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PREFACE

MODERN CHEMISTRY is an all-purpose textbook designed to meet the
varying nceds of the standard high school course in chemistry. Classroom-devel-
oped from its first edition, this revision carries forward the sound idea of classroom
testing.

To present the study of chemistry in the light of modern theory and to keep the
subject matter abreast of the latest developments in the ficld, this edition has been
carefully revised. After an introduction to some fundamental terms and concepts
of physical science which includes a detailed explanation of significant figures and
scientific notation, the authors develop the topics of atomic structure, the Periodic
Table, and chemical bonding. The concept of sublevels and sublevel notation is in-
troduced in the discussion of atomic structure. The periodicity of atomic radii and
of ionization potentials is explained in the discussion of the Periodic Table. Elec-
tronegativity and its importance in compound formation are described in conncc-
tion with chemical bonding. The Stock system of nomenclature is introduced and
used in this edition of MODERN CHEMISTRY. The remainder of the theorcti-
cal and descriptive material of the course is then based on the relationship be-
tween the structure of substances and the properties they exhibit.

In this revision of the text, the authors describe and explain the concept of
cquilibrium more extensively than in previous editions. Various types are included,
such as physical, solubility, and ionic equilibria. Oxidation and reduction are trcated
entirely in terms of clectron transfer. Acids and bases are defined in the modern
sense and the hydronium ion is used exclusively instecad of the hydrogen ion in
explaining certain aspects of acid behavior. Many other significant changes have
been made in the text at the suggestion of teachers and students who have used the
previous edition, and from the authors’ own secondary teaching experience. The
arcas of secondary-school chemistry which the authors consider to be fundamental
are treated in detail. However, no attempt has been made to produce a text which
is encyclopedic in nature or which includes a multiplicity of topics.

Teachers will find ample material in MODERN CHEMISTRY for an out-
standing college-preparatory course. For those students who do not plan to go to
college, there is sufficient elementary theory and interest-arousing descriptive ma-
terial for a complete and thorough course. It has been the authors” purpose to in-
clude more material than can ever be covered in one school year, thus permitting
a wide choice of topics and allowing for selectivity according to student, school,
and community differences. Teachers should feel free to choose those topics which
best meet their local needs. As a guide in the sclection of material, some para-
graphs, and certain questions and problems, have been marked with a star ().
These starred sections are intended only for the better students. The needs of the
average student arc amply provided for in the unstarred material which constitutes
the major portion of the text.

Carcful attention has been given to teaching and learning aids. The inductive
approach, so helpful to teachers and students alike, has been used wherever pos-
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vi Preface

sible. The language of chemistry has been made clear and meaningful. Chemical
words and terms are defined and pronounced in a short glossary at the beginning
of cach chapter and again, when the word or term appears in the text, it is printed
in boldface italics and defined. These words and terms are also listed at the end
of cach chapter in the material entitled Test Yourself on These Terms. In addi-
tion, an extensive Glossary appears at the back of the book and includes definitions
of all words and terms presented in the text. The complete Appendix, also in the
back of the book, contains tables of useful data.

The material for each chapter concludes with Questions which are based on
the text itself, graded according to difficulty in Groups A and B. There are more
Problems than in previous editions of this book, and these are also graded into
Group A and Group B. All problems have been revised and edited so that the
rules for significant figure computation may be meaningfully applied. The average
student should master all the Group A questions and problems; the better stu-
dents will be able to do both. Special activities appear under the title Some Things
for You to Do.

At the end of cach unit there appear two scts of more difficult exercises: Check
Your Progress in Chemistry and Challenging Your Knowledge. 'The former con-
tains an abundance of drill material in chemical equations and in all types of prob-
lems as a cumulative review, while the latter consists of questions and problems
which will really challenge even the best students.

Because of their great learning value, line drawings are used extensively. The
text is also illustrated with many fine photographs, chosen with great carc for their
teaching value.

The following tcachers have been kind enough to read the entire manuscript or
special parts of it, and have offered invaluable assistance by their helpful criticisms:
Edward A. Kassig, head of the science department, Broad Ripple High School,
Indianapolis, Indiana; Earl V. Good, hecad of the science department, Stamford
High School, Stamford, Connecticut; Richard B. Williams, chairman of the sci-
ence department, San Jose High School, San Jose, California; Mrs. Helen Craw-
ley, Natick High School, Natick, Massachusctts; and Miss Marcile Hollingsworth,
head of science department, Lamar Senior High School, Houston, Texas.

The authors also acknowledge with thanks the work of: Felix Cooper, who pre-
pared the text illustrations; and Gabrielle Wunderlick, who obtained the photo-
graphs.

In this printing of the 1962 cdition of MODERN CHEMISTRY all data in the
body of the text and in supplementary tables has been changed where necessary
to conform with the revision of the physical atomic mass scale and chemical atomic
weight scale to the basis of a carbon atom, mass number 12, defined as exactly 12,
The revised atomic weights appear in the Periodic Table, in the Complete Table
of Elements inside the back cover, and in appropriate places throughout the text.



Practical Pointers in Reading MODERN CHEMISTRY

Read this page before you read your textbook.

1. Keep your eyes and your mind continually open. In science we base each con-
clusion on known facts and nothing can be taken for granted. Your eyes must be
trained to observe carefully and your mind must be equally trained to reason from
observations, both printed and otherwise, so as to draw logical conclusions from the
observed data. With open eyes and inquiring mind you will go far in your work.

2. Get your bearings by examining the Table of Contents on pages vii and viii.
What is the scope of this book? Are certain words in the chapter titles unfamiliar?
Possibly they are now but by the time your work is completed at the end of the
course, you will be familiar with all of them. This over-all glance at the contents
will give you a perspective necessary to understand what you will be reading.

3. After your teacher has made the assignment for which you will be responsible
at the next class meeting, it’s up to you to know what to do about preparing it. But
first, be sure you understand exactly what is expected of you—what pages to read,
what words to know, what questions, problems, projects or other activities to do,
and whether the assignment is to be written or oral or both. If you are not sure,
don’t hesitate to ask. Write down all parts of the assignment in your notcbook.

4. Skim over the assigned text material hastily to get a general idea what it is about,
paving special attention to the paragraph headings in boldface type. These are key
items in your textbook and form the basis for its organization.

5. Having obtained a general idea as to the subject matter of your assignment, go
over the material carefully and give it your thorough concentration. Ask yourself
repeatedly, Do I understand this? and if you cannot honestly answer yes, then
rcad it again. As vou read, study the drawings, tables, and pllotographs and read
the captions which explain them. In the drawings, examine each label and learn
the part of the drawing to which the label relates. Trace with a blunt object (not a
pencil) the drawing of any process (such as flow of liquids and gases or movement
of clectrons) and understand what takes place, in which direction, and why.

6. In vour reading, pay spccial attention to the scientific words and terms printed
in boldface italic type. These are key words and are important to a clcar under-
standing of the text. Many of them will be unfamiliar but vou must know them
and be able to define each one. Science is not a difhicult subject if vou learn its lan-
guage, but you will never succeed unless you master this essential aspect of it. Fach
new word or term is printed in boldface italics the first time is appears, but it may
and probably will be used again later. If you find that you do not understand the
pronunciation and meaning of a new word, look it up 1mmedlatclv in the Glossary.
Similarly, if you have forgotten such a word or term and can’t remember on what
page you originally met it, turn to the Glossary at the back of the book and look
up its definition.

7. Having read the matcrial assigned and learned the new scientific words and
terms, turn to the questions at the end of the chapter which cover the text material
vou have completed. Answer each one fully and, if vou are unable to do so, return
to that part of the text which is still unclear. Reread it with the question in mind
until you have the answer. Use the same procedure with the problems.

ix



COMMON ELEMENTS

. ” \pprox. Common e \pprox \[ Common

Nanie Symbol AL Wt Ox. Now Name Symbol I Wy ‘ Ox. Nos.
Aluminum Al 27 +3 Magnesium | Mg 24 “ +2
Antimony Sb 122 +3,45 Manganese Mn 55 | +2,4+4,+7
Arsenic As 75 | +3,45 Mercury | Hg 201 |+ 1 +2
Barium Ba | 137 |42 Nickel | Ni 59 |+
Bismuth Bi 209 +3 Nitrogen N 14 } — 3 +3,+5
Bromine Br 80. —1,+45 Oxygen (6] 16 —2
Calcium Ca 40. +2 Phosphorus | P 31 ‘ +3,4+5
Carbon C 12 +2,4+4 Platinum Pt 195 2,44
Chlorine Cl 35.5 | —1,45,47 | Potassium K 39 \ +1
Chromium Cr 52 +2,43,46 | Silicon Si 28 | +4
Cobalt Co 59 +2,43 Silver Ag 108 |+1
Copper Cu 63.5 | +1,42 Sodium Na 23 +1
Fluorine F 19 —1 Strontium Sr 88 +2
Gold Au 197 0,43 Sulfur S 32 —2,+4,4+6
Hydrogen H 10 | =141 Tin Sn 119 | +2,+4
Todine I 127 —1,+5 Titanium Ti 48 | +3,+4
Iron Fe 56 +2,43 Tungsten W 184 +6
Lead Pb 207 | +2,+4 Zinc 7n 65 +2

VALENCE OF COMMON IONS
Name Symbol | Valene Name | Syn I ¢

Aluminum Al +3 Lead(II) Pbt+ +2
Ammonium NH,* +1 Magnesium Mgt+ +2
Barium Batt +2 Mercury(I) Hg,t* +1
Calcium Catt +2 Mercury (IT) Hg** +2
Chromium (IIT) Crttt +3 Nickel (IT) Nitt +2
Cobalt(II) Co** +2 Potassium K+ “+1
Copper(1) Cut +1 Silver Ag*® +1
Copper(II) Cu*: +2 Sodium Na* +1
Hydronium H,0* +1 Tin(II) Snt* +2
Iron(II) Fet+t +2 Tin(IV) Sntt++ +4
Iron(III) Fettt +3 Zinc Zntt +2
Acetate C,H;0,~ —1 Hydroxide OH- —1
Bicarbonate HCO;~ —1 Hypochlorite ClO~ —1
Bisulfate HSO,~ -1 Todide I~ -1
Bromide Br— —1 Nitrate NO;~ —1
Carbonate COy~ -2 Nitrite NO;~ ; —1
Chlorate ClO;~ =1 Oxide = I -2
Chloride Cl- -1 Permanganate MnO,~ | <=l
Chromate CrO4~ -2 Peroxide 0, ‘ -2
Fluoride F- i -1 Phosphate PO~ -3
Hexacyanoferrate(II) Fe(CN)& —4 Sulfate SO,~ -2
Hexacyanoferrate(III) | Fe(CN)s= ‘ -3 Sulfide S= -2
Hydride H- —1 Sulfite S0, —2
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Chapter 1 - CHEMISTRY: A SCIENCE
OF MATTER AND ENERGY

1. AN INTRODUCTION TO
CHEMISTRY

1. Chemistry is a physical science.
Through the ages, man has lecarned
many things about himself and his en-
vironment. However, it was not until he
started to record his discoveries and ob-
servations that modern science, as such,
began. Early scientists soon started to
organize and classify their discoveries
and observations. This organized knowl-
cdge has developed into the fundamen-
tal sciences with which we are familiar
today. Each important discovery sug-
gests new avenues of investigation, the
result being the expansion of scientific
knowledge at an ever-increasing rate.

All the sciences may be grouped into
two large divisions: the biological sci-
ences, which are concerned with living
things, their structure, life processes, and
environment; and the physical sciences,
which deal with the natural rclation-
ships about us. An understanding of
basic concepts in the sciences helps us to
recognize and appreciate the orderliness
in nature.

2

Chemistry is the science dealing with
the structure and composition of mate-
rials and the changes in composition
which these materials undergo.

Physics is concerned primarily with
changes in materials which do not in-
volve a change in composition. It dcals
with the laws and principles of the phys-
ical universe.

Mathematics is the science of our
number system. It gives us a means of
expressing the relationships we obscrve
in nature and of performing useful and
necessary computations. Mathematics is
often called the language of the sci-
ences.

During the present century it has be-
come increasingly evident that chemis-
try holds the key to the life sciences. As
a result, there is an increasing merger of
chemical research with the other sci-
ences. Substantial knowledge of more
and more complex chemical structurcs
has enabled chemists to make major
contributions toward the ultimate un-
derstanding of the muysterious life proc-
esses. This is the rcalm of biochemistry,
a blend of biology and chemistry.
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2. Keystones of modern chemistry.
The initial concept of modern chemis-
trv, that elements are the basic stuff of
which all things are made, was under
development in France at about the
time of the American revolution. In
1778 Antoine Lavoisier (la-vwah-see-ay)
demonstrated that oxygen was the ac-
tive fraction of the air involved in ordi-
nary combustion processes. This set the
stage for a great search for chemical ele-
ments and finally, through the efforts of
a long line of investigators, some ninety
clements were recognized. Bv 1920 most
of these had been isolated and their
properties studied.

Lavoisier was followed closcly by John
Dalton of England who, in 1808, con-
ccived elements as consisting of chemi-
callv indivisible particles he called atoms.
In 1811 the Italian physicist, Amadeo
Avogadro, formulated some general
laws describing the behavior of com-
bined atoms, or molecules. Then in
1852, Great Britain’s Sir Edward Frank-
land proposed the first useful explana-
tion of the manner in which these atoms
combined to form molecules, a combin-
ing quality later to be called valence.
Chemistry was soon to be recognized as
the architecture of molecules.

The first great chemical architect was
Friedrich Kekulé of Germany, who in
1858 determined the bases on which the
carbon skeletons of long-chain and ring
molecules of organic compounds are
formed. From this beginning chemists
went on to construct a great variety of
usceful molecules in the forms of drugs,
dves, explosives, fibers, plastics, and sol-
vents.

The first Nobel Prize in chemistry
was given to Jacobus H. van’t Hoff of
Holland in 1901 for his pioneering work
in developing the laws of reactions and
solutions. Germany’s Emil Fischer re-
ccived the second Nobel Prize in chem-
istry in 1902 for his work on the struc-
ture of sugars and proteins. Sweden’s
Svante Arrhenius, about whom you will
learn more in Unit 6, was awarded the
third Nobel Prize in 1903 for his theory
explaining the behavior of clectrolytes
in solution.

Later, in 1909, the Nobel Prize went
to the German chemist Wilhelm Ost-
wald for his work in catalysis, a tech-
nique of tremendous importance in in-
dustrial chemistry. Ostwald is sometimes
referred to as the father of physical
chemistry. The Swiss chemist, Alfred
Werner, received the Prize in 1913 for

VOCABULARY

Active material. One which reacts vigorously with other materials.

Density. The mass of a material per unit volume.

Energy. The capacity for doing work.

Inactive material. One which reacts passively with other materials.

Inert material. One which does not react with other materials
under the ordinary conditions of chemical reactions.

Inertia. Resistance of matter to change of position or motion.

Law. A statement of scientific fact concerning natural phenomena.

Mass. The measure of inertia of a body.

Matter. Anything which occupies space and has mass.

Phenomenon. An event or situation of scientific interest susceptible
of scientific description and explanation.
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his studies of the structure of complex
compounds. Again in 1920 a German,
Walther Nernst, was awarded the No-
bel Prize for his discoveries in thermo-
dynamics.

Marie Curie, whose discovery of the
radioactive elements, radium and polo-
nium, was probably the most important
contribution to modern chemistry since
Lavoisier introduced the modern con-
cept of elements, was awarded the No-
bel Prize in 1911. No longer was the
atom to be considered impregnable; here
were atoms of elements which burst
apart giving off tiny particles and high-
energy radiations. Thus a chemist
opened up a whole new realm for ex-
ploration by physicists, the structure
within the atom.

The list of Nobel Prizes, while not in-
fallible, gives a rough indication of the
creative effort in chemistry being put
forth by scientists of the various na-
tions of the world. Up to 1920 only one

American chemist had been awarded
this prize. Eight German, three I'rench,
and two British chemists had been se-
lected. Since 1920, however, eight Amer-
ican chemists have become Nobcl Prize
winners. Meanwhile German scientists
have won eleven, British scientists cight,
and Irench and Russian scientists one
cach.

3. The methods of science. In some
instances, important scientific discover-
ies have come about quite by accident.
However, most of our scientific knowl-
edge is the result of carefully planned
investigations carried on by trained sci-
entists. Their techniques, known as sci-
entific methods, are simply logical ap-
proaches to the solution of problems
which lend themselves to investigation.
Scientific methods require strict hon-
esty, the ability to withhold a decision
until all the evidence is in, and the de-
sire for truth.

Scientists believe implicitly in the or-

Fig. 1-1. Curiosity is the be-
ginning of discovery. (Hed-
rich-Blessing)



derliness in naturc—that everything in
the universe behaves in an ordered way,
and that man can discover and under-
stand natural rules of behavior. Chem-
ists, like other scientists, strive to ex-
plain a large number of related observa-
tions in terms of broad principles or gen-
eralizations. All basic scientific research
is devoted to the discovery of these prin-
ciples. The generdlizations which de-
scribe behavior in nature are called laws.
Natural laws tell us what relations do
occur in nature; thev do not tell us what
rclations must occur. The laws of sci-
ence may be expressed by concise state-
ments or by mecans of mathematical
formulas.

One of the distinguishing qualities of
man is his curiosity. This causes him to
ask two important questions: “what?”
and “why?” When an event or situation
in nature, called a phenomenon, is ob-
scrved by one trained in the methods of
science, the answers to these questions
are sought bv carrying out systematic,
disciplined, and persistent investiga-
tions.

We mav recognize four distinct
phases in the application of scientific
methods: observing, generalizing, theo-
rizing, and testing.

1. Observing. The scientist accumulates
as much reliable data as possible about
an obscrved phenomenon, his initial in-
terest being in what actually occurs.
These data may come from direct ob-
servations, from a search of scientific
literature for information previously re-
ported, and from well planned and skil-
fully executed experiments.

2. Generalizing. The scientist organizes
the accumulated data and looks for re-
lations between them. Relations he dis-
covers may enable him to formulate a
broad gencralization describing what
does occur. When well established by

e, ) V4
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Fig. 1-2. A physical model is often used
by chemists to help them understand the
behavior of matter. (Ray Pepinsky, Crys-
tal Research Laboratory)

abundant supporting data, this general-
ization may be recognized as a new law
or principle which states what the be-
havior is.

3. Theorizing. When the scientist un-
derstands what occurs he is ready to
move on to the more stimulating task
of determining why the phenomenon
occurs. A creative imagination may en-
able him to develop a plausible explana-
tion and to construct a simple physical
or mental model which will relate the
observed behavior to familiar and well-
understood phenomena. A plausible ex-
planation of an observed natural phe-
nomenon in terms of a simple model
which has familiar properties is called a
theory.

4. Testing. Once a seemingly satisfac-
tory theory is developed, it must be
tested and retested to establish its valid-
ity. In fact, the scientist continually
tests observational and experimental
data and predictions based on known
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Fig. 1-3. This water-repellent, silicone-
treated material is a product of chemical
research. (Dow-Corning)

principles by subjecting them to new
and ingenious experiments. A theory is
retained only so long as it is useful and
it may be discarded or modified as a re-
sult of new experimentation. A theory
that stands up under scientific testing is
a valuable asset to scientists because it
stimulates the imagination and serves as
a basis for predicting behavior not previ-
ously investigated. This is the heart of
the scientific method and the real stimu-
lus for the tremendous growth of sci-
ence.

The principles of chemistry are stud-
ied most effectively and understood
most easily when the laws and experi-
mental evidence making up a body of
related knowledge are brought together
to form a general theory concerning the
behavior of matter. In this way the term
“theory” is often used by chemists in a
broad sense. Some examples of chemi-
cal theories which yvou will soon study
in this sense are the kinetic theory, the
atomic theory, and the theory of ioniza-
tion.

2. MATTER AND ENERGY

4. The concept of matter. All mate-
rials about us consist of matter. With
our senses—sight, touch, taste, and smell
—wec recognize various kinds of matter.
This book, your desk, the air vou
breathe, the water vou drink are exam-
ples of matter. Some kinds of matter are
easily observed. A stone or a picce of
wood may be scen and held in the hand.
Other kinds of matter are recognized
less readily, such as the air or even water
in a quiet pool. However, we ride on
compressed air in automobile tires. We
know of the tremendous damage which
can be caused by rapidly moving air (sce
Fig. 1-4).

We sav that matter is anything which
occupies space and has mass. Matter
possesses inertia, a resistance to change
of position or motion. The concept of
inertia as a property of matter is quite
important in the study of physics. Im-
agine a basketball being used in a bowl-
ing alley as a substitute for a bowling
ball. The effect on the pins would not
be the same at all. Although they are
approximately the same size, the bowl-
ing ball has a greater mass since it con-
tains more matter than the basketball.
Its inertia is correspondingly higher and
thus its tendency to remain in motion,
once set in motion, is greater.

Matter may be acted on by forces
which may set it in motion, or change
its motion. While all these statements
are descriptive of matter, they do not
provide us with a completely satisfactory
definition. Scientists, with their great
knowledge of the propertics and behav-
ior of matter, are not vet able to define
it precisely. Many secrets of nature still
challenge the minds of men.

5. Mass and weight. The quantity of
matter which a body possesses is known



