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Preface

Any introductory course in general chemistry must have as one of its objectives the
effective presentation of a wide variety of topics. An overall view of chemistry at
this level is generally regarded as desirable both for the students who will not pro-
ceed further with chemistry and for those who will continue with more detailed and
specialized studies of the various areas of science. The general chemistry course
must introduce to its students the current theories and unifying concepts of the sub-
ject. For the student to achieve a real familiarity with the subject, he must also
acquire skill in the solution of the many typical chemical problems; he can then, for
example, better appreciate the experimental basis for chemistry because he can do
some of the calculations that relate experimental quantities to derived properties
and relations.

The lecturer in such a course is, therefore, faced with the problem of dividing his
available time between two kinds of topics. On the one hand, he can limit his dis-
cussion to rather general principles and run the risk of leaving the average student
unable to apply the principles to specific cases. On the other hand, he can include
in his lectures the details of problem-solving procedures and risk the loss of interest
that often accompanies such material.

In the first-year chemistry course at Case Institute we are trying to resolve this
common problem by using this instructional material to supplement the course
lectures and recitations. We have found that such supplementary material allows
the student, on his own, to acquire sound techniques for applying to specific
problems the general principles developed in lectures or in assigned reading. In
this way the student acquires the ability to handle the manipulations and calculations
that are such a necessary part of chemistry. Moreover, when this is accomplished
with the aid of these supplements, the lecturer is freed of detailed drill and repetition
and is able to function in his proper role—that of providing the general principles
and background, of showing the unifying features of the topics studied, and of

generally conveying the exciting story that can be told. at this stage, about the
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developing field of chemistry. Our experience, as we have developed and used this
material, is that it provides a valuable course supplement that aids both student

and lecturer.

Material presented in the manner of these volumes is said to be “programmed.”
Programmed instruction, provided by books or mechanical devices, is already in
widespread use in a number of areas and at various levels; its use in chemistry
instruction, although of more recent origin, is growing; and there is clear indication
that, when properly used, it is an efficient and effective teaching aid. Briefly stated,
programmed instruction consists of a logically organized, carefully sequenced series
of items (questions). Each item provides information to be learned and also requires
the student to answer a question, carry out a calculation, or insert a word or a
number. In this way the student is led to the goal of each programmed unit. You
will notice, if you are inspecting programmed material for the first time, that in-
dividual items taken out of context seem perhaps trivial, or pointless, or too difficult.
To evaluate programmed material you must follow through a sequence of items, as
does the student, to see how topics are developed. The ultimate objective of each
chapter is stated in the opening discussion. These statements of objectives serve
not only to describe the chapter but also to allow students who have already mas-
tered the material of the chapter to recognize this and to proceed with other work.

The material in this book and its companion volumes is supplementary. Topics are
not treated exhaustively, and some knowledge of the concepts and terminology
pertinent to each topic is assumed.

It is important to recognize that these programmed supplements do not themselves
constitute a course and that all the general unifying material necessary for the
complete development of the subject must be provided by the lecturer or through
reading assignments. Some of this preparatory information is best given before the
students are assigned a chapter, and some further discussion of the topic is valuable
after the students have developed the familiarity with the topics that comes from
working through the chapter.

Proceeding as outlined in the introduction, each chapter will require one to two hours
to complete. Thus each chapter provides a convenient assignment unit.

Gordon M. Barrow
Malcolm E. Kenney
Jean D. Lassila
Robert L. Litle
Warren E. Thompson

Cleveland, Ohio
August 1966



Introduction

Although in preparative chemistry one tries to use reactions that “go to completion,”
one finds that one deals in chemical systems with reactions that proceed only to a
state of equilibrium. When this equilibrium state is reached, the system may contain
mostly products, mostly reactants, or any intermediate proportion of products and
reactants.

Under given conditions, the position of the equilibrium in a chemical system can
sometimes be deduced from an expression relating the concentrations of all reagents
to a constant for the reaction. Here it will be assumed that the basis for such ex-
pressions has been established and the way in which such expressions are used to
obtain information on the concentrations of the reagents, at equilibrium, will be de-
veloped.

In this volume you will learn how to do such calculations for several representative
types of systems. First, some simple gas phase reactions will be considered. Then,
reactions in which the equilibrium is established between two phases will be illus-
trated by the treatment of the solubility of salts in agueous solutions.  Finally, the
equilibria associated with the ionization of acids and bases in aqueous solution will
be studied.

The topics dealt with are those usually encountered in an introductory general chem-
istry course; but the procedure for this book-it is a programmed instruction book, not
a textbook or problem manual-may be new to you. The material is divided into
chapters, and the objectives of each chapter are clearly stated at the beginning. With-
in each chapter, the material is presented in short numbered items (one or more
sentences) that require you to supply a missing word, perform a calculation, or
answer a question. Thus, as you are guided through a topic, you are obliged to par-
ticipate in its development all the way.

For this book to be most valuable, you must write your answer in the blanks pro-
vided; only then should you turn over the page to see whether you are on the right
track. The instructions are simple: Read and complete the items in numerical order.
You will find on the following right-hand page the correct answer, or answers, for
each item. The understanding of each item depends upon your understanding of the
ideas in the previous items; therefore you should not go ahead unless your answer
is the same or equivalent to the answer given. (Your answer need nci be precisely
the same as long as the meaning is essentially the same.) If your answer is incorrect,
do not go on to the next item until you know why it is wrong and have corrected
it. Answers to problems may be calculated with a slide rule. The answers given have
been rounded off to the correct number of significant figures.

You will find that each chapter builds up to questions which are, in effect, summary
problems that will illustrate whether you have mastered the material at hand. The
average completion time for each chapter is between one and two hours.

viii
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1 Equilibrium calculations:
homogeneous gas reactions

Chemical reactions tend to proceed until they reach a state of equilibrium. For
example, if N,0,(g) is introduced into a container, dissociation to NO,(g) occurs,
and the reaction N,0,(g)=2NO,(g) continues until some definite fraction is con-
verted to NO, and equilibrium is established. The concentrations of the reagents at
equilibrium are related by an expression that has, for this example, the form K =
[NOZ]Z/[N2041, K being the equilibrium constant for this reaction. (In later studies
you will see that this is an approximation and is valid for ideal behavior in much
the same way that the expression PV = nRT is really valid only for ideal gases.)

This chapter deals with the equlllbna establlshed by gases in a container having a
ﬁxed volume and temperature. In the foIIowmg chapters equilibria in systems con-
tammg liquids and solids will be treated.

It is assumed in this chapter that you know how to write the expression for the equi-
librium constant for a reaction if the equation for the reaction is given, and that you
are able to solve quadratic equations of the form ax2+bx+c:0.

A typical problem that you will learn to solve is the following: “Calculate the equi-
librium concentrations when 0.060 mole of PCl; and 0.020 mole of PCl; are al-
lowed to come to equilibrium, according to the reaction PCls(g)=PCls(g)+Cl,(g).
in a 4.7-liter container at 250°C. The equilibrium constant at this temperature is
0.042 mole/liter.”

When you have finished this chapter, you will be able to solve, without difficulty,
this problem and those in items 75-78.



2 [Homogeneous gas reaclions

1 At 250°C, phosphorus pentachloride dissociates according
to the equation at the right. If 1.00 mole of PCls is intro-
duced into a container at 250°C, at a later time there will

be (less. more) than 1.00 mole of PClg present.

28 In one experiment, PCls was heated at 260°C until its At equilibrium
concentration remained constant. The equilibrium con- [PCls) — 0015
centration of each reagent was found to be as given at the [PClg] = 0.025
right. Calculate the value of K at250°: K = . [Cl,] = 0.025

V = 5.0 liters

55 For the reaction N»(g) + 3Ha(g) = 2NH3(g). K = 0.0579
at 500°C. Write the equation from which x may be cal-
culated.



Answers 3

3 =~ [PCI3][Cla]
/ [PCls]

5 ’ N,(g) + 3Hy(g) = 2NH,(g)
Initial conc. 0 0 6.00
Final conc. lx gx 6.00 — x

2 2
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Each mole of PClg that dissociates produces :

mole(s) of PClzand _~' " = mole(s) of Cla.

If the cell had originally been filled with pure PCls, its con- At equilibrium

centration before dissociation must have been

and the total number of moles of PCls before dissociation [PCls] = 0.015

must have been | [PCI3] = 0.025
[Clz] = 0.025
V = 5.0 liters

Solution of the fourth-power equation gives x = 3.07
moles per liter. What are the equilibrium concentrations of
N2, Ha, and NH3 ? o 1
Ny(g) + 3H,(g) = 2NH;3(g)

Equil. conc. 0.5x 1.5x 6.00 — x



1 less

(0.025)(0.025) _
28 A 0.042

55 o579 = (800 =02

(0.500x) (1.50x)3

_ (6.00 — x)2
1.69x4

Answers b



As the reaction proceeds, the number of moles of PCls
will _ - crease and the number of moles of PCl3
will __[I'  crease until a state of equilibrium is

attained.

Write the expression for the equilibrium constant, K, for
the reaction Ha(g) + l2(g) = 2HI(g).

What s the percentage dissociation of NH3in the preceding
problem?



Answers 1

9 9 0.040 mole/liter
v (0.040) (5.0) = 0.20

[N2] = 1.54
56 [H:] = 4.61
[NHz] = 2.93



