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PREFACE.

THE short title on the back of a book, and even the words
an the title-page, are generally, and even necessarily, imperfect
descriptions of the contents, and hence not unfrequently induce
at the outset misconceptions in the minds of readers. The
author of Chemistry:yGeneral, Medical, and Pharmaceutical,
would at once state, therefore, that his chief aim is to teach
the general truths of !Chemistry to medical and pharmaceutical
pupils. So far as laws and principles are conocerned, the book
is a work on General Chemistry ; but, inasmuch as those aws
and principles are elucidated and illustrated by that large por-
tion of Chemistry which is directly interesting to medical prac-
titioners and pharmacists, the book may be said to be a work on
Medical Chemistry and Pharmaceutical Chemistry. Only in
this conventional sense would the author speak of Medical and
Pharmaceutical Chemistry, for the truths of Chemistry are
the same for all students—ecrystalline verltles which cannot be
expanded or compressed to suit any class of workers. The
leading principles of the science, however, can as easily be
illustrated by or deduced from those facts which have interest
as from those which have little or no special interest to the
followers of medicine and pharmacy. The grand and simple
leading truths of Chemistry, the lesser truths or principles, and
nearly all the interesting relationships of elements and com-
pounds—in a word, the scfence of Chemistry—can be taught to
medical and pharmaceutical students with little other aid than
that afforded by the materials which lie in rich abundance all
around these workers. Such a mode of teaching ‘“the general
principles of the science, and their applications in medicine and

pharmacy,” is adopted in this volume. It is a mode which
iii
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greatly increases the usefulness of the sc.ience to the class
chiefly addressed, while it in no way dimimshes thfa value of
Chemistry as an instrument of mental culture—an 1nstrum<'3nt
which sharpens and expands the powers of observation, W}.ll(.ih
enlarges and strengthens memory and imagination, which gives
point to the perceptive faculties, and which develops and elab-
orates the powers of thought and of reason.

This manual is intended, then, as a systematic exponent of
the general truths of Chemistry, but is written mainly for-the
pupils, assistants, and principals engaged in medicine and
pharmacy. It will be found equally useful as a reading-book
for gentlemen having no opportunities of attending lectures or
perforniing experiments, or, on the other hand, as a text-book
for college pupils; while its comprehensive Index, containing
eight thousand references, will fit the work for after-consulta-
tion.in the course of business or professional practice.

From other chemical text-books it differs in three particu-
lars: first, in the exclusion of matter relating to compounds
which at present are only of interest to the scientific chemist ;
secondly, in containing more or less of the chemistry of every
substance recognized officially or in general practice as a re-
medial agent; thirdly, in the paragraphs being so cast that
the volume may be used as a guide in studying the science
ekperimentally.

The order of subjects is that which, in the author’s opinion,
best meets the requirements of medical and pharmaceutical
students in Great Britain, Ireland, America, and the English
colonies. Introductory pages are devoted to a few leading
properties of the elements. A review of the facts thus unfolded
affords opportunity for stating the views of philosophers respect-
ing the manner in which these elements influence each other as
components of terrestrial matter. The consideration in detail
of the relations of the elementary and compound radicals fol-
lows, synthetical and analytical bearings being pointed out, and
attention frequently directed to connecting or underlying truths
or general principles. The chemistry of substances naturally
associated in vegetables and animals is next considered. Prac-
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tical toxicology, and the chemical as well as mictoscopical cha-
racters of morbid urine, urinary sediments, and calculi, are then
given. The concluding sections form a laboratory-guide to
the chemical and physical study of quantitative analysis. In
the Appendix is a long table of tests for impurities in medi-
cinal preparations ; also a short one of the saturating powers
of acids and alkalies, designed for use in preseribing and dis-
pensing.

In the course of the treatment outlined in the preceding
paragraph it will be observed that the whole of the elements
are first noticed very shortly, to give the pupil a general view
of his course of study, and afterward at length and thoroughly;
that the chemistry of the common metallic radicals precedes
that of the rarer, and that the sections on the acidulous radicals
are similarly divided ; while thie basylous radicals are arranged
according to analytical relations, the common acidulous accord-
ing to exchangeable value or quantivalence, and rarer acidulous
radicals alphabetically. . By this plan the more important facts
and principles are repeatedly brought under consideration, the
points of view, however, differing according as interest is con-
centrated on physical, synthetical, analytical, or quantitative
‘properties. This arrangement of matter was adopted, also,
partly from the belief that the separate and general truths of
Chemistry never enter the mind in the order of any &cientific
classification at present possible. In the current state of chem-
ical knowledge consistency in the methodical arrangement even
of elements can only be carried out in one direction, agd is
necessarily accompanied by inconsistencies in other directions—
a result most perplexing to learners, and hence totally subver-
sive of the chief advantage of classification. For this reason
the writer has preferred to lead up to, rather than follow, scien-
tific classification—has allowed analogies and affinities to sug-
gest, rather than be suggested by, classification. Among the
acidulous radicals, especially, any known system of classifica-
tion would have given undue prominence to one set of relations
and undeserved obscurity to others. Then, by separating more
important from less important matter, instruction is adapted to

A* ”
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the wants of gentlemen whose opportunities of studying Chem-
istry vary greatly, and are unavoidably insufficient to enable
them to gain a knowledge of the detail of the science, One
great advantage of the mode of treatment is that difficulties of
nomenclature, notation, chemical constitution, and even those
arising from conventionality of language, are explained as they
arise, instead of being massed under the head of * Introductory
Chapters,” “ Preliminary Considerations,” or ¢ General Re-
marks,” which are not unfrequently too difficult to be under-
stood by a beginner, too voluminous to be remembered except
by the aid of subsequent lessous, and are consequently the
cause of much trouble and confusion. This plan has also
admitted of greater prominence being given to “ The General
Principles of Chemical Philosophy,” the only section to which
the student is asked frequently to return until he finds himself
naturally employing those principles in the interpretation of
the phenomena obtained by experiment.

An elementary knowledge of the subjects of Gravitation,
Heat, Light, Sound, Electricity, and Magnetism cannot be too
strongly recommended to the student of Chemistry. The first
portion of this manual would have been devoted to an exposi-
tion of these branches of physics, so far as they bear on Chem-
istry, did not the many special books on physics render such
a course unnecessary. Quantitative chemical analysis fre-
quently involving determinations of temperature, specific
gravity, and atmospheric pressure, a few paragraphs on these
subjects are made introductory to the sections on quantita-
tive operations.

The theories that matter consists of molecules and that mole-
cules consist of atoms are freely adopted in this book, the
author believing that in the present state of knowledge and
education philosophic conceptions regarding Cheniistry can
only be taught to medical, pharmaceutical, and the great
majority of general students by some objective aid.

The chemical notation of the work is in accordance with
modern theories. Hquations illustrative of pharmacopceial
processes have a name attached to each formula.
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Chemical nomenclature has been modernized to the extent
of defining the alkali-metal salts and the earthy compounds
as those of potassium, sodium, ammonium, barium, caleium,
magnesium, and aluminium, instead of potash, soda, ammonia,
baryta, lime, magnesja, and alumina. The author confidently
believes that this change, founded on views now adopted by
all prominent writers on Chemistry; and used in the Pharmaco-
peeia of the United States, will be accepted and become popular
in medicine and pharmacy. It is a step in the direction of sim-
plicity and consistency, and involves far less hypothesis than is
contained in the old system. The name ¢ nitrate of potash,” for
example, was based on the pure assumption that nitre contained
oxide of potassium or potash and nitric anhydride, then errone-
ously termed nitric acid. By the modern name, “ nitrate of
potassium,” all that is intended to be conveyed is that nitre
contains the element common to all potassium compounds and
the group of elements common to all nitrates. Under the old
method students always experienced difficulty in distinguishing
salts of the metal from salts of its oxide—salts of potassium, for
instance, from salts of potash; under the new view no such
difficulty arises. Names such as potassium nitrate or potassic
nitrate are also consistent with modern views, but for general
adoption are too unlike the original. The contractions in Latin
for names like “ nitrate of potassium’ are identical with the
contractions for names resembling ¢ nitrate of potash;’ an
accidental circumstance that will much facilitate the general
introduction of the former among medical practitioners and
pharmacists, and a practical advantage that must determine
the choice over the other chemically equivalent names just
mentioned. The author ventures to express some gratification
that his use and advocacy of this system since the first edition
of this manual was published in 1867 has resulted in its adop-
tion, in 1873, in theé ¢“ Pharmacopeeia of the United States,”
and in the recommendation, from all medical, chemical, and
pharmaceutical authorities in Great Britain, of its adoption in
the next “ British Pharmacopeeia.” Pharmacy in these two
countries will thus sooner or later, in the important matter of
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chemical nomenclature, be in accord with the current state of
chemical science.

The Metric System of Weights and Measures (that which,
doubtless, is destined to supersede all others) is alone used
in the sections on Quantitative Analysis. In other parts of
the manual avoirdupois weights and imperial measures arc
employed.

It is hoped that the numerous etymological references scat-
tered throughout the following pages will be found useful.
Words in Greek have been rendered in English characters,
letter for letter. The word “ official” is used throughout for
things receognized officially by the compilers of Pharmacopceias ;
“officinal " in its original application to the officina or shop.

Students are strongly recommended to test their progress by
frequent examination. To this end appropriate questions are
appended to each subject.

The author’s ideal of a manual of Chemistry for medical
and pharmaceutical students is one in which not only the
science of Chemistry is taught, but in which the chemistry of
every substance having interest for the followers of medicine
and pharmacy is noticed at more or less length in proportion to
its importance, and at least its position in relation to the leading
principles of Chemistry set forth with all attainable exactness.
The extent to which he has realized this ideal he leaves to
others to decide. Such a work will doubtless in certain parts
partake of the character of a dictionary; but this is by no
means a fault, especially if a good index be appended ; for the
points of contact between pure and applied chemistry are thus
multiplied, and abundant outlets supplied by which a lover of
the science may pass into other chemical domains by aid of
other guides, or even into the regions of original research.
Among the rarer alkaloids, bitter bodies, glucosides, salts of
organic radicals, solid fats, fixed oils, volatile oils, resins, oleo-
resins, gum-resins, balsams, and coloring-matters, mentioned
in this volume, will be found many such points whence the

ardent student may start for the obscure or untrodden paths
of scientific chemistry.
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Within sixtcen years a demand has arisen for ten large
editions of this manual. The First, in 1867, was intended as
a handbook of practical chemistry only; but the notes and re-
marks made respecting most of the experiments were found
to be so useful by students that this portion of the volume was
in the Second Edition (1869) sufficiently extended to render the
book more fairly complete in itself. In response to a call from
professional fricnds in the United States in 1870, the work was
revised by the author for the followers of medicine and phar-
macy in America, the chemistry of the Preparations and
Materia Medica of the United States Pharmacopeeia being
introduced, and such other adaptations included as to form a
Third Edition. A Fourth was presented to English workers
in the autumn of 1872, and, founded on the Fourth, a Fifth
Edition for American students in 1873. A very large Sixth
Edition was published in England in 1875, a Seventh in
America in 1876, an Eighth in 1879, and a Ninth in England
in 1881.

The present (Tenth) edition contains such alterations and
additions as seemed necessary for the demonstration of the
latest developments of chemical principles and the latest appli-
cations of Chemistry in pharmacy. The work now includes the
whole of the chemistry of the recently published United States
Pharmacopeeia, and nearly all the chemistry of the British and
Indian Pharmacopeeias.

The Index contains eight thousand references.

17 BLOOMSBURY SQUARE, LONDON,}
May 1, 1883.






ADVICE TO STUDENTS.

It is unnecessary to advise you to avoid studying merely by way
of ‘preparation for examination.” You will not so mistake the
means for the end. You are studying to fit yourself for your posi-
tion in the world. Work diligently, study thoughtfully and delib-
erately—above all, be thorough ; otherwise your knowledge will be
transient, and will be unaccompanied by that enlightenment of the
understanding, that mental training, mental discipline, and general
elevation of the intellect, which constitute, in a word, education.
When you are thus educated, you will with ease and pleasure pass
any examination in the knowledge you have thus acquired.

All authorities on education, whether statesmen, teachers, or ex-
aminers, regard ‘ Examination,” even by the most highly skilled
‘“ Board,” with ample time at its disposal and a wide area from
which to select questions, as but a partial test of knowledge and an
extremely imperfect test of education. It is the best, however, that~
has been devised, and is especially useful when, following instead
of leading education, it is restricted to the subjects of a well-de-.
fined, earnestly-followed, compulsory curriculum of study—a cur-
riculum defined and directed by a competent representative body, *
wisely administered by properly qualified teachers, and earnestly
followed by pupils possessing sound preliminary training. :

Students! in all honor and in the highest self-interest take care
that any inefficiencies inseparable from ‘ examination’ are abun-
dantly compensated by the extent and precision of your know-
ledge and by the soundness and thoroughness of your whole
education.’

APPARATUS FOR EXPERIMENTS IN ANALYSIS.

List of Apparatus suitable for a three months’ course of practical
chemistry in the summer session of medical schools or for any simi-
lar series of lessons—including the preparation of elementary gases,
analytical reactions of common metals and acidulous radicals, anal-
ysis of single salts, chemical toxicology, and the examination of
urine, urinary sediments, and calculi:—

One dozen test-tubes. Small pestle and mortar.
Test-tube stand. A 2-pint earthenware basin.
Test-tube cleaning-brush. A 2-inch and a 3-inch evap. basin.

A few pieces of glass tubing, 8 to | Two porcelain crucibles.
16 in. long, with a few inches of | Blowpipe.

India-rubber tubing to fit. Crucible tongs.
Small flask. Round file. |
Two small beakers. Triangular file.
Two small funnels. Small retort-stand.
Two watch-glasses. Sand-tray.
Two or three glass rods. Wire triangles.
Wash-bottle. Platinum wire and foil.

: X1



xii APPATRATUS.
Test-paper. i Towel.
Filter-paper. Two dozen corks.

(This set, packed in a deal box, can be obtained of any chemical-
apparatus maker for about seven dollars.)

APPARATUS FOR EXPERIMENTS IN SYNTHESIS AND ANALYSIS.

A larger set, suitable for the performance of most of the synthet-
ical as well as analytical experiments described in this manual :—

A set of evaporating-basins, of
the following sizes:—
One 83-inch. One 4-inch.
One 7%-inch. Two 3-inch.
One 63-inch.
One retort-stand and three rings.
Two test-glasses.
One half-pint flask.
One half quire of filter-paper.
Two porcelain crucibles.
One measure-glass, 5 oz.
-Blowpipe, 8-inch, Black’s.
Two glass funnels.
Onedoz. test-tubes (German glass).
One test-tube brush. '

One pair of 8-inch brass crucible-
tongs.

Two soup-plates.

One flat plate.

Two spatula-knives.

One pair of scissors.

One round file.

One triangular file.

One half pound of glass rod.

One half pound of glass tubing.

One ft. small India-rubber tubing.

Three dozen corks of various sizes.

Platinum wire and foil.

Test-papers.

A nest of three beakers.

(This set, packed in a case, can be obtained of any chemical-ap-
paratus maker for about twelve dollars.)

A sponge, towels, and note-Kook may be included.

FURNITURE oF A LABORATORY.

The following apparatus should be ready to the hands of students
following an extended course of practical chemistry in a room set

apart for the purpose :—

A bench or table and stool.

Water-supply and waste-pipe.

A cupboard attached to a chimney
with an outward draught.

A furnace fed with coke; tongs,
hot-plate, or sand-bath, etc.

A waste-box.

Shelves for chemicals and other
materials in jars or bottles.
Gas-supply and lamp with flexible

tube (oraspirit-lamp and spirit).

Other articles, such as flasks, retorts,

evaporating-dishes,

Test-tube rack, two dozen holes.

Iron stand or cylinder for support-
ing large dishes.

Iron adapters for fitting dishes to
cylinder.

Pestle and mortar, 5 or 6 inches.

One 6-inch funnel.

Brown pan, 1- or 2-gallon.

White jug, 1-gallon.

Water-bottle, quart.

Twenty-eight test-bottles, 6-oz.

receivers, condensers, large

may be obtained as wanted. In Quantitative

Analysis the apparatus described in the sections on that subject will

be required.
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REAGENTS.

Certain chemicals are used so frequently in analytical processes
‘that it is desirable to have small quantities placed in bottles in front
of the operator. As these * reagents’ or ‘ test-solutions’ are gen-
erally employed in a state of solution, nearly all the solid salts may
at once be dissolved (in distilled water). The bottles employed
should be well stoppered, and of five or six ounces capacity. The
bottles should not be more than three-quarters full; single drops,
if required, can then be poured out with ease and precision. The
following list of test-solutions is recommended; directions for
methods of preparing those not readily purchasable will be found
by referring to the Index:—

Sulphuric Acid, strong. Sol. of Potash, 5 per cent. or B. P.
Nitric Acid, strong. “  Soda, 5 to 15 per cent.
Hydrochloric Acid, strong. “  Ammon., 10 per ct. or B. P.

Acetic Acid, strong.. Lime-water, saturated.
The next nine may contain about 10 per cent. of solid salt :—

Carbonate of Ammonium, with a | Sulphydrate of Ammonium.
little solution of Ammonia | Chloride of Barium.
added. Chloride of Calcium.
Chloride of Ammonium. Phosphate of Sodium.
Phosphate or Arseniate of Am-| Neutral Chromate.
monium.

The succeeding seven may have a strength of about 5 per cent. :—

Ferrocyanide of Potassium. Perchloride of Iron.
Ferridcyanide of Potassium. Nitrate of Silver.
Todide of Potassium. Perchloride of Platinum.

Oxalate of Ammonium.

List or CHEMICALS.

List of chemicals necessary for the practical study of the non-
metallic elements mentioned on pp. 13 to 31. The quantities are
sufficient for several experiments.

Chlorate of Potassium 1 oz. | Phosphorus. . . 1 oz.
Black Oxide of Manganese 1 oz. | Hydrochloric Acid 1 oz.
Zinc 1 oz. | Sulphur 3 oz.
0il of Vitriol 2 oz. | Iodine . + oz

List of chemicals necessary for the analytical study of the metal-
lic and acidulous radicals (pp. 60 to 376). The quantities will de-
pend on the frequency with which experiments are repeated or anal-
yses performed; those mentioned are sufficient for ome or two
students. The articles are given in the order in which they
will be required. The eight substances mentioned in the above
list are included :—
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The set of test-solutions described
on the previous page.

Carbonate of Potassium 1 oz.
Tartaric Acid 1 oz.
Litmus 4 1 oz.
Sulphate of Magnesium 1 oz.
Sulphate of Zinc 1 oz.
Alum . 5 1 oz.
Sulphide of Iron 1 1b.
Oak-galls . . 1oz
Sulphocyanate of Potassium % oz.
White Arsenic. % oz,
Zinc 3 1b.
Charcoal . . % 1b.
Sulphate of Iron 1 oz.
Copper foil 1 oz.
Sulphate of Copper 1 oz.
Tartar Emetic % oz.
Mercury . . . 1 oz.
Corrosive Sublimate % oz.
Calomel % oz.
Tin ; | oz.
Bicarbonate of Sodium 1 oz.
Acetate of Lead 1 oz.
Cyanide of Potassium % oz.
Hyposulphite of Sodium . 1 oz.
A Lithium Salt 10 grs.
Nitrate of Strontium 1 oz.

CHEMICALS.

Black Oxide of Mangancse 3 1b.

Chloride of Manganese . } oz.
Chloride of Cobalt 50 grs.
Nitrate of Nickel 1 oz.

Chloride of Chromium % oz.

Gold leaves . . . 2o0r 3
Chloride of Cadmium 1 oz.
Nitrate of Bismuth % oz.
Bromide of Potassium % oz.
Starch . 1 oz.
Nitrate of Potassium 1 oz.
Copper borings or turnings 1 oz.
Indigo s 4 % oz.
Chlorate of Potassium 1 oz.
TIodine . . % oz.
Spirit of Wine 1 oz.
Sulphur . o 1 oz.
Acid Oxalate of Potassium 1 oz.
Citric Acid 1 oz.
Phosphorus . 1 oz.
Borax 1 oz.
Turmeric . . 1 oz.
Benzoic Acid 50 grs.
Fluor Spar . 1 oz
Tannic Aecid 50 grs.
Gallic Acid . . 50 grs.
Pyrogallic Acid 50 grs.

The quantities of materials required for the study of Chemistry
synthetically will necessarily vary with the desires and tastes of
the operator, or according to the number and rcquirements of stu-

dents working together.
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CHEMISTRY
GENERAL, MEDICAL, AND PHARMACEUTICAL.

INTRODUCTION .*

THE infinite variety of solid, liquid, and gaseous substances
of which our earth and atmosphere are composed, may be re-
solved with more or less difficulty into distinet forms of matter
appropriately termed Elements, for by no known means can
they be further decomposed. Sixty-seven elements have been
proved to exist. A few (such as gold) occur naturally in the
uncombined state, but the greater number are combined in so
subtle a manner as to conceal them from ordinary methods of
observation. Thus none of the common properties of water
indicate that it is composed of two elements, both gases, but
differing much from each other: nor can the senses of sight,
touch, and taste, or other common means of examination, de-
tect in their concealment the three elements of which sugar is
composed. The art by which these and all other compound
substances are resolved into their elements is termed Chemis-
try, a name derived possibly from the Arabic word kamar, to
conceal.t The art of chemistry also includes the construction
of compounds from elements, and the conversion of substances
of one character into those of another. The general principles

* Students using this book as a guide in following chemistry prac-
tically should read the first three pages, and then commence work by
preparing oxygen. All students should read the prefatory pages.

+ The idea that common metals contained valuable metals con-
cealed within them was the one seed from which mainly sprung
chemical knowledge. The men who endeavored to find the secret
of such concealment were appropriately termed alchemists, and their
efforts spoken of as alchemy (al kimia, from kamai, to conceal). Their
persistent labors, generation after generation, were unsuccessful so
far as the transmutation of baser metals into gold was concerned, yet
were invaluable to posterity. For new substances were discovered
and truths of nature unveiled; from these discoveries multiplication
of discoveries resulted, and thus grew the still-growing branch of
knowledge called Chemistry.

2 13
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or leading truths relating to the elements, to the manner in
which they severally combine, and to the properties of the
compound substances formed by their union, constitute tlie
science of chemistry.®

From these few words concerning the nature of the art and
science of chemistry, it will be seen that in most of the occu-
pations that engage the attention of man chemistry plays an
important part—in few more so than in the practice of Thera-
peutiest and Pharmacy.}

* Persons who practise the art and science of Chemistry are known
as Chemists. Some two hundred or more years ago, and before chem-
istry was a science, the “chemists” were the makers or vendors of
chemicals, then only used as medicines. They were the successors of
the Alchemists. In Greal Britain these chemists and the herbalists,
otherwise drug-grocers, otherwise druggists, gradually associated to
form the “Chemists and Druggists.” Between the ‘“Chemist and
Druggist” and the Physician there existed the Apothecary—the
putter together of medicines or compounder of physicians’ prescrip-
tions. The Apothecary has since become a medical practitioner, pre-
scriptions now being “made up” by the Chemist and Druggist. The
latter in Great Britain, since the year 1868, has the title of Chemist
and Druggist, his higher title being Pharmaceutical Chemist; these
respective designations he legally assumes on passing the Minor and
Major Examinations, conducted by the Pharmaceutical Society of
Great Britain in accordance with the provisions of the Pharmacy Acts
of 1852 and 1868. The whole class is often spoken of as that of
Pharmacists or Pharmaceutists, terms also used in the United States.
Other classes of chemists are the Analytical Chemists, who give spe-
cial attention to Analysis: Manufacturing ('hemists, who restrict their
labors to the preparation of chemicals; while others devote a portion
of their knowledge and energies to Chemical Education or to Chemical
Research, or are appealed to as Consulting Chemists by the persons,
firms, corporations, or governments needing chemical advice respect-
ing industrial processes, lygienic matters, etc. The callings of the
Consulting and Analytical Chemist are generally united, and the pro-
fessional gentlemen who follow these conjoint avocations also not un-
frequently occupy professorial or other tutorial positions, sometimes
adding to these labors more or less work at original chemical research.
In England, Scotland, and Ireland, nearly all the leading professional
;hel:mists are Fellows of the Institute of Chemistry of Great Britain and

reland.

+ Therapeutics (fepamevricoc, therapeutikos, from Oépamevw, therapeuo
to nurse, serve, or cure) is that branch of medicine which treats of
the application of remedies.for diseases; it includes dietetics. The
therapeutist also takes cognizance of hygiene, that department of
medicine which respects the preservation of health.

1 Pharmacy (from ¢dpuarov, pharmakon, a drug) is the generic name
for the operations of preparing or compounding medicines, whether
performed by the Medical Practitioner or by the Chemist and Drug-
gist. It is also sometimes applied, like the corresponding term “Sur-
gery,” to the apartment in which the operations are conducted.
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Air, water, food, drugs, and chemicals, in short all material
substances, are composed of a few elements. An intimate
knowledge of the properties of these, and of the various sub-
stances they form b%combining with each other, a knowledge
of the power or force'(the chemical force, or chemical affinity)
by which the elements contained in those compounds are held
.. together, and an application of such knowledge to Pharmacy
and Medicine, must be the objects sought to be attained by the
learner, for whom this work has been especially written.

The Elements.—Of the sixty-seven known elements thirty-
nine are of medical or pharmaceutical interest; of these, about
two-thirds are metals, and one-third non-metals; the remainder*
are 50 seldom met with in nature as to have received no prac-
tical application either in medicine, art, or manufacture. Be-
fore intimately studying the elements, it is desirable to acquire
some general notions concerning them: such a procedure will
also serve to introduce the practical student to his apparatus,
and make him better acquainted with the various methods of
manipulation.t

Metallic Elements—With regard to the metallic elements, it
may be safely assumed that the reader has sufficient knowledge
for present purposes; but little, therefore, need now be said
respecting them. He has an idea of the appearance, relative
weight, hardness, etc.; of such metals as gold, silver, copper,
lead, tin, zinc and iron. If he has not a similair knowledge
of mercury, antimony, arsenicum, platinum, nickel, aluminium,
magnesium, potassium, and -sodium, he should commence his
studies by seeing and handling specimens of each of these
metals.

Non-Metallic Elements.]—With regard to the non-metallic

* A complete list of the elements will be found at the end of the volume.

+ This allusion to apparatus need not discourage the youngest pupil.
With the aid of a few phials, wine-glasses, or other similar vessels
always at hand, he may, by studying the following pages, learn the
chemical reactions which are constantly occurring in the course of
making up medicines, understand the process by which medicinal
preparations are manufactured, and detect adulterations, impurities,
or faults of manufacture. Among the substances used in medicine,
will be found nearly all the chemicals required. If, in addition, a
dozen test-tubes and a few feet of glass tubing be procured, many of
the experiments described may be performed. For full lists of appa-
ratus and chemicals see introductory pages.

1 These bodies are sometimes termed mefalloids (from wéraiiov,
metallon, a metal, and eldoc, eidos, likeness); but the name is not ap-
propriate, for the non-metallic elements have no likeness to metals.
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elements, it is here supposed that the student has no general
knowledge. He should commence his studies therefore by a
series of operations as follows, on eight out of their number.

OXYGEN.

Preparation.—As oxygen is the most abundant element in nature,
forming, though in a combined state, about one-half of the whole
weight of our globe, it may safely be assumed that this element can
readily be obtained in the free condition in a state of purity. In
fact, the air itself contains about one-fifth of-its bulk of oxygen,
though from the air it cannot be separated, at least not easily and
readily, for experimental purposes. It is preferable to apply heat
—that force which will often be noticed as antagonistic, so to speak,
to chemical union; heat generally separating particles of matter
further from each other, while chemical attraction tends to bind
them closer together—it is better to heat certain compounds con-
taining oxygen; the latter is then evolved in its normal, natural
condition of gas. Several substances, when heated, yield oxygen ;
but for convenience and economy, the crystalline body known as
chlorate of potassium is best fitted for the experiment. The sizec
and form of the vessel in which to heat it will mainly depend on the
quantity required ; but for the purposes of the student the best is a
test-tube, an instrument in constant requisition in studying practical
chemistry. It is simply a thin tube of glass, a few inches in length,
and half or thrce-quarters of an inch in diamecter, closed by fusion
at one end. It is made of thin glass, in order that it may be rapidly
heated or cooled without risk of fracture. (See Fig. 1.)

Outline of the Process—Heat chlorate of potassium (say, as
much as will lie on a shilling) in a test-tube, by means of a
spirit- or gas-flame ; gaseous oxygen is quickly envolved. Be-
fore applying heat, however, provision should be made for col-
lecting the gas. (See Fig. 3.)

Cbllection of Gases—Procure a piece of glass tubing about
the thickness of a quill pen, and a foot or eighteen inches long,
and fit it accurately to the test-tube by means of a cork.
(Longer tubes may be neatly cut to any size by smartly draw-
ing the edge of a triangular file across the glass at the re-
quired point, then clasping the tube, the scratch being between
the hands, and pulling the portions asunder, force being ex-
erted in a slightly curved direction so as to open out the crack
which the file has commenced.) The tube is fixed in the cork
through a round hole made by the aid of a red-hot wire, or
better, a rat-tail file, or, best of all, by one of a set of cork:
borers—pieces of brass tubing sharpened at one end and hav-
ing a flat head at the other. Setting aside the test-tube for a
few minutes, proceed to bend the long piece of tubing to the
most convenient shape for collecting the gas.
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To Bend Glass Tubes.—Hold the part of the tube required
to be bent in any gas- or spirit-flame (a fish-tail gas-jet answers

Softening and bending Glass Tubes.

very well), constantly rotating it, so that about an inch of the
glass becomes heated. It will soon be felt to soften, and will
then, yielding to the gentle pressure

of the fingers, assume any required Fig. 2.

angle. In the present case, the tube
should be heated at about four inches
from the extremity to which the cork
is attached, and bent to an angle of
about 90 degrees.

Source of Heat—'The source of heat
for the test-tube may be the flame of
an ordinary spirit-lamp, or, still better
where coal-gas is procurable, a mixture
of the latter with air. Gas-lamps espe-
cially constructed to burn a mixture of
coal-gas and air are sold by chemical-
apparatus manufacturers. (See Figs.
3and 7).

Collection, ete. (continued).— Fit
the cork and bent tube into the test-
tube; the apparatus will then be
ready for delivering gas at a convenient distance from the
heated portion of the arrangement. To collect it, have ready
three or four test-tubes (or small wide-mouthed bottles) filled
with water, and inverted in a basin, or other similar vessel,
also containing water, taking care to keep the mouths of the
tubes a little below the surface. Now apply heat to the chlo-
rate contained in the test-tube, and so arrange the open end of
the bent tube under the water that the gas which presently
issues may bubble into and gradually fill the inverted test-tubes.
The first tubeful may be rejected, as it probably consists of
little more than the air originally in the apparatus, and which
has been displaced by the oxygen. That which comes after-
wards will be pure oxygen.

9%
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This engraving represents the preparation, collection, and storage of small quantities
of oxygen gas. A test-tube and hent glass tuhe, joined together hy a perforated cork,
are supported hy the arm of an iron stand. (The apparatus might be held hy the
fingers.) The tube is heated by a gas-lamp. (The spirit-lamp shown at the back might
he used instead.) Gas evolved from the heated suhstance in the test-tube is displacing
water from an inverted test-tuhe. Spare tuhes in a test-tube rack are at hand, and tubes
already filled are set aside till wanted. A nestof cork-borers, a round file, a triangular
file, and a test-tube cleaning hrush are lying on the table or student’s bench. Below are
cupboards for apparatus, ahove are hottles containing testing liquids, etc.

As each tube or bottle becomes full, its mouth (still under
the surface of the water) may be closed by a cork and set
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aside; or a little cup (such as a porcelain crucible or small
gallipot) may be brought under the mouth, and the cup, with
the mouth of the tube in it, be lifted out of the water and
placed close by till wanted, the water remaining in the cup
effectually preventing the gas from escaping.

On the large scale, oxygen may be made in the same way, larger
vessels (glass flasks or iron bottles) being employed. Less heat also
will be necessary if thc chlorate of potassium be previpusly mixed
with very fine sand, or, still better, with about an equal weight of
common black oxide of manganese.

Note on the Collection and Storage of Gases.—It may be as well
to state that nearly all gases, whether for experimental or practical
purposes, are collected and stored in a similar manner. Even coal-
gas is generated at gas-works in iron retorts very much the shape of
test-tubes, only they are as many feet long as a test-tube is inches:
and the well-known gigantic gas-holders may be viewed as inverted
iron test-tubes of great diameter.

Properties—Oxygen is a colorless gas. Cailletet and Pictet
succeeded in liquefying it. Wroblewski and Olszewski have
obtained it in some amount as a definite, colorless, transparent
fluid. Obviously it is not very soluble in water, or it could
not be collected by the aid of that liquid.

Oxygen is soluble to a ccrtain cxtent, however (about 3 volumes
in 100 at common temperatures), or fishes could not breathe.

Other noticeable features are its want of taste and smell.
Next, to show the relation of oxygen to combustion, remove
one of the tubes from the water by placing the thumb over
its mouth, apply for a second a lighted wood match to the
orifice; the gas will be found to be incombustible. Extin-
guish the flame of the match, and then quickly introduce the
still incandescent carbonaceous extremity of the wood half-
way down the test-tube; the wood will at once burst into flame
owing to the extreme violence with which oxygen supports
combustion. These tests of the presence of oxygen may also
be applied at the extremity of the delivery-tube whilst the gas
is being evolved. (It is desirable to retain two tubes of the
gas for use in subsequent experiments; also one tube in which
only one-third of the water has been displaced by oxygen.)

Relation of Oxygen to Animal and Vegetable Life—Not only the
carbon at the end of a piece of charred wood, but any other sub-
stance that will burn in air (which, as will be seen presently, is
diluted oxygen) will burn more brilliantly in pure oxygen. The
warmth of the body of animals is kept up by the continuous burn-
ing of the tissues in the oxygen (of the air) drawn into the system
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through the lungs. The product of this combustion is a gaseous
compound of carbon and oxygen termed carbonic acid gas, a £as
which, in sunlight, is decomposed in the cells of plants, with fix-
ation of the carbon and liberation of the oxygen ; hence the atmo-
sphere is kept constant in composition.

Memorandum.—At present it is not advisable that the reader
should trouble himself with the consideration of the chemical action
which oceurs either in the elimination of oxygen from its compounds,
or in the separation of any of the following non-metallic elements
from their combinations. It is to the properties of the elements
themselves that he should restrict his attention. Working thus from
simple to more complex facts, he will in due time find that the com-
prehension of such actions as occur in the preparation of these few
elements will be easier than if he attempted their full study now.

HYDROGEN.

Preparation and Collection.—The element hydrogen is also
a gas* and is obtainable from its commanest compound, water
(of which one-ninth by weight is hydrogen), by the agency
of hot zine or iron, but more conveniently by the action of
either of these metals on cold diluted sulphuric acid. The
apparatus used for making oxygen may be employed for this
experiment ; but no lamp is required. Place several pieces of
thin zine § in the generating-tube (Fig. 4), or in any common
glass bottle (Fig. 5) or flask, and cover them with water. The
collecting-tubes (these may be wide-mouthed bottles) being
ready, add strong sulphuric acid (oil of vitriol) to the zinc and
water, in the proportion of about one volume of acid to five of
water, and fit on the delivery-tube, or pour the acid down such
a funnel-tube { as is shown in I'ig. 5; the hydrogen is at once

* Graham obtained alloys of hydrogen with palladium and other
metals, compounds in which several hundred times its bulk of gas
is retained by the metal in vacuo or even at a red heat. This was
physical confirmation of the opinion long held by chemists, that
hydrogen is a gaseous metal. Graham termed it hydrogenium f other
chemists hydrium), and considered its relative weight in the solid state
to be nearly three-fourths that of water. Cailletet and Pictet have
since actually liquefied and solidified this element. )

+ The best form is granulated zinc (Zincum, U. S. P.), made by heatin
scraps of common sheet zine in a ladle over a fire, and as soon qg
melted pouring, in a slow stream, into a pail of water from a heigin
of 8 or 10 feet. Each drop of zine thus yields a thin little bell, which
for its weight, presents a large surface to the action of the acid water,
If the zinc is allowed to become hotter than necessary, the little bells
will not be formed.

I_Funnel-tubes may be purchased of the apparatus-maker, or, if the
pnpil has access to a table blowpipe and the advantage of a tutor to
direct his operations, they may be made by himself,
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evolved. Having rejected the first portions (or having waited
until the air originally in the bottle may be considered to be
all expelled), collect four or five tubes of the gas in the manner
described under Oxygen.

Fig. 4. Fig. 5.

Preparation of Hydrogen.

In making larger quantities bottles of appropriate size may be
employed.
ther metals, notably potassium and sodium, liberate hydrogen
the moment they come into contact with water; but the processes
are not economical.

"Properties.—Like oxygen, hydrogen gas is invisible, inodor-
ous, and tasteless. If made with iron it has a strong smell,
but this is due to impurities derived from the iron.

Apply a flame to the mouth of the delivery-tube (care being
taken that the gas is coming off briskly—a guarantee that no
air remains in the generating vessel) ; ignition of the hydrogen
ensues, showing that, unlike oxygen, it is combustible.

Plunge a lighted match well into a tube (or wide-mouthed
bottle) containing hydrogen ; the gas is ignited, but the match
becomes extinguished. This shows that hydrogen is not a sup-
porter of conibustion.

Hydrogen in burning unites with the oxygen of the air and
forms water, which may be condensed on a cool glass or other
surface. Prove this by holding a glass vessel a few inches
above a hydrogen flame. In burning the hydrogen contained
in one of the tubes or bottles, the flame is best seen when the
tube is held mouth upwards, and water poured in so as to force
out the gas gradually.

If, instead of this gradual combination of the two elements
oxygen and hydrogen, they be mixed together in bulk in the
right proportions and then ignited, they will rapidly combine,
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and explosion will result. Prepare a mixture of this kind by
filling up with hydrogen a test-tube from which one-third of
the water has been expelled by oxygen. Remove the tube from
the water, placing a finger over the mouth, and, having a
lighted match ready, apply the flame ; a slight explosion ensues,
owing to the instantaneous combination of the two elements,
and the expansive force of the highly heated steam produced.
If anything larger than a test-tube is employed in this experi-
ment, it should be a soda-water bottle, or some such vessel
equally strong.

These two gases thus unite at a temperature far higher than that
of boiling water, two volumes of hydrogen and one of oxygen yield-
ing two volumes of gaseous water (true steam).

The noise of such explosions is caused oy concussion between the
suddenly expanded gaseous body and the air.

The force of the explosion, or, in other words, the force of the
suddenly heated, and therefore suddenly expanded, steam, is below
that necessary to break the test-tube. Some force, however, is ex-
erted, and hence the necessity of the precaution previously suggested
of allowing all the air which may be in a hydrogen-apparatus to
escape before proceeding with the experiments. If a flame be ap-
plied to the delivery-tube before all the air is expelled, the probable
result will be ignition of the mixture of hydrogen and oxygen (of
the air) and consequent explosion. But even in' this case the gen-
erating-vessel is not often fractured unless it be large and of thin
glass, the ordinary effect being that the cork is blown out, and the
delivery-tube broken on falling to the ground.

Hydrogen is a é)rominent constituent of all the substances used
for producing artificial light, such as tallow, oil, and coal-gas. The
explosive force of lar%e quantities, such as a roomful of coal-gas and
air, though vastly below that of an equal weight of gunpowder, is
well known to be sufficient at least to blow out that side of the room
Whrlch offers least resistance.

. rﬂﬁitgonﬁoosztwn of water can be proved analytically as well as
Y. 1cally, a current of electricity decomposing it into its con-

stituent gases, twi :
b (i‘é y twice as much hydrogen as oxygen, by volume, being

Combustion (from comburo, to burn).
wgrogen a.I}lld o_xyigen illustrate the true
enever chemical combination is sufficiently intense -
panied by heat and light, the materials are sa%,d to ?rfgetr(:g(l)) 6:3:‘;(3[())1?;-
tion. Combustion only occurs at the line of contact of the corabin-
ing bodies ; a jet of oxygen will burn in an atmosphere of hydroge
quite as easily as a jet of hydrogen in oxygen. A jet of air (dilu%ef‘l1
oxygen) will burn as readily in a jar of coal-gas as a Jjet of coal-
burns in air; each is combustible, each supports the combustiongag
the other. Hence the terms combustible and supporter of combz?
tion are purely conventional, and only applicable so long as the cii-
cumstances under which they are applied remain the same. In thej

—The experiments with
character of combustion.
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case of substances burning in air, the conditions are, practically,
always the same: hence no confusion arises from regarding air as
the great supporter of combustion, and bodies which burn in it as
being combustible. ‘ -

Structure of Flame.—A candle-flame or oilflame is a jet of gas
intensely heated ; the central portion is unburnt gas; the next enve-
lope is formed of partially burnt and very dense, gaseous, and solid
particles sufficiently highly heated to give light, and the outer cone
of completely burnt gases. In the figure the sharpness of limit of
these cones is purposely somewhat exaggerated. Air made, by any
mechanical contrivance of burner, to mix with the interior of a flame
at once burns up, or perhaps prevents the formation of dense gases
giving a hotter, but non-luminous, jet. The air-gas lamps (Fig. 7),
or ‘“Bunsen’” gas-burners commonly used in chemical laboratories
are constructed on this principle ; their flame has the additional ad-
vantage of not yielding a deposition of soot.

Fig. 6. Fig. 7.

Structure of Flame. “Bunsen " or Air-gas Burner.

In the air-gas lamp, coal-gas escaping from a small orifice draws
rather more than twice its volume of .air (supplied through adjacent
holes) into its column, and the mixture of gas and air passes upwards
along a pipe. It only burns at the end, and not within the pipe,
partly because the metal of the burner, by conducting heat away,
cools the mixture below the temperature at which it can ignite;
partly because the velocity with which the mixture flows out is
greater than the rate at which such a mixture ignites; and partly
because the proportion of air to gas in this mixture is insuflicient
for thorough and perfect combustion, the external air contributing
materially to the complete combustion of the jet of air-gas. The
Davy safety-lamp acts on the firstnamed principle; a wire-gauze
cage surrounds an oil-flame ; an inflammable mixture of gas and air
(fire-damp) can pass through the gauze and catch fire and burn in-
side ; but the flame cannot be communicated to the mixture outside,
because the metal of the gauze and of the other parts cools down the
gas below the temperature at which combustion can continue.
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Properties (continued).—Gaseous hydrogen is the lightest
substance known. It was formerly used for filling ba.lloonS,
but was superseded by coal-gas. Coal-gas is not so light as
hydrogen, but is cheaper and more easily obtained. The light-
ness of hydrogen may be rendered evident by the following
experiment: Fill two test-tubes with the gas, and hold one
with its mouth downwards and the other with its mouth.up-
wards. The hydrogen will have escaped from the latter in a
few seconds, whereas the former will still econtain the gas after
the lapse of some minutes. This may be proved by applying
a lighted match to the mouths of the respective tubes.

T he relative weight or specific gravity.of oxy%en is sixteen times
that of hydrogen. A vessel holding one grain of hydrogen will hold
sixteen grains of oxygen. The relation of the weight of hydrogen
to air is as 1 to 14.44 or as 0.0693 to 1.0. Ome grain of hydrogen by
weight would measure about 27 fluidounces. One grain of hydrogen
would, therefore, about fill a common wine bottle. Such a bottle
would hold about 14} grains of air, or 16 grains of oxygen.

Mem.—It is desirable to retain two tubes of hydrogen for use in
subsequent experiments. :

Diffusion of Gases.—Hydrogen cannot be kept in such vessels as
the inverted test-tubes; for, though much lighter than air, it diffuses
downwards into the air, while the air, though much heavier, diffuses
upwards into the hydrogen. This power of diffusion is character-
istic of all gases, and proceeds according to a fixed law, namely, “in
inverse proportion to the square root of the specific gravity of the
gas” (Graham). Thus hydrogen diffuses four times faster than
oxygen. This great and important property of diffusion strongly
suggests that the particles of gases, at least, are always moving,
never at rest; how otherwise could gases diffuse into each other, as
they do, notwithstanding the opposing influence of gravitation?
Diftusion strongly supports this %)(g)lausius’s) Kinetic (kwéw, kineo, 1
move or put in motion) theory of the physical condition of gases.

PHOSPHORUS.

Appearance and Source—Phosphorus (Phosphorus, U. S. P)) is
a solid element, in appearance and consistence resembling white
wax; but it gradually becomes yellow by exposure to light. It
1s a characteristic constituent ofy bones, and is always prepared

from that source by a process which will be subsequently de-
scribed.

Caution.—Phosphorus, on account of its great affinity
takes fire very readily in the air, and should therefore be kept under
water. When wanted for use it must be cut under water. It ig

employed in tipping lucifers, though red. or amorphous ph p
(vide Index) is least objecti(’)nable for this PUI‘pg:e. bhrosphorus

Experimenf.—])ry a piece about one-fourth the size of pea
by quickly and carefully pressing it between the folds of porous

for oxygen,
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(filter or blbtting) paper ; place it on a plate, and ignite by
touching it with a piece of warm wire or wood. The product
of combustion is a dense white suffocating smoke, which must
be confined at once by placing an inverted tumbler, test-glass,
or other similar vessel over the phosphorus. The fumes rapidly
aggregate, and fall in white flakes on the plate. When this
lhas' taken place, and the phosphorus is no longer burning,
moisten the powder with a drop or two of water, and observe
that some of the water is converted into steam, an effect due
to the intense affinity with which the two combine.

The powder produced by the combustion of phosphorus is phos-
phoriec anhydride; the combination of the latter with the elements
of water produces a variety of phosphoric acid which dissolves in
the water, forming on standing a dilute solution of ordinary phos-
phorie acid.” The Diluted Phosphoric Acid of the British and United
States Pharmacopeeias is a somewhat similar solution, made, how-
ever, in a different way, and of a definite strength.

NITROGEN.

Source.—The chicf source of this gaseous elemcnt is the atmo-
sphere, nearly four-fifths of which consists of nitrogen (the remaining
fifth being almost entirely oxygen).

Preparation.—Burn a piece of dried phosphorus, the size
of a pea, in a confined portion of air. The oxygen is thus re-
moved, and nitrogen alone remains. The readiest mode of
performing this experiment is to fix a piece of earthenware

Fig. 8. Fig. 9.

=

Preparation of Nitrogen. Decantation of Gases.

(the 1id of a small porcelain crucible answers very well) on a
thin piece of cork, so that it may float in a dish of water. Place
the phosphorus on the lid, ignite by a warm rod, and then in-
vert a tumbler, or any glass vessel of about a half-pint capacity,
over the burning phosphorus, so that the glass may dip into the

3
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water. Let the arrangement rest for a short time for the fumes
of phosphoric anhydride to subside and dissolve in the water,
and then decant the gas into test-tubes in the manner indi-
cated in Fig. 9, using a tub or other vessel of water of suffi-
cient depth to permit the glass containing the nitrogen to be
turned on one side without air gaining access.

Larger quantities of nitrogen are made in the same way. Other
combustibles, such as sulphur or a candle, might be used to burn out
the oxygen from a given gquantity of air, but none answer so quickly
and completely as phosphorus; added to which, the product of their
combustion would not always be dissolved by water, but would re-
main with and contaminate the nitrogen.

Mem.—The statement concerning the composition of the air is
roughly confirmed in preparing nitrogen, about one-fifth of the vol-
ume of the air originally in the glass vessel having disappeared, its
place being occupied by water from the dish.

Properties.—Like oxygen and hydrogen, nitrogen gas is in-
visible, tasteless, and inodorous. By pressure Cailletet and
Pictet succeeded in condensing it to a liquid. Wroblewski and
Olszewski have obtained it in some amount as a definite, color-
less, transparent fluid. It is only slightly soluble in water.
Free nitrogen is distinguished from all other gases by the
absence of any characteristic or positive properties. Apply a
flame to some contained in a tube ; it will be found to be incom-
bustible. Immerse a lighted match in the gas; the flame is
extinguished, showing that nitrogen is a non-supporter of
combustion.

The chief office of nitrogen in the air is to dilute the energetic
oxygen, a mere mechanical mixture resulting.

Nitrogen is fourteen times as heavy as hydrogen.

The air is nearly fourteen and a half (){4.4 ) times as heavy as
hydrogen. Its average composition, including minor constituents,
which will be referred to subsequently, is as follows :—

Composition of the Atmosphere.

In 100 volumes.

Oxygen 20.61
Nitrogen . 77.95
Carbonic acid gas 04
Aqueous vapor 1.40
Nitric acid

Ammonia traces.
Carburetted hydrogen

Sulphuretted hydrogen traces in
Sulphurous acid } towns.

The above proportions are by volume. By weight there will be
nearly 23 parts of oxygen to nearly 77 of nitrogen, oxygen being
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the heavier in the ratio of 16 to 14. Ozone (vide Index) is also said
to be a normal constituent of air.

The comparative inactivity or negative character of nitrogen in its
free condition, that is, when uncombined with other elements, con-
trasts strongly with its apparent influence in a state of combination.
When its compounds with hydrogen come to be studied, it will be
found to be, apparently, the chief, or leading, or, in a sense, the
most important element of those compounds—the ammoniacal com-
pounds. United with carbon it gives the poisonous cyanic sub-
stances. With oxygen it gives quite a large group of bodies,
amongst which are the common and important class of salts termed
nitrates. With carbon as well as hydrogen and some oxygen it
affords powerful agents termed alkaloids—near relatives of ammo-
nia—while the same elements otherwise grouped, with sometimes a
little sulphur or phosphorus, form the various albumenoid and gel-
atinoid matters characteristic of the tissues of animals and veg-
etables. In a perfect structure we should perhaps scarcely regard
any one element or member as more important than another, still
such a conclusion almost forces itself upon us as we become ac-
quainted with the chemical history of combined nitrogen.

CHLORINE.

Source.—This element is a gas. Its chief source is common salt,
more than half of which is chlorine.

Preparation.—About a quarter of an ounce of salt and the
same amount of black oxide of manganese are mixed, and
placed in a test-tube with sufficient water to cover them; on
adding a small quantity of sulphuric acid, the evolution of
chlorine commences. For mode of collection see following
paragraphs.

Fig. 11,

Preparation of Chlorine,

Another Process.—As the action of the sulphuric acid on the salt
in the above process is mainly to give hydrochloric acid, the latter
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acid (about 4 parts) and the black oxide of manganese (about ] part)
may be used in making the gas, instead of salt, sulphuric acid, and
black oxide of manganese. This, the usual process, is that adopted
in the British and United States Pharmacopceias.

Chllection and Properties.—Chlorine is a most suffocating gas.
Great care must consequently be observed in experimenting
with this element. As soon as its penetrating odor indicates
that it is escaping from the test-tube, the cork and delivery-
tube (similar to that used in making oxygen) should be fitted
on, and the gas allowed to pass to the bottom of another test-
tube containing water (Fig 10). When thirty or forty small
bubbles have passed, their evolution beiri%l assisted by slightly
heating the generating-tube, the latter should be removed to
the cupboard usually provided in laboratories for performing
operations with noxious gases, or dismounted, and the con-
tents washed away. The water in the collecting-tube will now
be found to smell of the gas, chlorine being, in fact, soluble in
about half its bulk of water. Chlorine-water is official * in
the United States Pharmacopeia (Agua Chlvie, U. S. P.).

Larger quantities may be made from hydrochloric acid and black

oxide of manganese (about 4 parts to 1) in a Florence flask, fitted
with a delivery-tube, the flask being supported over a flame by the
ring of a retort-stand or any similar mechanical contrivance (Fig.
11). A piece of cardboard on the neck of the collecting-bottle, as
indicated in the figure, retards diffusion of the gas from the bottle
during collection of the gas.
__ Mem.—Flasks and similar glass vessels are less liable to fracture
if protected from the direct action of the flame by being placed on
a piece of wire gauze 3 to 4 inches square, or on a sand-bath; that
1s, a saucer-shaped tray of sheet iron, on which a #hin layer of sand
1s placed.

* The Pharmacopeeia and all in it are official (ofice, Fr., from L
officium, an office). There are many things which in ’phzuimacy are
officinal (Fr., from L. officina, a shop) but not official. To restrict the
word officinal to the contents of a pharmacist’s shop, and to that por-
tion of the contents which is Pharmacopeial, is radically wron Iz)md
should be avoided. “An official formula is one given under authg(,)rit
An officinal formula is one made in obedience to the customary u 3, ;
of the shop (ufizina). To state that any preparation under th}(; Ssabe
tion gf the Pharmacopeeia is officinal, is a misapprehension of atric-
mglz‘i}r:utlg: of'ﬁgll'elwolll'gi.’}’l—J. Brough. e
) at 18 ofcial which emanates from a recognized i
1s oﬁcz'r.zal Wh}c.h 1s issued from an officina or W(g):rkshopz.iﬁlglf(;:;t}it ,nThat

Official writings and orders are those issued by ofﬁcialp perg(i-nq

O ; 3 Ay :
]I/}ﬁfll?all? ggocles are such as are found in a shop.—J. F. Stanford,
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The Vapor Chlori, B. P., or Inhalation of Chlorine, is simply
moist chlorinated lime so placed that some of the chlorine given off
may be inhaled.

During these manipulations the operator will have noticed that
chlorine is of a light-green color. That tint is readily observed
when the gas is collected in large vessels. As it is soluble in water
(2% vols. in 1 vol. at 60° F.), it cannot be economically stored over
that liquid. Being, however, nearly twice and a half as heavy as
air, it may be collected by simply allowing the delivery-tube to pass
to the bottom of the test-tube or dry bottle (Fig. 11).

The distinctive property of chlorine is its bleaching power.
Prepare some colored liquid by placing a few chips of logwood
or other dyeing material in a test-tube half full of hot water.
Pour off some of this red decoction into another tube and add
a few drops of the chlorine-water; the red color is rapidly
destroyed.

Chlorine readily decomposes offensive effluvia; it is one of the
most powerful of the deodorizers. It also decomposes putrid and
infectious matter ; it is one of the best of disinfectants. (Antisep-
tics are substances which prevent putrefaction. See Index.)

Combination of Hydrogen with Chlorine, forming Hydro-
chloric Acid—If an opportunity occurs of generating the gas
in a closed chamber or in the open air, a test-tube, of the same
size as one of those in which hydrogen has been retained from
a previous operation, is filled with the gas. The hydrogen
tube is then inverted over that containing the chlorine, the
mouths being kept together by encircling them with a finger.
After the gases have mixed, the mouths of the tubes are
quickly in succession brought near a flame, when explosion
occurs, and fumes of a compound of hydrochloric acid with
the moisture of the air are formed. The Hydrochloric Acid
of Pharmacy (Acidum Hydrochloricum, U. S. P.) is a solution
of the gas (made in a more economical way) in water.

The foregoing experiment affords evidence of the powerful affinity
of chlorine and hydrogen for each other. Chlorine dissolved in
water will, in sunlight, slowly remove hydrogen from some of the
water and liberate oxygen. The bleaching power of chlorine is
generally referred to this oxidizing effect which it produces in pres-
ence of water; for dry chlorine does not bleach.

Density.—Chlorine is thirty-five and a half times as heavy as
hydrogen. A wine bottle would hold about 35} grains.

3%
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SULPHUR, CARBON, IODINE.

The physical properties of these elements (color, hardness, weight,
2tc.) are familiar. Their leading chemical characters will also be
understood when a few facts concerning each are made the subject
of experiment.

SuLPHUR.—Burn a small piece of sulphur; a penetrating
odor is produced, due to the formation of a colorless gas, the
same as that formed on igniting a sulphur-tipped lucifer match.

This product is a perfectly definite chemical compound of the oxy-
gen of the air with the sulphur. It is termed sulphurous anhydride
or sulphurous acid gas.

CARBON is familiar in the forms of soot, coke, charcoal
graphite (or plumbago, popularly termed blacklead), and dia-
mond. The presence of carbon in wood, and in other vege-
table and animal matter, is at once rendered evident by heat.
Place a little tartaric acid on the end of a knife in a flame;
“the blackening that occurs is due to the separation of carbon.
The black matter at the extremity of a piece of half-burned
wood is also carbon.

Carbon, like hydrogen, phosphorus, and sulphur, has a great
affinity for oxygen at high temperatures. A striking evidence of
that affinity is the evolution of sufficient heat to make the materials
concerned red or even white hott When ignited in the dilute oxy-
gen of the air, carbon simply burns with a moderate glow, as seen
in an ordinary coke or charcoal fire, but when ignited in pure oxy-
gen, the intensity of its combination is greatly exalted. The prod-
uct of the combination of the two elements, if the oxygen be in
excess, is an invisible gaseous body termed carbonic acid gas; if

the carbon be in excess, another invisible gas termed carbonic oxide
results. '

IopINE.—A prominent chemical characteristic of iodine is
its great affinity for metals. Place a piece of iodine, about
the size of a pea, in a test-tube with a small quantity of water
and add a few iron-filings or small nails. On gently warming
this mechanical mixture, or even shaking if longer time bz;,
allowed, the color and odor of the iodine disappear: it has
chemically combined with the iron: a chemical compound hag
been produced. If the solution be filtered, a clear aqueoué
solution of the compound of the two elements is obtained,

This compound is an iodide of iron. Its solution, made as above
and mixed with sugar, forms, when of a strength of 10 per cent. thé
ordinary Syrup of Iodide of Iron of pharmacy (Syrupus Ferri Todidi
U. S. P.). A strong solution mixed with sugar, glycyrrhiza, gum:
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etc., constitutes the corresponding Pill (Pilule Ferri Iodidi, U. S.
P.). The solid iodide (Ferri Iodidum, B. P.) is obtained on remoy-
ing the water of the above solution by evaporation.

Sulphur and Iron, also, when very strongly heated, chemically
combine to form a substance which has none of the properties of a
mizture of sulphur and iron—that is, has none of the characters of
sulphur and none of iron, but new properties altogether. The prod-
uct is termed Sulphide of Iron. Its manufacture and uses will be
alluded to in treating of the compounds of iron; it is mentioned
here as a simple but striking illustration of the difference between a
chemical compound and a mechanical mixture.

THE ELEMENTS, THEIR SYMBOLS, Etc.

From the foregoing statements a general idea will have been ob-
tained of the nature of several of the more frequently occurring
elements. Some additional facts concerning them may be gathered
from the following Table, which gives the name in full, the symbol
(or short-hand character)* of the name, and its origin.

For the purposes of study the elements may be divided into three
classes—viz., those frequently used in pharmacy, those seldom, and
those never used.

Name. Symbol. Derivation of Name.

Oxygen 0 From 60 (oxis), acid, and yéveoic (gen-
esis), generation, i. e., generator of acids. It
was supposed to enter into the composition
of all acids when first discovered.
Hydrogen H From vdwp (hudor), water, and yéveoic
(genesis), gemeralion, in allusion to the
product of its combination in air.

Nitrogen N From vitpov (nitron), and yéveouc (genesis),
generator of mitre.

Carbon C From carbo, coal, which is chiefly carbon.

Chlorine Cl From yAwpoc (chloros), green, the color of
this element.

Todine I From iov (ion), a violet, and eidoc (eidos),
likeness, in reference to the color of ite
vapor.

Sulphur S From sal, a salt, and 7oy (pur), fire, in-

dicating its combustible qualities. Its com-
mon name, brimstone, has the same meaning,
being the slightly altered. Saxon word bryn-
stone, i. e., burnstone.

Phosphorus P ¢oc (phos), light, and ¢éperv (pherein), to
bear. The light it emits may be seen on
exposing it in a dark room.

* The symbol is also much more than the short-hand character, as
will be presently apparent.
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Nanie.

Symbol.

Derivation of Name.

Potassium

(Kalium.)

Sodium .
(Natrium.)

Ammonium

Barium

Calcium
Magnesium

Iron
(Ferrum.)

Aluminium

Zinc
Arsenicum
Antimony

(Stibium.)

Copper :
(Cuprum.)

Am
(NH,)

Ba

Ca
Mg

Fe

Al

Zn

Sb

Cu

Kalium, from kali, Arabic for ashes. Man-
ufactories in which certain compounds of
potassium and allied sodium salts are made
are called alkali-works to this day. [Potus-
sium, from poi-ash; so called because ob-
tained by evaporating the lixivium of wood-
ashes in pots. From such ashes the element
was first obtained, hence the name.

Natrium, from natron, the old name for
certain natural deposits of carbonate of
sodium. Sodium, from soda-ash or sod-ash,
the residue of the combustion of masses or
sods of marine plants. These were the
sources of the metal.

This body is not an element; but its
components exist in all ammoniacal salts,
and apparently play the part of such el-
ements as potassium and sodium. Sal
ammoniac (chloride of ammonium) was
first obtained from near the temple of Ju-
piter Ammon in Libya; hence the name.

From Bapic (baris), heavy, in allusion to
the high specific gravity of “heavy spar,”
the most common of the barium minerals.

Calz, lime,-the oxide of calcium.

From Magnesia, the name of the town (in
Asia Minor) near which the substance now
called “native carbonate of magnesia” was
first discovered. ’

The spelling is from the Saxon 7ren, the
pronunciation probably from the kindred
Gothic “iarn;” the derivation is Aryan; it
probably originally meant metal.

The metallic basis of alum was at first
confounded with that of sulphate of iron,
which was the alum of the Romans, and
was so called in allusion to its tonic prop-
erties, from alo, to nowrish.

From Ger. zinn, tin, with which zine
seems at first to have been confounded.

'Apoevikov (arsenikon), the Greek name for
orpiment, a suiphide of arsenicum. Common
white arsenic is an oxide of arsenicum,

Srife (stibi), or oriuue (stimmi), was the
Greek name for the native sulphide of an-
timony. The word antimony is said to be
derived from dvri (anti, against), and moine
French for monk, from the fact that certaip
monks were poisoned by it.

From Cyprus, the Mediterranean island
where this metal was first worked.
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Nanie.

Symbol.

Derivation of Name.

Lead .
(Plumbum.)

Mercury
(Hydrargyrum

Silver
(Argentum.)

)

Pb

Hg

The Latin word is expressive of *sonie-
thing heavy,” and the Saxon led has a
similar signification.

Hydrargyrum, from 9dwp (hudor), water,
and apyvpoc (arguros), silver, in allusion to
its liquid and lustrous characters. Mercury,
after the messenger of the gods, on account
of its susceptibility of motion. The old
name quicksilver also indicates its ready
mobility and argentine appearance.

*Apyvpoc (arguros), silver, from apyoc (ar-
gos), white. Words resembling the term
silver occur in several languages, and indi-
cate a white appearance.

The following are the names of some of the less frequently
occurring elements, compounds of which, however, are alluded
to in the British and U. S. Pharmacopeeias, or met with in

pharmaecy.

Name.

Symbol.

Derivation of Name.

Bromine

Fluorine

Boron

Silicon

Lithium

Strontium

Cerium

Chromium

Fl

Si

Sr

Ce

Cr

From Bpouoc (brémos), a stink. It has an
intolerable odor.

From fluo, to flow. Fluoride of calcium,
its source, is commonly used as a flux in
metallurgic operations.

From boraz, or bawrak, the Arabic name
of boraz, the substance from which the el-
ement was first obtained.

From silex, Latin for flint, which is nearly
all silica (an oxide of silicon).

From #ifetoc (litheios), stony, in allusion
to its supposed existence in the mineral
kingdom only. .

This name is commemorative of Strontian,
a mining village in Argyleshire, Scotland,
in the neighborhood of which the niineral
known as strontianile or carbonate of stron-
tinm was first found.

Discovered in 1803, and named after the
planet Ceéres, which was discovered on Jan.
1, 1801. The oxalate of cerinm is official,
but seldom used.

From ypéya (chroma), color, in allusion to
the characteristic appearance of its salts.
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Name. Symbol. Derivation of Name,

Manganese Mn Probably a mere transposition and rep-
etition of most of the letters of the word
magnesia, with whose compounds those of
manganese were confounded till the year
1740.
Cobalt Co Cobalus or Kobold was the name of a de-
mon supposed to inhabit the mines of Ger-
many. The ores of cobalt were formerly
troublesome to the German miners, and
hence received the name their metallic
radical now bears.
Nickel Ni Nickel, from nil, is a popular German
term for worthless. The mineral now known
as nickel ore was formerly called by the
Germans Kupfernickel, fulse copper, on ac-
count of its resemblance to copper (Kupfer)
ore. When a new metallic element was
found in the ore, the name nickel was re-
. tained.
Tin (Stannum) Sn Both words are possibly corruptions of
the old British word staen, or the Saxon
word stan, a stone. Tin was first discoverel
in Cornwall, and the ore (an oxide) is called
- tinstone to the present day.
Gold (Aurum) Au Aurum (Latin), from a Hebrew word sig-
nifying the color of fire.

Gold. A similar word is expressive of
. bright yellow in several old languages.
Platinum Pt From platina (Spanish), diminutive of
plata, silver. 1t somewhat resembles silver
in appearance, but is less white and lus-
g trous.
Bismuth Bi Slightly altered from the Geriman Wis-
muth, derived from Wiesematle, “a beautiful
meadow,” a name given to it originally by
the old miners in allusion to the prettily
variegated tints presented by the freshly
exposed surface of thig crystalline metal,
Cadmiom Cd - Kadpucia (Kadmeia), was the ancient, name
of calamine (carbonate of zine), with which
~ carbonate of cadmium was long confounded

the two often occurring together. ’

Gold, Platinum, Tin, and Silicon are classed with the less import-
ant elements, because their salts are seldom used in pharmacy.

It will be noticed that the symbol of an element is simply the first
letter of its Latin name, which is generally the same as in the Eng-
lish. Where two names begin with the same letter, the less import-
ant has an additional letter added.
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QUESTIONS AND EXERCISES.

Of how many elements is terrestrial matter composed ?

In what state do the elements occur in nature ?

Distinguish between the ar? and the science of chemistry.,
What 1s the difference between an element and a compound ?
Enumerate the chief non-metallic elements.

Describe a process for the preparation of oxygen.

How are gases usually stored ?

Mention the chief properties of oxygen.

What is the source of animal warmth ?

State the proportion of oxygen in air.

. Is the proportion constant, and why ?

. Give a method for the elimination of hydrogen from water.
. State the properties of hydrogen. ‘

. Why is a mixture of hydrogen and air explosive ?

Explain the effects producible by the ignition of large quan-

tities of coal-gas and air.

25.

. What is the nature of combustion?

. Define a combustible and a supporter of combustion.
. Describe the structure of flame.

. State the principle of the Davy safety-lamp.

. To what extent 1s hydrogen lighter than oxygen?

. What do you mean by diffusion of gases?

. State Graham’s law concerning diffusion.

. Name the source of phosphorus, and give its characters.
Why does phosphorus burn in air?
What remains when ignited phosphorus has removed all the

oxygen from a confined portion of air?
26. Mention the properties of nitrogen.

27
28
29
30

. What office is fulfilled by the nitrogen of air?

. State the proportions of the chief constituents of air.

. Mention the minor or occasional constituents of air.

. What is the proportion by weight of nitrogen to oxygen in

the atmosphere?

31
32
33
34
35
36
form

37

. Give the specific gravity of nitrogen.

. How is chlorine prepared ?

. Enumerate the properties of chlorine.

. Define the terms deodorizer and disinfectant.

. Explain the bleaching effect of chlorine.

. What proportion of hydrogen to chlorine is necessary for the
ation of hydrochloric acid gas?

. State the prominent physical and chemical characters of

sulphur.

38
39
40
41

. State the prominent characters of carbon.

. State the prominent characters of iodine.

. Give the derivations of the names of some of the elements.

. What are the symbols of oxygen, hydrogen, nitrogen, carbon,

chlorine, iodine, sulphur, phosphorus ?
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TuE LEARNER IS RECOMMENDED TO READ THE FOLLOWING PARA-
GRAPHS ON THE GENERAL PrincipLEs oF CHEMicAL PHILOSOPHY
CAREFULLY ONCE OR TWICE, THEN TO STUDY (EXPERIMENTALLY, IF
POSSIBLE) THE SUCCEEDING PAGES, RETURNING TO AND READING
OVER THE (GENERAL PRINCIPLES FROM TIME TO TIME UNTIL THEY
ARE THOROUGHLY COMPREHENDED.

THE GENERAL PRINCIPLES OF CHEMICAL
PHILOSOPHY.

DerFiNiITION OF CHEMICAL AcTtiON.

The learner may now proceed to study the manner in which sub-
stances act chemiically on each other. By acting chemically it will
be obvious, from the preceding experiments, that what is meant is
so affecting each other that the substances are greatly altered in prop-
erties. A mixture of oxygen and hydrogen 1is still a gas; a chem-
ical compound of oxygen and hydrogen is a liquid, namely, water ;
here is a great alteration in leading properties. Iodine is only
slightly soluble in water, and forms a brown-colored solution, and
iron is insoluble ; but when iodine and iron are chemically combined,
the product is very soluble in water, forming a light-green solution
in which the eye can detect neither iodine nor iron, and which is
utterly unlike iron or iodine in any one of their properties. Sand,
sugar, and butter rubbed together form a mere mixture, from which
water would extract the sugar, and ether dissolve out the butter,
leaving the sand. Tartaric acid, carboriate of sodium, and water
added to each other, form a chemical compound, containing neither
tartaric acid nor carbonate of sodium, these bodies having attacked
each other and formed fresh combinations. These illustrations show
that chemical action is distinguished from all other actions by ()
producing an entire change of properties in the bodies on which it
1s exerted. Chemical action is further distinguished by (b) the fact
that it only takes place between definite weights and volumes of
matter. This (¢ and ) cannot be said of any other action—the
action of any of the other great forces of nature (gravitation, heat,
light, electricity, etc.); hence the statements (¢ and b) furnish a
sharg) and precise definition of chemical action or the chemical force,
the force whose manifestations the reader of this book, or of any
other manual of chemistry, is studying.

Aroms.

In a chemical compound, what has become of the constituents?
Let the reader place before him specimens of sulphur, iron, and
sulphide of iron; or iodine, iron, solid iodide of iron and its solu-
tion in water or syrup (Syrupus Ferri Iodidi, U. 8. P.). In the sul-
phide of iron what has become of the sulphur and of the iron from
which it was made? The mixture of sulphur and iron in combining
to form sulphide of iron has not lost weight, and, indeed, by certain
processes it is possible to recover its sulphur as sulphur, and its iron
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as iron; so that we are compelled to believe, we cannot avoid the
conclusion, that sulphide of iron contains particles of sulphur and of
iron. But how small must be those particles! Rub a minute frag-
ment to dust in a mortar and place a trace of the powder under the
highest power of the best microscope ; no yellow particle is visible,
not the minutest portion of lustrous metal, but dull-brown miniature
fragments of the original mass. The elementary particles of sul-
phur and iron, or of the elements in any other compound (the chlo-
rine and sodium in common salt or the iodine and iron in solution
of iodide of iron), are, in short, too small to be seen. Can they be
imagined? Again, no. The mind cannot conceive of a particle of
anything (sulphur, iron, sulphide of iron, or what not) so small but
what the next instant the iinagination has divided it. Yet learner
and teacher must have some common platform on which to reason
and converse. The difficulty is met by speaking of these inconceiv-
ably small particles as afoms (drouos, alomos, invisible; from the
privative a and reuvw, temno, to cut-—that which is not cut or divided),
an expedient suggested by our countryman Dalton at the commence-
ment of the present century. It is an expedient not perhaps alto-
gether satisfactory, but is the only one possible to the majority of
minds in the present state of knowledge and education. We cannot
speak of iodine and iron uniting lump to lump, as two bricks are
cemented together or blocks of wood glued together, for such is not
the kind of action. We cannot select a minute fragment of each to
regard as the combining portions, for the minutest fragment we cou’d
obtain is visible, and 1odide of iron contains neither visible iodine
nor visible iron. And yet 1odide of iron contains both iodine and
iron, or, at least, a given weight of the compound is obtained from
the same weight of the constituents, and the same weight of con-
stituents is obtainable from an equal weight of the compound. We
might say that molecules are concerned in the operation, but mole-
cules means little masses of—of what? there is pesitively no word
left with which to carry on conversation and description but afoms.
Any other mode of treating the matter is too subjective for general
employment. Moreover, any difficulty in forming a definite concep-
tion of an atom is met by regarding an atom, not necessarily as
something which cannot be divided, but as *“a particle of matter
which undergoes no further division in chemical metamorphoses”
(Kekulé). Even physicists regard atoms from much the same point
of view; indeed they often speak of still larger portions of matter
(molecules) as atoms, meaning thereby ‘‘ something which is not di-
vided in certain cases that we are considering’ (Chifford).

Tue CaeMicaL Forck.

What power binds the atoms of a chemical compound together in
such marvellous closeness of union that in the couple or group they
lose all individuality? Clearly an attractive force of enormous
power, a force remotely resembling, perhaps, that which attracts a
piece of iron to a magnet. Only by such an assumption can we
conceive that common salt contains chlorine and a metal (sodium),
or that wood contains carbon, hydrogen, and oxygen. Were not

4
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this force thus all-powerful, the carbon in wood would show its
blackness and other qualities, and the hydrogen and oxygenm give
indications of their gaseous and other characters. This attractive
force is commonly termed the chemical force, sometimes chemicul
affinity. The word chemism has also been proposed for it, just as
the magnetic force is termed magnetism, but has not been gene-
nully adopted.
MoLECULES.

A free, uncombined atom probably cannot exist in a state of iso-
lation, at common temperatures, for any appreciable length of time.
For we must regard an atom as the home of an attractive force of
great intensity, and the moment such an atom is liberated from a
state of combination (say hydrogen from water, or chlorine from
salt)—it finds itself in proximity to another atom having similar
desires for union, so to speak; the result is an impetuous rushing
together and formation of either couples, trios, or groups, accordin
to the nature of the atoms. It would be as difficult to conceive o
separate atoms as to imagine that a strong magnet and a piece of
steel could be suspended close to each other without being drawn
together. It is, doubtless, possible to keep some Ipairs of atoms
apart by the aid of heat, just as the magnet and steel may be parted
by a superior amount of force, but such a condition of things is
probably abnormal. These pairs and other groups of atoms are
conveniently designated by the one word molecule, the diminutive
of mole, a mass; literally little masses. Dissimilar kinds of atoms
seem to have greater attraction for each other than similar kinds;
for, first, the masses of matter met with in nature in the great ma-
jority of cases contain two or more dissimilar elements; and, sec-
ondly, at the moment certain elements are liberated from their com-
bination, they are very specially active in combining with other,
different, elements ; that is to say, the chances are not equal that
the liberated elements will either retain their elementary condition
or combine to form compounds, but the cases in which compounds
are formed are actually in great majority.

RecarituLaTION.

It is desirable that the learner should here make some experi-
ment which will serve to bring again under notice in an applied or
concrete form what has just been stated respecting the substances
termed chemical compounds, and concerning the character of that
chemical force which resides in the atoms of molecules. The follow-
ing will usefully serve this purpose; it is the process for detecting
a trace of sulphurous acid in common liquid hydrochloric acid.

As already proved, hydrogen gas and chlorine gas, when
united, form hydrochloric acid gas: the latter dissolved in
water is the ordinary liquid of the shops termed Hydrochio,ie
Acid, the Acidum Hydrochloricum or Muriaticum of Pharma-
copeeias. Commercial samples of this liquid not unfrequently
contain as an impurity a trace of sulphurous acid gas, a body
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also already mentioned and experimentally prepared—a trace
too small to be detected by its odor. Obtain a specimen of
common liquid hydrochloric acid containing as an impurity a
trace of sulphurous acid, or adopt the more simple course of
purposely adding a few drops of aqueous solution of sulphur-
ous acid (Acidum Sulphurosum,* U. S. P.) to some hydro-
chloric acid. (If no sulphurous acid is at hand, the object
may be accomplished by pouring a quarter or half an ounce
of liquid hydrochloric acid into a wide-mouthed bottle, then
burning a fragment of sulphur on a wire or strip of wood in-
side the bottle for a few seconds, and shaking the gas and liquid
together.) Pour some of the impure liquid hydrochloric acid
into a test-tube, add about an equal bulk of water, and then
drop in some fragments of the metal zinc. Effervescence will
occur, due to the escape of inodorous hydrogen gas, together
with a small quantity of a badly-smelling gas, termed sulphur-
etted hydrogen gas. Bring the mouth of the tube under the
nose; the presence of sulphuretted hydrogen will at once be
recognized.

The hydrochloric acid has now been Zested for sulphurous acid.
If the experiment be performed on any commercial specimen of the
acid, and a smell of sulphuretted hydrogen be observed, the ope-
rator will at once be able to state that the specimen contains sul-
phurous acid as an impurity.

Using Dalton’s theory of the atomic constitution of matter, the
explanation of what occurs in the successive steps of the foregoing
experiment is as follows:—

Hydrochloric aeid is a chemical compound of hydrogen and chlo-
rine. That it is a chemical compound, and not a mere mechanical
mixture of hydrogen and chlorine, is shown by the fact that its
properties are altogether different from the properties of its ‘con-
stituents. The attractive power or chemical force resident in the
atoms of chlorine and of hydrogen has caused them to combine in
the closest manner imaginable and form pairs of atoms or molecules
of the chemical compound—hydrochloric acid. Zinc being intro-
duced into the acid, and the atoms of zinc and chlorine having even
still greater attraction for each other than the hydrogen for the
chlorine, the zinc and chlorine atoms combine and form a new
molecule (termed chloride of zinc) which remains in the liquid,
while the hydrogen atoms, having the atoms of no other element
to combine with if the acid is pure, unite to form pairs, or mole-
cules of hydrogen, and in that state escape from the vessel. If the
acid be impure from the presence of sulphurous acid (sulphurous
acid gas, it will be remembered, is a compound of sulphur and
oxygen), some of the hydrogen atoms, at the moment of their birth,

* These aqueous solutions of acids are generally, for the sake of krev-
ity, simply termed acids.
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their nascent state (from mascor, to be horn)—the specially active
state—finding the atoms of other elements present, namely, the
atoms of sulphur and oxygen of the sulphurous acid-molecules,
combine by preference with these atoms and form new molecules,
‘the sulphur and hydrogen forming sulphuretted hydrogen, and the
oxygen and hydrogen producing water: the former escapes with
the great bulk of the hydrogen, while the water remains with the
water already in the vessels.

Note—Ordinary hydrogen gas, that is, hydrogen not in the nas-
cent condition, will not thus attack sulphurous acid. Doubtless the
amount, or extent, of attraction of two atoms of hydrogen for one
atom of, say, the sulphur in the sulphurous acid molecule is a con-
stant amount, but the uncombined nascent atoms can, it is only fair
to suppose, get much nearer to the attacked molecule than they can
aftcr they have themselves combined to form a molecule, molecules
(but not atoms) having an appreciable amount of space between
them, as will be further shown almost immediately. In other
words, it is probably distance which prevents an attack which
would be inevitable at close quarters. These remarks apply to all
similar reactions of other elements.

CoNDITIONS AND NATURE oF THE MANIFESTATION OF THE CHEM-
I1cAL FoRcE.

The exertion of chemical affinity is only possible when the masses
of the bodies touch. Thus it was necessary to bring the oxygen,
hydrogen, phosphorus, chlorine, sulphur, carbon, iodine, and iron
into ordinary contact, in the respective experiments with those ele-
ments, before the various reactions occurred. The exact nature of
these actions, as indeed of all in which substances act chemically,
would secm to be an interchange, most generally a mutual one, of
the atoms of which the molecules consist—a change of partners, so
to speak. Thus, in the experiment in which hydrogen and chlorine
gases united to form hydrochloric acid gas, a pair of atoms in a hy-
drogen molecule, and a pair of atoms in a chlorine molecule, find-
ing themselves opposite to each other, change places, the atoms of
each of the old molecules unlinking, so to say, and pairing off in
fresh couples—as two brothers who for many years have been close
companions, and two sisters similarly united, thrown freshly into

each other’s society, soon accept new and still more congenial cou-
plement.

Hydrogen} Chlorine . Hydrogen Hyd
{ Hydrogen i { Chloriue} become {Cﬁloriﬁe } e { crﬁoi?lglgn }

Or, using the symbols of these elements instead of the full names,
H H and CI C1 hecome H Cl and H ClI.

Still further economizing space and trouble, the same statement
may be made in the following form :—

H, and Cl, become 2HC.
Once more, by using the plus (+) instcad of the words “and” or
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“added to,” and the sign or symbol = or equal instead of the words
“become” or “are equal to,” we reach the shortest method of cx-
pressing this chemical action:—

H, + Cl,= 2HCL.

This is the form in which such an action may be cxpressed in the
student’s note-book. It is the shortest and most convenient form,
and is instructive and suggestive to the mind.

CueMicaL NOTATION.

We have thus gradually arrived at a spot in the path of chemical
philosophy at which we must halt to more fully discuss the usual
method of recording chemical travels. We have arrived at the sub-
jeet of chemical notation (from noto, I mark), the art or practice of
recording chemical facts by short marks, letters, numbers, or other
signs. Already the first capital letter, or the first and one of the
following small letters of the Latin names of the elements have been
employed as contractions, or short-hand expressions, or symbols of
the whole name. ‘Thus H has been used for the word ‘ hydrogen,”
. and Cl for “ chlorine.” A second function of such a symbol is that
of indicating onc atom. Thus H stands not only for the word or
substance ‘ hydrogen,” but for one atom of hydrogen. Large and
small figures (2 or ,) indicate a corresponding number of atoms, the
small figure only multiplying the onc particular symbol to which it
is attached, while a larger figurc multiplies all the symbols it pre-
cedes. Thus H, means two atoms of hydrogen, and Cl, two atoms
of chlorine; while 2HCI mcans two atoms of hydrogen and two
atoms of chlorine, or, in one word, two molecules of hydrochloric
acid gas. A third function of such a symbol as H or Cl is that of
indicating onc volume of the element in the gaseous state. Thus I, -
Cl, and O stand, first, for the substances named hydrogen,.chlorinc,
and oxygen ; secondly, for single atoms of hydrogen, chlorine, and
oxygen. Thirdly, they rcpresent single and cqual volumes of chlo-
rine, hydrogen, and oxygen. It will be remcmbered that one test-
tubeful of hydrogen and an equal sized test-tubeful of chlorine were
employgd in a previous experiment in forming hydrochloric acid

as, HCI.
8 The position of symbols counts for something. Thus HCI indi-
cates not only the substances hydrogen and chlorine, single atoms
of each of the substances, and equal volumes of each, but also that
the two substances are joined together by the chemical force. If the
two letters were placed one under the other, or at some distance
apart, or were separated by a comma or a plus sign (+), they would
be understood to mean a mere mixture of the elements; but placed
as close as the printer’s types will conveniently and consistently
allow, they must be considered to stand for a compound of the ele-
ments, that is to say, hydrochloric acid gas (HCI). The collection
of symbols representing a molecule is termed a formula. H,, Cl,,
and HCI are the formule of hydrogen, chlorine, and hydrochlorie
acid gas.

H, + Cl,=2HCL

4 %
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Such a set of lctters, figures, and marks as that on the preceding line
is collectively termed an equation, because it indicates the equality
of the number and nature of the atoms beforc and after chemical
action. On the left hand of the sign of equality are shown two
molecules, and on the right hand two molecules ; but, of the mole-
cules on the left, one contains two atoms of hydrogen and the other
two atoms of chlorine, while of the molecules on the right each con-
tains one atom of hydrogen and one of chlorine. The equation forms
a short and convenient plan of recording the facts of experiment.

Instead of an equation, a diagram may be employed to exhibit
the same fact. Thus:—

H el
H, { H

al
el { Cl =~ HOl

PHYSICAL AND CHEMICAL CONSTITUTION OF
MATTER.

RevLarions or Gases, Liquips, ANDp SoLips.

Molecules of gases are not in absolute contact, for a volume of
gas may be compressed with very little force to half or one-fourth
its bulk—in short, to such an extent that in many cases the mole-
cules sufficiently approximate to form a liquid. In a liquid the
molecules are still @ee to glide about with ease amongst each other ;
and though in solids they exhibit less mobility, still even solids may
be compressed by powerful pressure, so that probably in no instance
are molecules in absolute contact. (Moreover, from the researches
of Caignard dc la Tour, and, recently, of Andrews, there would
secm to be no sharp lines of demarcation between the gaseous,
liquid, and solid conditions of substances.) One’s mental picture
of the rclative position of the molecules of gaseous, vaporous,
liquid, or solid matter must be such a picture as that of the mov-
ing particles of dust in the air of a room, or such a relation to cach
other as that of the planets and stars suspended in space. There is
abundant experimental evidence to warrant such a conception. A
clear transparent fluid appears perfectly homogeneous, but is not so.
Its particles are not in contact. Every one who has mixed 5 pints
of rectified spirit with 3 pints of water knows that the 100 fluid-
ounces of spirit and 60 fluidounces of water do not when mixed
give 160 ounces of “ proof” spirit, but only 156 ounces; the mole-
cules of the liquids have gone closer together, having probably a
little attraction for each other. Why a gas under pressure should
immecdiately return to its original bulk when the pressure is re-
moved, whilc a liquefied or solidified gas only slowly resumes the
gascous or vaporous state, is a question which requires for discus-
sion a knowledge of the nature of forces other than the chemical.



CHEMICAL PHILOSOPHY. 43

For it must be remcmbered that the study of the chemical force is
mainly the study of the internal constitution of molecules, the study
of the properties of entire molecules forming the domain of Physics
~—sometimes termed Natural Philosophy. (Physics, from ¢borg,
phusis, nature, that is, visible and material nature; the study of
actions and reactions which do not involve entire and permanent
change in the properties of bodies—the study of the action of heat,
light, electricity, magnetism, gravitation, etc., on matter.)

It is necessary, however, to state something more about the
physical as well as the chemical conditions of the molecules of a
gas in order that the learner may be prepared for the fact, that mix-
tures of certain gaseous elements, in combining to form gaseous
compounds, diminish considerably in volume. Thus, while a pint
of hydrogen and a pint of chlorine give a quart of hydrochloric
acid gas,

Hydrogen. Chlorine.

Hydrochloric acid gas.

two pints of hydrogen and one of oxygen are necessary to produce
a quart of gaseous water (steam). It will be remembered that two
volumes of hydrogen and one of oxygen were necessary in a pre-
vious experiment in which water was formed.

Hydrogen. Hydrogen. Oxygen.

& Gaseous water (steam).

Now, that a pint of hydrogen gas and a pint of chlorine gas should,
after chemical reaction or rearrangement of the atoms of the mole-
cules has taken place, form two pints of hydrochloric acid gas, is
quite what we should expect. For, first, the reader, by this time,
is not astonished that the chemical combination is attended by entire
change of properties; and, secondly, the experience of years has
led him to expect that a pint of one thing added to a pint of another
gives two pints of the mixture. But that two pints of hydrogen and
one pint of oxygen should, after combination (and under like con-
ditions of temperature and pressure), give, not three, but two pints
of product (steam) is perhaps somewhat astonishing, and needs
explanation. To this end let us picture a few of the molecules
of hydrogen and as many molecules of chlorine. Draw with a
pencil on paper several pairs of crosses (+ ) to represent hydro-
gen molecules and cireles (O O) for chlorine molecules, or, if colored
ink is at hand, red pairs of dots for hydrogen and green for chlo-
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rine. Or, at once, for facility in printing, let the following pairs of
lctters A h represent a few (say, nine) molecules of hydrogen, and
¢ ¢ molecules (nine) of chlorine—before combination.

hh hh hh
hh hh hh
Rk hh hh

ccC ccC cC
ccC cc ccC
ccC cc cc

Then, after combination, we shall have eighteen molecules of
hydrochloric acid gas:—

!
he he he | he he he
he he he he he he
he he he I he he bhe

But when two volumes of hydrogen and one of oxygen combine
and give two volumes of steam, the mental picture must be not that
of molecules somewhat nearer to each other than before, nor any
difference in the size of the molecules, but a picture of molecules
containing three instead of two atoms—thus, still using pairs of
letters, just for the moment, to represent a few (the space will allow
only twenty-seven) molecules :—

Bk kb RE | BR BB RA | 00 o0 oo
hh hh hh hh Rhh hA 00 00 00
hh hh hbh hh hh hh ‘ 00 00 00

The twenty-seven molecules (eighteen hydrogen, ninc oxygen)
will, after combination, become eighteen molecules of steam:

hoh hoh hoh| hoh hoh hoh

hoh hoh hoh | hoh hoh hoh
|
hoh hoh hoh {hoh hoh hoh,

As already suggested, one’s mental picture of a number of mole~
cules may well give them such a relation to each other as that of a
number of selar systems in the universe, equally distant from cach
other and each occupying a similar space, yet one system containing
a sun and one planet, another a sun and two planets, and so on, or
even onc or more of the planets having one or more moons. Indeed
the atoms in some very complex molecules really appear to have
very much the relation to each other of the sun, planets, and moons
of a solar system. To indicate such molecules by letters as above
would, of course, requirc more space than is there given to the
assumed pictures of molccules.

Here occurs an opportunity that must not be:lost of stating a
mode of reasoning by which a molecule of oxygen (or of many other
elements) is shown to be a double structure—shown to contain two
atoms. Five equal-sized bottles are before us, two filled with hydro-
gen, one with oxygen, and two with steam. (The bottles are hot
enough to prevent the steam condensing to water, and all five are at
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the same temperature.) Apply heat so that all shall be equally
heated, the three different substances expand equally. Cool equally,
the contents contract equally. Apply equal pressure to all five, each
is equally gjffected. Diminish pressure equally, eack portion of the
three substances equally expands. Gases ?practically steam is a gas,
it is simply not a permanent gas) thus similarly affected must be,
physically, similarly constructed or constituted (a law which will
again be referred to, on page 54); each bottle must contain the
same number of particles or molecules, and at any one temperature
and pressure the molecules in each must be equally distant from
each other. We do not know what actual number or distance, but
whatever the number and distance it is the same for each bottle.
Say that one million is the number, then we shall have a million of
molecules in the first hydrogen bottle, a million in the second, a
million in the oxygen bottle, and a million in each of the steam
bottles. We will cause chemical combination between the two mil-
lions of hydrogen molecules and one million of oxygen molecules,
producing (as we have seen) two millions of steam molecules, hav-
ing the properties already stated. But a molecule of steam contains
an atom of oxygen. Hence two millions of steam molecules con-
tain two millions of oxygen atoms, which two millions of oxygen
atoms have been obtained from one million of oxygen molecules.
Therefore each molecule of oxygen was a double structure—each
molecule of oxygen contained two atoms of oxygen. As Clifford
says, ‘‘ you cannot put 50 horses into 100 stables, so that there shall
be exactly the same amount of horse in each stable; but you can
divide 537 pairs of horses among 100 stables.”

Thus much respecting the constitution of gaseous or vaporous
matter. Our knowledge of the constitution of liquid and solid mat-
ter is still more limited.

With regard to the notation of the subject, it will be sufficient to
state here that while a symbol usefully represents one volume of any
gas, a formula of any gas or vapor represents two volumes. By re-
membering this general rule we may, by looking at a formula, tell
how many volumes of constituents were concerned in the formation
of a compound, and therefore what amount of condensation, if any,
occurred during the act of formatiop. By thus reading and inter-
preting the formula for water, H,0, we see that two volumes of
steam (at any temperature) may be obtained from two volumes of
hydrogen and one volume of oxygen (at the same temperature), and
thus that the extent of condensation when hydrogen and oxygen
(at a stated temperature) unite to form gaseous water (at the same
temperature) is from three to two. This subject will again be
treated of in connection with those of Chemical Combination and
the Specific Gravity of Gases.

Turraer ReEmarks oN GENErAL CHEMIcAL NoTATION.

We may now take an experiment already made as an additional
example of chemical action, and describe the simplest way of express-
ing the same by notation. When two volumes of hydrogen and one
of oxygen were caused to combine, the production of flame and noise
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proved that chemical action of some kind had taken place ; had the
experiment been performed in dry vessels, evidence of the precise
action would have been found in thé bedewment or moisture produced
by the condensation of the water on the sides of the tube. Similar
evidence was afforded on holding a cool glass surface over the hydro-
gen-flame. The action is expressed in the following equation :—

2H, + 0, = 2H,0.
Instead of an equation, the following diagram may be employed :—

H,0
2H2{g: / 2

0
0, { 0 : H,0

The foregoing aggregation of symbols or short-hand characters, or
Jormula, H,0, 1s, then, a convenient picture of the facts that have
already come before us, viz., that water is formed of the elements
hydrogen, H, and oxygen, O; moreover, that it is formed of two
measures or volumes of hydrogen, H,, to one of oxygen, O; and,
thirdly, that the molecule of water (H,0) is formed of two atoms of
hydrogen (H,) and one of oxygen (O). The formula also fulfils the
qurth JSfunction of indicating that the two volumes of hydrogen and
one of oxygen in combining condensed to two volumeés of steam.
That the resulting bulk of steam afterwards shrunk most consider-
ably in condensing to water is another matter altogether, a physical
and not a chemical result, and due to the approximation of the mole-
cules of water after formation.

Another experiment already performed, illustrating the character
of the manifestations of chemical force (symbolically noted as fol-
lows), was that in which the red-hot carbon of wood was plunged
into oxygen. The evidence of chemical action in that case was the
sudden inflammation of the carbonaceous extremity of the wood.
The particles of carbon and oxygen, having intense attraction or
affinity for each other at that temperature, rush together so impetu-
ously as suddenly to produce a large additional quantity of heat,
an amount sufficient to cause the particles to emit an intense white

light. The action between carbon and oxygen is expressed on paper
in either of the following ways:—

c, { g , Co,
0,
20; { 0, CO,

CO, is the formula of the well-known gaseous body commonly
termed carbonic acid gas.
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The reader should here draw for himself equations or dia-
grams similar to those on page 46, and thus show the formation
of the three bodies he has already produced—namely, phosphoric
anhydride (P,0,), sulphurous acid gas (80,), and iodide of iron
(Fel,), submitting the same, if possible, to a tutor or other
authority to assure himself of their correctness.

Note—In the foregoing experiments several illustrations occur
of the formation of compounds having the gaseous, liquid, and
solid conditions, in one of which three forms all matter in the uni-
, verse apparently exists. ‘

Laws or CuEMicAL ComBINATION (BY WEIGHT).

Chemistry as a science is little more than a hundred years old,
though very many of the facts and operations we now term chemical
have been known as isolated items of knowledge for centuries. Thus,
the ancient Egyptians made glass, vitriol, soap, and vinegar ; and the
Greeks started the idea that matter was composed of a few elements,
imagining earth, air, fire, and water to be elements. But the great
general principles which interlace and bind together separate facts,
those which from their extensive application and importance are de-
nominated laws, have all been brought to light since the year 1770.

hY

First Low relating to Chemical Combinations. %

Between 1785 and 1800, Bryan Higgins, William Higgins, Wenzel
Richter, and Proust made analyses and researches which led up to
the following generalizations: When compounds unite to form defi-
nite chemical substances, they always combine in the same proportions.
The curious character of this fact could but be most striking, and
indeed is so now, to the mind receiving it for the first time. Thus
water (a compound) added to quicklime (a compound) gives slaked
lime, a perfectly definite chemical substance. But whereas sand and
water, sugar and water, sand and sugar, and such mixfures may be
obtained by adding together the ingredients in any proportions what-
ever, say 90 of sugar and 10 of sand, or 10 of sugar and 90 of sand,
slaked lime (say 100 parts) invariably results from the combination
of 75% of quicklime and 24} of water. If a larger proportion than
75% per cent. of quicklime be employed, the excess remains as quick-
lime mixed with the slaked lime; and if more than 24} per cent. of
water be used, an excess of water remains with the slaked lime and
evaporates if the mixture be exposed to the air. Dalton discovered
that when elements unite to form a definite substance, they, like
compounds, always combine in the same proportions; and he was
the first to set forth the law in a manner which was at once clear

and comprehensive enough to include the former generalization.
Thus :—

A definite compound always contains the same elements in the
same proportions.

Take another example. Common salt always contains 393 per
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cent. of the metal sodium to 60% of chlorine, and water always 89 of
oxygen and 11 per cent. of hydrogen (more exactly 3%.89 to 11.11).
As with quicklime and water, so with the chlorine and sodium, and
the coustituents of many (not all) chemical compounds; in such
cases if cither be added to the other in any quantity beyond stated
proportions, the excess plays no part whatever in the act of combi-
nation. (In seme cases, as will be seen directly, excess of either
plays a very simple but very remarkable part.) In short, whether
a compound be made directly from its elements, or by the combina-
tion of other compounds, or indirectly as one of two products of the
action of substances chemically on each other, whatever be its. ori-
gin, if it is a definite compound it always contains the same ele-*
ments in the same proportions.

Second Law relating to Chemical Combinations.

Dalton further made such experimental researches as enabled him
to lay down a second great law. Ie found that, while many sub-
stances only united chemically in one proportion, others combined in
two or even more, and he studied several such naturally related
bodies. He found that while carbonic oxide (a gas formed when
charcoal is burned with an insufficient supply of air) contains such
a proportional weight of carbon and oxygen as is represented by (to
use the simplest figures) 3 and 4, carbonic acid (a gas formed when
charcoal is burned with excess of air) contains 3 of carbon to ex-
actly twice 4 of oxygen. He proved that a similar relation existed
between two compounds of carbon and hydrogen, and between a
cluster of compounds of nitrogen and oxygen. The first of the
latter, to a given quantity of nitrogen, contains a certain proportion
of oxygen; the next, to the same quantity of nitrogen, has exactly
twice the proportion of oxygen: and the others have exactly three,
four, and five times as much ‘oxygen as the first, the quantity of

nitrogen remaining the same throughout. Dalton thus generalized
these facts :—

When two elements unite in more than one proportion, the re-
sulting compounds contain, to a constant proportion of one ele-
ment, sumple multiple proportions of the other—or the weights of

the constituent elements bear some stmilar stmple relations to each
other.

Thus carbonic oxide gas is a definite compound always containing
fixed proportions of carbon and oxygen, and carbonic acid gas is
also a definite compound always containing fixed proportions of
carbon and oxygen. Both thus obey the first law of combination.
But whereas carbonic oxide contains, or may be made from, 30 parts
(ounces, grains, or other weights) of carbon and 40 of oxygen, car-
bonic acid contains, or may be made from, 30 parts of carbon and
exactly twice 40 of oxygen.

This second law cannot but be as striking as the first when fresh-
ly unveiled to the mind. Sand and sugar, or any substances which
do not act chemically on each other, may be mixed in the propor-
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tions of 30 to 40, 39 to 80, 30 to 60, or any other quantitics; but if
an attempt be made to burn 30 parts of carbon in 60 of oxygen, the
elecments will themselves naturally assert their own special com-
bining powers, and refuse, so to say, to unite in these proportions:
the 30 of carbon will first combine with 40 of oxygen and form 70
of carbonic oxide, and this gas, which, had it the opportunity, would
combine with 40 more of oxygen and form carbonic acid gas, find-
ing only half that quantity, namely, 20, of oxygen present, contents
itself by one-half (that is, 35 of carbonic oxidc), accepting the 20 of
oxygen and becoming carbonic acid gas, while the other half re-
maips as carbonic oxide. This is a most wonderful fact. Again,
if 30 parts of carbon be burnt in more than 80, say 85, of oxygen,
only 80 will be used, the other 5 remaining as oxygen merely mixed
with the resulting carbonic acid gas. If we attempt to burn 30
parts of carbon in less than 40 of oxygen, the oxygen will take up
three-fourths its weight of carbon and form carbonic oxide, while
the excess of carbon will remain as carbon.

RecaPiTULATION.

Nature does not always permit man to mix things in any propor-
tions he pleases. She does sometinies. She does if he only stirs
things together, or if he only uses the attractions of adhesion or co-
hesion in binding the materials together; but if he employs chem-
ical attraction, she restricts him to special proportions. That is to
say, if the things mixed do not attack one another or intimately
combine, then admixture may be effected in any proportion; and
the mixture is a mere mixture having thc mean properties of its
components. KExamples of such mixtures are seen in compound
plasters, pill-masses, confections, and plum-puddings. But if the
things do unite to form, not a mere mixture having the mean prop-
erties of its components, but a compound having new and distinct
and definite characters of its own, then nature does not permit man
to mix the things in any proportion he pleases. The proportion is
onc fixed and constant; and if he substitutes proportions of his own,
the things unite in the proportions fixed by nature, and the excess
he has added either remains in its original uncombined condition,
or it combines with the compound already produced to form a sec-
ond different compound. Any one compound, that is, the same
compound, always contains the same elements in the same propor-
tions, and can only be made from the same elements in the same
proportions. An attempt to mix the samc elements in other pro-
portions would result in one of two failures, namely, either the
extia proportion would remain free and uncombined, or it would
combine and convert the first compound, or a portion of it, into a
different compound. The fresh compound thus produced, like the
first, and indeed like all definite compounds, of course always ¢on-
tains the same elements in the same proportions.

In short (law 1) any definite compound always contains thc same
elements in the same proportions, and (law 2) any two elements
uniting in more than one proportion unite in multiples of that pro-
portion, and produce so many different definite compounds. Tak-

=
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ing hydrogen as uniting in proportions of 1, oxygen unites in pro-
portions of 16—that is, 16, twice 16, thrice 16, and =0 on, never in
intermediate proportions. Carbon unites in ‘proportions of 12, sul-
phur of 32, chlorine of 353. And every other element has its com-
bining proportion fixed by nature.

The student of chemistry is recommended to accept these two
great natural facts, great enough to be dignified by the name of
lowws, in all their inherent solidity and simplicity. Of course, he
will wonder why substances should combine, chemically, only in
tixed proportions when forming a definite body, and why, when a
substance combines in more than one proportion to form different
compound bodies, the proportions should only be multiple propor-
tions ; and an extremely ingenious and useful explanation has been
suggested by Dalton (see the following paragraphs on the thcory
that matter is built up of atoms); but man has not yet succeeded
in so questioning nature as to gain from her a satisfactory answer
to such questions; hence, until he does succeed, any hypothesis,
such as Dalton’s, should be held intelligently but loosely. The
facts thenselves, however, should be grasped with the student's
utinost tenacity.

Third Law relating to Chemical Combination.

Careful consideration of the foregoing two: great laws has
suggested an important truth sometimes termed 7'he Law of
Clemvical Combination, namely: The proportions in which two
elements unite with a third are the proportions (or simple mul-
tiples or submultiples of the proportions) in which they unite with
each other. Thus oxygen in proportions of 16 unites with
hydrogen, and carbon in proportions of 12 unites with hydro-
gen; therefore 16 and 12 are the proportions in which oxygen
and carbon will unite with each other.*

Tre ATomic TuErory.

The laws which Dalton (1803 to 1808) so largely aided to unveil
—two grand and wonderful truths—he explained and correlated by
a simple and beautiful hypothesis. Dalton suggested that matter
was not infinitely divisible, but composed of minute particles or
AtoMs having an invariable character. In the words of Wurtz, “7To
an old and vague notion he attached. an exact meaning by supposing
that the atoms of each kind of matter possess a constant weight, and
that combination between two kinds of maitter takes place not by pene-
tration of their substance, but by juxtaposition of their atoms.”

Thus under this hypothesis, or atomic theory as it is generally
termed, carbonic oxide is a definite compound always containing

* See Axiom 1 in Hawtrey’s fascinating “ Introduction to the Ele-
ments of Euclid,” Longmans & Co., London, 2s. 6d., a hook strongly
recommended to any chemical student who is not familiar with the
mode of reasoning commonly termed geometrical.
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the same elements in the same proportions, because each particle of
it is composed of an atom of carbon and an atom of oxygen chemi-
cally united, the weights of the atoms being in the proportion of 3
and 4, that is, having a constant weight of 12 and 16, as we now
believe. Carbonic acid gas is also a definite compound always con-
taining the same elements in the same proportions, and the propor-
tion of oxygen is just double that in carbonic oxide, because each
particle of it is composed of an atom of carbon (weighing 12) and
two atoms of oxygen (each weighing 16).

Imaginary pictures of molecules of carbonic oxide gas and carbonic acid gas.*®

Again, the facts that with 12 of carbon oxygen unites in the pro-
portion of 16, or a multiple of 16; that with 12 of carbon sulphur
unites in the proportion of 32, or a multiple of 32 (the liquid known
as disulphide of carbon is a chemical compound of 12 of carbon to
twice 32 of sulphur); and, thirdly, that oxygen and sulphur unite
in proportions of 16 and 32, are at once explained on the assump-
tion that these elements exist in atoms which have the respective
weights mentioned. Existing in indivisible particles (atoms) which
weigh 16, 12, and 32, oxygen, carbon, and sulphur musf unite in
indivisible weights of 16, 12, and 32.

Artovic WEIGHTS.

What has just been stated respecting two or three elements i3
true of all the elements. It is a fact, that, when elements unite
with one another in the peculiar and intimate manner termed chem-
ical, they do not combine in the haphazard proportions of a mere
mixture, but in one fixed and constant proportion. Such propor-
tions or weights represent, according to Dalton, thc weights of their
atoms. Oxygen unites with other elements in proportions of 16,
therefore 16 is the weight of the atom of oxygen. Chlorine unites
with other elements in proportions of 353, therefore 35; is the
atomic weight of chlorine. And for a similar reason the atomic
weights of hydrogen will be 1, carbon 12, sulphur 32, nitrogen 14,
and iodine 127. Of course it will be understood that these are the
relative weights of atoms, for we cannot know the absolute weights.
All that is known is that the chlorine atom, for instance, is" 35.5
times as heavy as the hydrogen atom, whatcver the absolute weight

* The size of atoms, their shape, their absolute weight—whether or
not they are in actual contact—whether or not they are fixed in rela-
tion to each other, free to move about each other, or in a constant state
of motion—and whether or not the chemical force actuates them as the
force of gravitation influences our earth, and moon, and solar systems,
are matters of which at present we know almost nothing. The two
pictures are not intended to convey any impression that the following
formulz do not give: CO or OC, OCO or OOC or COO or CQO,.
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of the latter may be, and the iodine atom 127 times as heavy. The
quantity of metal which with 35.5 of chlorine will form a chloride,
and with twice 35.5 a second chloride (dichloride or bichloride), will
require 127 of iodine to form an iodide, and twice 127 of iodine to
form a second iodide (a diniodide or biniodide).*

Note on Notation.—A fourth function of a symbol is to represent
atomic weight. Thus the symbols H, Cl, O, etc., not only perform
the office of representing (@) names, (/) single volumes, and (¢) sin-
gle atoms, but E)d) definitec weights of the respective elements.

H—1, Cl=35.5, 0=16, I=127, N=14, K =39, cte.

Laws or CHEMICAL CoMBINATION (BY VOLUME).

In 1809 Gay-Lussac showed it to be a fact that when gaseous ele-
ments unite with one another in the intimate manner termed chem-
ical, they do'not combine in the haphazard proportions (that is, pro-
portion3 by measure or volume) of a mere mixture, but in constant
proportions in the case of any single definite compound, and in sim-
ple multiple proportions in cases where two elements form more
than one definite compound. He thus proved that the laws respect-
ing the constancy of weight with which elements combine hold good
with reference to volume, at all events in those cases in which ele-
ments exist in or can be made to assume the gaseous condition. A
volume of hydrogen gas and an equal one of chlorine gas give hy-
drochloric acid gas. Two volumes of hydrogen and one of oxygen
give water-vapor or steam. Such volumes or simple multiples are
alone the proportions by bulk in which elements combine. If any
excess of either gas be mixed and combination attempted, only the
stated proportions really combine, the excess remaining unaltered.
Further, following Gay-Lussac, on weighing these similar and equal
volumes of hydrogen, chlorine, and oxygen, we find that the chlo-
rine is 35.5 times as heavy as hydrogen, and oxygen 16 times as
heavy as hydrogen.

In 1811 and 1814, Avogadro and Ampere, reasoning on the fact
that all gases are similarly affected by variations of pressure (Boyle,
1662, verified by Mariotte) and temperature (Charles), concluded
that all gases must be similarly constituted—similarity in proper-
ties always indicating similarity in character or nature; in other
words, that, if equal volumes of gases be taken under like conditions,
each will contain the same number of molecules, similar in size and
equally distant apart. The deduction is obvious. The weights of
molecules of gaseous elements (that is, pairs of atoms, and therefore
of atoms themselves) must differ to the extent that the weights of equal
volumes of those elements differ. Equal volumes of hyarogen, chlo-
rine, and oxygen, weighing respectively 1, 35.5, and"16, and each
of these volumes containing an equal number of molecules, each

* Only the atomic weights of the above and a few of the chief metal-
lic elements need be committed to memory; others can be sought out
as occasion may require. A complete Table of combining proportions
of elements, or Atomic Weights, is given at the end of the volume.,



CHEMICAL PHILOSOPHY. 53

formed of two atoms, it follows that the relative weights of the
atoms will be 1, 35.5, and 16.

It will thus be seen that the weight of the wolume in which an
element combines, and the actual weight in which it combines, irre-
spective of volume, are identical. For instance, we should find by
experiment that, as a simple matter of fact, oxygen unites with other
elements in proportions of 16 by weight, while hydrogen combines
in proportions of 1. Turning, then, to experiments on the volumes
in which hydrogen or oxygen combine, and having ascertained those
volumes, and then having weighed them, we should find that the
oxygen volume weighs 16, while the hydrogen'weighs 1. In com-
pounds in which hydrogen was found in proportions of 1 grain, oxy-
gen would be found in proportions. of 16 grains. In gaseous com-
pounds in which hydrogen was found in proportions of, say, 27
ounces by measure, oxygen would be found in proportions of 27
ounces by mcasure ; the 27 ounces of hydrogen would be found to
weigh 1 grain, and the 27 ounces of oxygen to weigh 16 grains.

Thus the two great facts or laws respecting chemical compounds
which Dalton laid down by ascertaining the exact weights in which
bodies combine, Gay-Lussac confirmed by experiments on the exact
volumes in which elements combine. Further, Gay-Lussac’s exper-
iments and Avogadro’s reasoning strongly supported Dalton’s theory
of atomg,

RecariTuLAaTION.

What are atomic weights or combining weights? First, they are
represented by the smallest proportion (relative to 1 part of hydro-
gen) in which an element migrates from comnpound to compound.
Thus 1 part by weight of hydrogen can be elimninated from 18 sim-
ilar parts of water by action of certain nietals, leaving 1 of hydrogen
and 16 of oxygen combined with the metal. From the latter com-
pound 1 more of hydrogen is eliminated by a second experiment with
more metal, leaving 16 of oxygen combined with the metal. In these
and other well-known reactions 16 parts of oxygen take part in the
various operations; 16, therefore, is the probable atomic weight of
oxygen; and so with other elements and radicals. Secondly, the
weights of the atomns, or thc atomic weights, of the gaseous elements
already studied, must differ from each other to the extent that equal
volumes of those elements differ in weight. For equal volumes of an
element contain an cqual number of molecules equal in size (Avoga-
dro’s and Ampere’s conclusion), and each molecule is composed of two
atoms; so that equal volumes of elements contain an equal number
of atoms. Now, bulk for bulk, chlorine is thirty-five and a half
(35.5) times as heavy as hydrogen ; so that the molccule of chlorine
must be 35.5 times the weight of the molecule of hydrogen; for
molecules are cqual in bulk. And as the molecules of chlorine and
hydrogen contain two atoms each, the atom of chlorine must be 35.5
times as heavy as that of hydrogen. The actual weight of atoms
can never be ascertained, but that is of little consequence if we can
only determine, with exactitude, their comparative weights. Com-
paring, then, all atownic weights, sometimes obscurely termed equiv-
alents, with each other, and selecting hydrogen as the standard of

5 %
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comparison (hecause it is the lightest body known, and therefore,
probably, will have the smallest atomic weight), and assigning to it
the number 1, we see that the atomic weight of chlorine will he
represented by the number 35.5. By parity of reasoning the atomic
weight of ox%gen is 16 ; for oxygen is found, by experiment, to be
16 times as hcavy as hydrogen. Similarly the atomic weight of
nitrogen is found to be 14. The atomic weight of carbon is 12—not
because its vapor has been proved to be 12 times as heavy as hydro-
gen, for it has never yet been converted info the gaseous state, but
because no gaseous compound of carbon, which has been analyzed,
has been found to contain in 2 volumes (one cf which, if hydrogen,
would weigh 1 part) less than 12 parts of carbon.

By thus weighing equal volumes of gaseous elements, or equal
volumes of gaseous compounds of non-volatile elements, and ascer-
taining by analysis the proportion of the non-volatile element whose
atomic weight is being sought to the volatile element whose atomic
weight is known, the atomic weights of a large number of the ele-
ments have been determined. Some of the elements, however, do
not form volatile compounds of any kind ; the stated atomic weights
of these elements, therefore, are at present simply the proportions by
weight in which they combine with or displace elements whose atomic
weights have been determined, the proportion being in most cases
checked by isomorphic considerations and the relation of the element
to other forces, especially heat.* (Vide infra.)

MoLecvrar WEIGHT AND MoLECULAR VOLUME.

The weight of the molecule is simply the sum of the weights of its
atoms ; thus

H,=2; 0,=32; Cl,=71; IL,0=18; HCl = 36.5.

Molecular Volume.—If the quantities just mentioned be weighed
out (in grains or other weights), or if the molecular weight of any
gases or liquids be taken and exposed to similar (high) temperatures
and pressures, they will all be found to occupy the same volume.
Conversely, if equal volumes of gases or vapors be measured out,
and then the whole weighed, the resulting figures (all referred to 2
of hﬁrdrogen as a starting-point or standard) are the mwolecular
weights of the respective substances. Thus a volume of hydrogen
(about half a gallon) which, at a temperature of, say, 300° F. or
400° F., and common atmospheric pressure, would weigh 2 grains,

* Isomorphous bodies (from icoc, isns, equal, and popgd, morphé, form)
are those which are similar in the shape of their crystals. The iden:
tity in erystalline form is so commonly associated with similarity of
constitution that non-crystalline substances resembling each other in
structure are often regarded as isomorphous. When one element
unites with another in more than one proportion, and its atomic
weight is so far uncertain, the isomorphism of either of its com-
pounds with some other compound of known constitution is usually
accepted as decisive evidence as to which proportion is atomic. The
specific heat of elements will be treated of subsequently.
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would in the case of vapor of water (steam) weigh 18 grains.
Hence we are justified in considering, indeed compelled to con-
sider, the molecule of water to contain two atoms of hydrogen
(=2) and one of oxygen (= 16), and its formula to be H,0 (= I8),
and not H,O,, in which case its vapor would be twice a: heavy as 1t
really is found to be.

Construction of Formule.—The composition of hydrochloric acid
(HCI), water (H,0), ammonia (NHj,), carbonic acid gas (CO,), or
any other compound, as well as the weight of an element that may
be concerned in its formation, cannot be ascertained by actual ex-
periment until the student is far advanced in practical chemistry—
until he is able to analyze not only qualitatively, but, by help of a
balance, quantitatively. The percentage composition of a substance
having been determined by quantitative analysis, its formula is con-
structed by aid of the foregoing and other theoretical considerations.
The correctness of such formulae can be verified by expert analysts,
but must be taken for granted by learners. This subject will again
be referred to in the latter part of this Manual.

(QUANTIVALENCE OF ATOMS.

Turning from the weights of atoms, their value may now be con-
sidered ; their quantivalence (from quantitas, quantity, and valens,
being worth) may be stated. The chemical value of atoms in rela-
tion to each other may bc compared to the exchangeable value of
coins. As compared with a penny (1d.) a groat (4d.) is four-valued ;
as compared with hydrogen carbon is quadrivalent. Here again
hydrogen is convcniently adopted as the standard of comparison.
An atom of oxygen in its relations to an atom of hydrogen is biva-
lent (pronounced thus, biv/-a-lent ; of double worth, from bis, twice,
and valens); an atom of it will displace two atoms of hydrogen, or
combine with the same number; nitrogen is usually trivalent
(triv’-a-lent ; from tres, three, and valens); and carbon, quad-riv’-a-
lent (from quatuor, four, or quater, four times, and valens). Chlo-
rine, iodine, and bromine, as well as potassium, sodium, and silver
among the metals, are, likc hydrogen, univalent (u-niv’-a-lent ; from
unus, one, and valens). Barium] ntium, calcium, magnesium,
zine, cadmium, mercury, and copper, like oxygen, are bivalent.
Phosphorus, arsenicum, antimony, and bismuth, like nitrogen,
usually exhibit trivalent properties; but the composition of certain
compounds of these five elements shows that the several atoms are
sometimes quinquivalent (quin-quiv/-a-lent; quinquies, five times,
and valens). Gold and boron are trivalent. Silicon (the character-
istic element of flint and sand), tin, aluminium, platinum, and lead
rescmble carbon in being quadrivalent. Sulphur, chromium, man-
ganese, iron, cobalt, and nickel are sexivalent (sex-iv/-a-lent; from
sex, six, or sexies, six times, and wvalens), but frequently exert only
-bivalent, trivalent, or quadrivalent activity. This quantivalence
(quant-iv’-a-lence ; from quantitas, quantity, and ovalens), also
termed afomicity (maximum quantivalence), dynamicity, and
equivalence of elements, may be ascertained at any time on refer-
ring to the table of the Elements at the end of this velume, where
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Roman numerals, 1, 11, 111, 1v, v, v1, are attached to the symbols of
each element to indicate atomic univalence, bivalence, trivalence,
quadrivalence, quinquivalence, or sexivalence. Dashes (H’, 07/,
N777) similar to those used in accentuating words are often used
instead of figures in expressing quantivalence. The quantivalence
of elements, as they one after another come under notice, should be
carefully committed to memory ; for the composition of compounds
can often be thereby predicated with accuracy and remembered with
ease. For instance, the hydrogen compounds of chlorine, Cl’, oxy-
gen, 07/, nitrogen, N’//, and carbon, C’/”/, will be respectively
H’Cl’, H/,0’/, H’;N’’/, and H’,C’”’/,—one univalent atom, H’,
balancing or saturating one univalent atom, C1’; two univalent
atoms, H’,, and one bivalent atom, O/, saturating each other ; three
univalent atoms, H’;, and one atom having trivalent activity, N7/,
saturating each other ; and four univalent atoms, H’,, and one quad-
rivalent atom, C’/7/, saturating each other. Carbonic acid gas,
CvOv,, again, is a saturated molecule containing one quadrivalent
and two bivalent atoms.

The. subject of quantivalence will be further explained after the
Jirst six metals have been studied, when abundant illustrations of
it will have occurred.

DEFINITIONS.

C hemistry is the study of the chemical force.

The Chemical Force, like other forces, cannot be described, for,
like them, it is only known by its effects. It is distinguished from
other forces by the facts that («) it produces an entire change of
properties in the bodies on which it is exerted, and () that it is
exerted only between definite weights and volumes of matter. Like
the force of cohesion, which is the name given to the attraction
which molecules have for each other, and which is great in solids,
small in liquids, and apparently absent in gases, and like the force
of adhesion, which is the name given to the attraction which a mass
of molecules has for another mass, the chemical force acts only
within immeasurable distances: indeed, inasmuch as the chemical
force appears to reside in atoms, that is to say, is exerted inside a
molecule, while all other forces affect entirc molecules, the chemical
force may be said to be distinguished () by being exerted within a
sinaller distance than that at which any other force is exerted.

An Element is a substance which cannot hy any known means be
resolved into any simpler form of matter.

An Atom of any element is a particle so small that it undergoes
no further subdivision in chemical transformations.

A Molecule is the smallest particle of matter that can exist in a
free state. '

A mere Mixture of substances is onc in which each ingredient re-
tains its properties.

A Chemical Compound is one in which definite weights of con-
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stituents have combined, and during combination have undergone
an entire change of properties. A ‘‘compound” in pharmacy is an
intimate mixture of substances, but still only a mixture; it is not a
chemical compound, the ingredients have not entered into chemical
union or combination.

Combustion is a variety of chemical combination, a variety in
which the chemical union is sufficiently intense to produce heat
and, generally, light.

The Law of Diffusion is one under which gases mix with each
other at a rate which is in inverse proportion to the square root of
th:ir relative weights; that is, irrespective of and even in spite of
their comparative lightness or heaviness.

A Chemical Symbol is a capital letter, or a capital and one small
letter. It has four functions, namely :—

. It is short-hand for the name of the element.

. It represents one afom of the element.

. It stands for a constant weight of the element—the atomic
weight or combining weight.

. Symbols represent single and equal volumes of gaseous ele-
ments.

A Chemical Formula represents a molecule either of an element
or of a compound. It has four other functions:—

1. It indicates at a -glance the names of the elements in the
molecule. )

2. Its symbol or symbols, together with a small figure attached
to the foot of any symbol, show the number of atoms in the
molecue. ,

3. It stands for a constant weight of a compound—the molecular
weight—the sum of the combining weights or of the weights
of the atoms in the molecule.

4. 1t represents ¢wo volumes of the substance, if volatilizable,
in the state of gas or vapor, and the number of volumes
of gaseous elements from which two volumes of any gas-
eous compound were obtained.

A Chemical Equation or a Chemical Diagram is a collection of
formulee and symbols so placed on paper as to form a picture or
illustration of the state of things before and after that metathesis
(interchange of atoms) of molecules which results in the formation
of molecules of new substances.

A Solid is a substance the molecules of which are more or less
immobile, though probably not in absolute contact.

A Liquid is a substance the molecules of which so freely move
about each other that it readily-assumes and retains the form of
any vessel in which it is placed.

A Gas is a substance the molecules of which are so far apart that
they seem to have lost all attraction for each other, and, indeed, to
have acquired the property of repulsion to such an extent that they
are only prevented from receding to a still greater extent by the
pressure of surrounding matter. Motion is especially characteristic
of gaseous fluids.

W 0o DO
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The Three Lows requlating Chemical Combination (either by
weight or volume).

First. A definite compound always contains the same elements
and the same proportions of those elements—by weight or volume.

Second. When two elements unite in morc than one proportion,
they do so in simple multiples of that proportion. ) )

Third. The proportions in which two elements unitc with a third
are the proportions in which they unite with cach other.

Atomic Weights arc, first, the proportions in which elements are
found to combine with each other by weight. (The figures showing
these proportions are purely relative, but all chemists agree to make
this relation fixed by giving the number 1 to hydrogen.) Secondly,
they are the weights of equal volumes of elements in the state of gas
(relative to 1 of hydrogen). )

Molecular Weights—These are the weights of equal volumes of
gases or vapors, under equal circumstances of temperature and pres-
sure, and relative not to 1 but to 2 of hydrogen. In the case of non-
volatile bodies, molecular weight is deduced from the observed
analogies of the Lodies with those whose molecular weight admits
of proof. The molecular weight of a compound is the sum of the
atomic weights.

Quantivalence of Atoms.—The observéd power, force, or value
for work of an atom—relative to 1 of hydrogen.

THeE LEARNER 1S RECOMMENDED TO READ THE FORZIGOING PARA-
GRAPHS ON THE GENERAL PrinciprLEs oF CHEM1caL PuiLosorHY
CAREFULLY ONCE OR TWICE, THEN TO STUDY (EXPERIMENTALLY, 1F
POSSIBLE) THE FOLLOWING PAGES, RETURNING TO AND READING OVER
THE (FENERAL PRINCIPLES FROM TIME TO TIME UNTIL THEY ARE THOR-
OUGHLY COMPREHENDED.

Minor Principles and Generalizations will be found scattered
throughout the following pages.

Students of pure chemistry, especially when fairly well acquainted
with chemical facts, will also find the Principles of Chemistry, in-
cluding the probable Constitution as distinguished from the ‘mere
Composition of Chemical Substances, amply set forth in Tilden’s
“Chemical Philosophy,” one of Longman's series of * Text-hooks
of Science.”

QUESTIONS AND EXERCISES.

421. What do you understand by chemical action? Give ex-
amples.
3. How is chemical force distinguished from other forces?

44. Adduce evidence that elements cxist in compounds; that sul-
phide of iron, for instance, still contains particles of sulphur and
iron, though it possesses properties so different from those ele-
ments.

45. Define the term atom.
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" 46. What condition is essential for the manifestations of chemical
orce?

47. Can an atom exist in an uncombined state? and when are the
atoms of an element most potent to enter into chemical combination?

48. What is a molecule?

49. How may the results of chemical reactions be expressed on

aper?
% gO. Enumerate the functions of a symbol.

ol. Give the additional functions of a chemical formula.

92. Describe by a diagram or an equation the reaction which en-
sues when red-hot charcoal is plunged into oxygen gas.

93. Draw diagrams representing the formation of P,0;, SO,, and
Fel, respectively.

54. Enumerate the differences in the physical conditions of the
molecules in a solid, a liquid, and a gas.

55. State the law of constant proportions.

56. State the law of .multiple proportions.

97. State the law of reciproeal proportions.

08. Give illustrations of the above laws.

99. Describe the origin and use of the atomic theory.

60. What do you understand by the atomic weight, and the mole-
cular weight of an element?

61. Representing the weight of an atom of hydrogen as 1, what
will be the atomic weights of carbon, sulphur, nitrogen, and iodine?
Give reasons for considering the stated weights to be correct.

62. In what proportion, by volume, do elements in the gaseous
state chemically combine?

63. What relation exists between the combining volumes of ele-
ments in the gaseous statc and their atomic weights? Give the ex-
planation for this.

64. Is there apy difference between the molecular volume of a
simple or of a compound gas?

65. Define isomorphism.
~ 66. Explain the value of isomorphism as evidence of atomic
weight.

67. What is to be understood by the quantivalence of an element?
Give examples of univalent, bivalent, trivalent, and quadrivalent
atoms.

68. How may the quantivalence of an element be expressed in its
atomic symbol ?

69. Give the formulse of two or three compounds in which the
quantivalence of one atom is saturated by the combined quantiva-
lence of others.

The reader is also recommended to question himself, or be ques-
tioned, on the ‘definitions” given on pages 56, 57, and 58.

THE ELEMENTS AND THEIR COMPOUNDS.

Having thus obtained a general idea of the nature of such ele-
ments as have especial interest for the medical and pharmaceutical
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student, and which indeed are all with which any student of chem-
istry should at present occupy his attention, we may pass on to con-
sider in detail the relations of the elements to each other. The ele-
ments themselves, in thc frce condition, are seldom used in medicine,
being nearly always associated—bound together by the chemical
force ; in this combined condition, therefore, they must be studied.
Bach combination of elements or chemical compound will, in the
following pages, be regarded as containing two parts or roots, two
radicals; the one usually metallic, or, to speak more generally,
basylous ; the othcr commonly a non-metallic, simple or complex,
acidulous radical. The basylous radicals, or metals, will be consid-
ered first, the acidulous radicals afterwards. Each radical will be
studied from two points of view, the synthetical and the analytical :
that is to say, the properties of an element on which the preparation
of its compounds depends will be illustrated by descriptions of actual
experiments, and thus the principles of chemistry, and their appli-
cation to medicine and pharmacy, be simultaneously learnt; then the
reactions by which the element is detected, though combined with
other substances, will be performed, and so the student will be in-
structed in qualitative analysis. Synthetical and analytical reac-
tions are, in truth, frequently identical, the object with which they
are performed giving them synthetical interest on the one hand, or
analytical interest on the other.

A good knowledge of chemistry may be acquired synthetically by
preparing considerable quantities of the salts of the different metals,
or analytically by going through a course of pure qualitative anal-
ysis. %ut the former plan demands a larger expenditure of time
than most students have to spare, while under the latter system they
generally lose sight of the synthetical interest which attaches to
analytical reactions. Hence the more useful system, now offered,
of studying each metal, etc., from both points of view, time bein
economized by the operator preparing only small specimens o
compounds.

Chemical synthesis and analysis, thoughtfully and conscientiously
followed, without hurry and mere superficial consideration, but, of
course, without undue expenditure of time, will insensibly carry
Ehiz Iirinciples of chemistry into the mind, and fix them there in-

clibly.

POTASSIUM.
Symbol K. Atomic weight 39.
Formula K,. Probable molecular weight 78.

Memoranda.—The chief sources of the potassium salts* are the
chloride found at Stassfurt, in Prussia, in the form of the mineral
Carnallite (chloride of potassium 50, chloride of sodium 25, and
chloride of magnesium 25, in 100 parts); the nitrate found in soils,
especially in warm countries; and the compounds of potassium

* The ill-defined term salt includes most solid chemical substances,
but more especially those which assume a crystalline form.
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existing in plants. Kainif, a double sulphate of potassium and
magnesium, also occurs among the Stassturt minerals. The veg-
etable salts of potassium are converted into carbonate (other salts
are present) when the wood or other parts are burned to ashes. If
the ashes be lixiviated with water, and the solution evaporated to
dryness, the residue, when fused, constitutes crude potashes. The
residue, calcined on the hearth of a reverberatory furnace till white,
gives the product termed pearlash. Large quantities of carbonate
are thus produced in North America and Russia, and, latterly, from
the sugar-beet marc, in France. From the native chloride and from
the carbonatec purified by treating the pearlash with its own weight
of distilled water, filtering and evaporating the solution until it
thickens, and stirring constantly, “so as to form a granular salt”
(Potassii Carbonas, U. 8. P.), nearly all other compounds of potas-
sium are made. Exceptions occur in cream of tartar (Potassii
Bitartras, U. S. P.), which is the more or less purified natural
potassium salt of the grapc-vine, and in nitrate of potassium. Po-
tassium is. a constituent of between forty and fifty chemical or
Galenical preparations of the British Pharmacopceia.

Carbonate of potassium is a white crystalline or granular powder,
insoluble in aleohol, very soluble in water, rapidly liquefying in the
air through absorption of moisture, alkaline and caustic to the taste.
It loses all water at a red heat. Potassii Carbonas Purus,U.S.1’
is obtained by heating the bicarbonate to redness: the resulting
white anhydrous carbonate is converted into hydrous granular ca -
bonate by solution in water and evaporation until a dry granulas
salt remains. ,

Preparation.—Potassium itself is isolated with some difficulty by
distilling a mixture of its carbonate and charcoal. It rapidly oxi-
dizes in the air, and hence is always kept below the surface of min-
eral naphtha, a liquid containing no oxygen. It crystallizes in
octahedra.

Quantivalence—The atom of potassium is univalent, K/

REeAcTIONS HAVING () SYNTHETICAL AND (b) ANALYTICAL INTEREST.
(a) Synthetical Reactions.

These are actions utilized in manufacturing preparations of potas-
sium. The word synthesis is from civfecic sﬂnthe“sis%, a putting to-
gether, as opposed to analysis, from dvaite (analuo), I resolve.

Hydrate of Potassium. Caustic Potash.

First Synthetical Reaction.—Boil together, for a few minutes,
in a test‘tube, five or six grains of carbonate of potassium
(K,CO,) and a like quantity of slaked lime (Ca2HO) with a
small quantity of water. Set the mixture aside in the test-tube
rack till all solid matter has subsided.

This liquid is a solution of caustic potash, or hydrate of potassium

(KHO). Made of a prescribed strength (about 5 per cent.; sp. gr.
1.036), it forms the Liquor Potassce, U. S. P,

6
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The mixturc is known to be boiled long enough when a little of
the clear liquid, pourcd into another test-tube and warmed, gives no
effervescence on the addition of an acid (sulphuric, hydrochloric, or
acetic)—a test whose mode of action will be explained hereafter.

In the United States Pharmacopoeia the carbonate of potzssium
for this operation is directed to be obtained by boiling a solution of
the bicarbonate until effervescence ceases; that is, until the bicar-
bonate is almost entirely converted into carbonate.

Best Method of expressing Decompositions.—This will be easy of
comprehension 1f what has already been stated concerning symbols
and formule, on pages 31 to 42, has been carefully and thoughtfully
considered. The best means of showing on paper the action which
occurs when chemical substances attack each other is by the employ-
ment either of equations or diagrams, setting forth the formuls of
the molecules concerned in the reaction. In an equation the form-
ulee of the salts used are written on one line, the sign of addition
(+) intervening; the sign of equality (=) follows, and then the
formulae of the salts produced, also separated by a plus sign (4).
Thus :(—

K,CO, + Ca2HO = 2KHO -+ CaCo,.

In this rcaction (the operation just performed) the metals of the
molecules of the two salts change place: from K,CO, and Ca2HO
there are produced CaCO; and KHO (two molecules, 2KHO); from
carbonate of potassium and hydrate of calcium there result car-
bonate of calcium (the insoluble portion) and hydrate of potassium
(in solution).*

In constructing a diagram or pictorial illustration of a chemical
reaction (the reaction, for instance, just described), first the formuls
of the salts used are written under each other on the left side of the
leaf of a note-book, thus:—

K,CO,

Ca2HO

. Such formule are, in this Manual, always given with the descrip-
tion of the reaction. Secondly, on the right is then written the
formula of the chief substance produced, thus:—

* If the student is already accustomed to the use of ordinary equa-
tions, he may pass on to Note 1, on page 64. If not, the author would
strongly recommend the temporary employment of diagrams for ex-
pressing chemical changes. Indeed, the occasional, if not the regular
use of graphic equations or diagrams is of advantage to all students.
For while equation or diagram equally well records the formulse of
the salts concerned in the whole reaction, the diagram alone suggests
the mode in which its writer believes the respective atoms to change
their positions. In the paragraphs succeeding the above, detailed ex-
planations are given respecting the use and construction of diagrams.
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K,CO, KHO

Ca2HO

Thirdly, the formation of this chief body under consideration,
that is to say, both the origin of its elements and their destina-
tion, is traced out by the help of brackets which show the source
of the elements, and converging lines which suggest the approach
and final union of the elements, thus:—

K
Koo, | —

HO/

At this stage (at other stages, perhaps, in other reactions) the
reader’s own intelligent power of thought and reflection must come
into exercise. He must reason somewhat as follows: “I am con-
verting, and entirely converting, a quantity of carbonate of potas-
sium into hydrate of potassium. A molecule, the smallest quantity
I can picture on paper, of the carbonate of potassium (K,CO,) con-
tains, [ am told, two atoms of potassium (KJ), and a molecule of the
hydrate (KHO), one atom (K). Therefore each molecule of the car-
bonate (K,CO;) will furnish two molecules of the hydrate (2KHO).
Moreover, I notice that in the formula of a molecule of the hydrate
of calcium (slaked lime) I employ, there are 2 of the HO (that is,
2HO), and this fact confirms me in the deduction that one molecule
of the carbonate affords two molecules of the hydrate.” The pupil
will then amend his diagram, thus :— '

K,C0, { K, 2KHO

Ca2HO {

-

{ 2HO /

Fourthly, the question as to what becomes of the other elements
must be cleared up. Indeed, when the reader remembers that he is
studying this reaction for the aid it affords him in learning chemis-
try, and not because he is desirous of manufacturing caustic potash,
he will see that this latter part of the reaction is quite as important
as the former. To complete the diagram, then, he must first know
what other compound is produced and its formula. The context of
his Manual will generally afford this information, or, after a little
experience is acquired, analogies or his own knowledge will suggest
correct formulee. In this case carbonate of calcium is produced,

Ca2HO
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CaCO,. (This product is, in fact, precipitated chalk, together with
any excess of slaked lime and any natural impurities in the slaked
lime. Pure “ precipitated chalk’ is made by an analogous reaction
described subsequently.)

The source of the elements of the carbonate of calcium, and,
finally, their union, must be indicated just as the source and mode
of formation of the potash were indicated. That is to say, after the
formula of this second substance produced (CaCO;) is written on the
right of the diagram, thus:—

K 00, { K, 2KHO

Ca2HO { 2HO

CaCO,

the source of its elements is shown by writing the symbols for those
elements on the right of the bracket attached to the formula con-
taining the symbols of the elements, thus:—

K 2KHO
K,CO, { &b,
sl
CagHo {2HO
2 Ca 0aCo0,

Lines converging from the symbols of the elements and uniting at
the formula of the substance are then drawn, to suggest approach
of the atoms of the elements and their union to form a molecule of
the compound. The diagram will now be complete, thus :—

K
K, 0, { &3, KHO

910
)
Ca2HO { 4 G

The formation of a third product or a fourth product would bhe
indicated in a similar manner.

Note 1.—It will be seen that the chief data required in making
either equationary or diagrammatic notes of decompositions are the
symbolic formul of the various compounds employed and produced.
These formulse are, in this Manual, given whenever necessary.
Chemists obtain them in the first instance by help of quantitative
analysis. By the same means is obtained a check on the proba-
bilities respecting the relative number of molecules concerned in a
reaction.
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Note 2.—While an equation or a diagram is an attempt to picture
the reaction which ensues when molecules of different substances act
upon one another, it necessarily only represents two or a minimum
number of the molecules. The student will, of course, understand
that what is true of these two or three molecules is true of the thou-
sands or millions of molecules forming the mass or whole quantity
of material on which he experiments.

Note on Nomenclature.— Hydrates are bodies indirectly or
directly derived from water by one-half of its hydrogen becom-
ing displaced by an equivalent quantity of another radical.
Thus, a piece of potassium thrown on to water (HHO) in
stantly liberates hydrogen, hydrate of potassium (KHO) belng
formed. The temperature produced at the same time is suffi-
ciently high to cause ignition of the hydrogen, which burns
with a purple flame (owing to the presence of a little vapor of
potassium), while the hydrate of potassium remains dissolved
in the bulk of the water. This radical or root or group of
elements (HO), common to all hydrates, is sometimes termed
hydroxyl. Water might be termed hydrate of hydrogen or
hydroxylide of hydrogen.

Explonation.—With regard to the group of atoms repre-
sented by the symbols CO, and HO, only a few words need be
said here. The former (COS) is the grouping (root or radical)
found in all carbonates; it is termed the carbonic radical, and
is as characteristic of carbonates as potassium (K) is of potas—
sium salts. HO (hydroxyl) is characteristic of all hydrates.
CO; is a bivalent root, HO is univalent; hence CO; is found
united with two univalent atoms, as in carbonate of potassium,
K,CO,, or with one bivalent atom, as in carbonate of calcium,
CaCO;; and HO is found united in single proportion with
univalent atoms, as in hydrate of potassium, KHO, or in double
proportion with bivalent atoms, as in hydrate of calcium,
Ca2HO. The quantivalence of a metal has only to be learnt
and the formulee of its carbonate and hydrate are ascertained
without seeing the formula of either. The formuls of all other
metallic salts are constructed on the same principle. But, be-
yond committing to memory the formulz and quantlvalenee of
the various groupings characteristic of carbonates, hydrates,
nitrates, sulphates, acetates, etc. (see the following Table),
special attention should not at present be devoted to the sub-
ject of the constitution of salts, but restricted to what may be
called the metallic or basylous side of salts. The formuls and
quantivalence of the chief acidulous groupings referred to and
the symbols and quantivalence of allied elementary bodies are
included in the following Table :—

6 L
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Formule and Quantivalence of Acidulous Radicals.

All chlorides contain Cl 1

“ bromides % Br

“ jodides “ I =
“ cyanides % CN ( g_é
¢“ hydrates i HO g s,
“ nitrates ® . NO, w5
¢ c¢hlorates & ClO, -
“ acetates M C,H.0,

“ oxides % O- A

‘“ sulphides ¢ S-

“ sulphites ¢ SOy g%d
“ sulphates  “ SO, - 8 e
¢“ carbonates ¢ CO, ;'i‘g
“ oxalates i C,0, ST
“ tartrates x CHOO; ] =
¢ citrates % CGH;—,O-,l %E
“ phosphates ¢ PO, g =
“ borates % BO, 5 @5

Radicals.—The above elements and compounds are termed
radical<, each being the common root (rcdiz)in a series of
salts. Why compound radicals (as NO,, SO,, PO,, etc.) differ
in quantivalence cannot well be explained. Their constituent
atoms doubtless always exert the same amount of attractive
force, nearly but not quite all this force being exerted in re-
taining the atoms in one group, and the remainder probably
determining the quantivalence. Some of the compound radi-
cals are obtainable in the free state, others have yet to be
proved capable of isolated existence.*

Pure Solution of Potash.—Solution of potash generally con-
tains a trace of alumina dissolved from the lime by the hot
alkali, but not enough to interfere with the use of the liquid in
medicine. If the solution is required for analytical purposes,
it may be obtained free from alumina by avoiding the employ-
ment of heat, in the manner suggested by Redwood. Half a
gallon is made by mixing half a pound of slaked lime with
about three pints of water, placing the mixture in a half-gallon
bottle, and adding to it, in small quantities at a time, a solu-
tion of half a pound of carbonate of potassium dissolved in the

“other pint of water, shaking the mixture well for several
minutes after each addition. The whole is now set on one side

* Some modern authors term these roots radicles, a word more use-
fully expressive of little" roots or rootlets.
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till clear ; and then, if a small quantity poured into a test-tube
and warmed does not effervesce on the addition of hydrochloric
acid, the solution is fit for use. If eflervescence (due to car-
bonic acid gas) occurs, the mixture must be again well shaken.
If the lime be good and recently slaked, and the bottle violently
shaken once every half hour, the decomposition will be complete
in about ten or twelve hours.

Solid Potash.—Solution of potash evaporated to dryness in a sil-
ver or clean iron vessel and the residue fused and poured into moulds
constitutes Pofassa, U. S. P. It often contains chlorides, detected
by nitrate of silver; sulphates, detected by a barium salt, as de-
scribed subsequently in connection with hydrochloric and sulphuric
acids; and silica, which is precipitated on adding a strong solution
to twice the quantity of aleohol. Liquor Potasscee, U. 8. P., may be
made by dissolving 56 parts of this hydrate in 944 of distilled water,
or a corresponding quantity of potassa of any strength in water so as
to make 1000 parts by weight. Potassa cum Calce, U. 8. P., is a gray-
ish-white powder, made by rubbing together equal weights of solid
potash and quicklime.

Sulphurated Potash.

Second Synthetical Reaction.—Into a test-tube put a few
grains of carbonate of potassium previously mixed with half
its weight of sulphur. Heat the mixture gradually until it
ceases to effervesce. The resulting fused mass poured on a
slab and quickly bottled is the Potassa Sulphurata, Sulphur-
ated Potassa, U. S. P

3K,C0, + 48, = KS0, + 2KS§ + 300,
Carbonate of Sulphur. Hyposulphite Sulphide of Carbonic
potassium. of potassium. potassium. acid gas.

As met with in pharmacy this salt is not a single definite chem-
ical compound, but a mixture of several; in short, its chemical
character is well indicated by its vague name. When fresh, and if
carefully prepared with the official proportions of dry ingredients, it
is of the color of liver (whence the old name “liver of sulphur”),
and consists, as shown by J. Watts, of the salts mentioned in the
foregoing equation, together with a little undecomposed carbonate
of potassium, with perhaps higher sulphides of potassium (K,S,
and K,S;); but, rapidly absorbing oxygen from the air, it soon be-
comes green and yellow, sulphite ngsoa and sulphate of potassium
(K2805 are formed, and ultimately a useless mass of dirty-white
color results, consisting of sulphate and hyposulphite, with generally
some carbonate of potassium and free sulphur. Moreover, if over-
heated in manufacture, the hyposulphite 4(K,3,0;) is decomposed
into sulphate 3(K,S0,) and sulphide E)KzSE,) of potassium. Recently
made, ‘ about three-fourths of its weight are dissolved by rectified
spirit.”7 It is occasionally employed in the form of ointment.

13 &
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“On triturating together 10 parts of Sulphurated Potassa and
12.69 parts of crystallized sulphate of copper with 60 parts of
water, and filtering, the filtrate should remain unaffected by hydro-
sulphuric acid (presence of at least 56 per cent. of true sulphide of
- potassium).” U. S. P.

The extremely, indeed most unusually, complicated nature of the
reaction, will probably cause failure to any attempt by a student to
draw out an equation or a diagram of the reaction without the aid
of the printed equation given above. He may therefore content
himself, in this case, by introducing into his note-book a diagram
founded directly on the equation and on the numbers of molecules
there stated. With this printed equation, and the details of con-
struction of diagrams given in connection with the first synthetical
reaction, he will be able to give a diagram of this second synthet-
ical reaction without troubling his reasoning powers, while at the
same time he will be familiarizing himself with the more mechanical
portions of a diagram.

In preparing large quantities of sulphurated potash, the test-tube
is replaced by an earthenware vessel termed a crucible (from crux,
a cross, for originally a cross was impressed upon the melting-pot
as used by alchemists and goldsmiths; others derive the word from
crux, an instrument of torture, the sense here being symbolical).

Heating Crucibles.—Crucibles of a few ounces’ capacity may be
heated in an ordinary grate-fire. Larger ones require a stove with a
good draught—that is, a furnace. Even the smaller ones are more
conveniently and quickly heated in a furnace. Half-ounce or one-
ounce experimental porcelain crucibles may be heated in a spirit- or
gas-flame ; the air-gas flame already described being generally the
most suitable.

Fig. 12.

Crucibles of various forms,

Acetate of Potassium.

Third Synthetical Reaction.—Place ten or twenty or more
grains of carbonate of potassium in a small dish, and seturate
(satur, full) with acetic acid; that is, add acetic acid so long
as effervescence is thereby produced; the resulting liquid is a
strong solution of acetate of potassium.
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Evaporate most of the water in an open dish (see Figs. 15,
16), stirring with a glass rod* to promote the evolution of
vapor; a white salt remains, which fuses on the further appli-
cation of heat. This is the official Acetate of Potassium
(Potassii Acetas, U. 8. P.). If fused in the open vessel the
acetate 1s liable to become slightly charred and discolored;
this is prevented by transferring the solid residue to a test-
tube or Florence flask before finally fusing. It forms a white,
deliquescent, foliaceous, satin-like mass, neutral to test-paper,
and wholly soluble in spirit. A ten per cent. solution in water
forms the “ Solution of Acetate of Potash,” B. P.

KzCOg + 2HC2H502 _— 2K02H301 + H2O + 002
Carbonate of Acetic Acetate of Water. Carbonic
potassium. acid. potassium. acid gas.

Explanation of Formule.—The formula for one molecule of
acetic acid (the acetate of hydrogen) is HC,H,0,, and one of
acetate of potassium, KC,H;0,. The grouping, C,H,0,, is cha-
racteristic of all acetates; it is’ univaﬁant, and may be shortly
though less instructively written A.

Fxplanation of Process—When two molecules of acetic acid
(2HC,H,0,). and one of carbonate of potassium (K,CO;) react, two
molecules of acetate of potassium (2KC,H,0,) and one of. carbonic
acid (H,CO,) are produced, the latter at once splitting up into water
(H,0) and carbonic acid gas (CO,), as already shown in the equa-
tion.

Diagram of the Reaction.—The nature of the above operation is
indicated by an equation; it (and succeeding reactions) should be
expressed in the student’s note-book as a diagram, and, if possible,
without the &id of the equation.

Note—The above reaction has a general as well as a special syn-
thetical interest. It represents one of the commonest methods of
forming salts, namely, the saturation of an acid with a carbonate.
Carbonates added to acetic acid yield acetates, to nitric acid nitrates,.
to sulphuric acid sulphates. Many illustrations of this general pro-
cess occur in pharmacy.

Fuaporation of water from a liquid is best conducted in
wide shallow vessels rather than in narrow deep ones, as the
steam can thus quickly diffuse into the air and be rapidly con-
veyed away; hence a small round-bottomed basin, heated as
shown in Fig. 15, is far more suitable than a test-tube for such
operations. On the manufacturing scale, iron, or iron lined
with enamel or semi-porcelain, copper, tinned copper, or solid

* Glass rod-is vsually purchased in the form of long sticks. The
pieces may be cut to convenient lengths of from 6 to 12 inches (vide
p. 17), sharp ends being rounded off by holding in a flame for a few
minutes.
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tin pans are used. Up to 12 or 18 inches diameter, pans,
basins, or dishes, made of Wedgwood ware or porcelain com-
position (Fig. 16), may be employed. Small dishes may be

Fig. 15. Fig. 16.

Evaporation from small and large basins.

supported by retort-stands (Fig. 15), larger by cylinders (Fig.
16), to which the dish is, if less in diameter than the cylinder,
adapted by such flat rings or diaphragms as are shown in the
figure.

Bicarbonate of Potassium.

Fourth Synthetical Reartion.—Make a strong solution of
carbonate of potassium by heating in a test-tube a mixture of
several grains of the salt with rather less than an equal weight
of water. Through the cooled solution pass carbonic acid gas
slowly but continuously; after a time a white crystalline pre-
cipitate of Acid Carbonate or Bicarbonate of Potassium
(KHCO,), Potassiv Bicarbonas, U. 8. P., the Bicarbonate of
Potash of old Pharmacopeeias, will be formed.

K2003 "I‘ HZO + COZ - 2KHCO3
Carbonate of Water. Carbonic ‘Bicarbonate
potassium. . acid gas. of potassium.

The carbonic acid gas necessary for this operation is to he pre-
Ii‘a,red from marble, though it might be obtained from any carbonate.

hus the previous synthetical reaction could be made available for
this purpose, the carbonic acid gas evolved on the addition of the
acetic acid to the carbonate of potassium being conducted into a
strong solution of more carbonate of potassium by a glass tube bent
and fitted as described when treating of oxygen gas. But motives
of economy induce the use of carbonate of calcium, the form known
as marble being always employed. Economy and convenience also
cause hydrochloric acid to be used in preference to acetic or any
other,
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Generate the carbonic acid gas by adding common hydro-
chloric acid, diluted with twice its bulk of water, to a few
fragments of marble contained in a test-tube or small flask, and
conduct the gas into the solution of carbonate of potassium by
a glass tube bent to a convenient angle or angles, and fitted to
the test-tube by a cork in the usual way. (See Fig. 10, though
no heat is necessary.). The tube may be replenished with
marble, or acid, or both, when the evolution of gas is becoming
slow. In working on any larger quantity than a few grains of
the carbonate, a wide delivery-tube should be employed, or the
end of the narrow tube occasionally cleared from any bicar-
bonate that may have been deposited in it. The more eco-
nomical official arrangements of the apparatus employed in this
process will be described under the corresponding sodium salt.

Deposition of the Bicarbonate explained.—Bicarbonate of potas-
sium is to a certain extent soluble in water ; but as it is less so than
the carbonate of potassium, and as a saturated solution of the latter
has been used, the precipitation of a part of the bicarbonate inevita-
bly occurs. In other words, the quantity of water present is suffi-
cicnt to keep the carbonate, but insufficient to retain the equivalent
quantity of bicarbonate, in solution.

Properties.—Prepared on the large scale, bicarbonate of potassium
occurs in colorless, non-deliquescent, right rhombic prisms; it has a
saline, feebly alkaline, non-corrosive taste. Heated to redness, it
loses 31 per cent of its weight, and is converted into carbonate
(K,CO,), water (H,0), and carbonic acid gas (CO,).

2KH00, = K,00, + H,0 + CO,

— et Ny e N

2200 2138 218 2

100 69 9 22
‘—-V_/
31

The foregoing equation and accompanying molecular weights (see
page 54) show how bicarbonate of potassium, the molecular weight
of which happens to be just 100, must lose 31 per cent. when com-
pletely decomposed by heat. By ebullition of its solution it also is
soon almost wholly changed to carbonate.

Effervescing Solution of Potash.—A solution of 30 grains of bi-
carbonate of potassium in one pint of water, charged with 7 times
its bulk (often less of carbonic) acid gas by pressure, constitutes the
ordinary ‘‘ potash-water,” the so-called Liquor Potassee Effervescens,

Notes on Nomenclature.—The prefix bi- in the name ‘‘ bicarbonate
of potassium " serves to recall the fact that to a given amount of
potassium this salt contains fwice as much carbonic radical as the
carbonate. The salt is really a “ carbonate of potassium and hydro-
gen’ (KHCO;,); it is intermediate between carbonate of potassium
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(K,CO0,) and carbonate of hydrogen, or true carbonic acid (II,COs);
itis “acid carbonate of potassium’ or ‘ hydric potassium carbonate.”
Ilence in constitution it is an acid sall';, although not acid to the
taste.

Salts whose specific names end in the syllable ¢ afe’’ (carbonate,
sulphate, etc.) are in gencral conventionally so termed when they
contain an acidulous radical, or the characteristic elements of an
acid whose name ends in ‘‘ i¢,” and from which acid they havc been
or may be formed. Thus the syllable ““ afe,” in the words sulphate,
nitrate, acctate, carbonate, etc., indicates that the rcspective salts
contain a ragical whose name ended in gc, the previous syllables,
sulph-, nitr-, acet-, carbon-, indicating what that radical was—the
sulphuric, nitric, acetic, or carbonic. Occasionally a letter or syl-
lable is dropped from or added to a word to render the name more
euphonious; thus the sulphuric radical forms sulphates, not sul-
phurates.

Citrate of Potassium.

Fifth Synthetical Reaction.—Dissolve a few grains or more
of bicarbonate (or 8 parts) of potassium in water, and add (6
parts of ) citric acid (H,C,H,0;) until it no longer causes effer-
vescence. The resulting liquid is a solution of citrate of potas-
sium (K,C.H;0,) (Liquor Potassit Citratis, U.S. P., sp..gr. 1.059).
Evaporated to dryness, in an open dish, a pulverulent or granular
residue is obtained, which is the official Potassii Citras, U.S. P.,
a white deliquescent powder.

3KHCO3 _|— H3CGH5O7 s K;;CGHE,O';‘—I_ 3H20 + 3002

Carbonate of Citric acid. Citrate of Water. Carbonic

potassium. potassium, acid gas,

Citrates—The citric radical or group of elements, which with
thrce atoms of hydrogen forms a molecule of citric acid, and with
threc of potassium citrate of potassium, is a trivalent grouping;
hence the three atoms of potassium in a molecule of the citrate.
The full chemistry of citric acid and other citrates will be subse-
quently described.

Nitrate of potassium (KNO,) (Potassii Nitras, U. S. P.) and Sul-
phate of potassium (K,80,) (Potassii Sulphas, U. S. P,) could oh-
viously also be made by saturating nitric acid (HNO,), and sul-
phuric acid (H,SO,), respectively, by carbonate of potassium. Prac-
tically, they are not made in that way—the nitrate occurring, as
already stated, in nature, and the sulphate as a by-product in many
opcrations. Both salts will be hereafter alluded fo in connection
with nitric acid.

Tartrate of Potassium.

Sixth Synthetical Reaction.—Place a few grains of car-
bonate of potassium in a test-tube with a little water, heat
to the boiling-point, and then add acid tartrate of potassium

(KHC,H,0; or KHT) till there is no more effervescence ; a


http://sp
http://gr

IODIDE OF POTASSIUM, 73

solution of neutral tartrate of potassium (K,T) results, the
Potassit Tartras of the United States Pharmacopeia, the old
“Soluble Tartar.” Crystals (4- or 6-sided prisms) may be
obtained on concentrating the solution by evaporation and
setting the hot liquid aside. Larger quantities arc made in
the same way, 20 of acid tartrate and 9 of carbonate (with 50
of water) being about the proportions necessary for neutrality.
2KHCH,0, + K,CO; = 2K,CH,O; + H,0 + CO,

Acid tartrate of Carbonate of Neutral tartrate Water. Carbonic
potassium. potassium. of potassium. acid gas.

Tartrates—C,H,0, are the elements characteristic of all tar-
trates’; they form a bivalent grouping; hence the formula of the
hydrogen tartrate, or tartaric acid, is H,C,H,0O4; that of the potas-
sium tartrate K,C,H,Og; of the intermediate salt, the aeid potas-
sium tartrate (cream of tartar), KHCH,O, If the acid tartrate of
one metal and the carbonate of another react, a neutral dimetallic
tartrate results, as seen in Rochelle salt (KNaC/H,0, 4H,0), the
Soda Tartarata of the British Pharmacopeeia (Potassii et Sodii
Partras, U. B, B.).

Acid salts (e. 9. KHCH,O,), that is, salts intermediate in compo-
sition between a normal or neutral salt (e. g. K,C,H,0,) and an acid
(e. 9. H,C,H,0O;), will frequently be met with. All acidulous radi-
cals, except those which are univalent, may be concerned in the for-
mation of such acid salts.

Todide of Potassium,

Seventh Synthetical Reaction.—To a solution of potash, heated
in a test-tube, or flask, or an evaporating-basin, according to
quantity, add a small quantity of solid iodine. The decp color
of the iodine disappears entirely. This is due to the formation
of the colorless salts, iodide of potassium (KT) and iodate of
potassium (KIQ,), which remain dissolved in the liquid. Con-
tinue the addition of iodine so long as its color, after a few
mrinutes’ warming and stirring, disappears. When the whole
of the potash in the solution of potash has been converted into
the salts mentioned, the slight excess of iodine remaining in
the liquid will colpr it, and thus show that this stage of the
operation.is compler@é.

6KHO + 3I, = bHKI 4+ KIO, + 3H,0
Hydrate of Todine. Todide of Todate of ‘Water.
potassium. potassiun'x; potassium.

Separation of the Iodide from the Modate—Evaporate the
solution to dryness. If each salt were required, the resulting
solid mixture might be digested in spirit of wine, which dis-
solves the iodide, but not the iodate. But the iodide only is
used in medicine. Mix the residue, therefore (reserving a

7
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grain or two for a subsequent experiment), with about a twelfth
of its weight of charcoal, and gently heat in a test-tube or
crucible until slight deflagration ensues.*

- Jhe crucible may be held in a spirit or air-gas flame, or
other fire, by tongs. (Scissors-shaped and other ¢ ecruecible-
tongs ” are sold by all makers of apparatus.) Under these
circumstances the iodide remains unaffected; but the iodate

loses all its oxygen, and is thus also reduced to the state of
1odide.

2KI0, + 30, = 2KI + 6CO
Todate of Carbon. Todide of Carbonic
potassium, potassium. oxide.

Treat the mass with a little water, and filter to separate ex-
cess of charcoal ; a solution of pure iodide of potassium results.
(Potassié Todidum, U. 8. P.) The latter may be used as a re-
agent or it may be evaporated to a small bulk and set aside to
crystallize.

‘“ Solution of Iodate of Potassium” is official (B. P.) as a test-
liquid.
qPo*operties.——Iodide of potassium crystallizes in small cubical erys-
tals, very soluble in water, less so in spirit. One part in twenty of
water forms ¢ Solution of Iodide of Potassium,” U. S. P. Exposed
to air and sunlight, pure iodide of potassium becomes slightly brown
owing to the liberation of iodine. Under thege circuinstances a little
carbonate of potassium is produced by getion of the atmospheric
carbonic acid and a little hydriodic acid (HIz is set free, and the
latter, attacked by oxygen, yields a trace of water and of free iodine.
The ozone in the air (see “ Ozone” in Indeg) may also contribute to
the liberation of iodine from such compounds as iodide of potassium.
The addition of charcoal in the above process is simply to facili-
tate the removal of the oxygen of the iodate of potassium. Iodate
of potassium (KI0,) is analogous in constitution, and in composition,
80 Far as the atoms of oxygen are concerned, to chlorate of potassium
(KCl10,), which has already been stated to be more useful than any
other salt for the actual preparation of oxygen gas itseif. Hence the
removal of the oxygen of the iodate might be accongplished by hcat-
ing the residuc without charcoal. 1In that case ghe liberated oxygen

*1If, in the operation of heating iodate of potassium with charcoal,
excess of the latter be employed, slight incandescence rather than
deflagration occurs; if the charcoal be largely in excess, the reduc-
tion of the iodate to iodide of*potassium is effected without visible
deflagration or even inca¥®escence.

Deflagration means violent burning, from flagratus, burnt ( flagro, I
burn), and de, a prefix augmenting the sense of the word to wlhich it
may be attached. Paper thrown into a fire simply burns, nitre defla-
grates. De-tonate (detono) is a precisely similar word, meaning to ex-
plode with violent noisc.
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would he detected un inserting the incandescent extremity of a strip
of wood into the mouth of the test-tube in which the mixture of
iodide and iodate had been heated. The charcoal, however, burns
out the oxygen more quickly, and thus economizes both heat a&l
time. “'\ [
Note~—The formula of iodide of potassium (KI) shows that the
salt contains potassium and iodinc in atomic proportions. A refer-
ence to the table of atomic weights at the end of the volume, and a
rulc-of-three sum, would theretfore show what weight of salt is pro-
ducible from any given weight of iodine.

Detection of Iodate in ITodide of Potassium.—TIodate of po-
tassium remaining as an impurity in iodide of potassium may
be detected by adding to a solution of the latter salt some
weak acid (say tartaric), shaking, and then adding mucilage of
starch ; blue “iodide of starch’ is formed if a trace of iodate
be present, not otherwise. By the reaction of the added acid
and the iodate of potassium, iodic acid (HIO,) is produced,
and by reaction of the added acid and the iodide of potassium,
hydriodic acid (HI) is produced; neither of these two acids
alone attacks starch, but by reaction on each other they give
rise to free iodine, which then forms the blue color. This ex-
periment sheuld be tried on a sample of pure iodide of potas-
sium and on a grain or two of the impure iodide reserved {rom
the previous experiment.

HIO,» 5HI — 3H,0 + 31,

Note on Ab)}ze;l(:lat~117“e.jThe syllable ide attached to the syllable
iod, in the name ‘ iodidg of potassium,” indicates that the element
iodine is combined with the potassium. An iodate, as already ex-
plained, is a salt containing the characteristic elements of iodic acid
and of all iodic compounds. Salts one of whose names ends in ide
are those which are, or may be, formed from elements. The names
of salts which are, or may be, formed from compounds include other
syllables, afe being one (see page 72). The only other syllable is
ite, which is included in the names of salts which are, or may be,
formed from acids and radicals whose names end in ous: thus hypo-
sulphife of sodidm, ete. To recapitulate: A salt, whose name ends
in afe contains a cofgpound acidulous radical whose name ends in ic;
a salt whose name ends in ife contains a compound acidulous radical
whose name ends in ous ; a salt whose name ends in 7de contains an
element for its acidulous radical. Thus sulphide relates to sulphur,
sulphife to the sulphurous radical, sulphate to the sulphuric radical,
and so on with other ‘“ides,” “ites,”“or  ates.”

Bremide of Potassium (Potassii Bnmz%&m, U. S. P.)—This salt
is identical in constitution with iodide of potassium, and may be
made in exactly the same way, bromine being substituted for iodine.
The formula of bromic acid is HBrO,. It will be noticed that the
following -equations are similar in character to those showing the
preparation of iodide of potassium:—
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6KHO + 3Br, = O5KBr -+ KBrO, + 3ILO
Hydrate of Bromine. Bromide of Bromate of Water,
potassium, potasgium. potassium.
» 2KBrO, + 3C, = 2KBr 4 6CO

Bromate of Carbon. Bromide of ¢ Carbonic

potassium. potassium. oxide.

Bromide of potassium may also be made by deégmposing solution
of bromide of iron (FeBr,) by solution of pure carbonate of potas-
sium (K,CO,), evaporating and crystallizing.

Manganates of Potassium.

Eighth Synthetical Reaction.—Place a fragment of solid
caustic potash (KHO), with about the same quantity of chlo-
rate of potassium (KClO,), and of black oxide of manganese
(MnOQ,) on a piece of platinum foil.* Hold the foil by a small
pair of forceps or tongs in the flame of a blowpipe for a few
minutes until the fused mixture has become dark green—ap-
parently black. This color is that of manganate of potassiium
(K,MnO,).

6KHO + KCIO, + 3MnO, — 3K,MnO, + KCl + 3H,0

Hydrate of Chlorate of Black oxide of Manganate of  Chloride of ~ Water.
potassinm., potassiam. manganese. potassium, potassinm,

Ninth Synthetical Reaction—Permangonate of Pota sinm
(K,Mn,0,) (Potassii Permanganas, U. S. P.), which is purple,
is obtained; or rather a solution of it, on placing the foil and
its adherent mass in water, and boiling for a short time.

3K,MnO, + 2H,0 = K,Mn0, + 4KHO 4+ MnO,

Manganate of* Water, Permanganate Hydrate of Black oxide
potassium, < of potassium, potassium. of manganese.

On the large scale, the potash set free in the reaction is neutral-
ized by sulphuric or carbonic acid, and the solution evaporated to
the crystallizing point. Further details will be given in connection
with manganese.

Solutions of manganate or permanganate of potassium and of
sodium so readily yield their oxygen to organic matter, that they
are uscd on the large scale as disinfectantsg under the name of
“ Condy’s Disinfecting Fluids.”

Synthetical Reactions bringing under consideration the remaining
official compounds (namely, bichromate, arsenite, chlorate, cyari—

* The foil may be 1 inch broad by 2 inches long. No ordinary flame
will melt the platinum ; fifscd caustic alkaliesonly slowly corrode it, and
very few other chemical substances affect it at all ; hence the same picce
may be used in experimenting over and over again. Most metals form
a fusible alloy with platinum, and phosphorus rapidly attacks it, hence
such substances. as well as mixtures likely to yield them, should be
heated in a small porcelain crucible.
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ide, ferrocyanide, and ferridecyanide of potassium) are deferred at
present.

(L) Reactions having Analytical Interest (Tests).

Note—These are reactions utilized in searching for small quanti-
ties of a subst@nce (in the present instance of potassium) in a solu-
tion. They are best performed in test-tubes or other small vessels.
Each should be expressed, in the form of an equation or diagram, in
the student’s note book. Al previous or future equations given in
this volume should be transferred to the no¥e-book in the form of
diagrams, constructed as described on pages 63 and 64, unless the
student can with ease construct the equations without the aid of the
manual.

First Analytical Reaction®—To a solution of any salt of
potassium (chloride,{ for example) add a few drops of hydro-
chloric acid and of a solution of perchloride of platinum
(PtCl,), and stir the mixture with a glass rod; a yellow gran-
ular or slightly crystalline precipitate{ slowly forms. (The
precipitate is the double chloride of platinum and potassium,
and its composition is expressed by the formula PtCl,2KCl.)

Memoranda.g—When the precipitate is long in forming, it is some-

* As already indicated. chemical reactions are scarcely analyt'cal
or synthetical in themselves, but, rather, performed with an analytical
or synthetical object. Indeed, not unfrequently one and the sume re-
action is both a synthetical and an analytical reaction. Thus ths
first, so-called, “analytical reaction” is a synthetical reaction if per-
formed with the object of preparing a specimen of the double chloride
of platinum and potass'um. It is an analytical reaction, or, rather,
has analytical interest, if performed with the object of demonstrating
the presence of potassium. Chemical reactions in themselves are
operations, not so much of analysis (resolution) or synthesis (combina-
tion) or of analysis and synthesig€"conjoined, as of what has sometimes
times been termed melathesis (transposition). Molecules are not torn
to atoms in an operation performed with an analytical object, nor are
the atoms put together or set together in an operation (perhaps the
same operation) performed with a synthetical object: but in both
operations the atoms of the molecules undergo metathesis, that is,
exchange places, or are transposed. In short, chemists use the words
“analytical” and “synthetical” in a conventional rather than a
strictly etymological sense.

+ A few fragments of carbonate of potassium, two or three drops of
hydrochloric acid, and a small quantity of water, give a solution ot
chloride of potassium at once, K,CO, 4+ 2HCl = 2KCI + H,0 - CO,,.

1 By precipitation (from preecipito, to throw down suddenly) is simply
nieant the formation of particles of solid in a liquid, no matter whether
the solid, the precipitate, subsides or floats.

¢ Experiments-with such expensive reagents as perchloride of plat-
inum are economically performed with watch-glasses, drops of the

_-Aiquid being operated on.

7 #
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times of an orange-yellow tint. If iodide of potassium happen to
be the potassium salt under examination, some iodide of platinum
(Ptl,) will also be formed, giving a red color to the solution, and a
larger quantity of the precipitant (that is, the precipitating agent)
will be required.

Precaution.—Only chloride of potassium forms this characteristic
compound ; hence, if the potassium salt in the solution is known not,
to be a chloride, or if its composition is unknown, a few drops of
hydrochloric acid must be added, otherwise some of the perchloride
of platinum will be utilized for its chlorine only, the platinum being
wasted. Thus, if nitrate of potassium (KNO;) be present, a few
drops of hydrochloric acid enable the potassium to assume the form
of chloride when the perchloride of platinum is added, nitric acid
(HNO,) being set free.

Explanation.—The precipitate is, practically, insoluble in water.
It is for this reason that a very small quantity of any soluble potas-
sium salt (or, rather, of the potassium in that salt) is thrown out of
solution by perchloride of platinum.

Note on Nomenclature—When distinct molecules of salts unite
and form a single crystallinc compound, the product is termed a
double salt. The double chloride of potassium and platinum is
such a body.

Acid Tartrate of Potassium.

Second Analytical Reaction—To any solution of any salt
of potassium add excess of strong solution of tartaric acid
(H,CH,05), and shake or well stir the mixture; a white gran-
ular precipitate of, acid tartrate of potassium (KHC,H,O,)
will be formed.

Note—By “excess” of any test liquid (such as the “ solution of
tartaric acid” just mentioned) is meant such a quantity as is probably
rather more than sufficient to convert the whole weight of the com-
pound attacked into the compound produced. Thus, in the present
case enough acid must be added to convert the whole of the potas-
sium salt operated on into acid tartrate of potassium. What the
weight of salt operated on was must be mentally estimated, roughly,
by the operator. It is not neccssary in analyzing to know the exact
weights of salts employed. The analyst must use his judgment,
founded on his knowledge of the reaction (as shown by an equation)
and of the molecular weights of the substances employed in the
reaction as well as by the rough estimate of the amount of material
on which he is experimenting.

Limits of the Test—Acid tartrate of potassinm is soluble in alout
180 parts of cold and in 6 parts of boiling water. Ience, in apply-
ing the tartaric test for potassium, the solutions must not be hot,
Even if cold, no precipitate will be obtained if the solutions are
very dilute. This test, therefore, is of far less value than the first
mentioned. The acid tartrate of potassium is less soluble in diluted
alecohol than in water; so that the addition of spirit of wine renders
the reaction somewhat more delicate.
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Cream of Tartar.—The precipitate is the Bifartrate or Acid Tar-
trate of Potassium (Potassii Bitartras, U. S. P.), though the official
preparation is not formed in the above manner; on the contrary,
the acid is derived from the salt, which, mixed with tartrate of cal-
cium, occurs naturally in the juice of many plants.

Memorandum.—When the tartaric acid is added to the salt of
potassium, and the acid tartrate formed, the acid whose chief ele-
ments were previously with the potassium is set free; and in such
acid solutions the acid tartrate is somewhat soluble. To prevent
loss on this account, acid tartrate of sodium, or Bitartrate of So-
dium, U. S. P., NaHC,H,0,, 1,0, a salt tolerably soluble in water,
may be used as a test instead of tartaric acid (Plunkett). The
sodium, uniting with the acidulous radical, thus gives a neutral
instead of an acid solution. But this advantage is of less import-
ance from the fact that more water is introduced by the saturated
solution of acid tartrate of sodium than by a saturated solution of
tartaric acid. '

Third Analytical Reaction.—The flame-test. Dip the looped
end of a platinum wire into a solution containing a potassium
salt, and introduce the loop into the lower part of a spirit-
flame, the flame of a mixture of gas and air, a blowpipe flame,
or other slightly colored flame. A light violet or lavender tint
will be communicated to the flame, an effect highly character-
istic of salts of potassium.

Fourth Analytical Fuact.—Salts of potassium are not vola-
tile. Place a fragment of carbonate, nitrate, or any other po-
tassium salt, on a piece of platinum foil, and heat the latter
in the flame of a lamp; the salt may fuse to a transparent
liquid and flow freely over the foil, water also if present will
escape as steam, and black carbon be set free if the salt hap-
pen to be a tartrate, citrate, ete.; but the potassium compound
itself will not be vaporized. This is a valuable negative prop-
erty, as will be evident when the analytical reactions of ammo-
nium come under notice.

QUESTIONS AND EXERCISES.

70. Name the sources of Potassium.

71. Give the source, formula, and characters of Carbonate of
Potassium.

72. Distinguish between synthetical and analytical reactions.

73. How is the official Liquor Potasse prepared ?

74. What is the systematic name of Caustic Potash?

75. State the chemical formula of Caustic Potash.

76. Construct an equation or diagram expressive of the reaction
between Carbonate of Potassium and slaked lime.

77. Define a hydrate,
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78. What group of atoms is charaeteristic of all earbonates?

79. Decfine the term radical.

80. How is ¢ Sulphurated Potash " madc, and of what salts is it a
mixture ? 4

81. What is the formula of the acetic radieal—the radical of all
acetates ? o

82. Draw a diagram showing the formation of Aeetate of Potas-
sium.

83. Give a general proeess for the conversion of carbonates into
other salts.

84. What is the difference between Carbonate and Biearbonate of
Potassium ? How is the latter prepared ?

85. What is the relation between salts whosc speeifie names cnd
in the syllable “ ate,”’ and acids ending in “dc”?

86. Draw out diagrams or equations' descriptive of the formation
of Tartrate of Potassium from the Acid Tartrate, and Citrate from
the Carbonate of Potassium.

87. Distinguish between a normal and an aeid salt.

83. How 1s Iodide of Potassiuin madc? Illustrate the proeess
either by diagrams or equations.

89. Deseribe the appearance and chemical properties of Iodide of
Potassium.

90. Work out a sum showing how much Iodide of Potassium is
producible from 1000 grains of Iodinec? Ans. 1307 grains.

91. Give a method for the detection of Iodate in Iodide of Potas-
sium. Explain the reaction.

92. Has the syllable “{de’ any general significance in chemical
nomenclature ?

93. What are the differences between sulphides, sulphites, and
sulphates ?

_94. Mention the chemical relations of Bromide to Iodide of Potas-
sium.

95. Describe the formation of Permanganate of Potassium, giving
equations or diagrams.

96. How do manganate and permanganate of potassium aet as
disinfectants ?

97. Enumerate the tests for potassium, explaining by diagrams or
equations the various reactions which oceur. .

SODIUM.

Symbol Na. Atomie weight 23.
Formula Na,. Probable molccular weight 46.

Memoranda.—Most of the sodium salts met with in Pharmacy
are obtained direetly from earbonate of sodium, whieh is now manu-
factured on an enormous seale from chloride of sodium (common
salt, sea-salt, bay-salt, or roek-salt), the natural souree of the so-
diun salts. When pure, salt (Sodii Chloridum, U. S. P.) oceurs *in
small white erystalline grains, or transparent eubie.erystals, free
from moisture ;’ the best varieties commonly eontain a little ehlo-
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ride of magnesium and sometimes other impurities. Besides the
direct and indirect use of carbonate of sodium, or carbonate of soda,
as it is commonly called in medicine, it is largely used for house-
hold cleansing purposes under the name of “soda,” and in the
manufacture of soap. Nitrate of sodium also occurs in nature, but
is valuable for it nitric constituents rather than its sodium. Sodium
1s a constituent of about forty chemical or Galenical preparations of
the Pharmacopeeias.

Sodium is prepared by a process similar to that forspotassium,
but with less ditticulty. It crystallizes in octahedra. Its atom is
univalent, Na’

REeAcTIONS HAVING () SYNTHETICAL AND (J) ANALYTICAL
INTEREST.

(a) Reactions having Synthetical Interest.

Hydrate of Sodium. Caustic Soda.

First Synthetical Reaction.—The formation of solution of
hydrate of sodium or caustic soda, NaHO (Liguor Sode, U.
S. P.). This operation resembles that of making solution of
potash already described, and its strength is the same, “ about
5 per cent;” sp. gr. about 1.059.

The practical student should refer to the remarks made concern-
ing solution of potash, applying them to solution of soda. He may
Eerform the corresponding experiments or omit them, as he considers

e does or does not clearly comprehend all they are designed to teach.

Na,CO, + Ca2HO = 2NaHO 4+ CaCO,
Carbonate Hydrate of Hydrate of Carbonate
of sodium. calcium., sodium. of calcium.

Pure Solution of Soda, free from any tracc of alumina, may be
prepared by shaking in a Winchester quart, once every 20 or 30
minutes for 5 or 6 hours, 14 ozs. of crystals of carbonate of sodium
and 8 ozs. of good recently slaked lime. If solution of soda be
evaporated to dryness, and the residue fused and poured into
moulds, solid hydrate of sodium (Soda, U. S. P.) 1s obtained.
Common and cheap caustic soda is now largely employed in
various manufactures. This variety is a by-product in the prep-
aration of carbonate of sodium, hut, though highly useful as a
chemical agent, is too impure for use in medicine. The United
States Pharmacopeeia recognizes Liquor Sodz made from solid
caustic soda 56 parts, and distilled water 944 parts; or from
caustic soda of any other strength if only an cquivalent amount
be used.

Action of Sodium on Water.—Sodium, like potassium, decom-
poses water with production of hydrate of sodium and hydrogen,
but unless the sodium is confined to one spot by placing it on a
small floating piece of filter paper, the action 1s not sufficiently
intense to cause ignition of the escaping hydrogen. When the
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latter does ignite, it burns with a yellow flame, due to the presence
of a little vapor of sodium.

Second Synthetical Reaction.—The reaction of sulphur and
carbonate of sodium at a high temperature resembles that of
sulphur and carbonate of potassium; but, as the product is not
used in medicine, the experiment may be omitted. It is men-
tioned here to draw attention to the close resemblance of the
potassium salts to those of sodium.

Acetate of Sodium.

Third Synthet'cal Reuction.—Add the powder or fragments
of carbonate of sodium (Na,CO,) to some strong acetic acid in
a test-tube or evaporating-basin as long as effervescence occurs,
and then evaporate some of the water.* When the solution
is cold, crystals of acetate of sodium (NaC,H;0,,3H,0) (:Sodit
Ac-tas, U. S. P.) will be deposited. A ten per cent. solution
in distilled water forms the ¢ Solution of Acetate of Soda,”
B. P.

Acetate of sodium effloresces in dry air, and loses all its
water of crystallization when gently heated. It supports a
temperature of 270° or 280° F. without decomposition, but
above 300° soon chars.

Na,CO, + 2HC,H,0, = 2NaC,H,0, + H,0 + CO,

Carbonate Acetic acid. Acetate of Water. Carbonic
of sodium. sodium. acid gas.

Bicarbonate of Sodium.

Fourth Synthetical Reaction.—The action of carbonic acid
(H,CO,) or carbonic acid gas (CO,) and water (H,0), on car-
bonate of sodium (Na,CO,). This resembles that of carbonic
acid on carbonate of potassium, but is applied in a different
manner. The result is bicarbonate of sodium (NaHCO;)
(Sodit Bicarbonas Venalis, U. S. P ).

Na,C0, + H,0 + €O, = 2NaHCO,

Cwrbonate Water. Carbonic Bicarbonate of
of sodinm. acid gas. sodium,
Process—Heat crystals of carbonate of sodium in a porce-
lain crucible until no more steam escapes. Rub the product,
in 2 mortar, with two-thirds its weight of more of the crystals
and place the powder in a test-tube or small bottle into which
carbonic acid gas may be conveyed by a tube passing through

* The “water” alluded to occurs in the acid, which, though com-
monly termed “acetic” acid, is really a solution of that acid in water.
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a cork and terminating at the bottom of the vessel. To gene-
rate the carbonic acid gas fill a test-tube having a small hole
in the bottom (or a similar piece of glass tubing, of which one
end is plugged by a grooved cork) with fragments of marble,
insert a cork and delivery-tube, and connect the latter with the
similar tube of the vessel con-
taining the carbonate of so- Fig 17.
dium by a piece of India- :

rubber tubing. Now plunge
the tube of marble into a
test-glass, or other vessel,
containing a mixture of one
part hydrochloiic acid and
two parts water, and loosen
the cork of the carbonate-of-
sodium tube wuntil carbonic .
acid gas, generated in the Preparation of bicarbonate of sodium.
marble tube, may be con- .

sidered to fill the whole arrangement; then rep'ace the cork
tightly and set the apparatus aside. As the gasis absorbed by
the carbonate of sodium, hydrochloric acid rises into the marble
tube, and generates fresh gas, which, in its turn, drives back
the acid liquid, and thus prevents the production of any more
gas until further absorption has occurred. When the salt is
wholly converted into bicarbonate (NaHCO;), it will be found
to have become damp through the liberation of water from the
crystallized carbonate (Na,CO;,10H,0). (It would be inconve-
niently moist, even semi-fluid, if a part of the carbonate had
not previously been rendered anhydrous.) The Sodii Bicar-
bonas, U. 8. P., is the commercial bicarbonate purified from
any carbonate or traces of other salts by introducing it into a
percolator and passing water through it till the washings cease
to precipitate a solution of sulphate of magnesium, when the
bicarbonate of sodium is removed from the percolator and
dried on bibulous paper in a warm place.

The carbonate of sodium may be placed, not in a test-tube or
bottle, but in a vertical tube the bottom of which is loosely closed
by a grooved cork. Any water of crystallization that is set free
then runs off (into a basin or cup beneath), and takes with it any
impurities (chlorides or sulphates, ete.) that may have been present
in the original salt.

A crystal of carbonate of sodium is carbonate of sodium plus
water (Sodii Carbonus, U. S. P.; see ‘ Carbonates”); on heating it,
more or less of the water is evolved, and ankydrous carbonate of

“sodium is partially or wholly produced (Sodii Carbonas Exsiccatus,
U. S P.)
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Na,C0,10H,0 — 10H,0 = Na,CO,
Crystallized carbonate Water Dried carbonate
ot sodium (286). (180). of sodium (106).

According to the United States Pharmacopeeia dried carbonate of
sodium is to be prepared by exposing crystals of carbonate of so-
dium to warm air for several days to efflorescc, and then to a tem-
perature of about 45° C. until half the original weight is obtained.
286 parts would thus become 143, and the latter would thus still
retain 37 parts of water. In other words, the dricd carbonate con-
tains 72.6 per cent. of anhydrous carbonate and 27.4 per cent. of
water. The crystals contain, obviously, a little morc than 37 per
cent. of anhydrous carbonate and nearly 63 per cent. of water. 1'he
student should verify all these figures.

Note on Nomenclature.—Anhydrous bodies (from e, a, and #dwp,
hudor, i. e. without water) are compounds from which water has
been taken, but whose essential chemical properties are unaltered.
Salts containing water are hydrous bodies; of these the larger por-
tion are crystallinc, and their water is then termed water of crystal-
lization. Non-crystalline Aydrous compounds were formerly spoken
of as hydrated substances; hydrates are, however, a distinct class
of bodies, salts derived from water by one-half of its lydrogen
becoming displaced by an equivalent quantity of another radical.
Anhydrides form still another distinet class of chemical substances ;
they are derived from acids; in short, they are acids from which,
not exactly water as water, but the elements of water have been
removed, the essential chemical (acid) properties being thereby
greatly altered. (For illustrations, see Index, ‘“ Anhydrides.”)

Water of Crystallization—The water in crystallized carbonate
of sodium is in the solid condition, and, like ice and other fusible
substances, requircs heat for its liquefaction. Many salts (freezing--
mixtures), when dissolved in water, give a very cold solution. This
is because they and their solid water, if they have any, arc then,
absorbing some heat from surrounding mcdia, converted into liquids.
Take away fromn water some of its heat, the result is ice. Give to ice
(at 32° F.) more heat than it ‘contains already, thc result is water
(still at 32° F.). (Hcat thus taken into a substance without increas-
ing its tcmperature is said to become lafent—f{rom latens, hiding; it
is no longer discoverable by the sense of touch or the thermometer.
The term latent gives a somewhat incorrect idea, however, of the
process ; for our knowledge of the extent and rcadiness with which
one form of force is convertible into another renders highly probable
the assumption that heat is in these cases converted into motion, the
latter enabling the molecules of a solid to take up the new positions
demanded by their liquid condition.) The only apparent difference
between ice and the water in such crystals as carbonate of sodium is
that icc is solid water in the free, and water of crystallization solid
watcr in the combined state. The former can only exist at and below
32° F.; the latter may exist at ordinary temperatures. Many salts,
however, which unite with little or even no water of crystallization
at common temperatures, take up much, according to Guthrie, at very
low temperatures, and such salts he calls cryokydrates (xpvoc, kruos,
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icy cold, frost). On the other hand, all water of crystallization is
dispelled at high temperatures. In chemical formule, the symbols
representing water are usually separated by a comma from those
representing salts. The crystals of acetatc of sodium (of the third
reaction) contain water in this loose state of combination—water of
crystallization (NaC,H,0,,3H,0).

* Soda-water.”—A solution of bicarbonate of sodium in water
charged with carbonic acid gas under pressure constitutes the offi-
cial Liquor Sodee Effervescens, B. P., and, like the * potash-water ’
of the shops, is a true medicine, an antacid. Ordinary *‘soda-water,”
however, 18 in many cases simply a solution of carbonic acid gas in
water, and would be more appropriately termed ‘ aérated water:”
any medicinal effect it may possess is due to the sedative influence
of its carbonic acid gas on the coats of the stomach. At common
temperatures water dissolves about its own volume of carbonic acid
gas, both being under the same pressure. One pint of the official
soda-water contains 30 grains of bicarbonate of sodium and a pint
of carbonic acid gas; but the solution is under a pressure of seven
atmospheres, so that seven pints of the gas at ordinary atmospheric
pressure are required for the quantity mentioned.

Solubility of Gases in Water—W hatever the weight and volume
of a gas dissolved by a liquid at ordinary atmospheric pressure, that
weight is doubled by double pressure, the two volumes of gas thereby
being reduced to one, trebled at treble pressure, the three volumes of
gas being reduced to one, quadrupled at quadruple pressure, the four
volumes of gas being reduced to one, and so on. This is a general
law (Henry and Dalton) regarding the solubility of gases in liquids
under given temperatures. An average bottle of ‘‘ soda-water’’ con-
tains about four times the weight of carbonic acid gas which can
exist in it without artificial pressure, so that on removing its cork
three times its bulk escapes, its own bulk remaining dissolved.

Tartrate of Potassium and Sodium.

Fifth Synthetical Reaction.—To some hot strong solution of
carbonate of sodium (about three parts) in a test-tube or larger
vessel add acid tartrate of potassium (about four parts), till no
more effervescence occurs; when the solution is cold, crystals
of the tartrate of potassium and sodium (Potassii et Sodii Tor-
tras, U. S. P.), the old Rochelle Salt, will be deposited—
(KNaC,H,0,4H,0). The crystals are usually halves of right
rhombic prisms.

Na,CO, + 2KHCH,0, = 2KNaCH, O, + H,0 4 CO,

Carbonate Acid tartrate Tartrate of potas- ‘Water. Carbonic
of sodium, of potassium. sium and sodium. acid gas.

ForMurLz oF TARTRATES.

Tartaric acid : HH CH,0,
Acid tartrate of potassium KH CH,O,
Tartrate of potassium and sodium KNaC,H,0O,

8
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Very close analogy will be noticed in the constitution of the mole-
cules of these salts. When the other tartrates come under notice, 1t
will be found they also have a similar constitution.

Hypochlorite of Sodium.

Liquor Sode Chlorate, U. 8. P., “Labbaraque’s Solution,” is
made by decomposing solution of carbonatc of sodium by solu-
tion of chlorinated lime; 100 parts of the carbonate, 80 of chlo-
rinated lime, and 820 of water. Sp. gr. 1.044.

2Na,C0, + CaCl,Ca2Cl0 = 2(NaClLNaClO0) -+ 2CaCO,

Carbonate Chlorinated Chlorinated Carbonate of
of sodium. lime, soda. calcium,

Other Sodium Compounds.

Synthetical Reactions portraying the chemistry of the remaining
official compounds (name}iy, nitrate, sulphate, hyposulphite, borate,
arseniate, and valerianate of sodium) are deferred until the several
acidulous radicals of these salts have been described.

Phosphate of Sodium.—The preparation and composition of this
salt will be most usefully studied after bone-ash, the source of it and
other phosphates, has been described. Bone-ash is phosphate of
calcium (see page 109).

The Citro-Tartrate (Sodee Citro-tartras Effervescens, B. P.) is a
mixture of bicarbonate of sodium (17 parts), citric acid (6), and
tartaric acid (8), heated (to 200° or 220° F.) until the particles
aggregate to a granular condition. When required for medicinal
use, a dose of the mixture is placed in water; cscape of carbonic
acid gas at once occurs, and an cffervescing liquid results. This
substance may be regarded as the official representative of the pop-
ular “ Effervescing Citrate of Magnesia,” which will be further no-
ticed in connection with the salts of magnesium (page 118).

Soda Powders are formed of 30 grains of bicarbonate of sodium
and 25 of tartaric acid wrapped separately in papers of different
color. When mixed with water, tartrate of sodium results, a little
bicarbonate also remaining.

In the manufacture of Carbonate of Sodiwm from chloride, the
source of the sodium is chloride of sodium, and of the carbonic
radical carbonate of calcium in the form of limestone. The chloride
is first converted into sulphate, the sulphate is then roasted with
coal and limestone, and the resulting black-ask lixiviated (lixivia,
from lix, lye—water impregnated with alkaline salts: hence lizivia-
tion, the operation of washing a mixture with the view of dissolving
out salts). The lye, evaporated to dryness, yiclds crude carbonate
of sodium (soda-ash). This process will be further described in
connection with Carbonates.

Deliquescence and Efflorescence.—The carbonates of sodium and
potassium, chemically closely allied, are readily distinguished phys-
1cally. Carbonate of potassium quickly absorbs moisture from the
air and becomes damp, wet, and finally fluid—it is deliquescent (deli-
quescens, melting away). Carbonate of sodium, on the other hand,
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yields some of its water of crystallization to the air, the crystals
becoming white, opaque, and pulverulent—it is efflorescent (efflores-
cens, blossoming forth).

Analogy of Sodium Salts to Potassium Salfts.—Other synthetical
reactions might be described similar to those given under potassium,
and thus eitrate, iodide (Sodii Iodidum, U.S.P.), Nal, bromide
(Sodit Bromidum, U. S. P.), NaBr, iodate, bromate, ehlorate (Sodi<
Chloras, U. S. P.), NaClO,, manganate and permanganate of sodium,
and many other salts be formed. But enough has been stated to
show how analogous sodium is ehemically to potassium. Sueh analo-
gies will eonstantly present themselves. In few departments of
knowledge are order and method more pereeptible ; in few is there
as mueh natural law, as mueh science, as in chemistry.

Substitution of Potassium and Sodium Salts for each other.—
Sodium salts being cheaper than potassium salts, the former may
sometimes be eeconomieally substitued. That one is employed rather
‘than the other, is often merely a result due to aceident or fashion.
But it must be borne in mind that in some cases a potassium salt
will crystallize more readily than its sodium analogue, or that a
sodium salt is stable when the eorresponding potassium salt has a
tendeney to absorb moisture, or one may be more soluble than the
other, or the two may have different medieinal effect. For these or
similar reasons, a potassium salt has come to be used in medieine
or trade, instead of the eorresponding sodium salt, and vice versa.
Whenever the acidulous portion only is to be utilized, the least ex-
pensive salt of the eclass would nearly always be seleeted.

(b) Reactions having Analytical Interest.

1. The chief analytical reaction for sodium is the flame-test.
When brought into contact with a flame in the manner de-
scribed under potassium (page 79), an intensely yellow color
is communicated to the flame by any salt of sodium. This is
highly characteristic—indeed, almost too delicate a test ; for if
the point of the wire be touched by the fingers, enough salt
(which is contained in the moisture of the hand) adheres to
the wire to communicate a very distinct sodium reaction.
These statements should be experimentally verified, the chlo-
ride, sulphate, or any other salt of sodium being employed.

2. Precipitant of Sodium.—Sodium is the only metal whose com-
mon salts are all soluble in water. Henee no ordinary reagent can
be added to a solution containing a sodium salt whieh shall give a
preeipitate eontaining the sodium. A neutral or alkaline solution
of a sodium salt gives, however, a granular precipitate of antimoni-
ate of sodium (Na,H,Sb,0,,6H,0) 1f well stirred or shaken with a
solution of enfimoniate of potassium (K,H,S8b,0,), but the reagent

reeipitates other metals, and is liable to decompose and beeome use-
ess, and hence is seldom employed.

Antimoniate of potassium is made by adding, gradually, finely
powdered metallie antimony to nitrate of potassium fused in a eru-
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cible o long as deflagration eontinues. The res:lting mass is boiled
with a large quantity of water, the solution filtercd and prescrved in
a well-stoppered bottle ; for the earbonie gas in the air is rapidly ab-
sorbed by the solution, antimonic acid being deposited.

3. Sodium salts, like those of potassium, are not volatile.
Prove this fact by the means described when treating of the
effect of heat on potassium salts (p. 79).

QUESTIONS AND EXERCISES.

98. How is the official Solution of Soda prepared? Give a dia-
gram or equation.

99. Explain the action of sodium or potassium on water. What
colors do these elements respectively eommunicate to flame ?

100. How much biearbonate of sodium ean be obtained from
2240 pounds of crystallized carbonate of sodium? Ans. 1316 lbs.,
nearly. '

101)T Aecetate of Sodium: give formula, process, and equation.

102. Give a diagram showing the formation of Bicarbonatc of
Sodium.

103. Why is a mixture of dried and undried carbonate of sodium
employed in the preparation of the bicarbonate ?

104. State the differcnee between anhydrous and crystallized car-
bonate of sodium.

105. Define the terms anhydrous, hydrous, hydrate, anhydride.

106. What do you understand by water of crystallization ?

107. What is the nature of “ Soda-water” ?

108. How many volumes of gas (reekoned as at ordinary atmo-
spherie pressure) are eontained in any given volumec of the British
offieial *“ Soda-water’ ?

109. What is the gencral law regarding the solubility of gases in
liquids under pressure ?

110. What 1s the systematic name of Roehelle salt, and how is the
salt prepared ? )

111. What is the relation of Rochelle salt to ercam of tartar and
tartarie aeid ?

112. Give the mode of preparation and composition of Solution of
Chlorinated Soda, and express the proeess by a diagram.

113. How is the granular cfferveseing Citro-tartrate of Sodium
prepared ? ‘

114. Define Deliquescence, Efflorescence, and Lixiviation.

115. What is the general relation of potassium salts to those of
sodium ?

116. Ilow are sodium salts analytically distinguished from those
of potassiuni ?

AMMONIUM,

Symbol NH, or Am. Atomie weight 18.

Memoranda.—The elements nitrogen and hydrogen, in the pro-
portion of one atom to four (NH,), are those charaeteristic of all the



AMMGNIUM. 89

compounds about to be studied, just as potassium (K) and sodium
(Na) are the characteristic elements of the potassium and sodium
compounds. Ammonium is a univalent nucleus, root, or radical, like
potassium or sodium ; and the ammonium compounds closely resemble
those of potassium or sodium. In short, if, for an instant, potassium
or sodium be imagined to be compounds, the analogy between these
three series of salts is complete. Ammonium is said to have been
isolated by Weyl, as an unstable dark-blue liquid possessing a me-
tallic lustre. )

Source.—The source of nearly all the ammoniacal salts met with
in commerce is ammonia-gas (NH;) obtained in distilling coals in
the manufacture of ordinary illuminating gas and of coke. It is
doubtless derived from the nitrogen of the plants from which the
coal has been produced. It is possible, however, to produce am-
monia from its elements. Thus, coal-dust, air, and vapor of water,
all at a red heat, yield, according to Rickman and Thompson, gaseous
ammonia. Salt added to the mixture prevents the further combus-
tion of the formed ammonia, and chloride of ammonium sublimes.
Nitrogen and hydrogen passed over spongy platinum yields traces
of ammonia.

Ammonia.—When this gas (NH,) comes into contact with water
(H,0), in the process of washing and cooling coal-gas, hydrate of
ammonium (NHHO, or AmHO) is believed to be formed, the
analogue of hydrate of potassium (KHO) or sodium (NaHO). The
grounds for this belief are the ohserved analogy of the well-known
ammoniacal salts to those of potassium and sodium, the similarity of
action of solution of potash, soda, and ammonia on salts of most
metals, and the existence of crystals of an analogous sulphur salt
(NH,HS).

Chloride of Ammonium.—The “ ammoniacal liquor” of the gas-
works is usually neutralized by hydrochloric acid, by which crude
chloride of ammonium (sal-ammoniac) is produced.

NH,HO + HCl = NH,Cl + H,0;

and from this salt, purified, the others used in pharmacy are directly
or indirectly made. Chloride of ammonium (Ammonii Chloridum,
U. 8. P.) occurs in colorless, inodorous, translucent fibrous masses,
tough, and difficult to powder, and as a snow-white crystalline
powder, soluble in water [1 in 10 is the  Solution of Chloride of
Ammonium,” U. 8. P.] and in rectified spirit. Chloride of am-
monium generally contains slight traces of oxychloride of iron,
tarry matter, and possibly chlorides of compound ammoniums (vide
¢ Artificial Alkaloids” in Index).

Sulphate of Ammonium, (NH,),80,, results when “ammoniacal
liquor ” is neutralized by oil of vitriol. It is largely used as a con-
stituent of artificial manure in England, and when purified by recrys-
tallization is employed in pharmacy (Ammonii Sulphas, U. S. P.).

Volcanic Ammonia.—A very pure form of ammonia is that met
with in volcanic districts, and obtained as a by-product in the manu-
facture of borax; the crude boracic acid as imported contains from
5 to 10 per cent. of ammonium salts, chiefly sulphate, and double

8 *
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sulphates of ammonium with maghesium, sodium, and manganese
(Howard).

REAcTIONS HAVING (¢) GENERAL, (b) SYNTHETICAL, AND
(¢) ANALYTICAL INTEREST.

Ammonium-Amalgam, (?)

(a) General Reaction—To forty or fifty grains of dry mer-
cury in a dry test-tube, add one or two small pieces of sodium
(freed from adhering naphtha by gentle pressure with a piece
of filter-paper), and amalgamate by gently warming the tube.
To this amalgam, when cold, add some fragments of chloride
of ammonium and a strong solution of the same salt. The so-
dium amalgam soon begins to swell and rapidly increase in
bulk, probably overflowing the tube. The light spongy mass
produced is the so-called ammonium-amalgam, and the reaction
is usually adduced as evidence of the existence of ammonium ;
the sodium of the amalgam unites with the chlorine of the
chloride of ammonium, while the ammonium is supposed to
form an amalgam with the mercury. As soon as formed the
amalgam gives off hydrogen and ammonia gases; this decom-
position is nearly complete after some minutes, and impure
mercury remains.

(b) Reactions having Synthetical Iuterest.

Hydrate of Ammonium. Ammonia.

First Synthetical Reaction.—Heat a few grains of sal-ammo-
niac with about an equal weight of hydrate of calcium (slaked
lime) dampened with a little water in a test-tube; ammonia
gas is given off, and may be recognized by its well-known
odor. It is very soluble in water. Pass a delivery-tube,
fitted to the test-tube as described for the preparation of oxy-
gen and hydrogen, into a second test-tube, at the bottom of
which is a little water; again heat, the end of the delivery-
tube being only just beneath the surface of the water (or, pos-
sibly, all the water might rush into the generating-tubes, water
absorbing ammonia gas with great avidity) ; solution of ammo-
nia will be thus formed.

2NH,C1 4 C(Ca2HO = C(CaCl, + 2H,0 - 2NH,
Chloride of Hydrate of Chloride of ‘Water. Ammonia
ammonium, calcium. calcium. gas.

Ammonia gas is composed of one atom of nitrogen with three
atoms of hydrogen ; its formula is NH,; two volumes of it contain
one volume of nitrogen combined with three atoms or volumes of
hydrogen. Its constituents have therefore in combining suffered
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condensation to one half their normal bulk. Its conversion into
hydrate of ammonium may be thus shown:—

NH, 4+ H,0 = NHHO or AmHO
Ammonia Water. Hydrate of ammonium
gas. (ammonia).

Solutions of Ammonia, prepared by this process on a large scale
and in suitable apparatus, are met with in pharmacy—the one (sp.
gr. 0.900) containing 28 per cent., the other {sp. gr. 0.959), 10 per
cent., by weight, of ammonia gas, NH, (Aqua Ammonice Fortior and
Aqua Ammonice, U. 8. P.). On the large scale, bottles are so ar-
ranged in a series as to condense all the ammonia evolved during
the operation.

Acetate of Ammonium,
Second Synthetical Reaction.—To acetic acid and water in
a test-tube, add powdered commercial earbonate (acid carbon-
ate and carbamate) of ammonium till effervescence ceases; the
resulting liquid, made of prescribed strength, is the official
solution of Acetate of Ammonium (NH,C,H,0,) (Liguor Am-
monii Acetatis, U. S. P.), the old «“ Spirit of Mindererus.”

NHHCO,, NH,NH,CO, + 3HC,H,0, = 3NH,C,H,0,

Acid carbonate and carbamate Acetic acid, Acetate of
of ammonium. ammoniwm,

+ H,O ) 2CO,

‘Water. Carbonic acid gas.

Carbonates of Ammonium.

Commercial carbonate of ammonium is made by heating a mixture
of chalk and sal-ammoniac; chloride of calcium (CaCl,) is produced,
ammonia gas (NH;) and water (H,O) escape, and the ammoniacal
carbonate distils, or rather sublimes,* in cakes (Admmonii Carbonas,
U. 8. P.). The best form of apparatus to employ is a retori with a
short wide neck and a cool receiver. On the large scale the retort
is usually iron and the reckiver earthenware or glass; on the small
scale glass vessels are employed. The salt is purified by resublima-
tion at a low temperature ; 150° F. is said to be sufficient.

This salt, the empirical formula of which is N,H,,C,0;, is prob-
ably a mixture of one molecule of acid carbonate or bicarbonate of
ammonium (NH,HCO,) and one of a salt termed carbamate of am-
monium (NH,NH,CO,). The latter belongs to an important class
of salts known as carbamates, but it is the only one of interest to the
pharmacist. Cold water extracts it from the commercial carbonate
of ammonium, leaving the acid carbonate of aminonium undissolved,
if the amount of liquid used be very small. Aicohol extracts the
carbamate, leaving the acid carbonate undissolved. In water, car-
bamate soon changes into neutral carbonate of ammonium,

* Sublimation (from sublimis, high). Vaporization of a solid sub-
stance by heat, and its condensation on an upper and cooler part of
the vessel or apparatus in which the operation is performed.
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NH,NH,C0, + H,0 = (NH,),C0, or Am,CO;;

so that an aqueous solution of commercial carbonate of ammonium
contains both acid carbonatc and neutral carbonate of ammonium.
If to such a solution some ordinary solution of ammonia be added, a
solution of neutral carbonate of ammoniwm is obtained ; and this 1s
the common reagent always found on the shelves of the analytical

laboratory.
AmHCO; + AmHO = Am,CO, + 11,0.

Neutral carbonate of ammonium is the salt formed on adding strong
solution of ammonia to the the commercial carbonate in preparing a
pungent mixturc for toilet smelling-bottles ; but it is unstable, and
on continucd exposure to air is reduced to a mass of crystals of the
acid carbonate or bicarbonate of ammonium. Bicarbonate of ammo-
nium (NH,IICO,) is also produccd on passing carbonic acid gas into
an aqueous solution of commercial carbonate.

According to Divers, the sublimed product of the first distillation
of chalk and sal-ammoniac is a mixture of carbamate and carbonate
of ammonium, the latter losing some ammonia gas on redistillation,
and carbamate with bicarbonate forming the resulting commercial
salt.

If carbonate of ammonium contain more than traces of empyrcu-
matic matters (derived primarily from the gas-liquors), an aqueous
solution, with excess of sulphuric acid added, will decolorize a dilute
solution of permanganate of potassium at once.

Sal Volatile (Spiritus Ammonice Aromaticus, U. S. P.) is a spirit-
uous solution of ammonia (AmHO), neutral carbonate of ammonium
(Am,CO,), and the oils of lemon, lavender and pimenta. Fetid
spirit of ammonia (Spiritus Ammonie Feetidus, B. P.) is an alco-
holic solution of the volatile oil of asafeetida mixed with solution
of ammonia. * Solution of Carbonate of Ammonia,” B. P., is formed
by dissolving 1 lpart of the salt in 10 of water. Spiritus Ammonic,

. 8. P, is an aleoholic solution of ammonia containing 10 per cent.,
by weight, of gas (NHjy).

Nitrate of Ammonium.

Third Synthetical Reaction—To some diluted nitric acid
add carbonate of ammonium, until, after well stirring, a slight-
ammoniacal odor remains. The solution contains Nitrate of
Ammonium (Ammonii Nitras, U. 8. P.)

NHICO,, NII,NH,CO, + 8HNO, = 3NH,NO, + 1,0 + 2C0
Acid carbonate and carbamate Nitric Nitrate of Water. Carbonic
of ammonium., acid. ammonium. acid gas.
From a strong hot solution of nitratc of ammonium crystals may
be obtained containing much water (NH,NO,, 1211,0). On heating
these to about 310° F. the water escapes. The anhydrous salt re-
maining (NHNO,) may be poured on to an iron plate. On further
heating the powdered nitrate, it is resolved into nitrous oxide gas

(the so-called laughing gas) and water,
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NII,NO,=N,0 + 21,0.

Nitrous oxide is thus preparéd for use as an ansesthetic. When
required for inhalation, 1t should be washed from any possible trace
of acid or nitric oxide, by being passed through solution of potash,
and through solution of ferrous sulphate.

Nitrous oxide is slightly soluble in warm water, more so in cold.
It supports combustion almost as well as oxygen. By pressure it
may be liquefied to a colorless fluid, and by simultaneous cooling
solidified.

Citrate, Phosphate, and Benzoate of Ammonium.

Fourth. Synthetical Reaction. To solution of citric acid
(H,;CH,0, or H,Ci) add solution of ammonia (AmHO) until
the well-stirred liquid smells faintly of ammonia; the product -
is Solution of Citrate of Ammonium (Am,Ci) (Liquor Ammo-
nize Citratis, B. P.).

Phosphate of Ammonium (Am,HPO,) (Ammonii Phosphas, U. S.
P.) and Benzoate of Ammonium (AmC,H,0,) (Ammonii Benzoas,
U. S. P.) are also made by adding solution of ammonia to phos-
phoric acid (H;PO,) and benzoic acid (HC,H,0,) respectively, evap-
orating (keeping the ammonia in slight excess by adding more of its
solution), and setting aside for crystals to form. The official Solu-
tion of Acetate of Ammonium could be made in the same way ; but,
when prepared with Carbonate of Ammonium, the liquid remains
charged with carbonic acid, and has a less vapid flavor.

H,CH,0, + 3AmHO = Am,CH0, + 3H,0
Citric Ammonia. Citrate of ‘Water.
acid. ammonium,.

H,PO, + 2AmHO = Am,HPO, + 2H,0

Phosphoric Ammonia. Phosphate of ‘Water,
acid. ammonium.

HC,H,0, + AmHO = AmCH0, + HO
Benzoic Ammonia. Benzoate of ‘Water.
acid. ammonium.

Phosphate of ammonium occurs in transparent colorless prisms,
soluble in water, insoluble in spirit; benzoate in crystalline plates,
soluble in water and in spirit.

Ammonii Iodidum, U. S. P., may be made by decomposing the
two bodies iodide of potassium and sulphate of ammonium, which
give iodide of ammonium and sulphate of potassium; the latter
salt is separated by adding alcohol to the cooled solution, when, by
reason of its insolubility in alcohol, it erystallizes out, and the sep-
arated solution of iodide of ammonium 1s then evaporated to dry-
ness. It occurs usually in minute white crystalline cubes.

Bromide of Ammonivm (Ammonii Bromidum, U. S. P.) will be
noticed in connection with Hydrobromic Acid and other Bromides.
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Oxalate of Ammonium.

Fifth Synthetical Reaction.—To a nearly boiling solution of 1
part of oxalic acid in about 8 of water add carbonate of am-
monium until the liquid is neutral to fest-paper (see follow-
ing paragraph), filter while hot, and set aside for crystals
((NH)),C,0,H,0) to form. The mother-liquor 1s usefu.l as a
reagent in analysis; 1 of the salt in 20 of water constitutes
“ Solution of Oxalate of Ammonium,” U. 8. P.

3H20204 + 2N8H110205 — 3(NH4)20204 "‘l_ 3002 "‘l_ ZHZO
Oxalic Carbonate of Oxalate of Carbonic Water.
acid. ammonium. ammonium. acid gas.

Neutralization.—Thus far, in reactions, the student has avoided
excess of either acid matter on the one hand, or alkaline matter on
the other, by the rough aid of taste, cessation of effervescence, pres-
ence or absence of odor, etc. More delicate aid is afforded by fest-
papers.

Test-papers.—Litmus i3 a blue vegetable pigment, prepared from
various species of Roccella lichen, exceedingly sensitive to the action
of acids, which turn it red. When thus reddened, alkalies (potash,
soda, and ammonia) and other soluble hydrates readily turn it blue.
The student should here test for himself the delicacy of this action
by experiments with paper soaked in solution of litmus and dipped
into very dilute solutions of acids, acid salts (KHC,H,0O, e. ¢.), alka-
lies, and such neutral salts as nitrate of potassium, sulphate of so-
dium, or chloride of ammonium.

Solution of Litmus (U. S. P.).—1 part of litmus is macerated for
seven days in 10 parts of diluted alcohol, and the solution poured off
from insoluble matter. ’

Blue litmus paper (U. S. P.) is “ unsized white paper colored with
solution of litmus.” Red litmus paper (U. S. P.) is “ unsized white
paper colored with solution of litmus previously reddened by the
smallest requisite quantity of sulphuric acid.”

Turmeric paper (U. 8. P.), similarly prepared from tincture of tur-
meric (1 of turmeric root or rhizome to 6 of diluted alcohol, mace-
rated for seven days), is occasionally useful as a test for alkalies,
which turn its yellow to brown; acids do not affect it.

Sulphydrate of Ammeonium.

Sixth Synthetical Reaction—Pass sulphuretted hydrogen
gas (H,S) through a small quantity of solution of ammonia in
a test-tube, until a portion of the liquid no longer causes a
white precipitate in solution of sulphate of magnesium (Epsom
salt) ; the product is solution of sulphydrate (or sulphide) of
ammnonium (NH,HS), the “Solution of Sulphide of Ammo-
nium,” U.S. P., a most valuable chemical reagent, as will
presently be apparent.

NHHO + HS = NHHS + H,0.
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¥ Test-Solution of Sulphide of Ammonium,” U. S. P., is made by
passing the gas prepared in the apparatus described below into 3
fluidounces of Water of Ammonia so long as the gas continues to
be absorbed, then adding 2 more ounces of the ammonia, and pre-
serving the solution in a well-stoppered bottle.

Sulphuretted hydrogen is a compound of noxious odor;
hence the above operation, and many others, described further
on, in which this gas is indispensable, can only be performed
in the open air, or in a fume-cupboard, a chamber so contrived
that deleterious gases and vapors shall escape into a chimney
in connection with the external air. In the above experiment,
the small quantity of gas required can be made in a test-tube,
after the manner of hydrogen itself. To two or three frag-
ments of sulphide of iron (FeS), add water and then sulphuric
acid ; the gas is at once evolved, and may be conducted by a
tube into the solution of Ammonia. Sulphate of iron remains
dissolved in the water.

FeS 4+ H,SO, = H,S + FeSO,.

Crystals of sulphydrate of ammonium (NI ,HS) may be obtained
on bringing ammonia gas (NH,) and sulphuretted hydrogen (H,S)
together at a low temperature. They are soluble in water without
decomposition.

Sulphuretted- Hydrogen Apparatus—As no heat is necessary
in making sulphuretted hydrogen, the test-tube of the fore-
going operation may be advantageously replaced by a bottle,
especially when larger quantities of "the gas are required.
In analytical operations the gas should be purified by passing
it through water contained in a second bottle.

The most convenient arrangement for experimental use is
prepared as follows: Two common wide-mouthed bottles are
selected, the one having a capacity of about half a pint, the
other a quarter pint ; the former may be called the generating-
bottle, the latter the wash-bottle. Fit two corks to the bottles.
Through each cork bore two holes by a round file or other
instrument of such a size that glass tubing of about the diam-
eter of a quill pen shall fit them tightly. Through one of the
‘holes in the cork of the generating-bottle pass a funnel-tube, so
that its extremity may nearly reach the bottom of the bottle.
To the other hole adapt a piece of tubing, 6 inches long, and
bent in the middle to a right angle. A similar “elbow-tube”
is fitted to one of the holes in the cork of the wash-bottle, and
another elbow-tube, one arm of which is long enough to reach
to near the bottom of the wash-bottle, fitted to the other hole.
Removing the corks, two or three ounces of water are now
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poured into each bottle, an ounce or two of sulphide of iron put
into the generating-bottle, and the corks replaced. The elbow-
tube of the generating-bottle is now attached by a short piece
of India-rubber tubing to the long-armed elbow-tube qf the

Fig. 18.

Sulphuretted-Hydrogen Apparatus.

wash-bottle, so that gas coming from the generator may pass
through the water in the wash-bottle. The delivery-tube of
the wash-bottle is then lengthened by attaching to it, by India-
rubber tubing, another piece of glass tubing several inches in
length. The apparatus is now ready for use. Strong sulphuric
acid is poured down the funnel-tube in small quantities at a
time, until brisk effervescence is established, and more added
from time to time as the evolution of gas becomes slow. The
gas passes through the tubes into the wash-bottle, where, as it
bubbles up through the water, any trace of sulphuric acid, or
other matter mechanically carried over, is arrested, and thence
the gas flows out at the delivery-tube into any vessel or liquid
that may be placed there to receive it. The generator must be
occasionally dismounted and the sulphate of iron washed out.

Luting (lutwm, mud).—If the corks of the above apparatus are
sound, and tube-holes well made, no escape of gas will occur. If
rough corks have been employed, or the holes are not cylindrical,
linseed-meal lute may be rubbed over the defective parts. The lute
is prepared by mixing linseed-meal with water to the consistence of
dough. A neat appearance may be given to the lute by gently rub-
bing a well-wetted finger over its surface. _

(c) Reactions having Analytical Interest (Tests).

First Analytical Reaction—To a solution of any salt of am-
monium (the chloride, for example) in a test-tube, add solution
of caustic soda (or solution of potash, or a little slaked lime) ;
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ammonia gas is at once evolved, recognized by its well-known
odor.

NH,Cl + NaHO = NH; + H,0 + NaCl..

Though ammonium itself cannot be kept in the free state, its com-
pounds are stable. Ammonia is easily expelled from these com-
pounds by action of the stronger alkalies, caustic potash, soda, or
lime. As a matter of exercise, the student should here draw out
equations in which acetate (NH,C,H,0,), sulphate (Am,SO,), nitrate
(NH,NO,) or any other ammoniacal salt not already having the
odor of ammonia, is supposed to be under examination; also rep-
resenting the use of the other hydrates, potash (KHO) or slaked lime
(Ca2HO).

The odor of ammonia gas is perhaps the best means of rec-
ognizing its presence; but the following tests are also occa-
sionally useful. Into the test-tube in which the ammonia gas
is evolved insert a glass rod moistened with hydrochloric acid
(that is, with the solution of hydrochloric acid gas, conveniently
termed hydrochloric acid, the Acidum Hydrochloricum of the
Pharmacopeeias) ; white fumes of chloride of ammonium will
be produced.

NH, + HCl = NH/L

Hold a piece of moistened red litmus paper in a tube in which
ammonia gas is present; the red color will be changed to blue.

Second Analytical Reaction.—To a few drops of a solution
of an ammonium salt add a drop or two of hydrochloric acid
and a like small quantity of solution of perchloride of platinum
(PtCl,); a yellow crystalline precipitate of the double chloride
of platinum and ammonium (PtCl,2NH,Cl) will be produced,
similar in appearance to the corresponding salt of potassium,
the remarks concerning which (p. 78) are equally applicable
to the precipitate under notice.

Third Analytical Reaction—To a moderately strong solu-
tion of an ammonium salt add a strong solution of tartaric
acid, and shake or well stir the mixture; a white granular
precipitate of acid tartrate of ammonium will be formed.

For data from which to draw out an equation representing this
action, see the remarks and formulse under the analogous salt of
potassium (p. 77).

Fourth Analytical Fact—Evaporate a few drops of a solu-
tion of an ammonium salt to dryness, or place a fragment of a
salt in the solid state on a piece of platinum foil, and heat in
a flame; the salt is readily volatihized. As already noticed,-the
salts of potassium and sodium are fized under these circum-

9
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stances, a point of difference of which advantage will frequently
be taken in analysis. A porcelain crucible may often be ad-
vantageously substituted for platinum foil in experiments on
volatilization.

Salts of ammonium with the more complex acidulous radicals
seldom volatilize unchanged when heated. The oxalate, when
warmed, loses its water of crystallization, and at a higher tem-
perature decomposes, yielding carbonic oxide, carbonic acid
gas, ammonia gas, water (the three latter sometimes in combi-
nation), and several organic substances. The phosphate yields
more or less phosphoric acid as a residue.

15 T Fig. 20. Fig. 21.

Triangular Supports for Crucibles.

A wire triangle may be used in supporting crucibles. It is made
by twisting together each pair of ends of three (5 or 6 inch) crossed
pieces of wire (Fig. 20). A piece of tobacco-pipe stem (about 2
mnches) is sometimes placed in the centre of each wirc before twist-
ing, the transference of any metallic matter to the sides of the cru-
cible being thus prevented (Fig. 21).

Practical Analysis.

With regard to those experiments which are useful rather as means
of detecting the presence of potassium, sodium, and ammonium, than
as illustrating the preparation of salts, the student should proceed
to apply them to certain solutions of any of the salts of potassium,
sodium, and ammonium, with the view of ascertaining which metal
is present ; that is, proceed to pracfical analysis.* A little thought

* Such solutions are prepared in educational laboratories by a tutor.
They should, under other circumstances, be mixed by a friend, as it is
not desirable to know previously what is contained in the substance
about to be analyzed.

The analysis of solutions containing only one salt serves to impress
the -memory with the characteristic tests for the various metals and
other radicals, and familiarize the mind with chemical principles.
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will enable him to apply these reactions in the most suitable order
and to the best advantage for the contemplated purpose: but the
following arrangements are perhaps as good as can be devised :—

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL RE-
ACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF
A SALT OF ONE OF THE METALS, PoTAssiuM, Sopium,
AMMONIUM.

Add caustic soda to a small portion of the solution to be
examined, and warm the mixture in a test-tube; the odor of
ammonia gas at once reveals the presence of an ammonium
salt.

If ammonium be not present, apply the perchloride-of-plat-
inum test to another portion of the liquid ; a yellow precipitate
proves the presence of potassium.

(It will be observed that potassium can only be detected in
the absence of ammonium, salts of the latter radical giving
similar precipitates.)

The flame-test is sufficient for the recognition of sodium.

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL RE-
ACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF
SALTS OF ONE, TWO, OR ALL THREE OF THE ALKALI
METALS.

- Commence by testing a small portion of the solution for an
ammonium salt. If present, make a memorandum to that effect,
and then proceed to get rid of the ammoniacal compound to
make way for the detection of potassium: advantage is here
taken of the volatility of ammonium salts and the fixity of those
of potassium and sodium. Hvaporate the original solution to
dryness in a small basin, transfer the solid residue to a porce-
lain crucible, and heat the latter to a low redness, or until dense
white fumes (of ammoniacal salts) cease to escape. (See Fig.
19.) This operation should be conducted in a fume-cupboard,
to avoid contamination of the air of the apartment. When the
crucible is cold, dissolve out the solid residue with a small
quantity of hot water, and test the solution for potassium by

Medical students seldom have time to go further than this. More
thorough analytical and general chemical knowledge is only acquired
by working on such mixtures of bodies as are met with in actual prac-
tice, beginning with solutions which may contain any or all the mem-
bers of a group. Hence in this Manual two Tables of short directions
for analyzing are given under each group. Pharmaceutical students
should follow the second Table.
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the perchloride-of-platinum test, and for sodium by the flame-
test.

If ammonium is proved to be absent, the original solution
may, of course, be at once tested for potassium and sodium.

Flame-test—The violet tint imparted to flame by potassium salts
may be seen when masked by the intense ycllow color due to sodiumn,
if the flame be observed through a piece of dark-blue glass, a mediuin
which absorbs the ycllow rays of light.

Note on Nomenclature.—The operations of evaporation and heat-
ing to redness, or ignition, are frequently necessary in analysis, and
are usually conducted in the above manner. If vegetable or animal
matter be also present, carbon is set free, and ignition is accom-
panied by carbonization ; the material is said to char. When all
carbonaceous atter is burnt off, the crucible being slightly inclined
and its cover removed to facilitate combustion, and mineral matter,
or ash, alone remains, the operation of incineration has been effected.

Note on the Classification of Elements.—The compounds of potas-
sium, sodium, an1 ammonium have many analogies. Their carbon-
ates, phosphates, and other common salts are soluble in water. The
atoms of the radicals themselves are univalent—that is, displace or
are displaced by one atom of hydrogen. In fact, they constitute by
their similarity in properties a distinct group or family. All the
elements thus naturally fall into classes—a fact that should con-
stantly be borne in mind, and evidence of which should always be
sought. It would be impossible for the memory to retain the details
of chemistry without a system of classification and leading princi-
ples. Classification is also an important feature in the art as well
as in the science of chemistry; for without it practical analysis-
could not be undertaken. The classification adopted in this volume
is founded on the quantivalence of the elements and on their ana-
lytical relations.

QUESTIONS AND EXERCISES.

117. Why arc ammoniacal salts classed with those of potassium
anl sodium ?

118. Mention the sources of the ammonium salts.

119. Describe the appearance and other characters of Chloride of
Ammonium.

120. Give the formula of Sulphate of Ammonium.

121. Adduce evidencc of the existence of ammonium.

122. How are the official Waters of Ammonia prepared? Give
diagrams.

123. How is the official Solution of Acetate of Ammonium pre-

ared ?

: 124. What is the composition of commercial Carbonate of Ammo-
nium ? ’

125. Define sublimation.
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126. What ammoniacal salts are contained in Spiritus Ammonice
Aromaticus ?

127. Give diagrams or equations illustrating the formation of
Citrate, Phosphate, and Benzoate of Ammonium ?

128. Give the formula of Oxalate of Ammonium.

129. Show how Hydrate of Ammonium may be converted into
Sulphydrate.

130. Describe the preparation of Sulphuretted Hydrogen gas.

131. Enumerate and explain the tests for ammonium.

132. How is potassium detected in a solution in which ammonium
has been found ? .

133. Give equations illustrating the action of hydrate of sodium
on acetate of ammonium ; hydrate of potassium on sulphate of am-
monium ; and hydrate of calcium on nitrate of ammonium.

134. What are the effects of acids and alkalies on litmus and
turmeric ?

135. Describe the analysis of an aqueous liquid containing salts
of potassium, sodium, and ammonium.

136. What meanings are commonly assigned to the terms evapor-
ation, ignition, carbonization, and incineration?

137. Write a short article descriptive of the analogies of potas-
sium, sodiuin, and ammonium, and their compounds.

BARIUM, CALCIUM, MAGNESIUM.

These three elements have many analogies. Their atoms are
hivalent.

BARIUM.

Symbol Ba. Atomic weight 136.8.

The analytical reactions only of this metal are of interest to the
general student of pharmacy. The nitrate (Ba2NO,) and chloride
BaCl,,2H,0) are the soluble salts in common use in analysis (*‘ Test-
olution of Chloride of Barium,” 1 in 10 of water, U. S. P.); and
these and others are made- by dissolving the native carbonate
(BaCO,), the mineral witkerite, in acids, or by heating the other
common natural compound of barium, the sulphate, keavy white or
heavy spar (BaSO,), with coal, which yields sulphide of barium (BaS),

BaS0, 4 0, = 4C0 + BaS,

and disselving the sulphide in appropriate acids. When the nitrate
is strongly heated, it is decomposed, the oxide of bariuin or baryta
(BaO) remaining. Baryta, on being moistened, assimilates the ele-
ments of water with great avidity, and yields hydrate of barium
(Ba2HO). The latter is tolerably soluble, giving baryta-water ;
and from this solution crystals of hydrate of’ barium are ohtained
on evaporation.

The operations above described may all be performed in test-tubes
and small porcelain crucibles heated by the gas-flame. Quantities of
1 oz. to 1 lb. require a coke-furnace. '

a *
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Peroxide of barium (Ba0,) is formed on passing air over baryta
heated to low redness. By the action of dilute hydrochloric acid 1t
yields solution of peroxide of hydrogen (H,0,), the old oxygenated
water.

Quantivalence.—The atom of barium is bivalent, Ba’/

REAcCTIONS HAVING ANALYTICAL INTEREST (TESTS).

First Analytical Reaction.—To the aqueous solution of any
soluble salt of barium (nitrate or chloride, for example) add
dilute sulphuric acid ; a white precipitate is obtained. Set the
test-tube aside for two or three minutes, and when some of the
precipitate has fallen to the bottom pour away the supernatant
liquid ; wash the precipitate by adding water, shaking, setting
aside, and again decanting; then add strong nitric acid, and
boil ; the precipitate is insoluble.

The production of a white precipitate by su'phuric acid, insoluble
even in hot nitric acid, is highly characteristic of barium. The name
of this precipitate is sulphate of barium ; its formula is BaSO,.

Antidotes.—In cases of poisoning by soluble bariumn salts, obvious
antidotes would be solutions of alum or of any sulphates, such as
those of magnesium and sodium (Epsom salt, Glauber’s salt).

Second Analytical Reaction—To a barium solution add
solution of the yellow chromate of potassium (K,Cr0,); a pale
yellow precipitate (BaCr0O,) falls. Add acetic acid to a por-
tion of the chromate of barium ; it is insoluble. Add hydro-
chloric or nitric acid to another portion; it is soluble.

“ Neutral Chromate.”—The red chromate (or bichromate) of po-
tassium (K,CrO,,CrO;) must not be used in this reaction, or the
barium will be only imperfectly precipitated ; for the red salt gives
rise to the formation of free acid, in which chromate of barium is to
some extent soluble :—

K,Cr0,,Cr0; + 2BaCl, + H,0 = 2BaCr0, + 2KC1 + 2HCL.

Yellow chromate is obtained on adding carbonate of potassium, in
small quantities at a time, to a hot solution of the red chromate until
effervescence ceases; a little more red chromate is then added to en-
sure decomposition of any slight excess of carbonate of potassium.

K,C10,,0r0; + K,C0, = 2K,Cr0, + CO,.

For analytical purposes, solution of a neutral chromate is still
more readily prepared by simply adding solution of ammonia to
solution of red chromate of Fota,ssium, until the liquid turns yel-
low, and, after stirring, smells of ammonia.

K,0r0,,0r0, + 2NH,HO = 2KNH,Cr0, +- IL,0.
Other Analytical Reactions.—To a barium solution add a

soluble carbonate (carbonate of ammonium (Am,CO,) will
generally be rather more useful than others); a white precipi-
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tate of carbonate of barium (BaCO;) results. To more of
the solution add an alkaline phosphate or arseniate (phosphate
of sodium (Na,HPO,) is the most common of these chemically
analogous salts, but phosphate of ammonium (Am,HPO,) or
arseniate (Am,HAsO,) will subsequently have the preference);
white phosphate of barium (BaHPOQ,), insoluble in pure water,
but slightly soluble in aqueous solutions of some salts, or
arseniate of barium (BaHAsQO,), both soluble even in acetic
and other weak acids, are precipitated. To another portion
add oxalate of ammonium (Am,C,0,); white oxalate of barium
(BaC,0,) is precipitated, soluble in the diluted mineral acids,
and sparingly so in acetic acid. The silico-fluoride of barium
(BaSiFy) is insoluble, and- falls readily if an equal volume of
spirit of wine be added to the solution under examination after
the addition of hydrofluosilicic acid (H,SiFy). Barium salts,
moistened with hydrochlorie acid, impart a greenish color to
flame.

Mem.—Good practice will be found in writing out eqnations de-
scriptive of each of the foregoing reactions.

QUESTIONS AND EXERCISES.

138. What is the quantivalence of barium ?

139. Write down the formulse of oxide, hydrate, chloride, nitrate,
carbonate, and sulphate of barium; and state how these salts are
prepared.

140. Describe the preparation of peroxide of hydrogen.

141. Which of the tests for barium are most characteristic? Give
an equation of the reactions.

142. Name the antidote in cases of poisoning by soluble barium
salts, and explain its action.

CALCIUM.
Symbol Ca. Atomic weight 40.

Calcium compounds form a large ‘proportion of the crust of our
earth. Carbonate of calcium is met with as chalk, marble, lime-
stone, cale-spar, ete.; the sulphate, as gypsum or plaster of Paris
(native sulphate of caleium—CaS0;,2H,0—deprived of water by
heat), and alabaster ; the silicate in many minerals; the fluoride of
calcium as fluor-spar. The phosphate is also a common mineral.
The element itself is only isolated with great difficulty. The atom
of calcium is bivalent, Ca’’.

REACTIONS HAVING SYNTHETICAL INTEREST.

Chloride of Calcium.
First Synthetical Reaction.—To some hydrochloric acid add
carbonate of calcium (chalk, or, the purer form, white marble)
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(CaCO,) until effervescence ceases, filter ; solution of chloride
of calecium {(CaCl,), the most common soluble salt of calcium,
is formed.

03003 '+‘ 2[’10] o CaC]-Z + HZO + COg
‘Carbonate of Hydrochloric Chloride of Water. Carbonic
calcium. acid. calciuni, acid gas.

This solution contains carbonic acid, and will give a precipitate
of carbonate of calcium on the addition of lime-water. It may be
obtained quite neutral by well boiling before filtering off the excess
of marble. It is a serviceable test-liquid in analytical operations.

Solution of chloride of calcium evaporated to a syrupy consist-
ence readily yields crystals (CaCl,6H,0). These are extremely
deliquescent. The solution, evaporated to dryness, and the white
residue strongly heated, gives solid anhydrous chloride of calcium
in a porous form. The resulting agglutinated lumps (Calcii Chlori-
dum, U. 8. P.) are much used for drying gases, and for freeing cer-
tain liquids from water. The salt is soluble in alcohol. One part
of the crystals in ten of water constitutes a useful test-liquid, “ Test-
solution of Chloride of Calcium,” U. S. P.

Mem.—The practical student has already met with solution of
chloride of calcium as a by-product or secondary product in the
preparation of carbonic acid gas.

Marble often contains ferrous carbonate (FeCOQ;), which in
the above process becomes converted into ferrous chloride,
rendering the chloride of calcium impure :—

Ferrous Hydrochloric Ferrous ‘Water. Carbonic
carbonate. acid. chloride. acid gas.

If absolutely pure chloride of calcium be required, a few
drops of the solution should be poured into a test-tube or test-
glass, diluted with water, and examined for iron (by adding
sulphydrate of ammonium, which gives a black precipitate with
salts of iron), and, if the latter is present, hypochlorite of cal-
cium (in the form of chlorinated linie) and slaked lime should
be added to the remaining bulk of the liquid, and the whole
boiled for a few minutes, whereby iron (as ferric hydrate) is
thus precipitated ; on filtering, a pure solution of chloride of
calcium is obtained :—

4FeCl, 4 Ca2C10 + 4CaH,0, 4+ 2H,0

Ferrous Hypochlorite Hydvate of Water,
chloride. of calcium, calcium.
= 2(Fe6HO) + 5CaCl,
Ferric Chloride
hydrate, of calcinm.

This is the official process, and may be imitated on the small
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scale after adding a minute piece of iron to a fragment of the
marble before disolving in acid.

‘The names, formuls, and reactions of these compounds of iron
will be best understood when that metal comes under treatment.

Oxide of Calcium (Quick Lime).

Second Synthetical Reaction.—Place a small piece of chalk
in a strong grate-fire or furnace and heat until a trial fragment,
chipped off from time to time and cooled, no longer effervesces

on the addition of acid; caustic lime, CaO (Culx, U. 8. P.),
remains.

CaCO;, = CaO + CO,
(arbonate of Oxide of Carbonic
calcium (chalk), calcium (lime). acid gas.

Note.—Etymologically considered, this action is analytical (dvaiiw,
analuo, 1 resolve) and not synthetical (civbecic, sunthesis, a putting
together) ; but conventionally it is synthetical, and not analytical ;
for in this, the usual sense, and the sense in which the words are
used throughout this book, synthesis is the application of chemical
action with the view of producing something, analysis the applica-
tion of chemical action with the view of finding out the composition
of a substance. In the etymological view of the matter, there is
scarcely an operation performed either by the analyst or by the
manufacturer but includes both analysis and synthesis—that is,
includes interchange, or metathesis.

Lime-kilns—~On the large scale the above operation is carried on
in what are termed lme-kilns (Kiln, Saxon, cyln, from cylene, a
furnace).

Hydrate of Calcium (Slaked Lime).

Slaked Lime.—When cold, add to the lime about half its
weight of water, and notice the evolution of steam and other
evidence of strong action; the product is slaked lime or hydrate
of calcium (Ca2HQ), with whetever slight natural impurities’
the lime might contain. The slaking of hard or “stony” lime
may be accelerated by using hot water. ’

CaO -+ H,0 = Ca2HO
Lime. ‘Water. Hydrate of calcium
(slaked lime).

L.:me-water.—Place the hydrate of calcium (washed with a
little water to remove traces of soluble salts) in about a
hundred times its weight of water; in a short time a satu-
rated solution, known as lime-water (Ligquor Cualcis, U. 8. P.),
results. It contains about 0.15 per cent of slaked lime, or
about 16 grains of hydrate of calcium (CaZHO), equivalent
to about 11 or 12 grains of lime (CaQ), in one (Imperial) pint
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at 60° F., at higher temperatures less is dissolved. Sp. gr.
1.0015. .

Strong Solution of Lime.—Slaked lime is much more soluble in
aqueous solution of sugar than in pure water. The Syrupus Calcus,
U. S. P, is such a solution, containing 5 parts of lime and 30 of
sugar in 100 parts, by weight, of fluid.

Solutions of hydrate of calcium absorb carbonic acid gas on ex-
posure to air, a semi-crystalline precipitate of carbonate being de-
posited. When the saccharated solution is heated, there is precipi-
tated a compound consisting of three molecules of lime with one of

sugar.
Carbonate of Calcium.

Third Synthetical Reaction.—To a solution of chloride of
calcium add excess of carbonate of sodium, or about 5 parts
of dry chloride to 13 of carbonate ; a white precipitate of car-
bonate of calcium (Culed Curbonas Praecipitatus, U. S. P.)
(CaCO,) results. If the solutions of the salts be made hot
before admixture, and the whole set aside for a short time, the
particles aggregate to a greater extent than when cold water
is used, and the product is finely granular or slightly crystal-
line.

CaCl, + Na,CO, = CaCO; + 2Na(Cl
Chloride of Carbonate of Carbonate of Chloride of
calcium. sodium. calcium. sodium.

Collect and purify this Precipitated Chall by pouring the
mixture into a paper cone supported by a funnel, and, when
the liquid has passed through the filter, pour water over the
precipitate three or four times until the whole of the chloride
of sodium is washed away. This operation is termed washing
a precipitate. When dried by aid of a water-bath (p. 109) or
other means, the precipitate is fit for use.

Filtering-paper, or bibulous-paper (from bibo, to drink), is simply
good unsized paper made from the best white rags—white blotting-
paper, in fact, of unusually good quality. Students’ or analysts’

Fig. 22.
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Construction of Paper Filters.

filters, on which to collect precipitates, are cirélila;,-r ieces (a) of this
paper, from three to six inches in diameter, twice fglded (b, ¢), and
then opened out so as to form a hollow cone (d). Square pieces are
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rounded by scissors after twice folding. The come is supported by
a glass or earthenware funnel. ,

Filters should always be cut round so as to form a cone. If the
square piece of paper is folded and used without being so cut or
trimmed, an ugly angular filter results, from which it is difficult to
wash all “ mother-liquor”’ (the solution of chloride of sodium is the
“ mother-liquor” in the previous reaction). If a spirituous or other
volatile liquor is being passed through such an angular filter, much
of the liquid will also be wasted by evaporation from the unneces-
sarily large surface exposed. _

Paper filters of large size are apt to break at the point of the cone.
This may be prevented, and the rate of filtration be much accelerated,
by supporting the paper cone in a cone of muslin.

Washing-bottle—Precipitates are best washed by a fine jet of
water directed on to the different parts of the filter. A common
narrow-necked bottle of about half-pint capacity (Fig. 23) is fitted
with a cork; two holes are bored through the cork, the one for a
glass tube reaching to the bottom of the bottle within, and exter-
nally bent to a slightly acute angle, the other for a tube bent to a
slightly obtuse angle, the inner arm terminating just within the
bottle. The outer arms may be about 3 inches in length. The ex-
tremity of the outer arm continuous with the long tube should be
previously drawn out to a fine capillary opening by holding the
original tube, before cutting, in a flame, and, when soft, slowly pull-
‘ing the halves away from each other until the heated portion is re-
duced to the thinness of a knitting-needle. The tube is now cut at
the thin part by a file, and the sharp edges rounded off by placing in

Fig 23. Fig. 24.

Washing-bottles.

a flame for a second or two. The outer extremity of the shorter tube -
should also be made smooth in the flame. The apparatus being put
together, and the bottle nearly filled with water, air, blown through
the short tube by the lungs, forces water out in a fine stream at the
capillary orifice.

For a hot-water washing flask (Fig. 24) the tubes and cork are
fitted to a flask which may be heated. A strip of leather tied
round the neck will protect the fingers.

Decantation.—Precipitates may also be washed by allowing them
to settle, pouring off the supernatant liquid (Fig. 25), agitating with



108 THE METALLIC RADICALS.

water, again allowing to settle, and so on. This is washing by de-
cantation (de, from, canthus, an edge). If a stream of liquid flow-
ing from a basin or other vessel exhibits any tendency to run down
the outer side of the vessel, it should be guided by a glass rod placed
against the point whence the stream emerges (Fig. 26).

Fig. 27.
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If the vessel be too large to handle with convenience, the wash-
water may be drawn off by a siphon, as shown in miniature in Fig.
27. A siphon is a tube of glass, metal, gutta-percha, or India-rubber
bent into the form of a V or U, filled with water, and inverted ; one
end immersed in the wash-water, and the other allowed to hang over
the side of the vessel. So long as the outer orifice of the instrument
is below the level of any liquid in the vessel, so long will that liquid
flow from within outwards.* )

Prepared carbonate of calcium (Creta Preeparata, U. S. P.) is
merely washed chalk or whiting, only that in Pharmacy fashion
demands that the chalk be in little conical lumps, about the size of
thimbles, instead of the larger rolls characteristic of ‘‘ whiting.”
Wet whiting pushed, portion by portion, through a funnel, and each
separately dried, gives the conventional Creta Praeparata. Its powder
is amorphous.

Testa Preparata is powdered oyster-shell, similarly treated. It is
an inferior kind of prepared chalk.

* The nature of the action of a siphon is simple. The column of water
in the outer limb is longer, and therefore heavier than the column of
similar area in the inner limb. (The length of the inner limb must
be reckoned from the surface of the liquid, the portion below the sur-
face playing no part in the operation.) Being heavier, it naturally
falls by gravitation, the liquor in the shorter limb instantly following,
because pressed upwards by the air. The air, be it observed, exerts 3
similar amount of pressure on the liquid in the outer limb: in short,
atmospheric pressure causes the retention of liquid in the instrument,
while gravitation determines the direction of the flow.
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Phosphate of Calcium.

Fourth Synthetical Reaction.—Digest bone-ash (bones burnt
in an open crucible with free access of air till all animal and
carbonaceous matter has been removed—impure phosphate of
calcium (Os Ustum, B. P.)) with nearly twice its weight of
hydrochloric acid (diluted with three or four times its bulk of~+
water), in a test-tube or larger vessel; the phosphate is dis-
solved.

Ca,2PO, 4 4HClI = C(CaH2PO0, + 2CaCl,
Phosphate of Hydrochloric Acid phosphate Chloride of
calciunm (impure). acid. of calcium. calcium.

Dilute with water, filter, boil, and when cold add- excess of
solution of ammonia; the phosphate of calcium, now pure
(Caleit Phosphas Preecipitatus, U. S. P.), is reprecipitated as a
light white amorphous powder. After well washing, the pre-
cipitate should beé dried over a water-bath (see below), or at a
temperature not exceeding 212°, to prevent undue aggregation
of the particles.

CaH2PO, + 2CaCl, + 4AmHO = (Ca,2P0, + 4AmCl

Acid phosphate Chloride Animonia. Phosphate Chloride of
of calcium. of calcium. of calcium ammonium.
(pure).
Water.

Bone-ash or bone-earth contains small quantities of carbonate
and sulphide of calcium. These are decomposed in the above
process by the acid, chloride of calcium being formed; on boil-
ing the mixture, carbonic acid gas and sulphuretted hydrogen
gas are evolved. Any carbonaceous or siliceous matter, ete.
is removed by filtration. In bones the phosphate of calcium is
always accompanied by a small quantity of an allied substance,
phosphate of niagnesium ; a trace of fluoride of calcium (CaF,)
is also present.

A Water-bath for the evaporation of liquids or for drying
moist solids at temperatures below 212° F. is an iron, tin, or
earthenware pan, the mouth of which can be narrowed by iron
or tin diaphragms of various sizes, and having orifices adapted
to the diameters of evaporating dishes or plates. In the British
Pharmacopeeia, “ when a water-bath is directed to be used, it
is to be understood that this term refers to an apparatus by
means of which water or its vapor, at a temperature not ex-
ceeding 212°, is applied to the outer surface of a vessel con-
taining the substance to be heated, which substance may thus
be subjected to a heat near to, but necessarily below, that of
212°. In the steam-bath the vapor of water at a temperature

10
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above 212°, but not exceeding 230°, is similarly applied.”
Evaporation #n vacuo is performed by simply placing the vessel
of liquid over or by the side of a small reservoir of strong sul-
phuric acid, or other absorbent of moisture, on the plate of an
air-pump, covering with a capacious glass hood or *receiver,”
and exhausting.

Bone-black, or Animal Charcoal (Carbo Animal’s, U.S. P.),
is the residue obtained on subjecting dried bones to a red heat
without access of air. The operation may be imitated by heat-
ing a few fragments of bone in a covered porcelain crucible in
a fume-chamber until smoke and vapor cease to be evolved.
Purified Animal Charcoal ( Curbo Animal's Purificatus, U.S. P.)
is obtained by digesting animal charcoal (2 parts) in hydro-
chloric acid (3 parts) and water (30 parts) in a warm place for
a day or so, filtering, thoroughly washing, drying over a water-
bath, and igniting the product in a closely covered crucible.
The reaction is the same as that just described ; that is to say,
the acid removes the phosphate of calcium from the carbon of
animal charcoal by forming soluble acid phosphate and chloride
of caleium.

Wood Charcoal (Curbo Ligni; U. 8. P.) is wood similarly
ignited without access of air. '

Decolorizing Power of Aunimal Charcoal.—Animal charcoal,
in small fragments, is the material employed in decolorizing
solutions of common brown sugar with the view of producing
white lump sugar. Its power and the nearly equal power of
an equivalent quantity of the purified variety may be demon-
strated on solution of litmus or logwood.

Syrupus Caleii Lacto-phosphatis, U. 8. P., is a flavored solu-
tion of precipitated phosphate of calcium in lactic acid.

Phosphate of Sodium.—Phosphate of calcium is converted
into phosphate of sodium (Sodit Phosphas, U. 8. P.) (Na,HPO,,
12H,0) as follows: Mix, in a mortar, 3 ounces of ground bone-
earth with one fluidounce of sulphuric acid; set aside for
twenty-four hours to promote reaction; mix in about 3 ounces
of water, and put in a warm place for two days, a little water
being added to make up for that lost by evaporation ; stir in
another 3 ounces of water, warm the whole for a short time,
filter, and wash the residual sulphate of calcium on the filter
to remove adhering acid phosphate of calcium ; concentrate the
Jfiltrate (the liquid portion), which is a solution of acid phos
phate of calecium, to about 3 ounces, filter again, if necessary,
add solution of (about 4% ounces of crystals of) carbonate of
sodium to the hot filtrate until a precipitate (a phosphate of
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calcium, CaHPO,) ceases to form, and the fluid is faintly alka-
line ; filter, evaporate, and set aside to crystallize.
Phosphate of sodium occurs “in transparent colorless rhom-
bic prisms, terminated by four converging planes, efflorescent,
stasting like common salt.” One part to ten of water constitutes
“ Solution of Phosphate of Soda,” B. P. This is an official as
well as the ordinary process. The following equations show
the two decompositions which occur during the operation :—

Ca::;zPO4 + 2H2SO4 = Ca:H42PO4 —I“ 203804
Phosphate Sulphuric Acid phosphate Sulphate of
of calcium. acid. of calcium, calcium.
CaH2PO, + Na,CO; = Na,HPO, + H,0
Acid phosphate Carbonate Phosphate of ‘Water.
of calcium, of sodium. . sodinm.
+ CO, + CaHPO,
Carbonic Phosphate
acid gas. of calcium.

Ordinary phosphate of sodium (Na,HPO,,12H,0) effloresces
rapidly in the air until nearly half its water has escaped, when
it has a permanent composition represented by the formula
Na,HPO,,7H,0. Phosphate of sodium has an alkaline reac-
tion ; neutralization by acid results in the removal of half its
sodium and formation of the salt NaH,PO, H,O.

‘Hypochlorite of Calcium.,

Fifth Synthetical Reaction.—Pass chlorine, generated as
already described, into damp slaked lime contained in a piece
of wide tubing, open at the opposite end to that in which the
delivery-tube is fixed. (A test-tube, the bottom of which has
been accidentally broken, is very convenient for such opera-
tions.) The product is ordinary lleaching-powder, a compound
of hypochlorite and chloride of calcium, commonly called chlo-

ride of lime (Calx Chlorata, U. S. P.).

MnO, + 4HCI = MnCL, + 2HO0 + Ol
Black oxide Hydrochloric - Chloride of ‘Water. Chlorine.
of manganese. acid. manganese,
2CaH,0, + 2Cl, = 2H,0 + C(CaClL0,, CaCl,
Hydrate of Chlorine: ‘Water. Hypochlorite of Chloride
calcinm, of calcium. of calcium.

Chlorinated lime, exposed to air and moisture, as in disinfecting
the air of sick-rooms, slowly yields hypochlorous acid (HCIO). Free
hypochlorous acid soon breaks up into water, chloric acid (HCIO,),
and free chlorine. Chloric acid 1s also unstable, decomposing into
oxygen, water, chlorine, and perchloric acid (HClO,). The small
quantity of hypochlorous acid diffused through an apartment when
bleaching-powder is exposed thus, yields fourteen-fifteenths of its
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chlorine in the form of chlorine gas—one of the most efficient of
knowa disinfectants.

Constitution of Bleaching-powder.—Treated with alcohol,
bleaching-powder does not yield its chloride of calcium to the
solvent, hence the powder is not a mere mixture of chloride
and hypochlorite of calcium :. water, also, does not dissolve out
first one salt, and then the other, but both together, in the
molecular proportions of the above formula. On the other
hand, when the aqueous solution is cooled, or evaporated in
vacuo, crystals are obtained which Kingzett has shown to be
nearly pure hypochlorite of calcium, the solution containing
chloride of calcium. While the former fact indicates that the
powder is a compound, and not a mere mixture, the latter in-
dicates that it is a feeble compound ; an adhesion of molecules
of hypochlorite and chloride, as shown in the equation, rather
than any more intimate or closer combination of atoms. If
it be regarded as a single rather than a double salt, then the

following formula may be employed, Ca { 8{0

Bleaching-liguor.—Digest chlorinated lime in water, in which
the bleaching compound is soluble, filter from the undissolved
lime, and test the bleaching powers of the clear liquid by add-
ing a few drops to a decoction of logwood slightly acidulated.
One pound of this bleaching-powder, shaken several times
during three hours with 1 gallon of water, forms Solution of
Chlorinated Lime (Liguor Calcis Chloratz, B. P.).

Sizth Synthetical Reaction.—Heat a mixture of 10 parts of
powdered lime and 9 of sulphur in a crucible having a luted
cover for an hour. The product, when cold, rubbed to powder,
constitutes Sulphurated Lime (Culx Sulphurata, U. S. P.).
It should contain not less than 36 per cent. of sulphide of
calcium (CaS); the remainder is sulphate, with, probably, sul-
phite and hyposulphite of calcium.

Gummate of Calcium.

Gummate of Calcium is the only official calcium salt that
remains to be noticed. This compound is, in short, arabin,
the ordinary Gum Acacia, or Gum Arabic (deci, U. 8. P.),
a substance too well known to need description. A solution
of gum arabic in water (Mucilago Acaciz, U. S. P.) yields a
white precipitate of oxalate of calcium on the addition of solu-
tion of oxalate of ammonium. Or a piece of gum burnt to an
ash in a porcelain crucible yields a calcareous residue, whicl,
dissolved in dilute acids, affords characteristic reactions with
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any of the following analytical reagents for calcium. In some
specimens of gum arabic a portion “of the calcium is displaced
by an equlvalent quantity of potassium or magnesium. The
gummic radical may be precipitated as opaque gelatinous gum-
mate of lead by the addition of solution of oxyacetate of lead
(Liquor Plumbi Subacetatis, U. 8. P.) to an aqueous solution
of gum. These statements may be experimentally verified by
the practical student.

Tragacanth (Tragacantha, U. 8. P.) is a mixture of soluble arabi-
noid gum and a variety of calcium gum insoluble in water, termed
bassorin. With water a gelatinous mucilage is formed (Mucilago
Tragacanthe, U. 8. P., contains 6 parts of tragacanth, 18 of gly-
cerin, and 76 of Wa,ter)

ReAcTioNs HAVING ANALYTICAL INTEREST (TESTS).

First Analytical Reaction.—Add sulphuric acid, very highly
diluted, to a calcium solution contained in a test-tube or small
test-glass ; sulphate of calcium ((CaSO0,,2H,0) is formed, but
is not precipitated, it being, unlike sulphate of barium, slightly
soluble in water.

Solution of Sulphate of Calcium.—A quarter of an ounce of that
(dried) form of sulphate of: calcium known as plaster of Paris (CaSO,)
digested in one pint of water for a short time, with occasional shak-
ing, and the mixture filtered, yields the official test-liquid termed
“Solution of Sulphate of Lime,” B. P. About 400 parts of the
solution contain 1 of calcium.

Second Analytical Reaction.—Add yellow chromate of potas-
sium (K,CrQ,), or other neutral chromate (KAmCrQ,), to a
calcium solution slightly acidified with acetic acid; chromate
of calcium (CaCrQ,) is probably formed, but it is no¢ precipi-
‘tated. Barium is precipitated by the chromic radical.

These two_megative reactions are most valuable in analysis, as
every precipitant of calcium is also a precipitant of barium; but
the above two reagents are precipitants of barium only. Hence
caleium, which when alone can be readily detected by the following
rea.ctlons, cannot by any reaction be detected in the presence of
barium. But by the sulphuric or chromic test barium is easily
removed, and then either of the following reagents will throw down
the caleium.

Other Analytical Reactions.—Add carbonate of ammonium,
phosphate of sodium, arseniate of ammonium, and oxalate of
ammonium to calcium solutions as described under the ana-
lytical reactions of barium, and write out descriptive equations.
The precipitates correspond in appearance to those of barium

10 *
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their constitution is also similar, hence their correct formulee
can easily be deduced. Of these precipitants oxalate of am-
monium is that most commonly used as a reagent for calcium
salts, barium being absent. The oxalate of caleium is insoluble
in acetic, but soluble in hydrochloric or nitric acid. Cal-
cium compounds impart a reddish color to the flame.

QUESTIONS AND EXERCISES.

143. Enumerate some of the common neutral compounds of cal-
cium.

144. Explain, by an equation, the action of hydrochloric acid on
marble. What official compounds result?

145. Why is chloride of calcium used as a desiccator for gases?

146. How would you purify Chloride of Calcium which has been
made from ferruginous marble? Give diagrams.

147. Write a few lines on the chemistry of the lime-kiln.

148. In what sense is the conversion of chalk into lime an analyt-
ical action? ‘

149. What occurs when lime is “slaked” ?

150. To what extent is lime soluble in water ? to what in syrup?

151. Describe the preparation of the official Precipitate of Carbo-
nate of Calcium ; in what does it differ from Prepared Chalk ?

152. In what does filtering-paper differ from other kinds of paper?

153. Explain the construction of ‘‘a washing-bottle’” for cleans-
ing precipitates by water.

154. Describe decantation. A

155. Describe the construction and manner of employment of a
siphon.

156. Explain the mode of action of a siphon.

157. What is the difference betwecn Bone, Bone-earth, and Pre-
cipitated Phosphate of Calcium ?

158. How is “ Bone-earth ”’ purified for use in medicine ?

159. Explain the action of hydrochloric acid on Animal Char-
coal in the conversion of Carbo Animalis into Carbo Animalis
Purificatus.

160. What is the chemical difference between Carbo Animalis
and Carbo Ligni?

161. Give equations showing the conversion of Phosphate of Cal-
cium into Phosphate of Sodium.

162. Write a short article on thc manufacture, composition, and
uses of ‘‘ hleaching-powder.”

163. How may calcium be detected in Gum Arabic?

164. State the chemical nature of Tragacanth.

165. To what extent is sulphate of calcium soluble in water?

166. Can calcium be precipitated from an aqueous solution con-
taining barium ?

167. Barium being ahsent, what reagents may be used for the
detection of calecium? Which is the chief test?
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MAGNESIUM.
Symbol Mg. Atomic weight 24.

Source—Magnesium is abundant in nature in the form of magne-
sian or mountain limestone, or dolomite, a double carbonate of mag-
nesium and calcium in common use as a building-stone (e. g., the
Houses of Parliament and the School of Mines in London), and
magnesite, a tolerably pure carbonate of magnesium, though too
“stony " for direct use-in ‘medicine, even if very finely powdered.
Chloride of magnesium and sulphate of magnesium (Epsom salt)
also occur in sea-water and in the water of many springs. A mono-
hydrous sulphate (MgSO,,H,0) termed kieserit occurs near Stass-
furt in Prussia. Metallic magnesium may be obtained from the
chloride by the action of sodium. It burns readily in the air,
emitting a dazzling light, due to the white heat to which the result-
ing particles of magnesia (MgO) are exposed. The chloride em-
ployed as a source of the metal is obtained by dissolving the car-
bonate in hydrochloric acid, adding some chloride of ammonium,
evaporating to dryness, heating the residue in a flask (on the small
scale a large test-tube or Florence flask) until the chloride of am-
monium is all volatilized and the chloride of magnesium remains as
a clear fused liquid. The latter is poured on to a clean earthenware
slab. The chloride of ammonium prevents reaction between chlo-
ride of magnesium and water in the last stages of the operation and
consequent formation of oxide (or oxychloride) of magnesium and
hydrochloric acid gas.

Quantivalence—The atom of magnesium is bivalent, Mg””.

REACTIONS HAVING SYNTHETICAL INTEREST.

Sulphate of Magnesium.

First Synthetical Reaction.—To a few drops of sulphuric
acid and a little water in a test-tube, made hot (or to larger
quantities in larger vessels), add powdered native carbonate of
magnesium, magnesite, MgCO,, until effervescence ceases, sub-
sequently boiling to aid in the expulsion of the carbonic acid

as. The filtered liquid is a solution of sulphate of magnesium
(MgSO0,), erystals of which, Epsom salt (MgSO,,7H,0) (Mag-
nesit Sulphas, U. S. P.), may be obtained on evaporating most
of the water and setting the concentrated solution aside to
cool. This is an ordinary manufacturing process. Instead of
magnesite, dolomite, the common magnesian limestone (carbo-
nate of magnesium and calcium, CaCO,,MgCO;), may be em-
ployed, any iron being removed by evaporating the solution
(filtered from the sulphate of calcium produced) to dryness,
gently igniting to decompose sulphate of iron, dissolving in
water, filtering from oxide of iron, and crystallizing. (If
neither mineral be at hand, the practical student may use a
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little of the ordinary manufactured carbonate of pharmacy,
for the chemical action is almost identical, and it is the chen-
istry and not, just now, the commercial economy of the matter
that he is studying. The manufacturer must, of course, com-
mence with one of the above mineral carbonates furnished by
nature, from that make his sulphate, and from the latter, as
will be seen directly, make the pure pulverulent carbonate of
pharmacy.)

Carbonate of Sulphuric Sulphate of Water. Carhonic
magnesium. acid. magnesium, acid gas.

Sulphate of magnesium readily crystallizes in large, colorless,
transparent, rhombic prisms; but, from concentrated solutions, the
crystals are deposited in short thin needles, a form mrore convenient
for manipulation, solution, and general use in medicine.

Iron may be detected in sulphate of magnesium by adding the
common alkaline solution of chlorinated lime or chlorinated soda to
some agqueous solution of the salt; brown hydrate of iron- (Fe,6HO)
being precipitated. Sulphydrate ammonium will also give a black
precipitate if iron be present.

Carbonates of Magnesium,

Second Synthetical Reaction.—To solution of sulphate of
magnesium add solution of carbonate of sodium, and boil ; the
resulting precipitate is fight carbonate of magnesium (Mugnesize
Curbonus Levis, B. P.; Magnesii Carbonas, U. S. P.), a white,
partly amorphous, partly minutely crystalline mixture of car-
bonate and hydrate of magnesium (3MgCO,Mg2HO,4H,0,
B. P ; 4MgCO,Mg2HO,5H,0, U. 8. P.). A denser, slightly
granular precipitate of similar chemical composition (Magnesize
Carbonas, B. P.) is obtained on mixing strong solutions of the
above salts, evaporating to dryness, then removing the sulphate
of sodium by digesting the residue in hot water, filtering, wash-
ing, and drying the precipitate.

4MgSO, + 4Na,CO, + H,0 = 3Mg(0,Mg2HO
Sulphate of Carbonate of Water. Official carbonate of
magnesiuin. sodium. nmagnesium,
+ 4Na, SO, + CoO,
Sulphate of Carbonic
sodium. acid gas.

The official (B. P.) proportions for the light carbonate are 10 of
sulphate of magnesium and 12 of crystals of carbonate of sodium
cach dissolved in 80 of cold water, the solutions mixed, boiled for 15
minutes, the precipitate collected on a filter, well washed, drained
and dried over a water-bath. The heavier carbonate is made with
the same proportions of salts, each dissolved in 20 instead of 0 of
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water, the mixture evaporated quite to dryness, and the residue
washed by decantation or filtration until all sulphate of sodium is
removed (shown by a white precipitate—sulphate of barium—ceas-
ing to form on the addition of solution of chloride or nitrate of
barium to a little of the filtrate).

Another (Pattinson’s) Process—Considerable quantities of
carbonate of magnesium are now prepared by treating dolomite
(see p. 115) with carbonic acid under pressure. Of the two
carbonates the magnesian is dissolved first, and is precipitated
from the clear liquid by the heat of a current of steam. (See
next reaction.)

Third Synthetical Reaction.—Pass carbonic acid gas, gene-
rated as described on page 71, into a mixture of water and car-
bonate of magnesium contained in a test-tube. After some
time, separate undissolved carbonate by filtration ; the filtrate
contains carbonate of magnesium dissolved by carbonic acid.
When of a strength of about 13 grains in one ounce, such a
solution constitutes “ Fluid Magnesia” ( Liquor Magnesize Car-
bonatis, B. P.). This strength of about 3 per cent. at about
65° F. is reduced to 2} per cent. at 70° and to about 2 per cent.
at 80° F.

Officially, 1 pint is directed to be made from freshly prepared car-
bonate. The latter is obtained by adding a hot solution o¥2 ounces
of sulphate of magnesium in half a pint of water to one of 23 ounces
of crystals of carbonate of sodium in another half pint of water,
boiling the mixture for a short time (to complete decomposition),
filtering, thoroughly washing the precipitate, placing the latter in
1 pint of distilled water, and tiansmitting carbonate acid gas
through the liquid (say, at the rate of three or four bubbles per
second) for an hour or two, then leaving the solution in contact
with the gas under slight pressure for twenty-four hours, and,
finally, filtering from undissolved carbonate, and, after passing in
a little more gas, keeping'in a well-corked bottle. Slight pressure
is best created by placing the carbonate and water in a bottle fitted
with a cork and tubes as for a wash-bottle (p. 96 or 107), conveying
the gas by the tube which reaches to the bottom, and allowing excess
of gas to flow out by the upper tube, the external end of which is
continued to the bottom of a common phial containing about an
inch of mercury. The phial should be loosely plugged with cotton-
wool, to prevent loss of metal by spurting during the flow of the
gas through it. (Each inch in depth of mercury through which
the gas escapes corresponds to about half a pound pressure on
every square inch of surface within the apparatus.)

Heat a portion of the solution ; true carbonate of magnesium con-
taining combined water (MgCO,;,3H,0) is Frecipitated. The water
in this compound is probably in the state of water of crystallization,
for a salt having the same composition is deposited in crystals by the
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spontaneous evaporation of the solution of carbonate of magnesium.
The official ““carbonate’” (3MgCO,,Mg2HO0,411,0) is another of these
very common Aydrous compounds. ] .

Exposed to cold, the solution of ‘fluid magncsia™ sometimes
affords large thick crystals (MgCO,,5H,0), which, in contact with
the air, lose water, become opaque, and then have the composition
of those deposited by evaporation (MgCO,;,3H,0).

Oxide of Magnesium (Magnesia).

Fourth Syntheticul Reaction.—Heat light dry carbonate of
magnesium in a porcelain crucible over a lamp (or in a larger
earthen crucible in a furnace) till it ceases to effervesce on add-
ing, to a small portion, water and acid; the residue is light
magnesia (MgQ) (Magnesia Levis, B. P.; Magnesia, U. S. P.).

he same operation on the heavy carbonate yields heavy mag-
nesia (MgO) (Magnesia, B. P.; Magnesia Pouderosa, U. S, P.).
Both are sometimes spoken of as “ calcined magnesia.” A
given weight of the official light magnesia occupies three and
a half times the bulk of the weight of heavy magnesia.

3Mg(CO,Mg2HO = 4Mg0 + H,0 + 3CO,

Official carhonate of Oxide of ‘Water. Carbonic’
magnesium. magiesium. acid gas.

A trace only of magnesia is dissolved by pure water.
Moisten a grain or two of magnesia with water, and place the
paste on a piece of red litmus-paper ; the wet spot, after a tir e,
becomes blue, showing that the magnesia is slightly soluble.

“ Effervescing Citrate of Magnesia,” so called, is generally
a mixture of bicarbonate of sodium, citric acid, tartaric acid,
sugar, either carbonate or sulphate of magnesium, or both, and
flavoring essences. True citrate of magnesium is easily made
by heating together calcined magnesia and citric acid; it is
frequently prescribed in France in doses of two ounces.

The official “ Granulated Citrate of Magnesium” ( Magne:ii
Citras Granulatus, U. S. P.) is made as follows: Mix 11 parts
of carbonate of magnesium intimately with 33 of citric acid,
and enough distilled water to make a thick paste; dry this at
a temperature not exceeding 30° C (86° F.), and reduce it to
a fine powder. Then mix it intimately with 8 of sugar (No.
60 powder), 37 of bicarbonate of sodium, and 15 of citric acid
previously reduced to a very fine powder. Dampen the mass
with a sufficient quantity of alcohol, and rub it through a No.
20 tinned-iron sieve, to form a coarse, granular powder. Lastly,
dry it in a moderately warm place. '

The official Effervescing “Solution of Citrate of Magne-
sium " (Liquor Magnesiv Citratis, U. 8. P.) is made by dissolv-



MAGNESIUM. 119

ing garbonate of magnesium in slight excess of solution of
citric acid, adding syrup of citric acid, placing the diluted
liquid in an aérated-water bottle, dropping in crystals of bicar-
bonate of potassium, corking, “ wiring,” and shaking till the
cerystals are dissolved.

The formula of citrate of magnesium deposited from solu-
« tion is Mg,2C,H,0,,14H,0.

REAcTIONS HAVING ANALYTICAL INTEREST (TESTS).

First Analytical Reaction.—Add solution of hydrate or car-
bonate of ammonium to a magnesian solution (sulphate, for ex-
ample) and warm the mixture in a test-tube; the precipitation
of part only of the magnesium as hydrate (Mg2HO) or car-
bonate (MgCO;) occurs. Add now to a small portion of the
mixture of precipitate and liquid a considerable excess of solu-
tion of chloride of ammonium; the precipitate is dissolved.

This is an important reaction, especially as regards carbonate of
magnesium, the presence of chloride of ammonium enabling the ana-
lyst to throw out from a solution barium and calcium by an alkaline
carbonate, magnesiuin being retained. The cause of this retention is
found in the tendency of magnesium to form soluble double salts with
potassium, sodium, or ammonium. In analysis, the chloride of am-
monium should be added before the carbonate, as it is easier to pre-
vent precipitation than to redissolve a precipitate once formed.

Second Analytical Reaction.—To some of the solution re-
sulting from the last reaction, add solution of phosphate of
sodium or ammonium ; phosphate of magnesium and ammo-
nium (MgNH,PO,) is precipitated. 3d. To another portion
add arseniate of ammonium ; arseniate of magnesium and
ammonium (MgNH,AsQO,) is precipitated.

Note.—Barium and calcium are also precipitated by alkaline phos-
phates and arseniates. The other precipitants of magnesium are
also precipitants of barium and calcium. In other words, there is
no direct test for magnesium. Hence the analyst always removes
any barium or calcium by an alkaline carbonate, as above indicated ;
the phosphate of sodium, or arseniate or phosphate of ammonium,
then becomes a very delicate test of the presence of magnesium. In
‘speaking of magnesium tests, the absence of barium and caleium
salts is to be understood.

QUESTIONS AND EXERCISES.

168. Name the natural sources of the various salts of magne-
sium. »
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169. Give a process for the preparation of Epsom salt. .

170. Draw diagrams illustrative of the formation of sulphate of
magncsium from magnesite and from dolomate. )

171. Show by an equation the process for the preparation of the
official Carbonate of Magnesium.

172. What circumstances determinc thc two different states of
iggregation of thec Magnesie Carbonas and Magnesiee Carbonas

eois ¢

173. What are the relations of Magnesia and Mugncsia Levis to
the British official Carbonates of Magnesiun ?

174. How much denser is the one than thc other?

175. Is magnesia soluble in water?

176. How 1s “ Fluid Magnesia’ prepared ?

177. Mention the effects of heat and cold on ‘‘ Fluid Magnesias:'"

178. How much magnesia (MgO) can be obtained from 100 grains
of Epsom salt? T

179. Calculate the amount of official Carbonate of Magnesium
which will yield 100 grains of magnesia.

180. Can magnesium be detected in presence of barium and cal-
cium ?

181. Describe the analysis of an aqueous liguid containing salts of
barium, calcium, and magnesium.

182. How may magnesium be precipitated from solutions contain-
ing ammoniacal salts?

Quantivalence.

On reviewing the foregoing statements regarding compounds of
the three univalent radicals, potassium, sodium, and amnmonium, and
the three bivalent elcments, barium, calcium, and magnesium, the
-doctrine of quantivalence will be more clearly understood, and its
usefulness more apparent. Quantivalence, or the value of atoms, is,
in short, in chemistry, closely allied to value in commercial barter.
A number of articles, differing much in weight, appearance, and
general characters, may be of equal money value; and if these be
regarded, for convenience, as having a sort of unit of value, others
worth double as much might be termed bivalent, three times as much
trivalent, and so on. In like manner, chemical radicals, no matter
whether elementary, like potassium (K), iodine (I), or sulphur (S),
or compound, like those of nitrates (NO,), sulphates (80,), or ace-
tates (C,H;0,), have a given chemical value in relation to each other,
and are exchangeable for, and will unite with, each other to an extent
dctermined by that value.

Most chemical salts apparently, though probably not really, have
two parts, a basylous and acidulous, the one quantivalently balancing
the other. The formul@ of the chief of these radicals and their quan-
tivalence are given on the following page. Examples of formulae of
salts containing univalent, bivalent, and trivalent radicals are also
appended.
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QUANTIVALENCE OF CoMMON RADICALS.

—

Univalent Radicals, | Bivalent Radicals, | Trivalent Radicals,
or Monads. or Dyads. or Triads.
Acidulous, Basylous. Acidulous, Basylous, Acidulous. Basylous,
|} 3! 0 Ca PO, As
Cl1 K SO, Mg BO, Sh
I Na Co, Zn CeH,0, Bi
HO NH, C,0, Cu AsO, Fefii(ic)
.NO, Ag C,H,0, Hg(ic) s0, or
C,H,0, Hg(ous) S Fe(ous) CH,0, (Feviic)

‘Note.—The hydrogen (H) in the basylous parts of salts has en-
tirely different functions from the hydrogen (H) in the acidulous part.
The latter gives compounds commonly termed Aydrides (e. g., AsH,);
in the former the element is the basylous radical of acids (e. g,
HCI; H,S0,). In compound radicals (e. g., C,H,0, or NH,) the
properties of hydrogen are no longer apparent; the chemical force
resident in the atoms of such radicals seems to be mainly exerted
in binding those atoms together.

Examples of Formule of Salts containing Univalent, Bivalent, and
Trivalent Radicals.

The reader will find instructive practice in writing twenty or
thirty imaginary formulae of salts by placing in juxtaposition acid-
ulous and basylous radicals, as in the following examples. Just as in
a pair of scales a 2-1b. weight must be balanced by two 1-lb. weights,
or a 4-1b. weight by two 2-1b. weights, or by one 3-1b. and one 1-ib.
weight, so a bivalent radical unites with a bivalent radical or with
two univalent radicals, a quadrivalent radical with two hivalent radi-
cals, or with one trivalent and one univalent radical, and so on.

(R =any acidulous Radical.)
Examples.

(R =any basylous Radical.)
General formula.

R'R’ KI, NaCl, NH,C,H,0,, AgNO,.
R7R, CaOl,, Zn2C,H,0,, Ph2NO(BaNO,C,H,0,).
R R, Bi3NO,, AsH,, ShCl,.

R/,R’ K,CO,, Na,S0,, H,C,H,0,.

R'R R K10, NaHS0, KNaC,H,0,.

R/,R”’ . } {AmaPO“'KaCGHsOW H,As0,.

R/ R/ R Na,HPO,, Na,HAsO,.

R7R” a0, Mg0, GuS0,, HgO, FeSO,.
R7,R'”, . (a,2P0,, Ca,2C,H,0,.

R’R/ R/ MeAuPO, GullAs0,

R’ R’ R’ BiONO,.

R’’,R’",R"’ Bi,0,C0,.

R B, As,0y, 8b,0,, Fe,0,, Fe,380,.

R”7’R""” BiC,H.O..

R, R/, Fe,Cl,, Fe,6NO,, Fe,6C,H,0,.
il
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Quadrivalent Radicals or Tefrads, Quinquivalent Radicals or Pen-
tads, and Sexivalent Radicals or Hexads, are known.

EXERCISE.

183. Writc -an cxposition of the doctrine of Quantivalence within
the limits of a sheet of note paper.

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL
REACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION¥
OF A SALT OF ONE OF THE METALS, BArRiUM, CALcCIUM,
MAGNESIUM.

Add yellow chromate of  potassium to a portion of the solu-
tion to be examined ; a precipitate indicates barium.

If no barium is present, add chloride and carbonate of ammo-
nium, and boil ; a precipitate indicates calcium,

If barium and calcium are proved to be absent, add chloride
of ammonium, ammonia, and then either phosphate of sodium
or arseniate of ammonium ; a white granular precipitate indi-
cates magnesium.

Ammonia is here added to yield the necessary elements to ammo-
nio-magnesian phosphate or ammonio-magnesian arseniate, both of
which are highly characteristic precipitates; and chloride of ammo-
nium is added to prevent a mere partial precipitate of the magne-
sium by the ammonia.

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL
REACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION
OF ONE, TWO, OR ALL THEEE OF THE METALS, BA-
RIUM, CarciuM, MAGNESIUM.

Add chromate of potassium to the solution; barium, if pres-
ent, is precipitated. Filter, if necessary, and add to the fil-
trate (that is, the liquid which has run through the filter) chlo-
ride, hydrate, and carbonate of ammonium, and boil ; calcium,
if present, is precipitated. Filter, if requisite, and add phos-
phate of sodium ; magnesium, if present, is precipitated.

Note.—Red chromate of potassium must not be used in these op-

“erations, or a portion of the barium will remain in the liquid and be
thrown down with, or in place of, the carbonate of calcium (vide p-
102).  The yellow chromate must not contain carbonate of potas-
sium, or calcium will be precipitated with, or in place of, barium.

* In preparing such solutions for analysis, salts should be selected
which do not decompose each other. Chlorides will serve in most
cases, but nitrates and acetates are still more convenient.
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The absence of carbonate is proved by the non-occurrence of
effervescence on the addition of hydrochloric acid to a little of the
solution of the chromate, previously made hot in a test-tube. If
the yellow chromate has been prepared by adding excess of ammo-
nia to solution of red chromate of potassium, its addition to the
liquid to be analyzed must be preceded by that of solution of chlo-
ride of ammonium, the precipitation of a portion of the magnesium
(by the free ammonia in the yellow chromate) is thus prevented, for
chloride of ammonium solution is a good solvent of hydrate (and
carbonate) of magnesium, as already stated on page 119.

Note 1.—The analysis of solutions containing the foregoing met-
als is commenced by the addition of chloride of ammonium (AmCI)
and ammonia (AmHO), simply as a precautionary measure, the for-
mer compound preventing partial -precipitation of magnesium, the
latter neutralizing acids. The carbonate of ammonium (Am,CO,) is
the important group reagent—the precipitant of barium and calcium.

Note 2—1In the following, and in subsequent charts of analytical
processes, the leading precipitants will be found to be ammonium
salts. These, being volatile, can be got rid of towards the end of
the operations, and thus the detection of potassium and sodium be
in no way prevented—an advantage which could not be had if such
salts as chromate of potassium or phosphate of sodium were the
group-precipitants employed.

Note 3—Acetic, and not hydrochloric or nitrie, acid is used in
dissolving the barium and calcium carbonates, because chromate of
barium, on the precipitation of which the detection of barium de-
pends, 1s soluble in the stronger acids, and therefore could not be
thrown down in their presence.

TABLE OF SHORT DIRECTIONS FOR APPLYING THE FOREGOING
ANALYTICAL REACTIONS TO THE ANALYSIS OF AN AQUEOUS
SOLUTION OF SALTS CONTAINING ANY OR ALL OF THE
METALLIC ELEMENTS HITHERTO CONSIDERED.

To the solution add AmCl, AmHO, Am,CO,; boil and filter.

Precipitate Filtrate
Ba Ca. Mg Am Na K.
Wash, dissolve in HC,H,0,, Add Am,HPO,, shake, filter.
add K,CrO,, and filter.
Precipitate Filtrate Precipitate Filtrate
Ba.* Ca. Mg. Am Na K.
Test b Evap. to dryness, ignite,
Am,C,0,. dissolve residue in
water.

Test for K by PtCl,.
Test for Na by flame.
Test orig. sol. for Am.

* It is perhaps scarcely necessary to state that this precipitate is
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Note on Classification.—The compounds of barium, calcium, and
magnesium, like those of the alkali metals, have many analogies ;
the carbonate, phosphate, and arseniate of each is insoluble in
water, which sufficiently distinguishes them from the members of
the class first studied. They possess, however, yvell-marked differ-
ences, so that their separation from each other is easy. The solu-
bility of their hydrates in water marks their connection with the
alkali metals; the slightness of that solubility, diminishing as we
advance further and further from the alkalies, baryta being most
and magnesia least soluble in water, points to their connection with
the next class of metals, the hydrates of which are insoluble in
water. These considerations must not, however, be over-valued.
Though the solubility of their hydrates places barium nearest and

o

magnesium farthest from the alkali metals, the solubility of their
sulphates gives them the opposite order, magnesium-sulphate being
most soluble, calcium-sulphate next, strontium-sulphate third (stron-
tium is a rarer element, which will be mentioned subsequently), and
barium sulphate insoluble in water. These elements are sometimes
spoken of as the metals of the alkaline earths.

Note—In connection with the bivalence of the metals Barium,
Calcium, and Magnesium, it is interesting to note that just as biva-
lent acidulous radicals give salts containing two atoms of univalent
basylous radicals (K,SO,, NaHSO,, H,CO,, KNaC,I1,0,), so biva-
lent basylous radicals yield salts containing two atoms of univalent
acidulous radicals, as seen in acetonitrate of barium, BaC,H,0,NO;,
a salt which is a definite compound, and not a mere mixture of ace-
iate with nitrate of barium. A very large number of such salts is

nown.

Distillation.

The waler with which, in analysis, solution of a salt or dilution
of a liquid is effected should be pure. Well- or river-water is unfit
for the purpose, because containing alkaline and earthy salts (about
20 to 60 grains per gallon), derived from the soil through which the
water percolates, and rain-water is not unfrequently contaminated
with the dust and débris which fall on the roofs whence it is usually
collected. Such water is purified by distillation, an operation in
which the water is by ebullition converted into steam, and the steam
condensed again to water in a separate vessel, the fixed earthy and
other salts remaining in the vessel in which the water is boiled.

chromate of barium (BaCrQ,), as any reader who has carefully gone
through the ‘“foregoing analytical reactions” will know. The occur-
rence of chromate of barium at this particular place, however, and
under the circumstances described, is abundant evidence of the ,pres-
ence of barium (in some form or other) in the liquid analyzed —
which was a part of the problem to be solved by the operator. Sim-
ilar remarks apply, of course, to the Ca, which 1s finally precipitated
as oxalate (CaC,0,), to Mg, which is thrown out as ammonio-phos-
phate (MgAmPO,), to Am, Na, and K, and to the elements similarly
alluded to in the other subsequent tables for “short” directions for
analysis.



DISTILLATION., 125

On the large scale, ebullition is effected in metal boilers having a
hood or head in which is a lateral opening through which passes
the steam ; on the small scale, either a common glass flask 1s em-
ployed, into the neck of which, by a cork, is inserted a glass tube

Fig. 28,

bent to an acute angle, or a refort is used (a, Fig. 28) a sort of long-
necked Florence flask, dextrously bent near the body by the glass-
worker to an appropriate angle (hence the name refort,'from retor-
queo, to bend back). Condensation is effected by surrounding the
lateral steam-tube with cold water. In large stills the steam-tube,
or condensing-worm, is usually a metal (tin) pipe, twisted into a
spiral form for the sake of compactness, and so fixed in a tub that a
few inches of one end of the pipe may pass through and closely fit
a hole bored near the bottom of the tub. Cold water is kept in con-
tact with the exterior of the pipe, provision being made for a con-
tinnous supply to the bottom, while the lighter water heated by the
condensing steam runs off from the top of the column. The con-
denser for a flask or retort may be a simple glass tube of any size,
placed within a second much wider tube (a common long, narrow
lamp-glass answers very well for experimental operations), the inner
tube being connected at the extremities of the wider by bored corks ;
a stream of water passes into one end of the inclosed space (the end
furthest from the retort) through a small glass tube inserted in the
cork, and out at the other through a similar tube. The common
(Liebig’s) form of laboratory condenser is a glass tube three-fourths
of an inch wide and a yard long (0, Fig. 28), surrounded by a
shorter tin or zinc tube (¢, Fig. 28) two inches in diameter, and
having at each extremity a neck, through which the glass tube
passes. The ends of the necks of the tin tube, and small portions
of glass tube near them, are connected by means of a strip of sheet
caoutchouc carefully bound round, or by short, wide India-rubber
tubes (d and e, Fig. 28). An aperture near the lower part of the
tin tube provides for the admission of a current of cold water, and
a similar aperture near the top (g, Fig. 28) allows the escape of
heated water. The inner tube may thus constantly be surrounded
by cold water, and heated vapors passing through it be perfectly
cooled and condensed in any receiver (%, Fig. 28).

11%#
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The official Water (4qua, U. 8. P.) is to contain ‘not more than
1 part of fixed impurities in 10,000 parts,” and to be so free from
organic matter that when tinted rose-red with perrpgmgana.te Qf
potassium the color should not be destroyed after boiling the fluid
for 5 minutes, or, in the case of Distilled Water, after setting the
vessel aside, well covered, for ten hours. .

In distilling several gallons of water for analytical or medicinal
purposes (Aqua Distillata, U. S. P.) the first two or three pints
should be rejected, because likely to contain ammoniacal and other
volatile impurities.

Rectification is the process of redistilling a distilled liquid. [Rec-
lified spirit is spirit 0¥ wine thus treated.

Dry or destructive distillation is distillation in which the con-
densed products are directly formed by the decomposing influence
of the heat applied to the dry or non-volatile substances in the
retort or still.

EXERCISE.

184. Write from memory two or three paragraphs descriptive of
distillation.

-

RECAPITULATION.

The subject just alluded to (distillation) naturally excites
wonder respecting the cause of the physical difference between
solid, liquid, and gaseous water. (Common observation will
have suggested to the student that the force of heat has much
to do with the difference, and if he will turn to the chapter
on latent heat in any book on Physics he will find that, as
already indicated (p. 84), when ice liquefies by heat a very
large aniount of heat must be used before the slightest rise of
temperature occurs. Afterwards the addition of heat makes
the water hotter and hotter until one other point is reached
(the boiling-point), when here again a great amount of heat is
absorbed without causing the slightest rise in temperature.
Afterwards more heat makes the gaseous water hotter and
hotter, until, like a bar of iron, the steam, under special con-
ditions, is made red hot or white hot.) Different bodies absorb
different amounts of heat in changing their physical condition
from solid to liquid or liquid to gas (or vapor). The amount
is constant for any one body, hence definite comparative num-
bers may be used for expressing the latent heats of substances.

The absorption of heat at particular (liquefying and vapor-
izing) points must not be confounded with an analogous phys.
ical action, namely, the absorption of heat which goes on
when a body is rising in temperature. The amount of this
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absorption differs with different substances. That is to say,
if equal weights of several substances, all at the same tem-
perature, be all heated to a stated higher temperature, very
different amounts of fuel will be required. The particular or
specific amount in each case is always the same, hence the
specific heats of substances may be expressed by numbers. See
the chapter on “ Specific Heat ” in any manual of Physies.

But after reading what has been stated respecting the con-
stitution of matter (pp. 42 to 45), the chemical student will,
in connection with the subject of distillation, be led, once more,
to think over the subject of the molecular constitution of solid,
liquid, and gaseous water, and of the molecular condition of
bodies generally. As previously stated, little can be told him
respecting the molecular condition of solids and ligquids, for
temperature and pressure affect them unequally, whence we
conclude that, though the relation to each other of the mole-
cules of any one substance is constant, this relation is different
in different bodies. Different gases, however, are not differ-
ently affected, but similarly affected by temperature and pres-
sure, whence we conclude that their molecular constitution—
the relations of their molecules to one another—is similar.

Another gas, ammonia, has been brought before the reader
since the molecular constitution of gases was considered.

A small quantity of ammonia gas inclosed in the upper part
of a roughly graduated test-tube over mercury (water would
dissolve it) and exposed to the continuous action of the electric
spark by means of wires of platinum fused in the sides of the
tube, is decomposed into its elements nitrogen and hydrogen,
the bulk of gas operated on being exactly doubled. This
expansion is not due to the gaseous molecules receding from
each other, but to every two molecules becoming four similar-
sized molecules :—

N N
H H| _ N. H H H
H H
H H N H H H

Here each space (rectangular, chiefly for convenience in
printing) represents a molecule, and each letter one atom.
Rach space, if regarded as the side of a double cube, may also,
for the moment, represent two volumes—such two volumes
yielding, in the decomposition, one volume of nitrogen and
three volumes of hydrogen, or the four such volumes of ammo-
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nia shown in the diagram yielding two volumes of nitrogen
and six volumes of hydrogen.

Remembering that a symbol (of a gas) represents one vol-
ume, that a formula (of « gas) always represents two volumes,
the pupil will now see how full of meaning is such an equation
as the following, including, as it does, names of the elements,
number of the atoms, nature of the molecules, number of the
molecules, weights of atoms of the molecules, and therefore
weights of bulks of the bodies, and extent of expansion in the
disunion of the elements, and therefore their extent of con-
traction in the act of union:—

2NH; = N, + 3H..

AT THIS STAGE THE LEARNER IS AGAIN RECOMMENDED TO
READ THE PARAGRAPHS ON THE (ENERAL PRINCIPLES OF
CHEMICAL PHILOSOPHY, AND TO RETURN TO THEM FROM TIME
TO TIME UNTIL THEY ARE THOROUGHLY COMPREHENDED.

ZINC, ALUMINIUM, IRON.

These three elements are classed together for analytical conve-
nience rather than for more general analogies.

ZINC.
Symbol Zn. Atomic weight 64.9.

Source—Zinc is tolerably abundant in nature as sulphide (ZnS)
or blende, and carbonate (ZnCOy), or calamine (from calamus, a
reed, in allusion to the appearance of the mineral). The ores are
roasted to expel sulphur, carbonic acid gas, and some impurities,
and the resulting oxide distilled with charcoal, when the metal
vaporizes and readily condenses. Zinc is a brittle metal, but at a
temperature somewhat below 300° F. is malleable, and may be rolled
into thin sheets. Above 400° it is again brittle, and may then he

ulverized. At 773°F. it melts, and at a bright red heat is volatile.
iinc in exceptionally fine powder ignites spontaneously especially
if damp or if stored in a warm place. ’

Uses.—Its use as a metal is familiar ; alloyed with nickel and cop-
per it yields german silver, with twice its weight of copper forms
common brass, and as a coating on iron (the so-called galvanized
iron) greatly retards the formation of rust. Most of the salts of zine
are prepared directly or indirectly from the metal (Zincum, U. S. P)

Quantivalence—The atom of zinc is bivalent, Zn’/ ’ -

Molecular Weight.—Some remarks on this point will be made
under Mercury.
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REACTIONS HAVING (@) SYNTHETICAL AND (0) ARALYTICAL
INTEREST.

(a) Synthetical Reactions.

Sulphate of Zine.

First Synthetical Reaction—Heat zine (4 parts) with water
(20 parts) and sulphuric acid (3 fl. parts) in a test-tube (or
larger vessel) until gas ceases to be evolved; solution of sul-
phate of zinc (ZnS0,) results. Filter (to separate the particles
of lead, carbon, etc., commonly contained in sheet zinc), and
concentrate the solution in an evaporating-dish; on cooling,
colorless, transparent, prismatic erystals of Sulphate of Zine
(ZnS0,,7H,0) are deposited (Zinct Sulphas, U. S. P.).

Zn, + 2H,SO, + «H,0 = 2ZnSO, + 2H, + 2H,0
" Zinc. Sulpb&ll‘ic Water. Sulphate of Hydrogen. Water.
acid. zince,

Zinc does not displace hydrogen from the sulphuric acid alone,
nor from the water alone, yet the mixture affords hydrogen. The
probable explanation is that as sulphuric acid combines with several
different quantities of water to form definite hydrous compounds
(H,S0,,H,0; H,S0,,2H,0; ete.), it is one of these that is de-
composed with elimination of hydrogen. At present we can only say
that an unknown (x) amount of water is required in the reaction.

Note—This reaction affords hydrogen and sulphate of zinc; it
also develops electricity. Of several methods of evolving hydrogen,
it is the most convenient; of the two or three means of preparing
sulphate of zinc, it is the most commonly employed ; and of the
many reactions which may be utilized in the development of dynamic
electricity, it is at present the cheapest and most manageable. The
apparatus in which the reaction is effected differs according to the
requirements of the operator : if the sulphate of zinc alone is wanted,
an open dish is all that is necessary, the action being, perhaps,
accelerated by heat ; if hydrogen, a closed vessel and delivery-tube ;
if electricity, square vessels called cells, and certain complementary
materials, gorming altogether what is termed a battery. In each
operation for one product, the other two are commonly wasted. It
would not be difficult for the operator, as a matter of amusement, to
construct an apparatus from which all three products should be col-
lected.

, Purification.—Impure sulphate of zinc may be purified in the
same manner as impure chloride (see next reaction).

Sulphate of zinc is isomorphous with sulphate of magnesium, and
like that salt, loses six-sevenths of its water of crystallization at
212° F.

Chloride of Zine.

Second Synthetical Reaction.—Dissolve zine in hydrochloric
acid mixed with half its bulk of water; the resulting solution
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contains chloride of zinc. Evaporate the liquid till no more
steam escapes; Chloride of Zine (4nCl,) in a state of fusion
remains, and on cooling is obtained as an opaque white solid
(Zinei Chloridim, U. 8. P.).

It is soluble in water, alcohol, or ether.

Zn, + 4HCl = 2ZnCl, + 2H,

Zinc. Hydrochloric Chloride Hydrogen.
acid. of zinc.

This reaction is analogous to that previously prescribed. The
Burnett deodorizing or disinfecting liquid is solution of chloride of
zine.

Purification of Chloride or Sulphate of Zinc.—Zinc sometimes
contains traces of iron or lead; and these, like zinc, are dissolved
by most acids, with formation of soluble salts; they may be recog-
nized in the liquids by applying the tests described hereafter to a
little of the solution in a test-tube. Should either be present in the
above solution, a little chlorine-water is added to the liquid till the
odor of chlorine is permanent, and then the whole well shaken with
some hydrate of zinc or the common official * carbonate” of zinc
(really hydrato-carbonate—see p. 131). In this way iron is precipi-
tated as ferric hydrate, and lead as peroxide :—

*#9FeCl, + O, =  *Fe(l

Ferrous chloride. Chlorine. Ferric chloride.
Fe,Cl, + 3ZnC0, + 3H,0 = Fe,6HO + 3ZnClL, + 300,
Ferric Carbonate ‘Water. Ferric hydrate. Chlori‘le Carbonic
chloride. of zinc. of ziuc. acid gas.
PbCl, + Cl, + 2ZnCO, = PbO, + 2ZnCl, + 2CO,
Chloride Chlorine. Carbonate Peroxide Chloride Carbonic
of lead. of zinc. of lead. of zinc. acid gas.

In the British Pharmacopceia the presence of impurities in the zinc
is assumed, and the process of purification just described incorporated
with the process of preparation of Zinci Chloridum, Liquor Zinci
Chloridi, and Zinci Sulphas. In the purification of the sulphate of
zine, the action of chlorine on any ferrous sulphate will result in the
formation of ferric sulphate as well as ferric chloride :—

6FeSO, + Cl, — 2(Fe,380,) + Fe,Cl,;

carbonate of zine will then give chloride as well as sulphate of zinc
and thus the whole quantity of sulphate of zinc be slightly contami-
nated by chloride. On evaporating and crystallizing, however, the
chloride of zinc will be retained in the mother-liquor. This pr(;cess
admits of general application.

For Liquor Zinci Chloridi, B. P., 1 pound of zine is placed in a
mixture of 44 fluidounces of hydrochloric acid and 20 of water, the

* It will be noticed that the iron is represented, in these equations
as exerting both bivalent and trivalent activity; this will be alluded
to when iron comes under consideration.



ZINC. 131

mixture ultimately warmed until no more gas escapes, filtered into a
bottle, chlorine-water added until the liquid after shaking smells
fairly of chlorine, about half an ounce or somewhat more of carbonate
of zince shaken up with the solution until a brown precipitate (of fer-
ric hydrate or peroxide of lead, or both) appears, the ngole filtered,
and the filtrate evaporated to 40 fluidounces. One fluidounce con-
tains 366 grains of chloride of zinc. If there is reason to believe
that neither iron nor lead is present in the zinc, the treatment with
chlorine-water and carbonate of zinc may be omitted. The Liquor
Zinci Chloridi, U. S. P., is prepared by a somewhat similar process,
nitric acid, however, is used instead of chlorine-water ; the solution
contains * about 50 per cent. of the salt (ZnCL),” sp. gr. 1.5, It
is miscible with aleohol in all proportions, indicating absence of
basic chloride of zine.

Bromide of Zinc, ZnBe, (Zinci Bromidum, U. S. P.) may be made
by the action of zinc on hydrobromic acid and evaporation to dry-
ness. It is a white powder, but may be sublimed in needles.

Iodide of Zinc, Inl, (Zinci Iodidum, U. S. P.) may be made from
its elements. It is a white powder, but when volatilized condenses
in acicular prisms.

Carbonate of Zine.

Third Synthetical Reaction.—To solution of any given
quantity of sulphate of zinc in twice its weight of water (in
a test-tube, evaporating-basin, or other large or small vessel),
add about an equal quantity of carbonate of sodium, also dis-
solved in twice its weight of water, and boil; the resulting
white precipitate is so-called Carbonate of Zinc (Zinci Car-
bonas, B. P., Zinci Carbonas Preacipitatus, U. S. P.), a mix-
ture of carbonate (ZnCQO;) and hydrate (Zn2HO), in the pro-
portion of two molecules of the former and three of the latter.
It may be washed, drained, and dried in the usual manner. It
is used in the arts under the name of zinc-white.

5ZnS0, + 3H,0 + 5Na,CO, = 2ZnCO0,,3ZnH,0, + 3CO,

Sulphate Water. Carbonate Official carbonate Carbonic
of zinc. of sodinm. of zinc. acid gas.

+ 5Na,SO,
Sulphate
of sodium.

Aeetate of Zine.

Fourth Synthetical Reaction.—Collect in a filter the pre-
cipitate obtained in the last reaction, wash with digtilled water,
and dissolve a portion in strong acetic acid; the resulting solu-
tion contains acetate of zinc (Zn2C,H,0,), and, on evaporating
and setting aside for a day, yields lamellar pearly crystals
(Zn2C,H,0,,3H,0) (Zinci Acetas, U. S. P.).
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27nC0, 37ZnH,0, + 10HC,H,0, = 5(Zn2C,H,0,) + 8H,0

Official carbonate Acetic Acetate of zinc. Water,
of zinc. acid.
+ 2CO,
Carbonic
acid gas.

Another process consists in digesting oxide of zine in acetic
acid, heating the mixture to boiling-point, filtering while hot,
and setting aside the clear solution to crystallize.

‘Oxide of Zine.

Fifth Synthetical Reaction—Dry the remainder of the pre-
cipitated carbonate (by placing the open filter on a plate over
a dish of water kept boiling), and then heat it in a small cru-
cible till it ceases to effervesce on the addition of water and
acid to trial samples taken out of the crucible from time to
time ; the product is Oxide of Zinc (Zinci Oxidum, U. S. P.).

27nC0,,3ZnH,0, = 5Zn0 + 3H,0 + 2CO,

Official carbonate Oxide of ‘Water. Carbonic

of zinc. zine. : acid gas.
Note—This oxide is yellow while hot, and of a very pale yellow
or slight buff tint when cold, not actually white, like the oxides pre-
pared by the combustion of zinc in air. The latter variety occurs in
commerce under the name of Hubbuck’s oxide of zinc. Its prepara-
tion can only be practically accomplished on the large scale, but the
chief features of the action may be observed by heating a piece of
zine on charcoal in the blowpipe-flame (Fig. 29) till it burns; flocks
escape, float about in the air, and slowly fall. These are the old

Flores Zinci, Lana Philosophica, or Nihilum Album.

Fig. 29. Tig. 30.

The Blowpipe.

A clear blowpipe-flame consists more or less of two portions
(see Fig. 30), an inner cone, at the apex of which are hot gases
greedy of oxygen, and an outer cone, at the apex of which is
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excess of hot oxygen. At the latter point oxidizable metals,
etc. are readily oxidized, as in the foregoing experiment, and
that part of the flame is therefore termed the owidizing flame ;
in the inner flame oxides and other compounds (a grain of
acetate of lead may be employed for illustration) are reduced
to the metallic state, hence that part is termed the reducing
flame. A blowpipe-flame is much altered in character by
slight variations in the position of the nozzle of the blowpipe,
by the form of the nozzle, by the force with which air is ex-
pelled from the blowpipe, and by the character of the jet of

gas.
Valerianate of Zine.

Sixth Synthetical Reaction.—Valerianate of Zine (Zn2C;-
H,0,,H,0) (Zinct Valerianas, U. S. P.) is prepared by mixing
strong solutions of sulphate of zinc and valerianate of sodium,
cooling, separating the white pearly crystalline matter, evapor-
ating at 200° F. to a low bulk, cooling, again separating the
lamellar crystals, washing the whole product with a small
quantity of cold distilled water, draining, and drying by ex-
posure to air at ordinary temperatures. Valerianate of zinc is
soluble in ether, alcohol, or hot water.

Sulphate Valerianate of Sulphate of Valerianate
of zinc. sodiun:. sodiun. of zinc.
Note.—The compounds of zinc described in the foregoing six reac-
tions are the only ones mentioned in the British Pharmacopceia ; the
processes are also those of that work. Sulphide and Hydrate of Zinc
are mentioned in the following analytical paragraphs. The formula
of Sulphite of Zinc is ZnS0,,3H,0.

(b) Reactions having Analytical Interest ( Tests).

-First Analytical Reaction.—To solution of a zinc salt (sul-
phate, for example) in a test-tube, add solution of sulphydrate
of ammonium (NH,HS); white sulphide of zinc (ZnS) is pre-
cipitated, insoluble in acetic, but soluble in the stronger acids.

‘Note.—This is the only white sulphide that will be met with. Its
formation, on the addition of the sulphydrate of ammonium, is
therefore highly characteristic of zinc. If the zinc salt contains
iron or lead as impurities, the precipitate will have a dark ap-
pearance, the sulphides of those metals being black. Hydrate of
aluminium, WhiCE is also white and precipitated by sulphydrate
of ammonium, is the only substance sulphide of zinc is likely to
be mistaken for, and wvice versd; but, as will be seen immediately,
there are good means of distinguishing these from each other.

Second Analyticul Reaction.—To solution of a zinc salt add
19



134 THE METALLIC RADICALS.

solution of ammonia ; white hydrate of zine (Zn2HO) is preei-
pitated. Add excess of ammonia; the precipitate is redis-
solved.

This reaction at once distinguishes a zinc salt from an aluminium
salt, hydrate of aluminium being insoluble, practically, in ammonia.

Other Analytical Reactions.—The fixed alkali-hydrates afford
a similar reaction to that just mentioned, the hydrate of zine
redissolving if the alkali is free from carbonate. Carbonate
of ammonium yields a white precipitate of carbonate and hy-
drate, soluble in excess. The fixed alkaline carbonates give
a similar precipitate, which is not redissolved if the mixed
solution and precipitate be well boiled. Ferrocyanide of
potassium precipitates white ferrocyanide of zinc (Zn,FeCysy).

Sulphate of magnesium, which is isomorphous with, and in-
distinguishable in appearance from, sulphate of zine, is not pre-
cipitated from its solutions either by ferrocyanide of potassium
or sulphydrate of ammonium.

Antidotes—There are no efficient chemical means of counteract-
ing the poisonous effects of zinc. Large doses, fortunately, act as
powerful emetics. If vomiting has not occurred, or apparently to
an insufficient extent, solution of carbonate of sodium (common
washing salt), immediately followed by white of egg and demulcents,
may be administered.

QUESTIONS AND EXERCISES.

185. Give the sources and uses of metallic zinc.

136. Explain by a diagram what occurs when zine is dissolved in
diluted sulphuric acid.

187. How may solutions of Chloride and of Sulphate of Zinc be
purified from salts of iron? Give equations descriptive of the reac-
tions.

188. State the formula of Carbonate of Zine, and illustrate by a
diagram the reaction which takes place in its production.

189. Give an equation showing the formation of Acetate of Zinc.

190. In what respect does Oxide of Zinc, resulting from the igni-
tion of the carbonate, differ from that produced during the combus-
*ion of the metal ? :

191. How is Valerianate of Zinc prepared ?

192. What are the properties of Valerianate of Zine?

192. game the more important tests of Zinc.

94. How would you distinguish, chemically, between soluti
Sulphate of Zinc ar{d Alum ?g ’ * S R
. 195. Describe the treatment in cases of poisoning by the salts of
zine.

196. Give reactions distinguishing Sulphate of Zinc from Sulphate
of Magnesium.
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ALUMINIUM.
Symbol Al. Atomic weight 27.

Note—In the formul® of aluminium salts it will be observed
that to one atom of metal there are three atoms of other univalent
radicals; hence, apparently, the atom of aluminium is trivalent,
AV’/  But possibly it is quadrivalent; for one molecule of alu-
minium compounds includes two atoms of the metal, three-fourths
only of whose power may be supposed to be exerted in retaining the
other constituents of the molecule, the remaining fourth enabling the
a'uminium atoms themselves to keep together. This is graphically
shown in the following formula of chloride of aluminium (Al,Cly)
from Frankland’s “ Lecture Notes for Chemical Students,” which

. C
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represents each aluminium atom as a body having four arms or
bonds, three of which are engaged in grasping the arms of univ-
alent chlorine atoms, while the fourth grasps the corresponding
arm of its brother aluminium atom. Such graphic formulee, as
they are called, are useful in facilitating the acquirement of hy-
potheses regarding the constitution of chemical substances, espe-
cially if the error be avoided of supposing that they are pictures
either of the position or absolute power of atoms in a molccule, or
indeed, the true representation of a molecule at all; for on this
point man knows little or nothing.

Source.—Aluminium is very abundant in nature, chiefly as silicate,
in clays, slate, marl, granite, basalt, and a large number of minerals.
Mica consists chiefly of silicates of aluminium, iron, and potassium.
Rotten-stone is a soft and friable aluminium silicate containing a little
organic matter. The sapphire and ruby are almost pure oxide of
aluminium. The metal aluminium is obtained from the double
chloride of aluminium and sodium, by the action of metallic sodium,
the source of the chloride being the mineral bauxife—a more or less
ferruginous hydrate of aluminium.

Aluminium-bronze is an alloy of ten parts of aluminium with
ninety of copper.

Alum (Alumen, U. 8. P.), a double sulphate of aluminium and
potassium (A1,380,,K,S0,,24H,0), may be obtained from aluminous
schist (from o yotdc, schistos, divided), a sort of pyritous slate or shale,
by exposure to air ; oxidation and chemical change produce sulphate
of aluminium, sulphate of iron, and silica, from the silicate of
aluminium and bisulphide of iron (iron pyrites) originally present
in the shale. The sulphate of aluminium and sulphate of iron are
dissolved out of the mass by water, and sulphate of potassium
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added ; on concentrating the liquid, alum crystallizes out, while the
more soluble iron salt remains in the mother liquor. .

Alum is also prepared by directly decomposing the silicate of
aluminium in the calcined shale of the coal-measures by hot sul-
phuric acid, sulphate of potassium being added from time to time
until a solution strong enough to crystallize is obtained. The liquid
well agitated during cooling deposits alum, in minute crystals, termed
alum-flour, which is afterwards recrystallized. ]
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