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“Fo teach is to learn.” In writing our textbooks we have attempted to
apply the valuable lessons which our students have generously sup-
plied as we have tried (with some success we think) to teach them the
fundamential concepts of chemistry. Perhaps the most valuable lesson
we have learned is that beginning chemistry students simply do not
possess certain knowledge and reasoning skills which their science
instructors generally take for granted. In this text, aimed primarily at
the preparatory- -level chemistry course, we take nothing for granted,
neither prior scientific knowledge nor prlor experience in deduction.

As we approached each topic our aim was to offer complete,
logical explanations which include all necessary steps in the deductive
reasoning process, rather than assuming that the student already has
the ability to make deductive leaps. This approach gives students the
opportunity to ghimpse the complete development of scientific thought,
which is usually not their natural way of thinking, and to develop their
own reasoning skills as they explore increasingly complex phenomena.

We hope that students might enjoy their study of chemistry de-
spite the fact that many are captives of a scienee course requiremem.
To this end we have used a conversational tone, a few anthropo-
morphic explanations, and occasionally introduced humer into some
ilustrations. Also, we encourage student visualization of microscopic
phcnumcn.l both bccausc such imagery is a valuable scientific skill and
because it is fun.

As a convenience and learning aid, and in order to reinforce
concepts and encourage necessary review, we frequently refer students
to previous sections needed as a foundation for understanding the
topic at hand. Cross-referencing is also used to inform stadents of
“coming attractions” in subsequent chapters. Other cdrwehwm fea-
‘tures and learning aids are:

Sample Exercises are very carefully worked out in stepwise detail using
the Unit Conversion Method wherever possible and appropriate. Sam-
ple Exercises are supplied copiously,

Vo Mepatts



Xvi . - PREPACE
N
o o, . Problems frequently immediately follow Sample Exercises within the
poi #*.  -chapter so that the student can test his or her understanding of the

" céndept ¢xplaifeld. A{ the end of each &hapter there are numerous

roblems at varying levels so that students can reach the limits of
their own capacities. In this edition problems are arranged by sub-
section topics for the convenience of students and instructors.

Stepwise Procedural Rules or guidelines are provided for significant
manipulations; for example, see “Guidelines for writing Lewis struc-
tures” in Section 6.13.

Tables are used extensively to organize and summarize information.
Hlustrations are an integral part of the explanations.
Summaries of the major points addressed conclude each chapter.

Chapter Accomplishments pfovide the student with the learning ob-
Jectives of each chapter.

Math skills are given the status and full treatment of a chapter.
The usefulness of the periodic table is stressed and reiterated.
An entire chapter is devoted to the mole concept.

Sefected answers to problems appear in Appendix 4.

Deﬁned words are italicized in the index for ready location.

More applications of chemistry to students’ experience or interest are
offered in this edition: for example, colligative properties in Chapter
13 and blood buffers in Chapter 15.

Student reception of the first edition of this text suggests we have
succeeded in writing a truly student-oriented book. Students describe
the text as “self-teaching.” In short, preparatory level students are able
to read and understand this book and many report enjoying it.

In order to provide an early explanation for compound formation
and a logical basis for remembering ionic charges, we have altered the
sequence of chapters in this new edition. Electronic structure and
bonding are now covered before ionic formula and nomenclature.

Instructors who wish to follow the former sequence and introduce
nomenclature, formula and equation writing, and stoichiometry early
in their course should have no problem covering Chapters 1, 2, 3, 4,
7, 8, 9, and 10 before returning to electronic structure and bonding
in Chapters 5 and 6. An Instructor’'s Manual is available and provides
additional comments on each chapter, suggested accompanying lab-
oratory experiments, answers to all problems, and sample examina-
tions for each chapter. In our Laboratory Manual each experiment is
related to a specific text section.
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PREFACE

More material is included in this book than can be covered rea-
sonably in one semester. The core curriculum as preparation for gen-
eral chemistry would be Chapters 1-11. If time permits, the instructor
then has the freedom to choose additional topics based on personal
preference. Chapters 12, 13, 14, 17, and 18 stand independently of
one another. Chapter 15 (Acids and Bases) relies on material in Chap-
ter 13 (Solutions) and Chapter 14 (Chemical Equilibrium). Chapter
16 presupposes coverage of Chapter 13.

We earnestly invite your comments and suggestions toward the
improvement of this textbook as a learning device.

ACKNOWLEDGMENT

We would like to acknowledge and thank the many individuals who
helped and encouraged us as we developed this text. First of all, there
are the C.U.N.Y. community college students who were our original
inspiration and the many Chemistiy 110 students at Bloomfield Col-
lege who have sustained the inspiration. They have used the first
edition thoughtfully and offered useful suggestions for improvement.

Reviewers of our text have been very thorough and helpful, and
we thank them: Ron Backus, American River Community College;
Boyd Earle, University of Nevada, Las Vegas; Nancy Howard, Phil-
adelphia College of Textile and Science; William B. Huggins, Pen-
sacola Junior College; E. J. Kremnitz, University of Nebraska, Omaha;
Steven Murov, Modesto Junior College; Raymond O’Connor, Santa
Barbara City College; Donald B. Phillips, Eastern Michigan Univer-

- sity; Gordon Parker, University of Toledo; and Ray F. Wilson, Texas

Southern University.

We also thank the editors and other production staff at McGraw-
Hill, who gave such careful attention to all details as the manuscript
became a book.

Jacqueline I. Kroschwitz
Melvin Winokur

xvii



CONTENTS

.

Freface xv

CHAPTER 1 1
CLASSIFICATION OF MATTER

Introduction i
Classification of matter by physical state 1
Changes in state 2
Scientific Method 4
Pure substances versus mixtures 5
Physical versus chemical change 7
Subdivisions of pure substances 9
Physical and chemical properties 10
Elements, compounds, and mixtures 13

19

—— e S NI D DA WO e

0  Homogeneous versus heterogeneous matter D
I Chemical language o 21
2 Energy _ 22

CHAPTER 2 29

MATH SKILLS

2.1 Introduction 29
2.2 Signed numbers 29
2.3 Fractions 33
2.4 Scientific notation 36
2.5 Algebraic manipulations 44 ’,
2.6 Percentage calculations 46
2.7 Graphing 49

LN

T

RN R BN \



viil CONTENTS

]

CHAPTER 3 57
MEASUREMENT
3.1 What is measurement? 57
3.2 The metric system 57
33 Unit conversion 64
34 Density 68
3.5 Temperature 72
36 Units of energy 76
3.7 What are significant figures? 79
3.8 Rounding off 83
3.9 Sig figs in calculations 83
CHAPTER 4 93
ELEMENTS AND THEIR INVISIBLE STRUCTURES
4.1 Introduction 93
4.2 Atomic theory 93
4.3 Picturing atoms and elements 94
4.4 Inside the atom 96
45 Atomic number 98
4.6 1sotopes 99
4.7 Mass number 100
4.8 Charged atoms 103
4.9 Relative atomic mass 106
4.10  Average atomic weight 107
t.11 Periodic table 108
4.12  Periodic groups 109
4.13  Elemental makeup 111

. CHAPTER 5 119
ELECTRONIC STRUCTURE OF THE ATOM
5.1 Introduction 119
5.2 Energy revisited 19
5.3 Concept of minimum energy 120
54 Minimum energy in the atom 121
5.5 Electron-configuration notation 130
56 Quantum numbers 134
5.7 Evidence and uses of the electron energy levels 140
5.8 Periodic table 142
5.9 Lewis electron dot structures 145
5.10  Peniodic trends 146



v CONTENTS ix

, ) |
CHAPTER 6 155
CHEMICAL BONDING
6.1 Introduction 155
6.2 How can atoms achieve lower-energy states? 155
6.3 Metals lose electrons 156
6.4 Nonmetals gain electrons 160
6.5 Electron transfer 162
6.6 Ionic charges 164
6.7 Polyatomic tons 164
6.8 Formulas for ionic compounds 166
6.9 The nature of the ionic bond 170
6.10  Why are there two types of compounds? 171
6.11  Diatomic molecules 172
6.12  The nature of the covalent bond 174
613 Lewis electron dot formulas 176
6.14  Coordinate covalent bonds 183
615 Electronegativity and polarity 185
6.16  Recognizing ionic versus molecular compounds 188
6.17  Law of Definite Composition revisited 190
CHAPTER 7 199
COMPOUNDS:

NOMENCLATURE, WEIGHT AND PERCENT COMPOSITION
7.1 Introduction 199
7.2 Nomenclature 199
7.3 Naming ionic compounds 200
7.4 Naming binary molecular compounds 204
7.5 Naming acids 206
7.6 A nomenclature summary 210
7.7 Molecular weight and formula weight 211
7.8 Percentage composition 213
CHAPTER 8 219
THE MOLE CONCEPT
8.1 Individuals versus “packages” 219
8.2 Relative weights 220
8.3 How many particles are in a mole? 222
8.4 Chemical formulas revisited 223
8.5 Moles of compounds 225
8.6 Gram-mole—particle conversions 228



_ CONTENTS

8.7 Moles. within moles 230
8.8 Empirical formulas defined 232
8.9 Calculation of empirical formulas. 233
8.100  Molecular formulas 237
CHAPTER 9 245
CHEMICAL REACTIONS
9.1 What is a reaction? 245
92  Chemical equations 245
9.3 The meaning of balanced equauons 247 -
9.4 Balancing equations ' 248
9.5 Use correct formulas 253
9.6  Helpful hints 254
9.7 Special symbols 256
9.8 _Types of reactions 257 .
CHAPTER 10 273
STOICHIOMETRY
10.1  What is stonchmmetry* : 273 .
10.2  Molar interpretation of the baldmed cqu.«m(m 278
10.3 l:qudhues and umvgrsmn lactms SO
T hom ¢hemical equalmns : . 275
104 ‘Mole=mole. coTversions : A 277
105 (nam—mole mole-—gmm conversions 279
10.6° (-mm——gmm conyersions 281
10,7 Conversions summarued 283
10.8 . Limiting reactant 283
10.9  Theoretical vxeld 200
10. 10 Actual yield 290
10. 11, Percentage vield : 291
10.12 Heat as a reactant or pmduu 291
10,13 A page hom a laboratory notebook 292
CHAPTER 11 801
GASES .=
11.1" - Introduction 301
11.2 - n, T, and V measurements 303.
11.3 ", Pressure - 304
11.4." Dalton’s law of partial pressures 307
11.5- “Boyle’s'Law 310
ll 6 Lhdrles Law 313




CONTENTS ’ xi

[
11.7 . Combined gas laws’ 318
11.8  Standard temperature and pressure 323
11.9  Avogadro’s Law 324
11.10 Molar gas volume 326
11.11 Ideal Gas Law - 328
11.12 Kinetic Theory of Gases 333
11.13  Gas stoichiometry’ 334
CHAPTER 12° 335
. LIQUIDS AND SOLIDS o
12.1  Introduction . v 345
12.2  Molecular shape _ 345 -
12.3  Molecular polarity . s 7 351
124  Intermolecular forces 352
12.5  Condensation of gases 358 .
-12.6 A model of liquids and solids : 359

12.7  Physical properties of liquids 360 ,
12.8  Crystalline versus amorphous solids 366
12.9  Classes of crystalline solids 368

. 12.10 Properties of salids : 371
12.11 -Heat changes and phase changes 372
CHAPTER 13 383
SOLUTIONS
13.1  Solutions defined 383
13.2  Solution terminology 384
13.3  Solution formation 389
13.4  Factors influencing solubility 392 . T .
13.5  Concentration expressions 396
13.6  Dilution B 405
13.7 = Electrolytes 407
18:8 . - Particles in solution 410
13.9  Ionic equations 411
13.10 Using the solubility rules 412
13.11 Colligative properties of solutions 414
13.12 Osmotic pressure of solutions 417
13.13 Solution stoichiometry 421
CHAPTER 14 . 431
CHEMICAL EQUILIBRIUM
14.1  Reversible reactions ~431
14.2  Rates of reaction

433




X1t . CONTENTS

. [
14.3  Ekquilibrium constant 454
14.4  Rules for writing K., 437
145  Interpreting the value of K., 439
146 1e Chatelier’s principle 441
14.7  Predicting the occurrence of reactions 445
14.8  “Going to completion” 448
CHAPTER 15 458
ACIDS AND BASES
15.1  Introduction 455
15.2  The Arrhenius definition 457
15.3  Brensted-Lowry definition 458
15.4  Acid and base strength 461
15.5  Jonization of water 464
156 pH 466
15.7  Measurement of pH 470
15.8 Reactions of acids and bases 472
15.9  Determination of acid-base concentrations—titration 477
15.10 What is a buffer?’ 481
15.11 - How a buffer functions 482
15.12 Blood buffers 484
CHAPTER 16 495
OXIDATION REDUCTION
16.1  Iatroduction 495
16.2  Electron-transfer reactions 495
16.3  Writing half-reactions 496
16.4 Oxidation numbers 498
16.5  Definitions revisited 501
16.6  Balancing redox reactions 502
16.7  Basic redox reactions 510
i6.8  An alternate method 512
16.9  Activity series revisited 514
16.10  Uses of redox 516
16.11 Redox in the body 521
CHAPTER 17 529
NUCLEAR CHEMISTRY
17.1  Introduction 529
17.2  The nucleus revisited 530
17.3  Radioactivity 530

I WP

&



CONTENTS xiii

17.4  Properties of a-, 8-, and y-radiation
17.5  lonizing radiation

17.6  Detection devices

17.7  Physiological effects of radiation

17.8  Nuclear reactions

17.9  Radioactive decay series

17.10 Half-life Lir

17.11  Uses of radioisotopes .
17.12  New elements through bombardment
17.13  Nuclear energy

CHAPTER 18

532
533
535
536
538
542
543
. 548
551
553

561

ORGANIC AND BIOLOGICAL MOLECULES

18.1  Introduction

18.2  Bonding in carbon compounds

18.3  Structural formulas for organic molecules
184  Condensed structural formulas

18.5  Functional-group concept

18.6 Isomerism

18.7  Geometry around carbon atoms

18.8°  Hydrocarbons

18.9  Organic compounds containing oxygen
18.10  Organic compounds containing nitrogen
18.11 Organic molecules of biological significance
Appendix

Y . ~ ]

561
562
563
567
569
571
573
574
586
594
596

613



CLASSIFICATION
' 'MATTER

INTRODUCTION

1.1 Chemistry is the study of matter, which is evervthing vou see
wound vou. this book, vour hand. a pencil. water a trec. and invisible
things such as air. I'wo characteristics define matter: matter occupies Hyd rogen
space and has mass

As vou begin reading this text. vour view of matter resembles that 1 .008
of the earliest chemists who set ot 1o study marter "That 18 vou
probuably perceive the world around you as boasung an unlimited
number of different forms of matter. As it turns out, we can actually
classifv matter into a surprisingly small number of categories. Discoy-

ering useful classifications of matter will be our hirst task in this text,
18 it was for the earliest investigators of matter.

CLASSIFICATION OF MATTER BY PHYSICAL STATE

1.2  As citizens of the twenteth century, vou have a decided advan-
tage over the carly investigators because vou have absorbed some of
the compiled scientific knowledge of the last 200 vears i vour every-
diav experience. For example, consider the followmg Tist ol samples

of oatter and think about how vou might group the samples o
ihie o caregories based on characteristics of the samples thar vou have
obscrnyved

s of Matter (See Figure ' 1)

Stean Iror

Gasoline Ice

Table salt Oxygen

Water Carbon dioxige
Mercury ' Alcohol

A useful classification svstem that vou mav have chosen involves iden-
tfving these samples as solids, liquids, or gases.
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CLASSIFICATION OF MATTER

FIGURE 1.1

Matter is everything you see
around you: Here are some
familiar examples ciassified
in Section 1 2. Most sampies
are labeled. The nails are
iran, and the fire extinguisher
contains carbon dioxide.
Steam is not shown because
of its elusiveness.
(Photograph by Bryan Lees)

Solids Liquids Gases

Table salt Gasoline Steam

Iron Water Oxygen

ice Mercury Carbon dioxide
Alcohol

This is the classification of matter according 1o physical state.
Because you have long been aware of the characieristics of the thre
physical states, you now recognize solids, liquids. and gases without
realizing that you are examining the defini.n-ss of the shape and
volume of the sample when you make your clozsification. Table 1.1
summarizes the shape and volume characteristics of the three physical
states.

Usually we talk about the physical state of matter at room tem -
perature. This is so because the physical statc may change as tem-
perature changes, and the samples we consider ure usually at room
temperature. For example, water is a liquid at room temperature
(20°C), a solid (ice) below the freezing temperature (0°C), and a gas
(steam) above the boiling temperature (100°C).

CHANGES IN STATE

1.3 Melting is the name applied to the change between the solid and
liquid physical states. Other familiar changes of state are liquids freez-
ing to solids, liquids evaporating to gases, and gases condensing (0
liquids. Liquid-solid changes (melting or freezing) and liquid-gas changes




CHAPTER ONE : 3

s ]
SHAPE AND VOLUME CHARACTERISTICS OF THE THREE PHYSICAL STATES TABLE 1.1
Physical
State Shape Volume
Solid Definite—does not depend on the Definite—has a fixed volume (A gold bar
shape of the container occupies a clearly defined amount of space.)
Liquid Indefinite—takes on the shape of Definite—has a fixed volume (A glass of milk
its container spilled on the floor spreads out, but not forever.)
Gas’ Indefinite—takes on the shape of Indefinite—has no fixed volume (A small vial of
its container gas opened in a large auditorium spreads to fiil

the entire room.)

* Because you are probably less familiar with this state since it is usually invisible. a whole chapter (Chapter 11) is devoted to gases. The
more familiar liquids and solids are discussed in Chapter 12.
Note: Some substances, such as cMbcolate pudding, ice cream, etc., may not be so easily ciassified.

(evaporation or condensation) are the most familiar, but direct changes
between the solid and gaseous states are also possible. Conversion of
a solid directly into a gas is called sublimation. The water in wet
laundry that is hung on a clothesline on a freezing winter day freezes
to ige. The clothes become dry when the ice sublimes into the gaseous
state and goes off into the air (see Figure 1.2).

We can summarize changes in state by the diagram below. The
arrows represent the processes named, and the arrowheads mdlcate
the direction of the change between states. {ﬂﬁ

Evaporation

Liquid

Condensation

FIGURE 1.2

How your laundry dries on a
cold winter day. Water in the
towel freezes into ice; the ice
sublimes into water vapor,
and your towel is dry.




