


Problems in
Chemistry

Second Edition,
Revised and Expanded

Henry 0. Daley, Jr.
Bridgewater State College
Bridgewater, Massachusetts

Robert F. O°’Malley

Boston College
Chestrnut Hill, Massachusetts

Marcel Dekker, Inc. New York and Basel



Library of Congress Cataloging in Publication Data

Daley, Henry O., Jr.
Problems in chemistry.

Includes index.

1. Chemistry--Problems, exercises, etc. 1. O'Malley,
Robert F. II. Title.
QD42.D26 1988 540'.76 87-33165
ISBN 0-8247-7826-X

Copyright © 1988 by MARCEL DEKKER, INC. All Rights Reserved

Neither this book nor any part may be reproduced or transmitted in
any form or by any means, electronic or mechanical, including photo-
copying, microfilming, and recording, or by any information storage
and retrieval system, without permission in writing from the publisher.

MARCEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Current printing (last digit) :
10 9 8 76 5 4 3 2 1

PRINTED IN THE UNITED STATES OF AMERICA



Problems in
Chemistry



UNDERGRADUATE CHEMISTRY

A Series of Textbooks

edited by
J. J. Lagowski

Department of Chemistry
The University of Texas at Austin

Volume 1: Modern Inorganic Chemistry, J. J. Lagowski

Volume 2: Modern Chemical Analysis and Instrumentation,
Harold F. Walton and Jorge Reyves

Volume 3: Problems in Chemistry, Second Edition,
Henry O. Daley, Jr. and Robert F. O 'Malley

Volume 4: Principles of Colloid and Surface Chemistry,
Paul C. Hiemen:

Volume 5: Principles of Solution and Solubility, Kozo Shinoda,
transiated in collaboration with Paul Becher

Volume 6: Physical Chemistry: A Step-by-Step Approach,
M. K. Kemp

Volume 7: Numerical Methods in Chemistry,
K. Jeffrev Johnson

Volume 8: Polymer Chemistry: An Introduction, Ravmond B.
Sevmour and Charles E. Carraher, Jr.

Volume 9: Principles of Colloid and Surface Chemistry,
Second Edition, Revised and Expanded,
Paul C. Hiemen:z

Volume 10: Problems in Chemistry, Second Edition, Revised
and Expanded, Henry O. Daley, Jr. and Robert
F. O Malley

Volume 11: Polymer Chemistry: An Introduction, Second Edition,
Raymond B. Seymour and Charles k. Carraher. Jr.



TO THE INSTRUCTOR

There have been many changes in the teaching of freshman chem-
istry since the publication of the last edition of this book—in par-
ticular, the full use of the SI system of units, the introduction
of the unit factor method of solving problems, the use of the
terms atomic and molecular mass in place of weight, and the elim-
ination of the term gram-atom. All of these changes are reflected
in this new edition.

In addition, approximately 200 new sample problems and sup-
plementary problems have been added to the chapters. The sec-
tion on the use of the slide rule has been replaced with one on
the use of calculators and computers. Included in this section
is a discussion of the problems associated with significant fig-
ures while using computers and calculators and those problems
that can arise in switching between Ine and the exponent e. A
series of useful programs written in general BASIC is included;
they can be used on any microcomputer. These programs illus-
trate the use of computers in solving quadratic equations, ap-
proximation methods in solving equations, and nonweighted linear
least-squares analysis of data.

As with the first edition, we have chosen our problems with
two fundamental concepts in mind: 1) to show students that
much of what they learn in freshman chemistry is being used
by chemists in their careers, and 2) to encourage students to
read the chemical literature. It is important for a student to
understand that what is done in the laboratory and what is cov-
ered in lectures are related. Whether the course is intended for
chemistry, biology, or nonscience majors, students should learn
that the knowledge they are acquiring in the lecture part of the
course is developed or verified by laboratory experiments.

i



iv To The Instructor

The interpretation of the results of laboratory experiments in-
volves a chemist in one of the most basic everyday activities as-
sociated with chemistry, that is, problem solving. Chemistry is
by its very nature a problem-solving-oriented course. All too
often, this aspect of chemistry is overlooked by students. Most
students require practice in solving problems. Today, students
are particularly weak in solving word problems. The more prob-
lems a student solves, the more proficient he or she becomes in
this aspect of chemistry.

It is the purpose of this book not only to provide the begin-
ning chemistry student with a relatively large number of prob-
lems that illustrate chemical principles, but also to facilitate his
acquisition of problem-solving skills by helping him see that the
skills he acquires even at the introductory level are relevant to
the activities of practicing chemists. The hope is that the stu-
dent will come to see that he is doing what is being done, not
that he is merely repeating what has been done. To this end,
the problems in the present text are based, wherever possible,
on experimental results obtained by chemists, and the corres-
ponding references are cited. The problems and techniques for
solving them are intended to reflect the real features of one im-
portant aspect of chemistry.

Besides showing that problem solving even at the introductory
level is directly relevant to the practice of chemistry, there are
other aims implicit in the general approach taken in this book.
One of the most important is to illustrate the use of significant
figures in a practical way. It is one thing to learn that signifi-
cant figures are important because one must learn them in order
to pass a test. It is another to learn from example that they are
constantly used by chemists and therefore are important for learn-
ing chemistry. Consistent citation of references should also pro-
vide an indirect introduction to the chemical literature (the in-
structor, of course, also has the option of using these references
to introduce students directly to the literature). Finally, it will
be no small gain if the student comes to appreciate that chemical
knowledge represents the accumulation of results from the activi-
ties of a great many people, each one making a contribution, how-
ever small, to the enterprise called chemistry.

A brief word concerning the use of this book. Although it is
intended primarily as a self-study supplement and answers to
problems are given in an appendix, it can also be used by the
instructor as a source of test problems and as a supplementary
text. The first 18 chapters contain about 860 problems plus an
additional 240 or so example problems with solutions worked out.
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The problems at the end of these chapters are divided into two
sections to facilitate the choosing of representative problems on
the material covered in these chapters. Each section contains a
complete selection of problems arranged in the same order as that
of the corresponding material in the chapter. An additional 200
problems in Chapter 19 are grouped to correspond to standard
organization of the descriptive portion of the introductory course.
Since most of the earlier literature did not use the modern metric
system of units, the original data are retained in the problems,
whereas the answers are given in SI units.

In preparing this new edition, one thing became obvious in the
literature, that is, many of the experiments that gave useful data
for problems are rarely carried out today. Instrumentation is the
keyword for most laboratory experiments of the present. The
mass spectrometer is used to determine molecular mass rather than
freezing point depression. In addition, even though data such as
percent composition may be listed for a new compound, the data
used to calculate the percent composition and the method used
are rarely given. Despite this, we have found sufficient material
to introduce new problems in just about every chapter except
Chapter 19. We chose not to add any new additional problems to
this chapter. Some new and interesting compounds such as AgF,
have been prepared and data were available for use in the chap-
ter on empirical formulas.

Although there are many people who have been helpful in de-
veloping this second edition, we would like to thank in particular
Dr. Vahe Marganian of Bridgewater State College for the many
discussions we have had with him. We would also like to thank
Rosemary Daley, the wife of one of the authors, for the proof-
reading she has done, and the very cooperative and fine editors
from Marcel Dekker. including Sandra Beberman, Henry Boehm,
and especially Patricia Brecht, without whose help this revision
could not have been accomplished.

Henry O. Daley, Jr.
Robert F. O'Malley



TO THE STUDENT

Solving problems by mathematical manipulation is an essential,
daily experience of chemists. Students who seek even an elemen-
tary knowledge of chemistry must learn to solve a variety of prob-
lems. If for no other reason, then, a knowledge of the chemical
principles and the mathematical manipulations necessary to solve
typical chemical problems is important.

Students almost universally believe that they must understand
the principles of chemistry before they can apply them to the so-
lution of problems. Many students fail to realize that it is also
necessary to remember statements of principles. definitions of
terms, and many facts of a descriptive nature. The importance
of a thorough understanding of the laws and theories of chem-
istry is not to be underestimated, but the need to commit to mem-
ory a certain body of information is equally important. A student
may understand the concepts of an atom, molecule, mole, equiva-
lent mass, and so on as he reads about them in the text, but
this understanding is not enough if the student cannot recall the
precise definition of the terms when he attempts to apply them to
the solution of a problem .

Before trying to solve problems, study the relevant sections
of the text and class notes. Memorize the precise meaning of im-
portant terms and statements of principles. The first step toward
the successful solution of a problem is to read very carefully the
statement of the problem. Next, reflect on the meaning of the
terms and determine exactly what is asked for by the problem.
(This point cannot be overemphasized. Probably the greatest
source of confusion in any kind of problem solving stems from
the failure to determine what is asked for. Obviously, we need
to "understand" the problem. But we often forget that under-
standing a problem is above all a matter of knowing what kind of
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viii To The Student

answer we are looking for.) Once you have determined both
what the problem asks for and what principles are required to
provide the appropriate kind of answer, you can proceed in an
orderly fashion to perform the necessary mathematical manipu-
lations.

At this point, the most important advice is the following: Be
neat. Fewer errors and time saved are the rewards of a neat,
orderly approach to the solution of a problem. Write as legibly
as you can and leave space between the steps.

Example

A compound containing 5.28% silicon and 94.66% iodine was pre-

pared at M.I1.T. Caiculate the empirical formula of the compound.
[W. C. Schumb and D. W. Breck, J. Am. Chem. Soc., 74,
1758 (1952)]

528 _ 5158 mod Si) o
&/ / 7

_i_—. 2 % X Mo/ = Mﬂ/
9//&\0/ /

T - o4 mof z//m7
127

0. 748 = 3. ?7
0. 18&

ol I
Mol Si

Si I,

g He empirical Formu/a .

If the proper procedure for solving the problem does not oc-
cur to you, read the pertinent sections in your text and notes
again. Reconsider very carefully the definition of terms and the
statements of principles. Very often, the difficulty is due to an
inexact definition or failure to consider all that is implied in a
definition or principle.

Although students study to acquire knowledge of a subject
for many different reasons, they must all face the practical re-
quirements of passing examinations. To prepare for examinations
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they must learn or memorize definitions and principles, and they
must practice the application of what they have learned by answer-
ing questions and solving problems similar to those that appear on
examinations. This book is intended to assist the student in his
active preparation for examinations in chemistry.
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