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“ But the greatest error of all is, mistaking the nltimate end of knowledge: for
some men covet knowledge ont of a natoral curicsity and ingnisitive temper; some
to entertain the mind with variety and delight ; some for ornament and reputation ;
soma for victory and contention ; many for lucre and a livelihood ; and but few for
employing the Divine gift of reagon to the nse and benefit of mankind. Thus some
appear to seck in knowledge a couch for a searching spirit ; others, a walk for a
wandering mind ; others, a tower of state; others, a fort, or commanding gronnd ;
and others, o shop for profit or sale, instend of a gtorehouse for the glory of the
Creator and the endowment of human life.""—Lozp Bacox,
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PREFACE.

Trae short title on the back of a book, and even the words
on the title-page, are generally, and even necessarily,
imperfect deseriptions of the contents, and hence not
unfrequently induce at the outset misconceptions in the
minds of readers. The author of “ Chemistry : General,
Medical, and Pharmaceutical >’ would at once state, there-
fore, that his sole aim is to teach the general truths of
chemistry to medical and pharmaceutical pupils. So far
as laws and principles are concerned, the book is a work
on General Chemistry ; but inasmuch as those laws and
principles are elucidated and illustrated by that large
portion of chemistry which is directly interesting to
medical practitioners and pharmacists, the book may be
said to be a work on Medical Chemistry and on Pharma-
centical 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—crystalline verities which cannot be ex-
panded 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 or laws of chemistry,
the lesser truths or principles, and nearly all the interest-
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ing relationships of elements and compounds, in a word
the science 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
18 a mode which greatly increases the usefulness of the
science to the class addressed, while it in no way diminishes
the value of chemistry as an instrument of mental culture—
an instrument which sharpens and expands the powers of
observation, which enlarges and strengthens memory and
mmagination, which gives point to the perceptive faculties,
and which develops and elaborates the powers of thought
and of reason.

This mannal is intended, then, as a systematic exponent
of the general truths of chemistry, but is written solely
for the pupils, assistants and principals engaged in
medicine and pharmacy. 1t will be found equally useful
as a reading-book for gentlemen having no opportunities
of attending lectures or performing experiments, or, on
the other hand, as a text-book for college pupils; while
its comprehensive Index, containing nearly seven thou-
sand references, will fit the work for after-consultation in
the course of business or professional practice.

From other chemical text-books it differs in three
particulars :—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 recognised officially,
or in general practice, as a remedial agent; thirdly, in
the paragraphs being so cast that the volume may be used
as a guide in studying the science experimentally.




PREFACE. v

The order of subjects is that which, in the author’s
opinion, best meets the requirements of medical and phar-
maceutical 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 respecting 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 follows,
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 nexf
considered. Practical toxicology and the chemical as
well as microscopical characters 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
1s a long table of tests for impurities in medicinal pre-
parations—also a short one of the saturating-powers of
acids and alkalies, designed for use in prescribing and
dispensing.

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 afterwards at
length and thoroughly ; that the chemistry of the common
metallic radicals precedes that of the rarer, and that the
secfions on the acidulous radicals are similarly divided ;
while the basylous radicals are arranged according to
analytical relations, the common acidulous according to
exchangeable wvalue or qunantivalence, and the rarer
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acidulous radicals alphabetically. By this plan the more
important facts and principles are repeatedly brought
unider consideration, the points of view, however, differing
according as interest is concentrated on physical, syn-
thetical, 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 scientific classi-
fication at present possible. In the current state of
chemical knowledge, consistency in the methodical
arrangement even of elements can only be carried out in
one direction, and is necessarily accompanied by incon-
sistencies in other directions—a resnlt most perplexing to
learners, and hence totally subversive of the chief advan-
tage of classification. For this reason the writer has
preferred to lead up to, rather than follow scientific
classification—has allowed analogies and affinities te
suggest, rather than be suggested by, classification.
Among the acidulous radicals, especially, any known sys-
tem of classification 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 the wants of gentlemen
whose opportunities of studying chemistry vary greatly,
and are unavoidably insufficient to enable them to gain a
knowledge of the detail of the science. One great advan-
tage of the mode of treatment is that difficulties of nomen-
clature, notation, chemical constitution, and even those
arising from conventionality of langunage, are explained
as they arise, instead of being massed under the head of
“ Introductory Chapters,”” ¢ Preliminary Considerations,”
or ‘“General Remarks,” which are not unfrequently too
difficult to be understood by a beginner, too voluminous
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to be remembered except by the aid of subsequent lessons,
and are consequently the cause of much trouble and con-
fusion. This plan has also admitted of greater promi-
nence 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
exposition of these branches of physies, so far as they
bear on chemistry, did not the many special books on
physics render such a course unnecessary. Quantitative
chemical analysis frequently involving determinations of
temperature, specific gravity, and atmospheric pressure,
a few paragraphs on these subjects are made introductory
to the sections on quantitative operations.

The theories that matter consists of molecules, and that
molecules consist of atoms, are freely adopted in this
book, the author believing that, in the present state of
knowledge and education, philosophic conceptions regard-
ing chemistry can only be taught to medical, pharma-
ceutical, and the great majority of general students by
some such objective aid.

The chemical notation of the work is in accordance
with modern theories. Kquations illustrative of pharma-
copeeial processes have a name attached to each formula.

Chemical nomenclature has been modernized to the
extent of defining the alkali-metal salts and the earthy
compounds as those of potassium, sodium, ammonium,
barinm, calcium, magnesium, and aluminium, instead of
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potash, soda, ammonia, baryta, lime, magnesia, and
alumma. The author confidently believes that this
change, founded on views now adopted by all prominent
writers on chemistry, will be accepted and become popular
in medicine and pharmacy. It is a step in the direction
of simplicity 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 potassinm
or potash and nitric anhydride, then erroneously termed
nitric acid. By the modern name nitrate of potassium,
all that 1s 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 dis-
tinguishing 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 con-
sistent with modern views, but for general adoption are
f too unlike the original. The contractions in Latin for
| names like ““ nitrate of potassinm’ are identical with the
contractions for names resembling ‘“nitrate of potash ;”
an accidental circumstance that will much facilitate the
general introduction of the former names among medical
practitioners and pharmacists, and a practical advantage
' that must determine the choice over the other chemieally
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 resunlted in its adoption, in 1873, in
the ¢ Pharmacopaia of the United States,” and in the

recommendation, from all medical, chemical and pharma-
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ceutical authorities in Great Britain, of its adoption in the
next  British Pharmacopeeia.’”” Pharmaey in these two
countries will thus sooner or later, in the important
matter of 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 are employed.

It is hoped that the numerous etymological references
scattered 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 recognised officially by the compilers
of Pharmacopeeias; ““officinal ’ in its original application
to the officina or shop.

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

The author’s ideal of a manual of chemistry for medi-
cal 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 fol-
lowers 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 de-
cide. Sucha 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
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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 colouring-matters mentioned in this volume
will be found many such points whence the ardent student
may start for the well-known, the obscure, or the un-
trodden paths of scientific chemistry.

Within thirteen years a demand has arisen for nine
large editions of this manual. The First, in 1867, was in-
tended as a handbook of practical chemistry only; but
the notes and remarks 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 friends in the United States in 1870, the work
was revised by the author for the followers of medicine
5 and pharmacy in America, the chemistry of the Prepara- .
tions and Materia Medica of the United States Pharma- 5
copeeia being introduced, and such other adaptations
| included as to form a Third Edition. A Fourth was pre-
sented to English workers in 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, and, in America, a Seventh in 1876 and an Kighth
in 1879,
The present, Ninth, edition contains such alterations

e ———
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and additions as seemed necessary for the demonstration
of the latest developments of chemical principles and the
latest applications of chemistry to pharmacy.

About five hundred new references have been added
to the Index, raising the total number to nearly seven
thousand.

As the book has always included the chemistry of all
articles officially recognised in the British Pharmacopeeia,
it has necessarily included nearly all the chemistry of the
Pharmacopeeia of India : into the sixth edition, however,
was inserted some notice of each of forty substances
official in the Indian, but not in the British Pharmacopceia.
The work now includes the whole of the chemistry both
of the British Pharmacopceia and of the Pharmacopceia of
India,

Engravings of most of the important pieces of apparatus
employed in studying chemistry experimentally have been
inserted. The sixty or seventy blocks were cut by G.
Pearson, Esq.; the twenty lithographs are by Tuffen
West, Esq.

I am indebted to my assistants, Dr. Senier and Mr.
Dunstan, for mueh valuable help in preparing the edition
for the press. Dr. De Vrij has kindly revised the sections
relating to alkaloids of the cinchonas.

17, BrooMseury SQUARE, LoNDON,
October 1st, 1880,







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 position in the world. Work diligently,
study thonghtfully and deliberately, 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, eduecation. When
you are thus eduncated, you will with ease and pleasure pass
any examination in the knowledge you have thus acquired.

All authorities on education, whether statesmen, teachers,
or examiners, 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 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-defined, earnestly followed, compul-
sory public curriculum of study—a curriculum defined and
directed by a competent representative body, wisely adminis-
tered by properly qualified teachers, and earnestly followed
by pupils possessing sound preliminary training.

Students ! as men of honour, take care that any inefficiencies
inseparable from “ examination ” are abundantly compensated
by the extent and precision of your knowledge, and by the
soundness and thoroughness of your whole education.,







APPARATUS. XV

APPARATUS FOR EXPEHRIMENTS IN ANALYSIS.

List of Apparatus suitable for the three months' course of practical
chemistry in the summer session of medieal schools, or for any similar
series of lessons—including the preparation of elementary gases, ana-
lytical reactions of common metals and acidulous radicals, analysis of
single salts, chemical toxicology, and the examination of urine, urinary

sediments, and caleull :—

One dozen test-tubes.

Test-tube stand.

Test-tube cleaning-brush.

A few pieces of glass tubing, 8 fo
16 in. long, with a few inches of
india-rubber tubing to fit.

Small flask.

Two small beakers.

Two small funnels.

Two watch-glasses.

Two or three glass rods.

Wash-bottle.

Small pestle and mortar.

A 2.-pint earthenware basin.

A 2-inch and a 8-inch evap. basin.
Two poreelain erueibles.
Blowpipe.

Crucible tongs.

Round file.

Triangular file.

Small retort-stand.
Sand-tray.

Wire triangles.
Platinum wire and foil,
Test-papers.
Filter-paper.

Towel.

Two dozen corks.

(T'his set, packed in a case, can be obtained of any chemical-apparatus

maker for 125, 6d. to 155.)

APPARATUS FOR EXPERIMENTE IN BYNTHESIE AND ANALYSIS.

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

A set of evaporating-basins, of the
following sizes :—

One 8}-inch. One 4-inch.
One 74 inch. Two 3-inch.
One 64-inch.

One retort-stand and three rings.
Two test-glasses.

One half-pint flask,

Half a quire of filter-paper.

Two porcelain erucibles.

One measure-glass, 5 oz.
Blowpipe, 8-inch, Black's,

Two glass funnels.

One doz. test-tubes (German glass).
One test-tube brush.

One pair of 8-inch brass erucible-
tongs.

Two soup-plates.

One flat-plate.

Two spatula knives.

One pair of scissors.

One round file.

One triangular file.

Half a pound of glass rod.

Half a pound of glass-tubing. [ing.

One foot of small india-rubber tub-

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 apparatus

maker for 25s. to 50s.}

A sponge, towels, and note-book may be included.
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XVl APPARATUS AND REAGENTS.

FURNITURE OF A LARORATORY.

The following apparatus should be ready to the hand of students

following an extended course of practical chemistry, in a room set apart
for the purpoze :—
A bench or table and stool. Test-tube rack, two dozen holes.
Water-supply and waste-pipe. Iron stand or eylinder for sup-
A cupboard attached to a chimney porting large dishes.

with an outward draught. Iron adaptors for fitting dishes to
A furnace fed with coke; tongs, eylinder,

hot-plate or sand-bath, ete. Pestle and mortar, 5 or 6 inches.
A waste-box, One 6-inch funnel.
Shelves for chemiecals and other | Brown pan, 1 or 2-gallon,

materials in jars or bottles. ‘White jug, 1-gallon.
Gas-supply and lamp with flexible | Water-bottle, quart.

tube (or a spirit-lamp and spirit), | Twenty-eight test-bottles, 6 oz.

Other articles, such as flasks, retorts, receivers, condensers, large
evaporating-dishes, may be obtained as wanted. In Quantitative
Analysis the apparatus deseribed in the sections on that subject will be

REAGENTS.

Certain chemieals are nsed so frequently in analytical processes that
it is desirable to have small guantities placed in bottles in front of the
operator. As these reagents or * tests” are generally 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
5 or b ounces capacity, German-glass bottles of this size may be had
for about four shillings per dozen. The bottles should not be more than
about 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 :(—

Sulphurie Aeid, strong. Sol. of Potash, 5 per cent. or B.P. I
Nitrie Acid, strong, s Boda, 5 to 15 per cent.
Hydrochlorie Acid, strong. »w Ammon.,10 percent.or B.P.
Acetic Acid, strong. Lime Water, saturated.

The next nine may contain about 10 per cent. of solid salt :— !

Carbonate of Ammoniuom, with a 1 Sulphydrate of Ammoninm.
little solution of Ammonia | Chloride of Barium.
added. Chloride of Caleium.,

Chloride of Ammoninm. Phosphate of Sodinm.

Phosphate or Arseniate of Am- | Neutral Chromate.

monium. I
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The succeeding seven may have a strength of about 5 per cent, ;—

Ferroeyanide of Potassium. Perchloride of Iron,
Ferrideyanide of Potassium. Nitrate of Silver.
Todide of Potassium. Perchloride of Platinum.

Oxalate of Ammoninm,

e e i e

LISTS OF CHEMICALS.

List of chemieals necessary for the practical study of the non-metallic
elements mentioned on pp. 1. to 22. The guantities are sufficient for
several experiments.

Chlorate of Potagsium . . loz. | Phosphorns. . . . . . §} oz
Black Oxide of Manganese . 1 oz. | Hydrochlovie Aeid. . . . 1 oz.
ZOTION o # o T xR, [ o S ) e R A R T
0il of ‘Efﬂ;rml EO P LT O Ll T P DR R T LT

List of chemicals necessaty for the analytical study of the metallie
and acidulous radieals (pages 80 to 444). The quantities will depend on
the frequency with which experiments are repeated or analysis performed ;
those mentioned are sufficient for one 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.

The set of test solutions deseribed | Calomel . . . . . . . 1oz
on the previous page. AT e .. 1i0%.
Bicarbonate of Pntﬂ.ssmm < 0%
Carbonate of Potassium . . loz. | Acetateof lead . . . . 1oz
Tartarie Aeid . . . . . loz. | Cyanide of Potassium . .- % oz.
Titmus . . . 4 o0z. | Hyposulphite of Sodium . 1 oz.
Sulphate of Muguesmm . loz. | ALithium Salt . . . .10grs.
Sulphate of Zine . . . . 1oz. | Nitrate of Strontium. . . } oz
Alom . . . « . . 1oz | Black Oxide of Manganese. 4 lb.
Sulphide of Iron . . . . 11b. | Chloride of Manganese . . 3+ oz.
Oak-galls. . . 1 o0z, | Chloride of Cobalt. . . . 50gs.
Sulphocyanate of Potassium } oz. | Nitrate of Nickel ., . . . }oz.
White Arsenic . . . . . 4oz | Chloride of Chrominm . . 3 oz.
AIMG W v v = % o oA IR | @Goldleaves . . . . . . 2on3
Charcoal. . . . . . . 4 lb. | Chloride of Cadmium . . % oz.
Sulphate of Iron . . . . 1oz | Nitrate of Bismuth . . . }oz.
Copper Foil. . . . . . 1oz | Bromide of Potassium . . 1 oz.
Sulphate of Copper . . . 1loz. | Starch . . 6 ey AOE:
Tartar Emetic . .-. . . %oz | Nitrate of ans=-1um e s
Mercury . . . . 1oz | Copper borings or turnings. 1 oz.
Corrosive Sublimate . . . g0z | Indigp . . . . . . ., }oz

b
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Chlorate of Potassinm
Foaines sl Sl L e
apivit ol Wine'. . . . .
2L e e g
Acid Oxalate of Potassium .
GirieAnid’ . o . s . .
Phosphorus. . . . . .

CHEMICALS,

loz. | Borax. . ;
:oz. | Turmeric. . .
1 oz. lenzoie Acid
1 oz. | Fluor Spar .
1 0z. | Tannic Acid.
1oz, | Gallic Acid . .
1 oz. | Pyrogallic Acid.

1 oz.
1 oz.

. 50 grs.

1 oz.

. 50 grs.
. 50 grs.
. 80 grs.

The guantities of materials required for the study of chemistry syn-
thetically will necessarily vary with the desires and tastes of the operator,
or according to the number and requirements of students working

together.

FPAGE.

ERRATA.

30 for KjFe0, read E.FeO,.

6 for HN,HS read NHHS.
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CHEMISTRY:

GENERAL, MEDICAL, AND PHARMACEUTICAL.

i it Pl il i i i il i i R A e

INTRODUCTION.*

Tae infinite variety of solid, liqnid, and gaseous substances
of which our earth and atmosphere are composed may be
resolved, with more or less difficulty, into distinct 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 Chem-
istry, a name derived possibly from the Arabic word kamai,

* Btudents using this book as a guide in following chemistry practi-
cally, should read the first fonr pages, and then commence work by pre-
paring oxygen. All students should read the Preface.

B




2 DEFINITIONS.

to conceal.®* The art of chemistry also includes the construe-
tion of compounds from elements, and the conversion of sub-
stances of one character into those of another. The general
principles or leading truths relating to the elements, to the
manner in which they severally combine, and to the properties
of the compound snbstances formed by their union, constitute
the science of chemistry.t

From these few words concerning the nature of the art

* The idea that common metals contained valuable metals concealed
within them was the one seed from whieh mainly sprung chemical know-
ledge. The men who endeavoured to find the secret of such concealment
were appropriately termed alchemists, and their efforts spoken of as alehemy
(al kimia, from kamai, to conceal). Their persistent labours, generation
after generation, were unsuccessful so far as the transmutation of baser
metals into gold was eoncerned, yet were invaluable to posterity ; for new
substances were discovered and truths of nature unveiled : from these dis-
coveries multiplication of discoveries resulted, and thus grew the still
growing branch of knowledge called Chemistry.

t+ Persons who practise the art and secience of Chemistry are known as
Chemists. Some two hundred or more years ago, and before echemistry was
a science, the only ** chemists ”’ were the makers and vendors of chemieals,
then only used as medicines, They were the successors of the Alchemists.
In Great Britain these chemists and the herb-dealers, otherwise drug-
grocers, otherwise drug-gists, gradually associated to form the * Chemist
and Druggist.”” Between the * Chemist and Druggist ” and the Physician
there existed the Apothecary—the putter together of medicines, or com-
pounder of physician’s prescriptions, The Apothecary has since become
a medieal practitioner, prescriptions being now “made up” by the
Chemist and Druggist. The latter in Great Britain, since the year 1868,
is allowed the title of Chemist and Druggist, his higher title being Pharma-
ceutical Chemist ; these respective designations he legally assumes on
passing the Minor and Major Examinations condueted by the Pharma-
ceutical Society of Great Britain, in accordance with the provisions of the
Pharmaey 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
special attention to analysis; Manufacturing Chemists, who restriet their
labours to the preparation of chemiecals ; while others devote a portion of
their knowledge and energies to Chemical Eduneation or to Chemieal
Research, or are appealed to ag Consulting Chemists by the persons, firms,
corporations, or governments needing chemieal adviee respecting indus-
trial processes, hygienic matters, ete. The eallings of the Consulting
and Analytieal Chemist are generally united, and the professional gentle-
men who follow these conjoint avocations also not unfrequently occupy
professorial or other tutorial positions, sometimes adding to these labours
more or less work at original chemical research. In England, Scotland,
and Ireland, nearly all the leading professional chemists are Fellows of
the Institute of Chemistry of Great Britain and Ireland.




THE ELEMENRTS, 3

and science of chemistry, it will be seen that in most of the
occupations that engage the attention of man chemistry
plays an important part—in few more so than in the practice
of Therapeutics ¥ and of Pharmacy.t

Air, water, food, drugs, and chemicals, in short, all material
substances are composed, as stated, of Elements. An intimate
knowledge of the properties of the more important Elements,
and of the various substances they form by combining with
each other, a knowledge of the power or force (the chemical
force or chemical affinity) by which the elements contained in
the 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 book has
been especially written.

The Hlements.—Of the sixty-seven known elements, thirty-
nine are of medical or pharmaceuntical interest ; of these, about
two-thirds are metals, and one-third non-metals ; the remainder
are so seldom met with in nature as to have received no prac-
tical application, either in medicine, art, or manufacture. Be-
fore intimately stadying 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

manipualation.f

* Therapeutics (Pepamrevricds, therapeutikos, from fepawedw, therapeus,
to nurse, serve or cure) is that branch of medicine which treats of the
application of remedies for diseases: it ineludes dietetics. The thera-
peutist also takes cognizance of hygiene—that department of medicine
which respeocts the preservation of health.

t Pharmaey (from ¢pdpparxor, pharmakon, a drug) is the generic name
for the operations of preparing or compounding medicines, whether per-
formed by the Medical Practitioner or by the Chemist and Druggist. It
is also sometimes applied, like the corresponding term Surgery, to the
apartment in which the operations are conducted.

{ This allugion 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 chemieal
reactions which are constantly occurring in the course of making up
medicine, understand the processes by which medicinal preparation are




I NON-METALLIC ELEMENTS.

Metallic Elements.—With regard to the metallic elements, it
may safely be assumed that the reader has sufficient know-
ledge for present purposes; but little, therefore, need now be
said respecting them. He has an idea of the appearance, rela-
tive weight, hardness, ete., of such metals as gold, silver, copper,
lead, tin, zinc, and iron. If he has not a similar knowledge of
mercury, antimony, arsenicum, platinum, nickel, aluminiom,
magnesium, potassinm, and sodium, he should embrace the
earliest opportunity of seeing and handling specimens of each
of these metals.

Non-Metallic Elements.*—With regard to the non-metallic
elements, 1t is here supposed that the student has no general
knowledge. He shounld commence his studies therefore by a
series of operations as follows, on eight out of their number.

0XYGEN.

Preparation.—As oxygen is the most abundant element in
nature, forming, thongh 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 abount one-fifth
of its bulk of oxygen, though from the air it cannot be sepa-
rated, 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 to-
gether—it is better to heat certain compounds containing oxy-
gen; the latler 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

manufactured, and detect adulterations, impurities, or faults of mann-
facture. 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 deseribed may be
performed. For full lists of apparatus, see the Introductory pages.

* These bodies are sometimes termed metalloids (from uéradhov, metal-
lon, n metal, and eldos, eidos, likeness) ; but the name is not appropriate,
for the non-metallic elements have no likeness to metals.
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size and form of the vessel in which to heat it will mainly de-
pend on the quantity required; but for the purposes of the
student the best is a test-tube, an instrument in constant requi-
sition in studying practical chemistry. It is simply a thin
tube of glass, a few inches in length, and half or three-quarters
of an inch in diameter, closed by fusion at one end. Ifis
made of thin glass, in order that it may be rapidly heated or
cooled without risk of fracture. (See figs. 3 and 4.)

Outline of the Process—Heat chlorate of potassinm (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 evolved. DBe-
fore applying heat, however, provision should be made for
collecting the gas.

Collection of Gases (see fig. 3).—Proenre 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 drawing the edge of a triangular file across the glass
at the required point, then clasping the tube, the scratch
being between the hands, and pulling the portions asunder,
force being exerted 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, by 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 having 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.

BOFTENING AND BENDING GLASS TUDES.

To Bend Glass Tubes.—Hold the part of the tube required to
be bent in any gas- or spirit-lame (a fish-tail gas-jet answers
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very well), constantly rotating it, so that about an inch of the
elass 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 abount four inches ,J;g
from the extremity to which the cork :
is attached, and bent to an angle of Wik
about 90 degrees.

Souree 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 mix- .
ture of the latter with air. Gas-lamps |
especially constructed to burn a mix- i

|

ture of coal-gas and air are sold by
chemical apparatus manufacturers.

(See figs. 3 and 7.)

Collection, efe. (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 tnbes a little
below the surface. Now apply heat to the chlorate 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 afterwards
will be pure oxygen.

As each tube or bottle becomes full, its mouth (still under
the surface of the water) may be closed by a cork and set
aside ; or a little cup (such as a porcelain ecrucible or small
gallipot) may be brought under the mouth, and the cup, with
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This engraving represents the preparation, collection, and storage of small
guantities of oxygen gas. A test-tube and bent glass tube, joined together by
a perforated cork, are supported by the arm of an ivon stand. (The apparatus
might be held by the fingers.) The tube is heated by a gas-lamp. (The
gpirit-lamp shown at back might be used instead.) Gas evolved from the
heated substance in the test-tube is displacing water from an inverted test-
tube. BSpare tubes in a test-tube rack are at hand, and tubes already fillod
are set aside till wanted. A nest of cork-borers, a round file, a triangular
file, and a test-tube cleaning-brush arve lying on the table or student’s bench.

Below are cupboards for apparatus, above are bottles containing testing
liguids, ete.
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the mounth 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 the chlorate of potassinm
be previously 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—I1t may be as
well to state that nearly all gases, whether for experimental
or practical purposes, are collected and stored in a similar
manner. KEven 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 colourless gas. Cailletet and
Pictet have succeeded in liquefying it. Obviously it is not
very soluble in water, or it could not be collected by the aid
of that lignid.

Oxygen is soluble to a certain extent, 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, and apply for a second a lighted wood match to the
orifice; the gas will be found to be incombustible. Hxtinguish
the flame of the match, and then quickly introduce the still
incandescent carbonaceous extremity of the wood half-way
down the test-tnbe:; 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
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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 substance 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 bodies of animals is kept
up by the continuous burning of the tissues in the oxygen (of
the air) drawn into the system through the lungs. The pro-
duoet of this combustion is exhaled into the air as a gaseous
compound of carbon and oxygen termed carbonic acid gas, a

s which, in sunlight, is decomposed in the cells of plants
with fixation of the carbon and liberation of the oxygen ; hence
the atmosphere 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 occurs 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 comprehension 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 commonest compound, water
(of which one-ninth by weight is hydrogen), by the agency
of hot zinc or iron, but more conveniently by the action of
either of those metfals 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

* 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 confirma-
tion of the opinion long held by chemists, that hydrogen is a gaseous
metal. Graham termed it hydrogeniwm, 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.
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of thin zinc ® in the generating tube (fig. 4), or in any com-
mon glass bottle (fig. 5) or flask, and cover them with water.
The collecting tubes (these also may be wide-mouthed bot-
tles) being ready, add strong sulphuric acid (oil of vitriol) to
the zine and water, in the proportion of about 1 volume of

Fig. 4. Fig. 5.

- ——

e e PR

PREPARATION OF HIDREOGEN.

acid to 5 of water, and fit on the delivery-tube, or pour the
acid down such a funnel-tubet as is shown in fig. 5; the
hydrogen is at once evolved. Having rejected the first por-
tions (or having waited until the air originally in the bottle
may be considered to be all expelled), collect four or five
tabes of the gas in the manner described under Oxygen.

This process is similar to that of the ** British Pharma-
copeeia.” In making larger quantities, bottles of appropriate
size may be employed.

Other metals, notably potassinm and sodium, liberate hy-

* The best form is granulated zine (Zincum Granulatum, B. P.), made
by heating scraps of common sheet zine in a ladle over a fire, and, as
soon as melted, pouring, in a slow stream, into a pail of water from a
height 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
liquid. If the zine is allowed to become hotter than necessary, the little
bells will not be formed.

t Funnel-tubes may be purchased of the apparatus-maker; or, if the
pupil 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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drogen the moment they come into contact with water ; but
the processes are not economical.

Properties—Like oxygen, hydrogen gas is invisible, in-
odorons, 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 hy-
drogen ensues, showing that, unlike oxygen, it is com-
bustible.

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 supporter of combustion.

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
expel 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,
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 experiment, 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
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of oxygen yielding two volumes of gaseous water (true
steam),

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

The force of the explosion, or, in other words, the expansive
force of the suddenly heated and therefore suddenly ex-
panded steam, is below that necessary to break the test-
tube. Some force, however, is exerted; and hence the
necessity of the precaution plﬂvmusly suggested of allowing
all the air which may be in a hvdwgeu-appamtua to
escape before pmceeding with the experiments. If a flame
be applied 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 generating vessel is not often fractured unless
it be large and of thin glass, the ordinary effect being that
the cork 1s blown out, and the delivery-tube broken on falling
to the ground.

Hydrogen is an important constituent of all the substances
used for producing artificial light, such as tallow, oil, and
coal.gas. The explosive force “of large quantities, such as a
* roomful, of coal-gas and air, though vastly below that of an
equal “Elght of gunpuwder 1s well known to be sufficient at
least to blow out that side of the room which offers least
resistance.

The compasition of water can be proved analytically as well
as synthetically, a current of electricity decomposing it into
its constituent gases, twice as much hydrogen as oxygen, by
volume, being produced.

Combustion (from comburo, to burn).—The experiments
with hydrogen and oxygen illustrate the true character of
| combustion. Whenever chemical combination is sufficiently
‘, intense to be accompanied by heat and light, the materials
are said to undergo combustion. Combustion only occurs at
! the line of contact of the combining bodies; a jet of oxygen
' will burn in an atmosphere of hydrogen qguite as easily as a
jet of hydrogen in oxygen. A jet of air (diluted oxygen)
will burn as readily in a jar of coal-gas as a jet of coal-gas
burns in air; each is combustible, each supports the com-
bustion of the other. Hence the terms combustible and sup-
porter of combustion are purely conventional, and only appli-
cable so long as the circumstances under which they are
applied remain the same. In the case of substances burning

T B
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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 com-
bustible.

Structure of F'lame.—A candle-flame (fig. 6) or oil-flame is a
jet of gas intensely heated ; the central portion is unburnt
gas, the next envelope 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 con-
trivance 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 chem-
ical laboratories are constructed on this principle: their flame
has the additional advantage of not yielding a deposition of
soot,.

Fig. 6. Fig. 7.

STRUCTURE OF FLAME. “ BUNSEN,” OR AIR-GAS, DURNER.

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 ab which such a mixture ignites; and partly because the
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proportion of air to gas in the mixture is insufficient for
thorongh 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 principle first named: a
wire-gauze cage surrounds an oil-flame; an inflammable
mixtare of gas (fire-damp) and air can pass through the
cgauze and catch fire and burn inside; but the flame cannot
be communicated to the mixture outside, becanse the metal
of the gauze and of the other parts cools down the gas below
the temperature at which eombustion can continue.

Properties (continued).—Gaseous hydrogen is the lightest
substance known. It was formerly used for filling balloons,
but was superseded by coal-gas. Coal-gas is not so light as
hydrogen, but is cheaper and more easily obtained. The
lightness of hydrogen may be rendered evident by the follow- 4
ing experiment :—Fill two test-tubes with the gas, and hold
one with its mouth downwards and the other with 1ts mouth
upwards. The hydrogen will have escaped from the latter in
i a few seconds, whereas the former will still contain the gas
after the lapse of some minutes. This may be proved by ap-
plying a lighted match to the mouths of the respective tubes.

e

The relative weight or specific gravity of oxygen is sixteen
times that of hydrogen. A wvessel 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. One grain of hydrogen by weight would measure
about 27 fluid ounces, and, therefore, would about fill a com-
mon English wine-bottle. Such a bottle would, at common
temperatures, hold about 145 grains of air, or 16 grains of
oxygen.

Mem.—1It is desirable fo retain two tubes of hydrogen for
use in subsequent experiments.

Diffusion of Gases.—Hydrogen cannot be kept in such
vessels as the inverted test-tube; for, thongh much lighter
than air, it diffuses downwards into the air, while the air,
though much heavier, diffuses npwards into the hydrogen.
This power of diffusion is characteristic of all gases, and pro-
ceeds according to a fixed rate, 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
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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 gravita-
tion. Diffusion strongly snpports this (Clausius’s) kinetic
(kivéw, kined, I move, or put in motion) theory of the physical
condition of gases.

PHOSPHORTUS.

Appearance and Source.—Phosphorus (Plosphorus, B.P.) is
a solid element, in appearance and consistence resembling
white wax; but it gradually becomes yellow by exposure to
light. It is a_ characteristic constituent of bones, and is
always prepared from that source by a process which will be
subsequently described.

Caution.—Phosphorus, on account of its great aflinity for
oxygen, takes fire very readily in the air, and should there-
fore be kept under water. When wanted for use it must be
cut nnder water. It is employed in tipping lucifers, though
red or amorphous phosphorus (vide Index) 1s least objection-
able for this purpose.

Hapervment.—Dry a piece about one-fourth the size of a
pea by quickly and carefully pressing it between the folds of
porouns (filter or blotting) 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 tum-
bler, test-glass, or other similar vessel over the phosphorus.
The fumes rapidly aggregate, and fall in white flakes on the
plate. When this has 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 another
portion of the water and the powder have combined.

The powder produced by the combustion of phosphorus is
phosphoric 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
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of ordinary phosphoric acid. The Diluted Phosphorie Acid of
the * British Pharmacopceia ”’ is a somewhat similar solution,
made, however, in a different way, and of a definite strength.

NITROGEN.

Source.—The chief source of this gaseous element is the
atmosphere, nearly four-fifths of which consist of nitrogen
(the remaining fifth being almost entirely oxygen).

Preparation.—Burn a piece of dried phosphorns, the size of
a pea, in a confined portion of air. The oxygen is thus re-
moved, and mnitrogen alone remains. The readiest mode
of performing this experiment is to fix a piecé of earthenware
(the lid of a small porcelain crucible answers very well) on a
thin piece of cork, so that it may float in a dish of water
I (fig. 8). Place the phosphorus on the lid, ignite by a warm
| rod, and then invert a tumbler, or any glass vessel of about
| a half-pint capacity, over the barning phosphorus, so that the
mouth of the glass may dip into the water. Let the arrange-
ment rest for a short time for the fumes of phosphoric an-
hydride to snbside and dissolve in the water, and then decant
the gas into test-tubes in some such manner as that indicated
in fig. 9, using a tub or other vessel of water of sufficient
depth to admit of the glass containing the nitrogen to be
turned on one side without air gaining access.

Fig. 8. Fig. 9.

PREPARATION OF NITROGEN. DRCANTATION OF GASES.
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Larger quantities of nitrogen are made in the same way.
Other combustibles, such as sulphur or a candle, might be
used to burn ount the oxygen from a given quantity 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 remain with and contamin-
ate the nitrogen.

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

Pioperties.—Like oxygen and hydrogen, nitrogen gas is
invisible, tasteless, and inodorous. By pressure, Cailletet and
Pictet have sncceeded in condensing it to a liquid. It is-only
slightly soluble in water. F'reenitrogen 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 incombustible. Immerse a lighted match
in the gas; the flame is extingunished, 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 (14-44.) times as heavy
as hydrogen. Its average composition, including minor con-
stituents (which will be referred to subsequently), is as
follows :—

Composition of the Atmosphere.

In 100 volumes.

OXYEan., Liljen S i do . 2 ovn 2061
atigen W Sal e s w9
Carbonicacidgas . . . . . . ‘04
Aqueous vapour. . . . . . . 140

Nateramerd s Grha ey s s
R (o) o 1 B e RS T A 1 } traces,
Carburetted hydrogen . i
Sulphuretted hydrogen . . . . } traces in
Sulphurous acid . TV Gy towns.
C
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The above proportions are by volume. By weight there
will be nearly 23 parts of oxygen to nearly 77 of nitrogen,
oxygen being 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,—contrasts strongly with its apparent influence in
a state of combination. When its compounds with hydrogen
ecome 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 compounds. United
with earbon, it gives the poisonous cyanic substances. With
oxygen, it yields 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 ammonia ;
while the same elements otherwise grouped, and sometimes
a little sulphur or phosphorus, form the various albumenoid
and gelatigenous matters characteristic of the tissues of
animals and vegetables. 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 acquainted with the chemical
history of combined nitrogen.

CHLORINE.

Source.—This elementis a gas. TIts chief source is common
salt, more than balf 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 evulutmu of
chlorine commences. Ior mode of collection gee following
paragraphs.

Another process—As the action of the sulphuric acid on
the salt in the above process is mainly to give hydrochloric
acid, the latter acid (about 4 parts) and the black oxide
of manganese (about 1 part) may be used in making the gas,
instead uf salt, sulphuric acid, and black oxide of manganese.
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This, the usual process, is that adopted in the * British Phar-
macopeeia.”

Fig. 10. Fig. 11.

PREFPARATION OF CHLORINE.

Collection and Properties.—Chlorine is a most suffocating gas.
Great care must consequently be observed in experimenting
with this element. Assoon asits penetrating odour indicates
that it is escaping from the test-tube, the cork and delivery-
tube (similar to that nsed 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 being 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 contents
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 “ British Pharmacopeeia " (Liguor Chlort).

* The Pharmacopeeia and all in it is official (office, Fr. from L. officium,
an office). There are many things which in pharmacy 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 portion of the contents
which is Pharmacopeeial, is radically wrong, and should be avoided.

‘““ An afficial formula is one given under authority. An officinal formula
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Larger quantities may be made from hydrochloric acid and
black oxide of manganese (4 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 con-
trivance (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 frac-
. ture if protected from the direct action of the flame by being
placed on a piece of wire gauze 2 to 4 inches square, or on a
sand-bath, that is, a sancer-shaped tray of sheet iron on which
a thin layer of sand is placed.

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 colour. The 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 liqguid. 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 coloured 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, add a
few drops of the chlorine-water; the red colour 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.

is one made in obedience to the customary usage of the shop (oficina). To
state that any preparation under the sanction of the British Pharmacopeeia
is officinal, is a misapprehension of the meaning of the word.”—J. BrRovuGH.

¢ That is official which emanates from a recognised anthority. That is
officinal which is issued from an officina or workshop.”'—J. Ince.

 Official writings and orders are those issued by official persons.
Officinal articles are such as are found in a ghop."—J. F. STANFORD,
M.A., F.R.S.
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(Antiseptics are substances which prevent putrefaction. See
Index.)

Combination of Hydrogen with Chlorine, forming Hydrochloric
Acid —If an opportunity occurs of generating chlorine 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 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 presence 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 355 grains.

SULPHUR, CARBON, IODINE.

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

SULPHUR.—DBurn a small piece of sulphur; a penetrating
odour is produced, due to the formation of a colourless gas,
the same as that formed on igniting a sulphur-tipped lucifier
match,

This product is a perfectly definite chemical compound of
the oxygen of the air with the sulphur. Itis termed sul-
phurous anhydride or sulphurous acid gas.
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CArBON is familiar in the forms of soot, coke, charcoal, gra-
phite (or plumbago, popularly termed blacklead ), and diamond.
The presence of carbon in wood, and in other vegetable 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 black-
ening that occurs is dne to the separation of carbon. The
black matter at the extremity of a piece of half-burned wood
18 also carbon.

Carbon, like hydrogen, phosphorus, and sunlphur, 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-hot. When
ignited in the dilute oxygen of the air, carbon simply burns
with a moderate glow, as seen in an ordinary coke or charcoal
| fire ; but when ignited in pure oxygen, the intensity of its com-
bination is greatly exalted. The product 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.

Topixe.—A prominent chemical characteristic of iodine s 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 mixtare, or even shaking if longer time be
allowed, the colour and odour of the iodine disappear; it has
chemically combined with the iron, a chemical compound has
been produced. If the solution be filtered, a clear aqueous
solution of the compound of the two elements is obtained.

This compound 1s an 1odide of iron. Its solution, made as
above, and mixed with sugar, forms, whenof a certain strength,
the ordinary Syrup of Iodide of Iron of pharmacy (Syrupus
Ferri Todidi, B. P.) A strong solution mixed with sugar and
liguorice-root constitutes the corresponding Pill (Pilula Ferri
Todidi, B. P.). The solid iodide (Ferri lodidum, B. P.) is
ubtained on removing the water of the above sulutt’un by
evaporation.

Sulphur and Iron, also, when very stronglyheated, chemically
combine to form a substance which has none of the properties
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of a miwture of sulphur and iron—that is, has none of the
characters of sulphur and none of iron, but new properties
altogether. The product is termed Sulphide of Iron. Its
manufacture and uses will be alladed to in treating of the
compounds of iron; it is mentioned here as a simple but
striking illustration of the difference between a chemical coni-
pound and a mechanical mivture.

THE ELEMENTS, THEIR SYMBOLS, Erc.

From the foregoing statements a general idea will have been
obtained 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.

! Nauez. SxuMBoL. DERIVATION OF NAME.

Ozygen . . . O From é¢ds (oxiis) acid, and ~yéveais (ge-
nesis) gemeration, i.e. generator of acids.
| It was supposed to enter into the compo-
sition of all acids when first discovered.
Hydrogen . . H From {idwp (hudor) water, and ~yévecis
(genesis) generation, in allusion to the pro-
duet of 1ts combustion in air.

Nitrogen . . N From wirpov (nitron), and +évesis (gene-

sis), generator of nitre.

| Carbon . . . C From earbo, coal, which is chiefly earbon.

. Chlorine . . Cl From x\wpds (chloros) green, the colour
of this element.

| Iodine . . I From for (ion) a violet, and eldos (eidos)
likeness, in reference to the colour of its
vapour.

dieating its combustible qualities. Its
common mname, brimstone, has the same 1
meaning, being the slightly altered Saxon
word brynstone, i.e. burnstone.

i Sulphur. . . s From sal a salt, and =ip (piir) fire, in- J
|

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

Phosphorus

Potassinm .
(Kalinm.)

Sodinm .
(Natrium.)

Ammeoninm

| Barium .

Caleium
Magnesium,

Tron . 5
(Ferrum.)

Alumininm

Zine .

Arsenicum .

£l

r

K

Am
(NH,)

Ba
Ca
Mg

Fa

Al

Zn
As

$ds (phos) light, and ¢épew (pherein) o
bear. The light it emits may be seen on
exposing it in a dark room.

Kalium, from kali, Arabic for ashes.
Manufactories in which certain compounds
of potassinm and allied sodinm-salts are
made are called alkali-works to this day.
Potassium, from pot-ash ; so called becanse
obtained by evaporating the lixivinm 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

' or sods of marine plants,

sodinm. Sedium, from soda-ash or sod-ash,
the residue of the combustion of masses
These were the |

gsources of the metal. -
This body is not an element ; but its
components exist in all ammoniacal salts,
and apparently play the part of such ele-
ments as potassinm and sodium. Sal am-
moniac (chloride of ammoninum) was first |
obtained from near the temple of Jupiter |
Ammon in Libya ; hence the name. .
From fapds (bartis) heavy, in allusion to |
the high specific gravity of * heavy spar,” |
the most common of the barinm minerals. |
Calx, lime, the oxide of caleium.
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 iren, the |

| pronunciation probably from the kindred

S —

Gothie * iarn.” The derivation is Aryan; |
it probably originally meant metal. '

The metallic basis of alum was at first |
econfounded with that of sulphate of iron, |

| which was the alum of the Romans, and

was 8o called in allusion to its tonic pro- |
perties, from alo, to nourish.

From Ger. Zinn, tin, with which zinc
seems at first to have been eonfounded.

"Apcevikdr (arsenikon), the Greek name
for orpiment, a sulphide of arsenicum.
Common white arsenic is an oxide of
arsenicum.
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NauE. ‘ BTYMBOL. DERIVATION OF INAME.
Antimony . .| 8b Zrife (stibi), or eripue (stimmi) was the
(Stibium.) | Greek name for the native sulphide of
r antimony. The word antimony is said to
be derived from avrl (anti) against, and

moine, French for monk, from the fact that
certain monks were poisoned by it.

Copper « . . Cu From Cyprus, the name of the Mediterra-
(Cuprum.) neanisland where this metal was first worked.
Lead. & & Pb The Latin word is expressive of ** some-
(Plumbum.) thing heavy,”” and the Saxon led has a
similar signification.

Mereury. . .| Hg Hydrargyrum, from 0dwp (huddr) water,
(Hydrargy- and dpyvpos (arguros) silver, in allusion to
rum.) its liguid and lustrous characters. Mer-

cury, 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.
SLIVeR L stal Ag "Apyupos (arguros) silver, from epyds

(Argentum.) (argos) white. Words resembling the term
silver oceur in several languages, and indi-
cate a white appearance.

The following are names of some of the less frequently
occurring elements, componnds of which, however, are alluded
to in the British Pharmacopeeia, or are met with in pharmacy.

Bromine . . Br From Bp&uos (bromos), a stink. It has
: | an intolerable odour.
Fluorine . .| Fl From fluo, to flow. Fluoride of calcium,

its source, is commonly used as a flux in
metallurgic operations.

Boronm: . . . Bo From borak or bauralk, the Arabic name |
of borax, the substance from which the |
element was first obtained.

Silicon . . .| B8i From silex, Latin for flint, which is
ouinde , nearly all silica (an oxide of silicon).
Lithiom., . . L From Mfetos (litheios) stony, in allusion

to its supposed existence in the mineral
. kingdom only.

Strontinm . . Sr This name is commemorative of Stron-
tian, a mining-village in Argyleshire, Secot-
land, in the neighbourhood of which the
mineral known as strontianite or carbonate
of strontium was first found.
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| Cobalt

Nickel

Bismuth

Platinum

Cadminm

Manganese .

&

Tin (Stannum). Sn

year 1740.

radical now hears.

retained.

fying the colour of fire.

lnstrous.

| to the characteristic appearanece of its salts,
.| Mn Probably a mere transposition and repe-
tition of most of the letters of the word
magnesia, with whose compounds those
of manganese were confounded till the

. Ni | Nickel, from nil, is a popunlar German
| term for worthless. The mineral now |
known as nickel ore was formerly called

by the Germans upfernickel, false copper, |
on account of its resemblance to copper |
(Kupfer) ore, When a new metallic element |
was found in the ore, the name nickel was |

Gold; a similar word is expressive of
bright yellow in several old languages.
Pt From platina (Spanish), diminutive of
plata, silver. It somewhat resembles sil-
ver in appearance, but is less white and

Bi Slightly altered from the German JFis-
muth, derived from Wiesematte ** a beauti-
ful 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 this crystalline metal. |
Cd Kaduela (Kadmeia) was the ancient name
of calanmine (earbonate of zine), with which
earbonate of cadminm was long confounded,
the two often oceurring together.

|
NAME, | EYMDOL. | Dertvatiow oF Naue.
Cerium . Ce Discovered in 1803, and named after the |
planet Ceres, which was discovered on |
| Jan. 1, 1801. The oxalate of cerium is
official, but seldom used. _
Chrominm . Cr | From xpdua (chréma) eolour, in allusion |

Co | Cobalus or Kobold was the name of a :

demon supposed to inhabit the mines of |
Germany., The ores of cobalt were former- |
ly troublesome to the German miners, and
hence received the mame their metallic

Both words are possibly corruptions of
the old British word staen, or the Saxon
word stan, a stone. Tin was first dis-
covered in Cornwall, and the ore (an oxide)
ig ealled tinstone to the present day.

Gold (Aurum) . An Aurum (Latin) from a Hebrew word signi- |
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Gold, Platinum, Tin, and Silicon are classed with the less
important elements, because their salts are seldom used in
pharmacy.

It will be noticed that the symbol of an element 1s simply
the first letter of its Latin name, which is generally the same
as in English. Where two names begin with the same letter,
the less important has an additional letter added.

QUESTIONS AND EXERCISES.

Of how many elements is terrestrial matter composed ?

In what state do the eleaments occur in nature P
Distinguish between the art and the science of chemistry.
What is 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 P

15.

Explain the effects producible by the ignition of large

guantities of coal-gas and air.

16,
17.
18.
19,
20.
21.
929,

23.

o

I

29,

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 is hydrogen lighter than oxygen ?

What do you mean by diffusion of gases ?

State Graham's law concerning diffusion.

Name the source of phosphoruns, and give its characters,

. Why does plmsphurus burn in air?

What remains when ignited phosphorus has removed all

the oxygen from a confined portion of air ?

26.

P

Mention the properties of nitrogen.
What office is fulfilled by the nitrogen of air ?
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28. State the proportions of the chief constituents of air.

29. Mention the minor or occasional constituents of air.

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

81, Give the specific gravity of nitrogen.

32. How is chlorine prepared ?

33. Enumerate the properties of chlorine.

34. Define the terms deodorizer and disinfectant.

35. Explain the bleaching effect of chlorine.

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

37. State the prominent chemical and physical characters of
sulphur.

38. State the prominent characters of carbon.

39, State the prominent characters of iodine.

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

41. What are the symbols of oxygen, hydrogen, nitrogen,
carbon, chlorine, iodine, sulphur, phosphorus ?

THE 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 (FENERAL PRINCIPLES FROM TIME TO TIME UNTIL THEY
ARE THOROUGHLY COMPREHENDED.

Note.—Throughont this Manual paragraphs describing ex-
periments to be performed are distinguished from paragraphs
containing matter merely to be read by being printed in some-
what more widely spaced type.




THE GENERAL PRINCIPLES OF CHEMICAL
PHILOSOPHY.

Dermrrion oF CHEMICAL ACTION.

The learner may now proceed to study the manner in which
substances act chemically on each other. By acting eheinically
it will be obvious, from the preceding experiments, that what
is meant is so affecting each other that the substances are gr eatly
altered in properties. A mizture of oxygen and hydrogen is
still a gas; a chemical compound of oxygen and hydrogen is a
liquid, namely, water : here is a great alteration in leading
properties. lodine is only slightly soluble in water, and forms
a brown coloured 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 mizture, from
which water would extract the sugar, and ether dissolve out
the butter, leaving the sand. Tartaric acid, carbonate of
sodium, and water added to each other form a chemical com-
pownd containing neither tartaric acid nor carbonate of sodinm,
these bodies having attacked each other and formed fresh
combinations. These illustrations show that chemical action
is distinguished by (@) producing an entire change of pro-
perties in bodies. It also 1s (b) exerted only between definite
weights and volumes of matter. This (« and b) cannot be
said of any other action—the action of any of the other great
forces of nature (gravitation, heat, light, electricity, ete.);
hence the statements (@ and b) furnish a sharp and precise
definition of chemical action or the chemical force, the force
whose manifestations the reader of this book, or of any other
manunal of chemistry, is studying,

Aroms.

In a chemical compound, what has become of its consti-
tuents? Let the reader place before him specimens of sul-
phur, iron, and sulphide of iron; or iodine, iron, solid iodide
of iron, and its solution in water or syrap (Syrupus Ferri
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Todidi, B. P.). In the sulphide of iron, what has become of
the sulphur and of the iron from which it was made ? The
miztwre 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 as
_ iron ; so that we are compelled to believe (we cannot avoid
] the conclusion) that sulphide of iron contains particles of sul-
phur and of iron. But how small must be these particles !
Rub a minute fragment to dust in a mortar and place a trace
i of the powder under the highest power of the best miero-
scope; no yellow particle is visible, not the minutest portions
of lustrous metal, but dull brown miniature fragments of the
original mass. The elementary particles of sulphur and iron,
or of the elements in any other compound (the chlorine 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
I particle of any thing (sulphur, iron, sulphide of iron, or what
! not) so small but what the next instant the imagination has
i 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 inconceivably small particles as
1] atoms (dropos, atomos, indivisible ; from the privative a and
I Téuvw, temnd, to cut—that which is not cut, or divided), an
expedient suggested by our countryman Dalton at the com-
mencement of the present century. It is an expedient not,
perhaps, altogether 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 caunot select minute fragments of each to regard as the
! combining portions; for the minutest fragment we counld
1 obtain is visible, and iodide of iron contains neither wvisible
' iodide nor visible iron. And yet iodide of iron contains both
iodine and iron, or, at least, a given weight of the compound
is obtained from the same weight of constitments, and the
same weight of constituentsis obtainable from an equal weight
of the compound. We might say that molecules are concerned
in the operation; but molecules means little masses of—of
what ! there is positively no word left with which to carry on
conversation and deseription but alems. Any other mode of
treating the matter is too subjective for general employment.

o

-
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Moreover, any difficalty in forming a definite conception of an
atom is met by regarding an atom, not necessarily as some-
thing which cannot be divided, but as “a particle of matter
which undergoes no further division @ chemical metamor-
phoses ™ (Kelkulé). IXven 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 divided in cerlain cases that
wa are considering” (Clifford).

Tur CHEMICAL FORCE.

What power binds the atoms of a chemical compound to-
gether 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 this force thus all-power-
tul, the earbon in wood would show its blackness and other
qualities, and the hydrogen and oxygen give indications of
their gaseous and other characters. This attractive force is
commonly termed the chemical jorce, sometimes chemaical
affinity. The word chemisin has also been proposed for it,
just as the magnetic force is termed magnetism, but has not
been generally adopted.

MoLECULES.

A free, uncombined atom probably cannot exist in a state of
isolation at common temperatures for any appreciable length
of time. For we mustregard an atom as the home of an attrac-
tive 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
!Zl&"ﬁ"lng similar desires for union, so to speak; the result is an
Impetuous rushing together and formation of either couples,
trios, or groups, according to the nature of the atoms. It
would be as difficult to conceive of separate atoms as to
mmagine 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 pairs of atoms apart by
the aid of heat, just as the magnet and steel may be parted by
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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 majority of cases contain two or more
: dissimilar elements; and, secondly, at the moment certain
i | elements are liberated from their combination, 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 com-
bine to form compounds, but the cases in which compounds
are formed are actually in great majority.

R ECAPITULATION.

! It is desirable that the learner should here make some ex-
| periment 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 following will usefully serve this purpose; it
is the process for detecting a trace of sulphurous acid in
common liguid hydrochlorie acid.

T —

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 Hydrochloric
Acid, the Aeiduwm Hydrochloricum of Pharmacopmeias. Com-
mercial samples of this liquid not unfrequently contain as an
impurity a trace of sulphurous acid gas, a body also already
mentioned and experimentally prepared—a trace too small to
be detected by its odour. 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 agueous solution of sulphurouns acid
) (Acidum Sulphurosum,* B. P.) to some hydrochloric acid.
(If no sulphurous acid is at hand, the object may be accom-

* These aqueous solutions of acids are generally, for the sake of brev-
ity, eimply termed acids.
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plished by pouring a quarter or half an ounce of liquid hydro-
chloric acid into a wide-mouthed bottle, then burning a frag-
ment of sulphur on a wire or strip of wood inside the bottle
for a few scconds, and shaking the gas and lignid together.)
Pour some of the impure liguid hydrochloric acid into a test-
tube, add about an equal bulk of water, and then drop in
some fragments of the metal zine. Kffervescence will occur,
due to the escape of inodorous hydrogen gas, together with a
small guantity of a badly-smelling gas termed sulphuretted
hydrogen. DBring the mouth of the tube under the nose; the
presence of sulphuretted hydrogen will at once be recognised.

The hydrochloric acid has now been fesfed for sulphurous
acid. If the experiment be performed on any commercial
specimen of the acid, and a smell of sulphuretted hydrogen
be observed, the operator will at once be able to state that
the specimen contains sulphurous 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 acid is a chemical compound of hydrogen and
chlorine. That it i3 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 constituents. The attractive power or
chemical force resident in the afoms of chlorine and of hydro-
gen has caused them to combine in the closest manner 1mag-
inable and form pairs of atoms or molecules of the chemical
compound—hydrochlorie acid. Zinc being introduced 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
molecnle (termed chloride of zinc) which remains in the liquid,
while the hydrogen atoms, having the atoms of no other
clement to combine with if the acid is pure, unite to form
pairs, or molecules, of hydrogen, and in that state escape from
the vessel. If the acid be impure from the presence of sul-
phurous acid (sulphurous acid gas, it will be remembered, is
a compound of sulphur and oxygen), some of the hydrogen
atoms, at the moment of birth, their nascent state (from nascor,
to be born)—the specially active state—finding the atoms of

D
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other elements present, namely, the atoms of sulphur and
oxygen of the sulphurouns acid molecunles, combine by prefer-
ence with these atoms and form new molecules, the solphur
and hydrogen forming sulphuretted hydrogen, and the oxygen
and hydrogen producing wt escapes with the
great bulk of the hydrogen, while the water remains with the
water already in the vessel.

Note,—Ordinary hydrogen gas—that is, hydrogen not in the
nascent 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, i1s a constant amounnt; but the uncombined,
nascent atoms can, it is only fair to suppose, get much
nearer to the attacked molecule than they can after 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,
1t 1s probably distance which prevents an attack which wounld
be inevitable at close quarters. These remarks apply to all
similar reactions of other elements.

CONDITIONS AND XATURE OF THE MANIFESTATION OF THE
CHeMICAL FORCE,

The exertion of chemical affinity is only possible when the
masses of the bodies tonch. Thus it was necessary to bring
the oxygen, hydrogen, phosphorus, chlorine, sulphur, cmb{m
iodine, and iron into ordinary contact, in the respective ex-
periments with those elements, before the various reactions
occurred. The exact nature of these actions, as indeed of all
in which substances act chemically, would seem to be an in-
terchange, 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
hydrogen molecule and a pair of atoms in a chlorine molecule,
finding themselves opposite to each other, changed 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 companionship,

Hydrogen | Chlorine | be- { Hydrogen } {TT} drogen ¢
Hydrogen § and g Chlorine § come | Chlorine | and 4 Ghlorine §
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Or, using the symbols of these elements instead of the full
ndmes,

H H and Cl Cl become H Cl and H CI.

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

H, and Cl, become 2HCI.

Once more, by using the plus sign ( + ), instead of the words
“and” or “added to,” and the sign or symbol = or equal,
instead of the words “ become ” or *“‘are equal to,” we reach
the shortest method of expressing this chemical action :—

H, + Cl, = 2HCL

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

CHEMICAL NOTATION.

We have thus gradually arrived at a spot in the path of
chemical philosophy at which we must halt to more fully
discnss the nsnal method of recording chemical travels. We
have arrived at the subject of chemical nofation (from noto, 1
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 em-
ployed 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 one afom. 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 mul-
tiplying the one particular symbol to which it is attached,
while a larger figure multiplies all the symbols it precedes.
Thus H; means two atoms of hydrogen, and Cl, two atoms of
chlorine ; while 2HC] means two atoms of hydorgen and two
atoms of chlorine, or, in one word, two molecules of hydro-
chloric acid gas. A third function of such a symbol as H or
Clis that of indicating one wolume of the element in the
gaseous state. Thus H, Cl, or O, stand, first, for the sub-
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stances named hydrogen, chlorine, and oxygen ; secondly, for
single atoms of hydrogen, cblorine, and oxygen; thir dl_f,', thr_-j
1‘6pre:-‘se:1b single and equal volumes of chlorine, hydrogen, and
oxygen. It will be remembered that one test-tubeful of hy-
drogen and an equal sized test-tubeful of chlorine were em-
- ployed, in a previous experiment, in forming hydrochlorie acid
,l gas, HCL

The position of symbols counts for something. Thus HCI
indicates 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 & plus sign (+ ), they would be understood to mean
a mere mixture of the elements; but placed as close as the
il printer's types will conveniently and consistently allow, they
i must be considered to stand for a compound of the elements,
’ that is to say, hydrochloric acid gas (HCl). The collection
of symbols representing a umlecuh is termed a formula. H,,
Cl,, and HCI are the formule of hydrogen, chlorine, and
hydrochloric acid gas.

Such a set of letters, figures, and marks as that on the
above line i1s collectively termed an eguation, because it indi-
cates the equality of the number and mnature of the atoms
before 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 molecules on the left,
one contains two atoms of hydrogen and the other two atoms
of chlorine, while of the molecules on the right each contains
one atom of hydrogen and one of chlorine. The equation
forms a short and convenient plan of recording the facts of
i experiment,

f Instead of an equation, a diagram may be employed to ex-
hibit the same facts. Thus :—

(H HCl

H

H
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PHYSICAL AND CHEMICAL CONSTITUTION OF
MATTER.

Recarions or Gases, LiQuips, AND SOLIDS.

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 molecules sufficiently approximate to form a liquid. In a
liquid the molecules are still free to glide abont 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
de la Tour, and recently of Andrews, there would seem to be
no sharp lines of demarcation between the gaseous, liquid, and
solid conditions of substances.) One’s mental picture of the
relative position of the molecunles of gaseous, vaporous, liquid,
or solid matter must be such a picture as that of the moving
particles of dust in the air of a room, or such a relation to
cach other as that of the plavets 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 fluid ounces of water do not when mixed give 160 ounces
of “proof *" spirit, but only 156 ounces; the molecules of the
liguids have gone closer together, having probably a little
attraction for each other. Why a gas under pressure should
immediately return to its original bulk when the pressure is
removed, while a liquefied or solidified gas only slowly re-
sumes the gascous or vaporous state, is a question which re-
quires for discussion a knowledge of the nature of forces other
than the chemical. For it must be remembered that the study
of the chemical force is mainly the study of the internal con-
stitution of molecules, the study of the properties of entire
molecules forming the domain of Physics, sometimes termed
Natural Philosophy. (Physics, from d¢ios, phusis, nature:
that is, visible and material nature ; the study of actions and
reactions which do not involve entire and permanent change
n the properties of bodies—the study of the action of heat,
light, electricity, magnetism, gravitation, ete., on matter.)
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It is necessary, however, to state something more about the
physical as well as the chemical condition of the molecules of
a gas, in order that the learner may be prepared for the fact
that mixtures 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 =
quart of hydrochlorie acid gas,

Hydrogen. Chlorine. |

e —— o]

Ii | { Hj'dl'ﬂtlhlorig acid gas.

two pints of hydrogen and one of oxygen are mecessary fo

| produce a quart of gaseous water (steam). It will be remem-
I bered that two volumes of hydrogen and one of oxygen were
necessary in a previous experiment in which water was
formed.

Hydrogen. Hydrogen. | Oxygen.

— — e — — e ——————— e

(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 molecules has taken place, form two pints of hydro-
chloric acid gas, is quite what we should expect. For, first,
the reader, by this time, is not astonished that chemical com-
bination 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. DBut 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
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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 hydrogen molecules, and cireles (°°) for chlorine
molecules, or, if coloured ink is at hand, red pairs of dots for
hydrogen and green for chlorine. Or, at once, for facility in
printing, Jet the following pairs of letters kil represent a few
(say, nine) molecules of hydrogen, and cc molecules (nine)
of chlorine—before combination.

l i Ml el ce ¢ce Ct
I Il Lol Il ce cc oI
v B Al ce ¢cc e¢c

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

! he he bhe I he he lhe
| he he he e he he

e he he ‘ he he e

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 :—

hh Wb RA hh Bb Lh oo . 00 00
hh  Lh LI OB T T [ g0 . 00 . 00
Rdte oDl o« LB R il . Bl 00 00 00

The twenty-seven molecules (eighteen hydrogen, nine oxy-
gen) will, after combination, become eighteen molecules of
steam :—

kol hoh  Tol holv  holt Tl
holv  Tols  hoh holh  hole  Tol
ol ol hol Lol holi  Tiol
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As already suggested, one’s mental picture of a number of
molecules may well give them such a relation to each otheras
that of a number of solar systems in the universe, equally
distant from each 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 one 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 rela-
tion to each other of the sun, planets, and moons of a solar
system. To indicate such molecules by letters as above would
of course require more space than is there given to the
assumed pictures of molecules. For an amusing and philo-
sophical picture of a complex molecule, the reader is referred
to a pamphlet by the late Prof, Clifford entitled “ Atoms,” by
which he means physical atoms, physical units, or what
chemists call molecules : it is Imhlished by F. Pitman, Pater-
noster Row, London, and its price is one penny.

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 str ucture
—shown to contain two atoms. Five equal-sized bottles are
before us, two filled with hydrogen, one with oxygen, and
two with steam. (The bottles are hot enough to prevent the
steam condensing to water, and all five are at the same tem-
perature.) Apply heat so that all shall be equally heated, the
three different substances expand equally. Cool equally, the con-
tents contract equally. Apply equal pressure to all five, each s
equally affected. Diminish pressure equally, each porfion of
the three substances equally expands. Gases (practically steam
is a gas, it is simply not a permanent gas)—gases thus
similarly affected must be, physically, similarly constructed or
constituted (a law which will again be referred to, on page
50) ; each bottle must contain the same number of particles
or mulcﬂ:ules 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 what-
ever be 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 moleenles in the first 11§'dmgen bottle, a million in
the second, a million in the oxygen bhottle, and a million in
each of the steam bottles. We will canse chemical combina-
tion between the two millions of hydrogen molecules and one
million of oxygen molecules, producing (as we have seen) two
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millions of steam molecules, having the properties already
stated. But a molecule of steam contains an atom of oxygen.
Hence two millions of steam molecules contain 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 mole-
cule 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 50 pairs of horses among 100 stables.”

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

With regard to the notation of the subject, it will be sufli-
cient to state here that while a symbol usefully represents one
volume of any gas, @ formula of any gas or vapowr represents
two volumes. By remembering 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 there-
fore what amount of condensation, if any, occurred during
the act of formation. By thus reading and interpreting the
formula for water, H,O, we sce that two volumes of steam
(at any temperature) may be obtained from two volumes of
hydrogen and one volume of oxygen (at the same tempera-
ture), and thus that the extent of condensation when hydro-
gen 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.

FurtHER REMARES 0N GENERAL CHEMICAL NOTATION.

We may now take an experiment already made as an addi-
tional example of chemical action, and describe the simplest
way of expressing the same by notation. When two volumes
of hydrogen and one of oxygen were caused to combine, the
production of flame and noise proved that chemical action of
some kind bhad taken place; had the experiment been per-
formed in dry vessels, evidence of the precise action would
have been found in the 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
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over the hydrogen.flame. The action is expressed in the
following equation :—

9H, + 0, = 2H.0.

Instead of an equation, the following diagram may be em-

ployed :—
(H, _ H. 0
i,
¢0
gl
"o H. 0.

The foregoing aggregation of symbols or short-hand cha- :
racters, or formula, H,0, is, 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 ; more-
over, 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,O) is formed of two atoms of hydrogen (H,) and
one of oxygen (0). The formula also fulfils the fourth fusne-
tion of indicating that the two volumes of hydrogen and oune
of oxygen in combining condensed to two volumes of steam.
That the resulting bulk of steam afterwards shrunk most
considerably in condensing to water is another matter alto-
gether, a physical and not a chemieal result, and due to the
approximation of the molecules of water affer formation.

Another experiment already performed, illustrating the
character of the manifestations of chemical force (symbolically
noted as follows), was that in which the red-hot ecarbon of
: wood was plunged into oxygen. The evidence of chemieal
I action in that case was the sudden inflammation of the car-

: bonaceous extremity of the wood. The particles of carbon
and oxygen having intense attraction or affinity for each
other at that temperature, rushed together so impetuously 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 ex-
pressed on paper in either of the following ways :—
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ol {G
20, § O:
% Lo, CO..

CO, is the formula of the well-known gaseous body commonly
termed carbonic acid gas.

The reader should here draw for himself equations or dia-
grams similar to those on pages 36, 42, 43, and thus show the
formation of the three other bodies he has already prodnced—
namely, phosphoric anhydride (P,0;), sulphurous acid gas
(S0,), and iodide of iron (Fe I,), 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 universe apparently exists.

Laws or Cpeumican CompiNaTioN (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 denominated
laws, have all been brought to light since the year 1770.

First Law 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 generalization :—When com-
pounds wunite to form definite chemical substances, they always
combine in the same proportions. The curious character of
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this fact could but be most striking, and indeed is so now, to
the mind receiving it for the first time. Thus water (a com-
pound) added to qnicklime (a compound) gives slaked lime,
a perfectly definite chemical substance. But whereas sand
and water, sugar and water, sand and sugar, and such miztures
may be Gllt-’mlﬂd by addmﬂr together the 111n'red]ents in any
proportions whatever, say, 90 of sugar and 10 of sand, or 10
of sugar and 90 of sand, slaked Il!Il-E (say 100 parts) qurnbly
results from the combination of 7 75% of quicklime and 241 of
water. If a larger proportion than 755 per cent. of quLhme
be employed, the excess remains as quicklime 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 evapo-
rates if the mixture be exposed to the air. Dalton discovered
that when elemenfs unite to form a definite substance, they,
like compaunds, 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
ceneralization. Thus:—

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

Take another example. Common salt always contains 303
per cent. of the metal sodium to 605 of chlorine, and water
always 89 of oxygen to 11 per cent. of hydrogen (more exactly
38'89 to 11°-11). As with the quicklime and water, so with
the chlorine and sodium, and the constituents of many (not
all) chemical compounds ; in such cases, if either be added to
the other in any quantity beyond stated proportions, the excess
plays no part whatever in the act of combination. (In some
cases, as will be seen directly, excess of either plays a very
simple but very remarkable part.) In short, whether a com-
pound 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 origin, if it is a definite compound it 1lw"|,js contains
the same elements in the same proportions.

Second Law relating to Chemieal Combination.

Dalton further made such experimental researches as enabled
him to lay down a second great law. He found that while
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many substances 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 in-
sufficient supply of air) contains such a proportionate weight
of carbon and oxygen as is represented by (to use the simplest
ficures) 3 and 4, carbonic acid (a gas formed when charcoal
is burned with excess of air) contains 3 of carbon to exactly
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
thronghout. Dalton thus generalized these facts :—

When two elements unite in more than one propoviion, the
resulting compounds contain, to a constant proportion of one
element, simple multiple proportions of the other—or the weights
of the constituent elements bear some similar simple relation to
each other.

Thus carbonic oxide gas is a definite compound always con-
taining 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, carbonic 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
freshly unveiled to the mind. Sand and sugar, or any sub-
stances which do not act chemically on each other, may be
mixed in the proportions of 30 to 40, 30 to 80, 30 to 60, or
any other quantities ; but if an attempt be made to burn 30
parts of carbon in 60 of oxygen, the elements will themselves
naturally assert their own special combining 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,
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would combine with 40 more of oxygen and form carbonic
acid gas, finding only half that quantity, namely 20 of oxygen,
present, contents itself by one half (that is 35 of ecarbonic
oxide) accepting the 20 of oxygen and becoming carbonic
acid gas, while the other half remains 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 mized with the result-
ing 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
proportions he pleases. She does sometimes. She does if he
only stirs things together, or if he only uses the attractions of
adhesion or cohesion in binding the materials together ; but if
he employs chemical 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 the mean properties of its components. Examples 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 mixtiure having the mean properties of
its components, but a compound having new and distinet and
definite characters of its own, then nature does not permit
man to mix the things in any proportion he pleases. The
proportion is one 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 second different com-
pound. Any one compound, that is, the same compound,
always contains the same elements in the same proportions,
and can only be made from the same elements in the same
proportions. An attempt to mix the same elements in other
proportions would result in one of two failures, namely, either
the extra proportion would remain free and uncombined,
or it would combine and convert the first compound, or a por-




RECAPITULATION. 457

tion of it, into a different compound. The fresh compound
thus produced, like the first, and indeed like all definite com-
pounds, of course always contains the same elements i the
same proportions.

In short (law 1), any definite compound always contains
the same elements in the same proportions, and (law 2) any
two elements uniting in more than one proportion unite in
multiples of that proportion and produce so many different
definite compounds. Taking hydrogen as uniting in propor-
tions of 1, oxygen unites in proportions of 16—that is 16,
twice 16, thrice 16, and so on, never in intermediate propor-
tions. Carbon unites in proportions of 12, sunlphur of 32,
chlorine 35;. And every other element has its combining
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 lows, in all their inherent solidity and simplicity. Of
course he will wonder why substances should combine, chemi-
cally, only in fixed proportions when forming a definite body,
and why, when a substance combines in more than one pro-
portion to form different definite bodies, the proportions should
only be multiple proportions ; and an extremely ingenious and
usefnl explanation has been suggested by Dalton (see the
following paragraphs on the theory that matter is built up
of atoms). But man has not yet succeeded in so questioning
Nature as to gain from her a safisfuctory answer to such ques-
tions; and until he does succeed, any hypothesis, such as
Dalton’s, should be held intelligently but loosely. The facts
themselves, however, should be grasped with the student’s
utmost tenacity.,

Third Law relating to Chemical Combination.

Careful consideration of the foregoing two great laws has
suggested an important truth sometimes termed The Third
Law of Chemical Combination, namely :—The proportions in
which two elements wnile with a third are the proportions (or
simple multiples 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
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hydrogen ; therefore 16 and 12 are the proportions in which
oxygen and carbon will unite with each other.®

Tue Artosmic THEORY.

The laws which Dalton (1803 to 1808) so largely aided to
unveil—two grand and wonderful truths—he cxplmuecl and
correlated h_y a simple and beautiful hypothesis. Dalfon sug-
gested that matter was wnot infinifely divisible, but composed of
minute particles or ATOMS having an inwvariable character. In
the words of Wurtz, * To an old and vague notion he attached
an exact meaning EU supposing that the atoms of each kind of
matter possess a constant w eight, and that combination between
two Kinds of matter takes place not by penetration of their sub-
stance, but by juxtaposition of their atoms.”

Thus under this hypothesis, or atomic theory as it is gener-
ally termed, carbonic oxide is a definite compound always con-
taining the same elements in the same proportions, because
each particle of it is composed of an atom of carbon and an
atom of oxygen chemically 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 containing the same ele-
ments in the same proportions; and the proportion 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).

L) 0 T A O
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1 IMAGINARY PICIURES OF MOLECULES OF CARBOXNIC OXIDE GAS AND
il CARBONIC ACID GAS.T

——

¥ * See Axiom 1in Hawtrey's fascinating * Introduction to the Elements
y of Euelid,” Longmans & Co., 2s. 6d., a book strongly recommended to
any chemical student who is not familar with the mode of reasoning
| commonly termed geometrical.

| + The size of atoms, their shape, their absolute weight—whether or not
. they are in actual contact—whether or not they are fixed in relation to
each other, free to move about each other, or in a constant state of mo-
tion—and whether or not the chemical force actuates them as the force
of gravitation influences our earth and moon and solar systems, are mat-
ters of which at present we know almost nothing. The two pictures are
not intended to convey any impression that the following formula do not

give:—C0 or OC, OCO or 00C, or COO or CO..
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Again, the facts that with 12 of carbon oxygen unites in the
proportion of 16, or 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 82 of sulphur); and
thirdly, that oxygen and sulphur unite in proportions of
16 and 32, are at once explained on the assumption 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
must unite in indivisible weights of 16, 12, and 32.

Artomic WEIGHTS.

What has just been stated respecting two or three elements
18 true of all the elements. It is a fact, that when elements
unite with one another in the peculiar and intimate manner
termed chemical, they do not combine in the haphazard pro-
portions of a mere mixture, but in one fixed and constant
proportion. Such proportions or weights represent, according
to Dalton, the 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 353 is the atomic weight of
chlorine. And for a similar reason the atomic weights of
hydrogen will be 1, carbon 12, sulphur 35, 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 1s that the chlorine atom for in-
stance, is 35°5 times as heavy as the hydrogen atom, whatever
the absolute weight of the latter may be, and the iodine atom
127 times asheavy. The quantity of metal which with 355
of chlorine will form a chloride, and with twice 85'5 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 Notalion.—A. fourth function of a symbol is to re-
present atomic weight. Thus the symbols H, Cl, O, ete., not
only perform the offices of representing () names, (b) single

* Only the atomie weights of theabove and a few of the chief metallic
elements need be committed to memory; others can be sought out as
oceasion may require. A complete Table of combining proportions of
elements, or Atomic Weights, is given at the end of the volume.

B
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volumes, and (¢) single atoms, but (d) definite weights of the
respective elements. H=1, C1=35'5, 0=16,1=127, N=14
K =39, ete.

Laws or CuemIcAL CoMBINATION (BY VoLUuE).

In 1809 Gay-Lussac showed it to be a fact that when gase-
ous elements unite with one another in the intimate manner
termed chemical, they do not combine in the haphazard pro-
portions (that is, proportions by measure or volume) of a mere
mixture, but in constant proportions in the case of any single
definite compound, and in simple multiple proportions in cases
where two elements form more than one definite compound.
He thus proved that the laws respecting the constancy of
weight with which elements combine hold good with reference
to volume, at all events in those cases in which elements exist
in or can be made to assume the gaseous condition. A volume
of hydrogen gas and an equal one of chlorine gas give hydro-
chloric acid gas. Two volumes of hydrogen and one of oxygen
give water-vapour or steam. Such volumes or simple mul-
tiples are alone the proportions by bulk in which elements
combine. If any excess of either gas be mixed and combina-
tion attempted, only the stated proportions really combine,
the excess remaining unaltered. Iurther, following Gay-
Lussae, on weighing these similar and equal volumes of hydro-
gen, chlorine, and oxygen, we find that the chlorine is 355
times as heavy as hydrogen, and oxygen 16 times as heavy as
hydrogen.

. In 1811 and 1814 Avogadro and Ampére, reasoning on the
fact that all gases are s1m11a111} affected by variations of pres-
sure (Boyle, 1662, verified by Mariotte) and temperature
(Chnﬂes), concluded that all gases must be similarly consti-
tuted—similarity in properties 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, of pairs of atoms, and thercfore g f
atoms themselves) must LL*{TEJ to the extent Hem‘ the fu{m;hf\ ”‘
equal volumes of those elements differ. Equal volumes of hy-
: drogen, chlorine, and oxygen, weighing respectively 1, 35°5,
: and 16, and each of these volumes contmmnn an equal num-
her of molecules, each formed of two atoms, it follows that the
relative weights of the atoms will be 1, 55°5, and 16.




RECAPITULATION. 51

It will thus be seen that the weight of the voluiie in which
an element combines, and the acfual weight in which it com.
bines, irrespective 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. Turn-
ing, 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 oxy-
gen volume weighs 16, while the hydrogen weighs 1. In
compounds in which hydrogen were found in proportions of
1 grain, oxygen would be found in proportions of 16 grains.
In gaseous compounds in which hydrogen were found in
proportions of, say, 27 cunces by measure, oxygen would be
found in proportions of 27 ounces by measure ; 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 com-
pounds 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 com-
bine, Further, Gay-Lussac’s experiments and Avogadro’s
reasoning strongly supported Dalton’s theory of atoms.

RECAPITULATION.

What are atomic weights or combining weights 7 First,
they are represented by the smallest portion (relative to 1
part of hydrogen) in which an element migrates from com-
pound to compound. Thus 1 part by weight of hydrogen can
be eliminated from 18 similar parts of water by action of
certain metals, leaving 1 of hydrogen and 16 of oxygen com-
bined with the metal. From the latter compound 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 atoms, or the atomic
weights of the gaseous elements already studied, must differ
from each other to the extent that equal volumes of those
clements differin weight., For equal volumes contain an equal
number of molecules equal in size (Avogadro’s and Ampore’s
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conclusion), and each molecule of an element is composed of
two atoms; so that equal volumes of elements countain an
equal number of atoms. Now, bulk for bulk, chlorine is
thirty-five and a half (35°5) times as hmrj' as hydrogen; so
that the molecule of chlorine must be 35:5 times the weight
of the molecule of hydrogen ; for molecules are equal 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 c'letermme with exactitude, their comparative weights.
Comparing, ‘Ehen, all atomic weights (sometimes obscurely
termed equivalents) with each other, and selecting hydrogen
as the standard of comparison (because it is the lightest body
known, and therefore, probably, will have the smallest atomic
weigh t), and assigning to it the number 1, we see that the
I atomic weight of chlorine will be mpresenmd by the number '
! 396, By pa.lltj of reasoning the atomic weight of oxygen
is 16 ; for oxygen is found, by experiment, to be 16 times as
]IBH‘FF’ as hydrogen. Eltmlmlj,r the atomic weight of nitrogen
1s found to be 14. The atomic weight of carbon is 12,—not
because its vapour has been proved to be 12 times as heavy
as hydrogen, forit has never yet been converted into the gase-
i ous state, but because no gaseous compound of carbon which
! has been analysed has been found to contain in 2 volumes (1
| of 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 ascertaining by analysis the proportion of the non-volatile
! element, whose atomic weight is being sought, to the volatile
! elemﬁnt whose atomic weight is Lnﬂwn the atomic weights of
| a large number of the elements have been determined. Some
of the elements, however, do not form wvolatile compounds of

| any kind ; the stated atomic weights of these elements, there-
i fore, are at present simply the proportions by weight in which
they combine with or displace elements whose atomic weights
have been determined, the proportions being in most cases

checked by isomorphic considerations and the relation of the
element to other forces, especially heat.* (Videinfra.)

- i e T

i | # Tsomorphous bodies (from lros, isos, equal, and wopdiy, morphé, form)
are those which are similar in the shape of their erystals. This identity
in crystalline form is so commonly aszociated with similarity of constitu-
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MorLEcULAR WEIGHT AXD MOLECULAR VOLUME.

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

H,=2, 0,=32, Cl=%1, H,0=18, HCl=365.

Molecular Volume.—If the quantities just mentioned be
weighed out (in grains or other wewhta) or if the molecular
W e:ghts of any gases or liquids be taken and exposed to similar
(high) temperatures and pressures, they will be found to occupy
the same volume. Conversely, if equal volumes of gases or
vapours be measured ount, and then the whole weighed, the re-
sulting figures (all referred to 2 of hydrogen as a starting-point
or standard) are the molecular weights of the respective sub-
stances. Thus a volume of hydrogen (about half a gallon)
which, at a temperature of, say, 300° . or 400° ¥., and com-
mon atmospﬂenc pressure, would weigh 2 grains, would in the
case of vapour of water (steam) wewh 18 grains. Hence we
are justified in considering, indeed compeIled to consider, the
molecule of water to contain two atoms of hydrogen (=2) and
one of oxygen (=16), and its formula to be H,O (=18), and
not HLO;,, in which case its vapour would be twice as heavy as
it really is found to be.

Construction of Formule.—The composition of hydrochloric

acid (HCI), water (H,0), ammonia gas (NH,), carbonic acid
~ gas (COy), or any other compound, as well as the weight of
an element that may be concerned in its formation, cannot be
ascertained by actual experiment until the student is far ad-
vanced in practical chemistry—until he is able to analyse not
only qualitatively, but, by help of a balance, quantitatively. The
percentage composition of a chemieal substance having been
determined by quantitative analysis, its formula is constructed
by the aid of the foregoing and other theoretical considera-
tions. The correctness of such formule can be verified by
expert analysts, but must be taken for granted by learners.

The subject will again be referred to in the latter part of
this Manual.

tion, 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 atomie weight is so far un-
certain, the isomorphism of either of its compounds with some other
unmpuum] 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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(QQUARTIVALENCE OF ATOMS.

Turning from the weights of atoms, their value may now be
considered, or their quantivalence (from quantitas, quantity, and
valens, being worth). The chemical valne of atoms in relation
to each other may be compared to the exchangeable value of
coins. As compared with a penny, a great is four-valued;
as compared with hydrogen, carbon is quadrivalent. Here
again hydrogen is conventionally adopted as the standard of
comparison. An oxygen atom in its relations to an atom of
hydrogen 1s bivalent (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 usunally trivalent (triv'-a-lent ; from fres, three, and
valens) ; and carbon quad-riv-a-lent (from quatuor, four, or
quater, four times, and valens). Chlorine, iodine, and bromine,
as well as potassinm, sodinum, and silver among the metals,
are, like hydrogen, univalent (u-niv'-a-lent; from unus, one,
and valens). Barium, strontinm, calcinm, magnesium, zine,
cadminm, mercury, and copper, like oxygen, are bivalent.
Phosphorus, arsenicum, antimony, and bismuth, like nitrogen,
usually exlibit trivalent properties; but the composition of
certain compounds of these five elements shows that the
several atoms are sometimes quinguivalent (quin-quiv’-a-lent ;
quinguies, five times, and walens). Gold and boron are triva-
lent. Silicon (the characteristic element of flint and sand),
tin, aluminionm, platinum, and lead resemble carbomn in being
quadrivalent. Sulphur, chrominm, manganese, iron, cobalt,
and nickel are sexivalent (sex-iv'-a-lent; from sez, six, or
sexies, six times, and valens), but frequently exert only biva-
lent, trivalent, or quadrivalent activity. This quantivalence
(quant-iv'-a-lence ; from quantitas, quantity, and wvalens), also
tErmed atomicity (maximum quantivalence), dynamicity, and
equivalence of elements, may be ascertained at any time on
referring to the Table of the Elements at the end of this
volume, where Roman numerals, 1, 11, 111, 1V, V, VI, are attached
to the symbols of each element to indicate atomic univalence,
bivalence, trivalence, quadrivalence, quinquivalence, or sexiv-
alence. Dashes (H', O”, N') similar to those used in accen-
tuating words are often used instead of figures in expressing
quantivalence. The guantivalence of elements, as they one
after another come under notice, should be carefully committed
to memory ; for the composition of compounds can often be
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thereby predicated with accuracy, and remembered with ease.
For instance, the hydrogen compounds of chlorine, Cl', oxygen,
0", 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, Cl'; two univalent atoms,
H',, and one bivalent atom, O", saturating each other; three
univalent atoms, H';, and one atom having trivalent activity,
N, saturating each other ; and four univalent atoms, H';, and
one quadrivalent atom, C"”, saturating each other. Carbonic
acid gas, C0",, again, is a saturated molecule containing one
quadrivalent and two bivalent atoms.

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

DEFINITIONS.

Chemistry is the study of the chemical force.

The Chemical Foree, like other forces, cannot be described,
for, like them, it is only known by its effects. It is distin-
gnished 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 colesion, which is the
name given to the attraction which molecules have for each
other, and which is great in solids, small in liquids, and appa-
rently 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 im-
measurable distances; indeed, inasmuch as the chemical force
appears to reside in atoms, that is to say is exerted inside a
molecnle, while all other forces affect entire molecules, the
chemical force may be said to be distingnished (¢) by being
exerted within a smaller distance than that at which any
other foree is exerted.

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

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

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

A mere Mizture of substances is one in which each ingredient
retains its properties.
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A Clemical Compound is one in which definite weights of
constituents have undergone an entire change of properties.
A “compound” in q_:hw:mc}f 18 an intimate mntum of sub-
stances, but still only a mixture: it is not a chemical compound ;
the ingredients have not entered into eliemical union or com-
bination.

Combustion is a variety of chemical combination; a wvariety
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 pumurumn to the square
roof of their relative weights ; that is, irrespective of, and even
in spite of, their comparative ]If_‘;htl'lLb&:. or heaviness.

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

1. Tt is short-hand for the name of the element.
. It represents one afom of the element.
3. It stands for a constant weight of the element—the
atomic weight or combining weight.
4. Symbols J‘EPILGLut sluglc and equal wolumes of
gaseous elements,

Cliemical Forimula 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.

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

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

4. It represents two volumes of the substance (if volatiliz-
able) in the state of gas or vapour, and the number of
volumes of gaseous elements from which two volumes
of any gaseous compound were obtained.

A Chemical Egquation or a Chemical Diagram is a collection
of formuls and symbols so placed on paper as to form a picture
or illustration of the state of things before and after that meta-
thesis (interchange) of atoms of molecules which results in the
formation of molecules of new substances.
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A Solid is a substance the molecules of which are more or
less immobile, though probably not in absolute contact.

A Liguid 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 1s placed.

4 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
15 especially characteristic of the molecules of gaseous fluids.

The Three Laws requlating Chemical Combination
(either by weight or volume).

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

Second. When two elements unite in more than one pro-
portion, they do so in simple multiples of that proportion.

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

Atomic Weiglhts are, 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 num-
ber 1 to hydrogen.) Secondly, they are the weights of equal
volumes of gaseous elements (relative to one of hydrogen).

Molecular Weights.—These are the weights of equal volumes
of gases or vapours, under equal circumstances of tempera-
ture and pressure, 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 bodies with those whose
molecular weight admits of proof.

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

TaE LEARNER IS RECOMMENDED TO READ THE FOREGOING PARA-
GRAPHS ON THE GENERAL Prixcirnes or CHEMICAL PHILOSOPHY
CAREFULLY ONCE OR TWICE, THEN TO STUDY (EXPERIMENTALLY, LF
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POSSIBLE) THE FOLLOWING PAGES, RETURNING TO AND READING
OVER THE (GENERAL PRINCIPLES FROM TIME TOQ TIME, UNTIL THEY
ARE THOROUGHLY COMPREHENDED.

Minor principles of Chemical Philosophy will be found
scattered thronghout the following pages.

Students of pure chemistry, especially when fairly well ac-
quainted with chemical facts, will also find the principles of
chemistry, including the probable constitution as distingunished
from the mere composition of chemical substances, amply set
forth in Tilden’s © Chemical Philosophy,” one of Longmans’
series of “ Text-bhooks of Science.”

QUESTIONS AND EXERCISES.

42, What do you understand by chemical action ? - Give ex-
amples.

43, How is the chemical force distingunished from other forces?

44, Adduce evidence that elements exist in compounds; that
sulphide of iron, for instance, still contains particles of sulphur
and iron, though it possesses properties so different from these
elements,

45. Define the term atom.

46. What condition is essential for the manifestation of che-
mical force P

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

48. What is a molecule?

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

50. Enumerate the functions of a symbol.

51. Give the additional functions of a chemical formnula.

52. Describe by a diagram or an equation the reaction which
ensues when red-hot charcoal is plunged into oxygen gas,

53. 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.

00, State the law of constant proportions.
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56. State the law of multiple proportions.

57. Sate the law of reciprocal proportions.

8. Give illustrations of the above laws.

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

60. What do you understand by the atomic weight and the
molecular 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
elements in the gaseous state and their atomic weights? Give
the explanation for this.

64. Is there any 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 guantivalence of an
element ? Give examples of univalent, bivalent, trivalent, and
guadrivalent atoms.

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

69. Give the formula of two or three compounds in which the
quantivalence of one atom is saturated by the combined quanti-
valence of others,

The} reader is also recommended to guestion himself, or be
questiened, on the * definitions " given on pages 55 to 57.

THE ELEMENTS AND THEIR COMPOUNDS.

Having thus obtained a general idea of the nature of such
elements as have special interest for the medical and phar-
maceutical student, and which indeed are all with which any
student of chemistry should at present oceupy his attention,
we may pass on to consider in detail the relations of the ele-
ments to each other. The elements themselves, in the free
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condition, are seldom used in medicine, being nearly always
associated—bound together by the chemical force; in this
combined condition, therefore, they munst be studied. Most
compounds met with in the mineral kingdom may be regarded
as containing two parts or roots, two radicals:—the one
usually metallie, or, to speak more generally, basylous; the
other commonly a non-metallic, simple or complex, acidulous
radical. In the following pages the basylous radicals, or
metals, will be considered first, the acidulous radiecals after-
wards. Then will follow the chemistry of compounds, many
of which have not so simple a constitution as that just indi-
cated. Each radical will be studied from two points of view,
the synthetical and the analytical; that is to say, the pro-
perties of an element on which the preparation of its
compounds depends will be illustrated by descriptions of
actnal experiments, and thus the principles of chemistry and
their applications to medicine and pharmacy be simultaneously
learnt ; then the reactions by which the element is detected,
thongh combined with other substances, will be performed,
and so the student be instructed in qualitative analysis.
Synthetical and analytical reactions are, in truth, frequently
1dentical, the object with which they are performed giving
them synthetical interest on the one hand, or analytical
interest an the other.

A good knowledge of chemistry may be acquired syntheti-
cally by preparing considerable quantities of the salts of the
different metals, or analytically by going through a course of
pure qualitative analysis. But the former plan demands a
larger expenditure of time than most students have to spare,
while nnder the latter system pupils 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 being economized
by the operator preparing only small specimens of com-
pounds.

CHemical synthesis and analysis, thoughtfully and conscien-
tiously followed, without hurry and mere superficial considera-
tion, but, of course, without undue expenditure of time, will
insensibly carry the principles of chemistry into the mind,
and fix them there indelibly.
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POTASSIUMN.

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

Memoranda.—The chief sources of the potassinm salts * are
the chloride found at Staasfurt, in Prussia, in the form of the
mineral Carnallife (chloride of potassium 50, chloride of
sodium 25, and ehloride of magnesiam 25, in 100 parts) ; the
nitrate found in soils, especially in warm countries ; and the
compounds of potassium existing in plants. Kaini, a double
sulphate of potassium and magnesium, also occurs among the
Staasfurt minerals, The vegetable 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 or impure carbonate
of potassinm (the Potassii Carbonas Impura of the United
States Pharmacopwia). Large quantities of carbonate ave
thus produced in North America and Russia, and, latterly,
from the sugar beetroot marc in France. From the native
chloride, and from the carbonate purified * by treating the
pearlash with its own weight of distilled water, filtering,
and evaporating the solution so formed to dryness, while it
is kept briskly agitated” (Potassce Carbonas, B.P., K,CO;,
“ with about 16 per cent. of water of erystallization ’), nearly
all other compounds of potassium are made. Ixceptions
occur in cream of tartar (Pofasswe Tartras Acida, B. P.), which
15, mainly, the purified natural potassium salt of the grape
vine, and in nitrate of potassinm. Potassium is a con-
stituent of between forty and fifty chemical or Galenical
preparations of the British Pharmacopceia.

Carbonate of potassinm (Pofasse Carbonas, B.P., Polassit
Carbonas, U. S.P.) is a white crystalline or granular powder,
insoluble in alcohol, 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.

Preparation.—Potassium itself is isolated with some diffi-

* The ill-defined term salt includes most solid chemical substances,
but more especially those which assume a crystalline form,

e
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culty by distilling a mixtarve of its ecarbonate and charcoal
It rapidly oxidizes in the air, and hence is always kept below
the surface of mineral naphtha, a liquid containing no oxygen.
It crystallizes in octohedra.

Quantivalence.—The atom of potassium is univalent, K.

ReAcrions HAVING (@) SYNTHETICAL AND (b) ANALYTICAL
IXTEREST.

(a) Synthetical Reactions.

These are actions utilized in manufacturing preparations of
potassium. The word synthesis is from ovwvleots (sunthésis), a
putting together, as opposed to analysis from dvalio (analud),
I resolve.

Hydrate of Potassium. Caustic Potash.

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

This liguid is a solution of caustic potash, or hydrate of
potassium (KHO). Made of a preseribed strength, it forms
the Liquor Potassce, B.P.

The mixture is known fo be boiled long enough when a
little of the clear ligquid, poured into another test-tube and
warmed, gives no effervescence on the addition of an acid (sul-
phurie, hydrochlorie, or acetic)—a test whose mode of action
will be explained hereafter.

Best method of expressing decompositions.—This will be easy of compre-
hension, if what has already been stated concerning symbols and formuls:
on pp. 34 to 36 and 41 to 43 has been carefully and thoughtfully con-
sidered. The best means of showing on paper the action which ocecurs
when chemical substances attack each other is by the employment either
of equations or diagrams, setting forth the formule of the molecules con-
cerned in the reaction. In an equation the formulme of the salts used are
written on one line, the sign of addition (+) intervening ; the sign of
equality (=) follows, and then the formul® of the salts produced, also
separated by a plus sign (+). Thus:—

K, (05 +Ca2HO =2KHO + CaC0,,

In this renction (the operation just performed) the metals of (the mole-
cules of) the two salts change places: from K,CO; and Ca2HO there are
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produced CaCOy and KHO (two molecules, 2KHO); from ecarbonate of
potassium and hydrate of ealcium there result carbonate of caleium (the
insoluble portion) and hydrate of potassium (in solution}.” :

In constructing a diagram or pictorial illustration of a chemical reac-
tion (the reaction, for instance, just deseribed), first the formul® of the
salts used are written under each other on the left side of the leaf of a
note-book, thus ;—

K,C0;

Ca2HO

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

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 destination—is traced out by
the help of brackets (which show the source of the elements) and con-
verging lines (which suggest the approach and final union of the ele-
ments), thus :(—

EH
K,00, {E 0

Ca2HO { 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 converting, and entirely
converting, a quantity of carbonate of potassium into hydrate of potas-

. * If the student is already accustomed to the use of ordinary equations,
he may pass on to note 1, on page 65. If not, the anthor wounld strongly
recommend the temporary employment of diagrams for expressing chemi-
cal changes. Indeed, the occasional, if not the regular, use of graphie
equations or diagrams is of advantage to all students. For while equa-
tion or diagram equally well records the formulm of the salts eoncerned
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 explanations are given re-
specting the use and construction of diagrams.




G4 THE METALLIC RADICALS.

sium. A molecule, the smallest quantity I ean picture on paper, of the
carbonate of potassinm (ECOj) contains, I am told, two atoms of potas-
sium (Ky), and a molecule of the hydrate (KHO) one atom (K). There-
fore—therefore—each molecule of the carbonate (K,COj3) will furnish two
molecules of the hydrate (2KHO). Moreover I notice that in the formula
of a molecule of the hydrate of caleinm (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.00, { K, —__—— 2KHO

—

Ca2HO {EHG

Fourthily, 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 chemistry, 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 com-
plete 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 correet formule. In this case earbon-
ate of calcium is produced, CaC0y. (This product is, in fact, precipitated
chall, together with any excess of slaked lime and any natural impurities
in the slaked lime. Pure * precipitated chalk » is made by an analogous
reaction deseribed subsequently.) The source of the elements of the
carbonate of caleium 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 (CaCOy) is
written on the right of the diagram, thus :—

9HO
Ca2HO { 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 containing
the symbols of the elements, thus :—

K, 00, {5134

2KHO




POTASSIUM, | 65

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 com
pound. The diagram will now be complete, thus :—

K, 2KHO
E,C0s § b,

9HO
Ca2HO {Gﬂ. 0200,

The formation of a third product or a fourth product would be indi
cated in a similar manner.

Note 1,—It will be seen that the chief data required in making either
equationary or dingrammatic notes of decompositions are the symbolie
formule of the various compounds employed and produced. These
formulm 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 probabilities respecting the
relative number of molecnles eoncerned in a reaction.

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 thousands 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
becoming displaced by an equivalent quantity of another
radical. Thus, a piece of potassium thrown on to water
(HHO) instantly liberates hydrogen, hydrate of potassinm
(KHO) being formed. The temperature produced at the
same time is sufficiently high to cause ignition of the hydro-
gen, which burns with a purple flame (owing to the presence
of a little vapour of potassium), while the hydrate of potas-
sinum remains dissolved in the bulk of the water. This radical
or root or group of elements (HO), common to all hydrates,
13 sometimes termed hydroxyl. Water might be termed
hydrate of hydrogen or hydroxylide of hydrogen.

Fxplanation,—With regard to the group of atoms repre-
sented by the symbols COy and HO, only a few words need
be said here. The former (CO,) 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 potassium salts. HO (bydroxyl) is characteristic

F
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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;COy, or with one bivalent atom, as
in carbonate of calcinm, CaCOy; 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 formula of its carbonate
and hydrate are ascertained without seeing the formula of
either. The formule of all other metallic salts are con-
structed on the same principle. DBut, beyond committing to
memory the formule and quantivalence of the various grounp-
ings characteristic of carbonates, hydrates, nitrates, sulphates,
acetates, etc. (see the following Table), special attention
should not at present be devoted to the subject of the con-
stitution of salts, but restricted to ‘what may be called the
metallic or basylous side of salts. The formulse and quantiv-
alence of the chief acidulous groupings referred to, and the
symbols and quantivalence of allied elementary bodies are
included in the following Table :—

Formule and Quantivalence of Acidulous Radicals.

THE METALLIC RADICALS.

All chlorides contain . . . . Cl )

,, bromides ,, St st A

33 iﬂdidEB 5y . " . I - q
» Cyanides ,, S s e I, $ E_E
,, hydrates ,, s, kit CHI 9 e
1 nitrates . R T T NDE Fg
,, chlorates ,, S R O] (5 2
» acetates + o e s GoHEC

., oxides o S g \

,, sulphides ,, L 3

i sulghitcs y o e g =
,, sulphates ,, e i L0 \ Eep
,, carbonates ,, Sk S e (0[O =S
,, oxalates : . G0, TSk
2 t&Ttll’"ﬂ-tBE- 31 . . U.;,H.[O{‘, / =
,, citrates A . GiH,0;) £ 5
,, phosphates ,, SRR () } 5 5,
33 bﬂrﬂtﬁﬂ 11 » . . » B03 E'T'g

Radicals.—The above elements and compounds are termed
radicals, each being the common 700t (radiz) in a series of
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salts. Why compound radicals (as NOg, SO, POy, ete.) 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
retaining the atoms in one group, and the remainder probably
determining the quantivalence. Some of the compound
radicals are obtainable in the free state, others have yet to be
proved capable of isolated existence.*

Pure solution of potash.—Solation 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 pur-
poses, it may be obtained free from alumina by avoiding the
employment 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 (Winchester quart), and adding to it, in small
quantities at a time, a solution of half a pound of carbonate of
potassinm dissolved in the other pint of water, shaking the
mixture well for several minutes after each addition. The
whole 1s now set on one side till clear; and then, if a small
quantity ponred into a test-tube and warmed does not effer-
vesce on the addition of hydrochloric acid, the solution is fit
for use. If effervescence (due to carbonic 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.

Liquor Potassee 1s officially directed to be made as follows :—

Dissolve 1 pound of carbonate of potassium in 1 gallon of
water; heat the solution to the boiling point in a clean iron
vessel, gradually mix with it 12 ounces of slaked lime, and
continue the ebullition for ten minutes with constant stirring.
Then remove the vessel from the fire; and when by the
subsidence of the insoluble matter the supernatant liquor has
become perfectly clear, transfer it by means of a siphon or by
decantation to a green-glass bottle furnished with an air-tight
stopper, and add distilled water, if necessary, to make it
correspond with the tests of specific gravity and neutralizing
power. (These tests and the mode of applying them will be
explained in subsequent sections.)

* Some modern authors term these roots radicles, a word more use-
fully expressive of little roots or rootlets,
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Solid potash.—Solution of potash evaporated to dryness in
a silver or clean iron vessel, and the residue fused and poured
into monlds, constitutes Pﬂtﬁsm Caustica, B. P. It often con-
tains chlorides, detected by nitrate of silver, and I‘ﬂ]phatrES,
detected by a barium salt, as deseribed subsequently in con-
nection with hydmchlonc and sulphuric acids.

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 Sulphurate, Sulphur-
ated Potash, of the British Pharmacopceia.

3,00, + 45, = K80, + 2KE8S, + 300,

Carbonate of Sulphur, Hyposuiphite Sulphide c-i' Carbonic
potassinm. of potassinm. potassinm. acid gas.

As met with in pharmacy, this salt is not a single definite
chemical compound, but a mixture of several ; in short, its
chemical character is well indicated by its vagune name.
When fresh, and if cavefully prepared with the official pro-
portions of dry ingredients, it is of the colour 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 potassinm,
with perhaps higher sulphides of potassium (K,S, and K,S;) ;
but, rapidly absorbing oxygen from the air, it aunn becomes
green and yellow, sulphite (K,S0,) and sulphate of potassium
(K,S0,) are formed, and ultimately a useless mass of a dirty
white colﬂur reaults, consisting of sulphate and hypnsulplute,
with generally some carbonate of potassium and free sulphur.
Moreover, if overheated in manufacture, the hyposulphite
4 (K,S,0,) is decnmpnsed into sulphate 3(K,S0,) and sulphide
(K,S;) of potassinm. Recently made, “about three-fourths
of its weight are dissolved by rectified spirit.” It is oceasion-
ally cmplﬂjfcd in the form of ointment (Ungueniwmn Potasse
Sulphurate, B. P.).

The extremely, indeed most nunusnally, complicated nature of the decom-
position will probably eause failure to any attempt by a student to draw
out an equation or a diagram of the reaction without the aid of the
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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 construction of diagrams given in
connection with the first synthetical reaction, he will be able to give a
diagram of this second synthetical reaction without troubling his reason-

ing 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 erua, a cross, for originally a cross was 1m-
pressed upon the melting-pot as used by alchemists and gold-
smiths: others derive the word from ecruz, an instrument of
torture, the sense here being symbolical).

Fig. 12. Fig. 13. Fig. 14.

e e—— -
r\_‘__"" — i

CRUCIHLES OF VARIOUS FORMS.

Heating crucibles.—Crucibles of a few ounces’ capacity may
be heated in an ordinary grate-fire. Larger ones require a
stove with a good dranght—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.

Acetate of Potassium.

Third Synthetical Reaction.—Place ten, twenty, or more
grains of carbonate of potassinm in a small dish, and saturate
(satur, full) with acetic acid; that is, add acetic acid so long
as effervescence is thereby produced ; the resulting liquid is a
strong, slightly acid solution of acetate of potassium. Eva.
porate most of the water in the open dish (see figs. 15 & 16
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p. 71), stirring with a glass rod * to promote evolution of
vapour; a white salt remains, which fuses on the further
application of heat: this is the official Acetate of Potash
(Potassee Acetas, B. P.), or Acetate of Potassium (Pofassii
Acetas, U, S, P.) as it is more correctly called. If fused in
the open vessel the acetate is liable to become slightly charred
and discoloured ; this is prevented by transferring the solid
residue to a test-tube or florence flask before finally fusing.
It forms a white deliquescent foliaceous satiny mass, neutral
to test-paper, and wholly soluble in spirit. A ten per cent. solu-
tion in water forms the * Solution of Acetate of Potash,” B. P,

KEU OH 1= QHGEHEOE — EKG‘ZHHDE + I'I:D + C D:

Carbonate of Acetic Acetate of Water. Carbonic
potassinm ncid. potassinm, acid gas.

Eeplanation of formule.—The formula for one molecule of
acetic acid (the acetate of hydrogen) is HC,H,0O,, and one
of acetate of potassium KC,H,0, The grouping, CoH;0,,
is characteristic of all acetates; it is univalent, and may be

shortly, though less instructively, written A.

Baplanation of process—When two molecules of acetic acid
(2HC,H,0,) and one of carbonate of potassinum (K,COj;) react,
two molecules of acetate of potassium (2KC,H,C,) 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 equation.

Diagram of the reaction.—The nature of the above operation
1s indicated by an eguatfion; it (and succeeding reactions)
should be expressed in the student’s note-book as a diagram,
and, if possible, without the aid of the equation.

Note.—The above reaction has a general as well as a special
synthetical 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 process occur in pharmacy.

* (Glass rod is usually purchased in the form of long sticks, The
pieces may be cut to convenient lengths of from 6 to 12 inches
(vide p. 5), sharp ends being rounded off by holding in a flame for a few
minutes,
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Fig. 15. Fig. 16.

EVAPORATION FROM SMALL AND LARGE DASINS.

Bvaporation 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
conveyed 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 semiporcelain, copper, tinned copper, or
solid tin pans are used. Up to 12 or 18 inches diameter,
pans, basins, or dishes, made of Wedgwood ware or porcelain
composition (fig. 16), may be employed. Small dishes may
be supported by retort stands (fig. 15), larger by cylinders
(fiz. 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 Reaction—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 cool solution pass carbonic
acid gas, slowly but continuously; after a time a white
crystalline precipitate of Acid Carbonate or Bicarbonate of
Potassinm (KHCO,), the Bicarbonate of Potash of the
Pharmacopeeia (Potassee DBicavbonas, B. P., Polassii DBicay-
bonas, U. 8. P.), will be formed.

K00, "¢ HO ¢ 00, = 2KHOO;

Carbonate of Water, Carbonic Bicarbonate of
potassinm,. acid gas, potassium.




72 THE METALLIC RADICALS.

The carbonic acid gas mnecessary for this operation is to be
prepared from marble, though it might be obtained from any
carbonate. Thus the previous synthetical reaction could be
made available for this purpose, the carbonic 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. DBut motives of economy and conve-
nience induce the use of carbonate of caleium, the form known
as marble being always employed. Economy also causes hydro-
chloric acid to be used in preference to acetic or any other.

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 qumantity 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 bicarbonate that may have been deposited in it.
The more economical official arrangement of the apparatus
employed in this process will be described under the corres-
ponding sodium salt (p. 86).

Deposition of the bicarbonale explained.—Bicarbonate of
potassinm is to a certain extent soluble in water; but as it is
less so than the carbonate of potassium, and as a safurated
solution of the latter has been used, a precipitation of a part
of the bicarbonate inevitably occurs. In other words, the
quantity of water present is sufficient to keep the carbonate,
but insufficient to retain the equivalent quantity of bicarbonate
in solution.

Properties.—Prepared on the large scale, bicarbonate of
potassinm occurs in colourless, non-deliqueseent, right rhombic
prisms ; it has a saline, feebly akaline, non-corrosive taste.

EBffervescing solution of potash.— A solution of 30 grains of
bicarbonate of potassium in one pint of water, charged with
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7 times its bulk of carbonic acid gas by pressure, constitutes
the ordinary ‘ potash-water,” the so-called Liquor Potfasse
Effervescens, B. P.

Notes on Nﬂmenclnﬁwe —The prefix bi- in the name * bicar-
bonate 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 hydrogen ” (KHCO,) ; it is mtermedmte be-
tween carbonate of potassinm (K;,CD ) and carbonate of hydro-
een, or true carbonic acid (H, 003} ; it is “acid carbonate of
potassinm” or “hydric potassinm carbonate.” Hence in
constitution it is an a,cld salt, although not acid to the taste.

Salts whose specific names end in 1:]15 syllable “afe” (car-
bonafe, sulphate, ete.) are in general 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 have been or may be formed. Thus the syllable
“afe,” in the words sulphafe, nitrafe, acetate, carbonate, etc.,
indicates that the respective salts contain a radical whose
name ends in ¢, the previous syllables, sulph-, nitr-, acet-,
carbon-, indicating what that radical is—the sulphurie,
nitric, acetic, or carbonic. Occasionally a letter or syllable is
dropped from or added to a word to render the name more
enphonious ; thus the sulphuric radical forms sulphates, not
sulphurates.

Citrate of Potassium.

Fifth Synthetical Reaction.—Dissolve a few grains or more
of carbonate of potassium in water, and add citric acid
(H3CH,;0O,) until 1t no longer causes effervescence. The re-
sulting liquid is a solution of citrate of potassium (K,C.H;0,).
Evaporated to dryness, in an open dish, a pulverulent or
granular residue is obtained, which is the official Potasse
Citras (Potassiz Citras, U. S. P.), a white deliquescent powder.
3K,CO; + 2H,C;H;0, = 2K,;C,H,O, + 3H,0 + 3CO0,

Carbonate of Citric acid. Citrate of Water. Carbonic
potassinm. potassinm. ncid gas.

Citrates.—The citric radical or group of elements, which
with three atoms of hydrogen forms a molecule of citric acid,

and with three of potassinm citrate of potassium is a trivalent
grouping ; hence the three atoms of potassium in a molecule




T4 THE METALLIC EADICALS.

of the citrate. The full chemistry of citric acid and other
citrates will be subsequently described.

Nitrate of potassium (KNQg) (Potasse Nitras, B. P., Potassii
Nitras, U. 8. P.), and Sulphate of potassium (K,SO,) (Potasse
Sulphas, B, P., Potassii Sulphas, U. 8. P.), could obviously
also be made by saturating nitric acid (HNO,) and sulphuric
acid (H,SO,), respectively, by carbonate of potassinm.
Practically they are not made in that way,—the nitrate
occurring, as already stated, in nature, and the sulphate as a
by-product in many operations. Both salts will be hereafter
alluded to in connection with nitric acid.

Tartrate of Potassium.

Sizth Synthetical Reaction.—Place a few grains of carbon-
ate of potassium in a test-tube with a little water, heat to
the boiling-point, and then add acid tartrate of potassium
(KHC,H,O4 or KHT) till there is no more effervescence ; a
solution of neutral tartrate of potassinm (K,T) results, the
Potasse Tartras of the British Pharmacopeia (Pofassii Tar-
tras, U. S. P.), the old “ Soluble Tartar.” Crystals (4- or 6-
sided prisms) may be obtained on concentrating the solution
by evaporation and setting the hotliquid aside. Larger quan-
tities are made in the same way, 20 of acid tartrate and 9 of
carbonate (with 50 of water) being about the proportions
necessary for neutrality.
2KHC,H, 0, + K,CO, = 2K,CHO, + H,0 + CO,

Acid tartrate of Carbonate of Nentral tartrate Water.  Carbonic

potassinm. potassinm, of potassium. acid gas.

Tartrates.—C,H,0, are the elements characteristic of all
tartrates: they form a bivalent grouping ; hence the formula
of the hydrogen tartrate, or tartaric acid, is H,C,H,0;; that
of the potassium tartrate K,;C,H,O; of the intermediate salt,
the acid potassium 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,), the Soda Tartarata of the British Phar-
macopeeia.

Acid salts (e.g. KHC,H,O;), that is, salts intermediate in
composition between a normal or neutral salt (e.g. K;C,H,0,)
and an acid (e.g. HyC,H,O;), will frequently be met with.
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All acidulous radicals except those which are univalent may
be concerned in the formation of such acid salts.

Todide of Potassinm.

Seventl, Synthetical Reaction.—To a solutionof potash, heated
in a test-tube or flask, or an evaporating-basin, according to
quantity, add a small quantity of solid iodine. The deep
colour of the iodine disappears entirely. This is due to the
formation of the colourless salts, iodide of potassium (KI) and
iodate of potassium (KIO;), which remain dissolved in the
liquid. Continue the addition of iodine so long as its colour,
after a few minutes’ 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 colour it, and thus show that
this stage of the operation is completed.

SEHO ¢ (SE M= ERT & KIONM HauSEH0

Hydrate of Todine. Todide of Iodate of Water.
potassiom. potassium, potassium,

Separation of the todide from the todate.~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
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.* The crn-
cible may be held in a spirit or air-gas flame, or other fire, by
tongs. (Scissors-shaped and other “ crucible-tongs ™ are sold

* If, in the operation of heating iodate of potassium with charcoal,
excess of the latter be employed, slight inecandescence rather than de-
flagration occurs; if the charcoal be largely in excess, the reduction of
the iodate to iodide of potassium is effected without visible deflagration
or even incandescence.

Deflagration means violent burning, from flagratus, burnt (i:’lagm, I
burn), and de, a prefix angmenting the sense of the word to which it may
be attached. Paper thrown into a fire simply burns, nitre deflagrates.
Detonate (detono) is a precisely similar word, meaning to explode with
violent noise.
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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 iodide,

ORI, + 180w = OFTe & 800
Iodate of Carbon. Indide of Carbonic
potassinm, potassinm, oxide.

Treat the mass with a little water, and filter to separate excess
of charcoal ; a solution of pure iodide of potassium results.
The latter may be used as a reagent or it may be evaporated
to a small bulk and set aside to crystallize.

This is the process mentioned in the British Pharmacopceia
(Potassit Todidwm). *“ Solution of Iodate of Potassinm " is
also official as a test-liguid.

Properties.—Iodide of potassinm crystallizes in small cubical
crystals, very soluble in water, less so in spirit. One part in
ten of water forms * Solution of Iodide of Potassium,” B. P.
Exposed toair and sunlight, pure iodide of potassinm becomes
shightly brown, owing to the liberation of iodine. Under these
circumstances a little carbonate of potassium is produced by
action of the atmospheric carbonic acid, hydriodie acid (HI)
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 Index) may also contribute to the liberation
of iodine from such compounds asiodide of potassinm.

The addition of charcoal in the above process is simply to
facilitate the removal of the oxygen of the iodate of potassium.
Iodate of potassium (KIO;) is analogous in constitution, and
in composition, so far as the atoms of oxygen are con cerned
to chlorate of potassinm (KClOz), which has already been
stated to be more nseful than any other salt for the actual
preparation of oxygen gas itself. Hence the removal of the
oxygen of the iodate might be accomplished by heating the
residue without charcoal. In that case the liberated oxygen
would be detected on 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 econo-
mizes both heat and time.

Nofe.—The formula of iodide of potassium (KI) shows that
the salt contains potassium and iodine in atomic proportions.
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A reference to the table of atomic weights at the end of the
volume, and a rule-of-three sum, would therefore show what
weight of salt is producible from any given weight of iodine.

Detection of todate in todide of potassium.—Iodate of potas-
sium remaining as an impurity in iodide of potassinm may be
detected by adding to a solution of the latter salt some wealk
acid (say, tartaric), shaking, and then adding mucilage of
starch ; blue “iodide of starch” is formed if a trace of iodate
be present, but not otherwise. By the reaction of the added
acid and the iodate of potassium iodic acid (HIO;) is pro-
duced, and by reaction of the added acid and the iodide of
potassinm hydriodic (HI) 1s 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 colour.
This experiment should be tried on a sample of pure iodide of
potassinm and on a grain or two of the impure iodide reserved
from the previous experiment.

HIO, + 3HI = 3H,0 + 3L.

Note on Nomeneclature.—The syllable ide attached to the
syllable dod in the name “iodide of potassinm,” indicates that
the element iodine is combined with the potassinm. An
iodate, as already explained, is a salt containing the character-
istic 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, ate
being one (see page 73). The only other syllable is ite, which
13 included in the names of salts which are, or may be, formed
from acids and radicals whose names end in ows : thus hypo-
sulphife of sodinm, ete. To recapitulate :—a salt whose name
ends in afe contains a compound acidulous radical whose name
ends inic; a salt whose name ends in ife contains a compound
acidulouns radical whose name ends in ous; a salt whose name
ends in ide contains an element for its acidulous radical.
Thus sulphide relates to sulphur, sulphife to the sulphurous
radical, snlphafe to the sulphuric radical, and so on with all
other “‘ides,” “ites,” or ‘ ates.”

Bromide of Potassivm (Polassii Bromidum, B. P.).—This
salt is identical in constitution with iodide of potassium, and is
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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 potassinm :—

6KHO + 8Br, = 5KBr + KBrO, + 8H,0
Hydrate of Bromine, Bromide of Bromate of Water,
potassium. potassium, potassinm.

9KBrO; + 8C," = 2KBr + 6CO

Bromate ot Carbon. Bromide of Carbonic

potassinm, Potassinm, oxide.

Manganates of Potassium.

Bighth Synthetical Reaction.—Place a fragment of solid
caustic potash (KHO), with about the same quantity of
chlorate of potassinm (KClO;) and of black oxide of man-
ganese (MnQ,), 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—apparently black. This colour is that of manganate
of potassium (K MnO)).

6KHO + KOClO; + 3MnO, = 3K,MnO, + KOl + 3H,0

Hydrate of  Chlorate of Black oxide of Manzanate of Chloride of Water.
potassinum,  potassinm. — manganese. potassinm,  potassium,

Ninth Synthetical Reaction.—Permanganate of Potassiumn
(K;Mn,05) (Potasse Permanganas, B. P., Potassic Perman-
ganas, 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.

Manganate of Water. Permanganaile Hydrate of Black oxide
potassinm. of potassinm, potassium. of manganese.

On the large scale, the potash set free in the reaction is
neutralized by sulphuric or carbonic acid, and the solution

* The foil may be 1 in. broad by 2 in. long. No ordinary flame will
melt the platinum, fused caustic alkalies only slowly corrode it, and very
few other chemiecal substances affect it at all ; hence the same piece may
be usedin experiments 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 poreelain erucible.
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evaporated to the crystallizing point. Further details will be
oiven in connection with manganese.

Solations of manganate or permanganate of potassium and
of sodinum so readily yield their oxygen to organic matter, that
they are used on the large scale as disinfectants, under the
name of *“ Condy's Disinfecting Fluids.”

Synthetical Reactions bringing under consideration the re-
maining official compounds (namely, bichromate, arsenite,
chlorate, cyanide, ferrocyanide, and ferridcyanide of potas-
sium) are deferred at present.

(b) Reactions having Analytical Interest (Tests).

Note.—These are reactions utilized in searching for small
quantities of a substance (in the present instance potassinm)
in a solution. They are best performed in test-tubes or other
small vessels, Kach should be expressed, in the form of an
equation or diagram, in the student’s note-book. All previous
or future equations given in this volwme should be {ransferred to
the note-book in the form of diagrams, constructed as described
on pages 62 to 65, unless the student can with ease construct
equations without the aid of the Manual.

First Analytical Reaction®.—To a solution of any salt of
potassium (chloride,t for example) add a few drops of hydro-

* As already indicated, chemical reactions are scarcely analytical or
synthetical in themselves, but, rather, performed with an analytical or
synthetical object. Indeed, not unfrequently one and the same reaction
is both a synthetical and an analytical reaction. Thus this first, so-
called, ** analytical reaction” is a synthetical reaction if performed with
the object of preparing a specimen of the double chloride of platinum
and potassium. 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 (combination) or of analysis
and synthesis conjoined, as of what has sometimes been termed
metathesis (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 objeet ; 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.

t A few fragments of carbonate of potassium, two or three drops of
hydrochloric acid, and a small quantity of water, give a solution of
chloride of potassium at once, K,CO342HCl =2KCl+H,0+ CO..
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chlorie acid and of a solution of perchloride of platinum *
(Pt Cl,), and stir the mixture with a glass rod; a yellow
granular or slightly crystalline precipitate + slowly forms.
(This precipitate is the dounble chloride of platinum and

potassiunm, and its composition is expressed by the formula
PtCl,, 2KCl.)

Memoranda.—~When the precipitate is long in forming, it
is sometimes of an orange-yellow tint. If iodide of potassium
happen to be the potassium salt under examination, some
iodide of platinum (Ptl,) will also bhe formed, giving a red
colour 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 character-
istic componnd : hence, if the potassium salt in the solution
is known not to be a chloride, or if its composition is un-
known, 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.

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

Note on Nomenclature—When distinet molecules of salts
unite and form a single cerystalline 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 a solution of any salt of
potassinm add excess of strong solution of tartaric acid
(H,C,H,O;), and shake or well stir the mixture; a

* Experiments with such expensive reagents as perchloride of pla-
tinum are economically performed in wateh-glasses, drops of the liquids
being operated on.

t By precipitation (from precipitare, to throw down suddenly) is simply
meant the formation of particles of solid in a liguid, no matter whether
the solid, the precipitate, subsides or floats.
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white granular precipitate of acid tartrate of potassium
(KHC,H,0,) will be formed.

Note—By ‘“ excess ” of any test liquid (such as the “soln-
tion of tartaricacid’ just mentioned) is meant such a quantity
as is probably rather more than sufficient to convert the whole
weight- of the compound attacked into the compound pro-
duced. Thus, in the present case enough acid must be added
to convert the whole of the potassium salt operated on into
acid tartrate of potassinm. What the weight of salt operated
on was must be mentally estimated, roughly, by the operator.
It is not necessary in analysing to know the exact weights of
salts employed. The analyst must nse 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.

TLaimats of the Test—Acid tartrate of potassium is soluble
in about 180 parts of cold and in 6 parts of boiling water.
Hence, in applying the tartaric test for potassium, the solu-
tions must not be hot. KEven if cold, no precipitate will be
obtained if the solutions are very dilute. This test, therefore,
i of far less value than the first mentioned. The acid tartrate
of potassinm is less soluble in diluted alecohol than in water
so that the addition of spirit of wine renders the reaction
somewhat more delicate.

Cream of Tartar—The precipitate is the Pofasse Tartras
Acide of the British Pharmacopeeia (Polassic Bitartras,
U. 5. 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 calcinm, occurs
naturally in the juice of many plants.

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 coloured flame. A light violet or lavender
tint will be communicated to the flame, an effect highly
characteristic of salts of potassinm.

Fowrth Analytical Fact,—Salts of potassium are not volatile.

Place a fragment of carbonate, nitrate, or any other potassinm
a
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salt, on a piece of platinum foil, and heat the latter in the
flame of a lamp; the salt may fuse to a transparent lignid
and flow freely over the foil, water also if present will escape
as steam, and black carbon be set free if the salt happen to be
a tartrate, citrate, etc.; but the potassium compound itself
will not be vaporized. This is a valuable negative property,
as will be evident when the analytical reactions of ammoninm
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 Potassee 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 re-
action between carbonate of potassinm and slaked lime.

77. Define a hydrate.

78. What group of atoms is characteristic of all carbonates ?

79. Define the term radical.

80. How is “ Sulphurated Potash " made, and of what salts is
it a mixture ?

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

82. Draw a diagram showing the formation of Acetate of Po-
tassium.

83. Give a general process for the conversion of ecarbonates
into other salts.

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

85. What is the relation between salts whose specific names
end in the syllable “ate,” and acids ending in “ i¢” ?

86. Draw out diagrams or equations descriptive of the forma-
tion of Tartrate of Potassium from the Acid Tartrate, and Citrate
from the Carbonate of Potassium.

87. Distinguish between a normal and an acid sal:.
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88. How is Iodide of Potassium made? Illustrate the process
either by diagrams or equations. :
89. Describe the appearance and chemical properties of iodide

of potassium.
89a. Work out a sum showing how much iodide of potassium
is producible from 1000 grains of iodine. Ans. 1307 grains.

90. Give a method for the detection of iodate in iodide of
potassinm. Explain the reaction.

91. Has the syllable “<de” any general signification in che-
mical nomenclature ?

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

93. Mention the chemical relation of Bromide to Iodide of
Potassinm.

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

95. How do manganate and permanganate of potassium act as
disinfectants ?

96. Enumerate the tests for potassinm, explaining by diagrams
or equations the various reactions which occur.

SODIUM,

Symbol Na. Atomic weight 23.
Formula Na,. Probable molecular weight 46.

Memoranda.—DMost of the sodium salts met with in pharmacy
are obtained directly from carbonate of sodium, which is now
manufactured on an enormous scale from chloride of sodium
(common salt, sea-salt, bay-salt, or rock-salt), the mnatural
source of the sodium salts. When pure, salt (Sodii Chloridum,
B.P.) occurs “ in small white crystalline grains, or transparent
cabic crystals, free from moisture;” the best varieties commonly
contain a little chloride of magnesium, and sometimes other
impurities. Besides the direct and indirect nse of carbonate
of sodium, or carbonate of soda, as it is commonly called, in
medicine, it is largely used for household cleansing purposes,
under the name of *“soda,” and in the manufacture of soap.
Nitrate of sodium also occurs in nature, but is valuable for its
nitric constituents rather than its sodium. Sodium is a con-
stitnent of about forty chemical or Gialenical preparations of
the British Pharmacopceia,
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Sodium is prepared by a process similar to that for potas-
sinm, but with less difficulty. It crystallizes in octohedra.
Its atom is univalent, Na'.

REeacrioNs HAVING (@) SYNTHETICAL AXD (b) ANALYTICAL
INTEREST.

(a) Reactions having Synthetical Interest.

Hydrate of Sodium. Caustic Soda.

First Synthetical Reaction.—The formation of solution ot
hydrate of sodinm or caustic soda, NaHO (Liguor Sode, B.P.).
This operation resembles that of making solution of potash,
already described.

The practical student should refer to the remarks made
concerning solution of potash, applying them to solution of
soda. He may perform the corresponding experiments or omit
them, according as he considers he does or does not clearly
comprehend all they are desigued to teach.

Na,CO, + Ca2HO = 2NaHO + CaCO,.

Carbonnte Hydrata of Hydrate of Carbonate
of sodinm. caleinm, aodinm. of caleinm.

Pugre solution of soda, free from any trace of alumina, may
be prepared by shaking in a Winchester quart, once every 20
or 30 minutes for 5 or 6 hours, 14 oz. of crystals of carbonate
of sodinm and 8 oz. of good recently slaked lime. The official
Liguor Sode is made from 28 ounces of crystals of carbonate
of sodium, 12 of slaked lime, and 1 gallon of water, under

recisely similar circumstances to those detailed for Liguor
Potassee (p. 67). If the solution be evaporated to drymness,
and the residue fused and poured into moulds, solid hydrate
of sodinm (Soda Caustica, B. P.) is obtained. Common and
cheap caustic soda is now largely employed in various manu-
factures. This variety is a by-product in the preparation of
carbonate of sodium, but, though highly useful as a chemical
agent, is too impure for use in medicine.

Action of Sodium on Water—Sodium, like potassinm, de-
composes 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
is not sufficiently intense to cause ignition of the escaping
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hydrogen. When the latter does ignite, it burns with a yellow
flame, due to the presence of a little vapour of sodium.

Second Synthetical Reaction.—The reaction of sulphur and
carbonate of sodium at a hich 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 Synthetical Reaction.—Add the powder or fragments
of carbonate of sodium (Na,COy) 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 (NaCyH,0,,3H,0)
(Sode Acetas, B. P., Sodiv Acetas, U.S. P.) will be deposited.
A ten per cent. solution in distilled water forms the “ Solu-
tion of Acetate of Soda,” B. P.

Na,CO; + 2HC;H,0, = 2NaC,H,0, + H,0 + CO,
Carbonate Acetic Apetate of Water, Carbonic

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

Bicarbonate of Sodium.

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

* The ** water ” alluded to oceurs in the acid, which, though commonly
termed * acetic acid,” is really a solution of that acid in water,
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Na,CO; + H,0 + 0O, = 2NaHCO,

Carbonate Water. Carbonic Biearbonate
of sodinm. acid gas, of sodinm,

Process.—Heat crystals of carbonate of sodium in a poreelain
cracible until no more steam escapes. Rub the product, in a
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
a cork and terminating at the Fig. 17.
bottom of the vessel. To IR
generate the carbonic acid
gas, fill a test-tube having a
small hole in the bottom (or
a similar piece of glass tub-
ing, of which one end is
plugged by a grooved cork)
with fragments of marble, iy
. . PREPABATION OF BICARBONATE OF
insert a cork and delivery- SODIVAL
tube, and connect the latter with the similar tube of the vessel
containing the carbonate of sodium 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 hydrochloric
acid and 2 parts water, and loosen the cork of the carbonate-
of-sodium tube until carbonic acid gas, generated in the
marble tube, may be considered to fill the whole arrangement;
then replace the cork tightly and set the apparatus aside. As
the gas is absorbed by the carbonate of sodinm, hydrochlorie
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 oc-
curred. When the salt is wholly converted into bicarbonate
(NaHCO,), it will be found to have become damp throngh
the liberation of water from the erystallized carbonate (Na,COsg,
10H,0). (It would be inconveniently moist, even semi-fluid,
if a part of the carbonate had not previously been rendered
anhydrous.) To purify the resulting bicarbonate from any
carbonate or traces of other salts, add half its bulk of cold
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distilled water, set aside for about half an hour, shaking
occasionally, drain the undissolved portion, and dry it by
exposure on filtering paper.

This is the official process for Sede Bicarbonas, B. P. The
arrangement of apparatus is also that adopted in the I’har-
macopeeia for Potasse Bicarbonas, one part of carbonate dis-
solved in two and a half parts of water being subjected to the
action of the gas, and not the solid carbonate as in the case of
the sodium salt.

A erystal of carbonate of sodium is carbonate of sodium plus
water; on heating it, more or less of the water is evolved,
and anlydrous carbonate of sodium is partially or wholly pro-
duced (Sode Carbonas Hasiccata, B. P., Sodii Carbonas Exsic-
eata, U.S. P,

Na,CO;, 10H,0 - 10H,0 = Na,CO,
Crystallized carbonate Water, Dried earbonate
of sodinm, of sodinm.

Note on Nomenslature.—Anhydrous bodies (from a, and tdwp,
hudor, i.e. without water) are compounds from which water
has been taken, but whose essential chemical properties are
unaltered. Salts containing water are lydrous bodies; of
these the larger portion are crystalline, and their water is
then termed water of erystallization. Non-crystalline hydrous
compounds were formerly spoken of as lydrated substances
hydrates are, however, a distinet class of bodies, salts derived
from water by one-half of its hydrogen becoming displayed
by an equivalent quantity of another radical. Awnlydrides
form still another distinct class of chemical snbstances; 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 illostrations, see Index, * An-
hydrides.”)

Wuter of Crystallization.—The water in crystallized car-
bonate of sodium is in the solid condition, and, like ice and
other fusible substances, requires 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, are then, absorbing some heat from
surrounding media, converted into liquids. Take away from
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water some of its heat, the result is ice. Give to ice (at
32° F.) more heat than it contains already, the result is water
(still at 32° F.). (Heat thus taken into a substance without
increasing its temperature is said to become lafent—from 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 readiness 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 be-
tween ice and the water in such crystals as carbonate of
sodium, is that ice is solid water in the free, and water of
crystallization solid water in the combined state. The former
can only exist at and helow 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 has termed eryohydrates
(kpuos, kruos,icy cold, frost). On the other hand, all water of
crystallization is dispelled at high temperatures. In chemical
formulea, the symbols representing water are usually separated
by a comma from those representing salts. The crystals of
acetate of sodium (of the third reaction) contain water in
this loose state of combination—water of ecrystallization

(NaC,H;0,, 8H,0).

“ Soda-water.”—A solution of bicarbonate of sodinm in
water charged with carbonic acid gas under pressure con-
stitutes the official Liguor Sode Effervescens, B.P., and, like
the * potash-water” of the shops, is a true medicine, an
antacid. Ordinary “ soda-water,” however, is in many cases
simply a solution of carbonic acid gas in water, and wonld
be more appropriately termed * aérated water”: any medi-
cinal 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.
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Solubility of gases in water—Whatever 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; qua-
drupled 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 liguids under
given temperatures. An average bottle of ‘‘soda-water”
contains 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.

Note.—Bicarbonate of sodium may also be medicinally ad-
ministered in the form of lozenge (Trochisci Sodwe DBicar-
bonatis, B. P.).

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 potassinm and sodium (Soda Tar-
tarata, B. P., Potassii et Sodii Tartras, 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; + 2KHC H,0, = 2KNaC,H,0, + H,0 + CO,

Carbonate Acid tartrate Tartrate of potassium  Water., Carbonic
of sodinm., of potassinm. and sodium, acid gas,

Formurz oF TARTRATES.
Lartayre pprd 8 SR SRS S T SN SERRLNG O
Acid tartrate of potassium . . . KH C,H,0,
Tartrate of potassium and sodinum KNaC,H,O,

Very close analogy will be noticed in the constitution of
the molecules of these salts. When the other tartrates come
under mnotice it will be found that they also have a similar
constitution.

Hypochlorite of Sodium.
Siwth Synthetical Reaction.—Pass chlorine (vide page 18)
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into a solation of carbonate of sodium. The result is a
bleaching and disinfecting liquid, which, when made of pre-
scribed strength (12 ounces of carbonate in 36 of water,
charged by the washed chlorine from 15 fluid ounces of
hydrochloric acid and 4 ounces of black oxide of manganese),
is the Solution of Chlorinated Soda (Liguor Sode Chlorate)
of the Pharmacopceia. It is said to contain chloride of so-
dium (NaCl) and hypochlorite of sodium (NaClO), with some
bicarbonate of sodium.

Blk. oxide of Hydrochloric  Chloride of Water, Chlorine,
Imanganese, acid. manganese.
Na,CO; + Cl; = NaCl,NaClO + CO,
Carbonate of Chlorine. Chlorinated Carbonic
sodinm. soda. acid gas.

Other Sodium Compounds.

Synthetical Reactions portraying the chemistry of the remain-
ing official compounds (namely, 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. DBone-
ash is phosphate of calcinm (see page 119).

The official Citro-Tartrate (Sode Citro-tartras Iffervescens) is
a mixture of bicarbonate of sodium (17 parts), citric acid (6),
and tartaric acid (8), heated (to 200° F. or 220°) until the
particles aggregate to a granular condition. When required
for medicinal use, a dose of the mixture is placed in water ;
escape of carbonic acid gas at once occurs, and an effervescing
liquid results. This substance may be regarded as the official
representative of the popular *“ Effervescing Citrate of Mag-
nesia,” so-called, which will be further noticed in connection
with the salts of magnesium (page 130).

Soda Powders (Pulveres Effervescentes, U.S.P.) are formed
of 30 grains of bicarbonate of sodium and 25 of tartaric acid,
wrapped separately in papers of different colours. When
mixed with water carbonic acid gas escapes, and tartrate of
sodium (Na,C,H,0,) results, a little bicarbonate also remain-
ing.
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In the manufacture of Carbonate of Sodium from chloride,
the source of the sodium is chloride of sodium, and of the
carbonic radical carbonate of caleium 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
ash lixiviated. (Liwivia, from liz, lye—water impregnated
with alkaline salts: hence liziviation, the operation of washing
a mixture with the view of dissolving ount salts.) The lye,
evaporated to dryness, yields erude carbonate of sodium

(soda-ash). This process will be further described in con-
nection with Carbonates.

o —— ——

Deliguescence and Efflorescence.—The carbonates of sodium
and potassinm, chemically closely allied, are readily dis-
tingnished physically.  Carbonate of potassium quickly
absorbs moisture from the air and becomes damp, wet, and
finally flnid—it is deliquescent (deliguescens, melting away).
Carbonate of sodium, on the other hand, yields some of its
water of crystallization to the air, the crystals becoming white,
opaque, and pulverulent—it is efflorescent (efflorescens, blossom-
ing forth).

Analogy of Sodium salts to Potassiwin salts.—Other syntheti-
cal reactions might be described similar to those given under
potassium, and thus citrate, iodide, bromide, iodate, bromate,
chlorate, manganate, and permanganate of sodium, and many
other salts be formed. But enough has been stated to show
how chemically analogons sodium is to potassium. Such
analogies will constantly present themselves. In few depart-
ments of knowledge is order and method more perceptible ;
in few is there as much natural law, as much science, as in
chemistry.

Substitution of Potassium and Sodium salts for eacl other.—
Sodium salts being cheaper than potassium salts, the former
may sometimes be economically substituted. That one is
employed rather than the other, is often merely a result due
to accident or fashion. But it must be borne in mind that in
some cases a potassium salt will erystallize more readily than
its sodium analogue, or that a sodium salt is stable when the
corresponding potassium salt has a tendency to absorb mois-
ture, or one may be more soluble than the other, or the two
may have different medicinal effects, For these or similar
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reasons, a potassium salt has come to be used in medicine or
trade instead of the corresponding sodinm salt, and vice versd.
Whenever the acidulous portion only is to be utilized, the
least expensive salt of the class would nearly always be
selected.

(0) 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
described under potassiunm (page 81), an intensely yellow
colour is communicated to the flame by any salt of sodinm.
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 distinet sodium
reaction. These statements should be experimentally verified,
the chloride, sulphate, or any other salt of sodium being
employed.

2. Precipitant of Sodium.—Sodium is the only metal whose
common salts are all soluble in water. Hence no ordinary
reagent can be added to a solution containing a sodium salt
which shall give a precipitate containing the sodinm. A
neutral or alkaline solution of a sodium salt gives, however, a

ular precipitate of antimoniate of sodium (Na,H,Sb,0-,
6H,0) if well stirred or shaken with a solution of anfimoniate
of potassium (K H,Sb,0,). But the reagent precipitates other
metals, and is liable to decompose and become useless, and
hence is seldom employed.

Antimoniate of potassium is made by adding, gradually,
finely powdered metallic antimony to nitrate of potassium
fused in a crucible so long as deflagration continues. The
resulting mass is boiled with a large quantity of water, the
solution filtered and preserved in a well-stoppered bottle ; for
the carbonic gas in the air is rapidly absorbed by the solation,
antimonic acid being deposited.

3. Sodium salts, like those of potassinm, are not volatile.
Prove this fact by the means deseribed when treating of the

effect of heat on potassinm salts (p. 82).
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QUESTIONS AND EXERCISES.

97. How is the official Solution of Soda prepared? Give a
diagram or equation.

98. Explainthe action of sodinm or potassium on water. What
colours do these elements respectively communicate to flame P

99, How much bicarbonate of sodium can be obtained from
2240 pounds of erystallized carbonate of sodium ? Ans. 1316 lbs.

100, Acetate of Sodium: give formula, process, and equation.

101. Give a diagram showing the formation of Bicarbonate of
Sodium.

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

103. State the difference between anhydrous and crystallized
carbonate of sodium.

104. Define the terms anhydirous, hydrous, hydrate, anhydride.

105. What do you understand by water of crystallization ?

106. What is the nature of the official “ Liguor Sode Effer-
vescens " P

107. How many volumes of gas (reckoned as at ordinary atmo-
spheric pressure) are contained in any given volume of the official
“ Soda-water " P

108. What is the general law regarding the solubility of gases
in liquids under pressure P

109. What is the systematic name of Soda Tartarata, B. P. P
and how is the salt prepared?

110. What is the relation of Rochelle salt to cream of tartar
and tartaric acid ?

111. Give the mode of preparation and composition of the
official Solution of Chlorinated Soda, and express the process by
a diagram.

112. How is the granular effervescing Citro-tartrate of Sodium
prepared ?

113. Define Deliquescence, Efflorescence, and Tiwiviation.

114. What is the general relation of potassium salts to those
of sodiam ?

115. How are sodinm salts analytically distinguished from
thoge of potagsium ?
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AMMONIUIM.
Symbol NH, or Am. Atomic weight 18,

Memoranda.—The elements nitrogen and hydrogen, in the
proportion of one atom to four (NH,), are those characteristic
of all the compounds about to be studied, just as potassium
(K) and sodinm (Na) are the characteristic elements of the
potassium and sodium compounds. Ammoninm is a univa-
lent nucleus, root, or radical, like potassinm or sodium; and
the ammonium compounds closely resemble those of potassinm
or sodinm. In short, if, for an instant, potassium or sodium
be imagined to be {:ﬂmpnuuds, the analng]r between these
three series of salts is complete. Ammonium is said to have
been isolated, by Weyl, as an unstable dark blue liguid, pos-
sessing a metallic lustre.

Source.—The source of nearly all the ammoniacal salts met
with in commerce is ammonia gas (NH;), obtained in distill-
ing coals in the manufacture of ordinary illominating gas.
It is doubtless derived from the nitrogen of the plants from
which the coal has been produced. It is possible, however,
to produce ammonia from its elements.  Thus, coal-dust, air,
and vapour of water, all at a red heat, yield, according to
Rickman and Thompson, gaseous ammonia. Salt added to
the mixture prevents the further combustion of the formed
ammonia, and chloride of ammonium sublimes.

Ammonia.—When this gas (NH,) comes into contact with
water (H,0) in the process of washing and cooling coal-gas,
hydrate of ammonium (NH,HO, or .r!LmHO) is believed to be
formed, the analogue of h}'dr&te of potassium (KHO) or
sodinm (NaHO). The grounds for this belief are the observed
analogy of the well-known ammoniacal salts to those of

otassium and sodium, the similarity of action of solutions
of putash soda, and ammonia on salts of most metals, and the
existence of crys.ta,ls of an analogous sulphur salt (NH,HS).

Chloride f.dmnwmum —The * ammoniacal liquor” .-:}f the
gas-works is usually neutralized by hydrochloric acid, by
which crude chloride of ammonium (sal-ammoniac) is pro-

dueed,
NH HO+HG] =NH,Cl+H,0;

and from this salt, purified, the others nsed in pharmacy are
directly or mdu'ectly made. Chloride of Ammonium (dmmonii
Chloridum, B. P.) occurs *‘in colourless, inodorous, translu-

S —
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cent fibrous masses, tough, and difficult to poswder, soluble in
water [1 in 10 is the * Solution of Chloride of Ammonium,”
B. P.] and in rectified spirit.”

Chloride of ammonium generally contains slight traces of
oxychloride of iron, tarry matter, and possibly chlorides of
compound ammoniams (vide “ Artificial Alkaloids” in Index).

Sulphate of Ammoniwm, (NH,),80,, results when * ammo-
niacal liquor” is neutralized by sulphuric acid. It is largely
used as a constituent of artificial manure; and when purified
by recrystallization, is employed in pharmacy (dmmonzi
Sulphas, U. 8. P.). .

Volecanic Amwmonia.—A very pure form of ammonia is that
met with in voleanie districts, and obtained as a by-product in
the manufacture of borax; the erude boracic acid as imported
contains about 10 per cent. of ammoninm salts, chiefly sul-
phate, and double sulphates of ammonium with magnesium,
sodinm, and manganese (Howard).

ReacrioNs HAVING (a) GENERAL, (D) SyNTHERICAL, AND (c)
ANALYTICAL INTEREST.

Ammonium Amalgam (?7)

(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
sodium 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 re-
action 1s usnally adduced as evidence of the existence of am-
monium. The sodinm of the amalgam unites with the chlorine
of the chloride of ammonium, while the ammonium is sup-
posed to form an amalgam with the mercury. As soon as
formed the amalgam gives off hydrogen and ammonia gases;
this decomposition is nearly complete after some minutes, and
lmpure mercury remains,
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(b) Reactions having Synthetical Interest.

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) damped with a little water in a test-tube ; ammonia gas
is given off, and may be recognised by its well-known odonur.
It is very soluble in water. Pass a delivery-tube, fitted to
the test-tube as described for the preparation of oxygen 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, possibly all the
water might rush back into the generating-tube, water absorb-
ing ammonia gas with great avidity); solution of ammonia
(Liquor Ammonice, B, P., or Liguor Ammonie Fortior, B. P.)
will be thus formed.

2NH,C1 + Ca2HO = CaCl, + 2H,0 + 2NH,

Chloride of Hydrate of Chloride of Water. Ammonia

ammoninm, caleinm, calcinm. 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
similar volumes of hydrogen. Its constituents have there-
fore in combining suffered condensation to one-half their
normal bulk., Its conversion into hydrate of ammonium may
be thus shown :—

NH, + H, 0 = NHHO or AmHO
Ammonin Water. Hydrate of ammoniom
gis. (ammonial.

Solutions of Awmmonia, prepared by this process on a large
scale and in suitable apparatus, are met with in pharmacy—
the one (sp. gr. 0'891) containing 325 per cent., the other
(sp. gr. 0°952) 10 per cent. by weight of ammonia gas, NH,,
or 669 and 20'6 of ammonia, NH HO (Liguor Ammonie For-
tior and Liquor Ammonice, B. P. One part, by measure, of the
former, and two of water form the latter). On thelarge scale,
bottles are so arranged in a series as to condense all the
ammonia evolved during the operation (see British Pharma-
copceia).
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Note—When water is mixed with strong solution of
ammonia expansion occurs. Thus, calculating from the stated
specific gravities of the official solutions, 3000 parts by measure
of the Liquor Ammonie weigh 2877 parts (959 x 3) ; whereas
1000 parts by measure of the Liguor Ammonice Fortior (weigh-
ing 891 parts) and 2000 measures of water (weighing 2000)
weigh 2891 parts. Apparently 1000 volumes of the strong
solution of ammonia with 2000 volumes of water yield not
only 3000 volumes of mixture, but 14 parts by weight, or 15
volumes to spare, total 3015 volumes—an expansion of about
half of one ("5) per cent.

Acetate of Ammonium.

Second Synthetical Reaction.—To acetic acid and water in a
test-tube add powdered commercial carbonate (acid carbonate
and carbamate) of ammonium until effervescence ceases; the
resulting liquid, made of prescribed strength, is the official
Solution of Acetate of Ammonium (NH,C,H,0,) (Liquor
Ammonie Acetatis, B. P., Liquor Ammonii Acefatis, U. S.P.).

(NH,HCO,),, NH,NH,CO,+4HC,H;0,=4NH,C,H;0.+2H,0+43CO0.

Acid carbonate and carbamate Acetic Acetate of Water. Carbonic
of ammoniam, acid. amimonium. acid gas.

Solution of Acetate of Ammonium could, of course, be
just as easily made by reaction of acetic acid and solution of
ammonia (AmHO), and indeed it was so directed to be pre-
pared in the British Pharmacopceia of 1864 ; but the liquid,
owing to absence of dissolved carbonic acid, was considered

to be too vapid for general use; hence the return to the older
method.

Carbonates of Ammonium.

Commercial carbonate of ammonium is made by heating a
mixture of chalk and sal ammoniac; chloride of calcium
(CaCly) is produced, ammonia gas (NH,) and water (H,0)
escape, and the ammoniacal carbonate distils or, rather, sub-
limes * in cakes (Ammonie Carbonas, B. P., Ammonii Carbo-
nas, U. S. P.). The best form of apparatus to employ is a
retort with a short wide neck and a cool receiver. On the

* Sublimation (from sublimis, high). Vaporization of a solid substance
by heat, and its condensation on an upper and cooler part of the vessel
or apparatus in which the operation is performed.

Ik
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large scale the retort is usually iron, and the receiver earthen-
ware or glass ; on the small scale glass vessels are employed.
The salt is purified by resublimation at a low temperature—
150°F. is said to be sufficient.

The salt, the empirical formula of which is N,H,,C,0,
(B.P.), is probably a mixture of two molecules of acid carbon-
ate of ammonium (2NH,HCO,) and one of a salt termed carba-
mate of ammonium (NHNH,CO,). The latter belongs to an
important class of salts known as carbamates, but is the only
one of interest to the pharmacist. Cold water extracts it from
the commercial carbonate of ammonium, leaving the acid car-
bonate of ammoninm undissolved if the amount of liquid used
be very small. In water carbamate soon changes into neutral
carbonate of ammoninm,

NH,NH,CO, + H,0 = (NH,),CO; or Am,COy;

so that an aqueous solution of commercial carbonate of am-
moninm contains both acid carbonate and neutral carbonate
of ammonium. If to such a solution some ordinary solution
of ammonia be added, a solution of neutral carbonate of am-
monium is obtained: and this is the common reagent always
found on the shelves of the analytical laboratory.

AmHCO; + AmHO = Am,CO, + H,0.

Neutral carbonate of ammonium is the salt formed on adding
strong solution of ammonia to the commercial carbonate in
preparing a pungent mixture for toilet smelling-bottles; but
it is unstable, and on continued exposure to air is redunced to
a mass of crystals of the acid carbonate or bicarbonate of am-
monium.

According to Divers, the sublimed product of the first dis-
tillation of chalk and sal-ammoniae is a mixture of carbamate
and carbonate of ammonium, the latter losing some ammonia
aas on redistillation, and carbamate with bicarbonate forming
the resulting commercial salt. Dr. Divers considers that the
salt now met with in trade contains one molecule of acid car-
bonate to one of carbamate, and not two of the former to one
of the latter, as was the case when the analyses were made
from which the foregoing formule were deduced. Statements
by manufacturers and analyses by the author point to the

same conclusion. :
Sal Volatile (Spiritus Ammonie Aromaticus, B.P.) 1s a
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spirituous solution of ammonia (AmHQ), neatral carbonate
of ammonium (Am,C0O;), and the oils of nutmeg and lemon.
Fetid spirit of ammonia (Spiritus dmmonie Fetidus, B.P.)
is an aleoholie solution of the volatile oil of assafeetida mixzed
with solution of ammonia. * Solution of Carbonate of Am-
monia,” B. P., is formed by dissolving half an ounce of the
salt in ten ounces of water.

Nitrate of Ammonium.

Third Synthetical Reaction.—To some diluted nitric acid add
carbonate of ammonianm, until, after well stirring, a slight am-
moniacal odour remains. The solation contains Nitrate of Am-
moniom (Ammonie Nitras, B. P., dmmonii Nitras, U. S. P.).

(NH,;HCO,),, NH,NH,CO,+4HNO;=4NH,NO;+2H,0+43C0,.
Acid carbonate and carbamate Nitric Nitrate of Water. Carbonic
of ammoninm, acid. ammonium, acid gas.
From a strong hot solution of nitrate of ammonium crystals
may be obtained containing much water (NH,NO,, 12H,0).
On heating these in a dish to about 310° F. the water escapes.
The anhydrous salt remaining (NH,NO;) may be poured on to
an iron plate. On further heating the powdered nitrate, it is
resolved into nifrous oxide gas (tho so-called langhing gas) and
water,

NHNO, = N,0 + 2H,0.

Nitrous oxide is thus prepared for use as an anwmesthetic.
When required for inhalation, it 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 colourless flnid, and by simul-
taneous cooling solidified.

Citrate, Phosphate, and Benzoate of Ammonium.

Fowrth Synthetical Reaction.—To solution of citric acid
(H,C,H,O, or H,Ci) add solution of ammonia (AmHO) until
the well-stirred liquid smells faintly of ammonia ; the product
18 Solution of Citrate of Ammonium (AmgCi) (Liquor Am-
monie Citratis, B. P.).
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Phosphate of Ammoniwm (AmyHPO,) (Ammonie Phosphas,
B. P.) and Benzoate of Ammonium (AmC,H.0,) (Ammonia
Benzoas, B. P., Ammoni¢ Benzoas, U.S. P.) are also made by
adding solution of ammonia to phosphoric acid (Hy;PO,) and
benzoic acid (HC,H;0,) respectively, evaporating (keeping
the ammonia in slight excess by adding more of its solution),
and setting aside for crystals to form. The official Solution
of Acetate of Ammonium, as already stated, could be made in
the same way ; but when prepared with carbonate of ammo-
ninm, the liquid remains charged with carbonic acid, and has a
less vapid flavour.

H,C,H,0, + SAmHO = Am,C,H,0, + 3H,0

Citric Ammonia. Citrate of Water.
acid. ammonium.
H,PO, + 2AmHO = Am,HPO, + 2H,0
Phosphorie Ammonia. Phosphate of Water.
acid. ammoninm,

HC,H,0, + AmHO = AmCH,0, + H,0

Benzoic Ammonia. Benzoate of Water.
acid. AImMmOoninm.

Phosphate of ammonium occurs in transparent colourless
prisms, soluble in water, insoluble in spirit; benzoate in crys- °
talline plates, soluble in water and in spirit.

Bromide of Ammonium (Ammonii Bromidum, B. P.) will be
noticed in connection with Hydrobromic Acid and other Bro-
mides.

Ozalate of Ammoninm.

Fifth Synthetical Reaction.—To a nearly boiling solution of
1 part of oxalic acid in about 8 of water add carbonate of
ammonium until the liquid is nentral to fest-paper (see follow-
ing paragraphs), filter while hot, and set aside for erystals
(Oxalate of Ammonium, B. P. (NH,),C;,0,, H,O) to form.
The mother-liquor is useful as a reagent in analysis; 1 of the
salt in 40 of water constitutes ¢ Solution of Oxalate of Am-
monia,”’ B. P.
2H,C,0, + NH,,C;0;, = 2(NH),C,0, + 8CO, + 2H,0

D=xalie “ Darbonnte of Oxnalate of Carbonic Water.
acid. ammoniom,™ ammoninm. ncid gas.

Neutralization.—Thus far, in reactions, the student has
avoided excess of either acid matter on the one hand, or alka-
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line matter on the other, by the rongh aid of taste, cessation
of effervescence, presence or absence of odour, ete. More
delicate aid is afforded by test-papers.

Test-papers.—Litmus (B. P.) is a blue vegetable pigment,
prepared from various species of Roceella 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,O,, e.g.), alkalies,
and such neutral salts as nitrate of potassium, sulphate of
sodium, or chloride of ammonium.

Tincture of Litmus (B. P.).—1 ounce of litmus is macerated
for two days in 10 flnid ounces of proof spirit, and the solution
poured off from insoluble matter.

Blue litmus paper (B. P.) is “ unsized white paper steeped
in tincture of litmus and dried by exposure to the air.”
Red litmus paper (B.P.) is “unsized white paper steeped in
tincture of litmus which has been previously reddened by the
addition of a very minute quantity of sulphuric acid, and
dried by exposure to the air.”

Turmeric paper, similarly prepared from tineture of turmeric
(1 of turmeric root or rhizome to 6 of rectified spirit macerated
for seven days), is occasionally useful as a test for alkalies,
which turn its yellow to brown ; acids do not affect it.

Sulphydrate of Ammoninm,

Siath 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 liguor no longer eauses a white
precipitate in solution of sulphate of magnesinm (Epsom salt);
the product is solution of sulphydrate of ammonium (NH,HS),
the * Solution of Sulphide of Ammonium ” of the British
Pharmacopeia, a most valuable chemical reagent, as will pre-
sently be apparent.

NH,HO + H,S =NH,HS + H,0.

““ Solution of Sulphide of Ammonium,” of official strength, is
made by passing the gas, prepared in the apparatus described
below, into 3 fluid ounces of solution of ammonia (Liguor
Ammonie) so long as the gas continues to be absorbed, then
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| adding 2 more ounces of solution of ammonia, and preserving
the solution in a well-stoppered bottle.

Sulphuretted hydrogen is a compound of noxious odour;
| hence the above operation, and many others, described farther
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 vapours shall escape into a chimney
il in connection with the external air. In the above experiment,
i the small quantity of gas required can be made in a test-tube,
il 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 + HES{:}* EHES + FeSO,.
Crystals of sulphydrate of ammoniwm (NHHS) may be

|

ir obtained on bringing ammonia gas (NHg) and sulphuretted
hydrogen (H,S) together at a low temperature. They are
soluble in water without decomposition.

Fig, 18.

E SOLPUUNEITED-HYDHOGEN ATPARATUS.

i Sulphuretted-hydrogen Apparatus—As no heat is necessary
f i in making sulphuretted hydrogen (B. P.), the test-tube of the
1 foregoing operation may be advantageously replaced by a
il | bottle, especially when larger quantities of the gas are required,
E : In analytical operations, the gas should be purified by passing
J it through water contained in a second bottle.

-....
T
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The most convenient arrangement for experimental use is
prepared as follows:—Two common wide-mouth 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
diameter 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 poured into each bottle, an oance
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 of the wash-bottle, so that gas
coming from the generator may pass throngh 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
i1s now ready for use. Strong sulphuric acid is poured down
the funnel-tube in small gquantities 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 (lutum, mud). If the corks of the above apparatus
are sound, and the tube-holes well made, no escape of gas will
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occur. If roungh corks have been employed, or the holes are
not cylindrical, linseed-meal lnte may be rubbed over the de-
fective 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 rnbbing a well-wetted
finger over its surface.

(¢) Reactions having Analytical Interest (Tests).

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

NH,C] + NaHO = NH, + H,0 + NaCl.

Though ammonium itself cannot be kept in the free state,
its compounds are stable. Ammonia is easily expelled from
those compounds 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,S0,), nitrate (NH,NO,), or any other am-
moniacal salt not already having the odour of ammonia, is
supposed to be under examination; also equations represent-

ing the use of the other hydrates, potash (KHO) or slaked
lime (Ca2HO).

The odour of ammonia gas is perhaps the best means of
recognising its presence ; but the following tests are also oc-
casionally 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,
conventionally termed hydrochloric acid, the Acidum Hydro-
chloricum of the Pharmacopceia) ; white fumes of chloride of
ammonium will be produced.

NH, + HCl = NH,CL.

Hold a piece of moistened red litmus paper in a tube in which

ammonia gas is present; the red colour 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
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and a like small quantity of solution of perchloride of platinum
(PtCl,) ; a yellow erystalline precipitate of the double chlormde
of platinum and ammonium (PtCl1,,2NH,Cl) will be produced,
similar in appearance to the corresponding salt of potassium,
the remarks concerning which (p. 80) are equally applicable
to the precipitate under notice.

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

For data from which to draw out an equation representing
this action, see the remarks and formul®s under the analogous
salt of potassium (p. 80).

Fourth Analytical Fact.—Evaporate a few drops of a solution
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 wolafilized. As already noticed,
the salts of potassium and sodium are fized under these cir-
cumstances, a point of difference of which advantage will
frequently be taken in analysis. A porcelain crucible may
often be advantageously substituted for platinum foil in ex-
periments 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 temperature decomposes, yielding carbonic oxide,
carbonic acid gas, ammonia gas, water (the three latter some-
times in combination), and several organic substances. The
phosphate yields more or less phosphoric acid as a residue.

A wire triangle may be used in supporting crucibles (fig.
19). Tt 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 inches) is sometimes
placed in the centre of each wire before twisting, the trans-
ference of any metallic matter to the sides of the crucible
being thus prevented (fig. 21).
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Fig. 19. Fig. 20. Fig. 21.

TRIANGULAR SUPFOLRTS FOR CRUCIBLES.

- ——— =

Practical Analysis.

With regard to those experiments which are unseful rather
as means of detecting the presence of potassium, sodinm, 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 potassinm, sodinm, and ammonium, with
the view of ascertaining which metal is present; that is,
proceed to practical analysis.®* A little thought will enable
him to apply these reactions in the most sunitable order and
to the best advantage for the contemplated purpose; but
the following arrangements are perbaps as good as can be
devised :—

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL REACTIONS
TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF A SALT OF ONE
OF THE METALS, Porassivy, Soprva, AMMONIUM.

Add caustic soda to a small portion of the solution to be
examined, and warm the mixture in a test-tube; the odour

* Such solutions are prepared in edueational 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 analysed.

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 chemiecal prineciples. Medical
students seldom have time to go further than this. More thorough analy-
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of ammonia gas at once reveals the presence of an ammonium
salt.

If ammonium be not present, apply the perchloride-of-
platinum test to another portion of the liquid; a yellow pre-
cipitate proves the presence of potassium.

(It will be observed that potassinm 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 REACTIONS
TOTHE ANALYSIS OF AX 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 it be 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; ad-
vantage is here taken of the volatility of ammonium salts and
the fixity of those of potassium and sodium. Evaporate the
original solution to dryness in a small basin, transfer the solid
residue to a porcelain crucible, and heat the latter to low red-
ness, or until dense white fumes (of ammoniacal salts) cease
to escape (see fig. 19). This operation should be conducted
in a fame.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 solu-
tion for potassium by 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 sodinm,

Flame-test.—The violet tint imparted to flame by potassium
salts may be seen when masked by the intense yellow colour

tical and general chemical Lknowledge is only acquired by working on
guch mixtures of bodies ns are met with in actual practice, beginning with
solutions which may contain any orall of the members of a group. Hence
in this Mannal two tables of short directions for analysing are given under
each group. Pharmaceutical students should follow the second.
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due to sodium if the flame be observed through a piece of dark-
blue glass, a medium which absorbs the yellow rays of light.

Note on Nomenclature.—The operations of ewvaporation and
heating to redmess, 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 1s accompanied by carbonization ; the material is
said to char. When all carbonaceous matter is burnt off, the
crucible being slightly inclined and its cover removed to facili-
tate combustion, and mineral matter, or ash, alone remains,
the operation of incineration has been effected.

Note on the Classification of Elements.—The compounds of
potassium,sodium, and ammoninm have many analogies. Their
carbonates, 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 dis-
tinet group or family. All the elements thus naturally fall
into classes—a fact that should constantly be borne in mind,
and evidence of which should always be sought. 1t wounld be
impossible for the memory to retain the details of chemistry
without a system of classification and leading principles.
Classification is also an important feature in the art as well as
in the science of chemistry; for without it practical amalysis
could not be undertaken. The classification adopted in this
volume is founded on the quantivalence of the elements and
on their analytical relations.

QUESTIONS AND EXERCISES.

116. Why are ammoniacal salts classed with those of potassiom
and sodium ?

117, Mention the sources of the ammonium salts.

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

119. Give the formnula of Sulphate of Ammonium.

120. Adduce evidence of the existence of Ammonium.

121. How are the official Solutions of Ammonia prepared?
Give diagrams.
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122, How is the official Solution of Acetate of Ammoninm
prepared ?

123. What is the compositicn of commercial Carbonate of
Ammoninm ?

124. Define sublimation.

125. What ammoniacal salts are contained in Spirifus Ai-
monie Aromaticus, B. P., and Spiritus Ammonie Fetidus, B. P, ?

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

127. Give the formula of Oxalate of Ammoniom.

128. Show how hydrate of ammonium may be converted into
sulphydrate.

129. Describe the preparation of Sulphuretted Hydrogen gas.

130. Enumerate and explain the tests for ammoninm.

151. How is potassium detected in a solution in which ammo-
nium has been found?

132. Give equations illustrating the action of hydrate of so-
dium on acetate of ammonium ; hydrate of potassium on sulphate
of ammonium; and hydrate of calcium on nifrate of ammonium.

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

134. Describe the analysis of an aqueous liquid containing salts
of potassinm, sodium, and ammonium.

135. What meanings are commonly assigned to the terms eva-
poration, ignition, earbonization, and incineration ?

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

BARIUM, CALCIUM, MAGNESIUM,

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

BARIUIL
Symbol Ba. Atomic weight 137.

The analytical reactions only of this metal are of interest to
the general student of pharmacy. The nitrate (Ba2NO,) and
clﬂurlc!a (BaCly,2H,0) are the soluble salts in common use in
analysis (Chloride of Bavium, B. P., and “ Solution of Chloride
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of Barium,” 1 in 10 of water, B. P.) ; and these and others are
made by dissolving the native carbonate (BaCO;), the mineral
witherite, in acids, or by heating the other common natural
compound of barinm, the sulphate, heavy white or heavy spar
(CaS0,), with coal, which yields sulphide of barinm (BaS),

BaSO, + C; = 4CO + BaS,

and dissolving the sulphide in appropriate acids. When the
nitrate is strongly heated it is decomposed, the oxide of barinm
or baryta (BaO) remaining. Baryta, on being moistened,
assimilates the elements 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 hj'dmte
of barium are obtained 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 1b. require a coke furnace.

Perozide of barium (BaQ,) is formed on passing air over
baryta heated to low redness. By the actionof dilute hydro-
chlorie acid it yields solution of perowide of hydrogen (H,0,),
the old oaygenated water.

Quantivalence.—The atom of barinm is bivalent, Ba".

ReacrioNs HAVING ANALYTICAL INTEREST (TESTS).

Fivst Analytical Reaction.—To the 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 most of the
supernatant liquid, add strong nitric acid, and boil; the pre-
cipitate is insoluble.

The production of a white precipitate by sulphuric acid,
insoluble even in hot nitric aeid, 1s highly characteristic of
barium. The name of this precipitate is sulphate of barium ;
its formula is BaSO,.

Antidotes—In cases of poisoning by soluble barium salts,
obvious antidotes would be solution of alum or of any sul-
phates, such as those of magnesium and sodium (Epsom salt,
Glauber's salt).
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Second Analytical Reaction.—To a barium solution add
solution of the yellow chromate of potassinm (K,CrO,); a
pale yellow precipitate (BaCrO,) falls. Add acetic acid to
a portion of the chromate of barium; it is insoluble. Add
hydrochloric or nitric acid to another portion; it is soluble.

“ Neutral Chromate.”—The red chromate (or bichromate)
of potassinm (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 barinm is to some extent soluble :—

K,CrO,, CrO; + 2BaCl, + H,0 = 2BaCrO, + 2KC1 + 2HCL.

Yellow chromate is obtained on adding carbonate of potas-
sinm, 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 insure decomposition of any slight
excess of carbonate of potassium.

K,Cr0,, CrO, + K,CO, = 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 potassinm, until the
liquid turns yellow, and, after stirring, smells of ammonia.

K,CrO,, Cr0,+2NH,HO = 2KNH,Cr0, + H,0.

Other Analytical Reactions.—To a barium solution add a
soluble carbonate (carbonate of ammonia—Am,CO;—will
generally be rather more useful than others) ; a white precipi-
tate of carbonate of barium (BaCO,;) results. To more of
the solution add an alkaline phosphate or arseniate (phos-
phate of sodinm—Na,HPO,—is the most common of these
chemically analogous salts, bnt phosphate of ammonium—
Am,HPO,,—or arseniate— Am,HAsQ,—will subsequently have
the preference); white phosphate of barium (BaHPO,), in-
soluble in pure water, but slightly soluble in aqueous solutions
of some salts, or arseniate of barium (BaHAsO,), both soluble
even in acetic and other weak acids, is precipitated. To
another portion add oxalate of ammonium (Am,C,0,); white
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oxalate of barinm (BaC,0,) is precipitated, soluble in the
diluted mineral acids, and sparingly so in acetic acid. The
silico-fluoride of barinm (BaSiF,;) is insoluble, and falls
readily if an equal volume of spirit of wine be added to the
solution under examination after the addition of hydrofluo-
silicic acid (H,SiF}). Barium salts, moistened with hydro-
chloric acid, impart a greenish colour to flame.

Mem.—Good practice will be found in writing out equations
deseriptive of each of the foregoing reactions.

QUESTIONS AND EXERCISES.

137. What is the quantivalance of barium ?

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

139. Describe the preparation of peroxide of hydrogen.

140. Which of the tests for barium are most characteristic P
give equations of the reactions.

141. Name the antidote in cases of poisoning by soluble barinm
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, mar-
ble, limestone, calc-spar, etc.; the sulphate as gypsum or
plaster of paris (** Plaster of Pa,r.ts, native sulphate of calcium
—CaS0,, 2H,0—deprived of water by heat.”—B.P.) and
mla.ba,ster, the silicate in many mmera.ls ; the fluoride of cal-
cium as fluor-spar. The phosphate is also a common mineral.
The element itself is only isolated with great difficulty. The
atom of caleinm is bivalent, Ca".

REACTIONS HAVING SYNTHETICAL INTEREST.
Chloride of Calcium,
Fivst Synthetical Reaction.—To some hydrochloric acid add

carbonate of caleium (chalk or, the purer form, white marble,
Marmor Albwm, B. P.)(CaCOg) until effervescence ceases;
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filter; solution of chloride of calcinm (U&C]g)., the most
common soluble salt of caleium, is formed.

CaCO; + 2HCI = CaCl, + H,O0 + CO,
Carbonate of  Hydrochloric Chloride of Water. Carbonie
caleium, acid. calcinm acid gas.

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

Solution of chloride of calcium evaporated to a syrupy con-
sistence readily yields crystals. These are extremely delique-
scent. The solution, evaporated to dryness and the white
residue strongly heated, gives solid anhydrous chloride of
calcium in a porous form. The resulting agglutinated lamps
(Caleii Chloridum, B. P.) are much used for drying gases,
and for freeing certain liquids from water. The salt is also
soluble in alcohol. Omne part of the dried chloride in ten of
water constitutes the ¢ Solution of Chloride of Calecium,” B. P,
Four parts in five of water forms the “ Solution (saturated)
of Chloride of Calecinm,” B. P.

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

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

FeCO, + 2HCI = TFeCl, + HHO + CO,
Ferrous Hydrochloric Ferrous Water. Carbonic
carbonate. acid. cliloride. acid gas.

If absolutely pure chloride of calcium be required, a few drops
of the solution shounld be poured into a test-tube or test-
glass, diluted with water, and examined for iron (by adding
sulphydrate of ammoninm, which gives a black precipitate
with salts of iron), and, if the latter is present, hypochlorite
of calcium (in the form of chlorinated lime) and slaked lime
be added to the remaining bulk of the liquid, and the whole

boiled for a few minuntes. Iron (as ferric hydrate) is thus
1
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cium 1s obtained :—
4FeCl, + Ca2ClO + 4CaH,0, + 2H,0 = 2(Fe,6 HO) + 5CaCl,

' | i Ferrous Hypochlorite Hydrate of Water. Ferric Chloride
' chloride. of calcium. calcinm. hydrate. of caleinm.

; ‘ precipitated ; on filtering, a pure solution of chloride of cal-
|

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

1l The names, formulge, and reactions of these compounds of
e iron will be best understood when that metal comes under
i treatment.

|

il Oxide of Calcium. Quick Lime.

i JI Second Synthetical Reaction.—Place a small piece of chalk

o r: in a strong grate-fire or furnace and heat until a trial frag-
i ment, chipped off from time to time and cooled, no longer

effervesces on the addition of acid; caustic lime, CaO (Calr,

B. P.), remains.

{

1 CRCO =1 00" = | 00,
| Carbonate of Oxide of Carbonic
o caleinm (chalk). caleinm (lime). acid gas.

Note.—Etymologically considered, this action is analytical
(dvaliw, analud, I resolve) and not synthetical (ovvfeos, sun-
thisis, a putting together) ; but conventionally it is synthe-
tical, and not analytical; for in this, the usual sense, and the
sense in which the words are used throughout the book, syn-
thesis is the application of chemical action with the view of
producing something ; analysis, the application of chemical
action with the view of finding out the composition of a sub-
stance. In the etymological view of the matter, there is
scarcely an operation performed, either by the analyst or by
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1 i the manufacturer, but includes both analysis and synthesis—
! bE F | that is, includes interchange or metathesis.
Ly Lime-kilns.—On a large scale the above operation is carried

on in what are termed lime-kilns. (Ailn, Saxon cyln, from
cyylene, a furnace).

Hydrate of Calcium. Slaked Lime.
|' Slaled 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, hydrate
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of calcium (Ca2HO) (Caleis Hydras, B. P.), with whatever
slight natural impurities the lime might contain. The slaking i
. of hdrd or “stony” lime may be accelerated by using hot i
| water.

|

|
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|

L

|

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

Lime-water.—Place the hydrate of calcium in about a
hundred times its weight of water; in a short time a satur- iy
ated solution, known as lime-water (Liquor Cualeis, B. P.),
results. It contains about 16 grains of hydrate of calcium
(Ca2HO), equivalent to about 11 or 12 grains of lime (CaO), _
in one pint. 4

Strong Solution of Lime.—Slaked lime is much more soluble
in aqueous solution of sugar than in pure water. The Liguor
Calcis Saccharatus, B. P., is such a solution, containing 2 i
ounces of sugar, and 188 grains of hydrate of calcium !
(Ca2HO), equivalent to 142 grains of lime (Ca0), in 1 pint. i
It is a more eficient precipitant of hydrates and carbonates
than lime-water. The official process is as follows :—Mix 1
ounce of lime and 2 of sugar by trituration in a mortar.
Transfer the mixture to a bottle containing 1 pint of water,
and, having closed this with a cork, shake it occasionally for
a few hours. Finally separate the clear solution with a siphon,
and keep it in a stoppered bottle.

Solutions of hydrate of calcinm absorb carbonic acid gas on
exposure to air, a semi-crystalline precipitate of carbonate
being deposited. When the saccharated solution is heated,
there is precipitated 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 (Caleis Carbonas Precipitata, B. P., Calcii i
Carbonas Preecipitata, U.S.P.) (CaCO,) vesults. If the solu-
tion of the salts be made hot before admixture, and the whole
be set aside for a short time, the particles aggregate to a
greater extent than when cold water is nsed, and the preduct

rm——— —— e e me e
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is finely granular or slightly crystalline, The official variety
1s thus prepared.

CaCl, + Na,00, = CaCO, + 2NaCl
Chloride of Carbonate of Carbonate of Chloride of
caleinm, sodinm, caleinm, godinm.

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
w precipitate. When dried by aid of a water-bath (p. 119) or
other means, the precipitate is fit for use.

Filtering-paper, or bibulous paper (from bibo, I drink), is
simply good unsized paper made from the best white rags—
white blotting-paper, in fact, of unusually good quality.
Students’ or analysts’ filters, on which to collect precipitates,
are circular pieces (a, fig. 22) of this paper, from three to six
inches in diameter, twice folded (b, ¢), and then opened out so
as to form a hollow cone (d). Square pieces are rounded by
scissors after twice folding. The cone 1s supported by a glass
or earthenware funnel.

Fig. 22,

CONSTRUCTION OF FAPER FILTERS.

)

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 previons
reaction). If a spirituous or other volatile fluid 1s being
passed through such an angular filter, much of the liquid will
also be wasted by evaporation from the unnecessarily 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
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be much accelerated by supporting the paper cone ina 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 externally 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 extremity of the outer arm
continuous with the longer tnbe should be previously drawn out
to a fine capillary opening by holding the original tube, before
cutting, in a flame, and, when soft, slowly pulling the halves

Fig. 23. Fig. 24.

WASHING-BOTTLES.

away from each other until the heated portion is reduced to
the thinness of a kuitting-needle. The tube is now cut at
the thin part by a file, and the sharp edges rounded off by
placing in a flame for a second or two. The outer extremit
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-waler 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 allowin
them to settle, pouring off the supernatant liquid (fig. 25),
agitating with water, again allowing to settle, and so on.
This is washing by decantation (de, from ; canthus, an edge).
If a stream of liquid flowing from a basin or other vessel ex-
hibits any tendency to run down the outer side of the vessel,
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1t should be gnided by a glass rod placed against the poin
whence the stream emerges (fig. 26).

If the vessel be too large to handle with convenience, the
wash-water may be drawn off by a siphon, as shown in minia-
ture 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.*

Fig. 25.

Fig. 21.

DECANTATION, DECARTATION, SIPHON IN ACTION,

Prepared carbonate of calcium (Crefa Preparata, B. P.) is
merely washed chalk (Crefa, B. P.) or whiting, only that in
Pharmacy fashion demands that the chalk be in little conical
lamps, about the size of thimbles, instead of in the larger rolls
characteristic of ““ whiting.” Wet whiting pushed, portion by
portion, through a funnel, and each separately dried, gives
the conventional Crefa Praparata. Its powder is amorphous.

* 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 liguid, the portion below the surface
playing no part in the operation.) Being heavier, it naturally falls by
gravitation, the liquid in the shorter limb instantly following because
pressed upwards by the air. The air, be it observed, exerts a similar
amount of pressure on the liquid in the outer limb : in short, atmo-
spheric pressure causes the retention of liquid in the instrument, while
gravitation determines the direction of the flow.

R
= e
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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.

CESEPO,; + ’:I:‘HC]. = CIIJHILEPD_L -+ QCﬁCIE
Phosphate of Hydrochlorie Acid phosphato Chloride of
calecium (impure). ncid. of calcinm. calcinm.

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

CaH,2P0, + 2CaCl, + 4AmHO = Ca 2P0, + 4AmCl + 4H,0

Acid phosphate  Chloride  Ammonia. Phosphate of Chloride of Water.
of caleium.  of caleium. caleinm (pure). ammonium.
Bone-ash or bone-earth contains small quantities of car-

bonate and sulphide of calcinm. These are decomposed in

the above process by the acid, chloride of calcium being
formed ; on boiling the mixture, carbonic acid gas and sul-
phuretted hydrogen gas are evolved. Any carbonaceous or
siliceons matter, ete., is removed by filtration. In bones the
phosphate of calcinm is always accompanied by a small

quantity of an allied substance, phosphate of magnesium: a

trace of fluoride of calcinm (Caly) 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
eartbhenware pan, the mouth of which can be narrowed by
iron or tin diaphragms of various sizes, and having orifices
adapted to the diameters of basins or plates. (See fig. 16, p. 71.)
In the British Pharmacopeeia, * when a wafer-bath is directed
to be used, it 1s to be understood that this term refers to an
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apparatus by means of 11]11-:11 water or its vapour, at a
temperature not exceeding 2127 is applied to the outer sur-
face of a vessel containing the substance to be heated, which
substance may thus be subjected to a heat near to, but
necessarily below, that of 212°. 1In the steam-bath, the vapour
of water at a temperature above 212° but not exceeding 2307,
is similarly applied.” Evaporation in vacuo is performed by
simply placing the vessel of liquid over or by the side of a
small reservoir of strong sulphuric 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 Animalis, B. P.), is
the residue obtained on subjecting dried bones to a red heat
without access of air. The operation may be imitated by
heating a few fragments of bone in a covered porcelain
crucible in a fume chamber until smoke and vapour cease to
be evolved. Purified Animal Charcoal (Carbo Animalis
Purificatus, B. P.) is obtained by digesting animal charcoal
(16 parts) in hydrochloric acid (10 parts) and water (20
parts) in a warm place for a day or two, 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 fo say, the acid removes the
phosphate of calcium from the carbon of the animal charcoal,
by forming soluble acid phosphate and chloride of calcinm,.

Wood Charcoal (Carbo Ligni, B. P.) is wood similarly ignited
withont access of air,

Decolorizing power of Animal Clarcoal.—Aunimal charecoal,
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.

FPhosphate of Sodium.—Phosphate of calcium is converted
into phosphate of sodium (Sode Phosphas, B. P., Sodii Phos-
phas, U. S. P.) (Na,HPO,, 12H,0) as follows :—Mix, in a
mortar, 3 ounces of ground bone-earth with 1 fluid ounce of
sulphuric acid; set aside for twenty-four hours to promote
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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 resi-
dual sulphate of calcium on the filter to remove adhering
acid phosphate of calcium; concentrate the filtrafe (the
liquid portion), which is a solution of acid phosphate of
calcium, to about 3 ounces, filter again if necessary, add
solution of (about 43 ounces of crystals of) carbonate of
sodium to the hot filtrate until a precipitate (a phosphate of
caleium, CaHP Q,) ceases to form, and the fluid is faintly
alkaline ; filter, e vaporate, and set aside to crystallize.

Phosphate of sodium occurs “in transparent, colourless,
rhombic prisms, terminated by four converging planes;
efflorescent, tasting like common salt.”” One part in ten of
water constitutes * Solution of Phosphate of Soda,” B. P.
This is the official as well as the ordinary process. The
following equations show the two decompositions which oceur
during the operations:—

Ca;2PO, + 2H,S0, = CaHQ2PO, + 2CaSO,
Phosphate Bulphuric Acid phosphate Sulphate of
of calcium. acid. of calcinm. calcinm.

CaH, 2P0, + Na,C0, = Na,HPO, + H,0 + CO, + CaHPO,

Acid phosphate Carbonate Phosphate of Water, Carbonic Monoezleic
of caleiam, of sodinm, godinm. acid gas. phosphate,

Ordinary phosphate of sodium (Na,HPO,, 12H,0) efflor-
esces rapidly in the air until nearly half its water has escaped,
when it has a permanent composition represented by the for-
mula Na,HPO,, 7H,0. Phosphate of sodium has an alkaline
reaction. Neutralization by acid results in the removal of
half its sodium and formation of the salt NaH,PO,, H,O.

Hypochlorite of Calcium.

Fiftl. Synthetical Reaction.—Pass chlorine, generated as
already described, into damped 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-
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tions.) The product is ordinary bleaching-powder, a compound
of hypochlorite and chloride of calcium, commonly called
chloride of lime, the Calz Chlorata of the British Pharma-

copela.

MnO, + 4HCI = MnCl, + 2H,0 + ClL
Black oxide Hydrochloric Chloride of Water. Chlorine.
of manganesc. acid. IMADEANEese.
Chlorinated lime,
ECHHEOE + EGIE = EHEO + GFLCIEDE, 0340]2
Hydrate of Chlorine. Water. Hypochlorite Chloride
caleinm, of caleiom. of calecinm.

Chlorinated lime exposed to air and moisture, as in disin-
fecting the atmosphere of sick rooms, slowly yields hypo-
chlorous acid (HCIO). Tree hypochlorous acid soon breaks
up into water, chloric acid (HCIO,), and free chlorine.
Chloric acid is also unstable, decomposing into oxygen,
chlorine, water, 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 chlorine in the form of chlorine gas—one of
the most efficient of known disinfectants.

Constitution of Uleaching-powder.—Treated with alcohol,
bleaching-powder does not yield its chloride of caleium 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 sclution is cooled, or evaporated n
vacuo, crystals ave obtained which Kingzett has shown to be
nearly pure hypochlorite of calcium, the solution containing
chloride of caleium. While the former fact indicates that the
powder is a compound, and not a mere mixture, the later 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 { gi(}

Bleaching-liquor.—Digest chlorinated lime in water, in
which the bleaching compound is soluble, filter from the un-
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dissolved lime, and test the bleaching powers of the clear
liquid by adding a foew 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 the official Solution of Chlorinated Lime (Liquor
Caleis Chlorate, B. P.).

Gummate of Calcium.

Gummate of Caleium is the only official calcium salt that
remains to be noticed. This compound is, in short, arabin,
the ordinary Gum-Acacia or Gum-Arabic (Acacie Gummdi,
B.P.), a substance too well known to need description. A
solution of gum-arabic in water (Mucilago Acacice, B. P.) yields
a white precipitate of oxalate of calcium on the addition of
solution of oxalate of ammonium. Or a piece of gum burnt
to an ash in a porcelain crucible yiclds a calcareous residue,
which, dissolved in dilute acids, affords characteristic reactions
with any of the following analytical reagents for calcinm. In
some specimens of gum-arabic a portion of the calcinm is
displaced by an equivalent quantity of potassium or mag-
nesinm. The gummic radical may be precipitated as opaque
gelatinous gummate of lead by the addition of solution of
oxyacetate of lead (Liquor Plumbi Subacetatis, B. P.) to an
aqueous solution of gum. These statements may be experi-
mentally verified by the practical student.

Tragacanth (Tragacantha, B. P.) 18 a mixture of soluble
arabinoid gum and a variety of calcium gum insoluble in
water, termed bassorin. With water a gelatinous mucilage
18 formed (Mucilago Tragacanthe, B. P.).

Reacrions HAVING ANALYTICAL INTEREST (TESTS).

First Analytical Reaction.—Add sulphurie acid, very highly
diluted, to a calcium solution contained in a test-tube or
small test-glass; sulphate of calcium (CaSO,2H,0) is formed,
but is nof precipitated, it being, unlike sulphate of barium,
slightly soluble in water.
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Solution of Sulphate of Caleium.—A quarter of an ounce of
that (dried) form of sulphate of calcium known as plaster
of Paris (CaS0,) digested in one pint of water for a short
time, with occasional shaking, 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 sulphate
of calecium.

Second Analytical Reaction.—Add yellow chromate of po-
tassinm (K,CrO,) or other neutral chromate (KAmCr0O,) to
a calcinm solution slightly acidified with acetic acid; chro-
mate of calcium (CaCrQO,) is probably formed, but is nof
precipitated. Barium is precipitated by the chromic radical.

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

Other Analytical Reactions.—Add carbonate of ammoninm,
phosphate of sodium, arseniate of ammonium, and oxalate
of ammoniom to calcium solutions as described under the
analytical reactions of barium, and write out descriptive
equations. The precipitates correspond in appearance to
those of barium ; their constitution is also similar, hence
their correct formul® can easily be deduced. Of these pre-
cipitants oxalate of ammonium is that most commonly used
as a reagent for calcium salts, barium being absent. The
oxalate of calcium is insoluble in acetic, but soluble in hy-
drochlorie or nitric acids.——Calcium compounds impart a
reddish colour to flame.

QUESTIONS AND EXERCISES.

142. Enumerate some of the common natural compounds of
caleium.

143. Explain, by an equation, the action of hydrochlorie acid
on marble. 'What official compound results ?
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144. Why is chloride of calcium nsed as a desiceator for gases P

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

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

147. In what sense is the conversion of chalk into lime an
analytical action ?

148. What occurs when lime is “ slaked " ?

149, To what extent is lime soluble in water (Liquor Calcis,
B. P.) ? to what in Syrup (Liguor Calcis Saccharatus, B. P.)?

150. Describe the preparation of the official Precipitated Car-
bonate of Calcium (Caleis Carbonas Precipitata, B. P.); in what
does it differ from Prepared Chalk (Creta Preparata, B, P.) ?

151. In what does filtering-paper differ from other kinds of
paper P

152. Explain the construction of “a washing-bottle” for
cleansing precipitates by water.

153. Define decantation.

154, Describe the construction and manner of employment of
a siphon.

155, Explain the mode of action of a siphon,

156. What is the difference hetween 0Os Usftum, B.P., and
Calecis Phosphas, B. P.?

157. How is “ bone-earth ™ purified for use in medicine ?

158. Explain the action of hydrochloric acid on Animal Char-
coal in the conversion of Carbo Animalis, B. P., into Carbo dni-
malis Purificatus, B. P.

159. What is the chemical difference between Carbo Animalis,
B. P., and Carbo Ligni, B. P.?

165. Give equations showing the conversion of Phosphate of
Calcium into Phosphate of Sodium.

161. Write a short article on the manufacture, composition,
and uses of “ bleaching-powder ” (Calz Chlorata, B. P.).

162. How may calcium be detected in Gum-Arabic P

163. State the chemical nature of Tragacanth.

164 To what extent is sulphate of calcium soluble in water ?

165. Can calcium be precipitated from an aqueous solution
containing barium ?

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

Souree.—Magnesium is abundant in nature as magnesian
or mountain limestone, termed dolomite, a double carbonate
of magnesium and ealeium in very common use as a building-
stone (e.g. the Houses of Parliament and the School of Mines,
in London), and magnesife, a tolérably pure carbonate of
magnesium, though too “stony " for direct use in medicine,
even if very finely powdered. Chloride of magnesinm and
sulphate of magnesium (Epsom salt) also occur in sea-water
and the water of many springs. A monohydrous sulphate
(MgSO0,,H,0), termed Fieserif, occurs mnear Staasfurt, in
Prossia. Metallic magnesium may be obtained from the
chloride by the action of sodium. It burns readily in the
air, emitting a dﬂmzlmg light due to the white heat to which
the resulting particles Gf magnesia (MgO) are Expused The
chloride emplﬂ}red as a source of the metal 18 obtained by
dissblving the ca,rbun&te 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 ammonium is all vola-
tilized, 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
chloride 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 Magmnesium.

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
magnesinm, magnesite, MgCO;, until effervescence ceases,
subsequently boiling to aid in the expulsion of the carbonic
acid gas. The filtered liquid is a solution of sulphate of
magnesium (MgSO0,), crystals of which, Epsom salt (MgSO,,
7H,0) (Magnesice Sulphas, B, P., Magnesii Sulphas, U.S.P.),
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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 (carbonate of magnesium and
of calcinm, CaCO4, MgCO,), may be employed, any iron being
removed by evaporating the solution (filtered from the sul-
phate of calcinm 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 usc alittle of the ordinary manufae-
tured carbonate of pharmacy; for the chemical action is almost
identical, and it is the chemistry, and not, just now, the
commercial economy of the matter, that he is studying. The
manufacturer must, of course, commence 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 ecarbonate of pharmacy.)

MgCO, + H,SO, = MgSO, + H,0 + CO,
¢ Marnosite.” Sulphuric Sulphate of Wator, Carbonic
acid. magnesinm. acid gas.

Sulphate of magnesium readily erystallizes in large, colour-
less, transpavent, rhombic prisms; but, from concentrated
solutions, the crystals are deposited in short thin needles, a
form more 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 chlorin-
ated soda to some aqueous solution of the salt, brown hydrate
of iron (Fe,6HO) being precipitated. Sulphydrate of am-
monium will also give a black precipitate if iron be present.

Carbonates of Magnesium.

Second Synthelical Reaction.—To solution of sulphate of
magnesinm add solution of carbonate of sodium, and boil ; the
resulting precipitate is light carbonate of magnesium (May-
nesice Carbonas Levis, B. P.), a white, partly amorphous, partly
minutely crystalline mixture of carbonate and hydrate of
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magnesium (3MgCO,;, Mg2HO, 4H;0). A denser, slightly
granular precipitate of similar chemical composition (Magnesie
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,
washing, and drying the precipitate.

B =
4MgS0, + 4Na,C0; + H,0 = 3MgC0,,Mg2HO + 4Na,S0, + CO,
Sulphate of  Carbonate Water. Official Carkonate of Sunlphate Carbonic
magnesinm, of sodinm, magnesinm. of sodinm. acid gas.

The official proportions for the light carbonate are 10 of
sulphate of magnesinm and 12 of crystals of carbonate of
sodinm, each 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 80 of 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 I-
white precipitate—sulphate of barium—ceasing to form on
the addition of solution of chloride or nitrate of barinm to a
little of the filtrate). Carbonate of magnesium is of course
official in the United States Pharmacopeeia (Magnesii Car-
bonas).

Amnother (Pattinson’s) Process.—Considerable guantities of
carbonate of magnesium are now prepared by treating dolo-
mite (p. 127) with carbonic acid under pressure. Of the two
carbonates the magnesium is dissolved first, and is precipi-
tated from the clear liquid by the heat of a current of steam.
(See next reaction.)

i
],
(R

e e SR

o T r——

e R o e s A

e Rl

...
e s

oo S
0 et il i o . s

R e —
e o

el

s
-

Third Synthetical Reaction.—Pass carbonic acid gas, gener-
ated as described on page 72, into a mixture of water and
carbonate of magnesium contained in a test-tube. After
some time, separate undissolved carbonate by filtration ; the
filtrate contains carbonate of magnesinm dissolved by carbonic
acid. When of a strength of about 13 grains in one ounce,
such a solution constitutes * Fluil Magnesia ” (Liquor Mag-
nesie Carbonatis, B. P.).

Officially 1 pint is directed to be made from freshly pre- .
pared carbonate. The latter is obtained by adding a hot §.
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. solution of 2 ounces of sulphate of magnesium in half a pint

- of water to one of 2§ ounces of crystals of carbonate of sodinm
in another half-pint of water, boiling the mixture for a short
time (to complete decomposition), filtering, thoroughly wash-
ing the precipitate, placing the latter in 1 pint of distilled
water, and transmitting carbonic 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
aas, 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. 102), 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 con-
taining about an inch of mercury. The phial should be
loosely plugged with ecotton wool, to prevent loss of metal by
spurting during the flow of the gas throngh it. (Hach inch
in depth of mercury through which the gas escapes corre-
sponds to about half-a-pound pressure on every square inch of
surface within the apparatus.)

Heat a portion of the solution; true earbonate of mag-
nesium containing combined water (MgCO,, 3H,0) is precipi-
tated. The water in this compound is probably in the state
of water of erystallization, for a salt having the same com-
position is deposited in crystals by the spontaneous evapor-
ation of the solution of carbonate of magnesium. The official
*“ earbonate "’ (3MgCO,, Mg2HO, 4H,0) is another of these
very common hydrous compounds.

Exposed to cold, the solution of * fluid magnesia” some-
times affords large thick erystals (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 Synthetical Reaction.—Heat light dry carbonate of
magnesium in a poreelain crucible over a lamp (or in a larger
carthen crucible in a furnace) till it ceases to effervesce on
adding, to a small portion, water and acid; the residue is

K
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light magnesia (MgO) (Magnesia Levis, B.P.). The same
operation on the heavy carbonate yields heavy magnesia
(MgO) (Magnesia, B. 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 same
weight of heavy magnesia.

SMgCO,, Mg2HO = 4MgO + H,0 + 3CO,
Ofticial Carbonate of Oxide of Water, Carhonic
magnesium, magnesinm. 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
time, becomes blue, showing that the magnesia is slightly
soluble.

“ Lfferveseing Citrate of Magnesia,” so-called, is generally a
mixture of bicarbonate of sodium, citric acid, tartaric acid,
sugar, either carbonate or sulphate of magnesinm or both, and
ﬂa.‘muung essences. True citrate of magnesium is Easﬂ}

made by heating together calcined magnesia and citric acid ;
it is frequently prescribed in France in doses of two ounces.

The official Effervescing “ Solution of Citrate of Magnesia "
{Liquor Magnesice Citratis, B. P.) is made by dissolving car-
bonate of magnesium in slight excess of solution of citric
aeid, adding lemon-syrup, placing the diluted liquid in an
adrated.waber bottle, dropping in crystals of bicarbonate of
.potassium, corking, * wiring,” and shaking till the crystals
are dissolved. This preparation is similar to the Liquor Mag-
nesti Citratis of the United States Pharmacopceia.

The formula of citrate of magnesium deposited from
solution is Mg,2C;H;0,, 14H,0.

Reacrrons HAVING ANALYTIcAL INTEREST (TESTS).

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

This is an important reaction, especially as regards carbon-
ate of magnesium, the presence of chloride of ammonium
enabling the analyst to throw out from a solution barium and
calcium by an alkaline carbonate, magnesium being retained.
The canse of this retention is found in the tendency of mag-
nesium to form soluble double salts with potassium, sodium,
or ammoninm. In analysis, the chloride of ammoninm should
be added before the carbonate, as it is easier to prevent pre-
cipitation 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
sodinm or ammonium; phosphate of magnesium and am-
moninm (MgNH,PO,) is precipitated. Third. To another
portion add arseniate of ammonium ; arseniate of magnesium
and ammoniunm (MgNH AsO,) is precipitated.

Nofe.—Barium and calcium are also precipitated by alka-
line phosphates and arseniates. The other precipitants of
magnesium are also precipitants of barium and calcium. In
other words, there is no direct test for magnesinm. Hence
the analyst always removes any barium or calcinm by an
alkaline carbonate, as above indicated; the phosphate of
sodium, or arseniate or phosphate of ammonium, then become
very delicate tests of the presence of magnesium. In speak-
ing of magnesium tests, the absence of barium and calcium
salts 1s to be understood.

QUESTIONS AND EXERCISES.

167. Name the natural sources of the various salts of magne-
sium,

168. Give a process for the preparation of Epsom salt.

169. Draw diagrams illustrative of tbe formation of sulphate
of magnesium from magnesite and from dolomite.

170. Show by an equation the process for the preparation of
the official Carbonate of Magnesium.
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171. What circumstances determine the two different states of
aggregation of the official Carbonates of Magnesium (Magnesic
Carbonas and Magnesice Carbonas Levis, B, P.) P

172. What are the relations of Magnesia, B. P., and Magnesia
Levis, B. P., to the official Carbonates of Magnesium ?

173. How much denser isthe one than the other ?

174. Is magnesia soluble in water P

175. How is “ Fluid Magnesia " prepared ?

176. Mention the effects of heat and cold on * Fluid Mag-
nesia.”

177. Ascertain how much magnesia (MgO) can be obtained
from 100 grains of Epsom salt.

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

179. Can magnesium be detected in presence of barium and
calcium P

180. Describe the analysis of an agueons liquid containing salts
of barium, calcinm, and magnesium.

181. How may magnesium be precipitated from solutions con-
taining ammoniacal salts ? i

Quantivalence.

On reviewing the foregoing statements regarding com-
pounds of the three nnivalent radicals, potassium, sodium, and
ammonium, and the three bivalent elements, barium, calcinm,
and magnesinm, the doctrine of guantivalence will be more
clearly understood and its usefulness be 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 re-
garded, for convenience, as having a sort of unit of value,
others worth double as much might be termed bivalens, three
times as much trivalent, and so on. In like manner, chemical
radicals, no matter whether elementary, like potassinm (K),
iodine (1), or sulphur (5), or compound, like those of nitrates
(NOj), sulphates (S0,), or acetates (C,H30,), have a given
chemical value in relation to each other, and are exchangeable
for, or will unite with, each other to an extent determined by
that value.

Most chemical salts apparently, thongh probably not really,
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have two parts, a basylous and an acidulous, the one quant-
ivalently balancing the other. The formule of the chief of
these radicals and their quantivalence are given in the follow-
ing Table. Examples of formul® of salts containing univa-
lent, bivalent, and trivalent radicals are also appended.

(QUANTIVALENCE oF Coumyox Rapricats.

Univalent Radicals, | Bivalent Radicals, | Trivalent Radicals, |

or Monads. or Dyads. or Triads.
Acidulous. Basylous. Acidulous. Dasylous. | Acidulous. DBasylous. ’
H H O Ca PO, As |
Cl 4 SO, Mg B0, Sh |
1 N“ UD_]_ ZH GEH.’:DT Bi !
HO NH, C=0, Cu AsO, Felic) |
NO; Ag C;H,0; Hgfic) AsO, { or |

CsH;0. Hg(ous)| S Fe(ous) | C,H,0,

Fevi(ic) i

Note.—Hydrogen (H) as the basylous part of salts has
entirely different functions to hydrogen (H) as the acidulous
part. Acidulous hydrogen gives compounds commonly termed
hydrides (e.g., AsH;); basylous hydrogen is the basylous
radical of acids (e.g., HCl, H,80,). On the other hand in
compound radicals, e.g., C,H30,, or NH,, the properties of
hydrogen are no longer apparent ; the chemical force resident
with the atoms of such radicals seems to be mainly exerted
in binding those atoms together.

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

The reader will find instructive practice in writing twenty
or thirty imaginary formule of salts by placing in juxtaposi-
tion acidulous and basylous radicals, as in the following exam-
ples. 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.lb.
weights, or by one 3-1b. and one 1-1b weight, so a bivalent
radical unites with a bivalent radical or with two univalent
radicals, a quadrivalent radical with two bivalent radicals, or
with one trivalent and one univalent radical, and so on.
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| 1§ (R = any basylous radical.) (R =any acidulous radical.)
|
| !!_’ General formule. Examples.
A RE . . . KI, NaCl, NH,C,H.0,, AgNO,.
ae R'Ry . . CaCl,, Zn2C,H;0, Pb2NO, (BaNO,C;H.0,).
bl R”’R’P . . Bi3NO,, AsH,, SbCl,.
i R.E" . } K,CO,, Na,S0,, H,C,H,0,.
f ,,§4 R'R'R" . KHCO,NaHSO,, KNaC,H,O,.
'l—E.| RIERFH . AmEPod, KEUEH.*')DT’ HEA-EDS-
fr R,R'E", § { Na,HPO,, Na,HAsO,.
il R'R' . . CaCQ, MgO, CuSO,, HgO, FeSO,.
[ R"E", . . Cag2P0,, Cas2CH.O,.
i R'RE" | MgAmPO, CuHAsO,.
i Jhs R'E'R. . BiONO,.
.IIII: 5t RIHERHE_R" . Big{:}gcoﬂn
g R",B"s . . Asg0q Shy0;.
e BB, . BiOH,0,
iy BISH, . Fe,Cl,, Fe,6NO;, Fe,60,H,0,.
."i R",B". . . Fe,04, Fe,380,.
| |‘1: |
&1 Quadrivalent Radicals or Tetrads, Quinquivalent Radicals
L or Pentads, and Sexivalent Radicals or Hexads, are known,
*'~ :-fif!;
! E EXERCISE.
: 2:,5 182. Write an exposition of the doctrine of Quantivalence
| qu within the limits of a sheet of note-paper. [
i = |
o
Li; DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL REACTIONS
. j 'ﬂ'. TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF A SALT OF
A ONE OF THE METALS, Barrvm, CarcivM, MAGNESITM.
* iE": Add yellow chromate of potassium to a portion of the solu-
g ' tion to be examined ; a precipitate indicates barinm.
i If no barium is present, add chloride and carbonate of am-

SRR

monium, 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.
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Ammonia is here added to yield the nccessary elements to
ammonio-magnesian phosphate or ammonio-magnesian ar-
seniate, both of which are highly characteristic precipitates;
and chloride of ammonium is added to prevent a mere partial
| precipitate of the magnesinm by the ammonia.

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL REACTIONS
TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF SALTS OF ONE,
TWO, OR ALL THREE OF THE METALS, Barivy, CALcium,
MAGNESIUM.

Add chromate of potassium to the solution; barium, if pre-
sent, is precipitated. Filter, if necessary, and add to the
filtrate (that is, the liquid which has run through the filter)
chloride, hydrate, and carbonate of ammoniam, and boil ; cal-
cinm, if present, is precipitated. Filter, if requisite, and add
phosphate of sodium ; magnesium, if present, is precipitated.

Note.—Red chromate of potassium must not be used in
these operations, or a portion of the barium will remain in the
liquid and be thrown down with, or in the place of, the car-
bonate of calcium (vide p. 111). The yellow chromate must
not contain carbonate of potassium, or caleinm will be pre-
cipitated with, or in the place of, barium. 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 am-
monia to solution of red chromate of potassiam, its addition
to the liquid to be analysed must be preceded by that of solu-
tion of chloride of ammonium ; the precipitation of a portion
of the magnesinm (by the free ammonia in the yellow chro-

mate) is thus prevented—for chloride-of-ammoninm solution:

is a good solvent of hydrate (and carbonate) of magnesinm, as
already stated on page 131.
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TAELE OF SHORT DIRECTIONS FOR APPLYING THE FOREGOING ANALY-
TICAL REACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION
OF SALTS CONTAINING ANY OR ALL OF THE METALLIC ELEMEXNTS
HITHERTO COXSIDERED.

To the solution add AmCl, AmHO, Am,CO, ; boil and filter.

Precipitate Filtrate
Ba Ca. Mg Am Na K,

Wash, dissolve in HCoH30.,| Add Am,HPO,, shake, filter.
add K,CrQ,, and filter.

Precipitate Filtrate | Precipitate Filtrate
Ba.* Ca. Mg. Am Na K. |
Test by Evap.todryness,ignite, |
Am.C.0,. issolve residue in |
water. '
Test for K by Pt Cl,.
i Na ,, ﬂamﬂ
Test. orig.sol, for Am.

Note 1.—The analysis of solutions containing the foregoing
metals is commenced by the addition of chloride of ammonium
(AmCl) and ammonia (J!LmHD}, simply as a precautionary
measure, the former compound preventing partial precipita-
tion of magnesium, the latter neutralizing acids. The carbo-
nate of ammoniom (Am,CQO,), is the important group-reagent
—the precipitant of barium and caleium.

Note 2.—In the above, and in subsequent charts of analy-
tical processes, the leading precipitants will be found to be
ammonium salts. These, being volatile, can be got rid of to-
wards the end of the operations, and thus the detection of
potassium and sodium be in no way prevented—an advantage

= Itis perhaps scarcely necessary to state that this precipitate is ehro-

-mate of barinm (BaCr0,), as any reader who has carefully gone through

the * foregoing analytical reactions” will know. The occwrrence of
ehromate of barium at this particular place, however, and under the cir-
cumstances deseribed, is abundant evidence of the presenee of barium (in
some form or other) in the liguid analysed—which was a part of the
problem to be solved by the operator. Similar remarks apply of course
to the Ca, which is finally precipitated as oxalate (CaC,0,), to Mg, which
is thrown out as ammonio-phosphate (MgAmPO,), to Am, Na, and K,
and to the elements similarly alluded to in the other subsequent Tables of

“ gshort " directions for analysis.
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which could not be had if such salts as chromate of potas-
sium or phosphate of sodium were the group-precipitants em-
loyed.

p Note 8.—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 depends—is soluble in the stronger acids,
and therefore could not be thrown down in their presence.

Note on Classification.—The compounds of bariam, ecalcium,
and magnesinm, like those of the alkali metals, have many
analogies ; the carbonate, phosphate, and arseniate of each are
insoluble in water, which sufliciently distinguishes them from
the members of the class first studied. They possess, how-
ever, well-marked differences, so that their separation from
each other is easy. The solubility of their hydrates in water
marks their connection with the alkali metals; the slightness
of that solubility, diminishing as we advance farther and
farther 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 barinm nearest
and 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 (strontium 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, Calcinm, and Magnesium, it is interesting to note
that just as bivalent acidulous radicals give salts containing
two atoms of univalent basylous radicals, (K,SO,, NaHSO,,
H,C0,, KNaC H, 0O;), so bivalent 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 acetate with

}ﬁtrate of barium. A very large number of such salts is
AlOWI.

Dastillation.

_T]J'ﬂ water with which, in analysis, solution of a salt or
dilution of a liquid is effected should be pure. Well- or river-
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water are unfit for the purpose, because they contain 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 usunally 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. 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 is employed, into the neck of which, by
a cork, is inserted a glass tube bent to an acute angle, or a
retort is used (a, fig. 28), a sort of long-necked florence flask,

Fig. 28,

dexterously bent near the body by the glass-worker to an appro-
priate angle (hence the name refort, from retorqueo, I bend back).
Clondensation is effected by surrounding the lateral steam-tube
with cold water. In large stills the steam-tube, or condensing-
worim, 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 contact with the exterior of the pipe, provision being
made for a continuous supply to the bottom, while the lighter
water heated by the condensing steam runs off from the top
of the column. The condenser for a flask or retort may be a
simple glass tube of any size, placed within a much wider
tube (a common long, narrow lamp-glass answers very well
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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 enclosed space (the end
farthest from the retort), throungh a small glass tube inserted
in the cork, and out at the other end 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,
throngh which the glass tube passes. The ends of the necks
of the tin tube, and small portions of the glass tube near
them, are connected by means of a strip of sheet caoutchoue
carefully bound round, or by short, wide india-rubber tubes
(d and e, fig. 28). An aperture (f, fig. 28) near the lower part
of the tin tube provides for the admission of a current of
cold water, by glass tubing or india-rubber tubing, from the
house supply or from a vessel placed above the apparatus ; and
a similar aperture near the top (g, fig. 28) allows the escape
of heated water into a vessel or sink. The inner tube may
thus constantly be surrounded by cold water, and heated
vapours passing through it be perfectly cooled and condensed
—and collected in any receiver (k, fig. 28).

In distilling several gallons of water for analytical or medi.-
cinal purposes (Adgua Destillata, B. P.), the first two or three
pints should be rejected, becanse they are likely to contain
ammoniacal and other volatile impurities.

Reetification is the process of redistilling a distilled liquid.
Tectified spirit is a spirit of wine thus treated. '

Dry or destructive distillation is distillation in which the
condensed products are directly formed by the decomposing
influence of the heat applied to the dry or non-volatile sub-
stances in the retort or still.

EXERCISE.

183. Write from memory two or three paragraphs descriptive
of distillation.

REcAPITULATION.

The subject just alluded to (distillation) naturally causes
wonder respecting the cause of the physical diflerences be-
tween solid, liquid, and gaseous water. Common observation
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will have suggested to the student that the force of heat has
much to do with the differences: and if he will turn to the
chapter on latent lieat in any book on Physies, he will find that
as already indicated (p. 88), when ice liquefies by heat a very
large amount of heat must be given before the slightest rise
of temperature occuars. 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 tem-
perature. Afterwards more heat makes the gaseous water
hotter and hotter, until, like a bar of iron, the steam, under
special conditions, 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
vapour). The amount is constant for any one body ; hence
definite comparative numbers 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
physical action, namely, the absorption of heat which goes on
when a body is rising in temperature. The amount of this ab-
sorption, also, differs with different substances. That is to say,
if equal weights of several substances, all at the same tempera-
ture, be heated to a stated bigher temperature, very different
amounts of fuel will be required. The particular or specific
amount in each case is always the same; hence the specific
lheats of substances may be expressed by numbers. See the
chapter on * Specific Heat ” in any Manual of Physics.

But after reading what has been stated respecting the con-
titution of matter (pp. 37 to 41), the chemical student will,
in connection with the subject of distillation, be led, once
more, to think over the subject of the molecunlar 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 liquids, for temperature and pressure affects them un-
equally ; whence we conclude, that though the velation to
each other of the molecules of any one substance is constant,
this relation is different in different bodies. Different gases,
however, are not differently affected but similarly affected by
temperature and pressure; whence we conclude that their
molecular constitution—the relation of their molecules to one
another—is similar,




RECAPITULATION. 14:1

Another gas, ammonia, has been brought before the reader
since the molecular constitution of gases was considered.

A small quantity of ammonia gas enclosed in the upper part
of a roughly graduated test-tabe over mercury (water wounld
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 :—

—m = S — e —

i‘}gt f iN| H §H| H
| H H = . -
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Here each space (rectangular chiefly for convenience in
printing) represents a molecule, and each letter an atom.
Each 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 volame of nitrogen and
three volumes of hydrogen, or the four such volumes of
ammonia shown in the diagram yielding two volumes of
nitrogen and six volumes of hydrogen.

Remembering that a symbol (of a gas) represents one
volume, and that a formule (of a 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 atoms, nature of the molecules,
number of the molecules, weights of atoms of the molecules,
and therefore weights of bulks of the bodies, or extent of
expansion in the disunion of the elements, and therefore their
extent of contraction in the act of nnion:—

ONH, = N, + 849,

AT THIS STAGE THE LEARNER IS AGAIN RECOMMENDED T) READ
THE PARAGRAPHS ON THE GENERAL PrivcreiEs oF CHEMICAL
Prirosorry (rAGES 29 10 57), AND TO RETURN TO THEM FROM
TIMZ TO TIME UNTIL THEY ARE THOROJGHLY COMPREHENDZD.
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ZINC, ALUMINIUM, IRON.

These three elements are classed together for analytical
convenience rather than for more general analogies.

ZINC.
Symbol Zn. Atomic weight 65.

Sowrce.—%inc is tolerably abundant in nature as sulphide
(ZnS) or blende, and carbonate (ZnCO,) 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, aud the resulting oxide distilled with char-
coal, when the metal vaporizes and readily condenses. Zinc is
a brittle metal, but at a temperature somewhat below 300° F.
1s malleable, and may be rolled into thin sheets. Above 400°
it is again brittle, and may then be pulverized. At 773° F. it
melts, and at a bright red heat is volatile. Zinec in excep-
tionally 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 it
yields german silver; with twice its weight of copper forms
common brass, and as a coating on iron (the so-called galvan-
ized iron) greatly retards the formation of rust. Most of the
salts of zinc are prepared, directly or indirectly, from the
metal (Zincum, B. P.).

Quantivalence.—The atom of zine is bivalent, Zn”,

Molecular weight.—Some remarks on this point will be
made under Mercury.

REAcTIONS HAVING (@) SYNTHETICAL AND (b) ANALYTICAL
INTEREST.

(a) Synthetical Reactions.
Sulphate of Zinc.

First Synthetical Reaction.—Heat zinc (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
sulphate of zine (ZnSO;) results. TFilter (to separvate the
particles of lead, carbon, etc., commonly contained in sheet
zinc) and concentrate the solution in ar evaporating-dish: on

—




ZINC. 143

cooling, colourless, transparent, prismatic crystals of Sulphate
of Zine (ZnS0,, 7H,0) are deposited (Zinci Sulphas, B. P.).

Zn, + 2H,S0, + aH,0 = 2ZnSO, + 2H, + =H,0
Zine.  Sulphuric acid. Water. Sulphate of zine. Hydrogen. Water.
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 sumlphuric
acid combines with several different quantities of water to
form definite hydrous compounds (H,SO,, H,0; H,S0,
2H,0; ete.), it is one of these that is decomposed with elim-
ination of hydrogen. At present we can only say that an
unknown () amount of water is required in the reaction.
Note.—This reaction affords hydrogen and sulphate of zine;
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 zine, it is that 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, accel-
erated by heat; if hydrogen, a closed vessel and delivery-
tube; if electricity, square vessels called cells, and' certain
complementary materials, forming 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 oper-
ator, as a matter of amusement, to construct an apparatus
from which all three products should be collected.
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 mag-

nesinm, and, like that salt, loses six-sevenths of its water of
crystallization at 212° F.

Chloride of Zine,

Second Synthetical Reaction.—Dissolve zince in hydrochloric
acid mixed with half its bulk of water ; the resulting solution
contains chloride of zinc. Evaporate the liguid till no more
steam escapes; Chloride of Zine (ZnCl,) in a state of fusion
remains, and, on cooling, is obtained as an opaque white solid

-y —————
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(Zinci Chloriduwm, B. P.). It is soluble in water, alcohol, or
ether.
Zng v+ AHCL v, S0y 4 1 2H,

Zine. Hydrochloric acid.  Chloride of zine. Hydrogen.

This reaction iz analogous to that previously described.
The process and product are those of the British Pharma-
copeeia. Burnett’s deodorizing or disinfecting liquid is solu-
tion of chloride of zine.

Purification of Chloride or Sulphate of Zinc.—Zine some-
times contains traces of iron or lead; and these, like zine, are
dissolved by most acids, with formation of soluble salts : they
may be recognised in the liquids by applying the test de-
scribed hereafter (p. 148) 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 odour of chlorine
is permanent, and then the whole well shaken with some
hydrate of zinec or the common official “ carbonate ” of zinc
(really hydrato-carbonate : see next page). In this way iron
is precipitated as ferric hydrate, and lead as peroxide:

Ferrous chloride. Chlorine. Terric chloride.

Ferric Carhonate Water, Ferric Chloride Carbonic
chloride. of ging. hydrate. of zine. acid gas.
PbCl, + Cl, + 2ZnCO; = PbO, + 2ZnCl, + 2CO,
Chloride Chloring. Carbonate Peroxide Chloride Carbonic
of lead, of zine. of lead. of zine. acid gas.

In the British Pharmacopeeia, the presence of impurities in
the zinc is assumed, and the process of purification just
described incorporated with the process of preparation of
Zinci Chloriduwin, Liguor Zinci Chloridi, and Zinct Sulphas. In
the purification of the sulphate of zme, the action of chlorine
on any ferrous sulphate will result in the formation of ferric
sulphate as well as ferric chloride :—

6FeSO, + 3Cl, = 2(Fe380,) + Fe,Cl,;

carbonate of zine will then give chloride as well as sulphate
of zine, and thus the whole quantity of sulphate of zine be

* Tt 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.
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slightly contaminated by chloride. On evaporating and crys-
tallizing, however, the chloride of zine will be retained in the
mother-liquor. This process admits of general application.

For Liguor Zinct Chloridi, B. P., 1 pound of zinc is placed
in a mixture of 44 fluid ounces of hydrochloric acid and 20 of
water, the 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 zinc shaken up with
the solution until a brown precipitate (of ferric hydrate, or
peroxide of lead, or both) appears, the whole filtered and the
filtrate evaporated to 40 fluid ounces. One fluid ounce 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 zine may be
omitted.

Carbonate of Zinc.

Third Synthetical Reaction.—~To solation of any given
quantity of sulphate of zine 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 Zine (Zinei Car-
bonas, B. P.), a mixture of carbonate (ZnCOy) and hydrate
(Zn2HO), in the proportion of one molecule of the former
and two of the latter, together with a molecule of water
(H,0). It may be washed, drained, and dried in the usual
manner. It is used in the arts under the name of zine-white.

8ZnS0,42H.0+3Na.CO,=2nC0,, 2ZnH,0,4-2C0,+3Na, SO,

Sulphate  Water. Carbonate Official carbonate  Carbonic  Sulpbnte
of zinc. of sodinm. of zine. acid gas. of sodinm.

Acetate of Zinec.

Fourth Synthetical Reaction.—Collect on a filter the precipi-
tate obtained, in the last reaction, wash with distilled water,
and dissolve a portion in strong acetic acid; the resulting
solution contains acetate of zine (Zn2C,H;0,), and, on evapo-
rating, and setting aside for a day, yields lamellar pearly

L
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erystals (Zn2C,H,0,, 2H,0). This is the process for Zinci
Aecetas, B, P.
ZnCO0,, 270nH,0, + 6HC,H,0,=3(Zn2C,H,0,) + 5H,0 + CO,

Officinl earbonate Acotie Acetata Water. Carbonic
of zinc, acid, of zing, acid gas.

Oxide of Zinc,

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
crucible till it ceases to eflervesce on the addition of water
and acid to trial samples taken out of the crucible from time
to time ; the product is Oxide of Zine (Zinci Ovidum, B. P.),
much used in the form of Ointment (Unguentum Zinci, B. P.).

ZHCOH, EZ“HEOJ - SZDO - EHEO + COJ
Official earbonate Oxide of Water. Carbonic
of zine. zing, 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 oxide prepared by the combustion of zinc in air. The
latter variety occurs in commerce under the name of Hub-
buck’s oxide of zinc. Its preparation 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
Floves Zinei, Lana Philosophiza, or Nikilum Album,

Fig. 29, Fig 30,
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A clear blowpipe-flame consists more or less of two por-
tions (see fig. 30), an inner cone at the apex of which are hot
aases greedy of oxygen, and an outer cone at the apex of which
1s 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
Aame. 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
expelled from the blowpipe, and by the character of the jet
of gas.

Valerianate of Zinc.

Sixth Synthetical Reaction. — The Valerianate of Zinc
(Zn2C;Hy0,) (Zinci Valerianas, B.P.) is prepared by mixing
strong solutions of sulphate of zine 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, aleohol, or hot water.

ZoS0;, + 2NaCH,0, = Na,80, + Zn2CH,0,

Sulphate Valeriannto Sulphate of Vulerinnote
of zing, of sodinm. sodiam. of zine.

Note.—The compounds of zine desecribed in the foregoing six
reactions are the only ones mentioned in the British Pharma-
copeeia ; the processes are also those of that work. Sulphide
and Hydrate of Zinc are mentioned in the following ana.-

Ivtical paragraphs. The formula of Sulphite of Zinc is
ZnS0,, 3H,0.

(b) Reactions having Analytical Tnterest (Tests).

First Analytical Reaction.—To solution of a zine salt (sul-
phate for example), in a test-tube, add solution of sulphydrate
of ammonium (NH,HS); white sulphide of zinc (ZnS) is
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precipitated, insoluble in-acetic, but soluble in the stronger
acids.

Note.—This is the only white sanlphide that will be met
with. Tts formation, on the addition of the sulphydrate of
ammonium, is therefore highly charactervistic of zine. If the
zine salt contains iron or lead as impurities, the precipitate
will have a dark appearance, the sulphides of those metals
being black. Hydrate of aluminium, which is also white
and precipitated by sulphydrate of ammonium, is the only
substance for which sulphide of zinc is likely to be mistaken,
and vice versd ; but, as will be seen immediately, there are cood
means of distingunishing these from each other.

Second Analytical Reaction.—To solution of a zine salt add
solution of ammonia; white hydrate of zine (Zn2HO) is
precipitated. Add excess of ammonia ; the precipitate is re-
dissolved.

This reaction at once distinguishes a zine salt from an
aluminiom salt, hydrate of aluminium being, practically,
insoluble in ammonia.

Other Analytical Reactions.—The fixed alkali-hydrates afford
a similar reaction to that just mentioned, the hydrate of zine
redissolving if thealkali is free from carbonate.——Carbonate
of ammonium yields a white precipitate of carbonate and
hydrate, soluble in excess. The fixed alkaline carbonates
give a similar precipitate, which is not redissolved if the mixed
solution and precipitate be well boiled.——LFerrocyanide of
potassium precipitates white ferrocyanide of zine (Zn,FeCy,).

Sulphate of magnesium, which is isomorphous with and
indistinguishable in appearance from 'sulphate of zine, is not
precipitated from its solutions either by ferrocyanide of potas-
sinm or sulphydrate of ammonium.

Antidotes.—There are no efficient chemical means of counter-
acting the poisonous effects of zine. Large doses, fortunately,
act as powerful emetics. If vomiting has not oceurred, or
apparently to an insnfficient extent, solution of carbonate of
sodinm (common washing salt), immediately followed by white
of egg and demulcents, may be administered.
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QUESTIONS AND EXERCISES.

184. Give the sources and uses of metallic zine.

185. Explain by a diagram what occurs when zine is dissolved
in diluted sulphuric acid.

186. How may solations of Chloride or Sulphate of Zine be
purified from salts of iron? Give equations descriptive of the
reactions.

187. State the formula of the official Carbonate of Zine, and
illustrate by a diagram the reaction which takes place in its
production.

188. Give an equation showing the formation of Acetate of
Zinc,

189, In what respect does Oxide of Zine, resulting from the
ignition of the carbonate, differ from that produced during the
combustion of the metal ?

190. How is Valerianate of Zinc prepared ?

191. What are the properties of Valerianate of Zinc?

192, Name the more important tests for zinc.

193. How would you distinguish, chemically, between solutions
of Sulphate of Zinc and Alum P

194, Describe the treatment in cases of poisoning by salts of
zine.

195. Give reactions distinguishing Sulphate of Zine from
Sulphate of Magnesium,

ALUMINIUM.
Symbol Al, Atomic weight 27-3.

Note.—In the formule of aluminiam salts, it will be ob-
served that to one atom of metal there are three atoms of
other umivalent radicals; hence, apparently, the atom of
alumininm is trivalent, A1"". But possibly it is quadrivalent ;
for one molecule of aluminium 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 aluminium
atoms themselves to keep together. This is graphically shown
in the following formula of chlovide of aluminium (Al Cl,)
from Frankland’s “ Lecture Notes for Chemical Students,”
which represents each aluminium atom as a body having four
arms or bonds, three of which are engaged in grasping the
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arms of univalent chlorine atoms, while the fourth grasps the
corresponding arm of its brother aluminium atom. Such
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graphic forinule, as they are called, are useful in facilitating
the acquirement of hypotheses mrrardmﬂ' the constitution of
chemical substances, especially if the error be avoided of
supposing that they are pictures either of the position or
absolute power of atoms in a molecule, or, indeed, the true
representation of a molecule at all; for on this point man
lkknows little or nothing.

Source.—Aluminivm is very abundant in nature, chiefly as
silicate, in clays, slate, marl, granite, basalt, and a large
number of minerals. MMice or falc consists chiefly of silicates
of aluminium, iron, and potassium. The Sapphue and ruby
are almost pure oxide of aluminium. Rotfen stone is a soft and
{riable aluminium silicate containing a little organic matter.

The metal alaminium is obtained from the double chloride
of alumininm and sodium by the action of metallic sodium,
the source of the chloride being the mineral bauwite, a more
or less ferruginous hydrate of alumininm.

Alwminium-bronze is an alloy of ten parts of aluminium
with ninety of copper.

Alum (Alumen, B. P., Aluminii et Polassii Sulphas, also Alu-
ﬁ d minit et Ammonii Sﬂfp.?ms, U.S. P.), a double sulphate of
e aluminium and ammonium (Al3S0,, Am,80,, 24H,0), may

b d be obtained from aluminous schist (from oxwrrds, schistos,
i divided), a sort of pyritous slate or shale, by exposure to air;

.

1 oxidation and chemical change produce sulphate of aluminium,
S sulphate of iron, and silica, from the silicate of aluminium
i and bisulphide of iron (1101:1 pyrites) originally present in the

shale. The sulpbate of aluminium and sulphate of iron are
] dissolved out of the mass by water, and sulphate or chloride
i of ammonium added ; on concentrating the liquid alum
it erystallizes out, while the more soluble irgn salt remains in
! ll the mother-liquor.




ALUMINIUM. 151

Alum is also prepared by directly decomposing the silicate
of alumininm in the calcined shale of the coal-measures by
hot sulphuric acid, ammonia 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-flonr, which is afterwards recrystallized.

Alums.—There are several alums, iron or chromiom taking
the place of aluminium, and potassium or sodium that of
ammoninm, all crystallizing in an eight-sided form, the
octahedron—a sort of donble pyramid. They are, apparently,
alike in chemical constitution, and their general formula
(M = either metal) is M",380,, M';SO,, 24H,0. The alum
of the manufacturer commonly occurs in colourless, trans-
- parent, octabedral crystals, massed in lumps, which are roughly

broken up for trade purposes, but still exhibit the faces of
octahedra. It contains sulphate of ammonium or sulphate of
potassinm, according as one or other is the cheaper.
 Preparation of Alum.—Prepare alum by heating a small
quantity of powdered pipeclay (silicate of aluminium) with
abont twice its weight of sulphuric acid for some time, dis-
solving out the resulting sulphate of aluminium and excess of
sulphurie acid by water, and adding ammonia to the clear
filtered solution until, after well stirring, the excess of acid is
neutralized. (If too much ammonia be added the hydrate of
aluminium precipitated when the ammonia is first poured in
will not be redissolved on well mixing the whole. Perhaps
the readiest indication of neutrality in this and similar cases
is the presence of a little precipitate after stirring and warm-
ing the mixture.) On evaporating the clear solution crystals
of ralnm are obtained.

Sulphate of Aluminium or Alum-cake (Al3S0,, 9H,0),
prepared from natural silicates in the manner just described,
is a common article of trade, serving most of the manufactur-
ing purposes for which alum was formerly employed.

Dried alum (Alwmen Basiccatum, B.P.) is alam from which
the water of crystallization has been expelled by heat, the
temperature not exceeding 400°F. By calculation from the
molecular weight of alum, it will be found that the salt con-
tains between 47 and 48 per cent. of water. At temperatures
above 400° alum is decomposed, sulphate of ammonium and
sulphuric anhydride escaping, and pure oxide of aluminium
(Al,0,) remaining. Dried alum rapidly re-absorbs water from
the atmosphere. It is almost useless as a medicinal preparation.
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Roche alum, or Rock alum (roche, French, rock), is the name
of an impure native variety of alum comtaining iron. The
article sold under this name is sometimes an artificial mixtnre
of common alum with oxide of iron.

Reacrions maviNg ANanyricAn INTEREST (TEsTS).

First Analytical Reaction.—To a solution of an aluminium
salt (alum, for example, which contains sulphate of alomininm)
add sulphydrate of ammonium (NH,HS); a gelatinous whive
precipitate of hydrate of aluminium falls:—

Al,350, + 6AmHS + 6H,0 = ALL6HO + 3Am,SO, + 6H,S.

Second Analytical Reaction.—To solution of alum add am-
monia, NH HO; bydrate of aluminium falls: add excess of
ammonia ; the precipitate is, practically, insoluble.

Principle of Dyeing by help of Mordants.—The precipitated
hydrate of aluminium, or alumina, has great affinity for veget-
able colouring-matters, and also for the fibre of cloth. Once
more perform the above experiment, but before adding the
ammonia introduce some decoction of logwood, solution of
cochineal, or other similar coloured liguid, into the test-tube.
Add now the ammonia, and set the tube aside for the alumina
to fall ; the latter takes down with it all the colouring prin-
ciple. In dye works, the fabrics are passed through liguids
holding the alumina but weakly in solution, and then through
the colouring solutions; from the first bath the fibres abstract
alumina, and from the second the alumina abstracts colouring
matter. Some other metallic hydrates, notably those of tin
and iron, resemble alumina in this property; they are termed
mordants (from mordens, biting) ; the substances they form
with colouring-matters have the name of lakes.

Third Analytical Ieaction.—To the alum add solution of
potash ; again hydrate of aluminium falls. Add excess of
potash, and agitate ; the precipitate dissolves.

Hydrate of aluminium may be precipitated from this solu-
tion by neutralizing the potash with hydrochloric acid, and
adding ammonia, until, after shaking, the mixture bas an
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ammoniacal smell, or by adding solution of chloride of am-
moninm to the potash liquid. But the former way is the
better; for it is difficult to know when a sufficiency of the
chloride of ammoninm has been poured in, whereas reaction
with blue and red litmus-paper at once enables the operator
to know when excess of hydrochloric acid or of ammonia has
been added.

Alkaline carbonates, phosphates, arseniates, and salts of
other acidulous radicals also decompose solutions of alumin-
inm salts and produce insoluble compounds of that metal with
the several acidulous radicals (except the ecarbonic), but the
resulting precipitates are of no special interest.

QUESTIONS AND EXERCISES.

106. What is there remarkable about the quantivalence of
alominium ?

197. Practically what is the quantivalence of the atom of
aluminium ?

198. Enumerate the chief natural compounds of aluminium ?

199. Write down a formula which will represent either of the
aloms.

200. Which Alam is official, and commonly employed in the
arts ?

201. State the source and explain the formation of alum,

202. What is the crystalline form of alom? Work a sum
showing how much Dried Alam is theoretically producible from
100 pounds of alum. Ans. 52 1b. 6 oz.

203, Show by figures how ordinary ammonium alum is eapable
of yielding 11'356 per cent. of oxide of aluminiuam,

204, Why are alumininm compounds used in dyeing ?

205. How are salts of alomininm analytically distingnished
from those of zinc?

IRON,
Symbol Fe. Atomic weight 56.

Sources—Compounds of iron are abundant in nature. Mag-
nébic Iron Ore, or Loadstone (Lodestone or Leadstone, from the
Saxon ledan, to lead, in allusion to its use, or, rather, to the
use of magnets made from it, in navigation), is the chief ore
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from which Swedish iron is made: it is a mixture of ferrous
and ferrie oxide (FeO, Fe,0;). Much of the Russian iron is
made from Specular Iron Ore (from speculwm, a mirror, in
allusion to the lustrous nature of the crystals of this mineral);
this and Red Hwematite (from aipa, haima, blood, so named
from the colour of its streak), an ore raised in Lancashire,
are composed of ferric oxide only (Fe,0,). DBrouwn Heematite,
an oxyhydrate, is the source of much of the French iron.
Spathic Iron Ore (from spatha, a slice, in allusion to the
lamellar structure of the ore) is a ferrous carbonate (FeCO,).
An impure ferrous carbonate forms the Clay Ironstone, whence
most of the English iron is derived. The chief Scotch ore
is also an impure carbonate, containing much bituminous
matter; it is known as Black Band. Iron Pyrites (from =ip,
pur, fire, in allusion to the production of sparks when sharply
struck) (FeS;) is a yellow lustrous mineral, of use only for
its sulphur. As met with in coal it is commonly termed,
coal brasses.  Ferrous carbonate (FeCO,), chloride (l*eGL,
4H,0), and sulphate (FeSO,, 7H,0) sometimes occur in
springs, the water of which is hence termed -chalybeate
({:hﬂIJDs steel).

Process—Iron is obtained from its ores by processes of
roasting, and reduction of the resulting impure oxide with
coal or charcoal in the presence of chalk, the latter uniting
with the sand, clay, etc. to form a fusible slag. The cast iron
#hus produced may be converted into wrought iron by burning
out the 4 or 5 per cent. of carbon, silicon, and other impurities
present, by oxidation in a furnace, an operation which is
termed puddling. Steel is iron containing from one to two
per cent. of carbon, and is made by the now celebrated Bes-
semer process of burning out from cast iron the variable
amount of carbon it contains, and then adding melted iron
containing a known propor tion of carbon. The official var ety
of the metal (Ferrum, B. P. ) “is wrought iron in the form of
wire or nails free fmm oxide " : this is the condition in which
it is most easily employed for c:mlvm'sinn into its compounds.
In the form of a fine powder (see 17th Reac.) metallic iron
is employed as a medicine.

Properties.—The specific gravity of pure iron is 7844, of
the best bar iron 7'7 ; its colour is bluish white or grey. Bar
iron requires the lncrhest heat of a wind-furnace for fusion,
but below that tcmpel ature assumes a pasty consistence, and
in that state two pieces may be joined or welded (Germ.
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wellen, to join) by the pressure of blows from a hammer. A
little sand thrown upon the hot metal facilitates this opera-
tion by forming with the superficial oxide of iron a fusible
slag, which is dispersed by the blows: the purely metallic
surfaces are thus better enabled to come into thorough
contact and enter into perfect union. Iron is highly duectile,
and of all common metals possesses the greatest amount
of tenacity. At a high temperature it burns in the air,
forming oxide of iron. Rust of iron is chiefly red oxide
of iron, with a little ferrous oxide and ecarbonate; it 1s
produced by action of the moist carbonic acid of the air
and subsequent oxidation. Steam passed over scrap iron
heated to redness gives hydrogen gas and black oxide of
iron, Iron exposed at a high temperature to oxidation
by a limited amount of steam (Barff) or air (DBower),
becomes coated with magnetic oxide of so closely coherent
and adherent a nature that the metal is permamently pro-
tected from alteration by atmospheric and many other iu-
fluences.

Quantivalence.—Iron combines with other elements and
radicals in two proportions; those salts in which the atom of
iron appears to possess inferior affinities "(in which the other
radicals are in the less amount) are termed ferrous, the higher
being ferric salts. In the former the iron exerts bivalent
(Fe"), in the latter trivalent activity (Fe'’ or Fe,""),

The atom of iron is also sometimes considered to be sex-
ivalent, on account of the analogy of its compounds with
those of chromium, which is sexivalent, if the formula of its
flaoride (CrF;) be correct, and becanse the composition of
fervate of potassium (K;FeO,), a deep-purple salt obtained on
passing chlorine through a concentrated solution of potash in
which fresh ferric hydrate is suspended, is best explained on
the assumption of the sexivalence of its iron.

Why the quantivalence of the atom of iron should vary is
not at present known.

The Nomenclature of Iron Salfs—For educational and de-
seriptive purposes the two classes of iron compounds are ver
conveniently spoken of as ferrous and ferric, the syllable
“ferr” common to all indicating their allied ferruginous
character, the syllable ous and ic indicating the lower and
higher class respectively—functions fulfilled by these two
syllables in other similar cases (sulphurous and sulphuric,
mercurous and mercuric). Officially the iron salts are known
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156 THE METALLIC RADICALS.

by other names, thus, Sulphate of Iron (Ferri Sulphas) and
Phosphate of Iron (Ferri Phosphas), names which are chemi-
cally inexplicit, for there are two sulphates and two phos-
phates, and the terms do mot define which salt is intended.
Consistency and uniformity would demand that the names
Ferrous Sulphate, Ferrous Phosphate, or similar terms should
be employed. Practically, however, the old names cause no
confusion, inasmuch as only one sulphate, phosphate, ete., are
nsed in mcdmme moreover, the higher salts usually have the
prefix per attached (as persulphate, perchloride). These
names are already well known, can be easily rendered in
Latin, and then admit of simple abbreviations and adaptations
such as are employed in presecriptions, advantages not pos-
sessed by the more rational terms. While, therefore, the
comprehension of the chemistry of iron is rendered simple
and intelligible by the use of the terms ferrous and ferrie, the
employment of older and less definite names may very well be
continued in pharmacy as being practically more convenient,

Reacrions HAVING (o) SYNTHETICAL AND (D) ANALYTICAL
INTEREST.

(a) Synthetical Leactions.
FERROUS SALTS.
Green Sulphate of Iron. Ferrous Sulphate,

First Synthetical Reaction.—Place iron (small tacks) in sul-
phuric acid diluted with eight times its bulk of water (in a
test-tube, basin, or other vessel of any required size), acceler-
ating the action by heat until effervescence ceases.

Fe, + 2H,S0;, + 2H,0 = 2FeS0;, + 2H; + =2H,0

Iromn. Salphuric acid. Water. Ferrous sulphate. Hydrogen. Water.

The solution contains what is generally known as Sulphate
of Iron, that is, Ferrous Sulphate, the lower of the two sul-
phates, and will yield crystals of that substance (FeSO,,
7H,0) (Ferri Sulphas, B. P.) on cooling or on further evapo-
ration; or if the hot concentrated solution be poured into
alcohol, the mixture being well stirred, the sulphate is at
once thrown down in minute crystals (Ferri Sulphas Granu-
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late B. P.). At a temperature of 400° F. ferrous sulphate -

loses six-sevenths of its water, and becomes the Ferri Sulphas
Buesiceata, B. P, (See the analogous reaction on p. 143.)

Other sources of Ferrous Sulphafe.—In the laboratory, fer-
rous sulphate is often obtained as a by-product in making
sulphuretted hydrogen,

FeS + H,S0, = H,S + FeSO,

In manufactories it oceurs as a by-product in the decomposi-
tion of aluminous shale, as already noticed (p. 150).

Ten grains of granulated sulphate of iron dissolved in one
ounce of water coustitutes * Solution of Sulphate of Iren,”
B.P. *The solution should be recently prepared.”

Notes.—Ferrous sulphate is sometimes termed gieen vitriol.
Vitriol (from witrum, glass) was originally the name of any
transparent crystalline substance, but afterwards restricted to
the sulphates of zine, iron, and copper, which were, and still
are, occasionally known as white, green, and blue vitriol.

Copperas (probably originally {Z’oppea -rust, a term applied to
verdigris and other green incrustations of copper) is another
name for this sulphate of iron, sometimes distinguished as
qreen copperas, sulphate of copper being blue copperas. Solid
sulphate of iron is a constituent of Pilula Aloes et Ferri, B. P.
Ferrous sulphate forms a light green double salt with sulphate
of ammonium (FeSO,, Amﬁﬂ 6H,0).

Ferrouns sulphate, when expused to the air, gradually turns
brown through absorption of oxygen, ferric oxysulphate
(Fe,0250,) being formed. The latter is not completely
dissolved by water, owing to the formation of a still lower
insoluble oxysalt (Fe,O; SC} ,) and soluble ferric sulphate
9(Fe,0250,) = Fe,O; SC‘ +3(Fﬂ‘:}38{};)

Iron heated with undllute::l sulphuric acid gives sulphurous
acid gas and ferrous sulphate :—

Fe, + 4H,S0, = 280, + 2FeSO, + 4H,O0.

Carbonate of Iron. Ferrous Carbonate.

Second Synthetical Reaction.—To solution of ferrous sulphate,
boiling, in a test-tube, add a solation of carbonate of ammo-
nium (AmyCO;) in recently boiled hot water; a white pre-
cipitate of ferrous carbonate (FeCOy) is thrown down, rapidly
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becoming light green, bluish green, and, after a long time
red, through absorption of oxygen, evolution of earbonic acid
gas, and formation of ferric oxyhydrate.

FeSO, + Am,CO; = TFeCO; + Am.,SO,
Ferrous Carbonate of Ferrous Sulpbate of
sulphate, ammoniam, carbonate, ammooinm.

Saccharated Carbonate of Iron.—The above precipitate,
rapidly washed with hot well-boiled distilled water, and the
moist powder mixed with sugar and quickly dried—in short,
all possible precautions taken to avoid exposure to air—
forms the sacchavated carbonate of Iron (Ierri Carbonas
Saccharata, B. P.).

The official proportions are two ounces of the sulphate and
one ounce and a quarter of the carbonate, each dissolved in
half a gallon of hot water; the solutions are mixed and set
aside in a deep well-covered pan, the supernatant liquid
poured off when the precipitate has subsided, the pan again
tilled up with boiling water, the liquid once more poured
away, the precipitate transferred to a calico filter, drained,
gently pressed, and while still somewhat moist rubbed in
a mortar with one ounce of sugar, and finally dried over a
water-bath.

Carbonate of Iron, mixed with a fourth of its weight of
Confection of Roses, forms the Pilula Ferri Carbonatis, B. P.

Notes.—The red powder formerly termed Carbonate or Sub-
carbonate of Iron (Ferri Carbonas or Ferri Subcarbonas) was
ferrous carbonate washed and dried with free exposure to air,
the product thus, by the absorption of oxygen and the ele-
ments of water and elimination of carbonic acid gas, becom-
ing ferric oxyhydrate, a compound which will come under
notice immediately (p. 167). Ferrous carbonate is said to be
more easily dissolved in the stomach than any other iron pre-
paration. It is so unstable and prone to oxidation, that it
must be washed in water containing no dissolved air and
mixed with the sugar (which protects it from oxidation) as
quickly as possible, In making the official compound mixture
of iron (Mistura Ferri Composita, B. P.), “ Griffith’s mixture,”
the various ingredients, including the carbonate of potassinm,
should be placed in a bottle of the required size, space being
left for the crystals or solution of ferrouns sulphate, which
should be added last, the bottle immediately filled up with
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the rose-water and securely corked ; the minimum of oxida-
tion is thus insured.

FESO* 4= KECDE — FECOE T KESO{,
Ferrous Carbonate of Ferrons Sulphate of
sulphate, putassium. carbonate, potassium,

Arseniate of Iron. Ferrous Arseniate.

Third Synthetical Reaction, by which the lower arseniate of
iron, ferrous arseniate (Ferri Arsenias, B. P.) (Fe,24s0,),
partially oxidized, is formed, This will be noticed again
under Arsenicnm.

Phosphate of Iron. Ferrous Phosphate.

Fourth Synthetical Reaction.—To solution of ferrons sul-
phate in a test-tube add a little solution of acetate of sodium,
then solution of phosphate of sodium ; the lower phosphate
of iron, ferrous phosphate (Fe,2PO,) is precipitated (Ferri
Phosphas, B. P.).

3FeSO, + 2Na,HPO, 4 2NaC,H;0,

Ferrous Phosphate Acetate of ~
snlphate. of sodinm, godium,
Ferrous Eulphate of Acetic acid,
phosphate. godinm,

Officially, solutions of 3 ounces of sulphate of iron in a
quart of water, and 21 ounces of phosphate and 1 of acetate
of sodium in another quart of water, are well mixed, filtered,
the precipitate well washed, and, to prevent oxidation as
much as possible, dried at a temperature not exceeding 120°
F. These proportions will be found to accord with the
molecular weights of the crystalline salts, multiplied as indi-
cated in the foregoing equation. 3(FeSO, 7H,0)=834;
2(Na,HPO,, 12H,0) = 716 ; 2(NaC,H,0,, 3H,0) = 272.

The above reaction also oceurs in making Syrupus Ferri
Phosphatis, B. P, The precipitate should be well washed, or
red ferric acetate may be developed after a time.

The use of the acetate of sodium is to insure the absence of
free sulphuric acid in the solution—sulpbate of sodinm being
formed together with acetic acid. Sulphuric acid is a power-
ful solvent of ferrous phesphate; acetic acid is only a weak

B P o
il — =




T R T

s S e el g
¥ e TR - e . - e
Tl T = Ty T I W o R R

160 THE METALLIC RADICALS.

solvent. It is impossible to prevent the separation of sul-
phuric acid, if only ferrous sulphate and phosphate of sodium
be employed. The solvent action of the sulphuric acid for
the ferrous phosphate is still better prevented by the use of
excess of the phosphate of sodium (Price), sodium sulphate,
and, doubtless, monosodium phosphate (NaH,PO,) resnlting.
Ferrous phosphate is white, but soon oxidizes and becomes
slate-blue.

Sulphide of Iron. Ferrous Sulphide.

Fifth Synthetical Reaction.—~In a gas-flame or spirit-flame
strongly heat sulphur with abouf twice its weight of iron
filings in a test-tube (or in an earthen crucible in a furnace) ;
ferrous sulphide (IeS) is formed. When cold, add water to
a small portion, and then a few drops of sulphuric acid;
sulphuretted bhydrogen gas (H,S), known by its odour, is
evolved.

FeS + H,80, = FeSO,+ H,S.

Sticks of sulphur pressed against a white-hot bar of cast
iron give a pure form of ferrous sulphide. The liquid sul-
phide thus formed is allowed to drop into a vessel of water.
(Sulphide of Iron, B.P.). Or melted sulphur may be poured
into a crucible full of red-hot iron nails, when a quantity of
fluid ferrous sulphide is at once formed and may be poured
out on to a slab.

Green Iodide of Iron. Ferrous Iodide.

Sieth Synthetical Reaction.—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, small nails, or iron wire. On
gently warming, or merely shaking if longer time be allowed,
the iodine disappears and, on filtering, a clear light-green
solution of iodide of iron (Fel,) is obtained.

The official Ferri Iodidum is formed by gently warming a
mixture of 3 parts of iodine, 1} of fine iron wire, and 12 of
distilled water in an iron vessel. When combination is nearly
complete (as shown by indications of a sea-green tint) boil
for a short time until the whiteness of the froth proves that
the iodine has entirely disappeared. The solution is then
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filtered and evaporated in a clean bright iron saucepan, ladle,
or dish until a drop taken out on l;ha end of an iron wire
stirrer solidifies on cooling. The liquid is poured out on a
clean smooth slab, broken up and preserved in a glass stop-
pered bottle. Solid iodide of iron has a crystalline fracture,
is ‘“ green with a tinge of brown ;" inodorous, deliquescent, and
almost entirely soluble in water, forming a slightly green
solution which gradnally deposits a coloured sediment and
acquires a red colour.”

The solid 1odide contains about 18 per cent. of water of
crystallization and a little oxide of iron. It is deliquescent
and liable to absorb oxygen from the air with formation of
insoluble ferric oxyiodide or hydrato-iodide. Iodide of iron
thus speilt may be purified by re-solution in water, addition
of a little more iodine and some iron, warming, filtering, and
evaporating as before.

Ferrous Bromide (FeBry), occasionally used in medicine,
conld be made, as might be expected, in the same way as the
1dide.,

FERRIC SALTS.
Anhydrous Perchloride of Iron. Ferric Chloride.

Seventh Synthetical Reaction.—Pass chlorine (generated, as
usnal, from black oxide of manganese and hydrochlorie acid
in a flask) through sulpburic acid contained in a small bottle

Fig. 31.

FREPARATION OF ANNYDROUS FERRIC CHLORIDE,
M
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and thence by the ordinary narrow glass tubing quite to the
bottom of a test-tube containing twenty or thirty small iron

| tacks (or a florence flask containing 2 or 3 ounces—see fig.

1 31), the latter kept hot by a gas-flame; the higher chloride
of iron, ferric chloride, or the perchloride® of iron (Fe,Cl,) is
formed and condenses in the upper part of the tube or flask
as a mass of small dark iridescent crystals. When a toler-
ably thick erust of the salt is formed, break off the part of
the glass containing it, being careful that the remaining
corroded tacks are excluded, and place it in ten or twenty
times its weight of water; the resunlting solution, poured off
from any pieces of glass, is a pure neutral solution of ferrie
chloride, and will be serviceable in performing analytical
reactions,

Precoution.—The above experiment must be conducted in
the open air, or in a cupboard having a dranght outwards.

Anhydrows Ferrous Chloride.—In breaking up the tube
small scales of a light buff colour will be observed adhering
to the nails; they are crystals of ferrous chloride (FeCl,).

Note. —bulutmn of ferric chloride evolves some 11}"{]1‘0(}1110:'10
acid on boiling, while a darker-coloured solution of ferric
oxychloride remains.

Green Chloride of Iron. Hydrous Ferrous Chloride. Solution
of Hydrous Ferric Chloride.

Eighth Synthetical Reaction.—Dissolve iron tacks, in a test-
tube, in hydrochloric acid ; hydrogen escapes, and the solution
on cooling, or on evaporation and cooling, deposits crystallized
ferrous chlovide (FeCl,) associated with four molecules of
water of crystallization (FeCl, 4H,0).

Through a portion of the solution of ferrous chloride pass
chlorine gas; the ferrous chloride becomes ferric chloride.

The excess of chlorine dissolved by the liquid in this
experiment may be removed by ebullition; but the ferric §

1 * The prefix per (and hyper) used here and elsewhere is from imwép,
& hyper, over or above, and simply means the ** highest ” of several. Thus
I perchloride, the highest chloride,

= pE——
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chloride is slightly decomposed at the same time, for the
reason just stated. The free chlorine may also be carried
off by passing a current of air through the liquid for some
time.

Hydrous Ferric Chloride. (The Official Process.)

Ninth Synthetical Reaction.—To another portion of the
solution of ferrous chloride, in a test-tube, add a little more
hydrochloric acid ; heat the liquid, and continue to drop in
nitric acid until the black colour it first produces disappears ;
the resulting reddish brown lignid is also solution of ferric
chloride.

6FeCi, + 2HNO, + 6HCl = 3Fe,Cl, + 2NO + 4H,0

Ferrous - Nitrie Hydrochloric Ferric Nitric Water.
chloride. acid. acid. chloride. oxide.

The black substance is a compound of nitric oxide gas
(NO) with a portion of the ferrous salt; it is decomposed by
heat.

This i1s the process for producing the Liquor Ferri Per-
chloridi Fortior, B. P., 2 ounces of iron, 12 fluid ounces of
hydrochlorie acid, 9 fluid drachms of nitric acid, and 8 ounces
of water being employed, and the product boiled down to 10
finid ounces. Practically it is impossible so to apportion the
acids that a solution shall result containing neither excess of
acid nor of metal, nor contain ferric nitrate. TFor most
medicinal purposes, however, solution of perchloride of iron
containing hydrochloric acid is said to be unobjectionable.
On the large scale some time may be saved by adding the acid
solution of ferrous chloride to the nitric acid.

Diluted with 3 volumes of water, this strong solution gives
the Liquor Ferri Perchloridi, B. P.,—or with 8 volumes of
rectified spirit the Tinctura Ferri Perclloridi, B. P.

Note.—The spirit in the latter preparation is unnecessary,
useless, and deleterious ; for it acts neither as a special solvent
nor as a preservative—the offices usnally performed by aleohol
(Tincture et Succi, B. P.)—but, unless the liquid contain
excess of acid, decomposes the ferric chloride and causes the
formation of an insoluble oxychloride of iron. Even if the
tincture be acid it slowly loses colour, ferrous chloride and
chlorinetted ethereal bodies being formed. The Liguor, which




164 THE METALLIC RADICALS,

is similar in strength, is doubtless destined to displace the
tineture altogether.

Solution of Fervic Chloride evaporated yields a mass of
yellow crystals containing Fe,Cl,, 12H,0, or, rarely, red
crystals having the formula Fegbln, S5H.0:

The old method of making official solutions of ferric
chloride is to dissolve ferric oxide, or hydrate, in hydrochlorie
acid ; but, from the varying character of trade specimens of
the ingredients, the liquid is more likely to contain excess or
deficiency of iron than the proper proportion.

Persulphate of Iron, Ferric Sulphate,

Tenth Synthetical Reaction.—Dissolve about three-quarters
of an ounce of ferrous sulphate and a sixth of its weight of
sulphuric acid in an ounce and a half of water in an evapor-
ating-dish, heating the mixture and dropping in nitric acid
until the black colour it first produces disappears. The result-
ing liquid, when made of a certain prescribed strength, is the
solution of ferric sulphate, or higher sulphate, *“Solution of
Persulphate of Iron ” of the British Pharmacopceia, a heavy
dark-red liquid.
6FeSO, + 3H,SO, + 2HNO; == 3(Fe,350,) + 2NO + 4H,0

Fearrous Sulphuric Nitris Farrie Nitrio Water.
sulphate, acid, acid. sulphate. oxide.

The black colour, as in the previous reaction, is due to a
compound of ferrouns salt with nitric oxide (2FeSO, + NO).

The definite official solution of ferric sulphate (Liquor Ferri
Persulphatis, B. P.) is made by adding 6 fluid drachms of
sulphuric acid to half a pint of water, warming, dissolving |
8 ounces of crystals of sulphate of iron in the liquid, then
i ] ouring in mnitric acid (6 fluid drachms or rather more)
15 R8Y slightly diluted until the mixture turns from a black to a
S reddish colour, and ruddy nitrous vapours cease to be pro-
I duced. The whole should measure 11 flaid ounces, being
S diluted or further evaporated, as the case may be, to this

il bulk. On the large scale time is saved by adding the mixed
t e fluid to the nitric acid. :
’ Note,—In reactions in which iron passes from ferrous to

— =

R ferric condition it assumes different properties, the chief being §,
[ an alteration from bivalent to trivalent activity.
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Acetate of Iron. Ferric Acetate.

Eleventh Synthetical Reaction.—To a strong solution of
ferric sulphate (from which free nitric acid has been removed
by evaporating to dryness and redissolving in water) add an
alcoholic solution of acetate of potassinm (KC,H;0,), and well
shake the mixture; a crystalline precipitate of sulphate of
potassium (K,SO,) falls, and ferric acetate (Fe,6C,H30,)
remains in solution, forming, when filtered and of definite
strength, the Tinctura Ferri Acetatis, B. P. The preparation
is unstable.

Fe, 35S0, + 6KCH;0, = 3K,;SO, + Fe,6C;H 0,

Ferrie Acetate of Sulphate of Ferric
sulphata. potassinm. potassinm, acetate.

The official proportions are 2§ fluid ounces of “ Solution of
Persulphate of Iron " with 8 fluid ounces of rectified spirit,
mixed with a solntion of 2 ounces of acetate of potassinm in
10 floid ounces of spirit, the whole well shaken frequently
during an hour, filtered, and the precipitated sulphate of
potassium washed by pouring on spirit until the filtrate
measures 1 pint. A solution four times this strength, made
from ferric hydrate and glacial acetic acid, is stable : it is
diluted with spirit as wanted (J. Deane and T. Jeaffreson).

Perhydrate of Iron. Ferric Hydrate.

Twelfth Synthetical Reaction.—Pour a portion of the solu-
tion of ferrie sulphate into excess of solution of soda; moist

ferric hydrate is precipitated (Ferri Peroxidum Humidum,
B. P.).

Fe,350, + 6NaHO = Fe,6HO + 3Na,SO,
Ferric Soda. Ferric Sulphate
sulphate. hydrate. of sodium.

Either of the other alkalies (potash or ammonia) will pro-
duce a similar reaction; but soda is the one ordered in the
British Pharmacopceia, and is cheapest and most convenient,

Ferric hydrate is an antidote to arsenic if administered
directly after the poison has been taken.

It converts the soluble arsenic (As,0,) into insoluble ferrouns
arseniate :—

E(FE‘JBHO) ‘I‘ AHEOE - FE32 A.EO* 4= 5HED + FEEHD.
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Dried ferric hydrate (then become an oxyhydrate—Fe,0,2HO)
(Ferri Perovidum Hydratum, B.P.) has less action on arsenie.
Even the moist recently prepared hydrate (Fe,6HO) loses
much of this power as soon as it has become converted into

an oxyhydrate (Fe,O,6HO), a change which occurs though
the hydrate be ]:ept- under water (W. Pmct{:r, jun.). Accord-
ing to T. and H. Smith this decomposition occurs gradnally,
but in an increasing ratio; so that after four months the
power of the moist mass is reduced to one-half, and after five
months to one-fourth. Now the mere loss of water is not
usually followed by any alteration of the essential chemical

properties of a compound. It would seem, therefore, that -

ferric hydrate (two molecules) (Fe,12HO) probably suffers,
on standing, actual decomposition into oxyhydrate (Fe,O,
6HO) and water (3H,0), and does not merely lose water
already existing in it as water. Ferric hydrate is also far
more readily solnble in hydrochloric acid, tartaric acid, citrie
acid, and acid tartrate of potassinm, than ferric oxyhydrate.
Any formula exhibiting ferric hydrate (Fe,6HO) as a combi-
nation of ferrie oxide and water (Fe,0,, 3H,0) is apparently,
for these and other reasons, incorrect.

Peroxyhydrate of Iron. Ferric Peroxyhydrate.

Collect the precipitate on a filter, wash, and dry on a plate
over hot water; ferric oxyhydrate (Ferri Peroxidum Hyd-
ratum, B.P.) (Fe;0,2HO) remains. When rubbed to powder
it is fit for use in medicine.

Peroxide of Iron. Ferric Oxide.

The above oxyhydrate further decomposes when heated to
low redness, ferric oxide (FE~. 3) remaining.
Fe,0,2HO = Fe,0, + H,0.

The six univalent atoms of the HO, the characteristic ele-
ments of all hydrates, are thus, by two successive steps, split
up into water and oxygen. DBut between the hydrate and
oxide there obviously may be another oxyhydrate, in which
only 2HO is displaced by O”; and such a compound is well
known: it is a variety of brown iron ore. The other oxyhy-
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drate, Fe,0,2HO, is also nafive (needle iron ore), as well as
being the Ferri Perovidum Hydratwm, B. P.

“ Terri Peroxidam Humidem” ., . . . Fe”y; 6HO

A variety of brown ironore. . . . Fe,0"4HO
“ Ferri Peroxidum H_-,rdml:um 4 (necdlﬂ ore) Fe”‘.,, 0",2HO
Ferric oxide. . . i e g e REE U”

The moist ferric llj'dl"ﬂ.te, as a.Irea,djr stated, when kept for
some months, even under water, loses the elements of water,
and is converted into an oxyhydrate, having the formula
Fe H,Oy (limonite or brown hsmmatite), which is either a
cﬂmpnun& of the above oxyhydrates (Fe,04HO) + (Fe, G,
2HO), or is a definite intermediate oxyhydrate (Fe{_U;iBHU)

By eballition with water for seven or eight hours, ferric
hydrate is decomposed into water, and an oxyhydrate haniring
the formula I'e,H,0- (Saint-Gilles), which is either a mixture
of the c-ﬂimd.l oxj'hjdmte (Fe,0,2HO) with ferric oxide
(Fe,0,), or a definite intermediate body (Fe,0,2H0). The
relation of these bodies to each other will be appavent from
the following Table, in which, for convenience, the formula
of ferric hydrate and oxide are doubled :—

Ferric hydrate (B. P.) (as stalactite) . . Fe, 12HO
Kilbride mineral (?) . . Fe, O10HO
Brown iron ore {Huttenmde and Raschau} . Fe, 0,8HO
Old, or frozen, ferric hydrate (limonite). . Fe, 0,6HO
Ferric oxjrhjrdmte (B.P.) (gothite) . . . Fe, O 4HO
Boiled ferric hydrate (turgite). . . . . Fe, O;2HO
Ferric oxide (red heematite) . . . . . Fe, O

A fervic oxycarbhydrate (Fe,/OCO;8HO) has been obtained
by Rother.

The official ferric ovyhydrate (Fey,0,2HO), termed in the
Phar ‘macopeia Hydrated Perovide of Iron, under the assamp-
tion that it is & compound of ferrie oxide and water (Fey 0y,
H,0), was formerly made by mixing solutions of ferrous
sulphate and carbonate of sodiam and exposing the resulting
ferrous carbonate to the air until it was nearly all converted
into ferric oxyhydrate; hence its old name, fitl“ sometimes

| seen on old bottles, of Ferri Carbonas and P::a rt Subcarbonas,

Ferric Oxide. (Another Process.)

Thirteenth Synthetical Reaction.—Roast a crystal or two of
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ferrous sulphate in a small crucible until fumes cease to be
evolved ; the residue is a variety of ferric oxide (Fe,0,), or
peroxide of iron, known in trade as red oxide of iron, colcothar,
crocus, rouge (mineral), Venetian red, ete. It has sometimes
been used in pharmacy in mistake for the official oxyhydrates
(vide 12th Synthet. Reac.), from which it differs not only in
composition but in the important respect of being almost in-
soluble in acids.

The “Scale” Compounds of Iron.

Fowrteenth Synthetical Reaction.—Repeat the twelfth ve-
action, introducing a little solution of citric or tartaric acid
or acid tartrate of potassinm, before adding to the alkali
(soda, potash, or ammonia), and notice that now no precipi-
tation of ferric hydrate occurs. This experiment serves to
illustrate not the manufacture of a scale compound but the
chemistry of the manufacture. The effect is due to the for-
mation of double compounds, termed Ammonio-Citrate,
Potassio-Citrate, Ammonio-Tartrate, Potassio-Tartrate, and
similar sodium compounds of Iron, which remain in solution
along with the secondary product—sulphate of the alkali
metal. Such ferric compounds, made with certain prescribed

- proportions of recently prepared ferric hydrate (from which

all alkaline sulphate has been washed), and the respective
acids (tartaric or citric) or acid salts (acid tartrate of potas-
sium), ete., and the solutions evaporated to a syrupy con-
sistence and spread on flat plates till dry, form the scale
preparations known as Ferri et Ammoniee Citras, B. P., and
Ferri Potassio-tartras, or, rather, Ferrum Tartaratum, B.P.
A mixture of ferric citrate with citrate of ammonium and
citrate of quinine yields, by similar treatment, the well-known
scales of Ferri ef Quinie Citras, B. P.

Specimens of these substances may be prepared by attend-
ing to the following details. It is essential, first, that the
ferric hydrate be thoroughly washed, or an insoluble oxysul-
phate will be formed; second, that the ferric hydrate be
rapidly washed, or an insoluble ferric oxyhydrate will be
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produced ; thirdly, that the whole operation be conducted
quickly, or reduction to green ferrous salt will occur ; fourthly,
that the solutions of the salts be not evaporated at a higher
temperature than that stated, or decomposition will take
place; and, fifthly, that excess of ferric hydrate be employed.

In the pharmacopeeial processes for the three scale com-
pounds, the ferric hydrate is in each case freshly made from
solution of ferric sulphate by precipitation with solution of
ammonia :—

Fe,350, + 6AmHO = Fe,6HO + 8Am,SO,

Ferric Hydrate of Ferric Sulphate of

sulphate. Ammoninm. hydrate. ammoninm,
the solution of ferric sulphate being made of a definite
strength from a known weight of ferrous sulphate. The
reason for adopting this course is, that ferric hydrate is un-
stable and cannot be weighed, because it cannot be dried
without decomposing and becoming insoluble, as explained
under the 12th reaction. This definite solution of ferric
sulphate (Liguor Ferri Persulphatis, B. P.) is made by adding
six flnid drachms of sulphuric acid to half a pint of water,
warming, dissolving eight ounces of crystals of sulphate of
iron in the liguid, pouring in nitric acid (six fluid drachms or
rather more) slightly diluted until the mixture furns from a
black to a reddish colour, and ruddy nitrous vapours cease to
be produced; the whole should measure eleven fluid ounces,

being diluted or further evaporated, as the case may be, to this
bulk.

6FeS0, + 8H,S0, + 2HNO, = 3(Fe,380,) + 2NO + 4H,0.

Ferri et Ammonice Chtras, B. P. (Ferri et Ammonii Citras,
U. 8. P.).—Ferric hydrate is dissolved in solution of citric
acid, ammonia added, and the whole evaporated to dryness.

To prepare the ferric hydrate, dilute eight (or, rather, nine
and a half) fluid ounces of the above solution of ferrie sul-
phate with about a quart of water; pour this into two or
three pints of water containing excess of solution of ammonia
—about five fluid ounces of “ Strong Solution of Ammonia,”
or fifteen ounces of * Solution of Ammonia.” (If the oppo-
site course were adopted, the alkaline liquid poured into the
ferric solution, the precipitate would contain ferric oxysul-
phate, or hydrato-sulphate, which interferes with the brilliancy




o A T r—
L e T T =
= “m = - B rY = i T e - -

& -_'i-l-'-

=,

i

170 THE METALLIC RADICALS.

of the scales.) Thoroughly stir the mixtare (it will smell
strongly of ammonia if enough of the latter has been added),
allow the precipitate to subside, pour away the supernatant
liguid, add more water, and repeat the washing until a little
of the liquid tested for by-product (sulphate of ammonium)
by solution of chloride or uitrate of barium ceases to give a
white precipitate (sulphate of barium). Collect the ferric
hydrate on a filter, drain, and place, while still moist, in a
solution of four ounces of ecitric acid in eight of water, plaﬁﬂd
in an evaporating-basin over a w&ter-h&th stir flequeutlg
until nearly the whole of the hydrate has dlbbﬂl‘nt‘{l To the
solution, when cold, add nearly two fluid ounces of strongest
(or five and a half of weak) solution of ammonia, filter,
evaporate over a water-bath to the consistence of syrup,
thinly spread on panes of glass, and dry (at a temperature
not exceeding 100°F.). The product scales off the glass in
deep red transparent laminge.

Ferri et Quinie Citras, B.P.—Ferric hydrate and pure quinia
are dissolved in solution of citric acid, ammonia added, and
the whole evaporated to dryness. The product contains
citrate of iron, citrate of quinia, aud citrate of ammonium.

The ferric hydrate is obtained from fonr and a half fluid
ounces of the solution of ferric sulphate, with all the pre-
cautions described in the previous paragraph, a proportionate
quantity of ammonia being employed.

While the ferric hydrate is being washed, prepare the quinia
by dissolving one ounce of the ordinary sulphate of quinia in
eight ounces of distilled water, acidified with sufficient sul-
phuric acid to dissolve the sulphate (about twelve fluid
drachms of the official *diluted sulphuric acid "), and to the
clear liquid add solution of ammonia, well mixing the product
by stirring, until the whole of the quinia is precipitated (that
18, until the mixture, after thorough agitation, smells of am-
I.u{)ma.) Collect the precipitate on a filter, let it drain, and
wash away adhering solution of sulphate ‘of ammonium by
passing through it about a pint and a half of distilled water.

(It will be observed that the prineiple invelved in the preparation of
quinig from its sulphate is identical with that which obtains in the
precipitation of alumina, ferric hydrate, or hydrate of zine, ete. Such a
soluble sulphate—or, indeed, any similar soluble salt—has its acidulous
constitnent removed by the superior affinity of the basylous radieal in
ammonia, or other alkali, an insoluble precipitate and a new soluble
sulphate being formed. The latter is washed away, leaving the former
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pare. In such manipulations, when economy has to be practised, soda
is the alkali generally employed. Ammonia, however, has the advantage
of showing the moment when its work of removing an acidulous radical
is completed ; for the salts which ammoninm forms with such acidulous
radicals as SO,, Cl, NOy;, and C,H;0, are inodorous, while ammonia has
a powerful odour ; so long, therefore, as the salt to be decomposed 18 not
wholly attacked, the addition of ammonia does not give an ammoniacal
odour to the mixture, the ammonia, as such, being, in fact, destroyed ;
but when the work is accomplished, the quantity of ammonia last added
remains as ammonia, and communicates its natural smell to the ligunid.)

The ferric hydrate and quinia being now washed and
drained, dissolve the former, and afterwards the latter, in a
solution of three ounces of citric acid in five of distilled
water, the acid liquid being warmed over a water-bath, and
portions of the precipitates stirred in as fast as solution is
effected. * Let the solution cool, then add, in small quantities
at a time, twelve fluid drachms of solation of ammonia diluted
with two fluid ounces of distilled water, stirring the solution
briskly, and allowing the quinia which separates with each
addition of ammonia to dissolve (in the acid) before the next
addition is made (excess of ammonia must be avoided or the
quinia will be precipitated). Filter the solution, evaporate to
the consistence of a thin syrup, and then dry in thin layers
on flat porcelain or glass plates at a temperature of 100°.
Remove the dry salt in flakes, and keep it in a stoppered
bottle.” Long-continned exposure to sunlight causes opacity
in the scales, and renders them difficultly soluble (Wood).

Ferrum Tartaratum, B.P. (Ferri et Potassii Tartras, U.S.P).
— Ferric hydrate is dissolved in solution of acid tartrate of
potassium, and the whole evaporated to dryness.

The ferric hydrate obtainable from five and a half fluid
ounces (sixis better) of the official solution of ferric sulphate
by the action of ammonia, in the manner detailed in the
previous paragraphs, is mixed (in a mortar), while still moist
but well drained, with two ounces of acid tartrate of potas-
sium. The whole is set aside for about twenty-four hours,
occasionally triturated to promote contact and reaction of the
molecules (otherwise somewhat sluggish in attacking each.
other), and then heated in a dish over a water-bath to a
temperature not exceeding 140° F.; a pint of distilled water
1s then added, and the mixture kept warm until nothing more
will dissolve ; filtered, evaporated at a temperature not exceed-
ing 140° (greater heat causes decomposition), and, when the
mixture has the consistence of syrup, spread on panes of glass
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and allowed to dry (in any warm and light place shown by a
thermometer to be not hotter than 140°). The dry salt is thus
obtained in flakes. Tt should be kept in well-closed bottles.

The foregoing are the only official scale preparations of iron.
Many others of similar character might be formed. The
(Mitrate dissolves slowly in cold but readily in warm water.
None crystallize or give other indications of definite chemical
composition. Their properties are only constant so long as
they are made with unvarying proportions of constituents.
Want of chemical compactness, the loose state in which the
iron is combined, precludes their recognition as well-defined
chemical compounds, yet possibly enables them to be more
readily assimilated as medicines than some of the more defi-
nite ferrous and ferric salts. A definite ferrous {fartrate
(FeC,H,O;) and ferrous citrate (FeHCgH O, H,0) bave
been obtained by reaction of iron and acid in hot water.
They occur as white gritty masses of microscopic crystals.
In the United States Pharmacopeia Ferri et Ammonii Tartras
is included.

Wine of Iron, or ¢ Steel "’ wine (Vu:r*um Ferri, B, P. }. made
by digesting iron wire in sherry wine, prnbably contains tar-
trate of potassium and iron and other iron salts, formed by
action of the metal on the acid tartrate of potassinm and
tartarie, citric, malic, and acetic acids present in the wine.
Vinum Ierri Citratis, B. P., is a solution of ammonio-citrate
of iron in orange wine.

Black Hydrate of Iron. Ferroso-ferric Hydrate.
Ferri Ozidum Magneticum, B. P.

Fifteenth Synthetical Reaction.—To two-thirds of a small
quantity of a solution of ferrous sulphate add a little sulphuric
acid ; warm, and gradunally add nitric acid, as deseribed in the
tenth reaction, care being taken not to allow one drop more
nitric acid than necessary to fall into the test-tube. Add the
other third of ferrous sulphate, shake, and pour the liquid
into excess of an alkali; black (at first brown) hydrate of
iron, or ferroso-ferric hydrate (Fe,SHO =Fe2HO, Fe,6HO),

Fe,380, + FeSO, + 8NaHO = Fe,8HO + 4Nay,SO,

Ferric Ferrons Soda. Black hydrate Bulphate
sulphate, sulphate. of iron, of sodinm,

e —
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is produced. It is so readily attracted by a magnetf, even
when moist, as to collect round the poles when the instrument
is immersed in the supernatant liquid. Hence the B. P, name,
Ferri Oxidum Magneticum.

In this process the nitric acid oxidizes the hydrogen of the
sulphuric acid, the sulphuric radical uniting with the ferrouns
sulphate, the iron of which is at the same time altered from
the ferrous to the ferric condition, ferric sulphate being
formed. If too much nitric acid be employed, the second
portion of ferrous sulphate will also be converted into ferric
salt, and the solution, on the addition of alkali, yield only red
ferric hydrate. This result may be avoided by evaporating
the solution of ferric sulphate mnearly to dryness, thus boiling
off excess of nitric acid, or by pouring first the ferric and then
the ferrous liquid into the alkali and thoroughly stirring the
mixture ; any nitric acid is then neutralized and rendered in-
capable of oxidizing the ferrous sulphate subsequently added.

Black hydrate of iron is decomposed by heat, yielding, in a
closed vessel, oxyhydrates and, finally, black oxide of iron or
ferroso-ferric oxide. Heated in the air 1t absorbs oxygen and
gives ferric oxide. The black forge-scales which collect near
the blacksmith's anvil bave the composition of ferroso-ferric
oxide; the black magma formed on exposing a mixture of
iron and water to the air is ferroso-ferric hydrate ; but these
varieties are apt to contain particles of metal and, hence, give
hydrogen gas when dissolved in acids—a character which
distinguishes them from the official preparation.

If a dried specimen of the black hydrate of iron be re-
quired, the mixture should be well boiled and then set aside
for an hour or two to favour aggregation of the particles, the
mixture filtered, and the precipitate washed until the washings
contain no trace of sulphate (that is until they no longer yield
a white precipitate with ehloride of barium). Black hydrate
of iron absorbs oxygen even at the temperature of the water-
bath ; it should consequently be dried at 120° a temperature
at which only slight oxidation oceurs.

Pernitrate of Iron. Ferric Nitrate.

Sixteenth Synthetical Reaction.—Place a few iron tacks in
dilute nitric acid and set aside; solution of ferric nitrate, or
pernitrate of iron, is formed (Fe,6NO;).
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Fe, + BHNO, = Fe,6NO, + 4H,O0 + 2NO
Iron. Nitric acid.  Ferric nitrate. Water. Nitric oxide.

This solution, made with care and of a prescribed strength,
forms the Liquor Ferri Pernitratis, B. P. The process is as
follows :—Four and a half fluid ounces of nitric acid are
diluted with sixteen onnces of distilled water, and one ounce
of iron wire, free from rust, dissolved in the mixture, the
latter being kept cool to avoid violence of action. The liquid
is finally filtered and diluted to thirty fluid ounces.

Ferric nitrate and ferric acetate unite to form various aceto-
nitrates, amongst which is one having the formula
Fe,4C,H,0,NO,HO, 4H,0 crystallizing in hard, shining,
brownish-red prisms.

Reduced Iron.
Fig. 32.

PREPARATION OF REDUCED IROQXN.

Seventeentlh Synthetical Reaction.—Pass hydrogen gas (dried
by passing over pieces of chloride of calcium contained in a
tube, or through sulphurie acid in a wash-bottle) over a small
quantity of ferric oxyhydrate or oxide contained in a tube
arranged horizontally (a test-tube the bottom of which has
been accidentally broken serves very well), the oxide being
kept hot by a gas-flame ; oxygen is removed from the oxide
by the hydrogen, steam escapes at the open end of the tube,
and after a short time, when moisture ceases to be evolved,
metallic iron, in a minute state of division, remains. (See

fig. 82.)
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Ferric oxide. Hydrogen. Iron. Water.

While still hot throw the iron out into the air; it takes
fire and falls to the ground as oxide.

If the ferric oxide is reduced in a gun-barrel heated by a
strong furnace, the particles of iron aggregate to some extent,
and, when cold, are only slowly oxidized in dry air. This
latter form of reduced iron is fler véduif, or Quevenne's Iron,
the Ferri pulvis, or Ferrum Redactum, B. P.—* a fine greyish-
black powder, strongly attracted by the magnet, and ex-
hibiting metallic streaks when rubbed with firm pressure in a
mortar.”” It is often administered in the form of lozenges
(Trochisci Ferri Redacti, B. P.), gum and sugar protecting the
iron from oxidation as well as fnrmmﬂ a vehicle for its ad-
ministration.

Note I.—The spontaneous ignition of the iron in the above
experiment is an illustration of the influence of minunte
division on chemical affinity. The action is the same as
occurs whenever iron rusts, and the heat evolved and
amount of oxide formed is not greater from a given quantity
of iron; but the surface exposed to the action of the oxygen
of the airis, in the case of this variety of reduced iron, so
enormous compared with the weight of the iron, that heat
cannot be conducted away sufficiently fast to prevent elevation
of temperature to a point at which the whole becomes incan-
descent. In the slow rusting of iron, escape of heat occurs,
but is not observed, becanse spread over a length of time; in
the spontaneous ignition of reduced iron the whole is evolved
at one moment. The mixture of lead and carbon (lead pyro-
phorus), resulting when tartrate of lead is heated in a
test-tube until fomes cease to be evolved, spontaneously
ignites when thrown into the air, and for the same reason.
Many substances, solid and liquid, if sufficiently finely divided
and liable to ﬂmdutmn and especially if exposed in a warm
place, become hot and even occasionally spontaneously burst
into flame. Oil on eotton waste, powdered charcoal, coal,

' especially if pyritic or if very porous or if powdered, resins in

owder, and even flour, are familiar illustrations of materials

M liable to “ heat” or even burn spontaneously.

, Note IT.—The student having time and opportunity for the
#' experiment is advised to make this seventeenth reaction a

‘B roughly quantitative one, by way of realizing what has bheen
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stated (see, again, the General Principles of Chemical Philo-
sophy, pp. 29-55) respecting the action of chemical force on
definite weights only of matter. Three tubes, similar to the
oxide-tube shown in the engraving, should be prepared, the
second being connected to the first and the third to the
second by india-rubber tubing in the usnal manner. The
first tube should contain pieces of chloride of caleium to
absorb any traces of moisture not retained by the sulphurie
acid. The second tube (the ends of the small tube being
temporarily closed by small corks) should be weighed in any
ordinary scales which will turn with a quarter of or half a
grain, and, the weight being noted, 160 grains of dry ferric
oxide should be neatly placed in the middle of the tube.
(The oxide must be previously gently heated in a small
crucible over a lamp to remove all traces of moisture.) The
third tube should contain pieces of chloride of calcium to
absorb the water produced in the reaction, and just before
being connected should be weighed. The operation is now
carried out. At its close, and when the middle tube is cold,
the latter tube and the third tube are again weighed. The
oxide-tube should weigh 48 grains less than before, and the
terminal tube 54 grains more than before.

L e Sy e e el
112 +48=160 6 112 o

The operation is more quickly and easily performed if one-half
or one-quarter of the weight of oxide be taken; in that case

one-halt or one-quarter of the weights of iron and of water

will be obtained. Indeed any weight of oxide may be em-
ployed; the amount of iron and water resulting will be
always exactly proportionate to the weights just mentioned.
Thus 16 parts of oxide yield 11-2 of iron and 54 of water.
Iron, hydrogen, and oxygen always combine in proportions of
56, 1, and 16 respectively. Such facts justify us in agreeing
that the symbol Fe shall stand for 56 parts by weight of iron,
H for 1 part by weight of hydrogen, and O for 16 parts by
weight of oxygen.

(b) Reactions having Analytical Interest (Tests).
(The iron occurring as a ferrous salt.)

First Analytical Reaction—Pass sulphuretted hydrogen
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(H,S) through a solution of a ferrous salt (e.g. ferrous sul- [
phate) slightly acidulated by hydrochloric acid ; no precipitate b
occnrs, i

This is a valuable negative fact, as will be evident presently. |

Second Analytical Reaction.—Add sulphydrate of ammo- il
nium (HN,HS) to solution of a ferrous salt ; a black precipi- i
tate of ferrous sulphide (FeS) falls.

FeSO, + 2AmHS = FeS + Am,SO, + HS.

Third Analytical Reaction.—Add solution of ferrocyanide of
potassium (yellow prussiate of potash), K,Fe”Cy,, or K,Fey™,
to solution of a ferrous salt; a precipitate (K,Fe"Fe"Cy,, or
K,Fe"Fey) falls, at first white or bluish grey, but rapidly
becoming blue, owing to absorption of oxygen.
Fourth Analytical Reaction.—To solution of a ferrous salt
add ferrideyanide of potassium (red prossiate of potash,
K .Fe",Cys, or K Fdcy; a precipitate (Fe'sFe”;Cyyy, or
Fe”’sFdey) resembling prussian bloe (Turnbull's Blue) is
thrown down,
Other Analytical Reactions.—The precipitates produced from
ferrous solutions on the addition of alkaline carbonates, phos-
- phates, and arseniates, as already described in the synthetical

reactions of ferrous salts, are characteristic, and hence have a
« certain amount of analytical interest, but are inferior in this
- respect to the four reactions above mentioned.

Note.—Alkalies (potash, soda, or ammonia) are incomplete

precipitants of ferrous salts, hence are almost uscless as
' tests. To solution of a ferrouns salt add ammonia (NH,HO) ;
' on filtering off the whitish ferrous hydrate and testing the
' folution with sulphydrate of ammonium, iron will still be
' found. To another portion of the ferrous solution add a few
« drops of nitric acid and boil; this converts the ferrous into
| ferric salt, and now alkalies will wholly remove the iron, as

already twice seen during the performance of the synthetical
| experiments.

In actnal analysis, the separation of iron as ferric hydrate
18 an operation of frequent performance. This is always
N
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accomplished by the addition of alkali, and, if the iron occurs
as a ferrous salt, by previous ebullition with a little nitrie
acid. Ferrocyanide and ferrideyanide of potassinm are the
reagents used in distinguishing ferrous from ferric salts.

(The iron occurring as a ferric salt.)

Stath Analytical Reaction.—Through a ferrie solution (ferrie
chloride e.g.) pass sulphuretted hydrogen; a white precipitate
of the sulphur of the sulphuretted hydrogen falls, and the
ferric is reduced to a ferrous salt, the latter remaining in

t solution. This reaction is of frequent occurrence in practical
[ analysis.
i 2Fe,Cl; + 2H,S = 4FeCl, + 4HCl + S,.
th Seventh Analytical Reaction.—Add sulphydrate of ammo-
1 nium to a ferric solution ; the latter is reduced to the ferrous
j_ j | state, and black ferrous sulphide (FeS) is precipitated as in
14

the second analytical reaction, sulphur being set free.

: Bighth Analytical Reaction.—To a ferric solution add ferro-
1 cyanide of potassium (K FeCy,, or K;Fey"") ; a precipitate of
i prussian blue (the common pigment) occurs (Fe" 3Fe"”Cy,,
or Fe” ,Fey'",).

Ninth Analytical Reaction.—To a ferric solution add solu-
tion of ferrideyanide of potassium ; no precipitate occurs, but
{is EJ' the liquid is darkened to a greenish or olive hue, according to
the strength.

Tenth Analytical Reaction.—This is the production of a red
precipitate of ferric hydrate, on the addition of alkalies to
ferric salts, and is identical with the twelfth synthetical

reaction.

R —

- r -
PTG — e e

=
L i e W e e,
I e e St o PR
e e ——— i -
=F B i i~ g -

| it

-

i Bl i -
A oy X

e
—p —

Note.—This reaction illustrates the conventional character
of the terms synthesis and analysis. Itisof equal importance
to the manufacturer and the analyst, and is synthetical or
analytical according to the intention with which it is performed.
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Other ferric reactions have occasional analytical interest. In
neutral ferric solutions the tannic acid in aqueous infusion of
galls occasions a bluish-black inky precipitate, the basis of
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most black writing-inks. (The Mistuwra Ferri Aromatica of
the British Pharmacopoia, made by digesting metallic iron in
an infusion of various vegetable substances, contains tannate,
or rather tannates of iron; it is commonly known in Ireland
by the name of Heberden's Ink, after the physician by whom
it was first used. It contains about 1 grainof iron in 1 pint.)
Sulphocyanate of Potassium (KCyS) causes the formation
of ferric sulphocyanate, which is of a deep blood-red colour.
There is no ferric carbonate; alkaline carbonates cause
the precipitation of ferric hydrate, while carbonic acid gas
escapes.

Note.—Cyanogen (CN, or Cy'), ferro-cyanogen (FeC,N,, or
FeCy, or simply Fey”’), and ferrideyanogen (Fe,Cyyy, or
Fdey™) are radicals which play the part of non-metallie
elements, just as ammonium in its chemical relations resem-
bles the metallic elements. They will be again referred to.

Memorandum.—The reader must on no account omit to
write out equations or diagrams expressive of each of the re-
actions of iron, analytical as well as synthetical. It is pre-
sumed that this has already been done immediately after each
reaction has been performed.

DIRECTIONS FOR APPLYING THE FOREGOING ANALYTICAL REACTIONS
TO THE ANALYSIS OF AN AQUEOUS SOLUTION OF SALTS CONTAIN-
ING ONE OF THE METALS, Zixc, ALuMINIUM, IRON.

Add solution of ammonia gradually :—

A dirty-green precipitate indicates iron in the state of a fer-
rous salt.

A red precipitate indicates iron in the state of a ferric salt.

A white precipitate, insoluble in excess, indicates the
presence of an alumininm salt.

A white precipitate, soluble in excess, indicates zinc.

These results may be confirmed by the application of some
of the other tests to fresh portions of the solution.
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180 THE METALLIC RADICALS.

TABLE OF SHORT DIRECTIONS FOR APPLYING THE FOREGOING ANALY-
TICAL REACTIONS TO THE ANALYSIS OF AN AQUEOUS SOLUTION
OF SALTS OF ONE, TWO, OR ALL THREE OF THE METALS,
Zixe, AvvMixioM, IRroxw.

Boil about half a test-tubeful of the solution with a few
drops of nitric acid. This insures the conversion of ferrous
into ferric salts, and enables the next reagent (ammonia)
completely to precipitate the iron. Add excess of ammonia,
and shake the mixture. Filter.

Precipitate Filtrate :
Al Fe*, Zn. I
Dissolve in HCI, add excess of KHO Test by AmHS |
stir, filter, (white ppt.). |
Ppt. Filtrate
Fe Al
(red ppt.). | Make slightly acid by HCI,
and add excess of AmHOY
(white ppt.).

Note I.—1If iron is present, portions of the original solution
must be tested by ferrideyanide of potassinm for ferrous, and
by ferrocyanide for ferric salts; dark-blue precipitates with
both indicate both salts.

Note II.—If no ferrous salt is present, ebullition with nitrie

* The aluminium precipitate (Al,6HO) is white, the iron (Fe;6HO) red.
If the precipitate is red, iron must be and aluminium may be present ; if
white, iron is absent, aud further operations on the ppt. are unnecessary,

This precipitate L-!.].:ﬁHD and Fe,6HO) may also, if sufficient is at
disposal, be analysed by simply well shaking a washed portion in a tube
with solution of potash or soda; the hydrate of iron is mot thereby
affected, while the hydrate of aluminium is dissolved, and may be detected
in the clear decanted fluid by neutralizing all alkali by a little excess of
acid, and then adding excess of ammonia,

1 Alumina, when in small quantity, is sometimes prevented from being
precipitated by ammonia through the presence of organic matter derived
from the filter-paper by action of the potash. In cases of doubt, there-
fore, before adding ammonia boil the liguid with a little nitrie acid,
\l.hmh destroys any organic matter.
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acid is unnecessary. It is, perhaps, therefore advisable always
to determine this point by previously testing a little of the
original solution with ferrideyanide; if no blue precipitate
occurs, the nitric-acid treatment may be omitted.

CHART FOR ALL METALS HITHERTO CONSIDERED.

The following Table (vide p. 183) is perhaps the best, but
not the only adaptation of the ordinary reactions to syste-
matic analysis. In it, the analytical scheme for the third
group is added to that of the first two groups. As before,
analysis is commenced by the addition of chloride of ammonium
to prevent partial precipitation of magnesium, and by ammonia,
to neutralize any acid—for acid destmfs the group-precipitant,
sulphydrate of ammonium, preventing its useful action and
causing a precipitation of the free sulphur it commonly con-
tains. Any precipitate by the ammonia may be disregarded,
for the sulphydrate attacks both solid and liquid.

Note.—When a test gives no reaction, absence of the body
sought may fairly be inferred. If a group-test (that is, a test
which precipitates a group of substances) gives no reaction,
the analyst is saved the trouble of looking for any of the
members of that group.

QUESTIONS AND EXERCISES.

206. Name the chief ores of iron.

207. How is the metal obtained from the ores?

208. What is the chemical difference between cast iron, wrought
iron, and steel P

209. Explain the process of “ welding.”

210. What is the nature of chalybeate waters ?

211. Illustrate by formule the difference between ferrous and
ferric salts.

212. Under what different circumstances may the atom of iron
be considered to exert bivalent, trivalent, and sexivalent activity ?

213. Write a paragraph on the nomenclature of iron salts,

214. Give a diagram of the official process for the preparation
of ferrous sulphate,

215. In what respects do the official Sulphate of Iron, Granu-
lated Sulphate of Iron, and dried Sulphate of Iron differ ?
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216. How is ferrous sulphate obtained on the large secale ?
217. Mention the chemical names of white, green, and blue

vitriol,
218. Why does ferrous sulphate become brown by prolonged

exposure to air?
219, Give a diagram showing the formation cf Ferrous Car-

bonate.

220. Describe the action of atmospheric oxygen on ferrous car-
bonate ; can the effect be prevented ?

221. In what order would you mix the ingredients of Misfura
Ferri Composita, and why P

222, Write out an equation illustrative of the formation of the

official Phosphate of Iron.
223. Why is acetate of sodium used in the preparation of

ferrous phosphate P
224. Which four compounds of iron may be formed by the

direct union of their elements ?
225. Give the official method for the preparation of Solution

of Ferric Chloride.
226. Of what use is the spirit in Tincture of Perchloride of

Iron ?
227. How may Ferrous be converted in Ferriec Sulphate?
228, What is the formula of Ferric Acetate? and how is it
prepared for use in pharmacy ?
229, Express, by formula, the difference between the Ferri Per-
oxidum Humidwm, B. P., and Ferri Perowidum Hydratuwm, B. P.
230. How does Ferric Hydrate act as an antidote to arsenic ?
231. What are the properties of anhydrous ferric oxide ?
252. What are the general characters and mode of produetion
of the medicinal scale preparations of iron P
933. In what state is the iron in Vinum Ferri, B. P.?
234. What other form of Wine of Iron is official ?
235. Give equations illustrating the chief steps in the artificial
production of the so-called Magnetic Oxide of Iron.
236. How is precipitated magnetic oxide of iron distinguished
from the varieties made directly from the metal ?
237. Why is magnetic oxide of iron officially directed to be
dried at a temperature not exceeding 120° Fahr, ?
238. Give a diagram showing the formation of Ferric Nitrate.
239. Work out a sum showing how much anhydrous ferric
oxide will yield, theoretically, one hundredweight of iron. Ans.

160 Ibs.




TABLE OF SHORT DIRECTIONS FOR THE ANALYSIS OF AN AQUEOUS SOLUTION OF SALTS OF ANY OR ALL
. OF THE METALLIC ELEMENTS HITHERTO CONSIDERED.
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= Add AmCl; AmHO; AmHS; stir, filter.

m = = o it

7 Precipitate ; ] Filtrate

= Fe Al Zn.. _ Ba Ca Mg Am Na K.

© Wash, dissolve in HCI*, boil (to remove | Add Am,CO,, beil, filter.

o H,S), filter (to remove 8), add excess |

= of KHOY, stir, filter.

= "

jus |

E |

= Ppt. Filtrate Ppt. Filtrate

on Fe Al Zn. : Ba Ca. Mg Am Na K.

= (test orig. sol. | Neutralize with HCl,add | Dissolve in HC,H,0,, Add Am,HPO,, stir, filter.

= by K,Fey AmHO, stir, filter. add K,CrO,, filter.

= p:%ﬁmm‘m&_ud e

3 : : . 30
= Ppt. Tiltrate Ppt. Filtrate Ppt. Filtrate

ez Al Zn Ba Ca. | Mg | Am Na K.

= (white). | Add AmHS | (yellow). | Add Am,C,0, | (white).| Evap., ignite, dissolve.
o (white ppt.). (white ppt.). Na by flame; K by PtCl,:
£ " _ orig. gol. for Am.

- _ _

=

o

* Add, also, a few drops of HNOj if iron be present—i.e. if the ppt. be black. (Vide notes on pp. 177 and 180.)
t Or add excess of ammonia, filter, and test filtrate for zine., The hydrates of iron and aluminium may then be
separated by an alkali, as described in the footnote to the previous Table (p. 180).
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240. Give the characteristic tests for iron, distinguishing be-
tween ferrous and ferric reactions, and illustrating each by an
equation or a diagram :—

a. Sulphydrate of ammonium,

b. Ferrocyanide of potassium.

¢. Ferridcyanide of potassiam,

d. Caustic alkalies.

e. Sulphocyanate of potassinm.

241. Describe the action of ammonia on salts of iron, alumi-
ninm, and zinc respectively.

242. What precautions must be used in testing for calcium a
solution containing iron ?

243. How 1s magnesium detected in the presence of zinc ?

244. How is aluminium detected in presence of magnesinom ?

245. Draw up a scheme for the analysis of an aqueous liguid
containing salts of iron, barium, and potassium.

246. How may zine¢, magnesium, and ammonium be conseca-
tively removed from aqueous solation ?

ARSENICUM, ANTIMONY.

These elements resemble metals in appearance and in the
character of some of their compounds; but they are still more
closely allied to the non-metals, especially to phosphorus and
nitrogen. Their atoms are quinquivalent (As", SbY), as seen
in arsenic anhydride (As,0;) and pentachloride of antimony
(SbCl;), but usually exert trivalent activity only (As'™, Sb™),
as seen in the hydrogen and other compounds (AsH,, AsClg,
AsBrg, Asl;). A few preparations of these elements are used
in medicine ; but all are more or less powerful poisons, and
hence have considerable toxicological interest.

Arsenicum 1s an exception to the rule that the atomic
weights (taken in grains, grammes, or other weight) of
elements, under similar circumstances of temperature and
pressure, give equal volumes of vapour, the equivalent weight
(75) of arsenicum only occupying half such a volume. Hence
while the molecular weights (that is, double the atomic
weights) of oxygen (O,=32), hydrogen (H,=2), nitrogen
(N,=28), etc. give a similar bulk of vapour at any given
temperature and pressure, the double atomic weight of arsen-
icum (As,=150), at the same temperature and pressure, only

F. ol
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affords half this bulk. It would appear, therefore, that the
molecule of arsenicum contains four atoms, and that its for-
mula is As;. As in the case of sulphur, however, arsenicum,
in the state ordinarily known to us, may be abnormal, and a
variety yet be found in which the molecular weight is double
(instead of quadruple) the atomic weight.

From observed analogy between the two metals, the mole-
cular constitution of antimony is probably similar to that of
arsenicum,

ARSENICUM.

Symbol As. Atomic weight 75.

Souwrces.—Arsenical ores are frequently met with in nature,
the commonest being the arsenio-sulphide of iron (FeSAs).
This mineral is roasted in a current of air, the oxygen of
which, combining with the arsenicum, forms common white
arsenic (As,0; or, perhaps, As,O;), (dcidum Arseniosum,
B. P.), which is condensed in chambers or long flues. It
commonly ““occurs as a heavy white powder, or in sublimed
masses, which usually present a stratified appearance, caused
by the existence of separate layers, differing from each other
in degrees of opacity.” The vitreous or amorphous arsenie is
far more soluble than the erystalline variety, and in other
respects they differ in properties. Such differences between
the crystalline and amorphous varieties of an element or com-
pound are not unfrequent: they have not yet been satis-
factorily explained. Realgar (red algar) is the red native
sulphide (As,S,), and orpiment (auripigmentum, the golden
pigment), the yellow native sulphide (AsyS;) of arsenicum.
The iodide of arsenicum (Asl;) may be made from its elements
or (Babcock) by dissolving white arsenic in aqueous hydrio-
dic acid and evaporating.

REACIIONS HAVING (@) SYNTHETICAL AND (0) ANALYTICAL
INTEREST,

(a) Reactions having Synthetical Interest.
Alkaline Solution of Arsenic.

First Synthetical Reaction.—DBoil a grain or two of powdered
- arsenic (As,0;) in water containing a little carbonate of potas-

' 8lum, and, if necessary, filter. The solution, coloured with

ey
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186 THE METALLIC RADICALS.

compound tincture of lavender, and containing 4 grains of ar-
senic per ounce, forms the Liguor Arsenicalis, B. P. (Fowler's
Solution).

Note.—This official solution does not generally contain ar-
senite of potassium; for the arsenic does not decompose the
carbonate of potassium, or only after long boiling. From
concentrated solutions carbomic acid gas is more quickly
eliminated.

Arsenious Acid and other Arsenites.

Arsenie, or arsenious anhydride (the so-called arsenious
acid), when dissolved in water is said to yield true arsenious
acid (HzAs0O,), the arsenite of hydrogen.

J‘.‘LEE 03 + BHED — EHEASOE

Arseniouns anhydride, Water, Arsenions acid.

When arsenic is dissolved in excess of solutions of potash
or soda, arsenites are formed having the formunle KH,AsO,
and NaH;AsO,;. Boiled with excess of arsenic one molecule
of these salts combines with one of the arsenic. The usunal
character of such compounnds is that of oily alkaline liquids.

Arsenic fused with alkaline carbonates yields pyroarseni-
ates (Na,As,0, or K ,As,0,) and metallic arsenicnm. Arsen-
ites have the general formula R';AsOj.

Acid Solution of Arsenic.

Second Synthetical Reaction.—DBoil arsenic with dilute hy-
drochloric acid. Such a solution made with prescribed pro-
portions of acid and water, and containing 4 grains of arsenic
(As,0;) per ounce, forms the Liguor Arsenict Hydrochloricus,
B.P. (De Valangin’s Solution contained a grain and a half
per ounce.)

Note—No decomposition occurs in this experiment. The
liquid is simply a solution of arsenic in dilute hydrochlorie
acid. These two solutions may be preserved for analytical
operations,

Mem.—The practical student should boil arsenic in water
only, and thus have an acid, alkaline, and aqueous solution
for analytical comparison.
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Arsenicum.

Third Synthetical Reaction.—Place a grain or less of arsenic
at the bottom of a narrow test-tube, cover it with about half
an inch or an inch of small fragments of dry charcoal, and
hold the tube, nearly horizontally, in a flame, the mouth being
loosely covered by the thumb. At first let the bottom of the
tube project slightly beyond the flame, so that the charcoal
may become nearly red-hot; then heat the bottom of the tube.
The arsenic will sublime, become deoxidized by the charcoal,
carbonic oxide being formed, and arsenicum be deposited in
the cooler part of the tube as a dark mirror-like metallic in-
crustation.

There is a characteristic odour, resembling garlic, emitted
during this operation, probably dne to a partially oxidized
‘trace of arsenicum which escapes from the tube; for arsenic
does not give this odour ; moreover, arsenicum being a freely
oxidizable element, its vaporous particles could scarcely exist
in the air in an entirely unoxidized state.

Metallic arsenicum may be obtained in large quantities by
the above process if the operation be conducted in vessels of
commensurate size., DBut performed with great care, in narrow
tubes, using not charcoal alone, but black fluz (a mixture of
charcoal and carbonate of potassinm obtained by heating acid
tartrate of potassium in a test-tube or other closed vessel till
no more fumes are evolved), the reaction has considerable
analytical interest, the garlic odour and the formation of the
mirror-like ring belng highly characteristic of arsenicum.
Compounds of mercury and antimony, however, give sub-
limates which may be mistaken for arsenicum.

Arsen’ic Acid and other Arseniates.

Fourth Synthetical Reaction.—DBoil a grain or two of arsenic
with a few drops of nitric acid until red fumes cease to be
evolved ; evaporate the solution in a small dish to dryness, to
remove excess of nitric acid ; dissolve the residue in water:
the product is Arsen'ic acid (H;AsO,).

Arsenic acid, when strongly heated, loses the elements of
water, and arsenic anhydride remains (As,O;).
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Arsenic anhydride readily absorbs water and becomes ar-
senic acid (HgAsO,). Arsenic acid is easily reduced to arsen-
ious by the action of reducing agents, such as sulphurous acid
(HgAsO, + H,SO, = HyAsO, +H, SDQ or oxalic acid (H;AsO,
+ Hn'Cﬂ*‘L'!,ic - H A*_-.D% +H,0+2C0,).

Salts analogons to arsenic amd the arseniate of hydrogen,
are termed a-rseniatus, and have the general formula R';AsO,,
The ammonium arseniate (Am,HAsO,) may be made by
neutralizing arsenic acid with ammonia. Its solution in water

forms a useful reagent.——Avrsenic acid is used as an oxi-
dizing agent in the manufacture of the well.-known dye,
m:-lgenta.

Arsenite and arseniate of sodium are used in the cleansing-
operations of the calico-printer,

Pyroarseniate and Arseniate of Sodium,

Fifth Synthetical Reaction.—Fuse two or three grains of
common white arsenic (As,O,) with nitrate of sodium (NaNO;)
and dried carbonate of sodium (Na,CO;) in a porcelain eru-
cible, and dissolve the mass in water ; solution of arseniate of
sodinm (Na,HAsO,) results.

As,O; + 2NaNO; + Na,CO; = Na,As,0, + NyO3 + CO,

Arsonic. Nitrate of Carbonate Pyroarseniate Nitromus Carbonic
godinm. of sodimm. of sodinm. anhydride. acid gas.

The official proportions are 10 of arsenic to 8} of nitrate of
sodium and 5% of dried carbonate, each powdered, the whole
well mixed, fused in a crucible at a red heat till effervescence
ceases, and the liguid poured out on a slab. The product is
pyroarsenmiate of sodinm (Na,As;0.). Dissolved in water,
crystallized, and dried, the salt has the formula Na,HAsO,
/H,O (Sode Arsenias, B. P.; Sodii Arsenias, U. S.P.),

Na,AsO, + 15H,0 = 2(Na,HAsO, 7H,0).

Heated to 300° F. the crystals lose all water. A solution
of 4 grains of the anhydrous salt (NagZHAsOy) in 1 ounce of
water (equivalent to about 2 grains of arsenie, and therefore
about half the strength of Liquor Arsenicalis, B. P.) forms the
Ligquor Sode Arseniatis, B. P, The anhydrous salt is used in
(o this preparation becanse the erystallized is of somewhat un-
H! certain composition. The fresh crystals are represented by [
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the formula Na,HAsO,, 12H,0 (=537 per cent. of water) ;
these soon effloresce and yield a stable stﬂt having the formula
Na,HAsO,, 7H,0 (=404 per cent. of water). To avoid the
possible empluyment of a ml‘itlll"ﬂ of these bodies, the invari-
able anhydrous salt is officially used, constancy in the strength
of a powerful preparation being tlmrebgr secured.,

The student will find useful practice in verifying, by caleu-
lation, the above numbers representing the centesimal pro-
portion of water in the two arseniates of sodium. This will
be easy if what has already been stated respecting a symbol
representing a number as well as a name, and the remarks
concerning molecular weight, be remembered.

The shape of each of the two varieties of arseniate of sodium
(Na,HAsO,, 12H,0, and Na,HAsO,, 7H,0) is identical with
Biat of the. corroapnuﬂmn‘ plm:phatp of sodinm (Na,HPO,,
12H,0, and Na,HPO,, 7H,0) ; the structure of the molecule
of the 1Z2-arseniate is the same as that of the 12-phosphate,
and the 7-arseniate as that of the 7-phosphate; the two
former are isomorphous, the two latter arve isomorphous.
This 1s only one instance of the strong analogy of arsenicam
and its compounds with phosphorus and its corresponding
compounds, The preparation and characters of the next sub-
stance, arseniate of iron, will remind the learner of phosphate
of iron.

Arseniate of Iron. Ferrous Arseniate.

Sizth Synthetical Reaction.—To solution of arseniate of
sodinm add a little acetate of sodium and then solution of
ferrous sulphate; a precipitate of ferrous arseniate occurs
(Fe,2As0,) (Ferri Arsenias, B. P.). On the large scale 4
parts of dried arseniate and 3 of acetate dissolved in 40 of
water, mixed with 9 of sulphate in 60 of water, may be em-
ployed. The precipitate should be collected on a calico filter,
washed, squeezed, and dried at a low temperature (100° IV.)
over a water-bath to avoid excessive oxidation.

2NagHAsO, + 2NaC,H,0, + 3FeSO, = Fe,2AsO, +

Arseniate of Acetate of Ferrous Ferrons
godinm, rodinm. sulphate. arseniata,
3Na,S0, + 2HC,H,0,.
Bulphate of Acetic acid.

sodinm,

wr—_
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The use of the acetate of sodium is to insure the absence of
free sulphuric acid in the solution—sulphate of sodinum being
formed together with acetic acid. Sulphurie acid is a solvent
of ferrous arseniate; acetic acid is not. It is impossible to
prevent the separation of sulphuric acid, if only ferrous sul-
phate and arseniate of sodium be employed.

At the instant of precipitation ferrous arseniate is white,
but rapidly becomes of a green or greenish-blue colour owing
to absorption of oxygen and formation of a ferroso-ferric
arseniate. It is a tasteless amorphous powder, soluble in
aclds.

The Hydride and Sulphides of Arsenicum, and the Arsenites
and Arseniates of Copper and of Silver, are mentioned in the
following analytical paragraphs.

(b) Reactions having Analytical Interest (Tests).

First Analytical Reaction.—Repeat the third synthetical re-
action, operating on not more arsenic than has about the bulk
of a small pin’s head, and using not charcoal alone, but the
black fluz already mentioned (p. 187) or a well made and per-
fectly dry mixture of charcoal and carbonate of potassium,
the latter best obtained by heating bicarbonate of potassium.
The tube employed should be a narrow test-tube, or, better, a
tube (easily made from glass tubing) having more or less the
following (Berzelius's) form :—

The arsenic and black flux are placed in the bulb of the
tube, which is then heated in a flame; the arsenicum conden-
ses on the constricted portion of the tube. If now the bulb
be carefully fused off in a flame, the arsenicum may be chased
up and down the narrower part of the tube until the air in
the tube has re-oxidized it to arsenious anhydride.

If the operation has been performed in a less delicate
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manner in an ordinary test-tube, cut or break off portions of
the tube containing the sublimate of arsenicum, put them
into a test-tnbe and heat the bottom of the latter, holding it
nearly horizontally, and partially covering the mouth with
the finger or thumb; the arsenicum (As,) will absorb oxygen
from the air in the tube, and the resulting arsenious anhydride
(As,0,) be deposited on the cool part of the tube in brilliant
transparent, generally imperfect, octahedral crystals.

Fig. 84. Fig. 34a.

A SUBLIMATE OF ARSENIC (HAGHIFIED]. A PERFECT OCTAHEDRON.

Microscopic Test.—Prove that the crystals are identical in
form with those of common white arsenic, by heating a grain
or less of the latter in another test-tube, examining the two
sublimates by a good lens or compound microscope.

The appearance of a sublimate of arsenic is peculiar and
quite characteristic. The primary form of each crystal is an
octahedron (dkro, okto, eight ; €pa, hedra, side) (fig. 34a), or,
rarely, a tetrahedron, and in a sublimate a few perfect octa-
hedra are generally present. Usually, however, the crystals
are modifications of octahedra such as are shown in fig. 34—
which is drawn from actual sublimates.

Second Analytical Reaction.—Place a thin piece of copper,
about a quarter-inch wide and half-inch long, in a solution of
arsenic, acidified by hydrochlorie acid, and boil (nitric acid
must not be present, or the piece of metal will be dissolved);
arsenicum is deposited on the copper in a metallic condition,
an equivalent portion of copper going into solution. Pour off
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192 THE METALLIC RADICALS.

the supernatant liquid from the copper, wash the latter once
or twice with water, dry the piece of metal by holding in the
fingers and passing through a flame, and finally place it at
the bottom of a clean dry narrow test-tube or a Berzelius
tube and sublime as described in the last reaction, again
noticing the form of the resulting crystals,

This is commonly known as Reinsch’s test for arsenicum,
The tube may be reserved for subsequent comparison with an
antimonial sublimate.

Note.—Copper itself frequently contains arsenicum, a fact
that may not, perhaps, much trouble an operator so long as he
18 perFormmg experiments in practical chemistry merely for
educational purposes; but when he engages in the analysis of
bodies of unknown composition, he must assure himself that
neither his apparatus nor materials already contain the element
for which he is in search.

The detection of arsentcum in metallic copper 18 best accom-
plished by dlstllhﬂg a mixture of a few grains of the sample
with five or six times its weight of ferric hydrate or chloride
(free from arsenicum) and excess of hydrochloric acid. The
arsenicum is thus volatilized in the form of chloride of arseni-
cum, and may be condensed in water and detected by sul-
phuretted hydrogen (6th Analytical Reaction) or Reinsch’s
test. The ferric chloride solution is, if necessary, freed from
any trace of arsenicum by evaporating once or twice to dry-
ness with excess of hydrochloric acid.

Third Analytical Reaction—The hydrogen test, or * Marsh’s
test.—Generate hydrogen in the usual way from water by zine
and sulphuric acid, a bottle of about four or six ounces capacity
being used, and a funnel-tube and short delivery-tube passing
through the cork in the usnal manner (see following figure).
Dry the escaping hydrogen (except in rough experiments,
when it is unnecessary) by adapting to the delivery-tube, by
a pierced cork, a short piece of wider tubing filled with frag-
ments of chloride of ealcium (a). To the opposite end of the
drying-tube fit a piece of narrow tubing ten or twelve inches
long, made of hard German glass, and having its aperture
narrowed by drawing ouf in the flame of the blow-pipe.

I CET TSRS E . e [
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Fig. 35.

THE HYDROGEN TEST FORE ARSENICUM.

When the hydrogen has been escaping for a sufficient number
of minutes and at such a rate as to warrant the operator in
concluding that all the air originally existing in the bottle
has been expelled, set light to the jet, and then pour eight or
ten drops of the aqueous solution of arsenic, or three or four
drops of the acid or alkaline solution of arsenic, previously
prepared, into the funnel-fube, washing the liguid into the
generating-bottle with a little water. The arsenic is at once
reduced to the state of arsenicum,and the latter combines
with some of the hydrogen to form hydride of arsenicum or
arseninretted hydrogen gas (AsH,;). Immediately hold a
piece of earthenware or porcelain (the lid of a porcelain cru-
cible (b), if at hand) in the hydrogen jet at the extremity of
the delivery tube; a brown spot of arsenicum is deposited on
fl the porcelain. Collect several of these spots, and retain

' them for future comparison with antimonial spots similarly
N obtained (p. 207).

The separation of arsenicum in the flame is due to the

- decomposition of the arseniuretted hydrogen by the heat of

combustion. The cool porcelain at once condenses the arseni-

' eum, and thus prevents its oxidation to white arsenie, which
- would otherwise take place at the outer edge of the flame.

Hold a small beaker (¢) or wide test-tube over the flame
for a few minutes; a white film of arsenic (As,0;) will be
0
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slowly deposited, and may be further examined in contrast
with a similar antimonial film obtained in the same manner

(p. 207).

During these experiments the effect produced by the arseni-
cal vapours on the colour of the hydrogen-flame will have
been noticed ; they give it a dull livid bluish tint. This is
characteristie,

Apply the flame of a gas-lamp to the middle of the hard
glass delivery-tube d; the arseniuretted hydrogen, as before,
is decomposed by the heat, but the liberated arsenicum (As,)
immediately condenses in the cool part of the tube beyond
the flame, forming a dark metallic mirror. The tube may be
removed and kept for comparison with an antimonial deposit

(p. 207).

Note I.—Zine, like copper, frequently itself contains arseni-
cum. When a specimen free from arsenicum is met with, it
should be reserved for analytical experiments, or a quantity
of guaranteed purity should be purchased of the chemical-
apparatus maker. Sulphuric acid is more easily obtained free
from arsenic.

Note 11.—In delicate and important applications of Marsh’s
test, magnesium may be substituted for zinc with safety, as
arsenicum has not yet been, and is not likely to be, found in
magnesinm. Magnesium in rods is convenient for this pur-
pose, and may be obtained from most dealers in chemicals,

Note I1I.—Sulphuric acid, which is often unsed for drying
gases, decomposes arseniuretted hydrogen. Chloride of cal-
cium is therefore the appropriate desiccating agent for this gas.

Fourth Analytical Reaction— Fleitmann’s test. — Generate
hydrogen by heating in a test-tube to near the boiling-point
a strong solution of caustic soda or potash and some pieces
of zine (Zn+2NaHO =H; + Na,Zn0Oy—zincate of sodium).
Add a drop of arsenical solution. Now spread over the mouth
of the tube a cap of filter-paper moistened with one drop of
solution of nitrate of silver. Again heat the tube, taking
care that the liquid itself shall not spurt up on to the cap. A
plug of cotton wool may even be placed in the mouth of the
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test-tube to prevent this spurting (Senier). The arsenic 1s
reduced to arsenicum, the latter uniting with the hydrogen as
in Marsh's test ; and the arseniuretted hydrogen passing up
through the cap reacts on the nitrate of silver, causing the
prodaction of a purplish-black spot.

AsH, + 3H,0 + 6AgNO, = H,AsO; + GHNO, + 3Ag,.

Note 1.—This reaction is particularly valuable, enabling the
analyst to quickly distingnish arsenicum in the presence of
its sister element antimony, which, althongh it combines with
the hydrogen evolved from dilute acid and zine, does not
combine with the hydrogen evolved from solution of alkali
and zine, and therefore does not give the effect just described.
Note II.—Aluminium answers as well as zinc for Fleit-
mann’s test (Gatehounse), or magnesium may be used; or

instead of zinc and alkali weak sodium amalgam may be
employed (Davy).

Fifth Analytical Reaction.—To a solution of chloride of tin
in strong hydrochloric acid add a very small quantity of any
arsenical solution. Avrsenicum then separates, especially on
the application of heat, giving the mixture a yellowish and
then brownish hme or greyish-brown turbidity, or even a
sediment of grey-brown flocks, according to the amount
present. Much water prevents the reaction; its presence
therefore must be avoided as far as possible; indeed a
liguid saturated by hydrochloric acid gas gives best results.
Arsenic in sulphuric or hydrochloric acid or in tartar emetie,
etc., may be detected by this method. Nitrates, such as sub-
nitrate of bismuth, must first be heated with sulphuric acid
to remove the nitric radical before applying this reduction

test for arsenicum. The stannous is converted to stannie
salt during the reaction.

Distinction between Arsenious and Arsenic combinations.—The
above fests are those of arsenicum, whether existing in the
arsenions or arsenic condition, though from the latter the
element is not generally eliminated so quickly as from the
former, Of the following reactions, that with nitrate of silver
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at once distinguishes arsenious acid and other arsenites from

arsenic acid and other arsemates.
Meimn.—The exact nature of all these analytical reactions

will be more fully evident if traced out by diagrams or equa-
tions.

Sizth Analytical Reaction.—Through an acidified solution of
arsenic pass sulphuretted hydrogen; a yellow precipitate of
sulphide of arsenicum or arsenious sulphide (As,S,) quickly
falls. Add an alkaline hydrate or sulphydrate to a portion
of the precipitate, it readily dissolves. The precipitate con-
sequently would not be obtained on passing sulphuretted hy-
drogen throngh an alkaline solution of arsenic. To another
portion of the precipitate, well drained, add sfrong hydro-
chloric acid; it is insoluble—unlike sulphide of antimony.
(Neither sulphide is soluble in the weak acid.)

Note I.—Cadmium also affords a yellow sulphide in an
acid solution by action of sulphuretted hydrogen; but this
sulphide is insoluble in alkaline liquids. Under certain
circnmstances tin, too, yields a yellow sulphide, but tin is
otherwise easily distingnished (vide ©“ Tin " in Index).

Note IL.—A trace of sulphide of arsenicum is sometimes
met with in sulphur (distilled from arsenical pyrites). It
may be detected by digesting the sulphur in solution of am-
monia, filtering, and evaporating to dryness; a yellow residue
of sulphide of arsenicum is obtained if that substance be
present.

Seventh Analytical Reaction.—Through an acidified solution
of arsenic acid, or any other arseniate, pass sulphuretted hy-
drogen; the arsenic compound is gradually reduced to the
i arsenious and a yellow precipitate of arsenious sulphide and
it sulphur (As,S;+ S,) slowly falls, soluble in alkaline hydrates
Z'i”-!i and sulphydrates.

Chemical Analogy of Sulphur and Oxygen.—The potassium
arsenite and sulph-arsenite, arseniate and sulph-arseniate, have
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and the corresponding ammonium and sodium salts have a
similar composition :—

6AmHS + As,S,
6AmHS + As,S,

Bighth Analytical Reaction.— To an aqueous solution of
arsenic add two or three drops of solution of sulphate of
copper, and then cauntionsly add diluted solution of ammonia,
drop by drop, until a green precipitate is obtained. The pro-
duction of this precipitate is characteristic of arsenicum. To
a portion of the mixture add an acid ; the precipitate dissolves.
To another portion add alkali; the precipitate dissolves.
These two experiments show the advantage of testing a
suspected arsenical solution by litmus-paper before applying
this reaction—if acid, cautiously adding alkali, if alkaline,
adding acid, till neutrality is obtained. Or a special copper
reagent may be used: see a note to the Eleventh Analytical
Reaction.

2AmyAsS, + SH,S
2AmgAsS, + 3H,S.

The precipitate is arsenite of copper (Cu"HAsQO;) or
Scheele’s Green. More or less pure, or mixed with acetate
or, occasionally, carbonate of copper, it is very largely used as
a pigment under many names, such as Brunswick Green and
Schweinfurth Green, by painters, paper-stainers, and others.

Ninth Analytical Reaction.—Apply the test just described
to a solation of arsenic acid or other arseniate; a somewhat
similar precipitate of arseniate of copper is obtained.

Tenth Analytical Reaction.—Repeat the eighth reaction, sub-
stituting nitrate of silver for sulphate of copper: in this case
yellow arsenite of silver (Ag,AsO,) falls, also soluble in acids
and alkalies.

Eleventh Analytical Reaction.—Apply the silver test to a
golution of arsenic acid or other arseniate; a chocolate-
coloured precipitate of arseniate of silver (Ag,AsO,) falls.

Copper and Silver Reagents for Arsenicum.—The last four
reactions may be performed with increased delicacy and
certainty of result if the copper and silver reagents be
previously prepared in the following manner:—To solution

L
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of pure sulphate of copper (about 1 part in 20 of water) add
ammonia until the blue precipitate at first formed is nearly,
but not quite, redissolved ; filter and preserve the liquid as an
arsenicum reagent, labelling it solution of ammonio-sulphate of
copper (B.P.). Treat solution of nitrate of silver (about 1
part in 40) in the same way, and label it solution of ammonio-
nitrate of silver (B. P.). The composition of these two salts
will be referred to subsequently.

Avsenious and Arsenic Compounds.— While many reagents
may be used for the detection of arsenicum, only nitrate of
silver, as already stated, will readily indicate in which state
of oxidation the arsenicum exists; for the two sulphides and
the two copper precipitates, thongh differing in composition,
resemble each other in appearance, whereas the two silver
precipitates differ in colour as well as in composition.

Soluble arseniates also give insoluble arseniates with
solutions of salts of barinm, caleiom, zine, and some other
metals.

In group-testing, arsenicum, if existing as arsenic acid or
other arseniate, is not readily affected by such tests as
sulphuretted hydrogen or even hydrogen itself. Hence, if its
presence in that state is suspected, the liquid under analysis
should be warmed with a little sulphurous acid or oxalic acid
(vide p. 188) and then tested with sulphuretted hydrogen.

Antidote.—In cases of poisoning by arsenic or arsenical pre-
parations, the most effective antidote is recently precipitated
moist ferric hydrate (Ferri Perowidum Humidum, B.P.). It
is perhaps best administered in the form of a mixture of solu-
tion of perchloride of iron (Liquor Ierri Perchloridi, B. P.)
with carbonate of sodinm—two to three ounces of the former
to about one ounce of the crystals of the latter. Instead of
the carbonate of sodium about a quarter of an ounce of
calcined magnesia (Magnesia, B. P.) may be used. These
quantities will render at least 10 grains of arsenic insoluble.
Emetics should also be given, and the stomach-pump applied
as quickly as possible.

The above statements regarding the antidote for arsenic
may be verified by mixing the various substances together,
filtering, and proving the absence of arsenicum in the filtrate
by applying some of the foregoing tests.
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Mode of action of the Antidote—The action of the carbonate
of sodinm or the magnesia is to precipitate ferric hydrate
(Fe,6 HO)—chloride of sodium (NaCl) or of magnesium
(MgCl,) being formed, which are harmless, if not beneficial,
under the circumstances. The reaction between the ferric
hydrate and the arsenic results in the formation of insoluble
ferrous arseniate.

2(Fe,6 HO) + AsyO; = Fey2A50, + 5H,0 + Fe2HO

Ferric Arsenic. Ferrous Water. Ferrous

hydrate. arseniate. hydrate.
As already stated, dried ferric hydrate (then become an oxy-
hydrate, Fe,0,2HO) (Ferri Peroxidum Hydratum, B. P.) has
less action on arsenic; and even the moist recently prepared
hydrate (Fe,6HO) loses much of this power as soon as it has
become converted into an oxyhydrate (Fe,O,6HO), a change
which occurs though the hydrate be kept under water (Proc-
ter). According toT.and H. Smith this decomposition oceurs
gradually, but in an increasing ratio; so that after four months
the power of the moist mass is reduced to one-half, and after

five months to one-fourth.

The so-called Solation of Dialysed Iron (see Index) is also,
as might be expected from its composition, an antidote to
arsenic. It should be administered with a little bicarbonate
of either sodium or potassium, or magnesia, or any other salt
which serves to neutralize any acid that may be present.

QUESTIONS AND EXERCISES.

247. What is the formula of a molecule of arsenicum ?

248, In what form does arsenicum occur in nature ?

249. Describe the characters of white arsenic ?

250. Name the official preparations of arsenicum.

251. What proportion of arsenic (As,0;) is contained in Liquor
Arsenicalis, B. P., and Liquor Arsenici Hydrochloricus, B.P.P

252. By what method may arsenic be reduced to arsenicum ?

253. Give the formulem of arsenious and arsenic acids and an-
hydrides.

254. Explain, by diagrams, the reactions which occur in con-
verting arsenic into Arseniate of Sodium by the process of the
Pharmacopeeia.
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205. Why is anhydrous instead of crystallized arseniate of
sodium employed in the preparation of Liguor Sode Arseniatis,
B.F.?

256. In the preparation of Arseniate of Iron from ferrous
sulphate and arseniate of sodium, why is acetate of sodium
included ?

257. Deseribe the manipulations necessary to obtain arsenic in
its characteristic erystalline form.,

258. How is Reinsch’s test for arsemicum applied, and under
what circumstances may its indications be fallacious ?

259. Give the details of Marsh's test for arsenicum, and the
precautions to be observed in its performance. Explain the re-
actions by diagrams.

260. What peculiar value has Fleitmann's test for arsenicum ?

261. Describe the conditions under which sulphuretted hydro-
gen becomes a trustworthy test for arsenicum.

262. How may a trace of sulphide of arsenicum be detected in
sulphur ?

263, How are salts of copper and silver applied as reagents for
the detection of arsenicum ?

264. How are arsenites distingunished from arseniates ?

265. Mention the best antidote in cases of poisoning by arsenie,
explain the process by which it may be most quickly prepared,
and describe its action,

266. Do you know of any other antidote to arsenic? if so,
describe the mode of administration.
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ANTIMONY.
Symbol Sb (stibium). Atomic weight 122.

Sowrce and Uses.—Antimony occurs in nature chiefly as
sulphide, Sh,S;. The crude or black antimony of pharmacy
is this native sulphide freed from impurities by fusion: it
has a striated, crystalline, lustrous fracture; subsequently
powdered it forms. the greyish-black crystalline Anfimoniuimn
mgrum, B.P. The metal is obtained from the sulphide by
roasting, the resulting oxide being reduced with charcoal and
carbonate of sodium. Metallic antimony is an important con-
stituent of Type-metal, Britannia metal (tea- and coffee-pots,

il t spoons, ete.), a.nd the best varieties of Pewter. The old pocula
1 ; emetica, or everlasting emetic cups, were made of antimony ;
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wine kept in them for a day or two acquired a variable amount
of emetic quality. The metal is not used in making the anti-
monial preparations of the Pharmacopceia, the sulphide alone
being, directly or indirectly, employed for this purpose.
Antimony has very close chemical analogies with arseni-
cum. Its atom, in the common salts, exerts trivalent activity
(e.g. SbCl,), but sometimes it is quinguivalent (e.g. SbCl;).
Antimony, like arsenicum, unites with iodine to form a
tri-iodide (SbI;). A bromide (SbBry) is also known.

REeAcTioNs HAVING () SYNTHETICAL AND (b) ANALYTICAL
INTEREST.

(a) Reactions having Synthetical Interest.

Chloride of Antimony. Antimonious Chloride.

First Synthetical Reaction.—Boil half an ounce or less of
sulphide of antimony with four or five times its weight of
hydrochloric acid in a dish in a fume-chamber or in the open
air ; sulphuretted hydrogen is evolved and solution of chloride
of antimony, SbCl;, is obtained.

Sbh,S; + 6HCI = 28bCL; + 3H,S
Bulphide Hydrao- Chloride Bulphu-
of chlorie of ratted
antimony. acid. antimony. hydrogen.

This solution, cleared by subsidence, is what iz commonl
known as Butler of antimony (Liquor Antimonii Chloridi, B.P.).
If pure sulphide has been used in its preparation the liquid 1s
nearly colourless ; but much of that met with in veterinary
pharmacyfis simply a by-product in the generation of sul-
phuretted hydrogen from native sulphide of antimony and
hydrochloric acid, and is more or less brown from the
presence of chloride of iron. It not unfrequently darkens in
colour on keeping ; this is due to absorption of oxygen from
the air, and conversion of light-coloured ferrous into dark-
brown ferric chloride or oxychloride.

True butler of antimony (SbClg) is obtained on evaporating
the above solution to a low bulk, and distilling the residue.
The butter condenses as a white crystalline semitransparent
mass in the neck of the retort ; at the close of the operation
It may be easily melted and run down into a bottle, which
should be subsequently well stoppered.

i n e e
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Pentachloride of antimony (SbCL), or antimonic chloride, is
a fuming liquid, obtained on passing chlorine over the lower

chloride.
Oxychloride of Antimony. Antimonious Oxychloride.

Second Synthetical Reaction.—Pour the solution of chloride
of antimony produced in the last reaction into several ounces
of water; a white precipitate of oxychloride of antimony
(28bCl,, 5Sby0y) falls, some chloride of antimony remaining
in the supernatant acid liquid.

This precipitate is the old pulvis Algarothi, pulvis angelicus,
or mercurius vite. It varies somewhat in composition, accord-
ing to the amount of water with which the chloride may be
mixed ; but on standing under water gradually becomes
urystalllne and has the composition above given.

128bCl; + 15H,0 = 28bCly, 58b,0, + 30HCI

Chloride of Water, Oxychloride of Hydrochloric
antimony. antimony. acid.

Oxide of Antimony. Antimonious Oxide.

‘Well wash the precipitate with water, by decantation (vide
p- 118), and add solution of carbonate of sodinm; the chloride
remaining with the oxide is thus decomposed, and oxide of
antimony (Sb,0;) alone remains. This is Antimonit Oxidum,
B. P. It is of a light buff or greyish-white colour, or quite
white if absolutely free from iron, insoluble in water, soluble
in hydrochloric acid, fusible at a low red heat. The moist
oxide of antimony may be well washed and employed for the
next reaction, or dried over a water-bath. At temperatures
above 212° F. oxygen is absorbed, and other oxides of anti-
mony formed. The presence of the latter is detected on
boiling the powder in solution of acid tartrate of potassium,
in which oxide of antimony (Sb,0,) is soluble, but antimonic
anhydride (Sby,0;) and the double oxide or so-called antimoni-
ous anhydride (Sb,0g) insoluble.

28bCly, 5Sby0, + 3NagCO0; = 6Sb,0, + 6NaCl + 3C0,

Oxyehloride of Carbonate Oxide of Chloride  Carbonie
antimony. of sodinm. antimony.  of sodium. acid gas.
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The higher owmide of antimony (Sby0;), termed antimonic
oxide or anhydride, corresponding with arsenic anhydride, is
obtained on decomposing the pentachloride by water, or on
boiling metallic antimony with nitric acid. The variety ob-
tained from the chloride differs in saturating-power from that
obtained from the metal, and is termed metantimonic acid
(pera, meta, beyond).

Tartar Emetic.

Third Synthetical Reaction.—Mix the moist oxide of anti-
mony obtained in the previous reaction with about an equal
quantity of cream of tartar (6 of the latter to & of the dry
oxide) and sufficient water to form a paste ; set aside for a
day to facilitate complete combination ; boil.the product with
water, and filter; the resulting liquid contains the double
tartrate of antimony and potassinm (KSbC,H, 0,), potassio-
tartrate of antimony, tartarated antimouny, or tartar emetic
(emetic, from éuéw, emes, I vomit; tartar, from Taprapos,
tartaros, see Index).

EKHC,:LH40“ + Shgos = EKS]}GLH‘iOT -+ HE:__D

Acid tartrate Oxide of Tartar emetic, Water.
of potassinm. antimony.

On evaporation, the salt is obtained in colourless trans-
parent triangular-faced crystals of the above composition,
with a molecule of water of crystallization, forming the
Antimonium Tartaratum, B. P., Antimonii et Potassii Tartras,

U. 8. P. (KSbC,H,0,, H,0).

. The formula for tartar emetic is apparently inconsistent
~with the general formula for tartrates (R'R'C,H,O;); this
" will be subsequently fully explained in connection with Tar-
itaric Acid. The salt appears to be an oxytartrate K'Sbh"
.-- |(U4H405)”0”-
. Tartar emetic is soluble in water, and slightly so in proof
spirit. Dissolved in sherry wine it forms the official Vinum
Antimoniale, B. P. It may be externally applied as an oint-
ment, Unguentum Antimonii Tartarati, B. P.
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Sulphurated Antimony. Oxysulphide of Antimony.

Fourth Synthetical Reaction.—DBoil a few grains of sulphide
of antimony with solution of soda in a test-tube, and filter;
(or larger quantities in larger vessels, 10 ounces of sulphide
to 41 pints of the official solution of soda for 2 hours, fre-
quently stirring, and occasionally replacing water lost by
evaporation). Into the filtrate, before cool, stir diluted
sulphuric acid until the liguid is slightly acid to test-paper;
a brownish-red precipitate of oxysulphide of antimony, the
Antimonium Sulphuratum, B. P., falls ; filter, wash, and dry
over a water-bath., It is a mixture of sulphide of antimony
(Sb,S,) with a small and variable amount of oxide (Sb,0j).
The oxide results from the double decomposition of sulphide
of antimony and soda.

If a small quantity of sulphur be boiled with the sulphide
of antimony and solution of soda, the precipitate on addition
of sulphuric acid will have a much brighter colour, chiefly on
account of the presence of a higher sulphide having a yellow

colour (Sb,S;).

This is one of the many varieties of mineral kermes, so
called from their similarity in colour to the insect kermes.
Kermes is the name, now obsolete, of the Coccus Ilicis, a sort
of cochineal-insect, full of reddish juice, and used for dyeing
from the earliest times. The colour of the precipitate is
affected by the temperature as well as state of dilution of the
alkaline liquid when the acid is added. When the alkaline
liquid 1s boiled, especially if long exposed to air, oxygen is
absorbed 'by some of the antimony, whose sulphur uniting
with the trisulphide forms a portion of the lighter yellow
pentasulphide. Kermes mineral thus varies much in propor-
tion of oxide and of pentasulphide, also in the physical
condition of its trisulphide.

Lizplanation of process.—The sulphides and oxides of anti-
mony, like those of arsenicum, react with the sulphides and
oxides of certain metals to form soluble salts (NagSbS; and
NaySbhO, : the former is deposited in yellow tetrahedral
crystals wheu such an alkaline solution is set aside slowly to

cool).
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98b,S; + 6NaHO = 2Na,SbS, + Sb,0; + 3H,0

Sulphide of Soda, Sulph-antimonite  Oxide of Water,
antimony. of sodium. antimony.
Oxide of Soda. Antimonite Water.
Aantimony. of sodium.

In the hot solutions of these salts sulphide and oxide of
antimony are soluble, and are reprecipitated in an indefinite
state of combination, partially on cooling, or wholly on the
addition of acid. The acid also decomposes the oxysalt with
precipitation of oxide, and the sulphur-salt with precipitation
of orange sulphide of antimony. The acid is added to the
liquid before much oxysulphide has deposited (that is, before
the solution is cool), in order to insure uniformity of product.

9Na,SbS; + SH,S0, = 8Na,S0, + Sh,S, + 3H,S

Sulph-antimonite Snlphuric Sulphata Bulphide of Bnlphuretted
of sodinm, acid, of sodium. antimony. hydrogen.
2N&38b03 - SHESD,L = 3N&QSD_I_ -+ Sh:ﬂg +- BHED
Antimonite Bulphuric Sulphate Oxide of Water.
of sodinm, acid. of sodinm, antimopny.

The oxide and sulphide indicated in these equations, together
with excess of sulphide of antimony originally dissolved by the
alkaline liquid, are all precipitated when the acid is added, and
form the Sulphurated Antimony of the Pharmacopceia, “an
orange-red powder, readily dissolved by caustic soda, also by
hydrochloric acid with the evolution of sulphuretted hydrogen
and the separation of a little sulphur.” Its antimony is detected
by dissolving the powder in hydrochloric acid, or in solution
of acid tartrate of potassium, and passing sulphuretted hydro-
gen through the liquid, as described in the first analytical
reaction.

The previous four synthetical reactions illustrate the official
processes for the respective substances. The solution of chloride
of antimony is only used in the preparation of oxide; the
oxide, besides its use in the preparation of tartar emetic, is
mixed with twice its weight of phosphate of calcium (purified
bone-earth) to form Pulvis Antimonialis, B. P,

The Sulphides and Hydrides of Antimony are incidentally
mentioned in the following analytical paragraphs,

—eee
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(b) Reactions having Analytical Interest (Tests).

First Analytical Reaction—Through an acidified antimonial
solution pass sulphuretted hydrogen ; an orange precipitate of
amorphous sulphide of antimony falls. It has the same com- |
position as the crystalline black sulphide (Sb,S;), into which, |
indeed, when dried, it is quickly converted by heat. Like |
sulphide of arsenicum, it is soluble in alkaline solutions.
Colleet a portion on a filter and, when well drained, add
strong hydrochloric acid ; it dissolves—unlike sulphide of
arsenicum,

A higher sulphide of antimony (Sb,S.), corresponding to
the higher sulphide of arsenicum, exists. It is formed on
passing sulphuretted hydrogen through an acidified solution
of the higher chloride (SbCl.), or, less pure, on boiling black
sulphide of antimony and sulphur with an alkali, and decom-
posing the resulting filtered liguid by an acid.
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Note—The arsenious and antimonious compounds are those
chiefly employed in medicine ; arseniates of sodinm and iron
are, however, sometimes employed. The arseniates and,
| rarely, an antimoniate are useful in analysis, and the anti-
monic chloride in chemical research. The higher compounds
of both elements are noticed here chiefly to draw attention to
the close analogy existing between arsenicum and antimony,
an analogy carried out in the numerous other compounds of
these elements.
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TR Second Analytical Reaction.—Dilute two or three drops of
,|II,!1|[ the solution of chloride of antimony with water ; a precipitate
E" it of oxychloride occurs, the formation of which has been ex-

P i, . -
.-‘-;:.'i. plained under the similar synthetical reaction. The occur-
i *llt"Eh rence of this precipitate distingnishes antimony from arseni-
T cum, but is a reaction that cannot be fully relied upon in

_ analysis, because requiring the presence of too much material
il I and the observance of too many conditions. Add a sufficient
l quantity of hydrochloric acid to dissolve the precipitate, and
} L boil a piece of copper in the solution as directed in the corre-
i
|
1
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il sponding test for arsenicum (vide page 191); antimony is
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deposited on the copper. Wash, dry, and heat the copper in
a test-tube as before; the antimony, like the arsenicum, is
volatilized off the copper and condenses on the side of the
tube as white oxide; but the sublimate, from its low degree
of volatility, condenses close to the copper; moreover, it is
destitute of crystalline character,—that is to say, it 18 amor-
phous (a, a, without ; popdy, morphé, shape).

Shake out the copper and boil water in the tube for several
minutes. Do the same with the arsenical sublimate similarly
obtained. The deposit of arsenic slowly dissolves, and may
be recognised in the solution by ammonio-nitrate of silver;
the antimonial sublimate is insoluble.

Third Analytical Reaction—Perform the experiments de-
scribed under Marsh’s test for arsenicam (pp. 192-3), care-
fally observing all the details there mentioned, but using a
few drops of solution of chloride of antimony or tartar emetic
instead of the arsenical solution. Antimoniuretted hydrogen,
or hydride of antimony (SbH;), is formed and decomposed
in the same way as arseniuretted hydrogen.

To one of the arsenicum spots on the porcelain lid (p. 193)
add a drop of solution of “chloride of lime” (bleaching-
powder) ; it quickly dissolves. Do the same with an anti-
mony spot ; it is unaffected.

Heat more quickly causes the volatilization of an arsenicum
than an antimony spot; sulphydrate of ammonium more
readily dissolves the antimony than the arsenicum.

Boil water for several minutes in the beaker or wide test-
tube containing the arsenious sublimate (p. 193); it slowly
dissolves and may be recognised in the solution by the yellow
precipitate given on the addition of solution of ammonio-
nitrate of silver. The antimonial sublimate, similarly treated,
gives no corresponding reaction.

Pass a slow current of sulphuretted hydrogen through the
delivery-tube removed from the hydrogen-apparatus (page
193), and, when the air may be considered to have been
expelled from the tube, gently heat that portion containing




TN =

= mn i

- o v = Fry .....
i e e e s L b b S R B e g e

et L

— i
P NN N T LI

L ol e
5

e e

208 THE METALLIC RADICALS,

the deposit of arsenicum; the latter will be converted into a
yellow sublimate of sulphide of arsenicum. Remove the tube
from the sulphuretted-hydrogen apparatus, and repeat the
experiment with a similar antimony deposit; it is converted
into orange sulphide of antimony, which, moreover, owing to
inferior volatility, condenses nearer to the flame than sulphide
of arsenicum.

Pass dry hydrochloric acid gas through the two delivery-
tubes. This is accomplished by adapting first one tube and
then the other by a cork to a test-tube containing a few lumps
of common salt, on which a little sulphuric acid is poured
during the momentary removal of the cork. The sulphide of
antimony dissolves and disappears; the sulphide of arsenicom
18 unaffected.

Thorough perception of the chemistry of arsenicum and anti-
nwony will be obtained on cﬂnsfrmhug equations or diagrams
descriptive of each of the foregoing reactions.

Antidote—The introduction of poisonous doses of anti-
monials into the stomach is fortunately quickly followed by
vomiting. If vomiting has not occurred, or apparently to an
insufficient extent, any form of tannic acid may be adminis-
tered (infusion of tea, nutgalls, cinchona, oak-bark, or other
astringent solutions or tinctures), an insoluble tannate of
antimony being formed, and absorption of the poison conse-
quently somewhat retarded. The stomach-pump must be
applied as quickly as possible.

Recently precipitated moist ferric hydrate is also, according
to T. and H. Smith, a perfect absorbent of antimony from its
solutions, the chemical action being probably, they say, similar
to that which takes place between ferric hydrate and arsenious
anhydride. It may be given in the form of a mixture of
perchloride of iron with either carbonate of sodium or other
soluble carbonate or bicarbonate or magnesia.

These statements may be verified by mixing together the
various substances, filtering, and testing the filtrate for anti-
mony in the nsual manner.
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DIRECTIONS FOR APPLYING THE FOREGOING REACTIONS TO THE

ANALYSIS OF AN AQUEOUS SOLUTION OF A SALT OF ONE OF

THE ELEMENTS ARSENICUM AND ANTIMONY.

Acidify the liquid with hydrochloric acid, and pass through
it sulphuretted hydrogen :—

A yellow precipitate indicates arsenicum ;

An orange precipitate indicates antimony.

The result may be confirmed by the application of other
tests.

DIRECTIONS FOR APPLYING THE FOREGOING REACTIONS TO THE
ANALYSIS OF AN AQUEOUS SOLUTION OF SALTS OF BOTH
ARSENICUM AND ANTIMONY.

Acidify a small portion of the liquid with hydrochlorie acid,
and pass through it sulphuretted hydrogen,

Note I.—If the precipitate by sulphuretted hydrogen is un-
mistakably orange, antimony ma}r be put down as present, and
arsenicum only further sought by the application of Fleit-
mann’s test to the solution of the sulphides in aqua regia *
freed from sulphur by boiling, or, better, to the original
solution.

Note I1.—Sulphide of antimony is far less readily solable
than sulphide of arsenicum in solution of carbonate of ammo-
nium. Buot this fact possesses limited analytical value; for
the colour of the sulphides is already sufficient to distingunish
the one from the other when they are unmixed; and when
mixed, much sulphide of antimony will prevent a little sul-
phide of arsenicum from being dissolved by the alkaline
carbonate, while much sulphide of arsenicum will carry a
little sulphide of antimony into the solution. When the pro-
portions are, apparently, from the colour of the precipitate,
less wide, solution of carbonate of ammonium will be found
useful in roughly separating the one sulphide from the other.
On filtering and neutralizing the alkaline solution by an acid,

* Aqua Regia is a mixture of four parts hydrochlorie and three parts
nitric acid. It was so called from its property of dissolving gold, the
“king "’ of metals. Diluted with rather more than four times its bulk
of water, it forms the deidum Nitro-hydrochloricum Dilutum, B, P,

P
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the yellow sulphide of arsenicum is reprecipitated. The
orange sulphide of antimony will remain on the filter.

Note II1.—Solution of bisulphite of potassium is said by
Wéhler to be a good reagent for separating the sulphides of
arsenicum and antimony, the former being soluble, the latter
insoluble in the liquid.

Vote IV.—Another reagent for separating the sulphides of
arsenicum and antimony is strong hydrochlorie acid. As little
water as possible must be present. On boiling, the sulphide
of antimony dissolves, while the sulphide of arsenicum remains
insoluble. The liquid slightly diluted, filtered, more water
added, and sulphuretted hydrogen again transmitted, gives
orange sulphide of antimony. The process should previously
be tried on the precipitated mixed sulphides. The presence
of arsenicum may be confirmed by the application of Fleit-
mann’s test to the original solution,

Note V.—If the precipitate by sulphuretted hydrogen is un-
mistakably yellow, arsenicum may be put down as present,
and any antimony detected by the previous or one of the
following two processes. These two processes are rather long,
and require much care in their performance; but are useful,
because a small guantity of antimony in much arsenicum, or
vice versd, may be detected by their means.

First process.—Generate hydrogen and pass it through a
small wash-bottle containing solution of acetate of lead, to free
the gas from any trace of sulphuretted hydrogen it may possess,
and then through a dilute solution of nitrate of silver con-
tained in a test-tube. When the apparatus is in good working
order, pour into the generating-bottle the solution to be
examined, adding it gradually to prevent violent action.
After the gas has been passing for five or ten minutes, exa-
mine the contents of the nitrate-of-silver tube; arsenicum, if
present, will be found in the solution in the state of arsenious
acid,

ﬁ.BHS 1 gHgﬂ + GAENDS = HSﬁBOs <+ GHN03 - 3.&8‘2 H
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while antimony, if present, will be found in the black precipi-
tate that has fallen, according to the following equation :

SbH, + 3AgN O, = SbAg, +3HNO,.

The arsenious radical may be detected in the clear, filtered,
supernatant liquid, which still contains much nitrate of silver,
by cautiously neutralizing with a very dilute solution of am.-
monia, or by adding a few drops of solution of ammonio-
nitrate of silver, yellow arsenite of silver being produced.
The antimony may be detected by washing the black pre-
cipitate, boiling it in an open dish with solution of tartaric
acid, filtering, acidulating with hydrochloric acid, and passing
sulphuretted hydrogen through the solution,—the orange sul-
phide of antimony being precipitated. (Hofmann.)

Second process.—Obtain the metallic deposit in the middle
of the delivery-tube as already desecribed under Marsh’s test.
Act on the deposit by sulphuretted hydrogen gas, and then by
hydrochloric acid gas, as detailed in the third analytical re-
action of antimony (p. 207). If both arsenicum and antimony
are present, the deposit, after the action of sulphuretted hy-
drogen, will be found to be of two colours, the yellow sulphide
of arsenicum being usnally farther removed from the heated
portion of the tube than the orange sulphide of antimony.
Moreover, subsequent action of hydrochloric acid gas causes
disappearance of the antimonial deposit, which is converted
into chloride of antimony and carried off in the stream of

gas.

The chief objection to this process is the liability of the
operator mistaking sulphur, deposited from the sulphuretted
hydrogen gas by heat, for sulphide of arsenicum. But the
presence or absence of arsenicum is easily confirmed by apply-
ing Fleitmann’s test to the original solution, while the process
18 most useful for the detection of a small quantity of a salt
of antimony when mixed with much arsenical compounds.

The laboratory student may now proceed to the analysis of
aqueons solutions of salts of any of the metallic elements

:
iL
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212 THE METALLIC RADICALS,

hitherto considered. The method followed may be that for
the separation of the previous three groups, sulphuretted hy-
drogen being first passed through the solution to throw out
arsenicum and antimony. The whole scheme of analysis is
given on the next page. Three or four solutions should be
examined before proceeding to the last group of metals.

Learners who have no opportunity of working at practical
analysis will gain much knowledge by endeavouring, not to
remember, but to understand these methods of separating
elements from each other in a solution containing several
compounds.

QUESTIONS AND EXERCISES.

267. What is the composition and source of the Black Anfimony
of pharmacy ?

268. In what alloys is metallic antimony a characteristic ingre-
dient ?

269. What is the quantivalence of antimony as far as indicated
by the formula of the official preparations ?

270. By a diagram show how “ Butter of Antimony?” is pre-
pared.

271. Write ont equations or diagrams expressive of the reac-
tions which occur in converting chloride of antimony into oxide.

272, What is the formula of Tartar Emetic ?

273. Explain the official process for the preparation of Oxy-
sulphide of Antimony (dntimoniuwm Sulphuratum, B, P.) by aid
of diagrams.

274. Give a comparative statement of the tests for arsenicum
and antimony.

275, How is antimony detected in the presence of arsenicum P

276. How may arsenicum and iron be distinguished analyti-
cally ?

277. Describe a method by which antimony, magnesium, and
iron may be separated from each other.

278. Draw out an analytical chart for the examination of an
aqueous liquid containing salts of arsenicum, zine, calcium, and
ammonium,

COPPER, MERCURY, LEAD, SILVER.

These metals, like arsenicum and antimony, are precipitated
from acidified solutions by sulphuretted hydrogen, in the form
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¢ TABLE OF SHORT DIRECTIONS FOR THE ANALYSIS OF AN AQUEOUS SOLUTION OF SALTS OF ANY OR ALL

™
o QF THE METALLIC ELEMENTS HITHERTO CONSIDERED.
Acidify with HCl, and pass H,S through the solution ; filter. £
Precipitate Filtrate
As Sb. | Fe Al Zn Ba Ca Mg K Na Am.
Wash, separate by car- Add AmHO*; AmHS; stir, filter.
bonate of ammonium,
o or by strong hydro- Precipitatet Filtrate
B chloricacid ; or dissolve Fe Al Zn. Ba Ca Mg K Na Am.
o in a few drops of hydro- | Wash, dissolve in HC], boil with Add Am,CO,, boil, filter.
<) chloric and nitric acids, ([ HNO, (p. 183), add KHO in
o2 and examine by Hof- excess [, stir, filter. Precipitate Filtrate
= mann’s method (p. 210). Ba Ca. Mg K Na Am.
= Precipitate Filtrate Dissolvein HC,H,0,,| Add Am,HPO,, shake,
[ Fe. Al Zin. add K,CrO,, filter. filter.
e Examine | Neut. by HCI, add = : — .
£ orig. solu- | AmHO,stir,filter. | Precipitate TFiltrate | Precipitate  Filtrate
= tion for Ba. Ca. Mg. AmNaK
= ferrous or | Ppt. Sol. (page 136).
= ferric state.| Al | Zn,

* Tt is not usually necessary here to add NH,CI to keep Mg in solution, the HCI with some of the NH,HO commonly
giving sufficient NH,Cl for this purpose. .

+ Much time may sometimes be saved by carefully remembering the colour of the various hydrates and sulphides
precipitated. Thus, if the AmHS precipitate is white, iron cannot be present, and AmHO, for Al and Zn, may be at
once added to the hydrochlorie solution of the precipitate. The group-tests in this Table are HyS, AmHS, and Am,CO;.

t The pupil shonld vary the process sometimes, as deseribed in the footnotes on pages 180 and 183. The treatment
of other groups should occasionally be varied, By remembering the reactions on which analytical processes are based,
a pupil may often devise modified processes, and thus frequently save time, avoid working in one groove only, and
acquire broader chemical views.
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of sulphides; but the sulphides, unlike those of arsenicum
and antimony, are insoluble in alkalies, The atom of copper
is usually bivalent, Cu”; mercury bivalent in the mercuric
salts, Hg", and univalent in the mercurous salts, Hg'; lead
sometimes quadrivalent, Pb"”, but generally exerting only
bivalent activity, Pb”; and silver univalent, Ag'.

COPPER.
Symbol Cu. Atomic weight 63-5.

Source.—The commonest ore of this metal is copper pyrites,
a double sulphide of copper and iron, raised in Cornwall ; Aus-
tralia and Russia supply malachite, a mixed carbonate and
hydrate ; much ore is also imported from South America.
1t is smelted i