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PREFACE

IN a systematic course of chemical study the analytical branch
of the science is given a sharply-defined position. The student
learns from general, so-called inorganic, chemistry, the nature
of chemical phenomena, the properties of the elements and
their compounds, and the regularities and laws by which their
interaction is governed. To fit himself for a deeper and inde-
pendent occupation with the science he must learn how to
value the facts acquired in his study of general chemistry; the
methods of experiment upon which chemistry, as an experi-
mental science, is based, must be understood ; and the ability
to think chemically, i.e, to draw logical conclusions from
observed phenomena, must be attained. Analytical chemistry,
in thoroughly illustrating the important phenomena which
enable the qualitative detection and quantitative estimation of
the elements in any of their almost innumerable compounds, is
a great aid in reaching this point. After its methods have
been acquired, the student can turn to organic, and finally to
physical chemistry, and terminate his systematic study of the
science with that of the latter branch.

It must be remarked that analytical chemistry, instead of
being assigned the above position among the various branches
of the science, is often commenced at the same time as general
chemistry. In view of the end for which it is pursued, however,
its study demands that the student be as self-reliant in his
work as possible. The practical analytical operations can in no
other way attain their proper importance as a means of in-
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struction, or assume their proper value. The student cannot
rightly turn to analytical chemistry until he has obtained a
thorough preparation in the general science; and his know-
ledge of the latter is measured, not by the number of single
and isolated facts with which he is familiar, but by the clear-
ness with which he understands the fundamental chemical
phenomena and theories. For these reasons I strongly advise
the beginner not to devote himself too quickly to analytical
chemistry, and my advice is justified by the character which
its study must assume if it is to be of value.

If the above conclusions are correct, the practice of
chemical analysis must be pursued in the same way as purely
scientific investigations. The chemist proves the correctness
of an induction in the latter by means of suitable experiment,
in obtaining the best possible conditions for which he must be
governed by analogy. The same method of procedure should
be adopted by the analytical student, in continually proposing
questions to himself and answering them by means of properly
selected experiments. In analytical chemistry the formation
of such questions, and the methods by which they are experi-
mentally solved, are presented in clear and definite form. This
method of studying is so important in its bearing upon the
chemical training, that it will be well to show how to apply it
in the daily analytical work of the laboratory.

The elements, in accordance with their chemical properties,
are divided in this book into the customary two classes, metals
and metalloids—a classification which is most advantageous for
our purpose. In studying the methods for detecting the
metals the student is at first confronted only by the simplest
questions, and the passage to more complicated cases is gradual.
For this reason the laboratory work is preceded by the study
of the properties of the metals and their compounds. The
questions put to the student he must work out independently,
by the intelligent employment of such characteristics of the
metallic compounds as are suitable for the purpose. In study-
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ing the methods for the detection of the metalloids, the opposite
course is taken. The student first meets complicated questions,
and learns only subsequently how to simplify them and to
finally arrive at their solution.

The metals are divided into groups according to the pro-
perties and certain methods of formation of their sulphides.
The explanation of the methods for detecting each metal is
preceded by that of the properties of such of its compounds as
are important in analysis. A thorough acquaintance with
the latter, as well as their intelligent use in solving the prob-
lems of analysis, is of the greatest importance. Consistently with
the character of the questions which arise in the detection of
the metals, the properties of the important compounds of any
metal must be studied not only alone, but also in comparison
with those of the corresponding compounds of other metals of
the same group. The consideration of the properties of each
element is accordingly arranged in a separate chapter, under
the title “ Special Reactions.” In the “ General Reactions,” on
the contrary, the corresponding compounds of all the metals of
a group are studied, and the conditions necessary for the separa-
tion of one group from another deduced.. The general reactions
are placed before the special—an arrangement necessitated by
the fact that, in addition to the analogous compounds of the metals
of each group, the discussion on the general reactions includes
that of practical methods employed for the separation and
detection of many of the metals, and also the theoretical de-
monstration of important reactions. The “Special Reactions”
include those which are necessary for the detection of the
respective single metals. The rare metals are not included in
the general scheme of exposition, but have been given a place in
the supplements of the proper groups. Our knowledge con-
cerning these rare metals is so incomplete, that their practical
study in the laboratory affords the student but little ad-
vantage.

The separation of groups is explained in the same way as



viii ANALYTICAL CHEMISTRY

that of single elements from one another. The properties
of analogous compounds, and the analogous reactions of the
metals of the different groups, are discussed, and the best means
of separation logically derived by their combination. This is
the most difficult problem presented to the student in studying
the metals.

On passing to the metalloids, he will find this method
reversed. The special reactions of these elements and their
compounds are first considered, and the complicated methods
for detecting them when occurring together taken up only when
the study of their individual reactions has been finished.

These general statements concerning the course to be pur-
sued in the study of qualitative analysis can also be applied to
that of quantitative, the methods of separation and determination
used in the latter being likewise deduced from the properties of
the compounds which have the most analytical importance.
It may here be remarked that the qualitative methods of
separation, which are usually based upon the same reactions as
the quantitative, also require from the student the greatest
degree of care and precision.

Although the method of exposition which I have adopted
in this book has been extended to the discussion of quantitative,
as well as of qualitative analysis, the beginner must at first
confine himself strictly to the latter. His first object is to
make himself familiar with the simplest experimental methods
of chemical investigation, and, furthermore, to learn how to
answer clearly and rightly the questions which arise in his
work ; and for this purpose qualitative analysis is much the
more important of the two. When its methods have become
thoroughly familiar to him he may pass to quantitative
analysis, in which he will find the same principles used, and
there accustom his hand to accurate work.

N. MENSCHUTKIN.
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PART FIRST

QUALITATIVE ANALYSIS

INTRODUCTION

§ 1. Object of Analytical Chemistry.— Analytical chemistry
is the study of the methods of determining the nature and
quantitative relations of the constituents in chemical com-
pounds (artificial or natural) and their derivatives. It divides,
according to the character of the problems presented, into
qualitative and quantitative analyses; the former determining
the nature, the latter the amount of the element or elements
in a substance. The analytical methods are based upon the
properties of the elements and certain of their compounds, and
upon the behaviour of the compounds of different elements to
each other. This being so, and as analytical chemistry simply
teaches which properties are to be employed, it is inseparably
connected with general chemistry, and is in fact a subdivision
of the latter. The distinction between quantitative and
qualitative analyses is also more or less one of convenience,
as is obvious when we consider that the study of the properties
of chemical compounds yields the methods employed in both.
The beginner should first turn -his attention to qualitative
analysis alone, as the manifold conditions upon which quanti-
tative estimations depend can be much better understood after
the other branch has been mastered.

§ 2. Reactions.—When elements or their compounds are
. brought into interaction a Reaction is said to take place.
Reactions occur between substances in solution (in water or

B
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other liquids), or which melt when subjected to a high tem-
perature. The latter class of reactions is called “ Analysis in
the dry way,” in distinction to “ Analysis in the wet way,” a
term which is sometimes used to designate reactions which take
place between substances in solution. In the usual course of
analysis both kinds are used. Those which are employed in
qualitative work must have easily distinguishable character-
istics; for example, the formation of insoluble bodies from
soluble ones, .., the formation of a precipitate; the solution
and consequent disappearance of a precipitate; the escape of
gases or vapours, which may sometimes be coloured, or possess
odour ; the colouring of a solution, or the disappearance of its
colour, etc. The substances which bring about these changes
or reactions are called “ Reagents.” A reagent which causes
an especially marked change, such as the above, is called a
characteristic reagent; the change involved, a characteristic re-
action. Starch-paste, for instance, is a characteristic reagent
for iodine, being turned in its presence to a dark blue liquid;
the reaction between these two substances is a characteristic
reaction. If but a very small quantity of the substance need
be present to show the reaction, the latter is called delicate ;
and the reagent a delicate reagent. Starch-paste is a delicate
reagent for iodine, since even a minimal quantity of one or
the other will cause the blue coloration. This relation between
the two classes of reactions is not universal, however, for the
characteristic reagents are often not the most delicate, and the
latter may not be characteristic. As the reagents and reactions
must satisfy one or both of these conditions, only a few of the
great number of chemical compounds known can be used to
characterise the various elements.

Oonditions of Reaction.—The reciprocal action between
chemical compounds is dependent upon many conditions. A
reaction proceeding in a certain direction at & given tempera-
ture may take a very different course at another; the influence
of a third body may often modify, or even entirely suppress it,
etc. Every reaction therefore depends upon definite conditions,
and the normal conditions, under which it proceeds in the required
direction, must be known. The conditions of reaction are deter-
mined by the properties of the compounds which act upon one
another and result from this action. In studying the various
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reactions, therefore, the properties of both the reacting and
the resultant compounds must be closely observed. This is
absolutely necessary to ensure the fulfilment of the conditions
and, consequently, the proper course of the reaction. An
experiment which miscarries always indicates that these pro-
perties have not been heeded, and the conditions of reaction
only partially, or not at all obtained. Since the analyst is
compelled to bring about a reaction under the most varied
conditions, he must know how to convert the unfavourable
ones into those necessary for the success of the experiment.
The connection between the reactions and their conditions
may be illustrated by the action of tartaric acid upon potassium
salts. In this reaction the precipitate of acid potassium
tartrate characteristic of potassium is to be obtained. But
since this compound can exist only in neutral solutions, the
conditions necessary for its formation are not present if the
solution contains any free mineral acid. In such a case the
conditions must be modified before the test is performed, i.c.,
the solution must be neutralised. This is a condition resulting
from the properties of acid potassium tartrate. The same
method of study should be extended to all the reactions used
in analysis, and the student must learn exactly the properties
of the compounds which he uses or obtains in his experiments.

Confirmatory tests—This knowledge of the characteristics
of the compounds employed, which is necessary in determining
the normal conditions of reaction, is also required in devising
tests by which to control the results of an experiment. These
confirmatory tests, as they are called, are made in order
to ascertain whether the reaction has really taken place
in the desired direction, and the expected compound been
obtained, Such tests are especially useful in the analysis
of unknown compounds, where there is no other guarantee
that the conditions of reaction have been fulfilled. A
confirmatory test is made by examining the compound
obtained, to .ascertain whether it actually possesses the char-
acteristic physical and chemical properties (crystallographic
form, behaviour toward other substances, ete.) of the compound
which it is supposed to be. Although the slightest indication
of these properties suffices for the experienced analyst, the
beginner, to whom they are less familiar, must resort to con-
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firmatory tests for their identification. The methods of
employing the latter vary greatly, according to the character-
istics of the compounds, so that a general discussion of their
nature is impossible ; their principle, however, may be seen in
the following example :—If a barium salt, the nitrate for
instance, be added to a solution of sulphuric acid, it causes
a white precipitate of barium sulphate, which is soluble in
neither water nor dilute acids. The barium salts, therefore,
serve for the detection of sulphuric acid. Assume that an
acid solution has been treated with barium nitrate, and a
white precipitate obtained. This precipitate may or may not
be barium sulphate; for, under certain circumstances, barium
_ nitrate may itself be precipitated from an acid solution which

contains no sulphuric acid—it gives, for example, a white
precipitate with concentrated nitric acid. The formation of
a precipitate, therefore, does not establish the presence of
sulphuric acid, and a confirmatory test must be resorted to.
Barium nitrate, though insoluble in strong nitric acid, differs
from the sulphate in dissolving readily in water or the dilute
acid. . The effect which the addition of water has upon the
precipitate should, therefore, be ascertained. If it still remains
undissolved it must be the sulphate, and the presence of
sulphuric acid in the solution examined is proved by the two
tests.

Combination of reactions (systematic plan of analysis).—
We now understand the nature of individual reactions, and
the necessity of exact knowledge of the properties of the
compounds, without which it would neither be possible to
secure the correct conditions, nor to make confirmatory tests.
Qualitative analysis is not limited to the study of these
reactions alone. An element can be characterised by its
special reactions only when in an isolated state; when several
are present at once, the reactions of the one may be hidden or
prevented by the influence of another, and the proper con-
ditions for individual reactions can rarely be obtained. The
various reactions must, therefore, be combined into a system
which permits the detection of any element when others are
present. For this purpose the elements are arranged in
groups, the course of study being to first consider the members
of each group alone, then those of all the groups and sub-
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divisions together. Here the problems of qualitative analysis,
solved by the study of reactions and their combination, may
be brought to an end.

§ 3. System of Exposition.—The student, whose famili-
arity with general chemistry and the natural system of the
elements and their compounds is presupposed, meets in ana-
lytical chemistry an artificial classification. This arrangement
is based upon the analytical characteristics of the elements,
t.e., upon those which best aid the solution of analytical prob-
lems. A classification of this nature may depend upon any
suitable properties and reactions of the different elements and
compounds, though the most convenient are the characteristics
and certain conditions of formation of the sulphides. Such
conditions are found in the action of ammonium sulphide and
hydrogen sulphide on the solutions of different elements.
The term “Metal” denotes, analytically, a class of elements
to which belong all the actual metals, and also those of the
other elements which form sulphides with hydrogen sulphide
(arsenic, selenium, tellurium), or hydroxides with ammonium
sulphide (chromium, etc.) The second class embraces the
remaining elements, which are called metalloids. Their sul-
phides are not precipitated by hydrogen sulphide, or ammonium
sulphide, and are usually decomposed by water. These two
classes are divided, according to the analytical behaviour of
their members, into several groups. The latter are often the
same as in the natural system, but sometimes include dis-
similar elements which have a similar analytical behaviour.

The classification of the chemical facts with which we
shall be occupied must also be considered. The properties of
each group of elements are studied according to their applica-
tion in qualitative or quantitative analysis. Observation of
the properties and reactions of any one element enables its
detection when alone. When several elements enter into the
substance to be examined, however, a combination of reactions
is necessitated, as the proper tests can be made only after their
separation. Each element must therefore be studied from two
sides. For its special reactions, it must be studied by itself.
To simplify the combination of reactions, a comparative ex-
amination of analogous compounds of metals of the same, or of
different groups, is required. These are called general reactions.
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The methods to be used in any problem in qualitative analysis
will be clearly pointed out during the course of study pursued
in this manner.

§ 4 Plan of Practical Work.—The practice of analytical
chemistry involves the same principles as have been discussed
in the foregoing paragraphs. The basis of practical work in the
laboratory s likewise the study of the properties and reactions of
compounds ; together with all deductions made in the course of
the analysis, whether it be quantitative or qualitative. Practice
is most conveniently commenced with the simplest group—that
of the alkali metals. Each metal must be studied both alone and
in comparison with other members of the same group. The
discussion begins with the general reactions and consideration
of analogous compounds of the different elements, and is given
the character of a study, in which the student must form and
answer the problems himself. The questions arising may be
presented in this form. A property of a compound has been
studied which is to be used, for example, in the detection of an
element. How is it to be employed ?—in other words, what
conditions of reaction does this characteristic demand ? As
acid potassium tartrate, for instance, is more soluble in hot
than in cold water, what condition must be fulfilled in order to
obtain the salt as a precipitate ? This property requires that
the reaction be performed in the cold. The study of the pro-
perties of the compounds entering into and resulting from a
reaction points out the necessary conditions of reaction ; i.e., it
shows how to obtain the reaction under the most varied
circumstances. The importance of this result is still greater
if the student has made his own deductions and obtained the
conditions of reactions himself. He must nevertheless prove,
by a confirmatory test, in which he compares the physical or
chemical properties of the two, that his deductions were
correct, and the body sought for actually the one produced.
To simplify the formation and solution of such problems, the
first two groups are in this regard thoroughly discussed. The
remaining groups are given a more concise and systematic
treatment, under the assumption that the student has become
fairly proficient in his work by the time they are reached.

The study of the general and special characteristics of the
metals of the first group should be followed by a series of
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exercises involving the detection of all its members in the
presence of each other. This requires a combination of the
properties of various compounds and of the conditions of many
reactions. The detection of potassium in presence of sodium
and ammonium, for instance, necessitates that several reactions
be combined into a systematic course of analysis, in whichi their
order is consistent with the properties of the metals, and the
latter are isolated and detected one by one. The student, aided
by the hints given at the close of each group, must elaborate
this systematic course himself. The separation of any metal
must also be followed by a confirmatory test, to prove the
correctness of the reaction. The student can test the system
which he has devised by following it in the analysis of a known
mixture of the metals of the first group. After this sub-
stantiation he may use it in the analysis of unknown mixtures.
The study of the first group is followed by that of the second
and third, etc., in which the combination of reactions extends
not only to single elements, but also to entire groups, and is
much more complicated. A gystematic course of analysis for
all the metals of all groups is thus finally derived. After the
metalloids have been studied in the same manner, the analysis
of insoluble compounds, the most difficult of all, is to be taken
up. The third section of this book contains rules and methods
for this purpose, which are likewise derived from observation
of the properties of compounds. With this the exercises in
qualitative analysis terminate.

Since in this way the entire course of work is arranged in
exercises, the performance of which is left to the student, it
should be remarked that the -path to the correct solution of the
problems is sharply defined. This accuracy and the systematic
solution of the exercises have great instructive value. The
student becomes accustomed to compare the properties of the
different compounds, to derive the right conditions of reaction,
and to combine them. The mental processes involved can be
expressed by two words: Analytical chemistry teaches the art
of chemical thought, which is the most important object of
practical work. The accuracy of the methods, that is, their
relative simplicity, has a greater or less disadvantage in often
leading the student into the habit of mechanical instead of
thoughtful work. Mechanical study affords no benefit what-
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ever; nor can it in a single instance teach how to make a
correct analysis, to say nothing of developing the faculty of
chemical thought.

After the analytical methods have been observed in
qualitative analysis, the student may turn to the quantitative
branch. The latter, the passage to which must be governed
by his progress, is chiefly valuable as a means of giving him
the experience in exact work which qualitative analysis may
not afford.




SECTION I

THE METALS

§ 5. Division of the Metals into Groups. — Analytical
chemistry classifies the elements according to certain reactions
in the formation of their sulphides, and with regard to the
stability or instability of these compounds when acted upon by
water. By the term “ Metals” we indicate the elements, the
sulphides of which are not decomposed by water, but are either
soluble or insoluble in it. Sulphides of the latter class are formed
by the action of hydrogen sulphide or ammonium sulphide upon
any soluble compounds of the metals. To the metals proper
we add the elements which are precipitated as oxides by
ammonium sulphide, although they form no sulphides through
its action. The metals are divided, according to the solubility
of their sulphides, into two classes: the first comprising those
the sulphides of which are soluble in water; and the second,
those which give insoluble precipitates with sulphuretted
hydrogen or ammonium sulphide. No salts of the first class
are thrown down by these reagents.

A. Metals, the Sulphides of which are soluble in
Water.—The division of this class into groups is based, not
upon the sulphides, but upon the properties of their carbonates
and phosphates.

First Group: Potassium, Sodium, Ammonium, Rubidium,
Casium, and Lithium.—The sulphides of this group of metals
are soluble in water, and there is no general reagent by which
they are precipitated in the form of insoluble compounds.

Second Group : Barium, Strontium, Calcium, Magnesium.—
Their sulphides are soluble and their carbonates insoluble in
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water., Ammonium carbonate is the general reagent of the
group. It throws down all these metals as their carbonates.

B. The metals, the sulphides of which are insoluble in
water, form three groups. To distinguish them, we use the
behaviour of their sulphides (or hydroxides) toward weak acids
and ammonium sulphide.

Third Group : Aluminium, Chromium, Beryllium, Yttrium,
Zirconium, Thorium, Cerium, Lanthanum, Didymium, Erbium,
Titanium, Tantalum, Niobium ; Iron, Manganese, Zinc, Nickel,
Cobalt, Uranium, Indium, Thallium, Gallium.—As far as, and
including, niobium, they form no sulphides by the wet way,
but from iron on they have sulphur compounds which dissolve
in dilute acids to the salts of the acid used. They are not
precipitated from an acid solution by hydrogen sulphide, but
ammonium sulphide throws down the sulphides or oxides, and
these are insoluble in excess of the reagent. ~Ammonium
sulphide is the general reagent of this group.

Fourth Group: Silver, Mercury, Lead, Bismuth, Copper,
Cadmium, Palladium, Ruthenium, Rhodium, Osmium.— The
sulphides are insoluble in dilute acids, are precipitated from
acid solution by hydrogen sulphide, and are insoluble in
ammonium sulphide. Hydrogen sulphide in acid solution is
the general reagent of this group.

Fifth Qroup: Gold, Arsenic, Tin, Antimony, Platinum,
Iridium, Vanadium, Tungsten, Molybdenum, Selenium, Tel-
lurium.—The sulphides of this group are likewise insoluble
in dilute acids, and are thrown down from an acid solution by
hydrogen sulphide. They are distinguished from the sulphides
of the fourth group by their solubility in ammonium-sulphide,—
to thio-salts soluble in ammonium sulphide (compounds of
ammonium sulphide and metallic sulphides).

GROUP I

POTASSIUM, SODIUM, AMMONIUM (CZSIUM, RUBIDIUM,
LITHIUM)!

The analytical definition of the metals of this group is as

! Metals of this and the following groups in parentheses are the rare elements.
In the general scheme they will be only slightly considered, but are especially
described in the Supplements.
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follows : The metals of the first group are distinguished by the
solubility of their sulphides and carbonates. This group has
no general reagent.

§ 6. The Alkali Metals and their Compounds.—Let us
first recall the most important properties of these metals, in
order to be able to choose from among the compounds described
below those to be used for their qualitative recognition.

The metals of the first group, metals of the alkalies, or the
alkali metals, are distinguished by their extraordinary affinity
for other elements. They unite directly with the halogens, and
displace other metals, and some metalloids, in their compounds.
(This is the case with aluminium, magnesium, silicon, boron,
uranium, etc.) The difficulties presented in separating them
from their compounds do not permit us, however, to apply
these properties to their detection.

The oxides—The alkali metals decompose water at the
ordinary temperature, setting hydrogen free and forming
hydroxides (caustic alkalies) soluble in water. Their solutions
show an alkaline reaction, turn red litmus paper blue, and
turmeric paper brown.!

The Salts.—The alkali metals displace the hydrogen of acids
atom for atom, and thus give for every acid as many series of
salts as there are atoms of metallic hydrogen in the acid. With
polybasic acids they form either neutral or acid salts, the latter
term denoting compounds in which the hydrogen is not completely
displaced by the metal. In relation to litmus paper, we say
that the saturation of the acid in an alkali salt is complete
—the salt neutral—when blue litmus paper, treated with a
very weak acid, and thus changed to violet, undergoes no
alteration in colour in its solution ; as, for instance, in that of
potassium chloride, or sulphate. If a drop of a weak solution
of caustic alkali be added to that of a neutral salt, the paper
will become blue; if a drop of weak acid, the paper changes
to red. In some cases we use litmus tincture instead of the

1 Litmus contains a certain organic acid (litmus acid), which dissolves in water
to a red liquid, but the salts of which are blue. Litmus paper is coloured with
the red solution of litmus acid, or with the blug solution of one of its salts. The
effect of any acid upon the blue paper is to redden it, and this is therefore used
to detect acids ; while, by the action of alkalies upon the red paper, a blue salt
is formed. The cause of the colouring of turmeric by alkalies is not yet fully

understood. Many other substances have of late been applied in testing for
alkalies and acids, such as cyanine, rosalic acid, phenolphthalein, etc.
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paper. If weak sulphuric acid is added to a solution of caustic
alkali which is coloured blue by litmus, the colour will remain
unaltered until a sufficient amount of acid has been added
to form the neutral sulphate; at this point the blue solution
becomes violet (neutral reaction), and on the addition of a
single drop more the liquid becomes red (acid reaction). This
reaction is very delicate. The salts of the alkali metals with
weak acids, such as the carbonates, acetates, ete., show an
alkaline reaction, turning red or violet litmus paper blue.
Almost all salts of the alkali metals are soluble in water, and
some of them are very characteristic. The sulphates unite
with other sulphates, of the general formula Ry(SO,),, where
R equals Al, Cr, Fe, Mn, to form double salts called alums:
these usually crystallise in octahedra, and contain twelve
molecules of water. The formula for aluminium alum, for
instance, is KAIl(SO,),+ 12H,0. The double salts of the
chlorides with platinum chloride, having the general formula
R,PtCl;, in which R signifies an alkali metal, also crystallise
well. The acid tartrates, of the formula C H,0 (OH)(OR), are
also characteristicc.  The ammonium salts are sharply dis-
tinguished from those of the alkali metals, in being volatile at
a relatively low temperature (300°-400°) and easily generating
ammonia through the action of oxides.

We now turn to the study of the compounds of the alkali
metals which are used in analysis. Following the methods
given in §§ 2, 4, and 5 of the Introduction, let us begin with
the study of the properties of these compounds, and observe
the conditions which the single reactions require. Having
finished the study of these reactions, both general and special,
we will take up their combination, in order to form a scheme
for analysis. Before we apply ourselves to the practical con-
sideration of the general and special reactions, the student
should be advised to make himself acquainted with them by
reading and thinking, and to go to the laboratory desk with
the plan for his day’s work already formed. Every experiment
must be made with the view of attaining a definite end, an
answer to the questions suggested by the experiments. Aim-
less experiments are absolutely harmful; and it is only
when the student works as independently as possible that
the study of analytical chemistry can bring the returns
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which will enable him to attain. the higher aims of our
science.

RexMarg.—All the reactions described below are brought about be-
tween dissolved salts of the alkali metals and the reagents, both being
used, as a rule, in 10 per cent solutions, It is still better for beginners to
employ what are known as “ Equivalent Solutions,” t.e., those which hold
in a liter equivalent quantities of the acid and alkali respectively. The
advantage of using such solutions lies in the fact that equal volumes of
the interacting liquids are requisite for the reactions, and the student
can thus judge correctly respecting the amount to be taken, and not, as is
usually the case otherwise, employ an undue excess of the precipitant.
The action of the reagent is observed in a test-tube ; and before a test
the tube must be washed with distilled water, and be absolutely clean. The
use of reagents for the qualitative investigation of metals is founded,
in the great majority of cases, upon the formation of insoluble or diffi-
cultly soluble compounds, which are thrown down as precipitates by the
action of the reagent upon the solution of the given metal. These
precipitates are distinguished from each other either by their colour or
their physical properties. We call a precipitate crystalline when it forms
in fine granules and settles rapidly to the bottom of the vessel : a pre-
cipitation of this kind may not occur at once, but occasionally takes some
time. It may, in some cases, be hastened by stirring the solution with a
glass rod, or scratching the latter against the sides of the vessel, and by
certain other operations. Placed under the microscope, crystalline precipi-
tates show a regular construction, while amorphous precipitates, on the
contrary, exhibit no definite form, are thrown down immediately, and in
most cases settle more slowly than those of the first class. The character-
istics of the third class, gelatinous precipitates, are fully indicated by
their name. If but a slight precipitate is formed, and this is so fine
that it does not depoeit, though at the same time the solution is not
quite opaque, we speak of it as being turbid.

GENERAL REACTIONS

To learn the general reactions, let us study the properties
of those corresponding compounds of the alkali metals which
enable the separation of the metals from one another and their
recognition.

§ 7. The Acid Tartrates.—The composition of tartaric
acid is expressed by the formula CHO,. Since metals can
be substituted for only two of its hydrogen atoms, it is dibasic,
and contains two acid hydroxyl groups, possessing, more exactly,
the formula CH O,(OH),. Two classes of its alkali salts are
known, one of them neutral, as CH 0,(0OK),, and one acid, as
CHO/(OH)OK). Although the neutral salts are easily
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soluble and cannot be obtained as precipitates, of the other
variety the salts of potassium and ammonium, CHO,(OH)
(OK) and CH,O,(OH)YONH,), dissolve less. readlly than the
acid sodium and lithium salts. We are thus in position to
detect potassium and ammonium in presence of sodium and
lithium by means of the acid tartrates.

Properties of acid potassium tartrate—The use of tartaric
acid as a reagent for potassium is based upon the formation of
the acid salt, CH O (OH)(OK). The reaction takes place
according to the following equation :

KCl+ C,H,0,(0H), = C,H,0,(OH)OK) + HCL

The salt is usually obtained in the reaction as a white crystal-
line powder, a result of its rapid formation (by slower crystal-
lisation it is procured in prismatic crystals of the rhombic
system). We must make ourselves acquainted with those of
its properties which find an application in analysis. In con-
sideration of the fact that we are at first to be engaged with the
simplest analyses, those of solutions, and that these can show
an alkaline, neutral, or acid reaction, let us turn to the study
of the relations which acid potassium tartrate bears to water,
alkalies, and acids. It may not be superfluous to remark that
we must, for the same reasons, learn in every reaction the re-
lations to these substances. At the usual temperature (exactly
at 10° C.) one part of acid potassium tartrate requires 250
parts of water, but at 100° only 15 parts, for its solution.
Alkalies and their carbonates dissolve the precipitate, forming
easily soluble neutral salts :

C,H,0,(0OHYOK) + KOH =C,H,0,(OK), + H,0,
2C,H,0,(OHYOK) + K,C0, = 2C,H,0,(OK), + H,0 + CO,.

By the action of the carbonates, as we find from the
equation, carbon dioxide is liberated. Mineral acids also dis-
solve the salt, decomposing it with formation of free tartaric
acid and the salt of the acid employed :

C,H,0,(0HYOK) + HCl=C,H,0,(0H), + KCL.

ReEMARk.—The properties of acid potassium tartrate described must
be studied by experiment. Dissolve a little tartaric acid in a small flask :
heat can be used for its solution, but the experiments, on the contrary,
must be made with the well-cooled acid. Partly fill a number of test-
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tubes with the solution of a potassium salt (KCl, KNO,), and then add
to each an excess of tartaric acid. The formation of the precipitate can
be hastened, if necessary, by mixing with a glass rod. Having observed
the external form of the acid potassium tartrate obtained, make the
following tests :

1, Warm one of the test-tubes, to examine the solubility of the pre-
cipitate in hot water. It dissolves,

2. Add to ome portion of the cold solution, alkali, and to another,
potassium carbonate. The precipitates dissolve in each case.

3. Test with an acid, such as hydrochloric. ~The precipitate dis-
solves,

The conditions of the reaction between tartaric acid and a potassium
salt are, as we see, determined by these experiments.

Conditions of reaction.—(1) Having observed the solu-
bility of acid potassium tartrate in water, we know that the
experiment must be made with concentrated solutions, both of
‘the tartaric acid and the substance to be examined. If the
solution at hand is dilute, therefore it must be strongly con-
centrated. The precipitation may sometimes be aided by
stirring with a glass rod, and, further, in result of the greater
insolubility of the acid potassium salt at the ordinary tempera-
ture, the test must be made in the cold. (2) Since both
alkalies and acids dissolve the precipitate, the reaction should
take place in a neutral solution, and therefore the reaction with
litmus paper must first be tried. If the solution proves to be
alkaline, it is to be made neutral by carefully adding hydro-
chloric or acetic acid before the tartaric acid is applied: if,
on the contrary, the test with litmus shows that it is already
acid, the free acid must either be cautiously neutralised with
sodium hydroxide, or, if volatile, as hydrochloric acid, ete., it
can be removed by evaporation. (3) Since an acid salt is to
be formed, a relatively large amount of tartaric acid must be
added.

The normal conditions for the reaction are thus derived. The student
must also seek to obtain the reaction when unfavourable conditions are
present, trying to satisfy these according to the hints given above. For
this purpose let him make the following experiments: (1) detection of
potassium in the solution of a potassium salt which is acidified with
hydrochloric acid ; (2) in presence of sodium hydroxide ; and (3) in very
dilute solution.!

1 Before performing these experiments, the student must be made acquainted
with certain general operations and with the Bunsen’s burner,
The Bunsen’s Burner has the following form :—Into the middle of a solid cast



16 ANALYTICAL CHEMISTRY GROUP I

We will now observe how the detection of potassium is
accomplished in the presence of sodium. If tartaric acid be
added in excess to a concentrated solution of sodium hydroxide
or carbonate, and the solution, which becomes heated by the
chemical reaction, allowed to cool, a precipitate of acid sodium
tartrate will form. The compounds of sodium named possess
an alkaline reaction, but the neutral salts, on the contrary,
such as the chloride, give no precipitate with tartaric acid.
Since the detection of potassium depends upon the neutrality
of the solution (that is, if it is alkaline it must be made
neutral), the possibility of the formation of acid sodium tartrate
and the consequent error are prevented.

In the reaction between potassium salts and tartaric acid,
the acid previously united to the potassium is set free; hydro-

chloric acid, for example, is liberated from its chloride according

to the equation :
KCl+C,H,0,(0H), = C,H,0,(OHYOK) + HCL

The solvent action of the free mineral acid influences
the delicacy of the reaction, and to overcome its effect and
make the test as delicate as possible the acid must be neutral-
ised. 'We accomplish this by substituting for tartaric acid a

iron rest is fastened a small brass burner, which is perforated by three holes, or
by an irregular slit, for the escape of the gas. Over this burner an iron cylinder
is screwed, which at its base is provided with two large orenings and a ring, by
turning which the latter can be reduced in size or entire y closed. As the gas
rushes from the burner it draws air through the openings. It is lighted at the
mouth of the cylinder, where, being mixed with air, it burns with a non-luminous
flame which is free from soot. The air-openings at the bottom of the cylinder
must be closed or reduced whenever a s flame is to be used, as an explosive
mixture of air and gas forms if the current of the latter be too weak, and the
flame in consequence recedes to the base of the burner, the whele cylinder then
becoming heated. The burner is connected with the gu-g;pe by a piece of
caoutchouc tubing. To secure a Srogr flame the gas must be allowed to flow
through the burner for a few seconds before being lighted, to avoid the recession
of the flame to the bottom of the cylinder. The flame is protected by a cap of
irolvit ‘flate, which rests on a star-shaped support screwed to the top of the
cylinder

Evaporation.—Liquids are evaporated in porcelain (or platinum) dishes or
casseroles, which are placed over a flame. The water of aqueous solutions boils
and escapes as vapour, and volatile acids pass off at the same time. Evaporation
over an open flame is effected at the temperature at which the solution boils
(usually slightly. over 100°C.) The ebullition is apt, however, to cause the loss
of more or Fess substance from spirting, and to prevent this a water-bath is some-
times employed. The water-bath is a metallic vessel, the cover of which is a set
of rings of varying diameters. The vessel is filled with water, the dish contain-
ing the liquid to be evaporated set in a ring of suitable size, and the water boiled.
The solution is thus heated by steam instead of a direct flame. Acids must be
evaporated under a hood—a large case in which a draught can be secured.
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solution of acid sodium tartrate! by the action of which no
free mineral acid is set free, but the sodium salt is formed :

KCl1 + C,H,0,(0HYONa) = C,H,0,(OHYOK) + NaCL

Tartaric acid gives the reaction with almost all potassium
salts, though those of acids which are rich in oxygen form an
exception (for instance the chromate, permanganate, etc.) These
do not show the reaction, because, in the presence of chromic or
permanganic acids, the tartaric acid undergoes decomposition. If,
after the complete reduction of the oxygen acids in the solution,
however, an excess of undecomposed tartaric acid still remains,
the acid potassium salt can then be formed. '

The formation of the precipitate results according to the equation,
KX +C,H,0,(0H),=C,H,0,(0H)OK) + HX.

(X is the acid radical, the salt of which is used for the reaction.) As
this equation shows, we have learned the influence of all four members
upon the reaction, or, which is the same thing, the influence of the com-
pounds which enter into and result from the reaction. Other iwmportant
reactions should also be learned in the same way as much as possible.
The importance of the subject has induced us to give an example of this
in full in the reaction of tartaric acid with potassium salts.

The confirmatory tests for the tartrate are: solution of the
precipitate on warming, and in either alkalies or acids. They
are, a8 we see, directly opposed to the conditions under which
the experiments are carried out.

Acid ammonium tartrate is very similar in its properties
to the potassium salt. We shall not treat of it fully (comp.
§ 13), as tartaric acid is a poor reagent for ammonium, and is
not employed in the detection of this body.

§ 8. Platinichlorides,—Platinum chloride, PtCl,, is capable
of entering into compounds, the so-called platinichlorides,
with the chlorides of the alkali metals. Some of these
compounds dissolve in water, and these are usually soluble,
like platinum chloride itself, in alcohol or ether? The others
are difficultly soluble in water and insoluble in alcohol and

1 This salt can be prepared by dividing a solution of tartaric acid into two
parts, neutralising one of them with sodium hydroxide, and adding the remaining
portion to the neutral solution.

2 Alcohol, C,H,OH, boils at 78° C. In the laboratory we usually use alcohol
containing water (90-95 per cent); it can be obtained in the anhydrous state by

c
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ether. The latter are especially important. Potassium and
ammonium (cesium and rubidium) form difficultly soluble
platinichlorides, while the sodium and lithium salts dissolve
easily in either water, alcohol, or ether. The general formula
of platinichlorides is R,PtCl, = 2RCl. PtCl, in which R is an
alkali metal. The best method of separating potassium from
sodium is by the use of these salts.

Platinichlorides of potassium and ammonium.— By the
action of platinum chloride upon the salts of potassium or
ammonium, yellow crystalline precipitates are obtained (orange-
coloured octahedra by slower crystallisation). These pre-
cipitates are more difficultly soluble in cold than in hot water
(the potassium salt needs 110 parts, the ammonium salt 170
parts, at 10°, while at 100° the former dissolves in 19 and
the latter in 50 parts). They are hardly soluble in alcohol,
the potassium salt needing 12,000 parts and the ammonium
salt 26,000 parts of anhydrous alcohol, while in a mixture of
alcohol and ether (3 parts alcohol, 1 part ether) they are
absolutely insoluble.

Conditions of the reaction—For the formation of the
platinichlorides the potassium or ammonium must be present
a8 its chloride. It is possible, in fact very often the case,
that neither chlorine nor a chloride is present in the solution
to be examined. The solution of platinum chloride, as a rule,
contains free hydrochloric acid, however, and it is therefore
usually unnecessary to add more, but in case the solution is
alkaline this must be done. The platinichlorides can be formed
even when free hydrochloric acid is not present:

3PtCl, + 4KNO, = 2K,PtCl, + PYNOy),.

The addition of free hydrochloric acid and sufficient con-
centration of the aqueous solution—the reaction is still more
delicate in alcohol—are the conditions which ensure the
reaction with platinum chloride.

§ 8a. Behaviour of the Salts of the Alkali Metals at

treating with anhydrous calcium oxide and distillation. The anhydrous alcohol
takes up moisture from the air very easily.

Ether, CH,,0=(C,H,);0, is formed from two molecules of alcohol by the
abstraction of one molecule of water:

2C,H; - OH = (C3H,),0 + H,0.

It is obtained by the action of strong sulphuric acid npon alcohol, whence it
is sometimes called ‘‘ Sulphuric ether,” an incorrect name. It boils at 85° C.
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& High Temperature.—The alkali salts of most inorganic,
though not organic, acids are exceedingly stable at such a
temperature as we can reach by heating a porcelain crucible or
evaporating dish with an ordinary flame. This is at about
600° C. At a higher temperature, however, they can be
volatilised. Their stability at 600° C. permits their separation
from ammonium salts, which are decomposed and, for the most
part, volatilised at temperatures little higher than 350° C.
This separation of ammonium from sodium or potassium, a very
important onme in qualitative analysis, is described among the
special reactions of the ammonium salts.

§ 9. Flame Ooloration.—If we bring the salts of the
alkali metals into the flame of a gas-burner, or into any non-
luminous flame, such as that of alcohol or hydrogen, in
quantities which are small enough to attain the high tempera-
ture of the flame, they volatilise. The volatilisation is marked
by the colouring of the flame, and this coloration is very im-
portant as a qualitative test for the salts of the alkali metals.

The temperature in the flame of a gas-burner is very unequal, and in
experiments with the flame reactions it is necessary to know its variations.
In the flame we distinguish two cones. The inner dark blue one has a
low temperature, and is hardly sufficient for the decomposition of the con-
stituents of the gas. The oxidation proper takes place in the outer cone,
and this has, in consequence, a higher temperature. The dark inner cone
forms the lower third of the flame ; in the outer, the temperature is un-
equally divided, the greatest heat, about 2300° C., being, according to the
experiments of Bunsen, a little above the first third of the flame and half-
way between the tip of the dark cone and the outer edge of the flame. The
substance to be investigated is brought into this section of the flame. In
lieu of a gas-burner, flame tests can be carried out with a spirit-lamp, or
by igniting alcohol in a dish which contains the substance. The tempera-

_ tare of the alcohol flame is not as high as.that of gas, however, and the
flame colorations arc not obtained as easily by its means,

The rate of volatilisation of the salts of the alkali metals is
variable, as we see from the table below, which was prepared
by Bunsen. In the heat of the gas flame, at about 2300° C,
and with the rate of volatility of sodium chloride taken as the
unit, the sulphates volatilise the most slowly, and the chlorides
with the greatest rapidity :

Na,80,=066  Na,COg=0133 NaCl = 1000
K, S0, =0127 Li,CO, =0114 LiCl =0-739
K,CO, =0310 KCl =1288
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Difficultly volatile or non-volatile salts, such as silicates,
borates, and, to a certain extent, phosphates, hardly cause the
flame coloration. In these cases we decompose the salts in
the heat of the gas flame itself, forming volatile from non-
volatile compounds, but since we shall not make such experi-
ments immediately, their description may be postponed.

All volatile salts of one and the same metal, as well as the
metal itself, give the same colour, the coloration being in all
probability due to the reduction of the metal from its salts in
the flame of the gas-lamp, and caused by the vapour of the
element alone (comp. Section III. Spectrum Analysis).

Performance of the experiment.—The substance to be tested
in the flame of the gas-burner, whether in solution or a dry salt,
is held in the flame by means of & platinum wire, the end of
which forms a small loop. The observation is more easily
made, and the colour more lasting, when solid salts are em-
ployed, as more substance can thus be used than the solutions
would contain. 'When solutions are under examination, there-
fore, they must be evaporated before the test is made. As
regards the choice of volatile salts for the experiment, it is
best, as experience has taught us, to apply the sulphates, the
reaction proceeding more smoothly with these salts, because, as
we see from the table, they are the least volatile. Potassium
salts colour the flame violet, sodium yellow, and lithium
carmine-red (for the ammonium salts this reaction is not
important). The characteristic flame of each metal is discussed
in connection with the special reactions. The colour is easily dis-
tinguished by the eye if a single element is present, but varies
in a mixture of two or more, and then necessitates a thorough

examination of the flame. The flame reactions of the alkali .

metals are exceedingly delicate, being caused by the most
minute particles of the substance. Their efficiency can be
illustrated by the fact that ordinary dust, which contains only
a minimum quantity of sodium, always tinges the flame
yellow.

Stas was the first experimenter to remark that dust invariably con-
tains sodium. As the metal is therefore distributed about in the air, the
colour imparted to the flame by other metals in ordinary experiments is
influenced by its presence. The potassium flame, for instance, appears
violet only because and when the test is made in presence of sodium. If
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chemically pure potassium ealts (Stas experimented with the chloride,
chlorate, and perchlorate) be examined in an atmosphere which contains
no sodium, the flame is seen to be blue, varying from a dark to a light
shade according to the salt volatilised.

§ 10. Examination of the Coloured Flame.— When
caused by two or more alkali metals, the flame coloration is
not the same as if only one were present. Sodium, even if
present in minute quantities, completely hides the colour of
potassium and lithium, and the flame is tinged yellow ; that is,
it shows only the colour caused by sodium. If but one part
of sodium is mixed with two hundred of potassium or one
thousand of lithium, the colorations due to the latter metals
are entirely imperceivable. In order to apply the colour
reactions to the detection of the alkali metals, more than one
being present, we pass the rays of light through a blue glass,
. or, better still, through a blue solution of indigo in sulphuric
acid. The yellow rays of sodium are by these means entirely
absorbed, and only the violet and carmine-red of potassium and
lithium are transmitted. The apparatus for carrying out the
experiment is called an Jndigo Prism (Bunsen). The latter is
a wedge-shaped bottle, the great advantage of which lies in
the fact that it presents a gently-increasing layer of indigo
solution. If the non-luminous flame of gas be observed no
colour is noticeable ; seen through the layer of indigo, however,
the flame appears tinged with violet, the shade of which must
not be mistaken for that of potassium. Observing through
the indigo prism a flame tinged by sodium, the light violet
colour of the flame itself is seen through the thin layer, while
the yellow due to the metal is entirely absorbed. The carmine-
red of lithium is visible only through a thin layer, its rays
growing gradually darker, and finally, at a certain thickness of
the liquid, disappearing entirely. The point where the lithium
rays vanish is accurately marked in each apparatus. The
flame of a potassium compound appears blue (and therefore
like the colour caused by potassium in an atmosphere free
from dust) through the thin layer, changes, in proportion to the
layer which it pierces, to blue-violet, violet, or violet-red, and
in very thick layers becomes a carmine-red. It is difficult,
however, to detect potassium in the presence of lithium with
such an apparatus, and, to avoid mistakes, a second flame
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should be placed near the one in which the substance is being
volatilised. A potassium salt alone is introduced into this
additional flame, a pure potassium flame thus being obtained
for comparison. The difference in the colour due to the
presence of lithium is easily seen, and the metal cannot be
overlooked if present. The potassium is detected by observing
the flame through so thick a layer of the solution that the
lithinm rays are not transmitted. In order to show the
presefice of all three alkali metals, we make two experiments:
(1) the mixture of the salts is brought into the flame, and the
yellow colour observed shows the presence of sodium; (2)
the presence of potassium and lithium is shown by investi-
gating the flame with the prism. The alkalies can be much
more exactly distinguished by examining a flame coloured by
their salts through the spectroscope (Sec. IIL.) This is the only
means for the qualitative detection of cesium and rubidium.

It must be remembered that the flame reactions are not to
be confused with the reactions previously learned. The latter
are a means of separation, and allow us to judge, according to
the measurement by the eye and the quantity of the precipitate,
whether much, little, or only traces of this or that metal are
present in the solution. The colour reactions, not only of the
flame, but in general, which can be caused by an extremely
small quantity of the respective elements, can give no indica-
tion as to how much of the metal the substance under
investigation contains,

SPECIAL REACTIONS

We have learned in the general reactions the methods of
separating the alkali metals. The special reactions, to the
study of which we now turn, serve as confirmatory tests for
the compounds obtained by the methods of separation, the
thoroughness of the latter thus being ascertained.

Potassium
§ 11. Reactions of Potassium Salts.—All the character-
istic reactions of potassium salts have already been mentioned ;

from their number let us again refer to the following :
Acid potassium tartrate, C,H,0,(OH)(OK) (§ 7).—Tartaric
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acid, or acid sodium tartrate, throws down from a cold con-
centrated and neutral solution of a potassium salt a white
crystalline precipitate of the acid salt, which is soluble in acids
or alkalies.

Potassium platinichloride K PtCl (§ 8).—Platinum chloride
gives in a concentrated solution a yellow crystalline precipitate
of potassium platinichloride. The reaction is more delicate
in alcohclic solution.

Potassium silicofluoride, K SiF,.—Hydrofluosilicic acid,
added to a neutral or acid solution of a potassium salt, causes
a half-transparent precipitate of K SiF,, which is distinctly
visible only when it has settled. It is decomposed to potas-
sium fluoride and silicon fluoride on heating, and by alkalies
with formation of silica.

The colouring of the non-luminous flame (§ 10).—Potassium
salts colour the flame violet. This reaction is important for
the qualitative detection of the metal. The dry salt or the
solution is brought into the flame of the gas-burner by means
of a platinum wire. The spectrum of potassium is described
in Section III. Sodium salts hide the flame coloration.

Sodium

§ 12. Reactions of Sodium Salts.—The salts of sodium, as
well as sodium itself, are less volatile than those of potassium.
Because of their great solubility in comparison with potassium
salts, characteristic reactions of sodium are very difficult to
find. The solubility of acid sodium tartrate in water, and that
of sodium platinichloride in either water, alcohol, or ether, have
already been mentioned. Potassium pyroantimonate is almost
the only reagent which precipitates sodium salts.

Sodium pyroantimonate, Na,H,Sb,0, 4+ 6H,0, is formed as
a white crystalline precipitate (quadratic octahedra on slower
crystallisation) through the action of potassium pyroantimonate
upon the sodium salts:

K,H,8b,0, + 2NaCl = Na,H,Sb,0, + 2KCL
Fremy, who discovered this salt, called it the metantimonate, hardly

a correct name. Antimonic acid is, in & certain degree, analogous to
phosphoric acid :
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Phosphoric Acid. Antimonic Acid.
H,PO,. H,8b0,.
Pyrophosphoric Acid. Pyroantimonic Acid.
2H,PO, - H,0=H,P,0,. 2H,8b0, - H,0 = H 8b,0,.
Metaphosphoric Acid. Metantimonic Acid.
H,PO,- H,0=HPO,. H,8b0, - H,0=HSbO,.

The sodium salt has, without doubt, the composition Na,H,Sb,0,, ie.,
it is a salt of pyroantimonic acid, and Fremy used the prefix ‘meta”
only to distinguish it from the salts of the common, or “ ortho,” antimonic
acid (as we say stannic and ietastannic acids). The reagent, the potas-
sium salt, probably has a similar composition. The product of the
fusion of potassium nitrate with antimony ore, or of antimony potassium
tartrate, has, in all likelihood, the formula K, Sb,0,, and by treatment
with water it is changed to K,H,Sb,0, and 2KOH. It must be noticed
that the pyroantimonate is sometimes mistaken for the salt of meta-
antimonic acid, 2NaSbO, 4 7H,0, and also for that of antimonic acid,
2NaH,SbO, + 6H,0; the question obviously depends upon the amount
of water of crystallisation, the determination of which in this case is very
difficult.

Sodium pyroantimonate is difficultly soluble in either cold
or hot water (requiring at 100° C. 300 parts H,0). The °
sodium salt acts as all other salts of pyroantimonic acid, being
decomposed by acids with separation of a white amorphous
precipitate of metantimonic acid, HSbO,;. Excess of potas-
sium carbonate hinders the reaction, perhaps through the
formation of a soluble double salt of potassium and sodium.
The condition of the reaction is the presence of a neutral or
slightly alkaline solution; too alkaline solutions must be
neutralised by dilute hydrochloric or acetic acid; acid solu-
tions, with potassium hydroxide (ammonia cannot be used, as
ammonium pyroantimonate is difficultly soluble). It is still
better to drive off free acid by evaporation and ignition. It
must be remembered that in this case, where a crystalline pre-
cipitate is involved, its formation may not immediately take place,
though it can be hastened by scratching with a glass rod, and
it is therefore convenient to make the test upon a watch-glass.
In weak solutions rubbing is insufficient, and we must wait.
If, after quietly standing for twelve hours, no precipitate be
formed, it is safe to say that no sodium is present. We
emphasise again that the precipitate of sodium pyroantimonate
must be crystalline ; if an amorphous precipitate results which
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does not become crystalline on standing, it is impossible to
decide the presence of sodium by its means,

The yellow coloration of the flame is exceptionally character-
istic of sodium. The test is described in § 10. An orange-
coloured crystal of potassium dichromate, K,Cr,0,, becomes
colourless and transparent under the influence of these rays;
paper which is coloured red by mercuric iodide appears white,
and when observed through a green glass the flame seems
orange-yellow. It is a most delicate reaction.

Ammonium

Reoview of the Ammonium Derivatives.—Ammonia unites with
acids to form salts. Before passing to the deacription of the characteristics
and properties of ammonium salts, let us cast a glance at those of its
compounds which occur in analysis. By the action of amimonia upon the
solutions of certain neutral metallic salts, an ammonium salt results,
which, uniting with that of the metal, forms a double salt, such as the
compound MgCl,. 2NH,CL. The ability to give such soluble double salts
with ammonia is characteristic of magnesium (Group II Div. 2); of
ferrous iron, manganous manganese and zinc (Group IIL Div. 2); of
nickel and cobalt (Group IIL Div. 3); and of silver, copper, and cad-
mium (Group IV.) In addition to these double salts, which possess in
many respects the properties of the simple ammonium salts, metallo-
ammonium compounds are formed by the action of ammonia or ammoninm
carbonate upon the salts of certain metals. In these compound ammonias
one or more atoms of the hydrogen of the ammonia is displaced by metals
Such ammonias can form salts ; the latter can also be considered as a pro-
duct of the direct union of ammonia with metallic salts. So, for instance,
(NH, Hg),Cl; is the formula of a compound ammonia, while Hg,ClL, +
2NH, represents the same compound as a product of the union of am-
monia with mercurous chloride. The metallo-ammonium compounds
usually give off ammonia on boiling with alkalies. Soluble metallo-
ammonium compounds are characteristic of cobalt, silver, cadminm,
copper, platinum, etc. Mercury forms compounds insoluble in water.

§ 13. Reactions of Ammonium 8alts.— Their volatility.—
. The salts of ammonium are very similar to those of potassium
and sodium (their crystals are in most cases isomorphous), but
are easily distinguished from the latter by their extreme
volatility. They begin to volatilise even at a low temperature
(about 350° C.), some without apparent decomposition (the
chloride, sulphate, carbonate), and some being decomposed
(nitrate, phosphate).
It may be well to study these reactions more carefully. As already
mentioned, the ammonium salts volatilise with the following phenomena :
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(1) Without visible decomposition taking place. Under the influence of
a high temperature ammonium salts of volatile acids dissociate into am-
monia and acid, but these products immediately reunite upon cooling,
with formation of a white cloud. As an example let us mention the
chloride or carbonate :

NHCl=NH,+HCL

(2) The salts of non-volatile acids dissociate, ammonia being given off and
the non-volatile acids remaining behind. For example, ammonium
phosphate :
(NH)sPO,=3NH, + H,PO,.
(3) The ammonium salts of acids rich in oxygen (nitric, chromic, chloric,
etc.) are decomposed on heating, ammonia oxidising to water and nitrogen
or its oxides :
NHNO,=N,;0+2H,0.

Upon thig property of volatilisation is based the separation
of ammonium salts in both qualitative and quantitative estima-
tions. In qualitative analysis we evaporate the solution from
which an ammonium compound is to be separated to dryness
in a porcelain dish and then ignite in the same vessel. The
ammonium salts volatilise in the form of a thick, white cloud,
and when the evolution of the fumes ceases the salts can be
considered a8 completely driven off. This operation should be
carried out only under a hood.

The similarity of the ammonium salts to those of the alkali
metals permits the use of the same reagents for the detection
of all. The volatilising ammonium salts give a slight violet
tinge to the gas flame, but this reaction is not important.

Acid  ammonium tartrate, CH,O(OHXONH)), § 7),
has the same properties as the corresponding potassium salt.
Tartaric acid produces a crystalline precipitate, though with
difficulty, and only in very concentrated solutions; with acid
sodium tartrate the reaction is more easily secured. It is not
used as a test for ammonium salts. .

Ammonium platinichloride, (NH,),PtCl,, (§ 8).—Platinum
chloride produces in the solutions of ammonium salts a
yellow precipitate with properties similar to those of potassium
platinichloride.

Generation and Reactions of Ammonia.—The chief
characteristic of ammonium compounds is their power of easily
evolving ammonia when acted upon by the alkalies or
hydroxides of the alkaline earths:
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2NH,Cl + Ca(OH), = 2NH, + CaCl, + 2H,0.

Although the reaction goes on in solution even at the
ordinary temperature, it nevertheless proceeds slowly, and
some time is needed for its completion; warming hastens it.
Potassium hydroxide or calcium hydroxide is added in a test-
tube to the ammonium salt, or to the solution to be investi-
gated, and the mixture warmed. Ammonia is immediately
given off.

The test for free ammonia is made by bringing the proper
reagent into the neck of the test-tube in which the ammonium
salt is being decomposed by the alkali. If the test-tube be
joined to a tube for_leading off the gas, the test is made at the
end of the latter. The ammonia evolved is easily detected,
possessing a strongly-marked odour. This characteristic can be
made use of only if sufficient ammonia is formed, however, and
there are many still more delicate reactions. When dissolved
in water, ammonia gives, as we know, a strongly alkaline
reaction ; if moistened litmus or turmeric paper be held over
the vessel while the experiment is being made, the observation
of an alkaline reaction, in which litmus paper turns blue or
turmeric paper brown, indicates the presence of ammonia in
the substance investigated. This method is applicable even in
cases where only traces of ammonia are present. The test is
made either at the ordinary temperature or at a gentle heat.
The vessel is covered by a watch-glass, to the under side of
which is fastened a previously moistened piece of litmus paper ;
if the vessel be allowed to stand for a short time, the alkaline
reaction of the paper becomes visible in the presence of even
traces of ammonia. A glass rod moistened with any volatile
acid, such as hydrochloric, nitric, or acetic, and held over the
vessel in which the gas is being evolved, will be surrounded by
a thick, white cloud, which consists of an ammontum salt non-
volatile at the ordinary temperature. It is advisable to use
acetic acid in the experiment, as concentrated hydrochloric acid
itself fumes in the air. Paper which is moistened with
mercurous nitrate becomes gray or almost black in the
vapour of ammonia gas, owing to the formation of a di-
mercuro-ammonium salt which is black. With an excess of
ammonia it easily passes over into mercuric oxide, whereupon
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metallic mercury separates out and the precipitate becomes
gray :
Hg,(NO,), + 2NH, = Hg,NH,(NO,) + NH,(NO,).

In this experiment caution must be taken that no drops of the
boiling liquid come upon the paper; if this occur, the potassium
hydroxide which sets free the ammonia will likewise stain the
paper, through the formation of black mercurous oxide :

Hg,(NO,), + 2KOH = Hg,0 + 2KNO, + H,0.

For ordinary analyses the given reactions amply suffice ; but in some
cases, such as the testing of natural waters, we use mercuric chloride, HgCl,,
for detecting ammonia, with which it forms a white precipitate even in
very dilute solutions :

4NH, + 2HgCl,= (NH,Hg,)Cl, + 2NH,Ci.

In such cases the double salt of mercuric iodide and potassium iodide,
HgK,I, (Nessler’s reagent ; in preparing it an excess of potassium iodide
is to be avoided), may also be used. In the presence of potassium hydroxide
this reagent produces a brown precipitate of dimercuriammonium iodide,
NHg,I.H,0, with either free ammonia or ammonium salts :

2HgK,I, + 3KOH + NH, = NHg,I . H;0 + 7K + 2H,0.

Traces of ammonia give no precipitate, but the solution assumes, according
to the quantity of ammonium salts present, a yellow or an orange-red
colour of various shades.!

SYSTEMATIO COURSE OF QUALITATIVE ANALYSIS
FOR METALS OF THE FIRST GROUP

§ 14. Having learned the general and special reactions,
we now turn to their combination, in order to work out a
systematic course of analysis. In the following groups this
task will be left to the student himself.

Let us first see, in general, whether it is necessary to
combine reactions for this so simple a group. The need of a
combination results from the insufficiency of the colour-reactions
alone, which, although pointing out the presence of the alkali
metals without a separation, still do not answer all the questions
of analysis. 'We usually make a qualitative examination with
the view of utilising the results in quantitative analysis. In

1 It is recommended to the beginners not to study practically the reactions
which are printed in small type, since they relate only to special cases. They are

for this reason not fully described, but noticed merely that he may better under-
stand more important tests.
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this case the former becomes of the utmost importance, in

giving an insight into the relative quantities of the several

constituents of which the compound is made up. These.
questions cannot be answered by the colour reactions, and the

latter alone are therefore insufficient. They are chiefly used

for confirming the results of the examination. The questions

are decided by observing the precipitation, from which, according

to the quantity of the precipitate, the amount of the constituent

(more, less, or traces) can be determined by the eye.

As precipitation methods are therefore necessary, we can-
not do without their combination, because of the similarity of
the salts of all the alkali metals in this regard. If we turn
our attention to the reactions to be employed, we see that both
tartaric acid and platinum chloride give precipitates with
either potassium or ammonium salts: potassium pyroantimon-
ate throws down the sodium and ammonium compounds; and
we also notice that a potassium salt is here used as a reagent.
No matter how we apply these reagents, it is impossible to
recognise any one metal without its previous isolation; and
the necessity of separating some one of the group, and thus
simplifying the question next to be solved, is clear.

Since, if we apply the reactions mentioned above, the
correctness of the analysis is not affected by the choice of the
metal to be separated (this the student must determine for
himself), we get rid of the one which can be separated the
most easily, viz.,, ammonium. As this separation is to be made
before all others, we must satisfy ourselves as to whether
ammonium salts are present in the substance to be analysed.
The first operation is, therefore, to test for ammonia by liberat-
ing it, if present, in a separate portion of the substance, as
explained in § 13. A special portion must be used, in
order to be able to employ any desired base for the libera-
tion of the ammonia. If the entire solution is taken, neither
sodium nor potassinm hydroxide is available, as their use
would introduce into the solution elements which must be
looked for in the following steps of the analysis. The use of
barium or calcium hydroxide is rendered troublesome by the
necessity of removing the excess; and this is unavoidable, as
both metals form insoluble salts with either tartaric acid or
sodium pyroantimonate. All of these difficulties are sur-
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mounted by using a separate portion for the detection of
ammonium, and this plan is often used in analogous cases in
qualitative analysis. If ammonia is found, it must be removed
by evaporating the original solution to dryness and igniting
the residue (§ 13).

The ignited residue is dissolved in a small quantity of
water. As, when ammonium salts in the dry state are ignited
with the alkali metals, double decomposition often ensues
(compare Group I., Supplement 3), the solution obtained after
ignition can show any one of the three possible reactions—acid,
neutral, or alkaline. A neutral solution will be obtained if the
original solution contained only similar compounds (such as
the chlorides, sulphates, etc.); an alkali solution, either if
alkali salts which on ignition decompose with the formation
of their carbonates were present, or if it contained neutral
salts and an excess of ammonium carbonate. An acid solution,
finally, will result from the presence of a large quantity of the
ammonium salts of a non-volatile acid (phosphate, borate, etc.),
and also from that of free acids or acid salts. After testing
the solution with litmus paper and, if necessary, neutralising,
one separate portion is examined for potassium with tartaric
acid, and another for sodium with potassium pyroantimonate,
the conditions given in §§ 7 and 12 being carefully observed.
The necessity of dividing the solution results from the fact
that if tartaric acid be first added as a test for potassium, the
subsequent use of potassium pyroantimonate is forbidden, since
the latter is decomposed by acids; on the other hand, should
we wish to begin with the sodium test, it would be impossible
to detect potassium, as a salt of that metal has already been
employed as a reagent. With the precipitates confirmatory
tests are made, in which the properties of the compounds
explained in the special reaction of the metals are examined.

The systematic scheme of analysis is thus naturally
arranged. As we see, there is no other choice of reactions,
and, indeed, their arrangement cannot be modified without
influencing the correctness of the results. The systematic
course is not only a method of analysis practically worked out,
but is the necessary result of the properties of the compounds
reacting upon each other and resulting from the reaction.
The need of grasping and understanding the correct methods
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for elaborating a systematic scheme gives rise to one of the
chief objects for which we strive in the practice of analytical
chemistry.

The application of platinum chloride in qualitative analysis
is seldom necessary, and we have, therefore, not considered
this reagent in the scheme developed. We may mention here
that in the second group a slight variation from the course of
analysis is necessitated if the metals of the second group occur
together with those of the first in the substance to be
examined.

The student is advised to prepare himself mixtures of the
salts of the first group metals, and, after their analyses
have been rightly made, to test his knowledge with unknown
mixtures of the same group.

SUPPLEMENT
1

RUBIDIUM, CZSIUM, LITHIUM

§ 15. Reactions of Rubidium and Casium Salts.— The alkali
metals are always accompanied in nature (sometimes in minerals, as
lepidolite, sometimes in springs) by very small quantities of rubidium
and cesium. The latter occurs in significant amounts only in the
mineral pollux (aluminium-ceesium silicate). These metals and their
compounds show a great similarity to those of the alkalies; their acid
tartrates are likewise difficultly soluble, though the cesium salt dissolves
more easily than that of potassium, and the platinichlorides are also
thrown down as yellow precipitates, being, in fact, less soluble than
potassium platinichloride. They are detected by means of the spectrum
analysis of the flame coloured by their salts, this being the only method
Ly which these metals can at present be distinguished from others of the
same group. (The description of their spectra occurs in Section IIL) The
salts of rubidium colour the flame violet, and those of ceesium, blue-
violet. Accurate methods for separating them either from each other
or from potassium are unknown. The methods of preparing their salts
depend upon the difference between the solubility of the latter and that
of the analogous potassium compounds.

The preparation of rubidium and cesium salts. For their separation
from other metals, for example, in the mother-liquors of springs or in
lepidolite, the alkali metals are precipitated by platinum chloride. On
methodical digestion of the precipitate with water the platinichlorides of
rubidium and ceesium, which are less soluble than the potassium salt, re-
main behind in a fairly pure state, and are then converted to the chlorides
by gentle ignition (100 parts of water dissolve at 100° C. 513 parts
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K,PtClg, 046 parts Rb,PtCly, and only 0077 parts CsPtClg). Instead
of the platinichlorides the alums can be employed, as potassium alum is
less soluble and the first to crystallise from the solution. The disappear-
ance of the potassium salt is shown by the spectroscope. The separation
of cesium from rubidium was based, in former methods, upon the
solubility of ceesium carbonate and the insolubility of rubidium carbonate
in alcohol. A new means is the precipitation of casium in the form of
a double chloride with antimony chloride, CsSbCl, ; this compound is
insoluble in strong hydrochloric acid (like the ammonjum compound),
while the rubidium salt is soluble. This last reaction can be used as a
qualitative test for ceesinm when occurring with rubidium.

Lithium

Reactions of Lithium 8alts.—Lithium also accompanies the alkali
metals (chiefly in the minerals lepidolite, spodumene, petalite, and
triphylite). The most common lithium mineral is lepidolite (lithium
mica). In its chemical character lithium forms the connection between
the alkali metals and those of the second group. As has been previously
remarked, the acid lithium tartrate is easily soluble in water, and the
platinichloride in both alcohol and ether. The difficult solubility of
lithium oxide, carbonate, and phosphate in water is the chief charac-
teristic of this metal. The carbonate, thrown down from a cold concen-
trated solution by sodium carbonate, is a white precipitate. The phosphate,
Li,PO,, is precipitated as a white crystalline powder on boiling with
so&ium phosphate.  This salt, as well as the solubility of lithium chloride
and nitrate in alcohol and ether, is made use of as a means of separating
this metal from the other alkalies. The colour of its flame is carmine-
red, and affords a very characteristic reaction for lithium. Its spectrum
is described in Section III.

2

Analysis of the compounds of the alkali metals found tn nature.—
Potassium and sodium are very widely spread in nature, chiefly as com-
plicated compounds, the analysis of which will be more accurately
described later. Thus we find in silicates both potassium (in feldspar,
mica) and sodium (albite, labradorite). Both are found among the
products of the gradual decomposition of rock systems. Potassium also
occurs in clay, in soils, and in the ashes of plants. The analysis of these
complicated substances will be considered later (among the silicates).
Sea water contains chiefly sodium chloride, but also small quantities of
potassium salts, and salt deposits have been derived from this source. In
Stassfurt, in the upper layers of rock salt, we find one of the few simple
minerals of potassium, viz., carnallite, KMgCl;. All of these compounds
are soluble in water, and can therefore be analysed according to the
method given for the first group. The analysis of cryolite, NaAlF,, is
described under Fluorine (Section II.)
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3

Application of the alkali metals in analysis—As the alkali hydroxides
and salts are soluble in water, they are much used as a means of forming
insoluble compounds of the other metals (oxides and salts). The reaction
is obtained by double decomposition :

CuSO0, + 2KOH = Cu(OH), + K,SO,,
Zn80, + K40, =ZnC0, + K,S0;.

We should mention, concerning the reactions of the hydroxides, that
in the precipitation of the oxides of any metals which can form compounds
with the alkalies, the oxide thrown down dissolves in excess of the
reagent to a compound soluble in water:

KOH + Al(OH), = KAlO, + 2H,0.

This class of oxides is composed of Al,0,, Cr,0;, ZnO, PbO, SnO, Sn0,,
Sb,0;, Sb,0;, AuyO;, PtO,. The reactions of the hydroxides and the
carbonates can also serve other purposes, viz., to convert insoluble salts
of any acid into salts (of alkalies) which are soluble :

SrSO‘ + KgOO, = SrCO; + K¢804 .

The insoluble salts are tredted with the alkali carbonate either in
solution or by fusion : by boiling the salt with an alkali carbonate the
sulphates of barium, etrontium, and calcium, which are insoluble in
water, and the insoluble oxalates, chlorides, iodides, and bromides can be
decomposed ; silicates, phosphates, borates, sulphides, etc., are decomposed
by fusion. In the last case we employ a mixture of potassium and sodium
carbonates, which fuses more easily than sodium carbonate alone. The
sodium salt is in all reactions preferable to that of potassinm because of
its greater purity. The carbonates are more rarely used in the preparation
of elements (such as mercury), sometimes mixed with carbon (copper), or
with potassium cyanide (bismuth, tin, arsenic, antimony). The use of
“ Berthollet’s salt,” KClO,, as well as of the nitrates, as an oxidising
agent is described under the corresponding acids. The other salts of the
alkali metals, almost all of which are soluble in water, are employed in
the preparation of salts insoluble in water, or of other metals.

Since ammonia and its carbonate show great similarity to the com-
pounds of the alkali metals, they are often substituted for these, especially
in quantitative work, on account of the ease with which they are purified
and driven off by ignition. Ammonium carbonate is used in the estima-
tion of the alkalies as their sulphates. The acid salts are thus readily
converted to the neutral salts, the ammonium carbonate being partially
decomposed at the same time, with formation of the likewise volatile
ammonium sulphate :

2KHSO, + (NH,),CO; = K80, + (NH,),SO, + CO; + H,0.

By the action of ammonium carbonate, at high temperatures, the oxides
D
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of certain metals (those of the second group) are easily converted into
carbonates (comp. Determination of calcium):

Ca0 + (NH,),C0, = CaCO, + 2N H, + H,O.

For the same purpose, and under the same conditions, a few other
ammonium salts are used ; for example, NH,NO,, to convert basic mag-
nesium nitrate into the neutral salt. We have still to mention the
application of ammonium sulphide as a precipitant for the metallic
sulphides, and its power of forming thio-compounds, soluble in water,
with the sulphides of gold, arsenic, antimony, tin, platinum, ete.

GROUP 1II
MAGNESIUM, CALOIUM, STRONTIUM, BARIUM

§ 16. The solubility of the sulphides and the insolubility
of the carbonates in water characterise this group of metals.
Ammonium carbonate is its general reagent.

This group embraces metals dissimilar in their properties; the
chemical nature of magnesium is very different from that of the three
other elements. Magnesium belongs to the natural group of which zinc,
cadmium, etc., are members. Reserving till later the discussion of the
properties of the single metals, I may here point out their variations,
some of which form regular series. The solubility of the hydroxides is
the greatest in barium, and, gradually diminishing through strontium and
calcium, becomes almost nil in magnesium hydroxide. Magnesium sulphate
and chromate dissolve easily in water ; the solubility becomes less in the
calcium and strontium salts ; and barium sulphate and chromate are
insoluble. The carbonates form a like series in regard to the ease with
which they lose carbonic acid, from the exceptionally great instability of the
magnesium salt to the almost absolute stability, even at a white heat,
of that of barium. The nitrates and chlorides are all easily soluble in
water.

Determination of the Divisions.—Magnesium is sharply
distinguished from the other three members by its power of
forming soluble double compounds with ammonium salts. In
presence of ammonium salts in general, for example, in that of
ammonium chloride and ammonia, ammonium carbonate does not
precipitate magnesium as its carbonate. This important re-
action will be more fully considered under magnesium; it
forms the basis for the separation of this group into divisions.
Remembering the general definition given above for the group,
we formulate the divisions as follows :
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1st Division: Barium, Strontium, Calcium.—Thesé metals
are precipitated as carbonates by ammonium carbonate in the
presence of ammonium chloride and ammonia.

2nd Division.—Magnesium is not thrown down by am-
monium carbonate in the presence of ammonium chloride and
ammonia, forming soluble ammonium magnesium double
salts.

REMARK. —Test-tubes can be used for most of the reactions which
are employed in the study of this group. The examination of the com-
pounds obtained, however, is much more complicated than that of the
salts of the metals of Group I, and requires familiarity with a greater
number of operations.

Precipitation, in case the precipitate is apt to be bulky, is performed
in a beaker; if the solution must be boiled at the same time a porcelain
casserole is still better. )

Filtration.—By this operation the solution is separated from the
insoluble precipitate. The liquid is allowed to run through a filter, made
of unsized paper, which retains the precipitate. If the latter is to be sub-
sequently examined, a smooth filter, prepared by folding a circular piece
of filter paper into a quadrant, is used. The filter is inserted into a glass
funnel, where it is opened out so that three thicknesses of paper remain on
one side, and only one on the other. It is then thoroughly moistened
and pressed tightly against the sides of the funnel. The latter must be
of such a size that the edge of the filter will be at least half an inch below
its rim. “Ribbed filters” can be employed only when the filtrate alone
requires examination, since precipitates cannot be washed upon them.
They are, nevertheless, convenient whenever their use is permitted, as the
filtration thus proceeds much more rapidly than when the smooth sort is
employed. The funnel is held in & ring attached to a standard. The
filtration must not be commenced before the precipitate has fully subsided.

The washing of the precipitate—After the filtration proper has been
completed, the precipitate still retains a portion of the liquid from which
it was deposited, to remove all traces of which the precipitate must be
washed. The water, or the liquid in general, with which the washing is
effected, is delivered from a so-called wash-bottle ; the filter is filled to its
edge and the liquid added allowed to pass through the precipitate ; this
operation being repeated until the washing is finished. Washing a pre-
cipitate is one of the most important operations of analytical chemistry.
It must not be considered thorough until the filtered liquid has been ex-
amined. If the precipitate is insoluble, as is usually the case, a drop
from the end of the funnel is caught on a piece of platinum foil and
evaporated to dryness; if no residue remains the washing is complete.
In case such a test cannot be made the thoroughness of the washing must
be judged from the quantity of water or liquid used. If the above
directions are followed the filter need usually be filled only five or six
times.

Decantation.—If the precipitate subsides quickly after being thrown
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down, decantation may be substituted for filtration. The supernatant
liquid is here simply poured off by inclining the vessel or through a
syphon. Water (or the proper liquid) is then added, the precipitate
vigorously stirred about and allowed to subside again, and the liquid
again decanted, the operation being repeated as many times as is
necessary.  Decantation is sometimes resorted to in conmection with
filtration.

GROUP II, DIVISION 1

BARIUM, STRONTIUM, CALCIUM

The solubility of the sulphides and the insolubility of the
carbonates mark the metals of the second group. Its first
division is especially characterised by the fact that it forms no
soluble double salts with ammonium compounds, the carbonates
being precipitated by ammonium carbonate in the presence of
ammonium chloride and hydroxide.

GENERAL REACTIONS

§ 17. In this group, and to a still greater extent in the
following groups, the reactions become more complicated and
the properties of the compounds used in analysis more varied.
In beginning their study we must, before all, ascertain the ana-
lytical importance of the reactions, since not all have the same
weight. The most important reactions must be thoroughly
studied. The importance of a reaction is determined by its
employment in analysis. The reactions can be divided into
two classes: those by which the qualitative characteristics of
the chemical compound are tested, and those used for the
separation of single elements, or of entire groups, from one
another. Qualitative reactions are studied only with the view
of being able to apply them under all circumstances, without
requiring that the whole of the chemical compound be involved.
Reactions used in separations, however, must be complete,
that is, all the substance taken must enter into the reaction.
They would otherwise be uselessly employed. The complete-
ness of the reaction must be ascertained by a confirmatory test
in each and every experiment. The student obtains in this
way both a thorough knowledge of the reactions and confidence
in the methods of separation. The character of the various
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reactions and, when necessary, the proper confirmatory tests
will be explained throughout the description of Group IL; in
subsequent groups it will be left to the student’s judgment.
We state again that the study of general reactions has for
its purpose the separation of whole groups as well as of single
metals.

The Oarbonates.—Reactions used in separating Group IL
Division 1 from Group I. Since the metals of Group II. form
many insoluble salts, several of these may be used to separate
them from Group I. We give the carbonates the preference,
since they are not only insoluble in water and easily formed,
but dissolve without difficulty in acids, and can thus be easily
converted into soluble salts. The carbonates of barium,
strontium, and calciuam are thrown down as white, amorphous
precipitates, which become crystalline upon long standing in
water. They dissolve easily in acids, such as hydrochloric,
nitric, acetic, with formation of soluble salts and liberation of
carbon dioxide :

BaCO, + SHNO, = Ba(NOy), + CO, + H,0.

Although insoluble in water itself, the carbonates dissolve
somewhat in water containing carbon dioxide.

Let us now observe the use of these compounds in the
separation from the metals of Group I. For the precipitation
we use ammonium carbonate; the potassium and sodium salts
are unavailable, while ammonium salts, as we know, can be
easily driven off from the compounds of the alkali metals. We
do not have the neutral ammonium carbonate in the laboratory,
as this salt decomposes in aqueous solution to ammonia and
the acid carbonate. The aqueous solution of the commercial
salt contains the acid salt, NHHCO,. Carbon dioxide is given
off when the metals of Group II are precipitated by this salt:

$NH,HCO, + BaCl, = BaCO, + $NH,Cl + H,0 + CO;.

The possibility of the carbonates of barium, strontium, and
calcium being held in solution through the formation of free
carbon dioxide is prevented by precipitating in slightly warm
solution and in presence of a small quantity of free ammonia.
Some time is necessary for complete precipitation. In exact
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analyses the absence of ammonium salts, especially of the
chloride, is required.

The confirmatory test for complete precipitation consists in filtering
and adding to the filtrate some fresh ammonium carbonate, upon which
no precipitate should appear. The washing of the precipitate on the
filter should be very carefully performed ; in the separation of the metals
of the first group, the latter are found in the filtrate.

§ 17a. The chromates serve for the separation of barium
from strontium and calcium. All three metals form with
chromic acid only the salts of the formule BaCrO,, SrCrO,,
CaCrO,,  Barium chromate is a yellow precipitate, almost
absolutely insoluble in water(1:87,000, at the ordinary tempera- -
ture), especially in the presence of ammonium chromate, but
soluble in nitric acid: it is obtained by precipitating the
solution of a barium salt with a soluble chromate. Strontium
chromate also forms a crystalline yellow precipitate which is
soluble, though difficultly so, in water (1:840); acetic acid
greatly increases its solubility. Calcium chromate is easily
soluble in water. As the separation of barium from strontium
and calcium is rendered difficult by the sparing solubility of
the strontium salt, it must be performed with careful observance
of the necessary conditions. The well-washed precipitate of the
carbonates, as obtained by the method described in the fore-
going paragraph, is removed from the filter into a small beaker
by means of the wash-bottle, and with gentle warming dis-
solved in the least possible amount of acetic acid. (The excess
of the latter must be a minimum.) The precipitation is made
with ammonium chromate. This reagent is prepared by care-
fully adding ammonia to a solution of ammonium dichromate
until the latter has attained a pure yellow colour, though still
remaining slightly acid. The reagent is first slowly added to
a small portion of the solution of the acetates, and the mixture
slightly warmed if the precipitate does not appear at once. If
barium is thus detected, the entire solution is precipitated in
the same manner and, after a short time, filtered; barium
chromate remains on the filter, and calcium and strontium
in solution. This separation of barium is accurate. The
confirmatory tests for barium chromate are described under the
special reactions of the metal.

§ 18. The sulphates of the metals of Group IL are formed
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as white precipitates on the addition of dilute sulphuric acid, or
of & soluble sulphate, to solutions containing these metals, They
are at first amorphous, but become crystalline : .

BaCl, + H,80, = BaSO, + 2HCI,
. BaCly + Na,SO, = BaSO, + 2NaCL

In the amorphous state these precipitates pass through the
pores of the filter, and to prevent this they must be thrown
down from a boiling solution, allowed some time to settle, and
only then filtered. The study of the properties of the sulphates
may be arranged under the following heads :—

1. Solubility in water—Barium sulphate is almost insoluble
in water (1:800,000); strontium sulphate sparingly soluble
(1:7000); and calcium sulphate relatively easily dissolved
(1:430). As a result of the unequal insolubilities, even
traces of barium can be detected by sulphuric acid, <e., a pre-
cipitate is obtained in extremely dilute solutions of barium
salts. To afford the precipitation of strontium, the solution
must be more concentrated, as no precipitate will appear if it
contain more than 7000 parts of water to one of strontium
sulphate; while to throw down calcium sulphate, it must be
more concentrated still, no precipitation occurring in a solution
which contains more than 430 parts of water. Strontium
sulpbate and calcium sulphate can therefore be used to detect
barium and strontium respectively. A saturated solution of
strontium sulphate contains only 7000 parts of water, and
can therefore precipitate barium from barium salts, while
strontium and calcium cannot thus be thrown down, as their
sulphates are soluble in this amount of water. A saturated
calcium sulphate solution contains but 430 parts of water, and
therefore precipitates either barium or strontium from their
solutions, while calcium salts remain unprecipitated. ~(We
may mention that calcium sulphate cannot throw down
strontium sulphate from a strontium sulphate solution.) These
reactions are only qualitative, and made in the following manner:
To a portion of the solution of the metals of Group II. we add
a solution of strontium sulphate ; the formation of a precipitate
points directly to the presence of a barium selt. (In the
systematic course the test can be made with a small portion of
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the hydrochloric acid solution of the carbonates, to ascertain
whether it is necessary to separate barium as its chromate.) If
no precipitate results, and barium is therefore absent, another
separate portion is tested for strontium with calcium sulphate.
In the presence of barium the strontium cannot be distinguished,
gince calcium sulphate precipitates the salts of both metals,
and this test is therefore omitted if barium has been detected.
In performing this experiment it must be borne in mind that
the formation of the precipitates takes more or less time,
according to the concentration of the solution; to definitely
confirm the presence or absence of strontium or barium, there-
fore, the solution tested must be allowed to stand for about an
hour. It must, further, be remembered that the presence of a
quantity of the calcium salt hinders in a great degree the
reaction of strontium.

2. Behaviour toward acids—Barium sulphate is also in-
soluble in the strongest acids, and its treatment by acids is
used as a confirmatory test.

3. Behaviour of the sulphates toward a solution of ammonium
sulphate (separation of calcium from strontium).—Calcium
sulphate dissolves in a large excess (about 300 parts) of a con-
centrated solution of ammonium sulphate (1 part salt to 4 parts
water) on standing for twelve hours at the ordinary tempera-
ture. Strontium sulphate, on the contrary, is only slightly
soluble in this medium (1 part in 17,000 parts of the solution).

The test is made with the solution of the carbonates in
hydrochloric acid (§ 17); if barium has been found and sepa-
rated as the chromate, strontium and calcium must be reprecipi-
tated as their carbonates from the filtrate. The hydrochloric
acid solution, which must contain only the least possible
amount of free acid, is treated with a large excess of ammonium
sulphate, allowed to stand for twelve hours, and filtered. The
residue is washed with ammonium sulphate and subjected to
the confirmatory tests mentioned in § 20. For the detection of
calcium, the filtered solution of ammonium sulphate is precipi-
tated by ammonium oxalate, when calcium oxalate separates as
a fine white powder. The confirmatory tests for this salt are
described in § 21. Since calcium oxalate is somewhat soluble
in ammonium sulphate, the test may fail if only traces of
calcium are present, and in this case it is necessary to evaporate
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the ammonium sulphate solution to dryness, ignite, and examine
the residue thus obtained.!

Flame coloration—The salts of the metals of Group II.
which volatilise in the flame of a gas-burner (the chlorides,
but not the carbonates or sulphates) colour the flame in a
very characteristic manner. These colorations are described
among the special reactions. By means of the spectroscope
(see Section IIL) the single metals can be distinguished in the
presence of each other, and for the recognition of strontium
when calcium is present this method is the best known.

SPECIAL REACTIONS
Barium

§ 19, Reactions of the Barium Salts.—The majority of
barium salts of inorganic acids are insoluble in water, but the
insoluble salts, with the exception of the sulphate and silico-
fluoride, dissolve in dilute acids. The halogen salts, as well as
the nitrate and chlorate, are soluble. The difficult solubility
of barium chloride in hydrochloric acid, and of the nitrate in
nitric acid, should be mentioned ; this is especially characteristic
of the nitrate, which is even precipitated if concentrated nitric
acid be added to its solutions or, indeed, to that of barium
salts in general. Barium chloride and nitrate are also insoluble
in alcohol and ether.

Barium sulphate is precipitated as a white granular powder
. on the addition of dilute sulphuric acid, or of the solution of
a sulphate to barium salts ; strontium sulphate also throws down
the salts of barium after some time. Barium sulphate is
insoluble in water or dilute acids, is not transformed into the
carbonate by boiling with potassium carbonate, and does not
dissolve in ammonium sulphate.

Barium carbonate—The carbonates of the alkali metals
and of ammonium throw down barium salts in the form of a

! Although this method has been proved by the.exﬁriments of R. Fresenius
to be not entirely accurate, the beginner must still be content with it. An
exact separation of calcium from strontium is obtained through the action of a
mixture of alcohol and ether upon their nitrates, previously dried at 130° C.
The solvent extracts the calcium and leaves the strontium undissolved. Although

for the beginner there is some danger of fire in using this method, we shall give
a more complete description of its details in explaining the course of analysis of

this gronp.



42 ANALYTICAL CHEMISTRY GROUP II

white, amorphous precipitate of barium carbonate which is
insoluble in water, but dissolves easily in dilute acids, and to a
slight degree also in ammonium chloride.

Barium silicofluoride, BaSiF,, is fairly insoluble in water
(1:4000). It is precipitated by hydrofluosilicic acid, in the
crystalline state, and settles rapidly to the bottom of the vessel;
in dilute solutions the reaction requires some time. The salt is
absolutely insoluble in alcohol. Although the silicofluorides
of calcium and strontium are easily soluble in water, the sepa-
ration of these metals from barium by means of this salt is
accurate only under very complicated conditions.

Barium chromate, BaCrO,—Potassium chromate precipi-
tates this salt, yellow, soluble in nitric acid, but separating again
on neutralisation. To make the confirmatory tests, the barium
chromate obtained in the course of analysis is transformed to
the carbonate by sufficient boiling with potassium carbonate ;
after filtering and washing, the carbonate is dissolved in the
least possible quantity of hydrochloric acid, and the character-
istic reactions of barium made with the solution.

Flame coloration—The volatile salts of barium, such as
the chloride or nitrate, colour the non-luminous flame of
gas or alcohol a yellowish green. The phosphate does not
show this reaction itself, but does so after being moistened with
hydrochloric acid, or fused with sodium carbonate. The experi-
ment is made as described under the alkali metals (§ 9). Seen
through a green glass the rays of the coloured flame appear
blue. Its spectrum is given in Section IIL (§ 111). As there
are many other characteristic reactions.of barium this test is
seldom used for its detection.

Strontium

§ 20. Reactions of Strontium 8alts.—The salts of stron-
tium are very similar to those of barium, the chief difference being
shown in the silicofluoride and chromate, which are much more
soluble; a further variation is found in the behaviour of
strontium chloride toward absolute alcohol, by which it is
dissolved. The nitrate is insoluble in alcohol or ether.

Strontium sulphate.—Obtained as a white, crystalline
precipitate by the action of dilute sulphuric acid or soluble
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sulphates. Strontium salts are not precipitated by a solution
of strontium sulphate, but are thrown down by calcium sulphate.
The presence of an excess of hydrochloric or nitric acids, as
well as of calcium salts, materially hinders the reaction. The
sulpbate is somewhat soluble in dilute acids, and is completely
decomposed on boiling with alkali carbonates, even in presence
of other sulphates. Its slight solubility in ammonium sulphate
affords a method for its separation from calcium (§ 18).

Strontium carbonate is a white, amorphous precipitate, easily
soluble in acids.

The Aflame coloration is8 a very -characteristic reaction.
Brought into the flame of the gas-lamp on a platinum wire,
strontium salts colour the flame a carmine-red. In cases
similar to those mentioned under Barium, the salt must be
moistened with hydrochloric acid or ignited with sodium
carbonate. Blue glass alters the strontium rays to a rose-red
or purple-red. The spectrum of the metal is described in
Section III. The flame coloration of strontium salts is an
important reaction in distinguishing this metal from the other
members of the group. Strontium is usually obtained in
analysis as the sulphate, a compound which does not show the
flame coloration which, in lieu of other reactions, must be
obtained as a confirmatory test. If sufficient of the sulphate
is at hand, it is transformed to the carbonate by boiling with
potassium carbonate or, better still, igniting with sodium
carbonate ; after being treated with water and washed, it is
dissolved in hydrochloric acid, and the test made with the
chloride thus obtained. If too little of the sulphate is found
for this process, as is usually the case, the precipitate is washed
and dried together with the filter; the dry paper is folded up,
and first charred and then ignited upon a platinum wire until
the combustion of the carbon is complete. The flame is then
made luminous and the salt further ignited, whereupon the
sulphate becomes reduced to the sulphide. The ash is
moistened (preferably in a small porcelain crucible) with a
drop of hydrochloric acid, and again cautiously introduced into
the flame. The flame coloration will depend upon the amount
of strontium chloride formed ; with small quantities it very
quickly passes away.

Since strontium shows no other characteristic reactions, the
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above tests prove its presence only when the impossibility of
other metals being present is assured. This fact must be
remembered. The student must decide for himself whether
this condition iz complied with.

Calcium

§ 21. Reactions of the Oalcium Salts.—Calcium, though
in general more similar to the foregoing metals, occupies an
intermediate position between these and magnesium. It forms
a hydroxide, Ca(OH),, more difficultly soluble than those of
barium or strontium, and which easily parts with its water
upon ignition; a more easily soluble sulphate, and a soluble
silicofluoride and chromate. These salts, and the solubility
of the nitrate and chloride in alcohol, distinguish calcium from
barium and strontium.

Calcium ozalate, CaC,0,, is a characteristic salt, and oxalic
acid a characteristic reagent for calcium.! Ammonium oxalate
precipitates calcium oxalate as a white, crystalline powder,
which is thrown down immediately from concentrated solutions,
or on warming, as CaC,0,+ H,0 ; from cold and dilute solutions
the salt separates out only after some time, and then has three
molecules of water, CaC,0,+3H,0. It does not dissolve in
water, is soluble in mineral acids, but not in acetic acid. This
is an important characteristic. The salt cannot be used as a
means of separating calcium from barium and strontium, as the
oxalates of the latter are also difficultly soluble and show the
same behaviour toward acetic acid. This reaction establishes
the presence of calcium, therefore, only when it is certain that
barium and strontium are absent. This is also an important
fact.

Calevum sulphate.—On the addition of sulphuric acid to the
concentrated solution of a calcium salt the sulphate separates
immediately as a white precipitate; from dilute solutions it is
precipitated only after some time, or, indeed, not at all. It
dissolves in a concentrated solution of ammonium sulphate
(§ 18), and is easily transformed to calcium carbonate by boiling
with potassium carbonate. Calcium sulphate solution precipi-
tates barium and strontium salts. It is insoluble in alcohol

1 Oxalic acid, a dibasic acid, C;04(OH),, is obtained through the oxidation of
sugar by nitric acid, and also occurs in sorrel.
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Caletum carbonate is obtained as an amorphous, voluminous
precipitate on addition of ammonium carbonate or that of an
alkali. It becomes crystalline after remaining in water for
some time at the ordinary temperature, and more quickly on
boiling. When freshly precipitated and amorphous, it is some-
what soluble in ammonium chloride, but separates out almost
completely if the solution be boiled.

The flame coloration is rarely employed for the detection
of calcium. The flame is coloured orange-yellow upon the
introduction of a calcium salt, and seen through a blue glass it
becomes sulphur-yellow. The method of making the experiment
is explained under Strontium (§ 20). The spectrum of the
flame is described in Section III.

SYSTEMATIC COURSE OF ANALYSIS FOR THE METALS
OF GROUP II. DIVISION 1

§ 22. Detection of the Metals of Group IL, Division 1.—
We remember that in § 14 the systematic course was formed
after consideration of the following questions:—Which reactions
are to be chosen for the detection of the elements studied 7 Is
the use of the reactions selected possible in the presence of
many elements of the given group, or must these be previously
separated ? Which metal must be separated ? If we choose
the reaction with ammonium chromate for barium, with sulphuric
acid for strontium, and with ammonium oxalate for calcium,
it is obvious that the respective metals must be isolated,
since the chosen reagents exert a more or less similar action
upon all.  Barium is the most easily to be separated.

Since, therefore, the course of analysis is dependent upon
the presence or absence of barium, the first operation is the
addition of strontium sulphate solution to a portion of the
solution to be investigated, and allpwing it to stand for some
time. If the chromate is to be employed for this test, a portion
of the solution is diluted, acidified with a few drops of acetic
acid if neutral, and precipitated with ammonium chromate. In
case barium is found it must be separated, and this is most
easily accomplished in the form of the chromate, as explained in
§ 17.  Calcium and strontium are precipitated from the filtrate
as carbonates by ammonium carbonate, and, after filtering and
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washing, dissolved in hydrochloric acid. The separation of
calcium from strontium depends upon the insolubility of
strontium sulphate in ammonium sulphate (§ 18). To control
the separations the characteristic reactions of the respective
metals must be made, the flame coloration being used for
strontium, and calcium recognised by precipitating the ammonium
sulphate filtrate with ammonium oxalate (§ 20 and § 21). As
regards these confirmatory tests, it has been mentioned in §§ 20
and 21 that they are conclusive only in the certain absence of
the other metals of this group; we point this out to the
student that he may give it his attention, although the exi-
gency is satisfied in the given course of analysis.

As an exact means of distinguishing between the metals of this
division, R. Fresenius recommends the following method :—The well-
washed carbonates are dissolved in dilute nitric acid, and the solution
evaporated to dryness in a small porcelain dish. The dry residue is
then pulverised and digested with about 10 cc. of a mixture of equal
volumes of absolute alcohol and ether. The insoluble residue of barium
and strontium nitrates is brought upon a filter and washed with a small
quantity of the same mixture. If calcium was present, it is contained in
the filtrate, where it can be readily recognised by the addition of a few
drops of dilute sulphuric acid. The barium and strontium nitrates are
next dissolved in water, and a few drops of acetic acid and some potassium
monochromate added to the solution, which is then boiled. The precipi-
tate of barium chromate is filtered off, the filtrate treated with ammonium
carbonate, and the precipitated carbonate examined for strontium in the
usual manner.

Metals of Groups I. and II. Separation from the first group.
—In this case, for the first time, the reactions of separate
groups must be combined. The alkali metals cannot be detected
unless barium, strontium, and calcium have been previously
removed, as these metals form insoluble compounds with both
tartaric and pyroantimonic acids. The second group is dis-
tinguished from the first by its members having many insoluble
salts, of which the carbonates are the most suitable for the
purposes of separation, not only because the separation can
be made with accuracy by their means, but also since the salts
themselves possess properties which simplify the rest of the
analysis.

The separation is accomplished by a general reaction ; the
precipitation of barium, strontium, and calecium in warm solu-
tion by ammonium carbonate and ammonia (§ 17). The
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precipitate is filtered off (leaving the metals of Group L in the
filtrate), washed, and dissolved on the filter in dilute hydro-
chloric acid. A solution of the chlorides is thus obtained, in
which the metals are detected by the methods given in this
paragraph. A confirmatory test of the completeness of pre-
cipitation .is absolutely indispensable here, since if it, and in
consequence the separation, is imperfect, the reactions of the
metals of Group L cannot be obtained. As a confirmatory
test the filtrate from the carbonates is again tested with
ammonium carbonate and gently heated, upon which no
precipitation must occur; the analysis of the first group can
be proceeded with only when this has been done. The am-
monium salts are next separated by evaporation and ignition
(§ 13), and the residue tested for potassium and sodium
according to § 14. It must be remarked that, as ammonium
salts have been used in searching for the metals of the second
group, ammonia cannot be tested for in this solution. This
alkali is detected in a separate portion of the original solution
by the method given in § 14.

Practical experience in the analysis of the metals of this
division should be gained by the plan recommended for
Group L, first by the study of mixtures known to the student
and then of those which are unknown.

GROUP II, DIVISION 2
MAGNESIUM

Magnesium is characterised as a metal of Group IIL
by the solubility of its sulphate and the insolubility of its
carbonate; it is at the same time distinguished from the
metals of Division 1 by its power of forming soluble double
salts with ammonium compounds.

Magnesium is a silver-white metal of specific gravity
1-75. It is very soft, and is usually found in commerce as
“ Magnesium ribbon.” It is stable in the air at ordinary
temperatures, but if lighted, burns with a blinding bluish
white flame. The metal begins to decompose water even at
the ordinary temperature, but is protected from further oxida-
tion by the crust of oxide formed. Magnesium is extremely
soluble in dilute acids.
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The magnesium salts corresponding to those which char-
acterise the metals of Division 1, viz., the sulphate, chromate,
and silicofluoride, are all readily soluble in water. The
reagents, therefore, by means of which the calcium, strontium,
and barium salts are obtained, do not precipitate magnesium.

The salts with volatile acids are often partially decomposed
even by evaporation, and completely so by ignition.

§ 23. Reactions of Magnesium 8alts.—Magnesium hydroa-
ide, Mg(OH),, is thrown down from the solutions of magnesium
salts by alkali hydroxides as a white, amorphous, voluminous
precipitate which is slightly soluble in water (about 1:55,000).
Warming accelerates its separation. In the presence of
chlorides, or the sulphates of the alkalies, the precipitation is
not complete unless a great excess of the reagent be used.
The behaviour of magnesium salts toward the alkalies is also
influenced by the presence of ammonium salts, as will be
described below. Magnesium hydroxide is easily transformed
to the anhydrous oxide, MgO, by ignition. It can be pre-
cipitated by the hydroxides of barium or calcium, or with
mercuric oxide (used in the separation of magnesium from the
alkalies) :

MgCl, + Ca(OH), = Mg(OH), + CaCl,.

Magnesium carbonate—Sodium and potassium carbonates
precipitate in the cold the basic carbonate, 4(MgCO,). MgO +
10H,0, according to the reaction :

5MgCl, + 5K,CO, = 4(MgCO,) . MgO + CO, + 10KCL

A portion of the salt is retained in solution by the liberated
carbon dioxide. This is deposited on boiling, however, as the
normal salt, MgCO, + H,0. This reaction is likewise influenced
by the presence of ammonium salts (comp. below). As
qualitative reactions, the formation of magnesium hydroxide
and carbonate is not important. They are explained here to
give the student a better insight into the following reactions.
Ammonium Magnesium Double Salts.—Magnesium salts
easily form double compounds with those of ammonium. The
majority of these double salts—such, for instance, as 2NH,Cl.
MgCl,, or (NH,),SO,. MgSO,—dissolve readily in water; but
there are also difficultly soluble salts, such as NH MgPO,
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The formation of the soluble double salts is employed in the
separation of magnesium from the metals of the first division
of this group. The insoluble salt, NH MgPO,, is extremely
characteristic of magnesium, and is important.

Soluble double salts—Let us consider the formation of these
salts in acid, neutral, and alkaline solutions, or, in other words,
under all the conditions which may occur in analysis. The
simplest case is presented in neutral solutions, where the
magnesium salt unites directly with that of ammonium : thus,
on the addition of an ammonium chloride solution to one of a
magnesium salt, the corresponding double salt will be obtained.
In considering the formation of double salts in alkaline solution,
it is especially important to study cases where ammonia or
ammonium carbonate is the alkali present.

The action of ammonia upon a neutral solution is to form
a soluble double salt with one-half of the magnesium, while it
precipitates the other half as hydroxide ; this is illustrated by
the following examples :

2MgCl, + NH, + 2H;0 = MgCL, . 2NH,Cl + Mg(OH),,
8MgS0, + 2NH, + 2H,0 = MgSO, . (NH,),S0, + Mg(OH),.

This reaction depends upon the fact that the ammonia, what-
ever its excess, can only form sufficient ammonium salt to
_unite with half of the magnesium, and the other half must
therefore be precipitated.

Ammonium carbonate at first produces no precipitate in a
neutral solution of magnesium salts, other ammonium salts
being absent; after some time, however, a salt separates out
which, according to the quantity of the reagent added, has
either the composition MgCO;+ 3H;0 (incomplete precipita-
tion), or with excess, and in the presence of ammonia, that
of the double salt, MgCO;. (NH,),CO; + 4H,0. The latter is
difficultly soluble in water.

On acid solutions of magnesium salts ammonia has a
different effect. In the cases cited above, the hydroxide was
precipitated because an insufficient amount of ammonium salt
was formed to unite with that of the metal. If the solution is
acid, on the contrary, an excess of an ammonium salt will
obviously be formed by the ammonia, and the hydroxide can-

E
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not be precipitated. Ammonia does not, therefore, precipitate
the acid solution of a magnesium salt :

MgSO, + H,SO, + 2NH, = MgSO, . (NH,),S0,.

The ammonium salt will be formed at the moment of the
reaction. The same result will occur if ammonium salts are
already present. Ammonia does not precipitate magnesium
hydroxide in presence of ammonium salts. No precipitate results,
therefore, if ammonia be added to a magnesium sulphate
solution in presence of ammonium chloride. To better under-
stand the reaction, it may be divided into two parts:

I 2MgSO, + SNH, + 2H,0 = MgS0, . (NH,),S0, + Mg(OH),.
IL Mg(OH), + 4NH,Cl = MgCl,. 8NH,CI + 2NH, + 2H,0.

No precipitate can result, since two ammonium double salts are
formed.

In the presence of ammonium salts ammonium carbonate does
not precipitate magnesium, a double salt being formed in the
reaction.

The separation of magnesium from the metals of Division
1 rests upon the combination of all the reactions cited above.
This separation is especially described in the systematic course
of analysis, and it is sufficient to mention here that it is
accomplished by means of ammonia and ammonium carbonate,
in presence of ammonium chloride. Too great an excess of.
ammonium chloride is to be avoided, as the error due to the
solubility of the carbonates of Division 1 in this medium may
otherwise be increased.

The action of alkalies in presence of ammonium salts is not important.
A precipitate is not caused ; but as ammonium salts are decomposed by
alkalies (when the latter is in large excess, even in the cold, and rapidly
on boiling), magnesium hydroxide will in time be deposited because of
this action.

MgSO, . (NH,),S0, + 4KOH =Mg(OH), + 2K,80, + 2N H, + 2H,0.

Insoluble ammonium magnesium double salts—We shall
study only the phosphate.

Ammonium magnesium  phosphate. — The phosphates,
Mg, (PO,), and MgHPO,, which are thrown down from the
solution of magnesium salts by soluble phosphates as amorphous
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white precipitates, are not very characteristic of this metal,
and are unimportant for analytical purposes. Ammonium-
magnesium phosphate, Mg(NH,)PO,, is the most important
salt of magnesium, being & white crystalline precipitate. It is
somewhat soluble in water, but absolutely insoluble in
ammonia ; and while it dissolves in acids, even in acetic, it is
reprecipitated on neutralisation with ammonia. To obtain this
salt several conditions must be observed, some of which result
from the general character of magnesium compounds, and some
from the special properties of the magnesium ammonium
phosphate itself. It is formed by precipitating magnesium
salts with sodium phosphate or, better, with Na(NH,)HPO,, in
presence of ammonium chloride and ammonia. Ammonium
chloride is added to prevent the precipitation of magnesium
hydroxide by the ammonia. - The latter must be present in
sufficient quantity to impart a strong odour to the solution,
serving partly to aid the formation of this trimetallic phosphate,
and partly to render it more insoluble. If these conditions
are satisfied, sodium phosphate will precipitate a crystalline
ammonium magnesium phosphate. (The student should
especially notice this characteristic.) It is advisable to add
the reagent by drops and, after shaking, to ascertain the
crystalline nature of the precipitate.

SYSTEMATIO COURSE OF ANALYSIS FOR GROUP IIL
OF THE METAILS

§ 24. Magnesium and the Metals of Division 1 (barium,
strontium, and calcium).—The properties of the magnesium
compounds, and the impossibility of directly precipitating them
as magnesium ammonium phosphate, prevent the detection of
this metal before its complete isolation from the members of
the first division. As a means of separation, ammonium
carbonate in the presence of ammonium chloride and ammonia
is used (§§ 17 and 22). Enough ammonium chloride must
be added to prevent precipitation on the subsequent addition
of ammonia. The solution is precipitated by a slight excess of
ammonium carbonate, and heated gently, but not to boiling.
The carbonates of barium, strontium, and calcium separate,
while the ammonium magnesium double salt remains in solution
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(together with traces of barium and calcium). It must be
remembered here, as in § 22, that it is necessary to ascertain
whether a quantity of ammonium carbonate sufticient for the
complete precipitation of barium, calcium, and strontium has
been added. This is best seen by testing the filtrate from the
carbonates again with ammonium carbonate ; if the experiment
has been correctly made, no precipitate should appear. The
well-washed precipitate of barium, strontium, and calcium
carbonates is next treated according to § 22. In the filtered
solution magnesium is tested for by precipitation with sodium
phosphate (§ 23). The student must remember that only a
crystalline precipitate indicates the presence of magnesium.

In accurate analyses it is necessary to be attentive of any traces of
barium and strontiumn which may have been held in solution together with
magnesium, by the interaction between the carbonates of these metals and
the ammonium chloride. The removal of these traces is very important
if but little magnesium is present. In this case barium is previously
separated with dilute sulphuric acid (two to four drops), and calcium with
ammonium oxalate, as small a quantity of the reagents as possible being
used. The test for magnesium is made after filtering from the precipitates.

Metals of Groups I. and II.—We have noticed the separa-
tion of barium, strontium, and calcium from magnesium. The
course of analysis is not altered by the additional presence
of the alkali metals, and therefore only the separation of mag-
nesium from the alkalies remains to be discussed. This is
necessary because the detection of the alkali metals is impos-
sible if magnesium is still present, as magnesium tartrate and
pyroantimonate are also insoluble in water. Magnesium is
distinguished from the metals of Group I. by the insolubility
of its oxide, carbonate, and phosphate; in qualitative analysis
it is more conveniently separated as its hydroxide. After
barium, strontium, and calcium have been removed, as above,
magnesium and the alkali metals remain in the solution. A
separate portion is tested for magnesium with sodium phosphate ;
to the remainder, from which the ammonium salts must be
previously separated by evaporation and ignition, an excess of
milk of lime is added, and the liquid boiled in a porcelain dish.
The lime must be in excess, which is the case if, after boiling
for some time (about } hour), the solution turns turmeric
paper brown. On filtering, the magnesium hydroxide and the
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excess of lime remain on the filter, while the alkali metals are
in solution together with the calcium salt formed.

To test for magnesium it is first necessary to separate the
lime from the precipitate by dissolving in hydrochloric acid,
neutralising the solution with ammonia, and precipitating with
ammonium oxalate. (The precipitate may contain traces of
magnesium ammonium oxalate.) The calcium oxalate having
been filtered off (it must be carefully and completely pre-
cipitated in the heat and allowed to stand until it has fully
subsided), the magnesium chloride remains in solution and
is detected by means of a soluble phosphate.

The solution containing the alkali metals is likewise treated
with ammonium oxalate to separate calcium, filtered and
evaporated to dryness. The ammonium salts having next been
driven off, the alkali metals are tested for according to § 14.

Barium hydroxide can be used for the separation of
magnesium as well as lime milk. In this method a solution
of barium hydroxide is added until a precipitate ceases to form,
and the solution boiled and filtered. The barium can be
separated from the magnesium hydroxide in the precipitate by
means of sulphuric acid, and is thrown down from the filtrate
which contains the alkali metals by ammonium carbonate and
ammonia.

A separate portion of the original solution is tested for
ammonia (§ 14).

SUPPLEMENT TO GRroOUP II

1

Analysis of the compounds of the metals of Group II. which occur tn
nature—Barium, strontium, and calcium are found in nature chiefly as
their sulphates or carbonates. BaSO, (heavy spar), SrSO, (celestine), and
CaSO, (gypsum and anhydrite) are insoluble in water and acids. They
are transformed to soluble compounds by fusion with alkali carbonates.
BaCO, (witherite), SrCO, (strontianite), and CaCO; (calc-spar, marble)
are soluble in acids. Calcium also occurs as a phosphate (apatite, phos-
phorite, etc.), as calcium fluoride (fluor spar); and likewise in silicates
(comp. Section III, Examples). Magnesium is a constituent of many
minerals (augite, hornblende, serpentine, tale, olivine, etc.), the analysis
of which is described in Section II. It also occurs as carbonate (mag-
nesite, bitter-spar, dolomite). These minerals are soluble in acids. Car-
nallite, KMgCl,, and a few other potassium and magnesium double salts
(such as the sulphate, kainite) which are found in the upper layers of
rock salt in Stassfurt, are soluble in water
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2

Application of the compounds of the metals of Group II. in analysis—
Both bariumn and calcium compounds are used in analysis. Their oxides
are employed in the same cases as those of the alkalies, but with the ad-
vantage of being more easily removed afterward. The precipitation of
magnesium and separation of ammonia with barium or calcium hydroxides
have already been mentioned in §§ 24 and 13. We have still to notice
the use of barium oxide as an absorbent for carbon dioxide, and the
analysis of silicates by fusion with the oxides, carbonates, or chlorides of
barium or calcium (Section II.) Barium carbonate is also employed in
precipitating oxides of the formula R,O;.

GROUP III

ALUMINIUM, CHROMIUM, IRON, MANGANESE, ZINO,
) NICKEL, OOBALT (BERYLLIUM, YTTRIUM, CERIUM,
DIDYMIUM, LANTHANUM, ZIRCONIUM, THORIUM,
TITANIUM, TANTALUM, NIOBIUM, URANIUM, INDIUM,
THALLIUM).

§ 26. With the exception of the first two metals (and the
majority of those in parentheses), which form no sulphides in
the wet way, the members of Group IIIL possess sulphides of
the general formula RS; these salts are soluble in acids, and
therefore are not precipitated from acid solution by hydrogen
sulphide. They are thrown down, however, by ammonium
sulphide (or other soluble sulphides), that is, by hydrogen
sulphide in alkaline solution. ~Ammonium sulphide is the
general reagent of this group. Aluminium and chromium (and
a greater part of the rare metals) are precipitated by ammonium
sulphide as oxides of the formula R.O,.

Characteristics of the Divisions.— Although the third
group of metals contains elements varying in their chemical
properties, the characteristics which are used in analysis
facilitate their classification into divisions comprising chemically
similar elements. Such a classification may be based upon our
acquaintance with some of the properties of the oxides and
sulphides.

The oxygen compounds of the metals under discussion are




$25 CHARACTERISTICS OF THE DIVISIONS 56

of various kinds. It is sufficient, for our purpose, to notice
those of the formulas R,O, and RO:

— — FeO, MnO, Co0, NiO, ZnO,
ALQ,, Cr,0;, Fe,05, Mn,0;, Co,0;, Nij0;. —

The first row consists of oxides of the general formula RO,
or monoxides. They easily give salts, to which are applied the
termination -ous, in distinction from those of the higher oxides,
which end in -ic (ferrous sulphate, ferric chloride). Since the
metals of the first row unite with one atom of oxygen to
form monoxides, they combine in this series with two atoms
of a halogen, their chlorides thus being represented by the
formula RCl, In forming salts they displace two atoms of
hydrogen in the acid, the sulphate, for example, being RSO,
This degree of oxidation is unknown in aluminjum, and though
we are acquainted with the corresponding compounds for
chromium (for example, CrCl,), they are so unstable that they
cannot exist under the usual conditions, and pass into the
higher series.

The second series of oxides consists of the sesquioxides, of
the general formula R,O, Such an oxide is for zinc alone
unknown. They show, as far as their stability and the power
of forming salts are concerned, great variability in their
chemical character. One property, however, is possessed by
all, viz,, that of being precipitated from their solutions in the
cold by barium carbonate. The oxides of aluminium, chromium,
and iron are easily transformed to the corresponding chlorides,
such as ferric chloride, FeCl, and also form salts with oxy-
acids, as ferric sulphate, Fe,(SO,),, The sesqui-salts of these
metals are all well defined and are stable; of aluminium they
are the only ones known. Manganic chloride, MnCl,, is very
unstable, and the salts of oxyacids with manganese sesquioxide
are almost unknown. The cobalt compound, CoCl,, exists only
in a cold solution, though the cobaltamine compounds and
cobaltic nitrite are relatively stable, Nickel sesquioxide is in-
capable of forming salts. As a result of the variable stability
of the chlorides, the sesquioxides do not all show the same
behaviour toward hydrochloric acid. Those of aluminium,
chromium, and iron do not evolve chlorine, and their chlorides
are stable, while the sesquioxides of manganese, cobalt, and
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nickel decompose hydrochloric acid, at the same time being
transformed to salts of the monoxides :

Ni;0; + 6HCI = 8NiCl, + 3H,0 + CL,.

If peroxides be defined analytically as those oxygen com-
pounds which generate free chlorine when acted upon by
hydrochloric acid, these oxides may be called peroxides. In
this relation they are analogous to the higher oxides of the
same metals; thus, manganese peroxide, MnO,, manganic acid,
H,MnO,, permanganic acid, HMnO,, and chromic acid, H,CrO,,
all afford a like reaction in evolving chlorine with hydrochloric
acid. As a result of the study of the oxides, aluminium,
chromium, and the ferric compounds of iron are placed in a
separate division (Division 1). Sulphides of these metals are
not formed in the wet way.

The remaining metals are separated into divisions according
to the behaviour of their sulphides toward weak acids. The
sulphides of ferrous iron, manganese, and zinc, are easily
soluble in hydrochloric acid, with evolution of hydrogen
sulphide and formation of chlorides. Nickel sulphide and
cobalt sulphide are not decomposed by, but almost insoluble in,
dilute hydrochloric acid.

The third group of metals is thus arranged in three divisions.
The general characteristics of (1) precipitation by ammonium
sulphide, and (2) non-precipitation by hydrogen sulphide, being
retained for them all, the divisions can be characterised as
follows :—

Division 1: Aluminium, Chromium, Ferric Iron.— The
sesquioxides, R O, are precipitated by barium carbonate in the
cold. They are not thrown down from aqueous solutions as
sulphides.

Division 2: Ferrous Iron, Manganese, Zinc.— The
monoxides, RO, are precipitated neither by barium carbonate
nor as basic acetates. The sulphides, RS, are soluble in dilute
acids.

Division 3: Nickel and Cobalt.—The monoxides, RO,
are precipitated neither by barium carbonate nor as basic
acetates, and their sulphides, RS, are insoluble in dilute hydro-
chloric acid.
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ReMARK.—Before taking up the study of the metals of Group IIIL
the student must become acquainted with certain new operations. The
term “Ignition” denotes the heating of a substance to a very high
temperature, whether the operation causes a change in the ignited sub-
stance or not. Ignition is used for several different purposes, and there-
fore performed by various methods. In its application to qualitative
analysis (testing the stability at a high temperature, fusibility, etc., of the
given compounds) the operation is carried out in a glass tube which is
sealed at one end. Usually, however, a substance is ignited in a crucible.
When a substance melts on ignition (either alone or on the addition of
another body) the operation is called & “Fusion.” This is rarely employed
in order to bring the compound into a molten state, but more often to
induce certain chemical reactions.

GROUP III, DIVISION 1

ALUMINIUM, CHROMIUM, AND FERRIC IRON

These metals are placed in the third group because of their
non-precipitation by hydrogen sulphide from acid solutions and
of their behaviour toward ammonium sulphide, by which they
are thrown down as hydroxides. The characteristics of the
first division are these: The oxides of the formula RO, are
precipitated in the cold by barium carbonate; aluminium and
ferric iron form basic acetates insoluble in water.

§ 26. The Compounds of the Metals of Division 1.—
This division embraces metals which are to a high degree
similar in their chemical natures. The properties of the metals
themselves are described under the Special Reactions, and their
oxides are fully treated under the General Reactions. Their
sulphides are known, but are formed only in the absence of
water, and are decomposed by the latter to the oxides.

The salts.—The oxides, being weak bases, do not unite with
weak acids. Sulphides (in the wet way), thiosulphates, and
sulphites are unknown; carbonates .are formed only by iron
and chromium, and even these are basic. With the strong
acids, however, they form well-defined salts: the normal
acetates, sulphates, and nitrates are easily soluble in water.
The majority of the salts lose their acid when heated, the
anhydrous oxides being formed from the nitrates even at 250° C.,
and from the sulphates on ignition. The sulphates, of the
formula R(SO,),, unite with those of the alkali metals and
of ammonium to form double salts, or alums, as KAI(SO,),
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KCr(S0,),, KFe(SO,),, These salts crystallise in octahedra,
and contain twelve molecules of water (manganic sesquioxide
also forms such a compound). The chlorides, RCl,, are soluble
in water, but on evaporation of the solutions to dryness they
partially or wholly give off their hydrochloric acid. The anhy-
drous chlorides are volatile at a higher temperature (the facts
noted concerning the chlorides of the various metals should be
compared with the statements made under the Special Reactions).
The oxides, phosphates, and the basic salts of many acids, the
neutral salts of which are soluble, are insoluble in water. All
of these compounds are, with a few exceptions, dissolved by
acids.

As the oxides are weak bases, their salts are easily decom-
posed by water, with loss of acid. In the case of complete
decomposition by water, the hydroxide results, eg. :

AY(C,H,0,), + 3H,0 = A(OH), + 3C,H,0,.
If it is incomplete, basic salts are formed :
Al(C;H,0,), + H;0 = AYOHYC,H,0,), + C;H,0;.

The formule of the simplest basic salts correspond to those
of the hydroxides, but have one or more of the hydroxyl groups
replaced by acid radicals. To these simplest basic salts belongs
the above basic aluminium acetate. It often happens that no
formula can be assigned to basic salts formed in certain reactions,
since from every neutral salt compounds of widely varying
basicity may be derived, and their composition depends entirely
upon the conditions under which they are obtained, <.e., the
temperature, amount of water present, ete. It follows from the
above that when basic salts are to be formed, free acid must not
be present.

As the oxides of aluminium and chromium are weak bases
they have the power of uniting with other bases. The oxides
of aluminium and potassium, for instance, form the compound,
potassium aluminate, KAIO,; those of chromium and znc, the
compound ZnCr,0,. These compounds are decomposed by
acids; they are not formed by iron, or at least there are none
of definite composition known.

In spite of the similarity in the properties of the compounds,
there are still a few differences in the characters of the different
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metals of Group IIIL, Division 1, which may serve for their
qualitative distinction and quantitative estimation.  These
variations are found in the existence of only one oxide of
aluminium, while for iron and chromium more than one are
known. Chromium forms a higher oxide in chromic acid, CrO,,
which suffices both for its detection and separation. Oxidation
is, therefore, an important reaction for chromium. Iron forms
both the sesquioxide and a monoxide, and the corresponding
salts, being thus distinguished from both aluminium and
chromium. Reduction, therefore, is an important reaction for
the ferric compounds of iron. '

We will now turn to the study of the compounds of iron,
aluminium, and chromium, the properties of which are made use
of in analysis.

GENERAL REACTIONS

§ 27. The hydroxides, of the general formula R(OH), are
very important in both qualitative and quantitative analyses.
The hydroxides are insoluble in water, but dissolve in acids
to form salts. They are obtained as gelatinous, voluminous
precipitates, which can be washed only with difficulty.
Aluminium hydroxide is white, chromium hydroxide gray-green
or gray-violet, according to the variety of the chromic salt
from which it is deposited—the green or violet (§ 32). Ferric
hydroxide is red-brown. As already mentioned, in addition to
the usual reactions for obtaining the insoluble hydroxides,
¢g., the precipitation by alkalies or ammonia, those of
aluminjum and chromium are also thrown down by carbonates,
sulphites, thiosulphates, and soluble sulphides, as they are
incapable of forming the corresponding salts. We shall now
consider each of these reactions in which hydroxides are
formed.

Conditions for the complete precipitation of the hydroxides—Under the
conditions mentioned below, the suitable reagents throw down the
hydroxides either incompletely or not at all. Non-volatile organic acids,
such as tartaric, citric, oxalic, etc., can hinder the reaction more or less,
according to the quantity in which they are present ; or, if this be large,
they may even entirely prevent precipitation. This fact is explained by
the properties of the salts of these organic acids. Aluminium tartrate and
citrate are both easily soluble in water ; they are not precipitated from
solution as hydroxides by the action of the alkalies, ammonia, or carbonates,
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but form soluble double salts instead (e.g., a double salt of aluminium and
potassium), of which the tartrate, KA1(C,H,O,),,and others are known. This
property of forming double salts explains why the precipitation results
incompletely or not at all when aluminium, ferric, and chromic salts are
thrown down in presence of such organic acids. Not only non-volatile
acids, but also non-volatile organic substances in general, such as sugar,
cellulose, and filter paper, hinder more or less the precipitation, especially
that of aluminium hydroxide. The cause of this is likewise the formation
of soluble double compounds. To obtain a complete precipitation all
organic substances which may be present must first be decomposed.

In taking up the consideration of the general reactions, the
student should remember the statements made concerning this
class of reactions in the first part of § 17, and study them in
accordance with the importance which they attain.

§ 28. Formation of the Hydroxides.—A. Reaction with
barium carbonate—This reaction, one of the most important
for the salts of the metals under consideration, results according
to the following equation, in which aluminjum chloride is used
as an example :

2AIC], + 3BaCO; + 3H,0 = 2AI(OH), + 3BaCl, + 3CO,.

The reaction with barium carbonate is used exclusively for the
separation of this division from the second and third of this
group, and the conditions necessary for complete separation
and for complete precipitation must therefore be carefully
considered.

The solution to be investigated must contain no sulphuric
acid. The separation is impossible if the metals of Group III.
are present as sulphates, since these decompose barium carbonate.
If nickel sulphate be taken as an example,

NiSO, + BaCO, = NiCO, + BaSO, ;

it is seen that the insoluble nickel carbonate would be formed
by the reaction and found, together with the hydroxides of
Division 1, in the precipitate. A separation under these con-
ditions is therefore impossible, and sulphuric acid must first be
tested for and removed if found. In the systematic course of
analysis this conditionis satisfied by precipitation with ammonium
sulphide. As the solutions which the student generally uses for
examining the metals of this group are those of alums, these
compounds must be changed to the chlorides before the reaction




§ 28 FORMATION OF THE HYDROXIDES 61

can be studied. The student should also have his attention
called to another point, viz, that as barium carbonate is a
general precipitant for the oxides of the formula RO, it
throws down Mn,O, and Co,0, as well as the oxides of this
division. The separation of the first division from the others
can be accurately accomplished in spite of this fact, as in the
systematic course neither the salts of cobaltic nor manganic
sesquioxide can remain in solution, having been reduced, if
present, by the hydrochloric acid and hydrogen sulphide
previously used. The above are the theoretical requisites for
the application of barium carbonate in separations. Let us
now consider the conditions necessary for complete precipitation.

Since the reaction occurs between a solid body and a
solution, the barium salt must be freshly precipitated, and
shaken with water to a milk without previous drying; it
should not be kept long under water, as the amorphous barium
carbonate gradually becomes crystalline, and in this state pre-
cipitates the oxides with greater difficulty. The barium
carbonate must (in being prepared from barium chloride and
ammonium carbonate) be thoroughly washed. The solution
from which the hydroxides are to be precipitated must have a
slightly acid or neutral reaction. In order to avoid using too
much barium carbonate without purpose, the solution, if acid,
is first neutralised with sodium carbonate, drop by drop being
added until a permanent turbidity is obtained; this is then
dispelled by a few drops of hydrochloric acid. The barium
carbonate, suspended in water, is then added, and the solution
allowed to stand in the cold for at least twelve hours! If an
insufficient quantity of the carbonate be added, the precipitation
will not be complete. Chromium solutions are precipitated
much more slowly than those of aluminium or iron. The
reaction is not as simple as the equation given in the first part
of this paragraph indicates, the composition of the precipitate
being very complicated. In addition to the hydroxides, which
make up the greater portionm, it contains a mixture of basic
carbonates, basic salts of the acid the salt of which was
decomposed, and the excess of barium carbonate which has had

1 Barium carbonate often has a different action on hot solutions from that
caused in the cold ; for instance, it has no effect on zinc salts in the cold, although
on boiling the solution the latter are precipitated.
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no action. The examination of the precipitate is explained
under the Separation of Division 2 from Division 1, § 40 B.
In studying this reaction, the student should make it with each
single metal. It is left to him to find out and to make, after
experiments with each metal, a confirmatory test of the
completeness of the precipitation.

B. The action of alkaline hydroxides—The formation of
the hydroxides by this reaction and their behaviour to an
excess of the reagent are important, both as a qualitative
reaction and, to a certain degree, in separations. The hy-
droxides of aluminium and chromium are soluble in alkalies,
aluminjum forming a potassium aluminate, KAlO,, Ferric
hydroxide does not dissolve in alkalies. The application of
these reactions to the detection of the single metals will be
noticed under the Special Reactions.

As for the usefulness of these reactions in separation, it
must be noticed that they vary in presence of the salts of more
than one of the metals. Thus, in the presence of chromium
and iron hydroxides, potassium hydroxide does not dissolve all
the chromium, while on the other hand, some of the ferric hy-
droxide passes into solution. Chromium oxide is even more
difficultly dissolved, if lead, zinc, magnesium, calcium,-nickel,
or cobalt are present ; this is due to the formation of compounds
of these oxides with chromic oxide, similar to the aluminates
(for example, MgCr,O, ; ferrous chromic oxide, FeCr,0,—the
native chrome-iron ore—also belongs to this class), which are
insoluble in alkaline hydroxides. The formation and insolu-
bility of these compounds can be readily observed by means of
the following experiments:—Zinc oxide dissolves in caustic
potash; if such a solution be mixed with one of chromium
oxide, also in caustic potash, a compound insoluble in the
alkali will be precipitated. 'When the foreign oxides stand in
certain proportions to that of chromium, they will in part be
carried into solution with the latter. The reaction with the
alkali hydroxides cannot be employed in separating iron from
aluminium, either in presence of metallic oxides of another
group, or in that of chromium alone, and the absence of
chromium must be established before its use is permitted. The
oxides are treated in the cold with an excess of alkali, and then
filtered ; ferric hydroxide remains on the filter, and the
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filtrate contains potassium aluminate, from which aluminium
hydroxide is separated as explained in the Special Reactions.
The precipitate of ferric hydroxide must at first be washed by
decantation, since caustic potash acts upon the filter paper and
renders filtration difficult. The washing is finished on the filter.

C. Action of ammonia.— Ammonia precipitates the respective hy-
droxides from the solutions of aluminium, chromium, and ferric salts.
Aluminium hydroxide is hardly soluble in ammonia, chromic hydroxide
slightly more so, and ferric oxide absolutely insoluble (see Special
Reactions). . )

D. Action of the carbonales of potassium, sodium, and ammontum.—

* The basic salts or, more correctly, a mixture of the hydroxide and basic
carbonates, are formed, with evolution of carbon dioxide. The excess of
the carbonate added is converted to an acid carbonate. The behaviour
of the precipitates to an excess of the reagent varies (see Special
Reactions).

E Ammonium sulphide precipitates the hydroxide from
aluminium and chromium salts, hydrogen sulphide being at
the same time set free. Let us take, as an example, the

reaction with aluminium sulphate :

AL(SO,); + 3(NH,),S + 6H,0 = 2AL0H), + 3(NH,),S0, + 3H,S.
Sulphides of these metals are not formed. Ferric salts, which
usually resemble those of aluminium, are reduced by the action
of ammonium sulphide, and a new addition of the reagent
produces a black precipitate of ferrous sulphide :

2FeCl, + (NH,),S =2 FeCl; + 2NH,Cl + S,

FeCl, + (NH,),S =FeS + 2NH,CL

This reaction serves for the separation of this division from the
metals of Group II.  The solution is first treated with a
sufficient quantity of ammonium chloride, and the ammonium
sulphide then gradually added until it ceases to cause a pre-
cipitate. The solution is then placed aside for an hour in a
closed vessel and finally filtered. The addition of ammonium
chloride has been empirically found beneficial; it has in all
probability an influence on the composition of the precipitate
(see § 31). The precipitation is complete. The further
treatment of the precipitate is explained under the systematic
course of analysis. All operations with ammonium sulphide,
as well as the washing of the precipitates, should be carried on
in a room especially designated for such purposes.
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F. Sodiwm sulphite and thiosulphate, Na,SO;, and Na,S,0,, likewise
precipitate aluminium and chromium hydroxides, since their sulphites
and thiosulphates cannot exist. Sulphur dioxide is liberated in the
reaction with either of these reagents. (Thiosulphates decompose with
formation of sulphur and sulphur dioxide):

2A1Cl + 3Na,S0; + SH,0=2A1(OH); + 6NaCl + 380,
.2AI1Cly+ 8Na,8,05 + 3H;0 =2A1(OH ), + 6NaCl + 380, + 88.

Iron solutions are not precipitated by these reagents, the sulphur dioxide
released being oxidised to sulphuric acid, and the ferric iron reduced to a
ferrous salt (compare § 34 B):

9FeCl, + Nay8,0, + H,0 =2FeCl, + 2NaCl + H,S0, + 8.

§ 29. The anhydrous oxides of aluminium, chromium, and iron,

are distinguished in many ways from the hydroxides. The reactions by
which they are formed consist mainly in ignition of the hydroxides or of
the salts which easily part with their acid, such, for example, as the
nitrates, salts of organic acids, ete. Aluminium oxide forms,according to the
degree of heat to which it is subjected,either a white powder or a porous mass.
Chromic oxide is a green, ferric oxide a brown powder. The anhydrous
oxides, even if but slightly ignited, are extremely difficultly soluble in acids,
and as it often happens in analysis that they must be ignited before their
solution, the latter becomes an important operation. Hydrochloric acid
is sufficient for the solution of well-ignited ferric oxide. The operation
is performed by pouring fuming hydrochloric acid over the ignited
oxide, warming for some time on the water-bath, and treating with water,
whereupon ferric chloride passes into solution. Aluminium and chromium
oxides cannot be dissolved in this way, since when in the anhydrous
state they are much less readily attacked by acids than iron oxide.
Alumina is treated with concentrated sulphuric acid (3 parts acid to 1
part water) in the manner described above, t.e., it is warmed on the water-
bath and taken up with water. Chromium oxide is brought into solution
most easily by ignition with sodium carbonate and potassium nitrate, an
easily soluble alkali chromate being thus formed (see Special Reactions,
§ 32).

§ 30. The Acetates.—Acetic acid, C,H,0(0OH), is a mono-
basic acid. The neutral acetates of the formula R(C,H,O,),
are easily soluble in water (the formation of ferric acetate as a
qualitative test for ferric iron is described in § 34). The basic
salts of iron and aluminium are insoluble (chromium has no
insoluble basic acetate) and, in the absence of chromium, they
are used as a means of separating iron and aluminium from the
metals of Group IIIL, Division 2.

Before taking up the practical methods, it may be well to
say & few words concerning this complicated reaction. The
basic salts are formed by the action of water upon neutral
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solutions of acetates (§ 26). The composition of the basic salt
of aluminium is A1(C,H,0,),(OH), its formation from the neutral
salt being expressed by the following equation :

AY(C,H,0,), + H,0 = Al(C,H,0,),(OH) + C,H,0,.

The reactions are complicated by the fact that from the
solutions of their acetates soluble aluminium and ferric hy-
droxides can be separated (eg., by dialysis), the solutions of
which deposit the insoluble hydroxides, either when heated or
on the addition of salts :

Fe(C,H,0,), + 3H,0 = Fe(OH), + 3C,H,0,.

The composition of the precipitates as they are obtained in
analysis is therefore very complicated. That of the ferric
compound consists chiefly of ferric hydroxide.

The reaction is obtained as follows: the solution is neutra-
lised by sodium carbonate, until the turbidity caused does not
disappear on stirring; hot water and a sufficient quantity of
sodium acetate are then added, and the whole boiled for a short
time. Precipitates of basic salts hereupon separate, which are
red-brown of iron, white of aluminium. The solution is filtered
hot, and washed with a dilute solution of sodium acetate.
The further treatment of the precipitate is given in the Syste-
matic Course, § 40, and we remark, here, only that these basic
salts are decomposed by alkalies, the aluminium hydroxide
formed dissolving in excess of the alkali. ’

SPECIAL REACTIONS

Aluminium

§ 81. Aluminium is a white, light metal, of sp. gr. 26,
melting at 625° C., and non-volatile. It does not decompose
water, even on boiling. Hydrochloric acid dissolves it easily,
with evolution of hydrogen and formation of aluminium
chloride. Sulphuric and nitric acids have only a slight action
upon it, the layer of hydrogen formed in the first case, and of
nitric oxide in the second, protecting the metal from further
attack, although both aluminium sulphate and nitrate are easily
soluble in water. It also dissolves in the alkalies, especially

F
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potassium hydroxide, with evolution of hydrogen and formation
of an aluminate :

KOH + H,0 + A1 =KAlOQ, + 3H.

The alloys of aluminium worthy of mention are aluminium iron
and aluminium bronze ; their analyses will be considered under
the respective metals. All the general statements made
concerning the salts of the metals in this Division can be
applied expressly to those of aluminium (§ 26).

Reactions of Aluminium 8alts.—The properties made use
of for analytical purposes have nearly all been mentioned
under the General Reactions. Let us turn again to the most
important.

Alumintum hydroxide is a white, gelatinous precipitate,
insoluble in water, but soluble in acids. It is thrown down
from solutions of aluminium salts by the following reagents :—

Ammonia produces a precipitate consisting of the hydroxide
and basic salts, soluble in great excess of the reagent (ammonium
salts lessen the solubility). In testing for small quantities of
aluminium this behaviour to ammonia should always be kept
in mind. If the solution be boiled for a short time the pre-
cipitation is complete: on protracted heating in presence of
ammonium salts a portion of the hydroxide redissolves,
probably in the acid liberated through the decomposition of
the ammonium salts. The precipitated hydroxide is gelatinous,
difficultly washed with water, and has the composition of the
normal hydrate, AI(OH),

Alkali hydrovides (§ 28 B).—Aluminium oxide dissolves
easily in excess of caustic alkalies, forming a soluble potassium
or sodium aluminate. The reprecipitation of the hydroxide
from this solution is important as a qualitative indication of
aluminium salts. The aluminate solution being stable on
heating, precipitation must be effected by neutralising the
alkali; it can be brought about by the action of acids, even
that of hydrogen sulphide or carbonic acid, as the hydroxide is
insoluble in either potassium sulphide or carbonate. The direct
use of a stronger acid, such as hydrochloric or sulphuric, is
inadvisable, as the accidental addition of an excess would re-
dissolve the precipitate. It is preferable to neutralise the
solution by means of an ammonium salt, as an excess of the
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latter has no effect upon the subsequent course of analysis (see
above) ; the salt usually chosen is ammonium chloride. If this
reagent be added to the solution of the aluminate, the precipi-
tation begins even in the cold if the solution is concentrated,
and is complete on boiling. In this reaction the caustic alkali
decomposes the ammonium salt, setting free ammonia and
forming potassium chloride, and the hydroxide is precipitated
as soon as the alkali has become neutralised. The precipitate
thus obtained is denser and more easily washed than the
normal hydroxide. It has the formula AL O,.2H,O, which may
be written (OH),Al—0—A](OH),, and is a semi-anhydride of
the normal aluminium hydroxide :

KAIO, + NH,C1 + H,0 = ALO,. 2H,0 + 2KC1 + 2NH,.

This is a very characteristic reaction of aluminium salts.
Barium hydroxide can be substituted for the alkalies used.

The alkali carbonates precipitate a mixture of the hydroxide
and basic carbonates, which dissolves slightly in an excess of
the reagents. From boiling solutions the precipitation is
complete,

Barium carbonate (§ 28 A) completely precipitates
aluminium hydroxide from cold solutions.

Ammonium sulphide throws down aluminium hydroxide.
The addition of ammonium chloride (in separations, § 28 E)
is beneficial, apparently influencing the composition of the
precipitate.

The formation of aluminium hydroxide by precipitation with a salt of
sulphurous or thiosulphuric acid is employed only for the quantitative
separation of aluminium from jron. It is described under that head
§ 122).

Non-volatile organic acids, such as citric or tartaric, when
present in large quantities completely prevent the precipitation
of aluminium hydroxide by the above reagents (§ 27). Other
organic substances, eg., sugar, cellulose, pieces of filter paper,
etc., are also detrimental to its formation.

Anhydrous aluminium oxide (§ 29) has different properties.
Its difficult solubility in acids is especially characteristic.
When moistened with a drop of a cobalt nitrate solution on a
platinum wire and ignited, a blue coloration is obtained which
becomes especially apparent on cooling : it is due to the forma-
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tion of a cobalt aluminate (Thenard’s Blue). As many other
substances show the same coloration with cobalt nitrate the
test does not ahsolutely establish the presence of aluminium.

The basic acetates of aluminium are described in § 30.
They are important only in separations.

Chromium

Metallic chromium, which is very rare, can seldom be met
with in the course of an analysis. Chrome-iron ore, one of its
alloys, is used in the arts (see Iron). Chromium differs from
aluminium and iron, as we have already shown, chiefly in the
formation of a higher oxide, chromic acid. The reactions of
this compound are used in the separation of chromium. Under
chromium, therefore, we must .consider both the oxide and its
derivatives, and chromic acid, and also the conversion from the
oxide to the acid and wvice versd.

§ 82, Chromic salts—The remarks made in § 26 may all
be applied to the salts of chromic oxide. The salts with
volatile acids lose their acid and pass into the oxide on ignition.
The anhydrous chloride, CrCl, is a violet, volatile compound,
insoluble in water or acids, and formed only in reactions
in which the presence of water is excluded.  Chromic
hydroxide dissolves readily in hydrochloric acid, however, the
resulting solution containing the hydrated chloride. The
chromic salts are remarkable in that almost all of them exist
in two modifications, one green and the other violet. Several
varieties of the hydroxide are also known.

The green and violet solutions of chromic salts—Crystalline salts can be
obtained directly only from the violet solutions. The green solutions leave
on evaporation a sirupy liquid from which (if sufficient water be present)
violet crystals separate in time. The distinction in the colour of the precipi-
tate excepted, there is no great difference between the reactions of the two
varieties of chromic salts. Precipitates obtained from green solutions are
grayish green, from the violet they are gray-violet. To a certain extent
a difference exists in the formation of chromic phosphates in the one or
the other solution,—the violet being precipitated by sodium phosphate
immediately, the green, only after some time. One more important point
is to be considered : from a green solution of chromic sulphate barium
salts do not throw down the whole of the sulphuric acid as barium sulphate
(only two-thirds of it); silver salts, likewise, do not precipitate all the
chlorine from the green chromic chloride solutions as silver chloride. The
violet solutions, on the contrary, are completely precipitated. Either
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variety can be converted into the other, the violet being transformed to
the green in the course of time on standing, more quickly on being boiled ;
and on the other hand, the green changing to the violet on crystallisation,
as we have already noticed. As a rule, chromic alum is the salt used
for laboratory experiments ; prepared in the cold, its solution is violet,
but in the course of time it becomes green. As a very long period, how-
ever, is necessary for the complete transformation, some of the violet
solution always remains, and thus a mixture of the two varieties is usually
employed in the reactions. These phenomena are caused by the action of
water upon the neutral chromic salts, the green solutions containing basic
compounds.

The reactions of chromic salts consist, like those of
aluminium, in the formation of the hydroxide by different
methods.

Chromic hydroxide is a gelatinous precipitate, in colour
gray-green or gray-violet, according to the variety of solution
from which it is deposited ; it is insoluble in water, but soluble
in acids. The most important means of obtaining it are as
follows :—

Caustic alkalies, added in excess, dissolve the chromic hy-
droxide at first formed and yield an emerald-green solution. As
the presence of any one of several other oxides greatly influences
the solubility of the hydroxide in alkalies (§ 28 B), this
characteristic reaction cannot be employed for the separation
of chromium from the other metals. On prolonged boiling
the chromic hydroxide is completely deposited from the alka-
line solution. It can also be precipitated, in the same manner
as aluminium hydroxide, by neutralising the alkali (with am-
monium chloride).

Ammonia precipitates the hydroxide, slightly soluble in
excess to a violet solution. The precipitation is made complete
by boiling.

Barium carbonate completely precipitates from a cold
solution a mixture of hydroxide and basic salts. Complete
precipitation is obtained only after some time (12 hours);
for the conditions of reaction, see § 28 A.

Ammonium sulphide likewise precipitates the hydroxide
§ 28 E).

Non-volatile organic acids influence or completely hinder
the precipitation of chromic hydroxide (§ 27).

Anhydrous chromic oride is obtained by igniting the
hydroxide. As it is insoluble in acids, in order to get it into
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solution it must be treated according to the directions in § 29.
Solution of the anhydrous oxide by oxidation is described
more fully below.

In analyses of compounds of this Division the presence
or absence of chromium must be positively established, in order
to enable the selection of a correct method of separation. The
following is an important reaction employed for this purpose :
Anhydrous chromic oxide (like the oxides of many other metals)
dissolves in molten microcosmic salt or borax to an emerald-
green bead. The experiment is made as follows: The loop of
a platinum wire is brought to a red heat and dipped into the
vessel of borax or so-called microcosmic salt (NH,NaHPO,).
The salt clinging to the loop is then introduced to the flame of
the gas-burner. When the water of crystallisation has been
driven off, a transparent fused bead is obtained. Some care is
required in fusing the microcosmic salt, as when in the molten
state it runs easily and may drop from the loop. The chromic
oxide is then placed upon the bead and the whole again heated
in the flame. The oxide dissolves in the molten salt, imparting
to it a blue colour which is very plain as soon as the bead has
cooled off. Both chromic oxide and its compounds in general
show this bead coloration. Aluminium and ferric oxides are
not detrimental to this reaction, especially if it be made in the
reduction flame (see below, Remark).

It may be well to discuss the theory of this reaction. The
acid ammonium-sodium phosphate changes on being heated in
the gas-flame to sodium metaphosphate :

Na(NH,)HPO, = NaPO, + NH, + H,0.

Borax, Na,B,O., does not change its composition on fusion.
Both salts are compounds of anhydrohydrates of phosphoric or
boric acids. Salts of such acids are transformed on fusion with
a base into salts of the ortho-acids (ortho-phosphoric, ortho-boric)
which in the experiment remain fused :

NaPO, + MnO = MnNaPO,.

It is thus explained why only bases dissolve in molten borax
or microcosmic salt, in which the acid anhydrides, such as silica,
stannic oxide, etc., are insoluble. The stability of boric
anhydride and phosphoric acid at a high heat also explains why
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the experiment succeeds with most salts; the acids contained
in the latter being displaced, at a high temperature, by the less
volatile phosphoric or boric acid.

ReMARR.—When a metal has more than one oxide, variously coloured
beads may be obtained, according to the conditions under which the fusion
takes place. The properties of the flame of the gas-burner have already
been partly considered (in relation to the variations in temperature, § 9).
We will now notice its other characteristics. If (by turning the ring)
the opening through which the gas is supplied with air be somewhat
reduced, a small, luminous point can be distinguished, in addition to the
inner cone and the outer cone above the former. The dark cone, and
especially the luminous point, contain unburned hydrocarbons of the gas,
and possess at the same time a temperature sufficiently high for the reduc-
tion reactions. These two sections of the flame are called *the reducing
flame” The outer cone contains the products of oxidation of the gas and
air ; in this part of the flame, “ the oxidising flame,” the oxidation reactions
are made. These relations will be more fully discussed in the Supplement
of Section III. The coloration of the bead has been sufficiently explained
above, but mention should be made in addition of the sections of the cones
in which these experiments are to be made. If the oxidation flame is to
be used, the bead is introduced into the outer edge of the outer cone, at a
point opposite the tip of the dark inner cone, but not higher, as the heat
in the upper portion is not so great. In reduction experiments the bead is
brought into the upper part of the dividing line between the inner and
outer cones. As the dimensions of the gas-flame are not great the experi-
ments should be made with a small bead and thin platinum wire. As
has been mentioned above, the colouring of the bead by some metals varies
according to the section of the flame in which the bead is held. Manganese,
for example, gives an amethyst-coloured bead in the oxidation flame, a
colourless one in the reduction flame.

The oxidation of chromic oxide to chromic acid is an
important reaction, serving for the separation of chromium
from the metals of Groups II. and IIL, and is at the same time
characteristic. ~As chromium hinders the detection and separa-
tion of aluminium and iron salts, it is itself removed, both in
qualitative and quantitative analysis, by oxidation to chromic
acid. This characteristic of undergoing oxidation distinguishes
chromic oxide from those of iron and aluminium.

1. Oxidation by means of nitric acid and potassium chlorate.—
Moist chromic hydroxide is dissolved in hot, concentrated nitric
acid, and small pieces of potassium chlorate then added to the
solution. The success of the operation depends essentially upon
the amount of water present, and if the chromic hydroxide con-
tained a great deal the oxidation cannot be effected. The nitric
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acid solution, to which the crystals of potassium chlorate are
added one by one, must be heated under the hood. If the
necessary conditions are satisfied the solution becomes brown.
To ascertain when the reaction is finished, a few drops of the
liquid are added to water in a test-tube; a pure yellow colour
indicates that the oxidation is completed, the solution otherwise
having a green tinge. The reaction has not been sufficiently
studied to enable an explanation of its steps. It is mostly
employed for the oxidation of chromic oxide in separations.
The confirmatory tests are given below.

2. In alkaline solution chromic oxide is easily oxidised to
chromit acid by chlorine or bromine water (or a hypochlorite):

Cr,0, + 3KBrO + 4KOH = 2K,Cr0, + 3KBr + 2H,0.

If it be necessary to remove the chromium by oxidation, this
can be conveniently effected, also, with bromine in a neutral
solution, in presence of sodium acetate (see Course of Analysis).
This reaction, however, is incapable of a general application, as
manganese is precipitated by halogens as its dioxide. Hydrogen
peroxide in alkaline solution has recently been employed in
oxidising chromic oxide; the oxidation is readily effected by its
means, but the objections just given likewise prevent its use in
separations. The following reactions are less important in
qualitative analysis.

3. Ozidation with sodium carbonate and potassium nitrate—Six parts of
a mixture of these salts (1 part KNO; and 2 parts Na,CO;) are rubbed
together with one part of chromic oxide in a mortar, and ignited in a
crucible until the evolution of gas ceases and the mass melts On treat-
ment of the fused residue with boiling water an alkali salt of chromic
acid is obtained in solution :

Cr;0, + 8KNO; + K;CO, = K;Cr;0, + 3KNO, + CO;.

The sodium carbonate must be anhydrous, and the chromic oxide well
dried at 100° C. The application of potassium nitrate is subject to a
certain inconvenience, viz, that on treating the fusion with water and
acids, the nitrous acid (formed from the potassium nitrate which results
from the incomplete decomposition of the nitrate) reduces a part of the
chromic acid again to chromic oxide, and the yellow solution obtained
changes to green. The oxidation can be performed with sodium carbonate
and potassium chlorate under the same conditions as when potassium
nitrate is used ; it should be mentioned that potassium chlorate is very
quickly decomposed at a high temperature, and an explosion may thus
easily ensue. The mixture must contain six parts of sodium carbonate
and one part of potassium chlorate.
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4. Hempel has recently proposed to convert chromic oxide to chromic
acid by fusing it in a silver crucible with one part of sodium peroxide
and two of sodium carbonate.

§ 83. Reactions of Chromic Acid and its 8alts.—Chromic
acid, CrH,0,, is not known in the free state. Its anhydride,
CrO,, crystallises in red needles. The chromates of Groups
I. and IL are, with the exception of the barium salt, soluble
in water. Those of other metals are insoluble in water, but
usually dissolve in acids. The -insoluble salts are rendered
soluble by converting them to alkali chromates, by fusion
with sodium carbonate ; some of them, indeed, are transformed
to the alkali salts merely on boiling with sodium carbonate
solution. The reactions of chromic acid consist either in the
production of characteristic insoluble salts, or in oxidation re-
actions which are caused by the chromic acid, the latter being
at the same time reduced to chromic oxide.

Bartum chromate—Barium salts produce in the solutions
of chromates a yellow precipitate, soluble in nitric acid and
reprecipitated from this solution by alkalies (§ 17).

Lead chromate is a yellow precipitate, insoluble in nitric
acid, but soluble in caustic alkalies. It is reprecipitated from
this solution by acids.

Mercurous chromate, Cr(Hg,)O,, is a brick-red, and silver
chromate a dark red precipitate. Both are soluble in acids.

Hydrogen peroxide is one of the most delicate and charac-
teristic reagents for chromic acid. The latter is oxidised by
the hydrogen peroxide, apparently being transformed to the
so-called perchromic acid, HCrO, (the composition of which,
owing to its instability, is not yet accurately determined):

2CrH,0, + H,0, = 2HCrO, + 2H,0.

The compound has of late been variously regarded as CrO,.
H,0, (Moissan), or Cr,0,. 2H,0, (Berthelot), and therefore, as
a union of hydrogen peroxide with chromic or perchromic
anhydride. It is not necessary to use a solution of pure hydro-
gen peroxide, that prepared by the action of very dilute hydro-
chloric acid upon barium dioxide being sufficient. If a drop
of a potassium dichromate solution be transferred on a glass
rod to the solution of hydrogen peroxide and free acid thus
obtained, the latter receives a blue tint from the perchromic
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acid which forms. This blue colour is still more distinctly
seen if ether be added and the solution shaken, the ether dis-
solving the perchromic acid, and, as it is lighter than water,
floating above the latter as & beautiful blue layer. An excess
of potassium dichromate hinders the reaction; free chromic
acid acts upon the perchromic acid with formation of chromic
oxide and evolution of oxygen. With an excess of potassium
dichromate, therefore, the colour is not obtained :

2CrHO, + 2CrH,0, + 3H,0 = 4Cr(OH), +0,.

Reduction of the chromic acid to chromic oxide (oxidation
reactions at the expense of the oxygen in the chromic acid).
The reduction of chromic acid is employed, in qualitative
analysis, chiefly as a confirmatory test. In the above re-
actions chlorides or bromides are obtained together with the
chromic acid, and may hide the reactions of formation of
characteristic chromates. The chromic acid must, therefore,
be subjected to reduction as a confirmatory test. The re-
duction is usually accomplished with alcohol in presence of
hydrochloric acid, the alcohol becoming oxidised to aldehyde,
C,H,O, at the cost of the oxygen in the chromic acid, and the
latter undergoing conversion to chromic chloride or the salt
of whatever acid was employed :

2Cr0, + 3C,H,0 + 6HCl = 2CrCl, + 3C,H,0 + 6H,0.

Concentrated hydrochloric acid and alcohol are added to the
concentrated solution of chromic acid (dilute solutions must
be strongly evaporated). The reduction is hastened by warm-
ing the solution, and is easily recognised by the green colour
to which the liquid changes, the penetrating odour of aldehyde
being noticed at the same time. Upon further oxidation the
aldehyde is changed to acetic acid, and, if the latter is formed
in sufficient quantity, a violet solution of chromic acetate is
often obtained.

We must mention, from among the remaining reactions, the following :

Hydrogen sulphide easily reduces chromic acid in acid solutions, with
separation of sulphur: the chromic hydroxide formed, being soluble in
acids, is not precipitated :

K,Cr;0, + 3H,S + 8HC1 = 2CrCl, + 7H,0 + 88 + 2KCL

In the general course of analysis the separation of sulphur, when un-
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accompanied by the formation of any other precipitate, is an indication
of chromic acid (or ferric iron). Ammonium sulphide throws down from
acid solutions a mixture of chromic hydroxide and the brown dioxide,
Cr0,.

g’ulphurom acid likewise reduces chromic acid, being at the same time
converted to sulphuric acid. Since chromic acid readily parts with its
oxygen it acts as a peroxide; when heated with hydrochloric acid it
evolves chlorine and is converted to chromic chloride :

2CrH,0, + 12HCl = 2CrCl, + Cly + 8H,0.

Chromic acid is also reduced by many other substancés, such as stan-
nous chloride, non-volatile acids (tartaric), etc.

Perric Iron

§ 34, The properties of metallic iron will be considered in
the second Division. Here we shall confine ourselves to the
compounds of ferric oxide. These differ from those of
aluminium and chromium in their reducibility, Z.e, in the
power which they possess of changing from the ferric to the
ferrous state.

A. Ferric salts—The remarks made in § 26 apply to these
salts; it may again be noticed that the salts of volatile acids
(organic salts, the nitrate, etc.) decompose on ignition, with
formation of ferric oxide. The solutions of ferric salts are
yellow or brown. Those of neutral salts are often decomposed
to basic compounds by the action of water. Ferric chloride
splits up very readily into ferric hydroxide and hydrochloric
acid, the decomposition being most rapid in concentrated
solutions (soluble ferric oxide remains in solution). Almost
all neutral ferric salts become basic when their solutions are
boiled.

Reactions of Ferric 8alts.— Ferric hydroxide is a brown
precipitate very soluble in acids. The anhydrous oxide is
much less soluble in acids than its hydroxide.

Alkalies and ammonia throw down the hydroxide, which is
insoluble in an excess of the reagents (§ 28 B). Organic acids
prevent the precipitation (§ 27).

Barium carbonate precipitates from cold solutions a
mixture of the hydroxide and basic carbonates, which forms
rapidly ; for the conditions see § 28 A.

Ammonium sulphide produces a black precipitate of ferrous
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sulphide, FeS, a derivative of ferrous oxide (§ 28 E). Hydrogen
sulphide also has a reducing action on ferric compounds, the
conversion being accompanied by separation of sulphur:

2FeCly + H,S = 2FeCl, + 2HCI + S,

Acetate.—The addition of sodium acetate to the solution
of a ferric salt causes a red-brown coloration, due to the
formation of the neutral acetate, Fe(C,HO,).. The basic
acetate obtained on boiling the solution of the neutral salt
forms a red-brown precipitate insoluble in water, but easily
soluble in hydrochloric acid. The use of this salt in analysis
is described in § 30. The above reactions are important for
separations; as delicate qualitative tests for ferric salts, the
following are preferable :—

Ferric sulphocyanate, Fe(CNS),, is a salt soluble in water
to a dark red colour, and formed by the action of potassium
sulphocyanate on ferric solutions. A very slight amount of
this compound suffices to colour a large quantity of water red,
and the reaction is therefore unusually delicate (see below).
In case the coloration is slight, it may be more easily seen by
placing a piece of white filter paper under the test-tube and
looking down upon the liquid, a thicker layer this being ex-
amined. Ether may also be used with advantage: it extracts
ferric sulphocyanate from the aqueous solution, and as it floats
above the latter the red colour imparted to it is easily seen.
A large excess of free nitric acid decomposes the sulphocyanate
and therefore hinders the reaction. The presence of undue
quantities of foreign salts is also detrimental to its delicacy.
Ferrous salts show no such reactions.

The action of potassium sulphocyanate upon ferric chloride presents a
case of “Chemical equilibrium.” In incomplete reactions such as this,
which is built up from two opposite reactions in which ferric sulpho-
cyanate is formed and again decomposed by potassium chloride, equilibrium
sets in at a point determined by the conditions present. The sign of
equilibrium is >

FeCly + 3KCNSZ__2Fe(CNS),+ SKCL

In cases of chemical equilibrium in general, an excess of one of the
factors has the effect of making one of the reactions the more prominent.
In this case the colour becomes more intense if an excess of potassium
sulphocyanate be used, since a greater quantity of ferric sulphocyanate
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will thus be formed. G. Kriiss and H. Moraht assert that double salts of
ferric and potassium sulphocyanates, e.g., Fe(CNS); +9KCNS, are in
this way formed.

Ferric ferrocyanide (Prussian Blue).—Ferric ferrocyanide,
Fe (FeCy,), = 4FeCy, . 3FeCy,, is formed as a dark blue pre-
cipitate on the addition of potassium ferrocyanide, K FeCy,, to
the solution of a ferric salt. The reaction is delicate. If the
iron is only present in traces a green solution is at first
obtained, from which a blue precipitate slowly separates. As
ferric ferrocyanide is slightly soluble in potassium ferrocyanide
to a colourless liquid, the reagent must be added to the iron
solution drop by drop. The reaction involved is as follows:

3K (FeCy,) + 4FeCl; =F (FeCy,), + 12KCL

The salt is characterised by its insolubility in hydrochloric
acid, and its solubility in caustic alkalies with separation of
ferric hydroxide. The latter reaction is analogous to the action
of the alkali hydroxides upon ferric salts in general, potassium
ferrocyanide being again formed :

Fe,(CyoFe) + 12KOH = 3K (Cy,Fe) + 4Fe(OH),.

It is not advisable, in testing for ferric compounds, to allow the acid
solutions to be exposed to the air for any length of time after the addition
of the reagent, since ferric ferrocyanide may be formed by the oxidation
of hydroferrocyanic acid alone, although no iron be present in the solution
examined. In washing a precipitate of ferric ferrocyanide it will be
observed that the precipitate commences to pass into solution in the
colloidal state as soon as all foreign salts have been removed. The student
is also reminded that none of the above reagents can serve for the detection
of the iron in ferro- and ferricyanic compounds. They can be used for
this purpose only after the decomposition of the cyanogen compounds by
sulphuric acid (v. Sec. II. Hydrocyanic Acid). This behaviour of the
ferrocyanides explains why, for the detection of iron, we can use com-
pounds which themselves contain iron, but it also requires the experiments
to be made in special portions of the liquid under analysis.

Ferricyanide of potassium, K FeCy,, produces no precipitate
with ferric salts, but the solution becomes dark brown.

Tannic acid (infusion of galls) produces in neutral solutions
of ferric salts a blue-black precipitate (ink); an excess of the
reagent should be avoided.

B. Reduction of ferric compounds to the ferrous state—
The reactions in reduction of ferric oxide are chiefly important
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in quantitative analysis, The ferric compound is usually
warmed with zinc and dilute hydrochloric acid, and thus
reduced by the hydrogen evolved. A solution of sulphurous
anhydride in water answers equally well; in this reaction the
reduction takes place at the expense of the hydrogen of the
water, the oxygen of which unites with the sulphurous acid to
form sulphuric acid. The equations for the two reactions are

as follows:
FeCl, + H =FeCl, + HCL
2FeCl, + 2H,0 + SO, = 8FeCl; + 2HCI + H,SO0,.

The reduction can also be accomplished with sodium thiosulphate, in
place of sulphurous acid. Thiosulphuric acid, as is well known, decom-
poses into sulphur and sulphurous acid (in acid solution; in neutral
solution it forms tetrathionic acid):

2FeCl, + Na,8;0, + H,0 =2FeCl, + 2NaCl + H,80, + 8.

The addition of sodium thiosulphate to a solution of a ferric salt pro-
duces a deep violet colour, and on being warmed the liquid appears
opalescent, through the separation of sulphur. When the thiosulphate is
in excess sulphurous acid is set free (in quantitative analysis this reaction
is used for separating iron and aluminium). The reduction of ferric salts
can, lastly, be effected with stannous chloride, according to the reaction :

2FeCl;+ SnCl,=2FeCl; + SnCl,.

SYSTEMATIC COURSE OF ANALYSIS FOR THE METALS
OF GROUP III, DIVISION 1

§ 85. If the student be guided by the methods of com-
bining the reactions explained in §§ 14, 22, and 24, we believe
that he is in condition to work out a systematic course of
analysis for this Division himself, and a detailed discussion of
the subject will therefore be unnecessary. Though following
a somewhat different plan from that of the previous groups,
nevertheless, the requirements to be fulfilled in choosing the
reactions, as well as their application in the succession indicated
in the proposed course of analysis, may be briefly explained.

A. The metals of Group IIL, Division 1.—The detection of
the metals of this Division requires their previous separation ;
the analysis is based upon the properties of their hydroxides.
The solution is precipitated by ammonia, an excess of the
reagent being avoided (in the systematic course and in separa-
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tions, ammonium sulphide is to be used, see below), heated,
filtered, and the precipitate well washed.  As the course of
analysis is dependent upon the presence or absence of chromium
(§ 28 B), the behaviour of the hydroxides obtained toward the
microcosmic salt or borax bead is tested (§ 32). Should an
emerald-green bead be obtained, this is a sign of the presence of
chromium, whichmust next be separated byconversion to chromic
acid. The still moist hydroxides are for this purpose dissolved
in concentrated nitric acid and treated with potassium chlorate
according to § 32. After complete oxidation has ensued, the
greater portion of the free nitric acid is removed by evapora-
tion, and the solution then reprecipitated by ammonia. The
hydroxides of aluminium and iron are found in the precipitate,
and must be separated by treatment with caustic alkalies
according to § 32, confirmatory tests being made with each
oxide. The chromic acid remains in solution; the best con-
firmatory test is its reduction to chromic oxide. If negative
results in regard to chromium were obtained on fusion with the
borax bead, the separation of the ferric iron and aluminium by
caustic alkalies can be directly undertaken.

The oxidation of the chromium and separation of aluminium
from iron by the following method is also convenient :—The
acid solution is neutralised by sodium carbonate, bromine and
an excess of sodium acetate added, and the solution heated, its
neutrality being at the same time maintained by the further
addition of soda. = When the oxidation is complete the
aluminium and iron are found in the precipitate as their basic
acetates, while the alkali chromate remains in solution (§ 32).

A more roundabout method for separating chromium consists in the
fusion of the precipitated and well-dried oxides with sodium carbonate and
potassium nitrate (§ 32), and treatment of the fused mass with water.
‘We observe that, in proportion to the quantity of soda taken, either ‘part
or the whole of the aluminium can go into solution as an aluminate, together
with the chromic acid. The solution is acidified with nitric acid and the
aluminium precipitated with ammonia (the precipitate requires confirma-
tory tests), the chromic acid being still kept in solution as a chromate.
The portion of the fused residue insoluble in water consists of anhydrous

ferric and aluminium oxides; they are dissolved in hydrochloric acid,
ete. (§ 29), and subjected to the treatment above given.

B. The metals of Groups I, IL, and GQroup IIL, Division
1.—For the separation of Group IIL, Division 1, from previous
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Groups we employ the precipitation with ammonium sulphide.
The conditions are explained in § 28 E (the completeness of the
precipitation must be assured). The precipitate, consisting of
the hydroxides of chromium and aluminium, and ferrous
sulphide, FeS, must be well washed and dissolved in dilute
hydrochloric acid. The iron, which goes into solution as a
ferrous salt, is transformed to a ferric salt by boiling the liquid
with nitric acid, which should be added drop by drop. The
oxidation of ferrous compounds will be more closely observed
in § 37 B. The detection of the single metals of Division 1
is accomplished by the methods described above (precipitation
with ammonia, colour of borax bead, etc) The metals of
Groups I. and IL are found in the solution filtered from the
hydroxides of the metals of this Division. The excess of
ammonium sulphide in this filtrate is removed by boiling and
adding hydrochloric acid; the separated sulphur having been
filtered off, the detection of the metals of Groups I. and IL is
accomplished by the methods given in § 24.

GROUP III, DIVISION 2

IBRON (FERROUS COMPOUNDS), MANGANESE, ZINC

§ 36. The metals of this Division are marked by the
following characteristics :—1. Ammonium sulphide precipitates
sulphides of the formula RS, which are easily soluble in acids.
2. The monoxides, RO, are not thrown down in the cold by
barium carbonate. 3. They form no basic acetates (distinction
from Division 1).

The metals of this Division are easily soluble in acids, with
genération of hydrogen and formation of salts. The majority
of their salts, eg., the nitrates, sulphates, and chlorides, are
soluble in water, and most of the insoluble salts dissolve in
acids. Zinc unites with oxygen to form only the monoxide,
and is thus distinguished from iron and manganese, which
easily form higher oxides (basis for a method of separation).
As ferrous compounds are always transformed to the ferric
state, in qualitative as well as quantitative analysis, the separa-
tion of iron is based upon the properties of the metals of Group
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II1, Division 1, and we shall therefore consider only the re-
actions of manganese and zinc in the General Reactions.

GENERAL REACTIONS

A. The Sulphides are obtained in analysis either as the
so-called hydrates or in the anhydrous state.

The sulphides are salts of hydrogen sulphide. The latter can form
with divalent metals (Me) the following salts :—

MeS ; the neutral salt, sulphide.

Me(SH), or MeS.H,S; the acid salt of hydrogen sulphide. Such
compounds are not at present known.

Me(OH)(SH) or MeS.H,0. The hydrated sulphides are basic salts of
hydrogen sulphide. By the abstraction of water from several molecules of
such compounds, basic salts of various composition can be formed ; for
instance :

3Zn(OH)(SH) - H,0=3ZnS . 2H,0.

As is true of all basic salts, the composition of the basic sulphide
obtained depends upon the conditions under which the experiment is
made (§ 26).

The hydrates of the sulphides are formed, almost exclusively,
by precipitation of the solutions with ammonium sulphide or
hydrogen sulphide. As was stated above, they are insoluble in
water, but dissolve easily in acids, and undergo oxidation with
extreme ease. The colour of these sulphides is important as
a characteristic qualitative indication of the respective metals.
Hydrated ferrous sulphide is deposited as a black precipitate
which turns brown when exposed to the air, owing to its
oxidation to ferric oxide (accompanied by separation of sulphur).
The hydrate of manganese sulphide is a yellowish white or
flesh-coloured precipitate which quickly changes to brown in
the air, being oxidised to the mangano-manganic oxide, MnO,
(with separation of sulphur). Hydrated zinc sulphide is a white
precipitate, insoluble in caustic alkalies, and much more stable
in the air than the foregoing salts. (It changes to the oxide
with generation of hydrogen sulphide.) The reactions involved
in the formation of hydrated sulphides, i.e, the action of
ammonium sulphide and hydrogen sulphide, must be more
closely considered.

Action of ammonium sulphide—This reagent precipitates
the hydrated sulphides from neutral and acid solutions ; the re-

G
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action is important as a means of separating the metals of this
Group from those of Groups I. and II. Complete separation
is obtained by neutralising the acid solution with ammonia, add-
ing ammonium chloride,! and precipitating the solution with
ammonium sulphide.

The experiment is made in a flask, which, after the addition
of ammonium sulphide, is closed by a cork and permitted to
stand for some time (the longer the time allowed, the more
complete the reaction; precipitation is entirely finished only
after twenty-four hours.) The precipitate is then filtered and
well washed. Its further treatment, when the whole of Group
III. is to be separated from Groups L and II., will be more
fully discussed below. The same reaction may serve as a
separation of zinc from manganese, as manganese sulphide
dissolves in acetic acid, in which zinc sulphide is insoluble.
In employing this method, the precipitates are poured into a
small beaker and treated, while hot, with acetic acid ; manganese
sulphide goes into solution, while zinc sulphide remains un-
affected. Confirmatory tests for both of these compounds will
be described below.

Action of hydrogen sulphide——Hydrogen sulphide pre-
cipitates from the neutral solutions of mineral acid salts, such
as the chlorides and sulphates, either no sulphide at all or but
small quantities; the mineral acid set free in the reaction
hinders further precipitation by instantly dissolving the sulphide
formed. The neutral acetates, however, show a somewhat
different behaviour toward sulphuretted hydrogen. Manganous
acetate is not precipitated, and ferrous sulphide forms only in
small quantities; zinc acetate, on the contrary, is completely
decomposed, all of the zinc being thrown down as zinc sulphide.
In presence of free mineral acids, none of the sulphides are
deposited ; an acetic acid solution of & zinc salt, however, is
completely precipitated, while that of a manganese or iron salt
is not affected. Manganese can therefore be separated from
zine by this method also. Hydrogen sulphide is passed through
the solution under investigation, after the addition of some

1 The necessity of the presence of ammonium salts for the complete precipita-
tion of the hydrated sulEhides has been empirically determined. It probably
exerts an influence upon the constitution of the precipitate, as in the precipitation

of aluminium hydroxide. If the acid solution contains hydrochloric acid, the
addition of ammonium chloride is superfluous.
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free acetic acid and enough sodium acetate to completely trans-
form the manganous and zinc salts present into acetates; acid
solutions should be previously neutralised by sodium carbonate
until a permanent turbidity is caused. In the systematic
course of analysis of the metals of this Group, the method last
described must be employed for separating manganese from
zinc, since when cobalt and nickel are present, it is the only
one by which the white zinc sulphide characteristic for this
metal can be obtained.

"It must be noticed that, in spite of the ordinary precautions, small
quantities of cobaltous sulphide are usunally obtained together with the
zinc salt in the precipitate. An accurate separation is rendered possible
only if we add ammonia to the solution, dissolve the precipitate in mono-
chloracetic acid, treat with hydrogen sulphide at 50° C., and filter off the
zinc sulphide immediately.

The anhydrous sulphides differ in their properties from the hydrates,
and are employed only in quantitative analysis. They are formed on
ignition of the sulphides, oxides, and carbonates of the metals with sulphur
in a current of hydrogen. They are stable, and do not undergo oxidation
in the air. Ferrous sulphide, thus obtained, possesses a metallic lustre.
Manganous sulphide is green or almost black, according to the temperature
at which it is obtained. (It is also sometimes formed in solutions, if
manganous salts be precipitated at 100° C. by a great excess of ammonium
sulphide, in presence of much ammonia.) Zinc sulphide is a white or
yellowish white powder. To the anhydrous sulphides belong the mineral
pyrites, FeS,, etc. (see Supplement).

B. Ammonium Double 8alts.—(Action of ammonia and
of ammonium carbonate.) The metals of this Division are
characterised by the ease with which they form double
ammonium salts, such as FeSO,.(NH,),SO,, etc, and, in the
presence of ammonium chloride, or of ammonium salts in
general, therefore, precipitation by means of caustic alkalies,
ammonia, or carbonates, is incomplete. ~Ammonia produces no
precipitate in presence of ammonium salts, or in acid solutions.
The fact should be mentioned, that in a solution containing free
ammonia, the double salts of manganese (and to a lesser extent
those of iron), are oxidised by the air and deposited as a brown
precipitate of mangano-manganic oxide.

C. The monoxides, the carbonates, and, to a less degree, the sulphides
can be completely precipitated only when non-volatile organic acids are
absent. This is likewise explained by the formation of double organic
salts of the metals of this Division with potassium, sodium, and ammonium
compounds ; eg., K,Mn(C,0), ete. (v. § 27).
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SPECIAL REACTIONS
Ferrous Iron

§ 87. Metallic iron possesses a shining gray colour, and
fuses at about 1500° C. (In the fused state it is white and
has a powerful lustre.) When exposed to the air and moisture
it becomes oxidised, or rusts, and burns in the air on being
subjected to a white heat. Iron dissolves easily in acids,
passing into the ferrous state if the dissolving acid is incapable
of oxidising it. (Ferric compounds can be obtained by solu-
tion of the metal in nitric and similar acids.) The ferrous
salts are compounds unstable in solution, or even in the dry
state if they be exposed to the air, as they readily absorb
oxygen and pass into ferric salts. The majority of ferrous
compounds are easily soluble in water or acids. Iron precipi-
tates several other metals from the solutions of their salts,
being converted itself to the corresponding iron salt :

CuSO, + Fe = FeSO, + Cu.

Steel and cast tron.—Iron can be prepared from its compounds in a
perfectly pure state only through its reduction by hydrogen. The purest
iron found in the arts (wrought iron, piano wire) contains about 03 per cent
carbon. Steel is still richer in carbon (from 09 to 19 per cent) than wrought
iron, its hardness resulting from this fact (iron itself is soft). Cast iron is
still richer (it may contain as much as 7-0 per cent), and in this variety the
carbon is partly bound to the iron, partly in the state of graphite. When
cast iron is dissolved in acids the graphite remains as an insoluble black
residue, while the chemically-bound carbon forms gaseous hydrocarbons
which impart to the hydrogen generated an unpleasant odour. Upon
solution of cast iron or steel in metallic salts, such as copper sulphate,
mercuric chloride, etc., all of the carbon remains behind as an insoluble
residue. Such a residue was recently shown to contain titanium car-
bide, TiC.

Iron alloys.—Several different alloys of iron have of late been employed
in the arts. Ferro-manganese is a general term for such compounds as
contain more than 25 per cent (up to 80 per cent) of manganese ; those which
contain a smaller percentage of this metal are known as specular pig-iron.
In chrome-iron we find chromium in varying, and often in significant
amounts. Aluminium-iron usually contains about 10 per cent aluminium.
All of these alloys are dissolved by acids without difficulty.

In its separation from other metals iron is always converted,
when existing in the solution as a ferrous compound, into the
more stable ferric salt. After having observed the qualitative
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reactions for ferrous compounds, therefore, we must become
acquainted with the methods for bringing them into the ferric
state.
A. Reactions of Ferrous S8alts.—Ferrous hydroxide is
thrown down by alkalies and ammonia as a white precipitate,
which is almost instantly turned to green, and finally brown,
as a result of its oxidation. It is insoluble in an excess of
potassium hydroxide, and on boiling is converted to the black
magnetic iron oxide, Fe,O, When ammonium salts (§ 36 A)
or organic acids (§ 36 C) are present the precipitation is in-
complete (ammonia has no apparent action); if the solution
is exposed to oxidation, ferric hydroxide is in time deposited.

Ferrous sulphide.—The black hydrate is thrown down by
ammonium sulphide from either ferrous or ferric solutions. In
the latter case the ferric compounds are first reduced (§ 34).
The hydrate of ferrous sulphide dissolves easily in acids and
absorbs oxygen from the air. Very dilute iron solutions are
at first only coloured green by ammonium sulphide, but after
some time deposit a black precipitate. Ammonium chloride
assists complete precipitation.

Ferrous ferrocyanide and ferrous ferricyanide afford very
characteristic reactions of ferrous compounds. Potassium
ferrocyanide, K (FeCy,), produces a white precipitate, K, Fe,
(FeCysg)., which, like all ferrous salts, is quickly oxidised by the
air, turning blue and changing to the ferric salt. It may like-
wise be oxidised by chlorine or nitric acid. The reactions
involved in its formation and oxidation are as follows :

2K (FeCyy) + 3FeCl, = K,Fe (FeCy,), + 6KC],
3K, Fey(FeCyy), + 8Cl = 2Fe (FeCyy); + 6KCl + FeCl,.

Potassium ferricyanide, K (FeCys), produces a blue precipitate
(Turnbull’s blue), which cannot be distinguished by its colour
from Prussian blue. Its composition, Fe(FeCy,),, is also very
similar to that of the latter body. If, to simplify the com-
parison, these compounds be regarded as double salts, the formula
of the precipitate becomes 3FeCy, . 2FeCy,, and that of Prussian
blue, 3FeCy,.4FeCy,, The one salt is the ferricyanide of
ferrous oxide, Fe(FeCy,),, the second the ferrocyanide of ferric
oxide, Fe (FeCy;);. The two salts have almost the same
characteristics. ~Turnbull’s blue is likewise insoluble in hydro-
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chloric acid. The reaction must be made under observance of
all the precautions given in § 34 ; it is very characteristic of
ferrous compounds.!

B. Conversion of Ferrous Salts to the Ferric State.—
The reactions by which ferrous compounds become oxidised are
very important in analysis. Ferrous salts undergo oxidation so
readily that they cannot be used in separations, and they must
therefore be converted to ferric compounds, to permit the use of
methods based upon the characteristics of the latter. The
oxidation can be accomplished in many ways; in qualitative
analysis, chlorine or nitric acid is the most convenient agent
for the purpose.

1. Oxidation with nitric acid.—Concentrated nitric acid
is added, drop by drop, to the boiling solution of the ferrous
salt until the liquid attains a yellowish brown colour (colour
. of ferric solutions). A portion of the nitric acid decomposes,
with evolution of nitric oxide. The oxidation with nitric acid
is accomplished more successfully and quickly if another free
acid (sulphuric or hydrochloric) is present, as the molecule of
a ferric salt contains more acid than that of a ferrous com-
pound :

3FeCl, + 3HC1 + HNO, = 3FeCl, + NO + $H,0.
If no free acid is present, basic, and usually insoluble, ferric
salts will be to some extent formed. Thus, for example, if
ferrous sulphate be oxidised without the previous addition of
sulphuric or hydrochloric acid, both the soluble ferric salt,
Fe,(SO,),, and the insoluble basic salt, 2Fe,0, .80, =

o
Fe{ DFe—0
| Mo/ |
<|) S0,
0 |
/" "N\Fe—
Fe\o /Fe 0]
will be obtained. Weak solutions of the ferrous salts must be
concentrated before the oxidation, and to properly effect the
conversion nitric acid of some strength is wanted.

! It may be mentioned that potassium ferrocyanide and ferricyanide produce
precipitates with the majority of metallic salts, and that for this reason their
reactions cannot be employed in separations. These reagents serve only for the
detection of iron.

(% 3
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2. Owidation with chlorine.—Instead of employing the free
halogens (chlorine or bromine water), the solution of the
ferrous salt, previously concentrated (if necessary), is acidified
with strong hydrochloric acid, heated, and two or three
small crystals (not more) of potassium chlorate, KClO,, then
added. The hydrochloric acid is thus decomposed to water and
free chlorine, and the latter converts the ferrous salts to the
ferric condition. The odour of chlorine in the solution indi-
cates that the oxidation is completed :

2FeCl, + CL, = 2FeCl,,
3FeSO, + Cl;=Fe,(80,); + FeCl,.

The oxidation reaction with hydrochloric acid and potassium
chlorate is represented by the following equation :

8FeCl, + 6HCI + KCI0, = 6FeCl, + 3H,0 + KCL

Ferrous and ferric oxides, when present together, necessitate
two experiments for their detection: (1) a test is made for
ferrous compounds by means of potassium ferricyanide, and
(2) for ferric compounds with potassium ferrocyanide. The
formation of a blue precipitate in both tests indicates the
presence of both ferrous and ferric salts.

Manganese

§ 38. Manganese forms several series of compounds, the
majority of which are of analytical value. The manganous
compounds are chiefly important for the quantitative estimation
of manganese. The higher oxidation products afford especially
characteristic qualitative reactions of the metal, and, as com-
pounds which distinguish it from many others, are often em-
ployed in quantitative reactions for the separation of manganese.

‘We shall study closely the reactions of manganous com-
pounds alone, without entering more deeply into the considera-
tion of the other oxides. Under the conditions obtained in
complete analyses, the higher oxides of manganese cannot exist
in the solution, the reactions performed in the systematic
course of analysis (eg., the action of hydrochloric acid or of
hydrogen sulphide), converting these compounds into manganous
products. The study of the one oxide therefore suffices.
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The manganous salts which are soluble in water do not
oxidise on exposure to the air. The higher oxides of manganese
are easily prepared from manganous compounds, and their
formation is very characteristic of the metal, affording, indeed,
its best qualitative reactions. To thoroughly understand these
reactions, therefore, the student should turn his attention to
the behaviour of the higher manganese oxides toward hydro-
chloric and nitric acids.

Hydrochloric acid decomposes all of the higher oxides of
manganese on warming; free chlorine is generated and
manganous chloride formed :

MnO, + 4HCl = MnCl, + 2H,0 + 2C),
MnHO, + 7HCl = MnCl, + 5C1 + 4H,0.

Manganese sesquioxide, Mn,O,, is not decomposed by hydro-
chloric acid in the cold, manganic chloride, MnCl,, being stable
in its cold solution.

Nitric acid which contains no nitrous acid decomposes
neither manganese dioxide nor permanganic acid. These two
compounds are formed, as we shall see below, from the man-
ganous salts, either by the action of nitric acid or in its presence.
Manganic sesquioxide and mangano-manganic oxide are split up
by nitric acid into manganous salts and the dioxide :

Mn,0, + 2NHO, = Mn(NO,), + MnO, + H,0.

As manganese dioxide and permanganic acid readily part with oxygen
when acted upon by acids, they are powerful oxidising agents. For
oxidising with permanganic acid the potassium salt, potassium perman-
ganate, is usually employed.

Reactions of Manganous 8alts.— Manganous hydroxzide,
Mn(OH), thrown down by alkalies or ammonia, is a white
precipitate, which quickly turns brown in the air, undergoing
oxidation to mangano-manganic oxide. The presence of am-
monium chloride hinders the reaction (see the ammonium
double salts).

Manganous carbonate, MnCO,, is a white precipitate.

Manganese ammonium double salts—If ammonium salts,
such as the chloride, be present, ammonia produces no pre-
cipitate with manganous salts (the precipitation by alkalies
is also incomplete), in consequence of the formation of the
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soluble double salt, MnCl,. 2NH Cl. Manganous hydroxide
(which has not been browned by the air) is easily soluble in
ammonium chloride, though excess of ammonia precipitates
mangano-manganic hydroxide from this solution. Ammonium
carbonate in presence of ammonium chloride precipitates man-
ganous carbonate.

Manganous sulphide.— Ammonium sulphide precipitates
the hydrated manganous sulphide, yellow or flesh-coloured, and
turning brown in the air through oxidation. It is characterised
by its easy solubility in acids (the separation from zinc is based
upon the readiness with which it dissolves in acetic acid,
§ 36 A). 1In presence of an excess of ammonia and ammonium
sulphide, a green precipitate of the anhydrous manganous
sulphide is sometimes formed, especially from hot solutions.
For complete precipitation with ammonium sulphide the
presence of ammonium chloride is necessary. = Hydrogen
sulphide does not precipitate manganous sulphide from acid
solutions, even from that of acetic acid (for the use of this
characteristic in the separation of manganese from zine, see

36 A).

; In the systematic course of analysis manganese is separated
a8 manganous sulphide. The confirmatory tests, however,
should not be made directly with the manganous acetate
obtained by dissolving the sulphide in acetic acid. It is better
to precipitate this solution with sodium carbonate, and dissolve
the well-washed manganous carbonate in nitric acid. The
solution thus prepared is subjected to the following tests, which
constitute the most characteristic reactions shown by man-
ganese.

Manganic owide, Mn,0,—Manganous hydroxide, precipitated
from manganous salts by an excess of potassium hydroxide and
shaken until it has become brown, already contains mangano-
manganic oxide. Addition of oxalic acid to this precipitate
imparts to the solution a rose-red colour, owing to the formation
of the double oxalate of manganese and potassium! (the more
brown the oxidised solution is, the more successful the reaction).
The oxalic acid is reduced to carbon dioxide and water on

1 The probable composition of this salt is analogous to that of the compounds
of ferric iron, viz., MnK(Cg0,); or MnK(C,0,),. 2K,C,0;. The compound is too
unstable to be analysed.
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heating, and the colour then disappears. When oxalic acid is
in excess, a white crystalline precipitate of manganous oxalate,
MnC,0,, is formed.

Manganic acid, MnH,O,.—If any compound of manganese
be fused in the gas-flame on platinum foil, with a mixture of
from 2 to 3 parts of anhydrous sodium carbonate and a small
quantity of potassium nitrate, a bluish green mass is obtained,
which consists of the manganates of potassinm and sodium.
The cake turns brown on exposure to the air, often very
quickly, but the bluish green colour again appears on fusion.
It is a delicate reaction for manganese :

Na,CO; + MnCO; + O, = MnNa,0, + 2CO,.

Permanganic acid, MnHO,_—The solution of this acid has
a deep carmine-red colour, and its formation is therefore a
delicate reaction. If concentrated nitric acid (sp. gr.=1-2)
be heated to boiling with lead dioxide or minium, PbO, =
PbO.PbO,, and a few drops of a dilute manganous solution
be then added, a carmine-red coloration will be observed :

2MnSO, + 5Pb0, + BHNO, = 2HMnO, + 2PbSO, + 3PKNO,), + £H,0.

The colour may be seen as soon as the excess of lead dioxide
has settled ; the solution must not be filtered through paper, as
the fibre of the latter would reduce the permanganic acid. To
make the experiment successfully, it is absolutely necessary to
add the manganese only in dilute solution, and but a few drops
even of this. An excess of manganous salts has a reducing
action and causes the nitric acid solution to lose its colour:

3MnO + Mn,0, = 5MnO0,.

Manganous compounds impart to the borax or microcosmic
salt bead a faint violet colour; in the reduction flame the bead
remains colourless.

Zinc

§ 89. Zinc fuses at 412° C.,, and boils at 940° C. When
heated with access of air, it first fuses, and finally burns with a
blinding flame, giving off white clouds of zinc oxide. Ordinary
metallic zinc dissolves in alkalies and acids with evolution of
hydrogen, though the chemically pure metal is passive toward
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most acids (see Aluminium, § 31). Its solution by nitric acid
is accompanied by evolution of the fumes of nitrous or nitric
oxide, according to the concentration of the solution, and also
by the formation of ammonium nitrate. The majority of zinc
salts are soluble in water, and those insoluble in this medium
dissolve, for the greater part, in mineral acids.  Metallic zine
precipitates many metals from their solutions. (For applica-
tion of this reaction in analysis, see Copper, Antimony, ete.)

Reactions of Zinc 8alts.—Zinc sulphide (§ 36).—Hydro-
gen sulphide does not completely precipitate zinc sulphide
from neutral solutions. In the presence of acids it produces
no precipitate at all, except in that of acetic; from acetic
acid solutions the zinc is completely deposited. ~Ammonium
sulphide (in presence of ammonium chloride) throws down
zinc sulphide; the reaction is complete. The hydrated sul-
phide is white, and this colour, as well as the insolubility of
the salt in acetic acid and alkalies, is strongly characteristic.
Zinc sulphide is easily soluble in mineral acids. (Separation
of zinc from manganese, § 36 A.)

Zine hydroxide is thrown down by caustic alkalies as a
white, gelatinous precipitate, soluble in excess of the alkali,
with which it forms the compound K,ZnO,. If the alkaline
solution is concentrated it suffers no change on heating, but in
dilute solutions the oxide is almost completely deposited on
boiling. The dissolving action of caustic potash upon zinc
hydroxide is influenced by the presence of other oxides; in
that of chromic oxide, for example, a compound of zinc oxide
and chromic oxide results, which is insoluble in the alkali.
An alkaline solution of zinc hydroxide is at first precipitated
by ammonium chloride, but dissolves on further addition of
the reagent, ZnCl,.2NH,Cl being formed. The action of
ammonia upon zinc salts is similar to that of the caustic
alkalies. The precipitate formed is soluble in excess of the
precipitant, and zine hydroxide is entirely deposited from an
ammoniacal solution on boiling only when the latter is very
dilute. = Ammonium salts render precipitation by -caustic
alkalies incomplete, as soluble ammonium zinc double salts are
formed (§ 36). Ammonia produces no precipitate in presence
of ammonium salts.

Zine carbonate—The carbonates of sodium and ammonium
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throw down a white precipitate of basic zinc carbonate,
2ZnCO,;+ 3Zn(0OH), + 5H,0, soluble in excess of ammonium
carbonate. A large excess of an ammonium salt influences
or hinders the precipitation, zinc ammonium double salts being
formed.

Zine cyanide.—Potassium cyanide produces with zinc salts a white
precipitate of zinc cyanide, ZnCy,, which dissolves in excess of the re-
agent to form the double salt, 2KCy. ZnCy,. Potassium sulphide throws

zine sulphide down from this double salt, though hydrogen sulphide and
ammonium sulphide have no action.

Zinc oxide assumes a green colour if it be ignited after
having been moistened with cobaltous nitrate. This experi-
ment is performed, as a confirmatory test, in the following
manner.—The precipitate of zinc sulphide is dissolved in the
least possible quantity of nitric acid, and a few drops of
cobaltous nitrate added to the resulting solution; a piece of
filter paper is then moistened with the solution, dried and
ignited ; if zinc be present a green colour is imparted to the
ash.

SYSTEMATIC COUBRSE OF ANALYSIS FOR THE METALS
OF GROUP IIL, DIVISION 2

§ 40. A. Metals of Group III, Division 2—The detec-
tion of manganese and zine requires the previous separation of
ferrous iron. Ferrous salts, unlike the ferric compounds, possess
no properties which can be used in separating them. If the
addition of potassium ferricyanide to a separate portion of the
solution to be tested indicates the presence of ferrous iron, the
remainder of the solution must be oxidised according to § 37 A.
The separation of the iron is then included in that of Division
1., and will be noticed below. We shall here consider only
the separation of manganese and zinc. The simplest and, at
the same time, the most accurate method is based upon the
properties of their sulphides (§ 36 A). The solution is pre-
cipitated by ammonium sulphide, and the well-washed precipi-
tate treated with acetic acid. When metals of Group III,
Division 3, are present, the solution is first neutralised by
sodium carbonate, and, after the addition of sufficient sodium
. acetate and a few drops of acetic acid, the zinc sulphide
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precipitated alone by hydrogen sulphide. Confirmatory tests
must be made with the isolated metals, and for this purpose
the zinc sulphide is dissolved in nitric acid (Reactions with
caustic potash, etc.) The manganese is precipitated from the
acetic acid solution by sodium carbonate (Reactions with
sodium carbonate, lead dioxide, etc.)

B. Metals of Group III, Divisions 1 and 2.—A test for
ferrous compounds is first made with potassium ferricyanide,
as explained above; if ferrous salts are present, these must
be oxidised to the ferric state. A portion of the solution is
precipitated by ammonia, and the hydroxides obtained- tested
for chromium with the borax bead or microcosmic salt (§ 32,
Remark).

Chromium 18 present.—If this be the case, the most accu-
rate method is to treat the neutralised solution with barium
carbonate and proceed under the conditions given in § 28 A.
The precipitate, containing the excess of barium carbonate and
Fe,0,, ALO,, Cr,0,, is dissolved in hydrochloric acid, and the
barium separated by precipitation from the hot solution with
sulphuric acid. The solution is then filtered and tested for
iron, aluminium, and chromium, as in § 35. Manganese ‘and
zinc are not precipitated by barium carbonate; they are de-
tected in the solution according to A, the barium chloride
obtained in the previous operation having been first separated
with dilute sulphuric acid.!

Chromium 18 absent.—If the borax or microcosmic salt bead
gives no indication of chromium, aluminium and iron may be
separated as their basic acetates (§ 30). For this purpose ‘the
solution is neutralised with sodium carbonate and precipitated,
while boiling, with sodium acetate (§ 30). The basic acetates
obtained are dissolved in hydrochloric acid and analysed ac-
cording to § 35 A. Manganese and zinc are detected in the
solution according to A.

C. Group III, Divisions 1 and 2, and Groups I. and IT—
For the separation of the two Divisions of Group III. from
Groups I. and II. ammonium sulphide is employed. The pre-
cipitation must be made under the conditions mentioned in

! It may not be superfluous to remark again that the oxidation of chromium
to chromic acid with bromine in ]preaence of sodium acetate cannot be employed
here, as manganese peroxide would be precipitated with the basic acetates of iron
and aluminium.
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§§ 28 A, 36 A. The precipitate is washed as well as possible,
dissolved in hydrochloric acid, and analysed according to A and
B of this paragraph. (Testing for iron, oxidation, action of
BaCO,, etc.) The degree of oxidation in which the iron is
present must be determined in separate portions of the solu-
tion. The metals of Groups I. and II. are found in the filtrate
from the precipitate obtained with ammonium sulphide; the
detection of these metals is explained in §§ 24 and 35 B.

GROUP III, DIVISION 3

NICKEL AND COBALT

§ 41. In addition to the property of precipitation by
ammonium sulphide, which is common to all the members of
this group, the third Division is especially characterised: (1)
by the insolubility of the sulphides in cold dilute hydrochloric
acid ; (2) negatively, by the non-formation of insoluble basic
acetates, and by non-precipitation in the cold with barium
carbonate.

The salts of nickel and cobaltous cobalt are, in general,
easily soluble in water. Solutions of nickel salts are green,
those of cobaltous salts rose-red. If the two metals are present
together in solution, the colour depends upon the amount of
excess of the one metal over the other, being red when cobalt
is in excess, and green when nickel predominates. The solu-
tion of a mixture of one molecule of a cobaltous salt with
three of a nickel salt is colourless, the two colours being
exactly neutralised to white. The colour of the solution to
be analysed is, therefore, of little importance, and can afford
no conclusion concerning the presence of either element.
Although in their chemical properties nickel and cobalt stand
very closely to each other, they exhibit certain characteristic
differences. These are caused chiefly by the greater tendency
of cobalt to form a higher oxide (cobaltic compounds): all re-
actions for separating nickel from cobalt rest upon this dis-
tinctive difference.

The remarkable property which nickel (reduced by hydrogen) pos-

sesses of combining with carbon monoxide at the ordinary temperature, to
form the easily volatile compound, Ni(CO),, distinguishes nickel from
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cobalt. This reaction, although already tried in the preparation of the
pure metal for the purpose of determining the atomic weight, has not yet
been turned to account in analytical experiments.

GENERAL REACTIONS

§ 42. Bulphides.—The sulphides are known in both the
hydrated and anhydrous states. The hydrated sulphides of
nickel and cobalt are obtained as black, amorphous precipi-
tates, only slightly soluble in hydrochloric or acetic acid in the
cold. They dissolve in aqua regia, with evolution of hydrogen
sulphide and conversion to chlorides. The hydrated sulphides
oxidise when exposed to the air (like the metals of the
previous Division). They are formed by precipitation with
hydrogen sulphide or ammonium sulphide.

Action of ammonium sulphide.—This reaction is used for
separations, as in the foregoing Divisions. The experiment is
made as explained in § 36. The presence of ammonium
chloride is necessary to ensure complete precipitation, but if
hydrochloric acid has been present and nearly neutralised by
ammonia, the addition of ammonium chloride is unnecessary.
The ammonium sulphide, further, must contain neither free
ammonia nor polysulphide ; when the latter is present a portion
of the nickel remains in the solution, and can be recognised
by the brown colour which it imparts to the latter (see § 46,
where the removal of nickel from solution in this case is
explained). In separating nickel and cobalt from the metals
of the first and second Divisions, it becomes advantageous to
precipitate with ammonium sulphide from the hot solution.
The well-washed precipitate of the sulphides is transferred
from the filter to a small beaker, and treated in the cold
with dilute hydrochloric acid (1 vol. fuming acid to 10 vols.
water). The sulphides of nickel and cobalt are insoluble
in this medium, and after they have been filtered off, the
metals of Divisions 1 and 2 are obtained in the filtrate. This
method of separation is not absolutely accurate, as traces of
cobalt and nickel pass into solution, and zinc sulphide may
also remain behind with the nickel and cobalt sulphides, a fact
which must be remembered. In the further processes of
analysis, the nickel and cobalt sulphides are treated with a
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mixture of two parts of concentrated hydrochloric acid, and
one part of concentrated nitric acid, and slightly warmed until
they go into solution. This is effected chiefly by the chlorine
liberated, which accounts for the formation of chlorides by the
action of agua regia. Sulphur usually separates out in this
operation, and sometimes, especially if it has run together, is
imparted a dark colour by traces of the metallic sulphides.
Sulphur is not attacked by aqua regiz when in this state, and
to distinguish it from the sulphides themselves it must be
ignited on a porcelain crucible cover, the sulphur burning
away completely to sulphurous anhydride, while the metallic
sulphides are transformed to oxides which are stable at a high
heat. By the above operation a solution of the chlorides is
obtained, the treatment of which is fully given below.

Action of hydrogen sulphide.—Hydrogen sulphide throws down from
neutral solutions of nickel or cobaltous salts either no sulphides at
all (from salts of strong mineral acids) or precipitates them only incom-
pletely ; neutral solutions of cobalt and nickel acetates, however, are fully
precipitated (when deposited from a boiling solution of the acetates, the
black, amorphous precipitates of the hydrated sulphides are often accom-
panied by shining yellow flakes, which are probably anhydrous compounds).
The precipitation does not take place in the presence of free mineral or
acetic acids.

§ 43. Oxides.—Nickel and cobalt form several compounds
with oxygen; attention need here be paid only to those
which are employed in analysis.

A. Nickelous and cobaltous hydroxides.— Nickelous hy-
droxide, Ni(OH),, forms a green precipitate. = Cobaltous
hydroxide, Co(OH),, is rose-red, easily oxidised in presence of
caustic alkalies, and turns brown on exposure to the air, with
formation of cobaltic hydroxide, Co(OH),. For the conditions
of formation of cobaltous hydroxide through the action of
caustic alkalies, see Special Reactions.

B. Nickelic and cobaltic oxides, Ni,0, and Co,0,.—Nickelic
and cobaltic hydroxides, Ni(OH), and Co(OH),, are formed
from the soluble salts of these metals by the action of chlorine,
bromine, or hypochlorites, in presence of caustic alkalies; they
are characteristic black precipitates :

2Co(OH), + 2KOH + Br, = 2Co(OH), + 2KBr.
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The reaction may be more correctly expressed by the following

equation :
2Co(OH), + KBrO + H,0 = 2Co(OH), + KBr.

Nickelic oxide forms no salts, and the few which are
known of cobaltic oxide cannot be prepared by the action of
acids upon the hydroxide. Hydrochloric acid decomposes the
higher oxides of both cobalt and nickel, with evolution of free

chlorine :
Co,0, + 6HCl = 2CoCl, + 3H,0 + 2CL

‘We shall describe in the following paragraphs the formation
of the cobaltic salt, potassium cobalticyanide, and also of the
double compounds of potassium nitrite with cobaltic nitrite, as
these salts are employed in separating cobalt from nickel.

§ 44. Double Oyanides.—Potassium cyanide produces in
the solutions of nickel salts a green precipitate of nickel
cyanide, NiCy,; in cobalt salts a yellowish white precipitate of
cobaltous cyanide, CoCy,. The salts are dissolved by an
excess of the precipitant, double salts being formed :

K,NiCy, =2KCy. NiCy,,
K ,CoCy,=4KCy . CoCy,.

Both double salts are decomposed by hydrochloric acid, with re-
formation of the simple cyanides. The distinction between these
metals rests in the fact that the double cobalt salt can be con-
verted, by the reactions described below, to the cobaltic salt,
potassium cobalticyanide, 3KCy.CoCy,. Nickel, no salts of
whose sesquioxide are known, forms no such compounds.!

Formation and properties of potassium cobalticyanide.—
Potassium cobalticyanide, K,CoCy,, is formed by the oxidation
of the original double salt, K ,CoCy,. The oxidation can be
accomplished by various means.

1. By boiling in aqueous solution—When an aqueous
solution of the lower double compound is boiled with access of
air, the latter furnishes the oxygen necessary for oxidation; if
the solution be boiled without exposure to the air, the water

1 The cobalt salts correspond to the iron salts:
CoC tassium cobaltoeyanide, K ,FeCy, potassium ferrocyanide,
%:C«»C;: gguasium cobalticyanide, K:FeCy: potassium ferricyanide.
H
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itself is deoémposed, its oxygen being used in the oxidation
and free hydrogen generated :

2K ,CoCy, + O = 2K,CoCy, + K,0,
K ,CoCy, + 2H,0 = 2K,CoCy, + 2KOH + H,.

Potassium cobalticyanide forms no precipitate when acted
upon by dilute hydrochloric acid, as soluble hydrocobalticyanic
acid is set free:

K,CoCy, + SHCl = HyCoCy, + 3KCL

The nickel double salt, on the contrary, is completely decom-
posed by the acid, a green precipitate of nickel cyanide being
deposited and hydrocyanic acid formed :

K,NiCy, + 2HC1=2HCy + 2KCl + NiCy,.
Green precipitate.

We now turn to the practical methods for detecting nickel
in presence of cobalt, in which the foregoing reactions are
employed. The solution of the salts of the two metals, which
must contain only a little free acid, is precipitated by a freshly
prepared solution of potassium cyanide! and the precipitate
dissolved in the least possible excess of the reagent. The
solution is then boiled in a flask for half an hour; it is
advisable to add three or four drops of hydrochloric acid as
soon as the liquid begins to boil. When the boiling is finished,
the solution is allowed to cool, and dilute hydrochloric acid
added; the formation of a green precipitate indicates the
presence of nickel. This method of separating nickel from
cobalt has the objection, that no external indication concerning
the completeness of the oxidation is furnished. For this
reason the following method of separation is to be recommended.
It should be remarked that all these operations with potassium
cyanide must be performed under a hood with a good draught.

The action of acids upon the cyanogen compounds is not suitable for
separating nickel and cobalt, as the composition of the precipitate depends
upon the relative amounts of the metals present. If the salts exist in

! Potassium cyanide is decomposed by water (slowly at the ordinary tempera-
ture, quickly on boiling) into potassium formate and ammonia :

KCN +2H,0=KCHO, + NH,.
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molecular proportions, the nickel and cobalt are both found in the pre-
cipitate as nickel cobalticyanide :

8K,NiCy,+ 2K,CoCy, + 12HCl = Nis(CoCy,)s + 12KCl + 12HCy.

When they are in other proportions, a part of the cobalt may remain
in solution, or nickel separate out as NiCy,. Nickel, however, is in all
cases found in the precipitate.

2. Oxidation with bromine.— Potassium cobalticyanide
also results from the action of bromine (bromine-water or,
preferably, a 10 per cent solution of bromine in potassium
bromide) upon the previously-mentioned salt, K CoCy, :

2K ,CoCy, + Br, = 2K,CoCy, + 2KBr.

If the nickel salt, K;,NiCy,, be present during the treat-
ment with bromine, it is easily decomposed on addition of
caustic potash, and the black nickelic sesquioxide separates
out:

2K,NiCy, + 3KBrO + 12Br=7KBr+8CyBr* + Ni,0,.
Black precipitate.

All the cobalt remains in solution, while nickel is com-
pletely precipitated as its sesquioxide. In employing this
reaction, the solution of the metals (if obtained by decomposing
the sulphides with aqua regia, after the latter has been driven
off by evaporation) is precipitated by a freshly-prepared solu-
tion of potassium cyanide, and the precipitate dissolved in the
least possible excess of the reagent. The solution is then
made alkaline by an excess of sodium hydroxide, and bromine-
water added until the colour of the bromine ceases to dis-
appear. The black precipitate of nickelic oxide separates out on
gently warming the solution, or sometimes even without the
application of more heat than is evolved by the action of
bromine upon the alkali. To ensure the reaction, it is ab-
solutely necessary to use as little potassium cyanide as possible,
and a large excess of sodium hydroxide and bromine-water.
The precipitated nickelic hydroxide is washed, and then dis-
solved in hydrochloric acid for subjection to confirmatory tests ;
for the latter, the experiments given under the Special Reactions
of nickel are employed.

* Cyanogen bromide is a very volatile compound with extremely disagreeable
odour ; it is poisonous.
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Although the properties of the cyanides permit the detec-
tion of nickel in presence of cobalt, through the action of
bromine and a caustic alkali upon the double cyanides, these
compounds are not adapted to the recognition of cobalt. The
latter is obtained as potassium cobalticyanide, in which the
cobalt can be found only after the decomposition of the
cyanogen compound (see ferro- and ferricyanides, § 34).

§ 46. The Double Nitrites of Cobalt and Nickel with
Potassium.—Potassium nitrite forms in neutral cobalt and
nickel solutions the double salts, Co(NO,),. 2KNO, and
Ni(NO,), . 4KNO, respectively ; both being salts of the mon-
oxides. That of nickel is easily soluble. Nickel solutions
show the same behaviour when acid; but if a cobalt salt in
acid solution, especially one in acetic acid, be treated with
potassium nitrite, the cobaltic salt, Co(NO,), . 3KNO,, is thrown
down as a sparingly soluble crystalline precipitate. The re-
action follows the equation:

CoCl, + 6ENO, + C,H,0, + HNO, =
Co(NO,), . 3KNO, + 2KCl + C,H;KO, + H,0 + NO.

The conversion of a cobaltous compound to the corre-
sponding cobaltic form is analogous to the oxidation of potas-
sium cobaltocyanide; this is illustrated by the following
equation :

Co(NO,), . 2KNO, + 2KNO, + C,H,0, + HNO, = :
Co(NO,), . 3KNO, + C,H,KO, + 2H,0 + 2NO.

The reaction is made in analysis as follows:—The
neutral solution of a cobaltous salt is strongly acidified by
acetic acid, and the cobalt then precipitated by an excess of
potassium nitrite. To render the precipitation complete, the
liquid should be allowed to stand for some time (preferably in
a warm place); its thoroughness is ascertained by retesting
the solution with potassium nitrite, and observing whether,
after some time, a precipitate again forms.

Although this reaction is employed in quantitative analysis
as the best means of separating nickel from cobalt, the diffi-
culty of determining the thoroughness of the precipitation may
lead to inaccuracy in the detection of nickel, and it is there-
fore advisable to employ it only as a test for cobalt (§ 48).
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Ammonia Compounds.—The salts of nickel and cobalt
are characterised by their power of forming easily soluble
ammonia compounds; no precipitate is produced, therefore, by
the action of ammonia or ammonium carbonate on acid
solutions, though the cobalt salts are turned violet, and those
of nickel blue.

Especially soluble ammonia compounds are formed by the action of
ammonia in neutral solutions (§§ 46 and 47). The composition of these
ammonia compounds is very variable, The action of ammonia upon
nickel sulphate gives rise to the compound NiSO,.4NH;. H,0. The
cobalt compounds possess a similar composition : they are distinguished
from those of nickel in becoming easily oxidised by the air in presence of
ammonia (absorbing oxygen), and thus forming various compounds in
which the metal is trivalent.

The compounds thus formed are called “Cobaltamine compounds,”
and differ greatly in their composition (roseo-cobaltamine, luteo-cobalta-
mine, ete.) Nickel forms no such compounds. This behaviour is
turned to account in analysis as follows :—The solution of nickel and
cobaltous salts is mixed with an excess of ammonia and treated with
sodium hypochlorite (NaClO). Oxidation of the cobalt salt sets in on
warming, and a dark red solution of luteo-cobaltamine results. The
nickel remains unbxidised, and may be precipitated by sodium hydroxide
as green nickelous hydroxide, cobalt remaining in solution (Vortmann).
The separation is not exact.

SPECIAL REACTIONS

Nickel

§ 46. Nickel is a shining gray metal, very hard, and
difficultly fusible (at about 1400° C.) It has the specific
gravity 89, and dissolves easily in nitric acid, with generation
of hydrogen, but is less soluble in either sulphuric or hydro-
chloric acid. The salts are green in solution and when
crystalline, but usually yellow in the anhydrous state.

Nickel forms many alloys. In coins it is mixed with
three parts of copper, and in the so-called German silver
these two metals are accompanied by zine. Meteoric iron is
an alloy of iron with varying quantities of nickel (from 5 per
cent to 30 per cent). The majority of these alloys are soluble
in pitric acid. For the analysis of some of them, see examples
in quantitative analysis.

Reactions of Nickel Salts.—Nickel sulphide (§ 42).—
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Ammonium sulphide, and, under certain conditions, hydrogen
sulphide, precipitate the black, hydrated nickel sulphide, which
is only slightly soluble in cold, dilute hydrochloric acid, but
soluble in hot aqua regia. It dissolves to a brown solution in
ammonium sulphide containing free ammonia (this reaction is
a qualitative characteristic of nickel), but is reprecipitated on
warming with an excess of acetic acid.

Nickelous hydroxide, Ni(OH),, and nickel carbonate are green
precipitates, the first being thrown down from the solutions of
nickel salts by caustic alkalies, the latter by sodium or potassium
carbonate.

Nickelic hydroxide, Ni(OH),, is formed by the action of
chlorine or bromine (not of iodine) upon nickelous hydroxide,
in presence of sodium hydroxide, as a black precipitate, which
dissolves in hydrochloric acid with evolution of chlorine.

Nickel eyanide.—Potassium cyanide precipitates green nickel
cyanide, easily soluble in an excess of the reagent to the double
salt, K,NiCy,. This double salt is not changed when boiled with
access of air, %.e., it does not oxidise. Bromine-water in presence
of potassium hydroxide precipitates from its solution the black
nickelic hydroxide, N i(OH),; dilute acids, on the contrary,
throw down nickel cyanide. Use in analysis § 44.

Ammonia double compounds (§ 45).—Neither ammonia nor
ammonium carbonate precipitate nickel salts from acid solutions.
In neutral solutions a precipitate is at first formed, but this
dissolves in excess of the one or the other reagent to a sky-blue
colour, and is not oxidised by sodium hypochlorite. ~Caustic
potash precipitates nickelous hydroxide completely from
ammoniacal solutions.

The above reactions are not sufficiently delicate for the
detection of mere traces of nickel. For this purpose potassium
thiocarbonate, K,CS,, is much more efficient. It produces
in the solutions of nickel salts a dark red colour; the presence
of other metals, including cobalt, is detrimental to the reaction.

When fused, in the dry state, with the borax bead or microcosmic salt
in the oxidising flame, nickel compounds yield a brown-red glass which
becomes yellow on cooling. Ignition of the microcosmic bead in the
reducing flame does not affect the colour ; the borax bead, owing to the
reduction of the nickel, becomes gray and opaque. The presence of even
traces of cobalt completely conceals the reaction.
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Oobalt

§ 47. Metallic cobalt is similar in all respects to mickel.
Upon solution in acids (nitric is the best solvent), hydrogen is
evolved and cobaltous salts formed. In solution the latter
exhibit very characteristic colour transformations. The solu-
tions of cobalt salts are red, but on evaporation a change often
occurs, as, for instance, in cobaltous chloride and cobaltous
nitrate, the red colour changing to blue. A blue solution is
also obtained when the oxide or carbonate is dissolved in
concentrated nitric acid. This change in the colour of cobalt
solutions depends, in all probability, upon the presence of a
salt containing a greater or smaller quantity of water of
crystallisation. Cobaltous chloride, for example, probably exists
in the red solutions as the salt, CoCly;+ 6H,0; but the com-
position of the dissolved salt is altered by evaporation, and the
blue solution contains a salt which apparently possesses
less water of crystallisation, CoCl,+ 2H,0. Cobalt salts in
the dry state show exactly the same differences. The salts
with water of crystallisation, eg., crystallised cobaltous chloride,
cobaltous nitrate, are rose-red, but a change in colour is observed
as soon as the water is driven off, anhydrous cobaltous chloride
and nitrate being blue. One of the few exceptions in this
regard is found in cobaltous sulphate, which is red in both the
crystalline and anhydrous states. -

Reactions of Cobaltous Salts.—Cobaltous sulphide (§ 42).
—The black hydrate is completely precipitated by ammonium
sulphide (and in some cases by sulphuretted hydrogen) in
presence of ammonium chloride. It is only slightly soluble in
dilute hydrochloric acid, but dissolves completely in agqua
regia.

Cobaltous hydroxide and cobaltous carbonate.— Caustic
alkalies at first produce a blue precipitate, consisting of a
basic salt of the acid, the salt of which is employed in the
experiment. This precipitate changes, when boiled with an
excess of potassium hydroxide, to cobaltous hydroxide, Co(OH),,
which is rose-red. The precipitate has almost invariably
a brownish tinge, due to oxidation (formation of cobaltic
hydroxide). In presence of alcohol in alkaline solution,
complete oxidation takes place, and the brown cobalto-cobaltic
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hydroxide is formed. Sodium or potassium carbonate produces
a violet precipitate of basic cobaltous carbonate.

‘Cobaltic hydroxide, Co(OH),, is obtained as a black precipi-
tate by the action of chlorine, bromine, or iodine (distinction
from nickel) in presence of caustic soda. For its properties
see § 43.

Ammonia compounds (§ 45).—No precipitate is caused in
acid solutions by ammonia or ammonium carbonate. Neutral
solutions are precipitated, but the precipitates redissolve in an
excess of the reagent; the ammoniacal solutions become oxidised
by the air, turning brown. Potassium hydroxide throws down
from ammoniacal solutions only a portion of the cobalt, as a
blue basic salt; if the solution be completely oxidised, no pre-
cipitation ensues.

Double cyanides, K ,CoCys and K ,CoCy, (§ 44)—Potassium
cyanide produces in cobaltous solutions a yellow precipitate of
cobaltous cyanide, which dissolves readily in an excess of the
reagent to the double salt, K ,CoCy,. Dilute mineral acids
reprecipitate cobaltous cyanide from this solution. When acidi-
fied with acetic acid the solution of a double cyanide has im-
parted to it a blood-red, or if it be dilute, a rose-red colour by
potassium nitrate (formation of cobalt potassium nitro-
cyanide). The passage into potassium cobalticyanide, K ,CoCy,,
and the use of the latter salt in analysis are explained in § 44.

Potasstum cobaltic nitrite.—Potassium nitrite with acetic
acid produces in the neutral solution of a cobaltous salt
(the mixture must have a strong acid reaction) a yellow
crystalline precipitate of Co(NO,),. 3KNO,+ Aq. For its
employment in analysis, see § 45.

The formula of potassium cobaltic nitrate given by Erdmann has recently
been confirmed by Satler. In quantitative operations another method for
obtaining the salt is employed, and it then apparently has a different
composition. The solution of the cobaltous salt is made alkaline by a small
excess of potassium hydroxide, and the precipitate dissolved in acetic acid.
A solution of potassinum nitrite, which has been previously acidified with
acetic acid, is then added. A brownish precipitate is obtained which,
especially on gentle warming, soon becomes yellow and crystalline. Its
composition is Co(OH)YNO,), + 4KNO, (Strohmayer).

Fused on a platinum wire in the borax bead or with
microcosmic salt (§ 32), cobalt compounds yield a dark blue
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glass; this colour is not altered by the reducing flame. The
smallest quantity of a cobalt compound is sufficient to produce
the coloration, and the reaction is not influenced by the
presence of nickel.

SYSTEMATIC COURSE OF ANALYSIS FOR THE METALS
OF GROUP III, DIVISION 3

§ 48 A. Nickel and Cobalt.—In the systematic course
(see under B, below) nickel and cobalt are left as their hydrated
sulphides, after treatment of the ammonium sulphide precipitates
with cold, dilute hydrochloric acid. A portion of the washed
and still wet precipitate is tested with borax or microcosmic
salt; if the bead becomes blue, cobalt is present. For the
detection of nickel, the sulphides are dissolved in agua regia
(§ 42) and the excess of acid driven off by evaporation. The
resulting solution must be divided into two portions, since if
the method of the double cyanides is to be employed, it is more
convenient to test for nickel than for cobalt, and in using
the potassium double nitrites, cobalt is, on the contrary, more
easily detected than nickel. One portion is precipitated with
potassium cyanide, and the precipitate dissolved in the least
possible excess of the reagent (§ 44). If nickel be present the
addition of bromine-water (in presence of caustic potash)
produces a black precipitate. Confirmatory tests must be
made with the nickelic oxide thus obtained. The other portion
of the solution is saturated with sodium carbonate and precipi-
tated, under the necessary conditions (§ 45), with potassium
nitrite in presence of acetic acid. A yellow crystalline
precipitate indicates the presence of cobalt.

B. Metals of Groups III, II, and I—The solution is
neutralised by ammonia (if acid), ammonium chloride is added,
and the mixture treated at 60°-70° C. with ammonium sulphide
(Conditions, §§ 36 and 42) until further addition of the reagent
ceases to produce a precipitate. All the metals of Group IIIL
are found in the precipitate, partly as sulphides, partly as
hydroxides, and those of Groups II. and I. remain in solution.
The precipitate is washed, removed to a small beaker with
the help of the wash-bottle, and treated in the cold with a dilute
solution (1 vol. HCl to 10 vols. H,0) of hydrochloric acid
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(§ 42). NiS and CoS remain undissolved, and are subjected to
the tests mentioned in the first part of this paragraph. The
solution filtered off from these sulphides is investigated according
to § 40, A and B (oxidation with nitric acid or potassium
chlorate, precipitation with barium carbonate, etc.)

The course of analysis as here given is applicable in all
cases. The student can and should seek out for himself the
other possible methods of separation. In all of them the most
important point is the preliminary isolation of the three
Divisions of Group III. The metals of Groups II. and I., which
remain in the filtrate from the ammonium sulphide precipitates,
are found according to §§ 35 A and 24.

SUPPLEMENT TO Group III

1

§ 49, Analysis of native compounds of the metals of Group ITI.—
Aluminsum forms one of the chief constituents of many important silicates
(feldspar, mica, clay). Cyanite, topaz, chiastolite, etc., are all silicates
of this metal. Cryolite has the formula AINaFl,, The analysis of
these minerals will be spoken of under the corresponding metalloids, and
only that of the simpler aluminium compounds considered in this paragraph.
Alumina is found in nature in both the hydrated (gypsite, diaspore,
bauxite) and anhydrous state (corundum, ruby, sapphire) ; these compounds
are analysed according to the directions given in § 20. The modifications
of alumina occurring in nature can be brought into solution by acid
potassium sulphate ; but the anhydrous oxide is preferably dissolved by
fusion with caustic potash. Chromium is found principally as chrome-
iron ore, FeCr,0,, The mineral is first fused with borax or acid
potassium sulphate and then oxidised to chromic acid.

Iron, manganess, and zinc are found in nature as sulphides, oxides, or
carbonates. The analysis of sulphides, such as iron sulphide or pyrites,
FeS,, blende, ZnS, must be described later (Section IIL ; Sulphur)
The carbonates, chalybite, FeCO,, diallogite, MnCOy, calamine or smith-
sonite, ZnCOj + ZnSiOy, and also all oxides ; hematite, Fe,O4, limonite
(hydrated Fe,O,), magnetic iron ore, Fe;O,, bromite and manganite, Mn,0O4
(hydrated and anhydrous), are soluble in acids, and may, therefore, be
analysed according to the above system. The anhydrous compounds
(hematite, magnetic ore, bromite) are only slowly and with difficulty
attacked by hot acids Manganese dioxide dissolves in hydrochloric acid.
These compounds are too complicated in their other comstituents to
permit an explanation of their complete analysis here ; a few instances
are given among the examples (Section IIL), together with the alloys in
which these metals are found.



§ 49 NICKEL AND COBALT ORES 107

The most extensive ores of cobalt and nickel are their compounds with
sulphur and arsenic: smaltine (CoAs), copper nickel (NiAs,), cobaltine
(CoAs, CoS,), gersdorffite (NiAs, NiS,). The cobaltine compound, smalt
(NiCoAs), similar in composition to these ores, is a blue product formed
in the working of cobalt ores. Cobalt and nickel are always found
together, and all of the above minerals contain both metals, the name of
the ore depending upon the predominance of the one over the other.
The same minerals contain also the metals, Fe, Sb, Cu, Bi, etc. The
analysis of all these compounds is based upon the conversion of the sulphur
and arsenic to sulphuric and arsenic acids, by fusion with sodium
carbonate and potassinm nitrate, or treatment with chlorine (Group V.,
Arsenic ; Sec. IL, Sulphur). If the first method be employed, the oxides
are obtained, and can be dissolved in the proper acids. The second
method yields the nickel and cobalt as their chlorides (which are also
obtained on decomposing the minerals with aqua regia).

The metals of Group IV, having been removed by hydrogen sulphide,
the separations of Group III. are effected by the methods previously given.
The less important ores, erythrine and nickel ochre (arsenates), and black
cobalt (cobalt and manganic oxides), are soluble in acids.

2

Phosphates and the salts of other acids which may be found
wn the ammonium sulphide precipitates with the metals of Group
II1

§ 50. Together with the metals of Group III., the ammonium sulphide
precipitates obtained (from acid solutions) may also contain such phos-
phates, borates, silicates, and fluorides as are insoluble in water, but
soluble in acids. These compounds are precipitated with the metals of
Group IIL, because ammonium sulphide neutralises the acids by which the
salts were held in solution. The presence of salts of these acids with
Group IIL is indicated : (1) by the necessity of an acid solution ; and
especially (2) by the presence of metals of Group II (barium, etc.) in the
precipitate with those of Group III. The metals of Group II. can exist
in the precipitate only as salts of the acids under consideration. If
ammonia, instead of ammonium sulphide, be cautiously added to the
acid solution of Group IIL until the liquid has a very slightly alkaline
reaction, the formation of a precipitate under these conditions (neutralisa-
tion of the solution) indicates the presence of these acids. This method,
however, is not always accurate (§ 51), and their detection can be guaran-
teed only by thorough familiarity with their compounds. As phosphoric
acid is a very important body, and its salts show reactionis closely re-
sembling those of the metals in Division 1, we shall describe its qualitative
reactions in full —The quantitative reactions (together with those of
meta- and pyrophosphoric acids) are considered in Section II.  The
detection of the other acids in ammonium sulphide precipitates will be
briefly explained: a complete description of their properties occurs in
8ection II.
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PHOSPHORIC ACID

Phosphoric acid, PH,O,, forms transparent crystals, which
deliquesce very quickly when exposed to the air. On being
heated (in a platinum crucible) it completely volatilises, though
only at a very high temperature. Phosphoric acid is tribasic.
Its salts are stable at a high heat, and, with the exception of
the alkali salts, are insoluble in water. The alkali salts usually
employed in analysis contain two atoms of the metal, eg.,
Na,HPO, The saturated salts, such as Na PO, are formed
with difficulty, have an alkaline reaction, and are easily decom-
posed (for example, by carbonic acid or water), being converted
to salts which contain two metallic atoms. The phosphates
which are insoluble in water but soluble in acids are of the
most importance.

Phosphoric acid, its acid salts, and the neutral ammonium metallic
salts lose on ignition water, or water and ammonia, phosphoric acid
being first converted to pyrophosphoric (at 417°) and finally to meta-
phosphoric acid :

H,PO, - H,0=HPO,.

The phosphates give on ignition either pyro- or metaphosphates, accord-
ing to their composition :

2Na,HPO, - H,0 = Na,P,05,
2Mg(NH,)PO, - H,0 - 2NH, = Mg,P,0,,
Na(NH,)HPO, - H;0 - NH,=NaPO0,.

The resulting metaphosphoric and pyrophosphoric acids and their salts
possess properties which differ from those of the ortho-acid, and this fact
must be borne in mind in the analysis, in case the phosphoric acid or its
salts have been ignited. In qualitative analysis, and especially in the
quantitative determination of phosphoric acid, the meta- and pyrophos-
phates formed must be reconverted to orthophosphates, .., be connected
with another molecule of water or of a base :

HPO, + H,0=H,P0,,
Na,P,0, + Na,CO;=2Na;PO, + CO,.

This is accomplished by the action of alkalies or acids. The reaction sets
in most easily if the metaphosphate or pyrophosphate be fused with
sodium carbonate. In this case the salt of the non-alkali metal will be
decomposed, sodium phosphate and the oxide or carbonate of the other
metal being formed. On treatment with water, the sodium salt of normal
phosphoric acid goes into solution.

Since, with the exception of the alkali salts, phosphates are
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soluble only in acids, their analysis must be made under con-
ditions with which we are unfamiliar, 7.e., in acid solution.
Before considering the reactions, let us study more closely the
golubility of phosphates in acids, and the conditions under
which they are deposited from acid solutions.

The solubility of phosphates in acids.—Phosphates show in
regard to their solubility in acids some important and charac-
teristic variations. (1) The salts of the metals of Group II.
(barium, strontium, calcium, and magnesium) are soluble in
acetic (the barium salt sparingly so) and mineral acids. (2)
The salts of the metals of Group IIL, especially those of
aluminium and ferric iron, and also of certain metals of Group
IV., are insoluble in acetic acid, but soluble in mineral acids, e.g.,
in nitric and hydrochloric acids. (3) Some salts, finally (those
of tin, mercury, bismuth, molybdenum), are insoluble in nitric
acid. The reactions used in separating phosphoric acid from
any metal rest upon these important characteristics. If the
acid of any phosphate in acid solution is to be separated from
the metal to which it is bound, the acid serving as a solvent
is changed, and another phosphate, insoluble in the substituted
acid, prepared. The metal previously present as a phosphate
goes into solution. Let it be assumed, for the purpose of
illustration, that we have magnesium phosphate in a hydro-
chloric acid solution. To separate the magnesium from the
phosphoric acid, the solution is first treated with sodium
acetate, which forms with the hydrochloric acid sodium chloride,
and sets acetic acid free. But though the solvent has now
been changed, the solubility of the phosphate has not been
disturbed, and no separation has resulted. Let ferric chloride
next be added ; ferric phosphate, which is insoluble in acetic
acid, is precipitated, and magnesium remains in solution. The
separation is thus made. To separate the metal from the phos-
phoric acid in salts which are soluble in hydrochloric acid, the
same method is pursued; the hydrochloric acid solution is
replaced by one of nitric, and the phosphoric acid precipitated
a8 the salt of a metal which is insoluble in the latter. Phos-
phates which are soluble in nitric acid, finally, are decomposed
by the action of bases.

Precipitation of phosphates by neutralisation of the acid
solution.—Phosphates are precipitated from acid solutions upon



110 ANALYTICAL CHEMISTRY GROUP 1II

neutralisation of the acid (the presence of ammonium salts
hinders the separation of certain compounds). The precipita-
tion is usually effected with ammonium sulphide, ammonia,
the alkalies, or carbonates (also those which are insoluble, such
as barium carbonate). In certain cases the precipitation of
phosphates by neutralisation of the acid is attended by their
decomposition.

Ammonium sulphide can not only precipitate the phosphates,
but in certain cases (on warming, in great excess, when the
action is prolonged, etc.) may also decompose them, with for-
mation of metallic sulphides and ammonium phosphate. As the
analysis of metals of Group IIL in presence of phosphates
begins with precipitation by ammonium sulphide, it becomes of
the utmost importance to produce this precipitation in such a
way that none of the phosphates will be decomposed. On the
other hand, certain reactions are sometimes employed, in which
the phosphate, e.g., ferric phosphate, must be destroyed by the
ammonium sulphide ; this is accomplished on warming with a
great excess of the latter. The student must be able to dis-
tinguish the various cases in which ammonium sulphide is
employed, so that he can use the reagent with judgment.

The caustic alkalies, ammonia, and the alkalt carbonates.—
At the ordinary temperature these reagents precipitate phos-
phates without change, but decomposition may take place in
hot solutions. Ferric phosphate, for instance, is decomposed on
boiling with potassium hydroxide. The salts of calcium, stron-
tium, and magnesium (though not of barium) are more stable
in their behaviour toward alkalies, even on fusion; those of
the heavy metals are mostly decomposed by this reaction. As
fusion with sodium carbonate obtains the phosphoric acid in
the form of the sodium salt, which is soluble, this is the most
convenient method of bringing the acid of insoluble phosphates
into solution.

Barium carbonate decomposes the salts of calcium and
magnesium in acid solutions, barium phosphate being pre-
cipitated :

Mg,(PO,), + 6HCI + 3BaCO, = Ba,(PO,), + 3MgCl, + 3CO, + 3H,0.

Reactions of Phosphates.—We now take up the study of
the reactions. They consist in the precipitation of insoluble
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phosphates, the latter being grouped, according to their solu-
bilities, into several classes. The reactions of free phosphoric
acid are employed almost exclusively to distinguish it from
meta- and pyrophosphoric acid, and are explained in the
paragraphs on these acids (Section IL, Phosphorus).

A. Salts soluble in acetic acid (and in mineral acids).—
They are decomposed by precipitation from acid solution by
barium carbongte, barium phosphate being formed. The phos-
phoric acid is separated from the metal by the formation of the
salt of one of the other groups.

Caleium phosphate, Cay(PO,),— Calcium chloride throws
down from solutions of phosphates (but not of the free acid)
a white precipitate, CaHPO, or Ca,(PO,),, which is soluble in
acetic and mineral acids and, when freshly precipitated, in
ammonium chloride; from the acetic acid solution of calcium
phosphate calcium oxalate (insoluble in acetic acid) is pre-
cipitated by ammonium oxalate.

Ammonium magnesium phosphate.— Magnesium sulphate
slowly precipitates from a neutral solution and at the ordinary
temperature the salt MgHPO,; from a boiling solution it
throws down Mg/(PO,), immediately. —Both salts are but
slightly characteristic amorphous precipitates. The ammonium
magnesium salt, Mg(NH,)PO,, is one of the most important
salts of phosphoric acid (in both qualitative and quantitative
analyses). This salt is formed as a white crystalline precipitate
by the action of magnesium sulphate upon the solution of a
phosphate in presence of ammonium chloride and ammonia.
The properties of this salt and the conditions of its formation
have already been described (§ 23). Its behaviour toward
acids is analogous to that of calcium phosphate.

B. Salts which are insoluble in acetic, but soluble in mineral
acids—On the neutralisation of the acid solution of these salts
with barium carbonate, ammonium sulphide, or ammonia, they
are precipitated unaltered, but suffer decomposition when boiled
with ammonium sulphide or caustic potash (the aluminium salt
in presence of barium carbonate). The phosphoric acid is
separated from its metal by the preparation of a phosphate of
the next group.

The aluminium salt, AIPO, —Aluminium salts produce in
a solution of sodium phosphate a white, gelatinous precipitate
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of aluminium phosphate, which .is soluble in potassium
hydroxide, and redeposited from this solution by ammonium
chloride (like aluminium hydroxide). It is distinguished from
aluminium hydroxide by its insolubility in acetic acid; the
difference is made still more pronounced by the following
reactions :—

If tartaric acid be added to the acid solution, to keep the
aluminium salt in solution during the subsequent reactions,
and then neutralised by an excess of ammonia, the addition of
magnesium sulphate produces a precipitate of ammonium
magnesium phosphate. The aluminium is left in solution.

Ferric phosphate, FePO,—Neutral and acetic acid solutions
of phosphates deposit, upon the cautious addition (by drops) of
ferric chloride, a yellowish white, gelatinous precipitate of ferric
phosphate, insoluble in acetic, but soluble in mineral acids. It
is decomposed on warming with caustic potash or ammonium
sulphide (ferric hydroxide or ferrous sulphide being in the
precipitate and the alkali phosphate in solution). The employ-
ment of ferric phosphate enables the separation of phosphoric
acid from many metals. The slight solubility of ferric phos-
phate in a solution of ferric acetate, Fe(C,H,0O,), and also in
other ferric salts, necessitates the following precautions in its
precipitation : (1) The ferric chloride must be added drop by
drop (lest an excess of the reagent be used ; ferric acetate will
otherwise be formed from the acetate in solution). (2) If the
solution already contains much ferric iron (this is to be deter-
mined by a preliminary test), the latter must be reduced to
the ferrous state (ferrous acetate does not dissolve ferric phos-
phate) before the phosphoric acid is separated.

In separations which are to be employed in qualitative
analysis, therefore, the experiments must be made as follows:
The acid solution of the phosphate is neutralised by sodium
carbonate, the latter being added drop by drop until the
solution, which must be continuously stirred, assumes a per-
manent turbidity. After the addition of sodium acetate (a
precipitate may here ensue if the solution contained the phos-
phates of iron, aluminium, or chromium), the yellowish white
ferric phosphate is precipitated by ferric chloride, the reagent
being added drop by drop. The precipitate continues to
separate as long as phosphoric acid is present. As soon as the




$ 50 REACTIONS OF PHOSPHATES 113

precipitation is complete, a single drop of ferric chloride in
excess gives a reddish brown tint to the solution. Upon the
appearance of this colour the addition of the reagent must be
ceased, a8 it indicates that ferric acetate is formed (red-brown
colour, § 34), which can result only from the action of an
excess of ferric chloride upon sodium acetate. The liquid is
next boiled (the soluble ferric acetate being converted on
boiling to an insoluble basic salt, § 34). Ferric phosphate and
basic acetate are found in the precipitate, which contains all
the iron previously in solution.

The phosphates of aluminium and chromium, if present, remain
unaltered in this reaction, and if they were in the solution, they will be
found with the ferric phosphate in the precipitate. Barium, strontium,
and calcium phosphates are decomposed, and all their phosphoric acid is
obtained in the precipitate as ferric phosphate, while the metals them-
selves remain in solution.

‘When a larger quantity of ferric iron is present (see above),
the reaction is made in a different manner. The acid solution
is heated to boiling, and after the ferric iron has been reduced
by sodium thiosulphate, a great excess of the latter being
avoided, it is boiled to drive off the sulphurous acid (the
operation should be performed under a hood). It is next
neutralised by sodium carbonate, and an excess of sodium
acetate added (aluminium and chromiumn phosphates may be
precipitated). On the addition of bromine-water, drop by
drop, a precipitate of ferric phosphate is immediately formed.
The bromine-water is added until the red-brown colour of ferric
acetate appears, and the solution then boiled and treated as
above. All the iron except that bound to the phosphoric acid
remains in solution as a ferrous compound. When manganese
is present, ferric chloride forms the better precipitant, as an
excess of bromine throws down manganese peroxide.

Silver phosphate, Ag PO ,—Silver nitrate precipitates from
neutral solutions the yellow silver phosphate, readily soluble in
ammonia and nitric acid.

C. The salts which are insoluble in nitric acid afford the
separation of phosphoric acid from all metals; with the excep-
tion of the phosphomolybdate they are not employed in
qualitative reactions. These salts are decomposed by ammonia,

1
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alkalies, and alkali carbonates (method of separation of the
metals from the acid in phosphates of this group).

Ammonium phosphomolybdate, (MoO,) (NH,) PO,.—Bright
yellow, crystalline precipitate, insoluble in nitric acid. It
affords a delicate reaction for phosphoric acid.

Hundeshagen has found that this compound, when precipitated from

nitric acid solution, always contains the latter acid. He ascribes to
ammonium phosphomolybdate the formula :

12Mo0,. (NH,),PO, . 2NHO, + H,0.

This compound is analogous to the dichromate, CrO,. K,CrO,, to the
metaphosphate, P;0, . NagPO,, etc., which, for the sake of comparison, we
here represent as compounds of the acid anhydrides with neutral salts
Phosphomolybdic acid is, like those enumerated, an anhydro-hydrated
acid, as shown by the formula :

(OH)3PO - O - [M00, - 0};; - MoO,(OH).

The reagent employed is a solution of ammonium molybdate
in -nitric acid. It produces in neutral or acid solutions of
phosphoric acid or its salts a finely granular bright yellow
precipitate of ammonium phosphomolybdate. Small quantities
of phosphoric acid are precipitated only after some time has
elapsed, but the reaction may be hastened if the solution be
allowed to stand at a gentle heat (40° C.) Only a few drops
of the concentrated solution of a phosphate are required for
the reaction, and a greater quantity of the salt is detrimental
(sodium phosphate dissolves ammonium phosphomolybdate).
In this test the solution often becomes yellow, without
depositing a precipitate, and this must not be taken as an
indication of phosphates. Ammonium phosphomolybdate is
somewhat soluble in water and acids, but rendered insoluble
in either water or nitric acid by the presence of free ammonium
molybdate. Non-volatile organic acids and, in general, all com-
pounds which can effect reduction, such as hydriodic acid,
hinder the precipitation, as they reduce the molybdic acid.
Ammonia completely decomposes the salt, even in the cold,
with formation of ammonium phosphate and molybdate.

SYSTEMATIC COURSE OF ANALYSIS
§ 51. The Metals of Group IIL and Phosphates.—The
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presence of phosphates does not affect the course of analysis of
Group IIL

If their presence is suspected, a test is made before the
precipitation with ammonium sulphide, by neutralising with
ammonia. The reagent is added drop by drop until the re-
action is barely alkaline, and if a precipitate appears on the
solution being warmed, the presence of phosphates may be
assumed. It cannot be concluded from negative results in
this one experiment, however, that they are absent, since, if
ammonium salts be in the solution, ammonia does not always
precipitate the phosphates. It is much better to make a test
with ammonium molybdate in a small portion of the liquid,
first acidifying with nitric acid (§ 50). This reaction proves
only the presence of phosphoric acid. The detection of the
metals requires the use of a scheme of analysis based upon the
methods of analysis of Group III, which is given in §§ 48 and
40. We shall treat of them briefly. The precipitation with
ammonium sulphide is effected under the conditions mentioned
in the respective paragraphs (see also, the precipitation of
phosphates by neutralisation). To separate nickel and cobalt,
the precipitate is.treated with dilute hydrochloric acid in the
cold. They are separated from each other according to § 48.
The phosphates remain in solution with the metals of Group
IIT1, Divisions 1 and 2. The analysis of native phosphates,
which never contain chromium, is described below in full.
Phosphates found in nature are chiefly those of aluminium,
ferric iron, calcium, and magnesium.

1. Precipitation as basic acetates and as ferric phosphate.—
‘When chromium is absent, the metals of Divisions 1 and 2
are separated as their basic acetates (§ 40). In the presence
of phosphates, however, the performance of the operation must
be slightly modified. If ferric chloride is to be employed for
the detection and separation of phosphoric acid, the presence
of iron, in both the ferric and ferrous states, in the substance
to be analysed, must first be determined. Special portions of
the original solution are tested with ferrocyanide and ferricyanide
of potassium. If these preliminary tests indicate the presence
of much iron, it is necessary to protect the hydrochloric acid
solution of the ammonium sulphide precipitate from oxidation
(§ 50 B). _After neutralisation with sodium carbonate and the
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addition of sodium acetate, the solution is precipitated by ferric
chloride, the reagent being added drop by drop (detection and
separation of phosphates). All the conditions mentioned in
§ 50 B must be secured ; the solution having been boiled and
filtered, the precipitate contains all the phosphoric acid as
AlPO, and FePO,, and also the basic acetates of Fe,O, and
ALQ,, if there were salts of these metals, other than phos-
phates, in the solution. Not only manganese, zinc, and
ferrous iron, but also any magnesium and calcium which were
present as phosphates, remain in the solution. The iron
having next been oxidised to the ferric state, tests are made
for these metals according to §§ 40 and 24. The precipitate
of mixed hydroxides and phosphates is removed from the
filter and treated with caustic potash; aluminium hydroxide
and phosphate go into solution, and the residue consists of
ferric hydroxide and phosphate. The alkaline solution is filtered
and subjected to tests for aluminium and phosphoric acid,
" according to § 50 B.  The precipitate is treated with
ammonium sulphide and gently heated, whereupon the phos-
phoric acid goes into solution as ammonium phosphate. After
the ammonium sulphide has been decomposed by boiling with
a slight excess of hydrochloric acid, and the separated sulphur
has been filtered off, a test for phosphoric acid is made by pre-
cipitation with magnesium sulphate in presence of ammonia
and ammonium chloride (§ 23). Under certain conditions of the
experiment, it is possible that all of the phosphoric will be
found with the aluminium in the caustic potash solution.

2. Precipitation with bartum carbonate—Let us now con-
sider the analysis of phosphates which contain chromium.
This, as has already been said, can occur only in artificially
prepared mixtures. The presence of chromium is, as usually,
determined by the coloration of the borax bead. When iron
is present the solution is oxidised and precipitated with barium
carbonate, according to the first part of § 40 ; before applying
the reagent, the absence of barium from the original solution
must be established. This question is quickly answered by
the addition of sulphuric acid to a separate portion of the
golution. If no precipitate forms, the solution is neutralised
with sodium carbonate and treated with barium carbonate under
the conditions given in § 28.  After complete precipitation, all
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the phosphoric acid is found in the precipitate as AIPO,, FePO,,
CrPO,, and Ba(PO,), Barium phosphate will also be obtained
if the phosphates of calcium or magnesium, which are decom-
posed by barium carbonate, were in solution (§ 50). ALO,,
FeQOS, Crzos, may also be in the precipitate, if their salts were
in solution, and it also contains the excess of barium carbonate
used. In addition to the soluble barium salts formed from the
carbonate, those of manganese and zinc remain in solution, as
well as calcium and magnesium salts, if phosphates of these
latter metals were originally present. The further course of
analysis is the same as in the previous case.

On treatment of the precipitate with potassium hydroxide
a part of the chromium also goes into solution. If AIPO, be
boiled with caustic potash in presence of a sufficient quantity
of barium carbonate, it can be completely decomposed, with
formation of aluminium hydroxide and barium phosphate.
Phosphoric acid, therefore, cannot remain in solution.
Chromic hydroxide, after being boiled with the alkali, re-
mains for the most part with the iron, and its separation is
therefore inaccurate.

DETEOTION OF THE ACIDS IN AMMONIUM
SULPHIDE PRECIPITATES

§ 52. If the indications mentioned at the beginning of § 51 point to
the presence of the acids, the latter are detected by special reactions,
which are made in the hydrochloric acid solution of the precipitate
obtained in the separation of Group IIIL Division 3, from Divisions 1
and 2 (§ 48).

Phosphoric acid.—A portion of the solution is evaporated with nitric
acid, and a test made for phosphoric acid with ammonium molybdate,
§ 50 C). If found, the analysis is made according to §§ 48 and 51.

The remaining acids will be considered among the metalloide, but we
shall mention the tests for them here also. (Tests to be made in the same
solution.)

Silicic acid—Evaporate the solution to dryness, heat the residue for
some time at 100° C., and treat with hydrochloric acid. Test with micro-
cosmic salt : silica skeleton (Section II. ; Silicon).

Hydrofluoric acid.—The hydrochloric acid solution is precipitated with
ammonia ; the dry precipitate tested for fluorine (Section II.; Fluorine).

Boric acid is detected by the green colour which it imparts to the
flame (Section II. ; Boron).
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3

BERYLLIUM, YTTRIUM, ERBIUM, YTTERBIUM, SCANDIUM,
ZIRCONIUM,.  THORIUM, CERIUM (DIDYMIUM, SAM-
ARIUM, LANTHANUM) TITANIUM, NIOBIUM, TAN-
TALUM, INDIUM, GALLIUM, URANIUM, THALLIUM

These elements belong to the Third Group of metals because they are
not precipitated from acid solutions by hydrogen sulphide, and are thrown
down (as hydroxides or sulphides) by ammonium sulphide.

The chemical properties of these metals exhibit unusual variations.
They include members of several families of elements. Indium, uranium,
and thallium are precipitated by ammonium sulphide as sulphides, and
stand, in their properties and oxides, in close relationship to aluminium
and iron, and in a measure to chromium also. The remaining elements
are precipitated by ammonium sulphide as hydroxides of varying com-
position ; they resemble in part the metals of the magnesium group, and
in part are, to & certain degree, analogous to silicon and tin. We
group them, as much as possible, according to their chemical resemblance,
but without reference to the three Divisions with which we are already
familiar. A classification like that of Group IIL is prevented by the widely-
varying characteristics of these rare elements. They are in many respects
insufficiently investigated, and their study is therefore unimportant for
the beginner. This justifies, also, their isolation from the general scheme
of exposition. Our unsatisfactory knowledge of these elements necessitates
a departure from the methods of study which we have hitherto pursued.

Since it is impossible to include the analysis of these elements in the
general systematic scheme, or to express the analysis of all their possible
mixtures by a single system of formulae, we shall limit ourselves, after
having learned their reactions, to the explanation of the few cases (analyses
of minerals which contain the rare elements) in which such an analysis
has already been accomplished.

In order to understand these elements the more perfectly we separate
them into a few Divisions, L Ammonium sulphide precipitates hy-
droxides (with evolution of H,S) of varying atomic composition : beryl-
lium, yttrium (erbium), zirconium, thorium, cerium, lanthanum, didyminm,
titanium, tantalum, niobium. As a basis for the division of these metals
into groups, the various chemical properties of their oxides, and the
analytical methods which depend upon the character of the latter, may be
employed. It must be added that the similarity between the single
metals is too great to permit a sharp classification. (1) Titanium, tan-
talum, and niobium form the oxides TiO,, Ta,0,, Nb,O,, which are
called titanic, tantalic, and niobic acids respectively.  These terms
indicate that these non-basic oxides possess mo power, or, more correctly,
possess little power of uniting with other acids, e.g., sulphuric, to form
salts, The oxides of the other metals are bases which do give salts with
acids. This distinction in their properties is turned to account in
analysis ; minerals which contain these metals are treated with sulphuric
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acid (or acid potassium sulphate) or with hydrofluoric acid (or with acid
potassium fluoride, KHF,). In the first instance, the slightly basic oxides
of Ta and Nb are not dissolved (titanium dissolves ; see below), while the
remainder form soluble sulphates. In the second case, the fluorides which
correspond to the basic oxides do not go into solution, but titanium, tan-
talum, and niobium are dissolved, either as fluorides or as the double
salts with potassium fluoride, TiK,Fg, TaK,F,, NbOK,F,. The action of
alkalies or of alkali carbonates brings Ti, Ta,and Nb into solution,and leaves
the others (zirconium excepted) undissolved, The above reactions permit
the classification of titanium, tantalum, and niobium as a special division.
The basic oxides are especially characterised by the formation of double
salts with potassium sulphate, and neutral potassium sulphate acts as a
useful reagent in their analyses. (2) Soluble double sulphates are formed
by beryllium, yttrium (erbium); (3) insoluble ealts, by zirconium, thorium,
cerium (lanthanum, didymium). IL Uranium, indium, and thallium,
finally, are precipitated as sulphides by ammonium sulphide.

BERYLLIUM

§ 53. Beryllium is found in a few minerals, phenacite, beryll,
euclase. The beryllium salts are similar in their properties to those of
magnesium. Beryllium chloride may be sublimed, colours the flame of
the gas-burner, and gives a characteristic flame-spectrum which contains a
green and a red line, both brilliant.

Reactions of beryllium salts.— The hydrozide, Be(OH),, is deposited from
the solutions of beryllium salts as & flocculent, white precipitate by the
action of potassium hydroxide, ammonia, or ammonium sulphide. It is
soluble in potassium hydroxide, but is reprecipitated from this solution on
being boiled (when in dilute solution), and also by ammonium chloride.
On continued boiling with ammonium chloride it redissolves, with for-
mation of beryllium chloride. Tartaric acid interferes with the precipita-
tion by caustic potash. Anhydrous beryllium oxide is brought into
solution by acids with difficulty, but readily by acid potassium sulphate.

The carbonate, BeCOy, is thrown down by sodium and ammonium
carbonate as a white, gelatinous precipitate, which is soluble in a great
excess of the reagent, but again deposited on being boiled. Barium car-
bonate does not precipitate beryllium ealts in the cold, but throws them
down completely from warm solution.

The distinctive characteristics of beryllium salts are : non-precipita-
tion by oxalic acid, as beryllium oxalate is soluble, or by neutral potas-
sium sulphate, the double salt, K,Be(SO,),, being likewise soluble.

Analysis of beryll (aluminium and beryllium silicate).—The silica is
separated by fusion of the silicate with a mixture of sodium and potassium
carbonates (Section II.) Aluminium is next precipitated frgm the solu-
tion by an excess of ammonium carbonate: this operation must be
repeated several times, as the separation is not accurate. After filtration
and expulsion of the ammonium salts by boiling, beryllium hydroxide is
precipitated by ammonia, dried, and weighed.
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YTTRIUM, YTTERBIUM, SCANDIUM, CERIUM,
LANTHANUM, DIDYMIUM, SAMARIUM

These elements constitute the so-called gadolinite and cerite group.
They are very numerous, and their number increases with improvement
in the methods of their investigation, as it is found that compounds
formerly considered pure are merely mixtures of the compounds of
several metals.

The most important chemical characteristics of the gadolinite metals
are as follows :—The atomic composition of the salt-forming oxides is
R,0,; higher oxides exist for a few of the metals, for instance, of
cerium : the salts which characterise these metals are the insoluble
oxalates and the double salts of their sulphates with the alkali sulphates.
Solutions of the salts of a few metals (erbium, didymium) give absorption-
spectra (Section III.) The more perfectly investigated metals, yttrium,
lanthanum, cerium, show no absorption-spectra in solution, but are
characterised by their spark-spectra (Section III.) Scandium occurs with
yttrium in a few minerals.

Erbium and didymium were recognised as elements by the absorption-
spectra of their salts in solution, but it has been shown that the oxide,
supposed to be that of erbium, also contained those of holmium, thulium,
and ytterbium (Soret, Marignac). Didymium oxide was split up by Auer
von Welsbach into the oxides of neodim and praseodim, and G. Kriiss
and Nilson have recently claimed that all these elements, and also
samarinm, are complicated substances. The study of the absorption-
spectra has led these authors to believe that the above erbium and didy-
mium oxides contain no less than twenty elements. Under such circum-
stances we may readily be excused from entering for the present into the
reactions of these metals.

By the employment of new ethods of investigation, the fractional
precipitation of yttrium hydroxide and the phosphorescence spectrum
(Section IIL) of its compounds, Crookes has arrived at the conclusion that
the metal now known as yttrium contains at least five, and perhaps eight
elements.

Yttrium.—VYttrium exists in the minerals, gadolinite, orthite, yttro-
tantalite, etc. The yttrium salts do not colour the flame, yttrium chloride
being non-volatile. A solution of yttrium sulphate, saturated in the cold,
deposits a precipitate when heated to 40° C. Yttrium chloride gives a
characteristic spark-spectrum (§ 111).

Reactions of yttrium salts.— Yttrium hydroxide, Yt(OH),, is thrown
down by caustic potash, ammonia, or ammonium sulphide, as a white,
voluminous precipitate, insoluble in excess of these reagents (a large quan-
tity of ammonium chloride interferes with the reaction, as yttrium
hydroxide decomposes ammonium chloride with formation of yttrium
chloride and free ammonia). Tartaric acid does not prevent precipitation
with potassium hydroxide. Both the hydroxide and anhydrous oxides
dissolve readily in acids.

Yttriwm carbonate, Yt,(CO,),—Potassium and ammonium carbonates
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produce a white precipitate, eoluble in a large excess of the reagent. If
the solution in ammonium carbonate be boiled, it deposits yttrium
hydroxide ; this reaction cannot be obtained in presence of ammonium
chloride, the products being in this case free ammonia and yttrium
chloride. Barium carbonate precipitates in the cold (?)

Yitrium ozalate, Yt,(C;0,);.—Oxalic acid produces a white precipitate,
insoluble in excess of oxalic acid or of ammonium oxalate.

Yttrium fluoride, YtF,—Hydrofluoric acid throws down yttrium
fluoride, gelatinous, insoluble in excess : it changes to a white powder on
being warmed.

Yttrium formate and sulphate are soluble ; the latter also dissolves in a

poncentrated solution of an alkali sulphate.

" Analysis of gadolinite (silicate of Yt, Be, Fe, Mn, Ce, La).—The
mineral is decomposed by aqua regia and, after the silica has been filtered
off, the solution is neutralised, and the insoluble oxalates of Yt, Ce, La,
precipitated by ammonium oxalate in presence of ammonium chloride.
Be, Fe, Mn, remain in solution as their oxalates. The separation of the
yttrium from cerium and lanthanum is effected by treatment with potas-
sium sulphate (see Cerium). Yttrium hydroxide is precipitated from the
solution of the double potassium sulphate by ammonia, and the metal
determined as oxide. The analysis of gadolinite by spectroscopic methods
is explained in § 111.

§ 54. Oerium, Lanthanum.—Cerium and its companions, lanthanum
and didymium, are found chiefly in orthite and cerite (silicates of these
metals).

Cn)nml.—Two oxides of cerium are known, the sesquioxide, Ce,0,,
and dioxide, CeO,. The former is converted to the latter by ignition.
Cerium salts are also of two degrees of oxidation, cerous and ceric ; the
latter are; as a rule, not very stable.

Reactions of cerous salts—These are the most stable compounds of
cerium. Cerous chloride is non-volatile (distinction from zirconium,
beryllium, thorium).

Cerous oxide is precipitated by caustic alkalies and ammonium sul-
phide as the light yellow hydroxide, Ce(OH)y, which is insoluble in excess
of the reagent, and assumes a yellow tint in the air (due to oxidation).
On ignition it becomes orange-yellow, but returns to bright yellow on
cooling. Ammonia precipitates basic salts. Tartaric acid interferes with
the precipitation by ammonia or caustic alkalies (distinction from
yttrium).

The carbonate is a white precipitate soluble in excess of sodium or
potassium carbonate, Cerous solutions are thrown down slowly, but
completely, on digestion with barium carbonate.

The double sulphate, K,Ce(SO,),, is obtained by precipitation with a
saturated solution of neutral potassium sulphate as a white powder. This
double salt is difficultly soluble in water, and practically ineoluble in a
concentrated solution of potassinm sulphate.

The oxalate, Ce,(C,0,),, is a white precipitate, insoluble in excess of
oxalic acid, and difficultly soluble in mineral acids. A boiling solution
of ammonium oxalate dissolves it, but separation again takes place on
dilution with water in the cold.
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The formate is a white precipitate which is sparingly soluble in water.

Sodium thiosulphate does not produce a precipitate.

Ceric salts.—If chlorine be led into the warm solution of a cerous salt
in presence of sodium acetate, or if the solution be treated with sodium
hypochlorite, all the cerium will be deposited as yellow ceric hydroxide.

The nitrate is formed by boiling cerous nitrate with lead dioxide and
nitric acid. Its solution is deep yellow (a delicate test for cerium).
Anhydrous ceric oxide, CeQy, is obtained by the ignition of cerous oxalate
in the air. It is only a weak base, and decomposes hydrochloric acid
with formation of the cerous salt and generation of chlorine. The sul-
phate and nitrate are known only in double salts with NH,, Mg, etc. The
reactions of the ceric salts have not been investigated. In analysis the(,
are converted to the cerous salts.

LANTHANUM is to a great degree similar to cerium, but has only one
oxide and one series of salts.

Reactions of lanthanum salts.—The oxide and hydroxide, La(OH),, are
white powders. .

The potassium sulphate double salt, K La,(SO,)., is insoluble in a
saturated solution of potassium sulphate.

The ozalate, La,(C,0,), is a white, crystalline powder insoluble in
water. .

The formate, La(CHO,),, is a white precipitate, difficultly soluble in
water.

Solutions of lanthanum salts show no absorption-spectrum.

Analysis of cerite (silicate of Ce, La).—The mineral is heated with
sulphuric acid, the excess of acid driven off, and the residue digested with
water and nitric acid (separation of silica). Cerium and lanthanum
(didymium) are next precipitated by a solution of potassium sulphate
" saturated at the ordinary temperature (or, better still, by sodium sulphate),
and the precipitate washed with the same solution. There is no accurate
method for their separation, but approximate results are obtained by
dissolving the double salts in hydrochloric acid, reprecipitating with potas-
sium hydroxide, and treating with chlorine (see above ; Cerium). A fair
separation can also be effected by the ignition of their nitrates (at 400° C.)
Bunsen recommends the indirect determination of cerium and lanthanum
by means of the sulphates. The preparation of the pure compounds of
these metals cannot be explained in this place.

THORIUM

Thorium is found in the very rare minerals, thorite and monazite
(silicates of this metal). It possesses only one oxide, and its salts are
thoroughly stable. Thorium chloride is non-volatile (it can be sublimed).
The sulphate, Th(80,), + 2H,0, is precipitated, if a solution of the sulphate,
Th(S0,), + 9H,0, prepared in the cold, be boiled or gently warmed.

Reactions of thorium salts—Thorium oxide, ThO,; caustic alkalies,
ammonia, and ammonium sulphide throw down the white hydroxide,
insoluble in excess, but which dissolves easily in acids; the anhydrous
oxide is insoluble in acids.
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The carbonate is precipitated by potassium or aminonium carbonate ;
it is soluble in excess of the reagent if the latter is concentrated (it is re-
deposited on heating.)

Potassium double sulphate, K,Th(SO,),.—Obtained by the action of a
concentrated neutral solution of potassium sulphate. The precipitation
is slow, but complete ; the precipitate does not dissolve in mineral acids.

The ozalate, Th(C,0,),, is precipitated by oxalic acid. It is insoluble
in oxalic acid or in mineral acids, but soluble in ammonium oxalate. It
is soluble in ammonium acetate in presence of free acetic acid.

Thorium fluoride, ThF,.—Hydrofluoric acid throws down a gelatinous
precipitate, which later becomes crystalline. Thorium forms the insoluble
potassium double salt, K,ThF,.

Sodium thiosulphate does not completely precipitate the solution of
thorium salts.

Analysis of thorite (silicate of thorium). The silicate is decomposed
with hydrochloric acid, and evaporated to dryness (separation of silica).
The mass is treated with dilute sulphuric acid, strongly evaporated, and pre-
cipitated with a concentrated solution (saturated at the boiling-point) of
potassium sulphate. The precipitate is washed with the same solution,
dissolved in water, and the thorium hydroxide precipitated by potassium
hydroxide and weighed.

ZIRCONIUM

Zirconium occurs chiefly in the mineral zircon (zirconium silicate).
It has only one oxide, ZrO,. The metal is analogous in its properties to
silicon and titanium. Zirconium oxide forms salts with acids. The
sulphate is difficultly soluble ; zirconium chloride, ZrCl,, is volatile ; the
fluoride is soluble in water (distinction from thorium) and forms with
potassium fluoride a salt, K,ZrF,, which dissolves in water with difficulty.
On the other hand, if zirconium oxide be fused with sodium carbonate, it
drives out the carbonic acid, and forms a sodium zirconate only slightly
soluble in water. This salt varies in its composition ; the simplest forn,
NaZrO,, is obtained by the action of an excess of sodium carbonate.

Reactions of zirconium salts—Zirconium hydroxide is precipitated by
caustic alkalies, ammonia, and ammonium sulphide. It does not dissolve
in excess of potassiumm hydroxide (distinction from aluminium and
beryllium) or on being hoiled with ammonium chloride. The hydroxide
precipitated in the cold is easily soluble in acids ; that obtained from a
boiling solution, and also the ignited oxide, dissolve in acids with great
ditliculty (to bring them into solution, 2 parts of concentrated sulphuric
acid and 1 part water is used).

The carbonate is characterised by its solubility in ammonium carbonate ;
it is redeposited from this solution by boiling.

The potassium double sulphate, K,Zr(S0,),, is obtained by the action of
neutral potassium sulphate ; it is insoluble in excess of the reagent,
but dissolves in hydrochloric acid (distinction from Th, Ce; the salt pre-
cipitated from hot solution is also insoluble in hydrochloric acid).

The ozalate is precipitated by oxalic acid ; it is insoluble in excess of



124 ANALYTICAL CHEMISTRY GROUP III

oxalic acid, but soluble in hydrochloric acid, and also in ammonium
oxalate (distinction from thorium).

Sodiumn thiosulphate produces a precipitate in zirconium salts.

Analysis of zircon.—The zircon, previously ignited, is fused with sodium
carbonate, and the cake obtained digested with water, which leaves the
zirconium and sodium compound (and silica) undissolved. The residue
is next dissolved by hydrochloric acid (silica is insoluble and thus sepa-
rated), and zirconium hydroxide precipitated from the solution and
weighed. Zirconium oxide may be separated from ferric oxide by either
oxalic acid or sodium thiosulphate.

TITANIUM, NIOBIUM, TANTALUM

§ 55. Titanium, niobium, and tantalum differ in many respects from
the metals just described. The higher oxides of these metals are acids.
To bring their compounds into solution, they are fused with sodium or
potassium carbonate, and the alkali salts of titanic, niobic, or tantalic
acid formed. Another method of analysis is based upon the property
which these elements possess of uniting with potassium fluoride, to form
soluble double salts, when fused with acid potassium fluoride. They can-
not be brought into solution by fusion with acid potassium sulphate
(with the exception of titanium).

Titanium occurs in nature as titanic acid (rutile, anatase) and its salts
(titanite). Titaniferous iron, FeTiOy, is isomorphous with chrome-iron ore.
Titanium is almost the only metal known which absorbs nitrogen on
being ignited in the air. It has two oxides, Ti,O; and TiO, Titanic
chlonde, TiCl,, is a liquid with a boiling-point of 136° C., and dissolves
in water if the latter be cautiously added, but soon decomposes to titanic
acid. Rammelsberg assumes the existence of two tes of titanic acid,
which are similar to those of stannic-—utthThe fiNt is formed from
titanic chloride, the second by precipitating the fusion uct of titanic
acid with acid sodium sulphate by ammonia.

Reactions of titanic salts.—Titanium dioxide forms coyppounds with both
bases and acids ; neither series of compounds, however{ is stable. When
fused with potassium carbonate a potassium titanate ig formed, insoluble
in water, but soluble in acids (with decomposition). THe salts of titanium
dioxide with other acids (such as sulphuric, etc.) are oPptained in solution
by this means. The same salts may be preparcd Ly the solution of
titanic acid in acids, or by the fusion of the anhydrous oxide with acid
potassium sulphate. The solutions of these salts are stable only in the
cold, and on being warmed (still more when boiled) the titanic acid
(metatitanic acid) is completely deposited. This variety of the hydroxide
is insoluble in acids. All the modifications, however, as well as an-
hydrous titanic dioxide, dissolve in hydrofluoric acid. On fusion with
acid potassium fluoride the sparingly soluble (1 part to 96 parts H,0)
double salt, K, TiF,, is formed. We shall now study the reactions of the
solution of titanium dioxide in acids.

Potassium hydroxide, ammonia, ammonium sulphide, barium carbonate
precipitate white, gelatinous titanic acid, which is insoluble in excess of
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the reagent. Tartaric acid hinders the precipitation. Metatitanic
hydroxide is deposited from the acid solution on boiling (and also in
presence of sodium thiosulphate).

Sodium phosphate throws down from a solution of titanium chloride
a white precipitate of titanium phosphate, (TiO)HPO,, insoluble in hydro-
chloric acid.
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