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Preface

This manual has been written for the use of students who
wish to take a one-semester course in qualitative analysis and
who have a background of one semester of general chemistry.
Although designed particularly for use in a sequence where
qualitative analysis serves as the laboratory work for the sec-
ond semester of general chemistry, the book can also be used
when qualitative analysis falls in the third quarter or third
semester of a sequence in which general chemistry, with con-
ventional laboratory work, occupies the first two quarters or
semesters.

As the title suggests, this manual comprises an introduction
to qualitative analysis and does not attempt a complete pres-
entation of the subject. However, experience over a period of
twelve years has demonstrated that a student who has mas-
tered this introduction is well equipped to go into those ad-
vanced courses requiring an understanding of, and a familiarity
with, the principles and techniques of qualitative analysis.

Only 21 metals and 13 acids are considered. Furthermore,
only those aspects of the chemistry of the cations and anions
which have direct bearing on the behavior of these cations and
anions in the course of their separation and identification are
presented. As a consequence, the content of the manual can
be completed in one semester.

Detailed discussions and explanations are presented largely
in the form of notes, which are given directly after the pro-
cedure or procedures in which they are applied. With this
arrangement, the student gets the explanation of an experi-
mental behavior when that behavior is noted.

The author wishes to express his indebtedness to An Intro-
duction to Qualitative Analysis, by Sorum and Walton, which
is the macro counterpart of this book. He wishes, also, to
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express his appreciation for the help that he has received from
all members of the General Chemistry Staff at the University
of Wisconsin, particularly from G. A. Hall, M. L. Holt, E. M.
Larsen, and H. L. Ritter.

C. H. Sorum

Madison, Wisconsin



Note to Instructors

A group of questions will be found at the end of each chap-
ter. These can be used as the basis for an oral review of each
chapter’s content or they can be assigned as homework. Only
a few mathematical problems are included; if the detailed
aspects of the solubility product principle are to be covered,
the author’s Problems for General Chemistry and Qualilative
Analysis or some comparable problem book should be used
as a companion text.

The experimental procedures and specific tests have been
checked and rechecked; if the directions are followed with
reasonable care, good results will be obtained. Emphasis
should be made that the entire success of the copper-arsenic
group analysis depends on having good-quality ammonium
polysulfide. It is easy to prepare and will keep almost indefi-
nitely if stored in small, well-stoppered bottles. The difficulty
involved in using ammonium polysulfide results from the fact
that when it is exposed to air, as when placed in desk reagent
bottles, it slowly decomposes. This decomposition is casily
detected by the deposition of sulfur, whereupon the reagent
should immediately be replaced.

Every instructor faces the problem of how best to present
equations for reactions that take place. Since those in quali-
tative analysis are largely ionic, one might well argue that
ionic equations should be used. However, there are many re-
actions where there is honest difference of opinion as to the
ionic mechanism. There is also the fact that, since qualitative
analysis is concerned with a series of laboratory procedures in
which specific reagents are used, the equations should indicate
what these specific reagents are. To suit these various situa-
tions and points of view, some of the equations are presented
ionically, most molecularly, and some in both ways. The

i



viii NOTE TO INSTRUCTORS

molecular equations are presented with the understanding
that, when a student knows the nature of the reactant or
product (whether or not it is soluble and whether or not it is
a strong electrolyte), he can easily work out the ionic counter-
part. In this way the teacher will be allowed latitude in the
interpretation of reactions.

C. H. 8.
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CHAPTER 1

The Practice of Qualitative Analysis

THE FIRST SEMESTER’S laboratory work in general chemis-
try was concerned, to a large extent, with the preparation and
properties of certain clements and their compounds. In the
course of this laboratory work, the student was called upon
frequently to test for a substance or to prove the identity of a
substance. Oxygen was identified by the fact that it caused a
glowing splint to burst into flame, and hydrogen chloride gas
was easily recognized by the fact that it fumed strongly in moist
air. Carbon dioxide produced a white precipitate of calcium
carbonate when passed into limewater, whereas solutions con-
taining sulfate ions gave a white precipitate when treated
with a solution of barium ions. Further examples might be
cited, all pointing to the fact that a person who has had an
introductory laboratory course in general chemistry has
learned to tdentify various substances.

In the laboratory work with which this book is concerned,
identification of substances will be of primary interest. The
study of qualitative analysis is a study of the ways and means
by which substances may be identified. Specifically, inorganic
qualitative analysis is concerned with finding out which
metallic ions (cations) and acid radicals (anions) are present
in substances and mixtures of substances.

A complete system of qualitative inorganic analysis would
include methods for detecting all metallic ions and all acid
radicals as well as all the elements. Not only would procedures
be given for the detection of such common metals as copper,
tin, iron, aluminum, and zinc and such acid radicals as sul-
fates, phosphates, and carbonates, but the detection of the
less common metals such as rhenium, columbium, platinum,
and cerium and such acid radicals as tellurates, molybdates,

1



2 THE PRACTICE OF QUALITATIVE ANALYSIS Ch 1

ferrocyanides, and vanadates would also be included. Such a
complete course would be too involved and difficult for the
beginning student of qualitative analysis.

An understanding of the methods of qualitative analysis
and a knowledge of the principles which underlie it can be
obtained by a study of the identification of a few common
and representative metallic ions and acid radicals. Those
considered in this course are the following:

Metallic tons (cations): Ag*, Pb*+, Hg,*+, Hg', Bi+"+;
Cutt, Cd+*+, Sn*+, Sn*t+++ Sb++ Ast++, Fett, Fet+
Al¥++ Crt++ Mn*+, Zn++, Nit+, Cot+, Ba*t+, Catt, Mg+,
Nat, K+, NH,*.

Acid radicals (amions): SO,—, SO;—, CO;—, BO;—,
Cr04—, P04___, 1&804___, S__, Cl—, BI‘_‘, I—, NOs—, CzH:gOz_.

In order to show how qualitative analysis works out in ac-
tual practice, let us take a solution containing all the cations
listed above and examine the method by which the presence
of each cation is proved.

A first thought might be to add some superreagent which
would give a different and very characteristic precipitate with
each cation in the mixture. Obviously, however, such a pro-
cedure would be no good because the mixture of cations, each
giving a different and characteristic precipitate, would give
a completely confusing mixture of precipitates.

The answer to this objection would be to find a specific
reagent for each cation, a reagent that would give a precipi-
tate or colored solution with one, and only one, cation. If
there were such a complete set of specific reagents, qualitative
analysis would be very simple. Unfortunately, such an ideal
collection of reagents does not exist. With one or two excep-
tions, a reagent that gives a characteristic reaction with one
ion either gives a characteristic reaction with other ions as
well or else its characteristic reaction with one ion is interfered
with by other ions. In other words, in order to identify a cer-
tain cation it must be alone, free from other cations.



Ch 1 SEPARATION OF IONS 3

The answer to the question of how to proceed with the
detection of the cations in the above solution is thus quite ob-
vious. The cations are first separated; then they are identified.
The whole plan of qualitative analysis is a series of separations
and 1dentifications.

The next question is how to go about separating all of the
cations listed when they are found together in the same solu-
tion. It is possible that a system could be worked out whereby
the cations could be separated and identified one at a time.
The more practical method, employed in all systems of quali-
tative analysis, is to separate the cations a handful at a time.
The procedure, in brief, is as follows: A small handful of cat-
ions, three to be specific, is first taken out. This little handful
of three is separated by taking out one and leaving two and
then separating these two from each other. The separated
cations are then easily identified by means of characteristic
reactions.

Having taken out and separated the first handful, we take
out a second handful, then a third, leaving a fourth and last
handful. The original mixture of cations is separated into four
handfuls. Each of these handfuls is separated in turn, and
the separated cations are identified. If the handful is a small
one, consisting of only three cations, it is separated by taking
out one, leaving two and then separating these two. If the
handful is a large one, as is actually the case with the second,
third, and fourth handfuls, the large handful is first separated
into two small handfuls; then the separation proceeds by tak-
ing out first one and then another until each cation has been
isolated.

The next question is, How do we go about picking out these
handfuls? The handfuls, more correctly referred to as groups,
are taken out by the addition of a specific reagent, called a
group reagent. This reagent forms insoluble compounds with
the cations in that particular group but permits all other cat-
ions to remain in solution. The group is thereby taken out
as a mixture of insoluble substances.



4 THE PRACTICE OF QUALITATIVE ANALYSIS Ch1

Outline 1 shows the content of each group and the group
reagent that is added to precipitate out each group. This out-
line should be examined carefully, since it gives the whole
plan of group separation of cations.

HCI is the group reagent for the first group, called the
stlver group. The separation of the cations of the silver group
from all other cations depends on the experimental fact that
the chlorides of silver, lead, and mercury I are insoluble in
dilute HCIl, whereas the chlorides of all other metals are
soluble.

The group reagent for the second group, the copper-arsenic
group, is H,S. The separation of the cations of the copper-
arsenic group from the remaining cations depends on the fact
that the sulfides of the former are insoluble in HCI, whereas
the sulfides of the latter are soluble.

The group reagents for the third group, the aluminum-
nickel group, are NH,OH and H,S. The sulfides and hydrox-
ides of the cations of the aluminum-nickel group are insoluble
in alkaline solution, whereas the sulfides of the cations of the
last group, the barium-magnesium group, are soluble.

The last question is, how do we go about separating and
identifying the cations in each handful? The detailed answers
to that question will be left to Chapters 3, 4, 5, and 6. At this
point it will be sufficient to call attention to Outlines 2, 3, 4
and 5, on pages 36, 52, 86, and 112, respectively. These
outlines show, schematically, how the separation and iden-
tification of the cations in each group are carried out.

It is obvious, from what has been said, that the separation
and identification of the cations follows a very orderly plan.
It is also obvious, from an examination of Outlines 2, 3, 4,
and 5, that the execution of this orderly plan of separation
and identification is going to call for careful and extensive
laboratory work, and the understanding of the plan is going
to require knowledge of a great many principles and facts. So
that the student may have a better chance to learn these prin-
ciples and facts, so that he may acquire the techniques re-
quired for the various procedures and may learn to recognize
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6 THE PRACTICE OF QUALITATIVE ANALYSIS Ch1

the colors and other characteristics of the solutions and pre-
cipitates that make the identification of the various cations
possible, the following program will be followed. Practice
solutions (“known’ solutions) containing all the cations of
each individual group will first be analyzed. The known solu-
tion for a given group will then be followed by the unknown
solution (or solid) for that group, in which the student goes
through the same steps that he has taken with the known.
The series of group knowns and unknowns will be followed
by an unknown that contains combinations of all four cation
groups in the form of an alloy.

Thus, bit by bit, the separation and identification of the
metallic ions will be studied. The student will then be ready
to extend his efforts to the study of the identification of
anions. This he will do by analyzing salts and salt mixtures.

In keeping with this objective of studying the qualitative
procedures of the separate groups before undertaking a com-
plete analysis, the following substances will be analyzed and
in the following order:

SCHEDULE OF LABORATORY WORK

1. One stlver group known. This solution contains all the
cations of the silver group. It will not contain cations of other
groups. Obtain it and all subsequent knowns from the instruc-
tor. Follow the directions given in Procedures 1 to 4, inclusive.

2. One or two silver group unknowns. These solutions con-
tain cations of the silver group. They will not contain cations
of other groups. Obtain these and all subsequent unknowns
from the instructor. Follow the directions given in Procedures
1 to 4, inclusive.

3. One copper-arsenic group known. This solution contains
all of the cations of the copper-arsenic group. It will not con-
tain cations of other groups. Follow the directions given in
Procedures 5 to 14, inclusive.

4. One or two copper-arsenic group unknowns. These solu-
tions contain cations of the copper-arsenic group. They will
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not contain cations of other groups. Follow the directions
given in Procedures 5 to 14, inclusive.

5. One aluminum-nickel group known. This solution con-
tains all the cations of the aluminum-nickel group and will
not contain cations of other groups. Follow the directions
given in Procedures 15 to 21, inclusive.

6. One or two aluminum-nickel group unknowns. These solu-
tions contain cations of the aluminum-nickel group. They
will not contain cations of other groups. Analyze according to
the directions given in Procedures 15 to 21, inclusive.

Note

In the presence of phosphates or borates, a modified plan of anal-
ysis must be used for the aluminum-nickel group. Unknowns ordi-
narily issued in the course will not contain phosphates or borates
that necessitate using the modified procedure.

7. One barium-magnesium group known. This solution con-
tains all of the cations of the barium-magnesium group. It
will not contain cations of other groups. Follow the directions
given in Procedures 22 to 27, inclusive.

8. One or two barium-magnesium group unknowns. These
solutions contain cations of the barium-magnesium group.
They will not contain cations of other groups. Analyze ac-
cording to the directions given in Procedures 22 to 27, inclusive.

9. One alloy. This solid may contain any or all of the 21
metals. Follow the directions given in Procedure 28.

10. Preliminary tests and specific tests for anions. Follow the
directions given in Experiments 1, 2, 3, and 4, pages 137, 140,
144, and 150.

11. Complete analysts of solids for both metallic tons and acid
radicals. The remainder of the laboratory work will consist in
the complete analysis of solid unknowns for cations and
anions. Follow the directions given in Chapter 10.
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RECORD OF LABORATORY WORK AND
LABORATORY REPORTS

A record of all laboratory work is to be kept on the blank
pages at the end of each chapter in this manual in accordance
with the following directions:

1. As each group known or unknown is being analyzed, the
outline for that group must be developed in the manual. This
outline is similar to those printed in this manual. The object
of making such an outline is to enable the student to visualize
the steps of the analysis and record his own findings. Each
step in the outline must be recorded concurrently with the
actual laboratory performance of that step.

2. All confirmatory tests obtained in the analysis of a group
known must be approved by the instructor. Confirmatory
tests obtained in the analysis of an unknown need not be thus
approved.

3. The group known must be finished and the completed
outline for this group known must be approved by the instruc-
tor before an unknown can be issued. The student must dem-
onstrate to the instructor that he is familiar with the analysis
of the group before he is permitted to start the analysis of
the unknown.

4. When a group unknown is reported to the instructor,
the manual must contain:

(a) The approved outline of the group known.
(b) All equations for the group known.
(¢) The outline for the unknown.

5. The alloy will not be issued until the student is able to
demonstrate to his instructor a proper understanding of the
analysis of the alloy.

6. When the alloy is reported, the manual must contain:

(a) A composite outline showing how it was analyzed.
(b) Equations for dissolving the metals proved to be
present in the alloy.
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7. Salts and salt mixtures will be reported in accordance
with the instructions given in Chapter 11.

8. The first salt will not be issued until the student can
demonstrate a satisfactory understanding of its plan of analy-
sis. Experiments 1, 2, 3, and 4, pages 137, 140, 144, and 150,
must be performed before the first salt or salt mixture is
analyzed.

9. Special solids will be reported in the same manner as
salts.



CHAPTER 2

Solutions and Solubility

FroMm WHAT has been stated in Chapter 1, it is evident that
the whole plan of separation of ions is based on the solubilities
of the various compounds formed by these ions. The identi-
fication of cations and anions involves a series of processes of
solution and precipitation in which the element or radical in
question eventually appears as a precipitate or as a solution
of distinctive color. Qualitative analysis is thus largely con-
cerned with solutions, solubility, and the formation of pre-
cipitates. It is concerned with the best conditions for the
formation of precipitates and the best conditions for the sepa-
ration of one ion from another.

Suppose, in a solution containing lead nitrate and sodium
nitrate, that it is necessary to separate the lead ions from the
sodium ions. The method of procedure would be to add some
substance which would form a precipitate with the dissolved
lead ions but which would not form a precipitate with the
sodium ions. For this purpose hydrochloric acid could be
used; it reacts with lead nitrate as follows:

Pb(NO;). + 2 HC]l = PbCl* + 2 HNOs;.

The sodium ions would remain in solution but most of the
lead ions would precipitate as insoluble lead chloride. Some
of the lead, however, would remain dissolved because PbCl,
is somewhat soluble in water, so that the separation of lead
and sodium would not be complete.

It would be much more satisfactory to use as a precipitating
reagent some substance which would form a more insoluble
lead compound. Such a substance is sulfuric acid or any com-
pound that forms the sulfate ion in solution:

* Boldface type indicates a solid, usually a precipitate.
10



Ch 2 SATURATED SOLUTIONS 11

Pb(NOs). + H.S04 = PbSO, + 2 HNO;.

In this case almost all the lead would be removed, as shown
by the figures for the solubility of PbSO, in water at 25°:

100 ce. of water at 25° dissolves 0.004 g. of PbSO,.
100 ce. of water at 25° dissolves 0.9  g. of PbCl,.

A certain infinitesimal amount of lead would still remain in
the solution, but the amount would be so small that it could
be disregarded.

If the solution from which the lead was precipitated had
been heated to 100°, slightly more PbSO, would have re-
mained in solution because PbSO; is somewhat more soluble
in hot than in cold water. If a slight excess of H,SO,, that is,
more than was necessary to precipitate all the lead, were used
in this precipitation, the PbSO; would be still more insoluble.
To get the best separation, we should:

(a) Precipitate the lead as PbSO;.

(b) Precipitate the lead from a cold solution.

(¢) Use an excess of the precipitating reagent (H;SO,).

In the separation of substances, then, the attempt is made to
carry out the precipitation under conditions which make the
precipitate as insoluble as possible. For intelligent analytical
work it is necessary that the student should understand what
these conditions are. This understanding necessitates a knowl-
edge of some of the properties of solutions.

SATURATED SOLUTIONS*

When a solid is immersed in a liquid in which it is soluble,
molecules of the solute begin to escape into the solvent. The
amount dissolved will depend on:

(a) The attraction between the solvent and the solute.
(b) The temperature at which the dissolving takes place.

* To understand the following discussion, the student should review the fun-
damental theories of elementary chemistry, especially the material dealing with
equilibrium reactions, ionization, and colloids.
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The rate at which solution takes place depends on the fine-
ness of division and the bringing of fresh portions of the sol-
vent in contact with the solute. Lump sugar dissolves in water
at a certain rate. If powdered, it dissolves faster, and still
faster if the solution is stirred.

If a compound such as alum is added to a given volume of
water at a given temperature, the water will dissolve the alum
until a certain concentration is reached, after which no more
alum will dissolve. The solution is said to be saturated at that
particular temperature. As long as the solvent at a given tem-
perature will dissolve more solute, the solution is said to be
unsaturated.

A saturated solution is defined as a solution tn which the
solution and the solute are in equilibrium at a given temperature.
To get a picture of this condition, suppose we visualize a lump
of sugar dissolving in water at a certain temperature. The
molecules of sugar are attracted by the solvent and keep leav-
ing the solid. But there is also an attraction between the crys-
tal and the solute. The crystal attracts molecules of solute to
its surface so that just as soon as the substance begins to dis-
solve, molecules of solute begin to deposit on the solid. The
relation may be represented thus:

Dissolving
Undissolved solute <2 dissolved solute
Deposition.

The process of dissolving is represented by the upper arrow;
the process of deposition is indicated by the lower arrow. At
the outset dissolving is faster than deposition, but as more
substance is dissolved the rate of solution is slower and the
rate of deposition faster. Eventually the two processes be-
come equal in speed, equilibrium is reached, and the solution
is in equilibrium with the solute and is said to be saturated.
It is possible to disturb this equilibrium by:

(a) Adding more of the solvent.

(b) Increasing or decreasing the temperature.

(¢) Adding a third substance.
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The last case is of especial importance in chemical analysis
and will be discussed under the Common Ion Effect, page 25.

When a substance is precipitated from solution, the remain-
ing solution contains a small amount of the substance that
was precipitated, this amount varying with the particular
substance. The solution is saturated with the precipitate and
is therefore in equilibrium with it. The figures given for the
solubility of PbCl, and PbSO, represent saturated solutions
in which the two solutions at the particular temperature are
in equilibrium with solid PbCl; and PbSQy, respectively.

SUPERSATURATED SOLUTIONS

In the case of saturated solutions of substances whose solu-
bilities increase with rise in temperature, a lowering of the
temperature of the solution is usually attended with a sepa-
ration of solute, thus forming a saturated solution at the new
lower temperature. Under certain conditions, however, it is
possible to lower the temperature of such a saturated solution
without the separation of crystals of the solute. In order to
bring this condition about, the solid phase (crystals of the
solute) must not be present. The resulting solution is said te
be supersaturated.

To illustrate, if a saturated solution of borax, alum, or so-
dium sulfate is prepared and any remaining crystals of these
compounds are removed by decantation or filtration, this
solution can usually be cooled several degrees without separa-
tion of the solid phase. It is supersaturated and in a state of
pseudo equilibrium in which a kind of passive resistance to
the formation of crystals seems to exist. The formation of
crystals may often be brought about by shaking, vigorous
stirring, or rubbing the inside of the beaker with the end of a
glass rod. The addition of some of the solid phase always
brings the solution to equilibrium. An example of this kind
which is of interest in qualitative analysis will be encountered
in the test for magnesium (Procedure 25), in which the solu-
tion often becomes supersaturated with MgNH,PO,.
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PERCENTAGE; MOLAR AND NORMAL SOLUTIONS

A knowledge of the amount of solute present in a given
solution is of great importance in almost all fields of chemistry.
In order that such information may be available, solutions
are prepared which have a definite concentration. “Concen-
tration’ in this case has a quantitative significance; it refers
to the ratio of the amount of dissolved substance either to
the volume or weight of the solution or to the volume or
weight of the solvent.

The amount of dissolved substance in a given quantity of
solution is expressed in a variety of units. Some of those in
common use are grams, percentages, moles, formula weights,
and equivalent weights.

Percentage strength. In notations of this kind the ratio of
the weight of the solute to that of the solution is expressed in
parts per 100.

A 5 per cent solution of common salt is one in which 100 g.
of the solution contains 5 g. of NaCl; that is, there will be 95
g. of water (approximately 95 cc.) and 5 g. of sodium chloride.
To prepare such a solution, three methods are used:

(a) Dissolve 5 g. of NaCl in enough water to make a total
volume of 100 cec.

(b) Dissolve 5 g. of NaCl in 95 cc. of water.

(¢) Add 95 g. of water to 5 g. of NaCl.

In Methods (b) and (¢) the total volume of the solution will
not be exactly 100 cc.

Method (c) is the only one that gives a strictly 5 per cent
solution. But if we had such a solution and wished to obtain
1 g. of NaCl it would be necessary to weigh out accurately
20 g. of the solution, which would be a nuisance.

Method (a) is frequently used and has the advantage that
a desired amount of salt can be obtained by accurately meas-
uring a given volume of the solution. If we wish 0.5 g. of salt,
it is simply necessary to take 10 cc. of the solution by means
of a pipette or a burette.
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Molar solutions. Because the properties of so many solu-
tions depend on the number of molecules in a given volume
of the solvent, it is often convenient to express the concentra-
tion in terms of the number of gram molecular weights (moles)
in 1000 cc. of the solution. A molar solution contains one mole
(one gram molecular weight) of solute in one liter of solution.
The molecular weight of sulfuric acid is 98. A molar solution
contains 98 g. in 1 liter of the solution (not 98 g. in 1000 cc. of
the solvent, which is quite different). Similarly, a molar solu-
tion of HCI contains 36.46 g. per liter, and a molar solution of
cane sugar (C;;H20;;) contains 342 g. in a liter.

This system obviously permits a solution of any concentra-
tion to be expressed in terms of molarity. Thus a solution of
80 g. of NaOH per liter is 2 molar and one containing 0.8 g.
per liter is .02 molar.

Problem: 0.5 g. of K,S0; is present in 200 cc. of a solution. What
is the molarity of the solution?

When the concentrations of very dilute solutions are ex-
pressed in terms of molarity, the resulting values are some-
times very small. At 20°, one liter of water dissolves 0.00233
g. of BaSO,. The molecular weight of BaSO, is 233; conse-
quently, 0.00233/233 = .00001 mole of BaSO, per liter. The
solution is therefore 0.00001 molar. Sometimes this notation
is shortened by writing it 0.0,1. More frequently, however,
such solubilities are expressed by the use of negative expo-
nents:

0.00001 molar is or 1 X 105 molar.

1
100,000

Ezample. At 25° a saturated solution of AgCl contains 2 mgm. per
liter. Calculate the molarity of the solution. (The molecular weight
of AgCl is 142.5.)

0002 _ 000014 molar, or 1.4 X 10-5 molar.
142.5



16 SOLUTIONS AND SOLUBILITY Ch 2

It is often desirable to describe a solution in terms of its
ionic concentrations. For this purpose the term gram ion may
be used. Suppose 1 mole of CuSOs (159.6 g.) has been dis-
solved in water and made up to 1 liter. If we assume 100 per
cent dissociation, the solution contains 1 gram ion (63.6 g.)
of copper ions and 1 gram ion (96 g.) of sulfate ions.

Problems

1. How many grams of each of the following substances must be taken to
make 0.5 liter of a molar solution? Cly; FeCls; CuSO;s- 5H,0; Cu(NH;),80,?

2. Calculate the molar concentration of a nitric acid solution which con-
tains 378 g. of solute per liter of solution.

3. One liter of a saturated AgNO; solution at 20° contains 2091 g. of the
solute. Calculate its molarity.

4. If the molar solubility of KClO; at a certain temperature is 0.52, how
many grams of the salt are present in 250 cc. of the solution?

6. From the following solubilities (grams in 100 cc. of solution), calculate
the molarity of the solutions, using negative exponents in each case. Calcu-
late also the number of milligrams of solute in 1000 cc. of the saturated
solution of each.

BaSO; . . ... 2 X102
CaCO; ......... 1.3 X 1073
» Mg(OH): ...... 9 X 10
MnS ... ...... 33 X107
Agl .. ... ... 3.5 X 1077

Normal solutions. With acids, bases, and salts, the concen-
trations of the solutions are commonly expressed in terms of
normality.

Acids: A normal solution of an acid contains 1 gram atom
(1 g.)* of hydrogen in a liter of solution. For HCI such a solu-
tion would require 36.46 g. of the acid, whereas for sulfuric
acid, H,SO, (mol. wt. 98), 49 g. of acid would be required to
furnish 1 g. of hydrogen. Similarly with orthophosphoric acid,
H;PO, (mol. wt. 98), % g. of acid would be necessary, whereas
with pyrophosphoric acid, HP;O;, one-fourth the molecular

* Strictly speaking, this value is 1.008.
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weight of the acid dissolved in one liter of solution would fur-
nish a normal solution of this acid.

Bases: The active part of the base is the OH group. A nor-
mal solution of a base contains 17 g. of hydroxyl (OH) per
liter of solution. In the case of NaOH, 40 g. per liter would
provide a normal solution; with Ba(OH),, one-half the molec-
ular weight would be needed.

Salts: The weight of solute in a liter of normal solution of
a salt is determined by dividing the molecular weight of the
salt by the total valence of the negative radical. A normal
solution of NaCl contains 58.46 g. of the salt per liter, and a
normal solution of CaCl, contains 55.46 g. per liter.

Nore

This method of calculating the amount of solute necessary for a
normal solution does not hold when the solute is used as an oxidizing
or reducing agent. For the preparation of solutions of that type, con-
sult a text on quantitative analysis.

MoLAR AND NORMAL SOLUTIONS '
(Grams of solute per liter)

Name of Substance Formula Molar Normal
Hydrogen chloride... ...... . . HCI 36.46 36 46
Sulfuricaeid .. ... ............ H,SO, 98.0 49.0
Aceticacid. . ....... ... ..., .. H(C:H;0,) 60.0 60.0
Sodium hydroxide............... NaOH 40.0 40.0
Potassium hydroxide............ KOH 56.0 56.0
Sodium chloride. . .............. NaCl 58.46 58.46
Sodium carbonate.............. Na,CO; 106.0 53.0
Sodium bicarbonate............. NaHCO, 84.0 84.0
Aluminum nitrate.. ............ ALNO;), 213.0 71.0
Copper sulfate.. . ............. CuSO4 159.6 79.8

THE LAW OF MASS ACTION

When two substances which can react with each other are
brought together in solution, a definite time interval is neces-
sary for the reaction to take place. This time interval may be
as small as 1/100,000 of a second, so that it is impossible to
measure it. In other cases, days or even years may be required
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for the reaction to become completed. The reaction rate is
influenced by certain factors, some of the more important of
which are temperature, catalysts, and concentration of
reactants.

The influence of concentration of reactants has been exten-
sively studied and can be expressed in mathematical form.
Consider the case in which two substances A and B react to
form two products C and D. Then

A4+B=C+4D.

The reaction cannot take place unless the reacting mol-
ecules come in contact. The rate at which the reaction
takes place will then depend upon the number of impacts of
molecules of A and molecules of B per second. If x molecules
of A and x molecules of B are dissolved in 1000 cc. of water,
the reaction will be much slower than when x molecules of
each are dissolved in 100 cc. because in the latter case the
molecules will not have to travel so far to come together and
react.

Suppose that in 100 ce. we double the number of molecules
of A so that we have 2z molecules of A and x molecules of B.
It is evident that the products C and D will be formed faster
because the solution now contains twice as many molecules
of A, and the probability that a molecule of A will encounter
a molecule of B is greater than when the two were present in
equal numbers. A mason will build a wall much faster if more
than enough bricks are at hand and he does not have to move
around to get them.

This effect of the excess of A is mass actton. We may consider
this phase of mass action as the effect produced upon the
speed of a reaction by the presence of an available excess of
one of the substances taking part in the reaction.

In 1867 Guldberg and Waage expressed the law of mass
action as follows: The speed of a chemical reaction is propor-
tronal to the molecular concentrations of the reacting molecules.
As units for expressing concentration it is necessary to use,
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for each reacting substance, the number of gram molecular
weights (moles) per liter.

In the reaction H; + Cl; = 2 HCI, the speed of the reaction
is proportional to the molecular concentration of H, and Cl,
expressed as follows:

Speed « [H,] X [Cl] (=« means proportional).*

This does not mean that the speed is equal to [H:] X [Cl,].
The above relationship may, however, be expressed in the
form of an equation as follows:

Speed = k& X [Hy] X [Cly],

in which k is a constant, called the velocity constant. If the con-

centrations of H, and Cl, are 1 mole per liter, then
Speed =k X1 X1 ==k

If the concentration of H, is 2 and Cl, is 3 moles per liter, then
Speed = k X 2 X 3 = 6k,

or six times the speed in the first case.

In the reaction H, + H, + Hy, 4+ N, = 2 NHj,
the speed is not proportional to the concentration of hydrogen

molecules but to [H,] X [H:] X [H:] X [N.], so that we
have the equation

Speed = k X [H:]®* X [N.].
In the reaction 2H,S + 30, = 2H,0 + 280,,
Speed = k X [HsS]2 X [0:]3.

The velocity constant k& has different values for the three re-
actions illustrated because we are using different substances
in each case.
The following analogy may help to illustrate the meaning
of k. The speed with which a man walks depends on (a) the
* The notation [ ] always refers to concentration expressed in either moles

per liter or, in the case of ionic equilibria, gram ions per liter. In this particular
case [H,] and [Cl;] refer to moles of H; and moles of Cl,, respectively, per liter.
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length of his steps and (b) their rapidity. It is therefore pro-
portional to the product of the two. But his speed is not equal
to the product until we agree on the length of his steps and
the rapidity (the number of steps in a given time interval).
This can be expressed as follows:

Speed = (length of step) X (rapidity) X k, in which % is a
constant made up of feet and minutes.

Equilibrium in balanced reactions. Using A and B to indi-
cate reacting molecules, let us consider a reaction in which
the products are capable of reacting with each other and begin
to do so as soon as they are formed. A familiar example is the
gas phase reaction between carbon monoxide and steam where
the products, CO, and H, react with each other as indicated
by the lower arrow:

CO + H,O0 =2 CO,; + H.,.
A+ B C +D

This type of reaction is sometimes called a balanced or an
equilibrium reaction.

The speed (S;) of the reaction to the right — is represented
thus:

81 = [A] X [B] X k.
The speed (S:) of the reverse reaction (to the left «) is
S, = [C] X [D] X ka.

ki and k. are velocity constants for the two reactions.

At the start of the reaction A and B are present in high con-
centrations, but they are gradually used up as the reaction
progresses so that the speed to the right gradually decreases.

At the beginning of the reaction, C and D are present in
small amounts, but they increase in concentration as the re-
action progresses so that the speed to the left gradually in-
creases. At equilibrium the two speeds are equal; that is,

Sl = Sz.
Consequently, [A] X [B] X k; = [C] X [D] X k..
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Dividing each side of the equation by [A] X [B] X k. gives

ki _ [C] X [D].
R [A]X [B]

Since k; and k. are both constants, it is possible to represent
them by K, a new constant, so that we have

_ [C]1 x D]
[A] X [B]

K is called the equilibrium constant.

The equilibrium constant is a numerical value of great im-
portance in chemistry. It can be determined experimentally
in the laboratory by making an analysis to find the concen-
trations of the substances in the solution at equilibrium.

To illustrate the application of the above formula to a spe-
cific case, suppose that we have 3 moles of CO and 2 moles of
H:O in a liter at the beginning of the reaction. After equilib-
rium is reached it is found by experiment that the concentra-
tion of the H; in the system is 1 mole per liter. Then at equi-
librium the concentrations of the four substances, expressed
in moles per liter, are

Hz = 1, CO = 2, Hzo = 1, C()z = 1.

The equilibrium constant is

As another illustration consider the reaction

S0. 4+ NO; 22 803 4+ NO,
0.6 0.8 0.9 1.1

with concentrations of the reactants and the products at
equilibrium expressed in moles per liter. Here

_ 09X 11 _
0.6 X 0.8

2.06.
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If we set up a system in which the SO,, NO,, SO;, and NO are
introduced in proportions other than those given above, the
reaction will proceed until the four substances attain concen-
tration values that once more give K = 2.06.

Suppose we increase the concentration of NO,. Then the
concentrations of the other substances must change. At equi-
librium the concentration of SO, will necessarily become
smaller if the value 2.06 is constant, and the concentrations
of NO and SO; will be increased.

In many chemical operations we often add a large excess of
one reagent to push the reaction as near to completion as
possible.

Other equilibrium equations may be illustrated as follows:

_ [HCO] X [NHS].
© [NHCI]

[SO5]*
28 =280 K = o .
02 + 02 «— 3 [802]2 x [02]
The student should appreciate the fact that the equilibrium
constant has a definite numerical value. It is a constant of
nature which possesses certain fundamental characteristics,
some of which are as follows:

NH,Cl = NH; + HC], K

1. At constant temperature the numerical value is inde-
pendent of the original concentrations of the reactants, which
means that in a reaction of the type

CO + H,O 2 H; + CO,,
the equilibrium constant in the systems containing, originally,
0.3 mole of H,O and 0.3 mole of CO
0.6 mole of H,O and 0.3 mole of CO

0.3 mole of H,O and 0.6 mole of CO
0.6 mole of H,O and 0.1 mole of CO

will be the same. The difference in the four systems will con-
sist of different concentrations of the four substances at equi-
librium. They will necessarily be different in the four cases if
the value
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[H,] X [CO,]
[CO] X [H:0]

= constant.

2. The equilibrium constant is different for different reac-
tions.

3. The larger the equilibrium constant, the more complete
the reaction.

4. The equilibrium constant for a given reaction is different
for different temperatures.

5. The equilibrium constant is not changed by the presence
of a catalyst.

6. The same state of equilibrium is reached whether the
reaction is approached from the right or from the left. Thus
if 1 mole of CO and 1 mole of H;O are brought together in a
given volume and at a given temperature, at equilibrium defi-
nite concentrations of the four substances will result. If the
system is prepared by using 1 mole of H; and 1 mole of CO,
in the same volume and at the same temperature the same
state of equilibrium will be reached.

IONIZATION EQUILIBRIUM

Ionic equilibria. In the discussion of balanced reactions an
equation for the equilibrium constant was developed, based
upon the law of mass action. The dissociation of water by
heat, often spoken of as the thermal dissoctation of water, is
expressed by the equation

2H,0=22H; + 0.
The equation for the equilibrium constant is

[Hs]? X [O],

K=o

In the study of the theory of ionization, it was shown that
substances which undergo partial ionization in solution exist
in a state of equilibrium between ions and non-ionized mole-
cules. They are expressed by balanced reactions:
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NH,OH 2 NH,+* + OH-,
HCzH302 = H+ + CzHaOz_.

Just as in the thermal dissociation of water, the law of mass
action can be used to calculate equilibrium constants for elec-
trolytic dissociation. For the above cases the equilibrium
constants would be

_ [NH*] X [0OH)

K= [NH,0H]
_ [H*] X [C:Hs057]
and K = (HCH,00]

In reactions of this kind, K is called the tonization or dissocia-
tion constant.

As in the case of the equilibrium constants already discussed
the ionization constant can be calculated if the concentrations
of ions in the solution are known. For example:

In a 0.1 molar solution of acetic acid, which dissociates ac-
cording to the equation

HC.H;0, 2 Ht 4+ C.H;0,™,

the acid is ionized to the extent of only 1.34 per cent. The re-
action is therefore only 1.34 per cent complete. The concen-
tration of ions and molecules in the solution is

HC.H;30, (molecules) 0.1 X 98.66%, = 0.09866 mole per liter.
Hydrogen ion (Ht) 0.1 X 1.349, = 0.00134 gram ion per liter.
Acetate ion (C;H;05~) 0.1 X 1.349, = 0.00134 gram ion per liter.

The equilibrium constant is

_ 0.00134 X 0.00134
0.09866

K = 0.0000182 = 1.82 X 1075,

This value of K (ionization constant) is a measure of the
tendency of acetic acid to ionize. In the case of acids the ion-
ization constant is a measure of the strength of the acid. The
larger the constant, the greater the hydrogen ion concentra-
tion, and consequently the stronger the acid. This relationship
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is shown in the following table, which gives values of the ion-
ization constants of several acids at 25°.

Acid Tonization Constant
Todic................... 2 X 10!
Formic................. 2.1 X 10~
Acetic.................. 1.8 X 10°*
Carbonic (k) ............ 3 X 1077
Carbonic (k2)............ 6 X 101

In carbonic acid, k; represents the ionization constant of
the hydrogen ion formed according to the equation

HzCOs = H+ + HCOg—.

The ionization constant of the second hydrogen atom, ob-
tained for example by the hydrogen ion concentration in
NaHCQO;, is represented by k..

The common ion effect. If the concentration of any ion in a
given solution is changed, the equilibrium will be upset, just
as it is in the case of the molecular equation

A+ B C +D
CO + H,0 2 CO; + Ha,

where it was shown that if the number of molecules of H,O
(B) are doubled, the value of K does not change, but the
amounts of A, C, and D change. This principle finds applica-
tion in reducing the acidity of solutions of weak acids and the
alkalinity of weak bases.

Weak acids. If sodium acetate crystals are added to an acetic
acid solution, the concentration of acetate ions in the solution
will be increased because the sodium acetate is completely
ionized :

NaCzH302 = Nat + CzHaOz—

and furnishes acetate ions. To keep K constant, the other fac-
tor, [H*], in the numerator of the formula

[(H+] X [CHO:) _ o
[HC.H,0,]




26 SOLUTIONS AND SOLUBILITY Che

must become smaller or the denominator larger. Both effects
occur. In other words, the addition of the sodium acetate has
the following effects:

(a) Increases the acetate ion concentration.
(b) Decreases the H* concentration.
(¢) Increases the concentration of undissociated molecules.

The effect of increasing the acetate ion concentration in a
solution of acetic acid is shown by the following data:

A 0.1 molar solution of acetic acid is 1.34 per cent ionized.
A 0.1 molar solution of sodium acetate is 100 per cent ionized.

Dissolving 8.2 g. of sodium acetate (enough to make 1 liter
of solution 0.1 molar) in 1 liter of 0.1 molar acetic acid solu-
tion will decrease the degree of ionization from 1.34 to 0.02
per cent. This change in ionization caused by the addition of
acetate ions is an example of the common ion effect.

The calculation is carried out as follows: The acetic acid is 1.34
per cent ionized so the concentration of each ion is 0.00134 gram ion
per liter.

0.00134 X 0.00134
K = = . .
0.0087 0.0000182

Since the NaC.;H;0; is completely ionized we will have added 0.1
gram ion of acetate, and the total acetate ion concentration is 0.00134
+ 0.1 = 0.10134. In reestablishing equilibrium, a certain number of
hydrogen ions and an equal number of acetate ions will combine to
form acetic acid molecules. Call this number z. Then the new equi-
librium is expressed as follows:

(0.00134 — x)(0.10134 — x)
(0.0987 + x)

Solving the equation for z gives 2 = 0.00132. The hydrogen ion con-
centration is now 0.00134 — 0.00132 = 0.00002 gram ion per liter.
The acidity (hydrogen ion concentration) of any weak acid is always
decreased by the presence of a soluble salt of the acid.

= 0.0000182.

Weak bases. It is possible to reduce the alkalinity of a solu-
tion of a weak base, such as NH,;OH, by the addition of a
common ion. NH,OH is ionized as follows:
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NH.OH = NH,* 4+ OH-.

The addition of an ammonium salt, such as NH,Cl, to a solu-
tion of NH,OH reduces the concentration of the OH~ ions
because this salt is completely ionized,

NH,Cl = NH,+ 4 CI-,

and consequently furnishes a high concentration of NH,*
ions. This condition reduces the alkalinity of the NH,OH
solution just as the addition of acetate ions reduces the acidity
of a solution of acetic acid.

THE SOLUBILITY PRODUCT

When a saturated solution of the nonelectrolyte sugar is
prepared by shaking an excess of sugar with water, the follow-
ing equilibrium exists:

Solid sugar 2 sugar molecules in solution.

When a saturated solution of a very slightly soluble salt,
such as AgCl, is prepared by shaking excess AgCl with water,
a somewhat different situation exists. AgCl is a salt; hence it
is 100 per cent ionized. Therefore, the saturated solution in
equilibrium with solid AgCl contains silver ions and chloride
ions but no undissociated AgCl molecules. In other words,
the Ag* ions and Cl~ ions are in equilibrium with a precipitate
of AgCl. We may, therefore, represent the equilibrium condi-
tions in such a saturated solution of AgCl as follows:

AgCl (precipitate) < Ag+ + CI-.

Since this is a true equilibrium, an equilibrium constant K
may be expressed as follows:

[Agt] X [CIT]
AgCl (precipitate)

But we know from the behavior of solutions that the amount
of excess solute in equilibrium with a saturated solution at a
given temperature has no effect on the concentration of the
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solution; the amount of solute in solution will be the same
whether we have a mere speck of excess solute or a very large
amount of excess solute. In other words, the concentration of
Ag* and Cl~ in the above system is independent of the amount
of AgCl precipitate. Obviously, then, we should leave the
“AgCl (precipitate)”’ out of the equation entirely. The equa-
tion then becomes

K = [Ag+] X [CI-].

This equation tells us, simply, that the product of the concen-
tration (in gram ions per liter) of the solute ions in a saturated
solution of a very slightly soluble electrolyte is constant at
any given temperature. This constant, K, is called the solu-
ility product constant or simply the solubility product, and is
usually designated by the term K, . or, very commonly, S.P.

The solubility product is the product of the concentrations
of the solute ions present in a saturated solution. In other
words, in a saturated solution the product of the concentra-
tion of the ions is just equal to K, ,., and the solubility prod-
uct, K, ,., is just satisfied. If the product of the concentration
of the ions is greater than K, ,. the solution is supersaturated;
if less than K, ., the solution is unsaturated.

To state the principle more specifically: If the concentration
of silver ions and the concentration of chloride ions (expressed
in gram ions per liter) in a liter of solution is such that their
product is less than K, . for AgCl or is just barely equal to
K,.;., no precipitate of AgCl will form. If the product of the
concentration of the silver ions and the chloride ions is greater
than K, ;. a precipitate of AgCl will form; furthermore, AgCl
will keep precipitating until enough Ag* ions and Cl~ ions
have been removed to reduce the concentration of the Ag*
ions and Cl~ ions remaining in solution to such values that
their product will just equal K,_,..

The calculation of solubility products. The solubility prod-
uct of a typical “insoluble” salt such as BaSO, is calculated
as follows: A saturated solution of BaSO, was found to con-
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tain 1 X 107% moles of BaSO, per liter. Since the BaSOQ, is
100 per cent ionized, the saturated solution will contain
1 X 107® gram ions of Ba* and 1 X 1075 gram ions of SO,
per liter:

K.,. = [Bat*] X [SO,—] = [1 X 10-5] X [1 X 10-5] = 1 X 10-'°,

The solubility product in the above case is calculated for
the simplest type of salt, namely, one which yields only two
ions from each molecule that dissociates. In its more general
form the solubility product formula requires that each ion
concentration be raised to a power equal to the number of
ions derived from one molecule of the compound. Example:

Ag3PO4 =2 3Ag+ + PO4—1 Ka.p. = [Ag+]3 X [PO(—‘_]:
Fe(OH); = Fet+++ + 3 OH-, K., = [Fet+] X [OH-]%.

The solubility of Mg(OH), is 0.00015 mole per liter. As-
suming that the dissolved Mg(OH), is completely ionized, the
Mg** ion concentration will be 0.00015 gram ion per liter.
The OH~ ion concentration will be twice this amount, since
each molecule produces two hydroxyl ions:

Mg(OH), & Mg++ + 20H-.

The solubility product is therefore

[Mg+] X [OH™]? = K, p.y
0.00015 X (0.0003)2 = 1.35 X 10,

In AgCl and PbCl, the solubility products are

[Agt] X [CI] = K, ,. = 1.1 X 107,
[Pb+t] X [CI-]2 = K, ,. = 2.4 X 104,

The solubility product is a measure of the relative solubility
of the substance, and its numerical value is characteristic of
the substance. If the solubility product is a large number, it
shows that relatively large concentrations of the ions can
exist together in solution; if small, only small concentrations.
From the above it is obvious that PbCl, is much more soluble
than AgCl.
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NoTr

The solubility product formula holds only for slightly soluble (“‘in-
soluble”) compounds. It does not hold for such moderately soluble
salts as NaCl or KCIOj3, nor does it apply to slightly soluble salts in
the presence of high concentrations of foreign salts. In the presence
of high concentrations of KNQj, the solubility product constant for
CaS0; is found to increase.

SovusIiLITY PRODUCTS

Silver bromide................. [Ag*] X [Br7] 4 X101
Silver chloride. . ............. . [Agt] X [CI] 1 X 107
Silver iodide......... ....... . [Agt] X [I7] 1 X 107
Barium carbonate. ............. [Batt] X [COs;) 7 X107
Barium chromate....... . ... . [Ba**] X [CrOs ] 2 X 101
Barium sulfate. .. ... R [Bat+] X [SO] 1 X 1071
Calcium carbonate. . . . ... . [Car*] X [CO;—] 1.2 X 108
Calcium oxalate..... . .. . ... [Ca**] X [C.Os ] 2 X107
Cadmium sulfide.... .. .. . [Cd**¥] X [S™] 3.6 X 10
Cobalt sulfide......... ... . [Cot*) X [S™] 3 X100
Cupric sulfide......... .... .. [Cut*] X [S] 8 X 104
Ferric hydroxide. ... .... ..... [Fet++] X [OI17]? 1.1 X 10~
Mercuric sulfide... ..... . [Hgt] X (8] 4 X 1078
Magnesium hydroxide. . ........ [Mg++] X [OH™]? 1.2 X 101
Magnesium ammonium phosphate [Mg**+] X [NH*] X [PO—] 2.5 X 10713
Manganous sulfide..... ........ [Mn*+] X (8] 1.4 X 101
Nickel sulfide....... ......... [Nit+] X [S™] 1.4 X 107%
Lead chloride................ . [Pb++] X [CI-]? 2.4 X 10~
Lead sulfate................... [Pb++] X [SO ] 1 X108
Lead chromate...... .......... [Pb++] X [CrO) 2 X 10
Lead sulfide. .................. [Pb*++] X [S—) 42 X 108
Zinc hydroxide................. [Zn++] X [OH™]2 3 X107
Zincsulfide.................... [Zn*+] X [S] 1.2 X 102

The formation of precipitates. When substances are
brought together in solution and the product of the concen-
tration of the ions is greater than the solubility product, pre-
cipitation occurs.

Suppose that 1 gram ion of silver ions and 1 gram ion of
chloride ions are brought together in 1 liter of solution. Since
K..;. for AgCl is 1 X 107, it is evident that the solubility
product is greatly exceeded. All but 0.00001 gram ion of silver
and all but 0.00001 gram ion of chloride ion will precipitate,
or 0.99999 mole of AgCl will precipitate.
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If the solubility product is not reached, no precipitate will
be formed.

One-tenth of a gram ion of silver added to a liter of solution
containing 1 X 107! gram ion of chlorine will form no pre-
cipitate because

0.1 X1X 1071t =1 X 1072

and this is less than 1 X 10~ Such a solution is unsaturated
and can dissolve solid AgCl until the solubility product is
reached.

Note

Under certain conditions the solubility product may be exceeded
without a precipitate being formed. An example of this is found in
the precipitation of magnesium as magnesium ammonium phosphate

(K,.p. = 2.5 X 10713):
MgCl, + NaNHHPO, + NH,OH =
MgNH,PO, + NaCl + NH,Cl + H,0.
The solubility product is very low, but the rate at which the magne-
sium ammonium phosphate crystals form is very slow and the solu-

tion may not show a precipitate after standing 10 to 12 hours. In
this case the solution is supersaturated.

Effect of a common ion upon the solubility of a precipitate.
In the precipitation of Pb*+ as PbSO,, the amount of PbSO4
left in 1 liter of the solution is 0.0302 g. If an excess of sulfate
ions is present, even less PbSO,; remains in the solution. This
result has been shown experimentally by adding an excess of
0.49 g. H,SO, per liter in the precipitation of PbSO, The
solubility of the PbSO; was reduced to 0.0052 g. per liter.
Such a result is entirely in accordance with the solubility
product principle. The equation for the solubility product is

[Pb*+*] X [SO—] = K,p. = [1 X 1074] X [1 X 104] = 1 X 10°%,
Since the product of the concentrations of the two ions can

never exceed 1 X 1078 it is obvious that as the concentration
of the sulfate ion in solution is increased, the concentration
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of the lead ion in solution must be reduced. If we wish to leave
as little of the lead ion as possible in the solution, we must
add a large excess of sulfate ions as illustrated below.

SO, (gram ions per liter) Pb** (gram ions per liter) K.
.0001 (1 X 1079 .0001 (1 X 107 1X10°®
001 (1 X 107%) .00001 (1 X 107%) 1 X 10°®
.01 (1 X107 .000001 (1 X 107%) 1X 1078

For this reason an excess of the precipitating reagent is al-
ways used in analytical chemistry. The illustration shows
how we can decrease the lead ions in the solution under con-
sideration. It is obvious that the sulfate ion concentration
could be reduced in the same way by adding an excess of lead
ions.

It should be noted that the solubility product rule is valid
only in case the salt is relatively insoluble. Further, the com-
mon ion effect cannot be extended indefinitely. With large
excess of H,SO,, the PbSO, begins to dissolve and is much
more soluble than in pure water. This effect may be due to
the formation of a complex ion.

The precipitation of Mg(OH),. When NH,OH is added to
a solution containing magnesium ions, a precipitate of
Mg(OH); is formed:

Mg+ + 2 OH- = Mg(OH),.

In the presence of a large excess of an ammonium salt this
precipitate does not appear. This condition is explained as
follows: ¢

The ammonium hydroxide is slightly dissociated:
NH.OH = NH+ 4+ OH~.

The addition of a large excess of an ammonium salt furnishes
a large concentration of NH, ions and, through mass action,
decreases the dissociation of the NH,OH. Therefore the con-
centration of OH ions becomes very small. When the OH~ ion
concentration becomes so small that the product of the Mg**
ion concentration and the OH~ ion concentration squared is
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less than the solubility product for Mg(OH),, no precipitate
of Mg(OH). will form.

If a precipitate of Mg(OH), has already been formed, it
will dissolve when NH,Cl is added, because the latter makes
the solution unsaturated by diminishing the concentration
of the OH ions.

In the same way the presence of excess of NH, ions prevents
the precipitation of Mn(OH); and Fe(OH),. In the case of
the trivalent metals aluminum, chromium, and iron, the
solubility of the hydroxides in water is so slight that the pres-
ence of ammonium salts does not prevent precipitation.

Problems
1. The solubility of PbSO, at 18° is 0.0303 gram per liter. Calculate the
concentration of PbSOQy in moles per liter. Ans. 1 X 1074,

2. Assuming PbSO; to be 100 per cent dissociated, calculate the concen-
tration of lead ions and sulfate ions, in gram ions per liter, in a saturated

PbSO; solution. Ans. Pbtt: 1 X 1074
SO/ :1 X 1074,
3. From the above data, calculate K, , for PbSO,. Ans. 1 X 1078,

4. Would a precipitate of PbSO4 be formed if 0.1 gram ion of sulfate is
placed in a solution containing 2.5 X 107 gram ions of lead per liter?
Ans. No, the product of the concentration of the ionsis 2.5 X 107°.

6. How much PbSO4 would precipitate if 5 X 107 gram ions of sulfate
ion is placed in a solution containing 5 X 1073 gram ions of lead per liter?
Ans. 4.9 X 107% moles.

6. After sulfate ions were added to a solution that originally contained
8 X 107 gram ions of lead ions per liter, it was found, after precipitation
was complete, that 0.1 gram ion of sulfate ions remained in solution. How
much PbSO, was precipitated? Ans. 0.0079999 mole.

7. The solubility product of PbCl, is 1 X 10~ at 18°. Calculate the con-
centration of lead ions and chloride ions in a saturated solution of PbCl; at
18°: (a) in terms of gram ions per liter; (b) in terms of grams per liter.

Ans. Lead, 0.02924 gram ion; 6.059 grams of lead ions. Chloride, 0.05848
gram ion; 2.075 grams of chloride ions.

8. The solubility of CaSOy is 2 g. per liter. That of AgsS0; is 8 g. per
liter. Calculate the sulfate ion concentration in gram ions per liter given by
each salt in its saturated aqueous solution.

Ans. Concentration of SO, ions from CaSO4: 15 X 1072,
Concentration of SO, ions from Ags304: 256 X 1072
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9. The solubility of Pbs(P0Qs); is 1.4 X 1074 g. per liter. Calculate its S.P.
Ans. (3 X 1.7 X 107)* X (2 X 1.7 X 1077)2,

10. What concentration of oxalate ion must be present before any pre-
cipitate of CaC:0;4 will be formed in a saturated solution of CaSO,? K, of
CaS0O4 = 2.3 X 107%; K,,. of CaC:0, = 2.6 X 107.

Ans. 1.7 X 1077 gram ions per liter.

NoTe

For a more extensive list of problems relating to percentage
strengths of solution, molarity, normality, chemical equilibrium,
ionization and solubility products the student is referred to the fol-
lowing problem books:

Engelder, C. J., Calculations of Qualitative Analysis. Wiley, New York, 1942,
Schaum, D., Theory and Problems. Schaum, New York, 1949.

Sorum, C. H., Problems for General Chemistry and Qualitative Analysts.
Banta, Menasha, Wis., 1949.

COLLOIDS IN QUALITATIVE ANALYSIS

Many of the precipitates formed during the operations of
qualitative analysis consist of fine particles showing all the
properties of substances in the colloidal state. They may be
peptized and coagulated, and they adsorb electrolytes from
solution. The precipitates are often so finely divided that they
do not settle when centrifuged, and they cannot be removed
by filtration because the particles are so small that they pass
through the pores of the filter paper. The substances that
cause the most trouble in this respect are hydroxides and sul-
fides of the metals and occasionally elementary sulfur.

Coagulation. Since such colloidal suspensions are composed
of small electrically charged particles, they are precipitated
by electrolytes. The precipitating reagents used in qualitative
analysis are either acids, bases, or salts; consequently, tle
excess of the precipitant helps coagulate the precipitate. In
certain cases, as in the precipitation of the aluminum-nickel
group, the presence of a strong electrolyte (NH,Cl) helps
assure coagulation of the precipitate.
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Washing precipitates. Cold water tends to peptize certain
colloidal substances, the sulfides being especially susceptible.
To avoid peptizing, hot wash water may be used; also the
wash water may contain a small amount of NHNO; or some
other electrolyte.

Occlusion. Because of the large surface possessed by amor-
phous precipitates, appreciable amounts of soluble electrolytes
are adsorbed when precipitates of this kind are formed. This
adsorption, or occlusion as it is called, complicates the separa-
tion of metallic ions. Among the gelatinous precipitates the
behavior of Fe(OH); is typical; it shows this tendency to a
marked extent, so that thorough washing of this and similar
precipitates is absolutely necessary. The effect of occlusion is
further illustrated by the fact that cadmium sulfide occludes
chloride, sulfate, and other ions to so great an extent that a
solubility product for CdS has no value.
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CHAPTER 3
The Silver Group

Solution containing Agt, Hg.t+, Pbt+, Hgtt, Bit++, Cutt, Cd+t, Sntt,
Snt+H+, Agttt, Shtt, Al Cr+++, Fet*, Fettt, Mn*+, Zn+, Ni+

Cot+, Batt, Catt, Mg*t, K+, Na*t, NH ", H.AsO;~ and AsOy—.
[Cold 6N HCI] Proc. 1.
|

|
AgCl Hg.,Cl, PbCl Cations of following groups.
white  white  white Analyze according to Proc. 5.

[Hot water] Proc. 2
|

I |
AgCl, Hg,Cl, Pb++
l N
[NH,OH] Proc. 4 ya AN
| [ngSO,.] [KﬁCrOJ Proc. 3
| I |
Hg + HgNH.Cl  Ag(NH,).* PbSO, PbCrO,
black | white yellow
». Hgt+ present [HNO;] Proc. 4 ~. Pb** present
AgCl
white

- Ag* present

OUTLINE 2: ANALYSIS OF THE SILVER GROUP

PRECIPITATION AND ANALYSIS OF THE SILVER GROUP

The chlorides of silver, mercury I, and lead are insoluble in
cold water and cold dilute hydrochloric acid; the chlorides of
all other metals are soluble. (See Solubility Rule 3, page 170.)
This fact is the basis for the separation of silver, mercury I,
and lead from all other metallic ions.

When HCI or some other soluble chloride is added to a solu-

36
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tion containing all of the common cations, AgCl, Hg,Cl,, and
PbCl; are precipitated. All other metals remain in solution as
soluble chlorides (see Outline 2). The ions of silver, mercury
I, and lead constitute the silver group. Since HCI is used to
separate this group of ions from other cations by precipitating
them as insoluble chlorides, it is called the group reagent for
the silver group.

Procedure 1: Precipitation of the silver group

Place 5 drops of the solution to be analyzed in a 3-in. test
tube and add 5 drops of water (see Note 1). Add 2 drops of
6N HCIl and mix thoroughly by stirring the contents of the
test tube with a glass stirring rod. With a few drops of cold
water, wash down into the solution any precipitate which
adheres to the inside of the test tube above the level of the
solution (see Note 2). Centrifuge (see Note 3). Test for com-
plete precipitation by adding another drop of 6N HCI to the
clear supernatant solution in the test tube (see Note 4). When
precipitation is complete, centrifuge (see Note 5) and then
decant (see Note 6). Save the decantate, which contains the
cations of the following groups, for Procedure 5 (see Note 7).
Wash the precipitate twice with 10-drop portions of cold
water (see Note 8), adding the washings to the decantate
being saved for Procedure 5. Allow the precipitate to remain
in the test tube and analyze it according to Procedure 2 (see
Note 9).

NoTEs

1. The dropwise addition of water, solutions, or liquid reagents is
done with a medicine dropper. All liquid-reagent bottles are fitted
with medicine droppers. Each student’s desk will be provided with
several medicine droppers.

2. In the present system of semimicro analytical procedures, solid
precipitates are separated from liquids by centrifuging and decanta-
tion rather than by filtration. The centrifugal force imparted by the
whirling centrifuge causes the heavy precipitate to be thrown to the
bottom of the tube, the lighter liquid remaining on top. Any precipi-
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tate that happens to be clinging to the sides of the tube above the
level of the liquid will remain there and will not be thrown down with
the rest of the precipitate. Its presence on the walls of the tube will
interfere with subsequent decantation. Therefore, any precipitate
adhering to the inside walls of the test tube should always be washed
down with a few drops of water or other appropriate reagent before
the solution is centrifuged.

3. The test tube containing the material to be centrifuged must
always be balanced in the centrifuge by a test tube containing an
equal amount of water or other solution.

4. In all future procedures in which precipitation is used to accom-
plish a separation of substances, it shall be understood that a test for
complete precipitation must always be made. If the test shows that
precipitation is not complete, add some more of the precipitating
reagent, mix thoroughly by stirring the contents of the test tube
with a glass stirring rod, and then centrifuge.

5. The length of centrifuging time required will depend upon the
nature of the precipitate. Most precipitates require only 15 to 30
seconds of centrifuging; however, some very finely divided precipi-
tates may require several minutes. Proper centrifuging should give a
clear supernatant liquid, with the precipitate packed into the bottom
of the tube. If the supernatant liquid is not clear, more centrifuging
is required.

6. As a result of settling by centrifuging, most precipitates are so
well packed into the bottom of the test tube that the supernatant
liquid can be decanted (poured off) without much danger of disturb-
ing the precipitate. The last drop of decantate can even be removed
from the lip of the test tube by gentle tapping. Some precipitates,
however, are so light and fluffy that decantation of the supernatant
liquid can be accomplished only with great care, and even then a part
of the supernatant liquid must be allowed to remain behind with the
precipitate. In a few instances, to be noted in later procedures, the
precipitate is so light that decantation cannot be accomplished even
with the exercise of great care; in such instances the top 75-80 per
cent of the supernatant liquid is drawn off with a medicine dropper
fitted with a long, finely pointed tube. If the decantate is to be dis-
carded, as in a washing operation, the loss of bits of precipitate in
the decantate is of no consequence. If, however, the decantate is to
be submitted to further analysis it must not contain any precipitate;
if precipitate does get into the decantate the process of centrifuging
and decantation must be repeated. Because the 3-in. test tubes are
of such small diameter (2 in.), surface tension may cause the failure
of decantates to flow out over the lip of the tilted tube. If the lip of
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another test tube or the end of a stirring rod is touched to the solu-
tion at the lip of the tube, the decantate will flow out.

7. If the solution being analyzed is known to contain only cations
of the silver group (see Schedule of Laboratory Work, 1 and 2, page
6), this decantate may be discarded.

8. Wash a precipitate as follows: add the water or other washing
liquid to the precipitate in the test tube, mix thoroughly by stirring
the contents of the tube with a glass stirring rod, centrifuge, and
decant. Failure to wash precipitates thoroughly s one of the main
sources of error in qualitative” andtyms

"9. If a precipitate or solution is to bé preserved from one labora-
tory period to the next, the test tube in which it is kept should be
stoppered. Stoppering prevents contamination and also keeps solu-
tions from evaporating and precipitates from drying out. Test tubes
should be labeled so that their contents can be correctly identified.

10. If no precipitate is formed with cold HCI, the absence of the
ions of silver and mercury I is definitely proved. However, lead may
be present in small quantities, since PbCl; is appreciably soluble
even in cold water.

11. The object of the silver-group precipitation is to remove from
solution, as completely as possible, the Agt, Hg,**, and Pb** ions by
precipitating them as AgCl, Hg.Cl,, and PbCl,. A precipitate will
form when the product of the concentration of the ions that react to
form the precipitate just exceeds the sol-
ubility product (see page 27). Further-
more, in any precipitation process the
insoluble compound will keep precipi-
tating until the concentrations of its
ions remaining in solution reach values
at which their product just equals the
solubility product. It follows, therefore,
that an excess of the group reagent ion,
Cl~ in this case, is desirable, since if the
concentration of Cl~ is high, the concen-
tration of Agt, Hg,*, and Pb** re-
maining in solution will be low. An
inordinately large excess of the reagent
may, however, change the nature of Wash Bottle.
the solution completely or may form
soluble complex compounds, thus nullifying the usual advantage re-
sulting from having an excess of reagent. A very large excess of HCI
will actually increase the amount of lead remaining in solution be-
cause of the formation of the soluble complex compound H,PbCl,.
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12. Other soluble chlorides such as NH,Cl could be substituted
for HCI, since the reaction is one between ions:

Pb++ 4 2 Cl- = PbCl; (insoluble).

13. It is desirable for each student to have a wash bottle of the
type illustrated in the figure on page 39. The capacity should be
about 150 ml.; either a Florence flask or an Erlenmeyer flask may be
used.

SEPARATION OF LEAD FROM SILVER AND
MERCURY |

The silver-group precipitate is a mixture of PbCl;, Hg,Cl,,
and AgCl. It is necessary to separate each individual member
of the group in order that its presence may be confirmed. Lead
is separated first. PbCl, is soluble in hot water; AgCl and
Hg,Cl, are insoluble. This difference is the basis for the sepa-
ration of lead ions from mercury I and silver ions.

Procedure 2: Separation of lead from silver and mercury |

Add 15-20 drops of hot water (see Note 1) to the test tube
containing the precipitate from Procedure 1 and heat to boil-
ing (see Note 2). Centrifuge at once and decant into another
test tube immediately after centrifuging; save the decantate,
which contains Pb**, for Procedure 3. Wash the precipitate
twice with 10-drop portions of hot water (see Note 3) and save
it, in the test tube, for Procedure 4.

NortEs

1. A beaker or flask of hot distilled water should always be avail-
able on the desk. A medicine dropper to be used exclusively for hot
water should be kept in this beaker or flask. A second beaker or flask
and medicine dropper should be provided for cold distilled water.
Additional medicine droppers should be available for transferring
solutions. The use of one dropper for all operations is liable to result
in contamination. Since avoidance of contamination is imperative if
good results are to be obtained, it is important that test tubes, cas-
seroles, stirring rods, medicine droppers, and similar pieces of equip-
ment be cleaned with tap water and rinsed with distilled water
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directly after they have been used and before they are put dewn on the
desk. If this rule is followed, every piece of equipment will be clean.
The practice of placing a clean towel, folded to approximately a 12-in.
square, on the desk top during the laboratory period and keeping
test tubes, stirring rods, extra medicine droppers, test-tube brush,
and casseroles on this towel is highly recommended.

2. Great care must be taken when a liquid is boiled in a small test
tube; otherwise it may be thrown completely out of the tube. Hold
the tube well above the flame with a test-tube holder and move it
back and forth in such a manner that the top as well as the bottom of
the liquid in the tube is heated. Solutions that “bump’’ badly when
boiled should be heated in a casserole.

3. Unless specified otherwise washings are always discarded.

4. 100 cc. of water at 0°C. dissolves 0.673 g. of PbCl,. 100 ce. of
water at 100°C. dissolves 3.34 g. of PbCl,.

5. Since PbCl; is appreciably soluble in cold dilute HCl, lead will
not be completely precipitated in the silver group. The lead ions re-
maining in solution will be completely precipitated as lead sulfide in
the next group, the copper-arsenic group.

Procedure 3: Detection of lead

Cool the decantate from Procedure 2 and divide into two
parts. To one part add 1 drop of NK;CrO, solution; a yellow
precipitate (PbCrO,) proves the presence of lead. To the second
part add 1 drop of 4N H,SO,; a white precipitate (PbSO,),
which may form slowly, is further proof of the presence of lead.

NoTE

100 ce. of water at 20°C. dissolves 0.003 g. of PbSO,. 100 cc. of
water at 20°C. dissolves 0.000007 g. of PbCrO,. Obviously, PbCrO,
provides a much more sensitive test for lead than does PbSO4. Sub-
stances which dissolve to such a limited extent as PbCrO, and PbSO,
are called insoluble.

SEPARATION AND DETECTION OF SILVER
AND MERCURY
AgCl is soluble in NH,OH. Hg,Cl; reacts with NH,OH to
form Hg and HgNH,CI, both insoluble. This fact is the basis
for the separation of silver ions from mercury I ions.
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Procedure 4: Separation and detection of mercury | and silver

Add 10 drops of 15N NH,OH to the precipitate from Pro-
cedure 2, mix thoroughly, centrifuge, and decant into another
test tube, saving the decantate for testing for silver. A black
residue (Hg + HgNH.Cl) proves the presence of mercury I.
To the decantate add 16N HNO;, drop by drop, with constant
mixing with a stirring rod, until slightly acid (see Note 1).
A white precipitate (AgCl) proves the presence of silver.

NorEes

1. Test for the acidity or alkalinity of a solution as follows: Place
a piece of litmus paper on the clean towel or drape it over the edge
of a beaker. Withdraw the stirring rod used for stirring the solution
and touch the end of it to the piece of litmus paper.

2. AgCl dissolves in NH,OH as follows:

AgCl + 2NH,OH = Ag(NH;),Cl 4+ 2 H,0.
This complex salt ionizes as follows:
Ag(NH;),Cl = Ag(NH;),+ + CI-.

3. When the complex salt Ag(NH;).Cl is treated with an acid, it is
decomposed with the formation of insoluble AgCl:

Ag(NH;)Cl + 2HNO; = AgCl + 2NH,NO;.

4. The formation of the complex ion, Ag(NHj;),t, is an example of
a type of reaction that will be encountered in connection with the de-
tection of other metallic ions. Similar complexes are Cu(NH;)st,
Ni(NH;)H, Co(NH;)ett, Zn(NH;), M, and Cd(NH;)H. The com-
plex ion of silver is the silver diammine ion, also called the silver
ammonia ion. The compounds which furnish these ions are called
ammines. Ag(NH;).Cl is silver diammine chloride.

5. If the PbCl, is not completely removed from the precipitate of
AgCl and Hg,Cl, it is converted by the NH,OH into the finely divided
insoluble basic salt, Pb(OH)C], which may give a turbid decantate.
The basic salt will dissolve in HNO; and will not interfere with the
confirmatory test for silver.

6. NH,OH reacts with Hg,Cl; to produce a mixture of black finely
divided mercury (Hg) and white mercuric amino chloride (HgNH,CI)
according to the equation :
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Hg.Cl;, + 2NH,OH = Hg + HgNH,Cl + NH,Cl 4 2H.0.

The compound HgNH,Cl may be considered as a derivative of HgCly
in which the amino group (NH,) has replaced one atom of chlorine,

Cl

/
thus: Hg

NH,

7. Mercury 1 exists in solution as the stable diatomic ion, Hg,++.
Therefore the precipitate of mercury I chloride is Hg,Cl; rather than
HeCl

8. The dissolving of AgCl by NH,OH and the failure of AgCl to be
dissolved by HNO; may be interpreted in terms of the following gen-
eral rule: When a water-insoluble electrolyte is dissolved, at least
two reactions will always be set up. One of these reactions, called (a),
will be an equilibrium between the insoluble electrolyte and its ions.
The second reaction, called (b), will be between one of the ions in (a)
and some substance (either an ion or a molecule) with which this ion
reacts to form a new stable substance or substances, either a new ion
or a new molecule. The two reactions (a) and (b) have one ion in
common. If the concentration of the common ion in reaction (b) is
less than the concentration of this same ion necessary to maintain
equilibrium (a), the insoluble electrolyte will dissolve. If the concen-
tration of the common ion in reaction (b) is greater than the concen-
tration of this same ion in equilibrium (a), or if no reaction (b) is set
up, the precipitate will not dissolve.

The rule will apply to the dissolving of AgCl by NH; as follows:

(a) AgCl 2 Agt 4 Cl-,
(b) Ag* + 2NH; 2 Ag(NH,);*.

Ag(NH;,),* is a very stable ion; therefore the equilibrium point in (b)
is far to the right and the concentration of the Ag* in this equilibrium
will be low. If it is lower than the concentration of Ag* required for
(a), more AgCl will go into solution in an effort to build up the con-
centration of Agt to the value required for (a). An excess of NH,
will shift equilibrium (b) far to the right, thereby keeping the con-
centration of Ag* so low that the AgCl will eventually all go into
solution.

AgCl will not dissolve in HNQ;. Equilibrium (a) exists as noted
above. No reaction (b) is set up because neither Agt nor Cl- will
react with either H+ or NO;~ to form a stable substance.
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To develop this concept further, consider the fact that Ag,PO,
will dissolve in HNO;:

(a) Ag:POs 2 3Agt + PO,
(b) POs— + 3H* =2 H,;PO,.

In this instance PO, — is the common ion; it combines with the hy-
drogen ions from the strong acid HNO; to form the weak acid H;POs,.
If the concentration of hydrogen ions in (b) is kept high, the concen-
tration of PO, ions will be kept so low that the Ag;PO, will dis-
solve eventually.

AgzPO, will not dissolve in HC,H30, because the latter, being a
weak acid, provides so few H* ions that the equilibrium point in (b)
is not shifted far enough to the right to bring the concentration of
PO;— in (b) below the concentration of PO, in (a).

In general, and in accordance with the above interpretation, water-
insoluble salts of strong acids are insoluble in either strong or weak
acids. Water-insoluble salts of weak acids are soluble in strong acids
but insoluble in weak acids.

If the salt of a weak acid is extremely insoluble in water it may
not be soluble in a strong acid. HgS is insoluble in HCI even though
it is the salt of the weak acid H,S.

(a) HgS =2 Hg™ + S—,
(b) S— 4+ 2H* < H.S.

HgS is so insoluble that the concentration of S— in (a) is so low that
the concentration of S— in (b) cannot be made lower, not even with
a high concentration of H*.

The two-reaction rule noted above can be applied without any
great difficulty to the dissolving of most precipitates. The stable sub-
stance formed in equation (b) may be water, a weak acid, a complex
ion, or an un-ionized substance. In certain cases, as when a sulfide is
dissolved by moderately concentrated HNO;, equation (b) may be a
complete reaction in which an ion is oxidized to the free element (see
Note 5, Procedure 7). The detailed discussion of the application of
the above rule to each case in which a precipitate is dissolved will, in
general, not be presented. However, the student is expected to be
able to apply the rule in every case.

MoLEcULAR EQUATIONS

Lead
Pb(NOs): + 2 HCl = PbCl, + 2HNO;
PbCl; + H.80, = PbSO, + 2HCI
PbClg + KzCl'O4 = PbCrO. + 2KCl
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Silver
AgNO; + HCl = AgCl 4+ HNO;
AgCl + 2 NH,0H = Ag(NH,)Cl + 2H,0
Ag(NHa)zCl + 2 HNOa = AgCl + 2NH4N03

Mercury

2 HgNO; + 2HCI = Hg,Cl, + 2HNO,
Hg:Cl, + 2NH,OH = Hg + HgNH,Cl + NH,Cl + 2 H:0

IoNnic EqQuaTions

Lead
Pb* + 2CI~ = PbCl,
PbCl, 2 Pb++ + 2 Cl—
Pb*t* 4 SO,— = PbSO;,
Pb++ + CI‘O4— = PbCI'O4

Silver
Agt 4 Cl- = AgCl
AgCl + 2NH,OH = Ag(NH;).* + ClI- + 2H,0
Ag(NH;):+ + ClI- + 2 H* = AgCl + 2NH,*+

Mercury
Hg.t 4+ 2C1—- = Hg,Cl,
Hg.Cl; 4+ 2NH,OH = Hg + HgNH.Cl + NH,* + Cl- + 2H0O

Questions

1. Using the scheme of analysis as a guide, write equations for all reac-
tions that take place in the precipitation and analysis of the silver group.

2. You are asked to make up a water solution of an unknown which will
contain lead, silver, mercury I, copper, manganese, barium, and sodium ions,
all in the same solution. What salt (examples: sulfate, nitrate, carbonate,
acetate, chloride) of each of the metals would you use to obtain a clear
solution containing all seven of the above ions?

8. What reagents could be used in place of HCI as the group reagent for
the silver group?

4. Cold dilute H,SO4 was accidentally used in place of cold concentrated
HCI as the group reagent for the silver group in the analysis of an unknown
solution. A white precipitate formed. Explain.

5. A solution of Na;CO; in water was accidentally used in place of HCI
as the group reagent for the silver group in the analysis of an unknown
solution. A heavy precipitate formed. Explain.

6. State the fact upon which each of the following is based:

a. The separation of silver, lead, and mercury I ions from all other
cations.
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b. The separation of lead ions from silver and mercury I ions.
c. The separation of silver ions from mercury I ions.
d. The confirmatory tests for lead, silver, and mercury I (ous) ions.

7. In the analysis of an unknown solution, what difficulty, if any, would

arise if:

a. Hot concentrated HCl were used instead of cold HCI in the pre-
cipitation of the silver group.

b. The precipitate of AgCl and Hg.Cl; were not washed free from
PbCl..

c. The silver-group precipitate (AgCl, Hg;Cl, and PbCl,) were washed
too long with cold water.

d. A large excess of concentrated HCl were used in the silver-group
precipitation.

e. Not enough HNO; were added in the confirmatory test for silver.

8. Give the formula for a chemical substance which will:

. Form a precipitate with KCI solution and also with CuCl,.

. Form a precipitate with HCI and also with HySO4.

Form a precipitate with NH4Cl solution and also with K,CrO,.

. Form a precipitate with HCI and also with HNOs.

Form a precipitate with HCI but not with HNOs.

Form a precipitate with AgNOj; solution but not with Bi(NO;)s.
Form a precipitate with HgNO; solution but not with Hg(NOs)..
. Form a precipitate with Ag(NHj3),Cl solution but not with AgNO;.
Readily dissolve PbCl; but not AgCl.

Readily dissolve CuCl; but not PbCl,.

. Readily dissolve AgCl but not Hg:Cl,.

Readily dissolve HgCl, but not Hg,Cl,.

. Readily dissolve Pb(NOs), but not PbSOs,.

. Form a precipitate with Na,;CrO, but not with NaNOs.

9. By means of what single reagent could you distinguish between the
following? (Tell what happens to each substance.)

pEBrre R me e o p

a. Solutions:

AgNO; and Zn(NOs).. H,80, and HCIL.

K:CrO4 and KNOs. H,S0, and HNOs.

HCI and HNO:;. Hg(NO;), and HgNOs.

Pb(NO;). and Hg(NOs).. Ag(NHs):Cl and AgNO;.
b. Solids:

Hg,Cl; and HgCl.. AgCl and CdCl,.

PbCl; and Hg,Cl.. AgCl and Hg.Cl,.

PbSO, and Pb(NO3).. PbCrO; and K,CrO,.

10. An unknown solution, which was known to contain only cations of the
silver group, gave no precipitate when heated to boiling and treated with hot
concentrated HCI but gave a white precipitate when cooled and treated with
cold concentrated HCl. What conclusions can be drawn?
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11. In the analysis of an unknown solution which was known to contain
only cations of the silver group, the white precipitate obtained by adding
cold HCI to the unknown solution partly dissolved in hot water. The residue
dissolved completely in NH,OH. What cations were present? Absent?

12. The white precipitate obtained when cold HCl was added to an un-
known solution was completely insoluble in both hot water and NH,OH.
What conclusions can be drawn?

13. The white precipitate obtained when cold HCl was added to an un-
known solution was completely insoluble in hot water and completely soluble
in NH,OH. What conclusions can be drawn?
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CHAPTER 4

The Copper-Arsenic Group

THE suLFipEs of lead, mercury II, bismuth, copper, cad-
mium, arsenic, antimony, and tin are insoluble in dilute HCI.
The sulfides of all metals of the following groups are soluble
in HCL. Upon this fact is based the separation of the cations
of the copper-arsenic group from the cations of the following
groups.

Procedure 5: Precipitation of the copper-arsenic group

If the solution to be analyzed is a copper-arsenic group
“known”’ or ‘“‘unknown’ containing only cations of the copper-
arsenic group (see Schedule of Laboratory work 3 and 4, page
6), then follow Part (A). If the decantate from Procedure 1
of the silver-group precipitation is to be analyzed, follow (B).

(A) Place 6 drops of the solution to be analyzed in a cas-
serole and add 6 drops of 6N HCI. Evaporate the solution in
the casserole down to a pasty mass (see Note 1), being very
careful not to bake the residue. Cool, and then proceed as di-
rected in (C) below.

(B) Place the decantate from Procedure 1 in a casserole,
add 6 drops of 6N HCI and evaporate carefully down to a
pasty mass (see Note 1), cool, and proceed as directed in (C)
below.

(C) To the residue in the cool casserole add exactly 6 drops
of 12N HCI. Swish the acid around until all of the residue is
dissolved; if necessary stir the mixture and warm slightly.
Transfer the solution to a 3-in. test tube, heat carefully until
it begins to show signs of effervescence, then treat with H,S
for 10-20 seconds (see Note 2). Dilute with 10 drops of hot
water and treat with H,S for another 10-20 seconds. Dilute

53
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with 10 drops of cold water and treat with H,S for 10-20 more
seconds, being sure that the H,S gas is bubbled all the way to
the bottom of the solution. Finally, add 15 more drops of cold
water and treat with H.S for another 10-20 seconds. When
precipitation is complete, wash down with water any precipi-
tate on the walls of the test tube, centrifuge, and decant. Boil
the decantate, which contains the cations of the following
groups, for 1 minute and save it for Procedure 15 (see Note 3).
Wash the precipitate twice with 15-drop portions of hot
water and analyze according to Procedure 6.

Nortrs

1. Evaporate the solution in the casserole as follows: Hold the
casserole in your hand and pass it back and forth over the top of the
flame. At the end of every two or threc back-and-forth passes tilt
the casserole slightly so that the solution will run to its lower edge.
In the course of the back-and-forth pass the solution is swished around
over the bottom of the casscrole. Be very careful not to overheat to
the point where the residue begins to bake. If brown areas develop on
the bottom of the casserole, indicating baking, swish the remaining
solution around until the brown area is removed. When only two or
three drops of liquid remain, remove from above the flame and let
the heat of the casserole complete the evaporation. Baking the residue
must be avoided; baking may sublime off the chlorides of arsenic,
mercury, and tin.

2. A solution is treated with H,S as follows: Attach to the rubber
outlet tube at the source of HsS a clean glass bubbling tube. This
bubbling tube is made by drawing down a glass tube of suitable
diameter to a fairly fine constricted end. The over-all length of the
bubbling tube should be about 5 in. Insert the end of the bubbling
tube to within § in. of the surface of the solution in the test tube, open
the HsS outlet valve, and then gradually bring the constricted tip of
the bubbling tube down to the bottom of the solution. The constricted
tube will deliver a strecam of very fine bubbles; large bubbles would
tend to throw the solution out of the small test tube. If the tip of the
bubbling tube is brought all the way to the bottom of the solution
before the HuS gas is turned on, the sudden rush of gas when the H,S
valve is opened may throw the solution out of the test tube. A very
rapid rate of H.S bubbling should be avoided.

If the source of H.S is a Kipp generator or other portable generator,
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a trap in the form of a 60-m!l. bottle should be attached between the
generator and the bubbling tube.

H,S8 is a poison. Therefore, all HyS treatment should be carried out
under a good hood. If H,S gas escapes into the room, the HsS treat-
ment should be discontinued until ventilation is satisfactory.

3. If the solution being analyzed is a copper-arsenic group ‘“known”’
or “unknown’’ containing only cations of the copper-arsenic group,
this decantate can be discarded.

4. The precipitation of the copper-arsenic group is complicated by
the fact that certain of the sulfides are precipitated only from solu-
tions of high acid content, whereas others precipitate only when the
acid concentration is relatively low. For example, arsenic precipitates
best from a hot strongly acid solution, whereas cadmium, lead, and
tin II precipitate from weakly acid solutions. When the acid concen-
tration of the solution is changed gradually from very strongly acid
to weakly acid, the order in which the sulfides of the copper-arsenic
group precipitate is approximately as follows: As,Ss, AsyS;, HgS,
Cu8, Sb,S;, BiyS;, SnS,, CdS, PbS, and SnS. Thercfore the H,S pre-
cipitation is carried out first in a hot strongly acid solution, then in a
moderately acid solution, and finally in a cold dilute solution whose
acid concentration is about 1.5N.

If the solution were neutral or very weakly acid, sulfides of the
aluminum-nickel group, such as FeS, MnS, NiS, and Co$, also would
be precipitated. Thus it is imperative that the acidity of the solution
be carefully controlled during the precipitation of the group.

The group “known” and “unknown’’ solutions and the decantate
from the silver group contain an unknown amount of acid. This acid
is removed by evaporation to dryness in the first step in Procedure 5.
Then a specific amount of hydrochloric acid and water is added. This
method gives a solution of the proper acidity for the H,S precipita-
tion.

5. Six drops of 6N HCI are added before evaporation to dryness in
order that any HNO; present may be destroyed in accordance with
the following equation:

2HNO; + 6HC] = 4H,0 + 2NO + 3Cl,.
Nitric acid, if present, would oxidize the H,S, S being precipitated:

Other oxidizing agents, such as FeCl; or K;Cr;0;, may be present
in a solution to be analyzed. They would react with H,S in acid solu-
tion as follows:
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2FeCl; + H.S = 2FeCl, 4 2HCI + S.

(The color changes from reddish yellow to the yellowish white of
finely divided sulfur.)

KzCI‘zO7 + 8HCl + 3st = 201‘013 + 2KCl + 7H20 + 3S.

(The color changes from the orange red of Cr:0O;— to the green of
Crttt,)

FeCl; would not be affected by evaporation with 6N HCl. K.Cr,O;
would be reduced as follows:

KzCl‘207 + 14HC1 = 2KCI + 201'013 + 7H20 + 3012.

6. If a solution eontaining members of the copper-arsenic group is
diluted with water, a milky-white suspension may result because of
the formation, by hydrolysis, of the insoluble white basic salts of
bismuth and antimony according to the following equations:

BiCl; + H.O < BiOCl + HCI,
SbCl; + H.O < SbOCI + 2HClL

If the milky solution is treated with HCI, the milkiness will disappear
because the equilibrium point in these two reactions has been shifted
to the left.

7. It is to be noted that lead and mercury appear in the copper-
arsenic group as well as in the silver group. Lead chloride is somewhat
soluble in dilute HCIL. For that reason, lead ions are not completely
precipitated in the silver group and are carried over into the copper-
arsenic group. Mercury occurs in the monovalent and bivalent state.
Although Hg,Cl, is very insoluble in dilute HCl, HgCl; is very soluble.
Therefore mercury II is not precipitated in the silver group.

8. The sulfides of mercury, lead, bismuth, copper, and tin II are
dark brown or black. CdS, SnS,, As:S;, and As;Ss are yellow. Sh,S;
and Sb,Ss are orange.

9. CuCl, is green in concentrated solution and blue in dilute solu-
tion. The chlorides of all other members of the copper-arsenic group
form colorless solutions except that BiCl; and SbCl; hydrolyze as
explained in Note 6. The complete absence of any green or blue color
in an unknown solution shows the absence of copper.

10. The sulfides of the metals are formed as a result of combination
of the metallic ion (cation) with the sulfide ion:

Hgt + S— — HgS,
Snt+++ 4 28— = SnS,,
2Bit+++ + 38— = Bist.
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The molecular equations for these precipitation reactions may be
represented as follows:

CuCl, + H,S = CuS + 2HCI,
9BiCl; + 3H.S = Bi;S; + GHC],
SnCl; + 2H;S = SnS, + 4HCL.

Arsenic is rarely if ever present in a solution as Asttt, Agt+t++
AsCl;, or AsCls. Usually it is present as the arsenate (AsOs—) or the
arsenite (H:AsO;7). When it is present as arsenate or arsenite, the
sulfides are precipitated according to the following equations:

2H3ASO4 + SHQS = ASst + 8H20,
2H3ASO3 + 31128 = ASzS;; + C)Hz().

Some arsenate may be reduced by H,S to arsenite:
H;;IXSO‘; + Hzx = HaAS():; + 1{2() + S.

The H3As0; then reacts with HoS to form As;S; as noted above. The
above three equations may be represented, ionically, as follows:

2ASO— —+ 58— + 16H*+ = As,S; + 8H,0,
9H,AsO5~ + 38— + 8H+ = As,S; + 6H,0,
ASO— + §— + 4H* = H,0 + S + HAsO4.

11. Arsenic is predominately nonmetallic in character. Hence its
existence as the anions, arsenate (AsO,—), and arsenite (HzAsO37).
Furthermore if arsenic chlorides are added to water, they behave like
typical nonmetal chlorides in that they hydrolyze strongly to form
HCI and the corresponding arsenic acid, as shown in the following
equations:

AsCl; + 3H,0 —> 3HCI + H;As0,,
AsCls + 41,0 —> 5HCI + H,AsO,.

12. Attention has been called, in Note 4, to the fact that arsenic
sulfides precipitate only in strongly acid solutions and that the pre-
cipitation of As,S; requires higher acidity than does the precipitation
of As,S;. An examination of the ionic equations for the reaction of
arsenate and arsenite with sulfide ions (see end of Note 10) explains
why a high concentration of HCI is required. The precipitation of
As;Ss from AsO;— requires 16 hydrogen ions for each mole of
As;S; formed, whereas 8 hydrogen ions are required for each mole
of As,S; formed from H,AsO;~. Even though the arsenic may have
originally existed as AsCl; or AsCls, it is immediately changed to
arsenite or arsenate when dissolved in water as shown in Note 11.
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13. The sulfide ions required for the precipitation of the copper-
arsenic group sulfides as shown in the equations in Note 10 are derived
from the ionization of the weak acid, H.S, which is formed when H.S
gas is dissolved in water solution. The ionization of H,S takes place
in these two stages:

H.S 2@ H* 4 HS-,
HS- =2 H* + 85—

For the purposes of this discussion, however, the two stages may be
combined into one equation, as follows:

H,S < 2H+ 4 S—.

If the hydrogen ion concentration (acidity) of a saturated solution of
H,S is increased by addition of HCI, the equilibrium point in the
above reaction is shifted to the left, with a resulting decrease in the
S— ion concentration. If the concentration of H+ is decreased by
dilution of the saturated solution of H,S with water, the equilibrium
point is shifted to the right, with a resulting increase in the S— con-
centration. That is, in a saturated solution of H,S, the greater the H+
concentration, the smaller the S— concentration; and the greater
the S— concentration, the smaller the H* concentration.

To get complete precipitation of the cations of the copper-arsenic
group as sulfides, the concentration of the sulfide ion, which is the
group-reagent ion, should be as high as possible; to get a high S—
concentration, the H+ concentration should be as low as possible.
There are two factors that modify the application of this rule. The
conversion of arsenites and arsenates to sulfides requires a high con-
centration of hydrogen ion (HCl) as explained in Note 12. At the
other extreme, if the acidity is too low, the sulfide ion concentration
will be so high that the sulfides of iron, zinc, manganese, cobalt, and
nickel will also precipitate. By varying the concentration of the HCI
solution from 12N to approximately 1.5N complete precipitation of
all cations of the copper-arsenic group is obtained without precipita-
tion of the cations of the following group.

The statement in Note 4 that HgS will precipitate from a strongly
acid solution does not mean that it will not precipitate from a less
acid solution; it will precipitate more readily and more completely
from a solution of lesser acidity.

14. The statement has been made that, as a general rule, the water-
insoluble salt of a weak acid will dissolve in a strong acid (see Note 8,
Procedure 4). By this rule the metal sulfides should dissolve in HCI.
The fact that they do not dissolve means that their normal solubility
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in water is so very small that not even a strong acid can give a con-
centration of hydrogen ions sufficiently high to cause them to go into
solution.

SEPARATION OF THE COPPER GROUP FROM
THE ARSENIC GROUP

The sulfides of arsenic, antimony, and tin are soluble in a
solution of ammonium polysulfide. The sulfides of copper,
lead, mercury, bismuth, and cadmium are insoluble. This fact
is the basis for the separation of the copper group from the
arsenic group.

Procedure 6: Separation of the copper group from the arsenic group

To the test tube containing the precipitate from Procedure
5 add 10 drops of ammonium polysulfide (see Note 1), mix
thoroughly, and then heat the tube in a water bath (see Note
2) at 50-70°C. for 2 minutes, stirring the contents of the tube
while heating. Wash down with a few drops of cold ammonium
polysulfide any precipitate adhering to the sides of the tube,
centrifuge, and decant, saving the decantate for Procedure 11.
Repeat the treatment of the precipitate with a second 10-drop
portion of ammonium polysulfide. Combine the second de-
cantate with the first and save them in a stoppered test tube
for Procedurc 11. Wash the precipitate twice with 15-drop
portions of hot water to which 5 drops of N NH,NO; or NH,Cl
are added; analyze this precipitate, which may consist of the
sulfides of mercury II, lead, bismuth, copper, and cadmium,
according to Procedure 7.

NoTes

1. It is absolutely essential that the ammonium polysulfide reagent
be of good quality. Otherwise, proper separation of arsenic, antimony,
and tin sulfides from the other sulfides will not be attained. Good-
quality ammonium polysulfide should not have a residue of sulfur in
the bottle; furthermore it should smell strongly of excess ammonia.
If a residue of sulfur is present in the ammonium polysulfide bottle,
have the reagent replaced by a fresh supply.
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2. The water bath consists of a 100-ml. beaker fitted with a metal
cover into which four holes have been stamped; each hole is large
enough to hold a small test tube. The beaker is filled about three-
fourths full of water and is placed on a wire screen supported on a
ring stand. By proper adjustment of the Bunsen burner the tempera-
ture of the water can be held in the 50-70°C. range. If a thermometer
is suspended from a clamp attached to the ring stand in such a way
that the bulb of the thermometer is immersed in the hot water, the
temperature of the bath can be observed very easily.

3. Ammonium polysulfide is prepared by dissolving sulfur in a
solution of ammonium sulfide. It contains a mixture of the following
COII)pOUDdS! (NH4)QS, (NH4)2Sz, (NH4)283, (NH4)2S4, (NH4)2Ss;
hence the name “polysulfide.” Since (NH,),S. is present in appreciable
quantity, this compound is arbitrarily chosen in writing equations for
reactions in which ammonium polysulfide takes part. Ammonium
polysulfide is always strongly alkaline because of the presence of
excess NH,OH. (NH,).S, hydrolyzes in water as follows:

(NH,).S: + 2H,0 = 2NH,OH + H.S,.

The presence of excess NH,OH greatly reduces the extent of this
hydrolysis. Loss of NH; by escape from an open reagent bottle pro-
motes hydrolysis.

(NH,).S; tends to decompose completely at higher temperatures
because the NH,OH and H:S, formed as a result of hydrolysis, being
unstable, break down to form NH; and H.S, which are driven off as
gases, and S, which precipitates:

H,S, = HsS + S.

Ammonium polysulfide is oxidized on standing in the air, sulfur
being deposited:

2(NH4)282 + 02 + 2H20 = 4NH4OH + 4S.

As a result of the combined effects of hydrolysis and oxidation,
(NH,).S. deteriorates quite rapidly unless kept in well-stoppered
bottles. Since deterioration is accompanied by precipitation of sulfur,
its incidence is easily observed. As soon as sulfur begins to precipitate,
the contents of the reagent bottle should be replaced by fresh solu-
tion.

4. Ammonium polysulfide dissolves the sulfides of arsenic, anti-
mony, and tin in accordance with the following equations:
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SnS + (NH4)282 = (NH4)2SDS3,

Sn82 + (NH4)QS = (NH4)ZSn83,
As,S; + 2(NH,).S, + (NHy).S = 2(NH,);AsS,,
As:S5 + 3(NHy).S = 2(NH,);AsS,,

szSa + 2(NH4)282 + (NH4)QS = 2(NH4)3SbS4.

The valence of tin in ammonium thiostannate, (NH,).SnS;, is 44, of
arsenic in ammonium thioarsenate, (NH;);AsSy, is 45, and of anti-
mony in ammonium thioantimonate, (NH,);SbS,, is +5. (NH,),S,
has oxidized tin, arsenic, and antimony to their high valences. Notes
1 and 2 of Procedure 11 point out the fact that the sulfides SnS,,
As;S;, and Sb.S; are the ““acid anhydrides” of the thioacids H,SnS;,
H;AsSy, and H,SbS, just as Sn0O,, As,Os, and Sbh,Oj are the acid an-
hydrides of the acids H:SnO;, H3AsOs, and H;SbO,. H,S plays the
same role in the formation of the thioacids that H.O does in the for-
mation of the oxygen acids. (NH,),S, HgS, CuS, CdS, PbS, and
Bi,S; are “basic anhydrides’” in the sulfur (thio) system, just as
(NH,),0, CaO, and Na,O are basic anhydrides (basic oxides) in the
oxygen system. Just as a basic anhydride, Na,O, will react with an
acid anhydride such as SiO; to form the soluble salt Na;SiO;, so will
the basic anhydride (NH,),S react with the acid anhydrides SnS,,
As,Ss, and Sb,Ss to form the soluble salts (NH,).SnS;, (NH,);AsS,,
and (NH,);SbS,. On the other hand, the basic anhydride (NHj),S
will not react with the basic anhydrides HgS, CuS, CdS, PbS, and
Bi,S;. We may state, therefore, that the separation of tin, arsenic,
and antimony from mercury, lead, copper, cadmium, and bismuth
depends on the fact that SnS,, As;S;, and Sb.Ss are acid anhydrides,
whereas HgS, PbS, CuS, CdS, and Bi,S; are basic anhydrides. If the
tin, arsenic, and antimony are present, initially, as SnS, As,S; and
Sb,S;, they are first oxidized to SnS., As,Ss, and ShsS;, as follows:

Sﬂ82 + (NH4)282 = SnSz + (NH4)ZS,
ASQS;; + 2(NH4)2S2 = ASst + 2(NH4)2S,
Sh,S; + 2(NH,).S: = SbySs + 2(NH,).S.

The SnS,, As:Ss, and SbyS; are then dissolved by (NH,).S as follows:

SnS, + (NH4)2S = (NH4)2SDS;;,
A5285 + 3(NH4)2S = 2(NH4)3ASS4,
szSs + 3(NH4>2S = 2(NH4)3SbS¢

The five equations at the beginning of this note represent the over-all
reactions.
5. At higher temperatures, ammonium polysulfide dissolves ap-
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preciable quantities of capper sulfide and small quantities of mer-
curic sulfide. For this reason it is imperative that the temperature
be held at or near 60°.

6. Antimony V does not ordinarily exist in solution, its oxidation
state of 5 being very unstable. Antimony III is, however, converted
to antimony V [(NH,);SbS,] by treatment with (NH,),S..

7. The dissolving of SnS, SnS,, As.S;, As.Ss, and Sb.S; by ammo-
nium polysulfide may be interpreted by the following equations, in
accordance with the rule given in Note 8, Procedure 4:

(a) SnS < Sntt 4 S—,

(b) Snt++ + Sz—- + S— SIISs—,
(a) SnS, & Snt+++ 4 28—,

(b) Sntttt 4+ 38— = SnS;—.

The S, and S— ions arc derived from the ionization of (NH,).S,
and (NH4)2S

SEPARATION OF MERCURY FROM LEAD, BISMUTH,
COPPER, AND CADMIUM

The sulfides of copper, bismuth, cadmium, and lead are
soluble in warm dilute HNO;. HgS is insoluble. The separation
of mercury from lead, bismuth, copper, and cadmium is based
on this fact.

Procedure 7: Separation and detection of mercury |l

Add 15 drops of 3N HNO; to the test tube containing the
precipitate from Procedure 6, mix thoroughly, and boil gently
for about one minute or until all reaction ceases. Replenish
the HNO; if necessary. Wash down the sides of the tube with
a few drops of water, centrifuge, and decant into a casserole,
saving this decantate for Procedure 8. Wash the precipitate
twice with 15-drop portions of water made acidic with a drop
of 3N HNO;. Treat this precipitate with 6 drops of 12N HCI
and 2 drops of 16N HNO;, mix thoroughly and heat slightly
but do not boil. Add 10 drops of hot water and boil gently for
about 30 seconds. Cool by holding the test tube under the
water tap, then centrifuge. To the cool supernatant solution
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SNCI-‘_
in the test tube add 2-5 drops of [l solution. A white or
gray precipitate (Hg.Cl: + Hg) proves the presence of mer-
cury II.

NoTes

1. The sulfides of lead, copper, bismuth, and cadmium dissolve in
HNO; in accordance with the following equations:

3CuS 4 8HNO; = 3Cu(NOs); + 4H,0 + 2NO + 3S,
3CuS + 2NO;~ + 8H* = 3Cutt 4 3S 4 2NO + 4H,0.

The rclationship between a molecular equation and the correspond-
ing ionic equation is illustrated by these two equations. Although the
reactions in qualitative analysis are almost exclusively ionic in char-
acter, the complete picture of the reagents used as well as the reac-
tions that take place is best shown by the use of molecular equations.
Accordingly, molecular equations will be used hereafter in most in-
stances except in those cases in which a presentation of the ionic
equation is deemed necessary for elucidation of the reaction. The
student is, however, expected to be able to present the ionic as well
as the molecular equation.

2. If the HNO; is too concentrated, it will dissolve some of the
HgS. In addition, it may oxidize PbS to PbSO4, which will remain as
a residue mixed with the HgS.

3. The dissolving of HgS is best accomplished by treating it with
reagents that will liberate chlorine. When HNO; and HCI are used,
the following reactions probably occur:

2HNO; + 6HCI = 3CL, + 2NO + 4H,0,
HgS + Cl, = HgCl, + S

There is strong evidence to indicate that the role of HCl in the
action of aqua regia on metals and metal sulfides involves the reac-
tion of Cl~ ion with the cation to form a stable complex ion (sce Note
8, Procedure 4). The nitric acid first reacts according to equation (a):

(a) 3HgS + 2NO;~ + 8H* = 3Hg*+ + 2NO + 4H.0 + 3S.
The Cl- ions (from HCI) then react with the cation as follows:
(b) Hgt+ + 4Cl- 2 HgCl—.

The equilibrium point in reaction (a) is thereby shifted to the right;
this shift promotes the conversion of the metal (or metal sulfide) to
the cation.
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4. The extent to which HgCl, is reduced by SnCl; depends on the
relative amounts of the two compounds present. If HgCl; is present
in large excess, it is reduced mostly to Hg,Cl, as follows:

2HgCl; + SnCl, = Hg,Cl; + SnCl,.

white

If an excess of SnCl; is present, the Hg,Cl, which is first formed ac-
cording to the above reaction is further reduced to Hg as follows:

Hg.Cl; + SnCl; = 2Hg + SnCl,.
black

Since both reactions generally occur, the final precipitate is a gray
mixture of Hg and Hg,Cl,.

These two equations illustrate the fact that tin II compounds are
powerful reducing agents.

5. The dissolving of CuS, PbS, CdS, and Bi,S; by HNO; may be
interpreted in accordance with the rule given in Note 8, Procedure 4:

(a) PbS 2 Pb**+ + S—,
(b) 38— 4 2NO;~ + 8H* = 3S + 2NO + 4H.0.

The dissolving of HgS by aqua regia (see Note 3) may be inter-
preted as involving the following equations:

(a) HeS = Hgt + 8—,
(by) 38— + 2NO;~ + 8H* = 38 + 2NO + 4H,0,
(bs) Hg+ + 4C1- (from HCI) = HgCli—.

SEPARATION OF LEAD FROM BISMUTH, COPPER,
AND CADMIUM

Lead sulfate is insoluble in water. The sulfates of bismuth,
copper, and cadmium are soluble. This fact is the basis for the
separation of lead ions from bismuth, copper, and cadmium
ions.

Procedure 8: Separation and detection of lead

Add 4 drops of 36N H,S0, to the casserole containing the
decantate from Procedure 7 and evaporate carefully to a vol-
ume of 3 or 4 drops. Cool, add 15 drops of cold water, swish,
and stir the contents until all material in the casserole is dis-
solved or suspended; then transfer it quickly to a test tube
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before the suspended material has a chance to settle; swish
the casserole with 4 drops of cold water and transfer this wash-
ing to the same test tube. Cool under the water tap. A white
precipitate (PbSOy) in the form of a fine suspension proves
the presence of lead. Centrifuge until the supernatant liquid
is clear and decant into a test tube, saving this decantate for
Procedure 9. Wash the precipitate twice with 10-drop por-
tions of cold water. To the washed precipitate in the test tube
add 4 drops of 4N NH,C,H;0, and stir for 10 seconds; then
add 2 drops of N K;CrO,. A yellow precipitate (PbCrO,)
confirms the presence of lead.

NoTes

1. PbSO, is appreciably soluble in concentrated HNO;. For this
reason, HNO; must be removed before PbSO,4 will precipitate. When
a solution containing H,SO4, HNO;, and water is boiled, the water
and HNO; are first driven off because they boil at comparatively low
temperatures (100°-120°). After they are removed, further heating
results in boiling the H,SO4 that remains (boiling point of sulfuric
acid is 338°). At its boiling temperature the H;SO4 decomposes to a
slight extent:

H.S0,; & H:0 + SO0s.

SO; fumes strongly in moist air. Therefore, dense white fumes may
form at the end of the evaporation.

2. When the solution which has been boiled down with concen-
trated H,SO, is cooled, sulfates of bismuth, copper, and cadmium
may crystallize out. However, they are soluble in dilute H,SO4 and
will dissolve when the water is added. PbSOy, on the other hand, is
rather soluble in concentrated H,SO, forming the acid sulfate,
Pb(HSOy).. On dilution with water, the soluble acid sulfate is decom-
posed to form insoluble PbSO,.

3. The precipitate of PbSOy is very finely divided. The sulfates of
bismuth, copper, and cadmium form relatively large crystals.

4. Since lead is largely removed in the silver group, only very
small quantities will ordinarily appear in the copper-arsenic group.
For this reason, the test for lead is not as pronounced as the tests for
other cations in this group.

5. PbSO, dissolves in ammonium acetate because the Pb(C;H30:)2
formed in the reaction, PbSO, 4+ 2NH,C.,H;0, = Pb(C,H;0,), +
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(NH,):80;, is only slightly ionized, giving, therefore, a solution with
a very low concentration of lead ions. PbCrO;, is less soluble than
PbSO.. Therefore, when K;CrO, is added to the solution formed by
adding NH,C.H;0, to PbSO,, a precipitate of PbCrOy is formed even
though the concentration of lead ions in the solution is very low.

SEPARATION OF BISMUTH FROM COPPER
AND CADMIUM

The addition of NH,OH to a solution containing bismuth,
copper, and cadmium ions first precipitates the hydroxides of
all three metals. The hydroxides of copper and cadmium, how-
ever, dissolve in an excess of NH,OH, whercas the hydroxide
of bismuth does not; the separation of bismuth ions from
copper and cadmium ions is based on this fact.

Procedure 9: Separation and detection of bismuth

To the decantate from Procedure 8 add 15N NH,OH, drop-
wise, with constant mixing, until it becomes distinctly alka-
line. Stir for one minute. Centrifuge and decant, saving the
decantate for Procedure 10. Wash the precipitate twice with
15-drop portions of hot water. To the washed precipitate add
3 drops of 8N NaOH and 2 drops of 0.5N SnCl, and stir. A
jet-black precipitate (Bi) proves the presence of bismuth.

NortEs

1. When NH,OH is added to a solution containing copper ions,
Cu(OH); is first precipitated:

CuSO, + 2NH,OH = Cu(OH). + (NH,).SO,.

blue

An excess of NH,OH, however, dissolves the Cu(OH); to give a deep-~
blue solution in which Cu is present as the complex ion, Cu(NH;)+:

Cu(OH)z + 4NH,OH = CU(NH3)4(OH)2 + 4H20,
Cu(NH;)4(OH), & Cu(NHj)+ + 20H-.

The simple ionic equation for the over-all reaction is

Cu++ + 4NH3 = Cu(NH3)4++.
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Cadmium behaves in the same manner, Cd(NH;)st+ being formed.
Cd(OH), dissolves quite slowly in excess NH,OH; therefore, the solu-
tion is stirred for onc minute to ensure complete solution of CA(OH),.
Similar complexes will be met with in the case of the ions of nickel,
cobalt, and zinc. Ag(NH3),t was formed in the analysis of the silver
group (see Note 8, Procedure 4).

2. The formation of the black precipitate of bismuth results from
the action of Na,SnO, (sodium stannite) on Bi(OH); as follows:

2B1(OH)3 + 3Nu2Sn02 = 2Bi + 3NazSn03 + 3H20.

The Na,SnO, was formed when the SnCl,, added as the final reagent,
reacted with the excess of NaOH which had been added previously:

SnCl; + 4NaOH = Na,Sn0, 4+ 2NaCl + 2H,0.

The reaction of Na,SnQ, with Bi(OH); serves further to illustrate
the reducing character of tin II compounds.

3. The formation of Na,SnO; by the action of NaOH on SnCl, is a
two-stage reaction. If NaOH is added, dropwise, to a solution of
SnCl,, a white precipitate of Sn(OH), is first formed:

SnCly + 2NaOH = Sn(OH), + 2NaCl.

This white precipitate redissolves in more NaOH to form a clear
colorless solution of the soluble salt, Na,SnO,:

Sn(OH), + 2NaOH = Na,Sn0, + 2H0.
4. Sn(OH), dissolves in HCI to form the salt SnCl,:
Sn(OH), + 2HCI = SnCl, + 2H0.

In this reaction it acts as a base.

Sn(OH),, in its reaction with the base, NaOH, to form the salt,
Na,SnO; (see Note 3 above), reacts as an acid (H:SnO,).

Hydroxides, such as Sn(OH),, which act as acids in the presence
of strong bases and as bases in the presence of strong acids, are called
amphoteric hydrozides. In addition to Sn(OH),, the following hy-
droxides are amphoteric: AI(OH);, Cr(OH);, Zn(OH);, Pb(OH),,
and Sb(OH);.

5. The amphoteric behavior of Sn(OH), indicates that it ionizes
as an acid:

Sn(OH), < 2H*+ + Sn0,—,
and also as a base:
Sn(OH); = Sn*t+ 4+ 20H-.
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The dissolving of Sn(OH). by either a strong acid or a strong base
is then readily interpreted (sce Note 8, Procedure 4).

(a) Sn(OH), = Sn+t + 20H~

(b) 20H- + 2H+ < 2H,0
(a) Sn(OH), < Sn0,— + 2H+

(b) 2H* + 20H- < 2H,0

6. Sodium stannite will reduce the hydroxides of antimony, lead,
copper, and cadmium to the corresponding metal. These hydroxides,
however, are reduced slowly and the metallic deposit is not jet-black,
whereas Bi(OH); is reduced instantly and forms a jet-black deposit
of metallic bismuth.

7. On standing in contact with air, Na,SnO, is rapidly oxidized to
Na,Sn0; (sodium stannate) as follows:

2Na,Sn0; 4+ O, = 2Na,Sn0O;.
Furthermore, Na,SnO, decomposes in solution as follows:
2Na,Sn0, + H.0 = Sn + Na,Sn0O; + 2NaOH

For these reasons NasSnQ; is not kept on the shelf as a reagent but is
formed by the action of NaOH on SnCl; at the time it is to be used.

8. A reaction of the type illustrated in the second equation of
Note 7, in which a compound acts as both an oxidizing agent and a
reducing agent, is referred to as disproportionation. The SnO;— in
one molecule of Na;SnQO; is reduced to Sn, whercas the SnO, in the
second molecule is oxidized to SnO;—.

9. The stannate ion is believed to exist in solution as Sn(OH)s—
rather than SnO;—. Sn(OH)s— may be looked upon as hydrated
SnO{“.

DETECTION OF COPPER AND CADMIUM

Procedure 10: Separation and detection of copper and cadmium

(a) Detection of copper. If the decantate from Procedure 9
is colorless, copper is absent and need not be tested for; if the
decantate is deep blue, because of the Cu(NHj)4*+ ion, copper
is present. Place 5 drops of this blue decantate in a clean test
tube, add 5N HC,H;0, until the deep-blue color just disap-
pears, and then add 2 drops of N K;Fe(CN)s. A red precipitate
(Cu,Fe(CN);) further confirms the presence of copper.
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(b) Detectron of cadmium. If copper is absent, treat the
colorless decantate from Procedure 9 with H,S for a few
seconds. A yellow precipitate (CdS) proves the presence of
cadmium. If copper is present, add N KCN, dropwise, to a 10-
drop portionm of the blue decantate until the biue color disap-
pears. Treat with H,S for a few seconds. A yellow precipitate
(CdS) proves the presence of cadmium.

NoTes

1. The blue color of Cu(NH;),++ is visible when as little as 1 part
of copper in 25,000 parts of water is present. The red precipitate of
Cu:Fe(CN)s will detect 1 part of copper in 1 million parts of water.

2. CuoFe(CN);s is soluble in strong acids, such as HCl and H,SOy,
but precipitates readily in the presence of a weak acid, such as acetic
acid. Cd;Fe(CN)s precipitates under the same conditions as does
Cu.Fe(CN)g, but the precipitate is white.

3. When excess KCN is added to a solution containing Cu(NH;)
and Cd(NH;)H, the complex ions Cu(CN);— and Cd(CN)s— are
formed. The Cu(CN);— ion is very stable and is only very slightly
dissociated into Cut and 3CN— ions; the resulting concentration of
Cu? is so low that no precipitate of Cu,S forms when H,S is added.
The Cd(CN),— ion is less stable and is appreciably dissociated into
Cd++ and 4 CN~ ions; the resulting concentration of Cd+* is high
enough for a precipitate of CdS to form when H,S is added.

The reactions that take place when excess KCN (Kt 4+ CN-) is
added are best represented by the following ionic equations:

(a) 2Cu(NH;)s** 4+ 8CN— = 2Cu(CN);— + 8NH; + (CN),,
(b)  Cd(NHj)t+ + 4CN— = Cd(CN),— + 4NH,,
(c) Cd(CN);— & Cd++ + 4CN-.

It will be noted, in Equation (a), that the oxidation state (valence)
of copper is reduced from +2 in Cu(NH;)t* to +1 in Cu(CN)s++.
Cyanogen gas, (CN),, is formed as a reduction product.

Procedure 11: Reprecipitation of the sulfides of arsenic,
antimony, and tin
To the test tube containing the decantate from Procedure 6
add 1.5N HCI, with constant stirring, until the solution is
just slightly acidic. (As long as each drop of 1.5N HCIl keeps
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on bringing down more precipitate, the solution is still alka~
line; when no more precipitate forms, the solution is probably
acidic.) (See note 1.) A large excess of HCl must be avoided.
Centrifuge and decant, discarding the decantate. Wash the
precipitate three times with hot water; analyze this precipi-
tate according to Procedure 12.

NoTes

1. When 1.5N HCI is being added to reprecipitate the sulfides of
arsenic, antimony, and tin, the volume of solution may sometimes
exceed the capacity of the small test tube before the solution is acidic.
In such an event simply pour off or draw off, and discard a bit of the
solution.

2. The addition of dilute HCI to the soluble thiosalts of the arsenic
group reprecipitates the sulfides of the three elements in accordance
with the following equation:

2(NH,)3;AsS, + 6HCl = 6NH,Cl + 2H;AsS,.
The compound H;AsS, is unstable and decomposes:
2H;AsSy = 3H,S + As,S;s.
(NH,):SnS; and (NH,)3;SbS, react in a similar manner:

2(NH,)sSbS, + 6HCl = 6NH,Cl + 2H;SbS,,
2H,SbS, = 3H,S + Sb,S;,
(NH4>28HSa + 2HCl1 2NH4CI + HQSDS:;,
I‘IQSDS,; st + SnSQ.

3. The thiosalts are salts of thioacids. Their relation to the oxy-
salts and the oxy-acids is shown below.

I

SULFUR SYSTEM OXYGEN SYSTEM
Acid Acid
“Anhy- “ Anhy-
Thiosalt Thioacid dride” Ozxysalt Oxyacid dride”
(NH4>zsnS;; HzSDSs SDSZ (NH.;)zSHO;; HzSﬂOs SDOz
(NH4)3ASS4 H3ASS4 ASst (NH4)3ASO4 H3ASO4 ASzOs

(NH,);SbS; HSbS,  Sb.S; (NH,):SbOs; H;SbO,-2H,0 8Sb,Os
(HsSbO, - 2H,0 may be represented as H;SbOs.)

4. Tt should be noted that whereas in the initial precipitation of
the copper-arsenic group, arsenic, antimony, and tin may be present
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as the high- and low-valenced sulfides (As:S;, AsySs, Sb,S;, SnS,
SnS,), in the reprecipitation in Procedure 11 they appear only as the
high-valenced compounds. (NH,).S. has oxidized the elements to
their high valences.

5. The formation of a white precipitate on addition of dilute HCl
in Procedure 11 is due to the liberation of sulfur from (NHy),S,:

(NHJ):S: + 2HCl = 2NH,Cl + H,S + S (white).

If there is doubt whether this precipitate is sulfur or the arsenic group
sulfides, a blank test should be run on some (NH;).S..

6. In reprecipitating the arsenic group, a large excess of dilute HCI
must be avoided, since SnS; is appreciably soluble in high concentra-
tions of this acid. Also, the precipitate of SnS,, As:Ss, and Sh,Sg
should be decanted at once, since the SnS, and Sb,S; will dissolve on
standing.

7. A dark-colored decantate from Procedure 6 means that some
CuS, and perhaps HgS, has been peptized by the (NHj).S.. If this
decantate is allowed to stand for about 24 hours, the CuS and HgS
will ordinarily settle out. The yellow supernatant liquid can then be
decanted, leaving the CuS and HgS behind. If the decantate is to be
analyzed immediately, add 5 drops of N NH,NO; or NH,Cl to coag-
ulate the CuS and HgS, mix thoroughly, centrifuge, and decant, dis-
carding the precipitate.

SEPARATION OF ARSENIC FROM ANTIMONY
AND TIN

The separation of arsenic from antimony and tin depends
on the fact that arsenic sulfide is insoluble in very concen-
trated HCl, whereas the sulfides of tin and antimony dissolve
in the HCI to form soluble chlorides.

Procedure 12: Separation of arsenic from antimony and tin

To the precipitate from Procedure 11, add 15 drops of 12N
HCI, mix thoroughly, and heat the test tube in boiling water
for two minutes, stirring frequently. Centrifuge; then decant
very carefully, or withdraw, with a medicine dropper, as
much as possible of the supernatant liquid. Save this liquid,
which may contain antimony and tin, for Procedure 14. Wash
the precipitate twice with 10-drop portions of 6N HCI, then
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with three 15-drop portions of hot water. Be certain, when
washing, that the mixture of precipitate and liquid-is stirred
thoroughly. Analyze the precipitate according to Procedure
13.

NorEes
1. Concentrated HCI dissolves SnS, and Sb,S; as follows:

SnS; + 4HCI = SnCly + 2H.,S,
Sb,S; 4+ 6HCl = 28bCl; + H,S 4 2S.

If considerable Sb,S; is present, a large amount of sulfur residue
will remain after treatment with concentrated HCIL.

Note that Sbt++++ is reduced to Sbt++,

2. The precipitate (As.Ss) is first washed with 6N HCI, rather
than with water, to remove all traces of SbCls. SbCl; would react
with water to form insoluble SbOCI, which would remain with the
As,S;. The final washing with hot water is to remove all traces of HCIL.
Chloride, if present, would interfere with the confirmatory test for
arsenic (Procedure 13) by forming a white precipitate of AgClL.

It

Procedure 13: Detection of arsenic

Add 10 drops of 16N HNO; to the test tube containing the
precipitate from Procedure 12 and boil gently for about one
minute. Add 4-5 drops of water, centrifuge, and decant into
a casserole, discarding any precipitate which remains in the
test tube. Evaporate the solution in the casserole very care-
fully, just to dryness, being very careful not to bake. Allow to
cool. Add 4 drops of 1IN NaC,H;0, and swish around in the
casserole for about 10 seconds. Then add 2 drops of 0.25N
AgNO;. A reddish-brown precipitate (Ag;AsO,) proves the
presence of arsenic.

Nortes
1. The As,S; is dissolved by HNO; as follows:
3As;S; + 10HNO; + 4H,0 = 6H;3;AsO4 + 10NO + 15S

2. AgzAsQy is formed in the confirmatory test for arsenic according
to the following equation:
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H;AsOs + 3AgNO; = Ag;AsO, + 3HNO;.

3. AgsAsO, is soluble in the strong acid HNOs; it is, however, in-
soluble in a weakly acidic or neutral solution. Evaporation to dryness
should remove all the HNO;. As a precaution against the possibility
of some HNOj; being left behind, the residue of HzAsO; is dissolved
in NaC.H;0, rather than in water. NaC,H;0., being the salt of a
weak acid, will serve as a “buffer” for any HNO; that might have
remained; in the presence of NaC,H;0., AgiAsO, will precipitate
even though a trace of HNO; is present. NaC,H;0, serves as a “buf-
fer” as follows: The C,H3O.,~ ions from the strong electrolyte,
NaC.H;0,, combine with the H* ions from HNO; to form the weak
acid, HC,H;0.. This reaction reduces the Ht* ion concentration to
such a low value (makes the solution so weakly acidic) that AgsAsO4
will precipitate. Potassium acetate or ammonium acetate may be
substituted for the sodium acetate.

4. The formation of a white precipitate (Ag(Cl) means that the
As,S; was not washed free of chloride in Procedure 12.

Procedure 14: Detection of antimony and tin

(a) Detection of antimony. Transfer the decantate from
Procedure 12 to a casserole, boil gently to remove any dis-
solved H,S, then add 4-5 drops of cold water and mix thor-
oughly. Place a drop of this solution on a clean silver coin.
Place a piece of mossy tin in this drop of solution. The rapid
formation of a black deposit (Sb) on the silver coin proves the
presence of antimony.

(b) Detection of tin. To the remainder of the solution in
the casserole add a 1-in. piece of 28-gauge aluminum wire.
Warm gently until the wire has dissolved; then boil gently for
about two minutes or until the black precipitate either has
all dissolved or appears not to be dissolving any more, re-
plenishing the solution with 6N HCI if necessary. (If no black
residue remains, the absence of antimony is proved; if a black
residue (Sb) remains after 2 minutes’ boiling, the presence of
antimony is proved.) Transfer immediately to a test tube,
cool under the water tap and centrifuge. Immediately add
2-3 drops of HgCl; solution to the supernatant liquid; a white
precipitate or suspension (Hg,Cl;) proves the presence of tin.
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Nores

1. The solution that is used in making the confirmatory test for
antimony must be free from H,S; otherwise a black stain of Ag.S will
be formed on the silver coin. Boiling the solution removes all H,S.

2. The confirmatory test for antimony depends on the fact that
when silver and tin are immersed in a solution of an electrolyte,
SbCl; in this case, a miniature battery is set up. The more active
metal, tin, goes into solution giving Sn*+ ions, while Sb*t*++ ions are
driven out of solution and are deposited as metallic antimony on the
less active metal, silver. The following reactions take place:

Sn = Sn*+ + 2 electrons.

(These electrons are conducted away by the tin and cause it to be-
come the negative plate in the battery.)

Sbt++ + 3 electrons = Sb.

(Deposited on silver.)
The over-all reaction may be summarized as follows:

3Sn + 2Sb**+ = 38n++ 4 2Sb.

3. The aluminum is added to reduce Snt+++ to Sn++*. The reaction
takes place as follows:

4Al + 3SnCl, = 4AICl; + 3Sn.

Excess aluminum is dissolved by the HCIL.
The tin then dissolves in HCI to form SnCl,:

Sn + 2HC1 = SnClg + HQ-

The tin does not dissolve until all the aluminum has dissolved.
Furthermore, since tin is not very active, being just above hydrogen
in the activity series, it dissolves very slowly. For that reason the
mixture must be boiled.

Since the tin II formed by the reaction of tin with HCl may even-
tually be oxidized by the oxygen of the air to tin IV, the test should
be completed as rapidly as possible.

4. The chemistry of the final test for tin, in which SnCl, reduces
HgCl; to Hg + Hg,Cl,, is the same as that involved in the confirma-
tory test for mercury (see Note 4, Procedure 7).

5. The metallic aluminum, added to the solution containing SnCl,
and SbCls, replaces antimony (black) as well as tin (gray). Antimony,
being less active than hydrogen, does not dissolve in HCl.



Ch 4 FLAME TEST FOR TIN 75

6. A flame test for tin may be carried out as follows: Fill with cold
water a test tube which is clean on the outside as well as on the inside.
Dip the bottom of the test tube into the solution to be tested; then
hold the bottom of the test tube in a hot, nonluminous Bunsen flame.
A blue coloration in the flame, which appears to cling to the wall of
the test tube, proves the presence of tin. A trial flame test for tin
should first be run on a sample of tin salt solution from the reagent
shelf so that the characteristic blue coloration may be recognized.

Questions

1. Using the scheme of analysis as a guide, write equations for all reae-
tions that take place in the copper-arsenic group.

2. Upon what fact or facts is each of the following based?
a. The separation of the cations of the copper-arsenic group from the
cations of the groups that follow.
b. The separation of the copper group from the arsenic group.
c. The separation of mercury from lead, bismuth, copper, and cad-
mium. .
. The separation of lead from bismuth, copper, and cadmium.
. The separation of bismuth from copper and cadmium.
The identification of cadmium in the presence of copper.
. The confirmatory test for mercury.
. The confirmatory test for bismuth.
The separation of arsenic from antimony and tin.
The confirmatory test for antimony.
. The confirmatory test for tin.

TSR e o

3. What difficulties, if any, would arise under the following conditions in

the precipitation of the copper-arsenic group?

a. If concentrated HNO; were used in place of concentrated HCIL.

b. If concentrated HsSO, were used in place of concentrated HCI.

c. If the HsS treatment were made on a neutral solution rather than
on the acid solution.

d. If the precipitation were carried out only in the presence of hot
concentrated HCI, the successive dilutions with water being omitted.

e. If the precipitation were carried out only from a cold, weakly acid
solution.

4. What difficulties, if any, would arise if, in the separation of the copper
group from the arsenic group, the (NH,),S; were heated to 100° instead of
to 60°?

6. In the analysis of the copper group, what difficulties, if any, would
arise under the following conditions?
a. If very concentrated HNO; were used in the separation of mercury
from lead, bismuth, copper, and cadmium.
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b. If in the separation of bismuth from copper and cadmium, an ex-
cess of NH,OH were not used.

c. If the solution were not stirred for one minute after the addition
of excess NH,OH in the separation of copper and cadmium from bismuth.

6. In the analysis of the arsenic group, what difficulties, if any, would
arise if:
a. The filtrate containing the ammonium thiosalts were made strongly
acid with HCI?
b. The solution used in making the confirmatory test for antimony
contained dissolved H,S?

7. Give the reason for each of the following:

a. Evaporation of the solution to dryness with 6N HCI as the first
step in the copper-arsenic group analysis.

b. Avoiding baking the precipitate in the first evaporation step.

c. The presence of 12N HCl in the first stage of the H.S precipitation.

d. Extensive dilution with water in the final stage of the HsS precipi-
tation.

e. Boiling the solution just before adding the SnCl; in the confirma-
tory test for mercury.

f. Evaporation to a small volume followed by dilution with water in
the separation of lead from bismuth, copper, and cadmium.

g. The addition of KCN before making the confirmatory test for
cadmium. .

h. The use of aluminum wire in the course of the confirmatory test
for tin.

i. Boiling the solution for 2 minutes after the addition of the alu-
minum wire in the confirmatory test for tin.

j. The addition of NaC,H;0; in the confirmatory test for arsenic.

k. Not keeping sodium stannite on the reagent shelf.

8. Point out, in detail, what takes place in each of the following. Give
the equations for the significant reactions.
a. The confirmatory test for tin.
b. The confirmatory test for antimony.
c. The confirmatory test for bismuth.
d. The confirmatory test for cadmium in the presence of copper.
e. The confirmatory test for lead.

9. The precipitate formed in the confirmatory test for mercury II is
sometimes white, sometimes gray, and sometimes black. Explain.

10. The concentration of sulfide ions in a saturated solution of H.S varies
with the hydrogen ion concentration of the solution. Explain.

11. Give the molecular or ionic equations to account for each of the fol-
lowing:
a. When NaOH is added, dropwise, to a solution of SnCl,, a white
precipitate is first formed, which disappears on further addition of NaOH to
form a water-clear solution.
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b. When NH,OH is added, dropwise, to a solution of CdCl,, a white
precipitate is first formed, which disappears on further addition of NH,OH te
form a water-clear solution; when HCI is added, dropwise, to the water-clear
solution, there is first formed a white precipitate, which disappears on further
addition of HCI to give a clear solution.

12. When a green solution of CuCl, is diluted with water, the color changes
to a pale blue; addition of excess NH,OH to the pale-blue solution makes it
a deep blue; addition of KCN to this deep-blue solution causes it to become
colorless. Account for the color changes.

13. Explain each of the following statements:
(a) Sn(OH). is amphoteric.
(b) SnS: is an acid anhydride.
(¢) HgS is a basic anhydride.

14. Point out where the following take place in the copper-arsenic group

analysis and give the equations for the reactions:

a. Four reactions in which tin is oxidized from an oxidation state of
2 to an oxidation state of 4.

b. One reaction in which mercury is reduced from 2 to 1.

c. One reaction in which mercury is reduced from 1 to 0.

d. One reaction in which bismuth is reduced from 3 to 0.

e. One reaction in which tin is reduced from 4 to 0.

f. One reaction in which antimony is reduced from 5 to 3.

g. One reaction in which sulfur is oxidized from —2 to 0.

16. Give the formula for a chemical substance which will:

. Form a precipitate with SnCl, solution but not with SnCl,.

. Form a precipitate with Pb(NQO;), solution but not with Cu(NOs)s.
. Form a precipitate with H.S solution but not with HCI.

. Form a precipitate with (NH,)3;AsS; solution but not with CuCl,.
Form a precipitate with SnCl; solution but not with HgCl..
Form a precipitate with Bi,(SO4); solution but not with CuSO,.
Form a precipitate with HNOj; solution but not with HCIL.

. Form a precipitate with H.SO, solution but not with HNO,.
Form a precipitate with Pb(NOj3); solution but not with NaCl.
Form a precipitate with CuCl; solution but not with KCI.

. Dissolve As,S; but not HgS.

Dissolve CuS but not HgS.

. Dissolve Sb,3; but not As;Ss.

. Dissolve SnS but not PbS.

. Dissolve Pb(NOjs)2 but not PbS.

. Dissolve HgCl.: but not Hg:Cl..

. Oxidize SnO;— to SnOs;—.

Reduce Hg** to Hg.

Reduce Bit+** to Bi.

Oxidize Sn*+ to Sn*+++,

. Dissolve Cu(OH): but not Bi(OH);.

. Oxidize Cl~ to Cl..

<gsornogosBrRorrR e a0 op



78 THE COPPER-ARSENIC GROUP Ch 4

16. How would you distinguish between the following compounds by
means of one reagent? (Tell what happens to each substance.)

a. Solids:
CuS and SnS Cu(OH); and Bi(OH);
SnS; and As.S; FeS and CdS
CdS and HgS S and SnS,
PbSO, and Biz(SO4)s SbCl; and PbCl,
Hg.Cl,; and HgCl, ZnS and CuS

b. Solutions:
(NH,)2S: and (NH,)3SbS, H.S and HCI

CdCl; and CuCl, NazAsO, and NaCl
Pb(NOs), and Cd(NO;). SbCl; and AICl;
SnCl; and HgCl, (NH,)-SnS; and SnCl.
HNO; and HC1 SnCl; and SbCl;
HzSO4 and HNOa }IQSOA and HCl

17. A colorless copper-arsenic group unknown solution turned milky white
when diluted with water but became colorless again when acidified with HCI.
Explain.

18. A colorless solution which was known to contain only cations of the
copper-arsenic group gave a dark-brown precipitate in the regular H,S pre-
cipitation. This precipitate was completely insoluble in (NH,)»S, and com-
pletely soluble in warm dilute HNOs;. What conclusions can be drawn?

19. A mixture of solid chlorides, known to contain only metals of the
copper-arsenic group, dissolved readily and completely in cold water to give
a clear pale-blue solution. The regular H,S precipitation gave a brown pre-
cipitate. This precipitate was partially soluble in (NHy)2S,; the residue, which
did not dissolve in (NH,):S., was completely soluble in warm dilute HNOs.
What conclusions can be drawn?

20. On being subjected to the regular H,S precipitation, a solution known
to contain only cations of the copper-arsenic group gave an orange-yellow
precipitate. What conclusions can be drawn?

21. A solution known to contain only cations of the copper-arsenic group
was divided into four parts which were treated as described below:

a. One part, when diluted with water, gave a white precipitate; this
precipitate dissolved on addition of HCI.

b. The second part gave no precipitate when warmed and treated with
SnCl; solution.

¢. The third part, on evaporation with H,sSO, to white SO; fumes and
dilution with water, gave a finely divided white precipitate.

d. The fourth part was treated with H,S in the usual manner. No
precipitate was formed with H,S when the solution was hot and strongly
acid, but on dilution with water a brownish black precipitate formed. This
precipitate was partially soluble in (NH,4).S: at 60°. The decantate from the
(NH,):S; treatment, on being acidified with dilute HCl, gave a precipitate
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which dissolved completely in 12N HCI. Sulfur was deposited in this reac-
tion. What conclusions can be drawn?

22. The mixture of sulfides obtained when a copper-arsenic group unknown
was completely precipitated with HoS was completely insoluble in (NHy)sS,
and completely soluble in 3N HNOQjs, sulfur being formed in the latter case.
The solution obtained with HNO; gave a colorless solution with no precipi-
tate or milky suspension when treated with excess NH,OH. What conclu-
sions can be drawn?



Copper-arsenic group report

80



Copper-arsenic group report

81



Copper-arsenic group report

82



Copper-arsenic group report

83



Copper-arsenic group report

84



Copper-arsenic group report

85



dAOdD) TIADIN-WANINATY FTHI 0 SISXIVNY § ANITIOQ

Juesaad ,,uy -, .E%Eam%mo ESEW& wm_Z
S OON"H*0)0D WO
_ 2 zOt TV
.. .. [rorg®eN] [OONHD *O*H*OHI] [FO*NtH"D]
uﬂoao.-.“ﬂww:& X anva&uwnﬂmm._o X YOI / \
| 1015 ot +CHNIOO 4 CHNIIN
0H | .
Osmw; Tv:umm_.uoumd o3suA nAmmAW_vns Eoﬂm7u
SuzZ __tRID) | I— ++00 ‘++IN
[ _“E _:mwazu 61 "001q H.m_:zm ‘10OH] pposeId e
54 foNH] . anig poy
N z .ou - anonwmam sy i_m? woo:.w.z sznvwohv.om I-.ﬁﬁo%m
++
l _w nw | EZOT *M] [SND>1]
I E— _moﬂmzu =Om_ al
33
30_ ] eIV Pery ogsuA s°D .WJA ‘SUN
+uz L _f0mO r{_ 1 [ 1 R
1g "001g _ﬂo.mﬂo Hl _.O_ZE ST ooid [s*H] zt ,oouw [1fe3: 1]
++2,=Zv=rn (e le] .Qm.n_uv_t ++CHN)OD .1._3*2:2 RS 4 ® vaoh
| I
Eo._:z_ Eoﬁz_ “1O"HN]
--LO%D .fv:m ‘44 lV ++TIN ‘440D _..YLZ ‘44404
0z o0xd [tONHI 21 .2:1 1oH]
--*010 _.xluona 0TV tOu ..Amovegmov_z ‘“(HO)?4
|
_uou_az_
—*QUZ ‘___t01D ‘—__tOIV ..Qmov_oo ““(HO)IN “(HO)II “(HO)?d
[HO®X]

|
4xIN 440D G TIN .t,a_s 3400 4ardD easlV
2Z "901g 03 3urpi0oow azA[euy 91 "o0Ig TOZMm o)
SYHN ‘4 ‘48N .J,wz ‘4B '4s®D S24 ‘SIN ‘S°D ‘SUW J:N ““(HO. oh ““(HO)3D ““(HONV
|
<1 oEw [s°H]
YHN ‘+M ‘48N ‘4+3IN 448D ‘4i%d 41 9CHN)OD ++-A.J2v-z “4+'CHN)UZ ‘44 TIN “(HO)3A ‘“(HO)ID “(HOIV

[HO'HN rﬁﬁzu

YHN PU% 43 ‘48N ‘443 448D ‘448 ‘++IN 4400 4492 42T ‘44490 “+4°d ‘44430 ‘+44TV Surarejuoo wonniog

86



CHAPTER 5

The Aluminum-Nickel Group

Tue appitioN oFr NH.Cl, NH,OH, and H,S to a solution
containing all the metallic ions not precipitated in the preced-
ing groups results in the precipitation of aluminum, chromium,
and iron IIT as hydroxides, and manganese, nickel, cobalt,
iron II, and zinc as sulfides. Under these conditions the
hydroxides and sulfides of calcium, barium, magnesium, potas-
sium, and sodium are soluble. This solubility permits a sepa-
ration of the cations of the aluminum-nickel group from those
of the barium-magnesium group.

Procedure 15: Precipitation of the aluminum-nickel group
in the absence of phosphates and borates

If the solution to be analyzed is an aluminum-nickel group
“known” or ‘“‘unknown’” (see Schedule of Laboratory Work
5 and 6, page 7), follow (A) (see Note 1). If the decantate
from the copper-arsenic group precipitation, Procedure 5, is
to be analyzed, follow (B).

(A) Place 6 drops of the aluminum-nickel group ‘“known’
or “unknown’’ solution in a test tube (see Note 2). Add 4
drops of 2N NH,C], mix thoroughly, then add 15N NH,OH,
dropwise, with constant stirring, until the solution is just
alkaline. Then add one extra drop of 15N NH,OH and 20
drops of hot water and mix thoroughly. Treat with H,S for
20-30 seconds. When precipitation with H,S is complete, wash
down the sides of the tube with a few drops of cold water,
centrifuge, and decant, saving the decantate for Procedure
22 (see Note 3). Wash the precipitate three times with 15-20-
drop portions of hot water containing 3 or 4 drops of 2N
NH,CI and analyze according to Procedure 16.
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(B) Place the decantate from Procedure 5 in a casserole
and evaporate down carefully to a volume of 8 to 10 drops.
Transfer to a test tube, centrifuge, and decant into a small
test tube, discarding the precipitate. Treat the decantate in
the test tube as directed in the second sentence of Method (A).

NoTes

1. If phosphates, borates, fluorides, oxalates, silicates, or tartrates
are present in a solution to be analyzed and if this solution also con-
tains calcium, barium, or magnesium as well as metals of the alumi-
num-nickel group, a special series of procedures, different from those
presented in this chapter, must be used. However, since the combina-
tion of ions just mentioned is rare and will not ordinarily be encoun-
tered in solutions being analyzed, the average analysis is carried out
most successfully by using a more general procedure of the type pre-
sented in this chapter.

Fluorides, oxalates, silicates, and tartrates are not among the
anions discussed in this book; therefore, they will not be present in
solutions ordinarily submitted for analysis in this course.

If an unknown solution to be analyzed does, in fact, contain the
combination of ions listed at the beginning of this note, the student
should be referred to the basic acetate method in one of the reference
textbooks listed at the end of Chapter 2.

2. If the aluminum-nickel group unknown is issued in the form of
a finely divided solid, proceed as follows: Place in a test tube as much
of the solid as can be carried on % in. of the tip of the spatula. Add
3-4 drops of 6N HCI, warm gently, and then add 5-6 drops of hot
water. Mix thoroughly and heat carefully until a clear solution is
obtained, replenishing the water and acid if necessary. Proceed with
the analysis of this solution as directed in the second sentence of Pro-
cedure 15A.

If the solid unknown is not finely divided when rececived, the entire
sample should first be pulverized in a clean mortar.

3. If the substance being analyzed is an aluminum-nickel group
“known”’ or “unknown,” this decantate can be discarded.

4. NH,Cl is added, in the precipitation of the aluminum-nickel
group, to prevent the precipitation of magnesium as Mg(OH),; if
Mg(OH), were to precipitate, the subsequent analysis of the group
would be more complicated; hence it is desirable to carry magnesium
over to the next group.

Mg(OH), will precipitate if a solution contains enough Mgt+ ions



Ch5 USE OF AMMONIUM CHLORIDE 89

and enough OH- ions so that the two, when they combine, will give
more than enough Mg(OH), to form a saturated solution; the extra
Mg(OH),, over and above what will ordinarily dissolve in the solu-
tion, will precipitate.

Ammonium hydroxide is a weak base; it may be represented as
ionizing according to Equation (a):

(a) NH.OH 2 NH,* + OH~.

Even though ammonium hydroxide is a weak base, it ionizes to give
enough OH~ ions to form a precipitate with the concentration of
Mg+t present in the usual “known’’ or “unknown” solution. There-
fore, when NH,OH alone is added to a water solution of an unknown
containing Mgtt, Mg(OH); is precipitated.

NH.CI is a salt and hence a strong electrolyte. Consequently,
NH,CI in solution provides an abundance of NH,* ions. If NH,Cl is
present in a solution also containing ammonium hydroxide, the NH*+
ions from NH,Cl will shift the equilibrium point in Equation (a) to
the left. This shift will greatly reduce the concentration of OH- ions
and will give a condition represented by Equation (b):

(b) NHOH = NH,* + on-.

There are not enough OH- ions present in Equation (b) to form a
precipitate of Mg(OH), with the Mgt+ ions present in the average
solution. In other words, NH(Cl prevents the precipitation of
Mg(OH), by NH,OH.

The decrease of the ionization of NH,OH by ammonium ions from
NH(Cl is an example of the ‘“‘common ion effect.”” NHNO;,
NH,C:H;0; or NH,Br may be substituted for the NH,ClL.

NH,CI also prevents the precipitation of Mn(OH), by NH,OH,
and in exactly the same way. However, MnS is quite insoluble, so
that manganese precipitates as MnS when H,S is added. MgS is
soluble and does not precipitate.

The hydroxides of aluminum, chromium, and iron III are so in-
soluble that they precipitate even in the presence of the small amount
of OH~ ions represented in Equation (b). The hydroxides of cobalt,
nickel, and zinc are likewise so insoluble that they, too, will precipi-
tate in the presence of the OH~ in Equation (b); they, however, re-
dissolve in excess NH,OH in a fashion to be discussed in Note 9.

The behavior of iron II in the presence of NH,+ and OH~ is com-
plicated by the fact that Fe II is readily oxidized by air to Fe III.
The net result is that a green precipitate, probably Fe(OH), -
Fe(OH);, is formed when NH,OH is added to Fet* even though
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NH,CI is present. This green precipitate gradually darkens as more
Fe(OH). is oxidized to Fe(OH);:
4Fe(OH); + O.(air) + 2H,0 = 4Fe(OH),.

5. The colors of the precipitates in this group are:

Fe(OH)s. . ... Brownish red CoS.............. Black
Cr(OH)s..... Grayish green MopS.............. Pink

Al(OH);...... White NiS............... Black
FeS......... Black ZoS............... White

Careful observation of the colors of the precipitate formed, first when
NH,OH is added and later when H,S is added, may give definite in-
formation about the presence or absence of certain ions.

If NH,Cl and NH,OH give no precipitate, then aluminum, chro-
mium, and ferric ions are of course definitely absent; if a white
precipitate forms, the presence of aluminum is indicated; a green
precipitate indicates chromium and a brownish-red precipitate indi-
cates iron.

If the addition of HsS gives no further precipitation, cobalt, nickel,
manganese, and zinc ions are absent. If a white precipitate is formed,
zinc is probably present; manganese, which forms a pink sulfide,
may be present; and cobalt and nickel, whose sulfides are black, are
definitely absent in appreciable quantities.

The formation of a black precipitate on addition of HsS may be
due to the conversion of red Fe(OH); to black FeS according to the
following equation:

9Fe(OH); + 3H,S = 2FeS + 6H,0 + S.

If NH,OH and H.S were added together instead of being added
separately, the hydroxides and sulfides would immediately precipi-
tate together; it would then obviously be impossible to make the
observations of color noted above.

6. The decantate from the copper-arsenic group is boiled down
before the aluminum-nickel group is precipitated, in order to drive
off all HyS and to precipitate any sulfides of the copper-arsenic group
that may have gone into the filtrate. If the H,S were not removed,
the sulfides and hydroxides of the aluminum-nickel group would all
precipitate together when NH,OH was added. As a result the desir-
able valuable observation of colors of precipitates referred to in
Note 5 could not be made.

7. NH,C], being a strong electrolyte, helps coagulate any hydrox-
ides or sulfides, thereby preventing them from becoming colloidal.
Similarly, the addition of NH,CI to the washing water at various
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points in the analysis is for the purpose of preventing peptization
and promoting coagulation and rapid settling.

8. A large excess of NH,OH tends to peptize (cause to go colloidal)
NiS, CoS, Al(OH);, Cr(OH);, and Fe(OH)s, making them difficult to
settle out. If a very large excess of NHOH has been added, the mix-
ture should be boiled for one minute before centrifuging.

9. The behavior of zinc, nickel, and cobalt ions on being treated
with NH,OH is the same as that already noted for copper and cad-
mium ions (see Note 1, Procedure 9). The hydroxides of the three
metals are first formed. Excess of NH,OH dissolves these hydroxides
with the formation of Zn(NH;),t+, Ni(NH;),st, and Co(NH;)et+.

Zn(NH;),+ is colorless, Ni(NH;),t is pale blue, and Co(NH;)et+
has a characteristic deep reddish-brown color.

10. Hydrogen sulfide reacts with Zn(NH;)st, Ni(NH;)+H, and
Co(NHj;)ett to form ZnS, NiS, and CoS as follows:

S— + ZD(NH3)4H = ZnS + 4NH3.

MnS and FeS are formed by direct combination of the two ions
involved: -

Mn++ 4 8— = MnS.

FeS may also be formed by reduction of Fe III as mentioned in
Note 5.

11. If (NH,),S is added to a cold neutral solution containing
aluminum, chromium, and ferric ions, A1(OH)s;, Cr(OH);, and Fe,S;
will be precipitated:

2Fettt 4+ 38— = Fe,S;,
2A1 + 38— 4 6H,O = 2A1(OH); + 3H,S

At higher temperatures Fe,S; is hydrolyzed, brownish-red Fe(OH);
being precipitated:

Fe,S; + 6H:0 = 2Fe(OH); + 3H.S

12. The concentration of sulfide ions would be very high in a solu-
tion formed by passing H,S into a solution of NH,OH. This high con-
centration of sulfide ions results from the fact that the (NH,).S
formed in the reaction

2NH,OH + H.S = (NH,).S + 2H.O0

is a salt and is, accordingly, completely ionized into NH¢* anq S—.
This high concentration of S— results in very complete precipita-
tion of zinc, manganese, cobalt, and nickel as sulfides.
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SEPARATION OF THE ALUMINUM GROUP
FROM THE NICKEL GROUP

The hydroxides of aluminum, chromium, and zinc are am-
photeric and are therefore soluble in NaOH. In contrast, the
hydroxides of iron, manganese, cobalt, and nickel are not am-
photeric; they are not soluble in NaOH. Upon this fact is
based the separation of the cations of the aluminum group
(Al**, Cr***, and Zn**) from the cations of the nickel group
(Fet*tt, Mnt+, Co**, and Nitt).

Procedure 16: Separation of the aluminum group from the
nickel group

Treat the precipitate from Procedure 15 with 10 drops of
12N HCl, mix thoroughly, and boil gently for half a minute.
If the precipitate is not completely dissolved, add 3 drops of
16N HNOj;, mix thoroughly, and boil gently until a clear solu-
tion is obtained. Add 10 drops of cold water, centrifuge to re-
move any precipitate of sulfur, and decant into a casserole.
Make the solution just alkaline with 8N NaOH; then add
Na,0,, a little at a time (see Note 1) with constant stirring,
until a quantity half the size of an average drop of water
from a medicine dropper has been added. When the reaction
of the Na,0, begins to slow down, boil gently for about half a
minute. Transfer the solution to a test tube before the pre-
cipitate has had a chance to settle, and centrifuge. Decant
carefully, saving the decantate for Procedure 20. Wash the
precipitate three times with hot water and analyze according
to Procedure 17.

Nores

1. The solid sodium peroxide (Na20,) is added by means of a small
metal spatula. Since it is highly corrosive, great care should be taken
to avoid having it come in contact with any part of the body.

2. AI(OH);, Fe(OH);, Cr(OH)s, MnS, FeS, and ZnS are readily
soluble in HCI. NiS and CoS are not readily soluble in HCI1 but are
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soluble in aqua regia (HCl 4+ HNOj;). (See Notes 3 and 5, Procedure
7.)

(a) NiS < Ni++ + §—,
(by) 35— + 2NO;~ + 8H* = 3S + 2NO + 4H,0,
(bs) Ni++ + 4Cl- 2 NiCl—.

Aqua regia oxidizes Fe II to Fe I1I:
2F6012 + Clg = 2FCC]3.

3. When NaOH is added to a solution containing the members of
the aluminum-nickel group, the hydroxides of all seven metals are
first precipitated. The hydroxides of aluminum, chromium, and zinc
are amphoteric (see Note 4, Procedure 9) and dissolve in an excess of
NaOH to form NazAlOQ;, NasCrO;, and Na,ZnQO,, respectively. The
hydroxides of iron, manganese, cobalt, and nickel are not amphoteric
and do not dissolve in excess of NaOH.

Solution Precipitate Solution
Al+++ Al(OH); Na;AlO,
Cr++ Cr(OH), Na;CrO,
Zntt ZH(OI‘I)z N&zZnOz
Fe*t+* 4+ NaOH = Fe(OH); + excess NaOH =
Mn++ Mn(OH), Residue
Nit++ Ni(OH). Fe(OH),
Cot+ Co(OH), Mo (OH),

Ni(OH).
Co(OH),

4. Sodium peroxide is added to oxidize NasCrO; to Na;CrO, for
the reason discussed in Note 1, Procedure 20. Sodium peroxide first
reacts with water to form H;0,:

Na;0; + 2H,0 = 2NaOH + H,0,.
The H;0, then oxidizes CrO;— to CrO4— as follows:
2NaaCr03 + 3 HzOz = 2NMCX‘O4 + 2H20 + ZNB,OH.

CrO;— is pale green; CrO,— is yellow. Therefore if the color of the
solution changes from pale green to yellow on treatment with Na;O,
chromium is present.

5. Hydrogen peroxide oxidizes Mn(OH); to MnO; and Co(OH).
to Co(OH); as follows:

HzOz + MD(OH)z = MIIOz + 2H20,
2Co(OH), + H.0. = 2Co(OH);.
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MnO; and Co(OH); are black. Hence a darkening of the color of the
precipitated hydroxides on addition of Na;O, may indicate the pres-
ence of manganese or cobalt.

6. When Na,O, reacts with water, a great deal of heat is liberated.
This heat decomposes the HyO,:

2H202 = 2H20 + 02-

If the rate of addition of Na,O, is too rapid, the solution may “boil”’
right out of the container.

7. Any excess Nas;O, or H;0, present in the solution must be de-
composed by boiling; otherwise it will interfere with the subsequent
analysis as discussed in Note 3, Procedure 20.

8. A careful observation of colors of solutions and precipitates
formed in Procedure 16 may give valuable information regarding the
cations present. The colors are:

AlCL...... Colorless Ni(OH);. . .... Green

ZnCl,...... Colorless Mn(OH),. . ... White or pale pink
MnCl,..... Colorless to faint pink Co(OH),. .... Pink

FeCl;...... Reddish brown to yellow MnO;......... Black or dark brown
CrCls...... Green Co(OH)s. ..... Black

NiCl...... Green

CoCl,..... Reddish pink

Pure freshly precipitated Mn(OH), is white, but it rapidly turns
brown in contact with air because of oxidation to MnQO, and Mn,O;.
The precipitate formed when NaOH is added to Co** may vary
in color from blue to pink to light brown. Co(OH), is pink. The pink
color is not always obtained because NaOH may form the blue basie
salt, Co(OH)CI. This becomes pink [Co(OH);] on heating. The pink
hydroxide may be oxidized by the air to form black Co(OH)s.

A pink CoCl; solution turns blue when heated to boiling but re-
gains its pink color when cooled. A pink solution of CoCl; turns blue
when treated with concentrated HCI; the pink color is restored by
dilution with water. These color changes are due to changes in the
composition and structure of the complex ions present in the solution.
The pink color is due to the Co(H:0)s** ion; the blue color is due to
the CoH,OCl;~ and CoCl,— ions.

9. Unused Na,0, should not be thrown into waste jars; it should be
placed in the sink and flushed away with plenty of water. If thrown
into waste jars containing paper or other combustible material it may
start a fire because of its violent oxidizing nature.
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SEPARATION OF IRON FROM MANGANESE,
NICKEL, AND COBALT

When NH,CI and excess NH,OH are added to a solution
containing iron III, manganese, nickel, and cobalt ions the
iron is precipitated as Fe(OH); leaving Mn*+, Ni(NH,),t*
and Co(NH,)s™* in solution.

Procedure 17: Separation and detection of iron

Treat the precipitate from Procedure 16 with 10 drops of
12N HCI, mix thoroughly, and heat carefully until completely
dissolved. Add 10 drops of 2N NH,CI, and then add 15N
NH,OH, with constant stirring, until the solution is alkaline.
Then add a 2-drop excess of 15N NH,OH. Mix thoroughly,
centrifuge at once, and decant immediately into a test tube,
saving this decantate for Procedure 18. Wash the precipitate
three times with hot water; then dissolve it in 4-6 drops of
1.5N HCI and dilute with 10 drops of water. Divide the solu-
tion into two parts. To one part add a drop of N K Fe(CN)s.
A blue precipitate (Fes(Fe(CN););) proves the presence of
iron. To the second part add N KCNS or NH,CNS. A red
color [Fe(CNS);~] proves the presence of iron.

Notes

1. MnO,, and Co(OH); are insoluble in HNOj; but dissolve in HCI
as follows:
Mn02 + 4HCl = MDCla + 2H20 + Clz,
2Co(OH); + 6HCI = 2CoCl; 4+ 6H;0 + Cl,.

Ni(OH), and Fe(OH); dissolve readily in HCI to give NiCl; and
FeCls, respectively.

2. NH,CI prevents the precipitation of Mn(OH), by NH,OH, as
explained in Note 4, Procedure 15. However, a precipitate gradually
forms if the solution is allowed to stand in contact with air. This pre-
cipitate is a mixture of brown Mn;O; and black MnO, formed when
Mn*+ is oxidized by the air. To prevent this precipitation, with re-
sulting loss of manganese, the solution is centrifuged and decanted
as quickly as possible. Any Mn,O; and MnO, that precipitate out
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will not interfere seriously with the confirmatory test for iron.

3. The confirmatory tests for iron are both very delicate, so delicate
in fact that iron should not be reported unless both tests are strong.

Traces of iron are often introduced as impurities in the course of
the manufacture of the compounds used in making up the unknown
and compounds used as reagents in the analysis. Hence, the student
should learn to distinguish between a weak test which indicates a
trace of iron, probably as an impurity, and a strong positive test. In
case of doubt, tests for iron II and iron III should be made on the
original sample (see Note 4).

4. To test for iron in a mixture, proceed as follows: Dissolve a
small sample of the solid in 10-15 drops of dilute HCL. Divide the
solution into three parts. Test two parts for iron III ions according
to Procedure 17. To the third part, add a few drops of potassium
ferricyanide (K3;Fe(CN)g). A dark-blue precipitate (Turnbull’s blue)
proves the presence of Fe*tt ions:

3FeCl, + 2K;Fe(CN); = Fe;[Fe(CNg)]. + 6KCI

dark blue

Note particularly that whereas potassium ferrocyanide (K;Fe(CN)s)
gives a dark-blue precipitate with ettt potassium ferricyanide
(KsFe(CN)g) gives a dark-blue precipitate with Fett,

5. There is still some question as to what produces the red color in
the test for Fet++. Although the Fe(CNS)— ion is widely accepted
as the colored substance, there is evidence that FeCNS+t may be
the colored ion:

Fett+ 4 6CNS— 2 Fe(CNS)s—,
Fet*+ 4+ CNS— & FeCNS++.

SEPARATION OF MANGANESE FROM
COBALT AND NICKEL

The separation of manganese from cobalt and nickel de-
pends on the fact that when the sulfides of these three metals
are treated with cold dilute HCI, MnS is dissolved immedi-
ately, whereas CoS and NiS are only very slightly affected.

Procedure 18: Separation of manganese from cobalt and nickel
and detection of manganese

Treat the decantate from Procedure 17 with H.S for 20-30
seconds. Centrifuge and decant, discarding the decantate.
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Wash the precipitate three times with hot water to which 5
drops of 2N NH,Cl have been added. Add 10 drops of 1.5N
HCI to this precipitate and stir for one minute. Centrifuge,
and draw off the supernatant liquid with a medicine dropper;
save this decantate for the detection of manganese. Wash the
precipitate once with 3N HCI (5 drops of water plus 5 drops
of 6N HCI) and twice with hot water and save for Procedure
19.

Detection of manganese. Boil the decantate, saved for the
detection of manganese, gently for about half a minute, cool,
make just alkaline with 8N NaOH, and then add an excess of
1 drop of NaOH. Centrifuge and decant, discarding the de-
cantate, and wash the precipitate three times with hot water.
Treat this precipitate with 5-6 drops of 3N HNO; and a quan-
tity of sodium bismuthate (NaBiO;) about one-fourth the
size of a drop of water from a medicine dropper. Mix thor-
oughly. A purple-pink solution due to the presence of per-
manganate (MnO,~) proves the presence of manganese.

NoTes

1. In the separation of MnS from CoS and NiS, small amounts of
CoS and NiS may dissolve. These small amounts of Cot+ and Nit+
do not, however, interferc with the test for manganese. If appreciable
amounts of CoS dissolve, the pink color of cobalt nitrate may be mis-
taken for the violet of MnO,.

2. The fact that nickel and cobalt do not precipitate in the copper-
arsenic group indicates that NiS and CoS are soluble in dilute HCI.
However, in the analysis of the aluminum-nickel group CoS and NiS8
do not dissolve in either dilute or concentrated HCI. This contradic-
tory behavior is explained as follows: Freshly precipitated NiS and
CoS exist in a form readily dissolved by dilute HCI. On standing, this
soluble modification changes into a second form which is insoluble in
both dilute and concentrated HCI.

3. The oxidation of Mn** to MnO,~ by sodium bismuthate
(NaBiO;) takes place as follows:

2Mn(NOj;); + 5NaBiO; + 16HNO; =
2HMnO;, + 5Bi(NOj); + 5NaNO; + 7H,0.

4. Reducing agents of any kind, such as chlorides and sulfides, will
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interfere with the confirmatory test for manganese because they re-
duce the violet MnO4~, destroying its color. For that reason,
(a) The filtrate containing manganese ions is boiled to drive
off all H,S.
(b) Manganese is precipitated as Mn(OH); and the precipitate
of Mn(OH), is washed free from chlorides.
Permanganic acid is reduced by chlorides and sulfides as follows:

2HMDO4 + 14HCl = 8H20 + 2MI]C]2 '+‘ 5012,
2HM1104 + 5st + 4HN03 = 2MD(N03)2 + 8H20 + 5S.

5. The formation of MnO,~ is a very delicate test for Mn++. The
test may be carried out on a sample of the original solid as follows:
Boil a pinch of the solid material with HCI. Filter. Precipitate the
Mn(OH), with excess NaOH and test the carefully washed precipi-
tate for manganese as directed in Procedure 18. Cobalt interferes
with this test.

6. Bismuth is predominantly metallic in character; its common
valence is 3 and its compounds ionize to give Bi**+ ions. In the com-
pound NaBiQ;, bismuth has a valence of 5 and has the property of a
nonmetal in that it is present in the negative ion BiO;~. This behavior
of bismuth illustrates the rule that as the valence of a polyvalent ele-
ment increases it becomes more nonmetallic in character.

7. The behavior of NaBiOj illustrates the rule that the higher va-
lenced compounds of polyvalent elements very generally can act as
oxidizing agents. Other compounds (oxidizing agents) that illustrate
this rule are KMnQy, K;Cr,07, KCl0;, and KIO,.

Procedure 19: Detection of nickel and cobalt

Treat the precipitate from Procedure 18 with 10 drops of
12N HCIl and 3 drops of 16N HNO;, mix thoroughly, and heat
gently until a clear solution is obtained. Add 6 drops of water,
mix well, centrifuge, and decant into a test tube, discarding
the precipitate (S). Make the decantate alkaline with 15N
NH,OH and divide it into two parts. To one part add 4-8
drops of dimethyl glyoxime. A yellowish-red precipitate
(NiCgH,N,O,) proves the presence of nickel. Make the sec-
ond part acid with 5N HC,H;0, (see Note 5). Then add
4-8 drops of a-nitroso-3-naphthol. A brownish-red precipitate
[Co(C1HsNO:);], which may form slowly, proves the pres-
ence of cobalt.
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Notes

1. As in the case of the difficultly soluble HgS, NiS, and CoS are
dissolved by means of reagents which liberate chlorine.

2. The following reaction takes place in the confirmatory test for
nickel:

2(CHs), - C, - (NOH), + NiCl, + 2NH,OH =
2NH,CIl + Ni - CgH;:N,O, + 2H,0
(red)
Since the red compound is readily soluble in acids, the reaction must
be carried out in alkaline solution. Cobalt does not interfere with this
test. Iron II ions react with (CH;);C:(NOH); to form a soluble red
compound; however, no precipitate is formed.

3. The formation of the dark-red -cobaltinitroso-g-naphthol
[Co(CHeNO - 0)3] is a very delicate test for cobalt. The equation
for the reaction involved is very complex, Cott being oxidized to
Cottt,

4. Because of the striking similarity in the chemical behavior of
cobalt and nickel, their separation offers considerable difficulty. It is
most convenient to test for them in the presence of each other in the
manner outlined above.

5. Cobalt may be identified as follows: Treat 3 drops of the solu-
tion which has been acidified with HC,H;0, with 3 drops of N KNO,.
Warm, and allow to stand 10-20 minutes. A yellow precipitate
[K3Co(NO,)s] proves the presence of cobalt:

Co** + 7TNO,~ + 3K+ 4+ 2H* = K3Co(NO,)s + NO + H,0.

Procedure 20: Separation and detection of aluminum

Treat the decantate from Procedure 16 with 16N HNO;
until slightly acid, then add 15N NH,OH until distinctly
alkaline; continue the stirring of the solution for 1 minute.
Centrifuge and decant, saving the decantate for Procedure 21.
Wash the precipitate three times with hot water, then dissolve
it in 4-5 drops of 3N HNO;. (If any precipitate fails to dis-
solve, remove it by centrifuging and decantation.) Make the
solution alkaline with 15N NH,OH. A white flocculent pre-
cipitate [AlI(OH);] proves the presence of aluminum.
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NoTEes

1. Itisimperative that Na;CrO; be completely oxidized to Na,CrO,
in Procedure 16. Any unoxidized Na;CrO; would react as follows in
Procedure 20:

Na;,CrO;, + 6HNO3 = 3N3N03 + 3H20 + CI‘(NOa)s,
CT(N03)3 '+' 3NH4OH = C!’(OH)a + 3NH4N03.

Sodium aluminate (NazAlO;) undergoes the same sort of reaction:

Na3AlO; 4+ 6HNO; = 3NaNO; 4+ 3H,0 + AI(NOs)s,
AI(NOj)s + 3NH,OH = AlI(OH); + 3NH,NO;

It is thus evident that if Nas;CrO; were not oxidized to Na,CrOs,
Cr(OH); would precipitate when the test for aluminum was made.
Cr(OH); is green, but in small amounts the color is not marked, and
the Cr(OH); precipitate may be mistaken for AI(OH)s.

2. When HNO; is added in the first step in Procedure 20, a precipi-
tate sometimes forms when the solution is just about neutral and
then redissolves when more HNO; is added. This precipitate may be
either AI(OH); or Zn(OH),. The reactions involved are

NazAlO; + 3HNO; = 3NaNOQO; + Al(OH),,
Al(OH); + 3HNO; = 3H,0 + AI(NOs)s,
NazZn()g + 2}IN03 = 2NaN03 + ZD(OH)Q,
Zn(OH)g + 2HN03 = ZII(NOa)z + 2H20.

3. Excess NayO; and H:0,, if present in the decantate from Pro-
cedure 16, will interfere with the separation and identification of
aluminum and chromium. When HNO; is added in the first step in
Procedure 20, the following reactions will take place:

2H2Cr04 = HzCI‘zO'[ + HzO
(in presence of H*),
HQCI‘QO7 + 3H202 + GHNO:; 2CI'(N03)3 + 7H20 + 302.

The chromate is thus reduced to Crt++. This Cr+++ will then inter-
fere with the test for aluminum, as already discussed in Note 1.

Compare the above equation with the equation given in Note 4,
Procedure 16. In alkaline solution the H:O, oxidizes trivalent chro-
mium to chromate, whereas in strongly acid solution it reduces
chromate to trivalent chromium.

4. If a green precipitate (Cr(OH);) appears when NH,OH is
added in Procedure 20, wash the precipitate and reanalyze it, start-
ing with Procedure 16.

I
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5. When NH,OH is added to precipitate AI(OH); in Procedure 20,
a white precipitate sometimes forms which redissolves when more
NH,OH is added. This precipitate is probably Zn(OH).. The reac-
tions involved are

Zn(NOs); + 2NH.OH = Zn(OH). + 2NH,NO;,
Zn(OH), + 4NH,OH = Zn(NH;),(OH). 4+ 4H,0,
ZD(NHs)q(OH)z = Zﬂ(NHa)qH + 20H-.

6. Since HCl may reduce chromate to Cr*++, the solution is acidi-
fied with HNO; rather than with HCI.

7. If lead, tin, and antimony are not completely precipitated in
the copper-arsenic group, they appear as insoluble hydroxides or
basic salts in the final test for aluminum. The hydroxides of lead, tin,
and antimony, like A1(OH);, are amphoteric. Also, their hydroxides,
like A1(OH)s, do not dissolve in excess NH,OH.

Procedure 21: Separation and detection of chromium and zinc

Follow (A)if the decantate from Procedure 20 is colorless;
follow (B) if it is yellow.

(A) Decantate is colorless; therefore chromium is absent.
Make the decantate just acid with 5N HC,H;0,. Treat with
H.S for 10-20 seconds. A white precipitate (ZnS) proves the
presence of zinc.

(B) Decantate is yellow; chromium ts probably present. Make
the yellow decantate just slightly acid with 5N HC,H;0,, add
6-7 drops of N BaCl;, mix thoroughly, centrifuge until the
supernatant liquid is clear, and decant, saving the decantate
for Part (C) below. Wash the precipitate (BaCrO,, mixed
with some BaSO,) twice with hot water, add 3 drops of 3N
HNO; and stir for about 10 seconds. Add 10 drops of cold
water, mix thoroughly, and then add 5 drops of ether and 1
drop of 3 per cent H;O; and shake. A blue coloration of the
ether layer due to chromium peroxide (CrOs) proves the pres-
ence of chromium.

(C) Treat the decantate from (B) with H,S for 10-20 sec-
onds. A white precipitate (ZnS) which dissolves readily in
6N HCI proves the presence of zinc.
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Nortes

1. The final test for chromium depends on the fact that in dilute
acid solution Cr,0;— is oxidized by H>0, to form a deep indigo-blue
compound, chromium peroxide, CrO;. Yellow chromate is first
changed to orange dichromate (Cr,0;—):

BaCrO; + 2H* = Ba*+ 4 CrO,— + 2Ht,
201‘04— + 2H+ = CI‘zOf-_ + HzO.

This change of chromate to dichromate, which always takes place
when the solution is acidified, has already been referred to in Note 3,
Procedure 20.

The dichromate is then converted to CrOs by H.O,:

CI‘zOf‘- + 41'1202 + 2H+ = 201‘05 + 5H20.

The compound, CrOs, is unstable, and decomposes on standing to
form Crtt+, If the concentration of HNOj; is low, the CrOs decom-
poses very slowly; if, however, the concentration of HNO; is high,
it decomposes so rapidly that the blue color may not be noticed.
Furthermore, CrQOjs is very rapidly reduced to Cr*++ by excess H;Os.
Hence, high concentrations of HNO; and excess HyO, must be
avoided.

4CrOg 4+ 12H* = 4Crtt*+ 4 6H,0 + 70,,
2CrO;s + 6H* + H,0, = 2Cr+++ 4 4H,0 + 40,.

CrOj; is very soluble in ether; HNO; is not. Shaking with ether
partially separates the CrOs from the HNO; and concentrates it in
the ether layer. Since separation from HNO; will increase its stability,
shaking with ether preserves as well as concentrates the CrOs.

The exact composition of the blue substance formed in the con-
firmatory test for chromium has been, and still is, the subject of
much research, speculation, and controversy. That the composition
is correctly represented by the formula CrO; seems pretty well proved.
Other formulas that have been suggested are HCrO4, HCrOj, H,CrOs,
HQCl‘Oe, HaCI‘Os, and HeCI‘zOm.

The following structure has been proposed for CrO;s Note that
chromium has a valence of 6, the same as in CrO4y— or Cr,0;—

e
/u\o
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2. Before the addition of BaCl; in the precipitation of the chromate
as BaCrO,, the solution is acidified with acetic acid rather than HCI
or HNOj; because BaCrOy, being the insoluble salt of a weak acid, is
insoluble in a weak acid, such as acetic, but is soluble in a strong
acid, such as HCI or HNOs;.

3. The precipitate obtained on addition of BaCl, may contain
varying amounts of BaSO, because of oxidation of H.S and S to
H,SO, in earlier procedures. BaSQy is white, whereas BaCrO, is light
yellow. BaSQj is insoluble in HNQ;.

4. All CrO,— must be precipitated before the confirmatory test
for zinc is made. CrO4—, if present, oxidizes H,S, liberating sulfur.
This finely divided sulfur, being white, would mask the white pre-
cipitate of ZnS.

Questions

1. Using the scheme of analysis as a guide, write equations for all reac-
tions that take place in the precipitation and analysis of the aluminum-nickel
group.

2. Upon what fact or facts is each of the following based?
a. The separation of the cations of the aluminum-nickel group from
the cations of the barium-magnesium group.
b. The separation of the aluminum group from the nickel group.
c. The separation of iron from manganese, cobalt, and nickel.
d. The separation of manganese from cobalt and nickel.
e. The separation of aluminum from chromium and zine.
f. The separation of chromium from zine.

3. Give the reason or reasons for each of the following:

a. Evaporating the decantate from the copper-arsenic group precipita-
tion down to 10 drops and centrifuging before precipitating the aluminum-
nickel group.

b. The addition of NH,Cl before precipitating the aluminum-nickel
group.

c. The separate addition, first, of NH,OH, then of H.S, in the precipi-
tation of the aluminum-nickel group.

d. Avoiding a large excess of NH,OH in the precipitation of the
aluminum-nickel group.

e. The separate addition of HCI and HNO;, followed in each case by
boiling, in dissolving the aluminum-nickel group precipitate (Procedure 16).

f. The slow and careful addition of Na;O. (Procedure 16).

g. Boiling the solution before centrifuging in the separation of the
aluminum group from the nickel group (Procedure 16).

h. Centrifuging off the Fe(OH); immediately in the separation of iron
from manganese, cobalt, and nickel (Procedure 17).
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i. Complete removal of HoS and chlorides before making the con-
firmatory test for manganese.

j. The use of dilute HNOjs rather than concentrated HNO; in the con-
firmatory test for chromium.

k. The use of ether in the confirmatory test for chromium.

4. In the precipitation and analysis of the aluminum-nickel group, what
difficulties, if any, would arise under the following conditions?
a. If Na;CrO; were not completely oxidized to Na,CrO, (Procedure 16).
b. If excess Na.0O; and H:0. were not decomposed (Procedure 16).
c. If unused Na.0, were dumped into waste jars containing paper.
d. If 1 cc. of HyO; were used instead of 1 drop in the confirmatory test
for chromium.

6. Write an equation or equations for a reaction occurring in the precipi-
tation and analysis of the aluminum-nickel group in which:
. Fe** is oxidized to Fet**.

. Mn*t is oxidized to Mn*+++,

. Mn** is oxidized to MnO,™.

. Mn*+++ is reduced to Mn*+,

. Manganese is reduced from +7 to +2.
Chromium is oxidized from +3 to +6.

. Sulfur is oxidized from —2 to 0.

. CrOy is reduced to Crt++,
Cry0;7 is reduced to Crtt+.
CrO4— is converted into Cr:0;—.

. Bismuth is reduced from +5 to +3.
Al(OH)3 reacts amphoteric.

. ZnQ; is converted into Zn*+.

. Cr*** is converted into CrO;——.

o. Ni** is converted into Ni(NH;),++.

6. Give the formula for a chemical substance which will form a precipi-
tate:

BB rmEe om0 o

. With CrCl; solution but not with Na,CrO,.
. With MnCl; solution but not with KMnO,.
. With FeCl; solution but not with AlCl;.

. With Na.CrO4 solution but not with Zn(NOj),.
With NiCl; solution but not with CrCls.
With MnCl; solution but not with AlCl,.

. With FeCl; solution but not with CoCls.

. With CoCl; solution but not with ZnCl.,.
With AICl; solution but not with ZnCl,.
With Na.CrO, solution but not with FeCls.
. With AICl; solution but not with CaCl..
With NiCl, solution but not with BaCl..

7. Give the formula for a reagent which will:
a. Dissolve MnS but not NiS.

ERECE SR 0 A0 TP
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. Dissolve ZnS but not CuS.

. Dissolve AI(OH); but not Fe(OH)s,.
. Dissolve Ni(OH). but not Fe(OH)s.
. Dissolve Cr(OH); but not BizS;.
Dissolve Zn(OH), but not Ni(OH),.
. Dissolve Na,CrO4 but not AI(OH)s.

8. Give the formula for a solid substance in the aluminum-nickel group
which will:
Dissolve in concentrated HCI but will not dissolve in concentrated

-0 Ao o

(3]

a.
HNO;.

. Dissolve in NaOH but not in NH,OH.

. Dissolve in NH,OH but not in NaOH.

. Dissolve in HCI but not in water.
Dissolve in HCI and also in NaOH.
Dissolve in HCl + HNO; but not in HCI.

9. On the addition of NH,Cl and NH,OH to a solution known to contain
only cations of the aluminum-nickel group, a white flocculent precipitate
forms. On further addition of H.S, a black precipitate forms. The combined
precipitate does not dissolve completely in HCI but dissolves completely in
HCl + HNO:s. The resulting solution is green. When this solution is treated
with excess NaOH, then with Na,O,, and filtered, the filtrate is colorless and
the precipitate on the filter is light green. What conclusions can be drawn?

10. On addition of NH4Cl and NH,OH to a solution known to contain
only cations of the aluminum-nickel group, a dark-red precipitate forms. On
further addition of H,S, a black precipitate forms. The combined precipitate
dissolves readily and completely in HCL. The resulting green solution, having
first been boiled with a few drops of concentrated HNO;, gives a reddish-
brown precipitate and a pale-green solution when treated with excess NaOH.
On being treated with Na,O, the solution turns yellow, the precipitate under-
going no change in color. What conclusions can be drawn?

11. A solid material which was known to contain only cations of the
aluminum-nickel group dissolved in HCI to give a green solution. The addi-
tion of NH,Cl and NH,OH gave a white precipitate, and the further addi-
tion of H.S gave a black precipitate. This precipitate was dissolved in
HCl + HNO;. When the solution thus formed was treated with NaOH fol-
lowed by Nay0., a colorless solution and a reddish-brown precipitate were
formed. This precipitate was found to be soluble in either HCl or HNO;.
What conclusions can be drawn?

12. A colorless solution known to contain only cations of the aluminum-
nickel group was divided into three parts which were treated, respectively,
as follows:

a. To one part NaOH was added, slowly and with constant stirring.
A light-colored precipitate formed, part of which redissolved in an excess of
NaOH. The solution was centrifuged and decanted. The precipitate was ob-
served to darken on standing exposed to the air.

"o a0 o



106 THE ALUMINUM-NICKEL GROUP Ch5

b. The second part gave no precipitate on being treated with NH,Cl
and NH,OH.
c. The third part gave a light-colored precipitate when treated with
NH,CI, NHOH, and H.S.
What conclusions can be drawn?

13. Using as few operations as possible, how test for the following?
a. Zn** in a solution known to contain Nit+.
b. Mn** in a solution known to contain Co**+ and Cl~—.
¢. Al*** in a solution known to contain Cr++,
d. Fet* in a solution known to contain Fet++,
e. Nitt in a solution known to contain Fe**.

14. How would you distinguish, by means of one reagent, between the
following? (Tell what happens to each substance.)

a. Solutions:
Na3zAlO; and AI(NO3); FeCl; and FeCl,
CrCl; and NiCl, FeCl; and Na,CrO,
MnCl,; and ZnCl, Zn(NH;)4Cl; and ZnCl,
AlCl; and ZnCl, ZnCl; and BaCl,

b. Solids:
ZnS and CoS Al(OH); and Mn(OH),
Ni(OH); and Cr(OH); MnO; and Fe(OH);
MnS and NiS Zn(OH),; and AI(OH);

Na,S and ZnS CuS and FeS
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CHAPTER 6
The Barium-Magnesium Group

AFTER THE REMOVAL of the preceding groups, the ions of
barium, calcium, magnesium, potassium, sodium, and am-
monium remain in the solution being analyzed. Barium and
calcium are members of the barium group. The remaining
four will be called the magnesium group.

The separation of barium and calcium ions from the cations
of the magnesium group depends on the fact that in an alka-
line solution containing excess NH * ions, calcium and barium
are precipitated as CaCO; and BaCO; by (NH,),CO;, whereas
magnesium, sodium, and potassium’ ions remain in solution.

Procedure 22: Precipitation of calcium and barium

If the solution to be analyzed is a barium-magnesium group
“known”’ or “unknown,” follow Method (A), below. If the
decantate from Procedure 15 is being analyzed, follow (B).

(A) Place 6 drops of the solution to be analyzed in a test
tube and add 10 drops of cold water (see Note 1). Then add
4 drops of 2N NH,Cl, mix thoroughly, make alkaline with
15N NH,OH, and add 4 drops of 4N (NH,).CO;. When pre-
cipitation is complete, centrifuge and decant, saving the de-
cantate for Procedure 25. Wash the precipitate (CaCO;,
BaCO;) three times with cold water and analyze according
to Procedure 23.

(B) Place the decantate from Procedure 15 in a casserole,
evaporate to a volume of 7-8 drops, transfer to a test tube,
and centrifuge. Decant into a casserole, discarding any pre-
cipitate. Add 2 drops of 6N HCI; then evaporate the solution
to dryness and bake until all ammonium salts are driven off.
Cool. Then add 15 drops of hot water and stir for 1 minute.
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Transfer the solution to a test tube; if the solution is clear,
proceed as directed in the second sentence of (A). If the solu-
tion is not clear, then centrifuge, decant the clear supernatant
liquid into a test tube, and proceed with it as directed in the
second sentence of (A).

Notes

1. If the barium-magnesium group ‘‘unknown” is issued in the
form of a finely divided solid, proceed as follows: Place in a test tube
as much of the solid as can be carried on % in. of the tip of the spat-
ula. Add 3—4 drops of 6N HCl, warm gently, and then add 10-12
drops of water. Mix thoroughly and heat carefully until a clear solu-
tion is obtained. Proceed with the analysis of the solution as directed
in the second sentence of Procedure 22(A).

If the solid unknown is not finely divided when received, the entire
sample should first be pulverized in a clean mortar.

2. Concentrating the solution before the precipitation of the
barium group precipitates out, as sulfides or hydroxides, any cations
of preceding groups which might be present in the decantate from
the aluminum-nickel group.

3. The decantate from the aluminum-nickel group contains a large
excess of ammonium salts. Because CaCO; and BaCQj; are appre-
ciably soluble in the presence of large amounts of these salts, the lat-
ter are removed by sublimation.

4. Since CaCO; and BaCOj; are somewhat soluble in water, they
must be precipitated from relatively concentrated solutions. Dissolv-
ing the residue left after baking, in 15 drops of water, gives a suffi-
ciently concentrated solution.

5. If no residue remains in the evaporating dish after the ammo-
nium salts are sublimed, then barium, calcium, magnesium, sodium,
and potassium are absent.

6. NH,CI is added to prevent the precipitation of magnesium as
Mg(OH), or MgCQ;. The role of NH,CI in preventing the precipita-
tion of Mg(OH): is discussed in Note 4 of Procedure 15. The preven-
tion of the precipitation of MgCOj; is probably more involved. One
possible interpretation is the following: MgCO; will not precipitate
if the concentration of CO3— ions is kept sufficiently low. A high con-
centration of NH,+ ions decreases the ionization of NH,OH, thereby
producing a lowered concentration of OH— ions in Equation (a),
below. Lowering the OH— concentration causes the equilibrium point
in the reaction of CO;— ions (from (NH,),CO;) with water to be
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shifted to the right. Shifting the equilibrium point of Equation (b) to
the right reduces the concentration of CO;— to the point where
MgCO; does not, precipitate.

(a) NH,OH 2 NH,+ 4+ OH-,
(b) CO;— + H,0 @ HCO;~ + OH-.

SEPARATION OF BARIUM FROM CALCIUM

Calcium chromate is soluble in dilute acetic acid. Barium
chromate is insoluble. Upon these facts is based the separation
of barium ions from calcium ions.

Procedure 23. Separation and detection of barium

Dissolve the precipitate from Procedure 22 in 2-3 drops of
1.5N HCIl. Make just alkaline with 15N NH,OH (see Note 1);
then make just acid with 5N HC,H;0, and then add an excess
of 1 drop of 5N HC,H;0, and 4 drops of cold water and mix
thoroughly. Add 1 drop of N K,CrO,. If no yellow precipitate
forms, barium is absent; in that case analyze the solution for
calcium according to Procedure 24. If a yellow precipitate
(BaCrO,) forms, barium is present; in that case add more
K.CrO, until precipitation is complete. Centrifuge and de-
cant, saving the decantate for Procedure 24. Wash the pre-
cipitate three times with hot water, dissolve it in 2 drops of
6N HCI], and make a flame test as directed in Note 2. A green
coloration to the flame further proves the presence of barium.

NoTES

1. A white precipitate, Ba(OH), and Ca(OH),;, may form when
NH,OH is added. This precipitate will redissolve in HC,H;0,.

2. Directions for making a flame test: Seal a 2-in. piece of platinum
wire into one end of a 5-in. piece of glass tubing. This platinum wire
will serve for all subsequent flame tests. Clean the platinum wire by
alternately heating it to redness and thrusting it into concentrated
HCI contained in a test tube until it gives no coloration to the non-
luminous flame of the Bunsen burner.

Dip the clean platinum wire into the solution or precipitate to be
tested; then hold it in the nonluminous flame and note any coloration.
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The following ions give characteristic flame colorations: barium,
green; borate, pale green; calcium, orange red; copper, green; potas-
sium, violet through blue glass; sodium, yellow.

3. Since the chlorides of metals are in general more readily volatil-
ized than other salts, chlorides are used in making the flame test.

4. The concentration of the acid present when barium is precipi-
tated as BaCrQy4 is very important. If the acid concentration is too
high, BaCrOQ, will not precipitate. If the concentration is too low,
CaCrO, will precipitate.

5. Since CaCrO, may precipitate because of faulty acid concentra-
tion, it is desirable to verify barium by means of the flame test. The
brilliant green of barium is readily distinguished from the orange-
red calcium flame.

Procedure 24: Detection of calcium

Make the decantate from Procedure 23 (or, if barium is
absent, the solution from Procedure 23) just alkaline with
15N NH,OH; then add 4-5 drops of 0.5N ammonium oxalate
[(NH,);C.04]. A white precipitate (CaC,0,) proves the pres-
ence of calcium. Centrifuge and decant, discarding the de-
cantate. Wash the precipitate three times with hot water,
dissolve it in 6N HCI, and run a flame test as directed in
Note 2 of Procedure 23. An orange-red flame further proves
the presence of calcium.

NoTEs

1. Barium, if not completely removed in Procedure 23, would pre-
cipitate as white crystalline BaC,0,. Consequently, it is desirable to
confirm calcium by the flame test.

2. Strontium, if included among the cations, would be present in
the decantate from Procedure 23. The separation of strontium from
calcium and the subsequent identification of strontium and calcium
is presented in the reference texts listed at the end of Chapter 2.
Strontium falls in periodic Group IIa, between calcium and barium.
The chromates and sulfates of strontium are a little less soluble
than those of calcium and a little more soluble than those of barium.
The carbonates of all three metals are almost equally insoluble. The
oxalates of strontium and barium are equally insoluble, but caleium
oxalate is somewhat more insoluble than the other two. By taking
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advantage of the solubility differences of the chromates, sulfates, and
oxalates noted above, a fairly satisfactory separation of barium,
strontium, and calcium can, with good technique, be accomplished.
Since strontium is not a common metal and since the technique re-
quired for its separation is exacting, it has been omitted from the
present scheme of analysis.

Procedure 25: Separation and detection of magnesium

Treat the decantate from Procedure 22 with 2 drops of 2N
(NH,):S04 and 2 drops of 0.5N ammonium oxalate, heat to
boiling, cool, centrifuge, and decant, discarding any precipi-
tate. Save one half of the decantate for the detection of so-
dium and potassium, Procedure 26; treat the other half with
2 drops of 2N NH,Cl, 1 drop of 15N NH,OH, and 3-4 drops
of NaHPOj solution. A white precipitate (MgNH.PO,) shows
the presence of magnesium (see Note 1). Centrifuge and de-
cant, discarding the decantate. Wash the precipitate three
times with hot water, dissolve in 2-3 drops of 1.5N HCI, and
then add 1 drop of ‘“magnesium reagent.” Then add 8N
NaOH, with constant mixing, until the solution is distinctly
alkaline. A blue “lake” (flocculent precipitate) proves the
presence of magnesium.

NoTes

1. The precipitate of MgNH,PO, sometimes forms very slowly. If
a precipitate does not form at once, heat to boiling, cool, and allow
to stand for 1 minute. If no precipitate forms, magnesium is absent.

2. Since CaCO3 and BaCO; are slightly soluble in alkaline solution,
small amounts of calcium and barium may be present in the alkaline
filtrate from Procedure 22. All calcium and barium must be removed
before the confirmatory test for magnesium is made; otherwise they
will precipitate as Bas(PO;): and Cas(PO,).. Since BaSO, and CaC.0,
are highly insoluble, barium and calcium ions will be removed if the
solution is treated with (NH4):S04 and (NH,),C:0s.

3. Since the oxalates of most metals are quite insoluble, the addi-
tion of (NH,4),C;04 and (NH,),;SO, will not only remove barium and
calcium ions but will also precipitate any other metallic ions that may
have failed to precipitate completely in preceding groups. The re-
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moval of these metallic ions is imperative, since they, like Bat+ and
Catt, form insoluble phosphates which might be mistaken for
MgNH,PO,. Magnesium oxalate is quite soluble and does not pre-
cipitate.

4. The white precipitate of magnesium ammonium phosphate is
formed as follows:

MgCl, + Na,HPO, + NH,OH = MgNH,PO, 4 2NaCl + H:0.

Since MgNH,PO, is slightly soluble in warm water, the solution
should be cooled.

5. Since phosphates of other metals besides magnesium may pre-
cipitate at this point, it is necessary to show that the precipitate is a
magnesium compound. The special magnesium reagent is a solution
of the complex organic dye ortho-para-dihydroxy azo-paranitroben-
zene. It forms a blue precipitate or “lake’”’ with very small amounts
of magnesium ion. (A “lake” is formed when a dye is adsorbed by a
precipitate.) Nickel and cobalt ions, if present, form similar blue
lakes. Excess of ammonium ion reduces the sensitivity of the test by
interfering with the formation of the lake.

DETECTION OF SODIUM AND POTASSIUM

Since sodium and potassium form very few insoluble com-
pounds, their separation by precipitation reactions is com-
paratively difficult. For this reason they are detected in the
presence of each other. They can also be detected by means
of their characteristic flame tests.

Procedure 26: Detection of sodium and potassium

LEvaporate the remaining half of the decantate from Proce-
dure 25 to dryness and bake in the casserole until all NH,Cl
has sublimed off. Cool, treat with 1 drop of 6N HCI, and make
a flame test. A fluffy yellow flame proves the presence of
sodium. A reddish-violet coloration of short duration, when
viewed through blue glass, proves the presence of potassium.

Add 5-6 drops of water to the solution in the casserole and
mix thoroughly. Place 3 drops of this solution in a test tube,
add 6 drops of zinc uranyl acetate solution, and mix thor-
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oughly. A yellow crystalline precipitate, NaZn(UO,)3(C.H;0,)s,
proves the presence of sodium.

Evaporate the solution remaining in the casserole to dry-
ness, cool, add 4-5 drops of water, mix thoroughly, transfer
to a test tube, and acidify with 5N HC,H;0.. Add an equal
volume of sodium cobaltinitrite solution, mix thoroughly,
and warm gently. A yellow precipitate, K;NaCo(NO;)s,
proves the presence of potassium.

NorEs

1. Ammonium salts sublime when heated and consequently make
it difficult to detect the color of the sodium and potassium flames.
Hence their removal by sublimation.

2. Sodium is commonly present as an impurity in many commercial
salts. Also, it is introduced as impurity in the course of the metal
analysis. For this reason a yellowish flame is almost invariably ob-
tained. Sodium should not be reported unless the yellow flame is
genuinely fluffy and strong. In case of doubt compare the intensity
of the yellow flame with that given by a solution of common salt or
sodium carbonate. When analyzing salts, a flame test should be run
on a bit of the original solid moistened with HCI.

3. A green flame appears violet red when viewed through the blue
glass. For this reason barium, copper, and borate ions must be absent
when the flame test for potassium is made.

4. The glowing of the red-hot platinum wire must not be mistaken
for a potassium test. Potassium, if present, will give a violet colora-
tion to the flame the moment the wire is introduced.

5. The exact composition of zinc uranyl acetate has not been de-
termined. The composition of the yellow crystalline precipitate has,
however, been determined.

6. The yellow precipitate, potassium sodium cobaltinitrite is
formed as follows:

2K+ + Nat + CO(N()z)e—'—_ = KzNﬂCO(NOz)s.
DETECTION OF AMMONIUM SALTS

When an ammonium salt is heated with a strong base,
ammonia gas is evolved. This fact is the basis for the detection
of ammonium. Since NH,Cl, as well as other ammonium salts,
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is added at various points in the cation analysis, the test for
ammonium must be made on a sample of the original material.

Procedure 27: Detection of ammonium

Place 5 drops of 8N NaOH solution in a test tube. Add 5
drops of the solution to be tested, or a pinch of the solid to be
tested. Warm gently but do not boil. The evolution of NH;
gas, detected by its odor or by its reaction to a piece of moist
red litmus held close to the end of the tube, proves the pres-
ence of ammonium compounds.

Note
Ammonia gas is evolved according to the following equation:

NH,Cl 4+ NaOH = NaCl 4+ H.0 + NH;.

Questions

1. Using the scheme of analysis as a guide, write equations for all reac-
tions that take place in the precipitation and analysis of the barium-magne-
sium group.

2. How account for the fact that there are no oxidation-reduction
reactions in the barium-magnesium group?

3. Upon what fact or facts are the following based?
a. The separation of calcium and barium ions from magnesium, potas-
sium, and sodium ions. '
b. The separation of barium ions from calcium ions.
c. The confirmatory test for ammonium ions.

4. In the precipitation and analysis of the barium-magnesium group:

a. Why add NH.Cl and NH,OH before precipitating CaCO; and
BaCOs?

b. Why run a flame test on the original solid?

¢. Why add a limited amount of dilute HC,H30, before precipitating
barium as BaCrO.?

d. Why convert barium and calcium to chlorides before making the
flame tests?

e. Why sublime off NH, salts before precipitating barium and calcium
as carbonates?

f. Why precipitate barium and calcium as carbonates from a fairly
concentrated solution?

g. Why add (NH,):80, and (NH;).C.0; to the decantate from the
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barium-group precipitation before making the confirmatory test for mag-
nesium?
h. Why test for ammonium on a sample of the original material?

5. How would you distinguish between the following solids?
a. NH,Cl and NaClL. c. BaCl; and CaCl..
b. MgCO:g and KzCOs. d. (NH4)20204 and NH4CI

6. A solution known to contain only cations of the barium-magnesium
group gave a white precipitate when treated with NH,OH and (NH,),COs
but gave no precipitate when treated with NH,Cl, NH,OH, and (NHj).COs.
What conclusions can be drawn?

7. How would you test for:
a. Mg*™ in a solution known to contain Cat+?
b. K* in a solution known to contain Bat+?
c. Ca*tin a solution known to contain Bat+?
d. Ba** in a solution known to contain Mg**+?

8. Suppose you have discovered a new metal. What properties of the
metal or of its compounds must you know in order to determine its proper
place in the scheme of analysis for metallic ions?
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CHAPTER 7
The Analysis of Alloys

WHEN TWO or more metals are melted together and the
resulting liquid is cooled until completely solidified, the solid
product is called an alloy. Alloys look like metals, behave very
much like metals, and are used for much the same purposes.
The physical properties of an alloy, such as melting point,
hardness, malleability, ductility, tensile strength, coefficient
of expansion, and conductivity, are different from the corre-
sponding properties of the component metals. Furthermore,
for an alloy prepared from a certain combination of metals,
these properties will vary with the composition of the alloy
and the particular treatment it receives. Metals such as iron,
copper, aluminum, and magnesium are versatile materials for
building machines, machine parts, utensils, tools, and struc-
tures of all kinds. Alloys are even more versatile. It is possible,
by bringing together the proper metals in the proper propor-
tions, to get alloys with almost any property desired. As a
result, hundreds of alloys are in use, each with its own set of
desirable properties. Some alloys, such as brass (copper and
zinc), bronze (copper and tin), and monel metal (nickel, cop-
per, and iron) are used in a wide variety of products, whereas
others, such as invar (iron and nickel), have very specific
uses.

Rare metals, such as molybdenum, tungsten, vanadium,
and cerium, are often found in iron alloys, being intentionally
introduced to give certain desirable properties to the steel.
Stainless steels contain notable amounts of chromium.

Amalgams are alloys in which mercury is one of the metals
used. Since most of the metals are soluble in mercury, a com-
mon method of preparing amalgams is that of simple solution
of the metal in liquid mercury.
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The table below lists a few of the more common alloys. The
compositions given are in most instances only approximate;
even an alloy as standard as sterling silver may show slight
variations in the per cent of silver and copper.

CoMPOSITION OF SOME IMPORTANT ALLOYS

Name

Aluminum brass.
Aluminum bronze
Babbitt metal .
Bell metal (bronze
Britannia. .
Brass... ...
Duralumin.
German silver.
Invar... . .
Magnalium. . ..
Manganese bronze
Monel metal.
Nichrome .
Nickel coins. .
Pewter.

Solder (medium)
Sterling silver. . .

Composition (percentage)

.. Cu 68-70, Zn 27-31, Al 1-3
.. Cu90, Al 10
. Sn 70-90, Sb 7-24, Cu 2-22
. Cu 75-80, Sn 20-25
. Sn 90-95, Sb 5-10, Cu 1-3
. Cu 65-75, Zn 25-35

Al 95.5, Cu 3, Mn 1, Mg 0.5

. Cu 55, Ni 20, Zn 25
_ Fo 64, Ni 36

~ AL 90-94, Mg 6-10

. Cu 56, Zn 41, Sn 0.5, Fe 1, Mn 0.5, Al 1

Ni 72, Cu 26.5, Fe 1.5
Ni 60, Cr 40

. Cu 75, Ni 25

. Sn 85-90, Sb 10-13 (Pb) (Cu) (Bi)
. Pb 50, Sn 50

. Ag92.5, Cu 7.5

Type metal. ...... . Pb 60-85, Sb 8-20, Sn 5-35
Wood’s metal............ Bi 38, Pb 31, Sn 15, Cd 16

The analysis of an alloy involves two separate steps; first,
a qualitative analysis to determine what metals are present,
then a quantitative analysis to determine the exact percentage
of each of the component parts. This chapter is concerned
only with the qualitative analysis.

Nonmetals are frequently found in alloys, sometimes as
impurities, sometimes added intentionally to give the alloy
certain properties. Phosphorus in bronze, where it is present
as a metallic phosphide, gives hardness to that alloy. Silicon
in certain cast irons may be present to the extent of 15 per
cent. Iron-silicon alloys are especially resistant to acid corro-
sion. The qualitative analysis of an alloy may therefore in-
volve not only the detection of the metals but also of such
nonmetals as silicon, carbon, phosphorus, and sulfur. The
procedures outlined in this chapter, however, include only
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the separation and identification of the metallic constituents
of an alloy.

Procedure 28: Dissolving an alloy

Place a quantity of the alloy about one-eighth to one-tenth
the volume of a drop of water in a casserole (see Note 1). Add
3 drops of 16N HNO; and 12 drops of 12N HCIl, and boil
gently under a hood. Replenish the acids in the ratio of 1 drop
of 16N HNO; to 4 drops of 12N HCI as fast as the liquid boils
away, continuing the boiling until the alloy is completely dis-
solved (see Note 2). Then add excess 16N HCI and boil until
no more NO, or Cl, is evolved; finally, evaporate to a volume
of about 8 drops, add 5 drops of water, and allow to cool. If
no precipitate is present in the solution in the casserole, silver
is absent and lead is probably absent; then proceed with the
analysis as directed in the second sentence of Part (A) of Pro-
cedure 5. If a white precipitate is present in the solution in
the casserole, proceed as follows: transfer the contents of the
casserole to a test tube, cool under the tap, centrifuge, and
decant. Analyze the precipitate as directed in Procedure 2
and analyze the decantate as directed in Procedure 5(B).

NoTtes

1. Commerical alloys are usually found in the form of castings,
machined articles, instrument parts, rods, plates, bolts, wire, and so
on. When an alloy is to be analyzed, a small amount is filed off or a
hole is drilled in the specimen, or a sample is machined on a lathe or
milling machine and the filings, drillings, borings, turnings, or mill-
ings thus obtained are subjected to analysis. The alloys to be analyzed
in this course will usually be issued in the form of such filings, drill-
ings, borings, turnings, and millings. Some of the alloys are authentic
commercial specimens; some are synthetic products prepared solely
for the purpose of giving the student experience in alloy analysis.

2. Dissolving an alloy is often a very slow process requiring long
boiling and numerous acid replenishings. If the alloy appears to be
partly or wholly insoluble, the instructor should be consulted.

3. The mixture of HCl and HNO; used for dissolving the alloy is
known as aqua regia. Its powerful solvent action is probably due to
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the liberation of chlorine; it will dissolve all metals, converting them
to their chlorides (see Note 3, Procedure 7):

2HNO; + 6HCl = 2NO + 4H,0 + Cl,
Cu + Clz = CuClz
Hg + Cl, = HgCl,

Sn + 2012 = SDCL;
2Fe + 3Cl, = 2FeCl;
28b + 5Cl; = 2SbCl;
2As + 5Cl; = 2AsCl;

4, Silver chloride is insoluble and will, accordingly, be present in
the casserole as a white curdy residue. Lead chloride is only sparingly
soluble and, unless present in very small amounts, will be found in
the casserole as a white crystalline precipitate.

5. Aqua regia, being a powerful oxidizing agent, will oxidize mer-
cury to its high valence. Consequently, no Hg,Cl, will precipitate,
even though mercury is present in the alloy. Tin, iron, and arsenic,
like mercury, will be converted to their high-valenced chlorides.

6. Hot concentrated HNOj3, alone, will react with all of the metals
that are considered in this course. Antimony and tin are converted
to white, insoluble Sb.Os and SnQO,, respectively, whereas arsenic
forms soluble arsenic acid, H3AsOs. The other metals are all con-
verted to soluble nitrates:

Sn + 4HN03 = Sn02 + 4N02 + 2H20

28b + 10HNO; = SbyO; 4+ 10NO. + 5H,0
As + 5HN03 = H3ASO4 +5N02 + HzO
Cu + 4HNO; = Cu(NO3); + 2NO, + 2H;0
Fe 4+ 6HNO; = Fe(NO;); + 3NO. + 3H.0
Hg + 4HNO; = Hg(NO3), + 2NO,; + 2H-0.
Ag + 2H NO; = Ag NO; + NO., + H,O.

Less concentrated HNO; will yield colorless NO rather than brown
NO,. However, when NO comes in contact with air it is converted to
brown NO,:

3Cu 4 8HNO; = 3Cu(NO;): + 4H:0 + 2NO,
2NO + O, 2NO,.

Sn0O, and SbyO; will dissolve in HCI to form SnCly and SbCl;. A
scheme of alloy analysis using HNOj; alone as the initial solvent can
be worked out; such a scheme is, however, not as satisfactory for all
alloys as is the present one using aqua regia.

7. Sodium, potassium, calcium, and barium are seldom found in

[
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commercial alloys. Alloys containing these metals react with water
to evolve hydrogen:

2Na + 2H2() = QNQOH + Hz.

Since ammonium exists only as a radical, there obviously is no such
thing as a stable ammonium alloy.

8. The color of the solution obtained when an alloy is dissolved in
aqua regia may give valuable clues as to the metals present. As has
been noted already, the following metals form colored chlorides:
CuCl,, green; FeCl;, yellowish brown; CrCl;, green; NiCl,, green;
CoCl, reddish pink or blue; MnCl,, faint pink.

9. It will be noted, in the equations given in Notes 3, 6, and 7, that
the metals in an alloy react exactly as if they were separate pure
metals. These reactions might lead to the conclusion that an alloy is
simply a mixture of metals. Some alloys are, in fact, very intimate
mixtures. In a great many alloys, however, the component metals
exist as compounds. In general it may be stated that most alloys are
very complex. in structure.

Questions

1. Show by means of outlines the complete analysis of alloys containing
the following metals:
a. Sn, Ag, Cu, Fe, Zn, Mg.
b. Pb, Hg, Bi, Mn, Al
¢. As, Sb, Cd, Ni, Cr.

2. Show, by appropriate equations, what happens when each of the fol-
lowing is dissolved in aqua regia: mercury, iron, copper, tin, arsenic, anti-
mony, chromium, silver.

3. Show, by appropriate equations, what happens when each of the
following is treated with hot concentrated HNOj: arsenic, antimony, tin,
mercury, lead, silver, iron, copper.

4. Using the simplest chemical method possible, how distinguish between
the following metals?
. Tin and zinc.
. Nickel and silver.
Iron and antimony.
. Arsenic and antimony.
. Lead and bismuth.
Magnesium and zinc.
. Chromium and nickel.

-0 Q0T

o

6. Using the simplest method possible, how determine whether an alloy
is brass (Cu-Zn) or bronze (Cu-Sn)?
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6. An alloy showed the following behavior:
a. It was attacked by HNO; to give a colorless supernatant liquid and
a finely divided white residue. This residue was soluble in HCI.
b. It was attacked by aqua regia to give a colorless solution and a
white, curdy residue.
c. It was not acted upon by water.
What conclusions can be drawn?

7. An alloy was found to be completely dissolved (a) by cold moderately
concentrated HNOs, (b) by cold dilute HCI, and (c) by cold dilute H:SO;.
In each case it gave a colorless solution with no precipitate. What conclusions
can be drawn?
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CHAPTER 8

Preliminary Tests for Anions

To the student: Up to this point you have learned how to separate
and identify the cations (metallic ions) and you have applied this
information to the analysis of four group unknowns and an alloy. The
next unknown that you will analyze will be a single salt or a mixture
of salts. To analyze a salt, you must identify the anions (acid radicals)
as well as the cations. Consequently, before you can proceed with the
analysis of your first salt or salt mixture you must learn how to iden-
tify the anions. To aid you in learning how to identify the anions,
you will perform Experiments 1, 2, 3, and 4 as described on pages
137, 140, 144, and 150.

When you have performed these experiments and have acquainted
yourself with the discussion relating to these experiments you will be
ready to proceed with the analysis of your first salt according to the
directions given in Chapter 10.

The complete analysis of a salt or mixture of salts calls for
identification of the anions (acid radicals) as well as the cat-
ions (metallic ions). The separation and identification of the
cations has been presented in Chapters 3, 4, 5, 6, and 7. The
identification of the anions will be presented in this chapter
and in Chapter 9.

Only the following 13 anions will be considered: acetate,
C,H;0,~; nitrate, NO;~; chloride, Cl~; bromide, Br~; iodide,
I-; sulfide, S—; sulfate, SO,~; sulfite, SO;—; carbonate,
CO;=—; chromate, CrOs—; phosphate, PO,—"; arsenate,
AsO,; borate, BO,~ or BO;/ . This list represents less
than one-third of the anions that one might encounter in a
course in general chemistry; it does, however, include the
more common ones, and the methods and principles used in
the identification of these 13 will serve to illustrate the meth-
ods and principles used for the identification of all others.

The detection of the cations was accomplished by a very
logical sequence of procedures involving, first, separation
*and, second, identification. The detection of the anions does

134
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not proceed in quite the same way; that is, it does not consist
of a methodical sequence of separations and identifications.
Instead it proceeds as follows: First, the material being ana-
lyzed is submitted to a series of so-called ‘“‘preliminary tests.”
As a result of these preliminary tests, certain of the anions
may be shown definitely to be absent. That is, the prelimi-
nary tests may eliminate certain of the anions, thereby paring
down the number of possibilities from thirteen to some lesser
number. Next, specific tests are carried out, on small samples
of the material, for those anions not definitely eliminated in
the preliminary tests. Although this sequence of preliminary
tests and specific tests is not quite as well ordered as the pro-
cedures for cation analysis, it proceeds very logically and
makes possible a rapid and systematic identification of the
anions.

The preliminary tests for anions will be presented in this
chapter. The specific tests for the anions will be presented in
Chapter 9. The complete analysis of salts and salt mixtures,
for anions and cations, will be discussed in Chapter 10.

The three preliminary tests that are used for the elimina-
tion of anions are:

1. Treatment of the solid unknown material with concen-
trated H,SO,.

2. Treatment of a solution of the anions with silver nitrate.
This is commonly referred to as the group test for the hydro-
chloric acid group.

3. Treatment of a solution of the anions with barium chlo-
ride. This is commonly referred to as the group test for the
sulfuric acid group.

TREATMENT OF THE SOLID WITH CONCENTRATED
H:SO,

When dry salts of each of the 13 acids are treated with con-
centrated sulfuric acid, certain very characteristic reactions
are noted. These reactions, together with the changes that
are observed, are summarized in the following table.
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A. REeactioNs oF Saurs witH CoLp CoNceEnNTrRATED H,SO,

Anion Observation
C,H;0,~ No evidence of reaction
SO, No evidence of reaction
PO,  No evidence of reaction
BO;—- No evidence of reaction
AsO,— No evidence of reaction
NO;~ No evidence of reaction
Cl- Effervescence. The gas
evolved is colorless, has
sharp odor, fumes in moist
air, turns blue litmus red
Br- Effervescence. The gas
evolved is brown, has char-
acteristic sharp odor, fumes
in moist air, turns blue lit-
mus red
I- Effervescence. Solid turns
dark brown instantly, slight
evolution of gas which
fumes in moist air, odor of
H.S, violet fumes of iodine
S Effervescence. Odor of H.S
gas, free sulfur deposited
COy~- Effervescence. Colorless,odor-
less gas
S0, Effervescence. Colorless gas
with a sharp choking odor
CrO¢—  Color changes from yellow to

orange red

Equations

NaCl + H:S04 = NaHSO, + HCl

NaBr + H.S0, = NaHSO, + HBr
H:504 + 2HBr = 2H;0 + SO, +
Bl‘g

Nal + H;S0, = NaHSO, 4+ HI
H.S0, 4+ 8HI = H,S + 4H,0 + 41,
H:SO04 4+ 2HI = 2H,0 4+ SO, + I3

ZDS + HzSO¢ = ZDSO4 + st

HS0, + HsS = 2H.0 + S0, + S

Na;CO; + H.S0¢ = Na.S0¢ 4+ H.0
+ CO:

N&zsoa + HzS()4 = NMSO& + HzO
+ SO,

2chr04 + H2SO( = KzCl'xO1 + Hzo
+ K280,

B. Reacrions oF Sauts witH Hor CoNCENTRATED H.SO,

1. Sulfates, phosphates, borates, and arsenates show no reaction on being
heated with H;SO,.
2. Nitrates give brown fumes of NO; when heated with H.S0;:

NaNO; + HzSO4 = N&HSOA + HNO:
When HNO,; is heated, a part of it decomposes as follows:
4HNO; = 2H;0 4 O3 4+ 4NO: (brown gas).

3. Acetates yield acetic acid when warmed with H,SO,. The acetic acid has
the characteristic odor of vinegar.

ZNaCzHaOz + HzSOc = NBaSO; + 2HC¢H:O:

4, Chlorides, bromides, iodides, sulfides, carbonates, sulfites, and chromates
show no additional reactions on being heated.
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Experiment 1: Treatment of a solid salt of each anion with H,SO,.
On the reagent shelf will be found solid salts of each of the 13 acids
for which tests are to be made. Treat a pinch of the solid salt of each
of them with concentrated sulfurie acid as directed in Procedure 29.
Note exactly what happens in each case, record your observations in
the table below, and compare these observations with those given in
the preceding table. Write the equations for the reactions that take
place. Have the results of this experiment approved by your instruc-
tor before proceeding with the next experiment.

Salt Observations Equations
NaNO:;

NaCl

NaBr

Nal

ZoS

Na,CO;

Na,80;

Na,CrO4

Na,S0,

NaBO.

N33P04

Na;AsO;

NaC:H302
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Procedure 29: Treatment of the solid material with
concentrated H:SO,

Place in a small test tube as much of the solid as can be car-
ried on # in. of the tip of the spatula. Add one or two drops
of 36N H.SO,. Notice everything that happens, particularly
the color and odor of escaping gases. (Do not place your nose
over the mouth of the test tube but fan any gas toward your
nose held a few inches away.) Then heat, but not so strongly
that the H,SO, is boiled, and note what happens. Finally heat
the sides of the test tube over its entire length and note
whether or not brown fumes (NO,) are formed (see Note 3).

List all anions whose presence or absence is indicated by
this test.

NoTEs

1. The reactions observed when single salts are treated with con-
centrated HySO, are usually very definite and easy to interpret. How-
ever, when a mixture of salts is treated with H,SOs, the observations
may be both indefinite and misleading because the reactions of one
salt may completely mask other reactions. Thus, if iodides are present
their very violent reactions with H,SO; may cover up the presence
of all other anions. Likewise, bromides may cover up everything
except iodides and chromates.

2. If only small quantities of certain salts, such as chlorides, ni-
trates, acetates, and sulfides, are present, treatment with sulfuric
acid may show no definite reaction. For this reason, the eliminations
of anions made on the basis of this test should not be considered as
absolutely final.

3. Nitric acid decomposes only at relatively high temperatures.
Furthermore, it is most readily decomposed by heating its vapors.
Consequently, the test tube is heated over its entire length. If only
small quantities of HNOQ; are present, it may be necessary to look
down into the test tube in order to observe the brown fumes. When
looking into the test tube do not hold it closer than 18 in. from the
eye.

4. When concentrated sulfuric acid comes in contact with moisture,
a strongly exothermic reaction takes place. This may result in the
evolution of steam accompanied by sputtering if the sample is moist.
Care should be taken not to mistake this effect for effervescence.
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TREATMENT OF A SOLUTION OF THE ANIONS
WITH AgNO;

The silver salts of all thirteen anions except nitrate, acetate,
and sulfate are insoluble in water. These insoluble silver salts
have the following characteristic colors: AgCl, white; AgBr,
cream; Agl, pale yellow; Ag.S, dark brown; Ag;AsO,, choco-
late brown; Ag;PO,, yellow; Ag,CrO,, red; Ag.CO;, Ag,SOs;,
and AgBO,, white. AgCl, AgBr, Agl, and Ag.S are insoluble
in dilute HNO;; Ag.CrOy is slightly soluble in dilute HNO;;
Ag;AsO,, AgsPO,, Ag.CO;, Ag,SO;, and AgBO, are soluble in
dilute HNO;. Accordingly, if silver ions, in the form of a solu-
tion of silver nitrate, are added to water solutions containing
the 13 anions, the 10 insoluble silver salts listed above will
precipitate. If each precipitate is, in turn, treated with dilute
HNO;, all but AgCl, AgBr, Agl, Ag.S, and Ag,CrO4 will dis-
solve readily. If the solution containing the anions is acidified
with dilute HNO; before addition of AgNO; only AgCl,
AgBr, Agl, Ag,S, and Ag.CrO, will precipitate; Ag.CrO, will
not precipitate if the concentration of chromate ions in the
original solution is low. The acids HClI, HBr, HI, and H.S,
whose silver salts are insoluble in HNQs, are known as the
hydrochloric acid group.
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Experiment 2: Treatment of a solution of the anions with silver
nitrate.

(A) Place 3—4 drops of a solution of the sodium salt of each of the
anions, respectively, in 13 test tubes. Add a drop or two of 0.25N
AgNO; to each. Note the colors of the precipitates formed. Centrifuge
and decant, saving the precipitate for Part (B). In the following
spaces write the ionic equations for the formation of the precipitates
obtained with AgNQ;. Underline the precipitates and indicate their
colors.

CzHaOz—
NOa_
Cl-

Br-

I-

S__
CO;—
SO;;_
CrO—
BOz—
POf—-
AsO—
SO,—

(B) Attempt to dissolve each of the precipitates obtained in (A) in
2-3 drops of 3N HNO:;. In the spaces below write equations for those
cases in which the silver salts are dissolved by dilute HNOj;. Indicate
gases evolved by an upward arrow.

List the silver salts not dissolved by dilute HNOj;:

Taking into account the results obtained in 2(A) and 2(B), list the
anions which will react with AgNO; to form precipitates in dilute
nitric acid solution.
What name is given to this group of anions?
Have the results of this experiment approved by your instructor be-
fore going on with the next experiment.
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Procedure 30: Treatment of the solution of the anions with AgNQ;

If the salt or mixture of salts is completely soluble in water,
follow (A). If the salt is not completely soluble in water, fol-
low (C).

(A) The salt or salt mizture ts soluble in water (see Note 1
for a scheme of analysis). Place 10 drops of the water solution
in a test tube; then add 3—4 drops of 0.25N AgNO;. If no pre-
cipitate forms, Cl—, Br—, I-, S—, AsO,—, PO,—, CrO,—,
CO;=, SO;7, and BO,~ are shown to be absent. If a precipi-
tate forms, any or all 13 anions may be present; if the precipi-
tate is white, Br—, I=, S—, AsO,—, PO, and CrO,~ are
absent but the others may be present; if the precipitate is
black, all 13 anions may be present, since black will cover up
all other colors. Note the exact color of the precipitate and
try, by means of the list given above, to decide what it is.

Centrifuge and decant, discarding the decantate. Wash the
precipitate in the test tube once with cold water; then treat
it with a few drops of 3N HNO;, and stir. If the precipitate
dissolves completely, Cl=, Br—, I-, and S~ are absent; if the
precipitate is not completely dissolved, one or more of the five
anions just enumerated is present. Note carefully the appear-
ance of the residue and if possible try to decide what it is.

Centrifuge and decant into a test tube. Save the decantate
for Part (B).

(B) Make the decantate from Part (A) just alkaline with
15N NH,OH; then make it just acid with 5N acetic acid and
then add a few drops of 0.25N AgNO;. The following precipi-
tates may form if the required anions are present: Ag.CrO,,
red; AgsAsQ,, chocolate brown; Ag;PO,, yellow; AgBO,,
white.

On the basis of the observations made in (A) and (B), what
anions, if any, are definitely shown to be absent? What anions
are shown to be present?

(C) The salt or salt mizture is not soluble in water. A solution,
for use in this Procedure and also in Procedure 31, must first
be prepared as directed in Procedure 46(C), page 166.
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Place 10 drops of this solution in a test tube, acidify with
3N HNO;, and then add 3-4 drops of 0.25N AgNO;. If no
precipitate forms, then Cl=, Br~, I-, and S— are absent. If a
precipitate forms, it may be AgCl, AgBr, Agl, Ag,S, and
Ag,CrO,. Note carefully the color of the precipitate.

On the basis of the observations made in (C), what anions,
if any, are definitely shown to be absent? What anions are
shown to be present?

Notes

1. The changes that take place in Parts (A) and (B) of Procedure
30 may be represented by the following scheme of analysis.

Cl-, Br-, I-, 8, AsO—-, PO, CrO,——, COs——, S0:——, BOs-, SO, NOy-,
CzH;Oz—
[AEI"IOa]

I ]
AgCl, AgBl', AgI, AgaASO” Agap04, Agch04, AgQS SO‘—_, NOQ_, CszOg—
white cream yellow brown yellow red dark
brown
AgQCOg, Ag2803, AgBOz
white white  white

[BN |HNOa]

I |
AgCl, AgBl‘, AgI, AggS, Ag2Cr0‘ Cl'207__‘ ASO.I—_—, P04_——, SO;_", BOz—
[NH,OH, HC,H,0;, AgNO;]

AgQCrOh Ag;AsO., Ag;PO., AgBOg

2. AgiAsO,, Ag;POy, AgBO,, and Ag;CrOy are soluble in HNOj; and
soluble in NH,OH but insoluble in the weak acid HC,H;0,. Ag,SOs
and Ag.COQj; are soluble in all three of these substances.

3. Agl is insoluble in 15N NH,OH, AgCl is readily soluble, and
AgBr is slowly dissolved.

4, In the presence of HNO;, Ag.CrO, will not precipitate on addi-
tion of AgNO; unless the concentration of CrOs— ions is quite high.
Once Ag,CrO, has precipitated, however, it is only very slowly dis-
solved by HNO;.
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TREATMENT OF A SOLUTION OF THE ANIONS
WITH BaCl,

BaCl;, BaBr;, Bal,, BaS, Ba(C,H;0.).;, and Ba(NO;), are
soluble in water and in alkaline solution. BaSO,, BaSO;,
BaCOQ;, BaCrO,, Ba;(AsOy)., Bas(PO,),;, and Ba(BO.), are
insoluble in water and in alkaline solution. BaSOj is insoluble
in strong acids, such as dilute HNO; or dilute HCI; the other
water-insoluble barium salts are soluble in dilute HNO; or
dilute HCL. These facts are the basis for the use of barium
chloride as a reagent for the elimination of anions.

The anions whose barium salts are insoluble in water
(SO,—, SO;—, CO;—, CrO,—, AsO,—, PO,~—, and BO;")
are commonly referred to as the sulfuric acid group. BaCrQO,
is yellow; the other barium salts are white.
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Experiment 3: Treatment of a solution of the anions with barium
chloride.

(A) Place 3—4 drops of a solution of the sodium salt of each of the
anions, respectively, in 13 test tubes. Make each solution alkaline
with a drop of 5N NH,OH and then add a drop or two of N BaCl, to
each. Note the colors of all precipitates formed. Centrifuge, decant,
and wash twice with cold water. Save each precipitate for Part (B).

In the following spaces write the ionic equations for the formation
of the precipitates obtained with BaCl; in alkaline (NH,OH) solu-
tion. Underline the precipitates and indicate their colors.

CszOz"
N 03—
Cl-

Br-

I_—

S—
COa_
SO;—
CrO—
BOz_
PO4_~
ASO{-—-
SO4_

(B) Attempt to dissolve each of the precipitates from (A) in 4-5
drops of 1.5N HCl.

In the spaces below, write equations for those cases in which the
barium salts are dissolved by dilute HCl. Note in which cases gases
are evolved.

List the barium salts that are not dissolved by dilute HCI.

List the anions which will react with Ba** to form precipitates in
alkaline solution.

What name is given to this group of anions?

Have the results of this experiment approved by your instructor be-
fore proceeding with the next experiment.



Chs TREATMENT WITH BARIUM CHLORIDE 145

Procedure 31: Treatment of a solution of the anions with barium chloride

(See Note 1 for a scheme of analysis.) If the salt or salt mix-
ture is soluble in water, use the water solution; if the salt is
not soluble in water, use the solution prepared as directed in
Procedure 46(C). Place 4-5 drops of this solution in a test
tube, make just alkaline with 5N NH,OH, and mix thor-
oughly. If any precipitate forms (hydroxides of metals),
centrifuge and decant into a clean test tube, discarding the
precipitate. Treat the decantate or solution with 2-3 drops
of N BaCl,. The formation of a precipitate shows the presence
of one or more anions of the sulfuric acid group. A yellow pre-
cipitate proves the presence of chromate; a white precipitate
proves the absence of chromate. Make the mixture acid with
1.5N HCI and stir well. If the precipitate dissolves completely,
the absence of sulfate is proved. If the precipitate is not com-
pletely dissolved by HCI, the presence of sulfate is proved.

NoTEs

1. The changes that take place in Procedure 31 may be represented
by the following scheme of analysis:
Cl-, Br-, I-, 8-, AsO,~—, PO,~—~, CrO,—, CO,~~, SO,~~, BO,~, SO,~~, NO;~»
C.H;0,~
[NH{,OH]

| |
Metal hydroxides  ClI-, Br-, I-, §—, AsO,~—~, PO,~, CrO,—, CO;~~, SO;—,
BO.~, SO,~—, NO,~, C;H;0,~

[BaCl,]
| l
|
BaCrO,, BaSO,, BaCO,;, BaSO,, Cl-, Br~, I, 8=, NO;~, C:H,0,~
yellow  white  white  white
Ba(BO;);, Ba;(AsOy);, Bay(PO,);
white w}:ite white
[HC1]
[ | [
BaSO, Cr,0,, BO,~, AsO,~—, PO,~, 80,~~

(CO. and SO, gases escape)
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2. Since barium borate precipitates very slowly, the absence of a
precipitate in the group test for the sulfuric acid group does not posi-
tively eliminate borates. A specific test for borates should always be
made.

3. Although boron may be present as either the metaborate (BO;™),
the orthoborate (BO;—), or the tetraborate (BsO;—), it is largely
precipitated as the metaborate Ba(BO,),:

2NaBO; + BaCl; = Ba(BO,): + 2NaCl,
2N33B03 + 2H20 "I" B&Clz = Ba(B02)2 + 2NaCl + 4Na()H,
N32B4O7 + HgO + 2Ba,Clz = 2B8(B03)2 + 2NaCl + 2HCI.

4. In preparing a solution for making the preliminary tests for
anions, a water-insoluble unknown is boiled with Na,;COj;. The object
of this procedure is to precipitate all metals except sodium, potas-
sium, and ammonium as carbonates. If they are not removed, they
interfere with the group test for the H,SO4 group. To illustrate the
necessity of removing these metals by precipitation, suppose that
the unknown contains Ca;(PO,),, and suppose it is dissolved in dilute
HCI. In making the test for the sulfuric acid group, the acid solution
must first be made alkaline with NH,OH. As soon as this is done,
Ca3(PO,), precipitates; there will then be no phosphate ions left in
solution and the group test with BaCl, will be negative.

If instead of being dissolved in dilute HCI the above unknown is
boiled with Na,COj3, the Cas(POy), will react as follows:

Caa(PO4)2 + 3N3,2003 = 3C&CO3 + 2N3.3PO4,

most of the Ca;(PO,); being converted into insoluble CaCO;. On
centrifuging and decanting, all the calcium will be found in the pre-
cipitate as CaCO; and Caz(POy)., whereas, most of the phosphate will
be present in the decantate as the phosphate ion. When the decantate
is now made alkaline with NH,OH, no precipitate will form, since
all the calcium ions have been removed. On addition of BaCly, a
white precipitate of Bas(PO,), will form.
Insoluble salts of other metals will behave like Ca3(POy)s:

BaSO4 + N&zCOa BaCOs + NBaSOA;,
MnS + Na,CO; = MnCO; 4 Na,S,
2AgCl + Na,CO; = Ag,CO; + 2NaCl.

5. The solution prepared by boiling a water-insoluble salt with
sodium carbonate also contains a large amount of the Na,CO; used
in preparing this solution. This Na;CO; must be destroyed; otherwise
it will react with the BaCl; when the group test for the H,SO, group
is made:
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B3012 + Nazco,; = BaCOa + 2NaCl,

and a precipitate of BaCO; will always be formed. The Na,CO; is
removed by adding HNO; and boiling:

Na,COs + 2HNO; = 2NaNO; + H,0 + CO..

This addition of HNO; results in the following complications
when the tests for certain of the acid radicals are made:

(a) Any carbonate present in the original unknown will be decom-
posed by the boiling with HNO;.

(b) Sulfites, if present, will to some extent be either decomposed
or oxidized:

Na2803 + 2HN03 = 2Na,N03 + Hzo + SOz,
3H2803 + 2HN03 = 3H2S04 + HzO + 2NO.

(e¢) Sulfides will to some extent either be driven off as H,S or oxi-
dized to sulfur:

Nazs + 2HN03 = 2NaN03 + HgS,
3H.S 4+ 2HNO; = 4H,0 + 2NO + 38.

Therefore, the solution prepared by boiling with Na,CO; will not
give dependable tests for carbonates, sulfites, or sulfides. Further-
more, since HNO; was used in its preparation, this solution cannot
be used in testing for nitrates.

6. Because all the water-insoluble barium salts except BaSO, are
soluble in strong acids, it is imperative that the solution not be acid
when BaCl, is added. Accordingly, the solution is first made alkaline
with NH,OH. This will precipitate, as insoluble hydroxides, those
cations whose hydroxides are insoluble in the presence of excess
NH,OH.

Questions

1. List the anions whose solid salts show distinctive reactions when treated
with concentrated HsSO,. Write the equations for the reactions and point
out what is observed to take place in each case.

2. How would treatment with concentrated HSO; enable you to distin-
guish between the following pairs of dry salts?

a. BaSO, and Pb(NO;). e. MgBr; and K;PO,
b. KCl and Na3AsO, f. CaCrO4 and KI
¢. MnSO; and Na,CO; g. ZnS and Ba(BO,).

d. NaC,H;0, and NaCl h. KBr and KNO;
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3. A solid unknown is a mixture of the following compounds: ZnCO;,
Cus(POy)z, Pb(BO,)2, MnSOs;, and NiS. Write equations to show what hap-
pens when a solution is prepared as directed in Procedure 46(C).

4. In making a solution of a water-insoluble solid, why dissolve by boiling
with Na.COs;? Why not simply dissolve the solid in HNO; and use this acid
solution for making the group test for anions?

6. A mixture of salts was readily and completely soluble in cold water.
Separate samples of this water solution gave no precipitate with AgNO; or
with NH,OH and BaCl,. What anions could be present in this salt mixture?

6. A mixture of barium and silver salts was readily and completely soluble
in cold water. What anions can you be very sure are not present in this
mixture?



CHAPTER 9

Specific Tests for Anions

THE THREE preliminary tests discussed in Chapter 8 may
show the absence of certain anions and the presence of others.
Information gained in the course of the cation analysis, to-
gether with information gained from observation of the solu-
bility of the solid in water, may further establish the presence
or absence of certain anions. For each salt mixture, however,
there usually are several anions whose presence or absence
is not established by any of the procedures noted above. Spe-
cific tests must then be carried out for each of them. Such spe-
cific tests are discussed in the present chapter in Procedures
32 to 44.

These specific tests are independent of the metallic ion
analysis and in general can be made whether or not the tests
for cations are carried out. They make it possible to test for
nitrate in a fertilizer or for a phosphate in a baking powder
without going through the systematic cation analysis.

In order that the student may become familiar with these
specific tests before they are used in the analysis of salts and
salt mixtures, the following experiment should be performed
before the first salt or salt mixture is analyzed.

149
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Experiment 4: The specific tests for the anions. Use solutions of
the sodium salts of each of the 13 acids or a small amount of a solid
salt of each of these acids. Carry out a specific test for each acid as
directed in Procedures 32 to 44.

Note exactly what happens in each test and compare your observa-
tions with those noted in each procedure. Have each test observed
and approved by your instructor. In the spaces below, write the
equations for the reactions that take place in each specific test. Have
these equations approved by your instructor before proceeding with
the analysis of your first salt or mixture of salts.

ASO4_

PO—

BO{_ or BOs—_

CI‘Of—_

SO.{-'

SO:;_

COs—

NOs_

C2H302—
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SPECIFIC TESTS FOR ANIONS OF THE
SULFURIC ACID GROUP

The order in which the specific tests for the anions of the
sulfuric acid group should be performed is governed by the fol-
lowing facts. Arsenates, if present, will interfere with the
test for phosphates and must be removed before the test for
the phosphate ion can be made. Sulfites, if present, will inter-
fere with the test for carbonates and must be removed before
the carbonate test can be made. Consequently, the test for
the sulfite must be made before the test for the carbonate ion,
and the test for the arsenate must be made before the test
for the phosphate ion. The order of performance of the tests
for sulfate, borate, and chromate is not important.

Procedure 32: Test for the arsenate ion (AsO,—)

(To be omitted if the cation analysis has proved the absence
of arsenic.) Place 6-8 drops of the solution to be tested in a
small test tube and add Na,CO; solution, dropwise and with
constant stirring, until no more precipitation of metal car-
bonates takes place and the solution is no longer acidic. If a
precipitate has formed, centrifuge and decant into a clean
test tube, discarding any precipitate. Make the decantate
acid with 1.5N HCI and boil to expel all CO,. Then make just
alkaline with 5N NH,OH. If any precipitate forms, centrifuge
and decant into a clean test tube, discarding the precipitate.
Add 4-5 drops of magnesia mixture and mix thoroughly. If
no precipitate forms, arsenate is absent. If a white precipitate
forms, it may be MgNH,AsO, or MgNH,PO,, or both. Cen-
trifuge and decant, and wash the precipitate three times with
hot water. Add to the precipitate a drop of 0.25N AgNO;,
solution. A chocolate-brown precipitate (Ag;AsO,) proves
the presence of arsenate. A yellow precipitate (Ag;PO.)
proves the presence of phosphate and, at the same time,
proves the absence of arsenate.
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Notes

1. The precipitate formed by magnesia mixture is not sufficient
confirmation of the arsenate ion, since phosphates when present pre-
cipitate as MgNH,PO,, which looks exactly like the MgNH,AsO,.
The addition of AgNO; makes it possible to distinguish the arsenate
from the phosphate. AgNO; reacts with both MgNHAsO, and
MgNH,PO,, but AgzAsQ; is reddish brown and Ag;PO; is light yellow.

2. Magnesium ammonium arsenite (MgNH,AsQO;) is soluble and
is not precipitated when magnesia mixture is added to a solution con-
taining an arsenite. The decantate left after the removal of the
MgNHAs0s may contain AsO;—. If this decantate is made acid
with HCl and H,S passed into the solution, any AsO;— present will
be precipitated as yellow As,S;.

3. Magnesia mixture is a solution containing Mg*+, OH-, and
excess NH,t. MgCl,, NH,OH, and NH,Cl are common sources of
these ions. The important reactions involved in the test for arsenate
are

Mg+ + NHi+ + AsO,— = MgNH,AsO,,
MgNH,AsO; + 3AgNO; = Ag:AsO, + Mg(NO,); + NH,NOs.

4. The addition of Na;CO; will precipitate out, as carbonates, all
cations except sodium, potassium, and ammonium. These cations, if
not removed as carbonates, would precipitate as insoluble arsenates,
when the solution was made alkaline with NH,OH. The arsenate ion
would thus be lost. Traces of these cations not removed as carbonates
would precipitate on addition of NH,OH.

5. If an unknown substance contained arsenate, the cation analysis
of that substance would give a positive test for arsenic in Procedure
13. If no positive test for arsenic was obtained in the cation analysis,
arsenate could not have been present. Therefore, if arsenic has al-
ready been shown to be absent in the cation analysis, the test for the
arsenate ion may be omitted. Performance of the test for arsenate
will, however, serve as a check on the cation analysis.

Procedure 33: Test for the phosphate ion (PO,—)

(A) If arsenates are absent. Place 4-5 drops of the solution
in a test tube, acidify with 3N HNO;, add 3—4 drops of am-
monium molybdate solution [(NH,);MoO,], mix thoroughly,
and heat almost to boiling. The formation of a finely divided
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yellow precipitate [(NH,);PO, - 12Mo0O;] confirms the pres-
ence of the phosphate ion.

(B) If arsenates are present. Place a small bit of the solid in
a test tube, add 7-8 drops of 12N HCI, and heat just to boil-
ing. Treat with H,S for about 20 seconds. Add 10 drops of
water, mix thoroughly, centrifuge, and decant into a casserole.
Evaporate to dryness but do not bake. Cool, and then add 5
drops of water and 5 drops of 3N HNO;. Stir thoroughly and
transfer to a test tube. If necessary, centrifuge and decant,
discarding the precipitate. Treat the decantate with 3—4 drops
of ammonium molybdate solution, mix thoroughly, and heat
almost to boiling. A yellow precipitate [(NH,);PO, - 12Mo0O;]
proves the presence of phosphate.

NoTEes

1. Both phosphates and arsenates react with ammonium molyb-
date to form insoluble yellow precipitates, ammonium phospho-
molybdate [(NH,);POs - 12Mo00;] and ammonium arsenomolybdate
[(NH,);As0,4 - 12M00;]. As a consequence, arsenates must be re-
moved before the confirmatory test for phosphates can be made.

2. The formation of the yellow precipitate, (NH,);PO4 - 12Mo00Q,,
takes place as follows:

H;PO, + 12(NH,):Mo00, + 21HNO; =
(NH,);PO, - 12Mo00; + 21NHNO,; + 12H,0.

Precipitation takes place most readily at a temperature of 60° in the
presence of excess HNO;.

3. Arsenates, if present, are removed as As,S; by precipitation
with H,S:

2ASO4_ + 5H28 + 6H+ = ASst + 8H20.

Procedure 34: Test for the borate ion (BO;— or BO;™)

Place a small quantity of the solid material in a casserole,
add 3-4 drops of 36N H,SO,, and stir thoroughly. Then add
10-12 drops of methyl alcohol and again mix thoroughly;
then set fire to the mixture. Do not stir after the mixture has
taken fire. If it burns with a green flame the instant that it
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takes fire, the borate ion is present. A green flame that does
not appear until 20 or 30 seconds after the mixture has taken
fire or unless the mixture is stirred while on fire is due to cop-
per or barium and should be ignored.

NoTes

1. Copper and barium do not interfere with the borate test be-
cause their salts are not volatilized when the mixture first takes fire.

2. There are three boric acids: orthoboric (H;BOj, the boracic acid
of commerce), metaboric (HBO:), and tetraboric (H,B,0).

Of these, the H;BOj; is the only one that is of importance. All three
of these boric acids form stable salts.

3. All borates react with H:SO4 to form orthoboric acid, H;BO;:

NaB()z + HzSO4 + Hzo = NaHSO4 + HsBOa,
N32B4O7 + HzSO4 + 5H20 = N&zSO4 + 4H3B03,
2N&3B03 + 3stO4 = 2H3B03 + 3NaQSO;.

In the presence of sulfuric acid, H;BO; reacts with alcohol to form
the volatile ester, methyl borate, (CH;);BO;:

3CH30H + H3B03 = (CH3)3B03 + 3H20.

The methyl borate burns with a characteristic green flame, forming
solid B,O; (boric acid anhydride):

2(CH3)3B03 + 902 = 6002 + gHzO + B203.

Procedure 35: Test for the chromate ion (CGrOs—)

(To be omitted if no chromium was found in the complete
cation analysis.) Place two drops of the solution in a test tube,
add 10 drops of water and make just acid with 3N HNO;.
Add 5-6 drops of ether and 1 drop of 3 per cent H,0,, shake
well, and then ‘allow to settle. A blue coloration of the ether
layer confirms the presence of the chromate ion. If no blue
color appears, add a second drop of H;O, and shake, then a
third, up to 5 drops.

NoTEs

1. The blue coloration in the ether layer is due to the presence of
chromium peroxide, CrOs:
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201‘04— + 2H+ = Cl‘207_ + Hzo,
CI’207— + 4H202 + 2H+ = 2CI‘05 + 5H20.

See Note 1, Procedure 21, for further details concerning this reaction.

2. If a chromate is carried through the complete cation analysis it
is, in part at least, reduced to Cr**++ when the solution is evaporated
down with 6N HCl in Procedure 5 and is completely reduced to Crt+++
when the sulfides of the copper-arsenic group are precipitated in Pro-
cedure 5:

CI’O('_ + 2H+ = CI‘207— + H2O,

Cr:0:— + 6Cl— 4 14H*+ = 2Crt+ + TH,0 + 3Cl,,
Cr:0:;— + 3HsS + 8H* = 2Cr+++ 4 3S + 7TH,0.

The resulting Cr+++ ions remain in the decantate from Procedure
5 and are subsequently precipitated as Cr(OH); in Procedure 15. A
positive test for chromium is then obtained in Procedure 21.

The fact that a positive test for chromium is obtained in Procedure
21 does not mean, however, that the particular salt mixture contained
chromate. The chromium may have been present as a Crt+ salt,
CrCl; for instance.

Procedure 36: Test for the sulfate ion (SO—)

Place a few drops of the solution in a test tube, acidify with
6N HCI, and then add a drop of N BaCl,. A white precipitate
(BaSO,) proves the presence of sulfate.

NoTes

1. A trace of sulfate may be present as an impurity in the reagent.
2. Sulfites are slowly oxidized to sulfates by atmospheric oxygen.
Consequently, sulfites commonly show a positive test for sulfates.

Procedure 37: Test for the sulfite ion (SO:—)

Place 7-8 drops of the solution in a test tube, acidify with
6N HCI, add 2-3 drops of N BaCl,, and mix thoroughly. If a
precipitate (BaSO,) forms, remove it by centrifuging and
decanting. To the clear decantate add a drop of 3 per cent
H:0,. The formation of a white precipitate (BaSO,) proves
the presence of sulfite.
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Nortes
1. The H,0, oxidizes the sulfite to sulfate:

SO{— + HzOz = 804'— + Hzo

The barium ions in solution react with these sulfate ions to form
insoluble BaSO,.
2. Any sulfate ions in solution are first removed as barium sulfate.

Procedure 38: Test for the carbonate ion (CO;—)

(A) When sulfites are absent. Place a small amount of the
solid in a test tube. Then add a few drops of 6N HCI. Test
the escaping gas for CO, by holding a drop of barium hydrox-
ide solution, suspended from the tip of a medicine dropper, a
short distance down into the mouth of the test tube. The
“clouding” of the drop, due to the formation of a white pre-
cipitate of barium carbonate (BaCOjs), proves the presence of
carbonate.

(B) When sulfites are present. Place a small amount of the
solid in a test tube and add an equal amount of solid Na;O,.
Then add 3—4 drops of water and mix thoroughly. Then pro-
ceed as directed in the second sentence of (A).

Notes

1. Carbonates react with acids to evolve CO, gas. This CO; reacts
with Ba(OH); solution to form a white precipitate of BaCOs:

Na,CO; + 2HCl = 2NaCl 4+ H;0 + CO,,
COz + Ba(OH)z = BaCOs + H20.

2. Sulfites evolve SO, gas when treated with acids. The SO, gas
will react with Ba(OH), solution to form a white precipitate of BaSO;,
exactly as does CO,. Sulfites must therefore be removed or destroyed
before the test for carbonates is carried out. Sodium peroxide oxi-
dizes sulfites to sulfates:

SOa— + N&aOz + Hzo = SO[_— + 2Nat + 20H-.
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SPECIFIC TESTS FOR ANIONS OF THE
HYDROCHLORIC ACID GROUP

HYDROCHLORIC ACID GROUP

Sulfide, bromide, and iodide ions will interfere with the spe-
cific test for chlorides. Iodide ions will interfere with the
specific test for bromides. For these reasons the specific tests
for the anions of the hydrochloric acid group should be made
in the following order: sulfides, iodides, bromides, and chlo-
rides.

Procedure 39: Test for the sulfide ion (S—)

Place a small quantity of the solid in a test tube and add
10 drops of 6N HCI. Hold a strip of filter paper moistened
with Pb(C,H;30,),; solution over the mouth of the test tube so
that any gas that is being evolved will come in contact with
the lead acetate. A brownish-black stain (PbS) on the paper
confirms the presence of sulfides.

If no blackening of the lead acetate occurs after 1 minute,
heat the tube gently; if still no reaction occurs, add a small
amount of granulated zinc to the contents of the tube. If the
lead acetate is not darkened, the sulfide ion is absent; if it is
darkened, sulfide is present.

NortEes
1. The reactions that take place in the test for sulfides are:

FeS + 2HCI = FeCl, + HS,
Pb(CgHaOz)z + HzS = PbS + ZHCszoz.

2. The sulfides of nickel and cobalt and the metals of the silver and
copper-arsenic groups are not soluble in dilute HCl. When zinc is
added, however, hydrogen is liberated:

Zn + 2HCI = ZnCl, + 2H.
The hydrogen reduces the sulfides, H.S being evolved.
HgS + 2H = Hg + H.S.
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Procedure 40: Test for the iodide ion (IM)

Place 5 drops of the solution in a test tube and acidify with
5N HC,H;0,. Then add 2 drops of N KNO,. A reddish-brown
coloration, due to the liberation of iodine, proves the presence
of iodide. If the brown color is very faint add a few drops of
carbon tetrachloride (CCly) and shake. A violet coloration in
the CCl, layer shows the presence of iodine.

NoTes

1. Nitrous acid (HNO,) will oxidize HI to give free I but it will
not oxidize HBr or HCI, so that this test can be made in the presence
of chlorides and bromides:

KI + HC.H;0, = KC.H;0. + HI,
KNOz + HCzHaOz = KCzHaOz + HNOz,
2HNO, + 2HI = 2H;0 + 2NO + L.

2. The water layer from which I, has been extracted by the CCly
can be tested for the bromide ion as follows: Pour off the colorless
supernatant water solution, add a few drops of chlorine water, and
shake with CCl,. If bromides are present, bromine will be liberated
and will color the CCl, brown:

Clz + 2KBr = 2KCl + Bl‘z.

Procedure 41: Test for the bromide ion (Br)

(Todides will interfere with this test.) Place 5 drops of the
solution in a test tube; add 2-3 drops of CCly and 5 drops of
chlorine water. Shake and allow to settle. A brownish-yellow
color to the CCl, shows that bromine has been liberated and
proves the presence of the bromide ion.

Nores
1. Chlorine will liberate bromine from a bromide:
Cl, 4+ 2KBr = 2KCl + Br.

This bromine is more soluble in CCl; than it is in water.
If iodides are present, free iodine would be liberated and would
cover up the color of the bromine. Consequently, iodides must be
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removed by oxidation with nitrite before the test for bromides can
be made (see Notes 1 and 2, Procedure 40).

2. For methods used to detect iodides, bromides, and chlorides in
mixtures of two or three of these ions, the student is referred to Note
2, Procedure 42.

Procedure 42: Test for the chloride ion (CI-)

(Sulfides, bromides, and iodides will interfere with this test.)
Place 5-6 drops of the solution in a test tube, acidify with
3N HNO;, and add a drop of 0.25N AgNOs. A white, curdy pre-
cipitate (AgCl) proves the presence of chlorides.

Notes

1. Since the other members of the hydrochloric acid group precipi-
tate with AgNO; in acid solution, this test is not conclusive unless
S—, Br—, and I~ are definitely shown to be absent. Chromate ions, if
present in high concentrations, may also interfere:

S— + 2Ag+ = Ag.S (dark brown),
Cl- + Ag+ = AgCl (white),
Br— + Agt = AgBr (cream),
I- 4+ Agt = Agl (light yellow),
CrOq— + 2Ag+t = Ag.CrOy (red).

Interference from chromate ions can be eliminated by dilution with
3N HNO:;.

Sulfide ions can be removed by boiling the solution with dilute
H,SO; until the escaping vapors give no test for H,S gas with filter
paper moistened with lead acetate solution.

Todide and bromide ions are eliminated as described in Note 2.

2. Separation and detection of chlorides, bromides, and todides in the
presence of one another. Place 15 drops of the solution in a casserole,
add 15 drops of 5N HC,H;0; and 30 drops of water, and mix thor-
oughly. Then add a small quantity of solid potassium persulfate
(K33;05) and heat. A brown coloration, due to the liberation of
iodine, proves the presence of iodide.

Boil the solution until all of the iodine is removed, replenishing the
liquid with water. Now add 15 drops of 4N H.SO4 and another small
quantity of KyS,0s and heat to boiling. A brown coloration, due to
bromine, proves the presence of bromides.

Boil the solution until all of the bromine is driven off, replacing
the liquid with water. Cool, acidify with 3N HNO,, and add 2-3
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drops of 0.25N AgNO;. A white precipitate (AgCl) proves the pres-
ence of chlorides.

This separation depends on the fact that, in acetic acid solution,
K:S,0; will oxidize iodide but will not oxidize bromide or chloride:

2K1 + KgSgOs = 2K2SO4 + Ig,

whereas in a more strongly acid solution it will oxidize iodide and
bromide but will not oxidize chloride:

2KBr + KzSzOs = 2K2SO4 + BI‘z.

For additional methods for detecting the halides in the presence
of one another, the student is referred to the textbooks listed at the
end of Chapter 2.

Procedure 43: Test for the nitrate ion (NO;™)

(In the absence of iodides, bromides, and chromates.) Place
2 drops of the water solution, or the supernatant liquid ob-
tained by treating the solid with hot water, in a test tube and
add 10 drops of 36N H,SO,. Mix thoroughly and cool. Care-
fully add 3-4 drops of FeSO, solution, allowing the latter to
float on top of the sulfuric acid solution. Allow to stand for
one or two minutes. A brown coloration (FeSO, - NO) at the
junction of the two layers proves the presence of nitrate.

NoTEs

1. The test for the nitrate ion is based upon the fact that in the
presence of concentrated HaSO4, FeSO, reduces HNO; to NO:

6FeSO, 4+ 2HNO; 4 3H,S0, = 3Fex(S0,); + 4H,0 4 2NO.

The NO formed combines with excess FeSO, to form the characteris-
tic brown compound, FeSO, - NO. This compound decomposes upon
heating; hence the test must be made at room temperatures.

2. Iodides and bromides react with concentrated H.SO, to liberate
I; and Br;:

H2804 + SHI = HzS + 4H20 + 412,
H2S04 + 2 HI = 2H20 + SOz + Iz,
H.S0, + 2HBr = 2H,0 + SO; + Br..

Chromates, if present, will be reduced by Fe** to green Cr+++:
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2CrO— 4+ 2 H+ = Cr,0;— + HzO,
Cr,0;7— + 6Fett 4+ 14H+ = 2Cr+++ 4 6Fet++ + TH0.

The colors of I, Bry, and Cr+++ will interfere with the detection of
the brown color of FeSO, - NO. Consequently, I-, Br—, and CrO,—
must be removed as follows: Place 4 drops of the water solution in a
test tube and add N Pb(C,H;0,). until precipitation is complete.
Centrifuge and decant, discarding the precipitate. Treat the decant-
ate with silver sulfate solution until precipitation is complete. Cen-
trifuge and decant, into a casserole, discarding the precipitate.
Evaporate the solution down to a volume of about 2 drops, add 2
drops of water, and transfer to a test tube. Test this solution for ni-
trate according to Procedure 43.

3. Since all nitrates are soluble in water, the nitrate ions will be
contained in the supernatant liquid obtained by digesting the solid
material with water, even though the solid may not be completely
soluble.

Procedure 44: Test for the acetate ion (C:H;O:™)

Place a small amount of the solid in a test tube, add 2-3
drops of 36N H.SO,, and mix thoroughly (see Note 1). Add 4
drops of ethyl alcohol (C.H;OH) and again mix thoroughly.
Warm gently but do not boil, warming the entire length of
the tube. Carefully smell the odor of the escaping fumes. A
fruity odor, due to ethyl acetate (C,HsC,H;0.), proves the
presence of acetate.

NoTEes

1. If sulfites, carbonates, iodides, bromides, chlorides, or sulfides
are present, the mixture should be warmed gently for some time
after addition of the sulfuric acid and before addition of the alcohol.
This heating will drive off all SO;, CO., I,, Br;, HC], and H,S. If they
are not driven off, their odors will mask the characteristic odor of
the ethyl acetate. Care should be taken so that the heating is not so
intense that HC,H;0, is distilled off.

2. When an acetate is treated with concentrated H,SO,, acetic
acid is liberated. This acetic acid reacts with ethyl alcohol to form
the volatile ester, C;H;C.H,O,; the characteristic fruity odor of the
latter compound makes possible its identification:
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Na02H302 -+ HzSO4 = NB.HSO4 + HC2H302,
C,H;OH + HC.H;0, = C,H;C,H;0, + H,0.

3. The presence of acetate is shown in the preliminary treatment
with sulfuric acid (Procedure 29), in which it gives the characteristic
odor of vinegar (acetic acid).

4. When a solid acetate is heated in a test tube at a fairly high
temperature, charring takes place, the material turns black, and the
characteristic acrid odor of burned hair is given off. Charring on heat-
ing is characteristic of the salts of organic acids. Since acetic acid is
the only organic acid among the 13, the incidence of charring when
the solid is heated is proof of the presence of acetate.

5. Because the identification of acetates depends, in each of the
tests referred to, on a characteristic odor (the fruity odor of
C,H:C,H;0,, the vinegar odor of HC,H;0,, and the acrid, burned-
hair odor of the charred residue) and because these odors are easily
masked by the SO, I, Bry, HCl, and H,S, which may be liberated
when concentrated H,SO, is added to a dry salt or even when the
proper combination of dry salts is heated, the detection of acetate
leaves much to be desired. Of the three tests, the charred odor which
results when an acetate is heated is the least liable to be obscured by
other odors; unfortunately, it is the most difficult odor to detect. It
very often happens, however, that the final detection of acetate must
depend on the observation of charring when the solid is heated in a
test tube.

6. Since all acetates are soluble, one cannot fall back on precipita-
tion reactions for the detection of acetate ions.

Questions

1. Write equations for the reactions that take place in the specific tests
for each of the 13 anions.

2. Describe the method by which you would make a specific test for:
. NO;~ in an unknown which contains I-.

. Borate in an unknown which contains Cu**.
CO; in an unknown which contains SO; .
POy in an unknown which contains AsOs .
Br~ in an unknown which contains I,

Cl~ in an unknown which contains S—.

. SO;~ in an unknown which contains SOs—.

. C;H;0.™ in an unknown which contains SOs™.
NO;~ in an unknown which contains CrO;—.
AsO4,— in an unknown which contains PO,—,

CeE IR O 20 TP
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3. Describe the method by which you would test for:

R =0 Q0 TP

. Boric acid in an eyewash.

. Nitrate in a solid fertilizer.
. Phosphate in bath salts.

. Carbonate in limestone.

. Arsenate in an insecticide.

Sulfite in a bleaching solution.

. Iodide in table salt.



CHAPTER 10
The Analysis of Salts and Salt Mixtures

To the student: It is important that the complete picture of just
how you go about analyzing a salt or salt mixture be clearly in mind
before you start analyzing your first salt. Therefore, read this entire
chapter carefully before starting your first salt analysis.

The analysis of a salt or mixture of salts calls for the detec-
tion of both anions and cations. To accomplish this, what is
done, essentially, is to run a complete analysis for anions ac-
cording to Chapters 8 and 9 and a complete cation analysis
according to Chapters 3, 4, 5, and 6. In order to carry out
these analyses, it is first necessary to put the material into
solution; and in order to know something about the solid
material itself one very naturally examines it carefully to see
exactly what it looks like.

The analysis of a salt or salt mixture resolves itself, there-
fore, into four steps:

(1) The physical examination of the solid.
(2) The selection of the proper solvent.
(8) The analysis for cations.

(4) The analysis for anions.

The procedure by which these steps are carried out and the
manner in which the information gained in one step is used to
augment information gained in another step will be presented
in this chapter. The four steps will be discussed in the order
listed above, which, however, need not necessarily always be
followed. If a mixture is soluble in water it usually is advan-
tageous to run the anion analysis before the cation analysis.
On the other hand, if the mixture is insoluble in water it is
usually best to do the cation analysis first.

164
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PHYSICAL EXAMINATION OF THE SOLID

Certain metals, such as copper, nickel, manganese, chro-
mium, cobalt, and iron form colored salts. Others form white
salts. Certain anions, such as chromates, dichromates, and
permanganates, have characteristic colors. It is important,
therefore, to note the color of the solid, since it may give indi-
cations of the presence of one or more of the ions listed above.

The more common characteristic colors are:

CrO—, yellow. Crt++, green.

Cr,0;—, orange red. Cu*t, blue to green.
MnO,~, violet purple. Co**, wine red to blue.
Nitt, green. Mn*+, pink.

Fet++*, reddish brown to yellow.

Procedure 45: Physical examination of the sample

Examine the unknown carefully, noting the color or colors,
and whether the material is crystalline or noncrystalline,
homogeneous or heterogeneous. Record your observations on
a report blank on pages 181-188.

NoTes

1. The information gained by the examination of the solid may
not, by itself, be of much value in the analysis of a sample. However,
when combined with the entire body of information, it may prove to
be very valuable. The fact that a solid is green is of itself of some
value; when combined with the fact that the solid is soluble in water,
the fact of its green color becomes, as will be pointed out later, ex-
tremely valuable.

2. The fact that the sample is white does not prove the absence of
all ions that usually form colored salts. Anhydrous copper sulfate is
white, and so is ferric phosphate. The salts with characteristic colors,
moreover, may be present in such small amounts as to be covered up
by an excess of other salts.

SELECTION OF THE SOLVENT

Before a solid can be analyzed, it must be dissolved. The
choice of solvent is made by testing the solubility of a portion
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of the solid in various solvents. Water is the most desirable
solvent; the water solution can be used for all procedures ex-
cept those which specifically call for the use of some of the
solid. If the solid is insoluble in water, two separate solutions
should be prepared, one for cation analysis, the other for
anion analysis. The solution for cation analysis should be pre-
pared by dissolving the solid in hydrochloric acid. The solu-
tion for anion analysis should be prepared by boiling with
sodium carbonate.

Procedure 46: Dissolving the solid

(A) Test a bit of the solid with 20 drops of water, first cold,
then hot, to see if it will dissolve. If it is completely dissolved,
prepare a stock solution by dissolving a quantity the volume
of two drops of water in 5 cc. of water and use this solution
for cation analysis, preliminary tests for anions, and specific
tests for anions.

(B) If the solid is not soluble in water, prepare a solution
for cation analysis by dissolving in HCI or HNO;, or, if neces-
sary, in aqua regia (see Procedure 28). First try 6N HC], then
12N HCI, followed by dilution with an equal volume of hot
water; then try 16N HNO;, followed by dilution with water;
finally try aqua regia (see Note 1).

(C) If the solid is not soluble in water prepare a solution
for anion analysis as follows (see Notes 11 and 12). Place in a
casserole a quantity of the solid the volume of two drops of
water; then add 5 ce. of a saturated solution of Na,CO; and
boil gently for two minutes. Transfer to test tubes, centrifuge,
and decant, discarding the precipitates (carbonates of metals)
(see Note 1). Place the decantate in a casserole, make just
acid with 3N HNO;, and boil gently until all CO, has been
driven off.

NoTEs

1. If the solid is insoluble in aqua regia it will be necessary to pre-
pare a solution for cation analysis by boiling with sodium carbonate
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as directed in Procedure 46(C). The metals will be precipitated as
carbonates. The precipitate of the metal carbonates must therefore
be saved, washed three times with hot water, and then dissolved in
6N HCI. This series of steps gives a solution of metal chlorides.

2. The following reaction takes place when a water-insoluble salt,
such as Cug(POy); or CaSO;, is boiled with a solution of sodium car-
bonate:

CU3(PO4)2 + 3N34003 = 3CuCOs + 2Na3P 04,
CaSO4 + N8t2003 = 03003 + N&zSOq.

The excessive amount, of Na,COj; causes both reactions to be quite
complete to the right. This means that the anions, PO,— and SO, —,
are in solution as their soluble sodium salts, whereas the cations, Cu*+
and Catt, are precipitated as insoluble carbonates. Since the solution
being prepared is to be used for anion analysis, the fact that the
cations are left behind in the precipitate is of no concern. The impor-
tant thing is that the anions are in solution as their sodium salts.
The solution is boiled with HNOj; to remove the excess carbonate:

CO;— + 2H+ = COz + H20.

3. Sulfides will yield a precipitate of sulfur when disselved in aqua
regia. This sulfur should be discarded.

4. The reactions that take place when a solid is dissolved in acid
may give definite information about the presence or absence of cer-
tain ions. Carbonates, sulfites, and some sulfides give off CO., SO.,
and H,S gas, respectively. Chromates change in color from yellow to
orange red. When effervescence occurs, the odor of the gas evolved
often gives valuable clues about the anions present.

5. The evolution of chlorine gas when a solid is dissolved in cor-
centrated HCI shows the presence of some oxidizing agent such as a
nitrate, a chromate, a dioxide, or a peroxide.

6. The evolution of I, Br;, or Cl, when a substance is dissolved in
concentrated HNO; shows the presence of iodides, bromides, or
chlorides:

2Nal 4 2HNOQO; = 2NaNO; + 2HI,
2HNO; + 6HI = 4H,0 + 2NO 4 3I,,
2NO 4+ O, = 2NO..

7. The evolution of brown fumes of NO, when a substance is dis-
solved in HNO; shows the presence of reducing agents such as sul-
fides, sulfites, iodides, or bromides.

8. Many chlorides such as NaCl and BaCl,, though soluble in
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water, are not dissolved by concentrated HCl. Hence the directions
to dilute the solution with water after heating with hot concentrated
acids.

9. Bismuth and antimony salts hydrolyze strongly in water to give
the insoluble basic salts:

BiCl; 4+ H.0 = BiOCl + 2HCl,
SbCl; + H.O « SbOCI 4 2HCI.

The basic salts are readily dissolved by excess of acids.

10. Concentrated HNOj;, because of its powerful oxidizing prop-
erty, dissolves many metallic sulfides that are unattacked by HCI.
Sulfur is usually liberated.

11. It will not always be necessary or wise to prepare a solution of
a water-insoluble mixture for anion analysis as directed in Procedure
46(C). Suppose, for instance, that the treatment with concentrated
sulfuric acid (Procedure 29) shows the absence of all anions except
S0, PO, AsOy—, and BO;~, whereas the cation analysis shows
the absence of AsO,—. Specific tests for SO,—, PO,—, and BO,~
can then be carried out on the solid or on solutions prepared with
dilute HNOj; according to Procedure 46(B). The preliminary tests
with AgNO; and BaCl, (Procedures 30 and 31) can be omitted en-
tirely. The same reasoning will hold if the sulfuric acid treatment
(Procedure 29) shows the absence of all anions except CO;—, SO, —,
PO[——, ASO4—, and BOz_.

12. A solution for use in anion analysis can be prepared by dissolv-
ing the solid mixture in nitric acid. If such a solution is prepared, its
use will involve the following limitations:

(a) When such a solution is treated with AgNO; in Procedure 30
the only insoluble silver salts that could precipitate are AgCl, AgBr,
Agl, Ag.S, and Ag,CrO,. All other silver salts are soluble in HNOs.

(b) When such a solution is treated with BaCl; in Procedure 31 it
must not first be made alkaline with NH;OH. The only insoluble
barium salt that could then precipitate is BaSO,; all other barium
salts are soluble in HNO;.

Obviously, then, if such a nitric acid solution is used, SOs—, CO;—,
PO,—, AsO,—, and BO,~ must be eliminated or verified either by
cation analysis, by sulfuric acid treatment (Procedure 29), or by
specific tests. Since SO;— and CO;— are either eliminated or indi-
cated by sulfuric acid treatment and AsO,— would be detected in
the cation analysis, the only anions that would always require elimi-
nation or detection by specific tests are PO,— and BO,~.

13. Some solids must be fused with sodium carbonate in order to
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prepare a solution for analysis. Directions for carrying out such a
fusion are given in the references listed at the end of Chapter 2.

ELIMINATION OF ANIONS AND CATIONS
ON THE BASIS OF SOLUBILITY

After the sample to be analyzed has been dissolved in an
appropriate solvent, the next step would be to go through a
complete cation analysis according to Procedures 1-27 and
follow it with a complete anion analysis according to Proce-
dures 29-44. In most analyses that is exactly what is done. In
some instances, however, observations of specific behavior
may make it possible to eliminate certain cations or anions
and thereby modify and shorten the over-all procedure.

To illustrate, suppose a salt mixture dissolves readily and
completely in cold water to give a green solution. A green
solution means the presence of either copper, nickel, or chro-
mium. The mixture cannot, therefore, contain carbonates,
sulfites, phosphates, borates, chromates, or sulfides, since
these anions all form insoluble salts with copper, nickel, and
chromium. The preliminary test for anions involving treat-
ment of the solution with BaCl; can be omitted, since all but
one of the anions detected by this test are already eliminated.

In another illustration a salt mixture dissolves in water to
give a yellow solution. This solution turns orange when HCI
is added in the first step in Procedure 1. Such behavior clearly
indicates the presence of a chromate. Since the chromates of
all metals except magnesium, sodium, potassium, and ammo-
nium are insoluble, there is no need to test for any cations
except these four.

In another case a salt mixture dissolves readily and com-
pletely in cold water to give a water-clear solution. When HCI
is added in the first step in Procedure 1, vigorous effervescence
takes place, a colorless, odorless gas being evolved. Such be-
havior clearly indicates the presence of carbonate; and since
sodium, potassium, and ammonium alone form soluble car-
bonates, they are the only cations that can be present.
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In still another case a student first ‘does the anion analysis
on a water-soluble mixture and finds nitrates, chlorides, and
phosphates. Sodium, potassium, and ammonium are the only
cations whose nitrates, chlorides, and phosphates are all sol-
uble. A complete cation analysis was therefore unnecessary in
this case.

Eliminations such as those cited above require a knowledge
of the solubilities of the salts of the various acids. The rules
governing the solubility of the common salts are given below.

THE SOLUBILITY RULES

1. The nitrates, chlorates, and acetates of all metals are
soluble in water.

2. All sodium, potassium, and ammonium salts are soluble
in water.

3. The chlorides, bromides, and iodides of all metals except
lead, silver, and univalent mercury are soluble in water. Hgl;
is insoluble in water. PbCl,, PbBr;, and Pbl; are soluble in hot
water. The water-insoluble chlorides, bromides, and iodides
are also insoluble in dilute acids.

4. The sulfates of all metals except lead, mercurous mer-
cury, barium, and calcium are soluble in water. Silver sulfate
is slightly soluble. The water-insoluble sulfates are also in-
soluble in dilute acids.

5. The carbonates, phosphates, borates, sulfites, chromates,
and arsenates of all metals except sodium, potassium, and
ammonium are insoluble in water but soluble in dilute acids.
MgCrO, is soluble in water; MgSQ; is very slightly soluble in
water.

6. The sulfides of all metals except barium, calcium, mag-
nesium, sodium, potassium, and ammonium are insoluble in
water.

7. The hydroxides of sodium, potassium, and ammonium
are very soluble in water. The hydroxides of calcium and
barium are moderately soluble. The oxides and hydroxides
of all other metals are insoluble.
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NoTEs

1. The solubility rules given above refer only to the metals and
acid radicals discussed in this course.

2. Bismuth, antimony, tin, and mercuric salts hydrolyze in neutral
or weakly acid solutions to give the basic salts. These basic salts are
soluble in dilute acids but are not soluble in water.

3. Solutions of ferric, lead, tin, mercuric, copper, and aluminum
salts, when boiled, often hydrolyze to give precipitates of the hy-
droxides or basic salts of these metals.

HOW TO USE SOLUBILITY RULES TO ELIMINATE
ACID RADICALS

The use of these solubility rules as an aid in the elimination
of acid radicals can best be illustrated by a few concrete ex-
amples.

Ezample 1: The sample is readily and completely soluble in cold
water. Lead is the only metallic ion that was found in the cation
analysis.

Conclusion: Nitrates and acetates may be present because the
nitrates and acetates of all metals are soluble (Rule 1).

All other acid radicals must be absent because they all form lead
salts which are insoluble in water (Rules 3, 4, 5, 6, and 7).

1t is therefore necessary to test for nitrate and acetate.

Ezample 2: The solid is readily soluble in water; zinc is the only
metal present.

Concluston:

Nitrates and acetates may be present (Rule 1).

Sulfates may be present (Rule 4).

Chlorides, bromides, and iodides may be present (Rule 3).

Sulfites, carbonates, phosphates, borates, arsenates, chromates,
and sulfides cannot be present (Rules 5 and 6).

All anions except acetates, nitrates, sulfates, chlorides, bromides,
and iodides are therefore eliminated because the salt is soluble in
cold water and contains zinc as the only metallic ion.

Example 3. The solid is completely soluble in cold water, and so-
dium is the only cation present.

No acids can be eliminated because, according to Rule 2, sodium
forms soluble salts with all acids. (Chromates and arsenates are ab-
sent because chromium and arsenic were not found in the course of
the metal analysis).
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Example 4: The solid is readily and completely soluble in cold
water; barium, silver, and sodium ions are present.

Any anion which forms an insoluble salt with one or more of the
above cations is eliminated. Therefore, the only possible anions are
nitrate and acetate, since they are the only anions that form soluble
salts with all three cations (Rule 1).

It may be reasoned that, since the unknown contains Nat and
since all sodium salts are soluble, all acids may be present. To show
the incorrectness of this reasoning, let us assume that we are dissolv-
ing in water a mixture of the three soluble salts Na,SO;, AgNO;, and
BaCl,. The solution would contain the following ions: Nat, Agt,
Batt, SO,—, NO;~, and Cl~. These ions could not all exist together
in solution; BaSQ,, AgCl, and possibly Ag;SO4 would be precipitated.
The rule covering all cases may be stated thus:
 If a mixture of salts is soluble in water, only those anions can be
present which form soluble salts with all cations present.

Ezample 5: The sample is completely insoluble in water but readily
soluble in cold dilute HCI; nickel and zinc are present.

The only possible anions are those which form water-insoluble salts
with both nickel and zinc. Furthermore, these insoluble salts must
all be soluble in dilute HCI.

Nitrates, acetates, chlorides, bromides, iodides, and sulfates are
absent (Rules 1, 3 and 4), since they form water-soluble zinc and
nickel salts.

Therefore, the following acid radicals may be present: sulfites,
sulfides, carbonates, phosphates, and borates. (Chromates and ar-
senates are absent, since neither chromium nor arsenic were found in
the metal analysis.)

Ezample 6: Copper and sodium are present. The sample is par-
tially soluble in water and completely soluble in dilute HCI.

When a salt is partially soluble in water no acid radical can be
eliminated on the basis of this partial solubility.

Sulfides can be eliminated since CuS is not readily soluble in dilute
HCI (see analysis of copper-arsenic group).

Therefore, the following acid radicals might be present: sulfates,
sulfites, carbonates, phosphates, borates, chlorides, bromides, iodides,
acetates, and nitrates. (Chromates and arsenates are absent since
chromium and arsenic were not found in the regular metal analysis.)

In actual practice, elimination of anions on the basis of insolubility
is not always satisfactory and should not be relied upon too much. In
the first place, the salt may have been fused or sintered in the course
of its commercial preparation, with the result that it dissolves so
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slowly that it appears to be practically insoluble. In the second place,
a soluble salt may hydrolyze to form an insoluble hydroxide or basic
salt, giving the net effect of insolubility.

It is obvious from the examples cited that solubility information
alone does not make possible any eliminations; solubility information
must be combined with other facts.

ANALYSIS FOR CATIONS AND ANIONS

Procedure 47: Analysis for cations

Proceed as follows:

1. Make a list of those cations which can be definitely elimi-
nated on the basis of the solubility of the solid, the color of
the solution, and the anion analysis (if the anion analysis has
been carried out).

2. Carry out a complete cation analysis for those cations
not eliminated in Step 1. Use a solution prepared according
to Procedure 46(A) or 46(B).

NoTEs

1. If a solution is prepared in Procedure 46(B) by dissolving the
solid in cold HCI, then Ag*, Hgt, and Pb*+ must be absent, since
they would form insoluble chlorides. The cation analysis will then
start with Procedure 5.

2. If the salt mixture is soluble in water, blanket tests for certain
large groups of cations may be made as follows:

(a) To a few drops of the water solution add Na,CO; solution
until no longer acidic. If no precipitate forms, all cations except Nat,
K+, NH,+, and Ast* are absent. Nas;PO, may be substituted for
Na,CQ; if the solution is not acidic.

(b) To a few drops of the water solution add 8N NaOH until dis-
tinctly alkaline and stir for 1 minute. The absence of a precipitate
eliminates all cations except Nat, K+, NHs+, Batt, Catt, Zntt,
Crt++, Al++ Pbtt, Spt+, Sn++++ Sb+++, and Asttt,

(¢) To a few drops of the water solution add 15N NH,OH until
distinctly alkaline and stir for 1 minute. The absence of a precipitate
eliminates all cations except Nat, K+, NH,*, Agt, Batt, Catt,
Cutt, Cd*+t, Zntt, Nitt, Cott, and Ast+,
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Procedure 48: Analyses for anions

Using the solution prepared in Procedure 46(A) or Proce-
dure 46(C) and samples of the solid unknown, make a com-
plete anion analysis in the following order (see Notes 11 and
12, Procedure 46).

1. Make a list of the anions that can be eliminated on the
basis of the solubility of the solid, the cation analysis, and the
color of the solution.

2. Carry out the three preliminary tests described in Pro-
cedures 29, 30, and 31. List the anions definitely eliminated
by these tests. List, also, the anions definitely proved present
by these tests.

3. Carry out specific tests for those anions not definitely
proved to be either absent or present by Step 1 or Step 2.

Summarize the results of the cation and anion analyses on
the report blank on page 181.

Questions

1. From the following list of soluble salts, select (a) 10 pairs which,
when brought together in solution, will not react to form a precipitate.
(b) Ten pairs which, when brought together in solution, will form a pre-
cipitate. Give the formula of the precipitate in each case and write the ionic
equation for its formation: Pb(NQO;), Ag:S0s, MgCrO,, BaS, FeCl;, Nil,,
ZnBI‘z, NaaPO4, KQCO:;, (NH4)3A504, N&BO2, Alz(SOq)s, Bl(NOa)a, MnCla,
(NH,):S0;, CaS.

2. Give the formula of an acid whose:

a. Barium salt is insoluble in water but whose copper salt is soluble.

b. Copper salt is insoluble in water but whose calcium salt is soluble.

c. Lead salt is insoluble in water but whose zinc salt is soluble.

d. Silver salt is insoluble in water but whose copper salt is soluble.

e. Mercury I (mercurous) salt is insoluble in water but whose mer-
cury II (mercuric) salt is soluble.

f. Manganese salt is insoluble in water but whose potassium salt is
soluble.

g. Nickel salt is insoluble in water but whose magnesium salt is soluble.

3. Give the symbol for a metal whose:
a. Sulfide is insoluble in water but soluble in dilute HCI.
b. Sulfide is insoluble in dilute HCI but soluble in concentrated HCL
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Sulfide is insoluble in dilute HCI but soluble in dilute HNOs.
. Hydroxide is insoluble in water but soluble in NaOH.
. Hydroxide is insoluble in water but soluble in NH,OH.
Hydroxide is insoluble in NH,OH but soluble in KOH.
. Hydroxide is insoluble in NaOH but soluble in NH,OH.
. Hydroxide is insoluble in water but is soluble in NH,OH and also
in NaOH.
i. Hydroxide is amphoteric.
j. Oxide is insoluble in HNOj; but soluble in HCL.
k. Chloride hydrolyzes in water to give an insoluble basic chloride.
1. Sulfide is completely decomposed in water.

SR e 0

4. Give the simplest and best solvent that could be used to dissolve each
of the following: ZnS, MgCrQ,, CuSQ,, PbCO;, NasAsO,, HegS, AgCl, BiCl,,
NiSOs;, BaSO..

6. An unknown salt or mixture of salts is completely soluble in water
and contains carbonate and nitrate as the only anions. What cations may
be present?

6. An unknown salt or mixture of salts is completely soluble in water
and contains Cu**, Agt, Nat as the only cations. What anions may be
present?

7. An unknown salt or mixture of salts is completely and readily soluble
in cold water. On treating the above solution with dilute HCl, effervescence
takes place, a colorless, odorless gas being evolved. What metallic ions may
be present?

8. An unknown salt or mixture of salts is completely soluble in cold
water. On being treated with dilute HCI, the water solution changes in color
from yellow to orange red. What metallic ions may be present?

9. A homogeneous powder which is known to contain only one metallic
ion dissolves completely in cold water to give a pale-blue solution which
turns a very deep blue when treated with NH,OH. What acid radicals may
be present?

10. The chloride of a metal is soluble in cold water. Its hydroxide is white
and is insoluble in water and in NH,OH but dissolves readily in HCI and in
KOH. What is the metal?

11. An unknown salt or salt mixture was readily and completely soluble
in cold water. The resulting solution was green in color and was found on
analysis to contain Nit+ and Cu** as the only cations. List the anions that
can be eliminated on the basis of solubility.

12. An unknown salt or salt mixture was readily and completely soluble
in cold water. Separate samples of this water solution showed the following
behavior: (a) No precipitate when treated with AgNO; solution. (b) No
precipitate when treated with HNO; and AgNO; solution. (¢) No precipi-
tate when treated with slight excess of NH,OH and then with BaCl; solu-
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tion. (d) No precipitate when acidified with HCl and then treated with
BaCl, solution. What anions and what cations are eliminated in each test?

13. A salt mixture which was readily and completely soluble in cold water
showed the following behavior: (a) One sample of the water solution gave
a yellow precipitate when acidified with HNO; and treated with ammonium
molybdate. (b) Another sample of the water solution gave a dark-brown
coloration when treated with a mixture of concentrated H,SO, and ferrous
gulfate. (c) A sample of the solid effervesced when treated with cold con-
centrated H:50;. The evolved gas did not fume in moist air but had a very
sharp, penetrating odor. What anions are definitely shown to be present?
What cations may be present?

14. A solid mixture of salts was known to contain sulfate and bromide as
the only anions. (a) The solid dissolved readily and completely in cold water
to give a clear transparent solution showing no sign of milkiness or opal-
escence. (b) When a sample of the water solution prepared in (a) was treated
with an excess of NaOH, a clear solution with no precipitate was obtained.
(c) When a sample of the water solution prepared in (a) was treated with
an excess of NH,OH, a clear solution with no precipitate was obtained.
What anions are definitely shown to be present? What cations may be
present?

16. A white solid known to be a mixture of sodium salts showed the fol-
lowing behavior: (a) There was no sign of any reaction whatsoever when
a sample of the solid was warmed with concentrated H,SO,. (b) A water
solution of the solid gave a white precipitate when made acid with HCl and
then treated with BaCl.. (¢) A water solution of the solid gave no precipitate
when acidified with HNO; and then treated with AgNO;. (d) A water solu-
tion of the solid gave a white precipitate when treated with a few drops of
AgNO;. What anions are shown to be absent?

16. Five different solid, dry, anhydrous sodium salts were treated, inde-
pendently, with cold concentrated H:SO,. The results listed below for each
salt were obtained:

(a) Effervescence. The evolved gas had a light reddish-brown color
and a sharp odor and fumed strongly in moist air.

(b) No effervescence. Color of solid changed from yellow to orange.

(¢) Effervescence. The evolved gas was colorless and odorless and did
not fume in moist air.

(d) Effervescence. The evolved gas was colorless, had a sharp odor,
and fumed strongly in moist air.

(e) Effervescence. The evolved gas was colorless and had a very sharp
odor but did not fume in moist air and did not discolor a piece of filter
paper that had been moistened with a solution of lead nitrate.

Identify each salt.

17. A single salt is known to contain magnesium as the only cation.

Effervescence takes place when the solid is treated with cold concentrated
H.S0,, a brown gas being evolved. The HCl group test on the water solu-
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tion yields a pale-yellow precipitate. When H,SO, and FeSOy are added to
the water solution, a brown ring forms at the junction of the two liquids.
What is the salt?

18. A white solid is completely soluble in cold water. Its water solution
is neutral to litmus. No change takes place when the solid is warmed with
concentrated H,SO4. There is no change when the water solution is treated-
with H,S8O4 and FeSO,. Which of the following substances may the solid be:
KNO;, AICl;, Na,COs, NaS0s, NaBr, BaS0,, K,CrO,, KCl, NiS, Cry(S0)s?

19. An unknown solid containing Cu*™ as the only cation was completely
insoluble in water but readily soluble in dilute HCI. The solution prepared
in Procedure 46(C) gave no precipitate either with NH.OH and BaCl, or
HNO; and AgNO;. For what anions must specific tests be made?

20. The sulfide of a metal is insoluble in water but soluble in dilute HCI.
Its hydroxide is insoluble in water but soluble in both NaOH and NH,OH.
What is the metal?

21. A white solid which is known to be a single salt is completely soluble
in cold water. This solution is acid to litmus. When the solid is treated with
HCI nothing happens, when treated with HsSO4 effervescence takes place,
the solid remaining colorless. On treating the water solution with NH,OH,
a white precipitate is formed which redissolves when more NH,0OH is added.
When BaCl, is added to the water solution, nothing happens; but when
AgNO; is added, a white precipitate is formed. What is the solid?

22. A pure single salt is white, crystalline, and completely soluble in water.
When the water solution is acidified with HCI and then treated with HsS a
dark-brown precipitate forms. When H,S0, is added to the water solution,
a white precipitate is formed. When cold concentrated H.SO, is added to
the dry salt, nothing happens; when the H;SO, is heated, however, a brown
gas is given off. What is the salt?

23. A copper salt was found to be completely insoluble in water. The
prepared solution (made by boiling some of the solid unknown with Na,COs;
solution, decanting and boiling the decantate with dilute HNO;) was made
slightly alkaline with NH,OH and BaCl; added. No precipitate resulted.
Name the acid radicals possibly present.

24. An unknown salt or mixture of salts is readily and completely soluble
in cold water. On being treated with dilute HCI, effervescence takes place,
a colorless gas with a very sharp, penetrating odor being evolved. What
metallic ions may be present?

26. An unknown salt or mixture of salts is completely soluble in water.
The colorless solution gives a red flame test. When the water solution is
treated with AgNO;, nothing happens. What anions may be present?

26. An unknown was found to be completely soluble in water. The addi-
tion of solutions of Na,HPO,, BaCl,, and AgNO; to separate portions of an
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aqueous solution of the unknown failed to yield any precipitate. Name the
cations and anions possibly present.

27. A silver salt was but slightly soluble in water. Upon heating the dry
salt with concentrated H.SO,, there was no evidence of any reaction. Name
the acid radicals possibly present.

28. A white crystalline, homogeneous solid which is known to be a single
salt dissolves in cold water to give a water-clear solution which reacts acid
to litmus paper. Separate samples of this water solution give the following
results when treated separately with the following reagents: (a) excess NaOH,
no precipitate; (b) excess NH,OH, no precipitate; (¢) Na,COs;, white pre-
cipitate; (d) H.S, white precipitate; (e) excess NH,OH + BaCl;, white
precipitate; (f) HNO; + AgNO;, no precipitate; (g) HCI, no sign of any
reaction. What is the salt?

29. A yellow solid which is known to be a single salt is completely insoluble
in hot water but dissolves in hot dilute HCI to give an orange-red solution.
When this solution is cooled, a white crystalline precipitate forms. This pre-
cipitate redissolves when the solution is heated but does not redissolve when
cold water is added. What is the salt?

30. A green crystalline substance which is known to be a single salt is
completely soluble in cold water. When an excess of NH,OH is added to
the water solution, no precipitate is formed, but a deep-blue solution results.
When H.S is added to a water solution which has been acidified with HCI,
a black precipitate forms. When BaCl; is added to the water solution, noth-
ing happens. When cold concentrated H,SO; is added to the solid, efferves-
cence takes place, a colorless strongly fuming gas with a sharp odor being
evolved. What could the single salt be?

31. A single salt is found to contain Zn** as the only cation. The salt is
insoluble in water. No visible reaction takes place in the H;SO, treatment,
no gas being evolved at either high or low temperatures. No precipitate is
obtained in the sulfuric acid group test made on the solution prepared ac-
cording to Procedure 46(C). What is the salt?

32. A solid unknown which is readily soluble in dilute HCl but insoluble
in water is known to contain CrO,—. How would you determine whether
or not it also contained Cr+++?

33. A solid unknown which is insoluble in water but soluble in dilute HCI
is known to contain Crt+. How would you determine whether or not it also
contained CrO,—?

34. How distinguish, by means of simple tests, between the following
dry salts?

a. BaSO4 and Pb(NOs)z. f. Big(CI’Oq)a and CUSO4.
b. KCl and ZnS. g. Cr(NO;); and Cd(NOs)..
¢. MnSO; and Na,COs. h. CoCl; and AICl;.

d. AgBr and FeCls. i. NiCO; and KBr.

e. HgCOs and (NH,);POs.  j. BaCl, and PbCOs.



Ch 10

THE ANALYSIS OF SALTS AND SALT MIXTURES

179

36. Using reactions employed in qualitative analysis, how could you form
the following in the laboratory?

O R O A0 o

. Metallic bismuth, starting with Bi,S;.

. FeCl;, starting with Fe(80y)s.

. Metallic mercury, starting with Hg(INO3),.
. Metallic antimony, starting with Sb.S;.

KMnQy,, starting with MnCl..
CrO:;, starting with Cr(NO;)s.

. ZnS, starting with ZnCO;.
. Hg,Cl,, starting with HgS.
Na3AlQ;, starting with metallic aluminum.

CuCQ;, starting with CuSO,.

. 8nCl,, starting with Sn3(POs)s.



CHAPTER 11

Recording and Reporting Analyses

THE FORM USED in recording and reporting analyses of salts
and salt mixtures is illustrated by the following example. All
solids analyzed will be reported in this manner on the pages
in this chapter provided for this purpose.

REPORT OF THE ANALYSIS OF SAMPLE NO. 10
DATE:
1. Physical Examination: White, crystalline, heterogeneous.

II. Solubility: Soluble tn cold water. Colorless solution. No gases
evolved.

III. Analysis for Cations

(a) Cations eliminated by the color of the solution: Cutt,
Fett+ Cott, Nitt, Crt+t, and Mntt. CrOy— also absent.

(b) Cations eliminated by the anion analysis: None. Cation
analysts performed before anion analysts.

(¢) Cations eliminated by solubility: None.

(d) Results of cation analysis: Zn*t+ and Nat* preseni. Blanket
tests with NaOH and NH,OH (Notes 2b and 2c¢ of Procedure 47) showed
absence of all cations except Nat, K+, NHst, Ba*tt, Catt, Znt+ and
A S+++.

IV. Analysis for Anions

Anions eliminated by color of solution: CrOsy—.

Anions eliminated in cation analysis: AsO,—, CrO4—.

Anions eliminated by solubility: SO;—, COs—, PO,—, BO;—,
S_, CTO,;_, ASO4

Results of H,SO4 treatment: Effervescence; gas was colorless, had
sharp odor and fumed in mozst air; Cl— indicated; Br— and I~ absent,
NOjz probably absent.

Results of AgINO; treatment: White, curdy precipitate, insoluble in
HNQj;. Cl— present.

Results of BaCl, treatment: White precipitate, insoluble in HCI.
SOs— present.

Results of specific tests: Specific tests made for NOs~ and CoHz05 -
N Oa_ and CgHst_ absent.

V. Summary

Cations present: Zntt, Nat
Anions present: SO,—, Cl—
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO. _____

I. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(¢) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:
(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H;SO, treatment:

(e) Results of AgNO; treatment: —

(f) Results of BaCl, treatment: _*

(g) Results of specific tests:

V. Summary

Cations present:
Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
1. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(¢) Cations eliminated by solubility: _

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution: _.

(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H,SO, treatment:

(e) Results of AgNOQO; treatment:

(f) Results of BaCl, treatment:

(g) Results of specific tests:

V. Summary

Cations present:
Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.

L

Physical Examination:

II.

Solubility :

II1.

(a)

Analysis for Cations

Cations eliminated by the color of the solution:

(b)

Cations eliminated by the anion analysis:

()

Cations eliminated by solubility:

(d)

Results of cation analysis:

Iv.

(a)
(b)
(c)

Analysis for Anions
Anions eliminated by the color of the solution: __

Anions eliminated by cation analysis: _

Anions eliminated by solubility:

(d)

Results of H,SO4 treatment:

(e)

Results of AgNOj; treatment:

®)

Results of BaCl, treatment.:

(g)

Results of specific tests:

V.
Cations present:
Anions present:

Summary
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
I. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(c) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:
(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H,SO4 treatment:

(e) Results of AgNQO; treatment:

(f) Results of BaCl; treatment:

(g) Results of specific tests:

V. Summary

Cations present:
Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
I. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(¢) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:

(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H;SO, treatment:

(e) Results of AgNO; treatment:

(f) Results of BaCl; treatment:

(g) Results of specific tests:

V. Summary
Cations present:

Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
1. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(¢) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:

(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H;SO, treatment:

(e) Results of AgNO; treatment: R

(f) Results of BaCl, treatment:

(g) Results of specific tests:

V. Summary

Cations present:

Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
1. Physical Examination:

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(¢) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:
(b) Anions eliminated by cation analysis:

(c) Anions eliminated by solubility:

(d) Results of HoSO4 treatment:

(e) Results of AgNO; treatment:

(f) Results of BaCl; treatment:

(g) Results of specific tests:

V. Summary
Cations present:

Anions present:
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DATE

REPORT OF THE ANALYSIS OF SAMPLE NO.
I. Physical Examination :

II. Solubility:

III. Analysis for Cations
(a) Cations eliminated by the color of the solution:

(b) Cations eliminated by the anion analysis:

(c¢) Cations eliminated by solubility:

(d) Results of cation analysis:

IV. Analysis for Anions
(a) Anions eliminated by the color of the solution:
(b) Anions eliminated by cation analysis:

(¢) Anions eliminated by solubility:

(d) Results of H;SO4 treatment:

(e) Results of AgNOj; treatment:

(f) Results of BaCl; treatment:

(2) Results of specific tests:

V. Summary

Cations present:
Anions present:
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APPENDIX

Reagents Used

All liquid reagents and known solutions should be kept on the
shelves in small bottles (about 100 ml.) provided with stoppers fitted
with medicine droppers. Solid reagents (except the aluminum, zine,
and tin) should be finely powdered or pulverized and should be kept
in 250-cc. wide-mouth bottles provided with one-hole No. 8 rubber
stoppers fitted with spatulas for dispensing the solid. The handle of
the spatula is thrust through the hole of the stopper in such a way
that, when the bottle is stoppered, the metal tip of the spatula will
be inside the bottle and partly buried in the powdered solid.

Acids

Acetic, dilute, 5N. Dilute 287 cc. of glacial acetic acid with water to 1 liter.

Hydrochloric, special concentrated, sp. gr. 1.18-1.20, 12N.

Hydrochloric, concentrated, 6N. Dilute 1 volume of the special concen-
trated acid (12N) with 1 volume of water.

Hydrochloric, dilute, 1.5N. Dilute 1 volume of 12N acid with 7 volumes
of water.

Nitric, concentrated, sp. gr. 1.42, 16N.

Nitric, dilute, 3N. Dilute 100 cc. of 16N acid with water to 533 cc.

Sulfurie, concentrated, sp. gr. 1.84, 36N.

Sulfuric, dilute, 4N. Add 1 volume of concentrated acid to 8 volumes of
water.

Bases

Ammonium hydrozide, concentrated, sp. gr. 0.90, 15N.

Ammonium hydroxide, dilute, 5N. Dilute 1 volume of concentrated NH,OH
with 2 volumes of water.

Barium hydroxide, saturated solution.

Sodium hydroxide, 8N. Dissolve 356 g. of solid NaOH in water and dilute
to 1 liter.

Salts

Ammonium acetate, NHC.H;0., 4N. 308 g. per liter of solution.

Ammonium carbonate, (NH4):COs, 4N. Dissolve 192 g. of the salt in a
mixture of about 500 cc. of cold water and 80 cc. of concentrated NH,OH,
and dilute with water to 1 liter.
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Ammonium chloride, NH,Cl, 2N. 102 g. per liter of solution.

Ammonium molybdate, (NH;):Mo00,. Dissolve 100 g. of MoOj; in a mixture
of 270 cc. of distilled water and 145 cc. of concentrated NH,OH. Add this
solution slowly and with constant stirring to a mixture of 1150 cc. of water
and 490 cce. of 16N HNO;.

Ammonium nitrate, NH,NO;, N. 80 g. per liter of solution.

Ammonium ozalate, (NHy).C20,, 0.5N. 31 g. per liter of solution.

Ammonium polysulfide, (NH,)2S.. Place 270 cc. of concentrated NH.,OH
in a bottle immersed in ice. Pass in H,S slowly until the cold solution is
saturated. (Solution becomes light yellow.) Add 450 cc. of concentrated
NH,OH. Then add 18 g. of flowers of sulfur and shake until dissolved. Add
1080 cc. of water. Stir thoroughly.

Note

Ammonium polysulfide will decompose if allowed to stand in open
bottles or in contact with air. After it has been prepared it should be
kept in small, well-stoppered bottles. If sulfur begins to deposit it is
a sign that the (NH,),S, is decomposing; any such reagent should be
discarded. Each freshly opened bottle of (NH,).S,; should be tested
for quality as follows: add 10 drops of the reagent to a small amount
of freshly precipitated and washed SnS;, and mix thoroughly. The
SnS; should be completely dissolved within 1 minute.

Ammonitum sulfate, (NH,):S0;4, 2N. 132 g. per liter of solution.

a-Nitroso-B-naphthol, C,oHeNOOH. Dissolve 0.8 g. of C,HeNOOH in
1000 cc. of glacial acetic acid.

Barium chloride, BaCl,-2H.0, N. 123 g. per liter of solution.

Chlorine water. Saturated solution.

Dimethyl glyoxime, (CH;)2C2(NOH),. Dissolve 10 g. in 1000 cc. of 95 per
cent ethyl alcohol.

Ferrous sulfate, FeSO,- TH,0. 200 g. per liter of solution. Place clean scraps
of iron in the solution and acidify with a few cc. of H,SO;.

Hydrogen peroxide, H,O,, 3 per cent solution.

Lead acetate, Pb(C:H30,).-3H,0O, N. 189.5 g. per liter of solution. Add
10 cc. of 5N acetic acid.

Magnesium reagent. Dissolve 1 g. of o-p-dihydroxy-monoazo-p-nitrobenzene
in 1000 cc. of 0.25N NaOH.

Magnesia mizture. Dissolve 110 g. of MgCl,-6H.0 and 280 g. of NH,Cl
in 1000 cc. of water. Add 262 cc. of 15N NH,OH and dilute with water to
2000 ce.

Mercuric chloride, HgCl,. Saturated solution.

Potasstum chromate, K.CrO4, N. 97 g. per liter of solution.

Potassium cyanide, KCN, N. 65.2 g. per liter of solution.

Potasstum ferricyanide, KsFe(CN)s, N. 110 g. per liter of solution.

Potassium ferrocyanide, K,Fe(CN)s, N. 106 g. per liter of solution.
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Potasstum nitrite, KNO,, N. 85 g. per liter of solution.

Potassium thiocyanate, KCNS, N. 97 g. per liter of solution.

Stlver nitrate, AgNOs;, 0.25N. 42.5 g. per liter of solution.

Silver sulfate, AgsSO;. Saturated solution.

Sodium acetate, NaC,H30,, N. 82 g. per liter of solution.

Sodium carbonate, Na,CQO;. Saturated solution.

Sodium cobaltinitrite. Dissolve 100 g. of NaNQO; in a mixture of 200
ml. of distilled water and 52 ml. of 6M acetic acid, and then add 10 g. of
Co(NOj)2(H:0)s. Allow to stand for 24 hours, filter, and dilute the solution
to 400 ml.

Disodium phosphate, Na,HPQO,. 120 g. per liter of solution.

Stannous chloride, SnCl,, 0.5N. Dissolve 113 g. of the salt in 500 cc. of
concentrated HCl and dilute to 1 liter. Keep in a well-stoppered bottle,
containing a few pieces of granulated tin.

Zinc uranyl acetate. Dissolve 10 g. of uranyl acetate by warming in 6 ml.
of 30 per cent acetic acid, and dilute to 50 ml. Mix 30 g. of zinc acetate in
3 ml. of 30 per cent acetic acid and dilute to 50 ml. The solutions are mixed
to give a clear solution. Add a small amount of NaCl and let stand 24 hours.
Decant the clear solution for use.

Organic liquids

Carbon tetrachloride, CCl,.
Ether, diethyl, (C.Hjs):0.
Alcohol, ethyl, C;H;OH.
Alcohol, methyl, CH;OH.

Solids

Aluminum wire, 28 gauge, 0.0145 in. diameter, cut to 1-in. lengths.
Tin, mossy.

Zinc, granulated.

Potassium persulfate, K,S:0s.

Sodium bismuthate, NaBiO;.

Sodium peroxide, NasO,.

Known Solutions
The “known’’ solutions for the four groups are made up as follows:

1. Silver group. 10 g. of AgNO;, 50 g. of HgNOj, 50 g. of Pb(NO3),,
and 5 cc. of 16N HNO; per liter of water solution. First dissolve the
HgNO;, heating the solution. Then dissolve the Pb(NO;), and the
AgNO; in order.

2. Copper-arsenic group. 15 g. of PbCly, and 50 g. each of HgCl,,
BiCl;, CdCl;, CuCl,, SbCl;, SnCl,, and NazAsO;, in a solution contain-
ing 600 cc. of 12N HCI and 400 cc. of water. First dissolve the PbCl,,
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heating to boiling to speed up the rate of solution. Then dissolve the
NazAsO,, then the other components in any desired order.

3. Aluminum-nickel group. 50 g. each of AlCl;, FeCl;, CrCls,
CoCl;, NiCl,, MnCl, and ZnCl; and 50 cc. of 12N HCI per liter of
water solution. The components may be dissolved in any order.

4. Barium-magnesium group. 50 g. each of MgCl;, BaCl,, CaCl,,
KCl, NaCl, and NHCI per liter of water solution. Dissolve in any
order.

Unknown Solutions

The ‘“‘unknown’’ solutions should be prepared in the same concen-
trations as the “known’’ solutions and the same salts should be used.

Solids for Experiments 1 and 4

Zinc sulfide, potassium nitrate, borax or sodium metaborate, and
the sulfate, sulfite, carbonate, chromate, chloride, bromide, iodide,
acetate, phosphate, and arsenate of sodium or potassium.

Solutions for Experiments 2, 3, and 4

Normal solutions of the sodium, potassium, or ammonium salts of
each of the 13 anions (C.H;O,~, NO,;~, Cl-, Br-, I-, §—, SO,—,
SO:;—, CO:{'—_, CI‘O4_—, BOZ_, POq__, ASO4——).

Solutions of Cations

It is desirable to have solutions of each of the cations available.

List of Equipment Needed

(This equipment can be purchased in standard semimicro size at
all laboratory supply houses.)

Beakers, 50, 100, 150 ml.

Beaker cover, aluminum, for 100 ml. beaker, punched to hold -in. test
tubes.

Bottle, 60 ml., wide mouth, with two-hole rubber stopper.

Burner, small, with rubber tubing.

Casserole, 20 ml., 13-in., porcelain.

Centrifuge, four-tube, to carry 3- X 3-in. test tubes. One centrifuge for
each three or four students working in a laboratory at one time.

Cork stoppers, tapered, XXXX,

File, three-cornered, small.

Flasks, 125 ml., Erlenmeyer.
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Forceps, metal.

Glass tubing, 6 mm.

Graduate, 10 ml.

Hydrogen sulfide bubbling tubes, 5 in.

Hydrogen sulfide generator (central dispensing system or desk-style gen-
erators).

Matches.

Medicine droppers and medicine-dropper bulbs.

Ring stand, rings, and clamps.

Spatula, semimicro style, nickel or stainless steel.

Sponge.

Stirring rods, 5 X % in.

Test tubes, 3 X # in.

Test-tube brush, semimicro.

Test-tube holder, wire.

Test-tube rack, wood or metal, for 3-in. tubes.

Towels.

Thermometer, 110°C.

Watch glass, 2 in.

Wing top for burner.

Wire gauze, 4 in. square.






Index

A

Acetate, test for, 161
Acid radicals, elimination of, 134-147,
169, 174
Acids:
group tests for, 135, 141, 145
specific tests for, 149-162
Alloys:
analysis of, 125
composition of, 126
dissolving, 127
Aluminum, separation and detection
of, 99
Aluminum group,
nickel group, 92
Aluminum-nickel group:
analysis of, 87
outline of the analysis of, 86
precipitation of, 87
Amalgams, 125
Ammines, 42
Ammonium, detection of, 120
Ammonium polysulfide, properties of,
59, 190
Amphoteric hydroxides, 67, 92, 93
Anions:
analysis for, 134-162, 174
elimination of, 134-147, 169, 174
list of, 2
specific tests for, 149-162
Antimony, detection of, 73
Arsenate, test for, 151
Arsenic, separation and detection of, 72
Arsenic group:
reprecipitation of, 69
scparation from copper group, 59

separation from

Barium:
precipitation of, 113
separation and detection of, 115
Barium-magnesium group:
analysis of, 113
outline of the analysis of, 112

Bismuth, separation and detection of,
66

Borate, test for, 153

Bromide, test for, 158

C
Cadmium, separation and detection of,
69
Calcium:

detection of, 116
precipitation of, 113
Carbonate, test for, 156
Cations:
analysis for, 2, 164, 173
separation into groups, 5
Chloride, test for, 159
Chromate, test for, 154
Chromium, separation and detection
of, 101
Cobalt, detection of, 98
Colloids, coagulation of, 34
Common ion, effect on solubility of a
precipitate, 31, 89
Common ion effect, 25, 89
Copper, separation and detection of, 68
Copper group, separation from arsenic
group, 59

D
Dissociation constant, 24
E

Iiquilibrium constant, 21
Kquipment, list of, 192

F
Flame test, 115
]

Iodide, test for, 158
Ionic equilibria, 23
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Ionization constant, 24
Ions, characteristic colors of, 165
Iron, separation and detection of, 95

L

Laboratory work:
record of, 8
schedule of, 6
Lead:
detection of, 41, 64
separation and detection of, 40, 64
separation of from silver and mer-
cury I, 40

M

Magnesium, separation and detection
of, 117

Magnesium hydroxide,

of, 32, 88

Manganese, separation and detection
of, 96

Mass action, law of, 17

Mercury I, separation and detection of,
42

precipitation

Mercury 11, separation and detection
of, 62

N

Nickel, detection of, 98

Nickel group, separation from alumi-
num group, 92

Nitrate, test for, 160

P

Phosphate, test for, 152
Potassium, detection of, 116
Precipitates, colloidal, 34
occlusion by, 35
washing, 35

Q
Qualitative analysis:
defined, 1
practice of, 1
R

Reactions, balanced, 20
equilibrium, 20

INDEX

Reagents, list of, 189

Record of laboratory work, 8, 180
Reference books, 35

Reporting analyses, 8, 180

S

Salts:
complete analysis of, 164
physical examination of, 164, 165
preparation of solutions of, 166
selection of solvent for, 164, 165
Silver, separation and detection of, 42
Silver group:
analysis of, 36
equations, 44
precipitation of, 37
Sodium, detection of, 116
Sodium stannite, 67, 68
Solubility product, 27
Solubility product constant, 28
Solubility product principle, applica-
tion to qualitative analysis, 30
Solubility products, table of, 30
Solubility rules, 170
Solutions, molar, 15
known, 6, 191
normal, 16
percentage, 14
saturated, 11
supersaturated, 13
unknown, 6, 192
Sulfate, test for, 155
Sulfide, test for, 157
Sulfite, test for, 155
Sulfuric acid, action on salts, 135

T

Thio-salts, 61, 70
Tin, detection of, 73

v
Velocity constant, 19

w
Wash bottle, 39

YA

Zinc, separation and detection of, 101
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