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The availability of AP courses has resulted 
in the steady growth of the AP program 
nationally. It has also shone a spotlight on the 
needs of AP teachers. For you, these include the 
need to cultivate your students’ understanding 
of college-level chemistry — that is, teach them 
to “think like scientists” — while preparing 
them for success on the AP Chemistry Exam.  

At McGraw-Hill Education, we understand the 
challenge of aligning chemistry instruction to 
the AP College Board Curriculum Framework. 
Chang's Chemistry helps you meet the challenge 
by providing a variety of resources.

• Chang's Chemistry focuses on the 6 
Big Ideas and proven problem-solving 
strategies. 

• The AP Focus Review Guide workbook, 
helps review and apply the essential AP 
content covered in each chapter. 

• The AP Teacher's Manual provides 
teaching strategies, suggested activities 
and labs. 

• The AP advantage, an effective, easy-
to-use solution for implementing 
your course with fidelity, providing 
personalized support for every student, 
and ensuring AP Chemistry Exam 
success.

Welcome to AP Chemistry
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The AP advantage gives you 3 digital AP solutions on one powerful platform with a single 
sign-on. It’s all grounded in a core scientific curriculum you can trust. 

Simply point and click to access diverse supplemental resources for teaching AP 
Chemistry your way while helping students develop the skills for tackling the AP Exam 
and college coursework. 

Follow these 3 steps to help your students earn a 5:

McGraw-Hill ONboard™ for AP Chemistry helps 
students build and reinforce the background 
knowledge and skills they need for success in the 
AP Chemistry course.

Connect® is your solution for AP Chemistry course 
management, with program support, tools, and 
resources for ongoing teaching and learning in one 
convenient online location.

Start with ONboard™

Support with Connect®

Succeed with SCOREboard™

STEP 1 

STEP 2 

STEP 3 

SCOREboard™ is a two-part test prep program 
that includes an adaptive content review and four 
complete AP Practice Exams.  SCOREboard™ offers 
AP Exam preparation that truly adapts to student 
needs, creating a personalized learning path that 
leads to success. 
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Reinforce students’ background knowledge for more effective  
instruction from day one

McGraw-Hill ONboard presents students with a 
series of self-paced interactive modules for refining 
and mastering the skills necessary for success in AP 
Chemistry coursework and the AP Chemistry Exam.  

ONBoard prepares students and informs teachers 
with: 

• A Pre-Test and Comprehensive Final Assessment 
with robust reporting features that show growth 
and identify skill gaps.

• Check Points and Quizzes with immediate 
feedback for gauging student comprehension.

• Animations and Interactivities to engage students 
with diverse learning styles.

Best Virtual  
Learning Solution!

Start with ONboard

What's Covered
Module 1: Math Skills and Models
Module 2: Understanding the Scientific Method
Module 3: Matter and Structure
Module 4: Periodicity and Nomenclature
Module 5: The Mole and Molarity
Module 6: Reactions and Stoichiometry
Module 7: Gas Laws

STEP 1 
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Support with Connect™ 

SUPPORTS STUDENTS AS WELL AS TEACHERS!

Manage your class your way with digital, print, or hybrid course 
management tools 

Connect is your solution for AP Chemistry curriculum support and course 
management. It provides teachers with a range of useful resources, including an 
eBook, access to the AP Teacher's Manual, and an AP-style Test Bank. 

With its straightforward writing style and proven problem-solving strategies, 
Chemistry is ideal for the AP Chemistry classroom. Chapter-opening Essential 
Questions help students pinpoint essential AP content, including the Big Ideas 
they will study later in the chapter.
 

Connect is the student’s portal to 
personalized learning with SmartBook, the 
first and only adaptive eBook. Powered by 
the proven LearnSmart engine, SmartBook 
identifies what each student does and does 
not know and adapts in real time to help 
that student learn faster and study more 
efficiently. It is designed to change the way 
students read and learn. 

LearnSmart features robust reporting tools, 
including meta-cognitive reports and most 
challenging learning objective reports. These 
tools enable teachers to identify areas where 
students are struggling and provide targeted 
remediation to enhance learning.

CHEMISTRY

CHANG    GOLDSBY

AP
EDITION

*

STEP 2 
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Chang's Chemistry presents foundational math and general science 
concepts as well as essential chemistry topics. The program offers 
guidance and support related to the concepts, themes, and scientific 
thinking skills students need to excel on the new AP Chemistry Exam.

A Guided Tour of Chang's Chemistry, AP Edition 

xx

CHAPTER

Black smokers form when superheated water, rich in 
minerals, flows out onto the ocean floor through the lava 
from an ocean volcano. The hydrogen sulfide present 
converts the metal ions to insoluble metal sulfides.

118

4
Reactions in 
Aqueous Solutions

CHAPTER OUTLINE

4.1 General Properties of 
Aqueous Solutions

4.2 Precipitation Reactions

4.3 Acid-Base Reactions

4.4 Oxidation-Reduction 
Reactions

4.5 Concentration of Solutions

4.6 Gravimetric Analysis

4.7 Acid-Base Titrations

4.8 Redox Titrations

 BIG IDEAS A LOOK AHEAD
BIG IDEA

1

AP
BIG IDEA

2
BIG IDEA

3

Reactions occurring in water can be classifi ed into three categories: acid-base 
reactions, precipitation reactions, and oxidation-reduction (redox) reactions. To 
fi nd examples of these look no further than your own body, your bathtub, and 
your backyard. An acid-base reaction takes place when an antacid—a mild 
base—neutralizes an over secretion of stomach acid. A precipitation reaction 
occurs when calcium ions combine with stearate ions to produce a ring of soap 
scum around your bathtub or shower. An oxidation-reduction reaction occurs 
when the iron of a garden tool is exposed to air—in the presence of moisture—
to form rust. Notice that water is a common requirement for each reaction. And 
since water is in our bodies, our bathtubs, and in the overnight dew in our yards, 
it is no surprise that these reactions are a common part of our everyday world.
 Specifi c groups of particles are involved in each reaction type (EK.3.B.2; 
EK.3.B.3). How these particles interact to produce the effects above can be rep-
resented by molecular, ionic, and net ionic equations (EK.3.A.1). Equations can 
be used—along with the lab techniques of titration and gravimetric analysis—to 
determine quantities of reactants and products involved in these reactions 
(EK.3.A.2). Questions concerning the acid content of a food, the concentration 
of lead ions in drinking water, and the blood alcohol content of a suspected drunk 
driver can be answered through the use of these analytical techniques.

As you read the chapter, think about these Essential Questions: 
1. Why is water an effective solvent for ionic compounds? 2.B.2 
2. What is a reversible reaction? 6.A.1
3. What is an acid, and what is a base? How can we determine an acid 

or base’s concentration? 3.C.1
4. How do we represent an acid-base reaction? How do we represent an 

oxidation-reduction reaction? 1.E.1

BIG IDEA
6

Connecting Chemistry with the AP Curriculum

The twelfth edition of Chemistry continues the tradition of providing a firm foundation in chemical concepts 
and principles and to instill in students an appreciation of the vital part chemistry plays in our daily life. In this 
AP edition, we added tools to aid in the understanding of the AP Chemistry Curriculum.

Chang Learning System
The Chang text incorporates a variety of study aids to help students hone in on the essential chapter content.  

The AP Big Ideas A Look Ahead introduces 
students to the chapter’s content and how 
the AP Big Ideas are relavent.

Each Essential Question is  correlated 
to one or more Essential Knowledge, 
highlighting the AP Curriculum’s connection 
to the chapter material.

where CH3COO2 is called the acetate ion. We use the term ionization to describe the 
separation of acids and bases into ions. By writing the formula of acetic acid as 
CH3COOH, we indicate that the ionizable proton is in the COOH group.
 The ionization of acetic acid is written with a double arrow to show that it is 
a reversible reaction; that is, the reaction can occur in both directions. Initially, 
a number of CH3COOH molecules break up into CH3COO2 and H1 ions. As time 
goes on, some of the CH3COO2 and H1 ions recombine into CH3COOH mole-
cules. Eventually, a state is reached in which the acid molecules ionize as fast as 
the ions recombine. Such a chemical state, in which no net change can be observed 
(although activity is continuous on the molecular level), is called chemical equi-
librium. Acetic acid, then, is a weak electrolyte because its ionization in water is 
incomplete. By contrast, in a hydrochloric acid solution the H1 and Cl2 ions have 
no tendency to recombine and form molecular HCl. We use a single arrow to 
represent complete ionizations.

There are different types of chemical 
equilibrium. We will return to this very 
 important topic in Chapter 14.

Review of Concepts
The diagrams here show three compounds AB2 (a), AC2 (b), and AD2 (c) dissolved 
in water. Which is the strongest electrolyte and which is the weakest? (For 
simplicity, water molecules are not shown.)

(a) (b) (c)

CH3COOH

Review of Concepts enables the 
student to evaluate if they understand 
the concept presented in the section.

cha672770_fm_i-xxxii.indd Page xx  18/11/14  1:01 PM user /204/MH02197_AP/cha672770_disk1of1/007672770x/cha672770_pagefiles

STEP 2 
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 Connecting Chemistry with the AP Curriculum xxi

Key Equations

molarity 5
moles of solute

liters of solution
(4.1) Calculating molarity

M 5
n

V
 (4.2) Calculating molarity

MiMM ViVV 5 MfMM VfVV  (4.3) Dilution of solution

A Look Back at the Essential Knowledge

Water is a polar solvent. It causes some solutes to form ions. 
Electrolytes are solutes that conduct electricity because they 
form ions in water. Non-electrolytes do not conduct electricity 
in water. Electrolytes may vary in conducting strength. 
 When ionic compounds dissolve in water, water interacts 
with the ions in the solid causing them to separate from the 
solid and become aquated. Some reactions produce one or 
more products that are insoluble; that is, a precipitate forms. 
Aqueous solution reactions written with all reactants and 
products un-dissociated are known as molecular equations. 
An equation written to show appropriate ion dissociations is 
known as an ionic equation and a net ionic equations only 
show those species that undergo a change in form or phase 
during the reaction. Precipitations reactions are identifi ed by fi
the formation of an insoluble product. 
 According to the Arrhenius theory acids are compounds that 
produce H1 ions in water and bases produce OH2 ions. Acid-base 
equations are generally represented using the appropriate ionic 
forms of the acid and base. The reaction is known as neutraliza-
tion and the products are usually water and a salt. 
 Oxidation reactions are also represented using appropriate 
ionic equations. These type of reactions involve electron transfers 
between chemical species. Reduction involves the gain of 
electrons and oxidation, the loss of electrons. According to the 
Brønsted theory, an acid is a compound that donates protons 
and a base is a proton acceptor. Another reaction classification, fi

a combination reaction, involves reactants combining to form 
a single product. In order to follow the direction of fl ow and fl
number of electron transferred in an oxidation-reduction reaction, 
oxidation numbers are assigned to each element in the reactants 
and products. Another technique to follow electron transfer is 
to write separate reactions for oxidation and for reduction. 
These reactions include electrons in addition to the chemical 
species and are known as half-reactions. 
 Molarity expresses the ratio of moles of solute to liters 
of solution. Quantitative analysis can be used to determine the 
purity of a sample. One such quantitative technique is gravimetric 
analysis. Gravimetric analysis may involve the formation of a 
precipitate which is fi ltered, dried and massed. Another analysis fi
technique is titration. During titration a solution of known 
concentration is added to one of unknown concentration with 
the goal of determining the unknown’s concentration. The 
equivalence point, where the reaction is complete, is often 
determined using an appropriate indicator which changes 
color. The end point of the reaction, when the indicator color 
changes, and the equivalence point should be nearly identical. 
Acids and bases can be titrated as can chemical species that 
undergo oxidation-reduction reactions.

AP

AP
Complete the activities in Chapter 4 of your AP Focus Review 
Guide to review content essential for your AP exam.

FOCUS REVIEW GUIDE

Problems

4.7 The aqueous solutions of three compounds are 
shown in the diagram. Identify each compound as a 
nonelectrolyte, a weak electrolyte, and a strong 
 electrolyte.

(c)(a) (b)

4.8 Which of the following diagrams best represents the 
hydration of NaCl when dissolved in water? The 
Cl2 ion is larger in size than the Na1 ion.

•

•

Review Questions

4.15 What is the difference between an ionic equation 
and a molecular equation?

4.16 What is the advantage of writing net ionic 
 equations?

Problems

4.17 Two aqueous solutions of AgNO3 and NaCl are 
mixed. Which of the following diagrams best rep-
resents the mixture? For simplicity, water mole-
cules are not shown. (Color codes are: Ag1 5 gray, 
Cl2 5 orange, Na1 5 green, NO2

3 5 blue.)

(a) (b) (d)(c)

•

of three comp
he diagram. Ide

nonelectrol

AP A Look Back at the Essential 
Knowledge reviews the most important 
chapter concepts and helps to answer 
the Essential Questions presented at the 
beginning of the chapter. 

p g

The AP Focus Review Guide is a 
separate workbook that accompanies 
Chemistry. Designed around the AP 
Chemistry Curriculum, this workbook 
helps students to review and apply the 
AP content covered in each chapter. 

4.5   Concentration of Solutions

To study solution stoichiometry, we must know how much of the reactants are present 
in a solution and also how to control the amounts of reactants used to bring about a 
reaction in aqueous solution.
 The concentration of a solution is the amount of solute present in a given amount 
of solvent, or a given amount of solution. (For this discussion, we will assume the 
solute is a liquid or a solid and the solvent is a liquid.) The concentration of a solu-
tion can be expressed in many different ways, as we will see in Chapter 12. Here we 
will consider one of the most commonly used units in chemistry, molarity (M), or 
molar concentration, which is the number of moles of solute per liter of solution.
Molarity is defined as

 molarity 5
moles of solute

liters of solution
(4.1) 

Key Equations are 
highlighted within 
the chapter. The key 
equations are also 
presented in the chapter 
summary materials for 
easy access in review 
and study. 

Example 4.6

Classify the following redox reactions and indicate changes in the oxidation numbers of 
the elements:
(a) 2N2O(g) ¡ 2N2(g) 1 O2(g)

(b) 6Li(s) 1 N2(g) ¡ 2Li3N(s)

(c) Ni(s) 1 Pb(NO3)2(aq) ¡ Pb(s) 1 Ni(NO3)2(aq)

(d) 2NO2(g) 1 H2O(l) ¡ HNO2(aq) 1 HNO3(aq)

Strategy Review the definitions of combination reactions, decomposition reactions, 
displacement reactions, and disproportionation reactions.

Solution 

(a) This is a decomposition reaction because one reactant is converted to two different 
products. The oxidation number of N changes from 11 to 0, while that of O 
changes from 22 to 0.

(b) This is a combination reaction (two reactants form a single product). The oxidation 
number of Li changes from 0 to 11 while that of N changes from 0 to 23.

(c) This is a metal displacement reaction. The Ni metal replaces (reduces) the Pb21 ion. The 
oxidation number of Ni increases from 0 to 12 while that of Pb decreases from 12 to 0.

(d) The oxidation number of N is 14 in NO2 and it is 13 in HNO2 and 15 in HNO3. 
Because the oxidation number of the same element both increases and decreases, 
this is a disproportionation reaction.

Practice Exercise Identify the following redox reactions by type:
(a) Fe 1 H2SO4 ¡ FeSO4 1 H2

(b) S 1 3F2 ¡ SF6

(c) 2CuCl ¡ Cu 1 CuCl2

(d) 2Ag 1 PtCl2 ¡ 2AgCl 1 Pt

Similar problems: 4.55, 4.56.

End-of-Chapter Problems enable 
students to practice critical thinking and 
problem-solving skills. 

Worked Examples follow a proven 
step-by-step strategy and solution. 
Along with the accompanying Practice 
Exercises, these examples are very 
important tools for learning and 
mastering chemistry. The problem-
solving steps guide the student 
through the critical thinking necessary 
for succeeding in chemistry. 

cha672770_fm_i-xxxii.indd Page xxi  18/11/14  1:01 PM user /204/MH02197_AP/cha672770_disk1of1/007672770x/cha672770_pagefiles

A Guided Tour of Chang's Chemistry, AP Edition 
STEP 2 
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This review guide was developed with the AP student in mind. The activities 
within each chapter will help you to focus on and review the key content in 
the chapter as it relates to the AP Chemistry. 

Using Your AP Focus Review Guide

As you work through your AP Focus Review Guide, keep this chapter’s Big Ideas in mind:

A LOOK AHEADAP

THERMOCHEMISTRYChapter 
6

REVIEW IT
Using the vocabulary on the left, fill in the circles relating to the hierarchy of energy 
types, then use the completed diagram to fill in the blanks in the next sentence.

From this diagram,  is considered a subset of . 
Explain this categorization.

Section 6.1 The Nature of Energy and Types of Energy, p. 231
Essential Knowledge Covered:
5.B.1, 5.B.2, 5.C.1, 5.D.1

Vocabulary
energy
radiant energy
thermal energy
chemical energy
potential energy

EK 5.C.1, 5.D.1
Student Edition p. 231

BIG IDEA 
1

Adjacent atoms share electrons in the form of a bond which requires energy to form and releases energy 
when broken.

BIG IDEA 
3

Chemical reactions include heat energy as either a product or reactant; the entire system and its sur-
roundings must be evaluated to determine which.

BIG IDEA 
5 The energy stored in the chemical bond is often released as heat when the bond is broken.

AP Focus Review Guide for Chemistry • Thermochemistry
55

055_065_Che_S_C06_672803.indd   55 25/11/14   4:17 PM
USE IT
The theoretical pendulum shown below swings through frictionless air. Label the 
 diagram to indicate the types of energy that are being interconverted when the 
 pendulum swings from A to B to C.

A

B

C

 

SUMMARIZE IT
Define the types of energy that the energy of the following systems is being converted 
between:

A skier going skiing downhill.

A bulb being illuminated in a battery-powered flashlight.

Driftwood burning in a bonfire.

Summarize the Law of Conservation of Energy.

Section 6.1 The Nature of Energy and Types of Energy (continued)

EK 5.B.2
Student Edition p. 231

EK 5.B.2

EK 5.B.1

AP Focus Review Guide for Chemistry • Thermochemistry
56

055_065_Che_S_C06_672803.indd   56 25/11/14   4:17 PM

Different visual organizers 
help you to analyze and 
summarize information and 
remember content. 

Review It activities will 
help you to recall content 
that you should have  
mastered in earlier study. 

The AP A Look Ahead boxes 
review the Big Ideas covered 
in your textbook.

These correlations  
pinpoint which parts of  
the AP Curriculum are  
reviewed in each section. 

Use It activities allow you 
to apply what you’ve 
learned in the chapter. 

AP Focus Review Guide for Chemistry • Using Your AP Focus Review Guide
vi

i_viii_Che_S_FM_672803.indd   6 25/11/14   4:58 PM  PDF Pass  

A Guided Tour of Chang's Chemistry,   
AP Focus Review Guide STEP 2 

The AP Focus Review Guide is written with the AP curriculum in mind. 
Developed under the guidance of an experienced AP teacher, it provides 
students with a great review tool for the AP course. Within each chapter 
of the workbook students can pinpoint content that is most important 
to the AP curriculum. The Review It, Use It, Summarize It format helps 
students to review and apply the content in each chapter essential to the 
AP course. 
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As you work through your AP Focus Review Guide, keep this chapter’s Big Ideas in mind:

A LOOK AHEADAP

PERIODIC RELATIONSHIPS AMONG THE ELEMENTSChapter 
8

BIG IDEA 
1

The periodic table groups together elements that have similar strucutural features and display similar 
properties.

Section 8.1 Development of the Periodic Table, pp. 327–329

REVIEW IT
What is the most important relationship between elements in the same group of the 
periodic table?

SUMMARIZE IT
Why was Newlands’ Law of Octaves inadequate for elements beyond calcium?

Prerequisite Knowledge
This section covers concepts you should know from other science courses. Review it 
to master the AP Essential Knowledge and prepare for the AP Exam.

Student Edition p. 327

AP Focus Review Guide for Chemistry • Periodic Relationships Among the Elements
80

080_087_Che_S_C08_672803.indd   80 25/11/14   4:17 PM

AP  Reviewing the Essential Questions
These questions were posed in the Chemistry chapter opener (page 230). Answer them using the knowledge 
you’ve gained from this chapter.

 

 1. What is chemical potential energy of atoms?

 2. What is the chemical potential energy of molecules?

 3. What is heat?

 4. What is the difference between an exothermic and an endothermic reaction?

 5. Does adding heat to a system change its energy content? What is the direction of energy flow in a chemical 
reaction?

 6. What is the relationship between energy, work, and heat?

 7. How can a balanced chemical equation be used to determine heats of reaction?

AP Focus Review Guide for Chemistry • Thermochemistry
65

055_065_Che_S_C06_672803.indd   65 25/11/14   4:17 PM

The AP Focus Review 
Guide gives you an 
opportunity to answer 
the Reviewing the 
Essential Questions 
from your textbook 
providing an excellent 
final review of the 
chapter content. 

USE IT
The theoretical pendulum shown below swings through frictionless air. Label the 
 diagram to indicate the types of energy that are being interconverted when the 
 pendulum swings from A to B to C.

A

B

C

 

SUMMARIZE IT
Define the types of energy that the energy of the following systems is being converted 
between:

A skier going skiing downhill.

A bulb being illuminated in a battery-powered flashlight.

Driftwood burning in a bonfire.

Summarize the Law of Conservation of Energy.

Section 6.1 The Nature of Energy and Types of Energy (continued)

EK 5.B.2
Student Edition p. 231

EK 5.B.2

EK 5.B.1

AP Focus Review Guide for Chemistry • Thermochemistry
56

055_065_Che_S_C06_672803.indd   56 25/11/14   4:17 PM

In the Summarize It section 
you will synthesize what you 
have learned by focusing in on 
the key content in the chapter. 

You can use this column to 
take notes and keep track 
of content you may need 
to review in preparation for 
the exam. 

Section content that is not a 
focus of the AP Chemistry  
curriculum is identified as  
either Prerequisite Knowledge 
or Extending Knowledge. 

AP Focus Review Guide for Chemistry • Using Your AP Focus Review Guide
vii

i_viii_Che_S_FM_672803.indd   7 25/11/14   4:58 PM  PDF Pass  

STEP 2 
A Guided Tour of Chang's Chemistry,  AP Focus  
Review Guide 
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Connect® Chemistry includes a robust collection of advanced teaching 
resources for customizing your course
 

Teach students how to “think like scientists” by using 
the AP Teacher's Manual in the Connect Library. 
Within the AP Teacher's Manual, you will find:

• A Pacing Guide to ensure adequate coverage of 
AP Chemistry Curriculum content.

• Instructions for meeting the challenges of the 
AP Chemistry course.

• Classroom activities aligned to the curriculum. 

• Teaching strategies and lab suggestions to help 
you navigate this course. 

 

Advance Your Teaching 
with These Tools 

With Connect reporting, you can: 

• Monitor the progress of your 
entire class. 

• Review individual student data 
over time. 

• Identify any student’s 
additional content support 
needs in real time.

STEP 2 

AP Chemistry Correlation

BIG IDEA
1

The chemical elements are fundamental building materials of matter, and all matter can be understood in terms 
of arrangements of atoms. These atoms retain their identity in chemical reactions.

Essential Knowledge Pages Illustrative Examples

1.A.1 Molecules are composed of specific combinations of atoms; 
different molecules are composed of combinations of different 
elements and of combinations of the same elements in differing 
amounts and proportions.

7–9, 39–40, 
50–55, 76–83, 
85–99, 121–126

Matter Map 9; Law of Multiple 
Proportions 40; Law of 
Conservation of Mass, 40; 
Monatomic Ions 51; Molecular 
Formulas 52; Mass Percent 
85–88; Chemical Equations 94 

1.A.2 Chemical analysis provides a method for determining the relative 
number of atoms in a substance, which can be used to identify the 
substance or determine its purity.

85–90, 
149–151, 
151–157

Empirical and Molecular Formulas 
89–90; Gravimetric Analysis 
149–151; Acid-Base Titration 
151–154; Redox Titration 155–157

1.A.3 The mole is the fundamental unit for counting numbers of 
particles on the macroscopic level and allows quantitative connections 
to be drawn between laboratory experiments, which occur at the 
macroscopic level, and chemical processes, which occur at the atomic 
level.

76–104, 145–149 Average Atomic Mass 77; 
Mass/Mole/Number of Particles 
Conversions 79–83

1.B.1 The atom is composed of negatively charged electrons, which  
can leave the atom, and a positively charged nucleus that is made of 
protons and neutrons. The attraction of the electrons to the nucleus is 
the basis of the structure of the atom. Coulomb’s Law is qualitatively 
useful for understanding the structure of the atom.

40–46, 51,

282–287,

374–379

Cathode Ray Tube 4;
Rutherford Expt 44;
Photoelectric Effect 282–283

1.B.2 The electronic structure of the atom can be described using an 
electron configuration that reflects the concept of electrons in

quantized energy levels or shells; the energetics of the electrons in the 
atom can be understood by consideration of Coulomb’s Law.

297–313 s, p, d Orbitals 297–300;
Electron Configurations 309, 329, 
333

1.C.1 Many properties of atoms exhibit periodic trends that are 
reflective of the periodicity of electronic structure.

48, 50, 310–314, 
329–359, 369, 
380–383, 957, 
982–988, 
995–998

Metals, Nonmetals, Metalloids 48; 
Electron Configuration Trends 313; 
Ground State Configurations 329, 
333; Effective Nuclear Charge, 
Atomic and Ionic Radius 334–339;  
Ionization Energy 340–344; Electron 
Affinity 345–347; Lewis Dot 
Structure 369; Electronegativity 380

1.C.2 The currently accepted best model of the atom is based on the 
quantum mechanical model.

287, 295

1.D.1 As is the case with all scientific models, any model of the atom 
is subject to refinement and change in response to new experimental 
results. In that sense, an atomic model is not regarded as an exact 
description of the atom, but rather a theoretical construct that fits a set 
of experimental data.

40–46, 277–281, 
282–295, 
334–347

Heisenberg’s Uncertainty 
Principle 292–293

1.D.2 An early model of the atom stated that all atoms of an element 
are identical. Mass spectrometry data demonstrate evidence that 
contradicts this early model.

83–85 Mass Spectrometer 83–85

1.D.3 The interaction of electromagnetic waves or light with matter is 
a powerful means to probe the structure of atoms and molecules, and 
to measure their concentration.

277–295 Properties of Waves 275–276; 
Electromagnetic Radiation 
276–278; Photoelectric Effect 
279–281; Spectroscopy 282–289; 
Ground vs Excited State 284; 
DeBroglie’s Equation 287–291

1.E.1 Physical and chemical processes can be depicted symbolically; 
when this is done, the illustration must conserve all atoms of all types.

90–95, 126–144, 
178–184

xxvi
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