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PREFACE

" The time is, happily, past when ‘‘Chemistry for Medical
Students,” “Quantitative Analysis for Engineers” and similar
titles, indicating treatises on the spoon-feeding of special dishes
of easy chemical cookery to the classes of persons indicated, met
any very general demand on the part of teachers. Even in our
highly specialized chemical science of today and in its enormously
diversified applications to industrial and economic problems, we
recognize the futility of attempting to train students for technical
or professional careers by teaching them only the mechanical
notions and processes of chemistry without the scientific develop-
ment of fundamentals.

The authors have tried to keep this idea in view in the compila-
tion of this book. The discussion of special methods (largely
‘““official,” wherever applicable) for the analysis of materials
of prime importance to chemical students of agricultural mate-
rials and of agricultural problems forms an important portion of
the book; but we subscribe very heartily to the belief that one
of the things most needed by scientific agriculture today is an
increasing body of agricultural chemists who understand the
importance of desiring to know why matters are thus and so.

The introductory course in general quantitative analysis, in
Part I, deals with a select list of such analytical processes as may
be considered useful for impressing upen the mind of the student
the principles of analytical work, as well as the importance of
exercising intelligence and care in all work of the laboratory.
Bearing in mind the fact that in most college curricula this first
course must necessarily be brief, the typical classes of methods
for a given determination have been treated together. This, in
turn, has involved a preliminary discussion of materials and
methods of both gravimetric and volumetric analysis.

Part II, dealing with certain special measurcments, has been
included in recognition of the fact that the highly important
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instruments and methods there discussed are too seldom under-
stood by the chemists who use them in industrial work. In our
own classes we have found lectures upon the theoretical principles
underlying the construction and use of these forms of apparatus
to be of very great value.

In Part III is included a treatment of the six classes of materials
most often considered in courses in agricultural analysis, and
probably of interest to the greatest number of agricultural
chemists. The significance of the results of the analyses, in
connection with agricultural problems, has been given as much
attention as was thought possible, without going outside the
proper scope of a book of this character. This, it is believed,
will add an interest to the laboratory work and supply a certain
motivation, otherwise largely lacking.

In certain parts of the book we have drawn rather freely upon
portions of another text by one of us.! This is particularly true
in the discussion of materials and general operations, of the
analysis of oils, fertilizers and dairy products and of the deter-
mination of nitrogen. Certain cuts have been borrowed from
the same source, while others are from original drawings, made
by G. B. Wilson.

Problems in analytical calculations have not been included.
Several good problem texts are now available and the authors
believe that a systematic course with one of these, as an
accompaniment to the laboratory work and lectures, is the best
method of impressing this phase of the subject upon the mind
of the student.

E. G. MaHIN,

R. H. CaRr.
Purpue UNIVERSITY,
September, 1922.

1MaHIN, “Quantitative Analysis.”



INTRODUCTION

For the most part the operations of analytical chemistry
fall naturally into quantitative lines. This is particularly
true of analysis as applied to agricultural problems because
the qualitative composition of most agricultural materials is
usually fairly accurately known from the .nature and proposed
use of the materials themselves.

The qualitative method for the detection of .a given element
or compound frequently involves the use of the same reactions
as those that are fundamental to the quantitative determina-
tion of the same materials and in these cases, especially, it is
most convenient to modify the details of the experiment so as to
make a quantitative determination possible in the beginning,
rather than to repeat the work in this manner after the com-
pletion of a qualitative analysis. This is not universally true
and there will be occasional instances in which the complete
qualitative analysis will save the labor of quantitative deter-
mination of elements not present in any significant quantity.

As the name implies, quantitative analysis has for its object
the determination of the quantity (usually, though not always,
expressed as per cent) of the various constituents of a material
under investigation. The constituents determined may be
elements or radicals of a compound, mixture or solution. The
particular method to be used for a given material will be chosen
according to circumstances and, to some extent, according to
individual preference or available equipment. It will necessarily
be modified if interfering substances are present. On this
account it is desirable first to learn a few methods for the quan-
titative determination of some common elements in pure com-
pounds and later to apply these and other methods to a more
extended analysis of more complicated materials.
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PART 1
GENERAL ANALYSIS
CHAPTER 1

THEORY AND GENERAL PRINCIPLES

Gravimetric Analysis.—When the quantitative composition
of a material is learned through the direct application of the
analytical balance the method is known as a “ gravimetric’’ one.
In principle the method is comparatively simple. A certain
quantity of the well mixed sample is weighed accurately. It
is then subjected to a series of operations, as a result of which a
certain element or radical is finally separated from other con-
stituents, either in its simple form or, as is more often the case,
that of a pure compound of known formula. The latter is then
weighed accurately. The two weights thus obtained and the
known composition of the pure compound provide the necessary
data for the calculations.

The determination of phosphorus in a phosphate rock may be
taken as an example. The rock may contain ordinary tricalcium
phosphate, Ca;(PO,):, as its chief constituent but it will also
contain varying quantities of other materials, such as clay,
quartz sand, limestone and iron oxide, so that the formula as
given above cannot be assumed to be a correct representation
of the composition of the material. The latter is therefore care-
fully sampled and a small portion is accurately weighed. It is
then treated with an acid and the inscluble silica and silicates
are removed by filtration. All of the phosphorus is then pre-
cipitated as ammonium phosphomolybdate, a complex substance
represented by the formula (NH,);P0,.12Mo00Q;. This is filtered
out, washed, redissolved and finally precipitated as magnesium

, 1



2 QUANTITATIVE AGRICULTURAL ANALYSIS

ammonium phosphate, MgNH,PO,, which is washed and then
changed to magnesium pyrophosphate, MgeP20;, by heating
strongly in a previously weighed crucible. From the weight of
the crucible, with and without the pyrophosphate, the weight of
the latter is found.

Factors.—The formula for magnesium pyrophosphate shows
that it contains 27.87 per cent of phosphorus 2Mig_>:l’}0—? = 27.87).
Multiplying this figure by the weight of pyrophosphate found
and dividing the product by the weight of sample gives the per
cent of phosphorus in the phosphate rock. Stated as a formula:

2 X 3212(2)47;<8100 W = per cent P in sample, (1)
where W = grams of magnesium pyrophosphate found and
S = grams of sample taken. No matter how many different
samples of rock or other material might be subjected to this
experimental process, the calculation would always follow the
lines indicated in Eq. (1) and, since the only variables in this
equation are the weights of sample and of pyrophosphate, the
constants may be collected:

2 X 31.04 X 100
222.72

The quantity F is called a *“‘gravimetric factor’’ and, since the
procedure for phosphorus as already outlined is an illustration of
the procedure for all gravimetric determinations, this factor may
be calculated once for all for each type of determination and
recorded, together with its logarithm, in a eonvenient place.
Equation (1) is then a special gpplication of the more general
equation:

= 27.87 = F. (2)

quw_ =z, (3)
F always indicating the per cent of the determined element or
combination of elgmpents in the weighed precipitate, as calcu-
lated from the chemical formula, and = representing the per cent
of the same entity in the sample analyzed.

As indicated in the preceding paragraph, a combination
of elements (as an oxide or .radical) may be calculated. For
example the factor for phosphorus pentoxide would be

100 P,0,4 14208

Mg,P,0, ~ 222,72 ~ 0379
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Factor Weights.—In Eq. (3) F is a constant for all determina-
tions of the particular element or group of elements for which
it has been calculated. It is possible to choose the weight of the -
sample taken so as to simplify the caleulation of this equation.
For instance, by taking a sample weight equal in grams to the
value of the factor, g=l and Eq. (3) becomes:

W =z. ‘ 4)
In such a case the weight of precipitate, expressed in grams or frac-
tions, becomes per cent, or fractions, of the constituent determined.

A weight of sample equal in grams to the value of the factor
is usually too large a quantity to be handled readily and a definite
fraction of this weight (as 0.5, 0.2, 0.1, etc.) may be used instead.
Any such weight is called a “factor weight,” which may he
defined as a quantity equal tn wetght units to the value of the
gravimetric factor, or to some simple fraction of this factor.

Continuing the illustration given above, the factor weight of
sample actually taken would be, for the sake of eonvenienece,
0.6379 gm, in which case the per cent of phosphorus in the sample
would be one hundred times the weight, in grams, of magnesium _
pyrophosphate found.

When a Factor Weight Should be Used.—In considering the
actual practice of the operations with the balance it will be
found that the manipulation of the sample to obtain any pre-
viously specified quantity requires considerable time, if the
weighing is to be done accurately. One cannot judge quantities
accurately by means of the eye and it becomes necessary to
adjust the sample while it is on the balance pan, very carefully by
removing or replacing very minute quantities. On the other
hand, it is a comparatively simple matter to take approximately
the required quantity and to weigh this accurately, using the
figure thus found in later calculations. It may then easily
be seen that all of the convenience and time-saving element
that is involved in the calculations where factor weights (or,
in fact, any other definitely prescribed weights) have been used,
may be more than lost in the time and trouble required for
adjusting the sample weight to this exact value.

For the reason just mentioned it is inadvisable to use factor
weights except in cases where relatively large amounts of sample
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may be used or where no great accuracy is required. In such cases
the sample weight may be accurately and quickly adjusted to
the second or third decimal and the remaining uncertainty will
be relatively insignificant. For example, if a 10-gm sample of
soil is to be used for a nitrogen determination, an uncertainty
of 1 mg in weighing will involve only 0.01 per cent of the total
nitrogen found. But if a 0.5-gm sample of limestone were to be
used for a determination of calcium, this same uncertainty
would amount to 0.2 per cent.

Temperature Systems.—In nearly all scientific work the
Centigrade system is used exclusively for indicating tempera-
tures and in this book all temperatures mentioned are in Centi-
grade unless otherwise designated. In some instances the special
agricultural analyst will have to use the Fahrenheit system in
order to conform to established usage. When this is done in the
following pages, the letter “F’’ will follow the figures indicating
the temperature.

Volumetric Analysis.—The final determination of per cent
by volumetric methods is not made by means of weighing a pre-
cipitate. The balance is generally used, as in gravimetric
methods, for weighing the sample. The solution of the latter
is then brought into definite reaction with another solution of an
appropriate reagent (a standard solution) until the reaction is
exactly completed. The concentration of the standard solution
is accurately known as a result of a previous analysis (a stand-
ardization) and the volume required is measured accurately by
means of a graduated burette. The product of the required
volume of the standard solution and its concentration, giving
the weight of the dissolved reacting material, serves as a measure
of the determined constituent of the sample, just as the weight
of the precipitate does in gravimetric analysis, the only difference
in principle being the use of the weight of a reacting body instead
of that of a containing body as a measure of the thing to be
determined. With this exception the calculations will be
similar to those of gravimetric analysis, a titration serving
instead of a weighing.

As an illustration, the determination of sodium hydroxide
in an impure sample may be cited. A weighed quantity of the
material is dissolved and titrated by a standard solution of
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hydrochloric acid, a drop or two of an appropriate indicator,
as methyl orange or methyl red, being added to show the end
point of the reaction.

If V = cubic centimeters of standard solution required, C =
concentration of standard solution (gm of HCI per cc), S = gm of
sample used, Eg,u = equivalent weight (see page 7) of hydro-
chloric acid (36.468), and Egq,..x = equivalent weight of sodium
hydroxide (40.008), then

V C = gm HCI used, )
V_%_q_EQx_-w = gm NaOH in sample used, ()

HC1
100 V C Eguiom _ per cent NaOH in sample. (3)

S Eqae,

Of course this derivation is based upon the assumption that
sodium hydroxide is the only basic substance present in the
sample.

As in gravimetric analysis it is convenient to collect all of the
constants of the final expression. For all determinations of
sodium hydroxide that are made by means of this particular
standard solution of hydrochloric acid, V and S are the only
variables. The quantity:

C Egy.on _ 40.008 C
Eqay  36.468

may be called the “base factor” of the acid. This can then be
simplified and recorded upon the label of the bottle. Let this
be designated by Fs. Thereafter, so long as this solution is used
for the determination of sodium hydroxide in other samples, the
calculation of the results of titrations will be made by means of
the equation:

100 V Fg
S

If the same standard solution is to be used for the determination
of any other base it will be necessary to recalculate the value for
Fjy for this substance and to use the new value in an equation
similar to Eq. (4). If a new standard solution of a different
concentration is prepared, or if the concentration of the original
standard has changed, a new value for Fp is calculated.

=per cent NaOH. (4)
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Adjustment of Sample Weight.—The volumetric calculations
already explained have been made upon the assumption that the
sample weight was not adjusted to any particular value although
it was, of course, accurately determined. In Eq. (4) Fp is a
constant for this particular standard solution in this particular
determination. Therefore if some care is exercised in adjusting
the sample weight, .S, so that it will bear some simple relation to
Fj, the calculations will be materially simplified. - For example,
if § is made to equal 100 ¥, Eq. (4) will become:

V = per cent NaOH. (5)

That is, each eubic centimeter of standard solution used in the
titration represents a weight of sodium hydroxide which is 1
per cent of the sample weight, so that the burette reading becomes
a percentage reading. From -this the rule follows:

To make the burette reading a direct percentage reading, use a
sample weight equal to 100 Fp.

In practice it often happens that such an adjustment calls for
a too small weight of sample and it does not then provide for
sufficient accuracy. Ten or one hundred times this weight is
often taken, making 1 cc of standard solution indicate tenths
or hundredths of 1 per cent.

Use of Aliquot Parts.-—If the adjustment of sample weight
must, be made with a high degree of accuraey it may be that the
extra time involved in the adjustment will not be compensated
by time saved in calculations, in which case such adjustment
will not be desirable. But if relatively large samples may he
used for the analysis an error in weighing becomes of proportion-
ately less importance and adjustment may be made more rapidly
and less carefully. These considerations apply as in gravimetric
analysis (page 4).

The use of large samples is rendered practicable by the use of
the principle of aliquot parts. Some simple multiple of the
required weight is taken and the solution is diluted to a definite
volume in a volumetric flask and well mixed. A definite fraction
of this solution is taken for the analysis and the proper factor to
correct for this is used in the calculation of results. For example,
if a degree of accuracy carried to the fourth decimal place is
required in weighing 0.3943 gm for a single analvsis, ten times

A,
g
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