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PREFACE

Our purpose in writing this laboratory manual
has been twofold. First, we wished to present a
series of experiments which would illustrate the
principles, scope and limitations of the instrumen-
tation utilized in solving analytical problems in
modern chemical research, and second, we wished
to show the student in a reasonably simplified
manner how various physical constant, structure
analysis, and quantitative information might be
determined from the data obtained using these in-
struments. One of the significant advantages of
instrumental methods of analysis over the ‘‘wet”’
methods is that the chemical composition is deter-
mined by measuring specific physical properties
of the system peing studied. Because of this, the
instrumentation is used not only in analytical de-
terminations, but also in various aspects of chem-
ical research wherein the physical properties of
materials of known composition are to be deter-
mined. Although we have emphasized the analyt-
ical aspects of the various instrumental methods
considered in this laboratory manual, we have
also attempted to show some important uses of the
same instrumentation in chemical research.

This manual is intended to complement the
many fine texts currently available. Most instru-
mental texts primarily emphasize the analytical
applications and do not stress other areas which
may be of value to the physical, organic, and in-
organic chemists, and others. We have attempted
to reduce these limitations by including both
experiments and problems in many of these areas.

The experiments are presented in such a way
as to avoid the ‘‘cook-book’’ style as much as
possible. If laboratory work is approached in a
‘‘cook -book’’ manner, and the student carries out
the experiments in only a mechanical way, he will
derive little benefit from them. On the other hand,
if suitable directions are not supplied, the student
may wander aimlessly in the laboratory; it is
conceivable that serious damage might also be done
to certain expensive instrumentation if no direc-
tions are given. In this manual, no explicit in-
structions as to which knob to turn or which butth.
to push are given. With the wide variety of imdtyu~
ments available for each technique, a separgtevseét

of the
.méthod. \ The number of experiments is sufficiently

of instructions would be necessary for each instru-
ment. We believe this to be not only undesirable
but unnecessary, for we know of no instructor who
would introduce students to scientific equipment
without first explaining its operation in detail.
However, once this explanation of the operation of
the instrumentation has been given, the student is
able to proceed as directed by these experiments.
The instructor is therefore free to explain the
details of other equipment to other students in the
class. This is a necessity since there is seldom
sufficient equipment to allow each student in the
class to carry out individually the same experi-
ment at the same time.

Because of this necessary lack of equipment,
students are often required to do laboratory work
which has not previously been discussed in the
lecture portion of the instrumental analysis course.
As a result we have included in certain cases a
brief explanation cf the principles involved. The
decision concerning how much material of an
informational or explanatory nature to include
with the experiments and problems has not been
completely arbitrary; we have attempted to give
the principles and basic information necessary to
solve the problems, which are generally illustra-
tive of typical information which the experimental
data may yield. But the desired length of this
volume dictated that this not be an exhaustive
treatment. Certainly the instructor will supply
much more information with the principles in the
classroom.

The choice of topics has been influenced by
those techniques frequently employed in analytical
problems. Although paper and column chromatog-
raphy are not instrumental in nature, they have
been included.because of their value to students of
disciplines closely related to chemistry. Statisti-
cal analysis is not itself an instrumental method,
but has been included in this volume to emphasize
that the laboratory worker must understand the
meaning, limitations, and precision of his accumu-
lated data. The selection and design of experi-
merits were made so as to amplify the applications
chnique and the physical principles of the
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large so that the individual instructor may select
experiments which may be performed with the
equipment available to his classes.

I there is one feature wherein we believe all
instrumental texts present some evidence of inad-
equacy, it is in the treatment of problems. 1t is
true that there are many problems in most texts,
but there is often little if any explanation of how
to solve these problems. One of the current
trends in analytical, chemistry is toward present-
ing a one-semester course in instrumental analy-
sis to the undergraduate students in their junior
or senior year. There is also an increasing
awareness of the importance of many of these
instrumental techniques by departments outside
of chemistry, such as agriculture, milling, home
economics, and the natural sciences. The number
of students with inadequate mathematical prepar-
ation taking a course of this type in instrumental
analysis is increasing. Step-by-step explanations
of how to solve problems not only helps these
students but it may also free the instructor to
devote more time to the theory and principles
involved. Several associated problems of each
type are included at the end of each chapter.

This permits the instructor to assign different
problem sets for several semesters without du-
plication. :

With but a single exception, we have throughout
this volume employed oxidation potentials. In the
treatment of chronopotentiometry in Chapter 24,

Manhattan, Kansas

we have used reduction potentials. The signs of
the electrode potentials we have used are those.
commonly employed in courses which are prere-
quisite to the instrumental analysis course; it is
for this reason we have deviated from the recom-
mendations promulgated for the signs of electrode
potentials. As the student becomes well-acquainted
with the principles, we believe the problem of the
sign of the potential will be less serious.

We are grateful to W. Baitinger, V. Cates, and
D. Gere for assistance in checking various experi-
ments and for reading portions of the original
manuscript, as well as to our colleagues at Kansas
State University for their support. Thanks are
also due to Miss Marlene Besack and Mrs. C. E.
Meloan who typed various copies of the manu-
script. It is a distinct pleasure for us to acknowl-
edge the helpful criticisms of the reviewers,
including Professor Robert L. Pecsok of the
University of California, Professor John G. Mason
of Virginia Polytechnic Institute, Professor Harold
F. Walton of the University of Colorado, and Pro-
fessor John T. Stock of the University of Connec-~
ticut. Especial appreciation is due our wives,
Marilyn Meloan and Barbara Kiser, for their
understanding and encouragement during the prep-
aration of this volume.

The authors would greatly appreciate the aid
of those using this book in calling our attention to
any errors, so that corrections may be made in
future printings.

Clifton E. Meloan
Robert W. Kiser
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chapter 1
COLORIMETRY

Of all the simple color comparators, the
Duboscq colorimeter is probably the most widely
used. Its operation is based upon a variable depth
principle in which the color of a standard solution
is matched to the color obtained by an unknown.
When such a mateh is obtained the concentration
is calculated based upon the following relation-
ships:

bstd Cstd = Dunk Cunk. (1-1)

cell thickness
concentration

where b
c

4his is derived from the Beer-Bouger Law in the
following manner:

A = abe (1-2)
where A = absorbance

a = absorption coefficient

b = cell thickness

¢ = concentration

Such a relationship will exist both for the standard
solution and the unknown solution. When a color
match is obtained, both solutions are absorbing an
equal amount of radiation. Thus

Asld = Qg bsld Cstd = Aunle = Qunk Bunk Cunk (1'3)

or

Astd bsld Csed = aunkbunkcunk (1'4)

If the solutions have nearly the same concentra-
tion so that their hues are the same, then a5 g =
a.mk that is, both solutions will absorb the same
amount per unit cell thickness. This gives

bstd Csid = bunkCunk (1-5)
and it is seen that the product of the concentration

times the cell thickness of the standard must equal
the same product for thé unknown.

EXAMPLE 1

A 0.200 g sample of steel was weighed, dis-
solved in acid, the manganese oxidized to perman-
ganate and the sample diluted to 100 ml. 25 ml of
0.008 N KMnO, (standardized against iron wire)
was diluted to 100 ml in a volumetric flask and
used as a standard solution in a Duboscq colori~
meter. Both cups were filled with the standard
solution; the average reading for the right hand
cup was 32.0 mm and for the left cup il was 31.7
mm. The standard solution was left in the left cup
with the 31.7 mm setting and the solution in the
right cup was replaced with the diluted steel sam-
ple which produced an average reading of 28.3
mm. Calculate the percent manganese in the
steel,

The concentration of the standard solution is
obtained based upon the fact that the number of
meq of KMnO4 present before dilution equals the
number of meq present after dilution. Since the
number of meq = (ml) (N) we have:

(25)(0.008) = (100)(N) or 0.002 N.

The values of bsid and bu..i are arrived at in this
manner. Since it is difficult to obtain cells and
optics for instruments of this type that match each
other perfectly, a correction factor must be ob-
tained. From the data it appears that the right
cup reads 0.3 mm higher than the left cup when
both contain the same solution.

This problem is eliminated in a manner similar
to that employed in substitution weighing where
both the object and the weights are balanced
against the same vial of shot. Here, both the
known and the unknown are placed successively in
one cup {right) and matched against the other ref-
erence (left} cup. This effectively cancels any
differences in optics which are present. ¥rom
equation (1-5);

(32.0)(0.002) = (28.3)(N)
N = 0.00226




