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PREFACE TO THE FIRST EDITION.

The first edition of Douglas’ Tables for Qualitative Analysis was published in 1864,
the second edition in 1805, and the third in 1868. That work was prepared to be used
with Fresenius’ Manual of Qualitative Analysis, and was designed, firstly, as a graphic
outline to accompany the larger text-book, and, secondly, as a guide m the experimental
study of substances—to be made in connection with analysis, but beyond its immediate
requirements. In this manner the work has been used by the authors, with the students
in the chemical laboratory of this University, for the past ten years.

Notwithstanding the pre-eminent value of the manuals of Fresenius as standard au-
thority in analysis, and the worth of other books extant for their several purposes, it now
seems desirable to use a work more fully to serve for instruction in what might be termed
comparative chemistry; and likewise to relieve the student from the immediate necessity
of obtaining more than one text-book for inorganic qualitative work.

To aid the student in gaining an accurate acquaintance with the facts whereby
analyses are made, and a clear understanding of the co-ordination of these facts—the
principles of analysis—has been the chief object in this work. It is the result of expe-
rience in the constant endeavor to prevent habits of automatic operation and of superfi-
cial observation in analysis.

Further, it is desired that the book may be found convenient and reliable for
reference by chemists, pharmacists, and others, who occasionally or habitually perform
analyses.

The organic bases and acids, with a few exceptions, have been omitted from consi-
deration. This is not done from neglect, but from a conviction of their too great im-
portance for the subordinate and cursory attention which can be given to them in works
devoted mainly to inorganic analysis.

To the faithful workers who have wrought out the great science of Chemistry, the
writers humbly acknowledge their indebtedness for whatever of truth or value this little
manual may contain.

Untversitt op Michigan, September, 1873.



PREFACE TO THE SECOND EDITION.

In this edition, tabular summaries of the comparative reactions of groups of bases
and acids have been introduced, as a means of training the beginner in the Principles of
Analysis. They can be used in first practice, with known material, before undertaking
systematic analysis ; and they also serve as indexes for practice in synthetic reactions to
follow separative work. The authors have, for some time, employed summaries of this
kind in class-teaching of laboratory students, and believe their incorporation with the
text will be found helpful.

For the analysis of the “ Third Group,” in absence of phosphates, plans are tabulated
both with and without the division by ammonium hydrate and chloride; and two plans
are tabulated for the work in presence of phosphates. Additional reactions have been in-
troduced throughout, and the rare elements presented, with a constant endeavor to
respect the limits of a compact manual; to which end, the text not required by the
beginner has been put in smaller type. The transitional use of barred symbol-letters in
notation has been discontinued, and the nomenclature made uniform.

Our acknowledgments are due to Professor Wm. Ripley Nichols, of the Massachusetts
Institute of Technology; Professor W. 0. Semans, of Delaware, Ohio; and others—for
suggestions in the choice of processes. Thanks are especially due to Mr. Otis C. John-
son, since 1871an Instructor in Qualitative Analysis at Michigan University, for improve-
ments in details of analysis, and for certain results of his unfinished investigations upon
oxidation and reduction.

University of Michigan, October, 1876.



PREFACE TO THE THIRD EDITION.

The text upon Oxidation and Reduction, by Mr. Johnson, is presented, as Part IV.,
in this edition, with much interest as to the reception which its distinctive method may
obtain among chemists. If it were given only as a compeud of the chief inorganic
changes of oxidation, it could be commended without hesitation, for instruction in a field
of unequalled value to the student of qualitative chemistry. All the reactions have been
confirmed by the author, some of them have been first established by him, and the most of
them have been verified by his students, for the past six or eight years. But as Mr.
Johnson’s eompend is given with a new interpretation of quantivalence, adopting a pro-
visional function of this term, it is submitted with some uncertainty as to what may be
thought of it. As a teaching method we can testify to the marked success of the pro-
posed rendering of quantivalence, in elucidating and classifying the reactions of oxida-
tion, and in balancing equations. Aside from any applications of molecular physics, or
any question of constructing molecules, the bond is used only as the index of active
chemism—representing at least one function of active or apparent quantivalence. As
ehemism acts between unlike particles—positive and negative factors—so bonds are stated
as being either positive or negative bonds. Mr. Johnson takes leave to borrow the bond,
as a known character in quantivalence, and to use it in carrying out his special study of
oxidation. Possibly it may appear that the adoption of another term will be open to less
objection than the addition of another definition for the established term.

This edition has been diligently revised throughout, and though not trusting to have
escaped all besetting errors, the authors hope, now, better to deserve the favor which has
been granted to this work, for all'which they desire to present grateful acknowledg-
ments.

University of Michigan, June, 1880,
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THE NOTATION OF METALLIC COMPOUNDS.

ACIDS. An acid is a salt of hydrogen. It consists of an Acid Radical *

united with hydrogen which can be exchanged for a metal, this being the forma-
tion of a salt. The hydrogen is the base of the acid; as the metal is the base
of the salt. Sulphuric acid, for instance, is sometimes written hydrogen sul-
phate. Oxacids are those whose radicals contain oxygen, as HNOs . Hydra-
cids are those whose radicals have no oxygen, as HC1; their names begin with
hydr and end with ic, and the names of their salts end in ide. The Anhydride
of an oxacid is what remains after removing from the acid its basic H.f and
enough O to form H2 0 with the H. Thus, the anhydride of H2S0 4 is SO a,

and
carbonic anhydride is C02, carbonic acid being H 2 C0 3.

Acids whose mole-
cules contain but one atom of basic hydrogen are termed monobasic, as HN03

and HC1; those with two atoms of hydrogen in the molecule, dibasic; as
H.,S0 4 and H 2 S; those with three hydrogen atoms, tribasic, as H 3P0 4 ; etc.
Some of the more important acids are given in the following list:

HC1, hydrochloric acid or hydrogen chloride.
HC10

S ,
chloric “ “ chlorate.

HBr, hydrobromic “ “ bromide.
HBrOa, bromic “ “ bromate.
HI, hydriodic “ u iodide.
HI03,

iodic “ “ iodate.
HN03, nitric “ “ nitrate.
H2 S, hydrosulphuric “ " sulphide.
H2 S0 4, sulphuric “ “ sulphate.
H 2S0 3, sulphurousj “ “ sulphite.J
H2 C0 3, carbonic “ “ carbonate.
H 2 Cr04, chromic “ “ chromate.
H 3P0 4, phosphoric “ “ phosphate.

* A Radical Is a group of atoms, or a single atom, whichretains its integrity while transferred from one
molecule to another, being a leading constituent of each.

t The organic acids mostly contain H in the radical, and not exchangeable for a metal—that is, not
basic hydrogen, as H(C2H3 02 ).

t Oxacids whose names end in ic form salts with names ending inate; while those, containing less oxy-
gen, whose names end in ous make salts having names ending in ite.
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H3
As04, arsenic acid or hydrogen arseniate.

H3 As03, arsenious “ £< arsenite.
hydroferricyanic acid “ ferricyanide.

H4FeCy 6 , hydroferrocyanic “ “• ferrocyanide.
v. HCaH3 Oa , acetic “ “ acetate.

Ha Ca 0 4, oxalic “ “ oxalate.
SALTS. A salt is formed by substituting a metal for the hydrogen of an

acid, each bond* of the metal displacing one atom of hydrogen. As follows:
K' with HN03

forms KNO s, displacing H
K'a

“ Ha S0 4
“ K2 S0 4,

“ 2H
K' 3

“ H 3P0 4
« K3P0 4,

“ 3H
Ca" “ H2 S0 4

“ CaS0 4,
“ 2H

Ca" « 2HN03f “ Ca(W0 3 )a ,

“ 2H
Bi" “ 3HN03

“ Bi(N03 ) 3,
« 3H

3Ca" “ 2^3P0 4t “ Ca3 (P0 4)a ,
“ OH

2Bi"' « 3Ha S04
<£ Bi a (S04 )3,

« OH
A normal salt is formed (like those above given) by displacing all the

hydrogen of the acid with an equivalent of metal. An acid salt is formed by
exchanging a part of the hydrogen of an acid for an equivalent of metal.
Thus :

K' with Ha S04 may form KHS0 4 , an acid sulphate.
K' “ H3P04

££ KHaP04
££ phosphate.

2K' “ H3P04
££ K a HP04

“ ££

Ca" ££ H 3P0 4
££ CaHP0 4

“ “

Ca" “ 2H 3
P0 4

“ CaH4 (P04 )a
“

A basic salt is formed by the substitution of a metal in part for the hydro-
gen of an acid and in part for the half or the whole of the hydrogen of water
(H a O), For example:
Bi'" with | forms Bi j q^3

, a basic nitrate, usually written BiONO a .

Again, Pb" 3(OH),(CO,), is a basic carbonate of lead. A basic salt is partly of
the nature ofa salt and partly of the nature of a hydrate or oxide.

HYDRATES AND OXIDES of Metals. A metallic hydrate is formed
by substituting a metal for half the hydrogen of water (Ha O), bond for bond.

* The number of bonds of any element (or radical) is an expression of its capacity for chemical combi-
nation, the combining capacity of one atom of hydrogen being the unit. The number of bonds, or the
quantivalence, is denoted by the common names, monad, dyad, triad, tetrad, etc. ; also by the qualifying
terms, univalent, bivalent, etc., and, innotation, by indices, thus, H', O", N'", etc.

tc* + l = »8;+11
Cal H,P0 4 ) CaP04 EH)tCaV -f = Oa + EHVCaj H3P04 CaP04 HH|
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Na' with H 20 forms NaOH, sodium hydrate.
Ba" “ 2Ha O “ Ba(OH) a , barium “

Fe./ 1 “ 6Ha O « Fe 2(OH)6 ,
ferric “

The OH, which, as a fragment of the water-molecule, unites with metals, is
known as hydroxyl—a monad radical. The term hydroxide has been intro-
duced by some chemists, instead of hydrate, for the compounds of hydroxyl.

A metallic oxide is formed by substituting a metal for all the hydrogen of
water, bond for bond. Mg" with Ha O forms MgO, displacing 2H. An oxide,
then, is simply a union with oxygen (O").

In recapitulation, then, the number of bonds of the metal equals
The number of bonds of acid radicals, in normal salts ;

“ “ hydroxyl, in hydrates;
“ “ oxygen, in oxides.

In acid salts, the remaining atoms of H are counted with the bonds of
metal; in basic salts, the bonds of (OH) and of O are counted with the bonds
of acid radical.

The more important BASES are given in this list:
K' the base of potassium or potassic salts.
Ha' “ sodium “ sodic “

HH ' “ ammonium “ ammonic “

Ag' “ silver “ argentic “

Ba" “ barium “ baric “

Sr" “ strontium “ strontic u

Ca" “ calcium “ calcic “

Mg" “ magnesium “ magnesic u

ft 1/ Zn" “ zinc “ zincic “

Ni" <£ nickel 11 nickelous <e

Pb" “ lead “ plumbic “

Hg" “ mercuric “

Nf Hg," “
.....mercurous “

Cu" “ copper “ cupric “

Cu2
" “ cuprous “

Fe" (i ferrous “

Fe 2
VIf “ ferric- “

Hgr-Cl
* As in mercurous chloride : |

Hg-Cl
+ In the pseudo-triads or “ double triads ” (Fe, Mn, Co, Cr, Al) an even number of atoms is always

found in the molecules, twoatoms having six bonds. The atoms are supposed to be tetrads, one of the four
bonds of each atom being held by a fellow-atom of the same element. Thus, in ferric compounds, we have

Cl Cl
'"Fe—Fe'" ; and., for ferric chloride, Cl Fe — Fe Cl

Cl Cl
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Mn" the base of manganous salts.
Mns

VI ** manganic “

Co" “ cobaltous “

Co2
VI “ cobaltic “

.

A12
vi “ aluminium or aluminic “

Cr2
VI “ chromium “ chromic “

Bi'" “ bismuth “ bismuthous “

Sn" “ stannous “

Sn"" “ stannic “

Sb"' “ antimonious “

Sbv found in antimonic compounds,
As'" “ arsenious u

Asv “ arsenic 4<
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TABLE OF ATOMIC WEIGHTS 1

AND

QUANTIVALENCE.2

Aluminium, Al""* - 27.3
Antimony, Sb'", v 122.0
Arsenic, As'", v 74.9
Barium, Ba" 136.8
Beryllium, \ Be" 9.0
Bismuth, Bi'",v 210.0
Boron, B"' 11.0
Bromine, Br', v 79.9
Cadmium, Cd" 111.6
Caesium, \ Cs' 133.0
Calcium, Ca" 3^.9
Carbon, C"" 12.0-
Cerium, \ Ce'","" 141.3
Chlorine, Cl', v 35.5
Chromium, K Cr""*, V 52.4
Cobalt, % Co",""* 58.6
Coppei', Cu"f 63.0
Davyum, i 154.0
Decipium, N Dp
Didymium, x D"' 145.0
Erbium, E"' 169.0
"Fluorine, P' 19.1
Gallium, ' G""* ’ 69.8
Gold, . Au',196.2
Hydrogen, H' 1.0
Ilmenium, \ II 104.0
Indium, N In""* 113.4
Iodine, I',v 126.8
Iridium,

'

Ir", ""*, VI 196.7
Iron, Fe", ""* VI 55.9
Lanthanum, La"' 139.0
Lavoisium, \

Lead, , Pb", "" 206.4
Lithium, Li' 7.0
Magnesium, Mg" 23.9
Manganese, Mn", VI 54.8

Mercury, Hg"f 199.8
Molybdenum, Mo", m 96.0
Mosandrum, \

Neptunium, \ Npv 118.0
Nickel, Ni", 58.0
Niobium, \ Nbv 94.0
-Nitrogen, N"", v 14.0
Osmium, ' Os", n 198.6
Oxygen, O" 16.0
Palladium, Pd", "" 106.2
Philipium, \ Pp
Phosphorus, P', "', v 31.0
Platinum, Pt", "" 196.7
Potassium, K' 39.0
Rhodium, N Bo", ""*, w 104.1
Rubidium, Rb' 85.2
Ruthenium, Ru", VI 103.5
Selenium, Se", "", VI 78.0
Silicon, Si"" 28.0
Silver, Ag' 107.7
Sodium, Na' 23.0
Strontium, Sr" * 87.2
Sulphur, S", w 32.0
Tantalum, Tav 182.0
Tellurium, ' Te", vt 128.0
Thallium, Tl',"' 203.6
Thorium, Th"" 231.5
Tin, Sn", "" 117.8
Titanium, X Ti", ""* 48.0
Tungsten, \ W"", Vl 184.0
Uranium, V U"", VI 240.0
Vanadium, V"', v 51.2
Yttrium, Y'" 93.0
Zinc, Zn" 64.9
Zirconium, \ Zr"" 90.0

/,
* Decimals beyond the firstplace are omitted. Stas, an accepted authority, gives oxygen the atomic

weight of 15.96 ; nitrogen, 14.009 ; sulphur, 31.98 ; etc.
3 By quantivalence is here meant active or apparent quantivalence, in its principal, degrees.
* Pseudo-triads, as A12 VI , Fea VI r etc.
+ In cuprous compounds, Cu2 ". In mercurous compounds, Hgs ".
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THE STUDY OF CHEMICAL ANALYSIS.

1. Chemical Analysis is the determinationof the composition of matter.
Any portion of matter—solid, liquid, or gaseous; amorphous, crystalline, or
organized—consists of one or more distinct substances. A distinct substance is
made up of molecules* which are exactly alike. It is a discrete kind of matter,
invariably the same in every quality; it may be a compound or an element.
It will be borne in mind that, in chemistry, compounds are bodies unlike the
elements that have formed them. Thus, we may have to analyze amixture con-
taining sodium sulphate (Na„S0 4 ) ; sodium sulphite (Wa2 S0 3), and sodium thio-
sulphate (Wa2 S 2 0 3 ); but not containing any sodium, or sulphur, or oxygen, as
these bodies are known to the world. The complete analysis of a given portion
of material reveals all the distinct substances by which it is made up. Also
compounds are subjected to analysis to find from what component elements
they have been formed. Hence, chemical analysis enables us to state the com-
position of matter in terms of the seventy elements.

2. An analysis may be partial, as in testing a mixture for presence of
arsenic or for proportion of gold ; or it may be complete, when' all the consti-
tuents are to be found.

In qualitative analysis, it is ascertained what substances are present in the
material; in quantitative analysis, their proportion by weight is determined.

When the material to be examined is in the gaseous state, its examination,
qualitative or quantitative, is termed Gas Analysis, which is a distinct branch
of analysis. The chemical examination of material consisting of the more com-
plex compounds of carbon, whether qualitative or quantitative, is known as
Organic Analysis: Ultimate, when the elements are determined; Proximate,
when the constituent compounds are determined. In ultimate organic analysis,
few elements require determination ; the task is not difficult, and the art has
been highly perfected. On the contrary, in proximate organic analysis, a great
number of compounds have to be considered; identification is often difficult,
and no comprehensive system has been completed. The term Qualitative

* Amolecule is the smallest possible portion of a distinct snbstance. It exists free ; its qnality being
independent of relations to other portions of matter. It cannot be divided, or chemically united to any
otherparticles of matter, without the production of one or more new molecules and the occurrence of a

change ofproperties.
Anatom is an indivisibleconstituent of a molecule. It exists in combination ; its quality being in part

dependent upon its relations to the other constituents of its molecule. In the elementary substances, the
molecules consist of like atoms; two atoms, in most cases, constituting a molecule.



16 The Study of Chemical Analysis.

Analysis, then, as it is commonly used, is limited to the chemical examination
of solid and liquid material, chiefly of mineral origin.

3. In qualitative analysis of mixtures, it is often but not always necessary
to separate substances in order to identify them; in quantitative analysis, their
accurate separation is almost invariably required. Identification necessarily
supposes comparison : in testing for a substance we consider what other sub-
stances can be present to simulate it ; in separating a substance or a class of
substances, we must know from what other substances or classes we remove it;
to accomplish either task we must proceed in systematic order and. conduct our
operations, consecutively, in obedience to some intelligent method, based on a
knowledge of the comparative properties of all the substances which may be
present.

Both the identification and separation of substances are accomplished,
nearly always, by inducing changes,

chemical and physical. The methods of
analysis are as numerous as are the ways of bringing into action physical and
chemical agents for the induction of changes. A substance is characterized by
its deportment under the influence of these agents—as its manifestation of cohe-
sion, varied at different temperatures, its degree of adhesion for certain sol-
vents, its color and other phenomena with light, and the results of its chemism
when brought in contact with other substances technically called reagents.
The results last named, those of chemical action, are the most important of
the resources of analysis. By chemical change, a substance in the material
under examination becomes resolved into other distinct substances, each capable
of recognition by its own deportment and its own capacities for chemical trans-
mutation, and each product adding evidence in the identification of the original
substance.

4. The operations of analysis embrace those in the dry way, and those
in the wet way.

In the dry way, substances are taken in the solid state, and are subjected
to a high heat—over a lamp, before a blow-pipe, or in a furnace—generally
with solid reagents, which enable the mass to melt, or abstract oxygen, or
supply oxygen. The liquid state, whether produced in fusing at a red or white
heat, or by solution in some solvent at ordinary temperatures, is the state gen-
erally essential to chemical change. Analysis * in the dry way resembles the
metallnrgic operations by which most commercial metals are obtained from
their ores; it may be made quantitative, as in the process of assaying of the
precious metals, in use since ancient times ; it is limited to partial analysis,
not enabling us to determine all constituents of unknown mixtures ; it is sel-
dom exclusively employed, except in determinative mineralogy, or finding
the species of minerals, and in assaying; it is used in full qualitative analysis
as a preliminary examination, subordinate to that in the wet way, and some
of its operations are indispensable, in connection with the wet methods, for
certain substances. The details of manipulations in the dry way are described
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in connection with each substance to which they are applicable, and under Pre-
liminary Examination of Solids.

5. Spectroscopic Analysis, and the inspection of incandescent vapors,
either directly or through colored media, furnish important resources for
identifying substances, £uite distinct from the operations of chemical analysis,
but associated with them in practice.

6. Tiib operations in the wet way constitute much the most extensive
means of analysis, also the most frequent mode of synthesis, and by far the
most instructive field of chemical experiment. For these operations the mate-
rial, if not already liquid, is first brought into the liquid state

,
not by fusion

but by solution, it is treated with reagents in the liquid state ; and substances
are identified and separated mostly by changes which return them from the
liquid to the solid, or, less often, to the gaseous state. Jt is evidently necessary,
therefore, in the beginning to understand clearly the precise nature of the
simple occurrences of solution, precipitation, and vaporization.

7. Solution is the liquefaction of a solid, or a gas, by "mixture with a

liquid. The term is also sometimes applied to the mixture of twr o liquids : as
glycerine is soluble (miscible) in alcohol, but insoluble (not miscible) in ether.
The mixture is effected by adhesion

,
an elective union in indefinite propor-

tions, and not forming a new substance. If a solid dissolves in a liquid, the
adhesion between the two substances is sufficient to overcome the cohesion
that preserved the solid. There is adhesion between sponge and water, not
sufficient to overcome the cohesion of the sponge ; and between sugarand ether,
not sufficient to overpowrer the cohesion of the sugar; but between sugar and
water, exceeding the cohesive force of the sugar, and it dissolves. If' a gas
dissolves in a liquid, adhesive force proves stronger than the elasticity of thegas.

8. The most universal solvent is water; it is always understood to be
present, in indefinite proportion, in operations in the wet way ; it serves as a
vehicle, as such not being included in any statement of the substances operated
upon, any more than is the material of the test-tube, but often some portion
of it enters into combination or suffers decomposition, and then it must be
placed among the substances engaged in the operation. Other solvents are:
alcohol, either mixed with some water or anhydrous; ether, seldom quite free
from mixture ofalcohol; disulphide of carbon; benzene ; glycerine, nearly or
quite anhydrous; and others, less important.

9. No other property of substances has so great importance in analysis,
and in all chemical operations, as their solubility in water. It must never
be forgotten that there are degrees of solubility, but there is hardly such a fact
as absolute solubility, or insolubility, regardless of proportion of the solvent.
There are liquids which are miscible with each other in all proportions; but
solids do not dissolve in all proportions of the solvent, neither do gases. For
every solid, or gas, there is a least quantity of any solvent which can dissolve
it. One part of potassium hydrate is soluble in one-half part of water (or in
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any greater quantity), but not in a less quantity of the solvent. One part of
sodium chloride requires at least two and a half parts pf water to dissolve it.
One part of mercuric chloride will dissolve in two parts of water at 100° C.,
but when cooled to 159 C., so much of the salt solidifies that it needs twelve
parts more of water at the latter temperature to keep a perfect solution.
Chloride of lead dissolves in about twenty parts of hot water, about half of the
solid separating from the solution when cold. Sulphate of calcium dissolves
in about 400 times its weight of water—this dilute solution forming one of the
ordinary reagents. Sulphate of barium is said to dissolve in 200,000 parts of
water; so that it is practically insoluble, one of the least soluble compounds
known. Sulphate of lead dissolves in 13,000parts of water; in most opera-
tions this solubility may be disregarded, but in quantitative analysis it is
washed with alcohol instead of water, losing less weight with the former sol-
vent. These examples indicate the necessity ofdiscriminating between degrees
of solubility.

10. The ordinary liquid reagents are solutions in water—sulphuric acid
and carbon disulphide being exceptions. Alcohol is usually mixed with a little
water. (See the list of Reagents.) Hydrochloric acid, ammonia, and hydro-
sulphuric acid are aqueous solutions of gases ; on exposure to -air these gases
gradually separate from their solutions, most rapidly in the case of hydrosul-
phuric acid solution; this gas having so little adhesion for water, and so great
elasticity, that it will form only a dilute solution. All these gases escape
much more rapidly when their solutions are warmed, being accompanied with
some vapor of water. Sulphuric, nitric, and acetic acids are liquid when ab-
solute ; the latter two are instable when pure and are in mixture with water,
in the authorized proportion, for use. The other ordinary liquid reagents are
solids in aqueous solution.

11. Substances are said to dissolve in acids, or in alkalies, and this is
termed chemical solution : more definitely it is chemical action and solution,
the solution being always a merely physical change. We say that lime dis-
solves (chemically) in hydrochloric acid; that is, in the reagent named hydro-
chloric acid, and which is a mixture of that acid and water. The acid unites
with the lime, forming a soluble solid, which the water dissolves. Absolute
hydrochloric acid cannot dissolve lime.

12. Solids can be obtained, without chemical change, from their aqueous
solutions, firstly, by evaporation of the water. This is done by a careful ap-
plication of heat, diminished at the close. In case volatile solids are in solu-
tion, such as ammonium salts and ferric chloride, a temperature much above
that of boiling water will vaporize the solids, and of course a continuation of
direct heat, after the water has all vaporized and latent heat ceases to be
absorbed, will rapidly raise the temperature in the residue.

Solids can be removed from solution, without chemical change, secondly,
by (physical) precipitation—accomplished by modifying the solvent. If solu-
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tion ofpotassium carbonate, or of ferrous sulphate, be dropped into alcohol, a
precipitate is obtained, because the salts will not dissolve or remain dissolved
in the mixture of alcohol and water. But, in analysis, precipitation is gene-
rally affected by changing the dissolved substance, instead of the solvent.

Solids can be separated from their.solution by precipitation due to chemical
change, to the extent that the product is insoluble in the quantity of solvent
present (observe 9). Calcium can be in part precipitated from not too dilute
solutions of its salts, by addition of sulphuric acid; but there still remains not
precipitated the amount of sulphate of calcium soluble, jfo of the solution,
which is enough to give an abundant precipitate with ammonium oxalate, the
first precipitate being previously fdtered out.

13. Time is required for the completion of most precipitates. If it is ne-
cessary to remove a substance, by precipitation, before testing for another sub-
stance, the mixture should stand, from several minutes to half an hour, before
filtration. Neglect of this precaution often occasions a double failure; the
true indication is lost, and a false Indication is obtained.

14. Reagents should be added in very small portions , generally drop by
drop. Often the first drop is enough. Sometimes a precipitate redissolves in
the reagent that produced it, and this is ascertained if the reagent be added in
small portions, with observation of the result of each addition. If it is a final
test, a quantity of precipitate which is clearly visible, is sufficient; but if the
precipitate is to be filtered out and dissolved, a considerable quantity should
be formed. If the precipitate is to be removed and the filtrate tested further,
the precipitation must be completed—by adding the reagent as long as the
precipitate increases, with the warmth and time requisite in the operation;
and a drop of the same reagent should be added to the filtrate to obtain assu-
rance that the precipitation has been completed. It will be found, with a little
experience, that some reagents must be used in relatively large quantities:
this is especially the case with hydrosulphuric acid solution. Tlje other acids
—especially concentrated sulphuric, hydrochloric, and nitric—are required in
quantities relatively very small. *

15. Precipitates are removed—usually by filtration, sometimes by decan-
tation. If they are to be dissolved, they must be first washedtillfree from all
the substances in solution. If the precipitate has been made complete, there
must be some excess of the reagent in solution, even in the closest work, and,
if it is not required that the precipitate should be complete, excess of the re-

agent may have been used. Other substances are in solution, after a precipi-
tation, as may be seen by a glance at the equation for the change. In an

analysis of a complex mixture, there are substances in solution which are not
chemically disturbed by one precipitation. All these dissolved substances per-
meate and adhere to the porous precipitate with greater or less tenacity. If
they are not wholly washed away, some portion of them will be mixed with
the dissolved precipitate. Then, the separation of substances, the only object
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of the precipitation, is not accomplished, while the operator, proceeding just as
though it was accomplished, undertakes to identify the members of a group by
reactions on a mixture of groups. In such a case, the student is fortunate if
the conflict between the “ confirmatory reactions ” and his supposed results
becomes sufficiently evident to induce him to clean the test-tubes and com-
mence the work at the beginning again—otherwise an incorrect result is re-
ported. The washing, on the filter, is best completed by repeated additions of
small portions of water—around the filter border, from the wash-bottle—allow-
ing each portion to pass through before another is added. The washings
should he tested,

from time to time, until they are free from dissolved sub-
stances.

16. In dissolving precipitates—by aid of acids or other agents—use the
least possible excess of the solvent. Endeavor to obtain a solution nearly or

quite saturated, chemically. If a large excess ofacid is carried into the solu-
tion to be operated upon, usually it has to be neutralized, and the solution is
liable to become so greatly encumbered by additions of reagents and the water
of their solution, that reactions become faint or inappreciable. Precipitates
may be dissolved on thefilter,

without excess of solvent, by passing the same
portion of the (diluted) solvent repeatedly through the filter, following it once

or twice with a few drops of water. The mineral acids should be diluted to
the extent required in each case; for solution of small quantities of carbonates
and some other easily soluble precipitates, the acids may be diluted with fifty
times their weight of water. Washed precipitates may also be dissolved in
the test-tube, by rinsing them from the filter, through a puncture made in its
point, with a very little water. If the filter be wetted before filtration, the
precipitate will not often adhere to it very closely.

17. In adding an acid, or an alkali, to saturation, or supersaturation, or
short of saturation, as may be directed, add by small portions, and after each
addition shake and test upon a slip of litmus-paper,by a drop from a glass rod.

18. Chemical Changes, as they occur in analytical operations, may be
chiefly classified asfollows :

(1) Those of Combination, or synthesis, as when carbonic anhydride is
formed by burning charcoal in the air, or when the vapors of ammonia and
hydrochloric acid are brought together in the formation of ammonium chloride :

C* + 20 = C02
NH

S + HC1 = NH4 C1

* As the atoms of elementsare united with each other inpairs, it is not philosophically correct to take
an uneven number of atoms of any elementin an equation. In this case, it mustbe explained, that the atom
of carbon indicated in the equation was not found free, but was taken from a fellow-atom of carbon, which
likewise combined with twoatoms of oxygen. Hence the equation in the text represents the half of the
smallest portions of matter that could engage in the operation. To avoidcomplexity in thiswork, equations
will usually represent elements by atoms instead of molecules, and uneven numbers of atomswill be stated,
wherever this is necessary to the lowest atomic terms of the equation.
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(2) Those of Dissociation , or analysis in its limited sense, as in the pro-
duction of oxygen and mercury by heating mercuric oxide, or of quicklime and
carbonic anhydride by heating calcium carbonate:

HgO = Hg + O
CaC03

= CaO + C02

(3) Those of Transposition,
or mutual replacement, as in the formation of

plumbic sulphate and ferrous nitrate from solutions of plumbic nitrate and
ferrous sulphate, or of zinc chloride and hydrogen from hydrogen chloride and
zinc

Pb(N03 )2 + FeS0 4 = PbS0 4 + Fe(U0 3 )2

2HC1 + Zn = ZnCl2 + 2H
(4) Those of Oxidation and Reduction

, or change of active quantivalence,
as in the production of stannic and mercurous salts from stannous and mercuric
salts, or in the formation of sulphuric acid and arsenious oxide from sulphurous
acid and arsenic oxide:

Sn"Cl2 + 2Hg"Cl3
= Sn""Cl 4 + Hg2 "Cl 2

2H2S""03 -f Asv
2 05

= 2H2 Svi04 + As'"2 0 3

19. When substances in separate solutions are brought together, one of the
clearest evidences of the formation of new substances is the appearance of a
solid or a gas in the mixture.

In most cases of transposition or metathesis [18(3)] this change of state
is the only evidence showing the fact and the exact extent of chemical change.
A solid, that is to say, a precipitate, which separates, on mixing two or more
solutions, can be removed, and its quantity ascertained (12 and 15). A gas
which separates from mixed solutions can be recognized by its properties, and
sometimes by effervescence, and its quantity can be determined.

A change of transposition between dissolved substances—salts, acids, and
bases—will take place when one or more of the products of such change is a

solid, not soluble in the mixture :

(1) Transposition between two salts. »

a. On mixing solutions of any two salts, capable offorming, by exchange
ofbases, a salt insoluble in the mixture—the insoluble salt is produced and
precipitated:

potassic sulphate -j- plumbic acetate = plumbic sulphate + potassic acetate.
b. On mixing solutions of tivo salts, which, in transposition, form two new

salts both soluble in the mixture—a partial exchange of bases takes place, and
variable proportions of the two original salts and the two new salts remain in
solution:

ferric chloride + potassic sulphccyanale = \%%tllphwy. } + {potassic Sfirid*
(2) Transposition between an acid and a salt.
a. On adding, to a solution ofa salt, an acid which can form with the base
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a salt insoluble in the solvent and in the produced acid—the insoluble salt is
formed and precipitated :

argentic nitrate + hydric chloride = argentic chloride + hydric nitrate.
b. In adding, to a solution of a salt, an acid which can form with the base

a salt insoluble in the solvent, but soluble in the produced acid (as diluted
in the mixture)—no precipitate is formed :

ferrous sulphate + hydric sulphide = ferrous, sulphate hydiflrfeulphide.

c. On adding to a solution of a salt (formed by a soluble acid), an acid
which can form with the base a soluble salt—usually a partial exchange of acid
radicals occurs, and variable proportions of two salts and two acids remain in
solution:

. »“»<• + hydric sulphate -

d. On adding an acid to the solution of a salt the acid of which is insoluble
in the solvent—the insoluble acid is formed and precipitated :

sodic silicate -f- carbonic acid = silicic acid + sodic carbonate.

(3) Transposition between an alkali and a salt.
a. The addition ofa solution of a hydrate of a base

,
to a solution of a

salt, the hydrate of the base of which is insoluble in the solvent present—-
causes a precipitate of the insoluble hydrate :

ferric chloride + amnionic hydrate = ferine hydrate -j- amnionic chloride.

b. The addition of a solution of a hydrate of a base, to a solution of a salt,
the acid of which can form with the other base a salt insoluble in the solvent
—causes a precipitate of the insoluble salt:

eodic sulphate + baric hydrate = baiic sulphate + sodic hydrate.

c. The addition of a solution of a hydrate of a base, to a solution of a salt,
the acid of which can form a soluble salt with the other base—usually causes a

partial interchange of bases, leaving variable proportions of the two salts and
two hydrates in solution :

■odiccWori* + potassichydrate = } + j
20. Transpositions in solution are determined by forming the gaseous state,

as well as by forming the solid state. Generally, when, by decomposition
between salts, acids and hydrates, both materials being in solution or one in
solution and one solid—if there can be produced a substance which is volatile
at the temperature of the operation—such substance is formed and vaporized.
At ordinary temperatures :

calcic carbonate + hydric chloride = calcic chloride -(- carbonic anhydride + water:
ammonic chloride calcic hydrate = calcic chloride -f- ammonia + water.

At 00° C. (140° F.) :
potassic carbonate + ammonic carbonate = potassic hydric carbonate + ammonia.

In hot solutions:
sodic chloride + hydricsulphate = sodic sulphate + hydric chlorite.
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By ignition :

sodic sulphate + hydricphosphate = sodic phosphate -f hydric sulphate.

21. It cannot too soon be understood, concerning changes between sub-
stances—acids, bases and salts, in solid, liquid, and gaseous states—strictly
chemical in nature and proportions as these changes are, they are not nearly so
often determined by the relative degree of chemical power as by co-operating
forces—cohesion, adhesion, heat, light, etc.—the circumstances which modify
the relative power of affinities.

Furthermore, the student should avoid placing his chief dependence upon
generalizations, especially in the early period ofhis study. Science rests upon
facts. It is logical to begin at the foundation, and work upwards in the same
order in which the investigations of men have established science.

22. While theresults of chemical operations are declared to the powers of
observation as changes of masses, they are represented to the understanding as
changes of molecules

,
and as such are expressed in chemical equations.

When we observe evidences ofa chemical change in any mixture before us,
we are assured that some new arrangement of atoms—some alteration of mole-
cules—has occurred. Usually, the evidence shows that certain molecules have
broken up, and their atoms have entered into certain new molecules. Now, to
state the composition and proportional number of all the molecules which act
upon each o£her, and result in an operation, is to make a chemical equation.
The first side of the equation represents the molecules broken up in the opera-
tion ; the last side, those produced in the operation; each side presenting the
same kind and number ofatoms, but different molecules. To be prepared to
construct the equation, we must know the exact composition—the formulte—of
all the substances brought into the operation, and we must ascertain the com-
position—the formulae—of the substances produced in the operation. Having
these inviolable data, the formulae of the molecules, the determination of the
number of each kind of molecules, necessary “ to balance the equation,” be-
comes a simple mathematical calculation. Finally, “the combining number”
of each substance in an equation expresses its number of “ parts by weight,”
for large or small quantities, as exemplified in paragraph 24.*

23. In the practice of qualitative analysis, the student necessarily refers to
authority for the composition of precipitates and other products. For exam-

ple, when the solution ofa carbonate is added to the solution of a calcium salt,
a precipitate is obtained ; and it has been ascertained by quantitative analysis
that this precipitate is normal calcium carbonate, CaC03 , invariably. Were

* Concerning the representation of elementsby atoms instead of molecules, in equations, see the foot-
note under paragraph 18.

The “ combining number ” of any substance given in an equation is the sum of its molecular or atomic
weights as required for the equation. In the first equationin paragraph 18, the combining number of the
oxygen is 32. The term “ part ” should he restricted to the unit of weight, the same for all substances. An
atom of hydrogen is one part; an atom of oxygen is equal to sixteen parts.
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there no authorized statement of the composition of this precipitate, the stu-
dent would be unable, without making a quantitative analysis, to declare its
'formula or to write the equation for its production. When the results of analy-
tical operations are substances of unknown, uncertain, or variable composition,
equations cannot be given for them. In much the greater number of cases, but
not in all cases, will any acid radical unite with any metal, and, if so, unite as

normal salt.
24. By translating chemical equations into statements of proportional

parts by weight, they are prepared to serve as data for ordinary uses—in
operations of manufacture, with large or small quantities, and in quantitative
analysis.

For example, in dissolving iron by aid of hydrochloric acid, we have the
equation:

Fe + 2HC1 = FeCl, + 2H
55.9 73.0 126.9

Also, in precipitating ferrous chloride by sodium phosphate, we have the
equation :

FeCl2 + 3STa2 HP0 4 [+12H2 Oj = FeHP04 -f 2NaCl
142 + 216.= 358.0 151.9

Suppose it is desired to 'determine from the above :

(1) How much “ hydrochloric acid,” 32 per cent. HC1, is required to dis-
solve 100 parts of iron wire]

(2) Whaf quantities of 32 per cent. “ hydrochloric acid ” and iron wire
are necessary to use in preparing 100 parts of absolute ferrous chloride]

(3) What materials, and what quantities of them, may be used in prepar-
ing 100 parts of ferrous phosphate ]

We write the combining numbers of each substance that is to be weighed,
under its symbols in the equation. These numbers already express the pro-
portional weights : they may, of course, be changed into other numbers ex-
pressing the same proportion to each other. If 56 parts of iron are dissolved
by 73 parts of hydrochloric acid, 100 parts of iron require 130 parts of hydro-
chloric acid. The iron wire is not quite pure iron, but taken as such. The
solution of the acid is specified at 32 per cent. The phosphate is weighed in
crystals and then dissolved—the water of crystallization being included in the
combining number. Then:

j 55.9 : 73.0 : : 100 : x = parts ofabsolute HCL for 100 parts iron wire.
(32 : 100 : : x : y = parts of 32 p. c. hydrochloric acid for 100 parts of iron.

f126.9 : 73.0 : : 100 : x 0

2. 1 32 : 100 : : x : y = parts of 32 p. c. hydrochloric acid for 100 parts of ferrcus chloride.
I 126.9 : 55.9 ; : 100 : x = parts of iron wire for 100parts of ferrous chloride.
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'151.9 : 73.0 : : 100 : x
33 : 100 : : x : y = parts of 32 p. c. hydrochloric acid for 100 parts of ferrous phosphate.

3.
151.9 : 55.9 : : 100 : x = parts of metallic iron for 100 parts of ferrous phosphate.

.151.9 : 358.0 : : 100 : x = parts of cryst. sodium phos for 100 parts of ferrous phosphate.

Practice in reducing the combining numbers of the terms in an equation to
simple parts by weight—grams, grains, ounces, or pounds—is a very instruc-
tive exercise, even in the early part of Qualitative Chemistry. It enforces cor-
rect and clear ideas of the significance of formula} and equations, and refers
all chemical expressions to the facts of quantitative operations. In pursuing
technical chemistry, or advanced chemistry in any direction, this work—-
in <! Chemical Problems” is in constant demand, both as an important means
of theoretical study and as a necessary accompaniment of all independent
practice.

25. The chief requirement in qualitative'practice is an experimental ac-
quaintance with the chemical relations of substances, rather than the identifi-
cation of one after the other by routine methods. The acids and bases,' the
oxidizing and reducing agents, are all linked together in a network of relations,
and the ability to identify one, as it may be presented in any combination or
mixture, rests upon acquaintance with the entire fraternity. For example, in
the study of an acid, its deportment with all the bases should be learned, all its
representative salts should be produced, and the character of these salts should
be mentally associated with the respective bases as well as with the acid. The
study of sulphuric acid furnishes the best illustration of an important charac-
teristic of lead, calcium, magnesium, and other metals. In any test, the
“reagent” should not be held by the student as a mere instrument, but as
one of two substances, both of which are under investigation. The earlier the
habit of constant generalization is acquired, the sooner will the difficulties of
the manipulation clear wray. The most direct method of pursuing Analytical
Chemistry is to struty chemistry analytically.

26. It is advisable that the initiatory qualitative icorlc be done uponknown
material—verifying the characteristics of each acid and base, studying the
methods of separation, and stating the operations in equations—before attempt-
ing actual analysis with unknown material. In this initiatory wr ork, the ex-
amination of each acid and each base needs to be so made, or repeated, that the
student can obtain, understand, and remember its chemical changes: a mere

routine repetition of the simpler analytical tests being worse than waste of
time. Reactions having importance in synthesis require as much attention as
those important in analysis.

27. The full text of the book, rather than the analytical tables, should be
taken as the guide in qualitative operations, especially in those upon known
material. The tabular comparisons are commended to attention, especially for
review. In the actual analysis, the tables serve mainly as an index to the
body of the work. Throughout the practice upon knowm material, when the
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student is engaged upon a base or an acid, and in the study of its reactions, lie
should refer to a manual of Elementary Chemistry for completion of his ac-
quaintance with the substance in hand. During the analysis of unknown
material, the student should constantly consult the more complete works within
his reach, such as the dictionaries of Storer, and Watts, and the Hand-book of
Gmelin, or the larger manuals of Miller, Schorlemmer, and others. Habits of
personal investigation, and of independent search of authorities, when estab-
lished during qualitative work, form the sure foundation of a good chemical
education.

ORDER OP STUDY.

The order of study of qualitative analysis, in the laboratory under the author’s charge, varied from
year to year, is at this time (1880) about as follows: Preparatory—a drill in *• writing salts,” to memorize
quanlivalence and make the notation familiar. Then, FIRST, a study of thesolubilities of metallic salts and
hydrates, namely: A, obtaining all the precipitates by potassium hydrate or sodium hydrate, with
the metals of successive groups, then the same with ammonium hydrate, as given in paragraph 33—the
student writingequations for all precipitates. B, Obtaining the precipitates by potassium carbonate,
with the successive bases, and formulating the changes (651, 80, 98, 105, etc.) In the same way, the students
work out the precipitates with, G, the sulphates (675, 88, 98, 103, 312); D, the sulphites ; E, free sul-
phurous acid; F, ammoniumsulphide ; G, hydrosulphurio acid ; II, common sodium phosphate;
/, free phosphoric acid ; J, chlorides ; K, bromides ; L, iodides; M, iodates ; N, potassium
dichromate ; O, ammonium oxalate. SECOND, a study of the analytical reactions of each base, and
then, for the first, practice in the separation of metals from each other, taking them in the order of their
groups. THIRD, the analytical reactions of each acid, and then the separations of acids. FOURTH, prac-
tice with synthetic operations, devised by the student, for required products, with given materials—equa-
tions ofall changes being givenby the student. Thus, required to make lead sulphide, taking the lead from
the metallic state, and the sulphur from calcium sulphate. At this point a full examination is held, and
qualification upon all the work passed over is required before going further. FIFTH, the analysis of un-
known solid mixtures, each containing from two to seven compounds. The combination of each base, in the
greater number, to be determined by the action of solvents upon the mixture. Reports received after
analyses of each five, and results of first and second reports preserved. SIXTH, the analysis of mixtures in
solution, mostly involving the action of oxidizing and reducing agents. Lastly, a final examination. There
is a daily recitation, with the daily laboratory work.
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PART I.-THE METALS.

28. Classification of Metals or Bases. —In chemical analysis, the metals
are commonly divided into five groups according to their deportment, in solu-
tion of their salts, with certain general reagents, as follows :

I. Those metals, forming chlorides insoluble in water (see 9), are precipi-
tated from the solutions of their salts by the first group reagent, hydrochloric
acid: Pb, Ag, Hga ".

II. The metals which in acid solutions form insoluble sulphides, are preci-
pitated from their acidulated solutions by the second group reagent, liydrosid-
phuric acid: As, Sb, Sn, Pb, Ag, Bi, Cu, Cd, Hga ", Hg".

III. Those metals which form sidphides insoluble in water, but decomposed
by dilute acids

,
are precipitated from neutral solutions by the third group

reagent, ammonium sidphide, which also precipitates two metals in this group
as hydrates: Fe, Mn, Co, Hi, Zn, sulphides ; Al, Cr, hydrates.

IY. Of the remaining metals, those having carbonates insoluble in water
are precipitated from their solutions by the fourth group reagent, ammonium
carbonate: Ba, Sr, Ca, Mg. If ammonium chloride be present, Mg is left for
the next group.

V. The metals forming chlorides, sulphides, and carbonates, soluble in
water, are not precipitated by any of the four group reagents, and are left to
the fifth group. K, Na, Li, NH 4 .

29. Each group reagent willprecipitate the metals of preceding groups.
The metals distinguished by being insoluble as chlorides (Group I.), are also in-
soluble as sulphides (with Groups II. and 111.), and as carbonates (with Group
IV.) The second group sulphides are precipitated both from acid and from
neutral solutions, though the third group sulphides are precipitated from neu-
tral, but not from acid solutions, and second and third group metals form
insoluble carbonates, as well as those of Group IV. In the work of analysis,
the first group metals may be worked with the second, but thereafter, the
metals found in each groupmust be completely removed before testing for the
next group. After filtering out a group precipitate, the reagent which pro-
duced it should be again carefully applied, with the proper conditions, to the
filtrate, before testing it for the next group.



The Metals.28

t
Not

precipitated
in
dilute
solutions.

30.

Precipitations
in
the

Five
Groups
of

Bases.

*

Soluble
iu

excessof
the

reagent.

Precipitated
by

I.
Chlorides.

I.

II.

III.

IV.

V.

Pb,+
Ag,
Hg2

II.
H?S
in
acid
sob

Pb,
Ag,
Hg

As,
Sb,
Su,
hi,
Cu,
Cd,
Hg.

III.
Sulphides.

Pb,
Ag,
Hg

As,*
Sb,*
Sn,*
Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Or,
Co,
Ni.

IV.
Carbonates
with
NH

4
C1
Pb,
Ag,
Hg

Sb,*
Sn,
Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Cr,
Co,
Ni.

Ba,
Sr,
Ca.

Carbonates.

Pb,
Ag,
Hg

Sb,*
Sn,
Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Cr,
Co,
Ni.

Ba,
Sr,
Ca.

Mg.

Fixed
Alkalies.

Pb,*
Ag,
Hg

'...
Sb,*
Sn,*
Bi,
Cu,
Cd,
Hg.

Zn,*
Al,*
Fe,
Mn,
Cr,*
Co,
Ni.

Ba,+
Sr,+
Ca.

Mg.

Ammonia.

Pb,
Ag,*
Hg

Sb,
Sn,
Bi,
Cu,*
Cd,*
Hg.

Zn,*
Al,
Fe,
Mn,
Cr,
Co,*
Ni.*

Mg.

Phosphates.

Pb,
Ag,
Hg

Sb,
Sn,
Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Cr,
Co,
Ni.

Ba,
Sr,
Ca.

Mg,
Li.

Oxalates.

Pb,
Ag,
Hg

Sb,
Sn,
Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Co,
Ni.

Ba,t
Sr,
Ca.

Mg.t

Sulphates.

Pb

Ba,
Sr,
Ca.+

Sulphites.

Pb,
Ag,
Hg

Sb,
Sn,

Bi,
Cu,
Cd,
Hg.

Zn,
Al,
Fe,
Mn,
Co,
Ni.

Ba,
Sr,
Ca.

Mg.

Bromides.

Pb,
Ag,
Hg

Iodides.

Pb,*
Ag,*
Hg

(Bi)

Hg.*



The Metals of the Alkalies. 29

GROUP V.
\ V

■*"' The Alkali Metals.

Potassium, . . K' = 39.0 Lithium, . . . Li' = 7.0
Sodium, . . . Na' = 23.0 Rubidium,. . . Rb'= 85.2
Ammonium, . . (NH4 )'=14-f4 Csesium, . . . Cs' = 133.0

31. The metals of the alkalies are highly combustible, oxidizing quickly in
the air, displacing the hydrogen ofwater* even more rapidly than zinc or iron
displaces the hydrogen of acids, and displacing non-alkali metals from their
oxides and salts. As elements they are very strong reducing agents, while
their compounds are very stable, and not liable to either reduction or oxida-
tion by ordinary means. The live metals, Cs, Rb, K, ]>Ta,Li, present a grada-
tion of electro-positive or basic power, caesium being strongest, and the others
decreasing in the order of their atomic weights, lithium decomposing water with
less violence than the others. Their specific gravities decrease, their fusing
points rise, and as carbonates their solubilities lessen, in the same order. In
solubility of the phosphate, also, lithium approaches the character of an alka-
line earth.

Ammonium is the basic radical of ammonium salts, and as such has the
characteristics of an alkali metal. The water solution of the gas ammonia
FH S (an anhydride), from analogy is supposed to contain ammonium hydrate,
Nnpn, known as the volatile alkali. Potassium and sodium hydrates are
thefixed alkalies in common use.

32. The alkalies are very soluble in water, and all the important salts of
the alkali metals (including LTHJ are soluble in water, not excepting their
cai-bonates, phosphates (except lithium), and silicates ; while all other metals
form hydrates or oxides, either insoluble or sparingly soluble ; and carbonates,
phosphates, silicates, and certain other salts quite insoluble in water.

Their compounds being nearly all soluble, the alkali metals are not preci-
pitated by ordinary reagents, and with few exceptions, their salts do not preci-
pitate each other. In analysis, they are mostly separated from other metals
by non-precipitation.

33. In accordance with the insolubility in water of the non-alkali hydrates
and oxides the alkali hydrates precipitate all non-alkali metals, except that
ammonium hydrate does not precipitate barium, strontium, and calcium. These
precipitates are hydrates, except those of mercury, silver, and antimony.

But certain of the non-alkali hydrates and oxides, though insoluble in water,
dissolve in solutions of alkalies ; hence, when added in excess, the alkalies re-
dissolve the precipitates they at first produce with salts of certain metals,
viz.: the hydrates of Pb, Sn, Sb, Zn, Al, and Cr dissolve in the fixed alkalies;

*K + H2 0 = KOH + H
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and oxide of Ag and hydrates of Cu, Zn, Co, and Ni dissolve in the volatile
alkali.

Precipitations by Alkali Hydrates (KOH, NaOH, and NH4OH).
(Note the color of precipitates obtained.)

Barium hydrate, Ba(OH) 2 ,
not caused by NII 4OH, sol. in 15parts water (85).

Strontium “ Sr(OH) 2,
“ “ “ 60 parts water.

Calcium “ Ca(OH) 2 ,

“ « “ 700 « (104).
Magnesium “ Mg(OH) 2 , soluble by NH 4 C1, sol. in 6,000 “ (114).
Aluminium 11 Al2(OH) 6,

soluble in excess fixed alkali hydrates (145j.
Chromium <£ Cr2(OH) 6, soluble in cold sol. of fixed alkali, precipitated

on boiling (154).
Ferrous “ Fe(OH) 2, slightly soluble by NII 4 C1. Oxidizes in air (174).
Ferric “ Fe 2(OH) 6 (184).
Manganous “ Mn(OH)2, soluble by NHtCl. Oxidizes in air (204).
Manganic “ Mn 2(OH) 6 (214).
Cobalt “ Co(OH) 2 ,

sol. in excess NII 4OH, and by Nfl 4Cl (219).
Nickel “ Ni(OH) 2

“ “ “ “ (228).
Zinc “ Zn(OH)2, soluble in both fixed and vol. alkalies (235).
Copper “ Cu(OH) 2, soluble in NH 4 OH (with blue color) (273).
Cadmium “ Cd(OH)a

“ “ (colorless) (301).
Bismuth “ Bi(OH) a (289).
Lead « Pb(OH) 2, soluble in excess fixed alkalies (309).
Silver oxide, Ag a O, soluble in excess NH 4 OII (330).
Mercurous oxide, Hgz O (by fixed alkalies) (346).
Mercurous-ammonium chloride, NH2 Hg2Cl, from' Hg2Cl2 by NH 4 OH (347).
Mercuric oxide, HgO (by fixed alkalies) (356).
Mercur-ammonium chloride, NH2 HgCl, from HgCl2 by NH 4 OH (357).
Antimonious oxide, Sb 2 Oa ,

soluble in excess fixed alkalies (403).
Stannous hydrate, Sn(OH) 2,

“ « “ (430).
Stannic “ Sn(OH) 4,

“ “ “ (440).
/

34. Solutions of the alkalies are caustic to the taste and touch, and turn red
litmus blue; also, the carbonates, acid carbonates, normal phosphates, and
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some other salts of the alkali metals, give the “ alkaline reaction ” with test
papers. Sodium nitroferricyanide, with hydrogen sulphide, gives a delicate
reaction, 668.

35. The hydrates and normal carbonates of the alkali metals are not de-
composed by heat alone (as are those of other metals), and these metals form
the only acid carbonates obtained in the solid state.

38. The fixed alkalies, likewise many of their salts, melt on platinum foil,
in the flame, and slowly vaporize at a bright red heat (distinction from magne-
sia). All salts of ammonium, by a careful evaporation of their solutions on
platinum foil, may be obtained in a solid residue, which rapidly vaporizes,
wholly or partly, below a red heat (distinction from fixed alkali metals and
magnesium).

37. The hydrates of the fixed alkali metals, and those of their salts most
volatile at a red heat, preferably their chlorides, impart strongly characteristic
colors to a non-luminous flame, and give well-defined spectra with the spec-
troscope.

POTASSIUM.
38. The hydrate, carbonate, dimetallic phosphate, sulphite, nitrite, acetate

and normal tartrate are deliquescent.
39. None of the potassium salts are quite insoluble in water; the platinic

chloride, acid tartrate, silico-fluoride, nitro-phenate, phospho-molybdate, and
per-chlorate, being only slightly soluble in water, and quite insoluble in alco-
hol. The chlorate is but sparingly soluble in cold water, and nearly insoluble
in alcohol. Also, the carbonate and sulphate are insoluble in alcohol.

In ordinary qualitative analysis, potassium compounds are identified by
their flame-color (44), using blue glass to exclude the color of the sodium-flame;
also by precipitation ofpotassium acid tartrate in alcoholic acidified solution
(41), or ofpotassium platinic chloride (40). Both these precipitations are used
in quantitative analysis.

40. Platinic Chloride (PtCl 4), added to neutral or acid solutions not too
dilute, with hydrochloric acid if the compound be not a chloride, precipitates
'potassium platinic chloride (KCl) 2PtCl 4, crystalline, yellow. Non-alkali
bases also precipitate this reagent, and if present must be removed before this
test. The precipitate is soluble in 19 parts of boiling water, or 111 parts of
water at 10° C. Minute proportions are detected by evaporating the solution
with the reagent nearly to dryness, on the water-bath, and then dissolving in
alcohol; the yellow crystalline precipitate, octahedral, remains undissolved,
and may be identified under the microscope.

41. Tartaric acid (H2 C 4H 4O e), or more readily sodium hydrogen tartrate
(Nall C4H( 06 ), precipitates, from solutions sufficiently concentrated, potassium
hydrogen tartrate, KHC 4H4 05, granular-crystalline. If the solution be alka-
line, tartaric acid should be added to strong acid reaction. The test must be
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made in absence of non-alkaline bases. The precipitate is increased by agita-
tion, and by addition of alcohol. It is dissolved by fifteen parts of boiling
water or eighty-nine parts water at 25° C., by mineral acids, by solution of
borax, and by alkalies, which form the more soluble normal tartrate, K 2C 4H4Oc ,

but not by acetic acid, or at all by alcohol of fifty per cent.
42. Nitrophenic acid, HCcH,(N0 2 )3

0, picric acid, precipitates, from solu-
tions not very dilute, the yellow, crystalline potassium nitrophenate,
ko 6h.2 (no 2 )3

o, insoluble in alcohol, by help of which it is formed in dilute
solutions. The dried precipitate detonates strongly when heated.

43. It will be observed that ammonium salts form precipitates with plati-
nic chloride and with tartaric acid, closely resembling those formed with salts
of potassium, but the latter is the only fixed alkali which is precipitated by
these reagents.

44. Potassium compounds color the flame violet. A little of the solid sub-
stance, or residue by evaporation, moistened with hydrochloric acid, is brought
on a platinum wire into a non-lurninous flame. The wire should be previously
moistened with hydrochloric acid, and held in the flame until it does not color.
The presence of very small quantities of sodium enables its yellow flame com-
pletely to obscure the violet of potassium ; but owing to the greater volatility
of the latter metal, flashes of violet are sometimes seen on the first introduc-
tion of the wire, or at the border of the flame, or in its base, even when enough
sodium is present to conceal the violet at full heat. Silicates may be fused
with pure gypsum, giving vapor of potassium sulphate. The interposition of a
blue glass, or prism filled with indigo solution, sufficiently thick, entirely cuts
off the yellow light of sodium, and enables the potassium flame to be seen.
The red rays of the lithium flame are also intercepted by the blue glass or in-
digo prism, a thicker stratum being required than for sodium. If organic sub-
stances are present, giving luminosity to the flame, they must be removed by
ignition. Certain non-alkali bases interfere with the examination.

45. The volatile potassium compounds, when placed in the flame, give a
widely-extended continuous spectrum, containing two characteristic lines ; one
line K a, situated in the outermost red, and a second line, K fi, far in the violet
rays at the other end of the spectrum.

SODIUM.

46. Of ordinary compounds of sodium, only the hydrate, nitrate, and chlo-
rate are deliquescent. The carbonate (10 aq.), sulphate (10 aq.), sulphite (8 aq.),
phosphate (12 aq.), and acetate (3 aq.), are efflorescent.

47. The salts of sodium are freely soluble in water, except the metantimo-
niate and the silico-fluoride, the latter being sparingly soluble.

Sodium is identified chiefly by its flame-color (50), and by non-precipita-
tion with various reagents. Its soluble salts are weighed in gravimetric opera-
tions.
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48. Solution of potassium metantimoniate (KSbOj produces, in neutral or
alkaline solutions, a slow-forming, white, crystalline precipitate, NaSb03,

almost insoluble in cold water. The reagent must be carefully prepared and
dissolved when required, as it is not permanent in solution. (See under Anti-
monic Acid, 419.)

49. Sodium platinic chloride, (NaCl)„PtCl 4, crystallizes from its concen-
trated solutions in red prisms, or prismatic needles (distinction from potassium
or ammonium). A drop of the solution to be tested is slightly acidified with
hydrochloric acid from the point of a glass rod on a slip of glass, treated with
two drops of solution of platinic chloride, left a short time for spontaneous
evaporation and crystallization, and observed under the microscope.

50. Sodium compounds color the flame intensely yellow — the color being
scarcely affected by potassium (at full heat), .but modified to orange-red by
much lithium, and readily intercepted by blue glass. Infusible compounds may
be ignited with calcium sulphate. The test is interfered with by some non-
alkali bases.

51. The spectrum of sodium consists of a single band, Na a, at Fraun-
hofer’s line D, in the yellow of the solar spectrum.

52. The amount of sodium in the atmosphere, and in the larger number of
substances designed to be “ chemically pure,” is sufficient to give a distinct but
evanescent yellow color to the flame and spectrum.

AMMONIUM.
53. The anhydride, ammonia (NH3 ), gaseous at common temperatures,

dissolves in twice its weight of cold water, forming a volatile solution lighter
than water.

54. The “ sesquicarbonate ” (NH 4)4H2(C0 3 )3 (l aq.), or tetra-ammonium
dihydrogen carbonate, and the phosphate (2 aq.), are efflorescent; the nitrate
is deliquescent, and the sulphate, slightly deliquescent. The normal carbonate
is very instable, and used only in solution.

55. The solubilities of the salts of ammonium correspond very nearly
with those of potassium salts.

Ammonium is found by obtaining the anhydride, ammonia, in vapor (56,
57). Precipitation as mercurammonium iodide (58) is also used. Ammonium
platinic chloride is weighed in quantitative work (61). For the nitroferricy-
anide test, see 668.

56. Ammonia gas (NH 3 ) escapes from its solutions (having alkaline reac-
tion) at ordinary temperatures, more rapidly when heated ; and from its com-
binations, in any mixture (alkaline, neutral, or acid), by heating with an alkali
or alkaline earth (potassium or calcium hydrate).

NH4 C1 + KOH = KCl + NH3 + H2 0

57. Ammonia gas is recognized, 1st, by its odor; 2d, by turning
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moistened red litmus-paper to blue ; 3d, by changing red logwood paper
blue; 4th, by rendering paper wet with solution of cupric sulphate blue;
5th, by blackening paper wet with solution of mercurous nitrate ; 6th, by
forming white fumes with the vapors of volatile acids, vapor of HC1 form-
ing solid NH 4C1 ; vapor of HC2H 302 forming solid NH 4 C 2H 3 0,,, etc.

58. A solution of potassium mercuric iodide, (KI) 2 HgI2 , containing
also potassium hydrate—Nessler’s test *—produces a brown precipitate of
nitrogen dimercuric iodide, WHgJ (dimercur-aminonium iodide, 347, foot-
note), soluble by excess of KI and by HC1 ; not soluble by KBr (distinction
from HgO) :

NH 3 + ■ 2HgI„ = NEg„I + SHI
NH 4OH + 2(KI)2HgIs + 3KOH = NHg2I + 7X1 + 4H2 0

This very delicate test is applicable to ammonium hydrate or salts ; traces
forming only a yellow to brown coloration. The potassium mercuric iodide,
alone, precipitates the alkaloids from neutral or acid solutions, but does not
precipitate ammonium salts from neutral or acid solutions.

59. Mercuric chloride (HgClJ, forms, in solutions ofammonium hydrate
or ammonium carbonate, the “white precipitate” of nitrogen dihydrogen
mercuric chloride, NH„HgCl, or mercur-ammonium chloride. If theammonium
is in a salt, not carbonate, it is changed to the carbonate and precipitated, by
addition of mercuric chloride and potassium carbonate previously mixed in
solutions (with pure water), so dilute as not to precipitate each other (yellow).
This test (Bohlig’s) is intensely delicate, revealing the presence of ammonia
derived from the air by water and many substances.

60. Add a small quantity of recently precipitated and well-washed silver
chloride, and, if it does not dissolve after agitation, then add a little potassium
hydrate solution. The solution of the AgCl, before the addition of the fixed
alkali, indicates free ammonia; after the addition of the fixed alkali, ammonium
salt. (Applicable in absence of, thiosulphates, iodides, bromides, and sulpho-
cyanides.)

61. Platinic chloride, and tartaric acid, form precipitates with am-
monium, which, in conditions of production, form and color of crystals, and in
solubility, closely resemble the potassium precipitates with the same reagent.
They may be distinguished by the effect of ignition, which, in case of am-
monium platinic chloride, leaves pure spongy platinum (without KOI), and, in
case of ammonium hydrogen tartrate, leaves pure carbon (without K„CO„).
Also, 3NTHH 0,110, is more soluble in water than KII C 1H 4O0

. Nitrophenic
acid precipitates ammonium, in solutions not very dilute.

* This reagent may be prepared as follows : To a solution of mercuric chloride add solution of potassic
iodide till the precipitate is nearly all redissolved ; then add solution of potassium hydrate ; leave until the
liquid becomes clear, and decant from any remaining sediment.
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62. Phosphomolybdate of sodium (494, foot-note) precipitates am-
monium from neutral or acid solutions; also precipitates the alkaloids, even
from very dilute solutions, and, from concentrated solutions, likewise precipi-
tates K, Rb, and Cs (all the fixed alkalies, except Ha and Li).

63. Ammonium salts in solution, treated with chlorine gas, generate the instable and
violently explosive “ nitrogen chloride” (NC1 3?)(a). The same product is liable to arise
from solid ammonium salts treated with chlorine. Gaseous ammonia, and aqueous am-
monium hydrate, with chlorine gas, generate free nitrogen (b ), a little ammonium chlo-
rate being formed if the ammonia is in excess. Hypochlorites or hypobromites (or chlo-
rine or bromine dissolved in aqueous alkali, so as to leave an alkaline reaction) liberate,
from dissolved ammonium salts, all of their nitrogen (as shown in the second equation of
b) ; the measure of the nitrogen gas being a means of quantitative estimation of ammo-
nium.—With iodine, ammonium iodide and the explosive iodamides (as in equation c),
are produced ; also, in proportion governed by conditions, iodate (d), and hypoiodite, may
be formed.—Ammonia is liable to atmospheric oxidation to ammonium nitrite and nitrate.
—Permanganates oxidize to nitrate (e).—Ammonia is somewhat readily produced from
nitric acid by strong reducing agents. It is formed with carbonic anhydride, in a water
solution of Cyanic acid, and, more slowly, in a water solution of Hydrocyanic acid. It is
generated, by fixed alkalies, in boiling solution of Cyanides (/) ; also, in boiling solu-
tions of albuminoids and other nitrogenous organic compounds, this formation being
hastened and increased by addition of permanganate (Wanklyn’s process). Fusion with
fixed alkalies transforms all the nitrogen of organic bodies into ammonia.

a. NH 4 C1 -f GOl = NC13 + 4HC1
b. 4NH3 + 3C1 — 3NH4 C1 4 N

NH4CI 4 301 = 4H01 4 N
c. 2NH3 4 21 = NH.I 4 NH..I
d. ONSLOH 4 61 = 5NHJ 4 NH,I03 4 3H,0

e. 6NH.0H 4 4H 2Mn 2Og = 3NH,N03 4 8MnO(OH) a 4 5Hs O
/. HON 4 KOH 4 H O = NH 3 4 SOHO, (formate)

64. Heat vaporizes the carbonate, and the haloid salts of ammonium,
undecomposed; decomposes the nitrate with formation of nitrous oxide and
water, the phosphate and borate with evolution of ammonia, and other salts
with various products.

65. Ammonium compounds impart to the flame a faint and evanescent
violet color.

LITHIUM.
66. The chloride, chlorate, and many other salts, are very deliquescent.
67. The carbonate, phosphate, and silico-fiuoride are only sparingly

soluble in water ; the other salts of lithium are freely soluble in water, and
nearly all soluble in alcohol. Lithium is identified, chiefly, by spectral analy-
sis and flame-color (70, 71).

68. Sodium phosphate, Na„HP04 , precipitates trimetallic lithiumphos-
phate LiPQ4, soluble in 2,530 parts water; more soluble in solutions of am-
monium salts (distinction from magnesium) ; but much less soluble in strong
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solution of ammonia. In dilute solutions, the precipitate forms only after
boiling; and addition of sodium hydrate to alkaline reaction, or ofammonia to
strong solution, increases the precipitate. Its solution in hydrochloric acid is
not at once precipitated by ammonium hydrate in the cold (distinction from
alkaline earth metals); and the blow-pipe bead of lithium phosphate, with soda,
is transparent (that of alkaline earth metals being opaque).

69. Nitrophenic acid forms a yellow precipitate, not easily soluble in
water.

70. Compounds of lithium impart to the Same a carmine red color, ob-
scured by sodium, but not by small quantities of potassium compounds. Blue
glass, just thick enough to cut off the yellow light of sodium, transmits the red
light of lithium; but the latter is intercepted by a thicker part of the blue
prism, or by several plates of blue glass.

71. The spectrum of lithium consists of a bright red band, TA a, and a
faint orange line, Li [3. The color tests have an intensity intermediatebetween
those of sodium and potassium.

RUBIDIUM AND CJESIUM.
72. Of the known elements, these metals possess the extreme of basic power, as ap-

pears from the gradation in the properties of the five metals of the alkali group, stated in
paragraph 31. Metallic caesium has not been isolated in mass ; rubidium vaporizes more
easily than potassium, and decomposes water with more violence. The hydrates of both
these metals are very deliquescent, and strongly alkaline. The carbonate of caesium is
soluble in five parts of boiling alcohol—other fixed alkaline carbonates being insoluble in
alcohol ; but the separation of Os and Rb carbonates with absolute alcohol is hindered by
formation of a double carbonate of both metals, not wholly insoluble in alcohol. The
salts of rubidium and caesium are soluble, except those named in the next paragraph,
most nearly coinciding with potassium in precipitation.

73. Platinic chloride precipitates, from chlorides or mixtures containing hydrochlo-
ric acid, yellow ccesium platinic chloride, (C3Cl) 2PtCl 4 , in microscopic octahedral crys-
tals, soluble in 265 parts of boiling water or 2,000 parts of water at 10° C. ; also yellow
rubidium platinic chloride, (RbCl)2PtCl 4, octahedral, soluble in 157parts boiling water
or 649 parts of water at 10° C.—Tartaric acid, or sodium hydrogen tartrate, precipi-
tates caesium hydrogen tartrate only from very concentrated solutions, being dissolved by
about 10 parts of water at 25° C. The precipitate of rubidium hydrogen tartrate,
RbHC-H,Oo, is much less soluble, requiring 84 parts of water at 25° C. for solution.—
Stannic chloride precipitates caesium, from solution with strong hydrochloric acid, as
ccesium stannic chloride, (CsCl)2 SnCl 4, insoluble in strong hydrochloric acid, but soluble
in water, and not formed in neutral solution, a distinction and separation from rubidium
and all alkalino bases, except ammonium.— Aluminic sulphate, or ammonia alum,
precipitates, from solutions containing sulphuric acid, ccesium aluminic sulphate,
CsA1(S0 4 )2 .12H 20, soluble in 160 parts of water at 17° C.—Rubidium aluminic sulphate
is soluble in 44 parts of water at 17° C. The chlorides and other volatile salts of caesium
color the flame violet blue ; those of rubidium, violet red. Both metals readily give
characteristic spectra.
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GROUP rv.
74. Tlie Alkaline Earth Metals.

Barium, Ba" = 136.8
Strontium, Sr" = 87.2
Calcium, Ca" = 39.9
Magnesium, Mg"= 23.9

75. Like the alkali metals (31), Ba, Sr, and Ca oxidize rapidly in the air
at ordinary temperatures—forming alkaline earths—and decompose ivater with-
out the aid of an acid, forming hydrates; also these hydrates are formed, with
evolution of heat, when the oxides are brought in contact with water. Mg
oxidizes rapidly in the air when ignited, decomposes water at 100° C., and its
oxide—in physical properties unlike the other alkaline earths—slowly unites
with water without sensible production of heat. As compounds, these metals
are not easily oxidized beyond their quantivalence as dyads, and they require
very strong reducing agents to restore them to the elemental state.

76. In basic power, Ba is the strongest of the four, Sr somewhat stronger
than Ca, and Mg much weaker than the other three. It will be observed that
the solubility of their hydrates varies in the same decreasing gradation, which
is also that of their atomic weights - while the solubility of their sulphates
varies in a reverse order, as follows: v

77. The hydrate of Ba dissolves in about 15 parts of water ; that of Sr,
in 60 parts; of Ca, in 700 parts ; and of Mg, in 6,000 parts. The sulphate
of Ba is not appreciably soluble in water ; that of Sr dissolves in 7,000 parts;
of Ca, in 400 parts; of Mg, in 3 parts. To the extent in which they dissolve
in water, alkaline earths render their solutions caustic to the taste and touch,
and alkaline to test-papers.

78. The carbonates, normal phosphates, silicates, and some other salts of
alkaline earths, are insoluble in water (as are those of the bases of the first
three groups; see 32). Magnesium carbonate is soluble in ammonium salts,
whereby its precipitation with the other three is prevented. Calcium oxalate
and barium chromate are insoluble (see tablefor Group IV., 798) ; the oxalates
of the other alkaline earths and the chromate of strontiumare sparingly soluble ;

chromate of calcium freely soluble.
In qualitative analysis, the group-separation of the first threealkaline earth

metals is effected, after removal of the first three groups of bases, by precipita-
tion with carbonate in presence of ammonium chloride, after which magnesium
is precipitated from the filtrate, as phosphate (28).

79. The hydrates of Ca, Sr, and Ba, in their saturated solutions, neces-
sarily dilute, throw down, from solutions of salts of the metals of the first three
groups and of Mg, thin precipitates of hydrates of the latter, which precipi-
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tates are not soluble in excess of the precipitants (compare 33). In turn, the
fixed alkalies precipitate, from solutions of Ba, Sr, Ca, and Mg, so much of
the hydrates of these metals as does not dissolve in the water present; but am-
monium hydrate precipitates only Mg, and this but in part, owing to the solu-
bility of Mg(OH)2 in ammonium salts.

80. Solutions containing alkaline earth metals with phosphoric, oxalic,
boracic, or arsenic acid, necessarily have the acid reaction, as occurs in dis-
solving phosphates, oxalates, etc., with acids ; such solutions are precipitated
by ammonium hydrate or by any agent which neutralizes the solution (19),
and, consequently, we have precipitates of this kind in the third group.

CaCl2 -f H3P04 + 2ETH 4OH = CaHPO, + 2NH 4C1 -f 2H 2 0
CaH4(P0 4 )2 + 2ira4OH = CaHP04 + (NH 4 )2 HP0 4 + 2H2 0

81. The carbonates of the alkaline earth metals are dissociated by heat,
leaving metallic oxides and carbonic anhydiude. This occurs with difficulty in
the case of Ba, Sr, and Ca; with readiness in the case of Mg (compare 35) ;

hence ignition of the carbonates of Ba, Sr, and Ca causes them to present the
alkaline reaction to a slip of moistened litmus-paper.

82. Compounds of Ba, Sr, and Ca (preferably with HC1) impart charac-
teristic colors to the non-luminous flame, and readily present well-defined
spectra.

BARIUM.
83. Most of the soluble salts of barium are permanent ; the acetate is

efflorescent.
84. The chloride, bromide, iodide, sulphides, ferrocyanides, nitrate, chlo-

rate, acetate, and phenylsulphate, are freely soluble in water ; the carbonate,
sulphate, sulphite, chromate, phosphate, oxalate, iodate, and silico-fluoride, are

insoluble in water. The chloride is almost insoluble in strong hydrochloric
acid ; likewise the nitrate, in strong hydrochloric and nitric acids. The chlo-
ride and nitrate are insoluble in alcohol.

Barium may be separated from other alkaline earth metals by precipita-
tion as chromate (89), and by its closer precipitation as sulphate (88). The
latter precipitation is a sharp distinction from all other metals except lead,
strontium, and calcium ; and is the operation most used in quantitative analysis
of barium, and of sulphates.

85. The fixed alkali hydrates precipitate only concentrated solutions of
barium salts, as explained by the statement'in 77.

86. The alkali carbonates—as K2 C0
3

and (NH.).COs —precipitate, from
barium salts in solution, barium carbonate (BaC0 3 ) white. (Compare 78 and
19.) The precipitation is promoted by heat, and by ammonium hydrate, but
is made slightly incomplete by the presence of ammonium chloride and nitrate.

87. Barium Carbonate—BaC03 —is a valuable reagent for special purposes, chiefly
for separation of third group metals. It is used in the form of the moist precipitate,
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which must be thoroughly washed. It is best precipitated from boiling solutions of chlo-
ride of barium and carbonate of sodium or ammonium, washed once or twice by decanta-
tion, then by filtration, till the washings no longer precipitate solution of nitrate of
silver. Mixed with water to consistence of cream, it may be preserved for some time in
stoppered bottles, being shaken whenever required for use. When dissolved in hydro-
chloric acid, and fully precipitated by sulphuric acid, the filtrate must yield no fixed
residue.

This reagent removes sulphuric acid (radical) from all sulphates in solution to which
it is added (88) :

Na 3 S0 4 -f BaC0 3 = BaS0 4 + Na 2 C03

When salts of non-alkali metals are so decomposed, of course, they are-left insoluble,
as carbonates or hydrates, nothing remaining in solution:

FeSO-j + BaC0 3 = BaS0 4 + FeCOa
Fe 2(S0 4 ) 3 + OBaCOa + 3K 2 0 = 3BaS04 + Fe 2(OH)0 + 8CQ 2

The chlorides of the double triads of the third group, namely, aluminic, chromic, and
ferric chlorides, are decomposed by barium carbonate ; while the other metals of the
third group, zinc, manganese, cobalt, nickel, and iron in ferrous combination, are not
precipitated, from their chlorides by this reagent. But tartaric acid, citric acid, sugar,
and other organic substances, prevent the decompositions by carbonate of barium.

88. Sulphuric acid (H2 S0 4 ), and all soluble sulphates, precipitate ba-
rium sulphate (BaSOJ white [77, 19, and 676], slightly soluble in hot con-
centrated sulphuric acid. Immediate precipitation by the (dilute) saturated
solution of calcium sulphate distinguishes Ba from Sr (and of course from Ca) ;
but precipitation by the (very dilute) solution of strontium sulphate is a more
certain test between Ba and Sr.

89. Normal chromates, as K,Cr0 4, precipitate barium salts (also, stron-
tium salts in solutions not very dilute); the yellow precipitate, BaCr04 , being
almost insoluble in water, slightly soluble in acetic acid, but soluble in hydro-
chloric and nitric acids, and moderately soluble in chromic acid.* (SrCr0 4,

also yellow, is a little more soluble in water than the barium salt.) Dichro-
mates (as K 3

Cr20 7 ) precipitate barium, as normal chromate, from the acetate,
in solution not dilute (but do not precipitate strontium).

90. Soluble phosphates, full metallic, or two-thirds metallic, as Na2 HP04,

precipitate bariumphosphate, white, consisting of BaHP0 4 when the reagent
is two-thirds metallic, and Ba a (P04 )2 when the reagent is full metallic.

91. Oxalates, as (NH 4)3 C„0 4, precipitate barium from solutions not very
dilute ; as BaC 2 04, somewhat soluble in oxalic and acetic acids. (Compare
656.)

92. Hydro-fiuosilieic acid, H2 SiF
6 , precipitates white, crystalline Ba

SiPn , slightly soluble in water, not soluble in alcohol (distinction from stron-
tium and calcium).

* Soluble in 86,957 parts of water, 3,670 parts of water containing 1 per cent, acetic acid, 2,618 parts of
water containing 5 percent, acetic acid, 2,014 parts of water containing 10 per cent, acetic acid — Schweit-
zeb : Contrib. Lab. Univ. Mo. (1876), p. 30,
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93. Solutions of iodates, as NaI0
3 , precipitate, from barium solutions not

very dilute, barium iodate, Ba(I0 3 )3, white, soluble in 600 parts of hot or 1,746
parts of cold water (distinction from the other alkaline earth metals).

94. Barium compounds impart to the flame a yellowish green color, which
appears blue-green when viewed through green glass.

95. The spectrum of barium is at once distinguished from all others by the
green bands, Ba a, Ba (3 ; a bright band also appears in the yellow and fainter
bands in the orange red.

STRONTIUM.

96. The chloride is slightly deliquescent ; crystals of the nitrate and acetate
effloresce.

97. In solubility, most compounds of strontium closely resemble those of
barium (84) —the hydrate being a little less soluble, and the sulphate and
chromate more soluble in water than the corresponding barium compounds,
and the silico-fluoride quite soluble (see 77). The chloride is soluble, the
nitrate insoluble in alcohol absolute.

Strontium is identified, in the fourth group, after removal of barium, by
precipitation with calcium sulphate solution (99) ; also, quite clearly, by the
flame-color and spectrum (100, 101).

98. By its deportment with carbonates, phosphates, and oxalates, stron-
tium is not to be distinguished from barium; the differing reactions of the two
metals with sulphates, chromates, and hydro-fluosilicic acid, are compared
under the head of Barium. Strontium sulphate is soluble in 400 to- 500 parts
of concentrated nitric or hydrochloric acid.

09. Saturated solution of calcium sulphate (CaS0 4) slowly produces a
faint precipitate of SrS0 4, prevented or dissolved by presence of hydrochloric
and nitric acids, but insoluble in alcohol. It is almost insoluble in a concen-
trated solution of ammonium sulphate, which separates it from CaSO,.

100. Strontium compounds color the flame crimson. In presence of barium
the crimson color appears at the moment when the substance, moistened with
hydrochloric acid, is first brought into the flame. The paler, yellowish-red
flame of calcium is liable to be mistaken for the strontium-flame.

101. The spectrum of strontium is characterized by eight bright bands,
namely: six red, one orange, and one blue. The orange line, Sr a, at the red
end of the spectrum; the two red lines, Sr j3 and Sr A, and the blue line, Sr s',
are the most important.

CALCIUM.
102. The chloride

, bromide, iodide, nitrate, and chlorate are deliquescent ;

the acetate is efflorescent.
103. The carbonate

, oxalate, and phosphate, are insoluble in water; the
hydrate , sulphate, sulphite, and iodate, are slightly soluble in water (77), but
are insoluble in alcohol. The chloride, iodide, and nitrate, are soluble in
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alcohol. The ferrocyanide is soluble; the potassio-ferrocyanide, insoluble in
water.

Calcium is most often determined by precipitation as oxalate, after removal
of all insoluble sulphates (107).

104. The fixed alkali hydrates precipitate calcium hydrate, Ca(OH) 2,

from solutions of calcium salts not very dilute. The precipitate is less soluble
in solution of potassium or sodium hydrate, and more soluble in solution of am-
monium hydrate than in pure water.

105. In their deportment with soluble carbonates (precipitation of
CaC03 ), and with alkaline phosphates (precipitation of CaHP04 or
Ca3(P0 4 )2 ), solutions of calcium cannot, be distinguished from solutions of
strontium and barium (86, 90).

100. Sulphuric acid and soluble sulphates (not calcium sulphate) pre-
cipitate CaS0 4 from calcium salts, in moderately concentrated solutions, (77
and 19). The precipitate is distinguished from barium and strontium sul-
phates by dissolving in concentrated solution of ammonium sulphate.

107. Alkaline oxalates, as (NH 4 )2 C 2 0 4, precipitate calcium oxalate,
CaC.,0 4, from even dilute solutionsof calcium salts. The precipitate is scarcely at
all soluble in acetic or oxalic acids (separation of oxalic from phosphoric acid),
but is soluble in hydrochloric and nitric acids. The precipitation is hastened
by presence of ammonium hydrate. Formed slowly, from very dilute solu-
tions, the precipitate is crystalline, octahedral. If Sr or Ba are possibly
present in the solution tested, an alkaline sulphate must first be added, and
after digesting a few minutes, if a precipitate appears, SrS0 4, BaS0 4, or if
the solution was concentrated, perhaps CaS0 4, it is filtered out, and the oxalate
then added to the filtrate (see 798, last column). Observe the precipitate
formed by ammonium oxalate in the reagent solution of calcium sulphate.
Ignition of CaC

3
0 4 changes it first to CaC03, then to CaO, giving alkaline

reaction to test-paper.
103. Neutral alkaline sulphites, as Na 2 S0

3, precipitate CaS03 , nearly
insoluble in water, soluble in hydrochloric or nitric acid, and in sulphurous
acid. This reaction is common to the alkaline earths.

109. Alkaline arsenites precipitate, from neutral calcium solutions, cal-
cium arsenite, CaHAsOa , soluble in acids and in ammonium hydrate. The
precipitate forms slowly. Other alkaline earth metals are not precipitated by
arsenites, unless in concentrated solutions.

110. Compounds of calcium, preferably the chloride, render the flame yeb
loioish red. The presence of strontium or barium obscures this reaction, but
a mixture containing calcium and barium, moistened with hydrochloric acid,
gives the calcium color on its first introduction to the flame.

111. The spectrum of calcium is distinguished by the bright green line,
Ca /?, and the intensely bright orange line, Ca a

, near the red end of the
spectrum.
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MAGNESIUM.
112. The chloride, bromide, iodide, chlorate, nitrate, and acetate (4 aq.),

are deliquescent; the sulphate (7 aq.), slightly efflorescent.
113. The hydrate, carbonate, phosphate, and arseniate, are insoluble in

water ; the sulphite, oxalate, and tartrate, sparingly soluble; the chromate,*
soluble. The hydrate and carbonate are soluble in ammonium salts—except
ammonium phosphate—(114, a).

Magnesium is mostly determined, by precipitation as magnesium ammo-

nium phosphate, after removing all carbonates insoluble in ammonium chloride
solution (117). For closer exclusion of barium and calcium, see 122.

114. The fixed alkali hydrates and the hydrates ofbarium, strontium,
and calcium, precipitate, from magnesium salts in solution,magnesium hydrate,

Mg(OH) s, nearly insoluble in water, but soluble in ammonium chloride or sul-
phate (equation a).

Ammonium hydrate precipitates half the magnesium as a hydrate, leav-
ing the other half in solution as a double salt of magnesium and ammo-
nium (J) :

a. Mg(OH)i + 4NHiCl = (NH 4Cl) 2 MgCla + 2NH 4OH
b. 2MgS0 4 -f 2NH 4OH = Mg(OH) a + (NH 4) 2 S0 4MgS04

115. Ammonium sulphide forms no precipitate. The normal carbonates
of thefixed alkali metals—as K2C0

3 —precipitate magnesium basic carbonate
—Mg4 (C0 3 )3(0H) 2, variable to Mg,(C0 1 ).(0H),. Carbonic acid is liberated
in the formation of this basic salt:
4MgS0 4 + 4Na2 C0 3 + H:0 = Mg4(C03 )8(0H) a + COa + 4Na 2 S0 4

But in the cold the free C0 2 combines with another portion of MgC03, to
form a soluble supercarbonate :

5Mg304 + 5Na2 C0 3 + Ha O = Mg 4(C0 3) 3(OH) a -f MgC0 3 .COa + 5Na 2 S04

On boiling, the supercarbonate is precipitated as MgC03
with escape of

co 2 .

116. Ammonium carbonate scarcely precipitates magnesium salts, except
in concentrated solutions, owing to the formation of a soluble double carbonate
of magnesium and ammonium :

MgS04 + 2(NH 4) 2 C03 = MgC0 3(NH 4 )a C03 -f (NH 4) 2 S0 4

117. Alkaline phosphates —as Na2 HP04—precipitate magnesium phos-
phate, MgHP0 4, if the solution be not very dilute. But even in very dilute
solutions, by the further addition ofammonium hydrate (and 101,01), a crys-
talline precipitate is slowly formed, magnesium ammonium phosphate—

Mg3STH 4P0 4 . Stirring with a glass rod against the side of the test-tube pro-
motes the precipitation. The addition of ammonium chloride, in this test,
prevents formation of any precipitate of magnesium hydrate (114, b). The
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precipitate dissolves in 15,000 parts pure water, or in 44,000 parts of water
containing ammonium hydrate.

118. Alkaline arseniates —as Na2 HAs0 4—act with magnesium salts in
all respects like the phosphates, giving corresponding precipitates.

119. In the dry way, the only characteristic test for magnesium is the
'pale rose color, obtained by igniting, then moistening the compound with solu-
tion ofcobalt nitrate, and again igniting strongly on charcoal. The color is
more apparent on cooling, is not intense, and is prevented by presence of many
other bases. The spectrum of magnesium, as well as the spectra of most of
the metals yet to be described, cannot be obtained by means of the flame, in
which their compounds are not volatile. To obtain them, recourse must be
had to the electric spark.
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SEPARATION OP THE FOURTH GROUP METALS.
121. Barium, strontium, calcium, and magnesium, may be completely precipitated

together, either as-carbonates or as phosphates ; but a precipitate of phosphates would be
intractable in further operations, owing to the difficulty of removing the non-volatile
phosphoric acid. Hence, they are precipitated as carbonates, and this could be done by
any alkaline carbonate ; but the necessity for subsequent examination for fixed alkali
metals restricts us to ammonium carbonate. Now, this reagent but imperfectly preci-
pitates magnesium (116); and from this difficulty, and also because magnesium is more
easily separated from alkali metals than from other alkaline earth metals, the ordinary
scheme of separation provides for the precipitation of Ba, Sr, and Ca, by ammonium car-
bonate in presence of ammonium chloride, so as to leave Mg either with the fifth group,
or as a distinct division of the fourth group.

122. The precipitation of barium, strontium, and calcium, by ammonium carbonate
in the presence of chloride, is not as complete as would be desirable in very delicate
analyses. For the carbonates of barium, strontium, and calcium are all slightly soluble
in ammonium chloride solution ; and while the prescribed addition of ammonium hydrate,
and excess of ammonium carbonate, greatly reduces the solubility of the precipitated car-
bonates, yet even with these the precipitation is not absolute, though more nearly so with
strontium than with barium and calcium. Thus, in quantitative analyses, if barium and
calcium are precipitated as carbonates, it must be done in the absence of ammonium
chloride or sulphate, and the precipitate washed with water containing ammonium
hydrate.

123. But a more accurate precipitation of barium is effected by sulphates, and of cal-
cium by oxalates, and these tests may be applied to portions of the filtrate from the pre-
cipitation by carbonates, or of the liquid that has given no precipitate by carbonates.
Also, the complete removal of barium and calcium is not only a test for traces of these
two metals, but it enables us to accept a slight precipitation of phosphate afterwards as
conclusive evidence of the presence of magnesium (unless lithium be present). This pre-
cautionary work, done after the ordinary work for barium, strontium, and calcium, may
be tabulated as follows :

Divide the filtrate from thefourth group into three portions.
Test in I. for Ba with a dropof H2 S04 , leav- I Test in II. for Cawith (NH4 )2 C2 04, leaving

ing some time. | some time.
If both Ba and Ca appear, mix I. and II.; let the mixture stand ; filter and test the filtrate for Mg

by and NH,OH
If either Ba or Ca appears, filter it and test the filtrate for Mgr-
If neither Ba nor Ca appears, test portion III. for Mg-.

124. The solution of calcium sulphate can be used to distinguish between barium,
strontium, and calcium (88, 99, 106), provided that but one metal of the group is present,
and that the solution be at least moderately concentrated, and not notably acid.

125. The unlike solubilities in alcohol, of the chlorides and nitrates of barium,
strontium, and calcium (84, 97, 103) enable us to separate them quite closely by absolute
alcohol, and approximately by “strong alcohol,” as follows :

Dissolve the carbonate precipitate in HC1, evaporate to dryness on the water-bath, rub
the residue to a fine powder in the evaporating dish, and digest it with, alcohol. Filter
through a small filter, and wash with alcohol.
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Filtrate SrCl 2 and CaCl2 .

Evaporate to dryness, dissolve in water, change to nitrates by pre-
cipitating with (tJH4 ) 2 C03 , washing, and dissolving in HNOs .
Evaporate the nitrates to dryness, powder,digest with alcohol, filter
and wash with alcohol.

Residue, BaCl 2 .

Dissolve in water, testwith CaS04 ,

etc.

Filtrate, Ca(NO s) 2 .

Precipitationby H2 S04 in alco-
hol solution; by (NH 4)2C 30 4, etc.

Residue, Sr(N0 3)2 .

Precipitationby CaS04 in wa-
ter solution ; flame test, etc.

126. Or, the alcoholic filtrate of SrO! 2 and CaCl2 may be precipitated with (a drop
of) sulphuric acid, the precipitate filtered out and digested with solution of (NH 4) 2 S0 4

and a little NH4OH (106). Residue, SrS04 . Solution contains CaS0 4, precipitable
by oxalates.

127. Approximate separation of barium and strontium from calcium may be effected
by ignition of their carbonates at awhite heat for a few minutes, on platinum foil. Ba-
rium and strontium become caustic sooner than calcium (81), and hence dissolve when
the mass is treated with water. This operation is sometimes resorted to in obtaining
spectra of barium and strontium, which are obscured by much calcium.

SEPARATION OP MAGNESIUM PROM THE ALKALI METALS.
128. By ignition on platinum foil, magnesium compounds do not vaporize, as do those

of ammonium, nor melt, as do many compounds of fixed alkalies (88). Magnesium is the
only one of these metals precipitated by ordinary salts—viz., by phosphates, carbonates
and hydrates.

129. The presence of magnesium slightly impairs the delicacy of the flame-test for
the fixed alkali metals, and entirely prevents their recognition or separation by precipita-
tions. Phosphate of ammonium will remove magnesium from solution ; but, after eva-
porating the filtrate and igniting its residue, the phosphoric acid remains—combined with
the 'fixed alkali metals, if they are present. Thus :

(NH4 )2 HPO.i (excess of reagent), ignited = HP03 -f- 2NH3 -f- H 2 0, and
2(NH 4) 2 HP04 -f 4KC1, on ignition = K,P2 07 + 4NH 4 C1 + H 2 0

The residual phosphates of the alkali metals, when moistened with hydrochloric acid, give
the flame-tests, but the residue of phosphoric acid obstructs the analysis. The phos-
phoric acid may be removed by acetate of lead, and the excess of lead by hydrosulphuric
acid.

130. A more convenient method of removing magnesium is to precipitate it with so-
lution of barium hydrate, and filter, and remove the excess of barium hydrate from the
filtrate by addition of sulphuric acid, filtering again.

GROUP III.
131. The Metals of the Earths, and the more Electro-Positive of the

Heavy Metals.
Aluminium . . . . A1 = 27.3 A1 2

VI

( Cr V I

Chromium ....
Cr ==* 52.4 2

. ., „( Chromic acid, H20rVIO 4
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Iron . . . . Eo = 55.9 i Fe" 1,1 ferrous
(Fe2

VI u ferric “

fMn" “ manganous “

J Mn” ** manganic “

Manganese . . Mn = 54.8 MnIV “ pyrolusites.
j Manganic acid, H.,Mnv;04

acid, HsMn2 O s or HMn04

Cobalt
... Co = 58.8 \ Co" In coboItous compounds.

(Co 2
VI “ cobaltic “

Nickel . . . Hi = 58.6 Hi"
Zinc . . . Zn = 64.9 Zn"

Uranium Ur = 240.0 Ur"" and UrVI

Indium In = 113.4 In2 VI and In""
Beryllium Be = 9.0 Be"
Thorium Th = 231.5 Th""
Zirconium Zr = 90.0 Zr""
Cerium . Ce = 141.3 Ce'" and Ce""

’ Lanthanum Ba = 139.0 La'"
Didymium D = 145 0 D "

Titanium . Ti = 48.0 Ti", Ti2 VI
,

and Ti""
Tantalum Ta = 182.0 ......Tav

Niobium Nb = 94.0 Nbv

Yttrium Y = 93.0 Y"'
Erbium E = 169.0 E"'
Vanadium V = 51.2 Y " and V*

132. The metals above named gradually oxidize at their surfaces in the
air, and their oxides are not decomposed by heat alone. Zinc, iron, cobalt,
nickel, and, with more difficulty, manganese, chromium, and most of the other
metals of the group, are reduced from their oxides by ignition at white heat
with charcoal. They are all reduced from oxides by the metals of the alkalies.
Iron is gradually changed from ferrous to ferric combinations by contact with
the air. Chromium and manganese are oxidized from bases to acid radicals by
ignition with an active supply of oxygen in presence of alkalies ; these acid
radicals acting as pretty strong oxidizing agents.

133. The oxides and hydrates of third group metals are insoluble in water,
hence they are precipitated from all their salts by alkalies. In the case of zinc,
the precipitate redissolves in all the alkalies ; the aluminium hydrate redis-
solves in the fixed alkalies, but very slightly in ammonium hydrate ; the preci-
pitate ofchromium redissolves in cold solution of fixed alkalies, precipitating
again on boiling; the hydrates ofcobalt and nickel dissolve in ammonium hy-
drate. The oxides of Al, Cr, and Fe, after ignition, are difficultly soluble by
acids.
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The 'presence of tartaric acid, citric acid, sugar, and some other organic
substances, prevents theprecipitation of bases of this group by alkalies.

134. Salts of ammonium (as NH 4C1) dissolve moderate quantities of the
hydrates of manganese, zinc, cobalt, nickel, and ferrous hydrate; but, so far
from dissolving the hydrate of aluminium, they lessen its slight solubility in
ammonium hydrate.

135. It thus appears that ammonium hydrate, with ammonium chlo-
ride, the latter necessary on account of magnesium, manganese, aluminium,
will fully precipitate only aluminium, chromium, and ferricum of the impor-
tant metals named in third group. In many plans of separation these three
metals constitute a separate group, and we shall refer to them as Division First
of the group.

130. Ammonium sulphide precipitates all the metals of the third group
from neutral or ammoniacal solutions, as follows; The sulphides of the group
—those of Fe, Mn, Co, Hi, andZn—are soluble in dilute acids, which acids
keep them in solution during the second group precipitation ; but are insoluble
in water, which enables them to be precipitated by alkaline sulphides, and
separated from the fourth and fifth groups. The other two metals, A1 and Cr,
do not form sulphides, in the wet way, but are precipitated as hydrates by
alkaline sulphides.

137. Hydrosulphuric acid scarcely precipitates the metals of this group,
unless it be from some of their acetates—owing to the solubility of the sul-
phides in the acids, which would be set free in their formation. Thus, this
change cannot occur—

FeCl2 -f H 2S = FeS -f- 2HC1

—because the two products would decompose each other (19). Therefore,
neutralized hydrosulphuric acid—a soluble sulphide—is employed for this
group, and in a neutral or ammoniacal solution. As most of the chemically
normal salts of heavy metals have an acid reaction to test-paper, we can only
assure ourselves of the requisite neutrality by adding sufficient ammonium hy-
drate, which itself precipitates the larger number of the bases, as we have just
seen (133). But the resulting precipitate of hydrate, as Fe(OH)2, is immedi-
ately changed to sulphide, FeS, by subsequent addition of ammonium sulphide ;

as the student may observe, by the alteration in the color of the precipitate.
Ferric and manganic salts are reduced to ferrous and manganous salts, by

hydrosulphuric acid, in solution, with a precipitation of sulphur, and the cor-
responding reaction occurs with chromates (171 a, 214, 166 a).

138. Soluble carbonates precipitate all the metals of this group, in ac-
cordance with the general statement for bases not alkali. With aluminium
and chromium, the precipitates dissolve sparingly in excess of potassium or
sodium carbonate ; with zinc, the precipitate dissolves in excess of ammonium
carbonate. In the case of ferrous and manganous salts, the precipitates are
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normal carbonates; with zinc, cobalt, and nickel salts, they are basic car-
bonates ; while, with ferric, aluminic, and chromic salts, the precipitates are
almost or quite wholly hydrates. Barium carbonate precipitates the pseudo-
triads, which, in the cold and from salts not sulphates, is a separation from the
other bases of this group.

139. Soluble phosphates precipitate these as they do other non-alkali
bases. The acid solutions of phosphates of the metals of the third group are
precipitated by neutralization. The recently precipitated phosphates, of all the
metals of this group which form sulphides, are transformed to sulphides by
ammonium sulphide :

FeHPCq + (NH4 )2 S = FeS -f (NH4)2HF04

Hence, the only phosphates which may occur in a sulphide precipitate are
those of Al, Cr, Ba, Sr, Ca, and Mg.
* 140. The metals of the third group are not easily reduced from their com-

pounds to the metallic state by ignition before the blow-pipe, even on char-
coal, except zinc, which then vaporizes. Three of them, however—iron, cobalt,
and nickel—are reducible to magnetic oxides. The larger number of them
give characteristic colors to beads of borax and of microcosmic salt, fused on
a loop of platinum wire before the blow-pipe. None of them color the flame
or give spectra, unless vaporized by a higher temperature than that of Bunsen’s
burner.

ALUMINIUM.

141. A silver-white metal, somewhat harder than zinc, fusible at 700° C.
(1292° F.), non-volatile, and suffering only superficial oxidation by ignition in
the air.

142. The metal is readily soluble in hydrochloric acid and in aqueous fixed
alkalies, with evolution of hydrogen (compare 233 h), but it is not readily dis-
solved by nitric acid, or dissolved by sulphuric acid, or by ammonium hydrate.
The anhydrous aluminium oxide dissolves with difficulty in acids, unless pre-
viously fused with alkalies or alkaline carbonates. Sulphuric acid dissolves
aluminium from some native compounds.

143. The chloride and bromide are deliquescent and instable. The iodide
is known only in solution, the cyanide is not known, the acetate is deliquescent.
Aluminium is the most representative constituent of that large class of iso-
morphous double salts, called alums, permanent or slightly efflorescent, as
KA1(S0 4)2 .12 aq., or K 2A1 2(S0 4 )4 .24 aq.

144. The oxide, hydrate, and phosphate, are the principal insoluble com-

binations. The carbonate and sulphide are instable, and are not formed by
ordinary operations. Most insoluble salts of aluminium are changed to soluble
compounds by action of fixed alkali hydrates, dn analysis, aluminium is ob-
tained in the First Division of Group 111, by precipitation, by excess of ammo-
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nium hydrate, with ammonium chloride (135); then separated from the other
members of the First Division by solution with excess of potassium or sodium
hydrate (145). Excess of fixed alkali hydrate in boiling solution leaves only
aluminium and zinc, of the third group metals, dissolved, and it is separated
from zinc, by non-precipitation with sulphides, and by precipitation with excess
of ammonium hydrate.

145. The alkali hydrates precipitate aluminium hydrate , grayish-white,
gelatinous, Al2(OH) 6 ,

soluble infixed alkali hydrates, slightly soluble in am-
monium hydrate, though not so if ammonium chloride be present (134) :

AloClo + GXOH ' = .Al 2(OH)8 -f GKCl
Ala (OH) 8 + 2XOH = K 2A1 2 0 4

* + 4HaO

This alkaline solution of aluminium differs from that of zinc, both in not
being at all precipitated by boiling, and in being precipitated by excess of
ammonium chloride, more readily when heated:
K2 A1 20 4 + 2NH,C1 + 4H30 = Ala (OH)8 + 2KC1 + 2NH4OH

Sufficient ammonium chloride must be added, first to salify the free potas-
sium or sodium hydrate.

146. Hydrosulphuric acid does not precipitate aluminium from any
combination; but ammonium sulphide precipitates the aluminium hydrate,
Al,(OH)„ with evolution of hydrosulphuric acid (136) :

A1 2(S0 4) 3 + 3(NH 4 )a S + GH2 0 = Al 2(OH)6 -F 3(NH 4) 2 S0 4 + 3Ha S

147. Alkali carbonates also precipitate the hydrate, with evolution of car-
bonic anhydride—the precipitate being sparingly soluble in excess of sodium
or potassium e’arbonate, scarcely at all soluble in excess of ammonium car-
bonate :

A1 2(S0 4) 3 + 8K 2 C0 3 + 8H2 0 = Al2 (OH)8 + 3E 2S0 4 + 3C02

Barium carbonate, on digestion in the cold, precipitates the whole of alu-
minium from its chloride, as hydrate mixed with a little basic salt (compare
191).

Basic acetate of aluminium is precipitated as follows: To the solution of
aluminium salt add a little sodium or ammonium carbonate, as much as can
be added without leaving a precipitate on stirring, then add excess of sodium
or ammonium acetate, and boil for some time, when the precipitation at
length becomes very nearly complete.

148. Alkali phosphates precipitate aluminium 'phosphate, white, Al2
-

(P0 4 )a , soluble in the fixed alkali hydrates, not in acetic acid.

* Or A1 202(0K) 2. A series of volumetric determinations, made by Mr. J. N. Ayres and the author
{Jour. Am. Ghem. Soc., Feb., 1880), give results according closely with this formula for potassium alu-
minate, and Na2 Al2 04 for sodium aluminate—as fixed by the constituents of the solutions when the preci-
pitates are held dissolved by least excess of alkali.
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To separate A1 from P0 4 , fuse the precipitate or powdered substance with 1% parts
finely divided silica and 6 parts dried sodium carbonate in a platinum crucible, for half
an hour. Digest the mass for some time in water ; add ammonium carbonate in excess,
filter and wash. The residue consists of aluminium sodium silicate ; the solution con-
tains the P0 4, as sodium phosphate. The A1 can be obtained from the residue by dis-
solving it in hydrochloric acid, evaporating to dryness to render the silica insoluble.
Treat with hydrochloric acid, and filter : the filtrate containing aluminium chloride.

Also, A1 (and ferricum) may be separated from P0 4 by dissolving in hydrochloric
acid, adding tartaric acid and then ammonia, and digesting some timewith the mixture
of magnesium sulphate, ammonium chloride, and ammonium hydrate. The filtrate
contains most of the aluminium.

149. Sodium thiosulphate precipitates, from aluminium salts, in neutral solutions,
aluminium hydrate, with free sulphur, and liberation of sulphurous anhydride (a). The
liquid should be dilute, and boiled till it no longer gives the odor of sulphur dioxide,
This precipitation (Chancel’s) is a separation from iron. See Table at 242%. If phos-
phates are present, and sodium acetate with acetic acid to acidify slightly, the aluminium
is precipitated as phosphate.

' a. A1 2(S04 ) 3 + 3Na 2 S 2 03 + 3H2 0 = Ala (OH)„ + 3S + 3SOa + 3Na 2 S0 4

Potassium ferrocyanide very slowly precipitates a white mixture of aluminium hy-
drate and ferrous cyanide with formation of hydrocyanic acid. Ferricyanides do not pre-
cipitate aluminium ; neither do oxalates. Solution of borax precipitates an acid alumi-
nium borate, quickly changed to aluminium hydrate. In very concentrated solutions,
addition of potassium sulphate causes the crystallization of alum, potassium aluminium
sulphate, in regular octahedrons or cubes.

150. Compounds ofaluminium are not reduced to the metal, but most of
them are reduced to the oxide, by ignition on charcoal. If now this residue is
moistened with solution of cobaltous nitrate, and again strongly ignited, it
assumes a blue color. This test is conclusive only with infusible compounds,
and applicable only in absence of colored oxides.

CHROMIUM, AS A BASE.

151. Chromium, in the metallic state, is steel-gray, crystallizable, perma-
nent in the air, and is very rare. Chromic oxide, Cr2 Os, is a bright green
powder, constituting a rare variety of “ chrome green,” the more common sorts
being mixtures of chromate of lead (chrome yellow) and ferrocyanide of iron
(prussian blue). It is with difficulty dissolved by hydrochloric and sulphuric
acids. Chromic hydrate is easily dissolved by acids. In several respects
the combinations of chromium are analogous to those of aluminium.

152. There are two modifications of chromic salts, one having a green color
and the other violet to red. There are many double salts. The chloride is
deliquescent.

153. Chromic oxide, hydrate, and phosphate, are insoluble in water. The
carbonate and sulphide are not formed in the wet way. There are modifica-
tions of the chloride and sulphate insoluble in water. In analysis, chromium
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is precipitated in the third group as a hydrate, and identified by the oxidation
of this hydrate to a salt of chromic acid, known by its colored precipitates with
lead and barium salts (159 cl). It is separated in the First Division of the
group (135 and 154).

154. The fixed alkali hydrates, as KOH, precipitate the bluish-green
chromic hydrate, Cr2 (OH) 6 . Other hydrates are formed in certain conditions.
The precipitate redissolves readily in excess of the alkalies while cold, the so-
lution being green.

Long boiling reprecipitates the whole of the chromium, as hydrate; the
same result is effected on heating by addition of ammonium chloride (compare
145, last equation).

Ammonium hydrate precipitates chromic hydrate, which but slightly re-
dissolves with excess of the alkali in the cold and all reprecipitates readily on
heating. The precipitate from solutions of green chromic salts is grayish
green, dissolving with acids to form a green solution again ; from solutions of
violet* chromic salts, the precipitate is grayish-blue, dissolving with acids to
reproduce the violet solution. The tints are, however, modified by the degree
ofconcentration of solution, and by other conditions.

155. Hydrosulphuric acid does not affect solutions of chromic salts,
whether acid, neutral, or alkaline ; and ammonium sulphide precipitates the
hydrate, with evolution of hydrosulphuric acid. The equation corresponds to
that for aluminium (146).

Both hydrosulphuric acid and ammonium sulphide, acting on Chromic
Acid or chromates, abstract oxygen, and form the chromic base. In the neu-
tral solution for the third-group precipitation, this deoxidation leaves the chro-
mium in the precipitate as a hydrate ; whence it is that the occurrence of chro-
mium in the third group of bases, as frequently as otherwise, must be referred
to the existence of combinations of chromic acid, in the material examined.
(See 166 a.)

158. Alkali carbonates precipitate chromium hydrate, nearly free from
carbonate (138), somewhat soluble in excess ofpotassium or sodium carbonate :

Cr2(S04) 3 + 3K 2C0 3 + 3H20 = Cr2 (OH)8 + 3K2 S0 4 + 3C02

Barium carbonate precipitates chromium from its solutions (better from the chloride),
as a hydrate with some basic salt, the precipitate being complete after long digestion in
the cold. For removal of excess of reagent, consult 191.

157. Soluble phosphates—as Na 2 HP04—precipitate chromic phosphate, Cr2(P0 4) 2 ,

insoluble in acetic acid. Cyanide of potassium precipitates the hydrate. Ferrocy-
anides, and oxalates, cause no precipitates. Potassium chromate colors an acid solu-
tion of chromic salt brown-yellow ; on addition of ammonium hydrate, a precipitate of
the same color is obtained, chromic chromate.

158. Chromic oxide and chromic salts dissolve in beads of microcosmie
salt, and of borax, before the blowr-pipe, in both reducing and oxidizing flames,
with a yellowish-green tint while hot, becoming emerald green when cold.
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159. Chromic oxide and chromic salts are OXIDIZED TO CHROMIC
ACID and chromates by various strong oxidizing agents : By treating with
bromine, in alkaline solution, (a) ; by boiling with hypochlorites in alka-
line solution, (b ) ; by boiling with lead dioxide, (c) ; by fusing with alkaline
nitrate and carbonate [cl). Further, see 856.

a. Cr3(OH) 8 + GBr -f lONaOH = 2Na 2 Cr04 + 6NaBr + 8H2 0
b. Cr2(OH) 8 + 4NaOH -j- SNaCIO = 2Na 2Cr0 4 -f SNaCl + 5H2 0
c. Cr 2(OH) 8 + 2KOH + 3Pb02 = 2FbCr0 4 + E 2Pb0 2 + 4H 2 0
The yellow lead chromate is separated after neutralizing with acetic acid.

d. Cr2 03 + 2NaN03 + Na2 C0 3 = 2Na2 Cr0 4 + 2NO + C0 2

The fused mass, dissolved in water, filtered and neutralized with acetic acid, gives the
evidences of chromates, as stated in 1G3, 164.

CHROMIC ACID.
160. Chromic anhydride, CrOa, commonly called “chromic acid,” is a

scarlet-red solid, usually in acicular crystals, very deliquescent in the air, and
soluble in a small proportion of water. It is a very powerful oxidizing agent,
acting explosively with combustible substances, and as a caustic to living tis-
sues. Its soluble salts are poisonous, and have a*bitter metallic taste.

161. The alkali metals form yellow normal chromates and reddish
dichromates ; most other metals form normal chromates, yellow or red; a
few form only basic or instable chromates. Most soluble salts of chromic acid
crystallize in permanent forms; sodic normal chromate is efflorescent.

162. All the chromates of the alkali metals, and those of magnesium, cal-
cium, zinc, and copper, are soluble in water ; strontium and mercuric chro-
mates, sparingly soluble; barium, manganous, bismuth, mercurous, silver, and
lead, chromates insoluble in water. Nitric acid transposes chromates.

163. Lead salts precipitate, from normal and from superchromates, the
yellow, lead chromate, Pb0'rO 4, slowly soluble in nitric acid, not soluble in
acetic acid, difficultly soluble in potassium hydrate.

164. Barium salts precipitate from solutions of normal chromates, also
from concentrated solutions of superchromates, the normal barium chromate,
yellow, soluble in hydrochloric and nitric acids, slightly soluble in chromic
acid (89).

165. Silver salts precipitate silver chromate, Ag2Cr0 4,
dark red, soluble in nitric

acid and in ammonia. Mercurous nitrate precipitates mercurous chromate, Hg2 Cr04,

dark red, decomposed by ignition into chromic oxide, oxygen, and vapor of mercury.
166. Chromic anhydride and chromates are DEOXIDIZED TO CHROMIC com-

pounds by various reducing agents. The following instances occur frequently in qualita-
tive analysis : other examples are given, in the study of Chromate reductions, 857.

Hydrosulphuric acid, in acid solutions, quickly causes reduction to a green chromic
salt solution (a). At first the sulphur is allprecipitated, white in the green liquid ; but on
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warming, it slowly dissolves by oxidation to sulphurous acid, with precipitation of brown
basic chromic chromate (b), the action being continued, with slow oxidation of the sul-
phurous acid (c) [H. B. Parsons]. Ammonium sulphide, in solutions neutral or alkaline,
precipitates chromic hydrate, green, with oxidation of the sulphide. The precipitate is
liable to contain sulphur. In case of yellow or supersulphide of ammonium, it is stated
that thiosulphate is obtained in the solution (d).

a. 2H2 0r04 + GHC1 -f 3H2 S = Cr2 Cl0 -f 3S + 8H20
h. GH2 Cr0 4 + 3S = 2Cr2 0 2Cr0 4 -f 3H2 S0 3 + 3H2 0
c. 2H.Cr0 4 4- 3H2 S0 3 = Cr2(S04 ) 3 + 5H2 0
d. K 2 Cr2 07 + (NH 4) 2 S 2 -f 4H 2 0 = Cr2(OH)„ -f E2 S 2 03 + 2NH 4OH

167. By ignition on charcoal, the carbon deoxidizes chromic anhydride, free
or combined, and a green mass, is left. Chromates give, in the beads,
the results described for chromic base, in 158.

ihott.

168. Iron dissolves, in hydrochloric acid, and in dilute sulphuric acid, to
ferrous salts, with liberation of hydrogen («); in moderately dilute nitric acid,
with heat, to ferric nitrate, liberating chiefly nitric oxide (5); in cold dilute
nitric acid, forming ferrous nitrate with production of ammonium nitrate (c),
of nitrous oxide ((?), or of hydrogen ( e ):

a. Fe + H2 S0 4 = FeS04 4 2H
b. 2Fe 4 8HNO3 = Fe2(NOs )6 4 2NO 4 4H 20
c. 4Fe 4 IOHNO3 = 4Fe(N03)a 4 NH 4N03 4 3H2 0
d. 4Fe 4 IOHNO3 = 4Fe(NO s)» 4 N2 0 4 5H20
e. Fe 4 2KNO3 = Fe(N0 3)a 4 2H

In dissolving the iron of commerce in hydrochloric acid, the carbon which
it always contains, so far as combined in the carbide of iron, will pass off in
gaseous hydrocarbons, and so far as uncombined will remain undissolved, as
graphitoid carbon.

169. Iron acts as a base in two kinds of salts : the ferrous and the ferric;
both are stable, in considerable variations of temperature, when undisturbed
by other substances; but the ferrous compounds are changed to ferric by con-
tact with the air, and by oxidizing agents generally; while the ferric com-
pounds are permanent in the air, but are changed to ferrous combinations by
reducing agents. In the systematic course ofanalysis, by the treatment neces-
sary in separation from other metals, the ferric compounds are reduced to
ferrous compounds, and then, by air and by reagents, partially or wholly
changed to ferric compounds again, and the original substance must always be
tested for determination whether ferrous or ferric. The metal oxidizes in moist
air to ferric oxyhydrate, Fe 403(0H) 6 . By ignition in the air, chiefly ferrous
oxide is formed. Scale oxide is (FeO) 6Fo„03

. By fusing ferric oxide with
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potassium nitrate, there is formed potassium ferrate, K2Fe VI04, soluble in
water, instable, but capable of precipitating a permanent barium ferrate.

170. FERROUS COMPOUNDS ARE OXIDIZED to ferric compounds
by nearly all oxidizing agents, such as chlorine, calcium hypochlorite, potas-
sium chlorate with hydrochloric acid (a) ; bromine (h) ; nitric acid (S14);
silver nitrate (836) ; chromates (857); permanganates (199 h) ; auric chlo-
ride (475). Further, see 854.

а. 2FeCU + 2C1 = Fe 2 Cla
GFeS04 + GC1 = 2Fe2 (S0 4), + Fe2 Cla
2FeS0 4 + 2C1 + H2 S0 4 = Fe2(S0 4) 3 + 2HC1

б. 2FeCl2 + 2Br + 2HC1 = Fe a Cla + 2HEr
Ferrous salts, therefore, are reducing agents of considerable power.

171. FERRIC COMPOUNDS ARE DEOXIDIZED by many reduc-
ing agents—as hydrosulphuric acid (a) • sulphurous acid (fr) ; thiosulphates
(c); stannous chloride (d); metallic zinc ( e). The same occurs in precipita-
tion by ammonium sulphide (187). Grape sugar effects the reduction on boil-
ing for some minutes. For a study of the reduction of ferric compounds, see

855.
a. Fe a Cla -p H2 S = 2FeCl2 + 2HC1 + S
b. Fe,Cle -f- H2 S0 3 + H2 0 = FeSQ4 + FeCl 2 -f 4KC1
c. Fe 2 Cl8 -p 2Na 2 S 20 3 = 2FeCl2 -p SIsiaG'l -p l^a 2 S 4Oa

d. Fe 2 Cl0 + SnCla = 2Fe012 + SnCl 4

6. Fe 2(S0 4) 3 -p Zn
— 2FeS0 4 -j— ZnS0 4

Ferric salts, then, act as oxidizing agents of moderate power.

172. FERROUS salts, in crystals and in solution, have a light green color.
The oxide is black; the salts slightly redden litmus. The sulphate (7 aq.) is
efflorescent; the chloride, bromide, iodide, and citrate, are deliquescent; the
hydrate, chlorate, and sulphite, are especially instable.

173. The hydrate, oxide, carbonate, sulphite, phosphate, borate, oxalate,
cyanide, ferrocyanide, ferricyanide, tartrate, and tannate, are insoluble in
water, in analysis, ferrous compounds are identified as ferrous, by their blue
precipitate with ferricyanide (178); and, as iron, by the red solution which,
after oxidation, they form with sulphocyanate.

174. The alkali hydrates precipitate ferrous hydrate, Fe(OH) 2, white
if pure, but seldom obtained sufficiently free from ferric hydrate to be clear
white, and quickly changing, in the air, to ferroso-ferric hydrate, of a dirty-
green to black color, then to ferric hydrate (184), of a reddish-brown color.
The fixed alkalies adhere to this precipitate. Ammonium chloride or sul-
phate, to a slight extent, dissolves the ferrous hydrate or prevents its formation
(compare 134).
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175. The soluble carbonates precipitate, from purely ferrous solutions,
ferrous carbonate, FeC0 3, white if pure, but soon changing, in the air, to the
reddish-brown ferric hydrate (184).

170. Hydrosulphuric acid does not disturb ferrous salts—the acetate
being only slightly precipitated, as explained in 137. Ammonium sulphide
precipitates ferrous sulphide, FeS, black. The moist precipitate is slowly
converted, in the air, to ferrous sulphate; and afterward, to basic ferric
sulphate, Fe 2 0(S04 )2 .

177. Alkali phosphates —as Na nHP0 4—precipitate two-thirds metallic
ferrous phosphate, FeHP0 4, mixed with the full-metallic salt, Fe 3(P0 4 )2 ,

white to bluish-white. By the addition of an alkali acetate, the precipitate is
obtained of full-metallic phosphate exclusively :

3Fe3Q4 -f 2Na2 HP04 + 2NaC2 H3 O a = Fe 3(P04 ) 2 + 3Na2 S0 4 + 2HC2H302

178. Cyanides—as KCy—give a yellowish-red precipitate, chiefly ferrous
cyanide, soluble in excess of the reagent; the solution constituting potassium
ferrocyanide (compare 621).

Ferroeyanides—as K 4FeCy 6—precipitate potassium-ferrousferrocyanide,
K 2FeFeCy c (Everitt’s salt), bluish-white, insoluble in acids. This is converted
to Prussian blue (189), gradually by exposure to the air, immediately by oxi-
dizing agents :

4K 2FeFeCy„ + 20 + 4HC1 = Fe 4(FeCy6) 3 + K 4FeCy6 + 4KC1 -f 2Ha O

Ferricyanides—as K 3FeCy6 —precipitate (even from dilute solutions) fer-
rous ferricyanide, Fe 3(FeCy0 )2 , dark blue, insoluble in acids. This important
test reveals thepresence of traces of ferrous salt, in ferric solutions. For
this purpose, the solution must be dilute, as stated at 189,and the original solu-
tion always employed, because the oxidation of iron is altered by chemical
operations.

Alkali hydrates decompose the precipitates above named : withpotassium
ferrous ferrocyanide, forming alkali ferrocyanide and ferrous hydrate • with
ferrous ferricyanide, forming alkali ferricyanide and ferrous hydrate :

E 2FeFeCy 6 -f 2KOH = K 4FeCy6 + Fe(CH)a

Fe 3(FeCy0 )2 + 6KQH = 2K3FeCy0 + 3Fe(OH)a

Sulphocyanates give no reaction with ferrous salts.
179. Oxalic acid and oxalates precipitate ferrous oxalate, FeC 204,

yellowish-white, crystalline, sparingly soluble in boiling water, decomposed by
mineral acids not too dilute.

180. Tannic acid, and tincture of galls, with concentrated solutions of
purely ferrous salts, give a white gelatinous precipitate of ferrous tannate,
which is quickly oxidized by exposure to the air to blue-black ferric tannate—-
long used for writing ink.

* i
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181. By ignition, and in beads before the oxidizing flame of the blow-
pipe, ferrous compounds give the same reactions as ferric (192).

182. FERRIC salts form solutions having a brownish yellow color, and
reddening litmus. Most soluble ferric salts are deliquescent. Ferric oxide,
in powder, is reddish brown; in native crystal, steel-gray. It is soluble in
hydrochloric acid, not very readily, but much quicker than in other acids.

183. The hydrate, oxalate, phosphate, ferrocyanide, tannate, gallate,
borate, and sulphite, are insoluble in water. The chloride is soluble in alcohol
and in ether; the sulphate is soluble in alcohol, a separation from ferrous
sulphate. Ferric carbonate is not formed, and ferric sulphide is not formed in
ordinary conditions of wet analysis. In analysis, ferric compounds are identi-
fied by the red solution they form with sulphocyanate, and distinguished from
ferrous forms by not causing a blue precipitate with ferricyanide (189). Fer-
ricum is separated in the First Division of Group 111,, with the other pseudo-
triads (135).

184. The alkali hydrates precipitate ferric hydrate, Fe 2 (OH) 6 , variable
to Fe.,0 2(0H) 2 , reddish-brown, insoluble in alkalies or ammonium salts. Salts
of fixed alkalies adhere to this precipitate with great tenacity.

185. Alkali carbonates—as K.,C03 —also precipitate the hydrate, contain-
ing traces of carbonate (compare 147). Regarding barium carbonate, see 191.

Fe 2Cl8 -f 8K0CO3 + 3H2 0 = Fe 2(OK) 8 + GKC1 + 3CQ 2

186. Hydrosnlphuric acid does not precipitate iron from ferric solutions;
but reduces them to the ferrous combination, with precipitation of sulphur, as
given in 171 a.

187. Ammonium sulphide precipitates the ferrous sulphide with free
sulphur, FeS with S, a reduction of the metal to the condition of a dyad. Hence,
the ammonium sulphide precipitate contains iron in ferrous condition only.

188. Phosphates— as Na2 HP0 4
—precipitate ferric phosphate, Fe 2(PQ 4 ) 2,

scarcely at all soluble in acetic acid, but readily soluble in hydrochloric, nitric,
and sulphuric acids. Hence, ferric salts which are not acetates, are precipitated
by phosphoric acid with co-operation of alkali acetates (compare 177) :

Fe 2 Cl8 + 2H s PC>4 + 6NaC,H3 02 = Fe2(F0 4)a + GNaCl + 6HC2 H3 02

In this way, phosphoric acid is removed from alkaline earth bases—in solu-
tions of alkaline earth phosphates, in hydrochloric or nitric acid. Regarding
precipitation by Arseniates, see 392.

189. Soluble cyanides —as KCy —precipitate, from ferric salts, the
hydrate, with evolution of hydrocyanic acid («).

Ferrocyanides —as K4FeCy6—precipitate ferric ferrocyanide, Fe 4(Fe
Cyr )3 ,

Prussian blue, insoluble in acids, decomposed by alkalies (J). Strong
acids color the reagent blue, and render the test fallacious; acetic acid is free
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from this objection, and addition of potassium acetate enables the test to be
made in acid solutions. By excess of the reagent, the precipitate is somewhat
soluble to a blue liquid.

Sulphocyanates—as KCyS— form, in solution, ferric sulphocyanate ,

Fe (CyS) 0 ,
of a blood-red color so intense that this is an exceedingly delicate

test for iron when in the ferric condition (c).
The red salt is freely soluble in water, alcohol, and ether, and extracted by ether from

aqueous solutions ; is decomposed by alkalies, but not by acids. Traces of fenic salts are

revealed by adding the reagent, slightly over-saturating the mixture with ether; the ex-

cess of which will rise to the surface, colored by any ferric sulphocyanate, concentrated
from the mixture.* The color of the liquid is destroyed by mercuric chloride (d) ; also by
phosphates, borates, acetates, oxalates, tartrates, racemates, malates, citrates, succinates,
and the acids of these salts. Molybdenum dioxide, also nitric and chloric acids, give red
color with the sulphocyanate, removed by heat (643). To determine the condition of iron,
the original solution only can be used (169).

Ferricyanid.es—as K3FeCyc —form no precipitate in ferric solutions, but
give a green, or, in some proportions, brown color to the liquid (<?), which
should be diluted until transparent enough to reveal minute portions of blue
precipitate if ferrous salt is present (178). The addition of stannous chloride,
SnCl2 ,

or some other strong deoxidizing agent (171) to the mixture of ferri-
cyanide, wherein no precipitate is found, constitutes a delicate test for ferric
salts.

Some of the above-named reactions of ferric salts with cyanogen compounds,
are defined in the following, equations :

a. Fe 2 Cl8 + 6KCy + 6HaO = Fe 2 (OH)« + 6HCy + 6KC1
l. Fe 4(FeOy6 ) 3 -f 12KOH = 3K 4FeCy8 -f- 2Fe 2(OH)8

(Decomposition of K 4FeCy8 by acids, see 627.)
c. Fe 2 Cl8 -f 6SCyS = Fe 2(CyS) 8 + 6KC1 (Consult 19.)
d. Fe 2(CyS) 8 + 8HgCi2 = 3Hg(CyS)a -f Fe 2Cl8

e. Fe2 Ci8 + 2K 3FeCy8 = 6KC1 -f Fe 2 (FeCy 8)a

190. The acetates—as NaC2 H3 02 —form, in the cold, a dull red liquid,
ferric acetate, Fe 2(C 2 Hs02 )6, not decolorized by mercuric chloride. On boil-
ing the solution, basic ferric acetate is precipitated, finally becoming hydrate.
Sulphites give, likewise, a red solution of ferric sulphite, decomposed by
boiling. ■(•

191. Tannic acid—and tincture of galls—precipitate terric salts blue-
black, as ferric tannate, the basis of common ink.

/ H RB t; Bfl

* Natanson, Zeitsch. analyt. Chem., iii. 370.
t Meconic acid and Formic acid form red solutions withferric salts Benzoic acid gives a flesh-colored

precipitate; salicylic acid a deep violet color; phenol and creosote, each a blue color; saligenin a blue
color ; and various compounds of the “ aromatic group,” hydroxyl substitutions in benzinederivatives, give
blue to violet colors. Morphine, pseudomorphine, and daphnin, give theblue color.
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Ammonium Succinate precipitates reddish-brown ferric succinate.
Barium Carbonate precipitates ferric hydrate from the chloride even in the cold

(leaving barium chloride in solution) :

Fe 2 Cl0 -f BBaCOa + 3HaO = Fe 2(OH)„ -f 3EaCi 2 + 3CO s

The excess of the barium carbonate is filtered out with the ferric hydrate, and may be
separated by addition of sulphuric acid, which changes it to insoluble barium sulphate,
and leaves ferric sulphate in solution. If ferrous chloride were in the original solution,
the barium chloride formed in the reaction may be separated from it, likewise, by addition
of sulphuric acid.

192. The larger number of iron salts are decomposed, as solids, by heat;
ferric chloride vaporizes, undecomposed, at a very little above 100° C. (212° F.)
Ignition in the air changes ferrous compounds, and ignition on charcoal or by
the reducing flame changes ferric compounds to the magnetic oxide, which is
attracted to the magnet.

In the outer flame, the borax bead, when moderately saturated with any
compound of iron, acquires a reddish color while hot, fading and becoming
light yelloit) when cold, or colorless, if feebly saturated. The same bead, held
persistently in the reducing flame, becomes colorless unless strongly saturated,
when it shows the pale green color of ferrous compounds. The reactions with
microcosmic salt are less distinct,but similar. Cobalt, nickel, chromium, and
copper conceal the reaction of iron in the bead.

Ferric compounds, heated briefly in a blue borax bead holding a very little
cupric oxide, leave the bead blue ; ferrous compounds so treated change the
blue bead to red—the color of cuprous oxide.

193. Recapitulation ofDistinctions between Ferric and Ferrous Com-
pounds :

Ferric compounds. Ferrous compounds.

(1) erricyanides. No. pre., green color, 189. Deep blue pre.Fe 3(FeCy fl )!1.

(2) Sulphocyanates. Red sol. Fe 2(CyS) 6.r\ No change.
(3) Ferrocyanides. Blue pre. Fe 4 (FeCy6 )3 . Pale blue pre. K 2FeFeCy 6.

(4) Carbonates. Effervescence (185). No effervescence (175).
(5) Cyanides. 189. 178.
(6) Reducing Agents.

Ilydrosulph. acid. 171 a. (Deodorized and S.
precipitated.)

Sulphurous acid. 171 b. (Deodorized.)
(7) Oxidizing Agents.

Nitric acid, 814 (Brown gas, by heat.)
Bromine, 170 b. (Deodorized.)
Chlorine water, .... 170 a. (Deodorized.)



60 MaXGANESE.

MANGANESE.

194. A grayish white, hard, brittle, feebly magnetic Metal, difficult of fusion and of
reduction, quickly oxidizing in the air, and even decomposing waterat ordinary tempera-
tures to a slight extent.

It accompanies iron in the mineral, vegetable, and animal kingdoms ; and artificial
compounds of manganese are seldom free from iron, owing to the difficulty of complete
separation.

195. Manganous Oxide, Mn"0, represents the only base capable of forming stable
salts of manganese.

196. Manganic Oxide, Mn""2
VI0 3 , represents a class of salts and compounds, all of

which are reduced to manganous combination by boiling with hydrochloric acid, chlorine
being evolved :

Mn2 Cl6 (in boiling solution). = 2MnCl2 +- Cl2

For reactions of manganic compounds, see 213.
,197. Manganese Dioxide, Mn""02 , constitutes the commercial source of manganese

and an important oxidizing agent, as Pyrolusite. Salts of this type are not formed, and
the action of hydrochloric acid with heat slowly dissolves (reduces) the dioxide to man-
ganous chloride, with evolution of chlorine :

MnOj + 4HC1 = MnCl2 + Cl2 + 2H 2 0

Free chlorine, bromine, and iodine are obtained in accordance with this reaction (or
some modification of it), and immense quantities of native manganese dioxide are required
for the liberation of these elements, in manufacturing operations. The production of
chlorine is frequently effected by using sulphuric acid and common salt, instead of hydro-
chloric acid :

MnOj + 2NaCl + 2H 2 S0 4 = MnSO., + Na JS0 4 -+• Cl2 + 2H2 0

Oxygen also can be obtained from binoxide of manganese, by action of sulphuric acid:
MnO« -f- H2 S04 — 1\5ziS0 4 -|- 33 2 0 -t- O

Further, regarding Mn"" as an oxidizing agent, see 848.

193. Manganic Acid is not known as such, but is represented in manganates
(K 2 MnVI04); those of the alkali metals being soluble in water, with gradual decomposi-
tion into manganese dioxide and permanganates :

33I 2Mn0 4 + 2H2 0 = 2KMn0 4 + Mn0 2 + 4KOH

Free alkali retards, and free acids and boiling promote this change. Manganates have
a green color, which turns to the red of permanganates during the decomposition inevita-
ble in solution.

199. Permanganic Acid is not in use as an acid, but is represented by the perman-
ganates, as KsMavnis x,v08 .* The permanganic acid radical is at once decomposed by ad-
dition of strong acids to a solid permanganate, but in water solution this decomposition

* In permanganates, manganese may be considered as an octad, in the Compounds of which two of its
atoms are held to each other by one bond of each ; the pair having twice seven bonds for other elements,
and having always an even number of atoms in correctly written formulae. But to avoid complexity of ex-
pression, in this work, permanganates will be writtenwith an uneven number of atoms in the molecule.
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does not at once take place, except by contact with oxidizable substances. The oxidizing
power of permanganates extends to a great number of substances, possesses different char-
acteristics in acid and in alkaline solutions, acts in many cases so rapidly as to be vio-
lently explosive, and is of such quantity that four parts of the absolute potassium salt
furnish over one part of oxygen (equation a).

For the study of Permanganates in oxidation, see 849. The reactions with ferrous
salts (b), and with oxalic acid (c), are much used in volumetric analysis :

a. 2KMnO( + 3H2S0 4 = 2MnS0 4 + K2 S0 4 + 50 + 3H2 0
b. 2KMnOi + 10FeCl2 + 16HC1 = 2MnCl2 + 2KC1 + 5Fe 2 Cl 6 + 8HS 0
c. 2KMn0 4 + 5H2 C2 0 4 + 6HC1 = 2MnCla + 8H2 0 + 10CO2 + 2KC1

200. Permanganates are all soluble in water, silver permanganate being only spar-
ingly soluble. The most of them are deliquescent. Their solutions have a deep red
color. Slight deoxidation may give the green color of manganate.

201. Manganese is reduced to the manganous condition, from all its other degrees of
combination, by boiling with hydrochloric acid. In this, its only stable form, it is most
perfectly identified as manganese, and the various reactions of (a) the manganous base
in the wet way obtained—202 and after.

b. For reactions characteristic of the manganic base, see 213 and after.
c. If the substance be a black powder, insoluble in water, but dissolving to manganous

chloride in hydrochloric acid, with evolution of chlorine even in the cold (197), it is man-
ganese dioxide. The proportion of absolute dioxide is determined from the amount of
chlorine it is capable of setting free.

d. If having a green color (198), and being soluble in water with decomposition, etc,
leaving manganous base, it is a manganate, representing manganic acid.

e. If soluble in water to a red color, and, by deoxidation, losing color (and leaving
manganous base), it is indicated as a permanganate (199), representing permanganic acid.

202. MANGANOUS SALTS, (195) are of rose color. The oxide is
grayish-green. The chloride (4 aq.), bromide, iodide, and nitrate, are deliques-
cent ; the sulphate (7 aq.) is efflorescent.

203. Manganous oxide, hydrate, sulphide, carbonate
, phosphate, oxalate,

borate, and sulphite, are insoluble in water. The hydrate is insoluble in alka-
lies, but soluble in solution of ammonium salts.

In analysis, manganese is identified by the oxidation of manganous hydrate
or oxide, to manganate (211) or permanganate (210), each recognized by its
bright coloi'. As to determination of the oxidation ofmanganese, see 201.

204. The alkali hydrates precipitate, from soluble manganous salts,
manganous hydrate, Mn(OH)a , white, soon turning brown in the air by oxi-
dation to manganic oxyhydrate, Mn202(0H) 5.

The precipitate is insoluble in excess of alkali, but—before oxidation—is soluble in
solution of ammonium salts, by formation of soluble double salts of ammonium and man-
ganese—ammonio-manganous salts—(corresponding to those of ammonium and magne-
sium ; compare 114). And hence, ammonium hydrate precipitates but part of the man-
ganese in solution, forming in the reaction a salt of ammonium, which holds the rest of
the manganese from precipitation.
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The manganic hydrate is not only insoluble in ammonium salts but it is formed and
precipitated from the ammoniaeal solution of manganous hydrate in Salts of ammonium
by action of the air. After standing, all the manganese is so precipitated, dark brown ;

this precipitation by action of the air upon solution in ammonium salt being peculiar to
manganese. As free ammonia facilitates the oxidation of metallic copper and of cobalt-
ous salts, it may here promote the oxidation of the manganous compounds ; also, it neu-
tralizes the acid which would otherwise be set free.

205. Hydrosulphuric acid precipitates manganous acetate but imper-
fectly, and not in presence of acetic acid, and does not precipitate other salts,
as manganous sulphide is soluble in very dilute acids, even acetic acid. Am-
monium sulphide precipitates from neutral solutions, and forms from the
recent hydrate of mixtures made alkaline, the flesh-colored manganous sul-
phide, MnS. Acetic acid, acting on the precipitated sulphides, separates man-
ganese from cobalt and nickel, and from the greater part of zinc.

206. Alkali carbonates precipitate manganous carbonate,
MnCOa , white,

oxidized by the atmosphere to the brown manganic hydrate (204), and, before
oxidation, somewhat soluble in solution of ammonium chloride.

207. Alkali phosphates— as Na 2HP04—precipitate, from neutral solu-
tions of manganous salts, normal manganous phosphate, Mn 3(P0 4 )a , white,
slightly soluble in water, and soluble in dilute acids. It turns brown in the
air.

The manganous hydrogen phosphate—MnHP04 —is more soluble in water, and is
obtained by crystallization from a mixture of manganous sulphate acidulated with acetic
acid, and disodium hydrogen phosphate, Na 2HP0 4 , added till a precipitate begins to
form. From the ammonio-manganese solution (204), phosphates precipitate all the man-
ganese as ammonium-manganous phosphate.

208. Alkaline oxalatesprecipitate manganous oxalate, soluble in acids not very dilute,
and formed with difficulty by addition of oxalic acid.

209. Soluble cyanides —as KCy—precipitate manganous cyanide, MnCy2 , white,
but darkening in the air, soluble in excess of the precipitant by formation of double
cyanides —as (KCy) 2MnCy 2. This solution, exposed to the air, produces mangani-
cyanides—analogous to ferricyanides—with oxidation of a portion of the manganese :

6(KCy) 2 MnCy2 -f Oa + H2 0 = 4Ks MnCy G + Mn2 02(0H)2

Ferrocyanides precipitate white manganous ferrocyanide, Mn2FeCy6 , soluble in
hydrochloric acid. Ferricyanides precipitate brown manganous ferricyanide, Mn 3-

(FeOy6 )2 , insoluble in acids.

210. Manganese is most easily and certainly identified through oxidation,
by several methods, each method giving a color-product.

A small portion of manganous solution, when boiled with nitric acid and
lead dioxide, is oxidized Vo permanganic acid, HMn0 4, giving a red color to
the solution when the sediment subsides. The oxidation is derived from the
lead dioxide, reduced to lead nitrate. If other reducing agents are present,
they also must be oxidized. The lead dioxide should be used in such excess as
to leave a black sediment.
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211. Ignition with alkali and oxidizing agents, forming a bright green
mass of alkaline manganate, constitutes a delicate and convenient test for man-
ganese, in any combination. A small portion of precipitate or fine powder is
taken. If the manganese forms but a small part of a mixture to be tested, it is
better to submit the substance to the systematic course of analysis, and apply
this test to the precipitate by alkali, in the third group. A convenient form of
the test is by ignition on platinum foil with potassium or sodium nitrate
and sodium carbonate (a). Ignition, by an oxidizing flame, on platinum foil,
with potassium hydrate, effects the same result, less quickly and perfectly (h).
Ignition by the oxidizing flame of the blow-pipe, in a bead of sodium car-
bonate, on the loop of platinum wire, also gives the green color (c).

a. 3Mn(OH)j + 4EN03 + Na 2 C03 =

2K 2 Mn0 4 + Na s Mn04 -f- 4NO -f C0 2 + 3H2 0
b. Mn(OH)j -f 2KOH -f 20 = K 2 Mn04 + 2H 2 0

c. Mu(OH)2 —J- Na2 C0 3 -j- 20 — Na 2 JVEn0 4 —j— H2 0 —j— OOs

212. With beads of borax and microcosmie salt, before the outer

blow-pipe flame, manganese colors the bead violet while hot, and amethyst-red
when cold. The color is due to the formation of manganic oxide, the coloring
material of the amethyst and other minerals, and is slowly destroyed by
application of the inner flame, which reduces the manganic to manganous oxide.

213. MANGANIC SALTS (196) are somewhat instable compounds, of a reddish-
brown or purple-red color, becoming paler and of lighter tint in reduction to the man-
ganous combination. The chloride and sulphate are deliquescent. Manganic chloride,
Mn 2Clfi, exists only in solution, which is reduced to MnCl2 by boiling, also by evapora-
tion to a solid. Manganic sulphate—Mn2(S0 4) 3—is soluble in dilute sulphuric acid, but
is reduced to MnS0 4 by the attempt to dissolve it in water alone ; potassium manganic
sulphate and other manganic alums are also decomposed by water.

214. Hydrosulphuric acid reduces manganic salts to the manganous combination,
with precipitation of sulphur. Ammonium sulphide reduces manganic chloride, and
precipitates mango,nous sulphide —MnS—with free sulphur. Alkali hydrates, carbo-

nates, and barium carbonate, all precipitate from solution of manganic chloride, man-

ganic hydrate, Mn 20 2(0H) 2 .
Ferrocyanides precipitate gray-green manganic ferro-

cyanide, Mn4(FeCy 6)3 . Ferricyanides precipitate manganic ferricyanide—MnFeCy„
brown. When a manganic compound is mixed with aqueous phosphoric acid, the

solution evaporated to dryness and gently ignited, a violet or deep blue mass is obtained,
from which water dissolves a purple-red manganic hydrogen phosphate, a distinction from
manganous compounds. Simple ignition changes manganic compounds to Mn 304 . In
the tests in the dry way, manganic compounds give the same reactions as manganous
oxide (211).

COBALT.

215. Somewhat easier of reduction from oxides, and more fusible, than iron. The
metal decomposes water at a red heat, but is permanent in the air at ordinary tempera-
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tures. It is slowly dissolved by hydrochloric and sulphuric acids, with evolution of hy-
drogen—more promptly by nitric acid ; in each case forming cobaltous salt.

216. Cobalt forms two well-marked oxides (131), both of which represent bases in cor-
responding classes of salts : cobaltous salts, being stable compounds, permanent in the
air, not easily affected by oxidizing agents ; cobaltic salts, very instable compounds, not
permanent in solution, and easily reduced by heat alone to cobaltous combination.
Therefore, as regards the relative stability of its two classes of compounds, cobalt, like
manganese, is the reverse of iron. The most permanent cobaltic compound is the oxide;
but both cobaltous and cobaltic oxides are changed, by ignition in the air, to cobaltoso-
cobaltic or black oxide, Co 3 0 4.

217. Cobaltous oxide is gray-green, the hydrate is rose-red ; they are easily soluble in
acids forming COBALTOUS SALTS, which exhibit bright colors, varied by different
physical states, and by different chemical combinations. In crystals, they are red ; an-
hydrous, mostly lilac. Their solutions are mostly blue when concentrated, but pink
when diluted. At a certain stage of dilution, these solutions are red when cold, and blue
when hot. The pink dilute solution of the chloride spreads colorless on white paper when
cold, becomes blue on heating, and colorless when cold again, used as “ sympathetic inJc.,,
Cobaltous oxide dissolves in melted glass, coloring it blue—used to cut off the light of
yellow flames (44) ; also, with the same color, in fused borax—the most delicate test for
cobalt (224), and in other vitreous substances. The black, cobaltoso-cobaltic oxide,
C03O4—as left by ignition of cobaltous oxide or nitrate—combines or mixes, by ignition,
with zinc oxide from zinc compounds to form a green mass, with aluminium compounds
to a blue, and with magnesium compounds to a pink mass (blow-pipe tests for these metals,
119, 150, 240). Cobalt forms many double salts, and compounds with alkalies, noted for
their various bright colors.

Cobaltous nitrate and acetate are deliquescent ; chloride, hygroscopic ; sulphate
(7 aq.), efflorescent. The chloride vaporizes, undecomposed, at a high temperature.

218. The hydrate, basic carbonate, sulphide, phosphate, borate, oxalate, cyanide,
ferrocyanide, and ferricyanide, are insoluble in water ; the potassio-cobaltous oxide is
insoluble ; the ammonio-cobaltous oxide, soluble ; the double cyanides of cobalt and the
alkali metals are soluble in water. Alcohol dissolves the chloride and nitrate ; ether dis-
solves the chloride, sparingly. Most of the salts insoluble in water form soluble com-
pounds with ammonia. In analysis, cobalt is pretty clearly identified in the dry way, by
the bead test (224). It is easily separated (221 and 244); except from nickel (223).

219. The fixed alkalies precipitate, from solutions of cobaltous salts, blue basic salts,
which absorb oxygen from the air and turn olive-green, as cobaltoso-cobaltic hydrate, or if
boiled before oxidation in the air, become rose-red, as cobaltous hydrate, Co(OH)2 . This
last result is favored by excess of the reagent, which does not redissolve the precipitate.
But ammonia and ammonium salts dissolve the precipitate.

Ammonium hydrate causes the same precipitate as fixed alkalies; incomplete, even at
first, because of its solubility in the ammonium salt formed in the reaction, and soluble in
excess of the ammonia to a solution which turns brown in the air by combination with
oxygen, and is not precipitated by potassium hydrate. The reaction of the precipitate
with ammonium salts forms a soluble double chloride (as with magnesium) ; the reaction
of the precipitate with ammonia produces, in different conditions, different soluble color
compounds, ammonio-cobaltous and ammonio-cobaltic, as (NH 3) 4CoC12, (NH 3 )6CoC12,
(NH3)8 Co 2C16, etc.

220. Alkali carbonates precipitate cobaltous basic-carbonate, peach-red, which when
boiled loses carbonic anhydride and acquires a violet, or, if the reagent be inexcess, a blue
color. The precipitate is soluble in ammonium carbonate (or inexcess of that precipitant),
and very slightly soluble in fixed alkali carbonates.



Cobalt. 65

Barium carbonate does not precipitate eobaltous salts in the cold (except the sul-
phate), but by prolonged boiling does precipitate eobaltous chloride completely.

221. Hydrosulphuric acid, with normal eobaltous salts, gradually and imperfectly
precipitates the black cobalt sulphide, CoS; from cobalt acetate, the precipitation is more
prompt, and is complete ; but in presence of mineral acids, as in the second-group preci-
pitation, no precipitate is made. When formed, the precipitate is scarcely at all soluble in
dilute hydrochloric acid or in acetic acid ; slowly soluble in moderately concentrated hy-
drochloric acid, as in dissolving the third-group precipitate ; readily soluble in nitric, and
most easily in nitro-hydrochloric acids. By exposure to the air, the recent eobaltous sul-
phide is gradually or slowly oxidized to cobalt sulphate, soluble, as occurs with iron
sulphide, 176. Ammonium sulphide precipitates immediately and perfectly the black
CoS, described above.

222. Phosphates—as Na>HPO t—precipitate the reddish eobaltous phosphate,
CoHPO,, soluble in acids and in ammonia. Oxalic acid and oxalates precipitate the
reddish white,’ eobaltous oxalate, CoC 2 0 4, soluble in mineral acids and in ammonia.

223. Alkali cyanides —as KCy—precipitate the brownish-white eobaltous cyanide,
CoCyo, soluble in hydrochloric, not in acetic or in hydrocyanic acid, soluble in excess of
the reagent, as double cyanides of cobalt and alkali metals —(KCy)2 CoCy 2 —potassium
eobaltous cyanide, etc., the solution having a brown color :

CoClo -f 2KCy = CoCy 2 -f 2KC1
CoCy 2 + 2KCy = (KCy) 2 CoCy 2

Dilute acids, without digestion, reprecipitate eobaltous cyanide from this solution (the
same as with nickel, 229):

(KCy) 2CoCy 2 + 2HC1 = CoCy 2 -f- 2HCy -f- 2KC1

But if the solution, with excess of the alkali cyanide and with a drop or two of hydro-
chloric acid, ensuring free HCy, be now digested hot for some time, the eobaltous cyanide
is oxidized and converted into alkali cobaltieyanide—as K 3CoCy0 —corresponding to ferri-
cyanides, but having no corresponding nickel compound:

2CoCy2 -j- 2HCy -f- O = Oo 2Oy8 (cobaltic cyanide) -j- H2 0
Oo 2 Oya -j- 6KCy = 2K 3 CoCy e , potassium cobaltieyanide.

In the latter solution acids cause no precipitate (compare 229)—{important distinction
from nickel, whose solution remains (KCy)2 NiCy 2 , and after digestion as above is preci-
pitated with acids).

Sulphocyanate, in highly concentrated solution, gives a blue color, Co(CyS) 2 , crys-
tallizable in blue needles, soluble in alcohol, not in carbon disulphide. In less concen-
trated solutions, the color appears on warming. In neutral solutions, nickel, iron, man-
ganese, and zinc, do not interfere (Schoenn, 1870).

Ferrocyanides—as K.iFeCy6—precipitate eobaltous ferrocyanide, Co 2FeCyc, , gray-
green, insoluble in acids. Ferricyanides—as K 3FeCy0 —precipitate eobaltous ferri-
cyanide, Co 3(FeCy 6) 2 , brownish-red, insoluble in acids. But a more distinctive test is
made by adding ammonium chloride and hydrate, with the ferricyanide, when a blood-
red color is obtained, in evidence of cobalt. If, in this test, manganese be present', a white
precipitate is obtained at once, becoming brown with more ferricyanide ; if nickel be
present, a copper-red precipitate forms on boiling ; zinc gives no precipitate, hot or cold,
but on addition of ferrocyanide to the same solution, gives a white precipitate (Allen,
1871).

224. In the bead of borax, and in that of microcosmic salt, with oxidizing and with
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reducing flames, cobalt gives an intense blue color. The blue bead of copper changes to
brown in the reducing flame. If strongly saturated, the bead may appear black from
intensity of color, but will give a blue powder. This important test is most delicate with
the borax bead (217). If sulphur or arsenic is present, it must be previously expelled
by roasting. If manganese, copper, nickel, or iron is present, the continued application
of the reducing flame will destroy the interfering color, and bring out the blue of cobalt.

By ignition, with sodium carbonate on charcoal or with the reducing flame, compounds
of cobalt are reduced to a magnetic mass.

226. Cobaltous compounds are oxidized to cobaltic combinations, in the following
tests, all of which distinguish cobalt from nickel, which is scarcely capable of higher
oxidation.

Potassium nitrite, ENO:, added to a somewhat concentrated solution of cobaltous
salt, with addition of sufficient acetic acid, after warm digestion, on standing some time,
better for twenty-four hours, causes a yellow crystalline precipitate of potassium cobaltic
nitrite (a separation from nickel):

2CoCl, + 12KNO* + 2H0 2 H303 4- Ha O =

(EN02)6 , Co2 0(N02 ) 4, (Ha O)a -f 4KC1 -f 2KC 2 HsO a -j- 2NO

Chlorine gas, passed into dilute cobaltous solutions, changes them to cobaltic com-
binations, which are then precipitated by digestion with barium carbonate in the cold
(compare 220). Lead dioxide, with warm digestion, precipitates from neutral solutions
all the cobalt, as cobaltic oxy-hydrate.

NICKEL.

226. In the properties of nearly all its compounds, this metal closely resembles cobalt;
so that its analysis requires a constant comparison between the reactions of the two
metals; and although it is not difficult to identify the one in the presence of the other,
their exact separation is laborious.

The metal is reduced from its oxide, and is oxidized by ignition in the air, about as
readily as iron, but at ordinary temperatures is less easily oxidized in the air, having a
silver-white, brilliant lustre, and is a little more fusible than iron. In redaction with
carbon, it forms a cai'bide, like iron. It is slowly dissolved by dilute hydrochloric or sul-
phuric acid with evolution of hydrogen, and readily by nitric acid or chlorine water.

Nickel forms two oxides—protoxide, or nickelous oxide, Ni'O, gray-green, represent-
ing the salts of nickel, and nickelic oxide, NijVI03, not salifiable. Both oxides readily
dissolve in acids, as nickelous salts.

227. The salts of nickel have a delicate green color in crystals and in solution ; when
anhydrous, they are yellow. The nitrate and chloride are deliquescent or efflorescent,
according to the hygrometric state of the atmosphere ; the acetate is efflorescent. The
chloride vaporizes at high temperatures.

The hydrate, carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide,
ferricyanide, insoluble in water. The compounds of the oxide with potassium oxide and
sodium oxide are insoluble; that with ammonia is soluble ; and the double cyanides of
nickel and alkali metals are soluble in water. The chloride is soluble in alcohol, and the
nitrate in dilute alcohol. Most salts of nickel form soluble compounds by action of am-
monium hydrate. In analysis nickel is separated, with cobalt, by the sparing solubility
of the sulphide in dilute acids. Its separation from cobalt is more difficult (229). In
absence of cobalt, it is easily identified in the bead (231).

228. The fixed alkali hydrates precipitate nickel hydrate, Ni(OH) a, pale green,
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insoluble in excess of the reagent and not oxidizable in the air, but soluble in ammonium
hydrate or ammonium salts to a greenish blue liquid (133).

Ammonium hydrate, also, precipitates nickel hydrate, soluble in excess, and in am-
monium salts, with formation of compounds similar to those of cobalt (219), giving a
violet blue color to the solution. Sufficient potassium or sodium hydrate will slowly
reprecipitate nickel hydrate from its ammoniaeal solution, a distinction from cobalt.
In dilute ammoniaeal solutions, the blue color appears only after exposure to the air.

The alkaline carbonates precipitate basic carbonate of variable composition, green
color, and soluble in ammonium carbonate, or excess of that precipitant—with blue or
greenish-blue color.

With hydrosulphuric acid, and with sulphide of ammonium, nickel has the same
deportment as cobalt (221) : the precipitate being nickel sulphide, slightly soluble in
excess of ammonium sulphide. Phosphates—as Na 2HP0 4—throw down nickel phos-
phate, greenish-white, mostly full metallic.

229. Alkali cyanides— as KCy—precipitate nickel cyanide, NiCy 2 , yellowish-green,
insoluble in hydrocyanic acid, and in cold dilute hydrochloric acid ; dissolving in excess of
the cyanide, by formation of soluble double cyanides—as potassium-nickel cyanide, (KCy)n-
NiCy2 . The equation of the change corresponds exactly to that for cobalt (223) ; and
the solution of double cyanide is reprecipitated as NiCy 2 by a careful addition of acids
(like cobalt) ; but hot digestion, with the liberated hydrocyanic acid, forms no compound
corresponding to cobalticyanides, and does not prevent precipitation by acids (unlike
cobalt). It will be observed, that excess of hydrochloric or sulphuric acid will dissolve
the precipitate of NiCy 2. Ferrocyanides—as K 4FeCy8—precipitate a greenish-white
nickel ferrocyanide, Ni2FeCy6 , insoluble in acids, soluble in ammonium hydrate, decom-
posed by fixed alkalies. Ferricyanides precipitate greenish-yellow nickel femeyanide.

For the test by ferricyanide, with ammonium chloride and hydrate, in distinction from
cobalt, see 223.

Oxalic acid and oxalates precipitate, very slowly, but almost completely, after twenty-
four hours, nickel oxalate, green.

230. Chlorine, or hypochlorite, in neutral solution or, better, with fixed alkali hy-
drate, forms a black precipitate of nickelic hydrate, Ni 2(OH) 0 ,

reduced by heat or by
solution in acids or in ammonium hydrate. The separation of nickel from cobalt (225),
by this test, is more accurate if potassium cyanide in excess be added previously to the
chlorine or hypochlorite. Nitrites, with acetic acid, do not oxidize nickel as they do
cobalt.

231. Nickel compounds dissolve clear in the borax bead, giving with the oxidizing
flame a purple-red or violet color while hot, becoming yellowish-brown when cold ; with
the reducing flame, fading to a turbid gray, from reduced metallic nickel, and finally
becoming colorless. The addition of any potassium salt, as potassium nitrate, causes the
borax bead to take a dark purple or blue color, clearest in the oxidizing flame. With
microcosmic salt, nickel gives a reddish-brown bead, cooling to a pale reddish-yellow,
the colors being alike in both flames. Hence, with this reagent, in the reducing flame,
the color of nickel may be recognized in presence of iron and manganese, which are color-
less in the reducing flame ; but cobalt effectually obscures the bead-test for nickel. The
yellow-red of copper in the reducing flame, persisting in beads of microcosmic salt, also
masks the bead-test for nickel.

By ignition with soda on charcoal, compounds of nickel are reduced to a powder at-
tractedby the magnet.
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ZINC.

232. In general properties, zinc resembles magnesium and cadmium, all of
which are volatile at about a red heat, their vapors oxidizing in the air, while
their oxides are non-volatile. Zinc melts at 411° C. (773° F.)

233. Pure zinc dissolves very slowly in acids or alkalies, unless in con-
tact vflth copper, platinum, or some less positive metal. The metallic impuri-
ties in ordinary zinc enable it to dissolve easily with acids or alkali hydrates.
In contact with iron, it is quite rapidly oxidized in water containing air, but
not dissolved by water, unless by aid of certain salts. All the agents which
dissolve the metal, dissolve also its oxide and hydrate.

The metal dissolves in hydrochloric, sulphuric, and acetic acids («), and in
the aqueous alkalies (b) —with evolution of hydrogen; in very dilute nitric
acid, without evolution of gas (c); in moderately dilute cold nitric acid, mostly
with evolution of nitrous oxide (of) ; and, in somewhat less dilute nitric acid,
chiefly with evolution of nitric oxide (e). Concentrated nitric acid dissolves
zinc but slightly—the nitrate being very sparingly soluble in nitric acid :

a. Zn -f H2 S0 4 = ZnS0 4 -f 2H
b. Zn + 2KOH = K 2OZnO -f 2H
c. 4Zn -f lOHNOs = 4Zn(N0 3)a + NH 4N0 3 + 3H2 0

d. 4Zn + lOHNOs = 4Zn(NO s)a + Na O -f- 5H2 0
e. 3Zn + 8HN0 3 = 3Zn(NO s )a + 2NO + 4H 2 0

234. The chloride, bromide, iodide, chlorate, nitrate (6 aq .), and acetate
(7 aq.) are deliquescent; the sulphate (7 aq.) is efflorescent.

The oxide, hydrate, sulphide, basic carbonate
, phosphate, arseniate, oxalate,

and ferrocyanide, are insoluble in water; the sulphite is sparingly soluble.
Most salts of zinc, insoluble in water, form soluble compounds by action of any
of the alkali hydrates.

Zinc is separated from the metals of the third group, except from alumi-
nium, by non-precipitation with excess of fixed alkali hydrate in boiling solu-
tion ; from aluminium, by precipitation as sulphide in alkali solution, and by
non-precipitation with excess of ammonium hydrate (235).

235. The alkali hydrates all precipitate the hydrate of zinc, Zn(OH)2,

white, soluble in excess of either precipitant, with formation of potassium or
sodium zinc oxide, or zincate, K 2Zn02 ,

or Zn(OK)a :

I

ZnCl2 -f 2KOH = Zn(OH)2 + 2KC1
Zn(OH) a -j- 2KOH = K2ZnO a + 2Ha O
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On boiling the alkaline solutions, if dilute, a precipitate of zinc oxide sepa-
rates, more readily from the ammonic than from potassic or sodic solutions.
In the 'presence of iron, or manganese, the zinc hydrate does not so readily
dissolve in the alkali precipitant, which in these cases needs to be very strong,
at the time ofprecipitation.* Hydrate of zinc is somewhat soluble in ammo-
nium chloride, as stated in 134.

230. Hydrosulphurie acid precipitates a part of the zinc from neutral
solutions of its salts with mineral acids, and the whole from the acetate; also
from other salts of zinc, if with addition of alkali acetates (separation 'from
manganese):

ZnCl2 + 2KC 2 H302 + H 2 S = ZnS + 2KC1 + 2HC2 H3 02

That is: Zinc sulphide is not soluble in moderately dilute acetic acid,
though much more soluble in mineral acids. The precipitate is white when
pure.

237. Alkali sulphides—as (NH4 )2 S—completely precipitate zinc as sul-
phide, both from its salts with acids and from its soluble combinations with
alkalies.

238. Alkali carbonates— as K 2C03—precipitate basic carbonate, white,
Zn5(0H) 6(C0 3 )a sparingly soluble in ammonium carbonate, readily in ammo-
nium hydrate. .

239. Alkaline cyanides—asKCy—precipitate zinc cyanide, ZnCy2, white,
soluble in excess of the precipitant. Alkaline ferrocyanid.es —as K 4FeCy3

—

precipitate zinc ferrocyanide, Zn2FeCy 6, white. Alkaline ferrieyanides—as

K 3FeCy 6—precipitate zinc ferricyanide, Zn3 (FeCy0 )2 , yellowish.

* The solution of the zinc hydrateprecipitate, by addition of excess of alkalies, is greatly affected by
conditions of temperature and dilution. At 16° to 17° C., one c.c. of Normal standard solution of zinc sul-
phate requires, to redissolve the precipitate, eight c.c. of Normal standard solution of potassium hydrate.
But now, just one-half of the alkali can be taken up, by adding fourc.c. of half-Normalsolution of sulphuric
acid, before the precipitate reappears. That is, four molecules of the alkali hydrate form and dissolve (or
hold in a solution already made) the precipitate of one molecule of the zinc salt—supporting the equations
in the text. But, if the equation is to represent the proportion of alkali necessary to add in order to make
and dissolve the precipitate, at first, it must show eight molecules of alkali hydrate to one zinc salt, thus :

ZnS04 + 8KOH = Zn(OK)2 .4KOH + K2 S04 + 2H 20
The addition of water, at a certain point, precipitates the solution after it is made. Heat does the
same, as stated in the text. At 60° C., about three times as much of the alkali solution is required to dis-
solve the precipitate, as at 17° C. The addition of analkali solution so dilute as the tenth-Norinal, in case

of potassium hydrate, does not effect full solutionof the precipitate, however much is added. Sodium hy-
drate solution is notrequired in quite so large excess to rcdissolve the precipitate—seven molecules being
needed, in Normal solutions, instead of eight, as for potassium hydrate. But the same proportion of four
molecules is needed to hold the solution, after taking up excess by adding acid. In the case of ammonium
hydrate, 6.6c.c. of Normal standard solutionwere found to be required to form and dissolve the precipitate
from 1 c.c. of Normal solution of zinc salt. Then 1.6 c.c. of the alkali could be taken up by acid, before
reprecipitation. Apparently, then, five molecules of ammonium hydrate are required for soluble combina-
tion with one molecule of zinc salt. [See a report on Zinc and Alkali solutions, by the author and F. L.
Wilson, Jour. Am. Chem. Soc., Feb., 1880, ii. 29.]
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240. With sodium carbonate, on charcoal, before the blow-pipe, compounds
of zinc are reduced to the metallic state. The metal is vaporized, and then
oxidized in the air, and deposited as a non-volatile coating, yellow when hot and
white ivhen cold (compare 140). If this coating, or zinc oxide otherwise pre-
pared, be moistened with solution of cobalt nitrate and again ignited, it
assumes a green color.

With borax or microcosmic salt, zinc compounds give a bead which, if
strongly saturated, is yellowish when hot, and opaque white when cold.



Third Group Bases. 71

*

Chromic
acid
and
its
salts
furnish
Cr

2vi
as
a

base
when
treated
with

ammonium
sulphide
and
other

reducing
agents
(166
d.)

+

The
precipitates
soluble
in

excessof
the

reagent
(145,
235).

X
The

precipitate
soluble
in

excessof
the
cold

reagent,
but

thrown
down

again
on

boiling
(154).

5
The

precipitates
soluble
in

excessof
the

reagent
(133).

**
In

caseof
chromates,
the
solution
turns

greenwith
precipitation
of
S
(166
a)
;

in
caseof
ferric
salts,
the
color
fades,
with

precipitate
of
S
(171
a).

ft
In
solutions
of

normal
acetates,

hydrosulphuric
acid
gives

precipitates
(221,
228,

236).

%%

Much
less

soluble
in

acetic
acid
than

alkaline-earth
phosphates
(188).

241.
Comparison
of

someReactions
of
Third
Group

Rases.

In
Water
Solution,

as
Chlorides,
Nitrates,
Sulphates,
etc.

Aluminium.
Chromium.
*

Ferricum.
Ferrosum.

Manganese.
Cobalt.
Nickel.
Zinc.

KOH
or

NaOH

Al
2

(OH)
6
t

Cr
2

(OH)
6
t

Fe
2

(OH)
8

Fe(OH)
2

Mn(OH)
2

Co(OH)
a

Ni(OH)
2

Zn(OH)
2
t

nh
4

oh

“

44

“

44

“

“

1

“

\

“

\

NH
4

OH
with
NH

4
C1

<(

44

(4

No
pre.
No
pre.

No
pre.

No
pre.

No
pre.

Carbonates.

44

“

“

FeC0
3

MnCOs
Basic
Carb.

Basic
Carb.

Basic
Carb.

Sulphides.

44

“

FeS
with
S

FeS

MnS

CoS

NiS

ZnS

HoS
in

acid.
sol.

No
pre.

(S)**

S
**

No
pre.

No
pre.

tt

tt

tt

Na
2

HP04

A1
2

(P0
4
)

2

tt
Cr

2

(P0
4
)

a

tt
Fe

2
(P0

4
)

2
tt

FeHP0
4
(
m)
Mn

3

(P0
4
)

2

CoHP0
4

NiHPO,
ZnHP0

4

Oxidizing
agents.

Base
to

acid.

To
ferric.

Base
to

acid.
Cobalticum.

Seducing
agents.

Acid
to

base.
To
ferrous.

Acid
to

base.
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242.
Separation
of
Third
Group

Metals
by
NH

4
OH
with
NH

4
C1,
etc.

(Phosphates,
Oxalates,
etc.,
being

absent.)
(Explanation
in
243.)

To
the
clear
filtrate
from
Group
11.,
in
which
H

2
S
will

causeno
precipitate,
and
freed
from
H

2
S
by

boiling,
add
a

few
drops

of
Nitric
Acid

and
boil

an
instant
(to
oxidize
ferrosum.*)

Immediately
add

Ammonium
Chloride

and

excess
(133)
of
Ammonium
Hydrate.
If
there
is
a

precipitate,
filter
and
wash.

Precipitate,
Group
III.
A

Fe2

(OH)
6
,

Cr
2

(OH)
6
,

Al
2

(OH)
G
.

Pierce
the
point
of
the
filter,
and
with
a

little
water

wash
the

precipitate
into
a

test-tube;
add

Potassium
or

Sodium

Hydrate,
and
boil
for
several
minutes.
If
a

residue
remains,
filter
and
wash.

*

In
the
filtrate
from
the
Second
Group,
iron
is

necessarily
in
the
ferrous
condition
(186).

t
Ferrous

salts,
which
have
been
kept
in
the
air,
arenever
wholly
free
from
ferric

compounds
(169).

Precipitate
:

Fe
2

(OH)
6
,

Cr
2

(OH)
6

.

Solution:
K

2
A1

2
0

4
.

For
Iron,

dissolve
the

precipitate
in
a

lit-

tle
diluted

hydrochloric
acid,
and
test

the
solution
(for
Fe

2
Cl

6
)

with
potas-

sium
sulphocyanate

(189).
If
iron

is

present,
this
solution
will
give
all

the
reactions
of
ferricum.

Iron
being
found,
to
determine

whe-

ther
it
is
ferric
or

ferrous,
or

both,f
in

the
original
solution,
test
the
latter,

according
to
193.

Study
the

characteristics
of
iron
by

use
of
the
Table
of

Comparisons
on

the

preceding
page,
the

recapitulation
in

193,
and
the
text
uponiron

throughout.
For
Chromium,
test
a

portion
of
the
pre-

cipitate,
by

fusing
on

"platinum
foil

with
sodium
or

potassium
nitrate

and
carbonate,
to

change
to

chromate

(159
d).

Dissolve
the

mass
(Na

2
Cr0

4
)

in

water;
filter
if

necessary,and
ex-

amine
the
clear,

acidified
solution
for

chromic
acid,
by

163-4-5.
Or
oxidize
by
lead

dioxide
(159
c).

If
the
original
solution

contains

Chromate,
it

also
will
give
the

reactions

of
chromic
acid
(163-4-5),
and
have
a

color
mentioned
in
161.
If
it
contains

Chromic
salt

—as
Cr

2

(S0
4
)

3—
it
will

give
the

reactions
described
in
154

and

after.

For
Aluminium,
add
to
the

potassium

(or
sodium)
solution
enough
hydro-

chloric
acid
barely
to

acidulate
it,

and
then
add
ammonium
carbonate.

A

precipitate
is
Al

2

(OH)
B
.

(The
re-

sult
is
obtained
with

nearly
equal

certainty
by

addition
of

excessof
am-

monium
chloride
to
the

alkaline
so-

lution,
145.)

Study
aluminium
as

indicated
in
the

Table
of

Comparisons,
and
in
the
text

at
141,

and
after.
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Filtrate,
Group
III.
B
:

Contains
Zn,
Ni,
Co,
Mn.

Add
Ammonium
Sulphide,

and
if
a

precipitate
appears,warmuntil
it
subsides.

Filter
and
wash.
(This
filtrate
is
to
be

examined
for
the

Fourth
Group,
798.)

Precipitate
:

ZnS,
HiS,
CoS,
MnS.

Treat,
on

the
filter,
with
cold
dilute

Hydrochloric
Acid.

Note
if
a

black
residue

remains.
Boil
the
filtrate.

*

Small
portions
of

cobalt
and
nickel
maybe
dissolved

from
their
sulphides
by

hydrochloric
acid,
and
then
will
be

precipitated
with

Mn(OH)
s.

This
precipitate

maybe
tested
for
Co
and
Ni
by
the
blow
pipe,
as

above
directed.

Residue:
NiS,
CoS*

(black).

Solution:
ZnCl

3
,

MnCl
2
.

Add
a

decided
excessof

potassium
or

sodium
hydrate,
and

digest
without
warming.

Filter.

For
Cobalt

,

test
the

residue

by
the
blow-pipe
(224).

The
residue

may
be
dis-

solved
in
a

very
little
ni-

tro-hydrochloric
acid,
and

treated
for
the

reactions,
stated
in
223.
■

In
the
study
of
cobalt,

verify
the

reactions
noted

in
the
Table
of

Comparison,
and

described
in
the
text

(217,
and
after).

For
Nickel,
test
the

residue

by
the
blow-pipe
(231).

Then
obtain

reactions
in

the
wet
way,and

separation
from
cobalt,
by

dissolving
the

residue
in
a
very

little

nitro-hydrochloric
acid,
and

treating
by
229,
and
the

adjacent
text.

(Cobalt
is

removed
by

one
of
the

methods
in
225.)

Precipitate
:

Mn(OH)
2

.*

Test
for

manganeseby
oxida-

tions
as

by
210;
211,
a;

also,
212. The

precipitate
may

be

dissolved
with
hydrochloric

acid,
for

reactions
(204
and

after,
and
Table
of
Compa-

risons). For
acids
of

mrjnganese,
Mn./'and
Mn"",
examine
the

original
material
by
aid
of

201.

Solution:
K 2
Zn0

2
.

Test
for
zinc
by
adding

am-

monium
Sulphide
:

preci-

pitate,
ZnS.

The
reactions
of
zinc
salts

are
obtained
from
the

alka-

line
solution
after

acidulat-
ing
it. Study

the
characteristics

by
aid
of
the
Table
of
Com-

parisons,
and
the
text
at
235

and
after.
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*

For
the
scheme
of

separations
here

tabulated,
the

author
is

indebted
altogether
to

Professor
Henry
A.
Weber,
Ph.D.,
who
has
used
it,
as
a

working
plan,
for

sometime,
in
the

Laboratory
of
the

Illinois
Industrial
University.
The
title
“

Thiosulphate
Process
”

is
here

adopted,
from
the

almninium-iron
separation,
Chancel’s

method.

242Thiosulphate
Process
for
the
Third
Group.*

To
the
filtrate
from
the
Second
Group
(or
a

solution
containing
no

second
group

bases)
add

Ammonium
Hydrate
to
analkaline

reaction,

and
then

Ammonium
Sulphide
(136).

The
Precipitate
to
be
examined
for
Or,
Al,
Pe,
Zn,
Mn,
Oo,
Ni.

Dissolve
the
washed

precipitate
by

Hydrochloric
Acid.
(If
a

black
residue
remains,

dissolve
it
by

nitro-hydrochloric
acid.)
To
this
solu-

tion
(or

an
original
solution
of
salts
of
third

groupmetals
only),
add

Sodium
Carbonate
till
a

slight
precipitate

is
formed
;

then
add
a

few
drops
of
Bromine,
and
boil,

keeping
the
liquid
neutral
with

sodium
carbonate
(159
a).

Finally,
add
the
latter
in
excess,and

filter
(138).

Solution: Examine
for
Cr.

Acidify
with
ace-

tic
acid,
and
test

with
lead
salts,

etc.,
163.

Dissolve
the

washed
Precipitate
in
the
least
possible

quantity
of

Hydrochloric
Acid.
To
the
solution
add

Sodium

Carbonate
till
a

slight
precipitate
is
formed
;

then
add
a

few
drops
of
Acetic
Acid,
and,
finally,

Sodium
Acetate
in

excess.
Boil
and
filter
(147,

190).

Precipitate
:

Examine
for
Al,
Fe.

Dissolve
by
HC1,
neutralize
with
Na

2

-
C0

3
,

then
add
Sodium
Thiosul-

phate
in

excess.
Boil
for
an

hour

or
more,and
filter

(149).

To
the
Solution,
add
Sodium
(or

Potassium)
Hydrate
in

excess,warm

gently,
and
filter

(235).

Solution
:

Test
for
Sn,
by

adding
Ammo-

nium
Sulphide.

Dissolve
the

Precipitate
with
HC1,
neutralize
with

NaOH,
and
add

excessof
(NH

4
)

2
3.

Filter,
and

treat
the

precipitate
with
Acetic
Acid
(205).

Solution
:

Test
for
Mn,
by

evap.,
and
fus-

ing
residue

with

nitrate
and
al-

kali,
211
a.

Residue
:

Dissolve
in
HN0

3
,

evap.to

dr.
on

water-bath,
add
water,
then

KN0
2
,

then
Acetic
Acid
in

excess.

Warm
and
let
stand
24
hrs.
(225).

Residue
:

Al,
(as
hydrate,
or,

if
P0

4

be
pres-

ent,
as

phos-

phate,
149).

Solution
:

Test
for
Fe

(here

ferrous).

Residue
:

Co.
Test,
224.

Solution
:

Test
for
Ni,
231.
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SEPARATION OP THE THIRD GROUP METALS.

243. The reactions of the seven important metals of the third group, as ob-
tained with the compounds of each alone, include a sufficient number of distinct
differences to construct several easy methods of complete separation. But it
is more difficult to separate them when together than to distinguish them when
apart, owing to the fact that the reactions ofseveral of them are modified by
the presence or action of others. In some of these cases, the interference is pro-
bably due to simple adhesion between the bases ; in others, to chemical action
of one base with another.

The division of the third group, by action of ammonium chloride, which
dissolves manganous hydrate, and excess of ammonium hydrate, which dis-
solves cobalt, nickel and zinc hydrates, is indicated in the Table of Comparison
(241), and constitutes the first separation used in the Table at 242. If the
excess of ammonium hydrate be decided, the solution of the cobalt, nickel, and
zinc will not fail. To dissolve the manganese, the ammonium salt must be
added abundantly, and the metal must be in the manganous condition (204).
Hence the oxidation of ferrosum, by nitric acid, must be limited to addition of
very little nitric acid with very brief boiling, to avoid the formation of man-
ganic compounds.

The following precautions are essential to this method of separation : (a)
All hydrosulphuric acid left from the second-gi'oup precipitation must be
expelled, (b) Iron must be obtained in the ferric condition, as stated in the
Table (242). (c) If citric and tartaric acids, sugar, albumen, and other organic
substances which prevent precipitation by alkalies are present, they must be
destroyed by evaporating the filtrate from the second group to dryness ; adding
a few drops ofnitric acid, gently igniting, then dissolving in water acidulated
with hydrochloric acid. A carbonaceous residue may be disregarded.

The separation of Al2(OH)6 ,
from Fe 2(OH)6 ,

and by excess of
fixed alkali, as directed in 242 A, requires that the alkali should be strong
enough to dissolve the aluminium, and that the boiling should be sufficient to
precipitate the chromium (154).

244. The separation of CoS and NiS, from the other sulphides of Group
III. B, as directed in the Table at 242, is not complete, as has been stated in a

foot-note of the table. If acetic acid be employed instead of hydrochloric acid
as a solvent, CoS and NiS will be left in the residue without waste ; but now
the ZnS will chiefly remain undissolved (236 and 241, under H 2 S). The
separation of zinc from manganese can be done by treating their sulphides
with acetic acid, as mentioned in the Table for “ Anal, of Group 111., when
Phosphates are present,” 797, also by treating their acetates with hydrosul-
phuric acid.
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245. The following Plan of Separation, chiefly by excess of alkali
hydrates, may be employed as a study :

Dissolve the third group (ammonium sulphide) precipitate in hydrocldoricacid with a very
little potassium chlorate.

In solution : ZnCl 2 , A1,C1„, Cr,Cl„, MnCl„ Fe 2 Cl 8, CoCl 2, NiOl*.
Add ammonium chloride, then ammonium hydrate in decided excess, and filter and wash.

Residue (a): Fe 2(OH) 9 , Al2(OH) e, Cr2(OH) 6.

Solution (b): ZnO, MnO, CoO, NiO (as ammonio compounds).
Dissolve residue (a) in hydrochloric acid; add excess ofpotassium hydrate in the cold.

Filter.

Precipitate (c): Fe 2 (OH)6 . (Dissolve in acid and test.)

Solution (d) : K 2 A1 20 4, Cr2 03(K2 0)n

Boil filtrate [d) for some time. Filter.

Precipitate (e): Cr 2(OH) 8 . (Test by 159 d, etc.)

Solution (/): K2 A1 20 4 . (Acidulate and test, 145, etc.)

To solution (b)— •

Add sulphide of ammonium; filter and wash the precipitate formed. Digest with
moderately dilute hydrochloric acid in the cold, and filter.

Residue (g): CoS, NiS. (Test 242, B.)
Filtrate (h ): ZnCl2 ,

MnCl2 .

Boil filtrate (h) ; add excess ofpotassium hydrate, and filter.

Precipitate : Mn(OE) 2 . (Test by 211, a)

Solution : II 2Zn0 2 . (Acidulate and test, 235, etc.)

In this plan—besides the difficulty with manganese, explained in 243—we
have the difficult solution of chromium in cold, tixed alkali in presence of iron,
and the uncertain solution of aluminium by alkali in presence of iron. Also,
the separation of cobalt and nickel, both by redissolving in ammonium hy-
drate, and by non-solution of their sulphides in hydrochloric acid, are processes
requiring care, and affording only approximate separation.

246. The presence of Phosphoric Acid greatly complicates the analysis of the third
group. Hence, the first proceeding with the filtrate of the second group is to ascertain
whether it contains phosphoric acid or not. This is most conclusively done, as directed
in the Table for Grouping (793), by the test with molybdate. It will be remembered,
however, that a solution containing phosphoric acid along with any non-alkali bases must
have an acid reaction (708). As soon as the solution is neutralized, phosphates are preci-
pitated, and so phosphates are thrown down in third group precipitations. As phos-
phoric is a non-volatile acid, it must be removed by precipitation. To separate it from
bases, it mustbe precipitated from acid solution. This is done, firstly, as directed in the
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Table for “ Analysis of Group 111. when Phosphates are present ” (797), by adding excess
of ferric chloride, and then barium carbonate, in a very slightly acid solution. The PO t

is precipitated as ferric phosphate, with the other two pseudo-triads of the group, alumi-
nium and chromium, both as hydrates. The phosphates of the pseudo-triads, especially
ferrie phosphate, are less easily dissolved by diluted acids or by acetic acid than any other
metallic phosphates, except, perhaps, lead phosphate. In this way the dyad metals of
the third and fourth groups are obtained in solution, free from PO t,

as they are not preci-
pitated by barium carbonate. Now the precipitate of Al2 (OH) 6,

Cr2(OH)6 , Fe 2(P0 4b)
etc., is boiled with excess of fixed alkali, which brings the aluminium into solution,
K2AI2O4, free from P0 4 .

The chromium is identified, in the very complex precipitate,
by its oxidation to acid, and the color precipitates of chromate.

247. Secondly, the phosphoric acid radical can be separated from the alkaline earth-
metals, and from the dyads of the third group, by ferric salt in presence of acetic acid
(248). There must be no other free acid ; the ferric phosphate itself being soluble in hy-
drochloric and other strong acids. The acetic acid must be strong enough to prevent the
precipitation of phosphates of calcium, etc.; and when of this strength it does dissolve
some ferric phosphate, so that the separation is not very close. Ferric chloride being
taken as a reagent, sodium acetate is used, so that the chlorine shall be neutralized as
metallic salt, and not appear as hydrochloric acid :

Fe 2Cl6 4- 6NaC2 H30 2 = Fe 2(C 2H3 02 )« + 6NaCl .

Fe 2 Cl6 -f 6NaC2 H302 + 2H3F0 4 = Fe 2(F0 4)s + 6NaCl -f 6HC2 H3 02

In the following table this principle is employed, with certain precautions. Group
III. A, is obtained by itself; then put with Group III. B, and digested with sulphide;
because, it is claimed, in this way the phosphoric acid radical is combined with the pseudo-
triads to a greater extent than when ammonium sulphide is brought to bear upon the
whole group in solution. After the use of the sulphide, ferrosum may be present and
again require oxidation, and the free chlorine used for this purpose also secures the solu-
tion of CoS and NiS. On digestion with the acetate, a precipitate must occur if Fe, Al,
or Cr, is present. This precipitate may contain all these pseudo-triads, when it probably
will not contain all the P0 4; or it may contain all the P0 4, when it probably will not
contain all the pseudo-triads. To assure the removal of all the P04 , ferric salt is added.
The filtrate is now free from phosphoric acid, and is to be treated essentially as directed
for the third group when phosphates are absent—obtaining precipitates of Group III. A
and B, and carrying the filtrate to the fourth group.
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248.
Separation
of
Third
and

Fourth
Group

Metals
and

Fhosphoric
Acid
from
each
other,
by
Use
of
Alkali

Acetate.
(Explanation
in
247.)

To
the
clear
filtrate
from
Group
IT.,
freed
from
H

2
S
by
boiling,
add
a
few
drops
of
nitric
acid,
and
boil
an
instant;
then
at

once
precipitate

by
ammonium

chloride
and

excessof
ammonium

hydrate.
Filter,
and

precipitate
by

ammonium
sulphide
(as
directed
in
242).

Filter,

and
reservethis
filtrate
for
Group

IV.*
Wash
both
precipitates

separately,
and
then
digest
them
together,
in
an

evaporating
dish,
with

ammonium
sulphide.

Filter,
and
wash.f
[For
Ce,
Be,
U,
Ti,
and
Tl,

see
251.]

Precipitate
:

FeS,
MnS,
CoS,
NiS,
ZnS;
A1

2

(P0
4

)2,
Cr
s

(P0
4

)a
;

A1
2

(OH)
0
,

Cr
2

(OH)
8

;

Ba,
Sr,
Ca,
and
Mg

Phosphates.

Dissolve
the

precipitate
in
a

test-tube
by
hot
dilute
hydrochloric
acid,
with

addition
of
a

minute
fragment
of

potassium
chlorate.
Digest

to
expel
free

chlorine,
and
filter
out
anyfree

sulphur.
Nearly
neutralize
with
a

dilute
solution
of
sodium
or

potassium
carbonate
and

add
solution
of
sodium
or

Potassium
Acetate
strongly

acidified
with
Acetic
Acid,
as

long
asa

precipitate
results.

Digest
with
gentle

heat,
and
filter
while
hot.

*

Alkaline
earth
metals,
found
in
this
filtrate,
arein
excessof

the
quantity

held
as

phosphates.

+

Phosphoric
acid
found
here,
shows
that
3?e,
Din,
Co,
and
other

Third
Group

phosphates,
had

been
formed,
and
then

decomposed
by
the

ammonium
sulphide.

Precipitate
:

Fe
2

(F0
4
)

2
,

A12
(P0

4
)

2
,

Cr
2

(P0
4
)

2
.

Boil
the

precipitate,
for

some
time,
with

Potassium
or

sodium
hydrate
(free
from
Al).

Solution
:

[Fe
2

Cl
6
,

Al
2

Cl
f„

Cr
2

Cl
6
]

or
H

3
P0

4

;

MnCl
2
,

CoCl
2
,

NiCl
2
,

ZnCl
2

;

BaCI
2
,

SrCl
2
,

CaCl
2
,

MgCl
2
.

Add
Ferric

Chloride,
drop
by
drop,
as

long
asa

precipitate
results,
and
until
the

liquid
turns
red,
and

digest,
for

some
time,
at
gentle

heat.
Filter
out
and
re-

ject
the

precipitate,
Fe

2

(P0
4
)

2
.

Examine
the

filtrate
for
Third
Group

bases
and

alkaline
earths,
in

absence
of
P0

4
.

This
maybe

done
as

follows
:

To
the
filtrate
(or
solution
not

precipitated
by
ferric
chloride)
add
ammonium

chloride
and

ammonium
hydrate,
and
filter.

Residue
:

Fe
2

(P0
4
)

2
,

Cr
2

(P0
4
)

2
.

(1.)
For

Chromium,
oxidize

a
portion
of
the

residue

(or
of
the

precipitate
be-

fore
treatment
with
al-

kali),
according
to
direc-

tions
in
the
Table
at
242.

(2.)
For
Iron,

dissolve
a

portion
of
the

residue
(or

of
the

precipitate
before

boiling
with
alkali)

and

test
by

potassium
sul-

phocyanate.
Solution
:

K
2

A12
0

4
,

with

k
3

po4
.

Acidulate
with
HC1,
and

add
excessof

ammo-
nium
hydrate. Precipitate

:

A12
(P0

4
)

2
,

not
soluble
in

acetic
acid.

To
separate
the

aluminium
from
the
P0

4
,

fuse
with

silica,
as
directed
in

148.
Precipitate:
Al

2

(OH)*,

Cr
2

(OH)
6
,

[Fe
2

(OH)
6
].

Test
for
Aluminium
and

Chromium,
as
directed

for
Group
III.
A,
in
the

Table
at
242.

For
Iron,
if
not
found
in

the
precipitate
by
Ace-

tate,
test
the

original

solution
by
198.

To
the
filtrate
add
Ammonium
Sulphide,
and
digest

and
filter.

Precipitate
:

MnS,
CoS,

NiS,
ZnS.

Treat
as
directed

for
Group

III.
B,
in
the
Table
at

242.

Solution
:

May
contain

Ba,
Sr,
Ca,
Mg.

Treat
as
directed
in
the

Tables
for
Groups
IV.

and
V.
(798
and
799).
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249. Oxalates have nearly the same deportment in the third group as phosphates, but
the oxalic acid radical is decomposed altogether by the ignition and oxidation directed in
2-13 (c). By the same operation the fluorine of fluorides is expelled, and the silica of sili-
cates left behind in the residue. Boracic acid is precipitated slightly in the third group
of bases, but very little if ammonium chloride is added in large proportion.

250. The use of Barium Carbonate for separation of the pseudo-triads from the dyads
of the third group has been described in 246, as used in the Table at 797. The following
is another scheme with use of this reagent :

Plan for Separation by Barium Carbonate.
Dissolve the third group precipitate in hydrochloric acid with a little potassium

chlorate (to oxidize ferrosum); digest with gentle heat to expel all the free
chlorine ; neutralize with potassium carbonate ; filter, if necessary ; add the
barium carbonate, agitate, and leave to subside in a flask or test-tube corked
close to exclude the air Decant, filter ; wash with hot water.

Precipitate (a) : Fe 2(OH) s , Cr2 (OH)<;, etc. (the excess of BaC0 3 ).

' Solution (b) : ZnCI 2 , MnCl2, CoCl2, NiCl2 ; (BaCl 2 ).

Dissolve precipitate (a) in dilute hydrochloric acid ; add dilute sulphuric acid to
complete the precipitate. Filter.

t

Precipitate : EaS0 4 . (Reject.)
Solution (c) : Fe 2Cle , Cr2 Cl«, A1 2 C16 .

Nearly neutralize solution (c) with potassium carbonate ; add excess of potas-
sium hydrate, and boil for a few minutes. Filter.

Precipitate (d ) : Fe 2(OH)6 ,
Cr 2(OH) 6.

Solution (e) : K 2 A1 20 4 . (Determine by 145.)
Fuse precipitate (d) with sodiumcarbonate and nitrate. Dissolve in hot water,

and filter.

Residue (/) : Fe 2(OH) 6 . (Dissolve in hydrochloric acid ; test by 193.)
Solution (g) : K2 Cr0 4 . (Test by 163, etc.)

To solution (b), add sulphuric acid to complete the precipitate; filter out the
barium sulphate ; nearly neutralize the filtratewith potassiumcarbonate ; add
excess of potassium hydrate ; boil a very short time, and filter.

Solution (h) : K2 Zn0 2 . (Add hydrosulphuric acid, 237.)
Precipitate (i) : Mn(OH) 2 , Co(OH) 2 , Ni(OH) 2 .

Washprecipitate (i), dissolve in a little dilutehydrochloric acid, nearlyneutralize
with ammonium hydrate ; add ammonium acetate, and treat thoroughly with
hydrosulphuric acid. Filter.

Precipitate (/) : CoS, NiS.

Solution (&) : Mn(C 2H3 02) 2. (Add ammonium hydrate and sulphide—204, etc.)

Dissolve precipitate (j) in hydrochloric acid with a little potassium chlorate ;
nearly neutralize with potassium carbonate ; add solution of potassium cyan-
ide, sufficient barely to redissolve the precipitate at first produced. Boil
thoroughly, cool, and filter ; add strong solutionof good sodium hypochlorite,
leave for some time in a warm place (as long as a black precipitate continues
to form), and filter (230).

Precipitate (T) : Ni 2(OH)6 .

Solution (m) : K 3 (CoCy 6). (Evaporate to dryness ; test by 217, etc.)
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CERIUM, BERYLLIUM, URANIUM, TITANIUM, THALLIUM.

251. Cerium and Beryllium are classed with the metals of the earthsJ
Uranium with the metals allied to iron ; Titanium resembles tin in some reac-
tions and silicon in others, forms an acidulous anhydride as its most stable
oxide, and appears in the third group in consequence of the precipitation of
this acid from its acid solutions by alkalies. Thallium resembles lead in some
particulars, and the alkali metals in others.

Cerium, Beryllium, Titanium, and Uranium, appear in Group III. A ; the
first three not forming sulphides. Of the four, beryllium only is dissolved
from the hydrate by excess of fixed alkali, none by ammonium hydrate. Thal-
lium, as a monad, appears in the first group ; as a triad, in Group 111. A, in
the same way as ferricum.

252. CERIUM forms two oxides, Ce 20 3 or cerous, and Ce02 or ceric oxide ; also
Ce 306 or ceroso-cdtic oxide is formed by exposure of cerous oxide to the air, and is the
most stable oxide. The most stable salts of this metal are the cerous ; ceroso-ceric salts
are formed, but mostly reduced to the cerous combination by boiling their solutions ; the
existence of ceric salts is uncertain.— Potassium or sodium hydrate, precipitates from
cerous salts the hydrate, Ce(OH) 3 , white; changing by chlorine or other oxidizing agents
to ceroso-ceric hydrate, yellow.—Ammonium hydrate precipitates a basic salt. Alkalies
do not redissolve their precipitates.—Alkaline carbonates precipitate white cerous car-
bonate, 0e2(00 3 )3 .—Oxalates precipitate cerous oxalate, white; first gelatinous, then
crystalline, converted by ignition into ceroso-ceric oxide.—Potassium Sulphate preci-
pitates potassio-cerous sulphate, (K5.S0 4)sCe2(S0 4)3, white, crystalline, insoluble in excess.
—Ferrocyanides precipitate white cerous ferrocyanide.—Hydrosulphuric acid separates
from cerium the metals of the second group; saturated solution of potassium sulphate
separates cerium from zinc, chromium, manganese, iron, cobalt, nickel; also from the
earth metals.—Barium Carbonate precipitates cerium very slowly. The reaction with
oxalic acid is characteristic.—With borax and microcosmic salt, all compounds of cerium
give, with the oxidizing blow-pipe flame, a bead, deep red while hot, colorless when
cold; with the reducing flame, when strongly saturated, a yellow enamelled bead.

253. BERYLLIUM (glucinum) resembles aluminium. It forms a single oxide, BeO,
and a single class ofsalts, but forms many basic salts.—Fixed alkali hydrates preci-
pitate the hydrate, Be(OH) 2 , resembling aluminium hydrate, soluble in excess; ammo-
nium hydrate causes the same precipitate, insoluble in excess or in cold solution of am-
monium salts.—Alkali sulphides also precipitate the hydrate.— Carbonates precipitate
double carbonates, or basic carbonates of beryllium, soluble in ammonium carbonate.
Barium carbonate precipitates the chloride, even in the cold.—Phosphates throw down
BeHP0 4 , flocoulent. Oxalates cause no precipitate.—Ferrocyanide of potassium causes,
after some time, a gelatinous precipitate.—Beryllium is separated and distinguished from
aluminium, and from zinc, by the solubility of its hydrate and carbonate in excess of
ammonium carbonate ; from zinc by the indifference of its alkaline solutions to ammo-
nium sulphide. Dilute alkaline solutions precipitate on long boiling, also, the hydrate
dissolves in ammonium chloride solution on boiling, both distinctions from aluminium.—
Beryllium compounds, ignited with cobalt nitrate, yield a gray mass. Soluble salts of
beryllium have a sweet taste.
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254. URANIUM, comparable with iron, is heavier, less easily reduced, and more
easily oxidized, chlorinized, or sulphidized, than that metal. Besides uranous and uranic
oxides , UOj brown and U0 3 brick-red, there are two intermediate oxides, U308 green and
U2 05 black. Uranium acts as a base in two classes of salts—having nearly the same sta-
bility as the corresponding salts of iron, uranous salts with a green color and uranic salts
bright yellow; uranic oxide also acts as an acidulous anhydride, combining with bases to
form stable uranates having a yellow color. The uranic oxy-salts are basic, as uranic
nitrate, U0 2(N0 3)s ; uranic sulphate, U0 2(S0 4); and the haloid uranic salts all contain
oxygen; uranic oxy-ehloride, U02 C12 ; oxy-bromide, U0 2Br 2 .

Uranous oxide and hydrate dissolve in hydrochloric and sulphuric acids to uranous
salts; in nitric acid to uranic salt. Uranic oxide and hydrate dissolve in acids to uranic
salts.

a. Uranous Salts are precipitated by alkalies as red-brown uranous hydrate, U(OH} 4 ,
insoluble in excess and in ammonium salts, soon oxidizing in the air to yellow uranic
oxide and uranate of the alkali metal. Alkali carbonates precipitate (green) basic car-
bonate or hydrate, soluble in excess of the precipitant, especially of ammonium carbonate
or fixed alkaline acid carbonates, to a green solution.—Alkaline sulphides precipitate the
black uranous sulphide, US2 ,

soluble in very dilute acids, hence not formed from neutral
salts by hydrosulphuric acid. Phosphates give a green uranous phosphate, quite
soluble in acids when recent, not when dry ; oxalates a gray-green, and ferrocyanides
a light brown precipitate.

b. Uranic salts are precipitated by alkalies as yellow compounds of uranic oxide and
alkali—as K2 0.(U03 ) 2 .(H2 0)a—insoluble in excess of the reagent and in ammonium salts.
Alkali carbonates precipitate yellow double carbonates—as K.,(U02)(00 3 )3 —soluble in
excess of the precipitant, especially of ammonium carbonate or fixed alkali hydrogen car-
bonate (separation from Al, Fe, etc.) From these solutions, potassium hydrate precipi-
tates the uranic oxide; the solution in excess of carbonate of ammonium is precipitated
by boiling. Barium carbonate precipitates uranic salts completely, a separation from
third-group dyads. Hydrosulphuric acid reduces uranic to uranous salt with precipita-
tion of sulphur only; sulphide of ammonium precipitates uranous sulphide, US 2, black;
phosphates throw down uranic phosphate, yellowish-white, (U0 2)H(P04 ), insoluble in
acetic acid ; oxalates, a gray-green uranic oxalate (U02 )C2 04 ; crystalline, soluble in
hot, and nearly insoluble in cold water; ferrocyanides, a deep red-brown precipitate—a
delicate test ; ferricyanides, no change.

c. Ignition on charcoal does not reduce oxides of uranium to the metallic state. Bo-
rax and microcosmic salt give, with compounds of uranium, in the outer flame, clear
yellow beads greenish-yellow when cold ; in the inner flame, green beads, deeper when
cold.

255. TITANIUM is a metal bearing somewhat singular relations. It forms very
stable compounds with nitrogen and cyanogen (furnace products); it decomposes water at
the boiling temperature, and burns brilliantly in the air. In its most stable compounds
it acts as a tetrad; titanic oxide, Ti0 2 , acting as an acidulous anhydride toward bases
and having properties and salts resembling those of silicic acid—likewise forming a full
series of (quadrivalent) titanic salts, as TiCl4 . The metal also acts as a pseudo-triad, in
titanous oxide, Ti 2 0 3 , titanous chloride Ti.Cl 3, and a few other salts, all powerful reduc-
ing agents.

a. Titanous salts make violet-colored solutions (the chloride, nitrate, and sulphate
dissolve in water), from which alkali hydrates and their carbonates precipitate titanous
hydrate, Ti 2 03(H20)a;, dark brown, changing in the air to titanic acid, H2 Ti03 ; ammo-
nium sulphide throws down the same precipitate, hydrosulphuric acid producing no
change; calcium carbonate separates the hydrate.—Ferric and cupric salts are reduced to
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ferrous and cuprous compounds, and from salts of mercury, silver and gold, the metals
are separated, by titanous salts, which are thereby changed to titanic compounds.

b. Titanic salts are mostly insoluble in water, or decomposed by it with precipitation
of titanic acid, H.,0.Ti0 2 or H2 Ti03 . Of this compound, there are two modifications, one
soluble and one insoluble in hydrochloric and nitric acids; strong sulphuric acid dissolves
both modifications; but the titanic sulphate is decomposed and precipitated on dilution,
and the chloride on long boiling (distinctive). Titanic chloride, TiCl4 , and nitrate,
Ti(N03 )4, are permanently soluble in water.—From these, Alkalies and their carbonates
and sulphides throw down the white voluminous titanic hydrate or titanic acid, insoluble
in excess of the precipitants, and in ammonium salts; the same precipitate is produced by
barium carbonate. Ferrocyanide of potassium gives a dark-brown precipitate of ti-
tanic ferrocyanide; tannic acid, an orange precipitate.

c. Titanate3, as shown above, are not formed by treating titanic acid, even when re-
cent, with aqueous alkalies, but are produced by fusion of titanic acid with alkalies or
their carbonates. So prepared, the neutral alkali titanates have a yellow color, and are
decomposed by hot water with separation of insoluble acid titanates of the same bases,
but soluble in acids as titanic salts.

d. Compounds of titanium acids with micrccosmic salt, dissolve in the outer flame to
a clear bead, pale yellow when hot, and colorless when cold. The strong reducing flame
now turns the bead yellow while hot (reddish when cooling), and violet when cold (titan-
ous oxide). If sulphate of iron be added, the bead by the inner flame is blood-red. In
the borax bead the same reactions are obtained, less intense.—Ignition on charcoal with
soda does not reduce titanium to the metallic state (distinction from tin).

256. THALLIUM is a metal of exceptional character; in density, fusibility, atomic
weight, and insolubility of its lower chloride and of both its iodides, it resembles lead,
and is allied to Group I.; in the solubility of its hydrates and carbonate, it ranks with
the metals of the alkalies * It oxidizes readily in the air, vaporizes and burns at the red
heat, but does not decompose cold or boiling water. It is precipitated from salts by zinc,
in spongy form. As a monad, its compounds are stable, and not easily oxidized; as a
triad, it is easily reduced to the univalent condition.

a. Thallious oxide, T1 2 0, is black; on contact with water, it forms a hydrate, TlOH,
freely soluble in water and in alcohol, to colorless solutions. The carbonate is soluble in
about 20 parts of water; the sulphate and phosphate are soluble; the chloride very
sparingly Soluble; the iodide insoluble in water. Hydrochloric acid precipitates from
solutions not very dilute, thallious chloride, T1C1, white, and unalterable in the air.
As a first group precipitate, thallious chloride dissolves enough in hot water to give the
light yellow precipitate of iodide, Til, on adding a drop of potassium iodide solution—-
the precipitate being slightly soluble in excess of the reagent. Hydrosulphuric acid
precipitates the acetate, and slightly precipitates strongly acidified solutions, as TL3,
black, having the solubilities of zinc sulphide, and in the air soon oxidized to sulphate.
Ammonium sulphide causes a complete precipitation. Ferrocyanides give a yellow
precipitate, Tl,FeCy0 ; phcsphomolybdic acid a yellow precipitate; and potassium per-
manganate, a red-brown precipitate, consisting in part of T12 03 . Chromates precipitate
yellow, normal chromate ; and platinic chloride, pale orange, thallious platmic chloride,
(TlCl) 2FtCl 4 . Thallium compounds readily impart an intense green color to the flame,
and one emerald green line to the spectrum (the most delicate test). The flame-

* Occurring in minute quantities in certain iron and copper pyrites, thallium sometimes contaminates
crude sulphur, and commercial sulphuric andhydrochloric acids.
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color and spectrum, from small quantities, are somewhat evanescent, owing to rapid
vaporization.

b. Thallic oxide, T1 2 03 , dark violet, is insoluble in water ; the hydrate, an oxy-hy-
drate, TIO(OH), is brown and gelatinous. This hydrate is precipitated from thallic salts
by the caustic alkalies, and not dissolved by excess. Chlorides and bromides do not
precipitate thallic solutions; iodides precipitate Til with I. Sulphides, and HaS,
precipitate thallious sulphide, with sulphur. Thallic oxide, suspended in solution of
potassium hydrate, and treated with chlorine, develops an intense violet red color.
Thallic chloride and sulphate are reduced to thallious salts, by boiling their water solu-
tions.
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*

257.
The
leading

reactions
of
the

remaining
raremetals
of
the
Third
Group,
are
given
in
the
following
Comparative

Table.
The
six
metals
first
named
form
earthy
oxides
;

tantalum
and
niobium,
like
titanium,
form

acids.
Indium
and
vanadium,

also
forming
acids,

canbe
placed
in
the
Second
Group.

*

In
part.

t

Reprecipitated
on

boiling.

%

In
boiling,

concentrated
solutions,
slowly
bnt
completely.

§

Slightly
soluble
in

ammonium
chloride.
||

Partial
pre.in
the
cold,
dissolving
when
warm.

I
When
the

acetate
is

precipitated
by

excessof
ammonia,
and
the
washed

precipitate
treated
with
iodine,
a

blue
color
appears.
**

0rNH
4

H(Ta0
3
)

2

.
t+

Fusion
with

KOH
gives

KTa0
3
,

soluble
in
water
;

with
NaOH,
NaTa0

3
,

insoluble
in
solution
of
sodium
hydrate.
The
sol.
of

KTa0
3

is
pre.
by
C0

2

;

also
by
HC1
(as
Ta

2
03
)

soluble
in

excess.

tt
Solutions
of
niobates,
as

KNb0
3
,

are
pre.
by
mineral
acids,
as

HNb03
.

In
acidulated

solutions,
zinc
forms
a

blue
color

(characteristic),
lower

oxide
being

formed. §§

Formed
yellow,
in
slightly
acid
solutions,
by
Ha
S,
soluble
in

excessof
(NH4
)

2
S,
and
in
HC1.

II

i|

In
neutral

solutions,
a

brown
color
;

on
acidulating,
a

brown
pre.,"Va
2

S
6
.

H2
S

reduces
vanadates
to
■Va

2
0

4
,

with
blue

color.
Acid
solutions
of
Va

2
0

8
,

aro

*

green;
of
Va3
0/,,
red.

For
the

characteristics
of
the
several

conditions
of

this
element,
seeWatts’s

Dictionary,
Yols.
V.
and
VL

Zr

Th

Y

E

La

D

Ta

Nb

In

V

NH
4

OH
with
NH

4
C1.

Zr(OH)
4

ThO(OH)
2

Y(OH)
3
§

E(OH)
3

La(OH)
3

Di(OH)
3

*

HTa0
3

**

•

.

•

•

In(OH)
a

(NH
(

)3
S

Zr(OH)
4

ThO(OH)
a

Y(OH)
3

E(OH)
3

La(OH)
3

Pre.
*

HTaO
s

HNb03
In

2
S

3

§§

N

9

KOH
or

NaOH,
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Pre.

Pre.

Pre.

Pre.

Pre.
T

Pre.

t
t

XX

Pre.

K2
C0

3
,

excess.

Sol.
*t

Sol.
t

Pre.
*

Pre.
*

Pre.

Pre.

Pre.

(NH
4
)

2
C0

3
,
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Sol.
t

Sol.
t

Sol.
*

Sol.
*

Pre.

Pre.

Sol.
*

BaC0
3
,
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pre.

Pre.

No
pre.
No
pre.

Pre.

Pre.
*

....
Pre.

k2
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Pre.

Pre.
t

No
pre.
No
pre.1

Pre.
*

Pre.

H2C204

Pre.

Pre.

Pre.
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pre.

Pre.

Pre.
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Pre.
*

K4

FeCy„

....
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pre.

Wt.
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....

Wt.pre.
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pre.
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pre.
Yel.
pre.

K3

FeCy
8

....
No
pre.

No
pre.

Yel.
pre.

....

Pre.

Pre.
*

No
pre.

No
pre.

Pre.
*
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GROUP II.

258. Metals whose Sulphides are Insoluble in Dilute Acids.

Copper Cu = 63.0 J Cu” In cuPric impounds.
( Cus

" in cuprous compounds.
Bismuth, Bi =• 210.0 Bi" In bismuthous compounds.
Cadmium, Cd = 111.6 Cd"
Lead, Pb = 206.4 Pb"
Silver, Ag = 107.66 Ag'

Mercury Hg = 199.8 i H»" In mercuric compounds.
( Hg," In mercurous compo nds.

Arsenic, As = 74.9 \ Aa'" ln arsenious compounds.
( Asv In arsenic compounds.

Antimony, Sb = 188.0 ( Sb"'In antimonious compounds,
( Sbv In antimonic compounds.

rp in Hri H7ft i Sn" stannous compounds.
{ Sn."" In stannic compounds.

Gold, Au = 196.2 Au'" In auric compounds.
Platinum, Pt == 196.7 Pt"" In platinic compounds.
Palladium, . . . Pd = 106.2 Pd" In palladious compounds.

Euthenium, . «... Bn = 103.5 \ EV In r“ thenio compounds.
. ( Ru0 3, ruthenic anhydride.

r ... T 1nr> - ( Ir„vl
, In iridic oxide.

(Ir In iridic dioxide.
Rhodium, Rh = 104.1 Rh/ 1 In rhodic salts.
Osmium, Os = 198.6 Os/1’ In osmic double salts.

STe" In tellurides.
Te"" In tellurites (dibasic).
TeVI In tellurates (dibasic).

( Se" In selenides.
Selenium, Se = 78.0 •) Se"" In selenites.

( SeVI In selenates (dibasic).
Tungsten, W = 184.0 W VI In tungstates (dibasic).

Molybdenum Mo = 96.0 j Mo"" In molybdic compounds.
( MoVI In molybdates (dibasic).
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259. The metals included in this group are less strongly electro-positive
than those of the other groups. Only bismuth, antimony, tin, and molybde-
num decompose water, and these only slowly and at high temperatures. The
oxides of silver, mercury, gold, platinum, and palladium, are decomposed below
a red heat. Copper, lead, and tin, tarnish by oxidation in the air. In general,
the second group metals either do not dissolve in acids with evolution of hydro-
gen, or do so with difficulty. Nitric acid is the best solvent for all, except
antimony and tin, which are rapidly oxidized by it.

260. Mercury, arsenic, antimony, and tin, form, each, two stable classes
of salts. Therefore, the lower oxides, chlorides, etc., of these metals act as

reducing agents ; and their higher oxides, chlorides, etc., as oxidizing agents,
each to the extent of its chemical force. Arsenic, antimony, tin, molybdenum,
and several of the rare metals of this group, enter into acidulous radicals,
which form stable salts. Arsenic and selenium ai'e metalloids rather than
metals. Arsenic, antimony, and bismuth, belong to the Nitrogen Series of
Elements, the gradations of which are given in 584.

201. A large proportion of the compounds of the second group metals are
insoluble in water. Of the oxides or hydrates, only the acids of arsenic are
soluble in water. The only insoluble chlorides, bromides, and iodides, are in
this group. The sulphides, carbonates, oxalates, phosphates, borates, and
cyanogen compounds, are insoluble. Most of the so-called soluble compounds
of bismuth, antimony, and tin, and some of those of arsenic and mercury,
dissolve only in acidulated water, being decomposed by pure water, with
formation of insoluble basic salts.

202. The oxides of arsenic, antimony, and tin—in general terms—dissolve
in alkali hydrates. Oxides of silver, copper, and cadmium dissolve in ammo-

nium hydrate; oxide of lead, in fixed alkali hydrate. Metallic lead, like zinc,
dissolves in fixed alkali hydrate, with evolution of hydrogen, though it scarcely
decomposes any acid by displacing hydrogen.

203. Many double salts are formed with the metals of this group. Those
whose sulphides dissolve in alkali sulphides, owe this property to the forma-
tion of soluble sulpho-salts or double sulphides. Platinumforms a large num-
ber of stable double chlorides, soluble and insoluble; and gold forms double
chlorides, cyanides, etc.

204. Mercury, antimony, silver, and gold, do not form hydrates. The
oxides of gold are very instable.

265. The metals of this group are all easily reduced to the metallic state
by ignition on charcoal. Except mercury and arsenic, which vaporize, and
certain rarer metals difficultly fusible, the reduced metals melt to metallic
grains on the charcoal. Mercury and antimony vaporize from the liquid,
arsenic from the solid state.
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COPPER.

266. Copper does not dissolve in acids with evolution of hydrogen; it
dissolves most readily in nitric acid, chiefly with the evolution of nitric oxide
(a) ; also, in hot concentrated sulphuric acid, with evolution of sulphurous
anhydride (b):

a. 3Cu + 8HNO3 = 3Cu(NO s)a + 4H 2 0 + 2NO

b. Cu + 2H 2 S0 4 = CuS04 + 2H2 0 + S0 2

267. The atmosphere oxidizes copper very rapidly when in contact with
solvents of the oxide of copper; and in this manner the metal becomes oxid-
ized and dissolved in hydrochloric acid and nearly all acids, in ammonium
hydrate, in solutions of many salts, in fats, sugars, and other organic sub-
stances.

268. Copper forms two oxides, and corresponding series of salts : cuprous
salts being infrequent and instable compounds, nearly all insoluble in water,
and easily resolved into metallic copper and cupric salts,

the stable and repre-
sentative compounds of the metal.

269. Cupric salts are readily reduced to cuprous combinations by most
strong reducing agents acting with alkalies, as, by sulphites («) with free
alkali (difficultly, without alkali); by arsenious acid, with excess of alkali; by
glucose, and certain other sugars and organic materials, with excess of alkali.
Also, by ferrous salts, in presence of iodides (279 b). Metallic iron and zinc
separate, from solutions of cupric salts, metallic copper, without formation of
cuprous salt.

a. 2CuS04 + 4KOH -f SO* = Cu 2 S0 4 -f 2K 2S0 4 -f 2H2 0

270. CUPROUS oxide—Cu2 0—is of a brownish red color ; cuprous hy-
drate—Cu2 (OH) 2—brownish yellow. Cuprous salts are insoluble in water.
The chloride, Cu2 Cl2 ,

dissolves in strong hydrochloric acid to a colorless solu-
tion, which turns green in the air.

From this solution, water throws down the cuprous chloride, white; fixed alkalies,
in small quantity, neutralize the free acid, and precipitate the white cuprous chloride ;

in larger quantity, precipitate the yellow cuprous hydrate, insoluble in excess. Ammo-
nium hydrate and ammonium carbonate, in excess, redissolve the hydrate, and dissolve
the oxide to a colorless solution, which turns blue on exposure (274). Potassa reprecipi-
tates the ammonia solution. Soluble carbonates precipitate the yellow cuprous car-
bonate, CU0CO3.—Iodide of potassium precipitates the white cuprous iodide, Cu 2I 2 ,
without liberation of iodine (279, b). —Hydrosulphuric acid and sulphides precipitate
Cu 2 S, black. —Phosphates, oxalates, cyanides, and ferrocyanides, precipitate their re-
spective cuprous salts, white; ferricyanides, brown-red. —With the blow-pipe, cuprous
salts behave like cupric compounds (232),



88 COFPER.

271. CUPRIC oxide is black; the hydrate, light blue. Cupric salts, in
crystals or solution, have a green or blue color ; the chloride (2 aq.) in solution
is emerald-green when concentrated, light blue when dilute; the sulphate
(5 aq.) is V blue vitriol.” Anhydrous cupric salts are white. The crystallized
chloride is deliquescent; the sulphate, permanent; the acetate, efflorescent.

272. Cupric hydrate, basic carbonate, oxalate, phosphate, borate, arsenite,
sulphide, cyanide, ferrocyanide, ferricyanide, and tartrate, are insoluble in
water. The ammonio-oxide and most of the ammonio salts, the potassio and
sodio cyanides, and the potassio and sodio tartrate, are soluble in water. In
alcohol, the sulphate and acetate are insoluble ; the chloride and nitrate, solu-
ble. Ether dissolves the chloride.

Copper is easily identified by reduction with iron to the lustrous metallic
state (280); also, by the blue solution with excess of ammonium hydrate (274),
used as a separation from bismuth.

273. Fixed alkalies—KOH—added to saturation in solutions of copper
salts—precipitate copper hydrate, Cu(OH) 2 , deep blue, insoluble in excess,
soluble in ammonium hydrate (if too much fixed alkali is not present), very
soluble in acids and changed by boiling or by standing, to the black, basic hy-
drate, Cu3 Oa(OH) 2 . /If tartaric acid, citric acid, grape sugar, milk sugar, or
certain other organic substances are present, the precipitate either does not
form at all, or redissolves in excess of the fixed alkali to a blue solution. The
tartrate alkaline solution may be boiled without change ; in presence of sugar,
the application of heat precipitates the yellow cuprous hydrate (280). The
addition of alkali hydrates, short of saturation, forms insoluble basic salts, of
a lighter blue than the hydrate.

274. Ammonium hydrate, added short of saturation, precipitates the
pale blue basic salts ; added just to saturation, the deep blue hydrate (in both
cases lilce the fixed alkalies) ; added to supersaturation, the precipitate dis-
solves to an intensely deep blue solution. The blue solution consists of com-
pounds of cuprammonium, a diammonium formed by the substi-
tution of an atom of copper for an atom of hydrogen in each of two semi-mole-
cules of ammonium, The cuprammonium oxide is united with
ammonium salt, as(N2 H0 C^)O.(]SrH 4 )„SO4 and (N2 H6 Cu)0.(NH 4 C1) 2

:

CuS0 4 + 4NH 4OH = (N 3H6 Cu)0.(NH 4) 2 S0 4 + 3H.O

From this solution the fixed alkalies in strong solution precipitate the blue
hydrate, and on boiling the black oxide, CuO.

275. Ammonium carbonate, like ammonium hydrate, precipitates and
redissolves to a blue solution. Carbonates of fixed alkali metals—as K„CO„
—precipitate the greenish-blue, basic carbonate, Cu(0H) 2 CnC0

3 ,
of variable

composition, according to conditions, and converted by boiling to the black,
basic hydrate (273), and finally to the black oxide. Barium carbonate preci-
pitates only on boiling, a basic carbonate.
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276. Hydrosulphuric acid, and soluble sulphides, precipitate copper
sulphide, CuS, black, formed alike in acid solutions (distinction from iron,
manganese, cobalt, nickel), and in alkaline solutions (distinction from arsenic,
antimony, tin).—Solutions containing only the one-hundred-thousandth of cop-
per salt are colored brownish by the reagent. The precipitate, CuS, is easily
soluble by nitric acid (a ) (distinction from mercuric sulphide) ; with difficulty
soluble by strong hydrochloric acid (distinction from antimony); insoluble in
hot dilute sulphuric acid (distinction from cadmium); insoluble in fixed alkali
sulphides, and but slightly soluble in ammonium sulphide (distinction from
arsenic, antimony, tin); soluble in solution of potassium cyanide ( h) (distinc-
tion from lead, bismuth, cadmium, mercury) ; soluble in solution of potassium
carbonate.

a. 3CuS + 8HNO3 = 3Cu(NO»)» + 33 + 4H s O 4- 2NO

b. CuS + 4ECy = (KCybCuCy, -f K2 S

277. Phosphates —as Na„HP04
— give a bluish-white precipitate of copper

phosphates ; CuHP0 4 , if the reagent is in excess ; Cus(P0 4 ) 2 , if the copper
salt is in excess; the precipitates slightly soluble by acetic acid.—Oxalates
precipitate cupric oxalate, CuC2 0 4, bluish-white, insoluble in acetic acid, and
formed from mineral acid salts of copper by oxalic acid added with alkali
acetates. —Normal potassium chromate precipitates brown-red basic cupric
chromate, somewhat soluble in water.—Arsenites, as K3

As0
3,

or arsenious
acid with just sufficient alkali hydrate to neutralize it, precipitate from solu-
tions of cupric salts (not the acetate), the green copper arsenite, chiefly
CuHAsOj (Scheele’s green, 11 Paris green ”), readily soluble in acids and in
ammonium hydrate, decomposed by strong potassium hydrate solution. From
cupric acetate, arsenites precipitate, on boiling, copper aceto-arsenite, (CuO-
As iO! ).Cu(C,H.O,)i,

Schweinfurt green, or Imperial green, “ Paris green,”
dissolved by ammonium hydrate and by acids, decomposed by fixed alkalies.

278. Alkaline cyanides—as KCy—precipitate at first the yellowish-green
cyanide, CuCy„, soluble in excess of the reagent by formation of potassium
cupric cyanide, (KCy) 2 CuCy2 . The cupric cyanide precipitate is instable,
becoming cuprous, or cuproso-cupric cyanide, Cu„Cy3 ; the latter unites with
ammonium hydrate, forming several green to blue salts, mostly soluble in
water. Ferrocyanides —as K,FeCy6 —precipitate the copper ferrocyanide,
Cu„FeCy0 , reddish-brown, insoluble by acids, decomposed by alkalies. In
highly dilute solutions, a reddish coloration, without precipitate, is seen. Fer-
ricyanides —as K 3FeCy 0—precipitate copper ferricyanide. Cu

3(FeCy 6 )2 , yel-
lowish-green, insoluble in hydrochloric acid. Sulphccyanates, with sulphur-
ous acid, precipitate cuprous sulphocyanate, Cu 2(CyS) 2 ,

white (distinction
from cadmium).

279. Soluble iodides precipitate, from concentrated solutions of copper
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salts, cuprous iodide, Cu2I 2 , white, colored dark brown by the iodine sepa-
rated in the reaction (a). The iodine dissolves with color in excess of the re-

agent, or dissolves colorless on adding ferrous sulphate or soluble sulphites, by
entering into combination. Cuprous iodide dissolves in thiosulphates (with
combination).

The cuprous iodide is precipitated, free from iodine, and more completely,
by adding reducing agents with iodides; as, E"a 2 S0

3 , H2S0 3 , FeS04 (b).

a. 2CuS0 4 + 4KI = Cu2I 2 + 21 + 2K 2 S0 4

b. 2CuS0 4 + 2KI + 2FeS04 = Cu 2 I2 + K 2 S0 4 + Fe 2(S0 4 ) s

2CuS0 4 + 4EI -f H 2 S0 3 + H 2 0 = Ou 2I2 + 2K 2 S0 4 + H2 S0 4 + 2HI

280. Metallic copper is reduced and separated from cupric solutions by
iron, zinc, cobalt, nickel, lead, cadmium, bismuth, tin, and phosphorus. A
bright, slip of iron in solution of cupric salts acidulated with hydrochloric acid,
receives a bright copper coating, recognizable from solutions in 120,000 parts
of water. Zinc acts most promptly in contact with platinum, as by use
of a platinum dish, when the copper is deposited on the platinum ; when mi-
nutely divided as a precipitate, the copper is dark brown to black. Finely
divided zinc can be removed by solution in hydrochloric acid. Nitric acid,
and tartaric acid, interfere with this reaction:

CuS04 + Fe = Cu -f- FeS0 4

(For every 63 parts of copper deposited, 55.9 parts of iron are dissolved.)
For detection of minute traces of copper, by metallic reduction, Hager directs as fol-

lows : The material is obtained in solution acidulated with acetic acid. The end of a
platinum wire is inserted just within the eye of a large sewing-needle, around which the
wire is wound. The coil is left in the solution three or four hours, at a temperature of
25° to 30° C. (77° to 86° F.) The presence of copper is indicated by a black-brown coating
on the platinum wire, but more closely determined by further treatment. The needle is
now withdrawn, the platinum wire is washed by gentle introduction into water, placed in
a test-tube, treated with four or five drops of nitric acid and a few drops of diluted sul-
phuric acid, warmed, boiled to expel all nitric acid, and an excess of ammonium hydrate
added.

Arsenious acid (385 d ), certain sugars, and many organic compounds,
reduce cupric salts with fixed alkali hydrate, to a yellow precipitate of cuprous
oxide and not to metallic copper.

Sodium thiosulphate, added to hot solutions of copper salts, gives a black preci-
pitate of cuprous sulphide, with formation of sulphate and free sulphur. In solutions
strongly acidulated (with hydrochloric acid), this is a separation from cadmium.

281. Ignition with sodium carbonate on charcoal leaves metallic copper in
finely divided grains. The particles are gathered by triturating the charcoal
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mass in a small mortar, with the repeated addition and decantation of water
until the copper subsides clean. It is recognized by its color, and its softness
under the knife.

282. Copper readily dissolves, from its compounds in beads of borax and
of microcosmic salt, in the outer flame of the blow-pipe. The beads are green
while hot, and blue when cold. In the inner flame, the borax bead becomes
colorless when hot; the microcosmic salt turns dark green when hot, both
having a reddish-brown tint when cold (Cu2 0), (helped by adding tin, 789).

283. Compounds of copper, heated in the inner flame, color the outer
flame green. Addition of hydrochloric acid increases the delicacy of the reac-
tion, giving a greenish-blue color to the flame.

BISMUTH.

284. A hard, brittle metal, of a moderate lustre and a reddish gray-white color, often
iridescent from superficial oxidation, a crystalline laminated fracture, fusible at 264° C.
(507° F.), and slightly volatile at high temperatures.

285. Bismuth is but slightly oxidized in the air at ordinary temperatures, rapidly at
a red heat; it takes fire in chlorine, and unites readily with bromine, iodine, and sulphur.
Hydrochloric acid scarcely attacks it ; boiling sulphuric acid salifies it with separation of
sulphurous anhydride, but it dissolves much the most readily in nitric acid, with evolu-
tion of lower oxides of nitrogen.

286. Bismuth forms one stable oxide, which is represented in permanent salts, bis-
muthous oxide, Ei2 O s, yellow-white. Bismuth monoxide, BiO, black, is more -readily
oxidizable than the metal. Bismuthic anhydride, Bi 205, brown, forms red bismuthates
with the alkali metals, decomposed -by water. Bismuthic acid, HBiOs , is a red powder,
insoluble in water. There are several intermediate oxides, unions of those here named.
Bismuth is at the metallic extreme of the “nitrogen group,” compared in 584. Bismuth-
ous salts are not very easily affected by oxidizing or reducing agents; the hydrate, how-
ever, is reducible (297). They have an unusual tendency to basic formations—the chloride
forming oxy-chlorides, etc. The chloride is deliquescent ; the nitrate, permanent.

287, The sulphide, hydrate, basic carbonate, phosphate, chromate, borate,
sulphite, oxalate, iodide (295), cyanide, ferrocyanide, ferricyanide, tartrate, ci-
trate, tannate, and valerianate, are insoluble in water. The chloride, bromide
(295), nitrate, chlorate, and sulphate—when taken as normal salts—are
soluble in water acidulated with their respective acids, or with other acids
forming “soluble” bismuth salts; but are decomposed by pure water, with
partial solution and partial separation of insoluble basic salts—(261 and equa-
tions in 288). The ammonio citrate is soluble in decomposition;
and the decomposition of the normal chloride, nitrate, and sulphate, is pre-
vented by the addition of comparatively small quantities of acetic, citric, and
certain other organic acids. The acidulated, water-saturated solutions of the
nitrate and chloride may be considerably further diluted with alcohol, without
disturbance.

In analysis, bismuth is precipitated alone, from the nitric acid solution of
second group sulphides (455), after removing lead (and silver), by adding
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excess of ammonium hydrate, a separation from copper and eadmium. The
precipitation by water (288) suggests bismuth.

288. Water precipitates, from the acidulated bismuth solutions, white
basic salts (see equations below), which contain less of their acid radicals in
proportion as greater quantities of water are added, and some of which can be
washed on the filter until almost pure hydrate or oxide. The precipitation is
most complete with the chloride, and with other salts is promoted by addition
of hydrochloric acid or chlorides ; hence, it may occur as a first group preci-
pitate. All the precipitates are readily soluble in hydrochloric and nitric acids ;

not in tartaric acid (distinction from antimony). Acidulation with certain
organic acids (in accordance with the statement in 287) prevents the precipita-
tion :

Bids + H 2 0 = BiOCl + 2HC1

Bi(NO s)s + 2H 2 0 = (o) Bi0N0 3.H 20 + 2HN03

4Bi(N0 3) 3 + 6H2 0 = (S)*Bi 405 (N0 3) 2 .H2 0 + 10HNO3

Bi(N0 3)3 + 3H2 0 = (c) Bi(OH)3 + 8HN03

(a) BiO(N0 3) or Bi2 03.N2 05

(p) Bx405 (N0 3) 2 or 2Bi2 03.N2 06

289. The alkali hydrates precipitate from bismuth solutions—in absence
of tartaric acid, citric acid, and certain other organic substances—the white
bismuth hydrate, Bi(OH) 3 , insoluble in excess of the reagents, converted by
boiling to the oxide, Bi2 0 3 , yellowish-white. Certain reducing agents turn the
precipitate black (297).

290. The carbonates precipitate basic bismuthcarbonate, Bi2 02C03 , white,
insoluble in excess. Barium carbonate forms the same precipitate, without
heating.

291. Hydrosulphuric acid and sulphides precipitate bismutJi sulphide,
Bi2 S 3, black, insoluble in dilute acids and in alkali hydrates ; insoluble in alkali
sulphides (distinction from arsenic, tin, antimony), and in alkali cyanides (dis-
tinction from copper). It is soluble by moderately concentrated nitric acid
(distinction from mercury), the sulphur mostly remaining free.

292. Soluble chromates —both K„Cr0 4 and K 2 Cr2 07 —precipitate the yel-
low, basic bismuth chromate, Bi2 0(Cr0 4 )2 , distinguished from that of lead by
its insolubility in fixed alkali hydrate.

293. Phosphoric acid and soluble phosphates precipitate bismuth phos-
phate, BiP0 4, insoluble in five per cent, nitric acid (distinction from other
phosphates, except stannic phosphate), insoluble in dilute acetic acid, readily
soluble in hydrochloric and sulphuric acids. —Ai'senic acid and arseniates
form a precipitate corresponding to the phosphate in composition, and having
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the same solubilities. It will be seen, that free phosphoric and arsenic acids
can precipitate nitrate, but not chloride of bismuth (19) ; phosphates and
arseniates precipitate both.

294. Oxalic acid and oxalates precipitate bismuth oxalate, Bi2(C204 )3,

white, insoluble in dilute acids.
295. Potassium Iodide produces in slightly acidulated solutions of bis-

muth salts—not acidulated to excess with hydrochloric acid—a dark brown
precipitate of bismuth iodide, partly basic, soluble in excess of the reagent, in
hydrochloric acid and in hydriodic acid—in each case with a brown tinge to
the solution, not soluble in dilute nitric acid.*

Bromides precipitate a basic salt, soluble in acid.
296. Alkaline cyanides precipitate the white hydrate, Bi(OH) 3 , with

formation of hydrocyanic acid. The precipitate is insoluble in the reagent.—
Ferrocyanides form a white to yellow precipitate; ferricyanides a yellow
to brownish-yellow precipitate—both normal bismuth salts, and both insoluble
in acids.

Tannic acid throws down bismuth tannate, yellow.
297. Metallic bismuth is reduced from bismuthous solutions, mostly as a

spongy precipitate, by zinc, iron, tin, lead, copper, and cadmium.
Potassium or sodium stannite (K 2 Sn02 ), whenadded in excess to bismuth

solutions, causes a black precipitate, from reduction to bismuth monoxide,
BiO, a very delicate reaction. The stannite is made, when wanted, by adding,
to stannous chloride solution, in a test-tube, enough sodium or potassium hy-
drate to redissolve the precipitate at first formed (430).

The basic bismuth nitrate is reduced by grape sugar, in a warm solution
of fixed alkali carbonate, with formation of a blackish-brown liquid and dark-
gray sediment containing bismuth monoxide. Also, the recent bismuth hy-
drate, in suspension with the excess of fixed alkali, is reduced by digestion with
grape sugar or.milk sugar to a black precipitate.

298. On charcoal, with sodium carbonate, before the blow-pipe, bismuth
is readily reduced from all its compounds. The globule is easily fusible, brit-
tle (distinction from lead), and gradually oxidizible under the flame, forming
an incrustation (Bi2 0 3 ), orange-yellow while hot, lemon-yellow when cold, the
edges bluish-white when cold. The incrustation disappears, or is driven by
the reducing flame, without giving color to the outer flame.

* Thi9 precipitate, at the moment of its formation in concentrated solutions, is doubtless normal bis-
muthous iodide, Bil 3, which is gradually decomposed by water, more rapidly in dilute solutions, forming
basic iodide (oxy-iodide)with separation of hydriodic acid. The oxy-iodide of the composition BiOI is
stated to beinsoluble in solutions of alkali iodides, while thisprecipitate is soluble in these solutions, even
after decompositionby much water.

The reaction of iodides, with bismuth solutions, differs in degree but not in kind from that of chlorides
(288); the normal bismuth iodide only requiring stronger acidulation to hold it in solution than the normal
chloride. Also, intermediate between the behavior of these two lies that of bismuthous bromide. The
aqueous iodides form a very delicate test for even quite strongly acidulated solutions of bismuth salts, and
the bismuthous iodide may not improperly be classed as an “ insoluble ” salt (287)..
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299. With borax or microcosmic salt, bismuth gives beads, faintly yellow-
ish when hot, colorless when cold.

CADMIUM.

300. A tin-white, lustrous metal, softer, more fusible and more volatile than tin,
melting at about 350° C (662° F.), and vaporizing at 860° C. (1,580° F.) It oxidizes but
slowly in the air at ordinary temperatures; at its boiling point it burns rapidly to oxide,
which is not decomposed by heat alone. It dissolves slowly in hot, moderately dilute
hydrochloric or sulphuric acid, with evolution of hydrogen; in nitric acid, more readily
with generation of nitrogen oxides.—Cadmium forms a single oxide, Cd"0, yellowish-
brown, and a corresponding series of salts, from which it is reducible, in the wet way,
only by strong reducing agents. It forms numerous double salts, especially haloids.—
The hydrate, sulphide, carbonate, oxalate, phosphate, cyanide, ferrocyanide and ferricy-
anide are insoluble in water. The chloride and bromide are deliquescent, and soluble
in alcohol as well as water ; the iodide is permanent, and soluble in water and alcohol;
very sparingly in ether. The ammonio-oxide and the potassio and sodio cyanides are
soluble in water.

In analysis, cadmium is separated from other members of the second group,
along with copper: and separated from copper, as sulphide (470).

301. Fixed alkalies precipitate from solutions of cadmium salts—in ab-
sence of tartaric and citric acids, and certain other organic substances—the
white hydrate, Cd(OIT)2 , insoluble in excess of the reagents (distinction from
zinc). Ammonium hydrate forms the same precipitate, which it redissolves.
Alkali carbonates precipitate CdCOs , white, insoluble in excess of the reagents.
Barium carbonate forms a complete precipitate, in the cold.—Hydrosulphuric
acid and sulphides throw down the sulphide, CdS, yellow; insoluble in cold
dilute acids, in alkalies, and in alkali sulphides or cyanides, soluble in hot and
dilute sulphuric acid (compare 276).—Alkali chromates precipitate yellow
cadmium chromate, from concentrated solutions only, and soluble on addition
of water.—Phosphates form a white precipitate, readily soluble in acids;
oxalates and oxalic acid, cadmium oxalate, white, difficultly soluble in acids.
Potassic cyanide precipitates CdCy2 , white, soluble in excess of the reagent,
as (KCy) 2 CdCy 2 ; ferrocyanides form a white; ferricyanides, a yellow preci-
pitate—both soluble in hydrochloric acid, and in ammonium hydrate.—Zinc,
and especially magnesium, reduce cadmium from acid and from ammoniacal
solutions, as a spongy gray precipitate.

On charcoal, with sodium carbonate, cadmium is reduced before the blow-
pipe to metallic salt, and usually vaporized and reoxidized nearly as fast as
reduced, thereby forming a characteristic brown incrustation (CdO). This is
volatile by reduction only, being driven with the reducing flame.—Cadmium
oxide colors the borax bead yellowish while hot, colorless when cold; micro-
cosmic salt, the same.
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302. Comparison of Certain Reactions of Bismuth, Copper, and Cad-
mium.

Taken in solutions of tlieir Chlorides, Nitrates, Sulphates, or Acetates.

LEAD.

303. Lead is a soft and malleable metal, of a bluish-gray color, highly lus-
trous on fresh surfaces, slightly lustrous after exposure ; fusible at 325° C. (617°
F.), and very slowly volatile by ignition. Jt tarnishes in the air at ordinary
temperatures by formation ofdiplumbic monoxide, Pb 2 0, blackish gray. Pure
water, free from air, does not affect lead, free from oxide or hydrate, in the
cold; but granulated lead slowly decomposes boiling water, with evolution of
hydrogen, and formation of lead hydrate, Pb(OH) 2 . In water containing
air, the hydrate and basic carbonate are formed. This corrosion and solution
are greatly promoted by nitrogenous organic matters—ammonium salts, and
nitrates and nitrites—and by chlorides; hindered of prevented by carbonates,
acid carbonates and sulphates. Above the melting point, lead gradually oxid-
izes in the air to e< litharge,” PbO.

Bi. Cu. Cd.

KOH or NaOH, in excess. Bi(OH) s ,
white

(289).
Cu(CH)n, dark

blue (273).
Cd(OH) 2 ,

white
(301).

NH4OH, in excess. Bi(OH) 3 ,
white

(289).
Blue solution (374). Colorless solution.

Dilution of saturated solu-
tions.

EiOCl, etc., white
(288).

Iodides. Partial precip., in
solutions not
very strongly
acid (295).

Partial precipitate
completed by re-
ducing agents
(279).

No pre.

Sulphides. Bi2 S 3 , black, insol.
in cyanide (291).

CuS, black, sol. in
cyanide (276).

CdS, yellow, insol-
luble in cyanide.

Iron or Zinc. Bi(spongy precip)
(297).

Cu (bright coat-
ing) (280).

Cd (gray sponge).

Sugar, KOH and heat. BiO and Bi (black)
(297).

Cu 2(OH) 2 (yellow)
(280).
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304. Lead oxide, PbO, is a yellow powder, fusible to a reddish-yellow mass, soluble
in acetic and nitric acids, in lead acetate solution, and in potassium and sodium hydrates.
This oxide represents the only permanent salts of lead. Lead salts are, however, capable
of oxidation, with production of less stable products (320). All the higher oxides of lead
are reduced to PbO by ignition.

Lead forms two basic acetates
,

or “subacetates”: (1) Pb 302(C 2 H3 02 )2 , triplumbic
dioxy-diacetate, or “tribasic acetate,” forming the chief portion of the pharmacopceial
solution of subacetate. (2) Diplumbic oxy-diacetate, Fb 20(C 2 H30 2) 2 , or “ dibasic ace-
tate,” of less common occurrence.

305. Triplumbic tetroxide, Pb30 4,
“ red lead ” or minium, is a well-known pigment

of a scarlet color. When heated, it first becomes brighter red, then turns violet. With
nitric acid, it is gradually resolved into insoluble lead dioxide and lead nitrate, Pb0 2 and
Pb(N0 3 )2 , the mixture acting as a strong oxidizing agent. Reducing agents, as oxalic
acid, tartaric acid, or sugar, enable all the lead to be dissolved as nitrate (a). Hydro-
chloric acid in excess slowly dissolves triplumbic tetroxide, with generation of chlo-
rine (b):

a. Pb 304 + 6HNO3 + H2 C 20 4 = 3Pb(NO = )2 + 4Ha O + 2C0 2

b. Pb 304 -f 8HC1 = 8FbCl2 + 201 + 4H 2 0

306. Lead dioxide, Pb02 ,
“ peroxide of lead,” is a brown powder. It is not soluble

in nitric acid, except by aid of reducing agents. It dissolves in hydrochloric acid, with
formation of lead chloride and chlorine. In acetic and phosphoric acids, with careful
treatment, it forms “ peroxyplumbic salts.” Very strong solution of potassium hydrate,
in large excess, dissolves it, with formation of “potassium plumbate,” K 2Pb0 3. Lead
dioxide is a powerful oxidizing agent, one of the strongest known. Digested with am-
monium hydrate, it forms lead nitrate and water. Triturated with one-sixth of sulphur,
or tartaric acid, or sugar, it takes fire; with phosphorus, it detonates. (In study of lead
dioxide as an oxidizing agent, see 835.)

307. Dilute nitric acid is the proper salifying solvent for lead, forming plumbic
nitrate with evolution of nitric oxide. Concentrated nitric acid forms insoluble oxide.
Lead does not dissolve in dilute sulphuric acid, cold or hot, or in concentrated sulphuric
or hydrochloric acid, in the cold ; but hot sulphuric acid, containing less than twenty-five
per cent, water, forms lead sulphate, sparingly soluble in the concentrated acid; and hot
concentrated hydrochloric acid forms, with evolution of hydrogen, and dissolves, a
limited proportion of lead chloride. Dilute hydrochloric acid forms chloride, but dis-
solves little of it.

308. The oxide, and hydrate (formed in water, 303), are soluble in 7,000 to 10,COO
parts of water, to which they give the alkaline reaction. The sulphide, carbonate, phos-
phate, chromate, sulphite, borate, cyanide, ferrocyanide, and tannate, are insoluble in
water. The sulphate and oxalate are very slightly soluble in water ; the chloride, iodide,
bromide, and ferricyanide, are sparingly soluble in hot water, still more sparingly soluble
in cold water. The sulphate and chloride are less soluble in dilute sulphuric and hydro-
chloric acids than in pure water, but much more soluble in the same acids concentrated
than in water. Nitric acid increases the solubility of the sulphate and chloride in water,
more and more, as the nitric acid is stronger—the salts separating again on diluting the
nitric acid solution. The sulphate and chloride are insoluble in alcohol. The iodide is
moderately soluble in solutions of alkaline iodides, insoluble in alcohol, decomposed by
ether. The basic acetates are permanently soluble (if carbonic acid is strictly excluded).
The basic nitrates are but slightly soluble in water, and are precipitated on adding solu-
tions of potassium nitrate to solution of basic lead acetate (304).
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In analysis, the solubility of the chloride, sparing as it is, enables lead to
be separated from the other first group metals (313). As a final precipitate,
in both first and second groups, the sulphate is most used. The sulphide pre-
cipitate exceeds other tests in delicacy.

309. Fixed alkalies precipitate, from solutions of lead salts, lead hydrate ,

Pb(OH) 2 , white, soluble in excess of the reagents, by combination, as potas-
sium or sodium plumbite, K 2Pb02 (distinction from silver, mercury, bismuth,
copper, cadmium). All the precipitates of lead hereafter given, except the
sulphide, are soluble in strong solutions of thefixed alkali hydrates.

The alkaline solution of lead is precipitated by alkaline solutions of chro-
mic, stannic, stannous, antimonious and arsenious oxides.

Ammonium hydrate precipitates white basic salts, insoluble in excess
(distinction from silver, copper, cadmium): with the chloride, the precipitate is
Pb 2 OCl2 ; with the nitrate, Pb 30 2 0HIT03 . With the acetate, in solutions of
ordinary strength, excess of ammonium hydrate (free from carbonate) gives no
precipitate, soluble tribasic acetate being formed.

310. Soluble carbonates precipitate lead basic carbonate, white, the car-
bonate and hydrate combined in proportions varied by conditions. With
excess of the reagent, in concentrated solution, the precipitate consists chiefly
ofPb 3(0H) 2(C0 3 )a . Free carbonic anhydride precipitates the basic acetate.

311. Hydrosulphuric acid and the sulphides precipitate—from neutral,
acid or alkaline solutions—lead sulphide , PbS, brownish-black, insoluble in
highly dilute acids, in alkalies, or alkali sulphides. Moderately dilute (15 to
25 per cent.) nitric acid dissolves the precipitate, with separation of sulphur
(equation a) ; concentrated nitric acid changes it mostly to the (insoluble) lead
sulphate (equation b)—in both cases with evolution of nitric oxide. The oxida-
tion of the sulphur always occurs in the action of nitric acid on sulphides,
in degree proportioned to the strength of acid, temperature, and duration of
contact:

a. 3PbS + 8HNO3 = 3Pb(N03 )j + 3S + 2NO -f- 4Ha O

i. 3PbS + 8HNO3 = 3PbSO* + 8NO + 4HaO

In solutions too strongly acidulated, especially with hydrochloric acid, the
formation of brick-red basic sulphides, as Pb 2 SCl2, interferes with perfect pre-
cipitation; in solutions excessively dilute, only a brown coloration occurs with-
out precipitation. Lead is revealed in solutions in 100,000 parts of water, by
this test.

312. Sulphuric acid and sulphates precipitate, from neutral or acid solu-
tions, lead sulphate, PbS0 4 , white, not chemically changed or permanently-
dissolved by acids, except hydrosulphuric acid, yet slightly soluble in strong
acids, as more particularly stated in 308. Soluble in boiling ammonium ace-
tate, and in the fixed alkalies. For solution by transposition into soluble salts,
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see 323. Soluble in warm sodium thiosulphate solution, at temperatures not
above 68° C. (154° F.) ; in hot solution, lead sulphite being formed, insoluble
in thiosulphate; distinction and separation from barium sulphate, which does
not dissolve in thiosulphates.

This test is from five to ten times less delicate than that with hydrosul-
phuric acid; but lead is quantitatively separated as a sulphate, by precipitating
with sulphuric acid in presence of alcohol, and washing with alcohol. If the
PbS0 4 is heated with K 2Cr0 4, transposition takes place, and the yellow
PbCr04 is formed (316). The yellow precipitate is soluble in fixed alkali hy-
drates, then reproduced by acetic acid. Also, excess of potassium iodide trans-

poses lead sulphate, the yellow product (315) being a distinction of lead from
barium.

313. Hydrochloric acid and soluble chlorides precipitate, from solu-
tions not too dilute, lead chloride, PbCl 2, white. This reaction constitutes
lead a member of the FIRST GROUP—as it also is of the second. The
solubility of the precipitate is such (308), that the filtrate obtained in the cold
gives marked reactions with hydrosulphuric acid, sulphuric acid, chromates,
etc.; and that it can be quite accurately separated from silver chloride and
mercurous chloride by much hot water. Also, small proportions of lead
escape detection in the first group, while its removal is necessarily accom-
plished in the second group.

314. Soluble Bromides precipitate lead bromide , PbBr2 , white, soluble in
water to about the same extent as the chloride; in concentrated solutions, the
precipitate dissolves in excess of the potassium bromide, as (KBr) 2PbBr2 ,

which is decomposed and precipitated by dilution with water. Also soluble
in hot solutions of ammonium chloride and nitrate.

315. Soluble Iodides precipitate lead iodide, Pbl 2, bright yellow and
crystalline, soluble in aboiit 1,900' parts of cold or 200 of hot water; soluble
in hot, moderately concentrated nitric acid, and in solutions of fixed alkalies
(309), not in cold hydrochloric acid; soluble ill excess of the alkali iodides,
by formation of double iodides—with deficient excess of potassium iodide,
forming KIPbI 2 ; with superabundance of the same reagent, forming (KI) 4PbI„,
these double iodides requiring free alkali iodile to hold them in solution, and
being partly decomposed by undue addition of water, with reprecipitation of
the lead iodide. Lead iodide is not precipitated in presence of sodium citrate;
alkaline acetates also hold it in solution to some extent, so that it is less per-
fectly precipitated from acetate than from nitrate of lead.

316. Soluble Chromates—both K 2 Cr04 and K2 Cr2 0,—precipitate lead
chromate, PbCr04, yellow, soluble in fixed alkali hydrates (distinction from
bismuth), insoluble in chromic acid (distinction from barium), slightly soluble
in acetic acid, decomposed by hydrochloric acid and by ammonium hydrate.

317. Disodium hydrogen phosphate precipitates trimetallic lead phos-
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phate , Pb 3(P04 )2 , white, insoluble in dilute acetic acid (compare 188), soluble
in nitric acid and fixed alkalies :

3Pb(N03 )a + 3Na3 HP0 4 = Pb 3(P0 4) 3 + 6NaN0 3 + H3P0 4

And H3P0 4 + Na 2HP0 4 = 2NaH3P0 4

Therefore, if there is excess of phosphate, the full reaction will be :

3Pb(N03 ) 2 + 4Na3 HP0 4 = Pb 3(P0 4 )a + 6NaN0 3 + 2NaH3P0 4

Alkali oxalates precipitate lead oxalate, PbC 2 04, white, insoluble in acetic acid,
soluble in potassium and sodium hydrate solutions, and in nitric acid.

Alkali sulphites—as Na3 S0 3—precipitate lead sulphite, PbS0 3, white, less soluble in
water than the sulphate, slightly soluble in sulphurous acid, decomposed by sulphuric,
nitric, and hydrochloric acids.

318. Soluble cyanides—as KCy —precipitate lead cyanide, PbCy 3, white, soluble in
a very large excess of the reagent, reprecipitated on boiling.—Ferrocyanides—as
KiFeOy 6

—precipitate ferrocyanide, Pb 2(FeCye), insoluble in dilute acids.—Ferri-
cyanides form, in concentrated solutions, a dark,brown precipitate, slightly soluble in
water. —Sulphocyanates form, in concentrated solutions, a yellow crystalline precipitate
of lead sulphocyanate, Pb(CyS) 3 , soluble in water, decomposed on boiling, with precipita-
tion of basic sulphocyanate, PbOH(CyS), white.

319. Tannic acid precipitates solutions of lead acetate, and partly the nitrate, as
yellow-gray tannate of lead, soluble in acids. Solution of lead acetate precipitates a large
number—and solution of lead subacetate a still larger number—of organic acids, color
substances, resins, gums, and neutral principles. Indeed, it is a rule, with few excep-
tions, that lead subacetate removes all organic acids (not acetic, formic, butyric, valeric,
or lactic). Ammoniacal solution of lead acetate is used as a reagent, as a form of basic
acetate (309).

320. Certain strong oxidizing agents, acting in solutions of lead salts, cause a pre-
cipitate of lead dioxide, Pb0 2 (306). This result is obtained by saturating solution of
lead acetate or alkaline solution of lead salts, or solution of lead nitrate, with gaseous
chlorine or with strong solution of hypochlorite. Lead dioxide is formed by fusing
lead oxide with potassium chlorate.

321. Lead salts are reduced to the metallic state by placing zinc, iron,
magnesium, or other strongly electro-positive metal, in a solution of lead salt.
The lead separates as a dark-gray, spongy mass, loosely adherent to the preci-
pitating metal.

322. On charcoal, before the blow-pipe, alone or more readily with sodium*
carbonate, lead is reduced to malleable globules; while an incrustation of
lead oxide forms around the mass—dark-yellow when hot, sulphur-yellow
when cold, driven by the reducing flame', but non-volatile without reduction.
The presence of this incrustation, in the reducing flame, imparts a blue color to
the outer flame.

323. When a salt of lead is fused with sodium carbonate on charcoal,
the acid of the lead salt combines with the sodium ; but the corresponding
formation of lead carbonate is prevented by the reducing power of the char-
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coal, which takes oxygen and forms carbonic anhydride—liberating the car-
bonic anhydride of the sodium carbonate, and metallic lead, thus :

2PbS04 + 2Na 2C0 3 -f C = 2Pb + 2Na2 S0 4 + 3C0 2

In this way, lead sulphate is resolved, by transposition, into compounds soluble
in water or acids. The further reducing action of the. carbon,however, changes
the sulphate into sulphide of sodium (677). By fusion with sodium carbonate
in a crucible, transposition is effected without reduction, thus :

PbS0 4 -f Na 2 C03 = Na2 SO, -f- FbO -f- C02

In the decomposition in this manner of soluble salts of lead, wr e have the re-
verse of the chemical change wr hich takes place in solution—an example of the
general principle stated in the latter portion of paragraph 20. Thus, the
change showr n in the following equation, is essentially the reverse of the changes
indicated in 313 :

PbCl 2 -f- Na 2 COs = 2NaCl + PbO -f C0 2

324. With borax and microcosm ic salt, strictly in the outer flame, lead
oxide and oxidized compounds give a bead yellow when hot, becoming colorless
when cold; due to formation of lead borate or phosphate, fused in the glass.
If the least reducing action is allowed to bear on the bead, the test is spoiled,
and the platinum wire is spoiled likewise. (See, under Platinum, 479.)

SILVER.

325. A metal of brilliant white lustre, very malleable, softer than copper, fusible at
1,020° C. (1,838° F.), and nearly non-volatile at furnace heat. —It is not oxidized by water
or air at any temperature, but is oxidized by ozone, is readily attacked by chlorine,
bromine, or iodine, and is soon tarnished in air containing hydrosulphuric acid, or in con-
tact with sulphides or certain organic substances containing sulphur, by formation of
silver sulphide ; also, by substances easily liberating phosphorus, as silver phosphide. As
silver is easily reduced from its salts, these act as oxidizing agents of considerable force.

326. The proper solvent of silver is nitric acid, most efficient when about fifty per
cent., but active whether concentrated or dilute—with production of nitric oxide as the
chief residual product. Hot concentrated sulphuric acid forms sulphate, which is spar-
ingly soluble ; and hot concentrated hydrochloric acid forms silver chloride, slightly
soluble in the concentrated reagent, but precipitated on dilution. The fixed alkalies do
not act upon silver in the wet or dry way ; hence, silver crucibles are used instead of
platinum for fusion with caustic alkali. Silver, in the form of a precipitate, is very
slowly acted upon by strong aqueous ammonia, dissolving as a nitride.—There is but a
single series of salts of silver—those represented by Ag', and sometimes designated
argentic salts. By reduction of silver salts, an argentous oxide, Ag,0, and a correspond-
ing chloride, are formed. By action of ozone on the metal, a superoxide, AgO, is pro-
duced.

327. The nitrate, acetate, and sulphate form permanent anhydrous crystals. The
salts of silver are chiefly colorless, except the ortho-phosphate and arsenite, yellow ; the
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arseniate, reddish-brown ; the iodide, yellow ; the bromide, yellow-white ; the sulphide,
black. Normal silver salts do not redden litmus.

328. Silver forms a greater number of insoluble salts than any other metal; though,
in this respect, there is but little difference between the first-group bases. The oxide,
sulphide, chloride, bromide, brornate, iodide, iodate, cyanide, ferrocyanide, ferricyanide,
carbonate, oxalate, phosphate, arsenite, arseniate, sulphite, and tartrate, are insoluble
in water; the sulphate is soluble in 200 parts of cold, and less than 100 parts of boiling
water. The acetate is soluble in 100 parts of water. The borate, thiosulphate, and
citrate, are very sparingly soluble in water. The ammonium silver oxide and the nume-
rous ammonium silver salts, the double cyanides, iodides, and thiosulphates of silver and
alkaline metals, are soluble in water. The chloride is sparingly soluble in strong hydro-
chloric, nearly insoluble in nitric and dilute sulphuric acids; soluble, to some slight
extent, in solutions of all soluble metallic chlorides (except calcium and zinc chlorides),
especially soluble with sodium chloride (double chloride being formed); also soluble with
certain other alkali salts, and in concentrated solution of mercuric nitrate. The nitrate
is sparingly soluble in alcohol and in ether, and soluble in glycerine.

329. Both the oxy-salts and haloid salts of silver, which are insoluble in water, are
decomposed and dissolved by ammonium hydrate, except the sulphide and iodide; by cold
dilute nitric acid, except the chloride, bromide, iodide, bromate, iodate, and the haloids
of cyanogen and its compounds; by solution of potassium cyanide, except the sulphide;
and by alkali thiosulphates, almost without exception.

In analysis, silver is completely precipitated as a chloride, in the first
group (332), and the solubility of this precipitate in ammonium hydrate sepa-
rates it from the other first group bases (448). Reduction to metallic silver is
sometimes employed in analysis (340).

330. The fixed alkali hydrates precipitate, from solutions of silver salts
(in absence of citrates), silver oxide, Ag2 0, grayish-brown (204), insoluble in
excess of the reagents; easily soluble in nitric, acetic, and sulphuric acids, and
in ammonium hydrate; somewhat soluble in ammonium salts; soluble in
alkali cyanides and thiosulphates ; also, soluble in about 3,000 parts ofwater.

Ammonium hydrate, in neutral solutions of silver nitrate, forms the same
precipitate, silver oxide, very easily dissolving in excess, by formation of am-
monium silver oxide

, NH4AgO.* In solutions containing much free acid, all
precipitation is prevented by the ammonium salt formed.

The ammoniacal solution of silver is precipitated by addition of excess of
fixed alkalies. This precipitate containsfulminating silver—a black powder,
which explodes with dangerous violence by friction or by drying above ordin-
ary temperatures. Fulminating silver may also be deposited from ammoniacal
solutions of silver, on standing, and by digesting oxide of silver with strong

* This formula accords with the results of a series of volumetric determinations made by Mr. D. E.
Osborne and the author {Jour. Am. Cliem. Soc., 1880). If silver replaces hydrogen of ammonium, the for-
mula would be (NH3Ag:)20—the molecule of which, with a molecule of water, would make twomole-
cules formed as given in the text. For the latter, we have :

AgN03 + 2NH4OH = NH4 AgO + NH 4N0 3 + H20
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ammonium hydrate. Its production, in the way first mentioned, is most
favored by a slight excess of the fixed alkali.*

331. Hydrosulphuric acid and alkali sulphides precipitate from neutral,
acid, or alkaline solutions, silver sulphide, Ag 2S, black, soluble in moderately
concentrated nitric acid (distinction from mercury), not in solution of potas-
sium cyanide (distinction from copper) ; insoluble in alkali sulphides (distinc-
tion from tin, etc.)

332. Hydrochloric acid and the soluble chlorides precipitate silver
chloride

, AgCl, white, curdy, separating on shaking the solution ; turning
violet to brown in the light (from formation of argentous chloride, Ag„Cl),
very easily soluble in ammonium hydrate, as ammonio silver chloride, (NH 3 )3

-

(AgCl),. The precipitate, also, is slowly soluble in concentrated solution of
ammonium carbonate; and is fusible without decomposition. For solubilities
of the precipitate—indicating the conditions of delicacy in the test—see 328
and 329. This precipitation is the most delicate of the ordinary tests for sil-
ver ; being recognized in solution in 250,000 parts of water, and enables us
wholly to remove this metal IH THE FIRST GROUP of bases.

333. Soluble bromides precipitate silver bromide, AgBr, white, with a
slight yellowish tint, but slightly soluble in excess of potassium bromide, and
much less easily soluble in ammonium hydrate than silver chloride (536).—
Soluble iodides precipitate silver iodide, Agl, pale yellow, easily soluble in
excess of the reagents by formation of double iodides, as KIAgl. The double
iodide is decomposed by dilution with much water, and all the silver repreci-
pitated as iodide. The precipitate is scarcely at all soluble in ammonium hy-
drate (one part dissolving in 2,600 parts of ten per cent, solution of ammonia).
Concentrated nitric acid slowly dissolves it. Regarding other solubilities of
argentic bromide and iodide, see 328 and 329, and 536 and 558.

334. Potassium cyanide, or hydrocyanic acid, precipitates, from neutral
or slightly acid solutions, silver cyanide, AgCy, white, quickly soluble in ex-
cess of the reagent, as potassium silver cyanide, KCyAgCy. By formation of
these double cyanides, the various compounds of silver are rendered soluble,
through treatment with alkali cyanides; also, a soluble iodo-cyanide is formed.
Silver cyanide is readily soluble in ammonium hydrate, and promptly decom-
posed by hydrochloric acid.

335. Potassium ferrocyanide precipitates silver ferrocyanide, Ag 4FeCy f ,

yellowish-white, difficultly soluble in ammonium hydrate, not decomposed by
hydrochloric acid, changed by nitric acid to the ferricyanide. Exposure to the
air gives it a blue tinge.—Potassium ferricyanide precipitates silver ferri-
cyanide, reddish-yellow, soluble in ammonium hydrate.

* The composition of this substance, known as Bcrthollet’s Fulminating Silver, has not been deter-
mined, but it contains nitrogen. It is distinct from the silver fulminate, represented by fuL-
minic acid, and isomeric with cyanates.
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336. Alkali carbonates precipitate silver carbonate
, Ag 3C0 3, white or

yellowish-white, slightly soluble in water, somewhat soluble in excess of fixed
alkali carbonates, quite soluble in ammonium carbonate ; soluble in nitric acid
and in ammonium hydrate; changed by boiling to silver oxide. Barium
carbonate does not affect solution of silver nitrate.

337. Osalic acid, and oxalates, precipitate silver oxalate, Ag2 C 2 04, white, slightly
soluble in water, sparingly soluble by dilute nitric acid, readily soluble in solution of
ammonium hydrate. It detonates when heated.

338. Di3odium hydrogen phosphate trimetallic silver ortho-phosphate,
Ag3P0 4, yellow, soluble in dilute nitric acid, in phosphoric acid, and in ammonium
hydrate; but little soluble in dilute acetic acid.—Pyrophosphates—as Na 4P2 07—precipi-
tate silver pyrophosphate, Ag 4F2 07 , white, insoluble in acetic acid, soluble in dilute
nitric and phosphoric acids, and in ammonium hydrate.

339. Arseniates—as Na3 As0 4—precipitate red-brown silver arseniate, Ag3 As0 4, hav-
ing the same solubilities as the ortho-phosphate.—Arsenites—as Na3 As0 3 —precipitate
silver arsenite, Ag3 As03 , yellow, quickly soluble in dilute acids and in ammonium
hydrate (equation at 370).

Chromates—as K 2 Cr0 4—precipitate silver chromate, Ag2 Cr0 4, dull-red, sparingly
soluble in water, not much more soluble in dilute nitric acid.

Thiosulphates—as Na 2 S 2 03 —precipitate silver thiosulphate, Ag2 S 203 , white, very
instable, and readily soluble in excess of the precipitants, by formation of double thiosul-
phates. That formed by sodium thiosulphate is first NaAgS2 03 , with excess of the
thiosulphate, Na 4Ag2 (S2 03 ) 3 ; and corresponding thiosulphates of silver and potassium
are formed. By standing or heating, the precipitate turns black, as Ag2 S.

340. Silver is very easily Reduced to the Metallic State, from solutions of its salts,
from ammoniacal solutions, and especially from its solutions in cyanides, by reducing
agents, including the following : Zinc, copper, iron, magnesium, lead.bismuth, mercury;
arsenious acid, arsenious hydride (377); antimonious hydride (411); ferrous salts, stannous
salts, sulphurous acid, sugars, formic acid, certain volatile oils, and many other organic
substances. The reduced silver appears as a brown-black precipitate, or in some condi-
tions as a white lustrous coating. A bright strip of copper, introduced into a solution of
silver nitrate, receives a lustrous silver coating (see equation in 280). A globule of mer-
cury, placed in a concentrated solution of silvernitrate on a watch-glass, becomes covered
with a deposit of silver amalgam in arborescent form—the silver tree, arbor Diance. A
mass of recently precipitated silver chloride, acidulated with hydrochloric or sulphuric
acid, on introducing a piece of zinc without agitation, is steadily reduced throughout,
as shown by the advancing boundary of dark brown color in the mass. Silver oxide, as
recently precipitated by fixed alkali, or silver chloride with fixed alkali, treated with cane
sugar or grape sugar, turns brownish black, as precipitated silver. The same form of
precipitate is obtained by the larger number of reducing agents. By a gradual reduc-
tion of the silver with certain reagents, it is obtained as a bright silver coating upon the
inner surface of the test-tube, or other glass vessel. A somewhat dilute solution of am-
monio nitrate of silver, treated with a dilute alcoholic solution of oils of cloves and cassia
—the latter solution not in excess—gives this result. The coating is also obtained by add-
ing to solution of silver nitrate a very little aqueous solution of chloral hydrate, and then
a slight excess of ammonia; the ammonium formiate, gradually produced by decomposi-
tion of the chloral with alkali, deoxidizes the ammonio silver nitrate. A silver deposit on
glass may sometimes be made to assume the form of a compact and lustrous coating, by
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rubbing with a glass rod. In these deoxidations, generally, the nitric acid radical of
silver nitrate is not decomposed, but nitric acid is left.

2AgN03 + H.O = 2Ag + 2HNOs + O

See, as an example, the statement of the reaction between arsenious hydride and silver
nitrate, under Arsenious Acid (377).

Light decomposes most compounds of silver, with blackening from formation of
metallic silver or of argentous oxide, Ag40, or of both. The nitrate in crystal or pure
water solution, the phosphate, iodide, and cyanide, are not decomposed by light alone;
but light greatly hastens their decomposition by organic substances, or other reducing
agents—as of solution of silver nitrate in rain-water, or written as an ink upon organic
fabrics.

341. Silver nitrate and chloride fuse undecomposed, but decompose at a higher heat.
Most silver compounds, heated in the glas3-tube, leave a metallic residue. On Charcoal,
with sodium carbonate, silver is reduced from all its compounds in the blow-pipe flame,
attested by a bright malleable globule. Lead and zinc, and elements more volatile, may
be separated from silver by their gradual vaporization under the blow-pipe. Copper and
iron are temoved along with larger quantities of lead, previously added for this purpose,
either as metallic lead or by reduction from litharge. (See descriptions of Cupellation,
in works on general chemistry, and more fully in works on assaying of precious metals.)

MERCURY.

342. A tin-white, lustrous metal, liquid at temperatures between -40° and 360° C.
(-40° and 680° F.), slightly volatile at ordinary temperatures. Divided in globules in-
visible to the unaided eye, and separated by minute films of liquid or solid foreign matter,
mercury appears as a dark gray powder, exceedingly mobile. It is not oxidized by agitar
tion with air or oxygen—the tarnish acquired on the surface of commercial mercury, by
exposure to the atmosphere, being due to intermixture of foreign metals • but by agita-
tion with water, or with various substances, the metal is “extinguished,” or divided to
the gray pulverulent form, which contains some mercurous oxide when so prepared.
Also, the gray pulverulent mercury is precipitated by reduction from salts in solution.
Aqueous solutions of alkali chlorides, with access of the air, gradually act upon mercury
by formation of mercuric chloride. Solution of potassium permanganate oxidizes mer-
cury—forming mercurous oxide, manganic hydrate, and potassium hydrate.

343. The most effective solvent of mercury is nitric acid. It dissolves readily in the
dilute acid with heat, or in the cold, if nitrous acid is present; with the strong acid, heat
is soon generated; and with considerable quantities of material, the action acquires an
explosive violence. At ordinary temperatures, dilute nitric acid, when applied in slight
excess, produces chiefly normal mercurous nitrate, but when the mercury is in excess,
more or less of basic mercurous nitrate is formed; hot dilute nitric acid, in excess, forms
chiefly mercuric nitrate; when the mercury is in excess, both basic mercurous and basic
mercuric nitrates are formed—in all cases, chiefly nitric oxide gas is generated. Chlorine
—in aqueous solution, or formed in nitro-hydrochloric acid—dissolves mercury slowly, to
mercuric chloride. Hydrochloric acid, at ordinary temperatures, does not affect mer-
cury; and the concentrated acid, by long boiling, scarcely attacks it. Bromine and
iodine promptly unite with mercury. Dilute sulphuric acid does not act upon mercury;
but the concentrated acid, when heated, dissolves it with moderate rapidity, evolving
sulphurous anhydride.
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344. Mercury forms two well-marked oxides—IIga O, black, and HgO, red—and two
corresponding classes of salts—the mercurous compounds being permanent in the air,
but changed by powerful oxidizing agents to mercuric compounds. The latter are some-
what more stable, but act as oxidizing agents in many relations. Mercury as a noble
metal is not strongly electro-positive; and many reducing agents change mercuric com-
pounds, first to mercurous combinations, and then to metallic mercury.

Solutions of mercurous and mercuric salts redden litmus. Mercuric chloride is per-
manent ; nitrate, deliquescent.

345. MERCTTROTJS compounds, of ordinary occurrence, are insoluble in
water, except the normal nitrate; the sulphate and the acetate are sparingly
soluble (that is, in 300 to 600 parts of water). And these require acidulated
water for their full solution ; becoming decomposed by water, at a certain de-
gree of dilution, with precipitation of basic salts (261).

Mercurous chloride is very slowly soluble by cold concentrated solutions
ofalkali chlorides, somewhat more rapidly when heated, the solution being due
to formation of mercuric chloride and mercury. Dilute hydrochloric acid, at
ordinary temperatures, fails to dissolve mercurous chloride; but when heated
it gradually causes the formation of mercuric chloride and mercury, the action
being very slow with dilute acid, tolerably rapid with concentrated acid. In
presence of certain organic substances, the resolution into mercuric chloride and
mercury takes place at 38° to 40° C. (100° F.) Free chlorine, and nitric
acid, quickly dissolve mercurous chloride, as mercuric salt.

In analysis, mercurous compounds are precipitated, from solution, as chlo-
ride, in the first group (350), and this precipitate is distinguished from others
in the group, by blackening with ammonium hydrate (448). The identification
of mercury, by reduction to metallic state, is the same as with mercuric com-
pounds (363).

346. Fixed alkali hydrates precipitate, from solutions of mercurous
salts, mercurous oxide, Hg20 (264), black, insoluble in alkalies.

347. Solution of ammonium hydrate produces black precipitates; that
from solution of mercurous nitrate being (NH„Hg„)TT0 3 , nitrogen dihydrogen
dimercurous nitrate,* black, insoluble in alkalies, soluble in acids:

2HgNOa + 2NH.HO = NH 2Hg 2 NOs + NH 4NOs + 2H 20

Mercurous chloride, white, is changed by ammonium hydrate to (NH„Hg2 )Cl,
nitrogen dihydrogen dimercurous chloride, or dimercurous ammonium chloride,

* The compounds produced by action of ammonium hydrate on mercury compounds are considered as

substitutions of Hg fora certain number of atoms of H in NH, (ammonium). The substations formed
from mercurous compounds contain (300 parts by weight or) one atom of Hg (acting as a monad) for each
atom (1 part) of H displaced ; theyare termed mercurous-ammoniums ; mercurosammonium being NH8

-

Hg; di-mercurosammonium, NH2 Hg2 ; tri-mercurosammonium, UK-tiers, etc. The substitutions
formed in ammonium by mercury from mercuric compounds contain one atom of Hg- (acting as a dyad) for
two atoms of H displaced ; they are designated as mercurammoniums ; mercurammonium being (NH 3)2 -

jjgt; di-mercurammonium, NHjHg; tri-mercurammonium, (NH)2 Hgr3 ; tetra-mercuramonium, NEgfo.
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black (distinction from lead), decomposed by acids, insoluble in ammonium
hydrate (distinction from silver):

HgsCl, + 2NH 4HO = NHgHg 2 Cl -f NH4 C1 + 2Ha O

348. Solutions of the carbonates of the fixed alkali metals precipitate an
instable mercurous carbonate, Hg2 C0 3, gray, blackening to basic carbonate
and oxide when heated. Ammonium carbonate reacts like ammonium hydrate
(347). Barium carbonate precipitates mercurous salts, in the cold.

349. Hydrosulphuric acid, and soluble sulphides, precipitate mercurous
sulphide, Hg2S, black, containing variable proportions of HgS and Hg, into
which it is soon resolved without change of color. The precipitate is insoluble
in nitric acid, hydrochloric acid, or ammonium sulphide. The sulphides of the
metals of the fixed alkalies—Na„S and K 2 S—slowly change mercurous to mer-
curic sulphide, and sparingly dissolve it (359, equation b).

350. Hydrochloric acid and soluble chlorides form a white precipitate
of mercurous chloride, Hg2Cl„, “ calomel ” —placing the mercurous base IN
THE FIRST GROUP. For relations of the precipitate to solvents, see 345 ;

to ammonium hydrate, see 347 ; fixed alkalies blacken it by formation of Hgs O
(346).

351. Soluble bromides precipitate mercurous bromide, Hg2Br2 , yellowish
white, insoluble in water and in alcohol, insoluble in dilute nitric acid.

352. Soluble iodides precipitate mercurous iodide, Hg2I2 , greenish-yel-
low—“ the green iodide of mercury.” The precipitate from mercurous nitrate
contains more or less mercuric iodide; that from the acetate is nearly pure
Hg2I 2 .

Mercurous iodide is nearly insoluble in water, insoluble in alcohol (distinction from
mercuric iodide), somewhat soluble in ether, slowly soluble in part by aqueous solutions
of alkali iodides (excess of the precipitants), being first decomposed to mercuric iodide
and mercury, which last remains undissolved :

Hg 2Ia + 2KI = Hg + (KI) 3HgI3

• Ammonium hydrate solution slowly and partially dissolves mercurous iodide.
By sublimation, and to some extent by exposure to light, mercurous iodide is changed

to mercuroso-mercurie iodide, Hgl.Hglo, yellow—with separation of metallic mercury.
When the precipitate by iodide of potassium, in solution of mercurous nitrate, is made in
very dilute solutions or is allowed to stand for some time, it consists chiefly of this—“the
yellow iodide of mercury.” It is strictly insoluble in alcohol; melts and sublimes unde-
composed, and is affected by alkali iodides like mercurous iodide.

353. Alkali cyanides, also hydrocyanic acid, resolve mercurous salts into metallic
mercury, a gray precipitate, and mercuric cyanide, which remains in solution.—Ferro-
cyanides fo|m a white, gelatinous; ferricyanides, a red-brown precipitate.

Alkali phosphates—as Na2 HP0 4—precipitate the white mercurous phosphate,
Hg 3F0 4 , when the reagent is added in excess; the yellow mercurous phosphate-nitrate,
Hg3F0 4.HgN03 , when mercurous nitrate is in excess.—Chromates precipitate the
orange-vellow mercurous chromate, basic; changed by dilute nitric acid to the normal
HgaCrO.i; by strong nitric acid changed to mercuric chromate, and dissolved. —Oxalic
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acid and oxalates precipitate the white mercurous oxalate, Hg2 C 204, slightly soluble in
dilute nitric acid.

Soluble sulphates precipitate, from solutions not dilute, the white mercurous sulphate,
Hg2 S0 4, sparingly soluble in water (345); decomposed by boiling water with precipitation
of a basic sulphate; more soluble in dilute nitric acid; blackened by ammonium hydrate
and fixed alkalies (distinction from other sparingly soluble sulphates).

354. Mercurous compounds are reduced to metal by the same reducing
agents that reduce mercuric compounds to metal; but not by all the reducing
agents capable of converting mercuric to mercurous combinations, as more
fully specified in 362. As to oxidation of mercurous compounds, see 837.—
The reactions in the dry way are nearly the same as those for mercuric com-
pounds (363).

355. MERCURIC oxide, sulphide, iodide, iodate, basic carbonate, oxalate,
phosphate, arseniate, arsenite, ferrocyanide, and tartrate, are insoluble in water.
The bromide is soluble in 250 parts of cold, or one-tenth that proportion of
boiling water. The acetate and cyanide are freely, the chromate and citrate
sparingly, soluble in water. The double iodides of mercury, and the metals of
the alkalies and alkaline earths, are soluble in water—that is, mercuric iodide is
soluble in aqueous solutions of alkali iodides. The double bromides dissolve
in a smaller proportion of water than the bromide. Except the chloride, the
ordinary mercuric salts which arc soluble in water are so only by presence of
free acid, being partially decomposed by water, with separation of basic salts
(261). In work with solution of mercuric nitrate, some of the reactions are
modified by the free acid, always present.—Mercuric sulphate is soluble in
very dilute sulphuric acid.—The chloride is soluble in about 12 parts of cold,
or two to three parts of boiling water ; freely soluble in alcohol and in ether.

In analysis, the second group precipitate of mercury sulphide is separated
by its insolubility in nitric acid (464). The final form, in determination of
mercury, is usually the metallic state (362 a, or 363).

356. Solutions of the fixed alkali hydrates, added short of saturation, to
solutions of mercuric salts, precipitate reddish-brown basic salts; when the
reagent is added to super'saturation, the orange-yellow mercuric oxide, HgO,
is precipitated. Prepared in the dry way, mercuric oxide is obtained red—-
the “red precipitate ” of the shops. From very acid solutions, the precipitate
is incomplete or does not form at all, owing to its solubility in alkali salts. It
is very slightly soluble in water. In presence of an ammonium salt, the white
precipitate (357) is formed. Certain organic acids interfere with the precipita-
tion.

357. Ammonium hydrate px-oduces a “white precipitate,” recognizable
in very dilute solutions (compare 59) ; that with neutral solution of mei’curic
chloride being (NHMg)ci, nitrogen dihydrogen mei’curic chloride, or dimer-
curammonium chloride ( a)—(347); that with hot dilute solution of mercuric
nitrate and excess of ammonia being (J4Hg2 )W03, nitrogen dimercuric nitrate
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(b). The precipitates are easily soluble in hydrochloric acid ; sparingly solu-
ble in strong ammonium hydrate, which should not be used in excess in precipi-
tation. They are also more or less soluble in ammonium salts, and especially
in ammonium nitrate. Therefore, the precipitation by ammonium hydrate is
always in some degree incomplete ; and that of the acid mercuiic nitrate is de-
cidedly diminished, and in very dilute solutions prevented altogether, by the
ammonium salt formed in the reaction (as shown in equations a and b). A
soluble combination of ammonium chloride with mercuric chloride, (NH4C1) 2

-

HgCl„, or ammonium mercuric chloride, called “sal alembroth,” is not preci-
pitated by ammonium hydrate, but potassium hydrate precipitates therefrom
the white mercurammonium chloride, (N 2H6 Hg)Cl3 (c).

a. HgClj + 2NH 4OH = (NHgHg)Ol + NH 4 C1 + 2H2 0

b. 2Hg(NO s)a + 4NH 4OH = (NHga)NOs + 3NH4NO, -f 4H2 0

c. (NH 4Cl) 2 HgCl3 -f 2KOH = ([NH3 ]2 Hg)012 -f 2ZC1 + 2Ha O

Ammonium carbonate reacts like ammonium hydrate (compare 59).
358. Potassium and sodium carbonates precipitate first red-brown basic

salts, which, by excess of the precipitants with heat, are converted into the
yellow mercuric oxide. The basic salt formed with mercuric chloride is an

oxy-chloride, HgCl„.(HgO)2i 3iOT4 ; Avith mercuric nitrate, a basic carbonate,
(Hg0) 3

HgC0
3

or (Hg0) 4C0 2 . —Barium carbonate precipitates a basic salt
in the cold, from the nitrate, but not from the chloride.

359. Hydrosulphuric acid, gradually added to solutions of mercuric salts,
forms at first a white precipitate, soluble in acids and in excess of the mercuric
salt ; by further additions of the reagent, the precipitate becomes yellow-
orange, then brown, and finally black, insoluble in hydrochloric or nitric acid.
This progressive variation ofcolor is characteristic of mercury, and is also pro-
duced by ammonium sulphide. The final and stable precipitate is mercuric
sulphide, HgS ; the lighter colored precipitates consist of unions of the original
mercuric salt with mercuric sulphide, as HgCl„.HgS, the proportions of HgS
being greater with the darker precipitates. When sublimed and triturated,,
the black mercuric sulphide is converted to the red (vermilion), without chemi-
cal change.

Mercuric sulphide is soluble by free chlorine (nitro-hydrochloric acid) (#) ;

not affected by nitric acid (distinction from all other metallic sulphides) or by
hydrochloric acid ; insoluble in ammonium sulphide (distinction from tin, anti-
mony, arsenic) ; somewhat soluble in solutions of sulphides of potassium and
sodium, by formation of double sulphides (b) soluble in alkali hydrates or sul-
phide solutions, but decomposed by pure water ; also, slowly and partially
soluble in fixed alkalies, by formation of alkaline sulphides (c).

a. HgS + Ola = HgCla + S
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1. HgS + K 2 S = K2 S.HgS

c. 2HgS -|- 2KOH = K.S.HgS + HgO ,+ H 2 0

360. Soluble bropoides precipitate, from concentrated solution of mercuric
nitrate (not from the chloride), the white mercuric bromide, HgBr„, soluble in
water (355), the solution giving the mercuric reactions, and being precipitable
by reduction (362) to mercurous bromide (351). The precipitate is decomposed
by strong or hot nitric acid.

Soluble iodides precipitate mercuric iodide, Hgl 2, first reddish-yellow,
then red; very slightly soluble in water, soluble in concentrated nitric and
hydrochloric acids; quickly soluble in solutions of the iodides ofall the more
positive metals—that is, in excess of its precipitants, by formation of soluble
double iodides ; as (KI) 2HgI2 variable to KI.HgI 2

.*

The potassium-mercuric iodide (sometimes designated the iodo-hydrar-
gyrate of potassium) is precipitated by ammonium hydrate, and by the alka-
loids (see Nessler’s Test, 58). Dilute acids precipitate the mercuric iodide.

361. Soluble normal chromates precipitate, from very concentrated solu-
tions, basic mercuric chromates, orange yellow to red; considerably soluble in
water, more soluble in solution of mercuric chloride or nitrate. Soluble
phosphates, as Na2 HP0 4, precipitate mercuric phosphate, Hg3 (P0 4)2 ,

white, soluble in acids, including phosphoric acid, and in ammonium salts.
Soluble oxalates, and oxalic acid, precipitate—from the nitrate, but not from
the chloride—mercuric oxalate, HgC2 04, white, readily soluble in dilute
hydrochloric acid, difficultly soluble in nitric acid. Potassium Ferrocyanide
precipitates mercuric ferrocyanide, white, becoming blue on standing.

362. Reducing agents precipitate, from the solutions of mercuric and
mercurous nitrates, dark-gray Hg (342); from solution of mercuric chloride,
or in presence of chlorides, first the white, Hg2 Cl2 (350), then gray Hg. Strong
acidulation with nitric acid interferes with the reduction, and heating promotes
it. By digestion with hot concentrated hydrochloric acid—and a little solution
of stannous chloride—the gray precipitate of divided mercury is converted into
liquid globules of metallic lustre. This somewhat tardy result is hastened by
trituration with a glass rod in the test-tube.

The reducing agent most frequently employed is stannous chloride (a).
Boiling solution of sulphurous acid (b), or thiosulphates (c), effect thereduction.
A clean strip of copper, placed in a slightly acid solution of a salt of mercury,
becomes coated with metallic mercury, and when gently rubbed with cloth or
paper presents the tin-white lustre of the metal (d ), the coating being driven
off by heat. Zinc and iron, also, reduce mercury, and from mercuric chloride

* A hot concentrated solution of potassium iodide dissolves 3HgT2 for every SKI. The first crystals
from this solution arc KI.HgT 2 . These are decomposed by pure water, and require a little free iodide for
perfect water solution, but they are soluble in alcohol and in ether.
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or in presence of chlorides, first precipitate calomel. Formic acid reduces
mercuric to mercurous chloride, and in the cold does not effect further reduction.
Dry mercuric chloride, moistened with alcohol, is reduced by metallic iron;
a bright strip of which is corroded soon after immersion into the powder tested
(a delicate distinction fiom mercurous chloride). Further, see 838.

a. 2HgCl2 + SnCl, = Hg2 Cl2 + SnCl 4

Hg2 Cl2 +• SnCl2 = 2Hg -f SnCl4

Or: HgCl2 -{- SnCl2 = Hg -f SnCl 4

Also: 2Hg(NOa)2 + SnCl2 = Hg2 Cl2 -f- Sn(N03)4

b. HgCL + H 2 SO s + H2 0 = Hg -j- H2 S0 4 + 2HC1

c. 2HgCl2 + 2Na,S2O s • = Hg2 CI2 + 2NaCI -f- Na 2 S 4 0„

Or: HgCl 2 -f 2Na 2 S 2 03 = Hg + 2Na01 -f- Na 2 S 40„

d. 2HgN03 + Cu = 2Hg 4- Cu(N03 ) 2 (compare 280).

363. All compounds of mercury, in glass tubes or on charcoal, are quickly
volatile before the blow-pipe. Mercurous chloride and bromide and mercuric
chloride and iodide sublime (in glass tubes) undecomposed—the sublimate con-
densing (in the cold part of the tube) without change. Most other compounds
of mercury are decomposed by vaporization, and give a sublimate of metallic
mercury (mixed with sulphur, if from the sulphide, etc.) All compounds of
mercury, dry and intimately mixed with dry sodium carbonate, and heated
in a glass tube closed at one end, give a sublimate of metallic mercury as a
gray mirror coat on the inner surface of the cold part of the tube. Under the
magnifier, the coating is seen to consist ofglobules, and by gently rubbing with
a glass rod or a wire, globules visible to the unaided eye are obtained.
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ARSENIC (ARSENICUM).
365. A steel-gray, lustrous, brittle, and easily pulverizable non-metallic element,

vaporizing directly from the solid state at 856° C. (673° F.) in closed vessels ; the vapor
being colorless, with a strong and oppressive alliaceous odor. It is slowly oxidized in
moist (not in dry) air at ordinary temperatures, with formation of the black “suboxide,”
‘ ‘ fly-powder ”; when heated in the air, it burns with a bluish flame, and becomes the
white arsenious anhydride, As 20 3 . It readily combines with chlorine and bromine upon
contact, and with iodine and sulphur by aid of heat. It is not attacked by aqueous
hydrochloric acid at ordinary temperatures, and but slightly when hot and concentrated
and with air; it is slowly oxidized to arsenic acid by hot concentrated sulphuric acid, or
more readily by nitric acid; but its proper solvent is nitro-hydrochloric acid, or chlorine
with water, by which it is oxidized to arsenic acid with violent rapidity (a). Hot solution,
of potassium or sodium hydrate dissolves it as arsenite ( b ):

a. 2As -f 10C1 + 8H2 0 = 2H 3 As04 -f- 10HC1
b. As + 3KOH = K 3 As0 3 + 8H

Arsenic forms two important oxides, both acidulous (260) ; arsenious anhydride,
As'"2 0 3 , representing a series of arsenious compounds and arsenites of metals, but form-
ing no acid existing separate from water; and arsenic anhydride, Asv 205 , forming
arseniates of metals, and arsenic acids, and representing other arsenic compounds. Both
these classes of compounds possess considerable stability; the arsenious bodies acting as
efficient reducing agents, and the arsenic substances, with less activity, as oxidizing
agents.

366. ARSENIOUS anhydride—having both crystalline and amorphous modifica-
tions—is very slowly and sparingly soluble in cold water, much more quickly but quite
sparingly soluble in hot water, the solution feebly reddening litmus; freely soluble in
hydrochloric acid, and somewhat soluble in sulphuric acid without combination; readily
soluble in alkali hydrates with combination (equation a); slightly soluble in alcohol, and
soluble in glycerine.—Arsenious chloride is wholly decomposed by water, with formation
of arsenious oxide and hydrochloric acid (equation b), arsenious sulphide is very slightly
soluble in pure water, insoluble in acidulated water, but soluble by combination in solu-
tions of alkalies (c), alkaline carbonates ( d), and alkaline sulphides (e). — Arsenites of the
alkali metals are soluble in water; of the alkaline-earth metals sparingly soluble, of mag-
nesium insoluble; of all other metals, insoluble. The arsenites are decomposed—and,
except those of first group metals, dissolved—by hydrochloric acid, and are decomposed
and dissolved by nitric acid, without exception:

a. As 20 3 -f- 6KOH = 2K 3 As03 -f- 3H20 (with excess of alkali).
b. AsCls -f 3H2 0 = HtiAsOa -f 3HC1

c. As 2S 3 + 6XOH = K 3As0 3 -f K 3 AsS3 + 3H aO

d. As2 S 3 -f 3(NH 4) 2 COa = (NH4 )3 As0 3 + (NH 4 )3 AsS3 + 3CO,

e. As2 S 3 -f- 3(NH 4) 2 S = 2(NH4 )8 AsS3 (variable).*

* Dibasic and monobasic, as well as tribasic snlpharsenites are formed in different conditions. Accord-
ing to Nilsson (Bericht. d. deut. chem. Ges., IV., 989 ; Jour. Chem. Soc., X., 1872, 599), (NH 4)HS always
dissolves As2 S 3 as (NH4 )2 S (As 2 S 3) 3 . With yellow'ammonium sulphide, the excess of S is left as a resi-
due. When arsenious oxide, As 2 0 3 , is fully saturated with alkalies, it forms tri-metallic oxy-salts, the
typical arsenites—as K 3 As03 , or (NH.,l 3 As03 (according to equation a) ; but when partially saturated
with alkalies, di-metailic or monometallic arsenites may be formed—as K2 HAs03 or KH 2 As03 .
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In analysis, the second group precipitate of arsenious sulphide is separated,
with antimony and tin, by solution with ammonium sulphide (455). The final
determination, and separation from antimony and tin, are usually effected by
production of arsenious hydride gas (Marsh’s test) (373 and 377).

367. Alkali hydrates and carbonates do not precipitate arsenious com-
pounds from solution; whereby arsenic is distinguished from the bases.

368. Hydrosulphuric acid precipitates the lemon-yellow arsenious sul-
phide, As2 S 3 . The precipitate forms promptly in acidulated solutions, the
most perfectly with hydrochloric acidulation; being complete even in strong
hydrochloric acid solution, but diminished by too strong nitric acid. It forms
slowly in simple aqueous solution of arsenious acid, as a color rather than a
precipitate; being slightly soluble in pure water,.but insoluble in acidulated
water. It is not formed in solutions of alkali arsenites, except by acidulation.
Citric acid and other organic substances hinder, but, in presence of much
hydrochloric acid, do not wholly prevent its formation. Alkali sulphides
produce, and by further addition dissolve, the precipitate.

The arsenious sulphide is soluble in solutions of alkali hydrates, carbon-
ates, and sulphides, as severally explained in 366. From all these alkaline sul-
phidic solutions, acids reprecipitate the sulphide (a and b). By its solubility
in solution of ammonium sulphide, it is separated with antimony and tin
from the other members of group second ; and by its solubility in solution of
ammonium carbonate, it is approximately separated from antimony and tin,
in a process of separation which has been in common use (given in 459):

а. 2(NH4 )3 AsS 3 + 6HC1 = As 2 S3 + 6NH4 C1 + 3H2 S

б. (NH4) 3As0 3 -f (NH4 )3 AsS3 -f 6HC1 = As 2 S 3 + 6NH4 C1 + 3HLO

The color of the As 2 S 3 distinguishes it from S, derived thus :

c. (NH 4 )2 S 2 + 2HC1 = S + 2NH 4 C1 + H,S

The arsenious sulphide is also soluble in solutions of alkali sulphites with free sul-
phurous acid (distinction, and a method of separation from antimony and tin, 461):

d. 2As2 S 3 + IGKHSOj = 4KAsOa + 6K 2 S 2 Oa + 3S + 7SOa + 8H2 0

Like metalloidal arsenic, the arsenious sulphide is insoluble in hydrochloric acid—-
another means of separation from antimony and tin. It dissolves by nitric acid, and by
free chlorine or nitro-hydrochloric acid, as arsenic anhydride, As2 06, or arsenic acid,
H3As0 4—(equations e and f. Compare equation a, 365). Arsenious sulphide is not
changed to arsenious oxide by any solvents. By nitric acid, As can be separated from
Sb, Sn, Bi, etc. (460):

e. AsjSa + 10C1 + 8H20 = 2H 3 As04 + 3S + 10HC1

/. 3As 2 S 3 + 10HNO3 + 4H 20 = 6H3 As04 + OS + 10NO

369. Thiosulphates—as Na2 S 2 03 —also precipitate, from boiling hydrochloric acid
solution of arsenious acid, the arsenious sulphide (distinction from tin, 462):
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-p 3Na 2 S 2 03 — .A s.S 3 —f . 1hTn_SO; —j- 3H2 0

370. Silver nitrate solution precipitates from neutral solutions of arsenites,
or ammonio silver nitrate* from water solution of arsenious oxide, silver
arsenite, Ag 3AsOs, yellow, readily soluble in dilute acids or in ammonium hy-
drate or ammonium salts (339) :

(NH4 ) 3As0 3 + 3AgN03 = Ag3As0 3 + 3NH4N03

Or H B As03 -f 3AgN03 -f 3NH 4 OH = Ag3As0 3 + 3NH4N03 + 3Ha O

371. Copper sulphate solution precipitates from solutions of neutral
arsenites, or ammonio copper sulphate (prepared as directed in note under
370), precipitates from water solution of arsenious oxide, the green copper ar-
senite, CuHAs0 3

or Cu
3(As0 3 ) 0 (Scheele’s green), soluble in ammonium hy-

drate and in dilute acids. Copper acetate in boiling solution precipitates the
green copper aceto-arsenile (Cu0As 2 03 )3 Cu(C2 H 3

02 ) 2 (Schweinfurt green),
soluble in ammonium hydrate and in acids. Both these colors are often desig-
nated as Paris green (277). For the reaction of Copper Salts with fixed alkali
hydrate, see 385 cl.

372. In general, solutions ofarsenites are precipitated by solutions of nor-

mal salts of the metals, except those of the alkalies, and barium, strontium,
and calcium (366). Normal magnesium salts form a white precipitate of mag-
nesium arsenite. The precipitate is soluble in ammonium hydrate and ammo-
nium chloride (distinction from arseniates).

Ferric salts precipitate from arsenites, and recent ferric hydrate (used
as an antidote ), forms with arsenious anhydride, variable basic ferric ar-
senites, scarcely soluble in acetic acid, soluble in hydrochloric acid. Water
slowly and sparingly dissolves from the precipitate the arsenious anhydride ;

but a large excess of the ferric hydrate holds nearly all the arsenic insoluble.
To some extent, the basic ferric arsenites are transposed into basic ferrous
arseniates, insoluble in water, in accordance with the reducing pow'er of arseni-
ous oxide.

373. Arsenic is reduced to the elemental state by several methods of
great analytical importance.

By the action of hydrogen generated in acid solution (Marsh’s Method)
it is reduced from all its soluble compounds, when it enters into a combination
with hydrogen as arsenious hydride, AsH3 , gaseous. The latter can be iden-
tified by numerous reactions, and from it the arsenic can readily be obtained
free.

The hydrogen is generated by sulphuric acid diluted with 6 to 8 parts
water, and zinc (both free from arsenic). Compare 233 a. The hydrogen re-

* Prepared by adding ammonium hydrate to the solution of silver nitrate, till the precipitate at first
produced is nearlyall redissolved.
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moves the oxygen, from either oxide of arsenic, by forming water, and then
combines with the arsenic • two atoms of hydrogen taking the place of one
atom of oxygen:

As 2 O s + 12H = 3Ha O -I- 2AsH 3

or, including the zinc and sulphuric acid:
H3As0 3 -f 3(Zn + H 2 S0 4) = 3ZnS0 4 -f 3Ha O -f- AsH3

H3As0 4 -f 4(Zn + H2 S0 4) = 4ZnS0 4 -j- 4H 20 + AsH3

It will be seen that arsenious hydride cannot be formed in presence of free
chlorine or other oxidizing agents, such as nitric acid, nitrates, chlorates, and
hypochlorites. Sulphur and sulphites interfere ; also mercury salts (by amal-
gamation of the zinc), and most organic substances. Free arsenic and arseni-
ous sulphides are not acted on by the nascent hydrogen. With zinc, strong
potassium hydrate or sodium hydrate may be used instead of acid, the
action being slower. Sodium amalgam alone, in solutions neutral, acid, or
alkaline, causes an abundant generation of arsenious hydride if arsenic is pre-
sent. In the test made by sodium amalgam, in alkaline solution, cane sugar,
and some other organic bodies do not interfere.

The generation of arsenious hydride, by metallic magnesium, when done
in strong - solution of ammonium chloride, is a separation from antimony.
The solution may be neutral or alkaline, but, for the separation, not acid.

Metallic aluminium, in strong potassium hydrate solution, on warming,
generates arsenious hydride from arsenical compounds (distinction and separa-
tion from antimony).

Phosphates interfere with the tests, in alkaline solutions, by sodium amal-
gam, magnesium, and aluminium, causing formation of phosphorous hydride
and blackening of the silver solution.

374. Arsenious hydride (arsine) burns when a stream of it is ignited
where it enters the air, and explodes when its mixture with air is ignited, like
other combustible gases. It burns in a stream, with a somewhat luminous and
slightly bluish flame (distinction from hydrogen); the hydrogen being first
oxidized, and the liberated arsenic becoming incandescent, and then undergo-
ing oxidation; the vapors of water and arsenious anhydride passing into the
air (a). If a piece of cold porcelain is held in the flame, the reduction of
temperature prevents the oxidation of the arsenic, which is deposited in dark
steel-gray spots, adherent to the porcelain, about which a little of the water of
combustion condenses ( b ) :

a. 2AsH 3 -f 60 = As2 03 + 3H2 0

b. 2AsH 3 + 30 = 2As + 3H2 0

In many particulars above mentioned, the combustion of arsenious hydride resembles
that of the hydrocarbons of illuminating gas.
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Arsenious hydride is an exceedingly poisonous substance; the inhalation of the un-
mixed gas being quickly fatal. Its dissemination in the air of the laboratory, even in the
small portions which are not appreciably poisonous, should be avoided. Furthermore, as
it is recognized or determined, in its various analytical reactions, only by its decomposi-
tion, to permit it to escape undecomposed, is so far to fail in the object of its production.
The evolved gas should be constantly run into silver nitrate solution, or kept burning.

375. Arsenious hydride is decomposed by heat alone. In passing through glass tubes,
heated to incipient redness, the gas is decomposed, the arsenic adhering to the inner sur-
face of the tube, beyond the heated part, as a steel gray mirror coating. This coating is
readily driven by the heat, is gradually dissipated by hot hydrogen gas, and imparts the
garlic odor to the escaping hydrogen gas. The latter, if ignited, will generally deposit
arsenic spots on porcelain, showing that the arsenic is not wholly retained in the tube.

376. Both the mirrorand the spots exhibit the properties of free arsenic (365). Liquid
reagents are most convenient for application to the spots. The reactions of these deposits
having analytical interest are such as distinguish arsenic from antimony. Further, see
the comparison of these elements with others of the Nitrogen Series, 584.

Comparison of Arsenic and Antimony, deposited from AsH3 and
SbH 3.

Arsenic Spots.
Of a steel-gray to black lustre.
Volatile at 356° C.; as arsenious acid, at

218° C.
Dissolve in hypochlorite (a).
Warmed with a drop of ammonium sul-

phide, form yellow spots (868), soluble in
ammonium carbonate, insoluble in hydro-
chloric acid.

With a drop of hot nitric acid, dissolve
clear (865).

The clear solution, with a drop of solu-
tion of silver nitrate, when treated with
vapor of ammonia (from a glass rod moist-
ened with ammonium hydrate and held
near), gives a brick-red or a yellow color
(391).

With vapor of iodine, color yellow, by
formation of arsenious iodide, readily vola-
tile when heated.

Arsenic Mirror.
Deposited beyond the flame; the gas

being decomposed by a red heat (375).

The mirror is driven at 356° C.; it does
not melt.

By vaporization in the stream of gas,
escapes with a garlic odor.

Antimony Spots.

Of a velvety brown to black surface.
Volatile in vacuo at white heat; by oxida-

tion, at a red heat.
Do not dissolve in hypochlorite.
Warmed with ammonium sulphide, form

orange-yellow spots, insoluble in ammonium
carbonate, soluble in hydrochloric acid.

With a drop of hot dilute nitric acid,
turn white.

The white fleck, treated with silver ni-
trate and vapor of ammonia, gives no color
until warmed with a drop of ammonium
hydrate, then gives a black color.

With vapor of iodine, color more or
less carmine red, by formation of anti-
monious iodide, not readily volatile by heat.

Antimony Mirror.
Deposited before, or on both sides of the

flame; the gas being decomposed consider-
ably below a red heat (411).

The mirror melts to minute globules at
450° C., and then is driven at a red heat.

The vapor has no odor.
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By slow vaporization in a current of air
(the tube open at both ends and held in-
clined over the heat), a deposit of octahedral
crystals is obtained above —if abundant,
forming a white coating (366), soluble in
water, the solution giving reactions for
arsenic.

By vaporization in a current of air, a
white amorphous coating is obtained—in-
soluble in water, soluble in hydrochloric
acid, and giving reactions for antimony.

a. The hypochlorite reagent—usually NaCIO—decomposes in the air and light, by
keeping. It should instantly and perfectly bleach litmus-paper (not redden it). It dis-
solves arsenic by oxidation, to arsenic acid:

2As + 5NaCiO -f 3H20 = 2H 3 As04 + 5NaCl

377. When arsenious hydride is passed into solution of silver nitrate,
the silver is reduced to metal (340) by the oxidation of both elements in the
gas—the hydrogen to water, and the arsenic to arsenious acid, which remains
in solution along with the liberated nitric acid (distinction from antimonious
hydride, which precipitates silver antimonide, 411):

AsH, + CAgNOa + 3H2 0 = 6Ag -f H3 As0 3 + 6HNO3
The reactions for the arsenious oxide formed in solution, should be ob-

tained after filtering out the brown-black precipitate of silver, then adding a
very little hydrochloric acid, that the silver in the undecomposed nitrate may
be removed as chloride. From the filtrate, hydrosulphuric acid precipitates
the sulphide, and arsenic may be quantitatively determined from the weight of
this precipitate, after Marsh’s Test. Reliance should not be placed on blacken-
ing of the silver nitrate alone ; as this may be due to SbH3,

or to H 2 S or
to PH S . H 2 S would be generated in the test, from sulphides ; and PH 3 ,

from
hypophosphites or phosphites.

If the material treated with zinc and dilute sulphuric acid be placed in a flask or
large test-tube, and a paper moistened with silver nitrate be tied over the mouth, it will
(on standing), be blackened by arsenious hydride. The interference of hydrosulphuric
acid may be avoided by causing the gas to pass through cotton wool, moistened with
solution of lead acetate, and carefully placed to fill the neck of the vessel, then left
several hours. This operation may be relied on for negative results, in testing the purity
of reagents, etc.

The yellow silver arsenite (370) may be obtained as a distinctive test, with the silver
nitrate* left in solution, undecomposed by the arsenious hydride, after filtering out only
the metallic silver, by the careful addition of ammonium hydrate, in repeated small por-
tions, by the glass rod, till the nitric acid and arsenious anhydride are just neutralized:

H3 As0 3 + 3AgN08 + 6HN03 + 9NH4OH -

AggAsO/ -f- 9NH4NO3 -f 9Ha O

Arsenious hydride received in nitric acid is changed to H3As04, soluble in water
(separation from antimony).

378. Stannous chloride, SnCl2 , reduces arsenious and arsenic oxides, from hot con-

centrated hydrochloric acid solution, as flocculent, black-brown, metalloidal arsenic,
con-
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taining three or four per cent, of tin (Bettendorf’s Method). The arsenic, in solution
with The concentrated hydrochloric acid, acts as arsenious chloride (36(1 b ):

2AsC13 -f- SSnOIs = 2Aa -f 3SnCl 4

The hydrochloric acid should be 25 to 33 per cent.; if not over 15 to 20 per cent., the
reaction is slow and imperfect. Sulphuric acid with sodium chloride may be taken
instead of hydrochloric acid:

In a wide test-tube, place 0.1 to 0.2 gram. (2 or 3 grains) of the (oxidized) solid or solu-
tion to be tested, add about 1 gram. (15 grains) of sodium chloride, and 2 or 3 cub.
centim. (about one fluid drachm) of sulphuric acid, then about 1 gram. (15 grains) of
crystallized stannous chloride; agitate, and heat to boiling several times, and set aside
for a few minutes. Traces of arsenic give only a brown color; notable proportions give
the flocculent precipitate. A dark-gray precipitate may be due to mercury (362, a),
capable of being gathered into globules. If a precipitate or a darkening occurs, obtain
conclusive evidence whether it contains arsenic or not, as follows : Dilute the mixture
with ten to fifteen volumes of about 12 per cent, hydrochloric acid (equal parts of Fre-
senius’s Reagent and wr ater); set aside, decant; gather the precipitate in a wet filter,
wash it with a mixture of hydrochloric acid and alcohol; then with alcohol, then with a
little ether, and dry in a warm place. A portion of this dry precipitate is now dropped
into a small hard-glass tube, drawn out and closed at one end, and heated in the flame:
arsenic is identified by its mirror (375), easily distinguished from mercury (363). Anti-
mony is not reduced by stannous chloride; other reducible metals give no mirror in the
reduction-tube. Small proportions of organic material impair the delicacy of this reac-
tion, but do not prevent it. It is especially applicable to the hydrochloric acid distillate,
obtained in separation of arsenic, according to 384.

379. Metallic copper reduces arsenious oxide, from hydrochloric acid solution, as an
iron-gray film or crust of arsenic with copper, 32 per cent, arsenic, or Cu5 As 2 (IIeinsch’s
Method). The copper should be in bright strips, the solution hot, and the reaction
awaited for some time. If much arsenic is present, the crust peels off in black scales.
The crusts are not evidence of arsenic without further examination—according to 382,
etc.—as antimony, silver, and other metals are reducible by copper. The film may be ob-
tained and afterwards determined as arsenic, when but the 0.0005 gram, is taken in pure
hydrochloric acid solution.

380. In Marsh’s Test, a portion of the arsenic, reduced by the zinc to the
elemental state, remains for a short time, while the arsenic is in excess in the
solution, as a grayish-black film upon the zinc. If the generation of hydrogen
be continued after the arsenic is all reduced, all the latter soon forms arsenious
hydride. The deposition of antimony, in Marsh’s Test, is much greater than
that of arsenic. Also, if the operation be conducted in a platinum vessel or

with platinum foil, in contact with the zinc, the reduced arsenic does not ad-
here to the platinum as firmly as the reduced antimony (408).

381. Potassium cyanide, with sodium carbonate, reduces arsenic from all its com-
pounds, in the dry way:

As 2 Os + 3KCy = 2As -f 3KCyO

As 2 S 3 + 3KCy = 2As + 3KCyS

As 3Sj + 3Naa COs -f 3KCy = 2As + 3Na 2 S + 3KCyO + 3COa
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If this reduction be performed in a small reduction-tube jrith abulb at the end, the
reduced arsenic sublimes and condenses as a mirror (376) in the cool part of the tube.
The presence of compounds of manganese, bismuth, zinc, or antimony, hinders this reac-
tion, but does not prevent it. The test can be performed in presence of mercury com-
pounds, but more conveniently after their removal; in presence of organic material, it is
altogether unreliable. If much free sulphur is present, H. Rose recommends that the
arsenic should be removed from it, by dissolving in ammonia, evaporating the solution to
dryness, oxidizing to arsenic acid with hydrochloric acid and potassium chlorate (885),
precipitating with ammonium hydrate and magnesium solution as arseniate (388); and
washing and drying the latter for the test.

The thoroughly dried substance is mixed with six times its bulk of a dry mixture of
equal parts of anhydrous sodium carbonate and potassium cyanide, and introduced into
the bulb of the reduction-tube, which should not be over half filled. Heat the bulb very
gently over the flame, and if water rises and condenses in the tube, thoroughly dry the
bulb and tube—wiping the inside of the tube with twisted paper. Then heat strongly,
while the tube is held inclined, finally to a full red heat. If arsenic is present, the mirror
will be seen above the bulb, and can be tested, as stated in 376, etc.

This operation becomes a more delicate test, and excludes antimony from the mirror,
if the mixture be placed in a larger horizontal reduction-tube, drawn out narrow at one
end, and connected at the other with an apparatus for generating and drying carbonic
anhydride, which is passed over the substance during the reduction (Method of Frese-
nius and Babo) :

Three parts of anhydrous sodium carbonate, with one of potassium cyanide, are taken,
and ten or twelve parts of this mixture, to one part of the substance tested, the whole
well mixed and thoroughly dried (in the water-oven). The reduction-tube should be
about 1.25 centimeters (one-half inch) wide and 10 to 15 centimeters (four to six inches)
long, besides the drawn out part. At the end not drawn out, it is connected with a small
wash bottle, for sulphuric acid, and this connected with the flask for generating carbonic
anhydride with marble and dilute hydrochloric acid. The dried mixture is introduced
into the middle of the reduction-tube, by aid of a paper gutter; the connections made,
and the substance again dried by gentle heat. When the atmosphere is expelled and a
steady stream of carbonic anhydride is passing through the apparatus, heat the tube
between the mixture and the drawn out end to redness, and then heat the mixture gradu-
ally to redness of the tube, driving the mirror to the narrowed portion of the tube.
Finally, detach the tube, close the small end in the flame, and advance the heat up to
the mirror.

382. Charcoal reduces arsenious oxide very readily, by heat in the glass tube. A
small hard-glass tube is drawn out at one end, the extremity closed in the flame, and a
particle of the well-dried material dropped into the tube, so that it will fall to the end of
the narrow part. A fragment of recently burned charcoal is pushed down nearly to the
substance, and heat applied, first to the charcoal and then to the substance, to redness.
The mirror forms just above the heated part, and may farther be tested as stated in 376.
During the reduction, the garlic odor is observed.

All compounds of arsenic, heated with sodium carbonate on charcoal, and all oxidized
compounds heated on charcoal alone, present the odor of arsenic.

Non-oxidized forms of arsenic, heated in air, as in a glass tube open at both ends,
oxidize to arsenious anhydride (365); and the latter substance sublimes in the tube, pro-
ducing a white coating of microscopic octahedral crystals.

383. If dry arsenious anhydride is heated with dried sodium acetate, in the bulb of a
small reduction-tube, arsen-dimethyl oxide, or cacodyl oxide, As2(0H3 ) 40, is produced
and recognized by its intensely offensive odor:
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As 2 03 + 4KG2 HS 02 = As2(CH 3 )40 + 2K2 C0 3 + 2COa

384. Arsenic is removed from mixture with metallic salts and non-volatile acids, and
obtained in a concentrated form, by distilling the mixture with concentrated hydrochloric
acid—or sodium chloride and sulphuric acid—when arsenious chloride passes over at 132°
C. (270° F.), and condenses with hydrochloric acid. (Regarding arsenic acid, see 395.)
A flask over a sand-bath, with a tube passing through the stopper and then inclined
downwards to a small receiving flask set in a vessel of cold water, constitutes a sufficient
apparatus. The distillate may be examined according to 378.

385. Arsenious compounds are oxidized to arsenic compounds by a large
number of oxidizing agents. As already stated (365 and 368 e,f), the sol-
vents of elemental arsenic, and of arsenious sulphide, produce pentad arsenic
compounds. Among the oxidations of arsenious compounds most used in
analysis, are those by action of chlorine or bromine (a), iodine (J), nitric acid
(c ), copper stdphate with free fixed alkali (r?), and permanganates (e). For
other oxidations, see 843.
a. H8 As0 3 + 201 + H2 0 = H3 As04 + 2HC1

b. H3As0 3 +21 + Ha O = H3 As0 4 + 2HI

c. 3H3 As0 3 + 2HNOs = 3H3As0 4 + 2NO + H.O

d. K3 As0 3 + 2Cu(OH) 2 = K 3 As04 + Cu 2(OH) 2 + H2 0

e. 5H3 As0 3 + 2XMn04 + 6KC1 = 5H3 As04 + 2MuC12 + 2KC1 + 3H20

386. ARSENIC oxide, or anhydride, As2 06 , is a white amorphous solid, melting at
incipient red heat, and at full red heat vaporizing by decomposition into the volatile
arsenious oxide and oxygen.—It is not directly soluble in water, but in contact with
water it gradually forms its hydrates, the arsenic acids—tribasic, H3 As0 4 or
3H2O.As 2 O s ; dibasic, or 2H2 0.As 2 06 ; and monobasic, HAs0 3 or H2 O.As2 O s
—all of which are freely soluble in water, and soluble in alcohol; the solutions reddening
litmus, and decomposing carbonates with effervescence. Arsenic anhydride slowly
deliquesces in air, by formation of hydrates.—The monobasic and dibasic hydrates in
contact with water gradually form tribasic hydrate; in fact, as acids, none of them are
(like the phosphoric acids) definite and stable salts of hydrogen; but they represent three
definite and stable series of metallic arseniates, which closely correspond in composition
and in properties with the three classes of metallic phosphates (705). Of these, the tri-
basic arseniates—represented by H3 As0 4—have the greatest importance. They are tri-
metallic, as K 3 As04 ; di-metallic, as K 2 HAs04 ; and mono-metallic, as KH 2As0 4 .

The arseniates of the alkali metals are all soluble in water; only the mono-metallic
arseniates of the other metals are soluble in water, but their di- and tri-metallic arseniates
are soluble in arsenic acid (as mono-metallic salts) and in the stronger mineral acids (by
decomposition). In acetic acid, they dissolve with more or less difficulty; many of them
are soluble in solutions of ammonium salts.

In analysis, the formation of arsenious hydride occursalike with pentad and
triad arsenic (397). For distinctions from arsenious compounds, see 398.

387. Hydrosulphuric acid, precipitates, very tardily, in solutions of
arsenic acid or acidulated arseniates, the yellow arsenious sulphide) with free
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sulphur, As3 S8 -J- S 3
. In the cold, addition ofsolution of hydrosulphuric acid

causes no appreciable immediate effect (distinction from arsenious acid) ; but,
by treatment with the gas for 12 to 24 hours, better at about 70° C. (160° F.),
all the arsenic can be thrown Also, more readily, by previous reduc-
tion, according to 394. The precipitate has the properties stated in 366 and
368, with the additional properties of free sulphur, which in its recent condi-
tion is taken up by alkali hydrates.

Ammonium sulphide precipitates solutions of arsenic acid, more rapidly
than is done by hydrosulphuric acid, as arsenic sulphide ,

As2 S
5—readily solu-

ble in excess of the reagent, as ammonium sulpharseniate, (NH 4 )3 AsS 4 .

Thiosulphates react as with arsenious compounds (369), free sulphur
being separated.

When the precipitate of As2 S
3 -f- S2 is dissolved by alkali sulphides, sulph-

arseniatcs are formed, as K 3
AsS 4 or 3K 2S.As 2 S

5 ,
and K 4 As2 S7 or 2K 2S.As2 S

3 ,

variably' tribasic and dibasic. Thus :

AsjSj.Sa + 2(NH4 )2S = 2(NH4 ) 2 S.As 2 S 5 [ = (NH 4 )4As 2 S 7]

Dilute ammonium hydrate, and ammonium carbonate, however, dissolve the
arsenious sulphide as sulpharsemYe and arsenite (366 d), leaving the free sul-
phur undissolved.

388. Magnesium salts with ammonium chloride, and free ammonium hy-
drate precipitate ammonium-magnesium arseniate, Mg]>TH4As0 4, white, easily
soluble in acids (distinction from arsenites). The reagents should be first
mixed together, and used in a clear solution—“ the magnesium mixture ’’—to
make sure that enough ammonium salt is present to prevent the precipitation
of magnesium hydrate, by the ammonium hydrate. The precipitate forms
slowly and with crystallization, but completely. Compare with the corre-
sponding ammonium magnesium phosphate (117).

389. Solution of barium hydrate precipitates solution of arsenic acid partially, and
solution of alkali arseniates almost completely, as barium arseniate, BaHAs0 4, from
dimetallic solutions, and Ba 3(As0 4 )a from monometallic. The precipitate is sparingly
soluble in water If ammonium hydrate is added with the baryta, the ammonium-
barium arseniate, BaNH 4As0 4,

is precipitated, insoluble in water, and not made soluble
by ammonium salts or by ammonium hydrate (distinction from arsenites)

The tri- and di-metallic calcium arseniates are insoluble in water; the ammonium
calcium arseniate, CaNH4 As0 4, is sparingly soluble.

390. Salts of the third and second group metals precipitate solutions of arsenic acid
but slightly, but precipitate solutions of tri-metallic and di-metallic alkali arseniates
completely (as, respectively, tri-metallic and di-metallic arseniates)—in accordance with
the solubilities of arseniates stated in 386.

391. Silver nitrate solution precipitates neutralized arsenic acid as silver arseniate,
Ag3As0 4 , reddish-brown; the solubilities and conditions of precipitation being the same
as for the arsenite (370).

Copper sulphate solution precipitates solutions of arseniates as copper arseniate,
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CuHAs04 , greenish-blue, the solubilities and conditions of precipitation being the same
as for the arsenites (371).

392. Ferric salts, with alkali acetates, precipitate, from solution of arsenic acid, or
from acidulated solution of arseniates, ferric arseniate, Fe 2(As0 4 )2 , yellowish-white,
insoluble in acetic acid (compare equation in 188). Ferric salts alone precipitate, from
dimetallic arseniates, two-thirds metallic ferric arseniate, Fe 2 H3(As0 4)s.

393. Ammonium Molybdate (NH4 ) 2Mo0 4, in nitric acid solution, gives a yellow pre-
cipitate of ammonium arsenio molybdate, of variable composition. Compare Phospho-
molybdates (494).

394. Reducing agents change arsenic compounds either into arsenious compounds
only, or into elemental arsenic. Sulphurous acid and sulphites (a), thiosulphates (b),
hypophosphites (c), oxalic acid (d), stannous salts (e), and ferrous salts in concentrated
hydrochloric acid solution at 132° C. (/), reduce arsenic acid to arsenious acid without
farther change; also, the precipitation of arsenic acid as arsenious sulphide involves
reduction by hydrosulphuric acid—a reduction precisely corresponding to that of ferric
salts in their precipitation as ferrous sulphide. For the study of reductions of pentad
arsenic, see 844.

a. Hs As04 + H2 S0 3 = H:iAs0 3 -f H2 S0 4

b. H3 As04 -f Na 2 S 2 Os = H3 As0 3 + Na 2 S0 4 + S

c. 2H 3As0 4 + NaH 2POs = 2H3 As03 + NaH 2F0 4

d. H3 As0 4 + H 2 C2 04 = H,iAs03 + H 2 0 -f 2C0 2

e. H3As0 4 + SnCl2 -f 2HC1 = H3 As03 + SnCl 4 + H 20

/. H3As0 4 -f 2FeCl2 + 5HC1 = Fe 2 Cl0 + 4H 2 0 + AsC13

395. By reaction /, of the preceding paragraph, we are enabled to remove the arsenic
in arsem'e acid, from mixture of non-volatile inorganic salts and acids, by distillation of
arsenious chloride—as directed for arsenious acid, in paragraph 384. In presence of
water, neither heat with hydrochloric acid alone, nor ferrous salts without heat, convert
arsenic acid to arsenious chloride. The hydrochloric acid should be as strong as 25 per
cent.; otherwise, sodium chloride and concentrated sulphuric acid should be used instead.

396. Arsenic acid vaporizes by decomposition at a low red heat (as stated in 386); but,
in absence of reducing agents, the arseniates of the alkali metals bear full ignition with-
out change. In the removal of organic matterby combustion, excess of potassium nitrate
must be added to counteract the reducing influence of the carbon. After fusion as
sodium arseniate, antimony is separated by insolubility, according to the plan in 463.

397. The reducing agents which separate metalloidal arsenic from arsenious com-
pounds, effect the same result with arsenic acid, though not quite so readily. The ana-
lytical methods described in 373 to 383, inclusive, have all been given for arsenious and
arsenic oxides alike. In solution of arsenic acid in water, without other acid, zinc and
other metals do not effect reduction, but are dissolved as acid arseniates with evolution of
hydrogen:

Zn -f 2H3 As0 4 = ZnH4(As0 4) 2 + 2H

398. The reactions distinguishing between arsenious and arsenic acids
have been described: action of arsenious acid as a reducing agent, 385; the
precipitation ofammonium earth-metal arseniates, 388; of arsenio molybdate,
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393; the slow precipitation of arsenic acid by hydrosulphuric acid, 387; the
colors of the silver salts, 370 and 391, and of the copper salts, 371 and 391.

ANTIMONY.

399. A lustrous, bluish-white, brittle, and readily pulverizable metal, fusible at 425°
C. (797° F.), and slowly volatile at a white heat. —It is but little tarnished in dry air; in
moist air it oxidizes slightly, with formation of a blackish-gray mixture of metal and
antimonious oxide; when melted, it oxidizes quickly, and at a red heat it burns with a
white light, and white, inodorous vapors—the formation of the antimonious oxide, Sb,0 3 .

—Boiling concentrated hydrochloric acid slowly dissolves powdered antimony (a), but
when in the compact state it resists that acid; boiling concentrated sulphuric acid slowly
converts it into antimonious sulphate with evolution of sulphurous anhydride ( b); nitric
acid rapidly oxidizes it, the dilute acid forming chiefly antimonious oxide (c), the con-
centrated forming mostly Sb 2 C>4 and antimonic anhydride (d) —these oxides being in-
soluble in the dilute, slightly soluble in the concentrated acid; nitro-hydrochloric acid
rapidly converts the metal into soluble antimonious chloride and insoluble oxides (e); but
if the nitric acid be added to the hydrochloric acid in very small portions during the
solution, only the antimonious chloride is formed (/). Boiling solution of tartaric acid
slowly dissolves precipitated antimony (g). Alkalies do not dissolve it.

a. Sb + 3HC1 = SbCl3 + 3H

b. 2Sb -f 6H2SO4 = Sb 2(S04 )s+ 6H20 + 3S02

c. 2Sb + 2HN03 = Sb 203 + H2 0 -f 2NO

d. GSb + lOHNOa = 3Sb2 06 + 5H20 + 10NO (460)

and 3Sb + 4HN0 3 = 3Sb02 + 2H 2 0 + 4NO

e. Sb + 3C1 = 3SbOls, then, with a part of this solution:

2SbCl3 + 3H2 0 = Sb 2 0 3 + GHC1

also: 2Sb + 10C1 + 5H.O = Sb 2 06 + 10HC1

/. Sb -f Cl3 = SbCl3

g. 2Sb -f- H2(0 4H. 406 ) + 2H.O = (Sb0)2(0 4H40 6) + GH

400. Antimony forms two typical oxides, each having corresponding salts; anti-
monious oxide, representing the metal as a feeble base; and antimonic anhy-
dride, Sbv2 0 3, which does not form a stable acid, but unites with bases, though with less
electro-negative power than the corresponding compound of arsenic.

401. ANTIMONIOUS oxide is slightly soluble in water, insoluble in
alcohol ; freely soluble, by full or partial combination, in aqueous solutions of
tartaric (a), hydrochloric (5), and other acids, not in nitric acid; soluble in
strong solutions of alkalies. The chloride is very deliquescent, and freely
soluble in water acidulated with hydrochloric acid or with tartaric or citric
acid, soluble in aqueous solution of sodium chloride and soluble in alcohol.
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The bromide requires tolerably concentrated hydrobromic, and the iodide,
quite concentrated hyd-r iodic acid, for solution. The sulphates require moder-
ately concentrated sulphuric acid for solution (compare 201 ; and see, further,
402). The tartrate is soluble in water without aeidulation; the potassium an-

timonious tartrate, soluble in water, and in glycerine, insoluble in alcohol.

a. Sb 403 + H2(0 4H 40c) = (Sb0)a(C 4H 40 8) + H 2 0

b. Sb 2 03 + (6+n)HCl = 2SbCl3 -f 3H2 Q -f «HC1

In analysis, antimony sulphide is separated, with arsenic and tin sulphides,
from other second groupprecipitates, by solution in ammonium sulphide (455).
The separation from arsenic and tin is effected through antimonious hydride
(400 and 41L).

402. Water decomposes the acidulated solutions of antimonious salts,
with precipitation of a portion as basic salt

,
and the separation of acid, which,

restoring the acid strength lost by dilution with the water, holds the other
portion of the original salt in solution, in solution of the chloride, SbCls,

the basic salt precipitated by water is the white antimonious oxychloride,
SbOCl, “ Powder of Algaroth ”

:

SbCl3 -f H 2 0 = SbOCl + 2HC1

The composition of the precipitate is variable, however, each addition of
water removing more hydrochloric acid, and leaving the precipitate nearer to
the normal oxide. For example :

3SbCl 3 + 411*0 = Eb s04Cl + 8HC1

The precipitate is soluble in tartaric acid (distinction from bismuth, 288).
In presence of sufficient tartaric or citric acid. M ater does not decompose anti-
monious chloride; the tartrates of antimony, and of antimony and potassium,
being dissolved by water without decomposition. The water solution of tar-
trate is liable to precipitation of basic salt by hydrochloric, sulphuric, and
nitric acids.

403. Solutions of the fixed alkali hydrates precipitate, from the acidu-
lated solution of antimonious chloride or of other inorganic antimonious salt,
in absence of tartaric and citric acids, the white and bulky antimonious oxide,
Sb.,0 3 . quite readily soluble in excess of the reagents, more quickly by heating;
soluble in solution of fixed alkali carbonates M’hen heated, but scarcely at all
in the cold; insoluble in ammonium hydrate. The precipitate is slightly solu-
ble in Mr ater, and becomes crystalline after warming, if no alkali hydrate is
present. It dissolves readily in solution of tartaric acid (401 a), also in that
of potassium hydrogen tartrate ( a).

The solution of antimonious oxide by alkalies is due to its combination with them,
acting as a feebly acidulous anhydride and forming antimonites, which are found to be
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monobasic, so far as capable of isolation ( b). Sodium antimonite, NaSb0 2 ,
is the most

stable and least soluble in water: potassium antimonite, KSb0 2 , is freely soluble in
dilute potassium hydrate solution, but decomposed by pure water. By long standing(24
hours), a portion of the antimonious oxide deposits from the alkaline solution, and the
presence of alkali hydrogen carbonates causes a nearly complete separation of that oxide
(equation c, 404):

a. Sb2 Oa + 2KH(C 4H 406 ) = 2KSb0(C4H 406) + H 2 0

b. 2SbCl3 + 6KOH = Sb 2 03 + 6KC1 + 3H20

Sb 2 0 3 2KOH = 2KSb0 2 + H2 0

Or: Sb01 3 + 4KOH = KSb02 + 8KC1 -f 2H 2 0

Ammonium hydrate gives the same precipitate, Sba Oa, scarcely at all
soluble in excess.

404. The alkali carbonates likewise precipitate antimonious oxide (a)
soluble in a strong excess of the fixed alkali carbonates when warmed (b)
(distinction from tin); insoluble in excess of ammonium carbonate (distinction
from antimonic oxide). The solution in fixed alkali carbonates deposits anti-
monious oxide on cooling and standing (c) :

a. 2SbCl3 + 3K 2 C0 3 = Sb 2 03 + 6KC1 + 3C0 2

b. SbCl3 + 4K 2 C0 3 + 2H 2 0 = KSb0 2 + 3KC1 + 4KHC03

c. 2ESb0 2 + 2KHC03 = Sb 203 + 2K 2 003 + H 2 0

405. Hydrosulpburic acid precipitates, from not too strongly acidulated
solutions of antimonious salts, the orange-red antimonious sidphide,

Sb 2S 3

(hydrated), slightly soluble in pure water, insoluble in water containing H2 S.
In neutral solutions (tartrate) the precipitation is imperfect, non-acidulated so-

lution of the potassio tartrate being only colored; in strong hydrochloric acid
solutions and in strong alkaline solutions, the precipitation is prevented. Al-
kali sulphides give the same precipitate, soluble in excess of the reagents (a),
then reproduced by acids as antimonic sulphide (5). The antimonious sul-
phide is soluble in fixed alkalies (c) ; in alkali sulphides, more readily if
they contain excess of sulphur (a) and quite difficultly in normal (colorless)
ammonium sulphide; only slightly soluble in ammonium hydrate and scarcely
at all soluble in ammonium carbonate (distinction and separation from ar-
senic, 368); slowly soluble by boiling solution of fixed alkali carbonate (cl)
(distinction from tin) ; soluble in hydrochloric acid, either moderately dilute
or stronger (separation from arsenic, 368) (e) ; soluble in nitro-hydrochloric
acid (f) ; insoluble in solutions of acid sulphites (distinction from arsenic,
461); left insoluble by nitric acid (separation from arsenic, 460).

In the solutions in alkali sulphides, the antimonious sulphide exists as alkali sulpho-
salt; sulphantimoniate when from action of yellow ammonium sulphide (equation a)z
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a. Sb 2 S3 + 8(NH 4) 3Sa = 2(NH4 )»SbS* + S

b. 2(NH 4 )s SbS 4 + CHOI = Sb 2 S5 + 6NH4C1 + 8H„S

c. Sb 2 S 3 + 4NaOH = Na 3SbS 3 + NaSbO, -f 2H30

d. Sb 2 S 3 -f 2Na2 C0 3 = Na 3SbS 3 + NaSbOa + 2C0 3

e. Sb 2S 3 + 6HC1 = 2SbCl3 + 3H2 S

/. Sb 2 S 3 + GC1 = 2SbCl3 + 3S (dissolving as H 2S0 4)

or Sb 2 S3 + 10C1 + 5K 2 0 = Sb 2 O s + 10KC1 + 3S

406. Thiosulphates —as Na 2 S2 03 —likewise precipitate antimonious sulphide (separa-
tion of arsenic and antimony from tin, 462):

2SbCl 3 + 3Na2 S 2 03 + 3H2 0 = Sb 2 S3 + 3Na2 S0 4 -+- 6HC1

407. Potassium cyanide gives a white precipitate.— Ferrocyanidea (in absence of
tartaric acid) give a white precipitate, insoluble in acids. —Oxalic acid (in absence of
tartaric acid) gives a white crystalline precipitate, forming slowly but completely.
Potassium iodide with hydrochloric acid in antimonious solutions gives only a yellow
color—no free iodine (distinction from anlimonic acid, see 423).

408. Antimonious oxide is reduced to the elemental state by agents, and with re-
actions, similar to those effecting the reduction of arsenious oxide.

Stannous chloride, however, does not reduce it (distinction from arsenic).
The metals : magnesium, zinc, iron, cadmium, lead, tin, copper, and bismuth, pre-

cipitate from antimonious solutions (in absence of nitric acid) the brown-black metallic
antimony:

2SbCl3 + 3Zn = 2Sb -f- 3ZnCI2

If antimony be reduced from a dilute hydrochloric acid solution by zinc, on platinum
foil or in a platinum dish, the larger portion of the antimony is deposited as a brown or
black adherent coating or stain on the platinum, while a portion passes off as antimonious
hydride along with free hydrogen. The stain is removed by warm nitric, not by hydro-
chloric acid. In this test, tin deposits as a loose, spongy mass, soluble in hydrochloric
acid (434), and arsenic does not closely adhere to the platinum (380).

409. If hydrogen be generated, more abundantly than in the operation
last mentioned, by zinc with dilute sulphuric or hydrochloric acid, in a Marsh’s
apparatus, a smaller portion of antimony is deposited with the zinc, while
antimonious hydride, SbH3, is obtained for examination (compare arsenic,
373):

Sb 20 3 + 6Zn + 6H2 S04 = CZnS0 4 -f- 3H2 0 + 2SbH 3

SbCl3 + 3Zn 4- SHOl = 3ZnCl2 4- SbH3

410. Antimonious hydride burns with a luminous and faintly bluish-green
flame, dissipating vapors of antimonious oxide and ofwater [a) ; or depositing
antimony on cold porcelain held in the flame, as a lustreless brownish-black
spot (l>). The gas is also decomposed by passing through a small glass tube
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heated to low redness, forming a lustrous ring or mirror in the tube. The
spots and mirror of antimony are compared with those of arsenic in 376.

a. 2SbH 3 + 60 = Sb 2 03 + 3Ha O
b. 2SbH 3 + 30 = 2Sb + 3Ha O

411. When the antimonious hydride is passed into a solution of silver
nitrate, the silver is reduced by the hydrogen, leaving all the antimony with
the silver, as silver antimonide, Ag 3Sb, a black precipitate (distinction from
arsenic, which enters into solution, 377) :

SbH 3 + 3AgN03 = Ag3 Sb + 3HN03

If the precipitate be removed and washed free from undecomposed silver
salt (and arsenious acid, if that be pi’esent), the antimony may be dissolved out
by boiling for some time with concentrated solution of tartaric acid (399 g).
Also, hydrochloric acid, more readily, dissolves the antimony from Ag 3Sb,
though it cannot dissolve uncombined antimony. The solution consists of an-
timonious chloride, leaving AgCl. The solution may be tested for antimony
by hydrosulphuric acid. Also, SbH

3
received in nitric acid changes to 8b O.,

insoluble in water (separation from As).
412. All compounds of antimony are completely reduced in the dry way

on charcoal with sodium carbonate, more rapidly with potassium cyanide ; the
metal fusing to a brittle globule (compare 399). The reduced metal rapidly
oxidizes, the white oxide rising in fumes, and making a crystalline deposit on
the support. The same white oxide is formed on heating antimony or its sul-
phides in a glass tube (b). The equations for reduction correspond to those
given for arsenic, in 381.

413. The oxidation of antimonious compounds to antimonic compounds
requires strong oxidizing agents ; that is, antimonious oxide is not a powei’ful
reducing agent. A list of its oxidations is given in 841. The action of nitric
acid and chlorine has been stated in connection with metallic antimony (399 d
and e ). Silver oxide (414), gold chloride (415), chromic acid (416), and per-
manganates, oxidize antimonious compounds, their reactions (especially the
first-named), giving us delicate tests in distinction from antimonic compounds.
For distinction of antimonic compounds, see, also, the oxidizing action of anti-
monic acid on iodides in 423.

414. . Solution of silver nitrate —with the potassium or sodium hydrate solution of
antimonious oxide, KSb0 2 —gives a black precipitate of argentous oxide, AgiO (see equa-
tion), insoluble in ammonium hydrate, and mixed with gray argentic oxide, which is
dissolved out by the ammonia. If chlorides are present in the solution, the silver chlo-
ride produced will also dissolve in ammonium hydrate, leaving only the black argentous
oxide. Now, the alkaline antimonies, formed if antimonic compound was present in
the substance taken in this test, precipitate whitesilver antimoniate, soluble in ammonium
hydrate (leaving still the evidence of antimonious compounds) :

KSbO? -f- 2Ag3 0 (see 330) = Ag 40 + KSbOs
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Silver nitrate, in acid solution of antimonious chloride, precipitates Sb2 0 3 with
AgCl. the latter dissolving in ammonium hydrate, and leaving the former (no oxidation
of the antimony being effected) :

2SbCl3 + 6AgN03 + 3H2 0 = Sb2 03 + 6AgCl + 6HN03

In solution of potassium antimonious tartrate, silver nitrate precipitates only silver
tartrate, soluble in ammonium hydrate, the antimonious oxide being held in solution as a
tartrate. Thus:

2KSb0(C4H 406) + 2AgN0 3 = Ag2(C 4H 4 O0 ) + (SbO) 2(C 4H 4 0£> -f 2KNOs

415. Solution of auric chloride, AuC13 is reduced, in boiling (acid) solution of anti-
monious chloride, to metallic gold, as a yellow precipitate, mixed with antimonic oxide
as a larger bulk of white precipitate, unless much excess of hydrochloric acid is present to
hold antimonic chloride in solution (420) :

4AuC13 + 3Sb. 2 Oa + GH20 = 4Au + 3Sb 205 -f- 12HC1

416. Chromic acid—obtained with K 2 Cr2 07 -f- 2HC1—is reduced to chromic salt,
Cr,Cl5 , by acid antimonious solutions ; the liquid turning green, and antimonic oxide,
Sb 20 5 , being precipitated or left in solution—as a sparing or abundant excess of acid is
present (420).

417. ANTIMONIC oxide, or anhydride (see 400), is a yellowish powder,
but slightly soluble in water; soluble in concentrated hydrochloric acid and in
tartaric acid, scarcely at all in nitric acid. Antimonic chloride, SbCl5, is com-
pletely decomposed by water; the sulphide,

Sb 2 S5 ,
insoluble in water.

There are two hydrogen antimoniates or acids: antimonic acid, H2 0Sb 2 05 or HSb03 ,

monobasic; and metantimonic acid (H 2 0)2 Sb 2 05 or H 4 Sb 20 7 , dibasic, or isomeric with
antimonic acid and monobasic; the former being produced when antimony is dissolved
by excess of nitric acid (399 d), or when an antimoniate is decomposed by a stronger acid
(420); the latter being formed in the decomposition of antimonic chloride by water. Free
metantimonic acid holds (H 20) 2 in addition to the basic water.

418. Antimonic acid (ordinary modification), HSb03 , is sparingly soluble in water,
reddens litmus, and dissolves in concentrated hydrochloric acid, or, slowly, in a large
proportion of water acidulated with that acid; also in tartaric acid. It dissolves, by com-
bination, with cold solution of potassium hydrate, but not in cold solution of ammonium
hydrate. By fusion with potassium hydrate it is changed to a salt of metantimonic acid.
—Metantimonic acid, dibasic H 4Sb2 0 7 or (H 2 0) 2 Sb2 05, and monobasic HSb0 3 , is more
soluble in water, in acids, and in ammonium hydrate, than antimonic acid, its isomer,
into which it easily changes.

The normal antimoniates—as KSb0 3—are all insoluble in water, except a hydrated
potassium antimoniate, and this is made anhydrous and insoluble by boiling in solution.
The super-antimoniates, as K 2 0(Sb2 05 )2, are all insoluble in water. The dibasic metan-
timoniates—as (K20) 2 Sb 2 05 —are insoluble in water, but the potassium and the ammo-
nium salts dissolve intact in water containing much alkali hydrate. All dibasic metanti-
moniates are decomposed by pure water with formation of monobasic metantimoniates—-
as K2 0Sb 2 0 B or KSb0 3 —isomeric with the normal antimoniates. Of the monobasic met-
antimoniates, only those of potassium and ammonium are soluble in water.

419. The monobasic potassium metantimoniate, or “granular antimoniate of potas-
sium,” KSbOa, is used as a precipitant for sodium (48), and is prepared by fusing anti-



Antimonic Compounds. 129

monic acid with large excess of potassium hydrate; then dissolving, filtering, evaporating,
and digesting hot, in syrupy solution, with large excess of potassium hydrate, best in a
silver dish, decanting the alkaline liquor, and stirring the residue to granulate, dry. This
reagent must be kept dry, and dissolved when required for use; inasmuch as, in solution,
it changes to the dibasic metantimoniate, which does not precipitate sodium. The re-
agent is, of course, n'ot applicable in acid solutions.

420. Slight additions of water precipitate the concentrated hydrochloric
acid solutions of antimonic acid, or antimonic chloride, as dibasic metantimonic
acid, (H,0),Sb,0, 0rH,Sb,O, (417); the precipitate being sparingly soluble
in the acidulated liquid.—Acids precipitate, from solutions of alkali anti-
inoniates and metantimoniates, the corresponding antimonic acid, HSbOa or
H 4Sb„0 7 . Tartaric acid prevents these precipitations.

421. Hydrosulphuric acid and sulphides precipitate the orange-colored
antimonic sulphide, Sb2 S

5 , having the solubilities stated for antimonious sul-
phide, in 405—antimonfc compounds forming in the solution. Both dibasic
and tribasic sulphantimoniates are formed. The typical, tri basic salts occur as
follows :

Sb 2 S5 + 3(NH 4) 2 S 2 = 2(NH 4) 3 SbS 4 + 3S (Compare 405, a.)

Sb,S 5 + 6HC1 = 2SbCl3 + 2S + 3H2 S ( “ 405, e.)

Sb 2 S s + GC1 = 2SbCl3 + 53 ( “ 399, e.)

Or: Sb 2 S 5 + 1001 + 5H20 = Sb2 O s + 10HC1 + 5S

422. Antimonic acid is reduced to metal by all the reducing agents stated
for antimonious oxide in 408, having the same behavior with zinc and platinum,
and in Marsh’s test:

Sb2 05 + 8(Zn -f- H 2 S0 4) = 8ZnS0 4 + 5H2 0 + 2SbH 3

Stannous chloride reduces antimonic to antimonious compounds, but, as stated in
408, does not reduce the latter :

SbCl5 + SnCl2 = SbCl3 + Sn01 4

423. Antimonic acid is reduced to antimonious iodide by hydriodic acid, as follows
(distinction from antimonious compounds, 407):

SbCls + 5KI =r Sbl 3 + 21 + 5KC1

If potassium iodide is added to hydrochloric acid solution of antimonic compounds,

a dark brown precipitate of iodine appears; if only antimonious compound is present, the
solution is colored yellow, but remains clear. In both cases, free hydriodic acid is
formed. If the proportion of antimonic compound be very slight, the liberated iodine
will still be revealed by its violet color in the subsiding layer, after agitation with carbon
disulphide and subsidence. Of course, the liquid and the hydrochloric acid must be
strictly free from uncombined chlorine, and the iodide must contain no iodate that is,
the two reagents must not precipitate each other.

424. By ignition, in the absence of reducing agents, antimonic acid and
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anhydride are reduced to antimonious antimoniate, Sb 203
Sb205 ; or SbO,2 ,

antimony dioxide; otherwise given as Sb204 ; a compound unchanged at a red
heat, and obtained for quantitative determinations.

425. The antimoniates of the fixed alkali metals are not vaporized or decomposed
when ignited in absence of reducing agents. Hence, by fusion in the crucible with soda
and oxidizing agents—i.e., with sodium nitrate and carbonate —the compounds of anti-
mony, and of arsenic (396), are converted into non-volatile sodium metantimoniate and
arseniate, Na 4Sb 20 7, and Na 3 As0 4 . If now the fused mass be digested and disintegrat-
ed in cold water and filtered, the antimoniate is separated as a residue (NaSb03 —418),
while the arseniate remains in solution with the excess of alkali. The operation is much
more satisfactory when the arsenic and antimony are previously fully oxidized—as by
digestion with nitric acid—as the oxidation by fusion in the crucible is not effected soon
enough to retain all of the arsenic or antimony which may be in the state of lower oxides,
sulphides, etc. If compounds of tin are present in this operation—and if the fusion is not
done with excess of heat, so as to convert sodium nitrite to caustic soda and form the sol-
uble sodium stannate —the tin will be left as stannic oxide, Sn0 2 , in the residue with the
NaSb0 3. But if sodium hydrate is added in the operation, the tin is separated as stan-
nate in solution with the arsenic. For a plan of separations, based on these facts, see 463.

TIN.

426. A lustrous white metal, fusible at 230° C. (446° F.), volatile (when not in contact
with the air) at a white heat. —It tarnishes a very little in pure air or with moisture, but
more in air containing hydrosulphuric acid; when fused in the air it forms a mixture of
stannous and stannic oxides with moderate rapidity; at a white heat it burns in the air
with a dazzling white light, and formation of stannic oxide; at a red heat it decomposes
steam with evolution of hydrogen.—It dissolves with hydrochloric acid, slowly when the
acid is dilute and cold, but rapidly when hot and concentrated—stannous chloride and
hydrogen being produced (a); in dilute sulphuric acid, slowly, with separation of hydro-
gen ( b); in hot concentrated sulphuric acid, rapidly, with separation of sulphurous anhy-
dride and sulphur (c); nitric acid concentrated does not act upon it, the dilute acid ra-
pidly converts it into metastannic acid, insoluble in acids (d) ; very dilute nitric acid dis-
solves it without evolution of gas as stannous nitrate and ammonium nitrate (e); nitro-
hydrochloric acid dissolves tin easily as stannic chloride (/); potassium hydrate solution
dissolves it very slowly, and by atmospheric oxidation (g) ; or, at high temperatures, with
evolution of hydrogen ( h).

a. Sn -f 2HC1 = SnCl2 + 2H
b. Sn + H 2 S0 4 = SnS0 4 + 2H
c. Sn + 2H 2 S0 4 = SnS0 4 + 2H 2 0 + S0 2 ,

and then

2SnS04 -f S0 2 + 2H2 S0 4 = 2Sn(S04 )a -f S + 2H 2 0

d. 3Sn + 4HN0 3 = 3Sn0 2 + 2H 2 0 -f- 4NO (compare 438)
e. 4Sn + lOHNOs = 4Sn(NO s) 9 + 3H20 + NH 4N03

/. Sn + 4C1 = SnCli
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g. Sn -f 2K0H + O = K2 SnOa -f Ha O

h. Sn -f- 2KQH = K 2 Sn0 2 -f 2H *

427. Tin forms two stable oxides and corresponding classes of salts : stannous oxide,
Sn 'O, and stannic oxide, Sn,,,/0 2 ; the latter acts both as a base, in stannic compounds,
and as an acidulous anhydride, in stannates «of metals. Stannous compounds readily
change to stannic compounds by contact with the air and by nearly all oxidizing agents
(437), being themselves powerful reducing agents; stannic compounds are not easily re-
duced to stannous combinations, being feeble oxidizing agents. In respect to the relative
stability of its two classes of salts, tin resembles iron • stannous salts, however, are rela-
tively less permanent than ferrous salts—in accordance with the fact that stannic sul-
phide is formed, and ferric sulphide is not formed, in precipitation by sulphides.

428. STANNOUS oxide, hydrate, sulphide, oxy-chloride, phosphate, and
oxalate, are insoluble in water. The chloride requires quite strongly, and the
nitrate moderately acidulated water for solution ; the bromide, the iodide, and
sulphate, dissolve in pure water (261).

Tin is separated, as a sulphide, with arsenic and antimony, from other
second group sulphides, by solution with yellow ammonium sulphide (455) :

from arsenic and antimony it is easily separated by reduction in Marsh’s test
(435). Stannous salts are distinguished by their reducing power (437).

429. Water partially decomposes the acidulated solution ofstannous chlo-
ride ; precipitating stannous oxychloride, soluble in acids, the liberated acid
preventing complete precipitation:

2SnCl2 -h H 2 0 = Sn2 OCl2 + 2HC1

The atmosphere causes, in solutions of stannous chloride, a precipitate of
stannous oxychloride with formation of stannic chloride; a change which
occurs in the reagent kept in bottles frequently opened, and is retarded by-
presence of sufficient hydrochloric acid with metallic tin.

3SnCl2 -f O = Sn 2 OCl2 + SnO! 4

430. The alkali hydrates precipitate, from solutions of stannous salts,
stannous hydrate, Sn(OH) white, readily soluble in excess of the fixed alkali
hydrates, as alkali stannite, K2 Sn02, insoluble in ammonium hydrate (distinc-
tion from antimony) :

SnCl2 + 2KOH = Sn(OH) 2 + 2KC1
Sn(OH) 2 -f 2KOH = K 2 Sn0 2 -j- 2H 20

By boiling, the precipitate becomes anhydrous, SnO, without change of
color. Boiling in strong potassium hydrate solution, more quickly by the addi-

tion of a little tartaric acid, blackens the precipitate, which now contains
metallic tin.

Alkali carbonates also precipitate stannous hydrode, insoluble in excess
(distinction from antimony). Barium carbonate precipitates all the tin as

hydrate, in the cold.
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431. Hydrosulphuric acid and sulphides precipitate the dark-brown
stannous sulphide,

SnS (a), hydrated, insoluble in dilute, soluble in mode-
rately dilute acids, as stated below. Thiosulphates do not give a precipitate
—distinction from arsenic (360), and from antimony (406).

Stannous sulphide is readily dissolved by alkali supersulphides, the yellow sulphides,
with formation of sulphostannates (b), from which acids precipitate the yellow stannic
sulphide (442) (c), but the normal, colorless, alkali sulphides scarcely dissolve any stan-
nous sulphide. Potassium hydrate and sodium hydrate dissolve it as stannites with
sulphosiannites (d), from which acids precipitate again the brown stannous sulphide (e);
ammonium hydrate and the alkali carbonates do not dissolve it (distinction from arsenic,
368, and with fixed carbonates distinction from antimony, 405 d). It is not soluble by
acid sulphites (distinction from arsenic, 368).—Hydrochloric acid dissolves it, as stan-
nous chloride, with evolution of hydrosulphuric acid (/); nitro-hydrochloric acid—free
chlorine—as stannic chloride with residual sulphur (g) ; nitric acid oxidizes it to meta-
stannic acid, without solution (separation from arsenic, 460).

a. SnCl2 + HjS = SnS + 2HC1

b. SnS + (NH 4) 2S 3 = (NH 4) 2 SnS 3

c. (NH 4 )2 SnS 3 + 2HC1 = SnS2 + 2NK 4 C1 + H 2 S

d. 2SnS + 4KOH = K 2 Sn02+ K 2 SnS 2 -f 2H 20

e. (K2 Sn02 + K 2 SnS 2) + 4HC1 = 2SnS + 4KC1 + 2Ha O

/. SnS + 2HC1 = SnCl2 + H 2S (for SnS2 , see 442).

g. SnS + 401 = SnCl 4 + S

432. 'Potassium iodide precipitates—from solutions not very dilute, as nearly neutral
as possible and free from stannic salt —the yellow stannous iodide, Snl2 , sparingly solu-
ble in water, more soluble in warm than cold water, and slightly decomposed by water
with precipitation of variable, yellow, stannous oxy-iodides ; slightly soluble in excess of
the reagent, the potassio stannous iodide being mostly decomposed by water, less in dilute
solutions; soluble in hydrochloric acid, and in solution of potassium hydrate. With
stannic salts in water solution, the iodides react as follows (see 439):

Sn014 + 4KI = Snl 4 -f- 4KC1

And. simultaneously: Snl4 -f 3Ha O = SnO(OH) 2 -f 4HI

433. Alkaline phosphates precipitate stannous phosphate, Sn 3(P0 4) 2 , white, variable
by conditions.—Oxalates precipitate stannous oxalate, SnC 20 4,

white. —Ferrocyanides
give a white gelatinous precipitate; ferricyanides, a white precipitate (with stannic
salts, no precipitate). —Cyanides precipitate stannous hydrate, with liberation of hydro-
cyanic acid.

434. Tin is reduced by zinc: from freely acidulated stannous or stannic
solutions, as a gray spongy mass (Sn); from alkaline solutions, as lustrous
•crystals. With zinc on platinum foil or in a platinum dish, the tin reduced,
from acid solutions, collects mostly on the zinc, does not stain or adhere to the
platinum, and, however reduced, dissolves in hydrochloric acid (426 a) (dis-



Stannic Compounds. 133

tinctions from antimony and from arsenic; see 408). But reduction by metallic
aluminium, or magnesium, is much more prompt and satisfactory.

435. In Marsh’s Test for arsenic (373) and antimony (409), if tin is pre-
sent, it will be deposited as a dark-colored powder, as stated in the preceding
paragraph, not adherent to the zinc. Arsenic is deposited early in the opera-
tion, and finally all removed in the gas; antimony is not wholly, but is mostly
removed, at the last; tin, not at all. If all the zinc is permitted to dissolve
while the acid is not expended, the deposit of tin will slowly dissolve in the
dilute acid. Indeed, tin may be used instead of zinc, in Marsh’s Test. With
zinc present, the tin does not dissolve; and after the arsenic has all been ex-
pelled in the gas, the tin may be rinsed away from the zinc by the water-jet,
and dissolved with moderately concentrated hydrochloric acid, while any
antimony present remains undissolved (426 a, and 399 a). The antimony
may afterwards be quickly dissolved by nitro-hydrochloric acid, and tested.

436. Before the blow-pipe, on charcoal, with sodium carbonate, and more
readily by addition of potassium cyanide, tin is reduced to malleable lustrous
globules—brought to view (if minute, under a magnifier) by repeated tritura-
tion of the mass with water, and decantation of the lighter particles. A little
of the white incrustation of stannic oxide will collect on the charcoal near the
mass, and by persistence of the flame on the globules, the same coating forms
upon them. This coating, or oxide of tin, moistened with solution of cobalt
nitrate, and again ignited strongly, becomes of a blue-green color.

437. Stannous salts are oxidized to Stannic Salts by a large number of
reagents (see 427). Stannous chloride is one of the most convenient and
efficient of the ordinary, discriminative deoxidizing agents, for operations in
the wet way. As stannic chloride is soluble in the solvents of stannous
chloride, no precipitate of tin is made by its reducing action; but many other
metals are so precipitated by reduction to insoluble forms. Thus:

Mercuric chloride is reduced from solution, first to white mercurous chloride, and then
to gray mercury (362 a); silver nitrate, to brown-black silver (340); arsenic, from arsenic
to arsenious compounds (394 eh and all soluble compounds, to black precipitate of
arsenic ( 378); antimonic compounds, to soluble antimonious compounds (422); bismuth
salts, to monoxide (297); chromic acid, to green chromic salt, left in solution (166 /);

ferric salts, to ferrous salts, left in solution (171 d) ; aunc chloride, to the violet preci-
pitate of gold (475). Sulphurous anhydride, in ordinary relations a strong reducing
agent, serves to oxidize stannous chloride; warm digestion with sulphites and hydrochlo-
ric acid giving a precipitate of stannic oxy-sulphide, (Sn02 )r,SnS2 .

Nitric acid changes
stannous to stannic compounds, chiefly with formation of nitric oxide and ammonium
nitrate. —Ferricyanides effect the same change, with formation of ferrocyanides ; and
permanganates, with production of manganous salts. Many of these reactions are ap-
plicable in distinguishing stannous from stannic salts. A very dilute mixture of ferri-
cyanide and ferric salt makes a delicate, though not distinctive test for tin as a dyad.

438. STANNIC oxide or anhydride (see 427) forms two well-marked hydrates or
acids; stannic acid, H2 SnOs, and metastannic acid, HioSnaOjo (variable). Stannic acid
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is formed by precipitating stannic salts with alkalies (440); metastannic acid, by action of
nitric acid on tin (420 d, then—5Sn03 -f- 5H2 0 = H 10Sn5 Oi6).

Stannic acid is insoluble in water, but readily forms soluble stannic salts with hydro-
chloric, sulphuric, and nitric acids, and soluble alkali stannates with the alkali hydrates;
other stannates being insoluble. Metastannic acid is insoluble in acids, and does not
form metastannic salts; but dissolves in fixed alkalies, with formation of metastannates.

439. The stannic oxide, hydrate, sulphide, and phosphate, are insoluble in
water. The chloride and bromide are scarcely at all decomposed by water;
the iodide, almost wholly decomposed by water (see equation, 432). The
relations of stannows chloride, bromide, and iodide, to water, are each quite
the reverse of the corresponding stannic haloids, as shown by comparison with
428. Stannic sulphate is decomposed by boiling its water solution. Stannic
chloride and iodide are soluble in alcohol.

440. The alkali hydrates and carbonates, and barium carbonate, pre-
cipitate from solutions of stannic salts, stannic acid, H„Sn0 2 , white; soluble
in excess of fixed alkali hydrates and carbonates ; insoluble in ammonium
hydrate and carbonate (distinction from antimony). The alkaline solutions
contain stannates:
SnCl 4 + 4KOH = H2 SnOs + 4KC1 + H-.0

H 2 Sn0 3 + 2KOH = K 2 SnQ3 -f 2H 2 0

SnCl 4 ‘+ 2(NH4) 2 C03 + H 2 0 = Ha Sn0 3 + 4NH 4 C1 -f 2COa

H2 Sn0 3 + K 2 C03 = K 2 Sn03 -f H.O -f C0 2

441. A peculiar precipitation of metastannic acid, Hi 0 Sn0 Ois, is produced by most
normal alkali salts, on boiling in concentrated solution. Thus:
5SnCl 4 + 20Na2 SO 4 + 15H2 0 = H 10Sn5O 16 -f 20NaCl -f 20NaHSO 4

5SnCl 4 + 20NH 4NO3 + 15H2 0 = Hn,Sa5 0,5 + 20NH 4C1 + 20HNO 3

442. Hydrosulphuric acid and sulphides precipitate stannic sulphide,
SnS2 , hydrated, yellow, having the solubilities given in 431 for stannows sul-
phide, with this difference, that stannic sulphide is moderately soluble in nor-
mal, colorless, alkali sulphides. With the stannic sulphide precipitate, yel-
low, we have these reactions, different from those in 431 ; the others being
the same as with stannous sulphide:

SnCl 4 -f- 2H 2 S = SnS 2 4HC1 Corresponding to 481, a.

SnS 2 + (NH 4) 2 S = (NH 4 )2 SnS 3
“ “ “ b.

SnS 2 + (NH 4) 2 S 2 = (NH 4) 2 SnS 3 + S

2SnS 2 + 4KOH = K2 SnQ3 -f K 2 SnS3

-f H 2 S -f H2 0 “ “ “ d.

(K2 Sn0 3+ K 2 SnS 3 + H 2 S) -f- 4HC1 =

2SnS 3 + 4SC1 + 3H2 0 “ “ “ e.

SnS 2 + 4HC1 = SnCl 4 -f 2H 2 S “ “ “ /.
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443. Phosphates precipitate basic stannic phosphate, Sn2 0(P0 4 )2, white; Ferrocy-
anides give a white, and ferricyanides, no precipitate.

444, Stannic salts are reduced to Stannous Salts by metallic tin or
copper.

SnCl 4 + Sn = 2SnCl2

Concerning the reduction of stannic compounds to metal, see 434, and
blow-pipe reactions, 436.

The behavior of stannic oxide in fusion with sodium hydrate and carbonate
—used in separation from antimony and from arsenic—is described in 425 and
in 463.

445. Comparison of Certain Reactions of Arsenic, Antimony, and
Tin.

Taken as Arsenious Oxide, Antimonious Chloride, Stannous Chloride, or
other soluble Compounds.

As'" Sb'" Sn"

H2 S forms colored
sulphides, soluble
in (NH.i)sS2 ,

and in
alkalies, reprecipi-
tated by acids.

As2 S3 , yellow, insol-
uble in HC1, sol-
uble in (NH 4 )2 C0 3
(368).

Sb 2 S 3 , orange, solu-
ble in HOI, insolu-
ble in (NH 4 )2 C03

(405).

SnS ; brown (SnS2
yellow), soluble in
HOI, insoluble in
(NH 4) 2 C03 (431).

NH4OH in excess. No precipitate. Sb2 03 ,
white (403). Sn(OH) 2 ,

white (430).

Zn and dilute H 2 S0 4 AsH3 (gas) (373). In
AgN03, forms Ag
and H3 As03 (377).

SbH 3 (gas) (409). In
AgN03 forms Ag3 -

Sb, black precip.
(411).

Sn, a gray mass (435).

Dilution of saturated
solutions. /

SbOCl, white. Dis-
solved by tartrate
(402).

Sn2 OCl2 ,
white (429).

HNOa, concentrated,
acting on the solids.

H3 As0 4 (385). Gives
certain of the reac-
tions of H3P0 4
(388).

Sb 20 4 and Sb 2O s , in-
soluble (399 d, and
413).

Sn02, insoluble (426
d, and 437).
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SEPARATION OF THE METALS OF THE FIRST AND SECOND
GROUPS.

446. The separation of the First Group metals—lead, silver, and mercury
of mercurous salts—from the other bases of the Second Group, by hydrochloric
acid, is complete for silver and mercury, but incomplete for lead (313).
Lead could be separated from other second group metals by sulphuric acid in
dilute solution; but this applied to the original solution would also precipi-
tate the fourth group metals, and requires a different grouping of the bases, as
by Zettnow’s process (472). So it is identified, if abundant, in the first group,
and then removed in the second group (after the separation by ammonium
sulphide) by sulphuric acid. In removing lead as a sulphide, if hydrochloric
acid is present, the solution should be quite dilute (313).

447. Although the only insoluble metallic chlorides are the plumbic,
argentic, and mercurous, yet hydrochloric acid may produce precipitates
in certain solutions which contain no first group base. The following are
some of the conditions in which this occurs ;

a. An acid solution of antimony, bismuth, or tin, with some other acid than hydro-
chloric, and saturated with water, as far as possible without precipitation, on the addition
of hydrochloric acid, precipitates the oxychloride of the metal in question (288, 402, 42!)).
These precipitates are readily soluble in excess of the hydrochloric acid, but so' is a very
slight precipitate of silver chloride (328).

b. In a saturated solution of certain salts, as barium chloride, hydrochloric acid preci-
pitates the salt without chemical change ; the precipitate soluble in a small proportion of
water (84).

c. In solutions of higher sulphides, as Na 2 S 2 (368, c), and of thiosulphates, as Na2 S2 0 3

(607)—these solutions having an alkaline reaction—hydrochloric acid forms a precipitate
of sulphur (700).

d. The solutions containing double sulphides of alkali metals and arsenic, antimony,
tin (gold, platinum, molybdenum, iridium); double iodides of bismuth, copper, and first
group metals; double cyanides of class (1) 617, and certain double thiosulphates, are liable
to precipitation in the first group, as represented in equation b, 617. All these precipi-
tates, except those of first group metals, are soluble in excess of the hydrochloric acid.

e. All the alkaline solutions of metallic oxides, as potassium zinc oxide, are precipi-
tated at the neutral point in the addition of acids.

/. Alkaline solutions of antimonic, silicic, boracic (tungstic, molybdic, tantalic, and
niobic) acids; also of benzoic, salicylic, uric, and certain other organic acids, are precipi-
tated by acidulation with mineral acids, many of the precipitates being soluble in hydro-
chloric acid. (Thallious salts are precipitated as chloride.)

g. Acidulation with hydrochloric acid may induce changes of oxidation or reduction,
which, in certain mixtures, result in precipitation.

If the solution taken for the grouping of the bases has an alkaline reaction,
it cannot contain a normal salt of a first group base; it may contain a basic
lead salt, or one of the compounds noticed in c, d, e, or f.
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If the first group precipitate be more than very slightly dissolved by farther
addition of water or of hydrochloric acid, it should be so dissolved before pro-
ceeding with the analysis. If the precipitate is colored, or ifit is found not to
accord with the reactions of any of the first group bases, it should be treated
separately, as a solid substance taken for examination.

448. The separation of the First Group bases from each other, according
to the Table, 794, is exceedingly simple. PbCl 2 is dissolved in abundance of
hot water ; AgCl, in ammonium hydrate ; while Hg2 Cl 2 is left insoluble in a
characteristic black form, as NH 2 HgCl.

If the lead chloride is not all washed out with hot water, the ammonium
hydrate will change it to insoluble basic salt (309), and leave it with the mer-
cury on the filter.

Let it be observed, if the first group precipitate contains but one base, the
action of ammonium hydrate determines which it is : lead chloride does not
change color; silver chloride dissolves; mercurous chloride blackens.

449. The presence oflead, is easily ascertained in the dilute solution of its
chloride. A portion of this solution is treated for the sulphate, according to
the Table (794) ; carefully avoiding excess of acid (312); an illustration of
the important relations of lead salts icith sulphates . Other portions of this
dilute solution give the more delicate test with hydrosulphuric acid, and the
characteristic test with chromates, and serve to illustrate the important rela-

tions with carbonates and phosphates ; but a more concentrated solution must
be used in studying the precipitates which are soluble in excess of their pre-
cipitants—those by fixed alkali hydrates, iodides, bromides, etc. (Concerning
lead in second group relations, see 467.) Among the other tests made in study
of first and second group metals, those involving reduction by metals and other
agents should never be neglected.

450. The presence of silver, in its ammoniacal first group solution, is de-
termined according to the Table by reprecipitation with nitric acid, as AgCl.
This test is exceedingly delicate, provided too much'alkali chloride is not
formed in the solution (328). . For small quantities, it is better to expel the
excess of ammonium hydrate by heat before adding the nitric acid, which must
not be in excess.

For farther illustrative tests, reduce the chloride to metallic silver (340),
either by zinc, set aside in the test-tube, or by stannous salts, or sugar with
alkali; then wash the reduced silver thoroughly, and dissolve it in nitric acid,
as AgI70 3.

451. The remaining base, mercury, as the black mercurosammonium
chloride, for the farther tests in the wet way, may be obtained as soluble mer-
curic salt by solution in nitro-hydrochloric acid. Good evidence of the mer-
curous combination of the mercury has been obtained in the first group pre-
cipitation, and in the color of the product with ammonium hydrate ; but if the
original solution i$ found not to contain other interfering metals, it may after-
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wards be used to obtain the distinctive reactions of mercurous salts wr ith
iodides, chromates, phosphates, etc.

452. In the precipitation of the Second Group, the acidulation requires
attention. It must not be omitted because of an acid reaction of the original
solution, unless it is known that free mineral acid is present. It must be suf-
ficient for the formation of arsenious sulphide (868), and not too strong for
complete precipitation of antimonious sulphide (405 e). If the original solution
is strongly acid—as after solution of dry substances by mineral acids—the
excess of acid must be reduced by evaporation. Free chlorine is incompatible
with the group precipitant, and if present must be fully expelled.

453. Precipitates may occur in the second group, when no second group
metal is present. The precipitations by mere acidulation have been excluded
by the first group work, but the precipitation of free sulphur may occur, as
follows : ( a ) with fading of a previous brownish-yellow tint, from ferric salts
(186); ($) appearing with a green color, deeper than a previously existing red
or yellow color, or from nearly colorless solutions, due to chromic acid (166 a ) ;

(c ) from free chlorine, bromine, or iodine, liberated by the dilute acid of the
group reagents acting with chlorates, nitrates, bromates, iodates, hypochlorites,
etc., of the original substance. Indeed, several of these substances decompose
hydrosulphuric acid without the aid of other acids.

All the bases precipitated in the second group are thrown down as colored
sulphides—yellow, orange, brown, or black—readily distinguishable from sul-
phur by the lighter color and the lighter specific gravity of the latter. The
precipitate of sulphur may be disregarded—except as an indication of the pos-
sible presence of some of the oxidizing agents, and, with the changes of color
mentioned in («) and (5), especially indicative that iron or chromium will be
found in the next group.

454. It will be remembered that pentad arsenic is not precipitated short
oftreatment with the hydrosulphuric acid gas for several hours (887). Unless
this time can be taken, the arsenic must be reduced to arsenious acid—by sul-
phurous acid (394 a), or otherwise—or the systematic course of analysis may
be departed from. In the latter case, the original solution may be used in
Marsh’s Test, if it do not contain nitrates or other oxidizing agents ; or the
reduction in the dry way (381) may be employed.

455. The separation of the bases of the Second Group, according to the
Table, 795, begins with a division into three classes, by action oftwo solvents,
yellow ammonium sulphide, and moderately concentrated uitric acid. We
have, in the precipitated sulphides :

(1) As, Sb, Sn—dissolved as sulphosalts by (NH 4) 2 S 2 .

(2) Pb, Cu, Bi, Cd—dissolved as nitrates by HN0 3 .

(3) Hg—dissolved as chloride by Cl.
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456. Before applying ammonium sulphide, the precipitate of sulphides
must be washed clean of acid, and of all substances in the filtrate. Whether
the digestion is performed on the filter, or in the test-tube or beaker, the
amount of solvent should be as small as possible.

The insoluble portion is filtered out, washed first with a little sulphide of
ammonium, then with several portions of hot water, and set aside.

It is first to be determined whether any base has been dissolved by the sul-
phide of ammonium. This may be done, in a small portion, by a drop of
dilute acid; if the precipitate be white, uncolored, either no sulphides of As,
Sb, Sn, were in the group precipitate, or they were in small proportion, and
overwhelmed by the solvent. We place here together the representative
equations :

2(NH4) sAsSs + 3HoS0 4 = As2 S 3 (yellow) + 8(NH4) 2 S0 4 + 3H2 S

2(NH4 )3 SbS 4 + 3H2 S0 4 = Sb2 S 3 (orange) + 3(NH4 )2 S0 4 + 3H2 S

(NH 4 )2 SnS3 + H2 S0 4 = SnS 2 (yellow) + (NH 4 )2 S0 4 + H 2S

(NH 4) 2 S 2 -f H 2 S0 4 = S (white) + (NH 4 )2 S0 4 -f H2 S

It is evidently easy to mask the color of the sulphides by an excessive pro-
portion of free sulphur, some of which will always be present; and, in case of
any doubt, perhaps, as a general practice, it is better to proceed with the
ammonium sulphide solution, to the filial tests for arsenic, antimony, and tin.

457. There is this imperfection in the separation of As, Sb, and Sn, as
sulphides, by ammonium sulphide ; that copper as sulphide is slightly dis-
solved by the same solvent (276). Acids reprecipitate the' copper sulphide,
generally as normal CuS, but sometimes as a liver-colored super-sulphide,
which, with excess of sulphur, has nearly the color of SnS 2 ,

or As„S3
. The

amount of copper so dissolved and reprecipitated is small, and cannot simulate
notable quantities of arsenic, antimony, or tin ; but such a small loss of copper
from the nitric acid solution of the group lessens the delicacy of the work for
that metal. Therefore, it is especially important to identify copper in the
preliminary examination—h the bead or on charcoal, if the substance is
solid, and by the tint, if in solution, and by the reduction on a strip of clean
iron (280).

Now, the fixed alkali super-sulphides—Na 2 S2 or K 2 S 2—do not dissolve
copper sulphide in the least, and they serve as solvents of the sulphides of As,
Sb, and Sn, as well as ammonium sulphide ; but they dissolve mercuric sul-
phide (359 b), to an extent that involves a greater imperfection in the separa-
tions of the group, than does the use of ammonium sulphide. However, if the
preliminary examination shows mercury to be absent, it is better to use fixed
alkali sulphide for the separation of copper from arsenic, antimony, and tin.

458. Having removed the bases soluble as ammonium sulphosalts from
the rest of the group, we have to separate arsenic, antimony, and tin, from
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each other. This may be accomplished in several ways by certain solvents,
acting on the sulphides. And, to this end, the sulphides are reproduced ; the
whole remaining alkaline sulphidic solution (456) being reprecipitated by an

acid. If we employ separative solvents
,

we may choose between three (368),
viz. : ammonium carbonate

, dissolving As 2 S
3 and leaving the other sulphides;

hydrochloric acid, leaving As2S3
undissolved and dissolving the other two

sulphides (405 e,
and 442, last equation); and alkali sulphites, which dissolve

As„S3 and leave the antimony and tin undissolved. Neither one of these sol-
vents effects a strict separation, and more exact and satisfactory results are
obtained by Marsh’s operation (373) ; receiving all the gas in solution of silver
nitrate (411), and treating the residue in the generator for tin (435). This
plan is the one given in the Table for the second group (795).

459. The separation of arsenic by ammonium carbonate, as a sol-
vent, has been used in the following plan:

Sulphides Precipitated from the (!N'H 4)!!
S 2 Solution : As2S3 , Sb„S 6, SnS 9 ,

(S), (456).
Digest with Solution ofAmmonium Carbonate and Filter (366 d).

The plan above given may be varied by separating antimony and tin by ammonium
carbonate in fully oxidized solution, as follows: The Sb 2 S 6 and SnS 2 are dissolved by
nitro-hydrochloric acid, to obtain the antimony as metantimonic acid. The solution is
then treated with excess of ammonium carbonate, in a vessel wide enough to allow the
carbonic acid to escape without waste of the solution. The (H 2 0)2 Sb 2 0D , forms the

Residue : SnS 3 , SbjSs, (S).
Dissolve in hot hydrochloric acid (442, 421).

Solution: SnCl4 , SbCl 3 .

Treat with zinc and hydrochloric acid in pres-
ence of Platinum foil, in Marsh's apparatus
(485).

Solution: (NH 4) 3 AsS3-KNH 4) 3 As03

Precipitate byhydrochloric acid; fil-
ter ; wash the precipitate and dis-
solve it by chlorine generated from
a minute fragment of potassium
chlorate and a little hydrochloric
acid (363 e).

Deposit: Sn, (Sb). Gas : SbH 3 .

Expel all free chlorine (373).
Solution: H3 As0 4.

Dissolve by hydrochloric
acid.

(Test the spots, 376.) Apply Marsh's Test, as directed in
Receive the gas in solu- 373, testing the spots (37G); receiving

Solution : SnCl2 . tion of silver nitrate. the gas insolution ofsilver nitrate,
(Residue, Sb). Dissolve the precipi- and testing the resulting solution

Test by mercuric chloride tate (Ag 3 Sb) (411), and (377).
(862 a). test by H,S. Examine the original solution, as in-

Examine by 445, etc. Compare by 445. dicated in 445, and the text.
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soluble ammonium metantimoniate, 2(NH4 )2 O.Sb 2 Os (dibasic), or (NH 4) 2 0.Sb2 05 (mono-
basic).

Meanwhile the SnCl 4 is fully precipitated as SnH 203 (equation in 440); and may be
filtered out from the solution of metantimoniate.

The liability of failure, in this mode of separating antimony and tin, lies in the non-
formation of metantimonic acid by nitro-hydrochloric acid. The ordinary antimonic
acid forms a less soluble ammonium salt (418), but this acid is not so likely to occur in
dissolving as antimonious chloride , SbCl3 (according to 421). Now, excess ofammonium
carbonate does not redissolve the Sb 2 03which it precipitates from SbOls, as stated in 404.

460. Separation of Arsenic from Sb, Sn, Bi, Cu, and Hg, by treatment
of their sulphides with strong Nitric Acid—the resulting nitrates being decom-
posed by heat.* The washed precipitate of sulphide is treated, in an evaporat-
ing dish, with nitric acid of sp. grav. 1.2 or stronger, that which is brown by
presence of nitrogen oxides being best, until brown vapors are no longer
evolved. The mixture is then evaporated to dryness. If separation from
copper or bismuth is desired, the heat must be slowly increased (by use of a
sand, bath) to a temperature of 400° to 600° C., not reaching a red heat, and in
all cases insuring the expulsion ofall sulphuric and nitric acids. The residue
is now digested with hot water (for about ten minutes), and filtered. Solu-
tion : H 3

As0 4. Residue: Sb2 04 or Sb2 06 , Sn02, CuO and basic copper salt,
Bi„O a , HgS. If copper and bismuth are to be separated, the heat must be
sufficient to vaporize sulphuric acid, which is necessarily formed. For separa-
tion of arsenic from antimony and tin, this is a convenient method, and gives
exact results. The residue of antimony is soluble in nitro-hydrochloric acid;
that of tin, slowly soluble in hot hydrochloric acid.

461. The solubility of arsenic sulphide (868 d), and the insolubility of sulphides of
antimony and tin in solution of acid sodium sulphite, furnish a basis for the following:

Plan for Separating Arsenic Sulphide by Acid-Sulphites, and Antimony and Tin
Sulphides, by Nitric and Tartaric Acids.

\

After precipitation of the solution of sulphosaltswith dilute hydrochloric
acidand some hydrosulphuricacid, and washing :

Precipitate (a): A3 2 S 3 , Sb 2 S 5, SnS2 , (free sulphur).
Transfer precipitate (a) to a test-tube or beaker, and digestat the boiling

point, for some time, in a solution of sodium acid sulphite with free
sulphurous acid. Filter and wash the residue.

Solution (h): Na 2 0.As2 03, Na 2 S 2 03 ; (NaHS0 3 ) (368, d).

Residue (c): Sb 2 S 5 ; SnS2 (free sulphur).
Acidulate solution (b) with hydrochloric acid; add hydrosulphuric acid , and

digest, warm; if a precipitate occurs, treat it in an evaporating dish
with nitric acid; filter and wash from the excess of sulphur; concen-

. trate the solution, and test it for arsenic by Bettendorf’smethod (378),
orby reduction withcyanide (381).

s
* Victor C. Vaughan : Amer . Chem vi. (1875) 41; vii. (1877), March.
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Digest residue (c) with hot, concentrated nitric acid in an evaporating dish,
and expel the excess of acid.

Product (d): Sb 20 4 ; Sn0 2 (sulphur and H2 S0 4) (399 d, 426 d).
Treat theproduct (d) with hot solution of tartaric acid, and filter.

Solution (e): (SbO) 2C 4H 4 O0 ; (excess of acids).—(401 a.)
Residue (/): Sn0 2, as metastannic acid (sulphur).

Test solution (e) with hydrosulphuric acid (and hydrochloric acid) for anti-
mony ; testing further by dissolving the sulphide, etc.

Fuse residue (f), withsodium carbonate and cyanide, on charcoal, and ex-
amine for tin (436). Dissolve in hydrochloric acid ; test with mercuric
chloride, etc.

462. If the acid solution of As, Sb, and Sn—prepared by dissolving the sulphides in
hydrochloric acid with potassium chlorate—is treated with boiling solution of sodium
thiosulphate, the arsenic and antimony are precipitated as sulphide (369 and 406), the tin
left in solution.

The sulphides of As and Sb, so produced, may now be separated by hot solution of
sulphites with sulphurous acid, as directed for precipitate a, 461; leaving the arsenifc in
solution, and the antimony as residue.

We now have:

Solution (a): SnCl4. (Precipitate by H2 S; also reduce with Zn and test.)

Solution ( b): Na,0 As ,0 3 . (Treat as directed for solution b, 461.)
Residue (c): Sb 2 S 5 . (Dissolve in hydrochloric acid, and test.)

463. The separation of As, Sb, and Sn, by fusion with sodium salts and oxidizing
agents, is indicated in 425. It will be seen, from the statements at the close of that para-
graph, that when Sn0 2 is fused with sodium hydrate, a stannate of sodium (Na 2 SnO s) is
formed, which dissolves in water; but when fused with sodium carbonate and nitrate (at
a heat which does not convert the latter salt to caustic soda), it remains as stannic oxide,
insoluble in water.

Now, the fusion of fully oxidized arsenic and antimony with sodium carbonate and
nitrate (with or without caustic soda) converts both these elements into the (non-volatile)
sodium arseniate and dibasic metantimoniate— Na 3As0 4 and Na 4Sb 20 7—the arseniate
soluble, and the antimoniate insoluble, in cold water. The dibasic metantimoniate is in-
soluble in waterby conversion into monobasic salt, NaSb03 , if the water be not strongly
alkaline (418).

Hence, fusion of fully oxidized As, Sb, and Sn with sodium hydrate, enables us to
separate antimony from arsenic and tin; fusion, with sodium carbonate, etc,, without
sodium hydrate, separating arsenic from antimony and tin.

The fusion with sodium hydrate requires a silver crucible.

Separation of fully oxidized Arsenic, Antimony, and Tin, by fusion with Sodium
Carbonate and Nitrate, and Reduction.

The sulphides precipitated by hydrochloric acid from the solution of sulpho-
salts are taken for oxidation.

Precipitate (a) : As 2 S 3 ; Sb 2 S 5 ; SnS 2 (sulphur).
Digest, in an evaporating dish, with hot nitric acid, in repeated portions,

and evaporate to dryness at a gentle heat.
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Residue (b) : As2 O s ; Sb,05 ; Sn0 2 (free sulphur).
Mix with one or two parts of sodium carbonate, and two or three parts of

sodiumnitrate; fuse (in a porcelain crucible), for some time, and until
the mass is quiet, at a heat not much above the fusing point of the mass.
Pour the fused mass upon a cold slab; pulverize, and digest in cold
water. Filter.

Solution (c): Na 3 AsO , (sodium carbonate and nitrite).
Residue ( d): Na 4Sb2 0 7 and (by action of water) NaSb03 ; Sn0 2 .

Acidulate solution (c) with acetic acid and test it with magnesia mixture,
etc., for arsenic, according to 388, etc. The various precipitated ar-
seniates may be collected, and with the remaining portion of solution
(c), submitted to Marsh’s Test.

Treat residue (d) with concentrated hydrochloric acid, hot, until dissolved.
Dilute until the solution is sparingly acidulated and transfer to a plati-
num dish, or a porcelain dish with a piece ofplatinum foil (rinsing out
any white residue which may have been precipitated by the water), and
proceed to reduce antimony and tin, with zinc, according to 408.

Deposit (e): Sb (staining the platinum); Sn (not adherent).
Rinse the dark, spongyprecipitate from the zinc with water, and remove the

zinc. Treat the precipitate and the stained platinum with hot, moder-
ately concentrated hydrochloric acid. Treat the stained platinum
separately, first with hot nitric acid, then with concentrated solution of
tartaric acid.

Solution (/): SnCl2 ; ZnCl2 . (Test for tin, with mercuric chloride.)
Solution (#): (SbO) 2O 4H4 O0 . (Obtain the sulphide; dissolve in solution of E2 CO»—

405 d).

If with the fusion, as above, sodium hydrate be added:
Solution (c): Na 3As0 4 ; Na 2 Sn0 3 (sodium hydrate, carbonate and nitrite).
Residue (d): Na 4Sb 2 07 and (by action of water) NaSbO s .

Acidulate solution (c) withsulphuricacid, and expel all nitrous gas, and con-
duct Marsh’s Test for arsenic ; examining the residue for tin, accord-
ing to 435.

Dissolve residue (d) with hydrochloric acid; obtain the sulphide of anti-
mony ; dissolve the latter,and test.

464. The Second Portion o(‘ the second group bases—obtained as stated in
455, and washed as specified in 456—is dissolved in hot, moderately dilute
nitric acid. Nitrous gas passes off, instead of hydrogen sulphide; and sul-
phur is left, together with the black mercuric sulphide, if any mercury is pre-
sent. The solution occurs mostly with evolution of NO, and essentially as
shown for copper, and lead, in equations 276 a, and 311 a. Traces of HgS
may dissolve ; and, if the nitric acid be strong and its action prolonged, more
than traces of PbS0 4 (white) may be formed, and left insoluble with the mer-
cury—according to equation b, 311. Some, or all, of the lead sulphate may b«
dissolved by the strong nitric acid; but, as the acid loses strength in the
digestion and during filtration, it will precipitate from this solution. And it is
even less soluble in dilute sulphuric acid, its precipitant, than in water (308).
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The excess of nitric acid is mostly expelled by evaporation, and water is
added, but not sufficient to precipitate bismuth (288); and if a white precipi-
tate is seen to form on dilution, it is dissolved by sufficient nitric acid.

465. The solution is now tested, consecutively :

(a), with sulphuric acid (and alcohol) to precipitate lead;
(5), unless removed in first group, with hydrochloric acid to precipitate

silver;
(c), with excess of ammonium hydrate to precipitate bismuth, white (289),

to dissolve copper, blue (274),
and to dissolve cadmium, colorless (301).

Tests (a) and (b) are each made in a small portion of the material; if, by
test (a), lead is detected, then lead is removed from the whole material by
precipitation with sulphuric acid and filtration. The same course is pursued
with test (b) ; and in ordinary analysis silver is never found in this group,
being removed in the first group. This precaution provides against the addi-
tion of a large excess of mineral acids to the whole material, which will then
be so greatly diluted by neutralizing with ammonium hydrate that test (c) is
of no value. And in case lead (and silver) have to be removed, the filtrate
should be evaporated to expel the excess of acid, then used for test (c).

468. Some analysts dissolve the sulphides, (2) 455, in concentrated nitric
acid, then dilute and add dilute sulphuric acid (and alcohol) before filtration ;

leaving the lead with the mercury—PbS0 4 with HgS. This residue is then
boiled with ammonium acetate , which dissolves the lead sulphate, as stated in
312, and leaves the black mercuric sulphide (with free sulphur) undissolved.

467. In any case, the addition ofalcohol renders the sulphuric acid test for
lead much more delicate (312); but the alcohol must be added very spar-
ingly, and with a full knowledge that cupric and other sulphates are insoluble
in alcohol, unless it be very dilute, and these salts may be precipitated by its
free addition.

The formation of the yellow precipitate of lead chromate, from the white
precipitate of sulphate (312), is a convenient confirmation. The solubility of
the lead chromate in tixed alkalies distinguishes it from the yellow bismuth
chromate (292), and the same reaction is a characteristic of the sulphate (see
449).

468. The precipitation by water, in this section of the group, is character-
istic for bismuth (288). The reduction of the precipitated hydrate by sugar
and fixed alkali, with black color (297), distinguishes bismuth from lead and
from copper, the latter being thereby reduced with a reddish-brown color
(280).

469. Owing to the waste of copper sulphide by ammonium sulphide, dis-
cussed in 457, a rigid analysis for this metal is most easily accomplished by
examination of the original solution, or of the filtrate from the first group, by
reduction with iron, or iron and platinum, according to 280.
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The reduced copper may be dissolved by nitric acid, for further reactions.
470. The Table directs the test for cadmium, by hydrosulphuric acid, in the

ammoniacal solution, which may contain copper or cadmium, or both. Now,
both copper and cadmium are precipitated as sulphides in alkaline solutions
(276 and 301); if the precipitate is yellow, it cannot contain much cupric sul-
phide ; if it is black, it may consist largely of cadmic sulphide. But we have
two agents capable ofreadily separating CuS from CdS (276):
Solution of potassium cyanide dissolves CuS, and leaves CdS undissolved.
Hot dilute sulphuric acid dissolves CdS, and leaves CuS undissolved.

471. The separation of mercury, by the insolubility of its sulphide with
nitric acid (455, portion 3) is generally satisfactory, but it is not rigorously
exact. There is usually an excess of sulphur with it, but the color of HgS is
intense enough to blacken a large quantity of sulphur. This precipitate may
be treated with carbon disulphide to dissolve away the free sulphur; then
dried, mixed with sodium carbonate, and sublimed in a small glass tube closed
at one end (363), with good results.

The solution with chlorine is generally tested by reduction, most often
with stannous chloride. Reduction requires, as a matter of course, that the
excess ofchlorine should first be expelled.

The test by ammonium hydrate (347 and 357) is exceedingly delicate for
mercury—in either class of combinations—though, of course, not characteristic
to the eye. It may be used, in any solution, to confirm the absence of mercury.

472. Plan for separating the Bases without the use of Hydrosulphuric
Acid or Ammonium Sulphide.*

The solution (a) may contain salts of:
I.-Fb, Ag, Hg 2";

II.—Ca, Ba, Sr;
III. NH4 , Na, K;

IV. As, Sb, Sn, Hg", Cu, Cd, Bi;
V. Fe, Cr, Al;

VI.—Mn, Mg, Co, Ni;
VII.—Zn.

Add hydrochloricacid to the solution (a) ; agitate, filter, and wash.

Precipitate (5): (PbCl2 ); AgCl; Hg 2 Cl2 .

Solution (c): Salts in solution (a), except Ag and Hg-/'.

* Zettnow : Poggendorff's Annalen, 130, p. 324; Zeitsch. f. anal. Chem., VI. (1867), 438; Walts' Dic-
tionary, First Supplement, 124. Arranged in tabular form, by H. C. Bolton ; Amer. Chem., III. (1873), 452.
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The lead in precipitate (5) is separated by hot water and filtration, then pre-
cipitated with sulphuric acid, etc. The silver is dissolved by ammo-
niumhydrate, and reprecipitated by nitric acid ; leaving the mercury
as a black residue, insolublein ammonium hydrate,but soluble in nitro-
hydrochloricacid.

The solution (c) is treated with excess of dilute sulphuric acid; the precipi-
tate filtered out and washed.

Precipitate (d) : CaS0 4 ; BaS04 ; SrS0 4 ; (PbS04 ).

Solution (e): Classes III., IV., V., VI., and VII., of solution (a).
From precipitate (<f>—the calcium sulphate is dissolved by agitation with

cold zoater, and then precipitated by ammonium oxalate. See further,
for calcium, under filtrate (fc). Then, the lead sulphateis dissolved out
by solution of ammonium tartrate with ammonium hydrate, the solu-
tion acidulated with acetic acid and precipitated by chromate. The resi-
due—insoluble in water and in ammonium tartrate—contains the ba-
rium and strontium sulphates. [These may be separated by first
transforming them into carbonates, by boiling with sodium carbonate,
filtering, and washing out the sodium sulphate ; thendissolving the car-
bonates inhydrochloric acid, evaporating to dryness, digesting in abso-
lutealcohol, and filtering. The residue of barium chloride, free from
alcohol, dissolved in water, should be precipitated by solution of stron-
tium sulphate. The alcohol solution (strontium chloride) may be
tested forstrontium with theflame.]

Solution (e) is divided into a X part and a X part. The smaller partis tested
for the alkalies, as follows:

Ammonia is detected in vapor, on adding excess of solution of barium hy-
drate, and boiling. The barium is then removed by precipitation with
ammonium carbonate (or dilute sulphuric acid), filteringand igniting the
evaporatedfiltrate. The residue is examined for potassium and so-
dium, by flame colors, both with and without blue glass.

The % part of solution (e) has yet to be tested for classes IV., V., VI., and VII.: As,
Sb, Sn, Hg", Cu, Od, Bi; Fe, Or, Al; Mn, Mg, Co, Ni; Zn.

This portion of solution (e)—left with the excess of sulphuric acid from
formation of precipitate (d)—is treated with zincand a piece ofplatinum
foil in Marsh's apparatus. The evolvedgas is tested for arsenic and
antimony—more perfectlyby conductingit into solutionof silver nitrate,
and proceeding as elsewhere provided. The zinc will reduce the remain-
ing metals of the fourth class.

Heat the generating flaskten or fifteen minutes, and filter.

Deposit (/): Sb, Sn, Hg, Cu, Cd, Bi.
Filtrate (g): Fe, Cr, Al; Mn, Mg, Co, Ni; Zn (as sulphates).

Deposit (f), well washed, is treatedin an evaporating dish with strong nitric
acid, and filtered.

Solution (h): Nitrates of Hg, Bi, Cu, and Cd.

Residue©: (Sb2 06), Sn0 2 .

Test half of solution (h) with stannous chloride for Mercury. To the other
half addhydrochloric acid, and boil; then add excess ofsodium hydrate.
The precipitated hydratesof bismuth, copper, and cadmium, are treated
on the filter (after washing) with ammonium hydrate and ammonium
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chloride. The bismuth is left undissolved;* the copper and cad-
mium in their ammonia solutions. The copper is recognized by its 4color, and by precipitation with ferrocyanide,after acidulation. The
cadmium is distinguished from copper by precipitation by sodium hy-
drate in the ammoniacal solutionA

Residue (i) is washed, and boiled with hydrochloric acid, which dissolves
the antimonic acid, and leaves the metastannic acid undissolved. The
solution is testedwithplatinum and zinc for antimony. The residue
is dissolved, with action ofnascent hydrogen, by hydrochloric add with
zinc, and tested with mercuric chloride for tin.

Treat filtrate (g) with nitric add, for oxidation. Testa small portion with
sulphocyanate, for iron. Treat the remaining portion with bariumcar-
bonate (after neutralizing with ammonia); digest for some time, and
filter.t

Precipitate (j): Cr2 (OH) 0 , Ala (OH)e , with Fe2 (OH) 6,
and excess of BaC03.

Filtrate (Jc): Mn, Mg, Co, Ni; Zn (as sulphates).
Treat precipitate (J) with dilute sulphuric acid, to remove the barium, and

filter. Boil the filtrate to expel carbonic anhydride ; then boil with ex-
cess ofsodium hydrate, and digest with a littlepotassiumpermanganate
to oxidize the chromium to chromate. Test a portion of this soda solu-
tionwith lead acetate (after acidulation with acetic acid) for cbromium.
Treat another portion with ammonium chloride in excess for precipita-
tion of aluminium.§

From filtrate (Jc), remove the barium by adding a very slight excess of sul-
phuric acid, and filtering ; then add ammonium carbonate in slight ex-
cess toprecipitate manganese, and filter. Test a portion of the pre-
cipitate for manganese, by fusion with sodium nitrate and carbonate.
Treat anotherportion for calcium, which escapes precipitate d, by add-
ing ammonium hydrate to neutralize ; then much ammonium chloride,
andammonium oxalate. To the filtrate, add sodiumphosphate topreci-
pitatemagnesium, and filter. Evaporate the filtrate to dryness ; it
may contain cobalt and nickel. Dissolve it in hydrochloric acid, and
add potassium nitrite and acetic acid and leave some hours to precipi-
tate cobalt, and filter. To the filtrate, add sodiumhydrate, for thepre-
cipitation of nickel.

To test for zinc (seventh class), take a portion of solution (e)—or prepare it
anew from the original solution by treatment, successively, with sul-
phuric and hydrochloric acids and filtration ; and warm with excess of
sodiumhydrate, and filter, if The filtrate (sodium zincate) isnearly neu-
tralizedwith ammonic carbonate, and treatedwith ammonic chloride as
long as ammonia escapes, and again filtered. The last filtrate is tested
with potassiumferrocyanide fora precipitate of zinc.

* Theresidue is dissolved inhydrochloric acid, and the solution treated with much water, for the more
certain determination of bismuth.

+ In case that much copper is present, the test for cadmium is better made as follows : The solution
is strongly acidulated with hydrochloric acid, and boiled ; then, while hot, treated with successive small ad-
ditions of solution of sodium thiosulphate, to completion of the black precipitate, the liquid being milky
with sulphur. After filtration, the filtrate is tested by sodiumhydrate for cadmium.

t If the presence of phosphoric acid is to be provided for, add sufiicient/erric chloride, and digest be-
fore neutralizing and adding bariumcarbonate.

§ Manganese, and even other metals belonging in filtrate Jc, may beprecipitated from theirsulphates by
barium carbonate, in absence of sufficient ammonium chloride.

f Zettnow directs to “ boil ” with the excess of sodiumhydrate, but this is liable to precipitate zinc.
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GOLD.

473. Gold is not tarnished or affected by air or water at any temperature, or by hy-
drosulphuric acid. Neither nitric nor hydrochloric acid attacks it under any conditions;
but it is rapidly attacked in vapor or solution by chlorine, dissolving promptly in nitro-
hydrochloric acid, as auric chloride, AuC13 ; by bromine, dissolving in bromine water,
as auric bromide, AuBr3 ; and by iodine, dissolving when finely divided in hydriodic
acid by aid of the air and potassium iodide, as potassium auric iodide, KIAuI3 (a). Cy-
anide of potassium solution, with aid of the air, dissolves precipitated gold as potassium
aurocyanide, KAuCy 2 (b):

a. 2Au + 6HI + 2KI -f 30 = 2KIAuI3 + 3HaO

b. 2Au + 4KCy + O + H 20 = 2KAuCy2 + 2KOH

474. Gold forms two oxides: aurous, Au'2 0, and auric, Au"'2 03 ; but forms no
stable oxy-salts. It forms the two classes of haloid salts, corresponding to the oxides.
The aurous chloride, AuCl, and other aureus salts, are either insoluble in water or de-
composed by water with partial solution and separation of gold, 3AuCl = 2 Au -j- AuCls .

—The auric chloride, AuC13, and bromide, are soluble in water; the iodide decomposed
by water, with precipitation of yellow aurous iodide; the sulphide insoluble in water.
There are many double salts of gold and alkali metals, mostly soluble in water: double
chlorides and iodides; aurocyanides, as NH 4AuCy2) and auricyanides, as KAuCy 4 ; and
a sodio aurous thiosulphate, Na 3Au(S2 Os ) 2 , soluble in water.

Gold is most readily separatedand distinguished by reduction to the metallic state.

475. Fixed alkali hydrates do not precipitate solution of auric chloride;
ammonium hydrate precipitates, in concentrated solution, a reddish-yellow
ammonia aurafe, (NH s) aAua Os, “fulminating gold.” — Hydrosulphuric
acid, and sulphides, give, in cold solutions, a black precipitate of auric sul-
phide, Aua S s ; in boiling changed to aurous sulphide, Au2S, brown. These
sulphides are slowly soluble in yellow alkali sulphides, forming alkali sul-
phaurates, as Na 3AuS3 ; not soluble in colorless alkali sulphides; soluble in
nitro-hydrochloric, not in nitric or hydrochloric acid. Acids reprecipitate
auric sulphide from the sulphaurate solution.

Potassium iodide, added in small portions to solution of auric chloride
(so that the latter is constantly in excess where the two salts are in contact),
and when equivalent proportions have been reached, gives a yellow precipitate
of aurous iodide, Aul, insoluble in water, soluble in large excess of the
reagent; the precipitate accompanied with separation of free iodine, brown,
which is quickly soluble in small excess of the reagent as a colored solution
[AuC1 3 -j- 4KI = Aul -(- 3KC1 21 with KI]. But, on gradually add-
ing auric chloride to solution of potassic iodide, so that the latter is in excess
at the point of chemical change, there is first a dark-green solution of potassio
auric iodide, KIAuI 3 ; then a dark-green precipitate of auric iodide, Aul 3,

very instable, decomposed in pure water, more quickly by boiling ; changed
in the air to the yellow aurous iodide.
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All reducing agents are oxidized by auric chloride, with precipitation of
gold—at first of a brown to a violet color, acquiring, when triturated, the color
and lustre which distinguish it in mass. The metals, and all lower oxides and
salts, reduce gold. Ferrous sulphate forms it in brown precipitate ; stan-
nous chloride gives a purple precipitate, “purple of Cassius,” Aua O, contain-
ing the oxides of tin :

2AuC13 + 6FeCl2 = 2Au 4- 3Fe 2 Cl„

470. Gold is reduced from many of its compounds by light, and from all
of them by heat —its separation in the dry way being readily effected by
fusion with such reagents as will make the material fusible. Very small pro-
portions are collected in alloy with lead, by fusion; after which the lead is
vaporized in “ cupellation,” as described for silver (341).

477. Gold is separated, from its alloys with silver and base metals, by
solution in nitric acid ; the gold being left as a black-brown powder—together
with platinum and oxides of antimony and tin. When the gold-silver or gold-
copper has not over 20 p. c. gold, nitric acid of 20 p. c. disintegrates the alloy,
and effects the separation; when the gold is over 25 p. c., silver or lead (three
parts) must be added, by fusion, to the alloy before solution. (If gold-silver
alloy contains 60 p. c. or more of silver, it is silver-color; if 30 p. c. silver, a
light brass-color; if 2 p. c. silver, it is brass-color.)

If gold and other metals are obtained in solution by nitro-hydrochlorie
acid, leaving most of the silver as a residue, the noble metals can be precipi-
tated by zinc or ferrous sulphate, and the precipitate of gold, silver, etc.,
treated with nitric acid, which will now dissolve out any proportion of silver
not less than 15 p. c., to 85 p. c. of gold, and dissolve the baser metals. Con-
centrated sulphuric acid dissolves silver, and leaves gold.

Oxalic acid reduces gold from solution, not too strongly acid, slowly but
completely. To the auric chloride, it is better to add both ammonium oxalate
and oxalic acid. Platinum, palladium, and the second group metals are not
reduced by oxalic acid ; hence, whenever the systematic analysis of a solution
is made to include gold, this metal should be tested for and removed by oxalic
acid, before thefirst and secondgroupprecipitations.

PLATINUM.

478. A tin-white metal, nearly as lustrous as silver, fusible in the oxy-hydrogen blow-
pipe flame, by which it can be vaporized. It is obtained as a soot-black powder—-
“ platinum-black ” —by reduction from solution of alkali and alcohol; and as a gray,
porous, slightly coherent mass—‘ ‘ platinum-sponge by ignition of ammonio-platinic
chloride. Both these bodies are remarkable for adhesive power; and both, by strong
compression, become compact, malleable, and lustrous, in the ordinary form of the metal.
Platinum is not affected by air or water, at any temperature; is not sensibly tarnished
by hydrosulphuric acid vapor or solution; and is not attacked at any temperature by
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nitric acid, hydrochloric acid, or sulphuric acid, but dissolves in nitro-hydrochloric
acid, to platinic chloride, less readily than gold.

479. The Preservation of Platinum Vessels requires that it be remem-
bered: (1) That free chlorine and bromine attack platinum at ordinary tem-
peratures (forming platinic chloride, bromide); and free sulphur, phosphorus,
arsenic, selenium

,
and iodine, attack ignited platinum (forming platinous sul-

phide, platinic phosphide, platinum-arsenic alloy, platinic selenide, iodide).
Hence, the fusion of sulphides, sulphates, and phosphates, with reducing
agents, is detrimental or fatal to platinum crucibles. The ignition of organic
substance containing phosphates acts as free phosphorus, in a slight degree.

The heating of ferric chloride, and the fusion of bromides, and iodides, act
to some extent on platinum.

(2.) The alkali hydrates (not their carbonates) and the alkaline-earths,
especially baryta and lithia, wfth ignited platinum in the air, gradually cor-
rode platinum (by formation of platinites: Pt -j- BaO + O — BaO.PtO).

(3.) All metals which may be reduced in the fusion—especially com-
pounds of lead, bismuth, tin, and other metals easily reduced and melted—-
and all metallic compounds with reducing agents (including even alkalies and
earths) form fusible alloys with ignited platinum. Mercury, lead, bismuth,
tin, antimony, zinc, etc., are liable to be rapidly reduced, and immediately to
melt awayplatinum in contact with them.

(4.) Silica with charcoal (by formation of silicide of platinum) corrodes
ignited platinum, though very slowly. Therefore, platinum crucibles should
not be supported on charcoal in the furnace, but in a bed of magnesia, in an

outer crucible of clay. Over the flame, the best support is the triangle of
platinum wire.

(5.) The tarnish of the gas-flame increases far more rapidly upon the already
tarnished surface of platinum—going on to corrosion and cracking. The sur-
face should be kept polished—preferably by gentle rubbing with moist sea-
sand (the grains of which are perfectly rounded, and do not scratch the metal).
Platinum surfaces are also cleansed by fusing borax upon them, and by diges-
tion with nitric acid.

480. Platinum forms two oxides, platinous oxide, Pt"0, and platinic oxide, Pt""0,
—both of which represent corresponding classes of oxy-salts and haloid salts. The oxy-
salts are instable.—None of the platinous compounds are permanently soluble in pure
water; the chloride is soluble in hydrochloric acid, the sulphate in water acidulated with
sulphuric acid.—Platinic chloride (PtCl 4) and bromide, all the platinicyanides (as
PbPtCy 6 ), and the platinoeyanides of the metals of the alkalies and alkaline earths (as
K 2PtCy 4), are soluble in water. The platinous and platinic nitrates are soluble in water,
but easily decomposed by it, with the precipitation of basic salts. The larger number of
the metallo-platinic chlorides or “ chloroplatinates ” are soluble in water, including those
with sodium [Na 2PtCl6 or (NaCl) 2FtCl 4], barium, strontium, magnesium, zinc, alumi-
nium, copper; and those with potassium, and ammonium, are sparingly soluble in water,
and owe their analytical importance as complete precipitates (40) to their insolubility



Platinum. 151

in alcohol. Of the metallo-platinous chlorides (the “ chloroplatinites ”)—those with so-
dium [Na 2PtCl4 or (NaCl) 2PtCl2 ], and barium, are soluble; zinc, potassium, and ammo-
nium, sparingly soluble; lead and silver, insoluble in water. Platinic sulphate, Pt(S0 4 )2 ,

is soluble in water.
481. Platinous chloride, PtCl 2, is a greenish-brown powder, soluble in hydrochloric

acid without change, as a dark-brown solution, which remains platinous if protected from
the air, but becomes platinic in contact with the air. The purely platinous chloride solu-
tion is precipitated by potassium hydrate and sodium hydrate as platinous hydrate,
Ft(OH) 2 , dark-brown, soluble in excess, as alkali platinite, K2 O.PtO, etc.; from which al-
kaline solutions, alcohol precipitates “ platinum black ” (478). —Ammonium hydrate gives
a green crystalline precipitate of platino-diammonium chloride, N2 H0 PtCl2 ,

insoluble in
cold water and in alcohol (compare 347). Hydrosulphuric acid very slowly precipitates
platinous sulphide, PtS, black, sparingly soluble in water, not affected by the acids or
chlorine or potassium hydrate, sparingly soluble by ammonium sulphide.—Iodide of po-
tassium slowly precipitates platinous iodide, Ptl2 ,

red-brown to black.—Oxalic acid pro-
duces no change; ferrous sulphate (slowly), and zinc (quickly), reduce the metal.

482. Platinic Chloride, PtCl4, is a brown-red solid, dissolving in water,
or alcohol, as a reddish-yellow solution, permanent in the air.—Potassium
hydrate, and ammonium hydrate, give, in solutions not very dilute, a yel-
low crystalline precipitate, as potassium platinic chloride, or potassium chlo-
roplatinate, (KCl) 2PtCl 4, etc., slightly soluble in water, insoluble in alcohol,
soluble in excess of the alkalies, and reprecipitated by hydrochloric acid.
Chlorides of potassium and ammonium give the precipitate, the most nearly
complete. Carbonates of potassium and ammonium form the same precipi-
tates, insoluble in excess. Sodium carbonate gives no precipitate. Sodium
hydrate slowly precipitates, in moderately concentrated solutions, after warm-
ing, the (brownish-yellow) sodium platinate, Na2 O.Pt02 .—Potassium iodide
colors the solution brown-red, and precipitates the black platinic iodide, Ptl 4 ;

with excess of the reagent, forming the sparingly solublepotassium platinic
iodide, (KI) 2PtI4, brown. Sodium iodide the same.— Hydrosulphuric
acid, and ammonium sulphide, slowly precipitate the black platinic sulphide,
PtS 2 , slightly soluble in water, soluble by chlorine, and soluble in ammonium
sulphide, as ammonium sulphoplatinate ; sodium sulphoplatinate is likewise
soluble, reprecipitated by acids. Phosphates form no precipitate. Reduction
is not effected by oxalic acid (distinction from gold) ; is slowly accomplished
by ferrous sulphate, and rapidly by zinc; also by chloral hydrate, and
excess of alkali with heat (formiate) ; the reduced metal being, in each case,
in black powder.—By the reducing blow-pipe flame, the compounds of platinum
are reduced to spongy platinum.



152 Palladium.

PALLADIUM.

483. A white metal, more lustrous than platinum, with which it is classed, in accord-
ance with its general properties. It is, however, a little more fusible and volatile (in the
oxyhydrogen flame), and much more oxidizable than platinum. In the air, it is little
tarnished at ordinary temperatures, but at a red heat it covers with oxide.—It is slightly
attacked by boiling hydrochloric or sulphuric acid; dissolves in nitric acid, with forma-
tion of palladic nitrate, and if in the cold, with separation of nitrous acid, which remains
in solution; more readily in nitro-hydrochloric acid, as palladic chloride, PdCl4 . It is
blackened by alcoholic solution of iodine (distinction from platinum).

484. Palladium forms one stable oxide, palladious, PdO, and two chlorides, palladious,
PdClo, and palladic, PdCl 4. The latter is the most stable of the palladic combinations,
but is reduced to palladious chloride by boiling in water, and by dilution with much cold
water.

485. Palladious chloride is readily soluble in water with a brownish-red color; with
metallic chlorides, it forms double chlorides, as potassio palladious chloride or “ potassium
chloropalladite,” (KCl) 2PdCl2 , all of which are soluble in water.—Palladious iodide is
insoluble in water, alcohol, or ether; insoluble in dilute hydrochloric acid or hydriodic
acid; slightly soluble by iodides and by chlorides.—Palladious nitrate, Fd(N0 3) 2 ,

is
soluble in water with free nitric acid; the solution being decomposed by dilution, evapo-
ration, or by standing, with precipitation of variable basic nitrates. Palladious sulphate,
PdS04 , dissolves in water, but decomposes in solution on standing.

The instable palladic chloride, brown-black in solution, forms double chlorides with
the metals—as calcio palladic chloride or “calcium ohloropalladiate,” CaCl2PdCl 4—these
being mostly stable in water, and mostly soluble in water and in alcohol. The potassium
palladic chloride (red), as an exception, is slightly soluble in water and insoluble in alco-
hol, but partially decomposed by both solvents.

486. Palladious Chloride is precipitated by potassiumhydrate or sodium hydrate,
as brown basic salt or as brown palladious hydrate, Fd(OH) 2, soluble in excess of the hot
reagents. Ammonium hydrate gives a flesh-red precipitate of palladio-diammonium
chloride, N2H0 PdCl2 (compare 347). The flesh-red precipitate is soluble in excess of the
ammonia, and from this solution reprecipitated by hydrochloric acid, with a yellow color.
The fixed alkali carbonates precipitate the hydrate ; ammonium carbonate acts like the
hydrate.—Hydrosulphuric acid and sulphides precipitate the dark-brown palladious
cyanide, PdS, insoluble in the ammonium sulphides, soluble in nitro-hydrochloric acid.
—Potassium iodide precipitates palladious iodide, Pdl 2 , black, visible in 500,000 parts
of the solution, with the slight solubilities stated in 485, an important separation of iodine
from bromine. In very dilute solutions, only a color is produced, or the precipitate
separates after warming. At a red heat, the precipitate is decomposed. Potassium
cyanide precipitates palladious cyanide, PdCy2 , white, soluble in excess of the reagent.
—Chloride of potassium precipitates, from highly concentrated solutions, the golden-
yellow, crystalline,potassium palladious chloride, (KCl) 2FdCl 2 (485). Phosphates give
a brown precipitate.

Palladious nitrate gives most of the above reactions; no precipitate with ammonia,
and less complete precipitate with iodides.

4ST Palladium is reduced, in dark-colored precipitate, from all compounds in solu-
tion, hr sulphurous acid, stannous chloride, phosphorus, and all the metals, which pre-
cipitate silver (340). Ferrous sulphate reduces palladium from its nitrate, not from its
chlort&e. Alcohol, at boiling heat, reduces it; oxalic acid does not(distinction from gold).
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—nearly all its compounds are reduced by heat, before the blow-pipe, to a “sponge.” If
this be held in the inner flame of an alcohol-lamp, it absorbs carbon at a heat below red-
ness ; if then removed from the flame, it glows vividly in the air, till the carbon is all
burnt away (distinction from platinum).

MOLYBDENUM.

488. A silver-white, hard and brittle metal, fusible at the highest furnace heat. It
is not oxidized in the air at ordinary temperatures; but when slowly heated, it gains a
brownish-yellow, then a blue tarnish ; and at a higher heat, it bums to Mo0 3 . It is
oxidized by water vapor at a red heat. It is quickly dissolved by nitric acid, as molyb-
dic anhydride (M0O3), with evolution of nitric oxide; slowly by hot, strong sulphuric
acid, with liberation of sulphurous anhydride. Molybdenum forms three classes of com-
pounds, viz molybdous oxide, Mo' O ; chloride, MoC12, and other molybdous salts;
molybdic oxide, Mo",/02 ; chloride, MoC1 4, and corresponding salts; and molybdic
anhydride, MoVI03 ,

which combines with bases, to form stable molybdates—also feebly
unites with strong acids. Each of these classes includes stable salts; the two bases are
converted into molybdic acid or molybdates by strong oxidizing agents; while molybdates
are reducible to one or the other of the bases by deoxidizing agents.

489. The molybdous salts are not generally very permanent in solution. The chloride
is soluble (in dilute hydrochloric acid ?); the bromide and iodide decomposed in water to
oxybromide and oxiodide; the sulphate decomposed by water to a soluble and an insoluble
salt; the nitrate soluble in water. The solutions are dark-brown and opaque.

Water dissolves molybdic chloride, bromide (yellow-brown solution), iodide (red solu-
tion), nitrate and sulphate (reddish-brown solutions).

Molybdic anhydride is very sparingly soluble in water (800 parts). It does not form
an acid in the solid state. The normal molybdates of the alkali metals (as K 2 Mo04 ) are
soluble, of the remaining metals insoluble in water. The molybdenum trisulphate,
Mo(S04 ) 3, and molybdenum hexi-chloride MoC16 , are soluble in water; the correspond-

*ing nitrate, Mo(N03 )6 ,
soluble in dilute nitric acid.

490. Molybdous salts, as Mo(N03 ) 2 ,
with alkali hydrates and carbonates, precipi-

tate the dark-brown molybdous hydrate, becoming blue in the air by oxidation to molybdic
molybdate, Mo(Mo0 4)2 and Mo2 06 . The hydrate is insoluble in alkalies, sparingly
soluble in alkali carbonates, readily soluble in alkali hydrogen carbonates. With hydro-
sulphuric acid and sulphides, a brown precipitate of molybdous sulphide, MoS, soluble
in ammonium sulphide.

491. Molybdic salts, as MoCl 4,
with alkali hydrates and sulphides, give reactions

corresponding with molybdous salts, and likewise turn blue in the air, by formation of
intermediate oxides. The precipitated hydrate is reddish-brown; it dissolves in alkali
carbonates by formation of alkali molybdates. Zinc precipitates molybdous hydrate, by
reduction.

492. Molybdic Anhydride is a white powder, or is in crys-
tals, turning yellow when hot and again white on cooling; melting at a red
and vaporizing at a white heat. It is soluble‘by acids, and by alkali-hydrates,
especially ammonia, in formation of molybdates.

493. Water solutions of MOLYBDATES, with acids, precipitate molybdic
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anhydride, MoOa , white, soluble in excess of the acids.* Hydrosulphuric
acid colors the molybdate in neutral or alkaline solutions, yellow to brown,
without precipitation; but from the acid solutions it precipitates the brown
MoS2, sulphomolybdic acid, the supernatent liquid appearing blue. The pre-
cipitate is soluble in ammonium sulphide, better when hot and not too con-
centrated, as ammonium sulphomolybdate, (NH4 )2MoS 4, from which acids
reprecipitate MoS3

.

494. Tribasic phosphoric acid and its salts precipitate, from strong nitric
acid solutions of ammonium molybdate, somewhat slowly and on warming,
ammonium phosphomolybdate, yellow, of variable composition, soluble in
ammonia and other alkalies, sparingly soluble in excess of the phosphate.
Hydrochloric acid may be used instead of nitric. The sodium phosphomolyb-
date is soluble in water, and precipitates ammonium from its salts; also, it
precipitates the alkaloids—for which reaction it has some importance as a
reagent.f (Compare Ammonium, 62.)

Arsenic acid and arseniates give the same reaction; ammonium arsenomo-
lybdate being formed.

Recent molybdic anhydride, well washed (with alcohol and then water), on digestion
with aqueous phosphoric acid, forms a lemon-yellow salt, insoluble in water, but slowly
soluble in excess of the hot phosphoric acid, as acid permolybdic phosphate or phospho-
molybdic acid. It is soluble in alcohol as well as in water; the solution giving, with am-
monia and with alkaloids, the yellow precipitate of ammonium phosphomolybdate, etc.

495. The alkaline solutions—normal molybdates of the alkali metals—give, with all
non-alkali salts, precipitates of non-alkali molybdates, the latter being insoluble (or
sparingly soluble) in water, as stated in 489. The following are some of the reactions
giving precipitates:

K 2 Mo0 4 + BaCl 3 = BaMoOi + 2KC1

K 2 Mo04 -f- Pb(N0 3 )a = PbMo0 4 (wulfenite) -f- 2KNOs

KjMoO, -f- CuS04 = CuMo04 (yellow-green) -)- K 2 S0 4

496. Reducing agents convert molybdic acid either into the blue inter-
mediate oxides (490), or, by further deoxidation, into the black molybdous
oxide, MoO. In the (hydrochloric) acid solutions of molybdic acid, the blue
or black oxide formed by reduction, will be held in solution with a blue or

* in making the solution of molybdate with nitric acid, used as a reagent, the slightlyalkaline solution
of the molybdate is poured into the nitric acid, slowly, with stirring.

t Sodium Phosphomolybdate— reagent for acid solutions of alkaloids—is prepared as
follows : The yellow precipitate formed on mixing acid solutions of ammonium molybdate and sodium
phosphate—the ammonium phosphomolybdate—is well washed, suspended in water, and heated with so-
dium carbonate until completely dissolved. The solution is evaporatedto dryness, and the residue gently
ignited till all ammonia is expelled, sodium being substituted for ammonium. If blackening occurs, from
reduction ofmolybdenupi, the residue is moistened with nitric acid, and heated again. It is then dissolved
with waterand nitric acid to strongacidulation ; the solution being made ten parts to one part of residue.
It mustbe kept from contact with vapor of ammonia, both during the preparation and when preserved
for use.
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brown color. Nitric acidulation is, ofcourse, incompatible with the reduction.
Certain reducing agents act as follows :

Ferrous salts (in the hydrochloric acid solution) give the blue oxide
solution. Cane sugar, in the feebly acid boiling solution, forms the blue color
—seen better after dilution; a delicate test. Stannous chloride forms first
the blue, then the brown, or the greenish-brown to black-brown, solution of
both the intermediate oxide and the molybdous oxide. Zinc gives the blue,
then green, then brown color, by progressive reduction. Formic and oxalic
acids do not react.—Dry molybdates, heated on platinum foil with concentrated
sulphuric acid to vaporization of the latter, form, on cooling in the air, a blue
mass—a very delicate test.*

497. With microcosmic salt, in the outer blow-pipe flame, all compounds of molyb-
denum give a bead which is greenish while hot, and colorless on cooling; in the inner
flame, a clear green bead. With borax, in the outer flame, a bead, yellow while hot, and
colorless on cooling; in the inner flame, a brown bead, opaque if strongly saturated (mo-
lybdous oxide). On charcoal, in the outer flame, molybdic anhydride is vaporized as a
white incrustation; in the inner flame (better with sodium carbonate), metallic molybde-
num is obtained as a gray powder, separated from the mass by levigation.

* A solution of 1 milligram of sodium (or ammonium) molybdate in 1 c.c. of concentrated sulphuric
acid (about 1 part to 1,840 parts) is in use as Fbcehde’s Reagent foralkaloids. The molybdenum in this so-
lution, which must be freshlyprepared for use each time, is reduced by very many organic substances ; and
with a largenumber of alkaloids, it gives distinctive colors, blue, red, brown, and yellow.
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498. Reactions of Ruthenium, Iridium, Rhodium, and Osmium.

(1) Potassium sulphocyanate, in absence of other platinum metals, slowly forms a red color
,

turning to violet when boiled.
(2) The metal is insoluble in all acids. After fusion with sodium hydrate and oxidizing agents, it dis-

solves by nitro-hydrochloric acid.
(3) The metal is insoluble in all acids ; but by fusion with potassium hydrogen sulphate, forms the solu-

ble salt above taken.
(4) The metal vaporizes at white heat, and burns to 0s04 , an acidulous anhydride, having an irritating

and offensive odor, and forming instable osmatesof great oxidizing power. Osmates separate iodine from
iodides, decolorize indigo solution, and, with sulphites, give a deepviolet color or blue precipitate.

499. Reactions of Tellurium, Selenium, and Tungsten.

(1) The tellurites of the alkali and alkaline earthy metals are soluble in water, the other tellurites
insoluble.

(2) The tellurates of the alkalimetals, alone, are soluble in water.
(3) Except those of the alkali metals, the selenites are insoluble in water.
(4) Lead, barium, strontium, and calcium selenates are insoluble in water; other selenates, soluble.

Barium selenate, insoluble in HC1.
(5) Of the tungstates, only thoseof the alkali bases dissolve in water.

In solution as RuoCl«,
orange.

(NaCl)2 IrCl4 ,
black.

K ;i R^(S0 4 )3 ,
rose-colored.

(KC1)8 Os2C16 ,
sparingly soluble.

Ha S, in acidsol. Ru2 S3 , brown, form-
eel slowly, with
blue sol.

Ir2S8 + S, brown. Rh 2S 3, brown, sol.
iu hot nitric acid.

OsS. brown, formed
only by strongacid.

(NH4) 2S 2 , in ex-
cess.

Solution formed with
difficulty.

Solution. Precipitate. Precipitate.

KOH or NaOH,in excess.
Ruj(OH)e , black. Brown-black pre.,

turningblue.
Solution, pre. by alco-

hol.
Os(OH)4, brown-red.

SnCl2 . (NaCl) 6 Ir2 Cl6. . . Brown pre.
Zn. Pre., blue to black. Ir, black. Rh, black. Os.
KNO,. Pre., sol. in excess,turned to dark-red

by (NH4) sS.
Ir(0H)4 +KN02 ,

boiled with S02 .
green pre.

Pre., orange. No change.

(1) (2) (3) (4)

In solution as KqTgOs* K 2 Te0 4. Na 2 Se0 4. Na2 W04 .

H;S in acid sol. TeSjj
brown.

. . . . SeS-2- Blue solution,
w2 o5 .

(NH4) 2 Sa , excess. No pre. . No pre. . V No pre.
HC1. HjTeOs,

white pre.
Boiled, H2 Te03,

and Cl.
No pre. Boiled, H2 Se-

0 3, and Cl.
H2'W0 4 ,

white pre.,
thenyellow.

SnCl2. Te,
black. Se, red. . . . . Yellow pre.,

heated with
HC1. blue.

Fusion on Ch,
witliNa 2 C03 .

Ka2 Te, staining Agr, and with acids
giving H2Te, havingodor of H2 S,
and dissolving red.

staining Ag-, and with
acids giving H2 Se, of foetid
odor, soluble in water.

W, black.

(1) (2) (3 (4) (5)



PART II.

THE NON-METALS AND THE ACIDS.

500. The three elements, chlorine, bromine, and iodine, resemble each other in almost
all their properties, reactions, and combinations, differing (as do their atomic weights, 35,
80, 127) with a regular progressive variation; so that their compoundspresent themselves
to us as members of progressive series. In several particulars fluorine (atomic weight, 19)
corresponds to the first member of this series.

501. CHLORINE is a greenish-yellow, suffocating gas, dissolved spar-
ingly by cold water, very slightly by hot water. The solution bleaches litmus ;

but on standing, the Cl is converted into HC1 (a), when it reddens litmus, and
is no longer fit for use as a reagent. Chlorine is dissolved freely by alkali
hydrates, with combination (b ), the solution having especial oxidizing force
(526). In distinction from hydrochloric acid, it bleaches moist litmus, and
indigo solution; precipitates sulphur from hydrosulphuric acid, and iodine
from solutions of iodides—slight traces of it being revealed by the blue color
with solution of potassium iodide and starch —and acts in presence of water
as a very powerful oxidizing agent (a). It displaces bromine, as well as
iodine. It dissolves gold-leaf, and mercuric sulphide {distinctionsfrom nitric
acid). Like hydrochloric acid, it precipitates solution of silver nitrate (c),
and plumbic and mercurous salts ; and forms, with vapor of ammonia, a white
cloud of NH 4C1. With ammonium salts, chlorine is liable to cause explosion,
nitrogen chloride being formed (63). For the Oxidations caused by chlorine,
see 820. /

a. 201 4 H 2 0 = O + 2HC1

b. 601 + 6KOH = 5KC1 4 KOlOs 4 3H2 0

Or: 201 4 2KOH = KOI 4 KCIO 4 H2 0

c. 601 4 6AgNOs 4 3Ha O = 5AgCl 4 AgC103 4 6HNO,

502. The most important Acids containing Chlorine are:
Hydrochloric acid, HC1'.
Chloric acid, HC1V03 .

Perchloric acid, HClvn0 4.

Hypochlorous acid, HCl'O.
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HYDROCHLORIC ACID.

503. Absolute hydrochloric acid is a colorless, caustic, suffocating gas.
It dissolves in about two parts by weight of water; so that its strongest per-
manent solution contains about 33 per cent, of acid (HC1) ; but this solution
rapidly evolves acid in the air, more rapidly on warming, less rapidly as the
solution loses strength. When of 20 per cent, acid, the liquid boils at 112° C.
(233° F.), vaporizing with the water of its solution.

504. Gaseous hydrochloric acid escapes with slow effervescence when
liberated from compounds in concentrated solution; reddens litmus ; with
vapor of ammonia, gives a white cloud (hTH4Cl as a solid), somewhat more
dense than the fumes caused by the other volatile acids; and, like aqueous
hydrochloric acid (508), precipitates chlorides from salts of the first group
metals, when brought in contact with their solutions—a drop adhering to a

glass rod being held in the gas.
505. Hydrochloric acid is formed from metallic chlorides by transposition

with sulphuric acid; except that mercury, silver, lead, and tin chlorides are
transposed with difficulty, or not at all, by sulphuric acid :

2NaCl + H2SO4 = Na 2S0 4 + 2HC1

508. The normal Chlorides are all soluble in water, except those of the
metals of the first group; silver, AgCl; mercurous, Hg9 Cla ; and lead,
PbCl„ —the last named being sparingly soluble. In analysis, the silver pre-
cipitate is most used (509). If bromides are present (535), the chlorochromic
test is most conclusive (512). Separation from iodides, 577.

A large number of the metallic chlorides are soluble in alcohol, and several
are soluble in ether.

507. The chlorides ofmetals are, generally, more volatile than other com-
pounds of the sample metals ; example, ferric chloride.

608. Solutions of chlorides and hydrochloric acid are precipitated, by
solutions of silver salts, as silver chloride, AgCl, white (332) ; by solutions
of mercurous salts, as mercurous chloride, Kg 2 Cl2 ,

white (350); and by
solutions of lead salts, when not very dilute, as lead chloride, PbCl 2, white
(313). Silver nitrate solution is the most complete and convenient precipi-
tant for chlorides.

509. The properties of the precipitate of silver chloride are given in 332,
and in 328. It is of analytical interest, that it is freely soluble in ammonium
hydrate (considerably more freely than the bromide, and far more freely than
the iodide of silver); soluble in hot, concentrated solution of ammonium
carbonate (which dissolves traces of bromide, and no iodide of silver) ; in-
soluble in nitric acid, or but temporarily soluble in strong nitric (as in hydro-
chloric) acid, and precipitating again on dilution. It should be observed, that
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it is appreciably soluble in solutions of chlorides, and in ammonium nitrate;
hence, in reprecipitating traces of it, by nitric acid, from the ammonia solution,
if there is excess ofammonium hydrate, this should first be expelled:

2AgCl -f- 3NH4OH = (NH,),(Ag01), + 3H2 0
(NHs)»(Ag01)a -f 3HNO? = 2AgCl + 3NH4N08

510. Oxidizing agents (with heat) decompose hydrochloric acid
, or

metallic chlorides with an acid j chlorine being liberated, by oxidation of the
hydrogen of the hydrochloric acid or of the metal of the chloride. In this way,
manganese dioxide (511), lead dioxide (306), chromic anhydride (512), nitric
acid (513), and chlorates (522), produce chlorine from chlorides. For other
reactions of Oxidizing Agents, see 821,

511. The action of manganese dioxide is formulated as follows:
4EC1 + R$n0 3 = MnCl3 + 2H2 0 4- 2C1

Or: 2NaCl 4- 2H 3 S0 4 4- Mn03 = Na 3 S0 4 4 MnS04 4 2H 2 0 4- 201

This reaction is applied in the manufacture of chlorine, which is distilled
from the mixture, and can be used in analysis for evidence of chlorides.

A test for traces of free hydrochloric acid, in distinction from metallic
chlorides, is made by heating the solution with Mn0 2, without adding an acid,
and distilling into a solution of potassium iodide and starch. Larger propor-
tions of HC1 are more frequently separated by distilling it intact.

512. The reaction with chromic anhydride is in use as a test for hydro-
chloric acid, more especially in presence of bromides:

a. 2HC1 4 Cr03 = Cr0 2 Cl 3 (chlorochromic anhydride) 4 Ha 0
b. 4NaCl 4- K 2Cr2OrH- 3H2 S0 4 =

2Cr02 Cl 2 + 2Na 2S0 4 4 K2 S0 4 4 3H2 0

To obtain a rapid production of the gas, so that it may be recognized by its color, the
operation may be made as follows : Boil a mixture of solid potassium dichromate and
sulphuric acid, in an evaporating dish until bright red, and then add the substance to be
tested, in powder—obtained, if necessary, by evaporation of the solution. If chlorides are
present, the chromium dioxy-dichloride rises instantly as a bright brownish-red gas. The
distinction from bromine requires, however, that the material, which may be in solution,
should be distilled, by means of a tubulated flask or small retort, the vapors being con-
densed in a receiver, and neutralized with an alkali (c and d). The chromate formed
makes a yellow solution (bromine, a colorless solution). As conclusive evidence of chlo-
rine, the chromate (acidified with acetic acid), with lead acetate, forms a yellow precipi-
tate (bromide, a white precipitate, if any):

c. Cr02 Cl2 4 2H2 0 =

' H2 CrQ4 4 2HC1

d. Cr02 Cl2 4 2(NH4 )OH = (NH 4) 2 Cr0 4 4 2HC1

513. The action of nitric acid with hydrochloric acid results from tha
mixture of the two acids, well known as nitro-hydrochloric acid, or “ aqua
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regia,” and used for its free chlorine. Both nitrogen oxy-chloride and nitrogen
oxy-dichloride are formed; their relative proportion varying with different
conditions:

(NOCl 2 -f Cl)
3HC1 + hno3 = 1 . y + 2H 20

( or NOC1 + 2C1)

The reaction occurs quite promptly in the concentrated acids without heat,
but more rapidly with heat; very slowly in moderately dilute acids, and only
to a slight extent if the acids are very dilute.

514. By action of permanganate, acidulated with sulphuric acid in warm solution,
hydrochloric acid introduced as gas is oxidized to hypochlorous acid. Manganese dioxide
and sulphuric acid may be used, instead of permanganate, with the same product. In
dilute neutral solution, no immediate change occurs between permanganate and chlorides.

515. The three chlorides insoluble m water (506) are not transposed or dissolved by
acids, except that mercurous chloride is dissolved, by nitric acid and by chlorine, as mer-
curic salt. They are dissolved for analysis by decomposition with alkali hydrates (677).
AgOl or FbCl 2 is dissolved as sodium chloride, after fusion with sodium carbonate on
charcoal (a), or in a porcelain crucible ( b):

a. 4AgCl + 2Na 2 C03 + O = 4Ag -f 4NaCl + 3C0 2

b. PbOla + Na2 COs = FbO + 2NaCl + C0 2

516. Heated in a bead of microcosmic salt, previously saturated with copper oxide in
the inner blow-pipe flame, chlorides impart a blue color to the outer flame, due to copper
chloride.

For Separation of chlorides from bromides and iodides, see 576 and 577 ;

for separation from chlorates with nitrates, see 581.

CHLORIC ACID.

517. When concentrated, a colorless, syrupy liquid, having a slight odor, resembling
nitric acid. It first reddens litmus, and then bleaches it. Chloric acid is somewhat in-
stable at ordinary temperatures; when heated, it rapidly decomposes with formation of
yellow products, including perchloric acid (HC10 4), chlorine and water. It oxidizes or-
ganic and other combustible substances with violent rapidity. For a list of its products
as an oxidizing agent, see 823.

518. Chlorates are produced—together with chlorides—by action of
chlorine upon bases, according to equation b, 501.

All chlorates are resolved by heat into chlorides and oxygen (HC1 -f- 30).
In presence of various metallic oxides, etc., the oxygen is separated more
easily, the metallic oxides remaining unchanged. With manganese dioxide,
the oxygen of potassium chlorate is obtained at about 200° C.; ferric oxide, at
120° C.; platinum, black, at 270°. Copper oxide and lead dioxide may be

psed. When triturated or heated with combustible substances, charcoal,



Chloric Acid. 161

organic substances, sulphur, sulphites, cyanides, thiosulphates, hypophosphites,
reduced iron, etc., etc.—chlorates violently explode, owing to their sudden
decomposition, and the simultaneous oxidation of the combustible material.
This explosion is more violent than with corresponding mixtures of nitrates (as
in gunpowder, 602).—Potassium chlorate, fused with PbO, forms PbOa ; with
alkali and MnO or Mn02, manganate is formed.

519. All the chlorates are soluble in water ; those of the first groupbases
being somewhat unstable in solution. Like nitric and acetic acids, chloric
acid is not precipitated. Except the mercurous, the least soluble of the me-
tallic chlorates is that of potassium, which requires 12 to 16 parts of cold water
for its solution. Potassium chlorate is only slightly soluble in alcohol.
Chlorates are usually identified by the gaseous products of decomposition (520).

520. Sulphuric acid causes dissociation of chlorates—if in the solid state,
with detonation, and unless in small quantities, with violent explosion; and
with formation of grcenish-yelloiu gas, dichlorine tetroxide. Perchlorate is
likewise formed. The gas has the odor, oxidizing and bleaching power of
chlorine, and it imparts its color to solutions in which it is formed. The pro-
ducts vary with conditions, but are chiefly formed as follows:

3KC10S + 2H 2 S04 = 2KHS0 4 + KG10 4 + C12 04 + H2 0
2C1 20 4 sb Cl'"a Os + 01v2 06

- 521. If a dilute solution of a chlorate is colored light blue with the solution of indigo
in sulphuric acid, and the solution kept cold, no bleaching occurs, even with the further
addition of dilute sulphuric acid. But, on addition of solution of sodium sulphite, the
color soon disappears, by formation of chlorine or its oxides. •

522. Hydrochloric acid decomposes chlorates, rapidly when heated, with the forma-
tion of free chlorine and diehlorine tetroxide—the mixture called euchlorine. The gas
and solution have the color, odor, and bleaching effect of chlorine, intensified. This is a
ready and effective means of generating chlorine for analytical purposes. The propor-
tion of free chlorine to oxidized chlorine is variable; the subjoined equations showing the
character of the results:

2KC103 -f 4HC1 =* 2KC1 + C12 04 -f 201 + 2H 2Q

3KC103 + 10HC1 = 3KC1 -f C12 04 + 801 + 5H2 0

4KC10 3 + 16HC1 = 4KC1 -f C12 0 4 -f 1401 4- 8H2 0
For separation of chlorates from nitrates, see 580; from nitrates with

chlorides, see 581.

523. PERCHLORIC ACID, HC10 4, is a colorless liquid, distilling with partial
decomposition, forming a crystallizable hydrate, and decomposing by reducing agents
with explosion. It is obtained by distillation of perchlorates with sulphuric acid. Hy-
drochloric and nitric acids do not decompose perchlorates in water solution. All the
metallic perchlorates are soluble in water; potassium perchlorate requiring 58 parts
(rubidium perchlorate, 92 parts) of water at 21“ C. ; the other metals forming salts more
freely soluble. The potassium salt is insoluble in alcohol. In ignition, perchlorates act
very much like chlorates, but more explosively.
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HYPOCHLOROUS ACID.

524. Hypoehlorous anhydride, C12 0, can be obtained at -20° C. (-4° F.), by the reac-
tion, HgO + 4C1 = C12 0 + HgClo, as an orange-colored, explosive liquid, gaseoua at
ordinary temperatures, and decomposing, spontaneously and sometimes violently, into
chlorine and oxygen. It dissolves in water, forming hypoehlorous acid, HCIO.

Hypoehlorous acid, in aqueous solution, is a yellow liquid; when strong, decomposing
rapidly at 0° 0. (32° F.) ; when dilute, decomposing gradually by boiling (a) ; decomposed
by hydrochloric acid (b), and by metals (c)—its decompositions furnishing chlorine or
oxygen, or both chlorine and olygen.

a. 2HC10 = HaO + 201 + 0

b. HCIO + HC1 = H,0 + 2CI

c. 2HC10 + 2Zn = ZnO + ZnCl 2 + H 2 0

2HC10 + *
2Ag = 2AgCl + K 2 0 + O

525. The Hypochlorites are formed by treating bases with chlorine (short of satura-
tion), as shown in b, 501. The calcium hypochlorite and chloride, mixed or combined
together as formed by action of chlorine upon calcium hydrate, is in very extensive use—-
as chlorinated lime, or “chloride of lime ” [CaCl 2 + Ca(C10) 2 , or 2Ca(OCl)Cl], The
sodium hypochlorite-and-chloride—mixed as formed by chlorine in solution of sodium
hydrate or sodium carbonate, or by double decomposition between solution of the calcium
hypochlorite-and-chloride and solution of sodium carbonate—is pharmacopceial, under the
name of solution of chlorinated soda (NaCl.NaCIO). The chemical structure of these
important chlorinated compounds has been difficult to ascertain.

526. Hypochlorites are very instable,
whether solid or in solution, decom-

posing by the weakest acids, by the carbonic acid of the air («), and by heat
(J), also to some extent at ordinary temperatures. In this manner, they act as
powerful oxidizing agents. The deportment of hypochlorites is represented
by the action of chlorine in alkali solutions (501 b) ; a convenient agent of
especial force, as for the decomposition of ammonia (63 b).

a. A. Ca(C10) 2 + C0 2 = CaC03 + 201 + O

B. CaCl2 .Ca(ClO) 2 + 2COa = 2CaC03 + 401

c. Ca(C10) 2 .CaCl2 + 2H2 S0 4 = 2CaS0 4 + 2H 2 0 + 4C1

D. 2NaC10 + 2HC1 = 2NaCl + Ha O +201 + O

b. In boiling solutions: 3Ca(C10)2 = Ca(C10 3) 2 + 2CaCl2

At a higher temperature: Ca(C10 3) 2 = Ca012 + 60

527. All hypochlorites are soluble in water; those of the first group metals
being especially instable. Their solutions bleach litmus and indigo.

528. Silver nitrate, added to the solutions of hypochlorites with chlor-
ides, precipitates the chloride, AgCl, at first leaving hypochlorites in solution;
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while the soluble silver hypochlorite quite rapidly decomposes with the pre-
cipitation of chloride and formation of chlorate of silver (a), the latter slowly
changing to chloride (518):

a. SAgCIO = 2AgCl -}- AgC103 (corresponding to b, 526)

529. BROMINE, at ordinary temperatures, is a brown-red, intensely
caustic liquid, freely evolving brown-red, corrosive vapors of a suffocating,
chlorine-like odor, and boiling at 47° C. (117° F.) It is soluble in 33 parts of
water, with an orange-yellow color ; and freely soluble in alcohol, ether, chlo-
roform, and in carbon disulphide—with the same or a deeper color. Carbon
disulphide, and chloroform, after agitation with its dilute water solutions, re-
move the bromine as a subsiding liquid in a yellow to red-brown layer; ether,
less perfectly, in a supernatant layer of the same color. It dissolves colorless
in alkali hydrates, with combination, forming bromides and bromates. The
change corresponds exactly to that of chlorine, as shown in equation b, 501.
It dissolves, without combination or loss of color, in solutions of hydrobromic
acid, and of bromides.

,

530. In vapor or solution, bromine bleaches litmus and indigo; colors
starch-paste yellow ; precipitates silver salts, yellow-wrhite, bromide and
bromate (as by equation c, 501) ; and lead salts, white. Bromine decomposes
hydrosulphuric acid with separation of sulphur, and subsequent production of
sulphuric acid; changes ferrous to ferric salts, and (in presence of water) acts
as a strong oxidizing agent. It displaces iodine from iodides, and is displaced
from bromides by chlorine; its character being intermediate between that of
chlorine and that of iodine (820 i). For Oxidations by bromine, see 824.

531. The Acids of Bromine are :

Hydrobromic acid, HEr'.
Bromic acid, HBrv O s.

Hypobromous acid, HBr'O.

HYDROBROMIC ACID.

532. Absolute hydrobromic acid is gaseous at ordinary temperatures, but dissolves
freely in water. The strong solution gives off gas in the air more rapidly than aqueous
hydrochloric acid, and boils below 100° C.; the dilute solution boils above 100 C., and if
very dilute is concentrated by boiling. In gaseous state or in solution, hydrobromic acid
is colorless; but it is slowly decomposed by atmospheric air [2H33r -f- O = H 2 0 -f- 2Br]
with the presentation of the color of free bromine; the solution deepening in yellow-brown
tint, as bromine is displaced by oxygen, and dissolved by the hydrobromic acid.

Neither hydrobromic acid nor a metallic bromide will give the yellow color to starch
paste.
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533. Hydrobromic acid is produced from the metallic bromides, by transposition with
dilute sulphuric acid:

2KBr + H2 S0 4 = K 2 S0 4 + 2HBr

But the bromides of mercury, silver, lead, and tin, are transposed by sulphuric acid
with difficulty, or not at all (compare chlorides, 505).

534. The Bromides (including hydrogen bromide) are decomposed by oxidizing
agents, with liberation of bromine. Thus: by chlorine (820 b) (not by iodine); by bromic
acid (a); by nitric acid (814 g); by strong and hot sulphuric acid (819 b); and, in hot
solution, acidulated, by manganese dioxide (b). Further, see 835.

a. 5KBr + I£Br0 3 + 3H2 S0 4 = 3K2 S0 4 + 3H2 0 + GEr

b. 2KBr + 2H2 S04 + Mn02 = K 2 S0 4 + MnS04+ 2H 20 + 2Br

535. The solubilities of the bromides lie intermediate between those of
the chlorides and those of the iodides, not differing much from the former. In
general terms, ail bromides are soluble in water, except those of the first
group bases. Further, mercuric bromide is only sparingly soluble iii water.
Lead bromide is less soluble than lead chloride. Bismuth bromide is decom-
posed by water, to a greater extent than bismuth chloride (295), and anti-
monious bromide is decomposed by water. Cuprous bromide is formed as a
precipitate by reduction from the soluble cupric bromide.

The double bromides of lead and potassium or sodium, and of silver and
potassium or sodium, are soluble in a little water containing alkali bromides
as concentrated solutions, but are decomposed by much water; the potassio
and the sodio mercurous and mercuric bromides are soluble in water.

In alcohol, the alkali bromides are sparingly or slightly soluble; calcium
bromide, soluble ; mercuric bromide, soluble ; mercurous bromide, insoluble.

Silver bromide is sparingly soluble in ammonium hydrate ; nearly insolu-
ble in ammonium cai'bonate solution.

In analysis, bromides are usually identified by the color of a carbon-disul-
phide solution of free bromine,‘iodine, if present, being first removed (539,
576).

530. Silver nitrate solution precipitates, from solutions of bromides, sil-
ver bromide, AgBr, yellowish-white in the light, slowly becoming gray to
black. The precipitate is insoluble in dilute nitric acid, sparingly soluble in
concentrated aqueous ammonia, nearly insoluble in concentrated solution of
ammonium carbonate, slightly soluble in excess of §lkali bromides, soluble in
solutions of alkali cyanides and thiosulphates. It is decomposed by chlorine.

537. Solution of mercurous nitrate precipitates mercurous bromide,
Hg2Br 2, yellowish-white, soluble in excess of alkali bromides.

538. Solutions of lead, salts precipitate, from solutions not very dilute,
lead bromide, PbBr2, white (314 and 535).

539. Sulphuric acid decomposes bromides: when dilute, mostly with
production of hydrobromic acid (533); when concentrated, chiefly with forma-
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tion of bromine. The vapor from the hot mixture reddens or bleaches litmus;

has the yellowish-brown color and suffocating odor of bromine, and when
cooled colors starch-paste yellow.

Chlorine Water separates the bromine much more quickly and com-
pletely, giving better results in dilute solutions, but in excess it decolors the
bromized starch.

The more delicate test is made by adding carbon disulphide,* then dilute
chlorine water, drop by drop, in the cold solution, then agitating, and allowing
the heavier liquid to subside (529). The presence of bromine is indicated by
a yellow color, or if there is much bromine a yellowish-browm to brownish-red
color. Iodine colors violet. If free iodine is present, bromine cannot be
identified, by its vapor, its color with starch, or its color in solution with car-
bon disulphide. All the iodine of iodides will be liberated before any of the
bromine can be: therefore, before these tests can be made for bromine, the
iodine must either be oxidized to iodic acid, or wholly expelled, as directed in
576.

Dilute hydrochloric acid will not color dilute solutions of bromides, or
yield much color to disulphide of carbon ; in absence of oxidizing agents.

540. For Separation of bromides from iodides and chlorides, see 576;
from bromates, 546 and thereafter.

541. Bromides of potassium, sodium, and of most other metals, are not decomposed
by ignition. Silver bromide melts undecomposed; but is slowly reduced, and blackened,
in the air and by light.

Tested in the cupric bead, according to 516, bromides give a greenish-blue color to the
outer flame—not very marked.

BROMIC ACID.

542. In concentrated aqueous solution, a colorless, acrid, and instable liquid. At
100' C., it is decomposed into hydrobromic acid and oxygen.

It is rapidly decomposed by all reducing agents, as given in detail in S26.
543. Bromates are produced together with bromides by the action of bromine upon

bases ; the reaction being expressed by equation b, 501, substituting Br for Cl.
544. By ignition, bromates are reduced to bromides (in case of K, Na, Ag, Hg), like

chlorates in the same condition. Other bromates change to oxides, as follows:

Zn(Br03 )2 = ZnO + 50 + 2Br

545. By reducing agents, bromates are mostly decomposed in the same manner as

bromic acid (542). Mixed with sulphur, carbon, and other combustible substances, they
furnish oxygen and cause explosion, like the chlorates (518).

/

* Carbvn disulphide is a better color-solvent, for bromine or iodine, than chloroform, and far better
than ether. It must be free from sulphurous or sulphuric acids. Saturated chlorine water is liable to act

on carbon disulphide, giving it a yellow color, simulating bromine. On adding alcohol to this yellow liquid

sulphur precipitates. Hence the direction to use dilute chlorine water, and avoid excess.
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546. All the bromates are soluble in water; those of the first group bases, but spar-
ingly soluble. Silver nitrate precipitates, in solutions not very dilute, silver bromate,
AgBr03 , white, very sparingly soluble in water, soluble in ammonium hydrate, not easily
soluble by nitric acid; its color and solubility in ammonium hydrate differing a little
from the bromide (536). It is decomposed by hydrochloric acid with evolution of bromine
—a distinction from bromides and from other argentic precipitates.

547. Sulphuric, hydrochloric, and nitric acids, liberate bromic acid from metallic
bromates. With very dilute sulphuric acid, in cold dilute solution of pure bromate,
very little bromine is set free—the HBr0 3 mostly remaining for some time intact, and
the solution colorless; so that carbon disulphide will not extract much color. The gra-
dual decomposition of the HBrOs is first a resolution into HBr and O; and as fast as
HBr is formed, it acts with HBr0 3, so as to liberate the bromine of both acids. Now,
if the solution contained bromide as well as bromate, an abundance of free bromine is ob-
tained immediately upon the addition of dilute sulphuric acid in the cold (equation a, 534).

548. Hence, if dilute sulphuric acid in the dilute cold solution does not color the car-
bon disulphide, and if the addition of solution of pure potassium bromide immediately
develops the yellow color, while it is found that no other oxidizing agent is present, we
have corroborative evidence of the presence of a bromate. And, if we treat a solution
known to contain bromide with dilute sulphuric acid and carbon disulphide, and obtain
no color, we have conclusive evidence of the absence of bromates.

549. A mixture of bromate and iodate, treated with hydrochloric acid, furnishes
bromine without iodine, coloring carbon disulphide yellow.

550. The ignited residue of bromates (544), in all cases if the ignition be done with
sodium carbonate, will give the tests for bromides.

651. IODINE is solid; in soft scales or hexagonal prisms, with a dark
iron-gray color and graphitoidal lustre. It is precipitated as a brownish-black
powder. It vaporizes very slightly at ordinary temperatures—with a charac-
teristic odor, resembling chlorine, but more offensive. It melts at 107° C.
(224° F.), and boils at 180° C. (356° F.); the vapor having an intense, bright
violet color.

552. It is slightly soluble in water, dissolving in 7,000 parts; freely soluble
in alcohol, ether, chloroform, carbon disulphide, petroleum naphtha, glycerine,
and in solutions of iodides (including HI). All solutions of uncombined iodine
have red-brown, brownish-yellow, or violet tints. The carbon disulphide
solution is violet (marked distinction from bromine), the other solutions
brownish-yellow (but little darker than those of bromine). Solutions by
chemical combination are referred to in 554.

553. Starch-paste is colored blue by a little iodine, violet by a further
addition of iodine; and by still greater excess a blue green (or, in presence of
bromine, a brown) color is produced. This test is exceedingly delicate for
iodine.*

* The unionof Iodineand starch is probably an example of molecular adhesion rather than of union
within molecules. When dry starch is saturated with ether solution of iodine, and exposed for some time
to the heat the water-bath, about 4 per cent, of iodine is retained. This corresponds nearly with the
formula (CsHlaO5)20I- Prepared under other conditions, itholds 7 to8 per cent, of iodine (C 6H10Os )ioI-
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The iodized starch is discolored by heating in solution, to 70° or 80° C.

(158° to 176° F.),but regains its color on cooling. Its color is destroyed by
strong chlorine, and by alkalies.

No compound of iodine colors starch.
554. Though expelled from combination with bases by chlorine, bromine, nascent

oxygen, and other strong electro-negatives (557), iodine acts in many relations as an oxid-
izing agent, readily entering into combination, as iodides, when acted on by reducing
agents. On the other hand, in relation to a limited number of active electro-negatives, it
may act as a reducing agent, becoming the subject of oxidation, in the formation of
iodates (557). Iodine chlorides also are formed, I01 5,

IC1 3, and IC1, of yellow to brown
colors.

Iodine slowly bleaches litmus and other vegetable colors, and stains the skin yellow-
brown.

Colorless solutions are formed by all the alkali hydrates with iodine; the fixed alkali
hydrate forming iodides and iodates (a). With ammonia in water solution, it dissolves
more slowly, becoming colorless; the solution contains the most of the iodine as ammo-
nium iodide, and liable to deposit a dark-brown powder, termed “iodide of nitrogen,”
very easily and violently explosive when dry. This substance is a variable substitution
of one, two, or three atoms of I for H in NH 3 (G8 c). Among reducing agent3, solutions
of thiosulphatesquickly dissolve and decolor iodine, forming iodides and a more highly
oxidized acid of sulphur, tetrathionic acid (h ). Solutions of sulphites and of sulphurous
acid convert iodine into colorless hydriodic acid (c).—Arsenious acid is oxidized to arsenic
acid by action of iodine, which becomes colorless as hydriodic acid (d). Hydrosulphuric
acid dissolves iodine as hydriodic acid, the solution of which is so prepared (e). The al-
kali hydrates, and reducing agents, decolor iodized starch, by taking its free iodine into
combination. Further, see 827.

a. 61 -f- 6EOH = 5KI -}- KI0 3 -)- 3H20 (corresponding with 501 b).

h. I -f- Na2 S 2 03 = Nal -j- NaS 2 03 (compare c).

c. 21 -f H2 0 + Na,S03 = 2HI + Na 2 S0 4

d. 21 -f Hs O + H3 As03 = 2HI + H3 As0 4

e. 21 + HoS = 2HI -f S

The chief Acids of Iodine are :

Hydriodic acid/HI'.
Iodic acid, HIv0

3 (or H 2I 2 O e ).
Periodic acid, HIvn0 4 .

HYDRIODIC ACID.

555. Absolute hydriodic acid is gaseous at ordinary temperatures, but
freely soluble in water; being easily obtained in solution containing 50 to 60
per cent, of acid, and having a boiling point above that of water, but giving off
some vapor at common temperatures. Both the gas and the solution are color-
less, and redden litmus. Hydriodic acid decomposes gradually in the air with
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separation of iodine—more rapidly at higher temperatures ; so that the evolved
gas is always strongly colored with iodine, and the exposed solution commences
at once to turn brownish-yellow with the free iodine dissolved by the acid.
The liberated gas has a slight chlorine-like odor, and a stronger offensive odor
(due to both the iodine and hydriodic acid). Upon brief exposure, both the
gas and the solution give abundantly the reactions of free iodine (with starch,
carbon disulphide, etc.)

556. Like hydrochloric and hydrobromic acids, hydriodic acid isproduced
by transposition from the metallic iodides

, by the action of dilute sulphuric
acid (see 533). Also, by large excess of hydrochloric and hydrobromic
acids. The iodides of silver, lead, mercury, and tin, are transposed with
difficulty by sulphuric acid, more readily by hydrochloric acid.

557. The iodides (including hydrogen iodide) are decomposed by oxidiz-
ing agents more readily than the bromides. At first, by oxidation of the
base, iodine is set free ; after which some of the more active electro-negatives
oxidize iodine to iodates.

Ozone promptly decomposes all iodides, not excepting those of the alkali metals;
while atmospheric oxygen decomposes hydriodic acid and iron and calcium iodides but
slowly, and alkali iodides not at all. Iodine is liberated fromiodides at once bychlorine,
bromine (a), iodic acid (b), and bromic acid. Iodine is first set free and then oxidized to
iodic acid, by acidulated chlorate, by hypochlorites (with occurrence of iodine chlo-
rides and final formation of periodates), and by concentrated nitric acid with heat (c) ;

dilute nitric acid slowly separating iodine (d ), and scarcely decomposing lead, silver, and
mercury iodides. Acidulated potassium nitrite acts more promptly than nitric acid.
Manganese dioxide with sulphuric acid is employed in the manufacture of iodine (e).
Permanganate solution, added in excess, produces iodates, iodine being first separated and
at last all oxidized; in neutral or alkaline dilute solutions (1 part salt to 240 parts water),
a distinction from bromides, which do not decolor the permanganate. Chromates, acid-
ulated, cause immediate separation of iodine. Concentrated sulphuric acid (/)and
ferric chloride (g) are reduced by iodides. Further, see 828.

a. HI -f Br = HBr -f- I
b. 5KI -f KI0 3 + 3H2 S0 4 = 3K2 S0 4 + 3H2 0 + 61

c. KI -f 2HN03 = KI03 -f fiNO -f H2 0
d. 3KI + 4HN0 3 = 3KN0 3 -f NO + 2Ha O + 31

e. 2KI + 2H 2 S0 4 -f MnQ 2 = K2 S0 4 -f- MnSO, -}- 2H2 0 + 21
/. 2HI -f H2 S0 4 = 2H2 0 -f S0 2 + 21
g. 2KI -I- Fe s Cl0 = 2FeCla + 2ZC1 + 21

558. The metallic iodides are all soluble in water; except those of Ag,
Pb, and Hg, except palladious iodide, cuprous iodide, bismuth iodide decom-
posed by water, and stannous iodide sparingly soluble in water. Lead iodide
is sparingly soluble, and mercuric iodide very sparingly soluble in water.
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The doiible iodides of lecad, silver, and mercury with alkali metals—as
KI.AgI, and (KI) 2 HgI4—are soluble in water; i.e., the iodides of first group
metals are soluble in solutions of alkali iodides, by combination; mercurous
iodide in part only, as explained in 352.

Alcohol dissolves many of the iodides soluble in water—including the
alkali iodides, and those of barium and calcium—and dissolves mercuric, but
not mercurous or argentic, iodide.

Silver iodide is but very sparingly soluble in concentrated solution of
ammonium hydrate, and insoluble in hot solution of ammonium acid car-
bonate (distinctions from the chloride). It dissolves in solution of potassium
cyanide.

The iodides of silver and of lead are soluble by decomposition in solution
ofalkali thiosulphates (a ) ; lead iodide in fixed alkalies (309). The iodides of
silver and mercury are not decomposed, the iodide of lead slowly decomposed,
by dilute nitric acid.

a. AgX —|— Na 2 S 20 8 — —J— NaAgS20 2

In analysis, iodides are most easily identified by the color of the carbon
disulphide solution ofliberated iodine (565). The silver precipitate of iodide
is separable from chloride by solution of the latter in ammonium hydrate
(577).

559. Silver nitrate solution in. excess precipitates, from solutions of
iodides, silver iodide, Agl, yellow-white, blackening in the light (without
notable separation of iodine). For the solubilities of the precipitate, see 558,
and compare 333. For its separation from chloride and bromide, see further,
577.

560. Solution ofmercuric chloride precipitates the bright, yellowish-red to
red, mercuric iodide, Hgl2 . The precipitate redissolves on stirring, after
slight additions of the mercuric salt, until equivalent proportions are reached,
when its color deepens. For the solubilities of the precipitate, see 360.—
Solution of mercurous nitrate precipitates mercurous iodide, Hg2I 2 , yellow to
green (see 352).

561. Solution of plumbic nitrate or acetate precipitates, from solutions
of iodides not very dilute, lead iodide, Pbl 2 , bright-yellow—soluble, as stated
in full in 315.

562. Palladious chloride, PdCl 2, precipitates, from solutions of iodides,
palladious iodide, Pdl2 , black, insoluble in water, alcohol, or dilute acids, and
visible in 500,000 parts of solution. The reagent does not precipitate bromine
at all in moderately dilute solutions, slightly acidulated with HC1. Palladious
iodide is slightly soluble in excess of the alkali iodides, and is soluble in am-
monium hydrate (486).

563. Copper sulphate, with sulphurous acid or other reducing agent,
precipitates from solutions of iodides, the cuprous iodide, Cu2I 2, which is



Ionic A cm.170

white, if there is sufficient reducing agent to prevent the precipitation of
iodine, brown. The precipitate is not altogether insoluble in water; therefore
the filtrate responds to the delicate tests for iodine (equation in 279 b).
Bromine is not precipitated with copper.

564. Concentrated sulphuric acid decomposes iodides, solid or in con-
centrated solution, with the reaction stated at 557 f. The evolved gas has the
violet color of iodine, and the offensive odor of mingled iodine and hydriodic
and sulphurous acids. When cooled and somewhat diluted, the liquid gives
the iodine color with starch (553); or, on agitating gently with carbon disul-
phide, and permitting the latter to subside, the beautiful violet tint of iodine
in this solvent.

565. Chlorine water separates iodine more satisfactorily, in this test with
carbon disulphide, especially from dilute solutions. The chlorine-water should
be dilute and added (after the starch-paste or carbon disulphide) drop by drop;
as an excess will destroy all characteristics of free iodine by formation of
iodine chlorides and iodic acid (576).

Nitrous acid—as from zinc and nitric acid or from acidulation of nitrites
—is a good agent to displace iodine. It should be very sparingly used (607).
Bromine water is also employed for the same purpose.

Bromides do not interfere with the easy recognition of free iodine ; unless
an excess of chlorine is added, no bromine will be liberated; and if liberated,
it does not modify the color of iodine, in starch or in carbon disulphide, unless
the bromine is in much greater quantity, and even then the color represents iodine.

566. Solution of ferric chloride, added in the proportion of 6 or 8 drops to
3 or 4 cub. cent, (a fluid drachm or a little less) of the solution tested, together
with carbon disulphide, slowly develops the violet tint in the subsiding liquid,
if iodine is present (557 g)—a distinction from bromine.

567. For Separation of iodides from chlorides and bromides, 576; from
iodates, 573.

563. The iodides of the alkali metals and of the first group metals fuse without de-
composition ; those of mercury sublime undecomposed; but other non-alkali iodides are
mostly decomposed by ignition.

Treated in the cupric bead of microcosmic salt, as directed for chlorine in 516, iodides
give an emerald green glass.

IODIC ACID.

569. Absolute iodic acid, HI0 3 (or H2 Ia 06), is a white, crystallizable, odorless solid,
permanent in the air; at 170° C. (338° F.) resolved into water and iodic anhydride (H.O
and I0O5). Iodic anhydride is a crystallizable solid, at high temperatures resolved into
iodine and oxygen. Bromic anhydride is not known. Iodic acid is freely soluble in
water and in alcohol; the solutions reddening litmus, and afterwards bleaching it.

570. Iodic acid is formed by prolonged action of nitric acid and other oxidizing
agents upon iodine. Its salts, the iodates, are formed together with iodides in dissolving
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iodine in aqueous alkalies (554 a), as well as by oxidation of iodides (557). Iodic acid is
easily obtained by transposing metallic iodates with sulphuric acid (a); its radical not
easily breaking up when separated from metals, as chloric and bromic acids do.

a. 2KI0 3 + H2 S0 4 = K2 S0 4 + 2HI03 .

571. The Iodates—including hydrogen iodate—are decomposed by reducing agents,
with the formation of iodides (of metals or of hydrogen) and with other results.

Sulphurous acid is oxidized from iodic acid, first with separation of iodine, (a) ; then,
by excess of the sulphurous acid, with formation of hydriodic acid (b ). Hence, sulphur-
ous acid, added short ofsaturation, with starch, forms a delicate test for iodates, and a
distinction from iodides; but excess of the reagent destroys the color. Thiosulphates
produce iodine, or hydriodic acid. Hydrosulphuric acid also reduces iodates, precipi-
tating at first iodine and sulphur (c). With excess of the reducing agent, the final pro-
ducts are hydriodic acid and sulphur (d) ; with excess of the iodate, iodine and sulphate
(e). Hydriodic acid instantly separates, from iodic acid, all the iodine of both acids (/);
hence, an intermixture of a metallic iodate with an iodide is revealed at once by adding a
dilute or weak acid that will not itself liberate iodine, but will produce both the acids of
iodine, so that they can decompose each other. In solution of potassium iodide, for ex-
ample, a slight addition of tartaric acid shows the presence of iodate by the immediate,
not progressive, appearance of*the iodine color, the test being more delicate by use #f
carbon disulphide. In solutions not of iodides, an iodide may be added, with tartaric or
acetic acid, in search for iodates. But it must be remembered that pure iodides, so
treated, form hydriodic acid, which, by atmospheric oxidation, progressively liberates
iodine, and will soon give a deep color to starch or carbon disulphide. Hydrochloric
acid forms with iodates mostly iodine chlorides (g), iodine not being liberated (distinction
from bromates, 549). Morphia reduces iodic acid, with separation of iodine as a final
product. Further, see 829.

a. 2KI0 3 + 5H2 S0 3 = 21 + 2KHS0 4 + 3H2S0 4 + H 2 0

Or: 2HI0 3 -f- 5H2S0 3 = 21 —(— 5H2 S0 4 -j- H20

h. The iodine is taken up by excess of H2 S0 3, as in 554 c.

c. 2HI0 3 + 5H2 S = 21 + 6H 2 0 + 5S

d. HI03 + 3H2 S = HI + 3H2 0 + 3S

e. 8KI03 -f 5H2 S = 81 + 3K 2 S0 4 + 2KHS0 4 + 4H2 0
/

/. HI0 3 -j- 5HI = 61 + 3H2 0 (For acidulated salts, see 534 b).

g. KlOa 6HC1 — (101, -j~ 2C1) -j- KC1 -f- 3H20

Iodates in dry mixture with combustible bodies are reduced, on heating or concussion,
with detonation, but much less violently than chlorates or nitrates. Heated alone, iodates
are either reduced to iodides with liberation of oxygen (iodates of potassium, Sodium); or
to oxides with liberation of iodine and oxygen (iodate of barium). Compare Bromates,
544.

572. The iodates are either insoluble or sparingly soluble in water, exqept those
of the alkali bases, a marked difference from bromates and chlorates. Baritim, silver,
and lead iodates are insoluble in water. The alkali metals |>rm acid iodates. In alcohol
most of the iodates are insoluble; barium iodate, insoluble; calcium and potassium
iodates, scarcely at all soluble (distinctions from iodides).
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Silver iodate is readily soluble in ammonium hydrate (distinction from iodide); it is
slightly soluble in dilute nitric acid (more so than the iodide).

Iodates are identified by separation of free iodine, known by its color in carbon disul-
phide solution or in mixture with starch (571); and by precipitation of barium salt (572).

573. Solution of silver nitrate precipitates, from even very dilute solutions of iodates
and from solutions of iodic acid if not very dilute, silver iodate, AgI03 , white, crystalline,
soluble in ammonium hydrate. In the ammonia solution, hydrosulphuric acid preci-
pitates silver iodide.

Barium chloride precipitates barium iodate, Ba(X0 3 )2 , nearly insoluble in cold and
little soluble in hot water, insoluble in alcohol, scarcely soluble in dilute nitric acid,
readily soluble in dilute hydrochloric acid. Hence, dilute solutions of free iodic acid
should either be neutralized or tested with barium nitrate. This precipitate, by addition
of alcohol, is a complete separation from iodides, and, when well washed, decomposed
with a very little sulphurous acid (571 a), and found to color carbon disulphide violet, its
evidence for iodic acid is conclusive. Barium iodate is transposed with ammonium car-
bonate, on digestion in solution and with ammonium hydrate (separation from periodate).

Salts of lead give a white precipitate of lead iodate, Pb(X0 3 )2 . Ferric chloride gives,
in solutions not dilute, a yellowish-white precipitate of ferric iodate, Fe 2(I0 3)6 , sparingly
soluble in water, and freely soluble inexcess of the Reagent. Boiling decomposes it.

Alcohol precipitates potassium iodate from water solution, an approximate separation
from iodide.
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574.
Comparison
of
Certain

Reactions
of
the
Acids
of
Chlorine,

Bromine,
and
Iodine,

Taken
in
Water
Solution,
as

Potassium
Salts,
or

other
Soluble

Compounds.

Chlorides.
Bromides.

Iodides.
Chlorates.
Iodates.
Hypochlorites.

AgN03
,

in
excess,

....
AgCl,
white
(508).

Ag-Br,
white
(536).
Agl,

yellow-white
(559).

No
pre.

(519).

AgI0
3
,

white
(572).
No

pre.
(528).

•

AerNO
s
,

with
excessof

the
solu-

tion
tested.

Pre.?
(328).

Pre.
(333).

Sol.
(333).
.

Pre.

NH
4

OH,
to
the
A
g
pre.
.

Dissolved.
In
part

dissolved.
Not

dissolved.
.

.

•

•

«

Dissolved.

Hg:Cl
2
,

in
excess,

....

No
pre.

HgXj,
yellow-red.
No

pre.

Hg(I03
)j.

No
pre.

HgCl
2
,

with
excessof

the
solu-

tion
tested.

No
pre.

No
pre.

(360).

Pre.

Hg,
2

(N0
3
)

2
,

in
excess,
.

Hgr
2

Cl2
,

white.
Hgr

3
Br2
,

white.
Hgr

2I
2

(352).

No
pre.

Pre.

No
pre.

Ba(I03
)a
(573).

CuS0
4
,

with
H

2
S0

3
,

....

Cu
2
I

2

(563).

(571
a).

H2
S0

4
,

dilute,

HC1
(soluble
gas).
HBr

HI
(556).

HC10
a
,

C1
2

0
4
,

Cl
HI0

3

(570).

Cl
(bleaches).

HC1,

HBr

HI

C1
2

0
4

and
Cl

Cl

Cl,•

Br
(539).

I

(565).

-

Chromate,
with
H

2
S0

4
,

.

Cr0
2

Cl
2

(512).

Br

I

KMnO„
dilute,

neutral,

I

(557).

Na2
S0
3
,

with
H
2

S0
4
,

•

Chlorides.
I
and
HI
(571).

HCl

H
2

S,

S,
H

2
S0

4

(817/)

►

I,
HI,
S

(571).

s,
h2
so4
.



Separation of the Acids of Chlorine, Etc.174

575, THE SEPARATION of the acids of chlorine, bromine, and
iodine is effected by oxidations, redactions, color solutions, precipitations,
separative solutions, and vaporizations. In many cases of separation, the
acids to be separated will act upon each other.

578. The Recognition of chlorides, bromides, and iodides—by evolving
their chlorine, bromine, and iodine, in 'presence of each other—can be accom-

plished as follows—for the iodine the test being very easy; for chlorine,
indirect, but unmistakable; for bromine, dependent upon much care and dis-
cretion.*

The Iodine is liberated with dilute chlorine-water, added drop by drop,
and is readily detected by starch, or carbon disulphide, according to 565.
(As to interference of sulphocyanates, see 643.) The Chlorine is vaporized
(from another portion) as chlorochromic anhydride, and the latter identified
by its color and its various products, as described in 512. Before’the Bromine
is identified the iodine is to be either removed as free iodine, or oxidized to
iodcitQ (539). The oxidation to iodic acid is effected as follows; Treat with
good chlorine water till free iodine no longer shows its - color ; add a drop or

two more of the chlorine water, and dilute with water, keeping cool; then add
the carbon disulphide, agitate, and leave the solvent to settle, for the yellow
color of bromine. The removal of free iodine may be done as follows: Add
chlorine water, drop by drop, as long as the iodine tint seems to deepen by
the addition ; add the carbon disulphide, agitate, leave to subside, and remove
the lower layer, either by taking it out with a pipette, or by filtration through
a wet filter. Repeat, if need* be, till iodine color is no longer obtained ; then
continue, with dilute chlorine water, in test for bromine.

If iodide in large proportion is to be removed, it is well, first, to precipitate
it out, as far as possible, by copper sulphate and a reducing agent, as directed
in 578. The filtrate is then to be treated by either method above given.

577. The Separation by ammonium hydrate, as a solvent of the silver
precipitates—AgCl, AgBr, Agl—when conducted with dilute ammonium
hydrate, may be made nearly complete between the chloride and the iodide
but it is very imperfect between the bromide and either of the others. The
hot and strong solution of ammonium acid carbonate separates the chloride
from the bromide (compare 509, 536, 558).

578. The direct removal of iodides by precipitation, leaving bromides and chlorides
in solution. can lie effected (approximately) by copper sulphate with sulphurous acid
(563), or quite completely, by palladious chloride (562). With the copper sulphate, the

* In consequence of the relative commercial values of bromine and iodine, and the medicinal relations
of bromides and iodides, it is of great importance to search commercial iodides for intentional and consi-
derable mixtures of bromides—an impurity likely to escape cursory chemical examination. There are,
however, very slight and usually unobjectionable proportions of bromides generally to be found in the
iodides of commerce, and occurring from the difficulty of exact separation in the manufacture of iodine
from kelp.
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reduction ought to be thorough; and this result is better secured by sulphurous acid than
by ferrous sulphate, and without loading the solution with another metallic salt. The
action of palladium chloride is subject to no objection, except the scarcity and expensive-
ness of the reagent.

579. Chloric acid is separated from hydrochloric and all other acids of chlorine, bro-
mine, and iodine (except from hypochlorous acid, and from traces of bromic acid), by
remaining in solution during the precipitation by silver nitrate (519).

580. Chloric acid is separated from nitric acid —after finding that silver nitrate gives
no precipitate in another portion of the solution, acidulated—by evaporating and igniting
the residue, then dissolving, and testing one portion of the solution by silver nitrate for
the chloride formed from chlorate during ignition (518). The other portion of the solu-
tion is tested for nitric or nitrous acid.

581. If we have to separate chloric acid both from nitric and hydrochloric acids, a
solution of silver sulphate must be used instead of the nitrate, to precipitate out all the
hydrochloric acid. The filtrate from this is evaporated, ignited, dissolved and tested, as
in 580, for chloride, indicating chlorate in the original solution, and another portion is
tested for nitric acid. Also, chlorates are distinguished (not separated) from nitrates, by
oxidation of ferrous sulphate in solution with acetic acid on heating, and the conse-
quent formation of the red solution offerric acetate (190, 758). The solution tested must
contain no free acids, and no nitrites or other oxidizing agentsbeside the two in question,
but may contain chlorides; and, of course, the ferrous sulphate must be pure enough not
to color when heated alone with the acetic acid. Mix the ferrous sulphate solution with
the acetic acid, boil, then add the solution to be tested, and heat nearly to boiling, for
some minutes. If no red color appears, chlorates are absent, and nitrates may be present.

582. Hypochlorites are separated with chlorates from chlorides (bromides), etc., by
silver nitrate ; and distinguished from chlorates (in the filtrate from AgCl, etc.), by
bleaching litmus, and by their much more rapid decomposition and consequent precipita-
tion of any silver in solution (528). They are also more active than chlorates, as oxidiz-
ing agents (526).

583. The identification of iodic acid is simple and certain, by use of reducing
agents (571), or precipitants (573). The identification .of bromic acid, in presence of other
acids, is indicated in 546 to 550.

584. NITROGEN is a colorless, odorless, insoluble gas ; not combining with oxygen
or other elements, in their ordinary state, at any temperature. It exists combined with
hydrogen in the basic Ammonia, NH3 ; with oxygen in the radicals of
Nitric acid, HN03 ,

and Nitrous acid, HNOq and with carbon in cyanogen, NO or

Cy, the radical of hydrocyanic and other Cyanogen acids. It also forms, with carbon,
hydrogen, and oxygen, very numerous compounds in the organic kingdom. Most of its
compounds, except ammonia, are easy of decomposition; none of them are readily formed
by direct union of nitrogen, unless in its nascent state.

The Nitrogen Series of Elements comprises five perrissads, all acting as triads in their
more stable or typical unions, and differing from each other in regular gradation. Some
of these progressive variations may be stated as follows ;
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585. When any dry carbon-compound containing nitrogen (organic) is heated with
excess of dry sodium hydrate and lime (or any dry, fixed alkali), ammonia is evolved, and
may be recognized by its odor, effect on moist litmus-paper, etc. (63, 598).

NITRIC ACID.

586. Nitric anhydride, N2 0 6, is a colorless solid, giving oil vapor quite freely above
10° C., melting at 30° C., and boiling at 45°, with some decomposition. It is difficult of
formation, and does not occur in the changes of ordinary chemical analysis. On contact
with water, it forms nitric acid.

587. Absolute nitric acid—HN Y03 —is a colorless, transparent, mobile liquid, of the
specific gravity of 1.58 at 15° C. pVIillon], boiling at 86° C. (187° F.) with partial decom-
position, leaving nitric acid mixed with water. Aqueous nitric acid having 70 per cent,
of HNOg, and corresponding to (HN03 )s(H2 0) s , specific gravity 1.42, appears to be a
definite hydrate; as both stronger and weaker acids are, by boiling, reduced to this com-
position, which boils at 123° C. (253° F.) The reagent designated in this work as nitric
acid has a specific gravity of 1.2, and about 35 per cent, of HNOa —(Fresenius’ standard).

588. By heating, by action of the light, and by organic particles from the air, strong
nitric acid parts with oxygen and generates nitrous anhydride and nitric peroxide, N2 03

and No0 4, which remain dissolved with a yellow color. The tendency this change is
very strong in absolute nitric acid, which cannot well be preserved colorless; and the acid
of 70 per cent, colors far more readily than that of 35 per cent. The nitrogen oxides
may be expelled by boiling; or, with less waste of nitric acid, by passing pure air through
it, by means of a bellows, a wash-bottle, and, to avoid dilution, a drying-tube.

589. Nitric acid is a strong oxidizing agent
, and, as such, its reactions with oxidizable

elements and compounds are in constant requisition in analysis. Unless heated, nitric
acid does not generally oxidize substances as quickly as chlorine with water.

590. In oxidizing and dissolving metals or metalloids, and in oxidizing lower
oxides, nitric acid most frequently disengages water and nitric oxide (d) ; but, with cer-
tain substances and under certain conditions, other residues are chiefly produced, as dini-
trogen tetroxide (6), nitrous acid (c), nitrous oxide (e), nitrogen (/), hydrogen (a), ammo-

N P As Sb Bi
Non-metal. Non-metal. Non-metal. Metal. Metal.

Atomic weights. 14 31 74.9 122 210
Vaporization.
Typical

hydrides.

(Gaseous.)

N'"H3

Strong base.
Slowly decom-
posed by elec-
tricity.

At 288° C.
P'"H3

.Weak base.
Readily decom-
posed "by elec-
tricity.

At 356° C.
As/,'H3
Indifferent. De-

composed at
red heat.

At white heat.
Sb'"H 3

Indifferent. De-
composed be-
low red heat.

At full furnace
heat.

Typical oxygen
compounds.

HN'Og hpvo3

H3P'04

H3 Asv04

As"'2 03

Sb" 2 03 BP'^Oa

Active acid. Weakacid. Weak acid. Indifferent acid. Not acidulous.
Soluble salts. Precipitates. Precipitates. Precipitates. Precipitates.
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nium nitrate (g). Examples of several of these results, as varied by conditions, are seen
in the case of zinc (233 c, d, e), iron (168 6, c, d, e), tin (426 d, e), arsenious acid (385 c).
Further, in the study of oxidations, see 814.

a. HN0 3 = N0 3 (combined) -|- H

b. 2HN03 = O “

+ H2 0 -f N2 0 4

c. HN0 3 = 0 “

+ KN0 a(2HN02 = H2D and N2 03 )

d. 2HN03 = 30 “ -f H20 -f 2NO

e. 2HN03 = 40 “ -j- II 2 0 -f N2 0
/. 2HN03 = 50 “ H2 0 -f 2N (combined).
g. 10HNO3 = 8NO3 “ -f 3H2 0 + NH 4N03

591. The metallic sulphides (except mercuric sulphide) dissolve as nitrates by action
of nitric acid, more or less readily; the sulphur being at first mostly left as a residue.
But as fast as the sulphur is oxidized, metallic sulphates are formed, soluble or insoluble
(equations in 311).

592. Nitric acid is formed by transposition between sulphuric acid and
nitrates:

KNO3 -f- H2 S0 4 = HN03 + KHSO4
(With solid nitrates, short of a high heat.)

2KNO3 + h2 so 4 = 2HNO3 + k 2 so 4

(In solution; or with solids at a red heat.)
593. The Nitrates are all soluble in water. There are a few hasic nitrates

—basic bismuth nitrate, basic mercurous and mercuric nitrates, insoluble in
water. Many of the nitrates are insoluble in alcohol.

Most of the tests for the identification of nitric acid are made by its de-
oxidation, disengaging a lower oxide of nitrogen (596), or even, by complete
deoxidation, forming ammonia (598).

594. Sulphuric acid is transposed with metallic nitrates, with but little
decomposition of the nitric acid formed (592). The colorless or slightly red-
dish gas does not rise till the mixture is very hot—absolute nitric acid not
being, like hydrochloric acid, a gas at ordinary temperatures. It reddens
litmus, and has a characteristic acrid odor.

595. If, with the sulphuric acid, a bit of copper turning, or a crystal of
ferrous sulphate, is added to a concentrated solution or residue of nitrate, the
mixture gives off abundant brown vapors; the colorless nitric oxide, NO,
which is set free from the mixture, oxidizing immediately in the air to dinitro-
gen trioxide and tetroxide, N2 03 and N„0 4

:

2KN0 3 + 4H 2 S0 4 + 3Cu = K2 S0 4 + 3CuS04 + 4H 20 + 2NO

2KN03 + 4H 2 S0 4 + 6FeS0 4 = K 2 S0 4 + 3Fe2(S0 4) 3 + 4H 20 + 2NO

2NO + O = N 2 03

2N0 +20 = N2 0 4
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The three atoms of oxygen, furnished by two molecules of nitrate (as in
590 d), suffice to oxidize three atoms of copper ; so that 3CuO with 3H2S04,

may form 3CuS0 4 and 3H 2 0. The same three atoms of oxygen (having six
bonds) suffice to oxidize six molecules of ferrous salt into three molecules of
ferric salt; so that 0FeSO4 with 3H 2 S04, can form 3Fe2 (S0 4 )3 and 3H 2 0.

596. Now if, by the last-named reaction, the nitric oxide is disengaged in
cold solution, wilh excess of ferrous salt and ofsulphuric acid, instead of pass-
ing off. the nitric oxide combines with the ferrous salt, forming a black-brown
liquid, (FeSOjjNO, decomposed by heat and otherwise instable. And 2NO
require 4FeS04, in addition to the proportion of ferrous salt in the equation
in 595.

2KN0 3 + 4H 2 S0 4 -+- 10FeSO4 =

K 2 S0 4 + 3Fe2(S0 4)a -f 4Ha O -f- 2(FeS0 4 )2 NO

This exceedingly delicate test for nitric acid or nitrates in solution may be
conducted as follows: Take sulphuric acid to a quarter of an inch in depth in
the test-tube; add without shaking a nearly equal bulk of solution of ferrous
sulphate, and cool the liquid; then add slowly of the solution to be tested for
nitric acid, slightly tapping the test-tube on the side, but not shaking it. The
“brown ring ” forms, between the two layers of liquid—violet, red, brown, or
black, according to proportions and conditions. The color disappears on heat-
ing, with evolution of nitrous gas, yellowish ferric solution remaining. The
test is somewhat more delicate if a crystal of ferrous sulphate be added, in-
stead of the solution, and the test-tube be set aside for several hours.

597. Slight traces of nitrate (as in rain or river-waters) are detected, according to the
above reaction, by first reducing to nitrite by heating for some time with zinc amalgam,
or less readily with finely divided zinc. Nitrites previously found to he absent, by the
same test, viz.: To a thick layer of the clear filtered water, the solution of ferrous sul-
phate is added, and the brown coloration obtained, if nitrites have been formed. Or, a
drop or two of potassium iodide solution with fresh starch-paste, and a drop or two of
very dilute sulphuric acid is added (607).

The reduction to nitrite may also be effected by zinc or cadmium, in acidulated solu-
tion, as follows (Storer):* Boil the solution, slightly acidulated (by addition of sulphuric
acid, if necessary) with metallic cadmium (or zinc) for about live minutes, in a tail vessel
—or, better, in a retort with raised condenser, and filter or decant from the metal. Then
add a mixture of potassium iodide and starch-paste—or, better, a mixture of zinc iodide,
zinc chloride, and starch-paste. The iodine-color indicates nitrous acid, reduced from
nitric acid. Without the boiling in acidulate solution, hydrogen peroxide may be formed,
giving a fallacious indication for nitric acid.

598. Reduction to Ammonia, by strong reducing agents (590 g) Is a valuable resource
in identifying nitric acid. The tests based on this principle are delicate, but do not dis-
tinguish nitric acid from nitrous acid or cyanogen compounds. Ammonia, if found
already present, may be distilled off. In those tests requiring use of. strong alkali, nitro-

* Am. Jour. Science, [3] XII. 176 (Sept., 1876’,.
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genous organic substances will give ammonia. The ammonia obtained is, in most
methods, identified by potassium mercuric iodide —a reaction so delicate as to show the
frequent presence of ammonia in distilled water and many reagents. Hence, all these
must be first tested, if necessary, after distillation. Larger quantities of ammonia are
recognized in vapor, by litmus, etc.

In neutral solutions, sodium amalgam is used as follows—a method for the total of
nitric and nitrous acids and ammonia, in potable waters, and otherwise applied : To G or
8 cub. cent. (1}4 or 2 fluid drachms) of the solution (in a carefully cleaned test-tube), add
100 to 200 grains of sodium-amalgam, which is % per cent, sodium: cork the tube lightly
and leave for twelve hours. Hydrogen is always slowly evolved, and escapes. Decant
and rinse into a glass cylinder one inch wide, and at least six inches high, and add water
to about 60 cub. cent. (2 fluid ounces). Nessler’s test solution is now applied. The test
cannot be made before decantation from the amalgam, as the nascent hydrogen inter-
feres.

The nascent hydrogen developed by dissolving zinc in solution of potassium hydrate
also reduces nitrates in the alkaline solution, and evolves ammonia. This is a convenient
and efficient test by reduction to ammonia. The solution should be strongly charged
with potassium hydrate, the zinc finely divided, and mixed with half its weight of iron
filings. The mixture is then distilled at a boiling rate, and the distillate tested for am-
monia by potassium mercuric iodide. The reagents, including the water, should be first
tested in the apparatus.

Metallic magnesium may be used for the reduction, as follows: Acidulate with phos-
phoric acid; add magnesium wire, and leave, cold, a few minutes. Then test for
ammonia, by the potassium mercuric iodide solution with potassium hydrate. If inter-
fering acidsare present, add potassium hydrate, distil, and test the distillate for ammonia.

Stannous chloride and hydrochloric acid, heated with a nitrate, form stannic chlo-
ride, and convert nitric acid to ammonia (which remains as ammonium salt).

599. With hydrochloric acid, nitric acid forms free chlorine, etc. (nitrohydrochloric
acid, 518), applied as a test for nitric acid—in absence of other oxidizing agents—as fol-
lows : Heat a little hydrochloric acid in a test-tube to boiling; color it (slightly) with a
drop or two of very dilute indigo solution (in sulphuric acid), and boil again. If the
hydrochloric acid was pure, the color remains unchanged. The addition of a nitrate,
with boiling, now quickly bleaches the solution.

600. Phenol, Cc H ,OH, gives a deep red-brown color with nitric acid, by formation
of nitrophenol (mono, di, or tri), 08 H 4(N0 2 )0H to C6H2(N0 2) 3 0H, “picric acid” or
nitrophenic acid. A mixture of one part of phenol (cryst. carbolic acid), four parts of
strong sulphuric acid, and two psrits of water, constitutes a reagent for a very delicate
test for nitrates (or nitrites), a few drops being sufficient. With unmixed nitrates, the
action is explosive, unless upon very small quantities. The addition of potassium
hydrate deepens and brightens the color of the nitrophenic acid solution.

601. Brucia, dissolved in concentrated sulphuric acid, treated (on a porcelain surface)
with even traces of nitrates, gives a fine deep-red color, soon paling to reddish-yellow.
If, now stannous chloride dilute solution be added, a fine red-violet color appears.
(Chloric acid gives the same reaction.) Aniline Sulphate solution, with a half volume of
concentrated sulphuric acid, treated (on a porcelain surface) with traces of nitrates, gives
a rose-red color, commencing with red lines, and when concentrated appearing brown-red.

602. By slight ignition, nitrates of the fixed alkali and alkaline earth metals are

reduced to nitrites, recognized as shown in 607. Stronger ignition changes them to
caustic bases, with formation of brown vapors. Nitrates of heavy metals are mostly
changed to oxides by heat! ammonium nitrate, wholly to nitrous oxide and water.

Heated on Charcoal, or with potassium cyanide, or sugar, sulphur or other easily
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oxidizable substance (as in gunpowder), nitrates are reduced with deflagration or explosion,
more or less violent. With potassium cyanide, on platinum foil, the deflagration is espe-
cially vivid. In this reaction, free nitrogen is evolved, as by equation /, 590.

Strongly heated with excess of potassium hydrate and sugar or other carbonaceous
compound, in a dry mixture, nitrates are reduced to ammonia, which is evolved, and may
be detected. In this carbonaceous mixture, the nitrogen of nitrates reacts with alkalies,
like the unoxidized nitrogen in carbonaceous compounds (compare 585, 590 g, and 598).

603. Free Nitric Acid may be distinguished from nitrates, by giving the brown
liquid with ferrous salt, on reduction by zinc, without, addition of sulphuric acid, as
stated in 597, and by coloring quill-cuttings or white woollen fabrics yellow, when the
solution is evaporated with them on the water-bath. The yellow color substance contains
xanthoproteic acid, and is formed by action of nitric acid upon any gelatinoid substance
—as the skin—and upon ordiryiry albumenoid substances. (See, also, 078.)

For Separation of nitrates from chlorates, see 580.

NITROUS ACID.

604. Absolute nitrous acid, HN, "02,
is hardly known. It may exist in ice-cold,

dilute, aqueous solution; but nitrous anhydride, N20 3, is the more stable compound.
The latter, free from water, is a liquid, boiling at -10° C. as gaseous N2 0 3 and N2 0 4,

and capable of solution in ice-cold water as a blue liquid. This solution, on slight eleva-
tions of temperature, splits into nitric oxide gas and nitric acid, the latter left in solu-
tion :

8N2 03 + H20 = 2HN03 -f 4NO

605. Likewise, when a metallic nitrite is transposed by dilute sulphuric acid, nitric
oxide is evolved and nitric acid is left in solution; the brown gas which appears being
formed by the oxidation of nitric oxide, as soon as it enters the air:

GKN02 + 3H2 S0 4 = 3K 2 S0 4 + 2HN03 + 2Ha O + 4NO

606. Nitrites, in many relations, act very readily as oxidizing agents; in other rela-
tions, with equal readiness, as deoxidizing agents. In both of these directions, they fur-
nish reactions for their identification. The oxidation changes by nitrous acid are given
in 813.

607. By Oxidizing Action, nitrites mostly furnish one-fourth of their oxygen, leaving
nitric oxide. When decomposed in*dilute cold solution by acetic acid or very dilute sul-
phuric acid, they instantly liberate iodine from iodides ( distinction from nitrates, which
give this reaction slowly, even in moderately concentrated solutions). Only a drop or
two of the potassium iodide solution should be added; if but traces of nitrite are present,
the iodine may be detected by starch or carbon disulphide, as described in 565 :

HNOs + HI = I -f H 2 0 + NO

608. Nitrites with very dilute acids —and with acetic acid—form the brown liquid
(590) with cold solutions of ferrous salts (distinction from nitrates) :

6FeS0 4 + 2H 3 S0 4 + 2KN0 3 = Fe 3(S04 ) 3 + K 2 S0 4 + 2(FeS04) 3 N0 -f 2Ha O

609. Nitrites, with iodic acid, or iodate and slight acidulation, give free iodine —a
good distinction from nitrates.

610. A concentrated solution of nitrites, treated with a drop or two of aniline sul-
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phate solution, gives the vapor of phenol, recognized by its odor (C6H 7 N oxidized to
CoH6 0>—a distinction from nitric acid. Indigo solution in sulphuric acid is bleached by
nitrites.

611. Asa reducing agent, a nitrite decolors potassium permanganate solution acidu-
lated with sulphuric acid—an easy distinction from nitrate.

612. Nitrites are all soluble in water—argentic nitrite being but very sparingly
soluble, and nitrites generally requiring for solution a larger proportion of water than
nitrates. In solutions not very dilute, silver nitrate precipitates silver nitrite, AgNO?,
white. In moderately concentrated solutions of potassium nitrite, cobalt nitrate precipi-
tates potassio cobaltic nitrite, (KN03 )aCoa03 (N 2 03 )2 , reddish-yellow, sparingly soluble in
water (225).

In analysis, nitrites respond to the common test for nitrates (59G) ; from which they
are distinguished as stated in 607 to 611.

613. By ignition, most metallic nitrites are resolved into metallic oxides, nitrogen,
and oxygen; ammonium nitrite, into nitrogen and water. Heated with oxidizable bodies,
nitrites deflagrate or detonate, like nitrates.

614. CYANOGEN, (C""N"/)', at ordinary temperatures is a colorless gas, having an
odor like prussic acid, and burning in the air with a blue-violet flame—the oxidation of
its carbon only. It dissolves freely in water, slowly decomposing in the solution. It is
very poisonous. It is not readily decomposedby chlorine in absence of water; but its
carbon is oxidized by all strong oxidizing agents, though not rapidly. In many of its
combinations, cyanogen resembles chlorine' and other halogens.

The most important Acids of Cyanogenare :

Hydrocyanic acid H(CN)' or HCy'.

Hydroferrocyanic acid, H4Fe"Cy 8 .

Hydroferricyanic acid, H6 Fe 2VICyi 2 ,
or HaFeCy«.

Cyanic acid, HCyO.

Sulphocyanic acid, HCyS.

/

HYDROCYANIC ACID.

615. Aosolute hydrocyanic acid, HCy, at ordinary temperatures is a colorless liquid,
boiling at 27° C. (81° F.), soluble in all proportions in water, alcohol, and in ether—de-
composing slightly in its water solutions, scarcely at all in the dark. It vaporizes from
its solutions, the more rapidly as they are more concentrated and akhigher temperatures,
and distils readily unchanged. It has a characteristic odor presented in a modified form
by bitter almonds. The pharmacopoeial solution, “diluted hydrocyanic acid ’ (not
Scheele’s), contains two per cent, of the acid. (The vapor, unless greatly diluted with air,
is a quick poison by inhalation: antidotes, chlorine or ammonia, by inhalation.)

616. The Cyanides of the alkali metals, alkaline earth metals, and mer-
curic cyanide, are soluble in water—barium cyanide being but sparingly solu-
ble. The solutions are alkaline to test-paper. The other metallic cyanides
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are insoluble in water. Many of these dissolve in solutions ofalkaline cyanides,
by combination, as double metallic cyanides.

In analysis, the most delicate tests for hydrocyanic acid are the productions
of color compounds of iron (622, 621). For the silver precipitate, 619.

617. There are Two Classes of Double Cyanides, both of which are formed
when a cyanide is precipitated by an alkali cyanide, and redissolved by excess

of the precipitant, as shown in equation a.

Class I. Double cyanides which are not affected by alkali hydrates, but suffer dissocia-
tion when treated with dilute acids (b). These closely resemble the double iodides (558,'
potassium mercuric), and the double sulphides or sulphosalts (366 e, etc.) The most fre-
quently occurring of the double cyanides of this class, which dissolve in water, are given
below.

a. IIgCl 2 + 2KCy = HgCy 2 -f 2KC1 .

HgCy 2 + 2KCy = (KCy) 2HgCy 2

b. (KCy) 2 HgCy 2 + 2HC1 = HgCy 2 + 2KC1 + 2HCy

Potassium (or sodium) zinc cyanide, (KCy)2 ZnCy2 .

Potassium manganic cyanide (or potassium mangauieyanide), (KCy) 3 MnCy 3 .

Potassium (or sodium) nickel cyanide, (KCy) 2NiCy 2.

Potassium (or sodium) copper cyanide, (KCy) 2 CuCy 2 .

Potassium cadmium cyanide, (KCy) 2CdCy2 .

Potassium (sodium or ammonium) silver cyanide, KCyAgCy.

Potassium (or sodium) mercuric cyanide, (KCy) 2HgCy 2 .

Potassium (or sodium) auric cyanide, KCyAuCy3 .

Class II. Double cyanides, which, as precipitates, are transposed by alkali hydrates,
in dilute solution (c), and are transposed, without dissociation, by dilute acids (d). In
these double cyanides, as potassium ferrous cyanide, (KCy)4FeCy 2 , the whole of the
cyanogen appears to form a new compound radical with that metal whose single cyanide
is insoluble in water; thus, FeCy0 as “ferrocyanogen,” giving E4FeCyc as ‘‘potassium
ferrocyanide ” (for the potassium ferrous cyanide). These more stable double cyanides or
“ ferrocyanides,” etc., correspond to the platinic double chlorides or “ chloroplatinates”
(480), and the palladium double chlorides, or chloropalladiates (4S5). The most frequently
occurring of the double cyanides of this class, which are soluble in water, are given
below. •

c. Cu2FeCy„ + 4KOH = 2Cu(OH)a -f- K 4FeCy 8

d. K 4FeCy 6 + 2H2 S0 4 = 2X 2 S0 4 + H 4FeCy«

2X sFeOy0 + 3H2 S0 4 = 3K 2 S0 4 + 2H 3FeCy6

Alkali ferrocyanides, as n 4Fe"Cy(i, potassium ferrous cyanide.

Ferricyanides, as E 8Fe 2 VIOy J2, or K 3FeCy c, potassium ferric cyanide.
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Cobaltieyanides, as K 6(Co2 )VICyi 2, or K 3 CoCy6, potassium cobaltic cyanide.
Manganicyanides, as K 6 (Mn2) VICyi 2 , or.K 3MnCy6 , potassium manganic cyanide.
Chromicyanides, as K6 CCr2 )VICy 12,

or K3 CrCy8, potassium chromic cyanide.

The easily decomposed double cyanides of Class I. are, like the single cyanides, in-
tensely poisonous. The difficultly decomposed double cyanides of Class II. are not
poisonous.

618. The Single Cyanides are transposed by the stronger mineral
acids, more or less readily, with liberation of hydrocyanic acid, HCy, effer-
vescing from concentrated or hot solutions, remaining dissolved in cold and
dilute solutions. Mercuric cyanide furnishes HCy by action of H„S, not by
other acids. The cyanides of the alkali and alkaline earth metals are trans-
posed by all acids—even the carbonic acid of the air—and exhale the odor of
hydrocyanic acid.

619. Solution of silver nitrate precipitates, from solutions of cyanides or
of hydrocyanic acid (not from mercuric cyanide), silver cyanide, AgCy, white,
insoluble in dilute nitric acid, soluble in ammonium hydrate, in hot ammonium
carbonate, in potassium cyanide, and in thiosulphates—uniform with silver
chloride. Cold strong hydrochloric acid decomposes it with evolution and
odor of hydrocyanic acid (recognition from chloride) ; and when well washed,
and then gently ignited, it does not melt, but leaves metallic silver, soluble in
dilute nitric acid, and precipitable as chloride (distinction and means of separa-
tion from chloride).

620. Solution ofmercurous nitrate, with cyanides or hydrocyanic acid,
is resolved into metallic mercury, as a gray precipitate, and mercuric cyanide
and nitrate, in solution. Salts of copper react, as stated in 278; salts of
lead, as stated in 318.

621. Ferrous salts, added to saturation, precipitate from solutions of
cyanides, not from hydrocyanic acid, ferrous cyanide, FeCy2, white, if free
from the ferric hydrate formed by admixture of ferric salt, and, with the same
condition, soluble in excess of the cyanide, as (with potassium cyanide), (KCy) 4

-

FeCy 2
= K4FeCy 0, potassium ferrocyanide (a). On acidulating this solution,

it gives the blue precipitates with iron salts, more marked with ferric salts (&):

a. 2KCy + FeS04 = FeCy2 -f K 2 S0 4

FeOy2 -f 4KCy = K 4FeCy0

b. 3X4FeCy0 + 2Fe 2 Cla = Fe 4(FeCy6) 3 + 12KC1

This production of the blue ferricferrocyanide is made a delicate test for
hydrocyanic acid, as follows : A little potassium hydrate and ferrous sulphate
are added, the mixture digested warm for a short time ; then a very little fer-
ric chloride is added, and the whole slightly acidulated (so as to dissolve all
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the ferrous and ferric hydrates), when prussian blue will appear, if hydrocyanic
acid was present.

622. The production of the red ferric sulpliocyanate is a testfor hydro-
cyanic acid, more delicate than formationof ferrocyanide. By warm digestion
this reaction occurs : KCy -f- S = KCyS ; or:

(NH 4 ) 2 S 4 + 2HCy = 2NH 4CyS -j- H2 S -f S

To the material in an evaporating dish, add one or two di-ops of yellow
ammonium sulphide, and digest on the water-bath until the mixture is color-
less, and free from sulphide. Slightly acidulate Avith hydrochloric acid (which
should not liberate H2 S), and add a drop of solution of ferric chloride; the
blood-red solution of ferric sulphocyanate will appear, if hydrocyanic acid was
present.

623. Solution of nitrophenic acid, 08 H2(N0 2 ) 30H, added, in a small quantity, to a
neutralized solution of cyanides of alkali metals, on boiling (and standing), gives a blood-
red color, due to picrocyanate (as KCbH 4N6 06 ). This test is very delicate, but not very
distinctive, as various reducing agents give red products with nitrophenic acid.

624. The fixed alkali hydrates, in boiling solution, strongly alkaline, gradually
decompose the cyanides with production of ammonia and formate. Ferrocyanides and
ferricyanides finally yield the same products. Dilute alkalies, not heated, transpose, as
by equation c, G17.

HCN -f KOH -f- H2 0 = KCH0 2 -f NH,

By fusion with alkali hydrates, all cyanogen compounds yield ammonia (585). Con-
centrated sulphuric acid decomposes cyanogen in all of its compounds.

625. Cyanides are Reducing Agents—in the wet way having a moderate, in the dry
way a forcible action; and in either way removing sulphur, as well as oxygen (830) :

With oxides: O -f- KCy = KCyO

With sulphides: S -f- KCy = KCyS

In solution : cyanides decolorize the permanganate, but do not reduce the cupric
hydrate with "potassium hydrate.

By fusion : cyanides are employed as the most efficient of agents for obtaining metals
from their oxides or sulphides, as has been stated with reference to arsenic, tin, etc. The
cyanates and sulphocyanates, so formed, are not readily decomposed by heat alone.

By exposure to the air, cyanides acquire some proportion of cyanates, and commercial
cyanide of potassium contains cyanate.

HYDROFERROCYANIC ACID.
626. Absolute hydroferroeyanic acid, H 4FeCy6—see 617, Class II.—is a white solid,

freely soluble in water and in alcohol. The solution is strongly acid to test-paper, and
decomposes carbonates with effervescence, and acetates. It is non-volatile, but absorbs
oxygen from the air, more rapidly when heated, evolving hydrocyanic acid and deposit-
ing prussian blue, thus:

7H 4FeCy6 + 20 = Fe 4(FeCy0) 3 + 2H2 0 + 24HCy
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627. Hydroferrocyanic acid is formed by transposition of metallic ferrocyanides in
solution, with strong acids (a). When the solution is heated, hydrocyanic acid is evolved;
in the case of an alkali ferrocyanide, without absorption of oxygen (b). Potassium ferro-
eyanide and sulphuric acid are usually employed for preparation of hydrocyanic acid :

a. K4FeCy8 -f 2H 2 S0 4 = 2K 2 S0 4 + H4FeCy8

b. 3H 4FeCy8 + K 4(FeOyG) = 2K,FeFeCy6 + 12HCy

a. and b. 2K 4FeCy6 + 3H2 S0 4 = 3£ 2 S0 4 + K 2FeFeCy 3 + 6HCy

628. The Ferrocyanides of the alkali metals, strontium, calcium, and
magnesium, are freely soluble in water ; of barium, sparingly soluble; of the
other metals, insoluble in water. There are doubleferrocyanides ; soluble and
insoluble; that of barium and potassium is soluble, but potass'io calcic ferro-
cyanide is insoluble. The most of the ferrocyanides of a heavy metal and an
alkali metal are insoluble. Potassium and sodium ferrocyanides are precipi-
tated from their water solutions by alcohol (distinction from ferricyanides).

The soluble ferrocyanides are yellowish in solution and in crystals, white
when anhydrous. The insolubleferrocyanides have marked and very diverse
colors—as seen below.

In analysis, soluble ferrocyanides are recognized by their reactions with
ferrous and ferric salts and copper salts (629). Separated from ferricyanide,
by insolubility of alkali salt in alcohol.

629. Solutions of alkali Ferrocyanides, as K4FeCy 6 , give, with soluble
salts of:

Aluminium, a white precipitate, Al2 (OH) 6 and FeCys (formed slowly).
Antimony, a white “

Bismuth, a white “ Bi4(FeCy6 )3
.

Cadmium, a white “ Cd2FeCy 6 (sol. in hydrochloric acid).
Calcium, a white “ K„CaFeCyR .

Chromium, no “

Cobalt, a green, then gray “ Co2FeCy 6
.

Copper, a red-brown “ Cu2FeCy 6 .

Gold, no “

Iron (ferrous), whi. then blue “ K2FeFeCy6
.

Iron (ferric), a deep blue “ Fe 4(FeCy6 )3 .

Lead, a white “ Pb 2FeCy 6.

Magnesium, a white “ (NH 4 )„MgFeCy0 (in presence ofBTHJ.
a yellow-white “ K 2 MgFeCy6 (only in cone, solution).
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Manganese, a white precipitate Mn„FeCy6 (sol. in hydrochloric acid) ;

Mercury (mercurous), awhi. “ Hg
(
FeCy8 (gelatinous).

Mercury (mercuric), a white “ Hg2FeCy 6, turning to HgCya and
Fe

3(FeCy6 ) 2 , blue.
Molybdenum, a brown “

Nickel, a greenish-white “ Ni 2FeCy 6 .

Silver, a white “ Ag 4FeCy 6 (slowly turning blue).
Tin (stannous, stannic), whi. “ (gelatinous).
Uranium (uranous), brown “ UFeCy 6 .

Uranium (uranic), red-brown “ U„(FeCy
G
)3

.

Zinc, a white, gelatinous “ Zn 2FeCy c .

Insoluble ferrocyanides are transposed by alkalies (617 c, and 624).

630. It will be observed (617) that ferrocyanides are ferrous combinations, while ferri-
cyanides are ferric combinations. And, although ferrocyanides are far less easily oxi-
dized than simple ferrous salts, being stable in the air, they are nevertheless reducing
agents—of moderate power. For oxidations of ferrocyanides, see 832.

+ Cl = K3 (FeCyc)'" + EC1

HYDROFERRICYANIC ACID.

631 Absolute hydroferricyanic acid, H3FeCy6 ,
is a non-volatile, crystallizable solid,

readily soluble in water, with a brownish color, and an acid reaction to test-paper. It is
decomposed by a slight elevation of temperature. In the transposition of most ferricy-
anides, by sulphuric or other acid, the hydroferricyanic acid radical is broken up.

632. The Ferrieyanides of the metals of the alkalies and alkaline earths 4
are soluble in water ; those of most of the other metals are insoluble or spar-
ingly soluble. Potassium and sodium ferrieyanides are but slightly, or not at
all, precipitated from their water solutions by alcohol (separation from ferro-
cyanides).

In analysis, the reactions with ferrous and ferric salts are distinguishing.
The soluble ferrieyanides have a red color, both in crystals and solution ;

those insoluble have different, strongly marked colors.
Ferrieyanides are not easily decomposed by dilute acids; but alkali hy-

drates either transpose them (617 c), or decompose their radicals (624)
Solutions of metallic Ferrieyanides give, with soluble salts of'"

Aluminium, no precipitate.
Antimony, no precipitate.
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Bismuth, light-brown precipitate, BiFeCy 0—insol. in hydrochloric acid.
Cadmium, yellow precipitate, Cd

3(FeCy 6 )2 —sol. in acids and in ammonia.
Chromium, no precipitate.
Cobalt, brown-red precipitate, Co

3 (FeCy6 ) 2—insoluble in acids. With ammo-
nium chloride and hydrate, excess of ferricyanide gives a blood-red solu-
tion, a distinction of cobalt, from nickel, manganese and-zinc.

Copper, yellow-green precipitate, Cu3 (FeCy0 )2—insol. in hydrochl. acid.
Gold, no precipitate.
Iron (ferrous), dark-blue precipitate, Fe

3 (FeCy8 )2 —insoluble in acids.
Iron (ferric), no precipitate, a darkening of the liquid.
Lead, no precipitate, except in concentrated solutions (dark brown).
Manganese, brown precipitate, Mn3(FeCy 8)2 —insoluble in acids.
Mercury (mercurous), red-brown precipitate, turning white on standing.
Mercury (mercuric), no precipitate.
Nickel, yellow-green precipitate, Ni3(FeCy 8 )2 —insol. in hydrochloric acid.

With ammonium chloride and hydrate, excess of ferricyanide gives a
copper-red precipitate.

Silver, a red-brown precipitate, Ag3FeCy8—soluble in ammonia.
Tin (stannous), white precipitate, Sn 3(FeCy 8)2—sol. in hydrochloric acid.
Tin (stannic), no precipitate.
Uranium (uranous), no precipitate.
Zinc, orange precipitate, Zn3(FeCy 6)2 —soluble in hydrochloric acid and in
* ammonia.

633. Ferricyanides, as ferric combinations, are capable of acting as Oxidizing
Agents, the radical (FeCy f ,)"', /becoming ( FeCy8)"", and taking another portion of
metal into combination, forming ferrocyanides (compare 630). Products with reducing
agents are given in 833.

4K 3FeCy 8 + 2H*S = 3K 4FeCy8 + H 4FeCy8 + 2S

K 3FeCy8 + KI = K 4FeCy 8 + I

Nitric acid, or acidulated nitrite, by continued digestion in hot solution, effects a still
higher Oxidation of Ferricyanides, with the production, among other products, of
nitro-ferricyanides or nitro-prussides. These salts are generally held to have the compo-
sition represented by the acid, H2Fe"(NO)'Cy 5 . Sodium Nitroprusside is used as a
reagent for soluble sulphides—that is, in presence of alkali hydrates, a test for hydrosul-
phuric acid; in presence of hydrosulphuric acid, a test for alkali hydrates (668).
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CYANIC ACID.

634. Absolute cyanic acid, HCyO, is a colorless liquid, giving oil pungent, irritating
vapor, and only preserved at very low temperatures. It cannot be formed by transposing
metallic cyanate3 with the stronger acids in the presence of water, by which it is changed
into carbonic anhydride and ammonia :

H(CN)0 + H 2 0 = NH 3 + C02 .

635. The Cyanates, therefore, when treated with hydrochloric or sulphuric acid,
effervesce with the escape of carbonic anhydride (distinction from cyanides), the pungent
odor of cyanic acid being perceptible. The ammonia remains in the liquid as ammonium
salt, and may be detected by addition of potassium hydrate, with heat.

2K(CN)0 + 2H2 S0 4 + 2H 20 = K2 S0 4 + (NH 4 ) 2 S0 4 -f 2C0 2

636. The cyanates of the metals of the alkalies and of calcium are soluble in water;
most of the others are insoluble or sparingly soluble. All the solutions gradually decom-
pose, with evolution of ammonia.—Silver cyanate is sparingly soluble in hot water,
readily soluble in ammonia; soluble, with decomposition, in dilute nitric acid (distinction
from cyanide). Copper cyanate is precipitated greenish-yellow.

Ammonium cyanate in solution changes gradually, or immediately when boiled, to
urea, or carbamide, with which it is isomeric : NH 4CNO = (NHo)' 2 (CO)". The latter
is recognized by the characteristic crystalline laminae of its nitrate, when a few drops of
the solution, on glass, are treated with a drop of nitric acid. Also, solution of urea with
solution of mercuric nitrate, forms a white precipitate, CH 4N2 0(Hg0)2 „ not turned yel-
low (decomposed) by solution of sodium carbonate (no excess of mercuric nitrate being
taken). Solution of urea, on boiling, is resolved into ammonium carbonate, which slowly
vaporizes :

CH 4MoO -f 2H 20 = (NH4 ) 2 C03

637. Cyanates, in the dry way, are reduced by strong deoxidizing agents to cyanides.

SULPHOCYANIC ACID (THIOCYANIC ACID).
638. This acid, HCyS, corresponds to cyanic acid (HCyO), oxygen being substituted

by sulphur. Its salts, the sulphocyanates (also termed sulphocyanides), appear to be con-
stituted as sulphosalts, with CyS as the acid radical. In this view, they are not haloid
salts.

639. Absolute sulphocyanic acid, HCyS, is a colorless liquid, crystallizing at 12° C.
(54° F.), and boiling at 85° C. (185° F.) It has a pungent, acetous odor, and reddens
litmus. It is soluble in water. The absolute acid decomposes quite rapidly at ordinary
temperatures; the dilute solution, slowly; with evolution of carbonic anhydride, carbon
disulphide, hydrosulphuric acid, hydrocyanic acid, ammonia, and other products.

640. The same products result, in greater or less degree, from transposing soluble
Sulphocyanates with strong acids; in greater degree as the acid is stronger and heat
applied; Avhile in dilute cold solution, the most of the sulphocyanic acid remains unde-
composed, giving the acetous odor (see 643). The sulphocyanates insoluble in water, are
not all readily transposed by acids. Sulphocyanates of metals, whose sulphides are insolu-
ble in certain acids, resist the action of the same acids.
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641. The sulphocyanates of the metals of the alkalies, alkaline earths;
also, those of iron (ferrous and ferric), manganese, zinc, cobalt, and copper—-
are soluble in water. Mercuric sulphocyanate, sparingly sqluble ; potassio
mercuric sulphocyanate, more soluble. Silver sulphocyanate is insoluble in
water, insoluble in dilute nitric acid, slowly soluble in ammonium hydrate.
The ferric reaction is the most distinctive.

642. Solutions of metallic Sulphocyanates give, with soluble salts of:

Cobalt, very concentrated, a blue color, Co(CyS) 3, crystallizable in blue
needles, soluble in alcohol, not in carbon disulphide. The
coloration is promoted by warming, and the test is best made
in an evaporating dish. In strictly neutral solutions, iron,
nickel, zinc, and manganese, do not interfere (Schoenn).

Copper, if concentrated, a black crystalline precipitate, Cu(CyS) 2 ,
soluble

in sulphocyanate. With sulphurous acid, a white preci-
. pitate, CuCyS.

Iron (ferrous), no precipitate or color.

Iron (ferric), an intensely blood-red solution of Pe„(CyS)6 , decolored by so-

lution of mercuric chloride (189, distinction from acetic
acid); decolored by phosphoric, arsenic, oxalic, and iodic
acids, etc., unless with excess of ferric salt; decolored by alka-
lies, and by nitric acid, not by dilute hydrochloric acid. On
introduction of metallic zinc, it evolves hydrosulphuric acid.
Perric sulphocyanate is soluble in ether, which extracts traces

* of it from aqueous mixtures, rendering its color much more
evident by the concentration in the ether layer.

Lead, gradually, a yellowish crystalline precipitate, Pb(CyS) 2 , changed by
boiling to white basic salt.

Mercury (mercurous), a white precipitate, HgCyS, resolve 1 by boiling into
Hg and Hg(C^S)2 . The mercurous sulphocyanate, HgCyS,
swells greatly on ignition (being used in “Pharaoh’s ser-

pents ”), with evolution ofmercury, nitrogen, sulphocyanogen,
cyanogen, and sulphur dioxide.

Mercury (mercuric), in solutions not very dilute, a white precipitate
Hg(CyS),, somewhat soluble in excess of the sulphocyanate,
sparingly soluble in water, moderately soluble in alcohol. On
ignition, it swells like the mercurous precipitate.

Platinum. Platinic chloride, gradually added to a hot, concentrated solution
of potassic sulphocyanate, forms a deep-red solution of double
sulphocyanate of potassium and platinum (KCyS) 2Pt(CyS) 4,

or more properly, K 2Pt(CyS) c,
the sulphocyano-platinate of
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potassium. Tho latter salt gives bright-colored precipitates
with metallic salts. The sulphocyano-platinate of lead (so
formed) is golden-colored ; that of silver, orange red.

Silver, a white precipitate, insoluble in water, insoluble in dilute nitric
acid, slowly soluble m ammonium hydrate, readily soluble in
excess of potassic sulphocyanate; "blackens in the light.

643. Certain active oxidizing agents, viz.: nascent chlorine, and nitric acid contain-
ing nitrogen oxides, acting in hot, concentrated solution of sulphocyanates, precipitate
pcrsulphocyanogen, H(CyS) s , of a yellow-red to rose-red color, even blue sometimes,
when concentrated. It may be formed in the test for iodine, and mistaken for that ele-
ment, in starch or carbon disulphide. If boiled with solution of potassium hydrate, it
forms sulphocyanate.

Concentrated hydrochloric acid, or sulphuric acid, added in excess to water solution
of sulphocyanates, causes the gradual formation of a yellow precipitate, persulphocyanic
acid, (HCy) 2 S 3 , slightly soluble in hot water, from which it crystallizes in yellow needles.
It dissolves in alcohol and in ether.

644. Sulphocyanate of potassium can be fused in close vessels, without decomposi-
tion ; but with free access of air, it is resolved into sulphate and cyanate, with evolution
of sulphurous acid. ■

645. CARBON is a solid, characterized by being insoluble in acids, alkalies, or other
ordinary solvents, and infusible and non-volatile at very high temperatures. It sutlers
no oxidation in the air at ordinary temperatures.—As charcoal, the black residue of the
partial combustion of all organic substances, carbon is quickly oxidized to carbonic
anhydride in the air at the temperature of ignition, but is not affected by powerful
oxidizing solvents.—As graphite, carbon is only very slowly oxidized during 'ignition in
the air, but is gradually oxidized by repeated digestions with chlorates and strong acids.

The Acids containing Carbon, whose reactions are given in this work
are:

Carbonic acid, H2 C""0
3 ; anhydride,

Oxalic acid, H2 C2
VI0 4

.*

The Cyanogen acids, named in G14.
Acetic acid, H(C,H.O,)'.
Tartaric acid, H2 (C4H4Oa )".

Citric acid, H 3(C rH6
0 7 )'".

* In the received view, that carbon remains a tetrad in nearly all its many compounds, the following
graphic formulae arc written :

H-O-
Carbonic acid, C=0

II O-
H—O—C-0 •

Oxalic acid,
H-0-C=Q

Compare with pseudo-triads, page 11, foot-note.
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CARBONIC ANHYDRIDE.
646. Absolute carbonic acid, as H2 CO a ,

is not known.— Carbonic anhy-
dride, C0 2 , carbon dioxide, or “ anhydrous carbonic acid,” is a gas at atmos-
pheric temperatures and pressures, and dissolving, however much condensed, in
about its own bulk of water. The alkali metals form double carbonates with
hydrogen, or acid carbonates, as KHCQ

3
. The anhydride, C0 2, is often de-

signated as carbonic acid, as we have no other substance to which the term can
be applied.

647. The Carbonates of the metals of the alkalies are very freely soluble
in water ; the hydrogen carbonates of the same metals, moderately soluble in
water. All other metallic carbonates are insoluble in water. The carbonates
of the alkaline earth metals, and of some others, dissolve slightly in water sa-
turated with carbonic acid, and to a greater extent in water saturated with com-
pressed carbonic acid—from which solutions they are fully precipitated on
heating in open vessels. The metallic carbonates, except normal ammonium
carbonate, are insoluble in alcohol.

In analysis, the carbonates are denoted by the sudden effervescence, etc.
(648), caused even by acetic acid.

648. The carbonates, both Soluble and insoluble, are decomposed by all
the acids (except hydrosulphuric and hydrocyanic), even when very dilute.
The decomposition is attended by sudden effervescence of carbonic anhydride,
CO„ which reddens moist litmus (a).

With normal carbonates in cold solution, slight additions of acid (short of
a saturation of half the base) do not cause effervescence, because acid car-
bonate is formed (b) ; and when there is much free alkali present (as in testing
caustic alkalies for slight admixtures of carbonate), perhaps no effervescence is
obtained. By the time all the alkali is saturated with acid, there is enough
water present to dissolve the little quantity of gas set free. But if the car-
bonate solution is added drof by drop to the acid, so that the latter is con-
stantly in excess, even slight traces of carbonate give notable effervescence.

a. K 2 C0 3 -f 2HC1 = 2EC1 -f Ha O + C0 2

b. K2 CO s -f HOI = KC1 + KHOOs
649. The effervescence of carbonic acid gas, CO„, is distinguished from

that of H,; S or S0 2 by the gas being odorless, from that of N2 03 by its being
colorless and odorless ; from all others by the effervescence being proportionally
more forcible. It should be remembered, however, that C02 is evolved (with
CO) on adding strong sulphuric acid to oxalates (653), or to cyanates (635).

On passing the gas, C0 2 , into solution of calcium hydrate (a) ; or of
barium hydrate (b) ; or into solutions of calcium or barium chloride, contain-
ing much ammonium hydrate (c), or into ammoniacal solution of lead
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acetate (d); a white precipitate or turbidity of insoluble carbonate is ob-
tained. In the case of the solutionof lime (or of baryta if dilute), the preci-
pitate is soluble in sufficient excess of the gas—i.e., in water saturated with
carbonic acid; but it is not easy to saturate with gas generated in an open test-
tube. The precipitate may be obtained by decanting the gas (one-half heavier
than air) from the test-tube in which it is liberated into a (wide) test-tube,
containing the solution to be precipitated; but the operation requires a little
perseverance, with repeated generation of the gas, owing to the difficulty of
displacing the air by pouring into so narrow a vessel. The result is controlled
better, by generating the gas in a large test-tube, having a stopper bearing a

narrow delivery-tube, so bent as to be turned down into the solution to be pre-
cipitated :

a. C0 2 + Oa(OH)a = CaC03 + Ha O

b. Ba(OH)2 giving BaC0 3

c. C02 + CaCl2 -f- 2NH 4OH = 0aC03 + 2NH 4C1 + H 20

d. C0 2 + Pb 2 0(C 2 H30 2) 2 = PbC03 + Fb(C 2 H302 ) 2

The solutions of calcium and barium hydrates, furnish more delicate tests
for carbonic a7ihydride than the ammoniacal solutions of calcium and barium
chlorides, but less delicate than lead basic acetate solution. The latter is so
rapidly precipitated by atmospheric carbonic anhydride, that it cannot be pre-
served in bottles partly full and frequently opened, and cannot be diluted clear,
unless with recently boiled water.

650. Solutions of the acid carbonates effervesce , with escape of CO a , on
boiling or heating, thus:

2KHCO3 = K2 C0 3 + H 20 -f C0 2 . (Gradually, at 100° C.)

2NaHC03 = Na 2 C03 -f- H 2 0 + C0 2 . (Gradually, at 70° C.; rapidly at
90° to 100° C.)

2NH 4HC03 = (NH 4 ) 2C0 3 + HsO -f C02 . (Begins to evolve C02 at 36° C.)

(NH 4)4H2(C0 3 )3 = 2(NH4 ) 2 C03 + H2 0 + C02 . (Begins at 49° C.)

651. Solutions of carbonatesform precipitates with salts of all metals,
except those of the alkalies; the precipitate being, in the larger number
of cases, a carbonate or basic carbonate; in some cases, a hydrate,

with effer-
vescence of COa :

K2 C03 + ■ FeCl 2 = FeCOs -f 2KC1

3K 2 003 + Fe2 Clfl + 3Ha O = Fe 2(OH)6 -f 6KC1 + 3C0 2

652. On ignition, the normal carbonates of the metals of the fixed alkalies
are not decomposed ; the carbonates of barium, strontium, and calcium are dis-
sociated slowly, at white heat (81); all other carbonates are readily broken up.
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OXALIC ACID.

653. Absolute oxalic acid, H„C2 0 4,
is a white, amorphous solid, which by

care may be sublimed with only partial decomposition (a), at about 165° C.
(329° F.) Crystallized oxalic acid, H 2C 2 0 1.2H,,0, effloresces very slowly in
warm dry air, ana melts in its crystallization-water at 98° C. (208° F.) ; at
which temperature the liquid soon evaporates to the absolute.acid. Oxalic
anhydride is not formed.

a. Ho0 3 0 4 = H.O -f- COa -f- CO

Concentrated sulphuric acid, with a gentle heat, decomposes oxalic acid,

with dfervescence of carbon dioxide andfcarbon monoxide, accord ing to the
equation in the preceding paragraph. With oxalates, the decomposition gene-
rates the same gases. Other strong dehydrating agents produce the same
result.

The effervescing gas, C0 2 -f- CO, gives the reactions for carbonic anhydride
(649) ; also, if in a sufficient quantity, it will burn with a blue flame, when
ignited, by the oxidation of the carbon monoxide.

654. The Oxalates of the metals of the alkalies are soluble in water ;

nearly all those of the other metals are either insoluble or sparingly soluble in
water. (Chromic oxalate is freely soluble in water; magnesic oxalate, spar-
ingly soluble.)

In analysis, calcium oxalate is the precipitate most used, soluble in hydro-
chloric, not in acetic, acid. Also, the reducing action (657), decomposition
with sulphuric acid (653), and ignition (658), serve in identification.

655. The metallic oxalates, soluble and insoluble, ai’e transposed by dilute
sulphuric, hydrochloric, and nitric acids, with formation of oxalic acid :

CaC 2 0 4 + 2HC1 = CaCl2 + H 2 C 2 0 4

That is: the precipitated oxalates of those metals, which form soluble chlo-
rides, dissolve in dilute hydrochloric acid ; of those metals w'hich form soluble
sulphates, in dilute sulphuric acid; and all precipitated oxalates dissolve in
dilute nitric acid.

Acetic acid does not dissolve precipitated oxalates, or but slightly. Cer-
tain of the oxalates dissolve, to some extent, in oxalic acid (as acid oxalates).

656. The precipitates of oxalates are ivhite. It follows, from 655, that
solution of 'oxalic acid can be precipitated but very slightly by any metallic
salts of the stronger acids.

Solutions ofmetallic oxalates give, with soluble salts of calcium, a quite
complete precipitate of calcium oxalate, CaC 3

O t (compare 107); with salts of
barium, in solutions not very dilute, a slightly soluble precipitate of barium
oxalate, BaC2 04 ; with ferric salts, a yellowish-white precipitate of ferric oxa-
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late, Fe 2 (C.204 ) 3, sparingly soluble in water, soluble in free oxalic acid; with
ferrous salts, a yellowish precipitate of ferrous oxalate, FeC3

0 4, not soluble
in oxalic acid ; with salts of lead, as stated in 317; with salts ofsilver, a char-
acteristic reaction, as stated in 337 and 658 c.

657. Oxalic acid is a decided Reducing Agent, being converted to water and car-
bonic anhydride (a), and the metallic oxalates to carbonates and carbonic anhydride (b),
by all strong oxidizing agents. The action of oxidizing agents is given in 811.

a. H2 C 2 04 + O = H 2 0 + 2C0 2

b. K 2 C2 0 4 + O = K 2 C03 + C02

658. The oxalates are all dissociated on ignition. Those of the metals of the alkalies
and alkaline earths are resolved at an incipient red heat, into carbonates and carbon
monoxide (a)- -a higher temperature decomposing the carbonates (652). The oxalates of
metals, whose carbonates are easily decomposed, but whose oxides are stable, are resolved
into oxides, carbonic anhydride, and carbon monoxide (b ). The oxalates of metals,
whose oxides are decomposed by heat, leave the metal, and give off carbonic anhydride
(c). As an example of the latter class, silver oxalate, when heated before the blow-pipe,
decomposes explosively, with a sudden puffing sound—a test for oxalates :

a CaC 20 4 = CaCOs + CO

b. ZnCj0 4 = ZnO -f C02 + CO

c. Ag2 C2 04 — 2Ag —(- 2C0 2 •

659. SULPHUR is a solid—in yellow, brittle, friable masses (from melting); or in
yellowish, gritty poivder (from sublimation); or in nearly white, slightly cohering, finely
crystalline powder (by precipitation from its compounds). It melts at about 111° C.
(282° F.); at higher temperatures, it suffers peculiar physical modifications of consistence,
etc.; and distils at 445° C. (836° F.) It is not sensibly volatile at ordinary temperatures,
but has a slight, characteristic odor.

In chemical activity, volatility, and other properties, sulphur stands as the second
member of the Oxygen Series : 0, 16; S, 32; Se, 78; Te, 128.

660. Sulphur is insoluble in water; slightly soluble in alcohol and in ether, freely
soluble in carbon disulphide; but with physical solvents other than water, its different
modifications have different solubilities.

661. By combination—sulphur dissolves readily in hot solutions of hydrates of potas-
sium, sodium, calcium, orbarium, forming supersulphides and thiosulphates (a). These can
be separated by alcohol, in which the sulphides dissolve. Sulphur is acted upon slowly
by active oxidizing agents, as hot concentrated nitric acid (b). or chlorine generated in
presence of water (c), with formation of sulphuric acid. Hot concentrated sulphuric acid
very slowly oxidizes sulphur to sulphurous anhydride, by its own reduction to the same
compound (d) :

a. 3Ca(OH) 2 + 6S = 2CaS 2 -f CaS2 03 -f 3H20

Or: 3Ca(OH) 2 + 12S = 2CaS6 + CaS2 03 -f- 3H2 0
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i. S + 2HN03 = H2 S04 + 2NO

c. S + 6C1 -f 4HaO = H-SOj + 6HC1
d. S + 2H 2 S0 4 + H20 = 3HsSO s

662. In the air, at ordinary temperatures, finely divided sulphur is very
slightly oxidized, by ozone, to sulphuric acid ; at about 260° C. (500° F.) it
begins to oxidize rapidly to sulphurous anhydride, burning with a blue flame.

The principal Acids of Sulphur are :

Hydrosulphuric acid, H2 S".
Sulphuric acid, H 2 S VI0 4 .

Sulphurous acid, HaS""03 .

Thiosulphuric acid, KaSa'^Oa.
Dithionie acid, HaS 206 .

Trithionic acid, HaS3 O fi .

Tetrathionic acid, H2 S 4 06.
Pentathionic acid, H2 S5 06 .

HYDEOSUiPHUEIC ACID.
/

663. Absolute hydrosulphuric acid, H„S, is a colorless gas, sparingly sol-
uble in water.*

The solution in open vessels vaporizes gas constantly, at ordinary tempera-
tures, until exhausted; more rapidly when boiled. Both gas and solution
feebly redden moist litmus-paper; and have a very strong, characteristic
odor. (The concentrated gas is a quick poison, by inhalation.) ,

Absolute hydrosulphuric acid is combustible in the air—burning with a
blue flame, to sulphurous anhydride and water,

664. The solubility of the Metallic Sulphides in water, dilute acids, hot
nitric acid, and in alkali sulphides, is shown in the grouping of the bases, and
the sub-groupmg of the second group precipitates.

In analysis, sulphides are known by generation of H 2S (665), or separation
of 5 by oxidizing solvents, and by the color test with nitro-ferricyanide (668).

665. Sulphuric acid, dilute, transposes the metallic sulphides; except
those of arsenic, tin, antimony, mercury, silver, (and lead), which are decom-
posed with difficulty, or not at all:

PeS + H 2 S0 4 = FeSOt + H 2 S

The gaseous hydrosulphuric acid, when liberated, is recognized by its odor,

* One part of iron sulphide, with one and a half parts of concentrated sulphuric acid diluted to eight or
nine parts, generate sufficienthydrosulphuricacid to saturate fifty parts of water at medium temperature.
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by blackening paper moistened with lead acetate, or with a solution of a lead
salt with excess of hydrate of potassium or sodium (311 and 309). In the
detection of traces of the gas, a slip of bibulous paper, so moistened, may be
inserted into a slit in the smaller end of a cork, which is fitted to the test-tube,

/wherein the material to be tested is treated with sulphuric acid ; the tube being
set aside in a warm place for several hours. A very delicate test is made by
conducting the gas into ammoniacal solution of nitroferricyanide (668).

If any oxidizing agents are present—as chromates, ferric salts, manganic
salts, chlorates, etc.—hydrosulphuric acid is not generated, but instead sulphur
is separated, or sulphates are formed (666).

The sulphides not transposed with hydrochloric or sulphuric acid, are recog-
nized by the separation of sulphur on treatment with nitric acid, or with
nitrohydrocMoric acid. Also, these sulphides and certain supersulphides,
attacked with difficulty by acids, as iron pyrites and copper pyrites, are re-
duced and dissolved, with evolution of hydrosulphuric acid, by dilute sul-
phuric acid with zinc. The gas, with its excess of hydrogen, may be tested
by 668.

666. Hydrosulphuric acid is a strong reducing agent, and the metallic
sulphides act in the same capacity with a greater or less degree of force. The
reactions with oxidizing agents are given at length in 817. Equations are given
—with ferric salts, in 171 a ; with chromates, in 166 a; wr ith iodic acid, in
571 c, d; with iodine, in 554 e; with sulphurous acid, in 694 c; with
ferricyanides, in 633. Iodine solutions and permanganate solutions are
quickly decolored with precipitation of sulphur.

The hydrogen ofH 2 S takes oxygen readily; the sulphur more slowly. In
the oxidation of metallic sulphides, generally, less sulphur is left unoxidized
than occurs in the oxidation of hydrosulphuric acid—owing to the stronger
tendency to form sulphates.

667. Solutions of metallic sulphides give precipitates with soluble salts of
second and third group metals ; hydrogen sulphide, with salts of second
group metals only. ,The precipitates are sulphides, except with chromium and
aluminium ; reduction occurring with ferric and arsenic salts, which form ferrous
and arsenious sulphides. The precipitates have strongly marked colors—fhat
of zinc being white; those of iron, copper, and lead, black; arsenic, yellow;
antimony, orange-red ; mercury, successively white, yellow, orange, and black.

668. Solutions of nitro-ferricyanides (633) give, with soluble metallic sulphides (or
with hydrosulphuric acid after addition of an alkali, or with free sulphur after digesting
with an alkali), an intense, rich purple color, disappearing after some time. Add a drop
of the reagent, to a few drops of the solution, on a white porcelain surface. Vapors are
tested for hydrosulphuric acid by conducting them into ammoniacal solution of sodium
nitroferricyanide. (Vapors are tested for ammonia by passing them into solution of
nitroferricyanide with hydrosulphuric acid.)

669. By ignition in the air, sulphur gives its characteristic odor of sulphurous anhy-
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dride (682). Many of the sulphides yield more or less sulphurous anhydride; most of
them are also, partly or wholly, converted to sulphates.

When ignited on charcoal with sodium carbonate—or {distinction from sulphates) ifignited in a porcelain crucible with sodium carbonate—soluble sodium sulphides are
obtained. The production of the sodium sulphide is proved by the llack stain of Ag2 S,
formed on metallic silver by a moistened portion of the fused mass. (Compounds of
selenium and tellurium, 499.)

SULPHURIC ACID.

670. Sulphuric anhydride, S0 3 ,
is a colorless, fibrous, or waxy solid, melting (when

recent) at 25° C. (77° F.), boiling at 46° C. (115° F.), and vaporizing with heavy white
fumes in the air at ordinary temperatures. It is very deliquescent, and on contact with
water combines rapidly, forming sulphuric acid and much heat.

671. Absolute sulphuric acid, H2 S0 4, is a colorless syrupy liquid; boiling
at 338° C. (640° F.) At temperatures above about 160° C. (320° F.), it
vaporizes from open vessels, slightly or abundantly, the vapors being white,
heavy and suffocating, exciting coughing without giving premonition by odor.
At ordinary temperatures it is strictly non-volatile and inodorous.

672. It is miscible with water in all proportions with production of heat;
it abstracts water from the air (use in desiccators); and quickly abstracts the
elements of water from many organic compounds, and leaves their carton,
a characteristic charring effect. It dissolves in alcohol, without decomposing it
—but if in sufficient proportion producing ethylsulphuric acid, HC2 H5 S0 4.

673. Sulphuric acid transposes the salts of nearly all other acids , forming
sulphates, and, either acids (as hydrochloric acid, 505), or the products of their
decomposition (as with chloric acid, 520). But salts of mercury, silver, tin,
and antimony, are with difficulty transposed by sulphuric acid. Also, at tem-
peratures above about 300° C. (or 600° F.), phosphoric and silicic acids (and
other acids not volatile at this temperature) transpose sulphates, with vaporiza-
tion of sulphuric acid (comparq,20).

674. Sulphuric acid dissolves most metals ; though not quite so generally
efficient for this purpose as hydrochloric or nitric acid. Diluted sulphuric
acid, when cold, dissolves—with evolution of hydrogen—magnesium, alumi-

nium, zinc, iron, manganese, and tin ; and when heated, nickel, cobalt, and
cadmium («). Concentrated sulphuric acid, by application of heat, dissolves
—with evolution of sulphurous anhydride— copper, mercury, silver, bis-
muth, and tin ( b ). (Compare 679.)

a. Fe 4- H 2SOi = FeSO* + 2H

b. Cu -f 2HoS0 4 = CuS0 4 + 2H2 0 + SO,

675. The metallic Sulphates are freely soluble in water, except those of
barium, lead, strontium (very slightly soluble),, and calcium (sparingly sol-
uble). For specifications of the solubilities of the sulphates of barium, stron-
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tium, and calcium, see 77 ; of lead, see 312. Silver sulphate requires about
200 parts of cold or 100 parts of hot water for solution, and mercurous sul-
phate is even more sparingly soluble. Bismuth, antiinonious, and mercuric
sulphates are soluble in acidulated water, but decomposed by pure water. The
metallic sulphates are insoluble in alcohol (ammonium sulphate sparingly sol-
uble in ordinary alcohol, very slightly in absolute alcohol).

In analysis, barium sulphate is chiefly obtained (676, 703). Alcohol is
useful for separation of free sulphuric acid from its salts (678).

Acid sulphates of the alkali bases are formed as crystallizable salts.
That of potassium, KHS0 4, gives off sulphuric acid above about 200° C. (400°
F.); or by greatly diluting its solutions. That of sodium, UaHS0 4 , is decom-
posed at a lower temperature, and hardly exists at all in solution. Alcohol,
added to solutions of the acid sulphates, precipitates the normal sulphates, sul-
phuric acid remaining in solution :

2KHS04 = KoSO* + H 2 S0 4

676. Sulphuric acid, or solutions of sulphates, on addition of solutions of
barium salts, as BaCl 2 ,

or Ba(I703 )2, give a white precipitate of barium, sul-
phate, BaS04 ; insoluble by hydrochloric or nitric acid. This insolubility is
a distinctionfrom all acids , except selenic and hydrofluosilicic. The preci-
pitate, formed in cold solution, is so fine as to be difficult of removal by filtra-
tion ; if formed in hot solution and then boiled, it is retained by a good filter.
The full completion of the precipitate requires that the mixture should stand
some time. Jn strongly acid solutions, a precipitate of BaCl2 , etc., may be
obtained (see 84). A residue of sulphur may appear in this test, applied to
thiosulphates (699). Solutions of lead salts give a white precipitate of lead
sulphate, PbS0 4 ; not transposed with acids, soluble in solution of potassium
hydrate. Jn solutions not dilute, calcium salts give a white precipitate of
calcium sulphate, CaS0 4 .

677. Alcohol precipitates the sulphates from their moderately concentrated water
solutions; and its addition enables calcium chloride to precipitate the sulphate of calcium
in very dilute solutions.

The sulphates insoluble in water are decomposed for analysis—(1st) by long boiling
with solution of alkali carbonate ; and more readily (2d) by fusion with an alkali car-
bonate. In both cases, there are produced—alkali sulphates soluble in water, and car-
bonates soluble by hydrochloric or nitric acid, after removing the sulphate (a). If the
fusion be done on charcoal, more or less deoxidation will occur, reducing a part or the
whole of the sulphate to sulphide (679), and the carbonate to metal (as with lead, 322), or
leaving the metal as a carbonate or oxide (652).

a. BaS04 -|- Na2 CO s = Na 2 S0 4 (soluble in water) -J- Ba00 3 (soluble in acid).
678. Free sulphuric acid may be separated from sulphates (except ammonium sul-

phate) by strong alcohol, solutions being first evaporated nearly to dryness on the water
bath.—A test for free sulphuric acid, in distinction from sulphates, may be made (in
accordance with 672), by the use of cane sugar, as follows : A little of the liquid to be
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tested is concentrated on the water-bath; then from two to four drops of it are taken on
a piece of porcelain, wT ith a small fragment of white sugar, and evaporated to dryness by
the water-bath. A greenish-Wac& residue indicates sulphuric acid. (With the same
treatment, hydrochloric acid gives a brownish-black, and nitric acid, a yellow-brown
residue.) A strip of white glazed paper, wet with the liquid tested, by immersing it
several times at short intervals, then dried in the oven at 100° C., will be colored black,
brown, or reddish, if the liquid contains as much as 0.2 per cent, of sulphuric acid.

679. Sulphuric acid and its salts are very stable at ordinary temperatures. They do
not at all act as reducing agents—solution of permanganate not being decolored by sul-
phuric acid; but at high temperatures, they are able to act as Oxidizing Agents to some
extent. (Further, see 819.) In the action of metals on hot concentrated sulphuric acid,
there are cases of reduction of the sulphuric to sulphurous acid, as stated in 674 b ; and
in the action of ignited carbon, we have reduction of sulphates to sulphides, in fusion on
charcoal, as follows :

Na2 S0 4 + 20 - Na,S + 2C0 2

680. It will be observed—sulphates fused ivith sodium carbonate on charcoal, leave a
mass which contains sulphides, and, when moistened, stains metallic silver (as stated in
669); but, when fused with sodium carbonate (on porcelain) without reducing agents,
leave a mass which, when moistened, does not stain metallic silver (distinction from sul-
phides).

681. By heat alone, the sulphates of the metals of the alkalies and alkaline earths,
and of lead, are not decomposed. Other sulphates suffer dissociation—some giving off
sulphuric anhydride; others, sulphurous anhydride and oxygen :

2FeS0 4 — Fe 2 03 —J- S0 3 —|— S0 2

CuS0 4 ~ CuO -j- S0 2 -j- O

SULPHUBOTJS ACID.

682. Sulphurous anhydride, S0 2 ,
is a colorless liquefiable gas, of a powerful, char-

acteristic, suffocating odor and effect, that of burning sulphur. It bleaches litmus-paper.
It is not combustible in the air. It dissolves readily in water, doubtless as sulphurous
acid; the solution saturated at 15° C. (60° F.), containing about 14 per cent, of the sul-
phur dioxide; an increase of temperature greatly decreasing its solubility.

683. Absolute sulphurous acid, H2 S0 3 ,
is a solid at 0° C. (32° F.), resolved into H .O

and S0 2 at temperatures much above the freezing point; but freely liquefiablewith water
at higher temperatures, as stated in the preceding paragraph. It may be supposed that
the solution, at ordinary temperatures, is a mixture of water and H2 SO s—a view resting
on somewhat stronger support- than we have for considering the solution of carbokiic
anhydride to contain H2 C0 3 .

684. Solution of Sulphurous Acid first reddens litmus, and then
bleaches it. It decomposes carbonates with effervescence. It has a strong
odor from vaporization ofsulphurous anhydride, which is soon completely ex-

pelled on boiling. By exposure to air it is gradually oxidized to sulphuric acid,
from which it is seldom entirely free (691).

685. The Sulphites of the metals of the alkalies are freely soluble in
water; the normal sulphites of all other metals are insoluble, or but very
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slightly soluble in water. The sulphites of the metals of the alkaline earths,
and some others, are soluble in solution of sulphurous acid—the solution being
precipitated on boiling. The alkali bases form acid sulphites (“bisulphites”),
which can bo obtained in the solid state, but evolve sulphurous anhydride.
The sulphites are insoluble in alcohol.

In analysis, sulphites are recognized by the odor of the anhydride, liberated
by adding an acid (G82). Also, by the reducing power (691) and by oxidation
to sulphate (690). Further as to separation, see 703.

680. Solution of sulphurous acid (free from sulphuric acid) is but slightly
precipitated by solutions of salts—owing to the solubility of sulphites in acids.
See 19.

Sulphites are decomposed by all acids ; except carbonic and boracic, and,
in some instances, hydrcsulphuric.

687. Solutions of metallic sulphites are precipitated by the soluble salts
of all metals except those of the alkalies. The precipitates, mostly white, are
soluble in acetic acid ; also, except those of the first group metals, in hydro-
chloric acid, and, so far as not oxidized to sulphates, in dilute nitric acid. But
these precipitated sulphites are almost invariably accompanied by sulphates
which are left undissolved by acids.

688. Solution of lead acetate precipitates, from solutions of sulphites,
lead sulphite, PbS0 3 , white, easily soluble in dilute nitric acid; and not
blackening when boiled (distinction from thiosulphate). Solution of silver
nitrate gives a white precipitate of silver sulphite, Ag2S0 3 , easily soluble in
very dilute nitric acid or in excess of alkaline sulphite, and turning dark-brown
when boiled, by formation of metallic silver and sulphuric acid. Solution of
mercuric chloride produces no change in the cold; but on boiling, the white
mercurous chloride is precipitated, with formation of sulphuric acid. Still fur-
ther digestion, with sufficient sulphite, reduces the white mercurous chloride to
gray metallic mercury (equation 362 b).

689. Solution of ferric chloride gives a red solution offerric sulphite,
Fe 2(S0 3 ) 3 ; or, in more concentrated solutions, a yellowish precipitate of basic
ferric sulphite, also formed by addition of alcohol to the red solution. The
red solution is decolored on boiling ; the acid radical reducing the basic radi-
cal, and forming ferrous sulphate.

690. Solution of barium chloride gives a white precipitate of barium
sulphite, BaSO s , easily soluble in dilute hydrochloric acid—distinction from
sulphate, which is undissolved, and should be filtered out. Now, on adding to
the filtrate nitrohydrochloric acid, a precipitate of barium sulphate is ob-
tained—evidence that sulphite has been dissolved by the hydrochloric acid:

BaSOa + 2HC12 = BaCl2 + H 2S0 3

Bad? + H2 SOs + 2C1 -f- HoO = BaS0 4 + 4HC1

691. Sulphurous acid and sulphites are active Reducing Agents, by virtue
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of their capacity for oxidation to sulphuric acid and sulphates. See Oxida-
tions, 818. Reduction by sulphurous acid is exemplified in the precipitations,
given above, with silver and mercury, and with barium. Equations for other
reductions are given, for ferric salts, 171 b; for chromic acid, 166 c; for
iodine decoloration, 554 c ; and for iodic acid, 571 a and b.

692. The reaction with iodic acid is employed as a test for sulphurous
acid (as well as for iodic). A mixture of iodic acid and starch is turned
violet to blue by traces of sulphurous acid or sulphites in vapor or in solution ;

the color being destroyed by excess of the sulphurous acid or the sulphite.
693. Notwithstanding this ready capacity for oxidation, sulphurous acid is

capable of furnishing oxygen, though its power in the latter office is narrowly
limited. As an Oxidizing Agent, sulphurous acid changes stannous chloride
to stannic sulphide («) ; reacts with the nascent hydrogen furnished by zinc
and dilute hydrochloric acid to form water and hydrosulphuric acid (b) ;

and with zinc alone (without other acid) dissolves the metal as thiosidphate
without evolution of gas (c).

a. H 2 S0 3 + 3SnCls + 6H01 = 3SnCl4 + H2 S + 3H20

SnCl 4 + 2H2 S = SnS 2 + 4HC1

b. H0SO3. + 3Zn + 6HC1 =
* 3ZnCl2 + 3H20 + H 2 S

c. 2Zn + 3H2 S0 3 = ZnS2 03 + ZnS0 3 + 3H2 0

694. Thiosulphates are formed, also in reduction of sulphites, by continued
boiling with sulphur («), and in reduction of sulphurous acid with metallic
super-sulphides in solution (b). Sulphurous acid with hydrosulphuric
acid, both free, produce pentathionic acid (c ), likewise a reduction of the sul-
phurous acid.

a. Na 2 S0 3 + S = Na 2 S 2 03

b. H2 SO, -f- Na2 S 2 = Na 2 S 2 03 + H 2 S

c. 5H2 S0 3 -f- 5H2 S J H2 S 506 + 9H2 0 4- 5S

695. By heat alone, sulphites either split into oxides and sulphurous anhydride (a),
or into sulphates and sulphides (b).

a. CaS0 3 = CaO 4- S0 2

b. 4Na2 S0 3 = 3Na2 S0 4 4- Na2 S
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THIOSTJLPHURIC ACID (HYPOSULPHUROUS ACID).

697. This acid, H 2 S 2 0 3, is hardly known in the free state. When its salts, the Me-
tallic Thiosulphates (or “ hyposulphites”), are decomposed by acids, the constituents of
thiosulphuric acid are dissociated as sulphurous acid and sulphur. Nearly all acids in
this way decompose thiosulphates: .

Na2 S 2 0 3 + 2HC1 = 2NaCl -f- H2 S0 3 + S

The larger number of the thiosulphates (or hyposulphites) are soluble in water; those
of barium, lead, and silver, being only very sparingly soluble. The thiosulphates are in-
soluble in alcohol. They are decomposed, but not fully dissolved, by acids, the decom-
position leaving a residue of sulphur.

In analysis, thiosulphates are distinguished by giving a precipitate of sulphur with
evolution of sulphurous anhydride when their solutions are treated with hydrochloric acid
(700); by their intense reducing power (701), shown in the blackening of the silver preci-
pitate (699); and by non-precipitation pf calcium salts.

698. Alkali thiosulphate solutions dissolve the thiosulphates of lead, silver, and mer-
cury ; also, the chloride, bromide, and iodide of silver, and mercurous chloride; the iodide
and sulphate of lead; the sulphate of calcium, and some other precipitates—by formation
of soluble double thiosulphates :

Ag2 S 2 03 —f- Na 2S 2 03 — 2NaAgS2 03

Ot : Ag2 S 2 03 -{- 2J7a 2 S2 0 3 — Na4Ag2(S 2 03) 3

AgCl -j- Na 2S2 0 3 = NaAgS20 3 + NaCl

PbS04 + 3Na 2 S 2 03 = Na4Pb(S 20 3) 3 + Na2 S0 4

699. Barium chloride forms, in solutions of thiosulphates, a white pre-
cipitate of barium thiosulphate, BaS2 Oa , nearly insoluble in water; dissolving
in acids, except the sulphur residue.—Calcium chloride forms no precipitate
(distinction from sulphite).—Solutions of silver nitrate (339), lead acetate,
and mercurous nitrate, form at first whiteprecipitates of thiosulphates, solu-
ble in excess of alkali thiosulphates, as stated in the preceding paragraph.
These white precipitates, by standing, or quickly by warming, turn darker and
finally blade, by formation of sulphides, with sulphuric acid.

Ag2 S 2 03 + H2 0 = Ag2 S + H 2 S0 4

PbS 203 + = PbS + H 2 S0 4

Solution of copper salts, with thiosulphates, on long standing, precipitate
cuprous- salt, changed by boiling to sulphide and sulphuric acid, as above.
For the precipitation of sulphides of arsenic, antimony, and, in the cold, tin,
see 462.

700. The precipitation of sulphur with evolution of sulphurous anhy-
dride, by addition of dilute acids—as hydrochloric or acetic—is char-
acteristic of thiosulphates. It will be understood, however, that in pres-
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ence of oxidizing agents, which can be brought into action by the acid, sul-
phides will likewise give a precipitate of sulphur (6G6).

701 Thiosulphates are Reducing Agents—even stronger and more active
than the sulphites (691), to which they are so easily converted. This reduc-
ing power—or capacity for taking metalloids or acid radicals into combination
—is exemplified by the conversion of ferric salts into ferrous salts (171 c),
and by the bleaching of iodine solutions (554 b), both of which changes are
so sharply defined that they are useful in volumetric analysis.

If the ferric solution be made red by addition of a few drops of sulphoeyanate, the
exact point of complete reduction is made obvious: while the inevitable color of free
iodine is nearly sufficient to mark the point when loss of color shows that all the iodine
has entered into combination, but the addition of starch-paste renders the indication more
exact. In both these reactions, the oxidation of the thiosulphate changes it into a tetra-
thionate, as Na2 S 406 , of, in simpler terms, NaS 2 03 . Thus:

Cl + Na 2 S 20 3 = IJaCl + NaS>03

In other changes, sulphuric acid is formed. By greater or less degrees of oxidation,
thiosulphates reduce chromic acid to chromic salts; permanganic acid, first to manga-
nates (green), then to manganic salts; bromic and iodic acids first to bromine and iodine,
and then, respectively, to hydrobromic and hydriodic acids ; nitric acid to nitrogen
oxides; and arsenic acid to arsenious compounds.

702. On ignition, or by heat short of ignition, all thiosulphates are decomposed.
Those of the alkali metals leave sulphates and polysulphides (a), others yield sulphurous
acid with sulphides, or sulphates, or both. The capacity of thiosulphates for rapid oxi-
dation, renders their mixture with chlorates, nitrates, etc., explosive, in the dry way.
Chlorates with hyposulphites, explode violently in the mortar (518). Cyanides and
ferricyanides, fused with thiosulphates, form sulphocyanates, which may be dissolved by
alcohol from other products.

a. 4Na2 S 2 03 = Na 2 S 5 -f 8Na2 S0 4

703. THE SEPARATION of the acids of sulphur from each other, in
most instances, is effected without difficulty.

The insolubility of the barium precipitate in hydrochloric acid distinguishes
and separates sulphates from sulphites and thiosulphates; the chlorine treat-
ment (690), precipitating both the latter in the filtrate. The non-precipitation
of thiosulphates by calcic chloride (699), distinguishes and separates them
from sulphites ; also, the precipitation of sulphur by hydrochloric acid (697)
is a distinction.

Precipitation by excess of silver nitrate approximately separates sulphites
and thiosulphates from sulphates ; the solution of thiosulphate is distinguished
by its redissolving the precipitate made by the first drop of silver nitrate solu-
tion (699), and by the subsequent blackening of the precipitate.

ATI compounds of sulphur, after fusion with sodium carbonate on charcoal,
give the black stain on silver, 669. But of these compounds, only the sul-
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phatesfail to give the black stain after the fusion on porcelain in absence ofa
reducing agent, (380.

The test for hyclrosulpliuric acid by the vapor evolved under action of a
stronger acid, cannot be relied upon in presence of sulphites or thiosulphates
(694). But the immediately black precipitate with silver salt; the non-pre-
cipitation ofalkaline earth metals, and the precipitation of sulphur by chlorine
distinguish sulphides and thiosulphates.

704. PHOSPHORUS is an easily fusible and volatile solid, having a characteristic
and disagreeable odor. It exists in different physical states or allotropic modifications,
but it is invariably more or less rapidly oxidized in the air, though it does not decom-
pose water. White phosphorus is luminous in the.dark, and takes fire at a little above
its melting point, 44* C. (111° F.); red phosphorus takes fire at 260° C. (500° F.) The
product is chiefly phosphoric anhydride, but some phosphorous anhydride is formed.

705. When phosphorus is digested in warm solution of hydrate of potassium or so-
dium or in a mixture of lime and water, three-fourths of the phosphorus dissolves as hypo-
phosphite (KH2P0 2), and one-fourth vaporizes as phosphorous hydride, PH3 ,

each bubble
of which takes fire as it enters the air. Thus:

3NaOH + 4P + 3H20 = 3NaH2F0 2 + PH 3

3Ca(OH)2 + 8P + 6H2 0 = 3CaH4(P0 2 ) 2 + 2PH3

Phosphorus is oxidized to orthophosphoric acid, slowly but completely, by digestion
with nitric acid, chlorine, or bromine, with water. In this manner the unoxidized phos-
phorus of iron ores, cast iron, and of organic bodies, is determined ; and this is one
method of preparing pharmacopceial diluted phosphoric acid. Phosphorus acts vigor-
ously as a reducing agent, but in most conditions with less power than the metals of the
alkalies and alkaline earths. Vapor of phosphorus blackens solution of silver nitrate:
a delicate test made by digesting the material at 30° to 40° C., the vessel being covered
with paper wet with the reagent. The blackened paper is tested for phosphoric acid.

Phosphorus stands between nitrogen and arsenic, in the relations of the Nitrogen
Series, 584.

The most important Acids of Phosphorus are :

Phosphoric acid, orthophosphoric, H3 Pv04, corresponding to 3H2 0.P2 06 .

pyrophosphoric, H4P2 07,
“ 2H2 O.P2 O s.

metaphosphoric, HP03 ,

“ H2 O.P 2 O e .

Hypophosphorous acid, H3P'0 2 ,

“ 3H2 O.P2 Q.

PHOSPHORIC ACID.

706. Phosphoric anhydride, P 2 05 , is a white, amorphous solid, fusible ata high tem-
perature, and slowly volatile at a white heat without decomposition. It is deliquescent,
combining with water with excessive avidity, and forming metaphosphoric acid, mono-

basic. The latter is not dehydrated by heat alone.
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7C7. Orthophosphoric acid, H3P0 4,
is a translucent, feebly crystallizable, and very

deliquescent soft solid; reduced by heat first to pyrophosphoric acid, then to metaphos-
phoric acid, which is nearly non-volatile.

Orthophosphoric acid is formed from phosphorus by oxidation in water, as stated in
705; and from metaphosphoric acid or pyrophosphoric acid by digesting with dilute mine-
ral acids, or even by long boiling in water, or, as sodium salt, by fusion with excess of
sodium carbonate.

Phosphoric acid is formed from metallic phosphates by transposition with acids in
cases where a precipitate results, as a lead or barium phosphate with sulphuric acid, or
silver phosphate with hydrochloric acid—19 (2). But when the products are all soluble,
as calcium phosphate with acetic acid or sodium phosphate with sulphuric acid, the trans-
position is only partial; so that unmixed phosphoric acid is not obtained. A non-vola-
tile acid like phosphoric, is not separated from liquid mixtures, as the volatile acids are,
like hydrochloric. The change represented by equation (a) can be so verified that pure
phosphoric acid will be separated, but the changes shown in equations (&) and (c) do not
comprise the whole of the material taken. In the operation (b ), some sodium phosphate
and some nitric acid will be left, and in ( c) some trihydrogen phosphate will no doubt be
made.

a. CaH 4(F0 4 ) 2 -f- H2 C 2 04 = CaC2 0 4 -f- 2H 3F0 4

b. Na4HP0 4 -f- 2KN0 3 = 2NaN0 3 + H3F0 4

. And Na 2HF0 4 + HN03 = NaN0 3 + NaH2F0 4

c. 2CaHP0 4 -f 2HC1 = CaCl2 + CaH 4(P0 4) 2

708. The Orthophosphates, dimetallic and trimetallic, are insoluble in
Water—except those of the metals of the ordinary alkalies. They are all, how-
ever, more or less soluble in aqueous phosphoric acid by formation of mono-
metallic salts, as CaH 4(P0 4 )2 , having an acid reaction. Lithium phosphate is
nearly insoluble in water. Phosphates are insoluble in alcohol.

In analysis, the molybdate precipitate (714) is most distinctive. Separa-
tion by the ferric phosphate precipitate in presence of acetic acid (247) is em-
ployed. Separation from oxalate, as calcium precipitate, by acetic acid, is
used in systematic qualitative work (710 and 801). Ignition test: see 717.

709. Soluble salts of all metals, except those of the alkalies, precipi-
tate solutions of ordinary phosphates (dimetallic and trimetallic orthophos-
phates).

710. Soluble salts of the alkaline earth metals, with dimetallic alkali
phosphates, as Na 2 HP0 4, form white precipitates of phosphates, two-thirds
metallic, as CaHP04 ; with trimetallic alkali phosphates, white precipitates
of phosphates, normal or full metallic, as Ca

3(P0 4 ) 2 . The precipitates are
soluble in acetic acid, and in the stronger acids (707 c). Concerning the am-
monium magnesium phosphate, see 117.

711. Solutions of orthophosphates give, with soluble ferric, chromic, and
aluminium salts, mostly the normal phosphates, Fe„(P0 4)2 , etc. The ferric
phosphate is but slightly soluble in acetic acid, and for this reason it is made
the means of Separating phosphoric acidfrom metals of the earths and alkaline
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earths (247). Solution of sodium or potassium acetate is added; and if the
reaction is not markedly acid, it is made so by addition of Acetic Acid. Ferric
chloride (if not present) is now added, drop by drop, avoiding an excess. The
precipitate, ferric phosphate, is brownish-white.

With zinc and manganous salts, the precipitate is dimetallic or normal—
ZnHP0 4,

or Zn3(POj 2 —according to the conditions of precipitation. Man-
ganic salts give a colored solution, as explained in 214. With salts of nickel,
a light green normal phosphate is formed ; with cobalt, a reddish normal phos-
phate.

712. Silver salts precipitate normal silverphosphate, Ag3
P0 4, light yellow,

soluble in acetic and nitric acids and in ammonium hydrate. The color of the
silverprecipitate distinguishes ortho- from pyro-phosphoric acid. Lead salts
precipitate mostly Pb

3 (P04 )„, but slightly soluble in acetic acid. Bismuth
salts form BiP04, peculiar in being insoluble in dilute nitric acid. Copper
forms a bluish-white precipitate, either normal or two-thirds metallic. Mer-
curous salts pi'ecipitate mercurous phosphate, PIg 0 (PO 4 )2 , white. Mercuric
nitrate (not the chloride) precipitates mercuric phosphate Hg3(P0 4 )o, white.

713. If a disodium or dipotassium orthophosphate is added to solution of silver nitrate,
free acid is formed, and an acid reaction to test-paper is induced (a). But with a triso-
dium or tripotassium phosphate, the solution remains neutral (b)—a means of distinguish-
ing the acidphosphates from the normal.

a. 3Na 2 HF0 4 + 6AgN0 3 = 2Ag3P0 4 + H3P0 4 + 6NaN0 3

b. Na 3P0 4 4- 3AgN03 = Ag3F0 4 -f 3NaN0 3

714. Ammonium Molybdate, in its nitric acid solution (494), furnishes
an exceedingly delicate test for phosphoric acid, giving the pale yellow precipi-
tate, termed ammonium phosphomolybdate. The molybdate should be in
excess, therefore it is better to add a little of the solution tested (which must
be neutral or acid) to the reagent, taking a half to one cub. cent, of the latter
in a test-tube. For the full delic'acy of the test, it should be set aside, at 30°
to 40° C., for several hours.

715. Free orthophosphoric acid is not precipitated by ordinary salts of
third and fourth group metals (in instance of ferric chloride, a distinction from
pyrophosphoric acid and metaphosphoric acid),* but is precipitated in part by

* A solution containing 5 p. c,. ferric chloride, mixed with one-fourth its volume of a 10 p. c. solution
of orthophosphoricacid, requires that nearhalf of the latter be neutralized (so that phosphate is to phos-
phoric acid as 1.114 is to 1.000) before precipitation occurs. On the other hand 4 c. c. of a 5 p. c. eola-
tion of ferric chloride, mixed with 1 c. c. of a 0 p c. solution of metaphosphoric acid, form a precipitate, to
dissolve which20 c. c. of the same metaphosphoric acid solution or 5 c. c. of a 24 p. c. solution of hydro-
chloric acid are required. Four c. c. of a 5 p. c. solution of silver nitrate with 1 c. c. of a 10 p. c. eolutioa
of orthophosphoric acid give a precipitate, to dissolve which requires 7 c. c. of the same orthophosphoric
acid solution. [The Author’s report of work by Mr, Morgan, Am Jour. Phar., xlviii. (1876), 534.]
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silver nitrate, and lead nitrate and acetate. Ammoniacal solution of cal-
cium chloride or of barium chloride precipitates free orthophosphoric acid.

716. Orthophosphoric acid—or an orthophosphate with acetic acid—does
not coagulate egg albumen or gelatine. This is a distinction of both ortho-
phosphoric acid and pyrophosphoric acid from metaphosphorie acid.

717. Ignition with metallic magnesium (or sodium) reduces phosphorus from phos-
phates to magnesium phosphide, recognized by odor of PH 3 , formed on contact of the
phosphide with water. A bit of magnesium wire (or of sodium) is covered with the pre-
viously ignited and powdered substance in a glass tube of the thickness of a straw, and
heated. If any combination of phosphoric acid is present, vivid incandescence will occur,
and a black mass will be left. The latter, crushed and wet with water, gives the odor of
phosphorous hydride.

718. PYROPHOSPHATES are precipitated from their solutions by
silver nitrate, as silver pyrophosphate, Ag P„0_, white, soluble in ammonium
hydrate and in nitric acid.

The pyrophosphates of the alkaline earth metals are difficultly soluble in
acetic acid. The most of the pyrophosphates of the heavy metals, except
silver, are soluble in solutions of alkali pyrophosphates, as doublepyrophos-
phates soluble in water (distinctions from orthophosphates).

Ammonium molybdate reacts but slowly with pyrophosphate solutions—-
and not until orthophosphate is formed by digestion with the nitric acid of
the reagent solution.

Magnesium salts with ammonium hydrate give a precipitate of double
pyrophosphate, soluble in alkali pyrophosphate solution.

Free pyrophosphoric acid gives precipitates with solutions of silver nitrate,
lead nitrate or acetate, and ferric chloride ; no precipitates with barium or
calcium chloride, or with magnesium or ferrous sulphate. (Further, see 715.)

719. METAPHOSPHATES are especially distinguished, by the means
mentioned in 715 and 716. Also, they are not precipitated by solutions of
magnesium salts with ammonium hydrate, unless very concentrated, or by the
molybdate solution. The silverprecipitate, AgP03 , white, is soluble in alkali
metaphosphate solutions, distinction from pyrophosphates.

Free metaphosphorie acid precipitates solutions of silver nitrate, lead
nitrate, and lead acetate, the precipitates being insoluble in excess of metaphos-
phoric acid, and soluble in moderately dilute nitric acid. Barium, calcium,
and ferrous chlorides, and magnesium, aluminium and ferrous sulphates, are not
precipitated by free metaphosphorie acid. Ferric chloride is precipitated, a
distinction from orthophosphoric acid. See 715.

There are various polymeric modifications of metaphosphorie acid, distinguished from
each other chiefly by physical differences of the acids and their salts. Pure metaphos-
phoric acid is a white, viscid, or waxy solid. (Ordinary glacial phosphoric acid owes its
hardness to the universal presence of sodium metaphosphate.)
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Fusion with excess of sodium carbonate converts both metaphosphates and pyrophos-
phates to normal orthophosphate.

720. Reactions of Sulphuric, Phosphoric, and Oxalic Acids.

As Acids. h2 so4. h3
po

4 h2 c2 o4

Vaporises at 640° F. Vaporizes slowly when ig-
nited.

Vaporizes with decomposi-
tion at about 330° F.

Precipitates the same as me-
tallic sulphates.

Does not pi'ecipitate salts
of the stronger acids
(715).

Precipitates chlorides, ni-
trates, and sulphates,
only partly or not at all.
Precipitates acetates, 19.

Chars organicmatter (672). Not caustic. Not caustic, hutpoisonous.

As Metallic Salts: Sulphates. Phosphates. Oxalates.

(Compare 30.)

Precipitate Pb, Ba, Sr,
and Ca, (676).

Precipitatenon-alkali salts
(708).

P’ecipitate most non-alkali
salts (656).

Precipitations most
used in analysis:

BaS0 4

PbS0 4

MgrNH4P0 4 (117).

Fe2(P0 4 )2 (711).

CaHP0 4 or Ca3(P0 4) 2.

CaC 2 04 (107).

Ag'2 C2 04 (658 c).

Precipitates: Not dissolved by acids. Dissolved by acetic acid,
except Fe, etc. (247).

Transposed by hydro-
chloric, not by acetic
acid (655).

Fusedwith Na2 C0 3
on charcoal:

First Na2 S04, then Na2 S
(680).

(Na3P04 ). Carbonates.

H2 S04, concentrated,
with heat:

.
Effervescence of C02-|-CO

(653).

KMn04 . . •

Keduced.

K2 Cr 20 7 + H2 S04
Beduced.

•
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HYPOPHOSPHOROUS ACID.

721. Absolute hypophosphorous acid, HsP0 2, is a colorless, viscid liquid; miscible
with water, and gradually oxidizing in the air to phosphoric and phosphorous acids. It
reduces silver and mercury from their salts. It is reduced by hydrogen, as generated by
zinc and sulphuric acid, to phosphorous hydride, PH 3 .

722. Hypophosphites are prepared according to 705. They are transposed by most
of the ordinary acids, but if nitric acid be employed, oxidized products of hypophosphor-
ous acid are obtained. Even sulphuric acid oxidizes hypophosphorous acid to some
extent.

723. The hypophosphites are all soluble in water. Alcohol dissolves the
hypophosphites of the alkali metals, not those of the alkaline earth metals.

For identification, the ignition test (725), is among the most characteristic.
724. Although hypophosphites are not precipitable by transposition, they

cause numerous precipitates by Reduction, eagerly taking oxygen (or other
electro-negatives in presence of water) to form phosphates. Mercuric chloride
gives first a white precipitate of mercurous chloride, then a gray one of mer-
cury. Silver nitrate gives a brown-black precipitate of silver,

white before
complete reduction. The reactions of hypophosphites as reducing agents are
given in 816. With copper salts, the reduction of metallic copper is effected
by boiling in strong solution of potassium or sodium hydrate, phosphite being
first and chiefly formed, so that this is a distinction of hypophosphites from
phosphites. By boiling in a concentrated solution of potassium hydrate,
hypophosphites decompose water, liberating hydrogen and forming phosphates.
In this test, a piece of solid potassium hydrate is added. With solution of
barium hydrate, the formation of free hydrogen proceeds slowly, and some
phosphite is produced. The reaction of zinc and dilute sulphuric acid
(721), giving phosphorous hydride in Marsh’s apparatus, is characteristic for
hypophosphites and phosphites. Hypophosphites are distinguished from
phosphites —by giving no precipitates in solutions of baric or calcic salts (non-
alkali phosphites being mostly insoluble in water), also by reducing copper in
a boiling solution of cupric sulphate.

725. On ignition, hypophosphites decompose with explosive deflagration
of phosphorous hydride, and formation of pyrophosphates :

20aH 1(PO a )a = Ca 2P2 0, + H2 Q + 2PHa

BORIC OR BORACIC ACID.

726. BORON is an infusible, non-volatile solid, existing in different allotropie con-
ditions. Amorphous boron takes fire at about 300° 0., and burns in the air to boracic
anhydride, B'" 2 03, the only known oxide of boron. Boron is not obtained in the ele-
mental state by ordinary analytical operations.

727. Boric anhydride, B 2 Oa ,
forms several acids, that obtained in crystals being
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trihydric, I-T 3 B0 3, known as orthoboric acid. At 100° C., this is converted to metaboric
acid, HB02 . Ignition of the acid leaves the vitreous anhydride. Numerous polymeric
metaborates are known. Both anhydride and acid are soluble in water and in alcohol.
These solutions redden litmus, and turn turmeric paper brownish-red—this color becom-
ing intense when the paper is dried.

728. The Borates of the metals of the alkalies are soluble in water;
those of the other metals are insoluble in water, but in general are made solu-
ble by free boric acid. They are all nearly or quite insoluble in alcohol.
Borates are identified especially by the green color they impart to flames
(730, 733).

729. Silver nitrate forms, in solutions of acid borates, a white precipitate
of silver borate, AgBOa , but normal borates form in part silver oxide, brown.
Lead acetate gives a white precipitate of lead borate, Pb(B0 2 ) 2 ; calcium
chloride, in solutions not very dilute, a white precipitate of calcium borate ;

and barium chloride, in solutions not dilute, a white precipitate of barium
borate, Ba(BQ2 )2 . With aluminium salts, the precipitate is aluminium
hydrate.

730. Borates are transposed with formation of boracic acid, by all ordinary
acids—in some conditions even by carbonic acid; the transposition being
partial when soluble products result, as with phosphoric acid, 707.

The liberated boracic acid is dissolved by alcohol, and if the alcohol solu-
tion be set on fire, it burns with a green flame.

731. A solution of a borate, acidulated with hydrochloric acid to a barely
perceptible acid reaction, imparts to a slip of turmeric paper half wet with it,
a dark-red. color, v’hich on drying intensifies to a characteristic red color.

732. The reaction given in 748 may be employed as a test, in the dry
way, for boron —taking calcium fluoride as a reagent.

Borates fused in the inner blow-pipe flame with potassium acid sulphate
give the green color to the outer flame.

If a crystal of boric acid, or a solid residue of borate previously treated
with sulphuric acid, on a porcelain surface, is played upon by the flame ui
Bunsen’s Burner, the green flame ofboron is obtained.

733. If a powdered borate (previously calcined), is moistened with sul-
phuric acid and heated on platinum wire to expel the acid, then moistened with
glycerine and burned ; the green flame appears with great distinctness*

The glycerine is only ignited, then allowed to burn by itself. Barium does
not interfere (being held as sulphate, non-volatile) ; copper should be pre-
viously removed in the wet way. The glycerine flame gives the spectrum.
But in all flame tests, boric acid must be liberated.

734. Borates (fused on platinum wire with sodium carbonate) give a char-
acteristic spectrum of four lines, equidistant from each other, and extending
from Ba y in the green to Sr 6 in the blue.

* M. W. Iles, American Chemist (1876), p. 361.
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SILICIC ACID.

735. Silicon is a solid, existing in different allotropic states ; difficultly
fusible, and more or less easily oxidizable by the air at high temperatures, or

by oxidizing solvents, to silicic anhydride oy acid. The latter is not deoxi-
dized by any ordinary blow-pipe operations.

730. Silicic Anhydride, or silica, Si""02 ,
is a stable, non-volatile, infusi-

ble solid; insoluble in water or acids, soluble in fixed alkali hydrate solutions,
by formation of silicates. These are formed as normal salts, quadribasic;
metasalts, dibasic; and in many other proportions of base and acid.

SiO, + 4ISOH = K.SiO* + 2Ka O

737. Of the Silicates, only those of potassium and sodium are soluble in
water. The solutions of alkali silicates somewhat resemble, in the nature of
their union, the alkaline solutions of zinc, aluminium, and lead. These silicates
in solution are decomposed by all acids, including carbonic, with separation
of silicic acid, H4Si0 4, gelatinous. Silicic acid is soluble, silicic anhydride
insoluble, in the mineral acids. Some of the insoluble silicates are also dis-
solved by sulphuric and by hydrochloric acid, with separation of gelatinous
silicic acid. Other silicates are dissolved by these acids, when heated in closed
tubes at about 200° C. Soluble silicates precipitate, from salts of non-alkali
metals, silicates insoluble in water, but mostly soluble in acids.

Silicates are determined, qualitatively or quantitatively, by the separation
of the anhydride, 738.

738. Silicic acid is obtained as H2 SiOa , H4Si0 4, and other hydrates of
SiOa. It is decomposed by evaporation to dryness, with a residue of silica,
insoluble in acids.—Hence, w'hen an alkali silicate is acidulated (with hydro-
chloric or nitric acid), and evaporated strictly to dryness on the water-bath,
and again treated with water and the same acid, the silica is left behind insolu-
ble. This behavior is characteristic for silicic acid, and serves for its separa-
tion as well as detection.

The formation of the alkali silicate, from silica or an insoluble silicate, as
the first step in this operation, is generally obtained in the dry way, by fusion,
with three or four parts of mixed carbonates of sodium and potassium in a
porcelain crucible. (These carbonates, mixed in about molecular proportions,
fuse at a much lower temperature than either alone.)—Also, the soluble sili-
cates may be formed by boiling with solution of potassium hydrate or sodium
hydrate, as stated in 736 ;• the operation being performed in a silver or plati-
num vessel. Silica dissolves, with more or less readiness, in boiling solution
of potassium or sodium carbonate.

Silica is not soluble in ammonium hydrate, and the salts of ammonium
separate gelatinous silica from solutions of potassium or sodium silicate.
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Therefore, in operating with these solutions, silica is precipitated with the
bases of the third group :

K4 Si04 + 4NH 4C1 -f 4Ha O = H4Si0 4 + 4KC1 + 4NH 4OH

739. In the fused bead of microcosmic salt, particles of silica swim undis-
solved. If a silicate be taken, its base will, in most cases, be dissolved out,
leaving a “ skeleton of silica ” undissolved in the liquid bead.—But with a
bead of sodium carbonate, silica (and most silicates) fuse to a clear glass of
silicate.

For the reactions ofsilica with fluorides, see 741.
740. Silica is separated from the fixed alkalies in natural silicates, by mixing the

latter in fine powder with three parts of precipitated calcium carbonate, and one-half part
of ammonium chloride, and heating in a platinum crucible to redness for half an hour,
avoiding too high a heat. On digesting in hot waiter, the solution contains all the alkali
metals, as chlorides, with calcium chloride and hydrate. [J, Lawrence Smith.]

741. FLUORINE, in several characteristics, appears as the first member of the
Chlorine Series of Elements (500). It cannot be preserved in the elemental state, as
it combines with the materials of vessels (except fluor-spar), and instantly decomposes
water, forming hydrofluoric acid, EF, an acid prepared by acting on calcium fluoride
with sulphuric acid (a). Fluorine also combines with silicon as SiF 4 , silicon fluoride,
a gaseous compound, prepared by acting on calcium fluoride and silicic anhydride with
sulphuric acid (b). On passing silicon fluoride into water, a part of it is transposed
with the water, forming silicic acid and hydrofluoric acid (c); but this hydrofluoric acid
does not at all remain free, but combines with the other part of the fluoride of silicon, as
hydrofluosilicic acid , (HF)2 SiF 4,

or H2 SiF6 (d). This acid is used as a reagent; form-
ing metallic silico-fluorides, soluble and insoluble (749).

a. CaF2 + H2 S0 4 = CaS0 4 + 2EF

b. 2CaFa + SiO s -f 2H 2 SC> 4 = 2CaS0 4 + 2H 20 + SiF 4

c. SiF 4 -f- 2H,0 = Si02 + 4HF (not remaining free).

d. 2HF -f- SiF 4 = HjSiF«

c. and d. 3SiF. + 2H 2 Q = Si02 + 2H 2 SiF6

HYDROFLUORIC ACID.

742. A colorless, intensely corrosive gas, soluble in water to a liquid that reddens
litmus, rapidly corrodes glass, porcelain, and the metals, except platinum and gold (lead
but slightly). Both the solution and its vapor act on the flesh as an insidious and viru-
lent,caustic, giving little warning, and causing obstinate ulcers.

743. The Fluorides of the alkali metals are freely soluble in water, the solutions
alkaline to litmus and slightly corrosive to glass; the fluorides of the alkaline earth metals
are insoluble in water; of copper, lead, zinc, and ferricum, sparingly soluble; of silver
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and mercury readily soluble. Fluorides are identified by the action of the acid upon
glass (745).

744. Calcium chloride solution forms, in solution of fluorides or of hydrofluoric acid,
a gelatinous and transparent precipitate of calcium fluoride, CaF2 , slightly soluble in
cold hydrochloric or nitric acid and in ammonium chloride solution. Barium chloride
precipitates, from free hydrofluoric acid less perfectly than from fluorides, the voluminous,
white, barium fluoride, BaF2 . Silver nitrate gives no precipitate.

745. Sulphuric acid transposes with fluorides, forming hydrofluoric acid, HF, (741
a). The gas is distinguished from other substances by etching hard glass—previously
prepared by coating imperviously with (melted) wax, and writing through the coat. The
operation may be conducted in a small leaden tray, or cup formed of sheet lead: the pul-
verized fluoride being mixed with sulphuric acid to the consistence of paste.

746. If the fluoride be mixed with silicic acid, we have, instead of hydrofluoric acid,
silicon fluoride, SiF4 (741 b) ; a gas which does not attack glass, but when passed into
water produces hydrofluosilicie acid, H2 SiF6 (741 c, d) (749).*

747. Also, heated with acid sulphate of potassium, in the dry way, fluorides disen-
gage hydrofluoric acid. If this operation be performed in a small test-tube, the surface
of the glass above the material is corroded and roughened:

CaF2 + 2KHS0 4 = CaS0 4 + K 2S0 4 + 2HF

748. By heating a mixture of borax, acid sulphate of potassium, and a fluoride, fused
to a bead on the loop of platinum wire, in the clear flame of the Bunsen gas-lamp, an
evanescent yellowish-green color is imparted to the flame.

749. HYDROFLTJOSILICIC ACID, (HF)2 SiF4,
or H2 SiF8,

prepared as directed
in the note to 74(5, forms metallic silicofluorides, mostly soluble in water; those of barium,
sodium, and potassium, being only slightly soluble in water, and made quite insoluble by
addition of alcohol (compare 92). The silicofluorides are precipitated translucent and
gelatinous. With concentrated sulphuric acid, they disengage hydrofluoric acid, HF 1.
By heat, they are resolved into fluorides and silicon fluoride : as, BaF 2 -}- SiF4 .

ACETIC ACID.

750. Absolute acetic acid, H(c2H 3
o2 ), is a transparent solid, melting at

about 16° C. (61° F.), boiling at 119° C. (246° F.) It vaporizes gradually
from its water solutions at ordinary temperatures; more rapidly as they are
stronger, the vapor having the characteristic odor of vinegar.

751. The salts of acetic acid—the metallic Acetates—are all soluble in
water ; argentic and mercurous acetates but sparingly soluble. Most of the

* Hydrofluosillcic acid is directed to be prepared by taking one part each of fine sand and finely-pow-
dered fluor-spar, with six to eightparts of concentrated sulphuric acid, in a small stoneware bottle or a glass
flask, provided with a wide delivery-tube, dippinginto a little mercury in a small porcelain capsule, whichis
set in a large beaker, containing six or eightparts of water. The stoneware bottle or flask is set in a small
sand-bath, with the sand piled about it, as high as the material, and gently heated from a lamp. Each
bubble of gas decomposes with deposition of gelatinous silicic hydrate. When the water is filled with this
deposit, it'may be separated by straining through cloth and again treating with the gas for greater concen-
tration. The strained liquid is finally filtered andpreserved for use.
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acetates, except mercurous and silver acetates, dissolve in alcohol. They have
a slight odor of the acid. For identification, the odor of the acid, and of its
ether (754), and the color of the ferric solution (753), are employed. Ignition-
tests, 756.

752. The stronger mineral acids transpose with acetates, forming acetic
acid. Solid acetates, with concentrated sulphuric acid, evolve strong acetous
vapor ; but if the heat is somewhat increased, the mixture blackens from sepa-
ration of carbon (672), and at higher temperatures sulphurous and carbonic
anhydrides are evolved.

753. Solution of ferric chloride forms, with solutions of acetates, a red
solution containingferric acetate ,

Fe 2(C„H 302 )6 ,
which on boiling precipitates

brownish-red, basic ferric acetate. The red solution is not decolored by
solution of mercuric chloride (distinction from sulphocyanate) ; but is decolored
by strong acidulation with sulphuric acid or hydrochloric acid (distinction from
sulphocyanate and from meconate). The ferric acetate is precipitated by alkali
hydrates.

754. If acetic acid or an acetate is warmed with sulphuric acid and a
little alcohol, the characteristic pungent and fragrant odor of ethyl acetate
or acetic ether is obtained:

H(C 2H302) 4- C2H5OH = HaO + C2 H5(C 2 H3 Oa)

755. Acetic acid does not act as a Reducing Agent as readily as do most
of the organic carbon compounds. It reduces permanganates and chromates
but slowly, even in boiling solution; reduces auric chloride only in alkaline
solution, and does not reduce alkaline copper solution. It takes chlorine into
combination—slowly in ordinary light, quickly in sunlight, forming chloracetic
acids.

756. By ignition alone, acetates blacken, with evolution of vapor of acetone,
C3H60, inflammable and of an agreeable odor. By prolonged ignition of ace-
tates in the air, carbonates are obtained free from charcoal.—By ignition with
alkali hydrates in dry mixture, marsh-gas, CH4,

is evolved.—By ignition with
alkalies and arsenious anhydride, the offensive vapor of cacodyl-oxide is
obtained (383).

TARTARIC ACID.

757. Tartaric acid, H2 C 4H406 ,
is a colorless, crystallizable, non-volatile

solid, freely soluble in water, and in alcohol. It may be separated from bases
by adding sulphuric acid and alcohol.

The Tartrates of the alkali bases are soluble in water ; the normal tar-
trates being freely soluble, the acid tartrates of potassium and ammonium
sparingly soluble (41 and 61). The tartrates of the alkaline earth bases and
of the non-alkali bases, are insoluble or sparingly soluble, but mostly dissolve
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in solution of tartaric acid. Most of the tartrates are insoluble in alcohol.
There are double tartrates of heavy metals with alkali metals, which dissolve
in water.

Hydrochloric, nitric, and sulphuric acids transpose the tartrates (whether
forming solutions or not). Most of the tartrates are also dissolved (and, if al-
ready dissolved, are not precipitated) by the alkali hydrates, owing to the
formation of soluble double tartrates (133).

The potassium acid tartrate, precipitated with help of alcohol, and the sil-
ver reduction, are of greatest analytical interest.

758. Solution of calcium hydrate, added to alkaline reaction, precipitates
from cold solution of tartaric acid, or of soluble tartrates, calcium tartrate

,

white, Ca(C 4H4 Oc). Solution of calcium chloride with neutral tartrates, gives
the same precipitate. Solution of calcium sulphate forms a precipitate but
slowly, or not at all (distinction from racemic acid). The precipitate of cal-
cium tartrate is soluble in cold solution of potassium hydrate, precipitated
gelatinous on boiling, and again made soluble on cooling (distinctions from
citrate), and dissolves in acetic acid (distinction from oxalate).

759. Silver nitrate precipitates, from solutions of normal tartrates, silver
tartrate, Ag 2(C 4H 4O fi ), white, becoming black when boiled. If the precipitate
is filtered, washed, dissolved from the filter by dilute ammonium hydrate into
a clean test-tube, left for a quarter of an hour on the water-bath, the silver is
reduced as a mirror coating on the glass (340), distinction from citric acid.
Free tartaric acid does not reduce silver salts. Permanganate is reduced
quickly by alkaline solution of tartrates (distinction from citrates), precipitat-
ing manganese dioxide, brown. Free tartaric acid acts but slowly on the per-
manganate. Alkaline copper tartrate resists reduction in boiling solution.
Chromates are reduced by tartaric acid, the solution turning green. The
oxidized products, both with permanganate and chromate, are formic acid,
carbonic anhydride, and water.

760. On ignition, tartaric acid or tartrates evolve the odor of burnt sugar,
separating carbon, and becoming finally converted to carbonates. —Strong
sulphuric acid also blackens tartrates, on warming. Melted potassium
hydrate, below ignition, produces acetate and oxalate.

CITRIC ACID.

761. Citric acid, H3(Cc H50 7), is a colorless, crystallizable, non-volatile solid; freely
soluble in water and in alcohol.

The Citrates of the metals of the alkalies are freely soluble in water; those of iron
and copper are moderately soluble; those of the alkaline earth metals insoluble. There
are many soluble double citrates formed by action of alkali citrates upon precipitated
citrates, or of alkali hydrates upon metallic salts in presence of citric acid: see 183. In
distinction from tartrates, the solubility of the potassium salts (764); non-precipitation
of calcium salt in cold solution; and weaker reducing action, are to be noted.
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762. Solution of calcium hydrate in excess (as by dropping the solution tested into
the reagent) gives no precipitate with citric acid or citrates in the cold (distinction from
tartaric acid), but on heating, the white, calcium citrate, Ca 3(C 6H607);i, is precipitated
(not soluble in cold potassium hydrate solution). By filtering before boiling, the tartrate
and citrate may be approximately separated. Calcium chloride also gives the same pre-
cipitate after boiling. Calcium citrate is soluble in acetic acid (distinction from oxalates).

763. Solution of lead acetate precipitates white, lead citrate, soluble
in ammonia. Silver nitrate gives a white precipitate of silver citrate, Ag3(C cH507),
which does not blacken on boiling (distinction from tartrate).

764. One part of citric acid dissolved in two parts of water, and treated with a solu-
tion of one part of potassium acetate in two parts of water, should remain clear after
addition of an equal volume of strong alcohol (absence of oxalic acid and of tartaric acid
and its isomers).

765. Citric acid does not act very readily as a reducing agent; does not reduce alka-
line copper solution, or silver solution, or permanganate but very slowly. Concentrated
nitric acid produces from it, acetic and oxalic acids; and digestion with manganese diox-
ide decomposes it,, with formation of acetone, acrylic, and acetic acids. Citrates car-
bonize on ignition, with various empyreumatic products, and with final formation of car-
bonates. By fused potassium hydrate, short of ignition, they are decomposed with pro-
duction of oxalate and acetate.
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PART III.

SYSTEMATIC EXAMINATIONS.

SEPARATION OP THE ACIDS PROM THE BASES.

766. The preliminary examination of the Solid Material in the dry way
will give indications drawing attention to certain acids. Solutions can be
evaporated to obtain a residue for this examination (12). Thus, detonation
(not the decrepitation caused by water in crystals) indicates chlorates, ni-
trates, bromates, iodates. Explosion or deflagration will occur if these, or
other oxygen-furnishing salts—as permanganates, chromates—are in mixture
with easily combustible matter (518). Hypophosphites, heated alone, defla-
grate intensely (725). A brownish-yellow vapor indicates nitrates or nitrites
(602); a green flame, borates (730). —The odor of burning sulphur: sul-
phides, sulphites, thiosulphates, or free sulphur. The separation of carbon
black: an organic acid (645). The formation of a silver stain: a sulphur
compound (680).

787. When dissolving a solid by acids for work in the wet way, indica-
tions of the more volatile acids will be obtained. Sudden effervescence: a
carbonate (oxalate or cyanate) (648, 649). Greenish-yellow vapors: a
chlorate (520). Brownisli-yelloiv, chlor-nitrous vapors on addition of hydro-
chloric acid : a nitrate.—The characteristic odors: salts of hydrosulphuric
acid, sulphurous acid, hydrobromic acid, hvdriodic acid, hydrocyanic acid,
acetic acid.—The separation of sulphur: a higher sulphide, etc. It will be
remembered that chlorine results from action of manganese dioxide, and nume-
rous oxidizing agents, upon hydrochloric acid.

768. If the Material is in Solution, the bases will be first determined.
(Certain volatile acids will be detected in the first group acidulation—by indi-
cations mentioned in the preceding paragraph.) Now, it should first be con-
sidered, what acids can be present in solution with the bases found ? Thus,
if barium be among the bases, we need not look for sulphuric acid nor, in a
solution not acid, for phosphoric acid.

769. As a general rule, the non-alkali metals must be removed from a
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solution before testing it for acids, unless it can be clearly seen that they will
not interfere with the tests to be made.

Metals need to be removed : because, firstly, in the testingfor acids by
precipitation ,

a precipitate may be obtained from the action of the reagent on
the base of the solution tested, thus: if the solution contain silver, we cannot
test it for sulphuric acid by use of barium chloride (and we are restricted to
use of barium nitrate). And, secondly, in testing for acids by transposition
with a stronger acid—the preliminary examination for acids—certain bases do
not permit transposition. Thus, chlorides, etc., of lead, silver, mercury, tin,
and antimony, and sulphide of arsenic, are not transposed by sulphuric acid, or
not promptly.

770. Ifneither arsenic nor antimony is among the bases, they may all be
removed (a) by boiling with slight excess of sodium or potassium carbonate,
and filtering. Arsenic and antimony,

and all other bases of the second group,
may be removed ( b) by boiling with hydrosulphuric acid, and filtering.
When the bases are removed by sodium or potassium carbonate, the filtrate
must be exactly neutralized by nitric acid, with the expulsion of all carbonic
acid by boiling. Then, for nitric acid, the original substance may be tested.

The filtrate, from the third or fourth group, though free from all bases
which need to be removed, is not suitable material for general tests for acids;
because it is loaded with ammonium salts, which act as solvents on many of
the precipitates to be obtained.

771. The separation ofPhosphoric acid from bases is a part of the woi’k
of the third group of metals, and is explained in 246 and 247. The removal
of Boracic acid, Oxalic acid, Silicic acid, is described in 249.

The non-volatile Cyanogen acids can be separated from bases by digest-
ing wr ith potassium or sodium hydrate (not too strong, 624), adding potassium
or sodium carbonate and digesting, and then filtering. The residue is examined
for bases, by the usual systematic process. The solution (617 c) will contain
the alkali salts of the cyanogen acids, and may contain metals whose hydrates
or carbonates are soluble in fixed alkali hydrates.

CONVERSION OP SOLIDS INTO LIQUIDS.

772. Before the fluid reagents can be applied, solids must be reduced to
liqu ids. To obtain a complete solution, the following steps must be observed:

First. The solid, reduced to a fine powder, is boiled ’in ten times its quan-
tity of water. Should a residue remain, it is allowed to subside, and the clear
liquid poured off or separated by filtration. A drop or tvjo evaporated on

glass, or clean and bright platinum foil, will give a residue, if any portion has
dissolved. If a solution is the residue, if any, is exhausted, and well
washed with hot water.
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Second. The residue, insoluble in water, is digested some time with hot
hydrochloric acid. (Observe 767.) The solid, if any remain, is separated
by filtration, and washed, first with a little of this acid, then with water. The
solution, with the washings, is reserved.

Third. The well-washed, residue is next digested with hot nitric acid.
Observe if there are vapors of nitrogen oxides, indicating that a metal or other
body is being oxidized (590). Observe if sulphur separates, (464). If any
residue remains, it is separated by filtration and washing, first with a little
acid, then with water, and the solution reserved.

Fourth. Should a residue remain, it is to be digested with nitro-hydro-
chloric acid, as directed for the other solvents.

The acid solutions are to be evaporated nearly to dryness, and then rcdis-
solved in water, acidulating, if necessary, to keep the substance in solution.

Fifth. Should the substance under examination prove insoluble in acids,
it is likely to be either a sulphate (of barium, strontium, or lead) ; a chloride,
or bromide, of silver or lead ; a silicate or fluoride—perhaps decomposed by
sulphuric acid—(737); and it must he fused with a fixed alkali carbonate,

when the constituents are transposed in such manner as to render them solu-
ble. The watery solution of the fused mass will be found to contain the acid;
the residue, insoluble in water, the metal, now soluble in hydrochloric or
nitric acids (compare 677).

If more than one solution is obtained, by the several trials with solvents,
the material contains more than one compound, and the solutions, as separated
by filtration, should be preserved separately, as above directed, and analyzed
separately. The separate results, in many cases, indicate the original com-
bination of each metal.

CONVERSION OF SOLUTIONS INTO SOLIDS : Before solids in
solution can be subjected to preliminary examination—either for metals or for
acids—they must be obtained in the solid state. This is done by evaporation
(see 12).

REMOVAL OF ORGANIC SUBSTANCES.

773. The methods of inorganic analysis donot provide against interference by organic
compounds; and, in general, it is impossible to conduct inorganic analysis in material
containing organic bodies. The removal of the latter can be effected, 1st, by combustion
at a red or white heat, with or without oxidizing reagents; 2d (in part), by oxidation with
potassium chlorate and hydrochloric acid on the water-bath; 3d, by oxidation with nitric
acid in presence of sulphuric acid, at a final temperature of the boiling point of the lat-
ter; 4th, by solvents of certain classes of organic substances; 5th, by Dialysis. These
operations are conducted as follows:

774. Combustion at a red or white heat, of course, excludes analysis for mercury,
arsenious and antimonious bodies (except as provided in 425) and ammonium. The last-
named constituent can be identified from a portion of the material in presence of the
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organic matter (68 and 585). If chlorides are present, iron will be lost at temperatures
much above 100° C., and potassium and sodium wastenotably at a white heat, and slightly
at a full red heat. Certain acids will be expelled, and oxidizing agents reduced.

The material is thoroughly dried and then heated, in a porcelain or platinum crucible,
at first gently. It will blacken, by separation of the carbon of the organic compounds.
The ignition is continued until the black color of the carbon has disappeared. In special
cases of analysis, it is only necessary to char the material: then pulverize it, digest with
the suitable solvents and filter; but this method does not give assurance of full separa-
tion of all substances. Complete combustion, without use of oxidizing agents, is the way
most secure against loss, and entailing least change of the material: it is, however, some-
times very slow. The operation may be hastened, with oxidation of all materials, by
addition of nitric acid, or of ammonium nitrate. The material is first fully charred: then
allowed to cool till the finger can be heW on the crucible; enough nitric acid to moisten
the mass is dropped from a glass rod upon it, the lid put on, and the heat of the water-
bath continued until the mass is dry, when it may be very gradually raised to full heat.
This addition may be repeated as necessary. The ammonium nitrate may be added, as a
solid, in the same way.

775. Oxidation withpotassium chlorate and hydrochloric acid on the water-bath does
not wholly remove organic matter, but so far disintegrates and changes it that the filtrate
will give the group precipitates, pure enough for most tests. It does not vaporize any
bases but ammonium, but of course oxidizes or chlorinates all constituents. It is espe-
cially applicable to viscid liquids; it may be followed by evaporation to dryness and igni-
tion, according to 774.

The material with about an equal portion of hydrochloric acid is warmed on the water-
bath, and a minute portion of potassium chlorate is added at short intervals, Stirlingwith
a glass rod. This is until the mixture is wholly decolored and dissolved. It is then eva-
porated to remove chlorine, diluted and filtered. If potassium and chlorine are to be
tested for, another portion may be treated with nitric acid, on the water-bath. The or-
ganic matter left from the action of the chlorine or the nitric acid maybe sufficient to
prevent the precipitation of aluminium and chromium in the third group of bases; so that
a portion must be ignited. As to arsenic and antimony, see 425.

776. The action of sulphuric with nitric acid at a gradually increasing heat, leaves
behind all the metals (not ammonium), with some loss of mercury and arsenic (and
iron?) if chlorides are present in considerable quantity. In this, as in the operations be-
fore-mentioned, volatile acids are lost—sulphides partly oxidized to sulphates, etc.

The substance is placed in a tubulated retort, with about four parts of concentrated
sulphuric acid, and gently heated until dissolved or mixed. A funnel is now placed in
the tubule, and nitric acid added in small portions gradually raising the heat, for about
half an hour—so as to expel the chlorine, and not vaporize chlorides. The material is
now transferred to a platinum dish, and heated until the sulphuric acid begins to vaporize.
Then add small portions of nitric acid, at intervals, until the liquid ceases to darken by
digestion, after a portion of nitric acid is expelled. Finally, evaporate off the sulphuric
acid, using the lowest possible heat at the close.

777. The solvents used are chiefly etherfor fatty matter, and alcohol or ether or both
successively, for resins. Instead of either of these, benzene may be used; and many fats
and some resins may be dissolved in petroleum naphtha. It will be observed, that ether
dissolves some metallic chlorides, and that alcohol dissolves various metallic salts. Before
the use of either of these solvents upon solid material, it should be thoroughly dried and
pulverized. Fatty matter suspended in water solutions, may be approximately removed
by filtering through wet, close filters; also, by shaking with ether or benzene, and decant-
ing the solvent after its separation.
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778. By Dialysis, the larger part of any ordinary inorganic substance can be ex-
tracted in approximate purity from the greater number of organic substances in water
solution. The degree of purity of the separated substance depends upon the kind of
organic material. Thus, albuminoid compounds are almost fully rejected; but saccharine
compounds pass through the membrane quite as freely as some metallic salts. (Consult
Watts’ Dictionary, II., 316; III., 715.)

PRELIMINARY EXAMINATION OF SOLIDS.

779. Before proceeding to the analysis of a substance in the wet way, a
careful study should usually be made of the reactions which the substance
undergoes in the solid state, when subjected to a high heat, either alone or in
the presence of certain reagents, before the blow-pipe, cr in the flame of the
Bunsen Burner. This examination in the dry way precedes that in the wet, and
should be carried on systematically, following the plan laid down in the
Tables, and noting carefully every change which the substance under investiga-
tion undergoes, and if necessary making reference to some of the standard
works on Blow-pipe Analysis. In order to understand fully the nature of
these reactions, the student should first acquaint himself with the character of
the different parts of the flame, and the use of the blow-pipe in producing the
reducing and oxidizing flame.

780. The flame of the candle
, or of the gas-jet, burning under ordinary

cii'cumstances, consists of three distinct parts: a dark nucleus or zone in the
centre, surrounding the wick, consisting of unburnt gas—a luminous cone sur-
rounding this nucleus, consisting of the gases in a state of incomplete combus-
tion. Exterior to this is a thin, non-luminous envelope, where, with a full
supply of oxygen, complete combustion is taking place: here, we find the
hottest part of the flame. The non-luminous or outer part is called the oxi-
dizing flame; the luminouspart, consisting of carbon and unconsumed hydro-
carbons, is called the reducing flame.

781. The flame produced hy the Blow-pipe is divided into two parts—the
oxidizing flame, where there is an excess of oxygen corresponding to.the outer
zone of the candle-flame, and the reducing flame, where there is an excess of
carbon, corresponding to the inner zone of the candle-flame. Upon the
student’s skill in producing these flames, depends very largely the results in
the use of the blow-pipe.

In order to produce a good oxidizing flame, the jet of the blow-pipe is
placed just within the flame, and a moderate blast applied—the air being
thoroughly mixed with the gas, the inner blue flame, corresponding to the
exterior part of the candle-flame, is produced : the hottest and most effective
part is just before the apex of the blue cone, where combustion is most com-
plete.
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The reducing flame is produced by placing the blow-pipe just at the edge
of the flame, a little above the slit, and directing the blast of air a little higher
than for the oxidizing flame. The flame assumes the shape of a non-luminous
cone, surrounded by a pale-blue mantle; the most active part of the flame is
somewhat beyond the apex of the luminous cone.

782. The blast with the blow-pipe is not produced by the lungs, but by
the action of the muscles of the cheek alone. In order to obtain a better
knowledge of the management of the flame, and to practise in producing a good
reducing flame, it is well to fuse a small grain of metallic tin upon charcoal,
and raising to a high heat endeavor to prevent its oxidation, and keep its surface
bright; or better, perhaps, to dissolve a speck of manganese dioxide in the
borax bead on platinum wire—the bead becoming amethyst-red in the outer
flame and colorless in the reducing flame. The beginner should work only
with substances of a known composition, and not attempt the analysis of
unknown complex substances, until he has made himself perfectly familiar
with the reactions of at least the more frequently occurring elements.

The amount of substance taken for analysis should not be too large; a
quantity of about the bulk of a mustard-seed being, in most cases, quite
sufficient.

The physical properties of the substance under examination are to be first
noted—such as color, structure, odor, lustre, density, etc.

Heating in Glass Tube Closed at One End.

783. The substance, in fragments or in the form of a powder, is introduced
into a small glass tube, sealed at one end, or into a small matrass, and heat
applied gently, gradually raising it to redness, if necessary with the aid of the
blow-pipe. When the substance is in the form of a powder it is more easily
introduced into the tube by placing the powder in a narrow strip of paper,
folded lengthwise in the shape of a trough ; the paper is now inserted into the
tube held horizontally, the whole brought to a vertical position, and the paper
withdrawn; in this way the powder is all deposited at the bottom of the tube.
By this treatment in the glass tube, we are first to notice whether the substance
undergoes a change, and whether this change occurs with or without decom-
position. The sublimates, which may be formed in the upper part of the tube,
are especially to be noted. Escaping gases or vapors should be tested as to
their alkalinity or acidity, by small strips of red and blue litmus inserted in
the neck of the tube.

Heat in Glass Tube Open at Both Ends.

784. The substance is inserted into a glass tube from two to three inches
long, about one inch from the end—at which point a bend is sometimes made;
heat is applied gently at first, the force of the air-current passing through the
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tube being regulated by inclining the tube at different angles. Many sub-
stances undergoing no change in the closed tube, absorb oxygen, and yield
volatile acids or metallic oxides. As in the previous case, the nature of the
sublimate and the odor of the escaping gas are particularly to be noted. The
reaction of sulphur, arsenic, antimony, and selenium, are very characteristic;
these metals, if present, are generally easily detected in this way.

Heat in the Blow-pipe Flame on Charcoal.
785. For this test, a well-burned piece of charcoal is selected, and a small

cavity made in that side of the coal showing the annual rings ; a small frag-
ment of the substance is placed in the cavity, and, if the substance be a powder,
it may be moistened with a drop of water. The coal is held horizontally, and
the flame made to play upon the assay at an angle of about twenty-five
degrees. The substance is brought to a moderate heat, and finally to intense
ignition. Any escaping gases are to be tested for their odor; the change of
color which the substance undergoes, and the nature and color of the coating
which may form near the assay, are also to be carefully noted. Some sub-
stances, as lead, may be detected at once by the nature of the coating.

Ignition of the Substance previously Moistened with a Drop of Cobalt
Nitrate.

786. This test may be effected either by heating on charcoal, in the loop
of platinum wire, or in the platinum-pointed forceps. A portion of the sub-
stance is moistened with a drop of the reagent, and exposed to the action of the
outer flame. When the substance is in fragments, and porous enough to absorb
the cobalt solution, it may be held in the platinum-pointed forceps, and ignited.
The color is to be noted after fusion. This test is rather limited ; Aluminium,
Zinc, and Magnesium, giving the most characteristic reactions.

Fusion with Sodium Carbonate on Charcoal.
787. The powdered substance to be tested is mixed with the Soda in the

palm of the hand, moistened and placed in the cavity of the coal. Some sub-
stances form, with soda at a high heat, fusible compounds —others infusible.
Many bodies, as silicates, require fusion with alkali carbonate before they can

be tested in the wet way. Many metallic oxides are reduced to metal, form-
ing globules, which may be easily detected.

When this test is applied for the detection of sulphates and sulphides, the
flame of the alcohol-lamp is to be substituted for that of the gas-flame, as the
latter generally contains sulphur compounds.

Examination of the Color which may be imparted to the Outer Flame.
788. In this way, many substances may be definitely detected. The test

may be applied either on charcoal or on the loop of platinum wire—preferably
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in the latter way. When the substance will admit, a small fragment is placed
in the loop of the platinum wire, or held in the platinum-pointed forceps, and
the point of the blue flame directed upon it. If the substance is a powder, it
may be made into a paste with a drop of water, and placed in the cavity of the
charcoal, the flame being directed horizontally across the coal. The color
which the substance imparts to the outer flame in either case is noted. In
most cases the flame of the Bunsen Burner alone will suffice ; the substance
being heated in the loop of platinum wire—which, in all cases, should be first
dipped in hydrochloric acid, and ignited, in order to secure against the presence
of foreign substances. Those salts which are more volatile at the temperature
of the flame, as a rule give the most intense coloration. When two or more
substances are found together, it is sometimes the case that one of them masks
the color of all the others—the bright yellow flame of Sodium, when present in
excess, generally veiling the flame of the other elements. In order to obviate
this, Bunsen has furnished us a method,* by the use of colored media (stained
glasses, indigo solution, etc.) The appearance of the flame of various bodies,
when viewed through these media, enables us often to detect very small quan-
tities of them in the presence of large quantities ofother substances.

Treatment of the Substance with Borax, and Microcosmic Salt.
789. This is best effected in the loop of platinum wire. This is heated

and dipped into the borax or salt of phosphorus, and heated to a colorless
bead; a small quantity of the substance under examination is now brought in
contact with the hot bead, and heated, in both the oxidizing and reducing
flames. Any reaction which takes place during the heating must be noticed;
most of the metallic oxides are dissolved in the bead, and form a colored
glass, the color of which is to be observed, both while hot and cold. The color
of the bead varies in intensity, according to the amount of the substance used;
a very small quantity will, in most cases, suffice. Certain bodies, as the alka-
line earths, dissolve in borax, forming beads which, up to a certain degree of
saturation, are clear. When these beads are brought into the reducing flame,
and an intermittent blast used, they become opaque. This operation is called
flaming.

As reducing agents, certain metals are employed in the bead of borax or
salt of phosphorus. For this purpose, Tin is generally chosen—Lead and
Silver being taken, in some cases. These metals cannot be used in the loop of
platinum wire, as they will alloy the platinum. The beads are first formed in
the loop of wire; then, while hot, shaken offinto a porcelain dish, several being
so obtained. A number of these are now taken on charcoal, and fused into a

* For a fullaccount of the method of analysis by flame reactions and colored media, suggested by Cart-
shell ; and by films on porcelain, as developed by Bunsen; consult Watts' Diet., 1st Supplement, p. 125 ;
also Planner's Manual, Blow-pipe Anal., Richter, N. Y.
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large bead, which is charged with the substance to be tested, and then with the
tin, or other metal. For this purpose tin foil (or lead foil) is previously cut in
strips half an inch wide, and the strips rolled into rods. The end of the rod is
touched to the hot bead, to obtain as much of the metal as required. Lead
may be added as precipitated lead (“proof-lead”), and silver as precipitated
silver. By aid of tin in the bead, cuprous oxide, ferrous oxide, and metallic
antimony are obtained, and other reductions effected, as directed in 791 and
elsewhere.
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790.
PRELIMINARY

EXAMINATION
OP
SOLIDS.

Note
physical
properties,
such
as

Structure,
Gravity,
Color,
Odor,
etc.

TABLE
I.

I.
Heat
a

portion,
finely

pulverized,
in
a

Dry

Glass
Tube,
closed
at

one
end
(783).

1.
The
Substance
suffers
no

change
:

Absence
of
volatile

bodies
(including
combined
water),
of
organic

compounds,
and
of

those
which
change
color

on
heating.

2.
The
Substance

changes
color:

Organic
compounds

blacken
from

separation
of
carbon,
which

burns
away.

Cu
and
Co

salts
blacken
at
high
heat.

ZnO
and

most
Zn
salts,
yellow
while
hot,
white
when
cold.

PbO
and
Pb
salts,
yelloiv

while
hot,
yellow
when
cold.

Bi
2

0
3

(white)
and

manyBi
salts,

orangeto
red-broion

while
hot,
pale-yellow
when
cold.

Fe
2

O
a
,

and
salts,
red
to

black
while
hot,

reddish-brown
when
cold.

Cd(OH)
2

and
many

Cd
salts,
brown
ivhile
hot,
brown
when
cold.

Sn0
2
,

brown
while
hot,
yellow

when
cold.

3.
The
substance
fuses:

Most
alkali
salts

and
numerousother

salts.
Many

salts
dissolve
in
their

water
of

crystallization
when
heated,

becoming
solid
again
by

vaporization.

4.
The
substance
sublimes,

partially
or

wholly:

H
2

0
of

crystallization,
combination,

or
absorption.

Sublimate
condensing
in
cold
part
of
the
tube.
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TABLE
I.—Continued.
,

' Hg
(363)

gray,
easily

rubbed
to
globules.

HgCl
2

first
melts,
then
forms
white
crystalline
sublimate.

Hg
2

Cl
2
,

without
melting,
forms
a

sublimate,
yellow
while
hot,
white
when
cold.

HgS,
a

black
sublimate,
turning

red
on

trituration.

As,
steel-gray
sublimate
;

garlic
odor.

As2
O

s
,

sublimes
in
white
octahedral

crystals,
does
not
fuse
(382).

As„S
3
,

sublimate
nearly
black
while
hot,

reddish-yellow
when
cold.

Sb
2

S3
,

fuses
yellow;
forms
white
,

amorphous
sublimates.

NH
4

salts,
those
not

decomposing,
vjhite
sublimate
(64).

Fe
2

Cl
6
,

slowly
sublimes
as
a

reddish-yellow
stain
(192).

S,
free
or
by

reduction
of
sulphide,
gives

reddish-brown
drops,

yellow
when
solidified.

H
2

Cr0
4
,

a
heavy
white

vaporand
crystalline
sublimate.

I,
a

violet
vaporand

blue-black
sublimate.

5.
The
substance
evolves
a
gas
or
vapor:

O,
indicates
the
presenceof
a

nitrate,
chlorate,

bromate,
iodate,
or

peroxide.
A

small
piece
of
coal
placed

uponthe
assay
glows
upon

being
heated.

H
2

S,
from
hydrated

sulphides,
some

sulphites,
blackens

lead-paper.
Recognized
by

its
odor.

S0
2
,

from
sulphites,
thiosulphites,

certain
sulphates,
etc.

Recognized
by
its
odor

and
bleaching
effect.

NH
3
,

from
its

compounds
which

decompose
(64),
odor,
and
alkaline

reaction
on

litmus. Cy,
recognized
by

characteristic
odor
and
violet

jlame.

Oxides
of
Nitrogen,
from
nitrates
or

nitrites,
reddish-brown,

acrid
vapor.

Acetone,
from
acetates,

characteristic
fragrant
odor.
.
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II.
Heat
in
a

Glass
Tube,

openat
both
ends
(784).

Certain
of
the
changes

stated
above
as

occurring
in

operation
I.
are

modified
by

oxidatior

Oxides
are

obtained
from
metals.

S
and

Sulphides
yield
S0

2
.

Recognized
by
its
odor
and
action

on
litmus-paper.

As
yields
a

sublimate
of
As.2
Os
.

Sb,
yields
a

sublimate
(white),
of
Sb

2
0

3

and
Sb„0

5
.

Bi,
a

sublimate,
dark-brown

while
hot,
lemon-yellow
when
cold
(Bi

2
0

3
).

Te,
graysublimate

of
tellurous

aeid
(TeO

a
),

Se
and
Selenides,
evolve
Se0

2
,

odor
resembling

that
of

rotten
horse-radish
(499).

Hg,
sublimate
of
metallic

mercury.

III.
Heat
in
the

Blow-pipe
Flame

on
Charcoal

(785).

1.
The
substance

decrepitates:
Crystals
containing
water,
as
NaCl.
(If
finely

pulverized,
the

decrepitation
is
avoided.

2.
The
substance

deflagrates:
Nitrates,
Chlorates,
Iodates,
Hypophosphites,

Permanganates,
etc.

3.
The
substance
fuses,
and
is

absorbed
by
the

charcoal:

Salts
of

alkalies
and

somesalts
of

alkaline
earths.

4.
The
substance
is
infusible
and

phosphorescent:

Ba,
Sr,
Ca,
Mg
—the

residue
is

alkaline
to

test-paper.

A1
2

03
,

MgO,
ZnO

(yellow
while
hot),
not
alkaline
to
test-paper.

5.
The

substance
forms
an

incrustation
on

charcoal:

Pb,
lemon-yellow
while
hot,
sulphur-yellow
when
cold.
In
thin
layers,

bluish-white

volatile
with

bluish
flame.

Bi,
dark
orange-yellow
ichile
hot,
lemon-yellow
when
cold.

Zn,
yelloic
ivhile
hot,
white
when
cold,

greenish-white
flame.
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TABLE
I.—Continued.

Cd,
red-brow7i

y

volatile,
dark-yellow

flame.

As,
white.

Readily
volatilized,

distant
from
the
assay,faint

blue
flame.

Sb,
white
,

pale-green
flame.

Sn,
faint-yellow
while
hot
,

white
when
cold.

IV.
The
Substance
(or
in-

crustation
of
Test
III.,

5)
is
moistened
with

solution
Cobalt
Nitrate

and
strongly
ignited

(78G).

1.
The

massor
incrustation
is
colored:

ZnO
—yellowish-green..
'

SnO
—bluish-green.

Sb
2

0
5

—dirty
dark-green.

A1
2

0
3
,

Si0
2
,

phosphates—
bhie.

MgO
—flesh-color
or
gink.

BaO—brick-red.
SrO,
CaO

—gray.

V.
Heat
with
Na

2
CQ

3
,

on

charcoal
in
the
inner

Blow-pipe
Flame
(787).

1.
Metallic
grains
areobtained:

Bi,
Sb—

brittle.
Pb,
Cu,
Sn,
Au—7nalleable.

2.
An
infusible

magnetic
powder
is

obtained:

Fe,
Ni,
Co.

VI.
Heated
in
the

Blow-

pipe
Flame,

or
in
the

Bunsen
Flame

on
Char-

coal,
or
in
a

loop
of

platinum
wire
(788).

1.
The
substa7ice

colors
the
outer
fla7ne:

(If
Test
V.
does
not

reduce
metal,
heat
on

platinum
wire
for
flame
color,
before
the

blow-pipe
or
in

Bunsen’s
flame.)

Yellow:
Na

and
its
salts,

evenin
small

quantities,
impart
an

intense
reddish-yellow.

Other
salts,

even
in

large
quantities,
do
not

interfere
with
this

reaction;
viewed
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through
a

green
glass,
appears

orange
yellow;

moistened
with
sulphuric
acid,
the
test

is
moredelicate

(50).

Violet:
K
and

most
of
its

salts,
except

borates,
phosphates,
and
silicates,
give

bluish-

violet
flame,
distinguished
in

presenceof
verysmall

quantities
of
sodium

compounds.

Excess
of
the
latter
prevents
the

reaction;
Li
also
masks
the

reaction.
In

presence

of
sodium,
the

potassium
flame

appearsreddish-violet
when
viewed
through
a

blue

glass
(44).

Red:
Ca

and
its

compounds
produce
a

yellowish-red
flame

(HO).

Sr
and

manyof
its
salts
yield
a

crimson
flame,

masked
by
much
Ba

(100).

Li
and
its
salts
produce
a

carmine-red
flame
(TO).
Sodium
interferes
with
the
reac-

tion
;

Potassium
does
not.

Green
:

Yellowish-green
—Ba
and

most
of
its
salts.
Also
Mo

and
its

compounds.

Emerald-green
—Cu
and

most
of
its

compounds
(283).

Bluish-green—B
2

O
s

and
phosphates.

Yellowish-green
—

B
2

03
,

best
obtained
by
the

addition
of

sulphuric
acid.
Heat

on

platinum
wire

until
the
sulphuric
acid
is

expelled,
then
moisten
with

glycerine
and

ignite
(733). Whitish-green

—Zn.

Blue:
Light
blue

—As
and

manyarsenic
compounds.

Azure-blue
—Pb,
Se.
Also,
CuCl

2
.

Greenish-blue
—Sb,
CuBr

a
.
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791. SCHEME OF BLOW-PIPE ANALYSIS.

ARRANGED BY PROF. T. EGLESTON*

The substance may contain—As, Sb, S, Se, Fe, Mn, Cu, Co, Ni, Pb,
Bi, Ag, Au, Hg, Zn, Cd, Sn, Cl, Br, I, C0 2 , SiOa, N2 06 , H2 Q.

1. Treat on Ch.f in the O.F. to find volatile substances; such as As, Sb,
S, Se, Pb, Bi, Cd, etc.

a. If there are volatile substances
present, form a coating and test it
with S.Ph. and tin on Ch. for Sb
(789), or to distinguish between Pb
and Bi (298).

b. If there are no volatile sub-
stances present, divide a part of the
substance into three portions, and
proceed as in A.

a. Yellow coat, yielding with S.Ph. a black bead; disappearing with blue
flame; no part of it yielding greenish Sb flame : Pb and Bi.

y3. Yellow coat, generally with white border, yielding black or gray bead with
S.Ph., disappearing with blue flame; also the border, disappearing with
greenish flame: Pb and Sb.

y. Yellow coat, very similar to J3, but yielding no blue flame : Bi and Sb.

2. If As, Sb, S, Se, are present, roast a large quantity thoroughly on Ch.,
until no odor ofarsenic, or sulphurous acid, is given off’. Divide the sub-
stance into three portions, and proceed as in A.

A. Treatment of the First Portion. —Dissolve a very small quantity in
borax on platinum wire in the O.F., and observe the color produced.
Various colors will be formed by the combination of the oxides. Saturate
the bead, and shake it off into the porcelain dish. Repeat this once or
twice.

a . Treat these beads on Ch. with a small piece of lead, silver, or gold, in a
strong R.F.

b. Fe, Mn, Co, etc., remain in the bead. If the bead spreads out on the Ch.,
it must be collected to a globule by continued blowing. Make a borax
bead on platinum wire, and dissolve in it some of the fragments of the
bead, reserving the rest for accidents.

* Amer. Chem.,II., 383.
t Ch., charcoal; O.F., oxidizing flame; R.F., reducing flame; S.Ph., 6alt of phosphorus or microcos-

mic salt.
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c. Ni, Cu, Ag, Au, Sn, Pb, Bi are reduced and collected by the lead button
(Sn, Pb, Bi, if present, partly volatilize). Remove the lead button from
the bead while hot, or by breaking the latter when cold, on the anvil be-
tween paper, carefully preserving all the fragments.

d. If Co is present, the bead will be blue. If a large amount of Fe is present,
add a little borax to prove the presence or absence of Co. If Mn is
present, the bead, when treated on platinum wire in the O.F., will become
dark violet or black.

e. If only Fe and Mn with no Co are present, the bead will be almost color-
less. Look, here, for Cr, Ti, Mo, IT, W, V, Ta, by the wet way.

f. Treat the button c on Ch., in the O.F., until all the lead, etc., is driven off;
Ni, Cu, Ag, Au, remaining behind; or separate the lead with boraeic
acid.

g. Treat the residue g on Ch. in O.F. with S.Ph. bead, removing the button
while the bead is hot.

h. If Ki and Cu are present, the bead will be green when cold. If ETi only,
yellow; if Cu only, blue. Prove Cu by treating with tin on Ch. in the
R.

i. For Ag and Au make the special test.

B. Treatment of the Second Portion.—Drive off all the volatile substances
in the O.F. on Ch. Treat with the R.F., or mix with soda and then treat
with the R.F. for Zn, Cd, Sn. If a white coating is formed, test with
cobalt solution (786).

C. Treatment of the Third Portion. —Dissolve some of the substance in
S. on platinum wire in O.F., observing whether Si02

is present or not,
and test for Mn with potassium nitrate.

3. Test for As with soda on Ch. in the R.F., or with dry soda in closed tube
(382).

4. Dissolve in soda on platinum wire in the O.F. (if the substance is not me-
tallic and does not contain any S) and test for Sb on Ch. with tin in the
R.F. (789).

5. Test for Se on Ch. (499).

6. In absence of Se, fuse with soda in the R.F., and test for S on silver foil
(669). In presence of Se test for S in open tube (662) to distinguish
between S and SC3 .
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7. Test for Hg with dry soda in a closed tube (363).
8. Mix some of the substance with assay lead and borax-glass and fuse on Ch.

in the R.F. Cupel the lead button for Ag. Test with nitric acid for
Au (477).

9. Test for Cl, Br, and I, with a bead of S.Ph., saturated with oxide of copper
(516). With Br, the flame is blue with green tint; with I, the flame is
green.

10. Test for Cl, or Br, with acid sulphate of potassium.

11. Test for H 20, in a closed tube.

12. Test on platinum wire, or in platinum pointed forceps, for coloration in the
flame (790, VI.)

13. Test for CO„ with HC1.

14. Test for with acid sulphate of potassium

15. Test for Te in an open tube (499)



Solids: Preliminary. 235

792.
BEHAVIOR
OF

SUBSTANCES
BEFORE

THE
BLOW-PIPE

WITH
MICROCOSMIC
SALT
AND

BORAX.

A
clear
bead
is
formed
by
fusing
the
flux

on
a

loop
of

platinum
wire.
Dip
the
bead
in
the
finely

powdered
substance
to
be
examined,
and
heat

again

—
first,
in
the
oxidizing
flame
;

second,
in
the

reducing
or

inner
flame.
Metallic
salts
are
mostly
changed
to
oxides.

In
the

Table—
h.

signifies
hoc;
c.,

cold;
sups.,

supersaturated
with
oxide;
s.
s.,

strongly
saturated;
h.
c.,

hot
and
cold.

Color
of
the

With
Microcosmic
Salt
or

Phosphate
of

Ammonium-sodium.
With

Borax
or

Diborate
of
Sodium.

Bead.

In
outeror
oxidizing

Flame.
In
inner
or

reducing
Flame.
In
outeror
oxidizing

Flame.
In
inner
or

reducing
Flame.

Colorless.
Si

(swims
undissolved).

Al,
Mg,
Ca,
Sr,
Ba,
Sn,

(s.
s.,

opaque)

Ti,
Zn,
Cd,
Pb,
Bi,
Sb,{not

sat.)

Si
(swims

undissolved).
Al,
Mg,
Ca,
Sr,
Ba,{sups,

not
clear).

Ce,
Mn,
Sn.

A.,
c.:
Si,
Al,
Sn,(suns,

opaque).

Al,
Mg,
Sr,
Ca,
Ba,
Ag,

(not
sat.)

Zn,
Cd,
Pb,
Bi,
Sb,
Ti,
Mo.

Si,
Al,
Sn,
(s.
s.,

opaque).

Alkaline
earths
and

earths.

A.
c.:

Mn,
Ce.

A.:
Cu.

Yellow orBrownish.
A.
(s.
s.)
:

Fe,
Ur,
Ce.

c.:
Ni.

A.:
Fe,
Ti.

c.:
Ni.

A.,
not
sat.:
Fe,
Ur.

A.,
sups.;Pb,

Bi,
Sb.

A.:
Ti,
Mo.

Bed.

A.
(s.
s.):
Fe,
Ni,
Cr,
Ce.

c.:
Cu.

A.;
Ni,
Ti
with

Fe.

A.
:

Fe,
Ce.

c.:
Ni.

c.:
Cu
(sups,
opaque).

Violet or Amethyst.
A.,
c.:
Mn.

c.
:

Ti.

A.,
c.:

Mn.
A.;
Ni
with
Co.

c.:Ti.

Blue.

A.,
c.
:

Co.

c.:
Cu.

A.,
c.:

Co.
c.:W.

A.,
c.:

Co.

e-:
Cu.

A.
c.:

Co.

Green.
A.
:

Cu,
Mo
;

Fe
with
Co
or

Cu.

c.:
Cr.

c.:
Cr.

A.
:

Ur,
Mo.

c.:Cr.
A.:
Cu,
Fe
with
Co.

Cr. sups.:Fe.

Gray
and
Opaque.

Ag,
Pb,
Sb,
Cd,
Bi,
Zn,
Ni.

The
sameas

with
Microcosmic
salt.
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793.
GROUPING

OP
THE
METALS.

(Compare
28-30.

Remove
each

group
before

testing
for
the
next.)

I.
Add

Hydrochloric
Acid,
a
drop
at
a
time,
as
long
asa

precipitate
is
produced
:

warm,
agitate,
and
filter

(446).

Precipitate
:

II.
To
the

Filtrate,
or,
if

Group
I.
is
absent,

tooriginal
solution
+

HCl,
add

Hydrosulphuric
Acid
in

excess;warmand
filter
(452).

GROUP
I.

Precipitate
:

III.
If

phosphates
mayhe

present
(246),
test,

after
expelling
H

2
S
hy
boiling,
for
P0

4
,

by
714.
In

absence
of

Phosphates,
proceed
by
242
A
and
B
(or
by
242
y2
or

796).
In

Presence
of

Phosphates,
proceed

by
797
err
by
248.

Lead,
PbCl

2
,

GROUP
II,

white.
Arsenic,

Silver,

J&.S2S3)
yellow.

Antimony,

Precipitates
:

GROUP
III.

IY.
To
the

Filtrate
from
Group
III
,

containing

AgCl,
while.

In
absence
of

Phosphates
:

S’®%1
f

Aluminium,
Al

2

(OH)
6
,

white
,

gelatinous.
Ammonium
Chloride,
add
Ammonium

Carbonate
and
Hydrate
;

digest
with

Mercurosura,

(/range.

Tin,

gentle
heat
(
not

boiling)
for

some
time,
and

filter.

Hg-sCla,
white.

SnS,

§
03
.ya
j

A.
§

«
s
{

Chromium,
Cr

2

(OH)
6
,

bluish-green.

li'b’S
1

(Ferricum,
Fe.,(OH)

c
,

reddish-brown.

ft)
-8

brown.
SnS

2
,

yclime.

Lead,

Precipitate
:

GROUP
IV.

V.
The

Filtrate
con-

tains
:

PbS,

g

(Manganese,
MnS,

flesh-colored.
Barium,

GROUP
V.

Bismuth,Bi
2

3
3
,

li
|

Cobalt,
CoS,

black.

B.
s-s
\

BaC0
3
,

white.
Magnesium
salts.

black.

Copper,
CuS,

black.

§-|
1

Nickel,
NiS,

black.

R)

(Zinc,
ZnS

white.

Strontium,SrC0
3
,

white.
Ammonium
salts.

Cadmium,

Calcium,CaC0
3
,

white.
Potassium
“

Proceed
by
794.

CdS,

The
entire

group,
by
Ammonium
Sulphide,
Chloride,
and

Sodium
“

yellow.

Mercury, Hg-S,

Hydrate,
the

sameas
above,
except
Iron
,

FeS,
black.

Lithium
“

For
Rare
Metals,
see

256,

black.

(First,
white
to
yellow.)

In
Presence
of

Phosphates:

493,
499.

By
ammonium

sulphide,
etc.

All
as

above
(iron
as

FeS)
and
Ba,
Sr,
Ca,
Mg’,
Al,
Cr,

as
Phosphates,

white.

Concerning
ambiguous

Proceed
by
795.

Proceed
by
799.

results,
sec447.

Rare
Metals
:

475
to
499.
For
Rare
Metals,

see251
to

257-

Proceed
by
798.

For
Rare
Metals,

see72.
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For
the
study
of
lead,

seethe
Table
at
364
cmd

Follow
the
Table
at
064,
and
refer
to
the
text

Follow
364,
and
refer
to
the
text
at
346.
Also

the
text
at
800.

at
330.

see
795
“
B.”

The
Precipitate
is
washed
on
the
filter
with

oneor
two
small

portions
of
cold
water
;

then
treated
with
much
hot
water,
and
filtered.

794.
ANALYSIS

OF
GROUP
I.

(Explanation
at
448.)

Solution:
PbCl

2

(313).

Remaining
Precipitate
:

AgCl,
Hg

2
CI

2
.

Test
for

Lead
(449)
by

Digest
with
dilute,

warmAmmonium
Hydrate,
and
filter
(16).

Sulphuric
acid,
giving

PbS0
4
,

white.

Solution:
(NK3
)

8

(AgCl)
2

.

Kydrosulphuric
acid,
PbS,

black.

Test
for
silver

(450),
after

expelling
anyexcess

Residue
:

NH
2

Hg
2

Cl,
black
(347).

Chromate,
....

PbCrCb,
yellow.
of

ammonia
by

boiling,
by

acidulating
[Lead

Oxychloride,
white,
448.]

Iodides,

Pbl2
(315).

slightly
with
nitric
acid.
A

precipitate
The

black
color
is
the
evidence
of

mercury.

The
precipitates

may
be
tested
by
the

is

AgCl.

Additional
proof

maybe
obtained
by
test-

blow-pipe
(323).

For
other
tests,

the
silver
chloride

maybe
re-

ing
the

residue,
or
a

portion
of
it,
for

mer-

duced
to
the
metal
by
zinc

(340),
or
on

eury
by
drying

and
heating
with
sodium

charcoal
before
the

blow-pipe
(341),
and

carbonate,
in
a

glass
tube
(363).

the
metal

dissolved
by
nitric
acid
(326),

For
reactions
of

mercuryin
solution,
if
the

the
resulting

solution
giving
all
the
reac-

original
solution

contains
non-alkali

me-

tions
of

silver.

tals,
dissolve
the

residue
with
nitro-hy-

If
the
original
solution
does
not

contain
non-

alkali
metals,
it

may
be
used
to
obtain

the
characteristics
of
silver.

drochloric
acid—
as

mercuric
chloride.
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Wash
the

precipitate
thoroughly
onthe

filter,
and
then
digest
(in
the
test-tube,
16)
with
yellow

ammonium
sulphide,*
using
as

little
as
pos-

sible.
Treat
the

Residue,
well-washed,
as
directed
in
“
B.”

Precipitate
the

Filtrate
with
dilute

hydrochloric
acid
(diluting
with

solution
of

hydrosidphuric
acid),
and
filter;
examining
this

Precipitate,!
when
washed,
for
As,
Sb,
Sn,

according
to
“A.”

[For

Gold,
477;

Platinum,
482.

Rare
Metals,
498.]

“A.”
Precipitate

from
the

Ammonium
Sulphide
Solution:
As

3
S

3
,

SnS
2
,

(S).

Treat
the
washed

precipitate
with
hydrochloric
acid,
and,
if
it
does
not

dissolve,
add
a

minute
fragment
of

potassium
chlorate,
and
digest

in
a

test-tube,
till
the
sulphides
aredissolved
(or

decolored).
Filter
out
a/ny

sulphur,
washing
the
filter
with
a
few
drops
of

hydrochloric

acid,
and

receiving
the
filtrate
in
an

evaporating
dish.

Remove
all
the
chlorine
by
a
very

gentle
heat,
until
wet
litmus-paper
is
not

bleached
by
th%

vapor.
Transfer
to
the

Generator
of
a

Marsh’s
Apparatus

(carefully
rinsing
in
any

white
residue
of

antimony
or

tin
oxides
)

(458).

Solution
:

\

H
3

As0
4
,

H
4

Sb
2

0
7
,

SnCl
4
.

Place
in
the
Generator

sufficient
zinc

(apiece
of

platinum
foil
or
wire)
and

dilute
sulphuric
acid
(or

use
Na-amalgam,
Al,
or
Mg,
373
and

434),
a/nd

receive
the

gasin
solution
of
silver
nitrate
(as
long
asa

precipitate
is

produced).
Now
filter,
and
wash
the

residue.

*

If
Copper
is
present,
and
Mercury
absent,
it
is
better
to

usesodium
sulphide
(457).

t
A
white

precipitate,
of
sulphur,
will

occurin
any

case.
Colored
precipitates

indicate
A3,
Sb,
or

Sn
(456).

t
In

many
cases,the
original
solution
canbe
used
for

additional
results

through
Marsh’s
Test
(373).

95.
ANALYSIS
OF
GROUP
II.

(Explanation
at
455.)

In
the

Generator
:

Sn,
(Sb,
Zn
salt).

Gather
and
wash
the
solid
contents
of
the

gen-

erator;
dissolve

with
moderately
dilute
hy-

drochloric
acid,
as
directed
in

435.
(An

undissolved
residue

maybe
Sb,

soluble
in

nitro-hydrocliloric
acid.)

Test
the
solution

(SnCl
2
)

for
tin
by

HgCl
2
:

a

white
or
gray

precipitate
(437).

Precipitate,
from
SbH

3
:

Ag3
Sb,
(Ag).

Digest
with

warm
hydrochloric
acid
to
dis-

solve
the

a/ntimony
(411),

dilute
{not
to
pre-

cipitation),
and
test
the
solution
for
anti-

mony
by—

H
.S:
an
orange

precipitate.
Water
:

a
white

precipitate
(402).

Spots
and
Mirror,
from
SbH

3

(376).

Solution,
from
AsH3
:

H
3

As0
3

(AgN0
3
,

hno
3
).

Remove
the
silver
by

adding
just

enough
hy-

drochloric
acid
and
filtering.

Test
the
solution
for

arsenic
by

—
H2
S:
a

yellotv
precipitate.

AgN0
3
:

(377).
Spots
from
the
flame
(376).

Sublimation
from
the
sulphide
(381).

Follow
445,
and
the
text,
at
429
and
after.

Follow
445,
and
consult
the
text,
at
402.

Follow
445,
and
consult
367
and

after.
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[f

sulphides
have
been
found
in
“A,”
the

precipitate
should
be
washed,
first
with
(NH.i)

2
S

2

(or
Na

2
S),

then
with
water.

Dissolve
the
pre-

cipitate
by

action
of
hot,
moderately
dilute

nitric
acid
(464).

Evaporate
the
solution
to
expel

excessof
nitric

acid.

795.
“B.”
SULPHIDES
NOT

SOLUBLE
IN
AMMONIUM

SULPHIDE
:

PbS,
Bi.S

s,

CnS,
CdS,
HgS.*

*

If
silver

wasnot
removed
in
the
first

group,it
maybe

tested
for,
in
the
nitric
solution
of
this

precipitate,
by
HCL

Residue
:

HgS,
S

[PbS0
4
].

Dissolve
the
(blade)
pre-

cipitate
by

nitrohy-
drochloric

acid,
and

expel
free
chlorine
by

boiling
(471). Solution

:

HgCl
2
.

Test
for

mercuryby

Stannous
chloride

(362
a). Ammonia

(357).

Copper
(362
d).

Sublimation
(363).

*

Solution:
Pb(N0

3
)

2
,

Bi(N0
3
)

3
,

Cu(NO
s
)

2
,

Cd(N0
3
)

2
.

To
a

portion
of
the

solution,
add
a

drop
of
very

dilute
sulphuric

acid.
If
a

precipitate
appears

(465),
add
the

reagent
to

the
whole

solution,
and
filter.

Precipitate: PbS0
4
.

Add
chromate,
a/nd

heat
(467).

{Lead
chromate
dis-

solves
in

potassium
hydrate,
and
repre-

cipitates
with

acetic

acid.) Test
the
pre.
of
sul-

phates,
or

sulphide,
by

reduction
onchar-

coal
(323).

Filtrate:
Bi,
Cu,
Cd,
salts.

Add
ammonium
hydrate
to
a

slight
alkaline

reaction.

Precipitate
:

Bi(OH)
3

Filter
out
and
wash

the
precipitate
and

test
it

by
stannite,

according
to
297.
Or,

test
by

dissolving
with
a

very
little

HC1
on
a

watch-
glass

and
adding

water
(288).

Blue
Solution:
Copper
(274),

cadmium
(301).

Concentrate
in

an
evaporating

dish,
acidify
with

acetic
acid,

a/nd
confirm
with
ferrocya-

nide
;

a
brown
precipitate,

*

Cu
2

FeCy
o.

Test
this,
orthe

original
solution,
with
metal-

lic
iron
(280).

Colorless
Solution:
Cadmium,

absence
of
copper.

To
the
concentrated
{acidified
or

alkaline)
solution,

add
H2
S:

a
yellow

precipitate,
CdS.

Ferrocyanide:
Cd

2

FeCy6,

white. Cyanides
(301).

For
copper,follow

302
and
273.

If
copperis

present,
treat
the
sul-

phide
obtained
by

adding
H

2
S

to
the

ammoniacal
solution,
by

one
of
the
methods
given
in

for
separation
of
cad-

mium.

For
Cadmium,

see
the
text
at

302.

Follow
364
and
the
Text

at
356

and
after.

See
794.

Follow
364,

and
the
Text
at
309.

Follow
302,
and
the

text
at
287.



240 Bases : Group III.

To
the
filtrate
from
the
second

group
(793),
add
NH

4
OH
till

allcaline,
then
add
NH

4
C1
and
Ammonium
Sulphide.

Dissolve
the
well-washed

Precipitate,
on

the
Filter,
by
dilute,
cold
hydrochloric
acid

(244).
Concentrate
in
an

evaporating
dish.

Solution:
ZnCl

2
,

Al
2

Clo,
FeCl

2

(186),
MnCl

2
,

Cr
2

Cl
0
,

NiCl
2
,

Cr
2

Cl
6
,

CoCl
2
,

NiCl
2
.

Residue:
CoS,
NiS,
black.
Test
black

residue
by
the

blow-pipe
for
cobalt
and
nickel.

Dissolve
by
nitric
acid,
and
test
for
Ni,
by
229.

Add
potassium
hydrate

solution
to
strong
supersaturation

and
boil
a

short
time
(235).
Filter,
and
wash.
Separation
of
Zn

and
Al.

796.
ANALYSIS
OF
GROUP
III.,
IN
ABSENCE
OF

PHOSPHATES.

The
Scheme
of

Separations
given
in

243,
i3

preferred
to
this,
in
most
Cases.
Also,
Alternative,
242W.

Solution:
K

2
Zn0

2
;

K
2

A12
04
.

Divide
the
solution
into
two

portions.

Precipitate
:

Fe(OH)
2

and
Fe

2

(OH)
6
,

Mn(OH)
2
,

Cr
2

(OH)
0
,

Co(OH)
2
,

Ni(OH)„.

Examine
five
portions
;

tivo
in
solution
(for
Fe
and
Ni),
and
three
inpi'ecipitate
(for
Cr,
Mn,
Co).

1.
For
Zinc.

Add
ammonium
sul-

phide
;

a

precipi-
tate,

ZnS
(237).

This
precipitate

may

be
dissolved
by
HC1,

or,in
absence
of
in-

terfering
bases,
the

original
solution

taken,
for

addition-
al
tests
f
or

zinc.
2.

For
Aluminium.

Add
Ammonium chloride

in
decided

excess(235).
A
pre-

cipitate:
Al

2

(OH)
6
.

Dissolve
and
test
this

solution,
or

test
the

original
solution,

if
free
from
inter-

fering
bases,
for

aluminium.
1
and
2.

For
Iron
and
for

Nic&el.

Dissolve
with
a

drop
ortwo

o/nitro-

kydrochloric
acid,
and
expel

all
free
chlorine.

Test
a

portion
for
Iron
by

potas-

sium
sulphocyanate
:

a
red

so-

lution,
Pe

2

(CyS)
8

.
Test
the
original
solution
for

Fer-

rosumand
Ferricum
by
ferriey-

anide
and
sulphocyanate,

193.
3.

For
Manganese.

Boil
with

Pb0
2

and

HNOs,
as
directed

in
210
;

a
red
color,

HMnOi.
Or
fuse

with
Na

2
C0

3

and

KNOs,
as
directed

in
211
;

a

green

mass,
manganate,

as
K

2
Mn0

4
.

4.
For

Chromium.
{If
Mn
is

present,
proceed
by

242,

with
the
filtrate

from
2d

group).
Fuse
with
Na2
C0

3

and
KNOs
(159
d),

dissolve
in
water,

acidify
by
acetic

acid
and
test
for

chromic
acid,
by

163,
164,
165.

Test,
also,
the
original

solution
for
chro-

mic
acid
(155).

5.
For

Cobalt.
Test
in
the
bo-

rax
bead

(224).

For
Iron,
follow
the
text
at
174,

and

after.

Follow
241,
and
the

text
at
235.

Follow
241,
and
the

text
at

145.

Test
a

portion
for
Nickel,
by
229

or
230.

Follow
241,
and

con-

sult
the
text
at
204,

and
after.

Follow
241,
and
the

text
at
154

and

after.

Consult
the
text

at
219.
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To
the

Filtrate
from
Group
II.,
add

ammonium
chloride,
mid

ammonium
hydrate
to

alkaline
reaction,

then
ammonium

sulphide
to

complete
the

precipitation.
Reserve
the

Filtrate
for
Group
IV.

Precipitate
:

FeS,
MnS,

CoS,
NiS,
ZnS,
S;
Ala
(OH)«,
Cr

2

(OH)
8
;

phosphates
of
Al,
Cr,
and
of
Ba,
Sr,
Ca,
Mg.

Treat
the
well-washed

precipitate
with
cold
dilute

hydrochloric
acid.
If
a

black
residue
remains,
test
it
for
Co

and
Ni,
as
directed
in
the

Table
at
242
b.

Also,
this

residue
may

be
tested
for
Si
(738).
The
filtered
solution
is
boiled
to
expel
H

2
S,
filtered
if
turbid,

and
a

smaller
portion

reserved.
797.

ANALYSIS
OF
GROUP
III.,
IN

PRESENCE
OF

PHOSPHATES.
(Explanation
in
246.)

[The
Scheme
at
248

maybe
used
instead
of
this

one.]

Portion
1.

Add
a

few
drops
of
nitric
acid
and
boil.

Solution:
Fe

2
Cl

0
,

A1
2

C1
0
,

Cr
2

Cl
6
,

MnCl
2
,

[Coda,
NiClJ,
ZnCl

2
,

H3
P0

4
,

(H
2

SiO„);

also
Ba,
Sr,
Ca,
Mg,

chlorides.

(1)
Test
a,

small
portion
for
iron,
by

sulphocyanate.
If
iron
is
found,
test

the
original

solution
by

ferricyanide
and

sulphocyanate
as
directed
in

193.

(2)
To
the

remainder,
add
ferric
chloride
till
a

drop
is

precipitated
yellow
by

ammonium

hydrate
(showing
that
the
P0

4

is
all

precipitated),
concentrate
to
a

small
bidlc,
add

water,
nearly
neutralized
by
K

2
CO
s
,

and
add

excessof
barium
carbonate.
Let
the

mixture
stand

a/nd
filter.

t

Portion
2.

Solution;
BaCl

2
,

SrCl
2

CaCl
2
,

MgCl
2
,

etc.

Add
sulphuric
acid
and
filter.

Precipitate:
BaS0

4
,

SrS0
4

(CaS0
4
).

Test
the

precipitate
for
Sr,
by
the
flame.
[Test
it

for
Ba
by
boilmg
with
I52
C0

3

(677),
then
dis-

solving
the
well-washed
precipitate
by
acetic

acid
and

obtaining
reactions

with
chromate,
etc.]

To
the
filtrate,
add
alcohol.
A

precipitate
may

be
CaS0

4
.

Boil
with
'water
and
add
NH

4
OH

and
oxalate,
for
calcium.

Precipitate
;

A12
(OH)

0
,

Or
2

(OH)
6
,

[Fe
2

(P0
4
)

2
,

Fe
2

(OH)
6

BaC0
3
].

Boil
the

precipitate
for

sometime
with
sodium
or

potassium

hydrate.

Solution;
MnCl

3
,

ZnCl
2
,

BaCl
2
,

SrCl
2
,

CaCl
2
,

MgCl
2
.

Add
HOI
and
boil
to
expel
C0

2
.

Add
NH

4
OH
to

alkaline
reaction,

then

ammonium
sulphide,
and

warmand
filter.

Solution;
K

2
A1

2
0

4
.

Acidify
the
solution
with
HOI

and
add

excessof
ammo-

nium
hydrate
and
boil.

Precipitate;
A1

2

(OH)
0
.

Precipitate;
Cr

2

(OH)
8
,

etc.

Test
for

chromium
as
direct-

ed
in
242
(p.
72).

Precipitate:
MnS,
ZnS.

Dissolve
by
HOI*
and
test
the
solution

(MnCl
2

ZnCl
2
)

by
the

directions
in
242
(b),

p.
73.
[Or
separate
by
Acetic
Acid,
236.]

Filtrate:
BaCl

2
,

MgCl
2
.

Remove
Ba,
Sr,
Ca,
by

adding

H2
S0

4
,

as
directed
in

Portion

2,
above,
then
add

ammonium
oxalate
and
hydrate,
filter,

and
test

the
filtrate
for
Mg,

by
adding
phosphate.

Follow
the
text
at

141.

*

If
a

black
residue

appear,test
for
cobalt
and

nickel,
as

directed
in
foot-note
242
b.
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Dissolve
the

well-washed
precipitate
in
dilute

acetic
acid.
Solution:
Ba(C- 2H

3
0^)

2
,

Sr(C
2H
3

Oji)a,
Ca(C

2
H3
02
)2.

To
a

small
portion
of
the
solution,
add
potassium

dichromate;
if
a

precipitate
appears,add
the

reagent
to
the
whole
solution
as

long
as
a

precipitate
is

produced
(89),
and
filter.

193.
ANALYSIS
OF
GROUP
IV.

(Explanation
in
121.)

[The
Method
of

Separation
given
in
125
maybe

used
instead
of
this./

[Concerning
the
loss
of

traces
of

barium
and
calcium,

see
123.]

Precipitate:
BaCr0

4
,

yellow.

The
precipitate
is

soluble
by

hydrochloric
acid,

and
this

solution
is

precipitated
by
sul-

phuric
acid,
as

BaSO
i,

insoluble
in

acids.

Solution:
Sr(C

2
H

3
0

2
)

2
,

Ca(C
2

H3
0

2
)

2
,

[K2
Cr

2
07
].

Precipitate
by

ammonium
carbonate
ivith

ammonium
hydrate
;

filter,
and
wash
the
preci-

pitate,
a/nd

dissolve
it
by

hydrochloric
acid.

Evaporate
in
a

porcelain
dish
at
a
gentle

heat,
nearly
or

quite
to
dryness
;

then
add
a

little
water,
to
obtain
a

concentrated
solution,

nearly
or

quite
neutral.

Solution;
SrCl

2
,

CaCl
3
.

Divide
in
two
portions.

See
120,

and
the
text,
at
86
and
after.

For
Strontium:

To
a

portion,
add
solution
of

calcium
sul-

phate
;

boil,
and
leave
for

about
ten

minutes.

A

precipitate
indicates
strontium,
SrSO

i.

Test
another
portion
of
the
solution
on
a

loop

of
platinum
wire,
by
the
flame
(790,
VI.)

For
Calcium:

Add
solution
of

potassium
sulphate
(and
fil-

ter),
to
insure
the

absence
of
strontium.

To
the
filtrate
{or
solution
not

precipitated),
add

ammonium
hydrate
and

ammonium
ox-

alate.
A

precipitate:
CaCnO.;,
insoluble
in

acetic
acicl,
soluble
in

hydrochloric.

Test
by
the
flame
(790,
VI.)

See
the
text,
at
98.

Folloiv
120

and
the
text
at

104.
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j

Evaporate
a

drop
ortwo
on

clecm
platinum
foil
by
a

gentle
heat
(36).
If
a

residue
is
obtained,
ignite.
If
the

residue
ora

pa/i't
of
it

vaporizes

immediately,
ammonium
compounds
areindicated.

(The
melting
of

fixed
allcali
salts
is
liable
to
be
mistaken
for
vaporization.)

799.
THE
ANALYSIS
OF
GROUP
V.

For
Ammonium,
test
a

portion

of
the
original
material
with

calcium,
or

potassium,
or
so-

dium
hydrate,
at
a

gentle
heat.

The
vaporof

ammonia,
NH

S
,

is

recognized
by
its
effect
on

moistened
litmus-paper,
its

odor,
etc.
(57).

Test
the

solution
by

potassium

mercuric
iodide
with
potas-

sium
hydrate
;

by
mercuric

chloride,
etc.

For
Magnesium,
test
the

Fil-

trate
from

Group
IV.

Add
a

little
ammonium
hy-

drate;
then
enough

ammo-

nium
chloride
to
dissolve
any

precipitate
which

appears

(117)
and
then
sodium
phos-

phate.
Precipitate
:

Mg-

NH4PO4. Concerning
lithium

phosphate,

see
68. Calcium,

in
traces,
may

appear

here,
as

phosphate
(123).
To

guard
against
this
fallacy,

add
oxalate
to
the
filtrate

from
the
fourth

group,and

filter
out
any

precipitate
so

made.

If

magnesium
is

present,
its

compounds
lessen
the
delicacy
of
the

Flame

Tests
for
the
Metals
of
the
Alkalies,
and
wholly

prevent
tests
by

precipitation.
To

remove
Magnesium,

precipitate
it
by

barium
hydrate

and
then

removethe
barium,
as
directed
in

130.

For
Potassium,

test

by
the
flame
(on
pla-

tinum
wire,
with
the

Bunsen
burner);
vio-

let,
not
obscured
by

blue
glass

(44).

Test
by
Tartaric
acid,

using
a

concentrated
solution.

For
Sodium,
test
(on

platinum
wire)
for
the

flame
color,
yellow,

and
given
by
extra-

neoustraces
of
sodium

compounds
(52).
Ob-

scured
by
the
blue

glass.

For
Lithium,

test
by

the
flame,
crimson,

and
obscured
only
by

very
thick
blue
glass

(TO). Test
by
sodium
phos-

phate.
The
precipi-

tate,
Li3
P04,
is
solu-

ble
in
much
ammo-

nium
chloride
(dis-

tinction
from
magne-

sium).

Consult
58
to
65.

Follow
120,

and
the
text
at

114

and
after.

Follow
the
text
at
40
to

45,
and
788.
(See
790,

VI.)

Follow
the
text
at
48

and
after,
and
790,

VI.
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800.
PRELIMINARY

EXAMINATION
FOR

ACIDS.

Concerning
the
indications
of
acids
in
the

Blow-pipe
Examination,

see
766
and
790;
the
indications
in

dissolving
Solids,
see

707;
the
consi-

derations
relative
to
anyBases

already
determined,
see

768;
the

Removal
of

Bases,
see

769-771;
Reactions
in
the
Wet
Way,

see801.

For
the
Vaporous
Acids
:

If
the

vapor
reddens

moist
Hue
litmus-paper,

someone
or
moreof

the

following-named

volatile
acids
is
indicated:

I.
To
a

little
of
the
solid

substance
or

residue
by

evaporation,
or
verycon-

centrated
solution,
in
a

test-tube,
add
a

little

concentrated
Sulphuric

Acid,
and
heat
gently,

not
enough
to

vaporize
the

sulphuric
acid.

1. 2.
There
is
sudden
effervescence:

Carbonic
anhydride,
C0

2
.

Colorless
and

odorless
gas,

feebly
reddening

litmus,
and

making
solution
of
calcium
hydrate
turbid.

See
649.
If
the
original
substance

contains
non-alkali
bases
in
solution,
carbonates
cannot
be
present.
Solutions
of
car-

bonates
give

precipitates
with
salts
of
all

non-alkali
metals
—651
and
30.
Com.

parison
of

Effervescent
Acids,
696.

Oxalates
(653)
and

eyanates
(635)
also
evolve
CO

s
.

Effervescence
of

gas
having
odor:

Hydrosulphuric
acid,
H

2
S.

Blaclcens
paperwet

with
lead
acetate.
Most
sulphides

are
transposed
by

hydrochloric
acid
with
evolution
of
H

2
S;
by
nitric
acid
or

chlorine
with
separation
of
S.

Sulphides
in
solution
precipitate
salts
of
the
first

three
groupsof

bases
(667).
See
Test
11.,

and
703.

Reactions
compared
in
696.

Sulphurous
anhydride,
S0

2
.

Odor
of
burning
sulphur.

Bleaches
litmus.

Colors

iodic
acid
and
starch
(692).
Sulphites

precipitate
salts
of
all
non-alkali
bases.

Follow
696
and
the
text
at
685.

Thiosulphates,
also,
evolve
sulphurous

anhydride,
on
decomposition

—sulphur
being

separated,
697.

Decomposed
by
all
acids.

Form
precipitates
(699),
soluble
in

excess.
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*

For
a
new

application
of

tlie
chlorochromic
test,
by
Prof
Wiley,

see
Cliem.
News,
xli.
176,

April
16,1880.

Hydrocyanic
acid,
HCy.

Peach-blossom
odor.
Gas

precipitates
silver
nitrate,

on

a
glass

rod,
as

AgCy.
Change
to

Sulphocganate,
gives

blood-red
color
with
ferric

salts
(G22)
;

to

ferrocyanide,
gives

blue
color
with
iron
salts
(621).
Alkali
cyanides

are
decomposed
by
all
acids.
In

solution,
they

precipitate
most
of
the
second
and

third
groupmetals

(619).
Reactions

compared
in
696.

Acetic
acid,
H(C

2
H

3
0

2
).

Odor
of

vinegar.
Digested

with
alcohol
and
sulphuric

acid,
gives

odor
of

acetic
ether

(754).
Acetates

are
decomposed
by

hydrochloric
and

nitric
acids.
In

solution,
form
no

precipitates,
but
give

red
solution
with
ferric

salts
(753). Hydrochloric

acid,
HC1.
Slight

effervescence.
Slight,
irritating
odor.
The

gasforms

a
white

precipitate
(AgCl)
with
solution
of
silver
nitrate,
on
a

glass
rod
;

the
pre-

cipitate
being
insoluble
in
dilute

nitric
acid,
but
soluble
in

ammonium
hydrate
(509).

The
gas

forms
a

white
cloud
with

vaporof
ammonia.
Chlorides
precipitate
salts
of

all
the
first

groupbases
(508).
Compare
the

reactions
by
table
at
574.
For

sepa-

rations,
see576.*

3.

Appearance
of

gas
having
color:

Hydriodie
acid,
HI.
Odor
is

offensive,
and
slightly

chlorine-like.
Vapor
colors

violet
in
the
air
—both
odor
and
color
due
to

separation
of
free
iodine.
Vapor
and

mixture
color
starch

blue.
Carbon

disulphide
extracts

iodine,
violet.
Soluble

iodides
decomposed
by

hydrochloric
and
nitric
acids.
In

solution,
give

colored
pre-

cipitates
with
salts
of
the
first

groupmetals
(see
559
to
565).
Compare

reactions

by
table,
574.
For

separations,
see

576.

Hydrobromie
acid,
HBr.
Odor
is
acrid
and
chlorine-like.
Color
,

slightly
yellowish

brown
—odor
and
color
due
to

separation
of
free

bromine.
Starch
colors
yellow;
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'

Carbon
disulphide

yellow;
iodine
being
absent
in

both
tests.

Soluble
bromides

transposed
by

hydrochloric
and
nitric
acids.
In

solution,
give

yellowish-white
or

white
precipitates
with
salts
of
the
first

groupbases
(536).
Compare

reactions,

by
aid
of
the
table
at
574.

For
separations,
see

576.

Nitrous
acid,
HN0

2
,

and
nitric

peroxide,
N

2
0

4
,

characteristic
acrid
odor.
Color
,

red-brown.
Color
potassium
iodide
and
starch,
blue.
Salts
all
soluble.
See
the

text
at
605.

The
brown

gas
is

produced
very

sparingly
from
nitrates
(unless

reducing
agents

are
present),
but
produced

abundantly
from
nitrites.
See
special
Tests
(HI.)

Chloric
acid,
HC10

3
.

Detonation
with
sulphuric
acid.
Odor
of

chlorine.
Color,

greenish-yellow.
Gas
bleaches
litmus.

Chlorates
decomposed
by

hydrochloric
acid

(522)
and
by
nitric
acid.
By

ignition,
reduced
to

chlorides.
Form

no
precipi-

tates,
except
by

reduction
(compare

reactions
by
the
table
at
574).

Chlorine,
Cl,
is
evolved
in
the

decomposition
of

hypochlorites
(524),
and
in
that
of

chlorides
with
oxidizing
agents
(510).

IL
Fuse
with
pureSodium

Carbonate,
on

charcoal,
and
test
the

mass
ob-

tained.

1.
When
moistened,
it

blackens
silver:

Indications
of
sulphur
in
any

combination
or

uncombined
(669
and
703).

Fusion
with
sodium
carbonate
on

platinum
foil
or
in
a

porcelain
capsule.
The

massblackens
silver:
a

sulphido
or

thiosulphate.
The

mass
does
not

blacken
sil-

ver:
a

sulphate.
Concerning
precipitates
by
these

acids,
see

703.
Reactions
of
sul-

phuric
acid
compared,
720
;

hydrosulphuric,
696.

2.
When
acidified
with
hydrochloric
acid,
filtered,
and
the
filtrate
evaporated
to
dryness

and
treated
with
the

same
acid,

an
insoluble

residue
is
obtained:
Silicic

anhydride,

Si0
2
.

Soluble
in
boiling
solutions
of
fixed

alkalies.
See
738
and
the

bead-test
(792).
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III.
Certain
Tests
not
clas-

sified.

1.
For

Nitric
acid
and

Nitrous
acid:

Trial
to
be
made,
in

case
of
any

material
soluble
in
water

(593
and
612).
Only
slight

portions
of
nitrites
could

escape
recognition
by
the

brown
gas

evolved
in
Test
I.,
as

above
mentioned.
Nitrates,
with

reducing
agents,
evolve
brown

gas
abundantly,
in

Test
1.

Test
for
Nitric
and
nitrous
acids,
by
formation
of
the
“

brown
ring”
(596).

Tests
for
Nitrous
acid
by
608
and
607.

2.
For
Boric
acid:

Borates
of
non-alkali
metals,
insoluble
(728).
See

Flame
Test,
790,
VI.
Test
by
730

and
733.

3.
For
Silicic
acid: Compounds

insoluble,
except
those
giving
a
very

strong
alkaline

reaction.
See
test
in

the
bead,
792.
See
Test
II.,
2,

above.

4.
For

Hydroferrocyanic,
Hydroferricya7iic,
and
Sulphocyanic
acids:

Heated
with
sulphuric
acid,
evolve
HCy

(627).

Sulphocyanates,
fused
with

KN0
3
,

form
soluble
sulphate.

Insoluble
salts
of
H

4

FeCy
fl
,

and
H

3

FeCy
6
,

boiled
with
solution
of

KOH,
form

soluble

potassium
salts
(617
c).

When
in
solution,
test
with
iron
salts
(193).

For
solubilities,
ferrocyanides,

see
629;
ferricyanides,
632;
sulphocyanates,
see

642,

The
Cy
of
single

cyanides
is

separated
by

slightly
acidulating,
adding
calcium
carbon-

ate,
and

distilling
—ferrocyanogen
and

ferricyanogen
and

sulphocyanogen
being

retained
as

salts.
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*

For
Sulphuric
acid,
the

reaction
maybe

acid
;

for
oxalic
acid,
the
solution
mayhave

acetic
acidulation
;

but
for

phosphoric
acid,
it
must
not

have
anacid

reac-

tion.
Acidity
should
be
neutralized
by

ammonium
hydrate,
which
maybe

added
in
slight

excess.

801.
EXAMINATION

FOR
THE
MOSS
COMMON

NON-VAPOROUS
ACIDS,
AS

BARIUM
AND
CALCIUM
SALTS.

Concerning
the

Removal
of

Bases,
before
Testing
for
Acids,

see769.

Heat
a

portion
of
the
neutralized
solution
*

and
add
both
barium
chloride
and
calcium
chloride.

Precipitate
;

BaS0
4
,

Ca0
2

0
4
,

CaHF0
4
,

or
Ca

3

(P0
4
)

2
,

etc.
Also,

barium
and
calcium

borates,
silicates,
fluorides
(744),
ferrocyanides,

sulphites,
chromates,

arseniates,
iodates
—the

acids
of
which
will
be
identified
by
800,
or

during
the
work
for

bases.
Also,

tartrates

(758),
citrates
(762),

and
salts
of
other
organic

acids
not

described
in
this
work.
Concerning
Selonates,
Tellurites,

see
499;

Molybdates,
495.

Digest
the

precipitate
with
dilute

hydrochloric
acid.
If
a

precipitate
remains,

filter.

Kesidue
;

JtJsoOq
(wliilt)).

See
676. Sulphates

precipitate
lead
and

stron-

tium
salts.

For
comparison
of
the
chief

reactions,

see
720.

Solution;
H2
C2
0

4
;

H
3

P0
4

or
CaH

4
(F0

4
)

2
,

etc.;
barium
and
calcium
chlorides;
other

acids
of
less

frequent
occurrence,as

indicated
above.

Add
ammonium
hydrate
to
a

slight
alkaline

reaction.

Precipitate;
CaC

2
0

4
,

CaHF0
4
,

etc.

Add
acetic
acid
to
a

distinctly
acid

reaction.

Residue;
CaC

2
0

4

(white).

See
656. Reactions

compared
in
720.

Preliminary
examination
for
acids,

800,
Test
L,

Result
1.

Solution;
CaH

4

(P0
4
)

2
,

etc.
(707).

Add
ammonium
hydrate
to
a

slight
alkaline

reaction.

Precipitate;
CaHP0

4
.

Filter
and
wash
,

and
dissolve
by
acetic
acid.

Test
by

molybdate,
as

directed
in
714.

Or,
add
potassium
acetate,
neutralize
any
excessof

acid
by

adding
KOH,

leaving
the

reaction
acid,
and

precipitate
by

ferric
chloride.

Precipitate;
Fe

2

(P0
4
)
2

(711).
This

precipitate,
dissolved
by
HOI
;

then
treated
with
tartaric

acid
(133),

excessof
ammonia,
and

magnesium
sulphate,

gives
the

ammonium
magnesium

phosphate,
MgNH

4
P0

4
.

Reactions
compared,
720.
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To
the

neutral
or

slightly
acid
solution
,*

add
silver
nitrate.

Precipitate:
Silver
salts
of
a

very
large
number
of
acids,
including
those
in
the

residue
next

below,
together
with
silver
carbonate,
sulphide,

tartrate,
and
other

precipitates
dissolved
by
nitric
acid
(328).

Digest
with
dilute
hot

nitric
acid.

Residue:
AgCJ,
AgBr,
Agl,
AgCy,
AgIO

s
,

AgEr0
3
,

AgCyS.

Add
Ammonium
Hydrate
to
a

strong
alkaline

reaction
(577).

802.
EXAMINATION

OP
SOME
OF

THE
AOIDS

PRECIPITATED
BY
SILVER

NITRATE.

Residue:
Agl,
indicating

Iodides.
Test
the
original
solution
for

iodides,
by
chlorine
water

with
carbon
disulphide
(or

starch),
as

directed
in
565.

Follow
the
Table
at

page
173,

and
consult
the
text
at
576
and

at
556.

Solution:
Ammonia
silver

compounds,
representing

HC1,
HBr,
HCy,
HBr0

3
,

HIO
s
,

HCyS.

Add
dilute

nitric
acid
to
a

slight
acidulation.

Precipitate:
AgCl,
AgBr,
AgCy,
AgIO

a
,

AgBrOs,
AgOyS.

Test
the
original
solution

for
chloride.

By
distillation
for
chlo-

rinated
chromic
anhy-

dride
(512).

By
the
solubilities
of
the

silver
precipitate
in

am-

monium
hydrate
and

carbonate
(509)

Test
the
original
solution

for
bromide,

as
direct-

ed
in
539
and
in
576.

Test
the
original
solution

for
iodate,
by

reducing
agents
(571),
and
by
pre-

cipitations
(574).

Test
the
original
solution

for
bromate,

as
direct-

ed
in
547.

Test
the
original
solution

for
cyanide,
621
or

622.

Test
the
original
solution

for
sulphocyanate,
by

642.
Observe
643.

Follow
the
Table
of

Comparative
Reactions,
at
page
173,

and
for
HCy,
at

page
202.

*

If

alkaline,
the

solution
should
he
neutralized
by
nitric
acid,

filtration.

Should
effervescence

result,
boil
until
it
is

complete.
Should
a

precipitate
form,

removeit
by
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PART IY.

OXIDATION.
OTIS COB JOHNSON, M.A.

806. In this part is described the oxidizing and reducing action of the fol
lowing substances upon each other :

Aqs'8*86o**aH'988

>98,„<IS•If8•tSH"988

’998///^S*0f8ja>88

'998’088eOIOH’888

>98/,SH'888OIOH'888

'898,sh'188IOH>88

"898,Sy*988TO"068

u,°0’198'988WH'618
i/°0•098„qa>888os*h'818
r.A^W’6*89^o®^;6h’888S

C
H>18

wffl*8*8"388*oa8H•918

>*8s^oh>88S_—8_oah•918

//tio’9*8•088e0.tfH>18

„J3*9*8eOIH"638'OJffH*818

<1*f>8IH"888eOOsH’818

i„«V"8*8I>88’o5o5h>18



Negative Bonds. 251

In this list the acids are arranged in order of the atomic weight of the
element, which suffers oxidation or reduction, in each. The bases are arranged
in accordance with the usual analytical grouping. In all cases, to avoid repe-
tition, the action of any substance is given upon those which follow it and
never upon those which precede it in the list. To express the bonds of the
bases accents are employed, and the action stated is true ofall salts, oxides, or
hydrates of the metal haying the stated number of bonds.

807. NEGATIVE BONDS. I am compelled to use the word bond in a
sense perhaps original; at any rate 1 give to this word an additional meaning
entirely different from that of all authors heretofore. By the bond of an ele-
ment is meant, the amount of oxidation it is capable of sustaining. A bond,
then, may be defined as oxidizing force, and when an element has no oxidizing
force or power, it has no bonds, and when its only capacity is that of a re-
ducing agent, its bonds are represented by a negative number.

808. The bonds of an element may always be ascertained with certainty
by one or more of the following rules:

1st. Hydrogen, in combination, has always one bond, and it is always
positive (H').

2d. Oxygen always has two bonds, and they are always negative (or
minus) (0~").

3d. Free elements have no bonds ; thus, metallic lead (Pb°).
4th. The sum of the bonds of* any compound is always equal to zero.

Thus, H'N+V03
_VI=0

; that is, the H has one positive bond, the N five positive
bonds, and each atom of O has two negative bonds, and the three atoms have
six negative bonds—six positive bonds added to six negative bonds equal zero.
In the same way, H'Cl+vO-VI=°, H2 "S+VI0 4

-VI,I=0
, H 3

, "P+vO -vm =°,

Ba"0-""H2
+,,:=0

,
Fe 2

VI0-XIIH6
+VI= °, Ba"H4+""P 2

+xO-XVI=0
.

5th. Acid radicals are always negative. H'F03
_VI-°, or H'(IOs )“'

=°,

Pb3
VIP 2

+x0
8
-XVI=0

,
or Pb 3

VI (P0 4 )2
~VI~°. The bonds of the radical being equal

to the number of atoms of hydrogen with which it is capable of combining.
6th. Metals in combination are usually positive. The most prominent ex-

ceptions are their compounds with hydrogen, Sb-'"H 3
+ '", As- "'H3

+"'.

809. An oxidizing agent is one that can increase the number of bonds of
some other substance.

A reducing agent is one that can diminish the number of bonds of some
other substance.

Hence oxidation of one substance must involve the reduction of some other.
The number of bonds gained by one are lost by the other.

The real bonds are transferred from the oxidizing to the reducing agent.
Thus, in the equation

2PbCrOi -(- 5Zn -)- 16ZSC1 = 2Pb -{- OraOle d- SZnOla -j- 8H3O
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it can be proven that the ten bonds lost by the lead chromate are transferred

810. Front these principles is derived a rule for writing equations, bj
which every equation involving oxidation may be balanced almost at a glance,
if we know the products formed. The rule is: The number of bonds
changed in one molecule of each shows how many molecules"' of the
other must be taken, the words each and other referring respectively to ox-
idizing and reducing agent. A few equations will illustrate :

21-INOs + 8H2SO3 = 3H2SO4 + 2NO 4- H 2 0

The nitrogen in HNO, has five bonds, and in NO it has two,losing three;
therefore, three molecules of H2

SC)
3

must be taken. The sulphur in H„S0
3

has
four bonds, and in H2 S0 4 it has six, gaining two ; therefore, two molecules of
HNO must be taken. Again: , ,

0 fj: °>H° ,

//' 3Sn* -f 4HN0S = 3SnOa + 4NO -f- 2H.O
) ~ N 0 I

The Sn gains four bonds (free elements having no bonds), hence fourmolecules
of HN03 must be taken, and the N of the HN03 losing three bonds, three of
Sn must be taken.

6Sb + lOHNOs = 3Sbo05 + 10NO -f 5HaO

Here the rule calls for threeof Sb and five of HNOa ; but since the product,
Sb t05 ,

cannot be written with an odd number of atoms of antimony, we must
double the number of each, and, instead of three and five, take six and ten.

3Ha S + 8HNOs = 3Ha S0 4 + 8NO + 4Ha O

Here the sulphur in Ha S has —2 (minus two) bonds, and in H„S0 4 it has -\-6,
so it has gained eight bonds ; hence we must take eight molecules of HNOs , and
we take three of H2 S because the nitrogen loses three bonds.

3Sba S3 + 2SHNOs = 3Sb.2O s + 9H2 S0 4 + 2SNO + 5Ha O

In this equation both the sulphur and the antimony of the Sba S3 are oxidized,
each atom of sulphur gains eight bonds (as explained above), and the three atoms
will gain twenty-four bonds. Each atom of antimony gains two bonds, the two
atoms gaining four bonds; these added to the twenty-four bonds gained by the
sulphur make twenty-eight (that is, one molecule of Sb,S 3 gains twenty-eight
bonds); hence we must take twenty-eight molecules of HNOa , also three of
Sb sS,, because the nitrogen loses three bonds.

* Incase of free elements, to avoid complexity, atoms arc represented as molecules.
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HIO3 4- 3H2 S0 3 = 3H2 S0 4 + HI

In this the rule calls for two of HIOs and six ofHa S03 ; but we take one and
three, which are in the same proportion. The rule gives proportional numbers
only.

3Pb + 246HNO3 = 3Pb(N03 )a 4 2NO 4 4Ha O

Here the rule requires two of HN03,
and shows that justtwo are reduced to

NO; but in order to make a solution of lead nitrate six more must be added,
which are not reduced.

3NaH,POa 4 7HNO, = 3NaNOa 4 3H,F0 4 4 4NO 4 2H 20

Here the phosphorus gains four bonds and four of HNOs are reduced to NO ;

but three more are required to liberate the hypophosphorous acid from
3NaH3P0 2 ; hence we take seven in all.

’ AsH: 4 6AgN0 3 4 3H2 0 = 6Ag 4 H3 As03 4 6HNO*

The arsenic in AsH3
has —3 bonds, and in H3AsOs it has 43; the gain is

six; therefore, take six of AgNOa .

3KNO„ 4 8A1 4 5KOH 4 2Ha O = 3NH3 4 4K 2 A12 04

The nitrogen in NH 3
has —3 bonds, having lost eight; therefore, take eight

of A1; and as the A1 gains three, take three molecules ofKNO s .

OXALIC ACID.

811. a. The carbon in oxalic acid (HaC2 04) has three bonds. In presence
of water, reducing agents have no action upon it. By fusion, however, a few
metals, K, Na, Mg, etc., reduce it to free carbon.

HNOa b. Nitrous acid seems to have no action on oxalic.

HNOa c. NO is formed, and the oxalic becomes COa [Gmelin’s Hand-book,
9, 116],

Experiment: To dry oxalic acid add nitric acid, sp. gr. 1.42, or,
better, 1.50. Test the evolved gas for NO by 814, and for C03

by passing it into a solution of barium chloride containing free
potassium hydrate.

Cl d. HC1 is formed, and the oxalic becomes COa [ Gmelin’s Hand-book
,

9, 116]. The C0
3

is tested (811 c) ; then prove the absence of free
Cl by KI, and of HC1 by AgNO,. This change of bonds takes
place more readily in presence of potassium hydrate.
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HCIO e. Forms C0 2 find Cl [ Watts’ Dictionary of Chemistry, 4, 250 ;

Wurtz’s Didionnaire de Chimie, 2, 670]. If the oxalic acid is
in excess, HC1 is formed. Proof, same as above. The action is
more rapid in presence of fixed alkali.

HC103 /. Forms CO s and varying proportions of Cl o 04 , Cl, and HC1. A high
degree of heat and excess of oxalic acid favoring the production
of HC1 [Calvert and Davies, Jour. Chem. Society, II. 193]. To
prove C0 2, pass the gas into a solution of barium hydrate, or a
mixture of barium chloride and potassium hydrate.

Br g. Does not decompose oxalic acid [Schonbein, Jour,fur PraJctische
Chemie, 88, 469].

Does decompose oxalic acid [ Wurtz’s Didionnaire de Chimie, 2,
671].

Does decompose in alkaline mixture [A. Cahours, Annates de Chi-
mie, HI. 19,486; Jour, fur Praktische Chemie, 41, 61].

It has not been clearly proven that any action takes place, except in
presence of fixed alkali.

HBrOa h. Bromine and CO, are formed.

HIQa i. Forms C02 and I [. H'. Davy\.
Add the acid and test for C0 2 by calcium hydrate, and for I by car-

bon disulphide.
The following acids do not change the bonds of oxalic acid : Carbonic,

phosphoric, hypophosphorous, hydi’osulphuric, sulphuric (but see
653), hydrochloric, hydrobromic, hydriodic, hydrocyanic, sulpho-
cyanic, hydroferricyanic, hydroferrocyanic.

Fb f "' Tc. PbOa with oxalic acid forms Pb" and C0 2 [ Gmelin’s Hand-book, 9,
118; Watts’ Dictionary of Chemistry, 4, 250].

Oxalic acid has no action upon Pb3 04 .

Hg" l. Oxalate of ammonia boiled in the sunlight gives Hg2 Cl2 and CO.
[ Gmelin’s Hand-book, 9, 118 ; Watts’ Dictionary of Chemistry,

4, 251].
Free oxalic acid boiled in the sunlight also gives Hg„Cl2.

Asv m. H 3As0 4 becomes H3 As03, and C0 2 is evolved.
To prove that Asv becomes As'", add excess of potassic hydrate, and

then potassic permanganate. The latter will be quickly decolored.

Mn'"' n. Forms Mn" and C0 2 .

Mnv“ o. Forms Mn" and CO„.
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Co'" p. Becomes Co" and CO a .

Ni'" q. Forms Ni" and CO,.
Cr r. Rapidly forms Cr"' and COa .

CARBONIC ACID.
812. The carbon of carbonic acid cannot be further oxidized, and is not

reduced in presence of water. It is, however, changed to free carbon by fusing
with metallic potassium, sodium, and even magnesium.

NITROUS ACID.

813. Nitrous acid acts sometimes as an oxidizing and sometimes as a re-
ducing agent. When it oxidizes nitric oxide is formed. When it reduces
nitric acid is produced.

H3
P02 b. Nitric oxide and phosphoric acid are formed.

Prove by silver nitrate, or treat calcium hypophosphite with potas-
sium nitrite and hydrochloric acid, then add ammonium hydrate,
and a precipitate will show that calcium phosphate is formed.

Ha S c. Forms sulphur and ammonium nitrate [ Gmelin-Kraut, Handbuch
der Chemie, I. 2, 458 ; Wurtz’s Dictionnaire de Chimie, 1. 489].

Hydrosulphuric acid has no action upon nitrite of potassium, but on
addition of acetic acid sulphur separates, and if the- solution is
hot nitric oxide is formed, the fumes of peroxide of nitrogen
being clearly visible. Keeping the mixture cold favors the for-
mation ofammonium nitrate.

H2SO a d. Forms sulphuric acid and nitric oxide [Gmelin-Kraut, Handbuch
der Chemie, 1. 2, 458].

Traces of ammonium nitrate are also formed \Fremy\
HC10

3 g. First forms peroxide of chlorine, C12 04 \Millon\, then hydrochloric
acid [ Toussaint; Gmelin-Kraut, Handbuch der Chemie, 1.
2,458].

Add chloric acid to potassium nitrite ; frhen addition of silver nitrate
shows that hydrochloric acid is formed.

Br h. Free bromine seems to have no action on nitrous acid.

HI j. Forms iodine and nitric oxide [Watts’ Dictionary, 4, 71; Wurtz’s
Dictionnaire de Chimie, 1. 489].
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HlOg k. Forms iodine and nitric acid.

HCyS l. Forms sulphuric and hydrocyanic acids, and nitric oxide. Some-
times traces of other cyanogen products are formed.

H,FeCy„ m. Forms first, hydroferricyanic acid, then nitroferricyanic acid.

HaFeCy6 n. Forms nitroferricyanic acid.

PbOa o. Forms Pb" and nitric acid [ Omelin-Kraut, Handbuch der Chemie
,

1. 2, 458].

Hg' p. Becomes Hg° [ Watts’ Dictionary, 4, 70 ; Wurtz’s Dictionnaire de
Chimie, 1. 489; Gmelin-Kraut, Handbuch der Chemie, 1.
2, 460].

Mercuric salts are not reduced [Heppe, Chemische Reactionen, 336].

Mn'"' q. Forms Mn" [Gmelin-Kraut, Handbuch der Chemie, I. 2, 458].

Mn vn r. Forms Mn" and nitric acid [Gmelin-Kraut, Handbuch, I. 2, 458].

Co" s. Changes Co" to Co"' (225) [ Watts’ Dictionary, 1. 1045].
Ni'" t. Nitrites acidulated with phosphoric acid reduce Ni'" to Ni" in the

cold.
Crvl u. Becomes Cr'" [ Watts’ Dictionary, 4, 70],

NITRIC ACID.

814. a. Of course nitric acid can never act as a reducing agent. Acting as
an oxidizing agent, it may form NH 3 , N, N2 0, NO, Na 03, or N304.

If the nitric acid is in excess, and a boiling heat be used, the product is
nearly all NO, while excess of the reducing agent and a low temperature
favor the formation of NH 3

.

A convenient test for NO is made by passing the gas into ferrous sulphate.
(See 590 and Acworth and Armstrong, Jour. Chem. Society, 32, 54.)
HaP03

b. Becomes phosphoric acid.
Experiment: Treat with nitric acid'until it no longer blackens

argentic nitrate, and when mixed with ammonium hydrate, gives
a precipitate with chloride of calcium.

H 3S c. Forms sulphur, and may be further oxidized to sulphuric acid. The
nitric acid must be stronger than sp. gr. 1.18 [Gmelin-Kraut,
Handbuch, 1. 2, 219).

H3S0 3 d. Becomes sulphuric acid.
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HC1 e. Forms nitrohydrochloric acid (518).

HC103 /. Nitric acid added to a chlorate liberates chloric acid, which decom-
poses, but the nitric is not changed [Penny, Jour. Prakt. Chem.,

23, 296].
HBr g. Gives free bromine.
I h. Forms iodic acid ; action slow, and strong nitric acid should be used—at

least sp. gr. 1.42. This is a practical method for making iodic
acid, if acid of sp. gr. 1.48 is used [Bousson, Comptes Rendus
Academie des Sciences, 13, 1111].

HI i. Forms first free iodine, then iodic acid.
HCyS j. Forms hydrocyanic hnd sulphuric acids.

With strong nitric acid, traces of carbonic acid are formed [ Vogel,
Gmelin’s Hand-look, 8, 75].

H4FeCy 8 Jc. Forms hydroferricyanic acid [Watts’ Dictionary, 2, 250], and
then nitroferricyanic acid.

H3FeCy6 l. Forms nitroferricyanic acid. Proof: Test by adding some solu-
ble sulphide (668).

m. Nitric acid oxidizes all ordinary metals. (It does not act upon gold
or platinum.) It forms nitrates, except in the case of tin and
antimony, with which it forms the insoluble oxides, SnO, and
Sb O .2 5*

With the respective metals it forms Hg' or Hg", Sn" or Sn"", As'"
or Asv

, Sb'" or Sbv
, Fe" or Fe'", according to the amount of

nitric acid employed.
With copper it forms cupric nitrate (never cuprous) ; with cobalt it

forms cobaltous nitrate.
Pb

3
0 4 n. Becomes plumbic nitrate and Pb02 . The nitric acid is not reduced.

Hg' 0. Becomes Hg".
SnO p. Becomes Sn02 . (Not stannic nitrate.)

Prove by adding KMn04 to alkaline solution, after treating with
nitric acid.

H 3As0 3 q. Becomes H 3As0 4. Prove as above.
Sb 2 Os r. Becomes Sb2 O s . Prove as above.

Cu' s. Becomes Cu".
t. MnO, NiO, CoO, Cr2 03 are not oxidized.

Fe" u. Becomes Fe'".
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HYPOPHOSPHOROUS ACID.

815. a. Tests for hypophosphorous acid are given in 721 to 725. Per-
haps the best method of proving that H3P02 is all changed to H3P0 4,

is that
it fails to blacken argentic nitrate. The reduction of mercuric chloride is some-
times preferred, especially if hydrochloric acid is present.

Where the oxidation is not fully complete, first remove any phosphate
which may be present as an impurity, by addition of magnesium sulphate
in presence of ammonium chloride and ammonium hydrate; then, after oxida-
tion, repeat the process to prove partial oxidation.

H2 S0
3 b. Becomes chiefly free sulphur, but if the hypophosphorous acid is in

great excess traces of hydrosulphuric acid are formed.

H2 S04 c. Becomes first sulphurous acid, then sulphur [ Wurtz’s Dictionnaire
de Gliimie, 2, 968].

Cl d. Becomes hydrochloric acid, and phosphoric acid is formed. Prove the
absence of free chlorine by potassium iodide, and formation of
hydrochloric acid by argentic nitrate.

HCIO e. Becomes hydrochloric acid. Prove same as above.
HCIO, /. Becomes hydrochloric acid. Prove same as above.
Br g. Forms hydrobromic acid. Prove absence of bromine by potassium

iodide, and formation of hydrobromic acid by argentic nitrate.
The action takes place also in alkaline mixture.

HBrOs h. Forms hydrobromic acid. Prove same as above.

I i. Forms hydriodic acid.
Prove absence of free iodine, by loss of color, with carbon disulphide

and prove presence of hydriodic acid by chlorine.
HIOs j. Forms hydxdodic acid.

Prove absence of iodic by sulphurous acid with carbon disulphide,
and formation ofhydriodic acid as above.

HjFeCy,. k. Forms hydroferrocyanic acid. In this case the formation of the
same cannot be proven by addition of ferric chloride, because an

excess of hypophosphorous acid changes ferric chloride to ferrous
chloride, which then gives a precipitate with ferricyanide of po-
tassium. A good method is to add a slight excess of fixed alkali,
and then an excess of alcohol which will precipitate the ferro-
cyanide of potassium, wrhich may, after washing with alcohol, be
dissolved in waterand in the usual way.
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Pb' " Z. Becomes Pb" both in presence of fixed alkali and acids.
Ag' m. Becomes Ag° “ “ « “

Hg' n. Becomes Eg0 “ “ “ «

Hg" o. Becomes Hg° “ “ “ “

Asv and Become metallic arsenic (in presence of acids only).
Bi'" q. Becomes Bi". The action takes place both in presence of alkalies and

acetic acid.

Cu" r. Becomes Cu'. The action occurs in presence of hydrochloric acid.
Proof: Changes from green to colorless, and on addition of am-
monium hydrate makes colorless solution.

Mn"" s. In presence of acids gives Mn". (No action in presence of alkalies.)

Mn vn t. With alkalies gives MnIv
.

With acids gives Mn".

Co'"' u. Becomes Co". No action in alkaline mixture.

Ni'" v. Becomes Ni". “ “

Fe"' w. Becomes Fe". “ “

CrVI x. Becomes Cr'". “ “

PHOSPHORIC ACID.

816. Phosphoric acid in presence of acids is not reduced. By fusing with
metallic magnesium P2 Mg3 is formed, which, on being treated with water,
forms MgO and PH 3 {Jour. Chem. Society , Blunt, 18, 106; Parkinson, 20,
309].

HYDROSTJLPHTJRIC ACID.

817. a. Free sulphur liberated from hydrosulphuric acid may sometimes
be recognized simply by its appearance. But when white precipitates are
formed at the same time, the whole should be allowed to settle, then the sul-
phur dissolved in carbon disulphide, and again separated by evaporation, of

precipitated from the carbon disulphide solution by addition of alcohol, and
then further tested by 659, 662.
H 2S0 3 b. Forms water and sulphur [ Watts’ Dictionary , 3, 203].
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Sometimes, especially if the moist gases are used, pentathionic acid,
H 2 Sa 06 ,

is formed. 5SO, + 5H 2 S = H2S aO G
+ 4H 20 + 5S.

E. Pfeiffer \Archiv der Pharmacie (3), 14, 344; Jour. Cliem.
Society, 36, 1013] claims to have proven that tetrathionic acid,
h3

s4 o6 ,
is formed, instead of pentathionic.

H 2S0 4 c. No action if the sulphuric acid is dilute.
With strong acid, sulphur and sulphurous anhydride are formed. To

prove the latter, add sulphuric acid to dry ferrous sulphide and
boil, or pass hydrosulphuric acid gas into hot sulphuric acid,
and S0 2 will be evolved.

Cl d. Forms first sulphur, and finally sulphuric and hydrochloric acids. This
takes place in alkaline mixture also.

HCIO e. Same as above.

HC103 /. With excess of hydrosulphuric acid, free sulphur and hydrochloric
acid are formed.

With excess of chloric, sulphuric acid and chlorine are formed.

Br g. Forms hydrobromic acid and sulphur [ Watts' 1 Dictionary, 3, 203].
In alkaline mixture sulphuric acid is also formed.

HBr03 h. Forms sulphur and hydrobromic acid. Sulphuric acid is also
formed [Rose ; Heppe, Chemische Reactionen, 75].

I i. Forms sulphur and hydriodic acid.

HIOs j. With excess of hydrosulphuric acid, hydriodic acid and sulphur are
formed.

With excess of iodic distinct traces of sulphuric acid are formed.

H.FeCy G k. Forms potassium ferrocyanide and sulphur.
Proof: Boil to expel excess of hydrosulphuric acid, then add ferric

chloride.

Pb02 l. Forms PbS and sulphur. Test for sulphur by 817 a, and for PbS,
after washing with water, add zinc and hydrochloric acid, when
hydrosulphuric acid will be evolved.

To prove that no PbO„ remains, after washing add potassium iodide
and carbon disulphide. If any Pb02 is present, free iodine will
be formed.

Asv. As 2 S 3 and free sulphur are formed.

Mn"" m. Forms manganous sulphide and sulphur, changing from black to
flesh color.
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Ma™ ?i. With potassium sulphide, potassium sulphate is formed [if. Scltlag-
d&nhafen, Bulletin cle la Societe Ghimique’ (2), 22, 16; and
Jour. Chem. Society, 28, 912]. 8KMn04 +3K2 S = 3K 2S0 4+

4K 2 0 -j- 8Mn02 . This method he uses quantitatively for the
estimation of hydrosulphuric acid. With some free acid, such
as phosphoric, hydrosulphuric added in excess to potassium per-
manganate gives manganous sulphide and free sulphur.

H2 Cr04 o. Forms chromic oxide and sulphur. \GmdirCs Haiid-boolc, 2, 119,
and 4, 119J.

Wi203 p. Becomes nickelous sulphide and sulphur. Proof, same as for 817 l.
Co2 Oa q. Forms cobaltous sulphide and sulphur. “ “ “

Fe’" r. Forms Fa” and sulphur. The action takes place in either alkaline or
acid mixture.

SULPHUROUS ACID.

818. a. Upon other acids sulphurous acid acts as a reducing agent, except
with hypophosphorous and hydrosulphuric acids, 815-817. With free metals
it acts only as an oxidizing agent. W ith metallic oxides it is a reducing agent,
except with stannous oxide. The method of proof is, in all cases, very simple.
Cl b. Forms sulphuric and hydrochloric acids.

HCIO c. “ “ “ “

HC103 d. “ “ “ “

Br e. “ “ hydrobromic “

HBrOa /. Forms first bromine, then sulphuric and hydrobromic acids.

I g. Forms hydriodic and sulphuric acids.

HI0 3 h. Forms first iodine, then hydriodic and sulphuric acids.

H,FeCy e i. According to Boudault [Jour. PraTct. Clrnn., 36, 23] and many
other authorities, potassium ferrocyanide and sulphuric acid are

formed. Their method of proof is not clear.

Pbos j- Forms plumbic sulphate [.Heppe, Chemische Readionen, 315].

Ag' h. Forms metallic silver.

Hg' and Hg" l. With the nitrates of mercury, metallic mercury is formed.
With mercuric chloride, mercurous chloride is very slowly pre-
cipitated.



Sulphuric Acid.262

Sn" m. With stannous chloride, forms stannic sulphide, or stannic chloride
and hydrosulphuric acid, according to the amount of hydrochlo-
ric acid present.

Asv n. Forms arsenious and sulphuric acids.

Mn0 2 p. If the solution is hot, manganous sulphate is formed [ Watts' Diction-
ary, 5, 636]. If cold, manganous dithionate, MnS2 06, is formed
[ Grudin’s Hand-book, 11. 174].

Co2 O s q. Forms Co".

Ni20 3 r. Forms Hi".
Fe"' s. Forms Fe".
CrVI t. Forms chromic sulphate.

SULPHURIC ACID.

819. a. Sulphuric acid can of course never act as a reducing agent, and it
does not oxidize the other acids, except hypophosphorous (815 c), hydrobromic,
and hydriodic acids. Some others are decomposed, but not oxidized, and the
sulphuric is not reduced.

HBr b. Forms bromine and sulphurous acid. No action occurs except in con-
centrated solution.

HI c. Forms iodine and sulphurous acid.

d. Metals, when dissolving in dilute sulphuric acid, evolve hydrogen, and
form sulphates.

When the metals dissolve in strong sulphuric acid, S02 is evolved,
and sulphates are formed.

Dilute sulphuric acid does not oxidize any of the metallic oxides.
Co7icentrated acid changes the following.

Hg20 e. Forms mercuric sulphate, and sulphurous anhydride is evolved.

SnO f. Stannous chloride forms first, sulphurous anhydride, then hydrosul-
phuric acid, stannic chloride at the same time being produced.
Compare 818 m.

Mn g. With the higher oxides ofmanganese, dilute sulphuric acid has no ac-
tion. Concentrated, boiling solutions evolve oxygen and man-
ganous sulphate is formed.
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CHLORINE.

820. a. The most delicate test for chlorine is potassium iodide with carbon
disulphide (557). If, however, other oxidizing agents are present, the test
must be varied to avoid error.

Chlorine is one of the strongest oxidizing agents, becoming always hydro-
chloric.

HBr b. Forms bromine and hydrochloric acid.

I c. Forms iodic and hydi’ochloric acids. In presence of potassium hy-
drate, potassium periodate is formed.

HI d. Forms first iodine, then iodic acid. With potassium hydrate, same
as above.

HCyS e. Forms first a red compound of unknown composition, then hydro-
cyanic, sulphuric, and hydrochloric acids.

H.FeCy, /. Forms first hydroferricyanic and hydrochloric acids. Excess of
chlorine to be avoided in preparation of ferricyanides.

H8FeCy6 g. Decomposes, forming various products.

h. Chlorine unites with all metals, forming cnlorides. If any metal
is capable of forming two series of salts, it always changes the
one in which the metal has the less number of bonds, to that
having the greater. That is, it changes ous salts to ic.

Especially in the presence of a fixed alkali, it changes nearly all the
lower oxides and hydrates to the highest the metal is capable of
forming. Among the ordinary metals, the only exceptions are per-
oxide ofsilver, and the peroxides of the alkalies and alkaline earths.

i. By comparing this with 824 and 827, the following facts will be
observed, and should be carefully considered. The elements,
chlorine, bromine and iodine have an oxidizing power in order
of their combining numbers, chlorine being the strongest. This
rule has no exceptions.

Their hydracids are reducing agents graded in the reverse order.
If any increase of bonds takes place in presence of an acid, by chlo-

rine, bromine, or iodine, the same increase always occurs in
presence of a fixed alkali. But the oxidation frequently goes
further in presence of a fixed alkali. Thus, with chlorine and
potassium hydrate we form Pb0 2 , Hi2Oa , Bi20B, Co 2 Og, K 2Fe0 4,

MnOs , and KMn0 4, which cannot be formed in presence of an
acid.
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It is very important to remember that those oxides which are formed
by chlorine, in presence of a fixed alkali, but not in presence
of an acid, are the only ones which can be reduced by hydro-
chloric acid. And further, that this reduction proceeds not
always to the original form, never proceeding beyond that num-
ber of bonds capable of being formed in presence of an acid.
Thus, any plumbic salt, with potassium hydrate and chlorine,
forms Pb0 2, and this treated with hydrochloric acid again forms
the plumbic salt PbCl2 . And ferrous chloride with potassium
hydrate and chlorine forms K„Fe0 4, in which iron is a true
hexad, and K 2Fe0 4 with hydrochloric acid forms, not the ferrous
chloride with which we began, but ferric chloride, for it could be
oxidized to that point in presence of an acid.

The above rule is true for bromine and iodine as well as for chlorine.

Pb" j. Becomes Pb0 2, with fixed alkalies, not in acid solution.
PbO -f 2KHO + Cl2 = Pb0 2 + 2KC1 + H 2 0
Pb(N0 3) 2 + 4KHO + Cl2 = PbOa + 2KN0 3 + 2KC1 + 2H2 0
Pb 3(P0 4) 2 + 12KHO + 016 = 3PbOa + 2K 3(P0 4 ) + 6E01 + 6Ha O

Hg' k. Becomes Hg" in acid and in alkaline mixture.
Sn" l. Becomes Sn'"' “ “ “

K2 Sn0 2 -f- 2KHO -f- 201 = K 2 Sn0 3 + 2EC1 + Ha O

As"' m. Becomes Asv in acid and alkaline mixture.
Sb'" n. Becomes Sbv “ “ “

Bi'" o. Becomes Biv in alkaline mixture only.
2BiCl3 + 10KHO + 401 = Bi20 6 + 10KC1 + 5HaO

Mn" p. Becomes MnO, in alkaline mixture only, and after passing the chlo-
rine gas for three or four hours a large portion becomes KMn04 .

Co" q. Becomes Co2 03 in alkaline mixture only.

Ni" r. Becomes “ “

Cr"' s. Becomes CrVI (a chromate) in alkaline mixture only.
Fe" t. Becomes Fe'" in alkaline and acid mixture, but is further oxidized to

K2Fe0 4 only in alkaline mixture.

HYDROCHLORIC ACID.
821. For some properties ofhydrochloric acid consult 820 a.

HCIO a. Forms chlorine and water. HCIO -f- HC1 == Cl3 -j- HaO.
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HC103 b. Gives chlorine, and a varying amount of the several oxides of
chlorine [Stover's Quantitative Analysis, 119].

HBrO s c. In very dilute solution, no action.

HIO, d. In dilute solution, no action. If concentrated, yellow chloride of
iodine is formed, not taken up by carbon disulphide.

e. In all cases where metals are dissolved in hydrochloric acid, hydrogen
is evolved. In such cases it is an oxidizing agent, the chlorine of
the acid not changing its bonds, but the hydrogen is changed
from combined, in which it is plus, to free hydrogen, where it
has no bonds, thereby losing one bond.

For its action on oxides see 820 i.

Pb3 0 4 and Pb02 f. Form plumbic chloride and chlorine.
Mn g. All compounds of manganese having more than two bonds are reduced

to the dyad, with evolution of chlorine. If, the solutions are
dilute this change is preceded by formationof manganeseperoxide
[& U. Pickering, Jour. Client. Society, 35, 654].

Co and Ni h. Cobaltic and nickelic oxides are changed to cobaltous and
nickelous chlorides, with evolution of chlorine.

Fe VI i. With the exception of ferrates, as K2Fe0 4> which forms ferric
chloride, the compounds of iron are not reduced.

CrVI
. Forms chromic chloride, and chlorine is evolved.

HYPOCHLOROUS ACID.
822. The oxidizing power of this acid is, in general, the same as that

of free chlorine.

CHLORIC ACID.
823. a. Chloric acid for the following operations may be easily made, by

adding to barium chlorate just enough sulphuric acid to precipitate all the ba-
rium as a sulphate.

It is a strong oxidizing agent, becoming free chlorine mixed with various
oxides of chlorine. If the reducing agent is used in excess, hydrochloric acid
is the final product, but in the operation much of the chlorine escapes into the
air.

HBr b. Forms bromine.
I c. Forms iodic acid.
HI d. Forms first iodine, then iodic acid.
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HCyS e. Forms first a red compound of unknown composition, then hydrocy-
anic and sulphuric acids.

H4FeCy B f. Forms first hydroferricyanic acid, which may be further oxi-
dized.

H3FeCy6 g. Chloric acid acts upon potassium ferricyanide, forming potassium
superferricyanide, K aFeCy 6

.

6K3FeCyB + KC103 + 6HC1 = 6KaFeCy 6 + 7KC1 + 3Ha O
[Z. H. SJcraup, Liebig’s Annalen der Chemie, 189, 368]. In
this salt the iron has four bonds.

Sn" h. Forms Sn"". Proof: After adding excess of potassichydrate it does
not decolor potassium permanganate.

AS'" ;. Forms arsenic acid. Proof, same as above.

Fa" l. Becomes Fe"'.

BROMINE.
824. a. Bromine as an oxidizing agent is intermediate in strength between

chlorine and iodine. In presence of acids it never acts as a reducing agent.
In oxidizing it becomes Br-'

; that is, hydrobromic acid or a bromide.
The tests for hydrobromic acid are given in 532, 541.
A good method of proving the absence of free bromine is the addition of

potassium iodide with carbon disulphide.
HI b. Forms iodine and hydrobromic acid. In presence of potassium hydrate

forms potassium iodate and bromide.

HCyS c. Forms hydrocyanic, hydrobromic, and sulphuric acids.

H 4FeCy 6 d. Forms hydroferricyanic and hydrobromic acids.
For classified statement of the action of chlorine, bromine, and iodine

upon metallic forms, see 820 h, i.

Pb" /. Forms Pb0 2 and Br-' (a bromide). With fixed alkali only.
Hg' g. Forms Hg" and a bromide, in alkaline and acid mixture.

Sn" h. Forms Sn"" and Br-' (a bromide). With fixed alkali and with acids.
Proof: After addition of potassium hydrate, potassium permanganate

is not decolored.

Sb'" i. Forms Sbv and Br-' (a bromide), with fixed alkali and with acids.
Proof same as above.

As'" j. Forms As v and Br-' (a bromide).
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Mir ' lc. Forms Mn02 and Br- ' (a bromide), with fixed alkali. Not with acids.
Co l. Forms Co2(OH) 9 and Br- ' (a bromide), “ “

Ni m. Forms Ni 2(OH) 9 and Br-' “
.

“

Fe" n. Forms Fe'" and Br-' with fixed alkali and with acids.
In presence of fixed alkali, not with acids, it forms K„Fe0 4 .

Cr"' o. Forms CrVI and Br- ', with fixed alkali and not with acids.

HYDROBROMIC ACID.
825. For general action see 820 i. and 532.

HBr0
3 a. Forms Br° and water, all the bromine being liberated from both

acids.
HI0

3 b. Forms iodine and bromine.

Pb0 2 c. Forms PbBr2 and Br°.
Mn d. All compounds of manganese having more than two bonds are reduced

to the dyad, and bromine is evolved.
Co'" e. Co'" and Br- ' forms Co" and Br°.

Ni'" f. Ni'" and Br-' forms Ni" and Br°.
CrVI g. CrVI and Br-' forms Cr'" and Br°.

BROMIC ACID.*
826. Free bromic acid is so very instable that it is difficult to experiment

with.

HI a. Forms free iodine and free bromine.

HCyS b. Forms HCy, H 2SQ 4, HBr.

H.FeCy 6 c. Forms hydroferricyanic and hydrobromic acids.

Hg' d. Forms Hg" and Br- ' (a bromide).

Sn" e. Forms Sn"" and Br-'. Proof: Does not decolor KMn0 4 after add-
ing excess of KHO.

Sb'" f. Forms Sbv and Br - '. te “ “

As'" g. Forms Asv and Br-'. “ “ “

Fe" h. Forms Fe'" and Br-'.
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IODINE.

827. For the action of iodine upon the substances which precede it in the
list given in 806, see the pi’eceding paragraphs.
H 4FeCy„ a. Iodine is decolored by potassium ferrocyanide, and some potas-

sium ferricyanide and potassium iodide are formed. The action
is slow, and never complete [Gmelin’s Hand-book, 7, 459J.

Hg' b. Forms Hg" and I - ' with fixed alkali or with acids.

8n" c. Forms Sn"" and It* u “ “

Sb'" d. Forms Sbv and I-' [Mohr, Titrirmethode, 1870, 276].
As'" e. In alkaline mixture gives I-' and As v

.

Mn" /. Forms MnO„ and I-', with fixed alkali, not with acids.

Co" g. Forms Co2 03 and I-' “ “ 11

Fe" h. Forms Fe'" and I-' “ “ “

Cr'" i. Forms CrVI and I-' “ “ u

Ni" j. The bonds of Ni" are not changed by iodine.

HYDRIODIC ACID.

828. See 820 i.
HI03 a. Liberates all the iodine from both acids.

H3FeCy„ b. Forms hydroferrocyanie acid and free iodine. The action is
never quite complete.

Pb"" c. Formrs Pb" and free iodine.
Asv d. Forms As " and free iodine.

Sbv e. Forms Sb'" and free iodine (423).
Cu" f. Forms Cu' and free iodine (270).
Mn g. All compounds of manganese having more than two bonds are reduced

to the dyad. If dilute hydriodic acid with KMnO
(

is used,
manganese peroxide is first formed, and if the permanganate is
in great excess potassium iodate is formed [G. M. Donald,
Amer. Jour. Pharmacy (3), 17, 393].

Co'" h. Forms Co" and free iodine.

828. See 820 i.
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NT'" i. Forms Ni" and free iodine.
/

Fe'" j. Forms Fe" and free iodine.
CrVI h. Forms Cr'" and free iodine. •

IODIC ACID.
829. The action of iodic acid upon the other acids has already been given.

HCyS a. Forms hydrocyanic and sulphuric acids and free iodine.

H4FeCy 6
b. Forms hydroferricyanic acid and free iodine.

Sn" c. Forms Sn"" and an iodide.
Proof: After addition of potassic hydrate does not decolor potassium

permanganate.

Sb'" d. Forms Sbv and free iodine. Proof as above.

As'" e. Forms Asv and free iodine. Proof as above.

Fe" /. Forms Fe'" and free iodine.

HYDROCYANIC ACID.
830. In dilute solutions hydrocyanic acid is not readily oxidized, although

some of the stronger, concentrated oxidizing agents decompose it. The pro-
ducts formed have not been thoroughly investigated.

THIOCYANIC OR SULPHOCYANIC ACID.
831. For action of this upon other acids see 811 to 829. It is quite

instable. On being liberated from its salts it is soon resolved into hydrocy-
anic and persulphocyanic (H2 Cy2 S 3 ) acids. 3HCyS = HCy H 2Cy 2S 3

[ Watts' Dictionary, 4, 378].
Pb02 a. Forms Pb" and sulphuric acid. In acid mixture only [E. A. Ha-

doiv, Jour. Chem. Society, 11, 174].

H,AsO, b. Forms As'" hydrocyanic and sulphuric acids.

Mn02 c. Forms Mn" and sulphuric acid. In acid mixture only.
/

Mnvn cl. Forms Mn", and in acid mixture, hydrocyanic and sulphuric acids.
In alkaline mixture, cyanic, HCyO, and sulphuric acids are pro-
duced [ Wurtz’s Dictionnaire cle Ghimie, 3, 95].

Co'" e. Forms Co", hydrocyanic and sulphuric acids.
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Mi " f. Forms Ni", hydrocyanic and sulphuric acids.
CrVI g. Forms Cr'", hydrocyanic and sulphuric acids.

HYDROFERROCYANIC ACID.

832. The action of this upon the other acids is given in 806.

PbOa a. With sulphuric acid forms Pb" and hydroferricyanic acid.

Ag' b. With fixed alkali, forms potassium ferricyanide and metallic silver.
MnOa c. With phosphoric acid, gives Mn" and hydroferricyanic acid.

MnVM d. Forms with potassium hydrate Mn02 and potassium ferricyanide.
With sulphuric acid, manganous sulphate and hydroferricyanic
acid.

Co'" e. With phosphoric acid, forms Co" and hydroferricyanic acid.

Mi"' f. With acetic acid, gives Mi" and hydroferricyanic acid.

CrVI g. With phosphoric acid, gives Cr"' and hydroferricyanic acid [Schon-
bein, Jour, fur Prakt. Chemie , 20, 145].

HYDROFERRICYANIC ACID.

83a. F or the action of this acid upon others, see those acids in preceding
paragraphs.

Pb" a. With potassium hydrate, forms PbOs and potassium ferrocyanide
[ Watts’ Dictionary, 2, 248].

Sn" b. With potassium hydrate, forms potassium stannate, K 2SnOs, and
potassium ferrocyanide [ Watts' Dictionary, 2, 248].

Mn" c. With potassium hydrate, forms MnOa and potassium ferrocyanide
[Boudault, Jour, fur Pralct. Cliemie

, 36, 23],
Cr'" d. Forms in alkaline mixture a chromate and a ferrocyanide [Boudault,

Jour, de Pharmacie (3), 7, 437].

LEAD OXIDE.

834. The reducing action of Pb" upon acids has already been given.
Sn" a. In alkaline mixture becomes Sn"", and metallic lead is formed.

Mn vn b. Produces a black precipitate containing both lead and manganese.
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LEAD PEROXIDE.

835. For action of peroxide of lead upon acids, see preceding paragraphs.

Hg' a. In acid mixture, changing Pb"" to Pb", and Hg" is formed.

Sn" b. In acid mixture Pb"" becomes Pb", and in alkaline it is reduced to
metallic lead, Sn"" being formed.

*

As'" c. In alkaline and acid mixture becomes As v and Pb".

Mn" d. In alkaline mixture gives Mn"" and Pb", which uniting with excess
of peroxide forms Pb0 2 4Mn03 [Gibbs and Parkman, Amer.
Jour, of Science (2), 39, 58].

ha acid mixture forms permanganic acid.

Fe" e. In acid mixture changes Pb"" to Pb", and Fe'" is formed.

Cr'" f. In alkaline and acid mixture, Pb"" becomes Pb", and Cr'" becomes
CrVI

.

SILVER OXIDE AND SALTS.

836. For action of acids on silver salts see 813-835.

Hg' a. Forms metallic silver in acid and alkaline mixture [Gmelin-Kraut,
Handbuch der Chemie, 3, 127],

As'" b. In alkaline mixture forms metallic silver, and an arsenate.

Sb'" c . In alkaline mixture forms argentous oxide, Ag40, and Sbv [Bunserb\.
Gu' d. Becomes Cu", and metallic silver is formed [H. Pose, Jour, fur

Prakt. Chemie, 71, 407]. •

Mn" e. In neutral and ammoniacal mixture forms Ag40 and Mn s Oa [H.
Rose, Jahresberichtefur Chemie, 1857, 252],

Co" f. Forms in neutral and ammoniacal mixture Ag 40 and Co3
Oa [H.

Rose, Chemical Gazette, 15, 365].
Fe" g. In slightly acid solution, metallic silver is formed and Fe'". In am-

moniacal mixture Ag 40 [H. 'Rose, Jahresberichte fur Chemie,
1857, 252].

Cr'" h. With potassium hydrate, gives metallic silver and potassium chro-
mate.
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MERCUROUS OXIDE.

837. Precipitated mercury is a little lighter in color than mercurous oxide,
but when mixed with it is very difficult to identify in the presence of water.
The method usually given is to digest with hydrochloric acid, and rub with a

glass rod. A very tedious and unsatisfactory method if another precipitate,
and especially mercurous oxide, is mixed with it.

A very good method is to permit it to settle, and decant, until thoroughly
washed, then place in an evaporating dish and dry at a low temperature. The
mercury will immediately collect in visible globules.

Sn" a. In presence of acids and alkalies gives metallic mercury and Sn"".
As'" b. In alkaline mixture, gives metallic mercury and Asv

.

Sb'" c. In strong alkaline mixture, gives metallic mercury and Sb*'.

KMnO
(

. d. In acid mixture, gives Mn" and Hg".
In alkaline mixture, gives Hg", and first a green manganate, Mnvl

,

and finally Mn".

Cr'" e. In alkaline mixture gives metallic mercury and Cr VI
.

MERCURIC OXIDE.

838. For action of mercuricum upon other substances, see preceding para-
graphs.

Sn" a . In acid and alkaline mixture, first mercurous oxide, then metallic
mercury and Sn"".

As'" b. In alkaline mixture, gives first Hg', then Hg° and Asv
.

Sb'" c. In very strong alkaline mixture, gives first Hg', then Hg° and Sbv
.

Fe" d. In alkaline mixture, gives Hg' and Fe'".

Cr'" e. In alkaline mixture, gives first Hg', then Hg° and a chromate.

STANNOUS OXIDE.
839. For reaction of stannous oxide with acids, see preceding paragraphs.

As'" a. With strong hydrochloric acid, elemental arsenic and stannic chloride
are formed.

Asv b. First Sn"" and As'" is formed, then as above.

Bi'" c. In alkaline mixture, gives Sn"" and BiO.
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Cu" d. In acid mixture forms Cu', in alkaline metallic copper and Sn"" [E.
Lenssen, Jour,fur Pralct. CJiemie, 79, 90].

Cd e. In alkaline mixture, gives metallic cadmium and Sn"".
Mnvn /. In acid and alkaline mixture, gives Sn"", and In".

Fe"' g. In acid mixture, changes Fe"' to Fe", and Sn"" is formed.
CrVI h. In acid and alkaline mixture, gives Sn"" and Cr"'.

840. Stannic Compounds. See 813, 814, 820, 822, 823, 827, etc.
841. Antimonious Compounds. See 814, 820, 824, etc.

Mn a. In acid mixture, all compounds of manganese having more than two
bonds are changed to the dyad, Sbv being formed. In alkaline
mixture the result is the same, except that a residue remains,
probably Mn 30 4 .

Ni'" b. In alkaline mixture becomes Ni".
Cr VI c. In alkaline and acid mixture, gives Cr'" and Sbv

.

842. Antimonic Compounds. See 814, 820, 824.
843. Arsenious Compounds. See 814, 815, 820, 824, 827, etc.

Cu" a. In alkaline mixture, As'" becomes As v
, and Cu' is formed.

Mnvn and Mn"" b. In acid mixture both are changed toMn", Asv being formed.
In presence of alkalies a precipitate remains, which is perhaps
manganese arsenate.

Co
3
0

3 c. In acid mixture, gives Asv and Co".
Ni„03 d. In acid and alkaline mixture, gives Asv and Ni".
CrVI e. In acid and alkaline mixture As'" becomes Asv

,
and Cr'" is formed.

Arsenious Hydride.

HNO,. Forms arsenious and arsenic oxides and nitric oxide.*

HNO a. Forms arsenious and arsenic oxides and nitric oxide.\

H3S03 . Forms elemental arsenic, and probably a “ lower sulphide ” of
arsenic.* ’ -

* H. B. Parsons, Chemical News, 35, 235.
t Gmelin’s Hand-hook of Chemistry, 4, 262.
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H3S04 . Forms elemental arsenic and sulphurous anhydride, f
Later arsenious oxide and hydrosulphuric acid.J

Cl Arsenious and arsenic oxides and hydrochloric acid.f
Br Arsenious and arsenic oxides and hydrobromic acid.f
I Arsenious oxide and hydriodic acid.f

HI03
Arsenious oxide and iodine.*

HMnO, In neutral solution, arsenic and manganic oxides. In acid solution,
arsenious and arsenic oxides and manganous salt. In alkaline
solution, arsenious and arsenic oxides, and manganic oxide.*

HCrQ
4 In alkaline solutions, elemental arsenic and chromic oxide.*

844. Arsenic Compounds. See 811, 815, 817, 828, 831.

845. Bismuth Compounds. For the reactions of bismuth, see 820 and
839.

848. Copper Compounds. §

Cr"' a. In alkaline mixture Cu3
0 is precipitated, and a chromate is formed.

Fe" 5. In acid mixture, Cu' and Fe'" are formed; in alkaline, metallic cop-
per separates.

847. Manganous Compounds. See 820, 824, 827, etc.

848. Manganese Peroxide. See 815, 817, 818, 821, 825, 828, 831, etc.

849. Permanganates. §

Co" c. In alkaline mixture MnOa and Co 203
are formed.

Ni" d. In alkaline mixture Mn0 2 and Ni 2 Os are formed.

Fe" e. In acid mixture gives Mn" and Fe'".
850. Cobaltous Compounds. See 820, 824, 827, etc.

851. Cobaltic Compounds. See 811, 815, 817, 818, 821, 825, 828.
852. TTickelous Compounds. See 820, 824, etc.

853. Nickelic Oxide. See 811, 815, 817, 818, 821, 825, 828.

* H. B. Parsons, Chemical News, 85, 235.
t Gmelin’s Hand-book of Chemisti'y, 4, 262.
$ Watts’ Dictionary, Supplement, 1, 218.

■ § For other reactions of these substances, seepreceding paragraphs. '
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854. Ferrous Compounds. See 813, 814, 820, 823.

855. Ferric Compounds. See 815, 817, 818, 828, 839.

856. Chromic Compounds. See 820, 824, 827, 835.
857. Chromic Acid. See 811, 813, 815, 817, 818, 825, 828, 831.

PRECIPITATION OF METALS BY METALS.
858. Metals frequently precipitate other metals from their solutions. Thus,

in this list Au, Pt, Ag, Hg, Cu (Pb and Sn), Co, Cd, each metal precipitates all
those which precede it, and is precipitated by all those which follow. Lead
and tin precipitate all those which precede, and are precipitated by all those
which follow; neither precipitates the other completely. Further, all in the
list are precipitated by Zn, Mg, Al, K, and Na. Iron precipitates copper,
and those which precede, but is only partially precipitated by those which
follow, owing to its tendency, when in a finely divided state, to take up
oxygen.

859. Nascent hydrogen, produced by action of acids upon metals, by
action of water upon sodium amalgam, or by potassium or sodium hydrate
upon metallic aluminium, reduces many acids. For example : Iodic becomes
hydriodic or an iodide, in acid and in alkaline mixture. In the same way
bromic and chloric acids are reduced to bromides and chlorides, and hydro-
ferricyanie to hydroferrocyanie. In acid mixture, thiocyanic and sulphurous
acids are reduced to hydrosulphurie, and hypophosphorus to PH 3 .

EQUATIONS.
860. It is recommended that the student write all the equations represent-

ing the reactions given in this part. Below are given a few examples, which
he should balance according to the principles given previously, using rule given
in 810. It will be seen that in many cases an oxidizing agent is made to act upon
two reducing agents, both in the same salt. Thus, in the 4th, the ferrosum and
the hypophosphorous acid are both oxidized, and in the 8th both the mercu-
rosum and the arsenious acids are oxidized, while in the 15th both the copper
and arsenic are reduced.

It is to be understood that the right-hand ingredients are to be used in
excess, or in as great quantities as may be necessary to fully oxidize or reduce
the first ingredients. It is also recommended that the teacher extend this list
to several hundred for class use.

EQUATIONS.

1. Pb 30 4 4- Mnj(P0 4)3 + HNOs

2. Fel2 4 HNOa

3. BaH4(P0 2) 2 4 ENOs 4 H2 S0 4

4. FeH4(P0 2 ) 2 + HNOs

5. Pb 3(As0 3) 2 + KOH + Cl

6. Pb 3(As0 3) 2 + Cl + HoO 4- HC1
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7. Hg6(As0 3 )2 4- KOH 4- Cl

8. Hg6(As0 3 ) 2 4- Cl 4- H2 0 4- HC1

9. Cr2(N0 3 )a 4- Pb02 + KOH

10. FeS0 3 -f- KOH -f Cl

11. Pbl 2 -j- KOH + Cl

12. Mn3(As0 3 )2 -f KOH + Cl

13. NiH 4(F0 2 )„ -f KOH + Cl

14. HgS0 3 4- Zn 4- HC1

15. Cu 3(As0 4 ) 2 -f HI

16. Bi(CyS) 3 4- A1 4- HC1

17. Fe 2(As0 4 )2 4- HC1 + H.3
18. PbSOs 4- HaO 4- Cl

19. Hg 2C 2 04 4- KOH -f Cl

20. SnS -f H2 0 4- Cl

21. CdSOs 4- Zn 4- HC1

22. MnS0 3 4- H2 0 -f Cl

23. MnS0 3 + KOH + Cl

24. Cr2(S0 3 )s + KOH 4- Br

25. Cr2 H 12(P02 )6 + Cl 4- H2 0

26. Cr2H 12(P0 2 )8 4- KOH 4- Cl

27. Cr2I 0 + KOH -f Cl

28. Cr2I 6 + KOH 4- Br
29. Pb(CyS) 2 4- KOH -f Cl

30. Pb(CyS)2 4- H2 0 4- Cl *

31. Ba(CyS) 2 4- Cl + H2 0

32. Znl 2 -f KOH + Br

33. Znl2 -f KOH + Cl

34. Fel 2 -f KOH + Cl

35. Fel2 + KOH + I

36. Fb 3(As0 4)2 + C -f- fusion

37. Able -f A1 2(I0 3)6 + H3F0 4

38. K 2Cr2 0 7 + KN0 2 -f H3P0 4

39. SrS03 -f H2 0 -f Cl

40. Sr(CyS) 2 4- Ha O -f- Cl

41. K2Fe0 4 4- Zn 4- H3P0 4

42. Hg 3(As0 4 ) 2 4- H3P02

43. Fe 2(As0 4) 2 4“ H3F0 2

44. Ni2(OH) 0 4- Zn -f H 2 S0 4

45. MnO] + A1 4- H2 S0 4

46. Fe 2(As0 4) 2 + K 2 S 4~ HC1

47. Fe 2(As0 4 )2 -f- A1 4- HC1

48. FeS0 3 4- A1 4- KC1

49. K 2 Sn0 2 -f- BiCl3 4- KOH

50. Cu3(As0 4 ) 2 4- HI

51. Hg 6(As0 3 ) 2 4" KOH 4" Br

52. Cu(I03 )2 4- HI

53. PbCr0 4 4- HI

54. Cu(N03 ) 2 4~ Bal2 4~ H 2 S0 4

55. AgMn04 4- H 2 S

56. PbH 4(P0 2 )2 4- Zn + H2 S0 4

PROBLEMS IN SYNTHESIS.
801. For the sake of more thorough drill in the principles of oxidation, a

few problems are here given; a part of them the student should practically
work at his table, but they are chiefly designed for class exercises. Special care
should be taken that a pure product be formed, and that the ingredients be
taken from the sources indicated. Thus, in the 81st, the chlorine for the am-

monium chloride must be obtained from silver chloride, and the nitrogen of
potassium nitrate must be converted into ammonia, and then united with the
chlorine, and the product purified.
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The student is not to suppose that these problems represent operations that
are financially profitable, but merely chemical possibilities, and their solution
will compel an accurate comprehension of a great variety of important prin-
ciples. It is recommended that the teacher increase the number of these; an
ordinary class may with profit discuss from three to five hundred.
1. Make pure mercuric bromide, from mercurous chloride and aluminic bromide.
2. “ chromic chloride, “ potassium chromate “ hydrochloric acid.
3. “ arsenic acid, “ potassium arsenite.
4. “ potassium arsenate, “ potassium arsenite “ potassium hydrate.
5- “ plumbic nitrate, “ plumbic chloride “ zinc nitrate.
6. “ mercurous nitrate, “ mercuric chloride “ bismuth nitrate.
7. “ mercurous oxide, “ mercuric oxide.
8. “ mercuric bromide, “ metallic mercury “ potassium bromide.
9. “ mercuric bromide, “ metallic mercury “ silver bromide.
10. “ lead nitrate, “ lead dioxide “ potassium nitrate.
11. “ mercurous phosphate, “ phosphoric acid “ mercuric chloride.
12. “ barium sulphate, “ lead sulphide “ barium hydrate.
13. “ bar’in hypophosphite, “ calc’m hypophosphite “ barium chloride.
14. “ lead chromate, “ chromic chloride “ lead sulphate.

15. “ chromic chloride, “ potas. acid chromate “ silver chloride.
16. “ barium chromate, “ chromic chloride “ barium sulphate.

17. “ mercuric chromate, “ mercuric sulphide “ chromium nitrate.
18. “ chromium sulphate, “ potas. acid chromate “ bismuth sulphite.
19. “ . phosphoric acid, “ sodium phosphate.
20. “ phosphorus, “ calcium phosphate.
21. “ leadiodate, “ lead sulphate “ potassium iodide.
22. “ silver iodate, “ silver bromide “ potassium iodide.
23. “ ferric arsenate, “ ferrous sulphide “ arsenious acid.
24. “ mercuric bromide, “ mercuric sulphide “ lead bromide,
25. “ ammonium sulphate, “ potassium nitrate “ sulphur.
26. “ ammonium chloride, “ lead nitrate “ silver chloride.

27. “ sodium chloride, “ sodium sulphate “ silver chloride.

28. “ “ sodium phosphate.
29. “ lead sulphide, “ triplumbic tetroxide “ bismuth thiocyanate.

30. “ ferrous sulphite, “ ferrous chloride “ barium sulphate.
81. “ ammonium chloride, “ potassium nitrate “ silver chloride.

32. “ mercurous nitrate, “ mercuric chloride “ potassium nitrate.
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33. Make pure potassium sulphate, from sodium sulphite and potassium nitrate.
34. “ mercurous chloride, “ mercurous sulphide “ ferric chlorate.

35. “ potassium iodide, “ potassium chloride “ sodium iodate.

36. “ sodium iodate, “ sodium chloride “ potassium iodide.

37. “ sodium phosphate, “ potassium phosphate “ sodium chloride.

38. “ potassium bromide, “ silver bromide “ potassium chloride
39. “ potassium chloride, “ silver chloride “ potassium bromide
40. “ strontium nitrate, “ strontium sulphate “ mercurous nitrate.
41. “ mercurous sulphide, “ mercuric bromide “ potassium sulphite.
42. “ potassium sulphate, “ sodium sulphate “ potassium hydrate.
43. “ sodium sulphate, “ potassium sulphate “ sodium hydrate.
44. ■“ potassium chromate, “ chromic chloride “ potassium hydrate
45. “ potassium iodide, “ sodium iodate “ potassium nitrate.
46. “ sodium iodate, “ potassium iocude sodium nitrate.
47. “ potassium chloride, “ sodium chloride “ potassium nitrate.
48. “ potassium carbonate, “ oxalic acid “ potassium chloride.
49. “ ammonium sulphate, “ potassium nitrate “ sodium sulphide.
50. “ manganese peroxide, “ lead permanganate.
51. “ arsenious sulphide, “ lead arsenate “ potas’m thiocyanat
52. “ arsenious sulphide, “ lead arsenate “ potassium sulphite.
53. “ arsenious sulphide, “ silver arsenate “ barium sulphate.
54. “ potassium nitrite, “ sodium nitrite “ potassium chloride.
55. “ lead ferrocyanide, “ cupric ferrocyanide “ metallic lead.
56. “ arsenic acid, “ arsenious sulphide.
57. “ lead sulphide, “ lead sulphate.
58. “ silver iodate, “ silver iodide.
59. “ stannous chloride, “ stannic bromide and silver chloride.
60. “ sodium sulphite, “ sodium sulphate.
61. “ sodium iodide, “ sodium iodate.
62. “ lead sulphide, “ lead sulphite.
63. “ lead sulphite, “ lead sulphide.
64. “ sulphuric acid, “ arsenious sulphide.
65. “ cadmium sulphite, “ cadmium sulphate.
68. “ ferrous sulphide, “ ferric sulphate.
67. “ cadm’rn ferrocyanide, “ cadmium ferricvanide.
68. “ stannous chloride, “ stannic sulphide and mercuric chloride.
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69. Make pure ferric bromide, from ferrous sulphide and silver bromide.
‘ mercuric bromide, “ mercurous chloride “ silver bromide,

mercurous sulphide, “ zinc thiocyanate “ metallic mercury,
ammonium chloride, “ silver nitrate “ mercurous chloride.

73. “ barium carbonate, “ calcium oxalate “ barium chloride.
“ sodium hydrate, “ sodium aluminate.

75. “ potassium hydrate “ potassium stannate.

862. A few general principles are here given to aid the student in solving
the preceding problems.

For the sake of brevity, the term all salts is frequently used, and it is to
be understood that this does not include those of the rarer metals, but merely
those of Pb, Ag, Hg', Hg", Sn", Bi, Cu", Cd, Zn, Al, Co", Ni, In", Fe",
Fe'", Cr'", Ba, Sr, Ca, Mg, Na, and K. It must be borne in mind that the
methods given are not always the best, but those only are chosen which involve
principles ofuniversal application. Should one desire in each case to learn the
most economical method, in all its details, used by the manufacturer, he is
referred to the works upon chemical technology.

OXALATES.

863. a. Oxalates are formed by treating the oxide, hydrate, or carbonate
with oxalic acid. In this manner may be made all oxalates (862).

i. By adding oxalic acid to some soluble salt of the metal. In this man-
ner all oxalates (862) may be made except alkali, magnesium, chromic,
ferric, aluminic, and stannic oxalates, which are not precipitated. Antimonious
salts are precipitated, but the precipitate is basic.

c. Alkaline oxalates will precipitate the same solutions as oxalic acid, but
many of the precipitates are soluble in excess of the alkaline oxalate, and, as a
rule, the salt found is a double one, e.g., AgNH 4C2 04 . The fourth group
metals are well-defined exceptions to this rule—their precipitates, formed by
this method, being normal oxalates.

d. Some of the metals when finally divided are attacked by oxalic acid,
hydrogen being evolved.

CARBONATES.

864. All the metals, in list 862, can be converted into carbonates, except
antimony, tin, aluminium, chromium, and ferricum.

a. The alkaline carbonates precipitate solutions of all other metals, the pre-
cipitate with antimony salts is an oxide. With tin, aluminium, chromium, and
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ferricum it is a hydrate; with silver salts, mercurous, cadmium, manganese,
ferrous, and salts of the fourth group metals, it is a normal carbonate. In other
cases the precipitate is a basic carbonate.

b. The above carbonates may also be made by passing carbonic anhydride
into the moist hydrate. Dry carbonic anhydride in no case combines with dry
oxides.

NITRITES.

805. The nitrites are all soluble ; the silver and lead salts sparingly.
Nitrite ofpotassium may be made by fusion from the nitrate, oxygen being

evolved, or by passing peroxide of nitrogen, into potassium hydrate.
Silver nitrite can be made from this by precipitation, and purified by recrys-
tallization. *

Basic lead nitrite can be made by boiling lead nitrate with metallic lead.
The other nitrites are made by transposition; adding to silver nitrite, the
chloride of the metal, which we wish to change to a nitrite, care being taken
to add just enough. The nitrites of mercurosum, tin, antimony, bismuth,
aluminium, iron, and chromium have not been made.

NITRATES.
808. Nitrates are all soluble.

,
a. They are formed by the action of nitric

acid upon metals, as described in 814. b. By dissolving the oxides, hydrates,
or carbonates of the metals in nitric acid. Mercurous, stannous, manganous,
and ferrous nitrates should not be evaporated to expel excess of nitric acid,
since a higher metallic form would result. The crystals may be washed in
cold water, to free them from the uncombined acid. All nitrates are decom-
posed by heat; a few, the alkalies and alkaline earths, first evolve oxygen and
form nitrites, afterward a mixture of oxygen and nitrogen, leaving the oxides;
others, either free nitric acid or a mixture of the oxides of nitrogen, until only
the oxide of the metal remains. There are two exceptions, silver and mercury,
in which cases only the free metals remain.

807. HYPOPHOSPHITES.

a. The hypophosphites are prepared by neutralizing the acid with bases ;

b, by double decomposition, adding the sulphates to barium hypophosphite.
All the metals (862) form hypophosphites except mercurosum, copper, and
tin. The silver and ferric salts are not very stable.

PHOSPHATES.

803. Phosphates can be made by adding phosphoric acid to the oxides,
hydrates, or carbonates of the metals ; but by this method it is usually diffi-
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cult to add just a sufficient amount to make the normal salts. It is better to
make them by precipitation. The normal silver, mercurous, bismuth, cadmi-
um, zinc, manganous, cobaltous, nickel, and chromic phosphates are made by
adding disodic hydric phosphate to solutions of the respective metals. A part
of the acid with which the metal was combined is set free. Cupric and ferrous
phosphates require the metallic solution to be added to the disodic hydric
phosphate. (The reverse process gives some dimetallic phosphates.) Lead,
aluminium, and ferric salts must be made from the acetates; mercuric from the
nitrate (not chloride). The stannous salt made by precipitation from chloride
contains stannous chloride, and the antimony salt is very basic. Disodic
hydric phosphate throws down the alkaline earth metals, as dimetallic. To
make the normal salts the trimetallic sodium phosphate should be used. The
dimetallicphosphates of barium, strontium, and calcium may be made normal
by addition of ammonium hydrate, but the magnesium salt, by this treatment,
becomes MgNH 4P0 4 . The phosphates are all soluble in phosphoric acid
except the lead, mercurous, and bismuth salts.

SULPHIDES.

869. The sulphides of the first three groups, as also the method of making
them, are too familiar to require description. The sulphides of the alkaline
earths are usually made from the sulphates by fusion with charcoal. They
are partially decomposed by water.

SULPHITES.
870. The sulphites are usually made by action of sulphurous acid upon the

oxides or hydrates of the metals. They are normal, except mercurous, which
is acid, and chromium, aluminium, and copper, which are basic. Sulphurous
acid precipitates solutions of metals of the first and second groups, except cop-
per and cadmium.

The sulphites of the alkalies precipitate solutions of the other metals except
chromium salts; and some normal sulphites may be made in this manner.
The sulphites of silver, mercury, copper, and ferricum (known only in solution)
are instable, the sulphurous acid becoming sulphuric at the expense of the
base, which is reduced to a form having a less number of bonds. With the
instable stannous sulphite the action is the reverse. (See 818.) All sulphites
by exposure to the air slowly absorb oxygen, and are partially converted into
sulphates.

SULPHATES.

871. Sulphates are made, a, by dissolving the metals in sulphuric acid,
819 ; l, by dissolving the oxides or hydrates; c, by displacement. All salts
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containing volatile acids are displaced by sulphuric acid and a sulphate formed
(except the chlorides of silver, mercury, and tin). The excess of acid may
generally be expelled by evaporation, or the crystals washed with cold water
or alcohol.

The insoluble sulphates are best made by precipitation.

CHLORIDES.
872. Chlorides may be made, a, by direct union of the elements, mostly

without heat. Whether an ous or ic salt is formed depends upon the amount
of chlorine used. b. By the action of hydrochloric acid upon the correspond-
ing oxides, hydrates, carbonates, or sulphites, with the exception of antimony
and bismuth salts, which become basic. The solutions formed may be evapo-
rated to expel excess of acid. If the chlorides thus formed contain water of
crystallization it cannot be removed by heat alone, for part of the acid is by
this means driven off, and a basic salt remains. If the anhydrous chloride is
desired, it may always be made by a, and when thus formed may be
sublimed without decomposition, c. Chlorides of the first group are best made
by precipitation. Exception: Mercuric chloride does not precipitate lead
salts, d. Metals soluble in hydrochloric acid evolve hydrogen and form
chlorides. In these cases ous, and not ic, salts are formed.

CHLORATES.

873. Chlorates may be made by action of chloric acid upon the oxides,
hydrates, or carbonates of the metals, or by adding barium chlorate in mole-
cular proportions to soluble sulphates. By these methods all (862) the normal
chlorates may be made. The mercurous and ferrous salts are very instable,
and those of antimony, tin, bismuth, and manganese are not with certainty
known.

BROMIDES.
874. Metallic bromides may be made, a, like chlorides, 872, a, but the

action is less rapid, and in some cases heat is required; b, like chlorides, 872,
b, with the same precautions throughout; c, first group metals are best made
by precipitation. Mercuric bromide may be precipitated from mercuric
nitrate, but not from mercuric chloride. And, d, like chlorides, 872, d, but
fewer bromides can be made by this method.

IODIDES.

875. Metallic iodides may be made, a, like chlorides, 872, a. Iodine
unites less readily with metals than chlorine or bromine, but by the aid of
heat they may all be formed if the metal is finely divided.
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b. Like chlorides, 872, b. c. Iodides of the first group, and cuprosum, are

best made by precipitation, cl. Like 860, d, except that many of the heavy
metals are insoluble in hydriodic acid.

Cupric iodide is not known. Ferric iodide is known only in solution.

IODATES.
876. lodates are made by action of iodic acid on the oxides, hydrates, or

carbonates of the metals. In this manner are made the normal iodates of lead,
silver, mercury, bismuth, copper, cadmium, zinc, cobalt, nickel, manganese,
barium, strontium, and calcium. Other iodates may be thus made, but their
precise composition is not determined.
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APPENDIX.

SOLUBILITIES OP METALLIC SALTS.

I. THE SALTS OF EACH BASE.

Soluble in water.
Aluminium Acetate.

Bromide.
Chlorate.
Chloride.
Iodate.
Iodide (instable).
Nitrate.
Nitrite.
Silicofluoride.
Sulphate.
Sulphite.

' Suiphoeyanate.
Tartrate.

Insoluble in water.
Antimoniate.
Arseniate.
Borate (instable).
Hydrate.
Oxalate (sparingly soluble).
Phosphate.

Ammonium
All except those named in the

other column.

Antimonious Acetate.
Fluoride.
Tartrate.

Phosphomolybdate.
Platinic Chloride(very sparingly soluble),
Acid Tartrate (sparingly soluble).
Nitrophenate (sparingly soluble).

Arseniate.
Chromate.
Oxalate (sparingly soluble).
Oxide.
Phosphate.
Sulphide.
Sulphite.
Tannate,
Bromide,
Chloride,
Iodide,
Sulphate,

Soluble in diluteacid.
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Soluble in water.
Arsenious Oxide (sparingly).

Barium Acetate.
Bromide.
Chlorate.
Chloride.
Citrate.
Cyanate.
Ferricyanide (sparingly).
Ferrocyanide.
Hydrate paringly).
Iodide.
Nitrate.
Sulpharsenite.
Sulphides.
Sulphocyanate.
Thiosulphate (sparingly).

Bismuth Acetate.

Insoluble in water.
Bromide,
Chloride,
Iodide,

Decomposed.

Sulphide.

Carbonate.
Chromate.
Cyanide (sparingly soluble).
Iodate.
Manganate.
Molybdate.
Oxalate.
Phosphate.
Silicofluoride.
Sulphate.
Sulphite.
Tartrate.

•

Arseniate.
Borate.
Carbonate (basic),
Chromate.
Citrate.
Ferrocyanide.
Hydrate.
Iodate.
Iodide (decomposed).
(Basic) Nitrate.
Oxalate.
Phosphate.
Sulphide.
Tartrate.
Tannate.

Borate (sparingly soluble).
Carbonate.
Chromate.
Citrate (sparingly soluble)
Hydrate.
Oxalate.
Phosphate.
Sulphide.
Tartrate.

Bromide,
Chlorate,
Chloride,
Nitrate,
Sulphate,

Soluble in
acidulated,
decomposed
by pure
water.

Cadmium Acetate.
Bromide.
Chloride.
Iodide.
Nitrate.
Sulphate.
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Insoluble in water.
Antimoniate.
Arseniate.
Arsenite.
Borate (sparingly soluble).
Carbonate.
Citrate.
Ferrocyanide (Potassio).
Iodate (sparingly soluble).
Molybdate.
Oxalate.
Phosphate.
Sulphate (sparingly soluble).
Tartrate (sparingly soluble).

Carbonate.
Ferrocyanide.
Hydrate.
Oxalate.
Phosphate.
Sulphate (anhydrous).
Sulphate (Potassio).

Arseniate.
Hydrate.
Phosphate.

Antimoniate.
Arseniate.
Arsenite.
Borate.
Carbonate (basic).
Chromate (basic).
Cyanide.
Ferricyanide.
Ferrocyanide.
Hydrate.
Oxalate.
Phosphate.
Sulphide.

Antimoniate.
Arseniate.
Arsenite.

Soluble in water.
Calcium Bromide.

Chlorate.
Chloride.
Chromate.
Cyanide.
Ferricyanide.
Ferrocyanide.
Hydrate (sparingly).
Hypophosphite.
Iodide.
Nitrate.
Sulpharsenite.
Sulphides.
Sulphocyanate.
Thiosulphate.

Cerium Acetate.
Chloride.
Sulphate (hydrated).

•

Chromium Acetate.
Bromide.
Chloride.
Iodide.
Nitrate.
Oxalate.
Sulphate.
Sulphite.

Cobalt Acetate.
Bromide.
Chloride.
Iodide.
Nitrate.
Sulphate.
Sulphocyanate.
Tartrate.

Copper Acetate.
Chlorate.
Chloride.
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Soluble in water.
Copper Nitrate.

Permanganate.
Sulphate.
Sulphoeyanate.

Glucinium Chloride.
Sulphate.

Gold :

Auric Bromide.
Chloride.

Iron :

Ferrous Acetate.
Bromate.
Bromide.
Chlorate.
Chloride.
Citrate.
Iodide.
Nitrate.
Silicofluoride.
Sulphate.
Sulphoeyanate.
Thiosulphate.

Ferric Acetate.
Bromate.
Bromide.
Chlorate.
Chloride.
Citrate.

Insoluble in water.
Borate.
Carbonate (basic).
Chromate (basic).
Citrate (sparingly soluble).
Cyanide.
Ferricyanide.
Ferroeyanide.
Hydrate.
Todate.
Iodide (decomposed).
Iodide (cuprous).
Oxalate.
Phosphate.
Sulphide.
Sulphite (sparingly soluble).

Carbonates (basic).
Ferroeyanide.
Hydrate.
Phosphate.

Cyanide.
Iodide (decomposed).
Sulphide.

Antimoniate (slightly soluble
Arseniate.
Arsenite.
Borate.
Carbonate.
Cyanide.
Ferricyanide.
Ferroeyanide.
Hydrate.
Iodate (sparingly soluble).
Molybdate.
Oxalate,
Phosphate.
Sulphide.
Sulphite.
Tannate.
Tartrate (slightly soluble).

Antimoniate.
Arseniate.
Arsenite.
Borate.
Chromate (decomposed).
Ferroeyanide.
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Soluble in Water.
Iron :

Ferric Ferricyanide.
Iodide.
Nitrate.
Silicofluoride.
Sulphate.
Sulphite (instable).
Sulphocyanate.
Tartrate.

Lead Acetate.
Acetate (basic).
Chlorate.
Nitrate.
Nitrite.

Lithium Acetate.
Chlorate.
Chloride.
Chromate.
Citrate.
Hydrate.
lodate.
Iodide.
Nitrate.
Oxalate.
Sulphate.
Sulphide.
Tartrate.

Insoluble in Water.

Hydrate.
lodate (sparingly soluble).
Oxalate (slightly soluble).
Phosphate.
Sulphide.
Tannate.

Antimoniate.
Arseniate.
Arsenite.
Borate.
Bromate (sparingly soluble).
Bromide (sparingly soluble).
Carbonate (basic).
Chloride (sparingly soluble).
Chromate.
Citrate.
Cyanide.
Ferricyanide.
Ferrocyanide.
Fluoride (sparingly soluble).
Hydrate.
lodate.
Iodide (sparingly soluble).
Molybdate.
Oxalate.
Phosphate.
Sulphate.
Sulphide.
Sulphite.
Sulphocyanate (sparingly soluble).
Tannate.
Tartrate.
Thiosulphate (sparingly soluble).

Carbonate (sparingly soluble).
Phosphate.
Silicofluoride (sparingly soluble).
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Soluble in Water.
Magnesium Acetate.

Bromide.
Chlorate.
Chloride.
Chromate.
Cyanide.
Ferricyanide.
Ferrocyanide.
Iodate.
Iodide.
Molybdate.
Nitrate.
Nitrite.
Permanganate.
Sulphate.
Sulphide.
Sulphite (sparingly).
Tartrate (sparingly).
Thiosulphate.

Manganese Acetate.
Chlorate.
Chloride.
Chromate.
Iodide.
Nitrate.
Sulphate.
Sulphocyanate.
Tartrate.
Thiosulphate.

Mercurous Acetate (sparingly).
Chlorate (sparingly).
Nitrate.
Sulphate (sparingly).

Mercuric Acetate.
Bromide (sparingly).
Chlorate.

Insoluble in Water.
Aluminiate.
Antimoniate.
Arseniate.
Borate.
Carbonate (basic).
Hydrate.
Oxalate (sparingly soluble).
Phosphate.

Antimoniate.
Arseniate.
Borate.
Carbonate.
Cyanide.
Ferricyanide.
Ferrocyanide.
Hydrate. •

Oxalate.
Phosphate.
Sulphide.
Sulphite.

Borate.
Bromide.
Chloride. '

Chromate.
Citrate.
Ferricyanide.
Ferrocyanide.
Iodide.
Oxalate.
Oxide.
Phosphate.
Sulphide.
Sulphocyanate.

Arseniate.
Arsenite.
Borate.
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Soluble in Water.
Mercuric

Chloride.
Chromate (sparingly).

‘Cyanide.
Nitrate (in acidulated water).
Sulphate “ “

Sulphocyanate (sparingly).

Nickel Acetate.
Bromide.
Chloride.
Chromate (acid salt).
Citrate.
Iodide.
Nitrate.
Sulphate.

Palladious Bromide.
Chloride.
Nitrate.

*•

9

Platinic Bromide.
Cyanides (double).
Nitrate.
Sulphate.

Potassium
All except those named in the

other column.

Silver Acetate (sparingly).
Chlorate.
Fluoride.
Hypophosphite.
Lactate.
Nitrate.
Nitrite.
Permanganate (sparingly).
Sulphate (sparingly).

Insoluble in Water.
Carbonate (basic).
Citrate.
Ferrocyanides (instable).
Iodide.
Oxalate (sparingly soluble).
Oxide.
Phosphate.
Sulphide.
Sulphite.
Tartrate.

Arseniate.
Borate.
Carbonate (basic).
Cyanide.
Ferricyanide.
Ferrocyanide.
Hydrate.
Oxalate.
Phosphate.
Sulphide.

Cyanide.
Iodide.
Oxide.
Sulphate (decomposed).
Sulphide.

Iodide (soluble as acid salt).
Oxide.
Sulphide.

Nitrophenate (sparingly sol.)
Perchlorate (sparingly sol.)
Platinic chloride (sparingly sol.)
Phosphomolybdate (sparingly sol.)
Silicofluoride (sparingly sol.)
Tartrate (acid), (sparingly sol.)

All except those in the other column.
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Soluble in Water.
Sodium

All except those in the other
column.

Strontium Acetate.
Arsenite (sparingly).
Bromide.
Chlorate.
Chloride.
Cyanide.
Ferricyanide.
Ferrocyanide.
Hypophosphite.
Iodate (sparingly).
Iodide.
Nitrate.
Nitrite.
Sulphoeyanate.
Thiosulphate.

Tin :

Stannous Acetate.
Bromide.
Iodide.
Sulphate.
Tartrate (sparingly).

Nitrate!’| in acidulated water.

Stannic Acetate.
Bromide.
Chloride.
Nitrate (instable).
Oxalate.
Sulphate.

Uranous Acetate.
Bromide.
Chloride.
Iodide.
Nitrate.
Sulphate.

Insoluble in Water.
Antimoniate.
Silicofluoride (sparingly).

Borate.
Carbonate.
Chromate (sparingly soluble).
Citrate.
Hydrate (slightly soluble).
Molybdate.
Oxalate (sparingly soluble).
Phosphate.
Sulphate (slightly soluble).
Tannate.
Tartrate.

Arseniate.
Borate.
Ferrocyanide.
Hydrate.
Iodate.
Oxalate
Phosphate.
Sulphide.

Chromate.
Ferrocyanide.
Hydrate.
Iodide (instable).
Oxide.
Phosphate.
Sulphide.

Carbonate.
Ferrocyanide.
Hydrate.
Oxalate.
Phosphate.
Sulphide.
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Soluble in Water.
Uranic Acetate.

Bromide.
Chloride.
Nitrate.
Sulphate.

Zinc Acetate.
Bromide.
Chlorate.
Chloride.
Chromate.
Iodide.
Nitrate.
Permanganate.
Sulphate.
Sulphite (sparingly).
Thiosulphate.

Insoluble in Water.
Carbonates (potassio, etc.)
Ferrocyanide.
Hydrate.
Oxalate.
Phosphate.

Antimoniate.
Arseniate.
Borate.
Carbonate (basic).
Cyanide.
Ferricyanide.
Ferrocyanide.
Hydrate.
Iodate (sparingly soluble).
Oxalate.
Phosphate.
Sulphide.
Tartrate.

II. SOLUEILITIES OF THE SALTS OF EACH ACID.

Concerning salts insoluble in water, it is stated by what acids they are transposed,
and from this it will be seen by what acids they may be dissolved, i.e., changed to com-
pounds soluble in water. Concerning the transposition of salts soluble in water, see 19.
As to the solution of salts insoluble in water (and acids) by decomposition with alkalies,
see 677. For more specific statements as to decomposing and dissolving agents, refer to
the descriptions of the acids in question in the text.
Acetates. All soluble in water ; Silver and Mercurous are sparingly soluble.

Arseniates. Closely resemble the (ortho)phosphates, both in solubilities and in transpo-
sition with acids.

Arsenites. Those of the Alkali bases are soluble. Those of Barium and Strontium,
sparingly soluble ; the others are insoluble in water, but transposed by dilute acids.

Borates, Only those of the Alkali bases are freely soluble in water ; many of the others
being slightly soluble. They are transposed by all acids, except carbonic. Some of
the metals form non-normal borates.

Bromates. All soluble in water; Silver, Lead, and Mercurous, sparingly soluble.

Bromides. Silver, Lead, and Mercurous, insoluble ; Mercuric, sparingly soluble ; Bis-
muth, instable ; all others soluble in water. The bromides insoluble in water are
scarcely transposed with suilplmric acid, or with dilute nitric acid (533).

Carbonates. Those of the Alkali bases only are soluble in water. The acid carbonates
less abundantly than the normal. Most of the others are made slightly soluble by
free carbonic acid. Carbonates are transposed by all acids, except hydrosulphurie
and hydrocyanic. The pseudo-triads do not form carbonates ; some other heavy
metals form basic carbonates in the wet way.
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Chlorates. All soluble in water. Potassium chlorate but moderately soluble.
Chlorides. Silver and Mercurous, insoluble ; Lead, slightly soluble ; all others soluble

in water; antimonious, stannous and bismuth, soluble in acidulated water.
Chromates. Those of the bases of the Alkalies, and Magnesium, Calcium, and Zinc,

are soluble in water; Strontium and Mercuric, sparingly soluble; nearly all others
insoluble. Iron, Manganese, and Copper form chromates not normal—some of
which are soluble in water’, but chiefly instable in solution.

Citrates. Those of the Alkali bases are freely soluble in water ; of Iron, Copper, and
Zinc, moderately soluble ; the other {single) citrates, mostly insoluble; the double
citrates mostly soluble. The insoluble citrates are transposed by dilute mineral
acids.

Cyanides. Mostly insoluble in water; except those of the Alkali and Alkaline earth
metals, and double cyanides containing these. Barium cyanide is sparingly soluble.
Cyanides are transposed by nearly all acids, even when dilute.

Ferricyanides. Those of the Alkali and Alkaline earth bases are soluble in water ; that
of Barium, sparingly. A considerable number of the others are insoluble in water,
and certain of the bases do not form ferricyanides. See 682. They differ as to
transposition with acids, but those insoluble are transposed by alkalies.

Ferrocyanides. Those of the Alkali bases and of Magnesium, Calcium (not the potassio
calcium), and Strontium are soluble in water. See 629. Those insoluble differ as
to transposition by acids, but are transposed by alkalies.

Fluorides. Those of the Alkali bases are freely soluble in water ; those of the Alkaline
earth metals insoluble ; of Copper, Bismuth, Cadmium, Ferricum, and Zinc,
sparingly soluble ; Silver, Tin, and Mercuric, soluble. The insoluble fluorides are
trcmsposed by strong sulphuric acid, and less easily by hydrochloric and nitric
acids. *

Hypochlorites. All soluble in water. (Decomposed by all acids.)

Hypophosphites. All soluble in water. (Decomposed by nearly all acids.)

Iodates. Only those of the Alkali bases are freely soluble; the others insoluble, or
sparingly soluble. Calcium, sparingly soluble ; Barium, Silver, and Lead, insolu-
ble. Transposed by moderately dilute mineral acids—those of Silver and Lead by
nitric acid not dilute.

Iodides. Silver, Lead, Mercurous, Mercuric (and Palladious), insoluble in water. Bis-
muth, and to some extent Copper iodides, are decomposed by water without solu-
tion. (295.) The others are soluble. The insoluble Iodides are transposed with
difficulty, or not at all, by sulphuric acid or nitric acid. (556.)

Nitrates. All soluble in ivater.
Nitrites. All soluble in water ; Silver, sparingly.
Nitrophenates. All soluble in water; Potassium, Ammonium, and Lithium, very

sparingly ; most others, more freely.

Ozalates of the Alkali bases are soluble ; Chromium and Stannic oxalates, soluble ;

Magnesium and Ferric oxalates, sparingly soluble ; the others chiefly insoluble or
slightly soluble. Transposed by sulphuric, hydrochloric, and nitric acids, not by
acetic.
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Permanganates. All soluble in water; Silver, sparingly. A number of the bases de-
compose the acid radical.

Phosphates (ortho-). Of the di- and tri-metallic salts, only those of the ordinary Alkali
bases are soluble in water. (Lithium, insoluble.) Those two-thirds hydric (“acid
phosphates ”) are all soluble in water, to some extent. Acetic acid transposes most
of the insoluble phosphates, except those of Iron, Aluminium, and Lead ; and
dilute hydrochloric, nitric, and sulphuric acids transpose all phosphates (partly or
wholly, 707).

Pyrophosphates are insoluble in water, except those of the common Alkali bases. They
are scarcely at all transposed by acetic acid, but yield their bases to the stronger
acid radicals.

Metaphosphates of the common Alkali bases, only, are soluble in water. They are not
transposed with acetic acid, and some of them not readily by other acids when
dilute.

Silicates. Those of the Fixed Alkali bases, only, are soluble in water. These, in solu-
tion, are transposed by all acids. Of the silicates insoluble in water, many are
transposed with hydrochloric or sulphuric acid, but the larger number of the
natural silicates resist acids. All are decomposed by hydrofluoric acid, and by the
fixed alkalies.

#

Sulphates. Those of Barium, Lead, Strontium, Calcium, are insoluble in water, the
last-named being slightly soluble. (77.) Argentic and Mercurous sulphates are
sparingly soluble. Mercuric, Antimonious, and Bismuth sulphates require acidu-
lated water for solution. All others are soluble in water. Sulphates are not trans-
posed with acids, at ordinary temperatures.

Sulphites. Those of the AlJcali bases are soluble—all others insoluble, or very sparingly
soluble in water. Those of the Alkaline earth metals are somewhat soluble in
solution of»sulphurous acid. All sulphites are transposedby acetic and the mineral
acids.

Sulphides. Of the bases of the Alkalies and Alkaline earths, soluble ; the others insolu-
ble in water. The earth metals do not form sulphides. Sulphides of the third
group metals are transposed with dilute acids; those of the second group metals
(except Mercury), transposed or decomposed by hydrochloric, nitric and sulphuric
acids.

Sulphocyanates. Those of Alkali and Alkaline earth bases, and of Iron, Manganese,
Zinc, Cobalt, and Copper, are soluble in water. Mercuric, sparingly soluble. The
others are transposed by dilute acids.

Tartrates. Those of the Alkali bases are soluble in water, the acid tartrates of Potas-
sium, Ammonium, Rubidium, and Cassium, but sparingly soluble. Manganous,
Ferric, Cobalt, Stannous, and Antimonious tartrates are soluble ; Calcium tartrate,
slightly soluble. The other tartrates, not soluble in water, are mostly somewhat
soluble in solution of tartaric acid, and mostly soluble in solutions of Alkalies (as
double tartrates) ; also transposed by the mineral acids.

Thiosulphates. All soluble in water; those of Barium, Lead, and Silver, sparingly
soluble in water, but made soluble as double salts. Decomposed by all acids, 697.
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REAGENTS.*
[Aq. = HaO as crystallization water.]

Acid, Acetic, H(C2 H3 02). Sp. grav. 1.04. 30 p.c. acid.
Hydrochloric, HC1. Sp. grav. 1.12. 24 p.c. acid.
Hydrosulphuric, H 2 S. Water saturated with the acid (663).

Hydrofluosilicic, (HF)2 SiF 4. (746.)

Nitric, HN03. Sp. grav. 1.2 (32 p.c. acid).
Nitro-hydrochloric, NOCla -j- Ol. About one part of concentrated Nitric to 3

parts of Hydrochloric acid.
Nitrophenic, HC6Ha (N0a) 30. (600.)

Oxalic, H2Ca 04 . 2 aq. Crystals dissolved in 10parts of water.
Sulphuric, Ha S0 4 . Concentrated, sp. grav. 1.843.
Tartaric, H2(C4H40 6). Crystals dissolved in 3 parts of water.

Chlorine Water, Cl. Water saturated with chlorine (501).
Alcohol, C 2 H„0. Sp. grav. .815. About 95 p.c.
Ammonium Chloride, NH 4 C1, One part crystallized salt in 8 parts of water.
Ammonium Carbonate, (NH 4) 2C0 3. One part of crystallized salt in 4 parts water, with

one part of solution of Ammonia. As a solvent for arsenious sulphide, the reagent is
prepared without the addition of solution of ammonia, (NH 4 ) 4H2(C0 3) 3.

Ammonium Hydrate, NH 4OH. Sp. grav. .96. 10 p.c. NH3 .

Ammonium Molybdate, (NH 4 )2 Mo0 4 . Solution in Nitric acid.
Ammonium Sulphide, (NH 4) 3 S, colorless; (NH 4 )2 S 2 or NH4HS, yellow ; solution of

ammonia, treated with hydrosulphuric acid.
Ammonium Oxalate, (NH 4 )aCa 0 4 . One part of the crystallized salt (aq.) in 24 parts of

water.

Barium Chloride, BaCl 2 . One part of the crystallized salt (2 aq.) to 10 parts of water.
Barium Carbonate, BaC03 . (87).

Barium Hydrate, Ba(OH) 2 . A saturated water solution (77).

Barium Nitrate, Ba(N0 3) 2 . One part to 15 of water.

* In the greater number of cases, reagents should be “chemically pure.” Different uses require dif-
ferent degrees of purity. Anarticle of sodium hydrate contaminated with chloride, may be used in some
operations; not in others. Those who have had training in analysis can do without specific directions,
which cannot be made to coverall circumstances ; and the beginner must depend on others for the selection
of reagents.
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Calcium Chloride, CaCl3 . One part salt (6 aq.) dissolved in 8 parts of water.
Calcium Hydrate, Ca(OH)2 . A saturated water solution (103), also the dry solid.
Calcium Sulphate, CaS04 . A saturated water solution (77).

Carbon Disulphide, CS3 . (539.)

Cobaltous Nitrate, Co(N03 )2 . One part crystallized salt (5 aq.) dissolved in 8 parts of
water.

Copper Sulphate, CuS0 4. One part of the crystallized salt (5 aq.) in 8 parts of water.
%

Ether, (C)H5 ) 20. Sp. grav. Not over .728—containing not over 5 p.c. alcohol.
Ferrous Sulphate, FeSC4 . One part crystallized (7 aq.)in 10 parts of water (169).
Ferric Chloride, Fe 2Clc. One part of the solid salt (6 aq.) to 15 parts of water.
Gold Chloride, AuCls . Prepared by dissolving pure gold—which may be obtained by

precipitation With Oxalic acid—in nitro-hydrochloric acid, evaporating to dryness on
the water-bath, and dissolving in water.

Lead Acetate, Fb(C2 H302 ) 2 . One part of the crystallized salt (8 aq.) dissolved in 10
parts of water.

Magnesium Sulphate, MgSQ 4. One part of the crystallized salt (7 aq.) to 10 parts of
water.

Mercuric Chloride, HgCl 2. One part of the crystallized salt in 16 parts of water.
Mercurous Nitrate, Hg 2(N03 ) 3. One part of the crystallized salt (2 aq.) dissolved in 20

parts of water, acidulated with one part nitric acid, or prepared by dissolving mer-
cury (343).

Falladious Chloride, PdCl 3 . One part of the salt to 20 of water.

Potassium Chromate, K 2 Cr04 . One part dissolved in 10parts of water.
Potassium Dichromate, K2 Cr2 07 . One part dissolved in 10 parts ofwater.

Potassium Chlorate, KC10 3 . The crystallized salt.

Potassium Cyanide, ECy. One part dissolved in 4 parts of water.
Potassium Ferrocyanide, E 4FeCy8 . One part of the crystallized salt (3 aq.) dissolved

in 12 parts of water.
Potassium Ferricyanide, K 3FeCyc. One part dissolved in 12 parts of water.

Potassium Iodide, HI. One part dissolved in 20 parts of water.
Potassium Mercuric Iodide. Nessler’s Solution. Dissolve 3.5 grams of HI in 10 c.c. of

water; dissolve 1.6 grams of HgCl 2 in 30 c.c. of water; add the mercury solution
gradually, and with constant stirring, to the potassium iodide solution, until the pre-
cipitate ceases to be redissolved; then add 60 c.c. Potassium hydrate solution and
filter. Keep in small bottle, well stoppered.

Potassium Nitrate, EN0 3. The crystallized salt.

Potassium Metantimoniate, ESbOs. (419.)

Potassium Sulphocyanate,ECyS. One part dissolved in 12 parts of water.

Potassium Hydrogen Sulphate, EHSC 4. (675).
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Potassium Sulphate, K2 S0 4 . One part dissolved in 12 parts of water.
Platinic Chloride, PtCl4 . One part to 10 parts of water. Also prepared by dissolving

the scrap-metal in nitro-hydrochloric acid, and purifying by precipitation with am-
monic chloride, dissolving again in the same acid, and evaporating to dryness.

Sodium Acetate, Na(C 2H302 ). One part crystallized salt (3 aq.) to 5 of water.
Sodium Carbonate, Na 2 C0 3. The dry salt. Also a solution of the crystals (10 aq.) in

5 parts of water.
Sodium Diborate, Na 2 0(B2 0 3) 2 . The crystallized salt (10 aq.), or dried.
Sodium Hydrate, NaOH. Solution in 9 parts of water.
Sodium Thiosulphate, Na2 S 2 03 5H2 0. (Hyposulphite.) One part of the salt in 40 parts

of water.
Sodium Hypochlorite, NaClO. Agitate one part of good bleaching-powder with ten

parts of water; add solution of sodium carbonate as long as a precipitate is formed;
allow the solid matter to subside and siphon off.

Sodium Phosphate, Na 2HP0 4 . (Disodium hydrogen phosphate.) One part of the crys-
tallized salt (12 aq.) in 10 parts of water.

Sodium Phosphomolybdate. (494.)
Sodium Sulphide, Na2 S. One part of the solution of soda saturated with Hydrosul-

phuric acid, to one part unchanged soda solution.
Sodium Sulphite, Na2 S0 3 . One part of the salt to 5 parts of water.
Silver Nitrate, AgN0 3. One part crystallized salt in 20 parts of water.
Stannous Chloride, SnCl2 . One part of the crystallized salt (2 aq.) in 6 parts of water,

acidulated with hydrochloric acid (429).
Strontium Sulphate, SrS04 . A saturated water solution (77).
Zinc, Zn. The granulated metal.
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With twonfcy-one lithographed plans,



D. VAN NOSTRAND.

Cain on Arches.
16mo. Cloth extra. $1.75.

A Practical Treatise on Youssoir and Solid and Braced Arches. By
Prof. Wm. Cain, C. E.

Roebling’s Bridges.
Imperial folio. Cloth. $25.00.

Long and Short Span Railway Bridges. By John A. Roebling,
C. E. With large copperplate engravings of plans and views.

Dubois’ Graphical Statics.
8*o. 60 Illustrations. Cloth. $1.50.

The New Method wv GraphicalStatics. By A. J. Dubois, C. B.,
Ph.D.

Eddy’s Graphical Statics.
8vo. Illustrated. Cloth. $1.50.

New Constructions in Graphic Statics. By Prof. Henry T. Eddy, C. E.,
Ph.D. With ten engravings in test and nine folding plates.

Bow on Bracing.
156 Illustrations on Stone. 8vo. Cloth. $1.50.

▲ Treatise on Bracing, —with its application to Bridges and other
Structures of Wood or Iron. By Robert Henry Bow, C. £.

Stoney on Strains.
Hew and Revised Edition, with numerousillustrations. Royal 8vo, 664 pp.

Cloth. $12.50.

Thk Theory of Strains in Girders—and Similar Structures, with
Observations on the Application of Theory to Practice, and Tables of
Strength and other Properties of Materials. By Bindon B. Stoney,
B. A.

Henrici’s Skeleton Structures.
8yo. Cloth. $1.80.

Skeleton Structures, especially in their Application to the building
oi Steel and Iron Bridges. By Olaub Henkici.



SCIENTIFIC BOOKS PUBLISHED BY

Gillmore's Limes and Cements.
Filth E&i&oa. Revised and Enlarged. 8vo. Cloth. $4.00.

Practical Treatise on Limes, Hydraulic Cements, and Mor-
tars. By Q. A. Gillmoue, Lt.-Col. U. S. Corps of Engineers.
Brevet Major-GeneralU. S. Army.

Gillmore’s Coignet Beton.
Nine Plates, Views, etc. 8vo. Cloth. $2.50.

Coionet Beton and Other Artificial Stone.—By Q. A. Gill-
more, Lt.-Col. U. S. Corps of Engineers, Brevet Major-General U.S.
Army.

Gillmor© on Roads.
Seventy Illustrations. 12ino. Cloth. $2.00.

A Practical Treatise on the Construction of Roads, Streets,
and Pavements. By Q. A. Gillmork, Lt.-Col. U. S. Corps of
Engineers, Brevet Major-General U. S. Army.

G-illmore’s Building Stones.
8yo. Cloth. $1.00.

Report on Strength of the Building Stones in the United
States, etc.

Holley’s Railway Practice.
1 vol. folio. Cloth. $12.00.

American and European Railway Practice, in the Economical
Generation of Steam, including the materials and construction of
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization,
Circulation, Super-heating, Supplying and Heating Feed-water, &c.,
and the adaptation of Wood and Coke-burning Engines to Coal-
burning ; and in Permanent Way, including Road-bed, Sleepers,
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander
L. Holley, B.P. With 77 lithographed plates.

Useful Information, for Railway Men.
Pocket form. Morocco, gilt. $2.00.

Compiled by W. G. Hamilton, Engineer. New Edition, Revised
and Enlarged. 677 pages.



D. VAN NOSTHAND.

SlideValveby Eccentrics, by Prof. C. W. Mac-
Cord.

4to. Illustrated. Cloth, $3.00
A Practical Treatise on the Slide Valve by Eccentrics, —

examining by methods the action of the Eccentric upon the Slide
Valve, and explaining the practical processes of laying out the movements,
adapting the valve for its various duties in the steam-engine. For th®
use of Engineers, Draughtsmen, Machinists, and Students of valve

| motions in general. By C. W. MacCord, A. M., Professor ©f
MechanicalDrawing, Stevens’ Institute of Technology, Hoboken, N. J.

Stillman’s Steam-Engine Indicator.
12mo. Cloth. 01.00

The Steam-Engine Indicator,—and the Improved Manometer Steam
and Vacuum Gauges ; their utility and application. By Paul Still-
man. New edition.

Collins’ Useful Alloys.
18mo. Flexible. 50 cents.

The Private Book of Useful Alloys and Memoranda for Gold-
smiths, Jewellers, etc. By James E. Collins.

McCulloch’s Theory of Heat.
870. Cloth. 3.60.

A Treatise on the Mechanical Theory of Heat, and its
Applications to the Steam-Engine. By Prof. R. S. McCulloch,
of the Washington and Lee University, Lexington, Va.

Joynson’s Metal Used in Construction.
12mo. Cloth. 75 cents.

I'hk Metals Used in Construction : Iron, Steel, Bessemer Metal,
etc., etc. By Francis PI. Joynson. Illustrated.

Stuart’s Successful Engineer.
ISmo. Boards. 80 cents.

How to Become a Successful Engineer. Being Hints to Youths
intending to adopt the Profession. Bj Bernard Stuart, Engino®?.
Sixth Edition.



SCIENTIFIC BOOKS PUBLISHED BY

Joynson on Machine Clearing.
8vo. Cloth. $2.00.

The Mechanic's and Student’s Guide in the designing and Coa*
■feruction of General Machine Gearing, aa Eccentrics, Screws, Toothed
Wheels, etc., and the Drawing‘of Rectilineal and Curved Surface*.
Edited by Francis II. Joynson. With 18 folded plates.

Maxwell’s Matter and Motion.
10mo. Boards. 216 pages. 50c.

Matter and Motion. By Prof. J. Clark Maxwell.

Barnes’ Submarine Warfare.
8vo. Cloth. $5.00.

Submarine Warfare, Defensive and Offensive. Descriptions
of the various forms of Torpedoes, Submarine Batteries and Torpedo
Boats actually used in War. Methods of Ignition by Machinery,
Contact Fuzes, and Electricity, and a full account of experiments
made to determine the Explosive Force of Gunpowder under Water.
Also a discussion of the Offensive Torpedo system, its effect upon
Iron-clad Ship systems, and influence upon future Naval Wars. By
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic
plates and many wood-cuts.

Foster’s Submarine Blasting.
4 to. Cloth. $3.50.

Submarine Blasting, in Boston Harbor, Massachusetts—Removal of
Tower and Corwin Rocks. By John G. Foster, U. S. Eng. and
Bvt. Major-General U. S. Army. With seven plates.

Plympton’s Aneroid Barometer.
16tno. Boards, illustrated, 50c. Morocco, $1.00.

The Aneroid Barometer : Its Construction and Use, compiled frotn
several sources.

Williamson, on the Barometer.
4to. Cloth. $15.00.

On the Use of the Barometer on Surveys and Reconnais
sancks. Part I.—Meteorology in its Connection witk Hypsometry.
Part II.—Barometric Hypsometry. By R. S. Williamson, Bvt
Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tablae
and engravings.







Henry W. Schimpf, Ph. G.,
PRESCRIPTION DRUGGIST,

2285 First Avenue, bet. 117th A, 118th Streets,
INI tW YORK. /

iT’oesariptioWAsggMalty. Night bell promptly answered.











Thurston’s
Cathartic Liver Pills,
Blackberry Cordial,
Sarsaparilla Compound,

j Wild Cherry Balsam,
j Present AgeWorm Syrup

| Present Age Liniment, I
j Condition Powders. July 2d. 1896.

rand Rapids, Qfno 189
Mr. Henry W. Schrimp,

Brooklyn, N. Y.
Dear Sir:-

In your new book, Volumetric Analysis, I can not find a method
of estimating hydriodic acid and other iodides in tincture of iodine.

My method has been to convert the free iodine into hydriodic acid
by H, S and neutralizing with sodium carbonate, after first boiling to
expel the excess of H*S and filtering toclear the solution of S.

The analysis is the/7completed according to the U.S.P. as directed
for estimating hydriodic acid on page 388.

By taking the difference between the total amount found and the
amount of free iodine would give the iodides.

In converting the freel into HI would you recommend the use of sul-
phurous acid or H.S? Would you neutralize with ammonia or sodium carbon-
ate?

Under the Ohio laws tincture of iodine has been of considerable
trouble to pharmacists that claim to hawe made their tincture according
to the U. S. P. an4-~>fe<e pharmacists say the iodine has changed to hydri-
odic acid and iodides.

What has been your method of estimatin the free and combined iodine
in tincture of iodine?

Thanking you In advance for your trouble and an early reply, I
remain

Very truly yours /)





FORMULA FOR USING

Anthony's Sensitized
Albumen Paper.

FUMING.
To obtain the best results with this paper it should be fumed before printing.
To fume : suspend the paper—being careful not to have the sheets overlap each other—over asaucer containing 2 or 3 drams of liquid ammonia placed in the bottom of a paper or wooden box :

cover the whole and leave for20 minutes. If the saucer of ammonia is placed in a dish of warm
water, the paper need beleft only 15 minutes.

It should beprinted as soon after fuming as possible.

PRINTING.
Lay the printing-frame on the table facedown. Remove the back of same and lay the negativein the frame, with film side up. On the negative lay a piece of the paper, with the sensitized sur-faceagainst the negative film. Then lay several thicknesses ofnewspaper behind the pai-er, replacetheback and fasten it down by the springs. Now place the printing frame in the sun and printuntil the white places of the print begin to show a slight discoloration. This can be seen by open-

ing one-half the back and examining the print from time to time.
After printing, soak the prints in a solution of—

Water, ........6 ounces.Citrate of soda, .......20 grains.
Leave in this solution till they assume a reddish color, then wash thoroughly in cold water

They are now ready for the
TONING SOLUTION.

Water, 6 ounces.
Solution A,

...... 1 ounce.Solution D,
........l dram.

Add Solution B, till the bath showsan alkaline reaction—that is, till it turns red litmus paperblue.
Warm the toning bath until it feels slightly tepid. Immerse the prints in the toning bath, untilthey assume a rich, warm color, as desired, or until they become of a bluish tone. Then wash themin one change of water and immerse in the

FIXING SOLUTION.
Water, ........ounces.Hypo. Soda, ounce.

They will first assume a reddish brown color ; but keep them in the solution until they resumethe original tone, which will be lighter than when they left the toning bath.
They must then be washed in several changes of water to perfectly eliminate the hyposulphite

of soda from the paper ; if any remains, it causes fading and yellow spots. Then dry and mountthem.

CAUTION !

The sensitized paper mast bekept in a darkplace. The cutting of same, to the desired size can
be done in a weak light, by candle or gas. All can be cut at once and stored in a dark box untilwanted. After the print is made and removed from the printing-frame, put it in a dark box untilit is desired to tone, which can be done when you have a batch ready.

In removing prints from the toning bath, put them in a dish of clean water as finished andwhen all are toned, wash in one change of water. Now, place the dish containing the toned prints
on the right hand, and the fixing bath composed of hyposulphite of soda and water on the leftRaise a print from the water with the right hand, transfer it to the left hand, and immerse it in thefixing bath. Continue thus until all have been transferred, and place the empty dish where it can-
not possibly receive a trace of the hyposulphite of soda.

Use the same dish for the same solution at all times, and never change them. More failuresresult from carelessness in carrying the hyposulphite of soda into the various dishes than from allother causes.
Solution A iscomposed of water, 7% ounces, chloride of gold, 15 grains.

“ B “ “8 “ bicarbonateof 1 ounce.
D “ “4 “ chloride of sodium, 160grains.

E. & H. T. ANTHONY & CO.,
591 Broadway, New Yorlc.

489-20,000—195e
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