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Preface

)

This is a general chemistry textbook that combines a full treatment of chemical
principles with extensive emphasis on experimental and applied aspects of
chemistry. Modern chemistry is a quantitative science, but “quantitative’’ does
not necessarily mean “theoretical”: we have based this text firmly in macro-
scopic experimental chemistry, and the mathematics that we introduce is
guided throughout by chemical and physical principles. Chemistry comes to
life through its applications to the real world. We hope to'have conveyed some
of the excitement of modern chemical research through this book.

ORGANIZATION

When we first conceived PRINCIPLES OF MODERN CHEMISTRY, our
plan was to organize it in three parts. The first third of the book was to develop
the vocabulary and a working knowledge of chemistry from a macroscopic,
phenomenological point of view. The middle chapters were to seek an under-
standing of the causes of chemical behavior in terms of a microscopic, atomic
* and molecular, perspective. The balance of the book was to be an application of
these principles to chemical processes we encounter in nature and in industry.
We soon learned that chemistry is too vast and interconnected to lend itself toa
hard and fast division of this sort, but the germ of this original plan is still
discernible in the structure of the book.
~ The first two chapters are concerned with the principles of stoichiometry
that grew out of the atomic theor‘y of matter and with the vocabulary of chemis-
try. They may well serve as review for the student who has had a good chemistry
course in high school, although we hope they may provide new insights. Chap-
ters 3 through 10 develop chemistry from a largely macroscopic point of view,
- moving from a study of the states of matter (Chapters 3 and 4) to an examina-
tion of chemical equilibrium (Chapters 5 and 6) and its basis in thermody-
namics (Chapters 7 and 8). This section closes with electrochemistry (Chapter
9) and chemical kinetics (Chapter 10). By emphasizing the macroscopic, exper-
imental aspects of chemistry in these first chapters we hope to show that chemis-
try is not a series of theoretical models but is rather a discipline based on
observations of the world around us, organized through the use of chemical
principles.
The next five chapters have a different thrust. Their purpose is to search for
an interpretation of the properties and chemical reactivity of substances at the
-atomic and molecular level. This section begins with elementary particles and
nuclei (Chapter 11) and moves through atomic structure (Chapter 12) to an
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examination of chemical bonding (Chapter- 13) and the properties of interact-

" ing atoms and molecules in liquids and solids (Chapters 14 and 15).

The last seven chapters then apply the principles developed earlier in the
book to the chemistry of the periodic table. They reflect our conviction that
descriptive chemistry is best taught not as a series of facts to be memorized but
as an illustration of the general microscopic and macroscopic principles that
underlie chemistry. We have therefore based these chapters not on a routine

_enumeration of the elements in each group of the periodic table, but rather in

broader classes moving from the most electropositive to the most electronega-
tive, giving greater emphasis to the more importantelements. The heart ofthese
chapters is the problems,; which allow students to rev1ew extend, and apply the
pnnoxples developed earher in the book i

TEACHING 'OPTIONS { sett

While we chose the organization outlined above for what we feel are good
pedagogical reasons, we recognize that other instructors may prefer to intro-
duce topics in somewhat different sequences, and we have written the text to
permit this kind of flexibility. For example, some instructors,may choose to
cover the material on atomic structure and chemical bonding earlier in their
course. In this case, they can move directly to Section'11-1 and Chapters 12
through 15 after Chapter 6, or even after Chapter 2. Certain topics may be
omitted without loss of continuity. For example, @ principles-oriented course
might cover the first 1'5 chaptersthoroughly and ther select only two or three‘of
the last chapters for close attention, while-a course with-a moré descriptive
orientation might omit the Optional Topics and cover the last seven chapters
more systematically. Further suggestions for ways of using this book in courses
with different plans of organization aré given in the’Instructor’s Manual.

MATHEMATICAL' LEVEL

This book presupposes a sohd high school background in algebra and coordi-
nate geOmetry We mtroduce the concepts of slope and area in the physlcgl and
chemical contexts in whlch they arise, _ and we use dxfferentlal .and 1ntegral
notatxon only where necessary. The, book is de51gned to be fulIy self-contained
in its use of mathematical methods In this context, Appendix ¥ should prove
partlcularly useful to the student and the mstructor

Key equatlons m the text are indicated by boidface numbers, and practice
should be gained in using them for chemical calculaﬂons ‘Other equations,

‘ such as mtermedlate steps in mathematical derivations, are less central to the

overall line of r reasomng in the book.

WORKED' EXAMPLES

This textbook includes worked examples, whieh help to show the methods.of
reasoning applied in solving chemical problems.- The examples are inserted
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immediately after the corresponding principles have been presefited, and in
many cases can serve as models for working problems at the end of the chapter.
Careful attention is given in the examples to the proper use of units and of
significant ﬁgures and scientific notation.

KEY TERMS

Key terms appear in boldface where they are first ‘introduced. In addition,
definitions for most key terms are included in the Glossary for ready reference
w1th a motation of the’ secnon m which the term first appeared

OPTIONAL TOPICS

A number of optional topxcs are indicated by boxed sections ‘n the text. These
are more advanced mathematically than the main part of the book, and can be
omitted without loss of continuity. Their use allows the instructor considerable
flexibility in the level of the course n‘laterial taught.

CONCEPTS. AND SKILLS - o0 - a9i¢

Each chapter concludes with a list of Concepts and Skills for review by the
student. Included in this list are references back to the section in which the topic
was covered, and forward to problems that help to test mastery- of the particular
skill involved. ThlS feature is helpful for self- testmg and Teview of material.

PROBLEMS

Problems are grouped into paired and unpaired categories. Answers to odd-
numbered paired problems are collected at the end of the book, and permit the
student to check the answer to the first problem in a pair before undertaking the
second problem which is parallel to it. The unpaired problems provide further
applications of the principles developed in the,chapter. We have indicated the
_ more challenging problems with a bullet ().

APPENDICES 1

Appendices A, B, and C are important pedogogically. Appendix A discusses
experimental error and scientifi¢ niotation; while Appendix Bintroduces the St
system of units used throughout the book and describés the methods used for
converting units. Appendix C provides a review of mathematics for general
chemistry. Appendices D, E, and F are compllatlons of thermodynamnc, etec—_
trochemical, and physical data, respectlvely Students gain experience in usmg
them through many of the problems in the book.



ANCILLARIES

Sifdymd Problem-Solvmg Guide. The best way to master physical and chemi-
cal concepts is to solve problems; even students with outstanding mathematical
skills can encounter difficulties with chemistry problems. Trouble usually
arises in the conversion from the words of the problem through formal state-
ments of concepts to manipulable mathematical equations. The Study and
Problem-Solving Guide by Wade A. Freeman of the University of Illinois at
Chicago helps students meet such dlﬁcvﬂues head-on. It summarizes defini-
tions, concepts, and equations, gives some additional insights into the material
presented in the text, provides problem-solving hints, and, as a practical illus-
tration, presents detailed solutions to all the odd-numbered problems in this
book. We strongly recommend that each student purchase a copy of this book.

Instructor’s Manual. The Instructor’s Manual contains solutions to even-
numbered problems as well as suggestions for ways to use this book in courses
with different plans of organization.
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“The search for truth is in one way hard and in another
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: of Matter g

1-1 CHEMISTRY AND THE. NATURAL SCIENCES

What is chemistry? We can‘define it as'the study of the properties of subsiances
and of the reactions that transform them into other substarices. But these are
just words, words that fail to convey the range of problems studied by chemists -
and the excitementof the quest tbrknowledze in the field we call chemistry. An_
understanding of what chermstry is can only be gained by doing it: by carrying'
out chemical experiments in the laboratory and by applying'the principlesof
chemistry to explain observations and make prédictions. The discoveries that’
are made and the insights that are 'gaméd will begin to-opén tip new dnd exciting' "'
vistas, and.in turn will suggest ﬁxrtherquestlons to be asked aﬂd challénges torbe '
met.

If an elghtecnﬂl-century chemmt»kvere ‘brought mto a modern’ cheti‘ncal '
laboratory, there are many things that he would recognize. Beakers dnd test
tubes are still very much 4 part of the modern chemist’s laboratory apparatus,
and chemists continue to mix substances‘and watch the reactions'that result. *
‘But the sophistication of the gethods available for examining'substances and
reactions has increased dramatically, and more detailed and more fundamental -
questions can now be posed and answered. Many aspects of 8 modern chemical
laboratory would be unfamiliar not only to an eighteenth-century chemist but
even to one from the first part of the twentieth century.

One tool used in modern chemical research, for examplge,‘is the molecular
beam spectrometer. This is a large piece of equipment in which two beams of
atoms ormoleculesare prepared with well defined speeds and’internal monons./ ‘
The particles are allowed to collide, ‘andithe products aré analyzed. Lasers, -
powerful and ‘versatile sources‘of light, can be used to prepdre the*niolecular
beams going in and to analyze the product molecules coming ‘out, with the '
whole experiment controlled by a small computer that hasbeen programmedto
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analyze the results in terms of the forces between atoms and molecules. Such an
experiment certainly fitsinto the tradmon of classical chemistry (mixing chem-
icals and Ob”lﬁﬁﬂg reactions), but itisa long way from the simple beaker-and-
test-tube operations of the past. -

In another hﬁoramry, a chemist may be analyzmg a product made by a’
small marine organism for use asa pﬁ:slblc anti-cancer agent. The first stepisto
extract the product by adding a-chemical solvent. The problem is then to
separate the substance of interest from others that are present. In the past a
lengthy series of mechanical separations using different solvents, or a series of
distillations, might have been necessary. Now, a chemist may simply inject the
mixture into a device called a gas chromatograph and obtain the separated
fractions at the other end. The fraction of interest can then be analyzed using its
light absorption properties to determine its molecular structure, and the chem-
ist may then develop and test a procedure to synthesize the same product from
commonly occurring substances.

These are just two examples of the type of research that modern chemists
do; many more examples could be given. A common feature of twentieth-cen-
tury natural science is that the traditional “compartments” used to identify

: scientific fields (physics, astronomy, chemistry, geology, biology) are no longer
_ capable of holding separately all of modern scientific research. Instead, nature
keeps spilling out of the various compartments into which we try to force it, and
interdisciplinary research is necessary (seeFig. 1-1). Some of the most exciting
areas of modern science lie at the interface between two ﬁelds that once were
considered to be essentially:distinct.
Y Chemistry.is no exception in this rewd Because it occupies a central role
. inthe. natural sciences, its overlap with other fields provides a fruitful source for
new. dtscovenes For. example, both. chemistry, and :physics: gain from each
other: chemlstry advances through an-incorporation of physical laws and tech-
niques, while physics is enriched through the discovery.by chemists of new
substances with interesting physical properties. Astronomers now:use results
from chemical laboratories to search for new compounds in distant galaxies,
and from them to learn about the origins. of the universe. Geologists analyze the
structures of minerals and the transformations between different forms of mat-
ter in the earth’s crust by using principles from chemical bonding and chemical
thermodynamics. Biologists in recent:years have turned increasingly toward a
detailed study of the chemical basis for life processes. These contacts between
chemistry and other fields are: by no means peripheral. Indeed, they form the
basis and nmpetus for much modem chemical research.-

The Methdds of Science

Progress m chemlslry, and mdeed in, all of the sciences; occurs through a
balance between two.complementary aspects: theory (predictions.and conclu-
sions) and experiment (discovery of facts). There are periods in the develop=
ment of science, when one may lag behind the other; but when the gap becomes
too great, scientific progress slows down. '
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Experimentation withoutx 1the guidance “of ‘theory (or hypothesis" or-

“hunch’") does not proceed very far. Becauseinnumeérable experiments can be
performed, the problem for the scientist is to choose which experiments are
important, and then to carry them out in a carefully controlled fashion. Asking
intelligent questions of nature is essentially what ‘éxperiment’ is ‘about. Some-

times the answers that come back fit in with other picces of information.and a |
correlation emerges, suggesting in turn further questions (expériments). Other ..
times an apparent contradiction appears, an :;ad,giiti_pnal _,qxpe_riment,s are,

needed before a more comprehensive picture emerges. (.

Just as experiment requires guidance from theory, so

after they were first made. On'the other hand, his efforts during the last years of:
his life to develop a generalized field theory that would encompass all known
interactions of ‘matter 'did not succeed. The physicist' Enrico Fermi-said of
Einstein’s effort. “Beautiful theory: wrong universe.” In this ‘sense science

‘ , o theories need to be
tested constantly against the, real world of nature; the ultimate test of every
theory is that it must agree with experiment. Predictions of Albert Einstein’s .
general theory of relativity, for example, continue to be verified many, years,

o



