well with most general
chemistry students.

m nomenclature of complex ions and organic compounds (Appendix 4). We believe this
material is of questionable value in a beginning course.



m qualitative analysis, summarized in a few pages in Chapter 16. An extended dis-
cussion of the qual scheme and the chemistry behind it belongs in a lab man-
ual, not a textbook.

Through three editions, this text has earned a reputation as being student-
oriented. We have tried to continue and expand that tradition this time around. In
evaluating reviewers’ comments, we always ask the question, “Will this (recom-
mended) change enhance the student’s understanding or appreciation of chem-
istry?” All the changes we made in this fourth edition had that objective in mind.

Along these lines, it may be helpful to point out several unique features of this
text. (These are described in more detail under “To the Student,” page xvii)

u CD-ROM References appear in almost every chapter. These marginal callouts
direct students to specific topic screens on the Interactive General Chemistry CD-
ROM (Version 2.5). Additionally, for both the students’ and professors’ reference,
a list of videos and animations from the CD-ROM that are appropriate to given
sections of the text appears after the Table of Contents.

m In-text Examples start off with a Strategy section, which outlines the reason-
ing to be followed in the Solution. This helps to distinguish the “why” from
the “how” of problem solving. About half of the examples end with a Reality
Check, designed to convince the student that solving a problem begins the
learning process rather than ending it. It encourages students to make sure that
the answer is reasonable and/or relates directly to a chemical principle they
have learned.

m Chapter Highlights, at the conclusion of each chapter, list the Key
Concepts, Key Equations, and Key Terms covered. Included among the key
terms are items, marked with a =, introduced in earlier chapters. This section
ends with a Summary Problem, which serves to tie together all of the con-
cepts covered in a chapter. This helps the student to see the forest as well as the
individual trees.

s End-of-chapter Questions & Problems are divided into four categories. Most
are classified under special headings; problems of this type are arranged in
matched pairs, only one of which is answered in Appendix 6. Unclassified
questions and problems typically illustrate more than one concept. Then there
are several Conceptual Questions of a qualitative nature designed to test how
well the student understands chemical concepts. Finally, there are a few
Challenge Problems, which we hope will pique the interest of student
and instructor alike. As an aid for students, selected, fully worked-out solu-
tions for selected problems from each chapter, identified by a wes, are posted at:

http://www.brookscole.com/chemistry_d

The function of a chemistry teacher and hence of a textbook goes well beyond
explaining chemical principles. Students must be convinced that chemistry is so
relevant to their lives that it is worth devoting the time and effort required to mas-
ter these principles. Real-life applications are emphasized throughout the exercises
and problems in this text. They also appear in a special feature, Chemistry:
Beyond the Classroom, found near the end of every chapter. New to this edi-
tion are discussions of amines and alkaloids (Chapter 4), automobile airbags
(Chapter 5), polymers (Chapter 9), organic acids (Chapter 13), and cholesterol
(Chapter 22).

Throughout the text we have presented short biographies of some of the pio-
neers in chemistry, ranging from Antoine Lavoisier (1748-1794) to Glenn Seaborg
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(1912-1999). These sketches are referred to as Chemistry: The Human Side;
they emphasize the personalities as well as the accomplishments of these individu-

als.

"~ ANCILLARY MATERIAL

A large number of auxiliary materials have been developed for use with this text.
These include:

For the Instructor

Instructor’s Manual by William L. Masterton. Included are lecture outlines and
lists of demonstrations for each chapter. Worked-out solutions are provided for all
of the end-of-chapter problems that do not have answers in the appendix.

Printed Test Bank by David Treichel (Nebraska Wesleyan University).
Features over 1,000 multiple-choice, five-part questions.

ExaMaster™ Computerized Test Bank is the software version of the
printed Test Bank. Instructors can create thousands of questions in a multiple-
choice format. A command reformats the multiple-choice question into a short-
answer question. Adding or modifying existing problems, as well as incorporating
graphics, can be done. ExaMaster™ also has gradebook capabilities for recording
and graphing students’ grades.

Overhead Transparencies set includes 142 full-color acetates with sizable
labels for viewing in large lecture halls. The illustrations and tables chosen are
those most often used in the classroom, and are marked with the icon OHT for easy
identification.

Cooperative Learning Workbook by Cecile N. Hurley. A collection of
worksheets (about three per chapter) that students work on in groups. Designed to
stimulate group activity and discussion, the questions provided on each worksheet
are equally conceptually oriented and quantitatively oriented. The booklet in-
cludes instructions for use, how to guide student discussion, and supporting data
on the success of cooperative learning at University of Connecticut.

Chemical Principles in the Laboratory, Seventh Edition, by Emil
Slowinski and Wayne Wolsey (both of Macalester College) and William Masterton
provides detailed directions and advanced study assignments. This manual con-
tains 43 experiments that have been selected with regard to cost and safety. All the
experiments have been thoroughly class-tested. Alternatively, the Chemical
Principles in the Laboratory with Qualitative Analysis, Sixth Edition,
Alternate Version, is available, with eight experiments covering qualitative
analysis. An Imstructor’s Manual is available for each version of Chemical
Principles in the Laboratory, and each Instructor’s Manual provides lists of equip-
ment and chemicals needed for each experiment.

For the Student

Study Guide/Workbook by Cecile N. Hurley. Worked examples and problem-
solving techniques help the student understand the principles of general chem-
istry. Each chapter is outlined for the student with fill-in-the-blanks, and exercises
and self-tests allow the students to gauge their mastery of the chapter.



Student Solutions Manual by Cassandra T. Eagle and David G. Farrar (both
of Appalachian State University). Complete solutions to all the problems answered
in the text, including the Challenge Problems. References to the main text’s sections
and tables are provided as a guide for problem-solving techniques employed by the
authors. Selected solutions from each chapter, identified by a wes, are posted at:

http://www.brookscole.com/chemistry_d

Lecture Outline by Ronald O. Ragsdale (University of Utah). Organized to
follow class lectures to free students from extensive note taking during lectures.

Chemistry Internet Resource Guide by Susan M. Young provides students
with a tool to help understand the ways in which the Internet can assist their edu-
cation. In addition to general information on chemistry Web sites, the Guide will
help them to understand the learning aids offered on ChemSource, the
Brooks/Cole general chemistry Web site.

" MULTIMEDIA ANCILLARY MATERIALS

Interactive General Chemistry CD-ROM (Version 2.5) with Activ-
Chemistry, by John Kotz and William Vining and produced by Archipelago
Productions. Considered the best general chemistry CD-ROM available by allowing
the students to interact with the information presented. Divided into chapters, the
CD-ROM allows one to watch a reaction in progress, change a variable in an exper-
iment and experience the result, follow stepwise solutions to problems, explore
the periodic table, and listen to tips and suggestions on problem solving and un-
derstanding concepts. The CD-ROM includes original graphics, over 100 video
clips of chemical experiments, which are enhanced by sound and narration, and
several hundred molecular models and animations. With ActivChemistry, students
can also perform simulations of laboratory experiments.

The CD-ROM also includes molecular modeling software from Oxford Molecular
Group that can be used to view hundreds of models, rotate the models for a fuller
understanding of their structures, and measure bond lengths and bond angles.

The CD-ROM has been used by thousands of students worldwide since its in-
troduction in 1996. It can be purchased as a package with the textbook or as a
stand-alone product, and will run on either Windows™ or Macintosh® platforms.

The 2001 Chemistry Instructor’s Resource CD-ROM is a dynamic lec-
ture tool containing imagery from all of the 2001 Brooks/Cole chemistry titles. It
can be used in conjunction with commercial presentation software such as
PowerPoint™, Persuasion™, and Podium™. The CD-ROM is for both Macintosh®
and Windows™ platforms.

ChemSource World Wide Web Site at
http://www.brookscole.com/chemistry_d

PowerPoint™ files, selected movie clips and animations, quizzing and testing,
real-world applications, molecular models, teaching tips, and more features give
the instructor many tools to enhance the lecture presentation and to adjust the
curriculum.

Lecture Outlines created with PowerPoint™ are also available for the profes-
sor. Relating to the text on a per chapter basis, Powerpoint™ users can edit the
content with their own material or import material from our 2001 Chemistry
Instructor’s Resource CD-ROM.
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CalTech Chemistry Animation Project (CAP) is a set of six video units
of unmatched quality and clarity that cover the chemical topics of Atomic
Orbitals, Valence Shell Electron Pair Repulsion Theory, Crystals and Unit Cells,
Molecular Orbitals in Diatomic Molecules, Periodic Trends, and Hybridization and
Resonance. Available to qualified adopters.

Periodic Table Videodisc: Reactions of the Elements by Alton Banks,
North Carolina State University, features still and live footage of the elements,
their uses, and their reactions with air, water, acids, and bases. Available to quali-
fied adopters. Also available in CD-ROM format through JCE:Software, Chemistry
Department, University of Wisconsin, Madison, WI 53706, (800) 991-5534.

Shakhashiri Demonstration Videotapes feature well-known instructor
Bassam Shakhashiri of the University of Wisconsin-Madison performing 50 three-
to five-minute chemical demonstrations. An accompanying manual describes each
demonstration and includes discussion questions.

Brooks/Cole may provide complimentary instructional aids and supplements
or supplemental packages to those adopters qualified under our adoption
policy. Please contact your sales representative for more information. If, as
an adopter or potential user, you receive supplements you do not need,
please return them to your sales representative or send them to:

Attn: Returns Department

Troy Warehouse
465 South Lincoln Drive
Troy, MO 63379

Through the services of the Brooks/Cole Custom Publishing Group, portions
of Chemistry: Principles and Reactions, Fourth Edition, can be packaged according to
individual needs. Instructors who wish to augment Chemistry: Principles and
Reactions, Fourth Edition, with their own material, make selected chapters avail-
able in courses with a different focus than that of the textbook as a whole, or pack-
age Chemistry: Principles and Reactions, Fourth Edition, with select chapters from
other Brooks/Cole textbooks should contact their local sales representative.
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ver the next several months, you will probably receive a lot of advice

from your instructor, teaching assistant, and fellow students about how

to study chemistry. We hesitate to add our advice; experience as teachers

and parents has taught us that students tend to do surprisingly well with-

out it. We would, however, like to acquaint you with some of the learning tools in
this text. They are described in the pages that follow.

P
" EXAMPLES

In a typical chapter, you will find ten or more examples, each designed to illustrate
a particular principle. These have answers, screened in color. More important, they
contain a strategy statement, which describes the reasoning behind the solution.
You will find it helpful to get into the habit of working all problems this way. First,
spend a few moments deciding how the problem should be solved. Then, and only
then, set up the arithmetic to solve it.

Many of the examples end with a Reality Check, which encourages you to
check whether the answer makes sense. We hope you will get into the habit of do-
ing this when you work problems on your own on quizzes and examinations.

"CD-ROM REFERENCES

These marginal callouts (identified by a @ icon) refer to specific topic screens in
the Interactive General Chemistry CD-ROM (Version 2.5) (available for purchase with
this text). In addition, a list of animations and videos from the CD-ROM that are
appropriate to given sections of the text appears after the Table of Contents.

"MARGINAL NOTES

Sprinkled throughout the text are a number of short notes that have been placed
in the margin. Many of these are of the “now, hear this” variety; a few bring you
up to date on current research in chemistry, in progress when the text was written.
Some, probably fewer than we think, are humorous.

| 2
CHAPTER HIGHLIGHTS
At the end of each chapter, you will find a brief review of the material covered in
that chapter. The “Chapter Highlights” include —

= the Key Concepts introduced in the chapter. These are indexed to the corre-
sponding examples and end-of-chapter problems. If you have trouble working a
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To the Student

particular problem, it may help to go back and re-read the example that covers
the same concept.

= the Key Equations and Key Terms in the chapter. If a particular term is unfa-
miliar to you, refer to the index at the back of the book. You will find the term
defined in the glossary that is incorporated into the index.

= a Summary Problem, covering all or nearly all of the key concepts in the
chapter. You can test your understanding of the chapter by working this prob-
lem; you may wish to do this as part of your preparation for examinations. A
major advantage of a summary problem is that it ties together many different
ideas, showing how they correlate with one another.

" QUESTIONS & PROBLEMS

At the end of each chapter is a set of Questions & Problems. Most of these are
classified, that is, grouped by type under a particular heading. The classified prob-
lems are in matched pairs. The second member of each pair illustrates the same
principle as the first; it is numbered in color and answered in Appendix 6. Selected
solutions for problems from each chapter, identified by a we icon, are posted at:

http://www.harcourtcollege.com/chem/general/masterton4/student/

Your instructor may assign unanswered problems as homework. After these prob-
lems have been discussed, you should work the corresponding answered problems
to make sure you know what’s going on.

Each chapter also contains a smaller number of Unclassified, Conceptual,
and Challenge Problems. All of the challenge problems are answered in
Appendix 6.

" MATHEMATICS REVIEW

Appendix 3 touches on just about all the mathematical techniques you will use
in general chemistry. Exponential notation and logarithms (natural and base 10)
are emphasized.



LisT OF VIDEOS AND ANIMATIONS

On the following pages is a list of videos and animations that appear on the
Interactive General Chemistry CD-ROM (Version 2.5) and illustrate dis-
cussions within the text. In the list below, the page numbers refer to the page

in the text where the CD-ROM correlation appears.

Chapter 1: MATTER AND MEASUREMENTS

Page 5, Screen 1.6, Compounds and Molecules.
Video: Frank DiSalvo Discusses the Value of the Periodic
Table of Elements

Page 6, Screen 1.14, Separation of Mixtures.
Video: Separation of a Mixture of Sand and Potassium
Chromate
Video: Kitchen Chemistry: Separation of Dyes

Page 9, Screen 1.10, Temperature.
Video: Transfer of Molecular Momentum

Chapter 2: ATOMS, MOLECULES, AND IONS

Page 30, Screen 2.5, The Dalton Atomic Theory.
Video: Magnesium Burns in Air, Producing Magnesium
Oxide

Page 31, Screen 2.2, Introduction to Atoms.
Video: The Big Bang
Video: A Closer Look: Fuel for the Space Shuttle

Page 31, Screen 2.8, Electrons.
Animation: Deflection of Cathode Rays

Page 31, Screen 2.10, Protons.
Animation: Canal-Ray Experiment

Page 32, Screen 2.11, The Nucleus of the Atom.
Animation: Rutherford’s a Particle Experiment

Page 34, Screen 2.7, Evidence of Subatomic Particles.
Animation: Separation of Radiation by an Electric Field

Page 37, Screen 2.17, Chemical Periodicity.
Video: Lithium in Water
Video: Sodium in Water
Video: Potassium in Water

Page 40, Screen 3.7, lons—Cations and Anions.
Animation: Cation (Mg, 12 Protons, 12 Electrons)
Animation: Anion (F, 9 Protons, 9 Electrons)

Page 42, Screen 3.10, Ionic Compounds.
Video & Animation: The Reaction of Sodium and Chlorine
(Yields Sodium Chloride)
Video & Animation: A Closer Look: The Ionic Crystal Lattice
(KBr)

Chapter 3: MASS RELATIONS IN CHEMISTRY;
STOICHIOMETRY
Page 64, Screen 3.18, Determining Empirical Formulas.
Video: Zn(s) + S(s) — ZnS(s)

Page 65, Screen 5.8, Using Stoichiometry (2).
Animation: Carbon-Hydrogen Analysis Unit

Page 67, Screens 4.2, Chemical Equations, & 4.4, Balancing
Chemical Equations.
Screen 4.2 Video: Bromine, Bry(I) and Aluminum, Al(s)
[2Al(s) + 3Br(l) — AlyBrg(s)]
Screen 4.4 Video: Reactions That Form Oxides (Phosphorus,
P4, Reacts Vigorously with Oxygen to Give Tetraphosphorus
Decaoxide)
Screen 4.4 Animation: Combustion Reactions (Reaction of
Propane and Oxygen)

Page 69, Screens 5.2, Weight Relations in Chemical Reactions, &
5.3, Calculations in Stoichiometry.
Screen 5.2 Video & Animation: P4(s) + 6Cly(g) — 4PCl3(l)
Screen 5.3 Video: Weight Relations in Chemical Reactions
[2Mg(s) + O3(8) — 2MgO(s)]

Page 70, Screen 5.4, Reactions Controlled by the Supply of One
Reactant. g
Video: Limiting Reactant [2CH30H(l) + 30,(g) — 2CO5(g) +
4H,0(3)]

Page 71, Screen §.5, Limiting Reactants.
Video: Limiting Reactant: The Details (Zinc and
Hydrochloric Acid Reacting to Form Zinc Chloride and
Hydrogen Gas)

Page 74, Screen 3.14, Hydrated Compounds.
Video: Dehydration of Copper(Il) Sulfate Pentahydrate

Chapter 4: REACTIONS IN AQUEOUS SOLUTION

Page 84, Screen 5.9, Solutions.
Video & Animation: HO(I) + KMnOy(s) — KMnOy(aq)

Page 84, Screen 5.10, Solution Concentration.
Animation: A Closer Look: lon Concentrations in Solution
(CaCl; Dissolving in Water)

Page 85, Screen 5.11, Preparing Solutions of Known Concen-
trations (1).
Video: Direct Addition

Page 86, Screen 4.5, Compounds in Aqueous Solution.
Video: Mg(s) + 2HCl(ag) — MgCly(aq) + Hy(g)
Animation: Strong Electrolytes (HCI)
Animation: Weak Electrolytes (Acetic Acid)
Animation: Nonelectrolytes (Ethanol)

Page 88, Screens 4.11, Types of Reactions in Aqueous Solution, &
4.12, Precipitation Reactions.
Screen 4.11 Video: Precipitation Reactions [Pb(NO3),(ag) +
2KI(aq) — Pbly(s) + 2KNO3(aq)]
Screen 4.12 Video: Ag* (aq) + Cl~(aq) — AgCI(s)
Screen 4.12 Video: Fe**(aq) + 30H ™ (aq) — Fe(OH)3(s)

Page 89, Screen 4.10, Equations for Reactions in Aqueous
Solution—Net Ionic Equations.
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xxviii List of Videos and Animations

Video: Net Ionic Equations: Reaction of Potassium Chromate
and Lead Nitrate

Page 90, Screen 5.13, Stoichiometry of Reactions in Solution.
Video: Redox Reaction Between Two lons in Solution
[5Fe?*(aq) + MnO4 (aq) + 8H30"(aq) — SFe3*(aq) +
Mn?*(aq) + 12H,0(])]

Page 91, Screens 4.11, Types of Reactions in Aqueous Solution, &
4.13, Acid-Base Reactions.
Screen 4.11 Video: Acid-Base Reactions [HCl(ag) +
NH3(aq) — NHy4 " (aq) + Cl™ (aq)]
Screen 4.13 Video: A Closer Look: Detecting Reactions Having
No Visible Change

Page 92, Screens 4.7, Acids, & 4.8, Bases.
Screen 4.7 Animation: Strong Acids (HCI)
Screen 4.7 Animation: Weak Acids (HF)
Screen 4.7 Animation: A Closer Look: H' Tons in Water
Screen 4.8 Animation: Strong Base (NaOH)
Screen 4.8 Animation: Weak Base (NH3)

Page 95, Screens 5.14, Titrations, & 5.15, Titration Simulation.
Screen 5.14 Video: Titration (Adding a Base Solution of
NaOH to an Impure Sample of Oxalic Acid (H,C,04) to
Determine Its Purity)

Screen 5.15 Animation: Titration Simulation

Page 98, Screens 4.11, Types of Reactions in Aqueous Solution, &
4.15, Oxidation-Reduction Reactions.
Screen 4.11 Video: Oxidation-Reduction Reactions (Reaction
of Copper and Nitric Acid) [Cu(s) + 2NO3; ™ (ag) + 4H* (aq) —
2NO,(g) + Cu*(aq) + 2H,0())]
Screen 4.15 Video: Magnesium Burns in Air [2Mg(s) +
05(8) = 2MgO(s)]

Page 98, Screen 4.16, Redox Reactions and Electron Transfer.
Video: Copper Wire in a Silver Nitrate Solution

Page 99, Screen 4.17, Oxidation Numbers.
Video: Reaction of NO and O; [2NO(g) + O2(g) — 2NO,(g)]
Video: A Closer Look: Disproportion Reaction of H,O,

Page 100, Screen 4.18, Recognizing Oxidation-Reduction Reactions.
Video: 2Fe(s) + 3Cly(g) — 2[Fe3*, 3C17](s)
Video: 2Fe(s) + Oy(g) — 2[Fe2*, 027](s)

Page 100, Screen 21.3, Balancing Equations for Redox Reactions.
/ Video: Complex Reaction Occurring in Acidic Solution
(Iron(II) Ion Reacts with Permanganate Ion in Solution to
Yield Mn2* and Fe3*)

Chapter 5: GASES

Page 116, Screen 12.2, Properties of Gases.
Video: Gas Pressure (A Bicycle Pump Forces Gas Molecules
into a Tire)

Page 118, Screen 12.3, Gas Laws.
Animation: Boyle’s Law
Animation: Charles’s Law
Animation: Avogadro’s Law

‘ Page 125, Screen 12.5, Gas Density.

Video: Bromine Vapor

~ Page 125, Screen 12.8, Gas Mixtures and Partial Pressures.
Video: Ammonium Nitrate Explodes

Page 128, Screens 12.9, The Kinetic Molecular Theory of Gases, &
12.10, Gas Laws and the Kinetic Molecular Theory.

Screen 12.9 Animation: Gases on the Molecular Scale at
High and Low Temperatures

Screen 12.10 Animation: Three Gas Laws: Avogadro’s
(Pressure and Number of Moles, P a n)

Screen 12.10 Animation: Three Gas Laws: P and T (Pressure
and Absolute Temperature, P a T)

Screen 12.10 Animation: Three Gas Laws: Boyle’s (Pressure
and Volume, P a 1/V)

Page 131, Screen 12.12, Application of the Kinetic Molecular
Theory.
Animation: Gaseous Diffusion of NH;3(g) and HCI(g)

Page 132, Screen 12.11, Distribution of Molecular Speeds.
Animation: Boltzmann Distributions

Chapter 6: ELECTRONIC STRUCTURE AND THE
PERIODIC TABLE

Page 146, Screen 7.5, Planck’s Equation.
Video: When a Metal Bar Is Heated, It Emits Electromagnetic
Radiation

Page 147, Screen 7.6, Atomic Line Spectra.
Animation: Atomic Line Spectrum of Excited H Atoms

Page 148, Screen 7.7, Bohr’s Model of the Hydrogen Atom.
Animation: Bohr's Model of the Hydrogen Atom

Page 150, Screen 7.8, Wave Properties of the Electron.
Animation: Electron Diffraction

Page 156, Screen 8.5, Atomic Subshell Energies.
Animation: Relationship Between Subshell Energies in
Single Electron Atoms and Order of Filling in Many-Electron
Atoms

Page 163, Screen 8.3, Spinning Electrons and Magnetism.
Animation: Spinning Electrons and Magnetic Polarity
Video: Diamagnetic (Liquid Nitrogen) and Paramagnetic
(Liquid Oxygen) Substances

Page 167, Screen 8.10, Atomic Properties and Periodic Trends: Size.
Animation: Atomic Size

Page 168, Screen 8.6, Effective Nuclear Charge, Z*.
Animation: Effective Nuclear Charge, Z*

Page 169, Screen 8.12, Atomic Properties and Periodic Trends:
Ionization Energy
Animation: Tonization Energies Required for Magnesium

Chapter 7: COVALENT BONDING

Page 180, Screen 9.3, Chemical Bond Formation.
Animation: Interatomic Interactions
Animation: Biography: Linus Pauling and the Protein
Molecules’ Helical Structure

Page 188, Screen 9.7, Electron-Deficient Compounds.
Animation: Exceptions to the Octet Rule (BF3)

Page 188, Screen 9.8, Free Radicals.
Video & Animation: NO, Readily Dimerizes to Form N,Oy, at
Low Temperatures
Video: Current Issues in Chemistry: Nitric Oxide

Page 193, Screen 9.15, Ideal Electron Repulsion Shapes.
Animation: Ideal Electron Repulsion Shapes

Page 203, Screens 10.3, Valence Bond Theory, & 10.4, Hybrid
Orbitals.



Screen 10.3 Animation: Bond Formation: Potential Energy
vs. Distance for Hp

Screen 10.4 Animation: Atomic Orbitals for One Carbon
Atom — Hybrid Orbitals for Carbon Atom in a Methane
Molecule

Page 207, Screens 10.5, Sigma Bonding, & 10.7, Multiple Bonding.
Screen 10.5 Animation: sp® Hybrid Orbital
Screen 10.7 Animation: o Bonds Only
Screen 10.7 Animation: 7 Bonds Only
Screen 10.7 Animation: mand o Bonds

Chapter 8: THERMOCHEMISTRY

Page 218, Screen 6.12, Energy Changes in Chemical Processes.
Animation: Endothermic and Exothermic Systems
Video: Chemistry and You: Hand Warmers and Cold Packs

Page 222, Screen 6.14, Enthalpy Change and AH
Animation: Enthalpy Change and AH

Page 227, Screen 6.16, Hess’s Law.
Animation: Three-Step Formation of Sulfuric Acid
Represented Using an Enthalphy Diagram

Page 235, Screen 6.13, The First Law of Thermodynamics.
Video & Animation: The First Law of Thermodynamics
(Using CO;(s) to illustrate)

Chapter 9: LIQUIDS AND SOLIDS

Page 247, Screen 13.2, Intermolecular Forces (1).
Animation: The Kinetic Molecular Theory

Page 247, Screen 13.11, Properties of Liquids.
Video: Surface Tension (Paper Clip and Water)
Video: Capillary Action (Paper Placed in Water)
Video: Viscosity (Glycerol and Ethanol)

Page 248, Screen 13.9, Properties of Liquids (Vapor Pressure).
Animation: System in a State of Dynamic Equilibrium
Animation: Chemistry and You: Butane Lighters and Propane
Tanks

Page 250, Screen 13.8, Properties of Liquids (Enthalpy of
Vaporization).
Animation: Enthalpy of Vaporization

Page 251, Screen 13.10, Properties of Liquids (Boiling Point).
Video: Boiling Point

Page 256, Screen 13.14, Solid Structures (Molecular Solids).
Animation: Cgy Molecule

Page 257, Screen 13.5, Intermolecular Forces (3).
Animation: Dipole-Induced Dipole Forces
Animation: Induced Dipole-Induced Dipole Forces
Video: Sublimation and Condensation of Iodine Crystals
Page 258, Screen 13.4, Intermolecular Forces (2).
Animation: Ion-Dipole Forces: Na*(g) + 6H,0() —
[Na(Hz0)6] *(aq); AHxn = —405 K]
Animation: Dipole-Dipole Forces
Page 261, Screen 13.7, The Weird Properties of Water.
Animation: Boiling Points of Simple Hydrogen-Containing
Compounds
Animation: A Consequence of Hydrogen Bonding (Ice)

Page 263, Screen 13.15, Solid Structures (Network Solids).
Animation: Diamond and Silicon

Page 264, Screen 3.11, Properties of Ionic Compounds.

List of Videos and Animations XXix

Video: Potassium Bromide Crystals Cleave Along
Perpendicular Planes

Page 268, Screen 13.12, Solid Structures (Crystalline and
Amorphous Solids).
Animation: Crystalline Solids (Simple Cubic Unit Cell)

Chapter 10: SOLUTIONS

Page 281, Screens 5.10, Solution Concentration, & 14.2, Solubility.
Screen 5.10 Animation: A Closer Look: Ton Concentrations in
Solution (CaCl, Dissolving in Water) ]
Screen 14.2 Video: Saturated Solution
[Pb(NO3),(aq) + 2KI(aq) — Pbly(s) + 2KI(aq)]
Screen 14.2 Video: Unsaturated Solution
[NiCl; + 6H,0(s) — NiCly(aq)]

Screen 14.2 Video: Supersaturated Solution
[NaCH3CO3(aq) — NaCH3CO;(s)]

Page 282, Screen 5.12, Preparing Solutions of Known
Concentration (2).
Video: Solution by Dilution

Page 286, Screen 14.3, The Solution Process.
Amnimation: Intermolecular Forces

Page 288, Screen 14.4, Energetics of Solution Formation.
Animation: Dissolving Ionic Compounds [KF(s) — K*(aq) +
F~(aq)]

Video: Chemistry and You: Why Don’t Oil and Water Mix?

Page 290, Screen 14.5, Factors Affecting Solubility (1).

Video: Chemistry and You: Why Soft Drinks Go Flat

Page 292, Screen 14.8, Colligative Properties (2).
Animation: Boiling Point (Water and Ethylene Glycol)
Animation: Freezing Point (Pure Water Without Solute and
Ethylene Glycol Solution)

Page 295, Screen 14.9, Colligative Properties (3).
Animation: Osmosis
Animation: Semipermeable Membrane
Video: A Semipermeable Membrane (an Egg in Acetic Acid,
Water, and Corn Syrup)

Chapter 11: RATE OF REACTION

Page 310, Screen 15.2, Rates of Chemical Reactions.
Video & Animation: Initial Rate
Video & Animation: Instantaneous Rate
Video & Animation: Average Reaction Rate

Page 313, Screen 15.4, Control of Reaction Rates (Concentration
Dependence).
Video: Magnesium Metal Added to Two Different Molar
Solutions of HCl(aq)

Page 323, Screen 15.9, Microscopic View of Reactions (1).
Animation: Collision Theory: Contact/Collision
Animation: Collision Theory: Sufficient Energy
Animation: Collision Theory: Proper Orientation

Page 326, Screen 15.10, Microscopic View of Reactions (2).
Animation: Transition State
Animation: A Closer Look: Reaction Coordinate Diagrams
(Single-Step Reaction)
Animation: A Closer Look: Reaction Coordinate Diagrams
(Two-Step Reaction)




L XXX List of Videos and Animations

Page 328, Screen 15.11, Control of Reaction Rates (Temperature
Dependence).
Video: Bleaching Food Dye

. Page 331, Screen 15.14, Catalysis and Reaction Rate.
Video: Catalysis of HO, Decomposition

Video: Interview: James Cusumano: What Is a
Catalyst?/Catalysts and Society/Catalysis and the
Environment

Page 333, Screen 15.12, Reaction Mechanisms.
Animation: The Decomposition of Ozone
Animation: The Formation of Hydrazine

Page 334, Screen 15.13, Reaction Mechanisms and Rate Equations.
Animation: Proposing Mechanisms [for the reaction NO;(g)
+ CO(g) = NO(g) + CO,(9)]

Animation: A Closer Look: Isotopic Labeling Studies

| Chapter 122 GASEOUS CHEMICAL EQUILIBRIUM

- Page 355, Screen 16.5, The Meaning of the Equilibrium Constant
J Video: 2NO(g) + O,(g) = 2NO,(g); K = 2.26 x 1012
Video: Pbl,(s) = Pb%* (aq) + 21 (aq); K = 8.7 x 107°
Page 366, Screen 16.11, Disturbing an Equilibrium (Le Chételier’s
1 Principle).
Animation: Demonstration of Le Chételier’s Principle
Page 366, Screen 16.13, Disturbing an Equilibrium (Addition or

Removal of a Reagent).
Animation: Isobutane/Butane Equilibrium

‘ Page 368, Screen 16.14, Disturbing an Equilibrium (Volume
Changes).
Animation: Disturbing an Equilibrium (Volume Decrease)

. Page 370, Screen 16.12, Disturbing an Equilibrium (Temperature
Changes).

Animation & Video: Disturbing an Equilibrium
(Temperature Increase)

Chapter 13: ACIDS AND BASES

- Page 383, Screen 17.2, Bronsted Acids and Bases.

; Animation: Brensted Acid

Animation: Bronsted Base

Animation: Acid-Base Reactions and Conjugate Pairs

Page 384, Screen 17.3, The Acid-Base Properties of Water.
Animation: Autoionization [2H,O(I) = H,O"(aq) +
OH™(ag)]

Page 386, Screen 17.4, The pH Scale.

Animation: A Closer Look: The pH Meter

. Page 387, Screen 17.5, Strong Acids and Bases.
Video: Water Added to Calcium Hydride

" Chapter 14: EQUILIBRIA IN ACID-BASE SOLUTIONS

. Page 413, Screen 18.8, Buffer Solutions.
Video: A Buffered Solution
Video: An Unbuffered Solution

Page 416, Screen 18.10, Preparing Buffer Solutions.
Video: Preparing Buffer Solutions

‘ Page 417, Screen 18.11, Adding Reagents to Buffer Solutions.
= Video: Measuring pH of a Buffer Solution

Page 423, Screen 18.3, Acid-Base Reactions (Strong Acids + Strong
Bases).
Video: Acid-Base Reactions (Strong Acids + Strong Bases)
Animation: Mixing HCI and NaOH

Page 425, Screen 18.5, Acid-Base Reactions (Weak Acids + Strong
Bases).
Animation: Mixing H,PO4~ and OH™

Chapter 15: COMPLEX IONS

Page 439, Screens 17.11, Lewis Acids and Bases, and 17.12, Cationic
Lewis Acids.
Screen 17.11 Animation: Lewis Acid-Base Reaction [BF3 +
NH3 o g F3B—NH3]
Screen 17.12 Video & Animation: Copper Sulfate and
Ammonia
Screen 17.11 Animation: Chemistry and You: Hemoglobin,
Oxygen, and Carbon Monoxide Poisoning

Chapter 16: PRECIPITATION EQUILIBRIA

Page 461, Screen 19.2, Precipitation Reactions.
Video: Pb(NO3)z(aq) + 2KI(ag) — Pbl,(s) + KNO3(aq)

Page 461, Screen 19.4, Solubility Product Constant.
Video: Lead Chloride Put in Water

Page 462, Screen 19.5, Determining Kip.
Video: Experimentally Determined Measurements

Page 464, Screen 19.7, Can a Precipitation Reaction Occur?
Video: Predicting with Q, the Reaction Quotient (Q < Kyp)
Video: Predicting with Q, the Reaction Quotient (Q > Ksp)
Video: Predicting with Q, the Reaction Quotient (Q = Kp)

Page 467, Screen 19.8, The Common lon Effect.
Video: PbCl,(s) = Pb%*(aq) + 2Cl (aq)

Page 468, Screen 19.11, Solubility and pH.
Video: Dissolving a Precipitate

Page 470, Screen 19.12, Complex Ion Formation and Solubility.
Video & Animation: Formation of Ag(NH3)%*
Video: Chemistry and You: Floor Wax and Complex Ions

Page 472, Screen 19.9, Using Solubility.
Video: Ton Identification and Separation (Using a Solution
with Ag*, Pb?*, and Cu?*)

Chapter 17: SPONTANEITY OF REACTION

Page 483, Screen 20.2, Reaction Spontaneity.
Video: What Controls Whether a Reaction Occurs?

Page 486, Screen 20.4, Entropy.
Animation: $° (gases) > S° (liquids) > $° (solids)
Animation: The Entropy of a Substance Increases with
Temperature
Animation: The More Complex the Molecule, the Greater
the Value of §°
Animation: Entropies of Ionic Solids Depend on Coulombic
Attractions
Animation: Entropy Usually Increases When a Pure Liquid
or Solid Dissolves in a Solvent
Video & Animation: A Closer Look: Entropy Changes for
Phase Changes

Page 490, Screen 20.6, The Second Law of Thermodynamics.



