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PREFACE.

This book is designed especially as a text-book for medical
students during their attendance upon lectures. It is believed,
however, that it will be found of use to the physician, as a book
of ready reference. It is the result of the author’s experience
as a teacher of Chemistry, during the past twelve years, and its
plan, and much of the subject matter, are essentially that given
by him in his lectures at the Long Island College Hospital, for
the last six years.

While there are numerous good text-books on Chemistry in
the market, the medical student often complains that they are
either too voluminous for his limited time, and contain a great
deal of matter not directly bearing upon the science of medicine,
or, on the other hand, are too brief to be of any service to him.
It has been the aim, in preparing this book, to avoid these extremes
and fill the gap now existing between them.

The plan of the work required a careful selection from the
mass of material at hand. The book is largely a compilation,
and the author claims little originality in the subject matter it
contains, but has used his own judgment in its selection and
arrangement. )

From the large number of subjects treated, it has been neces-
sary to be very brief in the descriptions of individual sub-
stances, but all general principles, and the relations of the facts
of the science to medicine have been more fully stated. Much
pains has been taken to condense the matter as much as is
consistent with clearness.
~ In Part I are presented such fundamental facts in Chemical

Physics, as seemed necessary for the proper understanding of the
descriptive parts, and to explain the theory and use of thermom-
eters, the spectroscope, medical batteries, etc.

It has been found best, in the author’s past experience, to
present the elementary theories of Chemistry before entering

upon the natural history of the elements and their compounds ;
il
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and this. has been done as clearly and concisely as possible in
Part II, giving only what was considered necessary to the proper
understanding of all the facts to be presented in the later parts.
The subjects of Notation, Nomenclature and Chemical Reactions
have been dwelt upon as of first importance to the student.

In Part III, the natural history of the Elements and principal
compounds are briefly presented, with their physiological and
toxicological bearings.

In Part IV, only those organic compounds are treated, with
which the physician will be likely to meet. The space that could
be given to this part necessitated very short descriptions. The
appendix contains some tables and analyses which will greatly
enhance its value as a reference book.

The Chemistry of the tissues and secretions have been omitted,
as belonging to the domain of physiological chemistry. It
would be impossible to mention all the works upon which the
author has drawn for his facts.

Besides the credit given in the text, he wishes to acknowledge
his indebtedness especially to Cooke’s Chemical Philosophy,
Barker’s, Richter’s, Witthaus’, Fowne’s and Rand’s text-books;
De Watteville’s and Jenkins’ books on electricity ; Prescott’s
Proximate Organic Analysis; Wurtz’ Dict. de Chem. and
Chemie Biologique; Charles’ Physiolog. Chem.; Schorlem-
mer’s, Stricker’s and Pinner’s Organic Chemistry, and the
U. S. Pharmacopeia. I would here express my thanks to my
friend and assistant, Dr. W. M. Hutchinson, for valuable assist-
ance in preparing the work; also to Mr. W. H. Kent, Ph.D.,
for similar assistance. : '

As this work is prepared especially for the medical student,
it is to him that I shall trust for its reception, hoping that the
labor I have bestowed upon it may help to lessen his.

BrookLYN, N. Y.,

Sept. Ist, 1885.
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MEDICAL CHEMISTRY.

PART 1.
INTRODUCTION.

1. DEFINITIONS.—Science is a systematic and orderly
arrangement of knowledge. It is founded upon observation and
experiment. A theory is a deduction from established facts,
and occupies a prominent place in science. A hypothesis is
a supposition brought forward to explain facts or phenomena.
Natural science treats of the external appearance and internal
structure of natural objects. Examples: Botany, zoélogy, and
mineralogy deal with the classification and structure of plants,
animals and minerals respectively, and are, therefore, natural
sciences.

Physical science treats of the properties and phenomena
of the matter of which these bodies are composed. Matter is
anything whose existence is revealed to us by our senses. The
properties of a body are the peculiar qualities by which it
makes itself known to us; as color, solidity, -odor, taste, etc.
Physics is that branch of physical science which treats of the
phenomena presented to us by bodies or masses of matter as
such.

Chemistry is that branch of physical science which treats of
the ultimate composition of bodies, and the changes which this
compogition may undergo.

Physics teaches us that water is hot or cold ; that it may exist as steam,
liquid water, or solid ice. Chemistry tells us that it is composed of two
gases called hydrogen and oxygen, in the proportion of two of the former

to one of the latter, by volume, and one of the former to eight of the latter,
by weight. It also teaches us how we can prove this to be true.

Matter exhibits certain properties which are common to all
bodies, and which are hence called the general properties of
matter; such as indestructibility, impenetrability, divisibility, -
mobility, gravitation, molecular attraction, chemism and inertia.
Specific properties are such as are observed in certain bodies
only ; such as color, hardness, fluidity, transparency, ete.

B 9

*
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2. Matter is Indestructible.—What we generally term
destruction is merely a change of form. When wood burns, it is
only changed into invisible gases which go off into the air. These
gases may be collected, and by analysis we may get back the ele-
ments of the wood again. V{’hatever changes we may produce
in a body or mass of matter, we can neither create nor destroy
one particle of it; the same weight of .matter remains after the
change as before. :

3. Matter is Impenetrable.—That is, two portions of
matter cannot occupy the same space at the same time. Strictly
speaking, this only ap]i)]ies to the ultimate particles of a body.
In many phenomena bodies do seem to penetrate each other.
For instance, the volume of a mixture of sulphuric acid and
water, or of alcohol and water, is less than the sum of the volumes
before they are mixed. In these cases the penetration is only ap-
parent. The penetration of the water by the alcohol is due to
the fact that water, like all other bodies, is porous; that is, it has
spaces or interstices between the ultimate particles of which the
mass is composed, which are unoccupied by matter, and into
which the particles of alcohol crowd themselves.

4. Divisibility.—Three divisions of matter are recognized,
viz: masses, molécules, and atoms.

A mass or body is any distinct portion of matter appreciable
to the senses. '

A molecule (a little mass) is the smallest particle of matter
that can be obtained by subdividing a mass by mechanical or
physical means. It may also be defined as the smallest particle
of matter that can exist in the free or uncombined state. A
molecule of chalk is the smallest particle of chalk that can exist.
The molecules are too small to be seen by the aid of the most pow-
erful microscope, nevertheless their size is approximately known.*

An atom is the smallest particle into which any given kind
of matter can be divided. The atom is, as yet, a hypothetical
body. It is one of the component parts of a molecule, and the
smallest particle that can enter into the formation of a molecule.

The atom is, therefore, supposed to be an indivisible solid body,
with a definite and unchangeable weight, possessing a definite
quantity of force of attraction for other atoms, which force is
neutralized by the approach of the requisite number of atoms.

Atoms, when left to. themselves, will not, as a rule, remain
uncombined, but collect together in groups by their attraction

* See Art. 15.

L]
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for one another. A collection of atoms forms a molecule, and a
collection of molecules forms a mass.

5. Mobility.—All matter is in a state of constant motion.
The motion of masses, or mechanical motion, is treated of in
works on mechanics. The motions of molecules give rise to the
.phenomena grouped under the name of the so-caﬂed Physical

orces. Light, heat; electricity, and magnetism are dif-
ferent manifestations of the motions of the molecules composing
the body which exhibits them. Of the motions of atoms little is
known with certainty. :

‘6. Gravitation is an attraction which exists between masses
of matter. The law of gravitation states that the force of
gravitation is directly proportional to the mass, and
inversely proportional to the square of the distance.

By mass, here, we mean the weight of matter, and not the
volume. .

By Specific Gravity (sp. gr.) is meant the relative weight of
equal volumes of bodies, assumed to be under like conditions of
temperature and pressure. For the purposes of comparing the
weights of equal volumes of different bodies, they are all referred
to an assumed standard. The standard for liquids and solids is
pure water weighed at a temperature of 4° C. (39° F.), the
temperature at which it possesses the greatest density or specific
gravity.

Density is sometimes used as synonymous with specific gravity, Sul-
phur, whose specific gravity is 2, weighs twice as much, volume for volume,
as pure water; while alcohol, whose specific gravity is 0.825, weighs
0.826 times a8 muoh as pure water, volume for volume.

In taking the specific gravity of gases or vapors the standard of com-
parison is pure, dry air. In chemistry, however, it is more convenient to
refer specific gravities of gases to hydrogen gas, and designate this as the
density and not the specific gravity, which term refers to air as the
standard. The density of hydrogen gas is 1.

The density of pure air is 14.42, 4. e., air weighs, volume for vol-
ume, 14.42 times as much as hydrogen, both gases being weighed at
the same temperature and under the same pressure. Density is a
very important factor in the study of chemistry, and should be
well understood. The sp. gr. of solids may be determined by first
weighing the body in the air, and then in water at the required
temperature. A body which sinks in water displaces a
volume of water equal to its own, and loses a weight
just equal to the weight of water displaced. The loss in
the weight of the body when weighed in water, will, therefore, be
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the weight of its own volume of water. By dividing the weight
of the body in air by the loss of weight in water, the sp. gr. is
obtained. : .

Thaus, su})pose a body weigh 6.200 grms. in air, and 8.100 grms. in water.
The loss of weight in water is 6.200 — 3.100 = 3.100 grms., which repre-
sents the weight of the water displaced by the body, or the weight of its
volume of water. The specific gravity of the body will then be found by .
dividing its weight in air, or 6.200 grms., by the weiféht of an equal volume
of water, or 8.100 grms., giving a specific gravity of 2.

‘When the body in question will not sink, we may attach a
sinker to it, whose weight in air and loss of weight when sus-
pended in water are known. The weight of the %ody in air is
taken, the sinker attached, and both lowered into the water and
again weighed. The loss in weight will represent the loss of
weight of both the solid and sinker. Deduct the loss in the
ginker, and the remainder will represent the weight of a volume
of water equal to that of the body in question, whence the specific
gravity may be found as above. Bodies which are soluble in
water may be suspended in some liquid.of known specific gravity,
in which they are insoluble.

Thus, let it be desired to obtain the specific gravity of a lump of cane
sugar. Suppose it weighs in air 100 grms., and in oil of turpentine
(sp. gr. .87) 45.62 grms. Loss = 100 — 45.62 = 54.38 grmas.
100 - 54.88 = 1.84 as the sp. gr. referred to turpentine. Multiply this
result by .87, the sp. gr. of the turpentine, and we have 1.6 as the true sp.
gr. of the sugar.

The sp. gr. of a powder is obtained by partly filling a small
flask or bottle with it, and weighing botE; the weight of the
flask empty, as well as the weight of water it will contain, hav-
ing been previously ascertained.. The flask is then filled up
with pure water and again weighed. The difference between
the last weight and the first will be the weight of the water in
the flask. The difference between this weight and the weight of
the amount of water the flask will contain when full, will give
the weight of the water displaced by the powder, from which the
sp. gr. may be obtained as above.
Fie. 1. he specific gravity of liquids is obtained by means
Il of the flask above mentioned, called a picnometer or
specific gravity flask, made to contain a certain
number of grammes or grains of water at a temperature
woo \ of 60° F., its capacity being marked upon it. (See
eeans | Fig, 1.) To take the sp. gr. of a liquid, it is only
—~ necessary to weigh the flask, filled with the liquid in
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question brought to the requisite temperature, deduct the weight
of the flask, and divide this result by the marked contents of
the flask. The specific gravity of liquids is frequently deter-
mined also by an instrument called a hydrometer.

Hydrometers are long narrow glass or metal tubes, o . o
with a bulb near the bottom ﬁ]fed with air,and & =, ™
smaller one below this containing enough mercury or  fw
small shot to make it float upright and to sink it to a
convenient depth in water. The hydrometer (See Fig.

2) acts upon the principle of Archimedes, that a bod ﬂ
specifically lighter than a liquid sinks in it until it
displaces a bulk of liquid whose weight is equal to its
own, when it becomes stationary. The long narrow
stem composing the upper end of the instrument bears
a scale indicating the specific gravity by the depth to |
which the scale sinks in the liquid. : \

Hydrometers are of two kinds: (1) for fluids heavier
than water, and (2) for fluids lighter than water. Special
hydrometers are constructed %or use in certain special
liquids, and some with an arbitrary scale giving degrees
and not specific gravity. .

The Twaddell hydrometer, for example, used for liquids
heavier than water, is so graduated that the degrees on the scale
multiplied by 5 and added to 1000 give the specific gravit
compared with water. The Lactometer is a hydrometer wit
a scale specially constructed for the examination of milk. The
Urinometer is a hydrometer whose scale is made to include
the variations in specific gravity found in urine.

To determine the specific gravitg' of liquids with the hydro-
meter, it is ‘only necessary to drop the instrument into the liquid,
which must be at the temperature for which the instrument is
constructed, which, in this country, is usually 60° F., and then
read off the specific gravity on the scale at the surface of the
](i}qlgd.P (See Appendix, for table of sp. gr. of - chief liquids of

.8.P)

7. Molecular Attraction.—Molecules attract one another,
as well as masses. When molecules of the same kind attract
one another, they form a homogeneous mass, and the force acting
between them is called cohesion; when the molecules are
unlike it is called adhesion. A body on being thrust into
water comes out wet, because the water adheres to the body; but
if you attempt to pull it apart, cohesion keeps it together.

8. Chemism.—Atoms attract one another by a force called

D
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chemism or chemical affinity. Chemism holds atoms
together to form molecules. It is to the molecule what cohesion
is to the mass. Like cohesion it only acts across inappreciable
spaces.

p9. Inertia is that property of matter by virtue of which it
has no power in itself to change its condition. [This term is
often incorrectly limited to the tendency of a body when in
motion to remain in motion, and when at rest to remain so.]
Chemical or physical changes never take place without the inter-
vention of some external agency.

10. Extension is that property of matter by virtue of which
it occupies space. Its relative degree is obtained by means of -
weights and measures. The system of measures and weights
most in use in all scientific works is that known as the metric or
decimal system. In most American and English medical books,
though not in all, the English system is employed, while all
nations of continental Europe use the metric system ; so that it
is requisite that the student should be familiar with both. The
unit of the metric system is the metre. The metre is the length
of a platinum bar deposited in the public archives of France,
- and is 39.37 inches in length. This measure was obtained by
taking the 10,000,000th part of the quadrant of a meridian of the
earth, or of the distance from the equator to the pole. The
ratio of increase and decrease of the system is decimal, and this
gystem is consequently sometimes known as the decimal sys-
tem. The multiples in all the measures and weights are
denoted by Greek numerals, used as prefixes, as will be seen by
reference to the tables on page 2 of the Appendix. Thus, in
measures of length we have the metre, dekametre, hectometre
and kilometre. The subdivisions are denoted by the Latin
numerals, thus: metre, decimetre, centimetre and millimetre.

Greek. _ Latin. English.
Deka. Decem. Ten. .
Hekaton. Centum. One Hundred.
Chilios. Mille. One Thousand.
Murias. Ten Thousand.

The decimal subdivisions and multiples give a simplicity to
the tables which enables them to be easily learned and remem-
bered, and brings into use in all calculations the easiest arith-
metical processes. In square measure, measures of capacity, and
measures of volume, but few denominations are in common use,
and these only are given in the table.
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The litre, or cubic decimetre, is equal to 1000 cubic centi-
metres. The cu. centimetre (abbreviated c. c.) and tenths of c. c.
are the only denominations in common use for quantities less
than the litre. The half-litre and quarter-litre are also used.
Measures of weight are derived from measures of volume, as
follows :—

The gramme, the unit of weight, is the weight of 1 cubic
centimetre of distilled water, weighed in a vacuum, and at the
temperature of 4° C. (39.2° F.), the temperature at which water
has the greatest density.

Theoretically, the unit of weight is derived from that of
capacity, as above; but the gramme is really determined by
reference to an original standard kilogramme weight adopted by
the French government.

The capacity of vessels is determined, not by measure, but by
weighing the water they will hold at a selected temperature.

A litre measure is, therefore, a vessel that will hold exactly
a kilogramme (1000 grms.) of pure water at the temperature at
which it is to be used. Measuring instruments are usually made
of glass, and are made to hold their marked contents at a tem-
perature of 60° F. (15.5° C.)

The following table will be found convenient to memorize, in
order to facilitate mental calculations where approximate values
only are desired :—

1 Metre = 89.87 in. = 8} feet.
1 Decimetre = 1C centimetres = 4 in.
1 Litre = .88 quarts = 1} pints.
1 Gramme = 15} grairs.
1 Kilogramme = 2 lbs avoirdapois.
1 Grain = .065 grammes.
jorfzj = 4 grms. or 4 c.c.
§J orf%) = 80 grms. or 8/ c.c.

11. The Metric System in Prescriptions.—In prescrip-
tion writing it will be found convenient to adopt the following
rule where the doses have been learned in grains: Make f3]
equal 30 cc. In a two ounce mizture, when a teaspoonful is to
be given as a dose, write a8 many grammes as there are grains
or minims required in each dose. Thus, suppose it be desired to
write for a two ounce mixture containing 15 grains of potassium
-bromide in each f3]j, it would be written:—

-~

Aqu
M. 8ia.—4 c.c. ter die.
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A f%iij mixture would be written with one and one-half times
as many grammes as there are grains required in each dose:—
Grammes.
R. Potass. Bromidi......c.ccceeeunn.e. 22500

AQuU...oceeenreiieerennnniennaaaee 901000 or 90 c.c.
M. Sic.—1 c.c. ter die.

The perpendicular line is used here to occupy the position of the deci- -

mal point, and separate grammes from milligrammes.

It is customary among some pharmacists to weigh all quanti-
ties written as above, instead of measuring them. In such cases,
it is well to remember that liquors are very nearly the same

specific gravity as water, excepting those containing the salts of’

the heavy metals. The syrups and glycerita have a sp. gr. of
about 13. The tinctures have a sp. gr. of about .9. In cases
of doubt about the sp. gr., direct the quantity in c.c., when it
will be measured.

CHEMICAL PHYSICS.

12. We have already spoken of the divisions of matter into
masses, molecules and atoms. The physicist deals principally
with the properties of bodies or masses of matter which depend
upon behavior of the molecules, without inquiring of what atoms
they are made up. Hence, when a piece of iron is moulded
into this or that form, or melted and cast, or filed, or ground to
‘powder, it still remains iron. It may be hot or cold, it may be
charged with magnetism or electricity, but it is iron still, and
nothing else. These properties of color, solidity, teracity,
malleability, fusibility, power of being magnetized, and of con-
ducting electricity, all depend upon the behavior of the mole-
cules of iron, and are called physical properties.

13. Three States of Matter.—The same body may exist
in three states; as a solid, liquid, or gas. Most solid bodies can
-be changed into the liquid or gaseous state by the application
of heat to them. For example, when ice is heated, it melts and
assumes the liquid form; if we apply heat to the water, it ex-
pands, is converted into steam, and tends to escape from the
vessel containing it. If we confine the steam, it exerts a strong
pressure upon the walls of the vessel, which increases as the tem-
perature increases. This and other similar facts have led to the
adopticn of the word force to express the nature of heat. The
term heat force may often be found in works on physics. The
capacity which this force possesses of performing work is known
as energy. Cohesion has been defined as that force or attraction
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which acts between similar molecules to hold them together to
form a body or mass. From the above illustration, we see that
heat, whatever it may be, acts in opposition to cohesion, and
even destroys it altogether, driving the molecules apart, and
finally off into space. We have in this, then, the explanation
of the three states of matter. In the solid state, cohesion is
greater than the opposite repellant force of heat, and the mole-
cules are in very close apposition. In the liquid state, cohe-
sion and the repellant force are nearly equal, the molecules being
free to move in any direction, and obey the law of gravity; 1. e.,
they all tend to seek the lowest level. In the gaseous state,
the repellant force of heat has entirely overcome the attraction
of the molecules for one another, hence, they tend to fly off into
space, and will do so unless confined in a vessel. If we with-
draw the heat from a gas, or if we compress it sufficiently, we
may reduce it to a liquid, and in many cases to a solid ; <. ., we
bring cohesion into play again.

It will be easy to understand from the above, that the mole-
cules must be farther apart in steam than in water, and in water
than in ice. What is true of water, is true of all bodies
capable of existing in the three states; for heat expands all
bodies, whether solid, liquid, or gaseous, although not to the same
degree. (ases expand more than liquids or solids for the same
change of temperature. Gases are more simple in their consti-
tution than either of the other states, and hence we get a better
knowledge of their structure.

14. Constitution of Gases.—Law of Avogadro or
Ampére.—This law states that equal volumes of all bodies
in the state of gas, and at the same temperature and
pressure, contain the same number of molecules. .

As a necessary deduction from the law, it follows: 1st. That
all gaseous molecules occupy the same space. 2d. That
the weights of equal volumes of any two gases are to
each other as the weights of their molecules; or, in other
words, the specific gravities of any two gases must be
to each other as the weights of their molecules. This
law is of vast importance to the chemist, and is considered the
basis of most of the modern notions of chemistry. Although it
would be out of place here to enter into such a discussion, this
law is capable of mathematical proof, starting with the assump-
tion that masses are composed ofp molecules in a state of motion.

15. Size and Weight of Molecules.—That molecules
actually :xist, and that they are in constant motion in straight

B
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lines within the gas, there seems to be at present little room for
doubt. Various recent experiments, drawn from many sources,
have given us proofs of these facts. Starting from certain well
-established facts, physicists have been able to calculate the abso-
lute number of molecules in a given space, their absolute weight,
size, velocity, and the spaces between two neighboring molecules.
What was at first a mere hypothesis is fast becoming a demon-
strated faet. »

According to these calculations, a cubic centimetre of air contains
twenty-one trillions of molecules ; and according to the law of Avogadro,
all other gases must contain the same number in the same volume. 10
trillicns of air, or 144 trillions of hydrogen molecules, will wei§h 1
milligramme. The mean velocity of the molecule of air at 0° C. (82° F.)
is 486 metres (1691 ft.) per second ; and of a molecule of hydrogen gas is
1844 metres (6060 ft.) per second. Of course, with this inconceivable
number of molecules in the small space of one cubic centimetre, and all
moving at the velocity mentioned, no one molecule could move long in
one direction without colliding with another molecule. The number of
shocks that each molecule receives, in the case of hydrogen gas, has been
calculated to be 9480 millions per second, while the mean distance a
molecule moves in its path before colliding, is about .0001&66 mm., which
may be taken as the distance between two molecules. The diameter of
the water molecule = .00000044 mm. Free path = .0000649 mm. Al-
though these numbers give us no real conception of the magnitudes they
represent, they are given here to show the tendency of research, and the
advances being made. These numbers apply to gases only.

16. Radiant Matter.—When the pressure is removed from
s, the molecules are allowed to go farther apart; and while
the distance between the molecules of air at the ordinary atmos-
pheric pressure is a little less than a ten thousandth part of a
mm., it may reach several centimetres when the pressure is
reduced by a vacuum pump to a millionth of an atmosphere.
Such a rarefied gas has new _properties, and has recently received
the name of radiant matter, by Mr. Crookes. Under the influ-
ence of a ray of light, or an electric discharge sent through the
rarefied gas (pressure one millionth of an atmosphere), the charged
molecules, in the case of electricity, seem to launch forth in a
direct line from the negative pole towards the %ositive. If a
light disc be placed in this path, it is bombarded by these mole-
cules on the side presented to the negative pole, and thus it
receives a sufficient impulse to render the motion visible to the eye.
In this manner the movement of the radiometer is explained.*
We are now in a position to understand the laws of gases.

* Wurtz, Dict. Sup., p. 249.
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17. Law of Mariotte.—This law is stated as follows: The
volume of a confined gas is inversely proportional to
the pressure brought to bear upon it; that is, the less the

ressure the greater the volume, and the greater the pressure the
Fess the volume. Stated algebraically thislawis: P: P/ = V': V,
whence V' = T, in which expression P and P’ stand for two
different pressures, and V' and V for the corresponding volumes.
The pressure exerted upon any mass of gas is usually that of the
surrounding atmosphere, and 18 measured by a barometer. The
normal pressure of theair is about 15 ths. to the square inch, or such
that it will support a column of mercury 760 mm. (30 inches) in
height. In the expression of pressures, as measured by this in-
strument, the height of the column of mercury is employed
instead of the weight of the column. Thirty inches of mercury
is used, instead of 15 Ibs. pressure. Substituting this form of
statement in the above expression, it becomes V: V' :: H' : H
and V' = ¥# or VH = V' H’ in which H and H’ stand for the
height of the barometric column.

Example.—A certain volume of air, at a pressure of 742 mm., meas-
ures 540 c. ¢. ; what will it measure at 760 mm ? By the above formula

we will have V/ = 20X — 527.2 ¢. ¢.; or 640 c. c. : x :: 760 : 742 in
which x = 527.2.

Since a gas undergoes such great variation in volume under
varied pressures, it is necessary to state the pressure when a
given volume of gas is mentioned, or as is commonly done, to

ave an arbitrary standard of pressure under which all gases are
supposed to be measured when not otherwise stated. The pres-
sure which has been adopted. is 760 mm., or 30 inches of baro-
metric pressure. This is called the standard pressure.

18. The Law of Charles.—Not only does the volume of
a gas vary with the pressure, but it also varies with the temper-
ature. The hotter the gas the greater is its volume, and the
cooler the gas the smaller the volume; or, as this law is usually
stated, the volume of a gas varies directly with the absolute
temperature. This is known as the law of Charles.

All gases expand or contract equally for the same increase or
decrease of temperature. A gas expands sy of its volume in
passing from 0° to 1° C.or 337 of its volume for one degree
Fahrenheit.

Now, since a gas expands z}5 of its volume at 0° C., for every degree

increase of temperature ahove zero, we may regard a gas at 0° C. as hav-
ing been warined through 2738° C. In other words, 278° below zero must




20 MEDICAL CHEMISTRY.

be regarded as the absolute zero, at which temperature all gases
should be reduced to liquids, or to the smallest possible space. :

1f, therefore, 278 be added to the temperature of a gas, we obtain the
absolute temperature, or the number of degrees it is above the absolute
zero.

Bearing this in mind, the law of Charles may be stated as follows:
278 + 'ﬁ = temperature of gas when measured : 273 + T.” the
altered temperature :: V. the measured volume of gas : V.’ the new
or required volume. Or,T°: T :: V: V/ when T° & T° stand for the
absolute temperatures.

Example.—A given volume of gas at 20° C. measured 55 c.c. What
would it have measured at 0° C. ?

Statement.—273 + 20: 273 + 0 :: 65 : x, the required volume. Or,
298 : 272 :: 656 : x = 61.2, Ans.

Now, since the fraction 3}y when reduced to the decimal form becomes
.008665, it is plain that 1 c.c. of any gas at 0° becomes 1.003665 c.c. at
1° C., 1.007383 at 2° C. and 1 + n times .00366 at a temperature of n° C.

Whence, the formula may be stated: V.’ or the new volume, equals V
or the known volume, maltiplied by 1 4 (.00366 X (T/—T); in which T
and T/ stand for the observed and required temperatures respectively.
The statement of the above example would be, then :—

V/ =V X (1 + .00866) (20—0)
V/ = 56X (1 + .00366 X 20)
Since V/ and V are common to this equation and the one used in the

last section for correcting the volume of gases for changes of pressure, we
may combine the equations, when we have V/ = V X (1 + .00366

(t7-t) X ,";,, which may be used for corrections for both temperature and

pressure. .

Ezample.—A given volume of a'r at 740 mm. and 16° C. measured
452 c.c ; what will it measure at 760 mm. and 0° C.? Substituting,
we have V/ = 462 X (1 — .00366 X 16 X }4§ = 416.8 +.)

19. Standard Temperature and Pressure.—Variations
of temperature and pressure produce such important variations
in volume, that it is frequently necessary, when comparing ob-
servations, to reduce them to some standard temperature and
pressure. The standard temperature used by most scientific
.men is 0° C. But 60° F. corresponding to 15.5° C., being about
the ordinary temperature of the air, is-sometimes found to be
more convenient, and is frequently us2d. By standard con-
ditions of temperature and pressure are meant 0° C. and
760 mm. pressure. ’ :

20. Diffusion of Gases.—When two gases are brought
together without an intervening wall of separation, and allowed
to remain at rest for a time, it will be found that they pass into
each other and become mechanically mixed, even when differing
in specific gravity or density. This gradual mixing of gases is
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called diffusion. ~The diffusion of gases will Fio. 8.
also take place if they are separated by a por-
ous wall of earthenware, stone, or parchment, by
the passage of the gas through the pores.
convenient method of illustrating this phenome-
non is, to take an unglazed earthenware cup,
such as is used in a Bunsen’s battery cell, invert
it in a funnel provided with a long stem, and
fasten it in place by a paste made of plaster
of Paris. The lower end of the funnel tube is
passed through a perforated cork into a bottle
containing water, as shown in the accompanying
figure. (See Fig. 3.) On bringing a bell jar of
hydrogen or illuminating over the porous
cup, the air in the funnel will be forced out
below, and may be seen to escape through the
water in bubbles,

21. Graham’s Law of Diffusion.—Ac-
cording to this law, the velocity of diffusion of
different gases is inversely proportional to the
square roots of their densities. As an illustra-
tion of the truth of this law, we may compare _
the rates of diffusion of hydrogen and oxygen.
By measurement, it has been found that hydro-
gen diffuses four times faster than oxygen. Their
densities are known to be 1 and 16; and the
square roots of these numbers are 1 and 4. It will thus be
ieen that the rates of diffusion are inversely as these last num-

ers.

The phenomena of diffusion admit of easy explanation on the assump-
tion that the molecules of gases are in a state of rapid- motion. More-
over, it is plain, since a given volume of all gases contains the same num-
ber of molecules, at the same temperature and pressure, that the moving
power of all molecules under like conditions must be the same ; for the
pressure brought to bear on the gas is balanced by the impact of
1ts molecules or its elasticity. To produce the same effect against
the walls of the vessel, lighter molecules must move faster than the
heavier ones. In mechanics, the moving power of a body is ex-
pressed or measured by one-half its mass (weight) multiplied by the
square of its velocity. Applying this to moving molecules, letting M
represent the weight of the molecules, we have the expression § M V3
expressing the moving power of the molecules ; or, as we shall learn later
that the density of a is one-half its molecular weight, 3 M = D,
whence we have # M V2 =D V2. Now, if the law stated above be true,
we shall have for any two gases D V2 =D’ V%, Whence, V: V/ ::
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1/'D7: 1/D. Or the velocities of the molecules are to each other inversely
as the square roots of their densities, which corresponds to the statement
of Graham’s law. The densities of hydrogen and oxygen are known to be
1 and 16 respectively, and, therefore, the velocities of their molecules
must be a8 the square roots of these numbers or as 4 to 1; or the mole-
cule of hydrogen must move 4 times as fast as that of oxygen. The com-
parative velocities of other molecules may be calculated in the same way,
from their densities. )

22. Nature of Heat.—As nearly as we can conceive, the
phenomena and sensations to which we apply the term heat, are
the manifestations to our senses of the motions of the molecules
of matter, which we have partially discussed in the last sections.
Besides producing the sensation of heat, it acts variously on
bodies; it boils water, melts iron, makes the metals give out
light, electricity, etc.

It was formerly supposed that heat was a form of matter—
a subtle fluid which could flow from one part of a body to
another, or through the air. We still retain some of the forms
of expression used while that theory was held ; such as conduc-
tion, convection, absorption, emission, radiation, etc.,
the theory itself being entirely abandoned. We now regard
heat as a manifestation of one form of molecular motion. The
more rapid the motion of the molecules of any given body, the
higher will be the temperature.

Many of the phenomena of heat may be beautifully illustrated by
means of a ball attached to an elastic India rubber string, held in the
hand. The ball may represent the molecule, the string the elastic co-
hesive force, which acts between molecules, and the force applied by the
hand to make the ball revolve about it, the force of heat.

23. The Sources of Heat are the sun, stars, interior of the
earth, chemical action, and the conversion of mechanical motion
or molecular motion into heat. The earth receives but about
the two thousand millionths of the heat of the sun, and the fixed
stars are estimated to furnish about ¢ as much heat as the sun.*
The amount of heat annually received from the sun would melt
a layer of ice surrounding the earth, 101 feet thick.* The
internal heat of the earth has some effect upon our temperature,
but not a very important one, as the crust of the earth does not
conduct heat well. Chemical action is the most important arti-
ficial source of heart. When the heat thus produced is intense,
and accompanied by light, the bodies are said to burn. In an
ordinary fire, the heat produced is due to the chemical action

* Rand, p. 84.

-
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going on between the oxygen of the air, and the carbon of the
fuel. Animal heat is largely due -to a similar cause; that is, to
chemical action going on in the muscles, glands, brain, and, in
fact, all the tissues ; not, as formerly taught by Liebig, by direct
combustion of the food by the oxygen of the-air, but by oxida-
tion of the different tissues whenever they are called upon to
exercise their functions.

Mechanical force may be converted into heat; as when the
axle of a raiJroad coach becomes hot; or when the brakes are
applied to the wheels; or when a piece of steel strikes a piece of
flint. These phenomena may be imitated with the ball and string
above mentioned, by allowing some one to strike the ball while
it is swinging, so as to drive 1t faster on its course. This is what
takes place when the steel comes in contact with the flint.

24. Mechanical Equivalent of Heat.—There is an inti-
mate relationship between heat and mechanical motion. They
are capable of being converted, the one into the other. The
friction of the match against a roughened surface produces
enough heat to ignite it. Heat, on the other hand, is converted
into motion by the expansion of steam, which drives the steam
engine. It has been determined that a certain amount of heat
has its exact equivalent of work. The unit of work is the foot-
pound—the force required to raise one pound one foot high; and
the unit of heat is the heat necessary to raise one pound of water
from 0° to 1° C. This amount of heat, if it could all be made
to do mechanical work, would be sufficient to raise 1390 lbs.
one foot high; or the thermal unit is equivalent to 1390 foot-
pounds. If we adopt as the thermal unit, the heat necessary to
raise one pound of water from 32° to 33° F., it is equal to 772
foot-pounds. ,

25. Effects of Heat.—One of the first effects of heating a
body is to expand it. This is the effect of heat upon all bodies,
except in a few cases of apparent exception. Silver iodide is a
notable exception to this rule. To understand just what takes
place when heat expands a body, let us return to our ball and
string ; the more force we apply to it from the arm, the more
rapidly the ball will move; as it does so, the more it stretches
the string and the larger the arc it describes. If we apply
enough force the string will break, and the ball will fly off into
space.

p26. Melting and Freezing Points.—When heat is applied
to the molecules, it drives them faster through their paths and
further apart from one another, until finally the cohesive force is
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stretched to its utmost, and is on the point of breaking ; then the
body melts and becomes a liquid, in which state the two forces
are nearly equal, with cohesion slightly predominating. The
temperature at which a body, usually solid, passes into a liquid
state is called its melting point. If beat is abstracted from a
body that ordinarily exists in a liquid state, cohesion more and
more overcomes the heat force between the molecules until the
body contracts and passes into the solid state. The temperature
at which this takes place we call the freezing point of the body.
If more heat is now applied, the cohesive force (represented by
the elastic string above) gives way, the molecules begin to fly off
into space, and we say the liquid boils or passes into the gaseous
state.
27. Boiling Point of Liquids.—The temperature at which
a liquid gives off vapor rapidly from the whole liquid is constant
for that liquid, and is called its boiling
point. In giving a description of a
1 liquid the boiling point is usually given.
The boiling point of water is 100> C.
(212° F.), and is nearly constant when
this occurs in an iron vessel in the open
air. It is slightly higher in a glass or
other vessel with polished walls, because
the steam adheres to such a surface
until it becomes a little above that
point, or slightly superheated. The
pressure exerted upon the surface of
the liquid may vary the temperature
of the boiling point, by resisting the

! expansive force of the molecules and
S aiding cohesion to keep them together.
When considerable pressure is brought

to bear upon a boiling liquid, its temper-
ature rises until the tension of the steam overcomes this pressure,
and it becomes superheated. Conversely, if the pressure be re-
moved, or lessened, the temperature at which the liquid will
boil is lowered. This may be illustrated by the experiment
known as the culinary paradox, as follows:—

Take a flask of water, and after boiling it vigorously for a few minutes,
80 that the rising steam may expel most of the air, cork it up with a tightly-
fitting cork and the boiling will cease ; remove the lamp and turn the flask
bottom upward. (See Fig. 4.) By pouring cold water on the flask the
steam is condensed, the pressure is remnved from the water, and it boils
vigorously. Now, allow the steam to fill the flask above the water, and it

Fig. 4.
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ceases boiling again. A dash of cold water will again make it boil. This
may be repeated until the water becomes cool enough to be held in the
hand with comfort.

The boiling point of water varies, then, with the height of the
barometer, or with the pressure of the atmosphere upon it. As
the height of the barometer falls in ascending from the surface
of the earth, the boiling point of -water must fall also. An ascent
of about 1080 feet lowers the boiling point of water 1° C. By
this means the height of mountains may be determined within a
few feet. When a liquid passes off into vapor, it is said to
evaporate. ‘Evaporation takes place slowly and imperceptibly
from liquids at temperatures below their boiling points. In the
case of water, for example, there is some evaporation even from
the.surface of snow and ice. The moisture of the air, from
which clouds, rain, snow, dew, etc., are formed, is carried up by
this imperceptible evaporation.

28. Distillation and Sublimation.—When a liquid is
rapidly evaporated and condensed again by means of cold, the
process is called distillation. When water containing solid
matters in solution is evaporated, the solids remain in the vessel
while the water only is given off. By means of this fact, we are
able to prepare perfect { pure water by distillation. When a
mixture of two or more liquids is heated, that having the lowest
boiling point begins to evaporate or distill first, leaving the others
behind. During the rapid evaporation of a liquid, its tempera-
ture remains constant at the boiling point until it is all evapor-
ated. To separate a mixture of liquids having different boiling
points, it is only necessary to heat the mixture until that having
the lowest boiling point begins to boil, and allow it to remain
at that temperdture until it has all passed over and been
condensed. The condenser is now removed and another attached ;
the temperature is now raised until another portion of the mix-
ture begins to distill over, and so on until the liquids are sepa-
rated. The first process seldom effects a perfect separation,
owing to some heavier liquids being carried over by the lighter
ones; a second or even a third distillation is often necessary.
The above process is called fractional distillation.

By the term destructive distillation is meant, a distillation
usually of dry substances, so as to destroy them and obtain
liquids or gases; as, for example, the distillation of coal for
the purpose of preparing illuminating gas, and liquids to be
used for various purposes; and the distillation of wood to pre-
pare vinegar, wood spirit, etc. Distillation is carried on in a
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retort or still, and the vapor is condensed in a worm or condenser.
The retort, or still, is the vessel in which the liquid is heated, and
is made of glass, copper, iron, or platinum. (See Fig. 5.)

The heat is applied to the retort or still until the liquid boils.
The vapor from the boiling liquid passes through the beak of the
retort into the condenser, which is always kept cool by means
of cold water. )

A few solid bodies when heated do not melt and form liquids,
but pass directly into the state of vapor. Such bodies are said
to sublime, and the prodess is called sublimation.

Iodine, sulphur, camphor, and ammonium chloride, are ex-
amples of bodies which may be sublimed, and this process is
usually employed for their purification.

Fie. 5.

29. Latent Heat.—It is evident that a part, of the heat force
applied to a body is used up in overcoming the force of cohe-
sion and in expanding the body, and does not appear in the
actual moving power of the molecules. In our ball and string
illustration (Art. 22);a part of the force applied to the string by
the hand is expended in stretching the string, or finally in break-
ing it, and does not appear in the moving power of the ball.
This force which is expended in overcoming cohesion and in
keeping the molecules apart, does not appear in the tempera-
. ture of a body. When air is heated and allowed to expand,
about two-sevenths of the heat force is used up in expanding it.
If we apply heat to a vesssl containing ice, the temperature
of the water formed is the same as that of the ice, although a
considerable heat has been absorbed in the melting process.
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‘When water is boiled it does not rise above 100° C. (212> F.)
- however hot the fire is; it remains at 100> C. until it is all
evaporated. What has become of all the heat applied to the
water? It has been used to drive the molecules farther apart,
and is locked up in the water in the first case, and in the steam
in the second. The heat thus expended is called latent heat.
It requires heat to convert a solid into a liquid, or a
liquid into a gas. The reverse is equally true; that heat is
given out when a gas becomes a liquid, or a liquid be-
comes a solid. Freezing mixtures are based upon this law.
A mixture of salt and ice freezes, because the salt melts the ice
by its affinity for water; but heat is absorbed by a solid when it
becomes a liquid, and is taken up in this case from whatever
happens .to be in contact with the freezing mixture or vessel
containing it. Ice machines operate on the principle that when
a liquid evaporates, it absorbs Yurge quantities of heat. A very .
volatile liquid is made to evaporate rapidly by removing the
pressure from it by pumping out the vapor as fast as formed.
A very low temperature is produced in this way in and about
the vessel containing the liquid. Place a few drops of ether
upon your hand and allow it to evaporate, and you will have
a very good illustration of the heat absorbed by an_evaporating
liquid. Mitchell obtained a temperature of —146° F. with ether
and solid carbon dioxide. Vatterer produced a temperature of
—220° F. with liquid nitrous oxide and carbon disulphide.

30. Specific Heat.—When equal weights of two given
bodies are exposed to the same source of heat, they do not both
rise in temperature with the same rapidity. That is, it takes
more heat to raise a pound of water from 0° to 1°C,, than it
does to raise one pound of mercury through the same change of
temperature. The relative amount of heat required to raise
equal weights of substances through equal degrees of tempera-
ture, is called their specific heat. ater has the highest
specific heat of any known substance except hydrogen gas. The
unit of specific heat is not everywhere the same. Some use as
the unit of heat the heat required to raise 1- pound of water
from 32° to 33° F., others from 0° to 1° C. The latter is the
one most commonly used, and is called the thermal unit.
In France, the unit is the calorie, which is the heat required to
raise 1 kilogramme of water from 0° to 1° C. 1 Calorie = 2.2
thermal units. 1 thermal unit = 0.45 calorie.

31. Temperature.—From the preceding article it will be
seen that the temperature of a body is entirely distinct from the
amount of heat it contains. Temperature may be defined as the
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tendency a body possesses of imparting heat to surrounding
bodies. It is this tendency which gives to our. senses the im-
pression that the body is hot or cold; it is, therefore, the
measure of its sensible heat, or heat that is appreciable to our
senses. The heat which a body contains is made up of its gen-
sible heat plus its latent heat. The temperature of a body is
increased or diminished by adding to or withdrawing from it
sensible heat. As the number and weight of the molecules of a
given body are constant, the variations of temperature must
mean a variation in the velocity of the moving molecules. In
our ball and string illustration it will be indicated by the velocity
of the ball in its path.

32. Thermometers.—Temperature is measured by an in-
strument called a thermometer. Thermometers are usually

Fie. 6.
Certigrade. = Fahrenheit.  Reaumer.
Mercury boils.....cccceeeees venesd 850°........, 662°........ 280°
Water boils .......oueee.. v 1000 21200 80°
Water freezes.....ecenvorens suneec] 0% eeeennl ] 82°........ ] 0°
-17.7°....4 0°...........] -14.2
Mercury freezes........cceuvue..s —40........ § -40.........} -82

O O O

constructed of a closed glass tube, provided with a bulb at one
end, containing a liquid whose expansion or contraction is used
to indicate the temperature. It is also provided with a scale to
mark the amount of contraction or expansion taking place in the
liquid. Liquids are usually chosen, as solids expand too little
and gases too much to be convenient. The liquids commonly
used are mercury or alcohol ; of these the former is most exten-
sively used, because of the long range of temperature between its
freezing and boiling points. Pyrometers are instruments for
measuring very high temperatures, and are constructed of metal,
or fire clay, whose melting point is very high.

The thermometric scales in common use are the Fahrenheit,
Celsius or Centigrade, and Reaumer. The differences in these
scales may be seen at a glance by reference to Fig. 6. There
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are two fixed points in all of them—the temperature of melting
ice, and that of the steam from boiling water. These two points
must he determined on every instrument by actual trial ; these
points are marked on the glass with a file or diamond. It then
remains only to divide the space between them into & certain
number of degrees, according to the scale adopted. In the
Centigrade or %elsius and in the Reaumer the freezing point of
water is marked 0°, while in the Fahrenheit it is marked 32°.

The point at which the mercury rises in the tube when the
latter is plunged into steam from boiling water, is to be marked
100° in the Celsius, 212° in the Fabrenheit, and 80° in the
Reaumer. There remains, then, simply to divide the space
between these points into 100 equal parts in the first, 180 in the
second, and 80 in the third. Chemists generally have adopted
the Centigrade scale, although some still adhere to the Fahren-
heit, whic%x is the one in common and almost universal use among
the laity in this country. The Reaumer is not much used in this
country, and we shall not use it in this book. It is not difficult
to change the readings from one to the other scale.

It will be seen that 100° C. = 180° F.,1° C. =1.8° F,, or
1°C.=%F.and 1° F. = §° C. We must remember, how-
ever, that the 0° mark in the Fahrenheit scale is 32 degrees
below that of the Celsius; hence, in converting degrees F. to
degrees C. we must first take from the reading 32° and reduce
only those above the freezing point of water. While in changing
degrees C. to F., we must add 32° to the result, to obtain the true
reading. ‘

Thus, 10° C. = 10 X $ = 18 4 82 = 60: and 41° F. =41 —382 =9
X § =156°C. Or, multiply degrees C. by ¢ and add 82 = degrees F. ;
and multiply degrees F. gy $ after subtracting 82 = degrees C.

The Centigrade and Fahrenheit degrees will both be given in
this book.

LIGHT.

33. The second so-called physical force which plays an im-

rtant part in many chemical phenomena, is light. Accord-
ing to the best conception we have of light, it is the effect upon
the optic nerve produced by undulations of an exceedingly sub-
tile and highly elastic form of matter, called the luminiferous
ether. That this ether really exists, pervading the spaces
between the molecules of all bodies, so many million times more
elastic than air, so light that it offers no appreciable resistance to
the earth moving 1100 miles a minute through it, is a hypothe-
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sis, merely, which has been advanced to explain certain well-
known facts. That light passes from the sun and stars to
the earth, no one can doubt; and yet, without some such
assumption, we cannot conceive how it does pass, unless we
hold to a former view, which taught that light was in itself
a form of matter, without weight, given off by luminous bodies,
and which is able to pass through glass, water, rocks, etc.
These properties are contrary to all known laws of ordinary
matter, as also are those of the ether assumed in the other theory.

It is believed that undulations may originate -in certain
motions of molecules or atoms; that these motions or undula-
tions are communicated to the ether and conveyed upon it in the
form of waves; and that the movement described by a given
particle of ether is in the main an oscillation at right angles or
perpendicular to the direction of the ray, or beam.

34. Transmission of Light.—The motion of a ray of
light travels along the line of particles, very much in the same
way that it passes along the line of ivory balls placed in contact
on the billiard table, when another ball strikes the end one
directly in line with the rest. The motion or impulse passes
along the line, but the one at the opposite end is the only one
seen to move. It may be illustrated by placing a ruler on the
table, holding it firmly in place with a marble in contact with
one end, and with a hard body striking a short quick blow at the
other. The stick does not move, as a whole, but the jar will be felt
to pass under the hand, and the marble will move from its place.

. Color and Intensity.—It is evident that these oscilla-
tions may differ in rapidity or in their amplitude; 7. e., comparing
it to the movements of a pendulum, it may vibrate rapidly or
slowly, and it may swing a long distance or a short one. Upon
the extent and rapidity of these oscillations depend two import-
ant differences in the effects of light on the organs of vision, viz.,
color and brilliancy ; the brilliancy depending upon the force
of the blows upon the retina, and the color upon the number in
a given time. We have an analogous fact in sound. Here we
can more easily demonstrate the truth of the fact that the inten-
sity of the sound depends upon the amplitude of the vibrations
of the molecules, while the pitch depends upon the number of
waves or pulsations which reach the ear in a given time. From
well established data, we are able to calculate the rapidity of the
oscillations which produce the different sensations of color, and
the corresponding lengths of the ether waves. Some of these
results are expressed in the following table : —
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Color. Length of Waves in Fractions Number of Oscillations
of a Millimetre. in one second
Red. 650 millionths. 477,000,000,000,000
Orange. 609 “ 506,000,000,000,000
Yellow. 576 “ 535,000,000,000,000
Green. 536 “ 577,000,000,000,000
Blue. 498 . 622,000,000,000,000
Indigo. 470 “ 658,000,000,000,000
Violet. 442 «“ 699,000,000,000,000

The color of an object depends upon the character of light it
reflects or transmits to the eye. A beam of white light is com-
posed of a variety of different colored lights mingled together, as
can be shown by passing it through a prism of glass having an -
angle of 60°, by which it is decomposed into its component
colors. When a body looks red to us, it is because it absorbs or
destroys all the oscillations of the white light except those
which give us the sensation of red light. If it Ee blue, only the
vibrations that give us the sensation of blue light are reflected.
Some bodies ang solutions reflect one color, and transmit another
very different one. The color transmitted is usually the comple-
ment of the one reflected ; 1. e., if the two lights are mixed to-
gether they produce the sensation of white light. If a solution
of nickel salt and one of cobalt are mixed together cautiously, the
color of the one mixes with that of the other so as to form a
culorless solution, because the colors are complementary.

Fie. 7.

36. The Spectrum.—When a beam of white light is passed
through a prism, as represented in Fig. 7, it is not only refracted,
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that is, bent from its original course, but the colors of which it
is composed being unequally bent, are separated one from
another. If now we allow them to fall upon a white screen, S,
Fig. 7, they produce a series of blending tints upon it, which are
called a spectrum.,

The red rays, which are least bent from their course, are said
to be the least refrangible, while the violet are the most
refrangible. Intermediate between these colors we find the
orange, yellow, green, blue, and indigo. The prism thus gives us
an easy means of analyzing a beam of light, toshow the character
of the rays producing it. Such observations are usually con-
ducted by means of an instrument called a spectroscope. ’

37. The Spectroscope.—Figure 8 will illustrate the con-

Fic. 8.

struction of the spectroscope. The light is received from the
source of light ('), through a very narrow slit, regulated by a
screw ; it passes through the tube (A), called the collimator, and
is directed upon the prism (P) which may be made of flint glass, or
it may be made hollow and filled with bisulphide of carbon. In
some instruments there are several flint glass prisms so arranged
that the light is made to pass through all of them, so as to secure
a wider dispersion of the rays than can be obtained with one prism.
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The beam of light, after traversing the prisms, is viewed with the
telescope (B). For purposes of comparison, an additional tube (C)
is attached, by which another light may be thrown upon the sur-
face of the prism so as to be reflected through the telescope by
the side of the light from F.* Many instruments now mﬁus)ee are
so arranged that the ray of light is not bent from its course in
passing through the prism, and these are called direct vision
spectroscopes.

38. Bright Lines.—When we view mono-chromatic light
with the spectroscope, that is, a light composed of but one color,
we see only a vertical image of the slit in %, and its position will
depend upon the refrangibility of that color. If, on the other
hand, we illuminate the slit with a light containing several rays
of different degrees of refrangibility, we shall see one image for
each ray present; and they will be separated from one another
by their differences of refrangibility. The same color always
appears in the same position with reference to the others. If we
look at a solid body, heated till it emits a pure white light, there
will be so many images spread out on the field of vision, that the
one overlaps the other until there are no dark spaces between
them, and thus gives a continuous spectrum, as it is called.
If we place a light before the slit which emits very little light of
its own, such as that given by a Bunsen burner, and then put
into this flame a little sodium, which gives a pure yellow light,
we shall see but one image of the slit, and that in the position
occupied by the yellow, in the continuous spectrum, or the D
line in the solar spectrum. If we use lithium instead of sodium,
we get oneimage in the position occupied by the red ; if thallium
be used, the single image is seen in the position of the green. If
we mix the three, we shall see the three images as bright lines,
each in its own position ; one in the yellow, one in the red, and
one in the green. In the better instruments, the yellow sodium
line appears as two parallel lines. If we illuminate the slit
with the vapor of a metal which emits rays of several different
degrees of refrangibility, we shall see several images or bright
lines in different portions of the field. Any given element
always emits the same rays under like conditions ; hence, by use
of the spectroscope, we may determine what element is introduced
into the flame of the lamp by the lines we see in the telescope.

39. Solar Spectrum—Dark Bands.—If we illuminate the

* For an explanation of the principle of lenses the student is referred to
works on Physics.
C
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slit with the light of the sun, we see almost a continuous spectrum
marked by a number of dark lines, known as ‘ Fraunhofer’s
lines,” the cause of which we shall refer to again.

The most prominent of these dark lines have been designated by the
letters of the alphabet, as will be seen on reference to the solar spectrum
in the frontispiece. These lines serve as landmarks upon the spec-
trum, by which we can fix the position of other lines, or by which we can
designate the position of any line. The D line, for example, is the most
brilliant, and can always be seen in the solar spectrum. This serves as
a starting point in mapping the spectrum, or as a guide in focusing or
adjusting the telescope.

40. Spectrum Analysis.—The spectroscope is an important
aid to chemical analysis when used with certain precautions, and
with certain well-known facts, in its use, kept in mind.

We shall state briefly the principles upon which spectrum
analysis is founded :—

1st. All bodies, when intensely heated, hecome luminous, and,
other things being equal, the higher the temperature the more
intense the light. -

2d. Solid and liquid bodies, if opaque, emit when heated,
first a red light, but as the temperature rigses the other colors
make their appearance, and finally predominate. If the tempera-
ture reaches what is called a blue heat, the blue and violet begin
to predominate.

3d. The elementary substances give their characteristic and
peculiar light only in the state of gas or vapor. Hence, when
we examine the light from any given source, we may conclude
from a continuous spectrum that the heated substance is a liquid
or solid, while a broken spectrum is due to a luminous gas or
vapor; and, from the position of the bright lines, determines the
nature of the substance giving the light. There are, however,
a few exceptions to this principle. Under certain conditions even
a gas may give off a light that will give a continuous spectrum.

4th. At the temperature at which gases or vapors become
luminous, compound bodies, as a rule, break up into their con-
stituents, <. e., the elemental atoms seem to be dissociated. For
this reason, little is known of the spectra of compound bodies.

5th. At a high temperature the metallic atoms are much more
luminous than the non-metallic ones with which they are associ-
ated. Hence, when we examine the vapor of a metallic salt
rendered luminous, the light emitted is so exclusively that of the
dissociated metallic atoms, that, whatever salt of that :netal be
used, we obtain essentially the spectrum of the metal itself.
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6th. If, when the slit of the spectroscope is directed towards a
source of white light givin§a continuous spectrum, another flame
giving a mono-chromatic light from a luminous vapor be inter-
posed between the white light and the slit, a dark image of the
slit will appear in the position where the vapor of itself would
have given a bright line. That is, when the light from a liquid
or solid luminous body is made to pass through a luminous vapor,
those rays of light are absorbed which the vapor, of itself, emits.
Hence, when we analyze the light of a distant source of light,
and observe a continuous spectrum marked by dark lines, we may
conclude that it is produced by a solid or liquid luminous body
shining through a luminous vapor. This explains the dark lines
seen in the solar spectrum.

7th. Many substances in solution absorb certain rays from a
beam of white light passed through them, and the portions of
the beam absorbed are peculiar to each substance. We thus
have a means of detecting the presence of a few substances which
cannot be rendered luminous, by passing a white light through
the solution suspected to contain them.

41. Absorption Spectra.—When we wish to observe the
spectrum of a liquid we place it in a glass tube, or preferably a
vessel having parallel sides, and place this before the slit of the
spectroscope. We now throw a strong white light through the
solution and into the slit of the instrument. Solutions of erbium
and didymium examined in this way absorb certain portions of
the spectrum given by the source of light. The particular portions
of light absorbed are peculiar to each, and in these cases the dark
bands across the bright spectrum occupy the same positions in
which the vapors of these elements give light bands. Absorption
bands differ from the dark lines of the solar spectrum in being
broader and not so sharply marked. They are often only a
slightly darkened portion of a bright spectrum. Even passing
the light through a crystal, in some cases, gives the same result
as passing it through its solution.

The use of the spectroscope in medicine and toxicology is
chiefly confined to the observation of absorption spectra of various
solutions. Some idea of the appearance of such spectra may be
obtained by reference to the frontispiece, remembering that the
spaces which appear white there are, in practice, occupied by the
colors of the solar spectrum in their appropriate places.*

_* See Rosenherg or McMunn on the use of the spectroscope in medi-
cime.
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42. Chemical Effects of Light.—If a mixture of pure
hydrogen and chlorine gases be prepared in the dark, and kept
there, no combination takes place ; if the mixture be brought out
into a light room, a gradual combination takes place and hydro-
. chloric acid is the result; if the. mixture be placed in the direct
rays of the sun, instead of diffused light, the combination takes
place with an explosion. The light in this case causes chemical
action. The electric light and other intense lights produce the
same action. If a piece of white paper wet with a solution of
nitrate of silver be kept in a dark room no change takes place in
it ; but if the paper is exposed to a strong light for a few min-
utes, it begins to grow dark and finally becomes black.

Many chemicals kept in the light are in time sensibly
changed. Silver and gold solutions in presence of organic matter
deposit a part of their metal in the metallic form. Nitric acid
becomes slowly yellow, from the decomposition produced by the
light. A solution of the syrup of the iodide of iron on exposure
to air becomes brown from decomposition; but on exposure to
the direct sunlight it again recombines and returns to the normal
green color. The art of photography is based upon the changes
produced in silver salts, gelatine, etc., by light. Sometimes the
change seems to be a true chemical reaction, and in other cases
it is a molecular change only.

It has been found that it is not always the luminous part of the ray of
light that effects these changes, but that they are chiefly produced by
certain invisible rays found most abundantly beyond the violet part of the
spectrum. From this it has been concluded that the light of the sun, as
well as the light from some other sources, contains certain rays having

this power to produce chemical chanoges. This action is known as actin-
ism, and the rays producing it are called actinic rays.

ELECTRICITY.

43. Electricity Produced by Chemical Action.—If in
a vessel of water, containing a little sulphuric or hydrochloric
acid (1 to 20), a strip of zinc and one of copper or platinum be
immersed and prevented from coming in contact, no action is
seen to take place, provided the acid and zinc be pure. If, how-
ever, we connect the two strips of metal by a wire, or the upper
ends of the strips are brought in contact above the liquid,
chemical action immediately takes place, and the following
phenomena are observed: 1st. Small Eubbles of gas are seen to
collect on the surface of the platinum strip, while the zinc slowly
dissolves, and at the same time the acid begins to disappear. In
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the case of hydrochloric acid, the chlorine combines with the zine,
and the hydrogen escapes from the opposite plate. 2d. We shall
find a peculiar property manifested by the wire, which is known
ag electricity. ‘Ef a magnetic needle be placed near the wire it is
turned from its course. If the wire be broken and the tongue
be placed between the two ends, a tingling, metallic taste is
observed. 3d. If the plates are large, and the ends of the wires
are placed near together in a solution of copper sulphate, the
metallic copper begins to deposit on one of the wires. In aword,
a force is developed in the wires which we call electricity. If
the wires are separated from each other by air the chemical
action ceases, the gas ceases to escape, and the zinc to dissolve.
The same phenomena are observed when we substitute for the
above metals zinc and lead, zinc and gas retort carbon, ete. It
is only necessary that the plates be unequally acted upon by the
fluid in which they are dipped; and the greater this difference,
within certain limits, the stronger is the force developed in the
wire. In order that these phenomena shall take place, the
following conditions are necessary :—

The plates and connecting wires must be conductors
of electricity.

The liquid must contain some substance with which
one of the plates can form a chemical action.

44. Electrical Induction.—By this term is meant the
property an electrified body possesses, of inducing or causing an
opposite condition in certain bodies near it. This is a property
of electricity that we must understand before we can compre-
hend the action of the galvanic cell.

If a magnet is brought near any piece of iron, as a nail, the
latter becomes a magnet, with the poles in the same position as
those of the original magnet. ,

So, a piece of brassheld near the prime conductor of a friction
electrical machine, becomes charged with the opposite kind of
electricity to that of the conductor. . A negatively electrified
cloud passing over the earth induces the opposite condition in
objects directly under it on the earth.

This condition of a body is generally known as polarity; . e.,
the body manifests a pecuﬁar force at certain points known as its

les. A magnet usually has two poles.

The chief characteristics of this polar force are as follows :—

1st. The energy is chiefly exhibited at opposite points of the
body, called its poles.

2d. Like poles repel and unlike poles attract each other ; and
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while like poles enhance each other’s effect, unlike poles neutral-
ize each other.

8d. A polarized body induces a like condition in all bodies
near it susceptible of this condition, a pole of a given kind
inducing a pole of the opposite kind in that part of the body
nearest to itself.

4th. Induction is attended with no loss of energy in the
inducing body, but on the other hand its polarity is rather in-
creased by the reaction of the induction. :

bth. Magnetic, electrical, and chemical polarity are some-
what similar in their general features, but differ considerably in
their modes of manifestation.

6th. Bodies differ not only in their susceptibility to polarity,
but also in their power of retaining it. Most atoms have an
inherent chemical polarity which is more or less permanent and
characteristic, although it may be increased, diminished, or
entirely changed in quality, by induction.

Chemism or chemical affinity is the manifestation of this
polar energy acting between two differently polarized atoms.
Every molecule may be regarded as naturally polarized, one
part geing positive while the other is negative.

45. Theory of the Galvanic Cell.—In order to bring the
working of the cell clearly before the mind, let us assume the
plates in Fig. 9 to be platinum and zine, and the exciting fluid

to be a solution of hydrochloric acid.

Fie. 9. The space between the plates may be con-

gidered to be filled with molecules of the

acid, each molecule composed of one atom

of negative chlorine united to one atom of

positive hydrogen.. The negative chlorine

atoms have an inherent tendency to com-

bine with the positive zinc atoms, which

are capable of taking a higher positive

condition than hydrogen, and by this ten-

dency the zinc atoms become strongly

charged with positive electricity or posi-

tive polarity, which they retain as long

as they are in combination with the chlo-

rine. By this means the rest of the zinc

plate becomes negatively polarized or charged with negative
electricity.

Now, it is clear that if there is no chance for the plate to com-
municate with the earth or some neutralizing body, it will soon




ELECTRICITY. 39

reach the maximum degree of polarity that can be induced by
the chlorine. The action must then cease until the equilibrium
of the polarity or electricity in the plate has been established; or,
in our primitive cell, until the wires connecting the plates are
brought in contact, when a neutralization takes place, and the
action continues.

Thus far, we have considered only the negative plate. When
the chlorine atoms leave the hydrogen for the more positive zinc
atoms, the hydrogen seizes upon the neighboring chlorine atoms
in the adjoining molecules, and thus a stream of hydrogen atoms
sets toward the platinum plate and are finally liberated at its
surface. At this point two atoms combine to form a molecule of
hydrogen ; but in order to do so, one of the atoms must discharge
a part of its positive charge of electricity upon the platinum
plate, thus charging it with positive electricity.

By the above process, the zinc plate is rendered negative, or its
electric tension is lowered below the normal by the withdrawal
of positive electricity, while the platinum plate is actually charged
above the normal, and is in a positive electrical condition. It is
this difference of electrical state which causes a neutralization
through the wires as long as the exciting fluid and the zinc plate"
last, or as long as the chemical action continues. If the wires
are disconnected, the platinum plate soon becomes charged to a
tension equal to that of the hydrogen atoms, and the zinc plate
lowers its tension until the chlorine atoms will no longer leave the
hydrogen to' combine with it. The action then ceases until the
connection is again made. The discharge is then continuous
from the platinum to the zinc plate, and it can also be shown
that a current passes through the liquid. Such is the best con-
ception we possess of the simple galvanic cell which we have
considered.

46. The Current or Circuit.—The circuit is said to be
closed when the wires are connected, and there is a constant
flow or transfer of force through the wires and through the liquid.
It is said to be open or broken when the wires are separated
80 that the transfer of force ceases.

If the wires from a galvanic cell or a collection of cells be
connected with the earth instead of with each other, the current
flows as if the latter were really done; and it makes no difference
how far apart the wires connect with the earth. This is called
grounding the battery. No current actually flows from the
one point to the other in the ground, but by bringing the plates
in contact with the earth their electrical equilibrium is restored
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by it. This principle is made use of in telegraphy to avoid the
necessity of a return wire. One of the wiresof a gattery situated
at one of the stations is grounded; while the other passes to
and through the other station and is then grounded at that point;
80 that the current must pass between and through both stations
to complete the circuit.

47. Electrical Tension or Electro-motor ‘Force.—
When we speak of the normal electrical condition, we have
reference to the electrical state of the earth or bodies in contact
with it. The earth is the great storehouse of electricity, as the
ocean is of water. If water is taken up from the ocean, and
deposited upon the mountain side, it will run back to the sea in
a stream, and can be made to do work, while reaching its former
level, by turning a water wheel. The water, in other words, has
acquired power to do work by its change of position, which in
mechanics, is called its potential. In the galvanic cell, the
equilibrium of the electricity is disturbed, and it acquires power
to do work in returning to its former state of electrical equilib-
rium. This property in electricity is called tension or elec-
tro-motive force (E. M. F.). The strength of the E. M. F.
will, of course, depend upon the difference in the electrical con-
dition of the two plates. It is our purpose to consider here only
such practical points as we deem essential to the physician’s
knowledge in the use of galvanic batteries.

48. Forms of Cells.—We have thus far discussed only one
form of cell. The term battery, strictly speaking, is applied to
a collection of cells; but it is frequently applied to a certain
form of cell. Various kinds of cells are in common use.

One difficulty in the working of the simple cell we have
already described, is in the fact that the hydrogen accumulates
on the platinum plate and prevents contact with the liquid,
and thus obstructs the current. In order to obviate this, various
means have been used to prevent this gas from reaching the
platinum.

In Grove’s cell, the platinum plate is suspended in a porous
earthenware cup filled with strong nitric acid, and placed in the
centre of the larger cup, containing the dilute sulphuric acid (1
to 12). - The nitric acid oxidizes the hydrogen, converting it into
water before it reaches the platinum. .

Bunsen'’s cell is constructed in the same way as the above,
excli}))t that the platinum is replaced with the cheaper gas retort
carbon.

In the working of the above cells the nitrous fumes evolved are
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very objcctionable, and to avoid this, a solution of chromic acid
in sulphuric acid, made by adding to 18 parts of water 4 parts of
potassium bichromate and 4 of sulphuric acid, may be used. The
chromic acid serves to destroy the hydrogen in the same way as
the nitric acid, and no porous cup is needed. The elements
used are zinc and carbon. This cell gives a strong current
for a short time, and is one of the best in use, for medical
purposes. The zinc plates are always removed from the liquid
when the battery is not in use. In some medical batteries a solu-
tion of acid sulphate of mercury in water is used as the exciting
fluid, instead of the above. In this case the plates are small, and
made of zinc and carbon. The zinc combines with the sulphuric
acid, and mercury instead of hydrogen is set free. Another form
of battery is one in which the exciting fluid is dilute sulphuric
acid and the elements zinc and silver, the latter being inclosed
in a layer of chloride of silver, which is intended to prevent the
hydrogen from accumulating on the silver plate, by combining
it with chlorine. 2AgCl + H, = Ag, + 2HCI. These cells
are usually made in the form of long, narrow cylinders, so as to
occupy a small space, and are very constant and effective.

In the Leclanché cells, as usually constructed, the elements
are a plate of carbon and a rod of zinc. The carbon plate is
surrounded by a layer of peroxide of manganese, to serve as a
depolarizing agent, or in a slightly different form, ferric oxide
is used for the same purpose. The exciting fluid is a strong
solution of ammonium chloride in water. This battery is one in
very common use where an open circuit is to be used, is very
constant, requires attention only at long intervals, and is inex-

nsive. Various modifications of this cell have been proposed,

ut in efficiency they are not superior to it.

The Callaud battery is constructed as follows: The elements
are zinc and copper. The former is suspended in the upper por-
tion of a solution of copper sulphate contained in a glass jar.
The copper plate lies at the bottom of the jar, and the  wire
attached to it is covered with gutta percha for the purpose of
insulating it. From time to time copper sulphate crystals are
dropped into the jar, to keep up the supply.

This battery is useful where a closed circuit is to be used, and
the battery is to be in constant use. It is very constant when
kept in good order, but has a low electro-motive force, and is
seldom used in the construction of medical batteries. A new
form of cell, which is said to give good results, is made as fol-
lows: An iron tray or pot is nearly filled with a strong solution

C)’(
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of ammonium chloride, and a plate of zinc is supported by non-
conducting posts in this solution. A thin layer of oxide of
copper is sprinkled over the bottom of the tray, to act as a de-
larizer. The wires are attached to the zinc and iron tray.
hen the oxide of copper becomes reduced, and loses its effect,
it may be again oxidized by roasting it in the air.

49. Care of Batteries.—In order that a battery may per-
form its work it will need some care in its management. All-
metallic connections, as well as the wires through which the
current is to pass, must be of good conducting material. Copper
or silver wire is usually employed for conductors, and where two
wires are meant to connect, their surfaces must be bright and free
from oxides, which are poor conductors. As far as possible, a
uniform strength of exciting fluid should be maintained. In
most batteries this will require entire renewal, from time to time,
in order to supply new material for chemical action, and to re-
move the products of former action.

50. Local Currents.—Owing to the imperfections in the
zinc used in the construction of batteries, it is unequally acted
upon by the liquid. The points where the zinc is harder,
or contains iron, lead, or arsenic, act as negative plates to the
rest of the zine, and thus currents are set up between them which
eat away the zine, and cause a serious loss of material, as well as
of force. “Amalgamation” of the zinc obviates this action by
forming over the surface of the plate a homogeneous layer of zinc
amalgam.

To amalgamate the zincs, first wash them in dilute sulphuric
acid (1 to 6), and then pour mercury upon them while still wet
and rub in the drops until the whole surface is uniformly bright
and smooth. It is well to keep a little mercury in the bottom of
each cell, which keeps the plates amalgamated. A hissing sound,
or the evolution of hydrogen from the surface of the zinc, is a
sure sign that the zincs need re-amalgamating.

51. Polarity of the Elements of Batteries.—A serious
hindrance to the working of batteries is what is called the
polarization of the plates. We have already referred, when
speaking of the construction of cells, to the accumulation of
hydrogen on the carbon or platinum plate. . When the current
is of considerable strength, oxygen accumulates on the zinc plate
and hydrogen on the opposite one. We then have a layer or
plate of hydrogen against the carbon, and a layer or plate of
oxygen against the zinc. The former of these is positive and
the %atter negative; and they are joined together by the same
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wires as the primary plates, as will be Fia. 10.
seen by a glance at Fig. 10. Not only -
is the liquid kept from perfect contact
with the ({)lates, but, owing to the action of
the liquid upon these new gaseous plates,
a current is developed in the opposite
direction to that of the primary current,
which may become so strong that it almost
entirely overcomes the original current
and destroys the efficiency of the battery.

Some method must, therefore, be adopted
to prevent the hydrogen from accumula-
ting upon the carbon or platinum plate.
Nitric or chromic acids, oxides of man-
ganese, copper or iron, silver chloride,
and copper sulphate are all used for this purpose, as referred to
in article 48.

52. Secondary or Storage Batteries.—The polarity of the
lates of a battery cell is utilized in the secondary or storage
atteries. The cell contains two or more plates of large size,

constructed of sheet lead, or finely divide(F lead pressed into
plates, and is filled with dilute sulphuric acid. The plates are
polarized by passing a current through the battery. The hydro-
gen accumulates in or upon one plate, and the oxygen in the other.
On now disconnecting the charging battery, it is found that a
current may be obtained from the polarized cell for some time,
but in the direction opposed to that of the charging current.
When the plates of this battery are once charged, they will remain
charged for some weeks; and the current may be obtained at an

time, whenever the wires from the opposite plates are connected.

53. Resistance.of Conductors.—Conductors are bodies
“which allow a ready transmission of the electrical impulse through
them, and are contrasted with another class of bodies called non-
conductors or insulators. These terms are only relative, how-
ever.

Some bodies conduct electricity with great ease, while others
offer more resistance to the passage of the current, or entirely
refuse to allow an appreciable amount to pass. Even the best
conductors offer some resistance to the passage of the current.
The metals are the best conductors, and of these silver is the best
conductor known. Copper is second to silver only, and when
both metals are pure the difference is but slight.

If we compare wires of the same material, but of different
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sizes and lengths, we find that the resistance of wires in-
creases with the length, and diminishes with the area
of the cross section. When a cell is in action, the current not
only meets with resistance in the wires, but also in the liquid of the
celly through which it has to pass. This last resistance is usually
much greater than that of the wires, and is an important element
in determining the strength and intensity of the current.

54. Ohm’s Law.—This law states that the intensity of a cur-
rent developed by a battery will be equal to the electro-motive
force divided by the resistance. By electro-motive force we

mean the force with which the electric current is set in motion.
This law may be stated algebraically as follows: C= g

where R represents the internal resistance of the liquid, r the
external resistance or that offered by the wire,and E the electro-
motive force, which is always the same when the same metals
and exciting liquid are used. In any given form of battery,
variations in the strength of the current must be due to the
variations in resistance, either in the external or internal part
of the circuit, or to a change in the strength of the exciting
liquid, polarity of the plates, or secondary currents. We have
already spoken of the resistance offered to the current by the
polarity current, flowing in the opposite direction, and which
may sometimes become almost as great as the electro-motive
force can overcome. It is clear that in order to increase the
value of C,in our formula, we can increase E or diminish R and
r. To increase the electro-motive force we select such metals and
liquids as shall give us a relatively high intensity of current. We
may increase the intensity of the E. M. F. by joining several
- cells, so that the force of the one may be reinforced by the next,
and so on. This is done by connecting the zinc of the first to
the carbon of the second, the zinc of the second to the cdrbon
of the third, etc. Each cell added to the series adds to the
current its E. M. F. diminished by its internal resistance; the
external resistance being too small to be regarded. The formula
applied to the series would be, when n equals the number of

cells: C= n—l’:%_- Now when the external resistance in the wire,

r,is very small in comparsion with R, as when flowing through
an ordinary copper wire, it may be disregarded; and the equa-
tion then becomes C = ;'i That is, the effect of a battery of several
elements in this case is no greater than that of a single cell. If,
however, the external resistance, r, is great, as when the electrodes
are applied to a human body, which has a resistance many times
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greater than the usual value of R, the value of C increases or
diminishes very nearly in the same ratio as the number of cells.
For medical purposes, therefore, we usually combine the cells as
above described. Elements or cells so arranged, are said to be
arranged in series, or arranged for intensity.

We may also increase the value of C, in the formula above,
by increasing the size of the plates, provided the external resist-
ance is small. By so doing, we do not increase the electro-motive
force, but we reduce the resistance in the cell by virtually com-
bining several plates into one and increasing the surface exposed
to the liquid, without increasing the distance through which the
current has to pass in the liquid. Where a small resistance is to
be overcome, therefore, large plates are to be preferred; or,
which is the same thing, all the zinc plates of the battery may

Fie. 11.
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be connected, and all the carbon plates. When the cells are
arranged in this manner, they are said to be arranged in
multiple arc, or for quantity. The poles or electrodes
of a battery of cells are the conducting wires; that attached to
the zinc plate is the cathode or negative electrode, and that
attached to the platinum, carbon, or copper plate is the anode
or positive pole.

In electro-therapy the term electrode is often used to desig-
nate the appliance fastened to the end of the wires for application
to the patient, while the wires are called rheophores.

55. Induced Currents.—If a current of electricity, from a
battery, be passed through one of two parallel wires A B (Fig.
11), lying near together, mo current is observed in C D as long as
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the current in A B is constant ; but if this be abruptly stopped,
an instantaneous current is developed in C D, which we can de-
monstrate by connecting the wire to a galvanometer (G). When
we make the current pass from B to A, the current in the wire
C D takes the direction from C to D; but on breaking the
})rimary current, the induced current takes the direction D to C.

f, therefore, we rapidly make and break the primary or battery
current by means of the key, K, we shall have a rapid to and
fro current acting in the secondary wire C D. Now, if these
wires be covered with silk or insulated, and are wound together
around a spool or bobbin, the conditions of the experiment
will remain unchanged, and we shall have the same phenomena
in the coiled wires as if they were straight. Such a coil is known
as an induction or Rhumkorff coil. The strength of the current

Fie. 12,
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in the secondary wire, or the induced current, will depend upon
the length of the wire acted upon, the strength of the battery or
primary current, and the distance the wires are from each other.

56. Induction Coil.—It is customary, in constructing an in-
duction coil, to make the primary coil of large, thick wire,so as to
allow the battery current to pass with as little resistance as pos-
sible, and to make the secondary coil of a much longer and
thinner wire. The former is made inte a smaller coil, which
slips into the latter. Into the inner coil is pushed a bundle of
soft iron wires which act as magnets when the battery current is
sent through the coil. A small armature or piece of soft iron
fastened to a spring, vibrates before the end of the bundle of
wires. When no current is passing the spring rests against the
point of the screw Sc, Fig. 12. When a current is sent through
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from B to A,in the inner coil of wire, an induced current is pro-
duced in the outer coil, from S to S, or from Cto D. At the
same instant the current B A magnetizes the core of wires O,and
the hammer H is drawn towards them and away from the point
of the screw. This breaks the current at that point, the core
de-magnetizes, and the spring brings the hammer back to the
screw, when the process is repeated, as long as the current from
the battery E lasts. The induced current in S &' is, therefore, a
to and fro current, or a make induced in one direction and a
break induced in the opposite direction.

This current is known as the Secondary, Induced, Inter-
rupted or Faradic Current. The two wires a and b, Fig. 13,
are connected with the primary coil, by the binding posts, and

Fie. 13.

carry the battery current. The wires ¢ d are the terminal wires
of the outer secondary coil, and carry the induced current. The
interrupter is shown at g.

57. Extra Current.—It is very evident that each turn
of the wire in the primary coil lies very close to and parallel
with the adjoining turns of the same wire, and that these con-
secutive turns may be considered as constituting a series of
parallel wires. In fact, every variation of the current in the
wire A B Fig. 12 generates electro-motive force in the con-
tiguous turns. An induced current is thus produced in the
wire A B, which obeys the same laws as that induced in the
independent wire, C D, and in the direction opposed to the
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battery current, when the latter is made or increased, and in
the same direction when it is broken. This current is known
as the primary induced or extra current. During the
making or increasing of the battery current this extra cur-
rent, acting against the battery current, retards or resists it,
and hence is not felt at the poles P and P'. At the break
_this current goes in the opposite direction, and, as there is
nothing to resist it, may be felt with its full force at P and P'.
This current is therefore interrupted, and is felt only at the
break of the battery current, and always in one direction. The
rimary induced, or extra current is feebler than the secondary,
cause the length of wire acted upon is shorter. As we have
just seen, the make extra current retards the battery current, so
that it takes time for this current to attain its maximum force ;
and the make induced current is weakened in proportion to the
longer time required. The secondary current developed at the
time of making the battery current is therefore weak, and its
ghysiological and chemical effects almost inappreciable. The
reak, secondary as well as primary, is developed with its full
electro-motive force instantaneously, so to speak ; hence, they -
alone have an appreciable effect when a resistance such as the
human body is put into the circuit.

58. Influence of the Core.—When a galvanic current is
sent through a coil of wire wound about a bar of soft iron, the
bar becomes a magnet as long as the current passes, and loses its
magnetism as soon as the current in the wire is broken. The
effect of the bundle of soft iron wires is the same as that of a
single bar. Moreover, when a magnet is suddenly made or
destroyed, it causes a current to flow through the wire wound
about it. The effect of the magnetic core is, then, only to retard
the battery current when it is first passed- through the coil, and
to still further weaken the induced currents developed by it.
Its sudden de-magnetization reinforces the break currents and
makes them. stronger. The currents are further modified by
means of a draw tube made to inclose more or less of the pri-
mary coil. When this is completely withdrawn the current is
strongest ; and when the inner coil 18 completely enclosed by it
the currents are considerably weakened. Occasionally the sec-
ondary coil is made to include any desired length of the primary,
and thus the current may be varied at will. Figure 13 shows an
induction coil with Grenet cell ready for use.

59. Magneto-Electricity.—Besides chemical action, other
methods of producing electricity may be employed. We have
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already referred, in the last section, to the effect of suddenly
making and destroying a magnet within a coil of wire. Thesame
effect is produced when the magnet is made to approach or recede
from the coil of wire, or when the magnet is increased and de-
creased in strength. The simplest magneto-electric apparatus is
composed of a strong horseshoe magnet, before the poles of
which two short soft iron bars, called armatures, mounted on a
shaft and wound with coils of wire, are made to revolve by a
crank. As the soft iron approaches the poles it becomes a mag-
net and induces a current in the wire. As it recedes from the
same pole the current in the wire is reversed, but by a pole
changer it is made to pass from the instrument in the same direc-
tion.* By multiplying the number of magnets and armatures,
by using the current developed to strengthen the magnets, and
by revolving the armatures at a high rate of speed, a very large
amount of electricity may be produced. The electric fyi,ght is
now very generally supplied with electricity by machines made
upon this principle and driven by steam or water power. Such
machines are called dynamo-electric machines. Small machines
are sometimes employed for medical purposes, which have been
improved by Mr. Gaiffe so as to give much better results than the
older forms of this apparatus. In these machines the electricity
is the result of the conversion of mechanical force into electrical
force, the two being mutually convertible. :

60. Thermo-Electric Currents.—If two bars of dissimilar

a b
metals be soldered together at one end, thus: N and the junc-

tion ¢ be heated while the ends a and b are cool, electricity
will pass; the direction of the current will depend upon the metals
composing the couple. If the metals be bismuth and silver, the
current will be from the former to the latter; if German silver
and iron, the current will be from the former to the latter.
By arranging a large number of such pairs in a pile, thus :—
“N/N\/N/\ /1, s0 that alternate junctions can be heated, a
current of considerable strength may be produced. Such a pile
may be constructed by arranging the bars in the form of rays
around a hollow centre, in which a lamp or fire can be kept
burning, and thus furnish a constant current of electricity.
Thermo-electrical currents have not been used in therapy, but it

* In another form of the machine the coil of wire is on the magnet
and the current is produced by the variations in the magnet itself, caused
by the armatures.
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seems probable that a pile properly arranged may be made to
furnish a current in every way equal to a galvanic current.

61. Frictional or Static Electricity.—When a dry glass
rod or tube is rubbed briskly with a piece of dry flannel, silk,
chamois leather, or cat’s fur, for a few seconds, it acquires the
property of attracting light objects, as feathers, dust, or bits of
paper to its surface, and is said to be electrified. Sealing wax,
resins, gutta percha, etc., exhibit the same property to a greater
or less extent.

After the feather, or other light body, has adhered to the glass or seal-
ing wax for a few seconds, it falls off; if the glass is now excited anew,
and presented to the feather, it repels it. Or, if the feather be first
made to repel from the glass, it will be found to be attracted by the seal-
ing-wax with much greater force than before. From this it will be seen
that there is a parallelism between this kind of electrical excitement, and
magnetism ; the excited glass and sealing wax. bearing the same relation
to each other as do the north and south poles of the magnet.

Fic. 14,

Machines for developing statical electricity are usually made
of a glass disc mounted on a horizontal axle, and turned by a
crank. Friction is caused by two rubbers, covered with amalgam,
one on each side of the disc, regulated by a screw, and connected
by a chain with the earth. The electrical condition of the glass
plate is disturbed by the friction, and the positive electricity is
removed from the plate by a row of small points connected with
the prime conductor, and brought near the revolving plate. In
the Holtz machine, which is the one now generally used, the
rubbers are dispensed with, and the electricity developed by the
induction of a body previously electrified. (See Fig. 14.) For
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a detailed description of this machine the student is referred to
works’on physics. Static electricity is capable of giving all the
effects of galvanic or Faradic currents, when properly managed.
It may also be used instead of the electric bath.

62. Physiological Effects of Electricity.—Electric cur-
rents exert a marked physiological effect upon nerves, muscles,
and the circulation of the human body, when they are made a
part of the circuit. A constant or galvanic current has a re-
freshing effect upon a nerve through which it is passed, as well
as upon a muscle, the latter being able to perform more work
under its influence than without it. Under its influence the cir-
culation of the blood may be increased in any part of the body,
which lasts for some time after the electrodes have been with-
drawn. The physiological effect of the negative pole seems to
be greater than that of the positive. The interrupted, induced,
or Faradaic current stimulates nerves most when passed in the
direction of the natural nerve current ; this seems to be its prin-
cipal physiological effect.

For more extended remarks upon this part of the subject the
student is referred to one or more of the manuals* upon the
subject.

63. Chemical Effects of Electric Currents.—When a
strong galvanic current is passed through a vessel of water con-
taining a little sulphuric acid, the liquid is decomposed, hydrogen
gas is given off at the negative pole, and oxygen at the positive.
This process is called electrolysis. If we perform the same
experiment with a solution of a salt of one of the metals, the metal
appears at the negative, and the negative element or radical
appears at the positive pole. If the same current be passed
through an animal tissue, the following changes take place: The
water in the tissue is decomposed, the hydrogen appears at
the negative pole, along with the metals of the salts, while the
oxygen, with the non-metals or acid radicals, appear at the
positive. The nascent oxygen surrounding the positive pole
attacks the neighboring tissues and converts them into a hard
eschar, while the alkalies at the other pole exercise their caustic
properties and form a soft, frothy mass, containing hydrogen gas
in small bubbles.

When a sufficiently strong and somewhat prolonged current is
applied to the skin a similar effect to the above is produced at the
point of contact of the electrodes. At the positive electrode the

* De Watteville, Bartholow, or Beard and Rockwell.
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skin first becomes red, with a burning sensation, then an eschar is
produced with an acid reaction of the tissues. The eschar re-
sembles that produced by a strong acid. At the negative elec-
trode there is a vesicle formed with an alkaline liquid ; if theac-
tion be prolonged more extensive ulceration takes place.* From
this it will be seen that strong currents should be used with care.
The effects of the magneto-electric current are very similar to if
not identical with those of the galvanic current. Recently the
use of frictional electricity in the treatment of disease has been
revived and advised as a substitute for Faradic electricity. The
effects of this form of electricity have not been so well studied as
those of the Faradic and galvanic, but clinical results seem
to indicate that its effects are even more pronounced than those
of the latter.

64. Chemical Effects of the Galvanic Current Outside
of the Body.—We have seen that when a current of electricit
from a battery or a magneto-electric machine is passed throu
a solution of the salts of the metals, they are decomposed, the
metal appearing at the negative, and the negative radical at the
positive pole.

The salts of some of the metals—the earths and alkalies—re-
quire a very strong current, while some of the other metals do
not require more than the current of one or two ordinary Le-
clanché cups. If the current used be not too strong, the metal
is deposited upon the negative electrode in a compact, tenacious
form, adheres very firmly to the surface, and is capable of taking
a polish. For this reason, the process of depositing metals upon
the surface of other metals has come into extensive use in the
arts of electro-plating and electrotyping. The principal metals
used to deposit upon others, in this way, are gold, silver, copper
and nickel. The objects to be attained are to protect easily
oxidizable metals from rust, to preserve a brilliant surface, and
to coat cheaper metals with the more valuable ones. This pro-
cess is known as electro-plating. Only the outlines of these
operations can be described here. :

65. Electro-Metallurgy or Electro-plating.—Silver and
copper are more easily deposited than most other metals. The
strength of current needed to deposit these metals is rather feeble,
unless the surface to be coated 1s large. The quantity of elec-
tricity should be varied according to the surface to be coated ;
larger surfaces requiring a stronger current than smaller ones.

* De Watteville, pp. 83 and 84.
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The strength of the solution of the metal to be deposited, will be
governed somewhat by the material composing the article to be
plated and the strength of the current, and will have to be de-
termined experimentally by the beginner. When the proper
strength of solution, current, etc., have been found, these should
be kept as nearly constant as possible. The plating solution may
be kept of constant strength by suspending from the positive
pole of the battery a plate of the same metal contained in the
solution, the size of which should be nearly equal to the size of
the article to be plated.

66. Preparation of the Surface to be Coated.—The
article to be plated must be thoroughly cleansed from rust and
grease, and then, without handling with the fingers, suspended
in the solution, taking care that no bubbles of air are left cling-
ing to its surface. It should be suspended from the negative
pole (that coming from the zinc of the battery). To insure
thorough cleansing, the article is to be polished as free as pos-
sible from rust, dipped in dilute sulphuric or hydrochloric acid,
thoroughly washed, and dipped into & solution of caustic soda,

otash, or ammonia, to remove grease, again washed, and put
into the plating fluid without drying or handling. The current
is immediately connected and allowed to pass for a few minutes,
or until a complete coating has been deposited. The article is
then removed and burnished with a soft brush and a little whit-
ing or precipitated chalk, thoroughly cleansed, and returned to
the solution, and the deposition allowed to proceed with one or
two repetitions of the burnishing process. In the case of silver,
the labor of burnishing may be lessened somewhat by the addi-
tion of 4 or 5 drops of bisulphide of carbon to each pint of the
plating solution.

67. Preparation of the Solutions. —The composition of
the solutions varies somewhat, according to the kind of surface to
be plated. -

The Copper Solution used to deposit upon copper, brass,
white metal, and all metals which are more electro-negative than
itself (See Art. 86), is a solution of copper sulphate in water.
If a more electro-positive metal, like iron, lead, or zinc is to be
plated, the double cyanide of copper and potassium is to be used.
If a strip of clean iron be plunged into a solution of copper
sulphate, a brown-red non-adherent deposit immediately takes
place, without the aid of the current. It is therefore necessary
to employ a solvent for the copper which shall have a different
relative affinity for the copper and iron from that which the acids
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have. Such a solution is the one mentioned. The solution may
be prepared as follows: 1. Take a solution of copper sulphate,
and add to it a solution of potassium cyanide or potassium ferro-
cyanide until a precipitate ceases to form. Allow the precipitate
tosettle, and pour oft the clear liquid. Add some water, allow it
to settle, and again pour off. Repeat this process three or four
times. Then pour upon the precipitate a solution of potass.
cyanide (2 lbs. to 1 gal. water), until the precipitate dissolves;
it is then ready for use. 2. Or, we may suspend the article to
be plated (from a wire of zinc?) in a solution made acid with tar-
taric acid, and then made very strongly alkaline with an excess
of sodium hydrate. Oubry first covers the iron with a layer of
some substance which is impervious to acids. He then renders
this layer conducting by rubbing it with graphite or plumbago.
Results, good.

Silver Solution.—The silver solution generally used is
made as follows :— .

B. Potass. cyanide....ccoeee evnrinrienenrninnens crvaanes 4 oz
Silver cyanide.....cc.coeerenireeiireiriiieniennanees 13 oz.
Waler. coceunieiinnnniiieinineniinenneaniisnsnninnsneen 1 gal.

The Potass. cyanide is dissolved in the water, filtered, if not
clear, and the silver cyanide stirred into the solution until it all
dissolves. This solution contains 1 oz. of silver in the gallon.
Another method : Dissolve a fifty-cent piece in dilute nitric acid.
Add a solution of salt until it ceases to produce a precipitate.
This precipitates the silver but leaves the copper of the coin in
the solution. Now filter, pour off the liquid as described above
in the preparation of the copper solution. The moist residue is now
to be dissolved in a pint of water in which 14 oz. of potass. cyanide
has been dissolved, when the solution is ready for use. All these
solutions should be used at about the temperature of 70° to 80° F.

Gold Solution.—This solution may be made as follows :—

B. Potass. cyanide.. .ccccersencierrninnierineciineninnes 2 oz.
Gold cyanide.. .
Water...........

The potass. cyanide should be quite pure. The solution should
be used hot—from 130° to 150° F. The solution for plating with
nickel, is made by dissolving the sulphate of nickel and ammo-
nium in water, in quantity sufficient to give it a grass-green
color. It requires a stronger current to deposit nickel and gold
than the other metals mentioned. For further instructions in
the pregaration and use of electro-plating solutions the student is
referred to a special work. upon this subject.
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SOLUTION, DIFFUSION AND DIALYSIS.

68. Solution.—The power of water to dissolve substances .
is one of the most familiar of its properties. All liquids dpossess
the same power to a greater or less extent; but liquids vary
greatly in their solvent power, which is usually limited to a
certain class of bodies. Thus, mercury will dissolve a number
of the metals; alcohol is the proper solvent for the resins, ether
for the fats and some gums, and water for the ordinary metallic
salts. Water is by far the most universal solvent, and for this
reason it is commonly used as the medium of chemical changes.

The solvent power of water varies greatly with different solids.
While some bodies absorb water from the air and become lique-
fied, or deliquesce, others require several hundred times their
weight of water to dissolve them, and some will not dissolve in
it at all. Asa general rule, the solvent power of water for solids
increases with the temperature; but there are a few exceptions to
this rule.

By the solubility of a substance, is meant the amount of the
substance which will be taken up by the solvent. The solubility
of a substance is absolutely definite at a given temperature, and
the amount which 100 parts of water will take has been deter-
mined with every known substance. :

A knowledge of the solubility of ordinary solids is very im-

ortant to the medical student as well as to the chemist. The
aw of compatibles is really the law of solubilities. A table
will be found in the Appendix giving the approximate solubility
of those salts most commonly met with, and which the student
should ' refer to whenever the question of solubility is spoken of.
When a liquid has dissolved all of a solid that it can take up,
it is said to be saturated at that temperature ; but saturation
of a liquid with one solid does not prevent it from dissolving
others, and, in some cases, the solvent power of the liquid is
thereby increased. When two or more salts are dissolved in a
liquid, an exchange of the metals and acids may take place, ac-
cording to the laws of Berthelet, modified by the strength of the
affinities of the radicals present.

69. Solution of Gases.—Most liquids dissolve gases as well
as solids. The quantity of a gas which 1 c.c. of any liquid will
dissolve, when the pressure of the gas upon it is 76 cm., is called
its coefficient of absorption. As in solids, this coefficient must
be determined by experiment for each gas; but, as a rule, this
decreases as the temperature increases, although each gas obeys
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a rule'of its own, which can be determined ouly by experiment.
The volume of gas absorbed by a liquid at any given tempera-
ture is the same, whatever the pressure. The quantity of gas
dissolved, therefore, increases and decreases with the pressure.
‘When a liquid is exposed to a mixture of gases, it dissolves each
in the same proportion as if it alone were present and exerting
its own share of the total pressure. Thus when the air, a mix-
ture of oxygen and nitrogen in the proportion of 1 to 4 respect-
ively, is exposed to a mass of water, we find that the gases are
absorbed by the water, in the proportion of 1 to 1.87 re-
spectively.

70. Nature of Solution.—The term solution embraces
two entirely different processes. The one a mechanical or phys-
ical, and the other a chemical process. In physical solution the
identity of the solid is preserved, as well as that of the water;
and by evaporation of the water we may obtain it again un-
changed. ﬁ: some cases there seems to be no manifestation of
chemical action between the water and the solid ; as when sugar
dissolves in it. In other cases, which seem at first sight to
be equally simple, there is heat developed, or heat absorbed,
which, with other things, leads us to suppose that in these cases
there is a true but feeble chemical union of the salt with the
solvent. When the solid separates again in crystals it takes a
part or all of the water with it as water of crystallization. Sim-
ple solution in water may be regarded, in some cases, as a mere
overcoming of cohesion of the solid by the adhesion of the liquid
to the solid; while in others, it is a feeble combination of the
solid with the water, and then the diffusion of this compound
through the remaining water. The metallic alloys are in some
cases mere mixtures, and in others they seem to be veritable
compounds. When a metal dissolves in a dilute acid, there is,
at first, a chemical action between the acid and metal, by which
a soluble compound is formed.. This then dissolves in the water
present, as above described. This double process is sometimes

" termed chemical solution.

71. Diffusion of Liquids.—When one liquid dissolves in
another the process is called liquid diffusion. If upon the
bottom of a vessel containing pure water, we pour some water
colored with a little aniline red, by delivering it through a tube
80 as to prevent the mingling of the two, and then allow the
vessel to remain at rest for some hours, the color will be found
to have diffused itself throughout the water.

If instead of a colored water we use a strong solution of com-
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mon salt, having a high specific gravity, we shall find by appro-
priate tests that the salt has passed throughout the entire liquid.
The rate of diffusion in these cases increases, for all substances,
with the temperature. This is because the rapidity of motion of
the molecules, to which we ascribe the phenomena of heat, in-
creases with the temperature.

72. Dialysis.—If, in the experiment of the last section, we
should interpose a porous partition of earthenware or parchment
between the salt solution and the pure water, the result would
be the same; the salt would pass through the partition into
the water. If, however, we use on -one side of the partition
a colloidal substance like gelatine or albumen, we shall find that
almost none of this body passes through it into the water. Easily
crystallizable bodies passthrough the membranes with ease, while
those which do not crystallize—called colloids—pass with great
difficulty. This property of bodies is made use of to separate
the one class from the other. The process of the passage of
liquids through porous membranes is called osmosis. The
dialyser is an apparatus consisting of a shallow vessel pro-
vided with a bottom of parchment or some porous membrane,
into which the solution to be dialysed is placed, and the vessel is
then floated upon pure water in a larger vessel.

(See Fig. 15.) The volume of the water should Fie. 15.
be 8 or 10 times that of the solution to be dia- .

lysed. In the course of two or three days the

crystalline bodies in the solution will be found

in the water of the outer vessel, and the colloid

bodies will be in the dialyser.

Dialysis is employed to prepare a pure colloid
material by dialysing from it all crystallizable
salts. A complex mixture, like the contents of
a stomach, is submitted to dialysis for the pur-
pose of separating from it the crystalloids which it may contain,
80 as to get them in a pure watery solution for analysis. Re-
cently a series of ‘‘ dialysates’’ of the alkaloids have found
their way into the market. These are the dialysed infusions of
the crude drug.

CRYSTALLOGRAPHY.

73. Formation of Crystals.—When substances change to
the solid form, from the melted state or from a solution, many of
them assume some regular geometrical form, called a crystal.
The process is called crystallization. The same substance

D
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always assumes the same crystalline form when formed in the
same way ; but under different circumstances, as high and low
temperature, the same substance may have two different crystalline
forms, in which case, it is said to be dimorphous. Different salts
of the same metal assume different forms, unless the structure of
the molecules are very similar. Thus, Na C], K Cl, Na Br, K Br,
and K I crystallize alike, in cubes; while K,S0,, KNO,, and
K Cl assume different forms. The form of the crystal, there-
fore, is, to a certain extent,an index of the molecular structure
of the body. There are some substances, like gelatin, albumin,
fibrin, etc., which cannot be made to assume the crystalline
form. Such bodies are called colloids, while those which. crys-
tallize readily are called crystalloids. In order that crystals
may form, it is necessary that the molecules shall be free to
move ; 1. e., cohesion must be overcome to such an extent that it
shall not prevent free movement of the molecules. This condi-
tion prevails in solutions, in the melted state, or in the gaseous
state. When we evaporate off the solvent, in case of solutions,
we may obtain the crystals with ease. The more slowly the
evaporation takes place, the larger and more perfect are the
crystals obtained. As a rule, bodies dissolve more readily and
in larger quantities in hot than in cold water. A hot saturated
solution of any crystallizable salt deposits the excess, on cooling,
in the form of crystals. A liquid which is depositing crystals
will do so more readily when foreign bodies—as sticks, strings,
etc.—are suspended in it. Advantage is taken of this fact
to prepare parlor ornaments in the shape of grass, leaves, etc.,
covered with alum crystals, which may be colored with aniline
colors by previously coloring the solution.

I\(Iiilk sugar is usually crystallized in this way, upon strips of
wood. .

‘When bodies are sublimed, they usually assume the form of
crystals in coming back to the solid form again ; for example,
iodine and sulphur. When we evaporate down a solution con-
taining two or more salts of different degrees of solubility, the
least soluble crystallizes first,and may thus be separated from
the more easily soluble ones.

This fact is taken advantage of in preparing common salt from sea
water or salt springs. The common salt being less soluble than the mag-
nesium and potassium chlorides, bromides, or iodides. with which it is
often associated, separates first, and may be skimmed off, leaving the
others in the mother liquor—the name given to the liquid from which
crystals are obtained.

When a substance crystallizes from a solution, the crystals, if perfect,
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are nearly free from impurities. We therefore take advantage of this
method to purify substances.

74. Water of Crystallization.—Most substances, when .
they separate from a solution, take with them a certain definite
amount of water as a necessary part of the crystal. This water
is known as water of crystallization. The crystals of a
given substance, when deposited at the same temperature, always
contain the same amount of water. Thus, the crystals of copper
sulphate contain five molecules of water for one of the salt, and
the formula of the crystal is written thus :—

Cu So,. 5H,0 or CuSO,. bAq. :
Ferrous sulphate crystals have the fon}mla Fe 80,. 7TH,0

Sodium carbonate ‘¢ ¢ ¢ Na,CO,. 10H,0
Alum “ ‘“ ‘¢ K,Al,(80,),. 24H,0

A few salts have different amounts of water of crystallization
when separated at different temperatures. Thus crystals of
manganous sulphate have the formula—

Mn SO,. TH,0 when crystallized below 6°C. ( 42.8°F.)
Mn S80O,. 5H,0 * s between 7° and 20°C. (44° and 68°F.)
Mn 80,. 4H,0 ¢ “ ¢ 20° and 80°C. (68° and 86°F.)

The crystalline forms in these three cases are entirely different,
showing that the molecules of water are necessary to the form of
the crystal. The water, in these cases, is held by a feeble force,
and may generally be driven off by exposing the crystal to a
temperature of 100°C (212°F) in a dry atmosphere, when the
crystals fall to powder. In some cases the crystals lose their
water at ordinary temperatures and crumble to a powder. It is
then said to effloresce. On the other hand, some dry sub-
stances, when exposed to the air, absorb water. They are then
said to deliquesce; such a body is said to be deliquescent
or hygroscopic.

Silver nitrate, (Ag NOy), and a few other salts, crystallize
without water of crystallization.

75. Forms of Crystals.—A great variety of crystalline
forms are met with, but for convenience of classification all may
be included in six systems. These systems are based upon the
number, length, and inclination of certain imaginary lines called
axes, passing through the centre of the crystal and connecting
opposite parallel sides, or opposite angles.

The First, or Isometric System.—In this system the
axes are three in number, arranged at right angles, and of equal
length. The simplest form is the cube; the axes in this case
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join the centres of the opposite sides. Another common form is
the octahedron, in which the axes join the opposite angles or
_ corners. (See Figs. 17 and 18.)

Fie. 16. Fie. 17. Fie. 18.
(-3
\
) =1 o 80
3 ‘V 1 s
& : ’
REGULAR OCTAHEDRON. CUBE.

Na Cl, K Br, K I, Galena and calcium oxalate crystallize in
this system.

76. The Second, Tetragonal, or Dimetric System.—In
this system the axes, three in number, are at right angles, as in
the last, but one is longer or shorter than the othet two. The
simplest form is the right square prism ; <. e., a prism having
a square base, and varying in height from a flat plate to a tall
column,

Fie. 19. Fia. 20. Fic. 21.

<

OCTAHEDRON.

¢_¢74..,

el

77. The Third, Trimetric, or Orthorhombic System.
—1In this system the three axes are at right angles, but of un-
equal lengths. The most characteristic forms of this system are
the right rhombic prism, and rhombic octahedron. (Figs. 23
and 24.) .

The sulphates of magnesium, zinc, lead, and barium crystal-
lize in this system. -

‘78. The Fourth, or Monoclinic System.—In this system,
of the three unequal axes, one only is at right angles to the plane
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Fic. 22. Fic. 28. Fic. 24,

[

of the other two. The simplest form in this system is the oblique
rhombic prism. (Fig.27.) Borax, sulphates of sodium, calcium,
and iron crystallize in this system.

Fic. 25. Fia. 26. Fia. 27,

—

OBLIQUE RHOMBIC PRISM.

79. The Fifth, or Triclinic System.—In this system the
three axes are all unequal, and all inclined to each other. The
crystals of this system are usually very complicated, and seem-
ingly irregular. (See Figs. 28, 29 and 30.) Boracic acid, and
copper sulphate are examples.

Fic. 28. Fic. 29. Fia. 30.

Ny

L~ T~

RHOMBOIDAL PRISM. ACUTE RHOMBOHEDRON, OBTUSE RHOMBOHEDRON,
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80. The Sixth, or Hexagonal System.—In this system
there are four axes. Three of them are arranged in one plane,
making an angle of 60° with each other, and the fourth, longer
or shorter, is set at right angles to the plane of the other three.
The prism of this system has eight faces; the bases are regular
hexagons, and the other six are parallelograms. The prism of
this system is frequently modified by the dodecahedron, as in
Fig. 32. Snow crystals, ice, Iceland spar, and quartz, are
examples of bodies which crystallize in this system.

Fie. 81. Fie. 82 Fic. 83.
[
[ ] [
T~ \
HEXAGONATL PRISM. RHOMBOHEDRON.

c Modified by Dodecahedron.



PART II.

THEORETICAL CHEMISTRY.

81. Molecules.—A molecule has been defined as a col-
lection of atoms held together by chemism or affinity, in such
a way as to neutralize their tendency to combine with outside
atoms. .

Hence, a molecule may be defined as the smallest portion of
matter that can remain in the free or uncombined state. When
the atoms composing a molecule are of the same kind it is said
to be elemental or simple ; when of different kinds it is called
a compound molecule.

When, by chemical means, we cause a re-arrangement of the
atoms of compound molecules, we may obtain two or more kinds
of elemental molecules; but with elemental molecules we only
obtain the same kind. We may illustrate this by the following
formule :—

Let ab and &b represent two compound molecules. By a re-arrange-
ment we may have a&a and bb. If we take aa and aa we will not be able
to obtain anything else but aa and as.

If we take the molecules represented by HOH and HOH,
and cause the re-arrangement by a strong electric current,
we shall have HH, HH and OO, or two kinds of molecules
en}t}irely different from the original molecules and from each
other.

If, on the other hand, a current of electricity be caused to
pass through either HH + HH, or OO + OO, we will only
obtain HH and HH, or OO and OO. By this and other methods
known to chemists, about 70 elemental molecules or different
kinds of atoms have been discovered. By a chemical element,
then, we mean a substance that has never been found to contain
more than one kind of atoms ; and a compound body is one that
has been shown to contain more than one kind of matter or
atoms. These 70 different molecules or atom3s have each received
a separate name; the name of the molecule and that of the cor-
responding element being the same. These names are given in
the first column of the following table :—

63
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82. THE CHEMICAL ELEMENTS.

. Y
3 : REVISED | & &%
NAME. g QUANTIVALENCE. :;:?l';ﬁ . Aromio g g
2
1 Aluminum. | AL | 1V, (Al),v1 2.6 27.0 27.009( +
2 Antimony | Sb. 11, V. 6.7 120 119.965| —
(Stibium). 5.8 5
8 Arsenic. As. 1II, v. gas 160|(L—13.44) 74.918| —
4 Barium. Ba. 1I. 4 187 186.763( 4
6 Bismuth. Bi III, V. 98 210 207.628| + -
6 Boron. B. III. 263 11 10.941| —
. 3‘2 L4
7 Bromine. | Br. |I, III, ¥, VIL {D*: 80 (ﬁ"=7_17 79.768| —
8 Cadmium. | Cd. IL DSl 112 111885 +
9 Ceesium. Cs. I. 133 182.583 -+
10 Calcium. Ca II. 1.67 40 39.990, +
UCabon. (€. | 1Iv. [{J25| 12 11.973) —
12 Cerium. Ce. II, IV. 6.62 141.2 140.424| +
18 Chlorine. ClL I, 111, V. VII.| 85.5 35.5 35,870, —
14 Chromium. | Cr. II 1V, (Cr,)vy| 6.8 52.6 52.009| —
15 Cobalt. Co. II 1V, (COZ)VI 8.9 59 58.887| +
16 Columbium | Cb. 94 93.812) —
(or Niobium).
17 Copper. Cu.| II, (Cu) 8.9 63.4 63.173| 4
18 Davyium. Da. 9.39 154 e |+
19 Didymium. | D. I[ 6.4 144.7 144.578| +
20 Erbium. E. 1I. 166.5 166.891| +
21 Fluorine. F. L 19 19 18.984| —
22 Gallium. Ga. II1. 6 69.9 68.854| -+
238 Glucinium | Gl 11. 2.15 14
(Beryllium Be). )
24 Gold Au. 111 19.3 196.2 196.1565| +
H d( ). H I 1 1
% yydl;gggei'ilu(-;))r : ) {(L=-°Si'ﬁsm) 000 +
26 Indium. In. II. 7.4 113.4 113.398| +
27 Todine. L I {P3H{ (57199 1266511 —
28 Tridium. I [ IL1V, VI | 211 197 - F
29 Iron Fe. 11, 1V (Fe,)" 7.8 56 55.913| 4-
(Ferrum).
80 Lead (Plum-| Pb. I, 1IV. 11.3 207 206.471( 4
bum).
81 Lanthanum. | La. II 6.1 1389 188.526| 4
82 Lithium. Li. .6 7 7.007( 4+
83 Magnesium. 'Mg. II 1.7 24 28.959!

* D — Density of gas or vapor.

+ L = Weight of 1 litre of vapor or gas.
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&

4 REVISED g =‘
nru. g QUANTIVALENCE. | STEOIMIO otlidoiig Azome §§
o
84 Mangane- |Mn.'IL, IV, (Mn,)'y 8 66 53.906 +
Yo 13.6 200
85 giercury(Hr Hg.| (Hg,)n IL (D=100| \ (L-=8.96) 199.712, +
rargyrum). = =
36 Molybdenum|Mo.| II, IV, VL 8.6 96 96.5627| —
87 Nickel. Ni. [II, IV, (Ni,)vi| 88 58 57.928) +
38 Nitrogen. |N.| LTI V. | 14 14 14.021| —
89 Osmium. Os.q II,1V, VI 21.4 199 198.494| +
40 Oxygen. | O. IL 16 {12145 16968 —
41 Palladium. |Pd. II,1V. 11.6 106 106.737| +
2.2
42 Phosphorus. | P. III, v. {1)1.83 31 30.958] —
=62
13 glatinum. Pt. II,1V. 21.5 197 196.700{ +
4 Potassium .86 39.1
(Kalium).| K+ | LIL V. 1{plgg, {(L——-3.5) 89.019) +
45 Rhodium. |Ro.| II, IV, VI 11 104.4 104.055| +
46 Rubidium. |Rb. 1. 85.60 85.251| +
47 Ruthenium. (Ru.| II, IV, VL 11.4 104.4 104.217| +-
48 Selenium. Se.| 1I, 1V, VI. 4.8 79 78.797| —
49 Silicon. Si. II, IV, 2.6 28 28.1951 —
50 Silver Ag. I, 111 10.5 108 107.675! +-
51 Sodbon™™ N, 1, II1. {D B (ﬁi 2.08)| 22998 +
(Natrium). =% L{L=2
52 Strontium. | Sr. II, IV. 2.54 87.5 87.374| +
2 32
83Sulphur. |8, | IL IV, VL |{F_., {(L=2 ae| 31:984) —
54 Tantalnm. Ta. V. 10.78 182 182.144| —
65 Tellurium. |Te.| II, IV, VI 6.6 128 127.960| —
56 Thallium. TL , 111, 11.8 204 203.715| +
57 Terbium. Ter. 7.9 148.5
58 Thorium. Th. 1I, IV. 7.9 231 231.500| +
59 Tin (Stan- |Sa.| 17, IV. 7.8 118 117.698| +
num).
60 Titanium. Ti. I, 1V. 50 49.846
61 Tu{‘fsl'f?n Wo. IV, VI 17.6 184 183.610] —
(Wolfram).
62 Uranium. |Ur. |II, IV, (Ur,)v1, 184 240 239.482| +
63 Vanadium. | V. [I1I, ‘\/r,) (Vo ... 51.3 51.256| —
( VI
64 Yttrium. | Yt. iL. 4.8 92.5 | 89.816| +
65 Zinc. Zn. L. D ggl 65 64.904| +
66 Zirconium. 'Zr. II 1V. 4.1 89.5 89.367! +

p¥
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The following named elements have been omitted from the above table,
their identity not being yet thoroughly established :—

o
NAME. E QUANTIVALENCE.| ATOMIC

& WEIGHT.
w

67 Decipium. Dp. II. 160

68 Holmium. 0. 162

69 Ilmenium. 11. V. 105

70 Lavorsium. Lv. ? N ?

71 Mosgndrium. Ms. ? ?

72 Neptunium. Np. V. 118

78 Philipium. Pp. 11, 74

74 Scandium. Se. 11 44

76 Thulium. Tm. 170

76 Ytterbium. Ybh. II. 1737

83. Molecular Weights.—Molecules, whether elemental or
compound, must have a definite size and weight. The absolute
weight of molecules and atoms is of no practical value to the
chemist, but the comparative weights of molecules we shall find
to be of vast importance. In weighing molecules we use the
lightest known atom as the unit of weight. This atom is that of
hydrogen. The relative weights of molecules have all been
measured, and in expressing their weights our numbers express
how many times heavier the molecule is than the hydrogen
atom. Thus, the molecular weight of oxygen is 32. That is,
the molecule of oxygen weighs as much as 32 atoms of hydrogen.

Molecular weight, then, is the weight of a molecule as com-
pared with the weight of the hydrogen atom.

84. Avogadro’s or Ampere’s Law.—This law was first
enunciated by Avogadro, an Italian physicist, in 1811, and was
reproduced by Ampére,a French physicist, in 1814. The law has
already been stated (see chapter on gaseous state) as follows :—
Equal volumes of all true gases, when at the same tempera-
ture and under the same pressure, contain the same number of
molecules. That is to say, a litre of any given gas, under the
same conditions of temperature and pressure, always contains the
same number of molecules, whatever the nature or composition
of the molecules composing the gas. As a natural conclusion
from this law, we have the following: First.—Gaseous mole-
cules always occupy the same space, 1. e., the molecule, together
with the intervening space, always occupies the same volume.
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Second.—Since the same volume contains the same number of
molecules, it follows that the weights of equal volumes of any
two gases (under like conditions as above), will be the weights of
the same number of molecules. Hence, the two weights will
stand in the same proportion to each other as the weights of their
molecules..

Thus, suppose equal volumes of hydrogen and oxygen gases, large
enough to contain 10,000 molecules each; the weights of these gases will
be in the one case 10,000 times the weight of one molecule of hydrogen,
and in the other 10,000 times the weight of one molecule of oxygen. and
these numbers must be to each other as the weight of 1 molecule of
hydrogen to 1 molecule of oxygen. This law is the basis of many of our
modern chemical notions. It is to chemistry what Newton’s law of gravi-
tation was to the science of astronomy. This is not the place to enter
into the discussion of the proofs of this law. Suffice it to say, that it
rests on about as strong proof as any other law of physics or chemistry,
or as the law of gravitation itself. As the present science of astronomy
is the living proof of the one, so the present science of chemistry is one
combined proof of the other.

85. Number of Atoms in Elemental Molecules.—We
may determine the number of atoms in many elemental mole-
cules by a simple application of Avogadro’s law to well known
experiments. '

This demonstration may be illustrated by reference to the behavior of
the two gases, chlorine and hydrogen.

Into a ‘f]ass tube inverted over mercury, put equa[ volumes of the two
gases. and allow the apparatus to stand in diffuse light. After some hours,
the greenish color of the mixture will have entirely disappeared, the
gases having combined to form the colorless hydrochloric acid. The
mercury stands at the same height in the tube as at the beginning of the
experiment. The volume of the hydrochloric acid is therefore just equal
to the volume of both constituents.

Let the following diagram represent this combination :—

.' \4

H + Cl = H Cl
- . Y Y—
1000+ 1000 = 2000

Since the volume of the hydrogen and that of the chlorine are cqual,
it is clear, from the law, that the number of molecules of each will be
the same ; also, the number of molecules of the hydrochloric acid gas
must be e(iual to the sum of the molecules of the two gases used. Sup-
pose, for illustration, that the volume of hydrogen taken contained 1000
molecules ; then there will be 1000 molecules of chlorine, and 2000 mole-
cules of hydrochloric acid, the volume of this gas being twice that of
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hydrogen. Each of the 2000 molecules of hydrochloric acid must con-
tain an atom of hydrogen and one of chlorine ; hence, 2000 atoms of
each of these elements have been derived from 1000 molecules of the
same, and therefore each molecule must have furnished two atoms.

Experiments quite as decisive have been made to show that in
water, the 2 volumes of hydrogen and 1 volume of oxygen pro-
duce only 2 volumes of water-vapor. Thus:—

‘ A\’
H ‘ H -+ (0) = H, O
N A
2000 —+ 1000 = 2000

By the same reasoning we may show that each molecule of
oxygen contains two atoms; also, that each molecule of water
must contain two atoms of hydrogen to one of oxygen, instead
of one, as formerly taught. :

Most of the molecules of elementary substances contain two
atoms; or, in other words, are diatomic. Mercury, cadmium,
zine, and barium, however, contain but one atom in each mole-
cule. Oxygen, as ozone, contains three atoms. Phosphorus
and arsenic contain four atoms. Sulphur at lower temperatures

contains six, while at higher temperatures it contains only two.
" Some molecules which at ordinary temperatures contain two atoms in
their molecules, break up or dissociate, as it is termed, at very high
temperatures. Thas chlorine, bromine, and iodine, which at a moderate
heat are diatomic, at a very high temperature, 800 C., begin to dissociate,
and become monatomic at the strongest furnace heat. any compounds
do the same thing, (Hg, Cl,, N,0,,N,0,). The law of Ampere is, there-
fore, true only at moderate temperatures.

86. Molecular Weight, Determined by the Law of
Avogadro.—It has just been shown that the molecule of
hydrogen is composed of two atoms. We have already de-
fined molecular weight, as the weight of a molecule in units of
hydrogen atoms. It may also be defined as the sum of the
weights of its constituent atoms. The molecular weight of
hydrogen is therefore 141, or 2. Suppose, for example, we
weigh equal volumes of hydrogen and oxygen gases under like
conditions of temperature and pressure, and find the weights to
be respectively 1 and 16 grammes. It follows that the molecules
of these gases are to each other as 1 to 16, for, according to the
law, each contains the same number of molecules. As-the mole-
cular weight of hydrogen has been shown to be 2, it follows that
the molecular weight of oxygen must be 32, for 32 bears the
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same ratio to 2, that 16 doesto 1. 1:16::2:32. From this
it will be seen that the molecular weight of oxygen is twice its
density, or its specific gravity as compared with hydrogen. The
same reasoning applies to all other gases, whether elemental or
compound, and we may state this fact as follows: The mole-
cular weight of any body is twice its density in the
state of gas. The converse of this statement is also true, viz. :
the density of a gas is one-half its molecular weight.

PROPERTIES OF ATOMS.

87. Definition.—An atom is the smallest conceivable portion
of matter. It is the smallest portion of an element that can enter
into the formation of a molecule, or take part in a chemical re-
action.

The student should strive to clearly comprehend the difference
between a molecule and an atom. The former is a collection of
the latter held together by an attraction called chemism or chem-
ical affinity. Molecules are destructible; they may be broken
up and their properties destroyed. The atom, on the other hand,
is an indestructible solid particle, whose properties, so far as we
know, are never destroyed.

As to the properties of molecules, we conceive that they have
size, weight, form, color, etec.

88. Atomic Weight.—Atoms differ from one another in
their weight, and the quality and the quantity of their combin-
ing power. Further than this we have no certain knowledge of
their properties.

The weight of an atom of any given element is always the
same. In weighing atoms we do not take the absolute weight,
but the relative weight, using the hydrogen atom as the unit.
The atomic weight of any element expresses the number of
times its atom is heavier than the atom of hydrogen. The atomic
weight of oxygen is 16; <. e., the atom weighs 16 times as much
as the atom of hydrogen. The atomic weights of the elements
will be found in the table, Art. 82.

89. Quality of Combining Power.—Polarity of the
Atoms.—We have seen (Art. 64) that when a current of elec-
tricity is sent through a solution of a metallic salt, the metal
collects about the negative electrode, while the non-metallic part
of the salt appears at the positive.

Most metallic compounds are capable of decomposition by
electrolysis, and the molecule seems to be-divided into two parts;
one of which is attracted to the positive and the other to the
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negative eléctrode. We have seen (Art. 44) that two bodies,
similarly polarized, repel each other, while bodies oppositely
polarized attract each other. We conclude, therefore, that those
atoms which are attracted by the negative pole of the galvanic
current are positively polarized, while the others are negatively
polarized. This is what is meant by the difference in the quality
of combining power. Positive and negative, as applied to the
polarity of atoms, is not absolute but relative; and the polarity
of an atom may be changed, by the inducing action of another
atom, from positive to negative, or vice versa. As a general
rule, the metallic atoms are positive, and the non-metallic
negative.

When several atoms are brought into contact with each other, those
having similar polarity repel one another, as do other bodies that are
of like polarity, while those having differing polarity attract one another;
hence, union or combination can only take place between atoms that are
unlike in their electric quality.

In the following table the elements are so placed that each one
is electro-negative to those below, and electro-positive to those

above it.
ELECTRO-CHEMICAL SERIES.

Negative End —. Negative End —. Negative End —.
Oxygen. Silicon. Iron.
Sulpieur. Hydrogen. Zinc.
Nitrogen. Go]g. Manganese.
Fluorine. Osmium. Lanthanum.
Chlorine. Iridium. Didymium,
Bromine. Platinum. Cerium:
Iodine. Rhodium. Thorium.
Selenium. ) Ruthenium. Zirconium.
Phosphorus. Palladium. Aluminum.
Arsenic. Mercury. Erbium.
Chre¢mium. Silver. Yttrium.
*Vanadium. Copper. Glucinum.
Molybdenum. Uraninm. Magnesium.
Tungsten. Bismuth. Calcium.
Boron. Tin. : Strontium.
Carbon. Indium. Barium.
Antimony. Lead. Lithium.
Tellurium. . Cadmium. Sodium.
Tantalum. Thallium. Potassium.
Columbium. Cobalt. ' Rubidium.
Titanium. Nickel. Caesium.

Positive End +. Positive End +. Positive End +.

90. Quantity of Combining Power.—By an analysis of a
large number of' compounds of hydrogen with other elements, it
has been found that while chlorine combines with it in the pro-
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portion of its atomic weight, .., 1 part of hydrogen to 35.5
parts of Cl, '
Oxygen combines with 2 parts of H to 16 of O,
Nitrogen “ 83 «“ of Htol4 of N,
Carbon “ “ 4 « Y3 “« 19 « C,
and so on; so that the power of the atoms to attract and com-
bine with hydrogen are not alike. This is expressed by saying
that the equivalence, or quantivalence, of the atom in question is
1,2, 8,4,5,60r 7, according as it will attach to itself, be ex-
changed for, or take the place in a molecule, of 1, 2, 3, 4, 5, 6,
7, atoms of hydrogen, or their equivalent.
The chemical equivalent of an atom, is an atom which can take
its place in a molecule. Atoms are divided into monads, dyads,
triads, tetrads, pentads, hexads, or heptads, according as they
can fix 1,2, 8,4, 5,6 or 7 atoms of hydrogen, or their equivalent.
A monad is equivalent to a monad.
“ dyad « to 2 monads.
“ triad « «“ tod or 1 monad and 1 dyad.
“ tetrad “ «“ to4 2 dyads, or 1 monad and
1 triad.

A pentad “ “ tod a tetrad and 1 monad, a
triad and 2 monads, or
2 dyads and 1 monad.

The equivalence of an atom is often indicated to the eye by
dashes, thus :(—

Monad . O— Dyad —O— Triad —cl)—

I N1/ . ANV N7
Tetrad -—O— Pentad O  Hexad —O— Heptad —O—
| VRN 7\ VRN

It will be seen that the hydrogen atom is the unit of comparison
in combining powers or equivalences, and the dashes represent
the number of bonds or points of attraction, or poles of
the atomic magnet. The equivalence of an atom may also be
expressed by a Roman numeral placed above and to the right,
thus:—H?, O™, CI'!, C'V, etc. Univalent, bivalent, trivalent, etc.,
are adjectives sometimes used as synonymous with monad, dyad,

triad, etc. -
CHEMICAL NOTATION.

91. Symbols and Formule.—In representing atoms and
molecules to the eye, we make use of a series of symbols derived
from the names of the elements themselves. This is usually the
initial letter of the English or Latin name, or in case two or
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more names begin with the same letter, the initial with some
other characteristic letter. Thus, on reference to the table in Art.
82, we have B, Ba, Bi, Br, representing the atoms of boron, bari-
um, bismuth and bromine respectively. In this book, a symbol
is never used to represent the element in general, but a symbol
always represents an atom, with all its properties, and nothing else.

Formulae.—A formula is the sign of a molecule. It there-
fore, represents a definite weight—the molecular weight; and in
the case of gases, always the same volume. Formul® are made
up of symbols, as a molecule is made up of atoms; and the
atoms composing a molecule are all represented by symbols in
the formula. Thus: HCI is a formula representing a molecule
containing one atom or 1 part of hydrogen, and one atom or 35.5
parts of chlorine.

In writing formule, we write the symbols composing the mole-
cule in juxtaposition, beginning with the more electro-positive.
Thus: KOC], HBr, etc.

Multiplication of Molecules and Atoms.—When we
wish to represent more than one atom, we use a small numeral at
the right hand lower corner; thus, O,, represents 2 atoms of
oxygen, or, since the molecule of oxygen contains two atoms, this
also represents the molecule. As, represents 4 atoms of arsenic,
or since the molecule of arsenic contains four atoms, it is
also the formula of a molecule of arsenic. When we wish to
represent more than one molecule of a substance, we use full-
sized numerals placed before the formula.

Thus, 2H,0 represents two molecules, each of which is com-
posed of two atoms of hydrogen and one of oxygen. Or, we
may inclose the formula in a parenthesis, and place a small
numeral at the right hand lower corner, thus: (H,0),. Ex-
amples:—

H,S0, represents 1 molecule, containing 2 atoms of hydrogen, 1 of
sulphur, and 4 of oxygen.

5H,80, represents 6 molecules of the same substance.

3NH,NO, represents 3 molecules, containing in each molecule two atoms
of nitrogen, 4 atoms of hydrogen, and 3 atoms of oxygen ; 27 atoms in all.

2K,Al,(S0,), represents two molecules, containing in each molccule 2
atoms of potassium, 2 atoms of aluminium, 4 atoms of sulphur, and

16 atoms of oxygen; 48 atoms iu all.

As the symbols always represent the atomic weights, we may
reduce any formula to figures, or find its molecular weight, by
adding together the weights of the symbols composing it. Let
it be desired to find the molecular weight of H,SO,. By refer-
ence to the table in Art. 82, it will be scen that H,=2,8 =32
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and O,—=4 X 16 = 64. By adding together these three numbers
we obtain 98, the weight of the molecule. An empirical for-
mula is one which merely gives the kind and number of the
atoms composing a molecule. A rational or graphic formula
aims to show the arrangement of the atoms in the molecule,
with relation to one another. -

Examples of empirical formulae :—

HNO,, H,S0,, CuS80, Na,CO,.

Rational formule for the same :—

H—0—-N=§ H-0-8={ % ("8=( Neo_C=0

Rational formule are useful in giving us a more definite con-
ception of the relations of the atoms to one another in the mole-
cule. They have served as the guides in some of the most im-
portant chemical discoveries of the present century; such as the
discovery of the process of manufacturing artificial madder and
indigo from coal tar products, by synthesis.

92. Variation in Quantivalence.—By graphic formulz
we are able to explain a fact that is always a matter of difficulty
to the student, viz.: the variation of equivalence of atoms.

There are two well known series of salts of mercury and
copper, in which there is no real variation; but, owing to the
uniting of two atoms of the metals, each loses an available bond
olr point of attraction. The following formuls will render this
clear:—

Hg—Cl Cu—Cl.
—Cl g —Cl
He_gp end ﬁg—m. G ad ol

In other cases,and under certain well known conditions which
we can control in the laboratory, the atom which has previously
existed as a dyad, suddenly becomes a tetrad, or a triad becomes
a pentad, and so on. '

These changes are always extremely puzzling to the student,
and we shall dwell a little upon them. When ammonia gas
for instance, (NHj), is absorbed by water, it combines with a
molecule of the water and becomes NH,OH. If we represent
the two molecules graphically, we have,

—H H—O0—7—H.
—H and H—N—H.
—H —H.

As will be seen, two new points of attraction have made their
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_ appearance upon the nitrogen atom. A large number of such
cases are known, and the explanation is as follows :—

The full quantivalence, or atomicity of nitrogen, is pentad.
In the compound H;N, far some unknown reason, two poles of
the atomic magnet neutralize each other, and so the combining
power of the atom is lessened by two. This increase or diminu-
tion of combining power always takes place in pairs, so that a
dyad may become a tetrad, but not a triad. A monad may be-
come a triad or a pentad but never a dyad or tetrad. :

93. Other Signs used in Writing.—A plus sign between
two formule indicates that the substances, whose molecules they
represent, are brought together. :

he minus sign indicates that the molecule following it is
abstracted from the preceding one. The sign of equality is
used to indicate that what follows, is the result of some change
that has taken place. HCI4+AgNO, =HNO; 4 AgCl shows
that the molecules represented by the first two formulse have
been brought together, and that a change has taken place
resulting in the formation of the last two.

94. Compound Radicals.—A radical or root of a series of
compounds, is a characteristic atom or group running through all
of them, like a root in language. Thus, the interrogative root runs
through all that class of words, as who, which, when, what,
etc. So, in chemical compounds we have a large number of
potassium compounds, in which the atom K appears as the charac-
teristic atom: As KNO,, KCIO,, K,CO,, K;S0O, and KCI. It
is therefore called the root or radical of these compounds. A
single atom, which forms a series of characteristic compounds, is
called a simple radical.

Sometimes, instead of being a single atom, it is a group of
atoms that is found to be the characteristic of a series of com-
pounds. Thus, we have: (NH,)NO, (NH,)Cl, (NH,)NO,,
(NH,),S, ete., in which the characteristic radical is a group of
atoms, or is a compound radical.

A compound radical may be regarded as a group of atoms
which behaves like a simple radical, or single atom. Like the
single atom it only exists in combination with another atom or
group of atoms; for its bonds or points of attraction are not
satisfied unless it be in combination. Compound radicals, like
atoms, may be positive or negative. Each compound radical has
a definite equivalence like the atoms. Some of them have re-
ceived arbitrary names which do not express their composition,
and in most cases end in yl. Thus, (PO)", phosphoryl,
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(H-O-) hydroxyl, (CO)” carbonyl, (CHy)' methyl, (C.H,)' ethyl,
(H,N) ammonium, (CN)' cyanogen, (NH,) amidogen. The last
three are exceptions to the rule as to the ending.

In writing the formula of these compound radicals, they may
be regarded for the time as atoms of a compound nature. If
we wish to represent that several similar compound radicals
enter into the same molecule, we inclose the formula in a paren-
thesis, and use the numerals as with atoms, thus, (NH,),CO;,
F %(OH)e.

In the following table will be found the more important elements
arranged according to both quality and quantity of combining

wer. The elements at the top of the ta‘L]e are negative to all
gglow them ; and those at the bottom are positive to all
above. They are also divided into monad, dyad, triad, etc., some
appearing in two or even three columns, because of their change
of quantivalence. In the second table will be found the more
common compound radicals, with the names of the classes of com-
pounds they form, arranged, as far as possible, in the same order
as the elements. In regard to their electrical order, much less
certainty exists than with the elements.

QUANTIVALENCE OF THE ELEMENTS.

MoNaADs. Dyaps. TRIADS. TETRADS. PENTADS. Hexap.
Oxygen...... [} Sulphur... 8
Sulphur..... 8 Sulphur........ 8{Nitrogen... N
Fluorine ... F Nitrogen. N
Chlorine ... Cl
Bromine ... Br PhosphorusP Phosphorus P
Iodine ...... I Arsenic... As Arsenic....... As Chrominm Cr
Boron.... B ManganeseMn
Antimony 8b Carbon ......... C
Silicon ...eeeeee 8i
Hydrogen.. H
Gold ...... Au .
Bismuth, Bi|T .
Mercury ... Hg . Fcl
Silver........ Ag Copper...... Cu Chromium.... Cr;
Lead......... Pb Manganese... Mn'

Chromium. Cr
Manganese Mn
Zinc.... .... Zn Aluminum.... Al

Magnesium Mg

Calcium.... Ca

Strontium.. Sr

Barium ..... Ba
Sodium..... Na

Potassium. K
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CompoUND Ranicarns witH NAMES oF COMPOUNDS THEY FORM.

Monap. Dyap, TRIADS, TETRADS.
NO,=Nitrates 80,=Sulphates PO,=Phosphates'Si O,=S8ilicates
Cl1 O3=Chlorates Cr 04-=Chromates BOy=Borates P,0,=Pyrophosphates
NO,=Nitrites Cr, 6,=Bicl|mmates As O,=A1senites | Fe Cyg=Ferrocyanides
Cl O=Hypochlorites 80,=Sulphites As O ,=Arsenates
PH,0,=Hypophosphites' CO,=Carbonat - _—
CN=Cyanides C;0,=0xalates HrxADS.
C,H,0,=Acetates C H,Og=Tartrates CgH,0,=Citrates
C,H,0,=Benzoates C,H,0,=Malates '
CgHzO=Carbolates C,H,03=S8alicylates Fe,Cy, ,—Ferricyanides
C,H,0,=Lactates ; Al,—Aluminic Salts
NH,=Ammonium \Cr,=Chromic  *
CH,=Methyl Hg,=Mercurous Salts | Mn,=Manganic*
C,H =Ethyl ICn,==Cuprous Salts |Fe,=Ferric “

COMPOUND MOLECULES.

95. Compound Molecules Classified.—The system of
nomenclature now in use for naming chemical compounds, is
based upon the composition and properties of the bodies in
question; and the name of a body is intended to express our idea
of its chemical composition. Homogeneous bodies are supposed
to be made up of a collection of similar molecules; hence a
formula which represents the composition of a single molecule,
really represents the composition of the mass. In applyin
names to compounds, we apply the name to the molecule as wel
as to the mass.

Compound bodies may be divided into two classes: 1st. Those
whose molecule is composed of two kinds of atoms or radicals,
called binary compounds, and 2d, those whose molecules are
composed of three or more kinds of atoms or radicals, called ter-
nary molecules. Examples: NaCl, KBr, MgCl,,and (NH,)Cl
are examples of binary molecules. KClO, K,SO,, CaCO,,
(NH,)NO, and Ba(NO;), are examples of ternary molecules.

Acids, Bases and Salts.—Ternary molecules are divided
into acids, bases, and neutrals or salts. An acid is a
substance which usually possesses a sour taste, corrodes the
metals with the evolution of hydrogen and the formation of
salts, changes blue vegetable colors to reds, and neutralizes the
caustic properties of alkalies by forming salts with them. All
acids contain hydrogen, which can be replaced by a metal.
This hydrogen is united to the remaining portion of the mole-
cule, either directly, as in binary acids, or by a linking atom,
usually oxygen, as represented by the following graphic formulee:
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H—O0\q =0 =0
H—Cl, g8 —9, H-0-NZp

The replaceable hydrogen of an acid is called basic hy-
drogen, and the number of such atoms determines the basicity
of the acid. A dibasic acid, for example, is one containing two
atoms of basic hydrogen ; a tri-basic acid three, a tetra-basic acid
four, and so on. When the linking atom in these ternary acids
is oxygen, the name of ox-acids is applied to them. The term
sulpho-acids is applied to those containing linking sulphur.
A base has properties which in many respects are opposed to,
and neutralize the effects of acids. They restore the vegetable
blue colors reddened by acids, they neutralize the sour taste, they
react upon acids to form salts, with the elimination of one or
more molecules of water. The strong bases have a caustic ac-
tion upon the tissues, degomposing the fats, with which they form
80aps.

A base may be defined, as a compound whose molecule is com-
posed of a positive atom, or group of atoms, united by linking
oxﬂ'gen ig hydrogen. The positive atom is, in most cases, me-
tallic. As:

o p—0—H o—0H ,0—H ,0H 5
K—0—H, Ba_ g Co_oH B O0—H FeeOH &
\O—H | NOH £

JOH ]

Fe~OH O

Nott [

In the last formula we have an example of a compound radi-
cal united to H by O. The bases are named hydrates.*

A salt molecule is composed of a positive radical united by
linking oxygen to a negative radical. The radicals, in this case,
as in acids and bases, may be either simple or compound. Thus:

K—0—Cl, K—0—NO,, Na,=0,=C0 Ba=0,=80,(NH,)—0—NO,.
It is evident, also, that a salt may be formed by treating an acid

with a metal which replaces the hydrogen of the acid with °
metallic atoms.

| |
Z + H,-0,=80,=2n=0,=80, + HE

It may be regarded, then, as an acid whose replaceable hy-

* The above definition applies only to inorganic bases.
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drogen atoms have been replaced by positive atoms or radicals.
In a dibasic acid, like H—O\g /O it is possible to replace one
- H—0 " \O, .
of the atoms of hydrogen and leave the other undisturbed. We
thus have, for example, H—-—O\S/ O which exhibits the prop-
—0,/7\0,

erties, and answers to the definition of both a salt and an acid.
It has acid properties by virtue of the replaceable hydrogen,
and saline properties by virtue of the other chain in-which the
K has replaced H.

Such a body is called an acid salt, while the salts first men-
tioned, in which all the H atoms have been replaced by positive
atoms, are called normal salts.

Double salts are formed by replacing a part of the hydrogen
of the acid by one positive radical, and a part by another.

Mg<ON H—O\
. KNaSO, from HHSO,, NHE 8—P0 from g-g—P:O
—0/ —0/

If a base or metallic oxide be treated with sufficient acid to
neutralize it, a neutral salt is usually formed ; but if the base
or oxide be much in excess of what the acid would require to
expel all its hydrogen, a basic salt will in some cases be formed,
according to the following formulee :—

=0

0—N=
pb<O—H pp 0 or P/ O—PbNg_N=0,
o—H P _
0—H \0--N=0,

i.e., if the base be used, the acid will take the place of a part of
its replaceable hydrogen, and leave a part of it ; or, a part of the
excess of oxide will crowd into the molecule between the negative
radical and the positive. Such bodies are called basic or
subsalts. :

The subsalts are seldom of definite chemical composition,
. often being mixtures of the oxide with the basic or even
normal salt Lead and bismuth are two metals especially liable
to form basic salts.

=0
Bi=0 Bi—0\¢o 7 0—(C,H,0)
~0—NO, {—0/ Pb—0—Pb—0—(C,H,0)

=0
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NOMENCLATURE.

96. Naming of Chemical Compounds.—Rule.—Give
the name of the positive radical first; then the name
of the leading negative atom or radical with its termi-
nation changed to ide, in binaries, and to ite or ate in
ternaries ; ite denoting the lower, and ate the higher
quantivalence of the negative atom.

EXAMPLES.
Na Cl = Sodium Chloride, — binary.
Na NO, = ¢ Nitrite, — ternary.
NaNQ,; == ¢ Nitrate, — “

Ba Cl, = Barium Chloride, — binary.

Ca Br, = Calcium Bromide, — *

Ba SO, = Barium Sulphite — ternary.

Ba SO, = ¢ Sulphate, — *¢

As will be seen on inspection, the equivalence of the negative

atom is indicated by the comparative amounts of oxygen which
it holds. Compare BaSO; and BaSO,; also NaNO, and NaNO,.
In compounds like the following—SnCl,, SnCl,, CuCl,, Cu,Cl,,
HgCl,, Hg,Cl,, FeCl, and Fe,Cl—where more than one quantiv-
alence of the positive atom is known, the endings ous and ic are
used to distinguish them; thus:—

8SnCl, = Stannous Chloride, dyad tin.

SnCl, = Stannic v tetrad tin.
CuCl, = Cupric
Cu,Cl, = Cuprous s

Hg,Cl,== Mercurous  *

HgCl, = Mercuric ¢

FeCl, = Ferrous ¢ dyad iron.
Fe,Clg = Ferric ¢ tetrad iron.

Where more than two quantivalences are known, we employ
the prefix per to denote a quantivalence higher than that denoted
by ic or ate, and hypo to denote a lower than that denoted by
ous or ite. They are affixed alike to positive and negative.

EXAMPLES,
N,O = Nitrous oxide.
N,0, = Nitric *
N,0, = Nitric peroxide or tetroxide.

Na,8,0,; = Sodium Hyposulphite.
H,S0; = Hydrogen Sulphite or Sulphurous acid.

H,S0, ‘ Sulphate or Sulphuric acid.
KCIO = Potass. Hypochlorite.

HCI0, = Hydrogen (ghlorite or Chlorous acid.
HCI0, = *‘ Chlorate or Chloric acid.

KCIO, = Potass. Perchlorate.
Cl1,0 = Hjypochlorous oxide.
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The class of bodies which we have called acids are more com-
monly named in the following manner :(—

The negative atom, with the prefixes and suffixes usually
attached to the positive element, is named first; this is followed
by the word acid, thus:—

HCl = Hydrogen Chloride or Hydrochloric acid.

HBr = ¢ Bromide or Hydrobromic ¢
HI = ¢ Todide or Hydroiodic. ¢
H,8 = s Sulphide or Hydrosulphuric acid.

The binary compounds, above mentioned, are called hydracids
to distinguish them from the oxacids or ternary acids; and in
the naming of these acids the prefix hydro is used.

EXAMPLES OF OXACIDS.

HCIO = Hydrogen, Hypochlorite or Hypochlorous acld
HNO, = itrite “ Nitrous

HCIO, = ¢ Chlorate ¢ Chloric s
HNO; = ‘“ Nitrate ¢t Nitric s
H,80, = “ Sulphite ¢ Sulphurous b
H,80,= “ Sulphate Sulphunc ¢
H,CO,= ¢ Carbonate ¢ Carbonic s

It will be seen that each of the above acids has a characteristic
negative group of atoms; thus in sulphates we may always ex-
pect the group SO,". In'a sulphite we will always find the group
S0,”; in a nitrate NO,'; in a chlorate ClO/, ete.

Nomenclature Simplified:—The above rules of nomen-
clature may be applied much more easily by the student, by
reference to the table given in Art. 94.

By the use of this table, the student can easily learn to name
all the more common compounds. Let it be desired, for example,
to name the following formula: Cu SO,. Cu is the gymbol for
copper. We next look among the compound radicals and find
SO, to be the characteristic group of atoms found in all
sulphates. The name of the formula is, therefore, copper
sulphate. What is the formula of zinc carbonate? We find
zinc among the dyads, as dlso the group CO,, opposite the word
carbonates. Both these radicals are dyad, and as a dyad is equiva-
lent to a dyad, they will combine directly, and we shall have Zn
CO;y as the desired formula.

What is the formula of sodium sulphate? The symbol of
sodium is Na ; it is monad, while SO, is dyad. Two monads are
equivalent to one d{;ad. Hence Na,SO, is the formula of sodium
sulphate. Let it be desired to know the formula of calcium
phosphate. Here we wish to combine a triad and a dyad. To

Ny
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do 8o we must double the triad to get an even number of bonds;
and then we must take three atoms of calcium to get six bonds.
The formula will thus be Cay(PO,),., What is the formula of
Ferric Oxide? In ferric iron two atoms always go together as
a hexad. It will require three dyads to saturate the hexad,
-and we have Fe,O,, or for the hydrate Fe,(O-H),, or Fe,Cl,
for the chloride. Stannous chloride will have the formula SnCl,,
while stannic chloride will be SnCl,. Mercuric oxide will be HgO,
but mercurous oxide will be Hg,0O. Cuprous chloride = Cu,Cl,.
Examples for Practice.—We introduce here a series of
examples for practice in nomenclature, with corresponding
names in columns below. The numbers opposite the &rmulae
will be found opposite the corresponding names below.

1 BaO,H, 16 Cu,Fng.. 29 8rCO

2 0aC,0, 16 (NH,), 30 Sr(NG,),

8 BiCl, 17 As,S 81 BaCl

4 Na,Co, 18 NH, UgPO, 32 NA,No

5 Mg30 19 KHCO, * 83 (NH,),do,
6 Fe,(80,), 20 SbCl 84 KNad0,

7 AgNO, 21 BiONO, 85 NaHCO,

8 (I‘?H,)Cl 22 Fey(Fe,Cy,,) 86 Ca,(P0O,),
9 HNO, 23 K(CN)3 87 Ca(PO,H;),
10 Hg,Cl, 24 K,CrO 88 NaClO

11 PbCrO, 26 Foy(Crdy)s 39 Bi,0,

12 KI 26 Al,(OH), 4900,

18 K,0 27 K(%'. 41 K10,

14 As,0, 28 Zn 42 Pb-0(C,H,0,),H

1 Barium Hydrate. 15 Copger Ferrocyan- 29 Strontium Carbonate

2 Calcium Oxalate. 1de. 80 Strontium Nitrate.

8 Bismuth Chloride. 16 Ammonium Sulplide

4 Sodium Carbonate. 17 Arsenious Sulphide. 81 Barium Chloride.
18 Ammon. Magnesium 82 Ammon. Nittate.

5 Magnesium Sulphate. Phosphate. 88 Ammon. Carbonate. -
- 19 Potassium Hydrogen 84 Potassium Sod. Sul-
6 Ferric Sulphate. Carbonate or Potass. hate.
7 Silver Nitrate. Bicarbonate. 85 g:)dinm Hydrogen
. 20 Antimonous Chlo- Carbonate.
8 Ammonium Chloride  ride. 86 Tri-Calcium Phos-
21 Bismuth Oxy-nitrate. hate.

9 Hydrogen Nitrate. 22 Ferrous Ferricya- 87 Calcium Hypophos-
(Nitric Acid). nide. phite. :

10 Mercurous Chloride. 28 Potassium Sulpho- 88 SodiumHypochlorite

cyanate. 39 Bismuth Oxide.

11 Lead Chromate. 24 Potassium Chromate.40 Oxygen. '
26 Ferric Chromate. 41 Potassium Perchlor-

12 Potassium Iodide. 26 Aluminic Hydrate. ate.
18 Potassium Oxide. 27 Potassium Cyanide. 42 Basic Plumbic Ace-
14 Arsenious Oxide. 28 Zinc Oxide. tate. :

E
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97. Irregularities in Nomenclature.—In many medical
and pharmaceutical works, the old style of making the negative
precede the positive, with the preposition of between them, is
used. In this case per is used instead of ic or ate, and proto
instead of ite or ous.

. EXAMPLES.
NEW NAME, OLD NAME.
SnCl, = Stannous Chloride or Protochloride of tin.
SnCl, = Stannic ~ ‘- or Perchloride of tin,
Fe,Cl = Ferric ¢ or Perchloride of iron.
Fe,(Sb,,). = ¢  Sulphate  or Persulphate of iron.
e, 04 = ‘  Oxide, or Per- or Sesquioxide of iron.
g.] = Mercurous Iodide or Protiodide of mercury.
Hg,C’l, = ¢ Chlorideor Protochloride, mild chloride,
or calomel.
HgCl, . = Mercuric chloride or Bichloride, corrosive sublimate.
HgO = Mercuric oxide or Red oxide of mercury.
Hg,0 = Mercurous oxide or Black oxide of *

Protoxide of ¢

The proto-salts of iron are the ferrous salts, while the per
" salts are the ferric salts. .
The names of the oxides of the alkaline metals, the earths,
and alkaline earths are sometimes named as follows :—

Al,0, Alumina. Ca0 Lime.

MgO Magnesia. K,0 Potassa or Potash.
BaO Baryta. Na;O Soda.

8rO Strontia.

Some writers name those oxides of the non-metallic elements
which dissolve in water to form acids, as though they were
formed from the acids by abstracting one or more molecules of
water. .

Thus SO, lB named Sulphurous Anhydnde

Carbonic
N26 ¢ ¢ Nitrous “
N,O0; ¢ * Nitric ¢ :
P 0, ¢ Phosphoric ¢
For, SO, + H,0 = H,30, = Sulphurous acid. .
+HO—HCO,=C onic ‘
N,6 ﬁ = 2HNO, = Nltnc “
315[z = 2H,PO,= Phosphoric *
6 H 6 =H §o‘ — Sulphuric ¢

It is a common custom with some authors to use the numerals
di, tri or ter, tetra and penta, to indicate the number of atoms
of the element to whose name the numersl is prefixed.
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' NEW NAME. OLD NAME.
Thus:—FeS, Ferric Disulphide or Bisulphide of Iron.

Fe,8 Diferrous Sulphide ‘or Sulphide of Iron.
Fe,8, Ferric Sulphide  or Sesquisulphide of Iron.
Fe§ * Ferrous Sulphide or Protosulphide of Iron.
CO, Carbon Dioxide or Carbonic Acid.
PCl, Phosphorus Trioxide,
PCl ‘. Pentoxide,
Hg él, Mercuric Dichloride, Bichloride of Mercury.

A few compounds are known by names which do not express
their composition. .

Thus:—H,N Ammonia.
CON Cyanogen (symbol Cy).
Hagb Antimoniuretted ydz"?gen or Stibine.

H,As Arseniuretted or Arsine.
H,S Sulphuretted .ok or Hydrosulphuric Acid.
HyP Phosphuretted “ or Phosphine.

H,C Light Carburetted ¢ or Marsh Gas.
H,C,; Heavy Carburetted *¢ or Olefiant Gas.

A glossary of obsolete and popular names, and those of some
zhemicg! compounds ooc&sionalll;' met with, will be found in the
ndix. :

%%e Chemical Reactions and Equations.—All material
bodies, under certain conditions, may undergo marked changes
in properties. As the physical properties of %)odies depend upon
the properties of their molecules, any great change in these
properties must depend upon a corresponding change in the
molecules. In a homogeneous mass of matter, all molecules are
alike; and any chemical change which we are able to produce
in one molecuf; of such a mass, may, with certainty, be produced
in all. Hence, by representing the changes which taie place
between two dissimilar molecules, we may, in reality, represent
the changes taking place between the masses of which these
molecules form a part. It is upon this principle that we repre-
sent chemical changes to the eye. When two substances, on being
brought together, act upon each other, the mutual action between
them is called a reaction. '

A body which is added to another to cause such a change, is
called a reagent. When a jet of coal gas is burned in the air,
the reagents are the gas and the oxygen of theair. The results
of the reaction are light and heat. The products of the reaction,
are the watery vapor and carbon dioxide which are produced.
The factors entering into the reaction, are oxygen and the com-
pounds which compose the gas.
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While all material molecules are more or less liable to undergo
chemical change by the action of external agencies, some do so
very readily, while others resist such changes. with considerable
force. Chemical reactions are favored by anything that lessens
cohesion, or favors the free movement of the molecules ; as solu-
tion, pulverization, trituration, heat, light and electricity.

Reaction between solids is always slow, and, in many cases,
entirely wanting. If the solids are brought together in solution,
the reaction takes place with readiness; if volatilized, still more
readily. Reactions between gases usually take place almost in-
stantaneously throughout the mass,and in many cases, with an ex-
plosion. Heat usually favors chemical action, and cold retards,
it. Light favors many kinds of chemical change, but does not
affect all. Reactions, in the laboratory, are generally conducted
in solutions. When the bodies are soluble in water, that liquid
is generally selected ; if not, some other solvent, such as ether,
alcohol, chloroform, etc., may be employed.

‘When two or more substances are brought together in solution,
the action that will take place depends largely upon the following
conditions, first formulated by Berthelet, and usually known as
the Laws of Berthelet:— '

1st. When two or more substances are brought together in
solution, if by any rearrangement of the atoms a product can be
formed which is insoluble in the liquid present, that substance will
form and separate as a precipitate.

2d. When two substances are brought together in solution, if
a gaseous body, or one volatile at the temperature of the experi-
ment, can form, it will form and escape as a gas or vapor.

Nlustration.—BaCl,; + Na,80, =? By a rearrangement of these
atoms, according to the rinciq}es stated in preceding articles, there can
only form BaSO, and 2NaCl. The latter of these is soluble in water, while
the former is not; hence, BaSO, would a.lwaie separate from this mixture.

Zn + 2HCl = ZnCl, + H,. Here, by changing the places of the two
positives, hydrogen is set free, and escapes.

As matter is indestructible, it follows that there can be neither
loss nor gain in the weight of the matter taking part in a reaction.
The sum of the weights of the factors entering into a reaction
must, therefore, be equal to the sum of the weights of the pro-
ducts coming from it. Hence, if we place the sum of the formula
of the factors equal to the sum of the formule of the products
of any reaction, it must always form a true equation. In writing
out representations of chemical reactions, the student should re-
member the following rules :—
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1st. Positives combme with negatives and not with posi-
tives.

2d. Every member of the equation must represent a whole
molecule, or a number of molecules.

3d. The quantivalences of the atoms, and radicals must all be
saturated according to the rules laid down in article 96.

4th. An acid and a base cannot exist in the same solution.
They are incompatibles, and neutralize each other.

6th. The strongest acid generally selects the strongest base,
except in cases where this is modified by Berthelet’s laws.
Compound radicals, as a rule, remain as such in the products.

To write chemical equations, place the formule of the
factors, connected by a plus sign, equal to the formule of the
products, also connected by a plus sign. Now take such a
number of molecules as factors that only whole molecules can
be produced in the products.

EXAMPLES.

+ —
Ag NOa + Na Ll =(?)
ilver
Nitrate. Chlorlde
We first determine which are positive and which are negative radicals.
The metals are positive (Art. 89), and the non-metallic radicals are nega-
tive, as indicated by signs above the symbols.
We next cause the positive radicals to exchange places, whence we have
Ag Cl and Na NO,.
On referring to the table of quantivalence (Art. 94), we find all these
radicals to be monad, and therefore chemical equivalents.
The completed equatlon will, therefore, be—
Ag NO; + NaCl= %Cl+ Na NO,
ilver Sodium 8ilv Sodinm
Nitrate. Chloride. Chloride. Nitrate.
Complete the following :
1. zAg (NO,) + H S =?

: :BaCl + .
. 10.B1013+HO h1001+7 gt
: 11. Pb (c H, o,)ﬁ+ H, Oso‘ =

l‘

4

-H.NaCl
h Na,PO, + NH,OH =-
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99. Stochiometry.—Chemical symbols represent definite
weights, or atomic weights. Chemical formuls, therefore, enable
us to calculate the percentage of any ingredient in the compounds
they represent; or, from chemical equations, we may calculate
the weight of any substance required by any given process, or the
exact amounts evolved by it.

These calculations are all based upon the atomic weights.
Molecular weights are derived from the atomic weights.

The molecular weight of calcium carbonate, Ca COy, is
(C = 12) + (O, = 48) + (Ca = 40) = 100. (See Table, Art. 82.)
On inspection, we see that ¢ of the whole quantity are calcium, J;
carbon and oxygen.
Let it be desired to calculate the quantity of hydrogen in one part of
water; formula H,O. :
ﬁg =2) + (0 =16) = 18 = Hydrogen, }§ = Oxygen.
Stated in the form of a proportion, this would be 18 : 2 :: 1 : & =4.
In this proportion, the fourth term must bear the same relation to the
third, that the second does to the first.
Stated in this way, the first problem would be as follows:
CaCOy:Ca::1:x= .
100 : 40 :: 1 : x = % = 40 or 40 per cent. :
In other words, calcium carbonate contains 40 per cent. of calcium.
The same calculation may be made for oxygen, as follows:
Ca CO; + Oy ::°1 x = 48 or 48 per cent.
100 + 48 :: 1 x = 48 or 48 per cent.
If, instead of one part, we desire the amount in ten parts, we substitute
10 for one in the third term of the equatiou, thus: 100 : 48 :: 10 : 4.8

parts. .
The fourth term of such an equation must always be of the same de-
nomination as the third.

From the above, we easily deduce the following rule for the
statement of such problems: As the formula of the substance
given is to the formula of the substance required, so is
the weight of the substance given to x the weight of
the substance required. Reduce the formul® to their nu-
merical equivalents, and find the value of x.

When three terms of an equation are given, the fourth may
be found by multiplying the two means (second and third
terms), and dividing the product by the given extreme.

In calculating the per cent. of any ingredient, by the above
rule, the weight given is understood to be 100, . e. per cent. is
parts per hundred.

Calculations based upon a reaction may be illustrated as
follows :—
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Problem. —How much snlphate of zinc can be prepared from 10
grammes of zinc?
Reaction.—Zn + H,80, = ZnSO,, + H,
: Statement.—Zn : ZnSO :: 10 :
Numerical Statement.—65 : 656 | 32 + 64 = 161 10 : x
Solution.—161 X 10 = 1610 + 656 = 24. 8 Ans. in grammes.
Problem —How much Na NO, will be required to make one pound

of HNO
ﬂ:qumon —Na NO, + H,80, =NaHS80, + HNO,
The only terms of this equation concerned in the problem are Na NO,
and HNO,; the latter being the substance given,
Statement.—H NO, NaNO s :: 1 : x pounds.
Numerical Statement.—63 —+ 85 :
Solution.— 1 X 86 = 85 -+ 68 = 1.35 pounds.







PART IIL.

INORGANIC CHEMISTRY.

100. Classification of the Elements.—For convenience
of study, some system of classification of the elements is necessary.
Many systems of classification have been proposed, but all are
open to criticism ; yet, we may adopt one of these with the un-
derstanding that the classification is largely an arbitrary one,
and serves merely for convenience. Berzelius was the first to
divide the elements into two great classes, to which he gave the
names metals and metalloids. The metals are those elements
which possess more or less lustre and opacity, readily conduct
heat and electricity, and are electro-positive in combinations.

The non-metals, or metalloids, are such as are gaseous; or, if
solid, have no lustre, ductility or malleability, are poor conductors
of heat and electricity,and are electro-negative in combinations,

This division, while it serves a general purpose, is not capable
of exact application; for there are a number of the elements
which are positive in‘one combination and negative in another.
Iodine and arsenic, which most chemists regard as metalloids, have
a decided lustre, and the latter forms alloys by fusion with the
netals ; indeed, there is no line of demarcation, between these two
classes, which can be regarded as fixed.

Some classification is necessary, which is not based upon the
physical properties alone, but upon their chemical - properties;
a classification which brings together those elements which have
similar chemical properties, and similar compounds with other
elements; thus enabling the student to better associate the facts
of each in his mind. . '

There are two important chemical characters upon which most
attempts at classification of the elements into groups are based;
viz: guantivalence, and electrical polarity of the atoms. By a
consideration of both of these properties, the elements may be
grouped so as to bring similar elements together.

The behavior of the oxides of the elements with water, may be
taken as an index of their polarity. Electro-negatives dissolve,
in water and form acids, while electro-positives form bases, and
some again play a neutral or double réle.

The most convenient classification of the elements is the one

) Dl



90 INORGANIC CHEMISTRY.

that will bring together into groups those most nearly related in
chemical properties. For this purpose the quantivalence and
electro-chemical properties will be employed in this book,
with the exception of the two elementary gases, oxygen and
hydrogen. These two elements are taken out of their groups
and studied separately, owing to their importance among the
elements, and their typical character. The following division of
the more important elements seems to be best adapted to the
wants of the student :—

THE NON-METALLIC ELEMENTS.

Group I. Hydrogen and Oxygen.
Group II. The %hlorine Group, or the Negative Mo-
nads. :
 Fluorine, Chlorine, Bromine, Iodine. ,
Group III. The Sulphur Group, or Negative Dyads.
Oxygen (by some authors), Sulphur, Selenium, Tellurium.
Group 'IV. The Nitrogen Group, or the Negative
Triads. .
Nitrogen, Phosphorus, Arsenic, Antimony, Bismuth.
Group V. Boron. .
Group VI. The Carbon Group, or Negative Tetrads.
Carbon, Silicon.

THE METALS.

Group I. The Alkaline Metals.
Lithium, Sodium, Potassium, Rubidium, Cesium and
Ammonium.
Group II. The Alkaline Earths.
Calcium, Strontium, Barium,
Group III." The Magnesium Group.
Magnesium, Zine, Cadmium.
Group IV. The Iron Group.
Chromium, Manganese, Iron:
Group V. Nickel Group.
Nickel, Cobalt.
Group VI. Lead.
Group VII. Copper, Mercury.
Group VIII. Silver, Gold.
Group IX. Glucinium, Aluminium, Gallium, Indium.
Group . X. The Platinum Metals.
Platinum, Palladium, Rhodium, Ruthenium, Iridium.
Group XI. Molybdenum, Osmium, Tungsten.
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TYPICAL ELEMENTS.

HYDROGEN.

Srmbol 2. Moo Yolght! JEclele To 5 e Wolen

101. Occurrence.—Hydrogen occurs in a free state in the
gases from volcanoes, fumeroles of Iceland and Tuscany, and in
the atmosphere of the sun; in combination, it exists in water,
and in most organic substances of both animal and vegetable
origin, It is a necessary constituent of all acids and ammoniacal
compounds. '

102. Preparation.—Hydrogen may be prepared—

First.—By the decomposition of water, by a strong electric
current, which splits the water up into hydrogen and oxygen ; the
forlmer appearing at the negative and the latter at the positive

e.-

Second.—By decomposing water by certain metals. When
sodium or potassium is used, the decomposition takes place in the
cold; but with iron and some other metals at a red heat.

— |
Na, +2H,0= 2Naﬁ0 +H,
I |

T ]
8Fe, + 8 20 = 2Fe,0, + 8H,
D

Third.—By the decomposition of the mineral acids with some
‘metal, as zine, iron, or magnesium. In this case, the metal takes
the Elace of the hydrogen, avhich is crowded out of the molecule
of the acid.

]

o
Zn + H,80, = Z'|1504 + H,
|

Water is added to dissolve the zinc sulphate formed, and to
prevent it from crystallizing on the surface of the zinc. Chemi-
cally pure zinc, however, will not dissolve in very dilute acid,
unless it be made one pole of a galvanic couple. ’

This method is the one usually employed for the preparation
of hydrogen in the laboratory. The gas prepared from com-
mercial zinc and acid is not pure, however, as it contains other
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gases derived from impurities in the materials used. Pure
hydrogen, in small quantities, may be prepared by the first
method, or by decomposing water with an alloy of sodium and
mercury—sodium amalgam.

103. Properties.—%;hen pure, at ordinary temperatures and
pressures, hydrogen is a colorless, transparent, odorless, tasteless
gas. Itis 144 times lighter than air, being the lightest gas known.

One litre of*it at 0°C. and 760 mm. pressure, weighs .0896
grams. = the crith. It is almost insoluble in alcohol, and at a
temperature of — 140°C and under a pressure of 650 atmospheres,
it has been condensed to a steel-blue liquid. It is the best con-
ductor .of electricity. and heat among the gases. It is very
diffusible, and a vessel to contain it, must be made of glass or
some very compact material. Certain metals absorb large quan-
tities of it. Palladium will absorb 900 times its volume of the
gas: spongy platinum, sodium, potassium and iron also absorb
considerable quantities of it. This action of the metals is called
occlusion. During the condensation of the gas in the pores
of the metal, the latter is heated to a considerable degree. A
jet of hydrogen may be ignited by directing it upon a ball of
finely divided platinum, or a balF of asbestos, which has been
dipped into a solution of platinum chloride, and heated in the
flame of a lamp. .

Under ordinary conditions, hydrogen has little tendency to
unite with the other elements, chlorine being the only one with
which it combines directly, and then only under the influence of
light. At higher temperatures it unites with oxygen, and is, there-
fore, readily combustible in the air, burning with a bluish and
very hot flame. The product of the combustion is watery vapor.

A given weight of hydrogen produces more heat in burning than-

any other known combustible. It will .not maintain animal respi-
ration, but is not poisonous. A lighted taper is extinguished on
being thrust into it. If hydrogen and oxygen be mixed together
and a lighted taper applied to them, an explosion takes place.
On examination, it will be found that the hydrogen has com-
bined with one-half its volume of oxygen, and if there be present
more than this quantity of the latter gas, it will remain undis-
turbed. If, on the other hand, there be less than one-half as
much oxygen as hydrogen, there will remain a part of the
hydrogen. In other words, when these gases combine they do so
only in the one proportion. This law holds good with all chem-
ical combinations, and is known as the law of definite propor-
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tions. Hydrogen has so much of a tendency to unite with
oxygen at high temperatures, that it will take it from many me-
tallic oxides, and leave the metal in the free state.

This process is called reduction or deoxidation. It is by
this process that the reduced iron or iron by hydrogen of
pharmacy is produced.

Hydrogen will unite quite .readily with some elements which
it ordinarily does not affect, if they be put into the flask where
the hydrogen is generating. Arsenic and antimony compounds,
for example, are split up, and these elements unite with the hy-
drogen. Many oxides are reduced, and chlorine is removed from
chlorides under these circumstances. The greater energy of the
hydrogen, in these cases, is explained by the supposition that at
the moment of liberation of the hydrogen atoms, and before they
have combined into molecules, they are ready to take up with
any atom with which they may come in contact, and are stronger
in their affinities, before combinjng with a neighboring hydrogen
atom, by just the force it will take to decompose the hydrogen
molecule when once formed. This condition of an element is
known as the nascent state (from nascere, to be born).
When any chemical action takes place between molecules, there
is a considerable expenditure of fgrce required to break up the
combinations already formed, before new ones can be formed;
and when these combinations do not exist, the new combinations
take place with ‘ease. Hydrogen is one of the constituents of
the gases of the stomach and intestines, and is frequently found
in the gases exhaled from the lungs. Its physiological properties,
if any, are slight. .

In its chemical properties, hydrogen resembles the metals more
than the metalloids, usually playing the positive role, and forming
salts in which it occupies the place of metallic atoms in similar
compounds, and is easily substituted for them, or displaced by
them. On this ground, the acids may be regarded as salts of
hydrogen.

104. Uses.—The uses of hydrogen are limited. Owing to its
lightness, it is sometimes used to fill balloons. The ascensional
power, or the lifting power, of one litre of hydrogen, is found by
deducting its weight, .0896 grms., from the weight of one litre of
air, 1.2932 grammes, or 1.2036. The lifting power of one cubic
foot is about 525 grains, or 1 ounce and 55 grains. Hydrogen
is also used with oxygen in the oxy-hydrogen blowpipe. In the
laboratory, it is used as a reducing agent.
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OXYGEN.

Symbol, O. Atomic weight, 16. Molecular weight, 32. Density, 16.
Weight one litre, 1.43 grammes. .

105. Occurrence.—Oxygen was discovered by Priestley, in
1774, in the air, of which it constitutes 20.6 per cent. It ex-
ists in the air in the free or uncombined state, mixed with
nitrogen and small quantities of other gases. It enters into the
composition of a great variety of compound bodies, such as min-
erals, vegetable and animal bodies. ater is eight-ninths, sand
one-half, and alumina one-third oxygen, by weight.

106. Preparation.—Oxygen may be prepared :—

First.—By heating mercuric oxide in a retort or flask, when
it breaks up 1nto oxygen and black mercurous oxide; or, if the
temperature be high, into oxygen and metallic mercury.

2HgO = 2Hg + O,.

Second.—By heating black manganic oxide (MnO,) to
redness, in an iron or clay retort, when it gives off a part of its
oxygen.

8MnO; = Mn,0, + O,.

Third.—By decomposing acidulated water with a current of
electricity. The oxygen obtained in this way is very pure, but
it is too slow for ordinary use.

Fourth.—The best method, and the one generally employed,
is by heating potassium chlorate.

. 2KCl0, = 2KCl + 80,

The evolution of the gas takes place more regularly and at a
lower temperature, if the chlorate be mixed with ferric oxide,
cupric oxide, or manganic dioxide. In practice, the last is gen-
erally used in the proportion of one part of the oxide to two or
three parts by weight of the chlorate. The manner in which
the oxide acts is somewhat obscure, for it seems to undergo no
change in composition, and is found to be unaltered in the resi-
due left in the retort. ,

The process may be conducted in a round-bottom glass flask,
furnished with a large-size delivery tube, provided that the heat
is carefully regulated and not allowed to become too high.

One kilogramme of the chlorate ought to yield about 140
litres of oxygen. .

107. Properties.—QOxygen, when pure, is a colorless, trans-
parent, odorless, tasteless gas, slightly heavier than air. Its
sp. gr. is 1.10563. Water dissolves three per cent. of its volume,
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at ordinary temperatures. Under a pressure of 300 atmospheres,
at a temperature of —140°C, it condenses to a transparent
liquid whose specific gravity is 0.9787 (Pictet). It is magnetic.
Tﬁe magnetism of the atmospheric oxygen is equal to that of a
layer of iron covering the surface of tie earth 0.1 millimetre
in thickness.

Oxygen forms oxides of all the known elements except fluo-
rine. Its range of affinities, and its energy of combining power
are its characteristic chemical properties. Most eleménts com-

. bine directly with it, especialf'y at high temperatures. When
this oxidation is accompanied by light and heat it is called
combustion. A body is said to be combustible when it unites
readily with oxygen, and liberates light and heat in so doing. A

- combustible boc{y usually requires to be heated to a more or less
elevated temperature before it will be acted upon by the oxygen;
but when the process has once begun it is kept up by the heat
generated in burning.

Some bodies, not usually regarded as combustible, will burn
when heated to a red heat and plunged into an atmosphere of
pure oxygen ; as, for example, a steel watch spring or small iron
wire, so treated, will burn with great brilliancy. Bodies which
burn in air with difficulty, burn in pure oxygen with great read-
iness. Oxygen is the great supporter of combustion, but the
action of oxygen and the comll))ustible body are mutual. A
jet of air ma %)e burned in a jar of illuminating gas or hydro-
gen as readily as these last burn in the air. Oxidation often
takes place slowly, and the heat produced, although the same in
both cases, passes off into the air or surrounding %}odies, 8o that
the temperature does net rise much above that of the air. This
is sometimes termed slow combustion ; or, more commonly,
oxidation.

Most ordinary combustibles .contain carbon and hydrogen,
and in such cases the results of the process are carbonic dioxide
and watery vapor. In case the combustible contains sulphur,
it becomes sulphurous oxide; if nitrogen, it becomes either
ammonia or free nitrogen, according as the oxidation is complete
or incomplete. The respiration of animals is very similar to
combustion.

108. Uses.—The uses of oxygen are very many. The oxygen
taken into the air vesicles of the lungs passes through their thin
walls, by diffusion, into the blood. There it combines with the
hemoglobin and circulates with it throughout the body, assist-
ing in burning up the waste products of the broken down tissues.
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One hundred volumes of arterial blood from a dog contain
twenty-two volumes of oxygen (Grehaut), and this quantity
varies with the amount of heemoglobin, or with the red globules.

In the air, the oxygen is mixed with nitrogen to dilute it and
regulate is action. Oxygen is of use as a supporter of combus-
tion, to afford us artificial heat and light. ith this heat we
drive our steam engines, warm our houses, smelt’ our ores and
cook our food.

109. Ozone.—If a series of electric sparks be passed, for a
few minutes, through a portion of air or oxygen gas confined
in a tube, it acquires a peculiar pungent odor, and exhibits
properties which it did not previously possess. The same odor
is usually detected in the air in the neighborhood of a frictional
electrical machine while in operation ; or in the gas given off by
a mixture of potassium permanganate and sulphuric acid ; or
when phosphorus, partially covered with water, is exposed to
the air and allowed to undergo slow oxidation; or by the
electrolysis of water containing sulphuric and chromic acids.
Ozone can often be detected about a galvanic battery, using as
the exciting fluid a solution of sulphuric acid and potassium
bichromate. .

.Ozone has not been prepared in the pure state. The highest
degree of concentration reached does not exceed ane per cent.

110. Properties.—The properties of ozone are those of
oxygen, intensified. It is a very powerful oxidizing agent, tarn-
ishes silver and mercury, sets iodine free from potassium iodide,
and is readily destroyed by contact with easily oxidizable organic
matters, and by a temperature of 260°C. In this last case, it is
reconverted into oxygen. It is a strong bleaching agent. It is
soluble in oil of turpentine and in ether.

In preparing ozone from oxygen, a contraction takes place,
and it again expands on being reconverted into ordinary oxygen.
This shows that it is a condensed form of oxygen.

Ozone is 1% times heavier than oxygen, and its molecule is
represented by O\ o

O0———0 or Us.

111. Tests.—The presence of ozone may be detected by its
action upon a paper saturated with a solution of potassium iodide
and boiled starch paste. This paper becomes blue by its action,
owing to the liberation of iodine, which gives a blue color with
starch. A piece of reddened litmus paper saturated with potass.
iodide is also blued. A paper moistened with an alcoholic
solution of guaiacum is also changed to a light blue by its
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actiop. A Eiece of pa‘i)er impregnated with a solution of man-
ganous sulphate or lead hydrate turns dark brown or black in
1ts presence. These reactions disappear when the air is heated
to 260°C. (500°F.). Ozone is found in the air, especially after
thunder storms, and when in appreciable quantities acts as a
purifier of the air, destroying, by its oxidizing action, many
forms of organized germs hurtful to animal and vegetable life.
On _this account, it has been regarded as a valuable antiseptic
and disinfectant. As it is very ywitating to the mucous mem-
branes, and when present to any considerable extent causes
distressing coryza or even hsmoptysis, it is to be recommended
with caution.

HYDROGEN AND OXYGEN.

Two compounds of these elements are known.
Hydrogen oxide, or water; H,O.
Hydrogen peroxide, or oxygenated water, H,O,.

* HYDROGEN OXIDE, OR WATER.

112. Occurrence.—Water is so widely distributed in nature,
that it is almost universal. It exists in the three states of solid,
liquid, and gas or vapor. ' '

It occurs in the solid form, below the temperature of 0°C.
(32°F.), and as liquid between 0°C. and 100°C. (212°F.). In
the form of vapor 1t exists in the air at ordinary temperatures.
It is poured into it from combustion, in various manufacturing
processes, from volcanoes, by spontaneous evaporation from
the surface of the ground, bodies of water, and leaves of foli-
age. Seven-eighths of the entire human body is water. Pota-
toes contain 75 per cent.; water-melons, 94 per cent. and cu-
cambers 97 per cent. of water. It enters into the composition of
many rocks, and forms a necessary part of many crystals, where .
it is known as water of crystallization.

113. Composition.—The comlposition :of water may be de-
termined in two ways: by analysis or by synthesis. If a
current of electricity be conducteg through a vessel of wdter,
slightly acidulated with sulphuric acid, the water will be de-
composed into the two gases, hydrogen and oxygen, in the pro-
portion of two volumes of the first to one of the second. If, now,
these gases be mixed together in the same proportion, and an
electric spark sent through a portion of the mixture, they recom-
bine with an explosion. If equal volumes of the two gases be
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used, there will remain, after the explosion, one-fourth as much
gas as was taken, which, on testing, will be found to be oxygen.

These two experiments show that the proportion of the gases,
by volume, must be two of hydrogen to one of oxygen. On
weighing the two gases, we find that the oxygen weighs eight
times as much as the hydrogen ; or, by weight, water is composed
of 3 oxygen and } hydrogen. :

The recombination is conducted in the endiometer of the con-.
struction represented by Fig. 31 and the decomposition in the

F1a. 80. : Fia. 81.

apparatus shown in Fig. 30. .For the synthesis of the water,
the mixed gases are inserted into the graduated limb through the
stoi)-cock at the top. The wires connected with a small induction
coil, are connected with the two platinum wires soldered into the
glass just below this stop-cock, and which are separated within
the tube by a space about vk of an inch. On connecting the coil
with the wires from the battery a spark is sent across the space
between the platinum wires, which ignites the gases. In Fig. 30
the wires are seen to pass through the tubes and terminate in two
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strips of platinum foil, from which the gases escape to the top of
their respective limbs. If the graduated limb in Fig. 31, con-
taining the gases to be combined, be surrounded by a larger tube
through which steam from a kettle is kept passing, and the gases
are measured before and after the explosion, at the same tempera-
ture, it will be found that the steam produced by the combination
of the oxygen and hydrogen, will occupy two-thirds of the vol-
ume of the mixed gases %efore the expf(’)sion. That is, the two
volumes of hydrogen and the one volume of oxygen have formed
two volumes of steam or vapor of water. Applying the law of
Avogadro, it will be seen that there are the same number of
molecules of water produced as there were of hydrogen taken.
_Now, as we have seen in Part II of this book, the hydrogen

molecule contains two atoms, and hence the molecule of water
must contain two atoms of hydrogen. By the same reasoning, it
may be shown that the molecule contains but one atom of oxygen ;
or, the formula is H,O.

114. Preparation.—Water may be prepared in several ways, -
by chemical means.

First.—The simplest method is the direct union of the gases.

“2H, + 0, =2H,0.

Second.—It is always produced by burning hydrogen gas
or any combustible containing it, in the air, and may be con-
densed by conducting the products of the combustion through
a tube or flue kept cool by immersing it in cold water.

CH, + 20,= CO, + H,0.

Marsh Gas. Oxygen. Carbon Water.
dioxide.

Third.—Water is produced as one of the products of the
action of an acid upon a base, or metallic oxide. Thus:—

K—0—H - + HNO, = KNO, + H,O.
Potass. hydrate. Hydric Potass. Water.
nitrate. nitrate.

Fourth.—The reduction of a metallic oxide by hydrogen or
some organic substance containing it. :

C,H40 + 6CuO at red heat = 8Cu, + 2CO, + 8H,0

26u0 + 2H, = Cu, + 2H,0.

115. Properties—Physical.—When pure, water is a color-
less, transparent, mobile liquid, without taste or odor. When
viewed in large quantity, however, it has a bluish color. It is a
poor conductor of heat and electricity. When water is cooled
down below 0°C. (32°F.) it assumes the solid state, called ice.
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When the temperature is raigsed to 100°C. (212°F.) in ordinary
conditions, it assumes the gaseous state, called steam. This point
is called the boiling point. (See chapter.on Heat.) The boiling
int is higher than 100°C. under an increased pressure, or when
1t contains considerable solid matter in solution. Water, at a
temperature of 4°C. (39.2°F.), is taken as the unit of specific -
gravity of liguids and solids. At this temperature it possesses
its greatest density. When it .is heated above or cooled below
this point, it expands and becomes less dense. Water is 773
times heavier than air at 0°C, and 11,147 times heavier than
hydrogen. Water expands quite rapidly and with %reat force,
on solidifying, and hence ice is lighter than water. This expan-
sion is supposed to be due to the greater space required for the
molecules in arranging themselves into crystals. The form of
the crystal of water, is hexagonal. It may frequently be seen
in small snow flakes received upon a dark surface; the lines
of the three equal axes can often be seen with great distinctness,
The variations in the boiling point of water are much greater
than those of the freezing point, but this last is subject to slight
variations of temperature. Water may be cooled in capillary
~ tubes to —15° C. (5°F) before it solidifies, if the tubes remain at
rest; but if they are agitated, when at this low temperature, the
water will instantly solidify. The agitation favors the movement
of the molecules into the position to form crystals, and hence large
bodies of water freeze at a higher temperature when agitated by
a gentle breeze than when the air is very calm. Although water .
is converted into vapor most rapidly at 100°C., water (even
ice and snow) undergoes evaporation at all temperatures,
especially when the air is' dry. Owing to its great solvent
ower for solids, pure water is never met with in nature.
here are comparatively few substances which are totally in-
soluble in water. When we wish to prepare pure water, we gen-
erally resort to the process of distillation, rejecting the first 20
er cent. of that which distills over, and also the last 20 per cent.
It is by no means an easy matter to prepare absolutely pure
water, even by this process; but, by conducting the process care-
fully, with the above - precautions, we may obtain a water pure
enough for all ordinary chemical purposes. Pure water is' gen-
erally selected as the solvent of chemical substances which are
to be submitfed to any chemical change, because the reactions -
" take place more readily in solution than when in the solid
state, and because water is a neutral body, which does not
complicate the result by taking part in the action, itself. The
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vapor of water is transparent, invisible and colorless. Its den-
sity is 9, and its sp. gr., referred to air, is 0.6234. One volume
of water will produce 1696 volumes of steam, or, approximately,
one cubic incﬂ of water will produce one ‘cubic foot of steam at
100°C., (212°F.) and absorbs 536.0 units of heat. ;
Chemical Properties.—We have already referred, in speak-
ing of the preparation of water, to some of its chemical properties.
It unites directly with many metallic oxides to form bases or
hydrates, and to some oxides of the metalloids to form acids. .

Ca0 + H,0 = Ca0O,H,
80, + H,0 =H,80,
Co, 4+ H,0 =H,CO,

It enters into a feeble union with many metalic salts in solu-
tion, and separates with them when they crystallize, as water of
crystallization. Certain substances exhibit a marked tendency to
combine with water, or to absorb it from the air, and are used in
the laboratory as drying agents. Among these are calcium
chloride, sulphuric acid and phosplioric pentoxide.

116. Natural Waters.—As already stated, natural waters

. are never free from dissolved impurities. They contain gaseous,
liquid and solid impurities, varying according to the source from
whence derived, the temperature, the nature of the soil or rocks
over which it has flowed, or the state of the air at the time.
Natural waters may be divided into potable (or drinkable),
mineral and .saline.

117. Potable Waters.—To this class belong well and spring
waters, river water, lake water and ice water.

The purest natural waters, are rain and snow water from-
‘mountainous and country districts. The purity of rain water
varies with the locality where it falls. In the neighborhood of
large cities, where the air is charged with the products of large
factories, etc., it will contain whatever of these can be washed out
of the air.

Sulphuric acid, for example, is comparatively abundant
in the air of large cities. The rain.water of London, as given
by Dr. R. Angus Smith, contains 20.5 parts per_million, while
that of inland places in England contains only 5.5 parts; and
that from inland places in Scotland, only 2. parts; while from
Glasgow it contained 70. parts.

The source of the sulphuric acid is mostly from the combustion of
coal containing sulphur. The chlorides in rain water, principally
sodium chloride, vary with the distance from the sea coast.
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Ammonium nitrate and nitrite are found in small quan-
tities, derived from decomposing organic matter, and from the
combustion of coal. Another source of these compounds, is
the oxidation of a small quantity of the nitroien of the air by
* ozone generated by lightning in its passage through it. Rain
water also contains more or less dust and organic matter, which
it washes out of the air in falling.  The gases found in rain
water are carbon dioxide (CO,), nitrogen, oxygen, and some-
?ﬁn::, in cities, sulphur dioxide (SO,;) and hydrogen sulphide

8). -

: CO, 2.4

Peligot’s analyses show Oxygen 6.59  c.c. per litre.
Nitrogen 14.

It will be noticed that the proportion of oxygenin the air of
rain water, is about twice as great as that of the atmosphere.

Rain water, as ordinarily collected on roofs of houses, is very
much contaminated with both organic and mineral matter washed
from the roof on which it falls. It is very liable to become pu-
trid from the decomposition of this organic matter, and to breed
the larvse of certain insects. Melted snow furnishes a water even
purer than rain water, especially if we collect that which falls
toward the end of a storm.

Ice water varies very much in purity, according to the
purity of the water from which the ice is obtained. It is always
purer than the water from which it is formed, and when obtained
from clear lakes or rivers, it is often the purest of natural waters,
owing to the fact that in crystallization of water, or freezing, it
leaves the dissolved solids and gases almost entirely in the re-
maining water. The absence of the usual gases, however, renders
ice-water flat to the taste.

Spring and Well waters are simply rain water which has
been filtered through a more or less thick layer of soil. The
nature and quantity of the dissolved matters will depend upon
the nature of the soil and rocks through which it percolates, or
over which it flows.

In large cities, where the soil is saturated with filth, the well .
waters are very imIlJlure; while in well drained and mountainous
country districts they are much purer. Dangerous organic
matter may filter through many feet of soil and poison the
water of a well or spring. Shallow wells usually contain much
more organic and less mineral matter than deep wells, and are
therefore more likely to contain dangerous or unwholesome
matters. Wells are essentially a pit for the reception and accu-
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mulation of the drainage from the surrounding soil. For con-
venience they are usually situated near the dwelling, where the
soil receives more or less household waste of various kinds, and
are often placed near a cesspool or privy vault. The effect of
the geological character of the soil is almost entirely obliter-
ated by this local impurity. Such waters, even when did-

ustingly impure, are usually bright, sparkling and palatable.

he saline matters held in solution are often much approved
by those accustomed to their use. Deep wells may be regarded
as those which draw their supply from a depth of 100 feet or
more from the surface. In cases where the supply is drawn
from below a dense bed of clay or of impervious rock, the well
may be considered deep, when such supply is much less than
100 feet below the surface. Deep wells may be regarded as
- artificial springs, as both are subjected to the same conditions.

Artesian wells are artificial springs formed by boring into the
earth in a low-lying district surrounded by high ground, until
a layer of rock or gravel is reached, situated between two im-
permeable layers and containing water. The strata must be so
curved that their outcrop is on a higher plane than the surface
of the well. In such cases the water rises to the surface without
pumping, and its character is determined by the nature of the
rocks in which the water is found.

Surface Waters.—These comprise river water, pond, lake
and sea water.. The water supply of large cities is usually
taken from this class of waters, and consists of spring water,
and rain water which has fallen upon a considerable ‘surface
of country. Surface waters usually contain a large propor-
tion of organic and mineral matters. Surface water, drainin
from a cultivated district, contains more organic and minera
matter than that from uncultivated districts, and the character
of it is considerably influenced by the application of fertilizers
to the land. River waters are often contaminated by the prac-
tice of discharging into them sewage and refuse from various
. manufactories along their banks.

Characters of a Good Drinking Water.—1st. It should
be clear and limpid. Cloudy and muddy waters should be
avoided. 2d. It should be colorless. A greenish or yellowish
color is usually due to vegetable or animsﬁ organisms. 3d. It
should be odorless ; especially free from sulphyretted hydrogen
or putrefactive animal matter. 4th. It should not be too cold,
but should have a temperature of from 8°C.(46 F.) to 15°C.(60 F.).
6th. It should have an agreeable taste; neither flat, salty, nor
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sweetish. A certain amount of hardness and dissolved gases give
a sparkling taste. It should coutain from 25 to 50 c.c. of gases -
per litre, of which 8 to 10 per cent. is carbonic acid, and the rest
oxygen and nitrogen. The air of natural waters is richer in
oxygen than the atmosphere above them, viz.: about 33 per
cent. of oxygen and 67 per cent. of nitrogen, when the water
is fully saturated, which is not always the case. Highly con-
taminated waters usually contain less oxygen than the above
proportion, because it is used up in oxidizing the organic matter.
6th. It should be as free as possible from dissolved organic
matter, especially of animal origin. 7th. It should not contain
too great an amount of hardness. A certain quantity of saline
matter is necessary, however, to give it a good taste. "It should
not contain over 3 or 4 parts of chlorine in 100,000 parts of
water. .

118. Water Analysis.—We have seen that natural waters
are never pure, but contaminated by various kinds of foreign
matter to which they have been exposed. These impurities may
be harmless to the human economy, or they may be very harm-
ful. Tt is the object of the analyst to determine, as nearly as
possible, the nature and amount of the impurities found in a
water, 80 as to form an opinion as to its healthfulness.

It has been proven, beyond doubt, that water is a fruitful dis-
geminator of disease. It is believed that the disease produced
in such cases is due to microscopic organisms, and that the
organic matter of the water simply furnishes a suitable solution
in which they may live and grow. It is also known that these
organisms grow best in solutions of animal organic matter;
hence, waters contaminated with animal matters are looked
upon as much more dangerous than those containing vegetable
matter. .

If the above idea be correct, it is evident that chemical an-
alysis cannot detect the disease-producing element, although it
can tell pure from impure water.

Several methods are in use among chemists for the purpose of
forming an opinion as to the character of drinking waters. The
elements usually relied upon in a sanitary examination, are total
residue left on evaporation, the loss in weight of this residue
on ignition at a dull red heat, the chlorides, the nitrates and
nitrites, ammonia, organic carbon and nitrogen, and the quantity
of oxygen the water will absorb from an acid. solution of
potassic permanganate. Poisonous metals should, of course, be
looked for where there can be any suspicions of their presence.
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119. Total Residue.—The amount of residue left on evapo-
ration serves, in a crude way, to indicate the amount of solids,
but is only approximate and of no si%\iﬁcance unless it reaches
more than 30 or 40 grains per gallon. This residue will, of course,
vary with the hardness, or the amount of soluble constituents in
the soil. By igniting the solids (heating them over a lamp)
we may expel all volatile and organic matter, including the
water held by the calcium sulphate, at the temperature of 100°C.,
(the temperature generally used in drying the residue), some
carbon dioxide from carbonates, and oxides of nitrogen from
nitrates and nitrites. The residue left after ignition gives a rough
idea of the mineral matters present, and the loss should never
reach 50 per cent. of the total residue. ‘

120. Chlorine in potable waters is very largely derived from
the sodium and potassium chlorides of urine and sewage. The
average amount of chlorine in urine is not far from 5 parts per
1000, or 500 parts in 100,000 parts of water. The average found in
sewage is about 11.5 parts per 100,000. Over 5 parts of chlorine
per 100,000 may be considered, in most cases, to be due to pollu-
tion of the water by sewage or animal excretions. Proximity to
the sea does not materially affect the amount of chlorine, in
well waters. Too much Jy;pen‘dence cannot be put upon the
amount of chlorine in a water, as a means of judging of its
purity, for vegetable matter may exist in dangerous quantity
_without its presence being indicated by the chlorine present.
Chlorine is estimated by a standard solution of argentic nitrate.

121. Hardness.—The hardness of water is produced princi-
pally by the acid carbonates, and the sulphates of calcium and
magnesium. The acid carbonates are decomposed by boiling,
and the neutral salts precipitated :— .

CaH,(CO,), = CaCO, + H,0 + CO,.

Hardness due to these salts is called “ temporary,” while that
due to the sulphates of these metals is called “ permanent.” .
The hardness of a water seems to have little or no influence
upon the health of those who use it. Hardness is estimated by
means of a standard solution of soap. Temporarily hard waters
may be softened by adding lime in sufficient quantity to neu-
tralize the excess of carbonic acid in the water, when the car-
bonate (CaCo,) or (MgCos) is formed, which settles to the bottom.
The alkaline carbonates (Na,Co; and K,CO,) may be used to
precipitate permanent hardness and soften the water. Wood

P



106 INORGANIC CHEMISTRY.

ashes, which contain the latter of these salts, is frequently used
by washerwomen to soften water for washing.

122. Nitrates and Nitrites.—These sjts are usually looked
upon as evidences of former contamination of a water by nitro-
genous organic matter. The decomposition of organic matter of
animal origin, in waters containing dissolved oxygen, yields
nitrous and nitric acid, which combine with bases present to form
galts of these acids. Rain water containg a small quantity of
these acids, but a larger quantity indicates that the water is un-
dergoing, or has undergone, a natural process of purification
from animal matters. The quantity found usually indicates the
amount of matter thus decomposed. This purifying process goes
on more slowly in river and lake waters than in well waters,
because the exposure to oxygen in the latter is more complete
while filtering through the soil, than in a body of water. Deep
" wells may be allowed to contain more nitrates than shallow ones,
for the organic matter may all be destroyed by the filtering pro-
cess through the soil into a deep well, while in the shallow one
some organic matter, germs, and spores capable of causing dis-
ease, may pass undecomposed through the shorter distance. A
careful estimation of nitrates. gives, therefore, considerable
knowledge of the past history of a water, and is regarded by
chemists as of great importance.

A very easy and delicate test for nitrates and nitrites in water, is the
following: Make a solution of diphenylamine in pure, strong sulphuric
acid, adding a little pure water to make a clear solution.

To the suspected water add some of the sulphuric acid, then a few drops
of the above solution. If nitrates or nitrites are present, a deep blue
solution will be formed at once. This test may be used by any one, and
will give some idea of the safety of a drinking water. ’

123. Moist Combustion.—By this is meant the oxidation
of the organic matter found in a water by adding to it a mea-
sured quantity of potassium permanganate, with some sulphuric
acid, and determining the oxygen absorbed from this salt by the
organic matter present. This method cannot distinguish between
vegetable and animal matters, neither will it measure the oxygen
consumed in oxidizing nitrites to nitrates, or ferrous to ferric
salts. In the presence of these salts it may give erroneous re-
sults. Most cﬁemists regard the process as of some value in

iving an idea of probab%e pollution by organic matter, as it has
een shown ‘that dangerous organic matter is more easily oxidized
than that which is harmless.
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124. Argentic Nitrate Test.—It has been proposed to
estimate the amount of organic matter in water by the addition
of argentic nitrate, and, after filtering out the precipitated chlo-
ride and sulphide of silver, to set the filtered water in a strong
light for twenty-four hours. The organic matter present in the
water, reduces a portion of the silver to the metallic state, and
forms & black deposit. This may be filtered out and weighed,
and from the quantity, we may judge of the probable organic
purity of the water. As a qualitative test, this may easily be
performed and give proximate results.

125. Ammonia.—The spontaneous decomposition of organic:
matter in water first affords ammonia, then nitrites, and finall
nitrates. This fact is so generally conceded as to make an esti-
mation of the ammonia found in a water, a very important part
of the sanitary examination.

By distilling a measured portion of the water under exami-
pation, all the ammonia is found to pass off and condense with
the first portions distilled. To determine the amount of ammonia
present in the distillate, it is only necessary to compare the color
produced in it by a small quantity of Nessler’s reagent,* with
the color produced by a known quantity of ammonia added to
some pure water in another tubegf B

After having freed the water from ammonisa, as above, if we add
to it a strongly alkaline solution of potassium permanganate and
continue the distillation, the nitrogenous organic matter present
gives up its nitrogen in the form of ammonia, which is denomi-
nated “ albumenoid ammonia.” This may be determined in the
same manner as the “free” ammonia above. This method of
examining a water for nitrogenous matters, is generally looked
upon as one of the best methods in use for the purpose.

126. Organic Carbon and Nitrogen.—Drs. Frankland}
-and Armstrong, in 1868, proposed to burn the organic matter in
the residue left on evaporating the water to dryness, and by col-
lecting and weighing the nitrogen and CO, produced, to estimate
the amount of nitrogenous matter present. This process is diffi-
cult to conduct, ancf is open to serious errors; it is, therefore,
little employed.

127. Living Organisms.—It has lately been proposed to

* Nessler's reagent is a strong_ solution of gotass. iodide, saturated
-with mercuric iodide, and rendered alkaline with sodic hydrate.

t See Water Analysis by Wanklyn. London, 1876, p. 82.
1 Water Analysis by Frankland. Philadelphia, 1880.
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test * organic vitality ” of waters designed for drinking purposes,
by adding enough gelatin solution to make the water slightly
viscid, place it in a tall cylinder and allow it to stand in a light
place from twelve to twenty-four hours. The gelatin prevents
the free movement of the organisms in the water, and allows us
to see their growth, by the opalescent spheres caused by great
numbers of them congregated in a small spot, and springing from
a single parent. By the number and rapidity of the growth of
these spheres, we-may form some idea of the organic vitality or
the power of the water to grow organisms. This method may be
modified by floating upon the water, contained in a tall narrow
cylinder or test tube, a thick solution of gelatin, and then cov-
ering the sides of the tube with paper, admitting light by a small

hole in the paper opposite the layer of gelatin. :

On standing from 12 to 24 hours in a light place, the organisms
existing in the water will be found entangled in the gelatin
film, and may be removed with a pipette and placed under the
microscope. This process aims to judge of the character of the
water by the character of the organisms found growing in it.
If large numbers of putrefactive bacteria be found, it would be
evidence of putrefying organic matter. We have thus briefly
outlined the methods in use for testing drinking waters, for the
purpose of giving the student some knowledge of the subject,
without going into tedious details, which are intended only for
the l;:hemist., and which do not come within the scope of this
work.

128. Purification of Water.—Water may be separated
from suspended impurities by filtration, . e., by passing it through
any porous substance not soluble in the water, as clay, sand,
charcoal, brick, unglazed earthenware, unsized paper, etc. For
filtering large quantities of water for cities or manufactories,
sand or brick is to be preferred. For filtering water for family
use, a brick partition two or four inches thick, built in a cistern, .
works well. 'Bhe water is delivered in one apartment and pumped
from the. other for use.. Or, a barrel in the bottom of which
several holes are bored, may be filled with alternate layers of
gravel, sand and charcoal, and placed over the mouth of the
cistern or reservoir, through which the water may be filtered.
Such a filter, when freshly made, will remove a part of the dis-
solved organic matters as well as suspended matters. The sili-
cated carbon filters found in, the market, made of pulverized
carbon and cement, are much neater, and will also oxidize a por-
tion of the dissolved organic matter in passing the waterthrough
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them, especially when new. Porous stone filters, made from a
silicious stone, are to be found in the market, which filter rapidly
and very perfectly. Spongy iron filters, made by roasting
hematite with coal, are still more active in destroying organic
matter and putrefactive germs. We have already referred
.to methods of precipitating the hardness from water. Dis-
tillation, as a means of purifying water, has also been referred
to. Freezing purifies water, and removes, to a considerable
degree, the mineral as well as organic matters; but freezing
cannot make a dangerous water perfectly safe. Numerous in-
. stances show that disease may be communicated as surely by ice, .
as by unfrozen water.
139. Mineral Waters.—Under this name are included such
waters as, from some dissolved substances, have a greater or less
therapeutical value. These vary so much.in the character of
the dissolved substances, that no exact classification of them can
be made ; but they may be roughly classified as follows .—
1st. Carbonated waters, those which are charged with car-
bonic dioxide or carbonic acid.

2d. Sulphuretted Waters, those which contain sulphides of .
hydrogen or one of the alkaline metals, in notable quanti-
ties. gl'hey are used for baths as well as for drinking.

3d. Alkaline Waters, those containing considerable quantities
of carbonates or bicarbonates of the alkaline metals—sodium,
potassium, or lithium. .

4th. Saline Waters, those containing the neutral salts, such
as the chlorides, bromides, or iodides of the alkalies or alka-
line earths. _

5th. Chalybeate Waters, those containing some one of the
compounds of iron. Closely allied with these in properties,
are those containing manganese.

6th. Thermal Waters, or such as come to the surface at a
temperature above that of 20°C. (68° F.). Some of these
springs contain so little mineral matter as to be of no im-
li‘ort; the only value, if any, being in the temperature.

hey are used principally for baths.

130. Officinal Forms.—Aqua. Natural water in the purest
attainable state. Aqua distillata. Take of water 80 pints.
Distill two pints, reject, then distill 64 pints. (U.S. P.) The
transparency or color of distilled water should not be affected
by lime water, H,S, BaCl,, AgNO;, or (NH,),C,0,.
~ The term aqua, in the U. 8. P., is used to designate a solution
of a gaseous or volatile body in water, as aqua ammoniee,
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‘aqua chlorinii. Liquor, a solution of a fixed or solid body,
as Liquor Ferri Nitratis, Liquor Plumbi Subacetatis.
A Decoction is a solution made with boiling water, usually of
a vegetable product. An Infusion is a solution formed by
subjecting a body for a short time to either cold or warm water.
Maceration is the long continued action of water at the ordi-
nary temperature. Digestion, the same with hot but not boil-
ing water. Lixividation or leaching is the process of pouring
water upon a porous mass of any body, for the purpose of
dissolving out any soluble matters.

131. Physiological Use.—Water exists in all the tissues of
the body, and in all foods and drink. A healthy adult takes, on
an average, about 2.5 litres of water in 24 hours; and loses by
the skin, lungs, kidneys and feces a little more than this; the
excess coming from the oxidation of the hydrogen of the food
and tissues. Water constitutes about from 65 to 70 per cent. of
the whole body, being in slightly larger proportion in the young
than in the adult body. The water in the tissues serves as a sol-
vent for the various proximate principles intended for nourish- -
‘ment of the tissues, or coming from their waste, and intended for
excretion. The evaporation from the skin serves to carry off the
superfluous heat of the body.

132. Hydrogen. Peroxide (H,0;).—The simplest way of
preparing a diluted solution of this body is to passa stream of
CO, through water containing in suspension barium peroxide.

Bao;+ CO: + Hg 0 == BaCO; + HgOz.

The insoluble barium carbonate may be separated by filtration,
best through asbestos filters. This solution may then be evapo-
rated in a partial vacuum. In jits purest form, it is a syrupy,
colorless liquid, having an odor resembling that of chlorine or
ozone, and a tingling metallic taste. It is still liquid at—30° C.
(—22°F.), but at temperatures above 22° C. (71.6°F.) it changes,
rapidly into water and oxygen. This change takes place gradu-
ally at ordinary temperatures. In diluted solution it is much more
stable, and may be hoiled without suffering decomposition. The
solutions of this substance are decomposed by many fine metallic
powders. In most of its reactions it acts as an oxidizing agent.
Argentic oxide, however, is reduced to the metallic state by it.

Tests.—To the suspected solution, add a little starch solution,
then some potassium iodide, and finally a few drops of a solution
of ferrous sulphate. If any hydric peroxide be present a blue
color will appear. Very delicate.



FLUORINE., 111

Uses.—Oxygenated water, or hydric peroxide, is used as a
bleaching agent for the hair and skin, converting brunettes
into blondes. It is often used to renovate old pictures, the whites
of which have become dingy. It has been used as a disinfecting
solution, to ulcers, in ozwna, diphtheritic and scarlatinal sore
throats, or where the membrane has invaded the nose. Also
used as a test for pus in urine, with which it causes an effer-
vescence.

THE CHLORINE GROUP.

Symbol. Atomic Weight.  State.
10 ?

Fluorine, F.

Chlorine, CI. 36.6 5
Bromine, Br. 80 fi”uid.
. Iodine, L 127 . solid.

133. The elements of this group are electro-negative, fluorine
being most negative, and the iodine least so. They have a
characteristic, pungent odor, and act as disinfectants and bleach-
ing agents. They enter into direct union with many of the
metals to form binary compounds. They form compounds with
hydrogen, with well marked acid properties. They have little

nity for oxygen, but form several oxacids and salts, all of
which are rather unstable. They form the following com-

HF. - = = = = = —
HC. cLO0 CLO, €,0, HOO Helo, HOO, HOIO,.

HBr. — — — r —  HBrO, HBrO,.
HIL — - 1,0, HIO HIO, HIO, HIO,.
FLUORINE.

F.==19.

134. Little if anything is known of this element. It cannot well
be prepared. The sources of fluorine compounds are the native
fluor spar, calcium fluoride, and eryolite—a sodium and alumi-
num fluoride.

135. Hydrogen Fluoride—Hydrofluoric Acid.—This
acid is obtained by the action of sulphuric acid upon powdered
fluor spar, with the aid of a gentle heat.

CaF, + H,80, = CaS8O, + 2HF.

The operation is usually conducted in a lead “or platinum
vessel, as the acid attacks glass and most metals. The acid is a
colorless, transparent gas, with a pungent odor, very irritating to
the skin and mucous membranes. It is readily soluble in water,
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forming a colorless, highly acid and corrosive liquid, with a
pungent odor. Care must be taken, in using it, not to allow it to
come in contact with the skin, as it proc?uces a painful ulcer,
which heals with difficulty, and also constitutional symptoms of
considerable severity.

The boiling point of the liquid is between 15° and 20°C. (59 and
68°F.), and it has a specific gravity of 1.060. The most charac-
teristic property of hydrofluoric acid, is its power of dissolving
glass by removing its silicon. This property is utilized for etch-
ing glass. The article to be etched is first coated with a thin
layer of melted wax or paraffin, and the characters are then
scratched through the wax with a steel point, so as to expose
the glass where the etching is to take place. If the liquid is to
be uged, a wall of wax is built up around the characters and the
liquid is poured into the inclosure. The characters thus etched
are transparent. It is more common to invert the glass, wax

"downward, upon a leaden dish containing the fluor spar and sul-
phuric acid, and expose it to the fumes until the etching is as deep
as desired. The etchings in this case are opaque, presenting the
appearance of ground glass, and more easily seen. Fluorine
forms no oxides.

CHLORINE.

Cl. = 35.5.
D.=36.5. Sp. Gr.=2.47. BEquivalence I, III, V or VII.

136. Occurrence.—Chlorine always occurs in combination,
in nature. The chlorides of sodium, potassium, magnesium and
calcium occur in springs. Usual source, sodium chloride or
common salt.

- 137. Preparation.—By the action of sulphuric acid upon
sodium chloride in the presence of manganic oxide.
2H,80, 4 MnO, + 2NaCl =
Na,S0, + MnSO, + 2H,0 + C1,
Or, by acting upon manganic oxide with hydrochloric acid.
"4HCl 4+ MnO, = MnCl, 4 2H,0 + Cl,.

For a slow continual evolution of chlorine, as for disinfecting
purposes, moistened chloride of lime is exposed to the air. The
calcium hypochlorite is decomposed by the carbonic dioxide of the
air, and chlorine is set free. For a more rapid evolution, we may
use the same salt with a dilute acid.

138. Properties—Physical.—At ordinary temperatures
chlorine is a greenish-yellow, pungent, suffocating gas. It is
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irrespirable, causing inflammation of the air passages. It is
nearly two and a half times heavier than air; it is soluble in
water, one volume of water dissolving nearly three volumes of
the gasat 10° C. (60°F.) Thesolution, aqua chlorinii U. 8. P.,
is a greenish-yellow liquid, possessing the properties of the gas, but
slowly changing, in the light, into hydrochloric acid. It should
bleach but not redden litmus paper. Under a pressure of four
atmospheres, at ordinary temperatures, or at a temperature of
—40° C. (—40° F.), it is condensed to a dark yellow liquid.

Chemical Properties.—The affinities of chlorine are very
strong and extensive. It is characterized by its strong tendenc
to combine with hydrogen and the metals, to form chlorides. It
combines directly with many elements (finely divided copper,
antimony or arsenic), with the evolution of light and heat.. Its
attraction for hydrogen is so strong that a mixture of these gases
combine with an explosion, when exposed to direct sunlight, the
light of burning magnesium, or the electric light. It burns
readily in an atmosphere of hydrogen. It is capable of existing
in two allotropic states; the one active, and the other passive.
The passive or inactive form is the one obtained when the gas is
prepared in the dark ; and when prepared in daylight it is very
active in its properties. When the same element is capable of
existing in two or more forms, having different properties, these
forms are called allotropic conditions; the property is- called
allotropism.

One of the most marked chemical properties of chlorine, is its
affinity for hydrogen. So great is this affinity that many organic
compounds are spontaneously decomposed by it; the chlorine com-
bining with the hydrogen of the compound and setting the carbon
free. A paper wet with turpentine and plunged into' a jar of
chlorine, takes fire and deposits the carbon as a dense smoke,
while fumes of HCI fill the jar. The well known bleaching and
disinfecting powers of chlorine are due to its affinity for hydrogen.
Most vegetable colors, when moist, are readily discharged by
chlorine. The chlorine combines with the }Zydrogen of the
water and sets free the oxygen, which, in the nascent condition, is
a powerful oxidizer,and decomposes the coloring agent or organ-
ized germ, as the case may be. In some cases the chlorine acts -
directly upon the organic matters, uniting with a portion of
their hydrogen to form HCI, and a portion of it entering the
molecule to take the place of the hydrogen removed. Thus,
with marsh gas, hydrochloric acid and. methyl chloride are pro-
duced. PH‘ + Cl;, = CH,Cl + HCL '

F .

)
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139. Hydric Chloride.—Hydrochloric Acid.—Acidum
Muriaticum—Acidum Hydrochloricum (U.S8.P.)—HCl
=14 85.5=236.5. Hydrochloric acid occurs very sparingly in
nature. It is found in volcanic gases and in the gastric juice of
mammals. : '

140. Preparation.—The acid is usually prepared from
sodium chloride or common salt, by treatment with commercial
sulphuric acid, with the aid of a gentle heat.

The process is sometimes conducted as a special process, but
a large quantity of the acid is prepared, as a side product, in the

F1a. 82.

PREPARATION oF HCL

preparation of sodium carbonate by Leblanc’s process. The first

step in this processis to treat the salt with sulphuric acid, and

thus convert it into a sulphate. The hydrochloric acid set free

by this process, is collected and sold as impure hydrochloric acid.
H,S0, + 2NaCl = 2HCI + Na,S0,.

The acid may be prepared in small guantity by the direct union
of equal volumes of chlorine and hydrogen, under the influence
of sunlight or the electric spark. (See Art. 85.)

141. Properties.—Hydrochloric acid is a colorless, trans-
parent gas, having a pungent, penetrating odor, a sharp, sour
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taste, an acid reaction, and produces great irritation of any tissue

with which it comes in contact. It is irrespirable and extin-

guishes a flame. It is very soluble in water. One volume of

this liquid dissolves 450 volumes of the gas at 15° C. (69° F.)

This solution forms the ordinary muriatic acid. The specific

gravity of the solution is 1.21, and contains about 40 per cent.

of H(ﬁ. The sp. gr. of the (air = 1) is 1.264 ; the density

(hydrogen = 1) is 18.25. Under a pressure of 40 atmospheres,

at 10° C. (50° F.), it condenses into a colorless, limpid liquid,

having a sp. gr. of 1.27. A strong solution in water fumes
strongly in the air, giving off a.part of the gas. On bein,
heated, it gives off its acid rapidly. The strongest commercizﬁ
acid contains from 25 to 30 per cent. of HCl. The commercial
muriatic ‘acid is yellow in color, due to the presence of ferric
chloride. It also contains other impurities, and is used only for
manufacturing purposes.

- Acidum Muriaticum or Acidum Hydrochloricum, U.
8. P., is a colorless liquid of sp. gr. 1.16. It contains 31.9 per
cent. of HCL., with traces of impurities.

. Acidum Muriaticum Dilutum, Acidum Hydrochlo-

ricum Dilutum, U. 8. P., is made by diluting the stronger acid

with water. (Strong acid 3 parts, distilled water 13 parts). The
sp. gr. = 1.049, and contains 10 per cent. of HCl. Pure hydro-
cﬁloric acid should be colorless, and when diluted with distilled '
water, should give no precipitate with H,S, NH,OH in excess,
or BaCl,, and should not dissolve gold leaf (absence of HNO,).

142. Chlorine and Oxygen.—There are three oxides of
chlorine known.

Cl,0, Hypochlorous Oxide or Anhydride.
Cl1,0,4, Chlorous Oxide or Anhydride.
Cl,0,, Chloric Tetroxide. .

The oxides of chlorine are all unstable compounds, very prone
to decomposition, and of little importance.

143. Hypochlorous Anhydride is obtained by acting upon
mercuric oxide with dry chlorine, as a blood-red mobile liquid
below 20°C. (68° F.), HgO -+ 2Cl, = HgCl, 4+ CL,0. Above this
temperature it is a yellowish, pungent gas, resembling chlorine in
many of its properties. It is a more powerfu] bleaching and
disinfecting agent than chlorine, owing to the ease with which it
decomposes. %Vater dissolves 200 times its volume of it, forming
a colorless solution of hypochlorous acid. It sometimes
decomposes with a slight jar, or even spontaneously, with the
separation of chlorine and oxygen. Hypochlorous acid is un-
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important, but it forms a series of salts called hypochlorites.
A solution of the sodium salt, liquor sodze chlorinatee
(U. 8. P.), (Labarraque’s solution), potassium hypochlorite,
liquor potassii chlorinatae, and calcium hypochlorite, or
chloride of lime, are the most important compounds.

144. Chlorous Anhydride may be formed by treating po-
tassium chlorate, KClO,, with dilute nitric acid in the presence of
arsenious oxide. It is a greenish-yellow explosive gas, soluble in
water, with which it unites to form chlorous acid, HCIO,, a very
unstable body which has not been isolated, but which forms
chlorites. None of these salts are of importance.

145. Chloric Tetroxide may be obtained by treating potas-
sium chlorate with strong sulphuric acid, as a yellow explosive

gas. It is a powerful oxidizing agent. Below —20°C.(—4°F.)

it is an orange-red liquid. It forms no corresponding acid. )
146. Chloric Acid (HCIO;) and perchloric acid (HCIO,)
are also known, but are very unstable, and like those before
mentioned are powerful oxidizing agents. Potassium chlorate is
the only salt of note, which will be described under potassiun.

BROMINE.

Br == 80,
Specific gravity 8.187 at 0° C. (82° F.). Density of vapor 80.

147. History and Occurrence.—Discovered by Balard, in
sea salt, in 1826. It never occurs native, but is found combined
with the alkaline metals and magnesium, in sea water, certain
salt springs and the ashes of seaweeds. It is obtained from any
of the above compounds by distilling them with manganic dioxide
and sulphuric acid. -

MgBr, + MnO, + 2H,80, = Br, + MgS80, 4+ MnSO, + 2H,0.

" 148. Properties—Physical.—Bromine is a blood-red fum-
ing liquid, possessing a strong, disagreeable, pungent and irritat-
ing odor somewhat like that of chlorine. It corrodes animal
tissues. It boils at 63° C. (145.4° F.), but gives off fumes at all
temperatures above its freezing point, —24.5°-C. (—12° F.).
Water dissolves 3.2 per cent. of its volume at ordinary temper-
atures. It is soluble in alcohol, ether, chloroform and carion
disulphide, imparting its color to the solutions.

Chemical.—The chemical properties of bromine are similar
.to those of chlorine, but somewhat feebler. Bromine is poison-
ous. It may be recognized by its color, odor, or by the yellow
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or brown color of its solution in chloroform. It forms a yellow
or orange color with starch paste. A solution of argentic nitrate
precipitates it from its solutions, as a yellowish-white powder,
which is soluble with difficulty in ammonium hydrate.

149. Hydrogen Bromide (HBr).—This acid may be pre-
pared by treating phosphorus, immersed in cold water, with bro-
mine, and distilling the resulting liquid. The bromine combines
“with the phosphorus, forming PBrg, which is decomposed by the
water into phosphoric and hydrobromic acids. It may also be
prepared by the action of su{phuric acid (7 parts acid to 1 of
water), upon a hot solution of potassium bromide. (Squibb.) It
is a colorless gas, producing white clouds in the air, is readily
soluble in water, forming a strongly acid solution, the properties
of which closely resemble those of hydrochloric acid. The acid
is used in medicine, and has about the same action as the other
bromides, but is more active and rapid in its action.

150. Bromine and Oxygen.—No oxides of bromine are
known. There are, however, three acids known, corresponding
to those of chlorine. They are hypobromous acid, HBrO,
bromic acid, HBrO,, and perbromic acid, HBrO,. They
are of little importance, and but one salt of the three acids is of
interest to the physician, and that is sodic hypobromite,
NaBrO, used as & reagent for the estimation of urea. Itis pre-
Eared in solution by adding bromine to a solution of sodium

ydrate, having care to keep the mixture cool by immersion in
cold water.
2NaOH + Br, = NaOBr + NaBr + H,0

"IODINE.
I—127.

" Specific gravity, 4.95.

151. Occurrence.—Iodine occurs in the same localities with
chlorine and bromine, but in more sparing quantities than the
latter. It is obtained mostly from the ashes of certain seaweeds
collected in Scotland and France. The ash is leached with water,
the solution evaporated down until the other salts crystallize out,
leaving the more soluble iodides in solution. The solution is now
treated with chlorine, to set the iodine free, aided by a sufficient
heat to volatilize the iodine, which is condensed in suitable con-
densers and purified by sublimation. '

1562. Properties.—Iodine is a bluish-black crystalline solid,
occurring in bright scales or tablets, which emit, even at ordinary
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temperatures, & very irritating pungent vapor. When heated,
they melt at 107° C. (225° ]ig.), and boil at 176° C. (347° F.),

iving a beautiful violet colored vapor, of the density of 127.

his vapor condenses directly to the crystalline scales. When
applied to the skin, it produces a yellowish-brown stain, which
disappears after a time ; but, after repeated applications, it causes
irritation, thickening and desquamation of the cuticle. It isvery
slightly soluble in water (1 part to 7000), but the addition of
potassium iodide renders it freely soluble. It is freely soluble in
alcohol, ether, chloroform, glycerine, carbon disulphide and ben-
zole. When pure it should leave no fixed residue when volatilized.
Cyanogen is sometimes found as an impurity. This may be de-
tected by heating the iodine on a water bath, covered with a cold'
watch glass, upon which the white crystals will. condense. Its
solutions, when cold, yield a deep blue color with boiled starch,
which precipitates on standing. Boiled starch is used as an an-
tidote in cases of poisoning.

1563. Medical Bses.—%t is. used externally as a counter
irritant and discutient ; internally, as an antizymotic and altera-
tive. In large doses, it acts as an irritant poison. It is elimi-
nated by the iidneys, saliva and faucial mucous membrane, but
not by the skin. In administering it, silver spoons should be
avoided, as it attacks them. The following preparations of free
iodine are officinal: Iodum, Tinctura Iodinii, a solution
in alcohol (3%j to Oj). When freshly made, it is precipitated
~ from this solution with water, but after some time it undergoes
changes which prevent this. The so-called colorless tincture
is made by adding ammonium hydrate to the above tincture, in
sufficient quantity to decolorize it by converting the iodine into
ammonium iodide. '

Tinctura Iodinii Composita is a solution of iodine and
potassium iodide in alcohol. Liquor Iodinii Composita (Lu-
gol’s solution), is a solution of iodine and potassium iodide in
water. Unguentum Iodinii and Unguent. Iodinii comp.,
the former containing iodine and the latter iodine and potassium
iodide rubbed up with lard, are also officinal.

154. Hydric Iodide, or Hydriodic Acid (HI).—A solu-
tion of this acid is prepared by passing hydric sulphide through
water containing iodine in suspension, until the iodine disappears,
and then filtering from the precipitated sulphur. The acid, when
pure, is a colorless gas, fuming in the air, having a penetrating
odor resembling in most of its properties those of hydrochloric
acid, although less stable and less active. Acidum Hydrio-
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dicam Dilutum is officinal, but is prone to decomposition, with
the liberation of iodine.

Iodides of sulphur, ammonium, arsenic, mercury, lead, iron,

tassium and sodium are also used in medicine.

155. Iodine and Oxygen.—There are three or four unim-
portant and unstable oxides of iodine known. I, 0, 1,04 and
possibly L,O,. Two oxygen acids are known, iodic, HIO; and
periodic, HIO, or H;1O.H; (Thomsen & Basarow). The first is
obtained by treating iodine with nitric acid, and the second by
passing chlorine through an alkaline solution of sodium iodate.

The first, when pure, appears as a white, crystalline solid, and
the second as colorless crystals. Both are very soluble in water,
are easily decomposed, and form salts.

The following compounds are also known : ICl, ICl, ICl, IBr,
IF]l, and NI, The last is a very explosive compound.

SULPHUR GROUP.

Sulphur, 8 = 32.
Selenium, Se = 79.6.
Tellurium, Te = 128.

156. Group Properties.—The elements of this group are all
solid at ordinary temperatures. Their quantivalence is usually
dyad, tetrad, or hexad. They combine with hydrogen to form
hydracids, containing two atoms of hydrogen. In binary com-
pounds they are usually dyad. They form two series of oxides
and corresponding acids, RO, and RO,, H;RO; and H;RO,. 1In
the first series their quantivalence is tetrad, and in the second
hexad. Sulphur is the most electro-negative; and tellurium the
least so, but all are decidedly negative.

SULPHUR.
8 =32,

Sp. gr., 2.04. Density of vapor, 32. Melts at 114° C. (287°F.)

157. Occurrence.—Sulphur was known to the ancients. It
occurs in volcani¢ regions, and is brought mostly from Sicily and
Iceland. The sulphur occurs native, mixed with clay, from which
it is separated by distillation. This element also occurs as sul-
phates in the minerals, gypsum, CaSO,. 2Aq, Barite, BaSO,,
etc.; and as sulphides of iron, copper, nickel, and, in fact, with
many of the metals.
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158. Preparation.—It is prepared from the native sulphur
mixed with more or less earth, found in volcanic regions of Sicily,
by distilling it from the non-volatile impurities. A second
distillation 18 necessary to prepare the refined sulphur of the
market. The second distillation is conducted in a retort, the -
vapor being conducted into a large chamber (Fig. 33), where, if
the process is conducted slowly, it collects in the form of a
crystalline powder called flowers of sulphur. If the process is
conducted more rapidly, the chamber becomes hot, and the sul-

Fia. 33,

REFINING OF SULPHUR.

phur then condenses to a liquid at the bottom, whence it is drawn
off into moulds forming ordinary roll sulphur or brimstone.

Sulphur is also obtained in some localities from iron pyrites, by
piling it in heaps mixed with wood, to whi¢h fire is applied. The
ore gives up a part of its sulphur, which meits and runs into
cavities made under different parts of the heap.

159. Properties—Physical.—Sulphur, in its ordinary form,
is a lemon-yellow solid, melting at 114° C. (234° F.), andr{oiling
at about 440° C.(824° F.), giving off a brownish-yellow vapor,
which in condensing returns directly to the solid state. Sulphur
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is brittle, tasteless, odorless, a non-conductor of heat and electri-
city, and generates negative electricity when rubbed. It is in-
soluble in water, and almost 8o in alcohol. It is slightly soluble
in aniline, phenol, benzol, benzine and chloroform.. The best
solvent is carbon disulphide, 100 parts of which dissolves 37 parts
at ordinary temperatures.

Allotropic Forms.—Sulphur is capable of existing in three
allotropic modifications ; two crystalline, and one amorphous and
plastic. The first variety is that found native, and occurs as
octahedra of the second system. (See Art. 76.) It is freely
soluble in carbon disulphide, from which the crgstals-separat.e on
evaporation. The second variety is produced by crystallization
from sulphur melted at high temperatures. This variety occurs
as yellowish-brown, transparent prisms of the monoclinic system,
of sp. gr. 1.98, insoluble in carbon disulphide, and gradu-
ally changes into the first variety. Since it crystallizes in two
distinct systems, sulphur is said to be dimorphous. By heating
sulphur, it melts at about 114°C. (234° F.) to a yellowish liquid ;
on raising the temperature to about 150° C. (302° F.), it becomes
viscid and dark colored, and cannot be poured from the vessel ;

-at & higher temperature, approaching its boiling point, it again
becomes liquid. If sulphur, in this second liquid stage, be sud-
denly cooled by pouring into water, it assumes a soft, plastic,
transparent mass, capable of being moulded like wax. This
varieti, like the preceding,.gradually changes into the first va-
riety, becoming opaque, yellow and crystalline.

Density of vapor at 600° C. (832° F.) =96 = 8,. At

1000° C. (1832° F.) =32 = 8,.

Chemical.—When heated in the air, sulphur takes fire and
burns with a pale blue flame, and evolves abundant fumes of
.sulphurous anhydride, SO,. It is generally strongly electro-nega-
tive and resembles oxygen in many of its compounds. In a few
compounds it is electro-positive. It unites directly with man
of the metals, especially when in the melted state, some metals
taking fire and burning readily in its vapor. It forms the basis
of a large and useful class of compounds, many of which resem-
ble in compdsition the corresponding compounds of oxygen.

Thus, carbon disulphide, CS,, corresponds to carbon dioxide,
CO,. Corresponding to hydric oxide, ?—LO, we have hydric sul-
phide, H,S, and to cyanic, CNOH, we have sulpho-cyanic acid,
CNSH. Corresponding to carbonic acid, H;CO,, we have sulpho-
carbonic acid, H,CS,. .
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160. Uses.—Sulphur is used in the arts, in the manufacture
of sulphuric acid, H,SO,, as a bleaching agent for straw and
woolen goods, and in the manufacture of matches and gun-

owder. In medicine it is used as a parasiticide, and as a gentle
axative, although not as frequently as formerly. It is innocuous.

161. Officinal Forms.—1. Sulphur sublimatum, com-
mercial flowers of sulphur. 2. Sulphur lotum, washed
sulphur. Flowers of sulphur usually contain small quantities of
sulphurous oxide, which is removed Ky washing with hot water.
3. Sulphur pracipitatum, lac sulphuris, milk of sulphur,
is made by boiling for two hours sulphur and fresh slaked lime
suspended 1n water.

8Ca0,H, 1+ 28, = 2Ca8S + CaS,0, + 8H,O.

The filtered solution of CaS and CaS,0, is then diluted and
};.reated with dilute hydrochloric acid as long as a precipitate
orms.

2Ca8 + CaS,0, -+ 6HCl = 8CaCl, + 8H,0 + 28,.

The calcium chloride, being very soluble, remains in solution.
The sulphur is to be thoroughly washed with water, until free
from acid. It is a fine white powder, easily suspended in water
and viscid liquids. 4. Unguentum sulphuris, U. 8. P., con-
tains one part of sulphur to two of lard.

162. Sulphur and Hydrogen.—Two compounds of sulphur
and hydrogen are well known—hydric sulphide, H,S, and hydric
persulphide, H,S,. The first only is of su&cient interest to merit
description here. Hydric sulphide, hydro-sulphuric acid
and sulphuretted hydrogen are synonymous terms. It is
found in volcanic gases, in some mineral springs, and as a re-
sult of the decomposition of organic matter containing sulphur.
At an elevated temperature, the two elements may be made to
unite directly.

163. Preparation.—The usual method of preparing it is to
act upon a sulphide, usually ferrous sulphide (pFeg , with dilute
sulphuric acid.

164. Properties.—H,S is a colorless, transparent gas, of an
unpleasant odor resembling that of rotten eggs, soluble in water,
to which it imparts acid properties. It 18 somewhat heavier
than air, its density being 17 and its sp. gr. 1.177. At a tem-
perature of —74° C. (—101.2° F.), or under a pressure of 17
atmospheres at 10° C. (60° F.), it condenses to a colorless, mobile
liquid, which at —85° C. (—121° F.) becomes an ice-like solid.
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It burns with a blue flame, producing water and sulphurous
oxide or anhydride, SO,.

2H,8 + 80, = 2H,0 + 280,.

If the supply of oxygen is deficient, H,O is produced, while
the sulphur is deposited free. It is decomposed by chlorine,
bromine, iodine, and oxidizing agents in general. It is also de-
composed by sulphurous oxide.

hen the gas is allowed to bubble through a solution of an
alkaline hydrate, the sulphur and oxygen exchange places, with
the formation of a sulphydrate. KOIie+ H.S = KgH + H.,O.
‘When it is passed through a solution of a metallic salt, it forms,
in many instances, a sulphide of the metal. CuSO, 4 H,S =
CuS + H,80,. It is, on this account, largely used in the labor-
atory as a reagent for the separation of the metals from one
another. Minute quantities of H,S may be detected by its odor,
or by the brown or black color it imparts to & paper moistened
with a solution of plumbic acetate. Its principal use is as a
reagent.

165. Physiological.—When inhaled, it is not an irritant, but
a narcotic poison, even when largely diluted with air. According
to Faraday, birds die in air containing rdsv of it, and dogs in
one containing yds. According to Lethe%) , human beings cannot
live in an atmosphere containing more than one per cent. Its
action is principally a reducing one upon the hzemoglobin of the
blood, and prevents this fluid from absorbing oxygen, although it
probably does not combine with it. (Wurtz.) Hydrosulphuric
acid is formed in the intestine, from the decomposition of albu-
minous matters, especially where there is any impediment to
digestion, or to the onward movement of their contents. It also
sometimes occurs in abscesses, in the urine and bladder. )

This gas is almost a constant ingredient in the gas of sewers
and privy vaults, existing free or combined with ammonium
as ammonium sulphydrate. Poisoning by this gas may be
acute or chronic. 'lyhe latter is more common, producing a
febrile state, with malaise and general debility. The injurious
- effects of sewer gas are partiaﬁy due to this form of poisoning,
although not entirely. Occasionally this gas is so concentrated
in sewers that those who enter them suffer with acute poisoning,
fall almost instantly, and if not rescued, die in a short time.
The treatment, in such cases, should consist in pure air, or oxygen,
with brandy and water. Chlorine water, or a mixture of potassium
chlorate and dilute hydrochloric acid, may be administered inter-




124 INORGANIC CHEMISTRY.

nally. "Taken internally, in the form of natural mineral water,
it is a favorite and popular remedy for  rheumatism, gout, and
certain skin diseases. : .

166. Sulphur and Oxygen.—The following oxides and
oxacids of sulphur are known:—

Hyposulphurous oxide, S,0,. -

acid, H,80,.
Sulphurous oxide, SO,.
¢ acid, H,SO,.
Salts of Thiosulphuric acid, H,S,0, Acid not isolated.
- Sulphuric _oxide, SO,.
Sulphuric acid, H,50,.
Sulphuric peroxide, §,0,
Nordhausen *¢ acid, HZ,S,O,.
Salts of Dithionic acid, H,0,80,—S0,.
.« « ‘Prithionio acid, H, = 0, = 80,—8—S0,.
« « Tetrathionic  acid, H,0, = S0,—S—S8—S0,.

¢“ ¢ Pentathionic acid, H,=0,=S0,—S—8—8—80,

A few only of this large number of compounds are of sufficient
importance to be described here. :

167. Sulphurous Oxide or Anhydride, SO,—Prepara-
tion.—1. It may be prepared by burning sulphur in the air.
2. By heating sulphuric acid with copper turnings, sulphur, or
carbon. According to the U. 8. P., and B. P., charcoal is
used. ’

168. Properties—Physical.—Colorless gas, having a pun-
gent, suffocating odor, and a disagreeable acid taste. It is ver
soluble in water, with which it combines to form an unstable
acid, emitting the odor of the gas, acidum sulphurosum,
U.S.P. It is very soluble in alcohol. Sp. gr. 1.035. The
density of the gas is 32.264 sp. gr. (Air = 1) 2.234. Below
- —10° C. (14° F.), it is a colorless mobile liquid, which solidifies

at —756° C. (—103° F.). -

Chemical.—Non-combustible, and will not support combus-

tion or respiration. It combines with water to form sulphurous - -

acid, and hence is an anhydride. Nascent hydrogen reduces
it to H,S and water. It is a valuable reducing agent, easily
taking up oxygen to form sulphuric anhydride or acid. It isa
bleaching, disinfecting and deodorizing agent of considerable
value. It bleaches many vegetable colors, although not perma-
nently destroying them. The colors may be restored by an
alkali, or weai chlorine water. It is used principally for straw;
silk and woolen goods. It decomposes hydrogen sulphide, and,
when concentrated, destroys many forms of microscopic life.
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169. Physiological and Medical Effects.—Used inter-
nally, and as sulphites and thiosulphates (Hyposulphites) in
zymotic diseases, gastric fermentations, sarcina, etc., also locall{',
in erysipelas and poisoned wounds. The sulphites and thiosul-
phates of the alkaline metals are used for the same indications as
the acid. Hyposulphite of sodium is prepared by digesting sul-

_phur with sulphite of sodiun. It is used in photography and
electro-metallurgy, as a solvent for the silver salts. Dese of the
acid, 4 c.c. (f3j) largely diluted. Dose of sulphite or hyposul-
sulphite, 0.650 to 3.000 (gr. x to 1.)

170. Sulphuric anhydride (80,), is obtained by distilling
Nordhausen acid, as white silky prisms, hissing when dropped
upon water, from the energy with which they combine. Melts at
18.3° C. (65°F.), and boils at 43° C. (110° F.) Does not redden
dry litmus paper. .

171. Sulphuric Acid, Hydrogen:Sulphate, Oil of
Vitriol, H,SO, = 98.—The commercial acid is prepared in
large quantities directly from sulphur or iron pyrites. The pro-
cess is conducted in large chambers lined with sheet lead. Into
these chambers sulphurous oxide is poured from a furnace in
which sulphur is burned or pyrites roasted, along with a free
supply of air. In the same f{’lrnace is placed a crucible con-
taining sodium nitrate and sulphuric acid, for the purpose of
preparing and volatilizing nitric acid, which is carried into the
chamber with the SO, and air.. The nitric acid gives up.a part
of its oxygen to oxidize a portion of the 8O, to SO,. :

2HNO, + 880, = 880, + H,0 + N,0,.

The SO, then combines with the water thus produced, and
more water is supplied by a jet of steam thrown constantly into
the chamber.

The N,O, has the power of taking up oxygen from the air and
becoming N,O,,

N,0, + 0, =N,0,, )
which in turn parts with this oxygen to oxidize a new quantity
" of SO;.
’ N,0, + 280, = N,0, + 280,.

Thus the process is kept up as long as the SO,, air, steam and
N.O, are supplied. The acid condenses with the water on the floor
of the chambers, and when it reaches a sp. gr. of 1.55 it isdrawn
off into large leaden pans and evaporated to a sp. gr. of 1.746,
when it begins to dissolve the lead. It is then drawn off into
platinum stills and the concentration completed.
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172. Properties.—The commercial acid is a heavy, corrosive, -
oily liquid, often of a brownish tinge, and has a sp. gr. of 1.830
to 1.845. It mixes with water in all proportions, combining with
a certain quantity to produce H,§O5, and finally ortho-sul-
ﬁ‘huric acid, H,S({,, with the production of considerable heat.

he concentrated acid attracts moisture, and is used as a dessic-
cating agent. Gases, allowed to bubble through it, are deprived
of their moisture. It chars organio matter and corrodes animal
tissues. Paper dipped in a cooled mixture of two parts of the
acid and one of water, and then quickly washed, is con-
verted into parchment paper. Starch or cellulose, when
boiled with the dilute acid, is changed, by hydration, into glucose
or grape sugar ; and cane sugar into glucose and levulose. In
this action it behaves like the unorganized ferments, diastase,
pepsin, trypsin, etc., and illustrates the so-called catalytic action
of certain bodies. The dilute acid is a solution of HgSOs in
water. On boiling this with the above bodies, it imparts a portion
of its water to the organic body, and takes up more water from
the solution to supply its place.” Sulphuric acid is a powerful
dibasic acid, forming a series of salts called sulphates, all con-
taining the SO, group of atoms. It also forms a series of acid
sulphates,—HKSO,, HNaSO,. Owing to the powerful affinities
of this acid, it usually removes the metal or positive radical from
other acids and sets them free. This should be remembered in
adding it to Erescriptions. It forms insoluble precipitates with
solutions of barium, lead, strontium and with ca]l)cium in concen-
trated solutions. The other sulphates are soluble in water.

173. Medical Effects.—When dilute, tonic, astringent
and refrigerant. Concentrated, or in large doses, it is a corrosive
Eoison. Antidote—lime, magnesia, sodium carbonate, or other al-

aline body, best given in milk.

174. Officinal Forms.—Acidum sulphuricum, the so-
called C. P. acid, of sp. gr. 1.84, used only in the making of
other preparations. Acidum sulphuricum dilutum, sp. gr.
1.082, U. 8. P., containing 11.9 per cent., H,80,. Sp. gr. 1.094
B. P. containing 13 per cent. H,SO,. Acidum sulphuricum
aromaticum, containing about the same amount of H,SO, as
the dilute acid. ‘

175. Tests and Impurities.—Commercial sulphuric acid
alwet{tiys contains lead sulphate, producing a cloudiness when di-
luted with water. Oxides of mitrogen, and sulphurous acid are
also frequently found. A solution of brucia, with which they
give a rose-red color, may be used as a test for the first. Or-
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ganic matter gives to the acid a dark color. Arsenic and iron are
sometimes found in the commercial acid.

The C. P. acid should not contain lead, iron or organic matter.
It often contains oxides of nitrogen and sulphurous acid. Sul-
phuric acid and soluble sulphates are easily detected by the
use of barium chloride, or nitrate, with which they form a white
precipitate insoluble in hydrochloric acid. Lead, silver and
m«larcué'y must first be removed with H,S, and the solution
diluted. : :

176. Fuming Sulphuric Acid—-Nordhausen Acid
(H,8,0,), is obtained by distilling ferrous sulphate. The first
Eortions are a white crystalline solid, fusing at 35° C. (95° F.),

aving the above composition. ’

The commercial acid is a brown, oily liquid, fuming in the air,
and hissing when dropped into water. Some chemists regard it

as a solution of 8Oy in H,;8O,, When heated, it gives off SO, .

and H,SO,.
H,8,0, = H,80, + SO,.

It is used in manufacturing alizarine, eosin, etc., and as a sol-
vent of indigo. It forms a series of salts called disulphates.

1717. Su%phur with Chlorine, Bromine and Iodine—
Sulphurous Chloride (8,Cl,)—A yellow, volatile, fuming
liquid, formed by distilling sulphur in an atmosphere of chlorine
gas, and having a powerful solvent power for sulphur and sul-
phuric chloride. )

It is decomposed by water, but mixes with benzol and carbon
disulphide. SCl,, and several oxychlorides, are known. Bro-
mine unites directly with sulphur to form a red, unstable liquid,
probably consisting mostly of S,Br,.

Iodine and Sulphur combine directly when gently heated,
even under water. When 127 parts of iodine and 32 parts of
sulphur are heated they form a steel-gray crystalline mass, 8,1,
sulphuris iodidum (U. S. P. and % %.), said to be a pow-
erful remedy in certain skin diseases. It melts at 60° C. (140° F.),
and is insoluble in water. Other iodides have been described,
but are unimportant.

SELENIUM AND TELLURIUM.
Se. '79.5. Te. 128.

178. These elements are rare and of no special interest to the
physician.
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NITROGEN GROUP.

Nitrogen, N 14 Il or V.
Phosphorus, P 3l Ill or V.
Arsenic, As="T75 Ill or V.
Antimony, Sb =122 III or V.
Bismuth, Bi=210 IIl orV.

179. Group Characteristics.—A well defined group with
nitrogen at the negative end and bismuth at the positive. The
atomic weights form a graded series from 14 to 210. The first is
a gas ; the second a velatile solid ; the third a volatile, crystal-
line, metallic-looking body, showing a slight tendency to allo
with metals and combine with acids; the fourth less easily volatil-
ized, crystalline, possessing a brilliant lustre, alloying witz metals,
and showing a tendency to act the positive role with acids; the
fifth, also crystalline, having a metallic lustre, and showing
more marked positive tendencies. They are all both triad and
pentad, and form two series of compounds.

The following will exhibit the relations of some of the most
important compounds :—

Hydrides. Chlorides. Oxides. Sulphides.

s s e N,0,, N,0,
PH PCl,, PC1 P.0,, P,O, P,8,, P,S,
AsH, AsCly, AsCl, *  As,0,, As,0, As,S;, AsyS,
SbH, SbCl,, SbCl,  8b,0,, 8b,0, Sb,S;, Sb,S,
BiCl,, ... Bi,0,, Bi,0,

NITROGEN.

Symbol, N. At. wt. 14. Equivalence, I, IIl or V. Density, 14.
Wt. of 1litre, 1.266 grms. Sp. gr., (Air =1) 0.971.

180. Occurrence.—Exists free in air, mixed with oxygen.
It is also found free in the. gases found in the stomach, large and
small intestine, the urine, etc. Combined, it occurs as nitrates of
potassium, sodium and calcium, in ammonia, and in many vege-
table and animal bodies of the proteid group.

181. Preparation.—From the air, by burning phosphorus in
a confined space until the oxygen is removed, or by passing air
over copper or iron turnings Keated to redness, the nitrogen pre-
pared by both these methods contains small quantities of other
gases found in the air. To prepare it pure, heat ammonium
nitrite (NH,NO,).

182. Properties—Physical.—A colorless, transparent, odor-
less, tasteless, incombustible gas, not a supporter of combustion or
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of animal respiration. It is not poisonous; very sparingly solu-
ble in water or alcohol. One part of water dissolves, at the ordi-
nary temperature and pressure .025 parts of this gas. Chemi-
cally, nitrogen is characterized by its inertness. It unites directly
with magnesium, boron, vanadium and titanium. Indirectly, it
forms a great number and variety of compounds, many of which
are unstable. Under the influence of electric discharges nitrogen
can be caused to unite with hydrogen to form ammonia, NH,
and with oxygen to form nitrous and nitric oxides. From this
source most of the nitrogenous products necessary to sustain
plant life are primarily derived. '

THE ATMOSPHERE.

183. The atmosphere is composed principally of nitrogen
and oxygen mixed together in the proportion of 20.93 parts of
oxygen by volume to 79.07 parts of nitrogen, and, by weight, 23
parts of oxygen to 77 parts of nitrogen.

Although air is a mixture and not a definite compound, it is
remarkably constant in composition. Regnault found in 233
analyses of air, at different times and places, that the per cent. of
oxygen by volume varied between 20.908 and 20.999. That air
is a mixtare is proved by: 1st, its gases are not present in the
proportion of their atomic weights; 2d, air can be made, to answer
all the properties of the atmosphere, by a mechanical mixture
of the gases; 3d, solvents for oxygen, as an alkaline solution
of pyrogallic acid, remove this gas from the air; 4th, each gas
dissolves in water independently of the other, and with its own
solubility ; thus, by expelling the air from water, by boiling, and
analyzing it, we find it to correspond to that calculated from the
known solubility of the two gases. :

The analysis of the air expelled from water contains 33 per
cent. of oxygen, and 67 per cent. of nitrogen; it is, therefore,
much richer in oxygen than the atmosphere. Owing to the rapid
diffusion of the gases, the disturbances in composition due to the
respiration of animals and manufacturing processes, are soon re-
stored. Besides the two chief gases found in the air, there are
various other ingredients found in small quantities; as water
vapor, carbon dioxide, ozone, ammonia, nitric and nitrous acids,
hydrocarbons, solid particles of dust, sodium chloride, vegetable

erms or, spores, bacteria, etc. Air in which animals are con-

ned, also contains some of the organic exhalations from their

bodies. In the neighborhood of large cities, various other sub-

stances are poured into the air from manufacturing establishments.
G
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The essential ingredients are oxygen, nitrogen, carbon di-
oxide, and watery vapor. The rest ot those enumerated, may be
regarded as accidental, and not essential to the growth of plants
and animals.

184. Watery Vapor.—The proportion of watery vapor in
the air varies considerably with the temperature and locality.
The air is seldom saturated in the daytime, and contains less
inland than near large bodies of water. The higher the temper-
ature of the air the more moisture it will hold; thus, at 0°C.
(32°F.), 1 cu. metre (1.3 cubic yards) is saturated by 5.4 grammes
(83.3 grs.) of water, and at 25°C. (77°F.), the ordinary temper-
ature, it requires 22.5 grammes (347 grs.). Or, at T7°F,, one
cubic yard will be saturated by 267 grains of water, and«one
cubic foot by about 10 grs. In reality, the air will seldom be
found to contain more than 60 or 70 per cent. of this amount.
‘When one cubic metre (1.3 cu. yds.) of an atmosphere, saturated
at 25°C. (7T7°F.), is cooled down to 0°C. (32F.), it will deposit as
dew, rain, or frost, 22.6 — 5.4 = 17.1 gms. (263.8 grs.). The
temperature at which air begins to deposit its moisture, on bein
cooled, is called the dew point. The dew point will depen
upon the amount of water actually present in the air. The
amount of moisture is determined by passing a known volume of
air through tubes containing calcium chloride, which absorbs the
water. The increase in the weight of the tube gives the weight
of water. The amount of vapor in air varies from .3 to 1.6 per
cent. by volume. The dampness of the air does not depend upon
the amount of water it contains, but upon the degree of saturation.
A cold damp air, when heated, becomes dry; hence, the neces-
sity of supplying moisture to the heated air in our rooms in winter.
A very dry air irritates the air passages, produces dryness of the
skin and malaise. A very moist atmosphere checks evaporation
from the skin and lungs, raises the bodily temperature, and soon
becomes oppressive.

185. Carbon Dioxide.—The average amount of carbon di-
oxide, CO,, in country air is 4 parts in 10,000, and varies from
3 to 6 parts. It is greatest near large cities and manufactories,
greater during the night than the day, on land, and the reverse
on the ocean. Plants remove it from the air in the daytime, and
the cooler water at night, more than the warmer water during
the day. (See Carbon dioxide.)

186. Ammonia.,—This exists in the air, in very minute
quantities, in the form of carbonate, nitrate and nitrite, the result
of the decomposition of animal and vegetable organic matters.
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It is especially evolved from urinals, privy vaults and horse
stables. It is washed out of the air by falling rain, and is taken
up from the soil by plants.

187. Nitric and Nitrous Acids occur in extremely minute
quantities, and are produced by the direct union of oxygen and
nitrogen in the presence of watery vapor, under the influence of
discharges of lightning. They exist principally in combination
with ammonia.

Hydrocarbons, the principal of which is marsh gas, are fre-
quently found in the air of cities, coal mines, wells and swampy
districts. It is produced by the decomposition of vegetable
matter under water, and in some industrial processes.

188. Accidental Gases in the Air.—l}})xe gases generated in
certain manufactures are sometimes allowed to escape into the
air from the rooms in which workmen are employed. Some of
these are harmless and others hurtful. Among the first class ma

be mentioned carbon dioxide, when not in too large quanti- -

ties, and ammonia. To the second class belong hydric sul-
phide, ammonium sulphydrate, sulphurous oxide in
large quantities, vapors of mineral acids, carbon disul-
phide, etc.

Hydric Sulphide, or Sulphuretted Hydrogen, is found
in certain tunnels and mines, caused by the decomposition of iron
pyrites. It is also found in the air of some marshes and sewers.

The symptoms produced by breathing small quantities of this
gas, are those of debility and angmia ; in larger quantities, head-
ache, vertigo, weak pulse, sweating and prostration.

Sulphydrate of Ammonia produces nearly the same symp-
toms as hydric sulphide. It occurs in the air of sewers and privy
vaults. Both these substances are easily destroyed by chlorine
or sulphurous oxide. :

Sulphurous Oxide, unless in considerable quantities, and in
a closed room, does not seem to have any deleterious effect upon
the workmen. In bleachers it sometimes produces irritation of
the bronchial tubes.

Hydrochloric Acid, Nitric Acid, and Chlorine in con-
siderable quantities are very irritating to the lungs and conjunc-
tiva. Carbon Disulphide produces unpleasant and deleterious
effects upon workmen exposed to air containing it; as headache,
giddiness, nervous depression and loss of appetite. :

189. Suspended Matters.—A great variety of solid par-
ticles, or dust, are found in the air at all times. These consist of
fragments of wood, textile fabrics, metals, etc., pollen of plants,
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bacteria germs, etc. These suspended particles may be regarded
as impurities, and many of them are injurious to health. Work-
men in various trades are seriously affected by the dust to
which they are exposed ; as miners, especially of lead and coal,
grinders of metals, wool sorters, rag pickers, feather. dressers, etc.
The irritation of the dust of these and other trades may cause
chronic bronchitis, emphysema, phthisis, or chronic poisoning.
Germs of various kinds are believed to canse many of the conta-
gious and malarial diseases, and may be carried some distance
in the air. Some of these germs seem to be easily oxidized, while
others are very persistent. The best disinfectants for their de-
struction, are free ventilation and consequent dilution, chlorine,
bromine, iodine and sulphurous oxide.

190. Disinfectants, Germicides,* Antiseptics, Deodor-
izers.— The presence of odors and organized “ germs”’ in the air,
often require the use of one of the above agents. Disinfectants
are a class of bodies which are supposed to destroy the germs, and
thus prevent them from causing their specific action either upon
~ the human body or in decomposable organic bodies or solutions.

The most efficient of these is heat. 8rganized germs may be
Mitered from the air by passing it through cotton wool; or they
may be removed by inclosing the air in an air-tight box or
chamber, the insides of which are moistened with glycerine.
(Tyndal.) Ozone, chlorine, bromine, iodine, sulphurous oxide,
mercuric, zine, aluminium, magnesium and calcium chlorides,
potassium chlorate, potassium permanganate, carbolic, boric,
cresylic and sulphuric acids, thymol, menthol, camphor, etc., are
among the disinfectants most used.

Antiseptics are agents which retard or entirely prevent
%trefaction or growth of microscopic germs and organisms,

hile disinfectants destroy the cause of infection, anti-
septics prevent the development of these causes. Low tem-
perature retards putrefaction, and is, therefore, an antiseptic
agent. These two terms are frequently used interchangeably.

Asepsis is a condition of entire absence of any germs or cause
of infection. Deodorizers are bodies used to destroy offensive
odors. They may be either solid, liquid or gaseous. Solids—
dry earth, lime, charcoal, ferrous sulphate, carbolates of calcium,
sodium and magnesium. Liquids—solutions of plumbic nitrate

* A germicide is an agent which has the power of killinﬁ the germs,
and thus preventing their growth. A disinfectant destroys the infectious
properties of a septic matter, whether this be due to ‘germs or some other
agent.
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(Ledoyen’s fluid), zinc chloride (Burnett’s fluid), potassium or
sodium permanganate (Condy’s fluid), a mixture of copper and
zinc sulphates (Lanande’s disinfectant), solutions of ferric chlo-
ride, of ferrous sulphbate, hypochlorites, etc., are among the best
known. Gases—pure air, ozone, chlorine, bromine, and sul-
phurous oxide are those most effective. Fumigations with tar,
herbs, and various aromatic substances, only disguise the offen-
sive odors, but do not destroy them.

The ordinary offensive odors are due to hydric sulphide (H,8),
ammonium sulphhydrate (NH,HS), phosphoric hydride (PH,),
and complex ammonium compounds. Chlorine, ozone, and ni-
trous oxides will destroy these gases by oxidation, and thus
destroy the odor.

It should be remembered that these odors, in themselves, may not be in
any degree injurious to health, when insmall quantity, but they serve to
warn us of the presence of other products of putrefaction which accom-
pany them, and which are injurious. The fact that efficient disinfection
of the air can prevent the spread of the contagion of disease is well known.
Chlorine and sulphurous oxide are the two agents most in use, and of
these the former 1s very much to be preferred, but the latter is used for
furnished rooms, because of its less destructive action on articles exposed
to it. ’

It is doubtful whether organized germs can be destroyed in the air by any
disinfectants, except in tightly closed rooms. The attempt to disinfect
the air of rooms with the various so-called ‘‘disinfectants’’ of the market
is worse than useless. It engenders a feeling of security where there is
none. These floating germs can certainly stand as much, and in most
cases, more than man, and therefore, no room can be disinfected while
it is occupied by human beings. The author has found by experiment,
that most of the ordinary antiseptics, when diffused through the air of an
ordinary room, are almost without action on putrefactive bacteria, unless
the quantity be great enough to make the air irrespirable.

The following table shows the amount of water it is necessary
to add to one part of the substance named, which barely permits
the development of bacteria in meat infusions, according to
M. Jalan de la Croix :—

Water, ‘Water,

1 Part. Parts.’ 1 Part. Parts.
Alcohol 80 |, Oil of mustard 5,734
Chloroform _ 184 | Sulphurous acid - 7,684
Borax 107 Aluminium acetate 7,686
Eucalyptol 808 | Salicylic acid 7,677
Phenol (Carbolic acid) 1,002 | Mercuric chloride 8,358
Thymol 2,229 | Calcium hypochlorite 18,092
Potagss. permanganate 8,041 | Sulphuric acid 16,782
Picric acid 8,041 Iodine 20,020
Borated sodium salicylate 8,877 | Bromine 20,875
Benzoic acid 4,020 Chlorine 84,609
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Devaine says of iodine, that 1 part to 12,000 destroys the con-
tagion of charbon,and 1 to 10,000 of septic blood. Billroth says
mercuric chloride 1 to 20,000, thymol and benzoate of sodium 1
to 2000, and benzoic acid and creasote 1 to 1000, prevent the de-
velopment of bacteria. Koch says of mercuric chloride, 1 to
15,000 kills most micro-organisms, and 1 to 1000 destroys resting
spores.

The results of different experimenters are so widely discordant,
that we make no attempt to reconcile them. The following table
represents the results of experiments upon commercial disin-
fectants. The first column gives the per cent. of the agent ne-
cessary to kill anthrax and bacillus subtilis. The second
gives the per cent. of the agent which failed to produce this result.

LIST OF COMMERCIAL DISINFECTANTS (Sternberg).

Per cent. in, Per cent. ip,
NAME. when active which failed
in two hours. in two hours.
Little’s Soluble Phenyle.......... 2 1
Labarraque’s Solution (U. S. P. 7 b
Liquor Zinci Chloridi (Squibb’s)........ 10 7
Feuchtwagner's Disiafectant............. 10 8
Labarraque’s Sol. (Freré, Paris)........ 15 10
Phenol Sodique.......c.ccervverenuinnacnnee. 16 10
Platt’s Chlorides....... eeressestentsesanens 20 16
Gerondin Disinfectant....... crererrasenes . 26 15
Williamson’s Sanitary Fluid.............. 25 20
Bromo-chloralum ........cccccoeeniannenans 26 20
Blackman’s Disinfectant.........cccuuuees 80 20
Squibb’s Impure Carbolic Acid......... 50
Bouchardat’s Disinfectant.....cceeeeee.. 50
Phenol Sodique (Paris).....ccc.ouueinnees 50
Listerine......cceeeueverinceecenrenneeneineenns 50
Hypochlorite of Sodium or Calcium.
Available Chlorine.....c..cccveruranenee 0.25

NITROGEN AND HYDROGEN.

Ammonia. NH; =14 +38=1T7.
Density — 8.6. Sp.gr. .59. .

191. Source.—From the decomposition of animal or vegetable
matter containing nitrogen, either spontaneously, or by the aid of
heat. First prepared by distilling camels’ dung, in Libya, near
the temple ofP Jupiter Ammon. When horns, clippings of hides,
or coal are heated in closed retorts, ammonia is given off. The
principal source, at present, is from the ammoniacal liquors
of gas works. Coal contains about 2 per cent. of nitrogen, which
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is mostly given off as ammonia. The ammonia liquor is treated
with hydrochloric acid, and evaporated to dryness, when an im-

ure ammonium chloride, sal-ammoniac, is obtained. This may
ge urified by recrystallization or sublimation. This salt, heated
with lime (CaO) gives off its ammonia. Thisis conducted through
a series of Woulfe bottles containing water, in which the gas dis-
solves, forming aqua ammonia, from which the other compounds
may be prepared.

2NH,Cl 4 CaO = 2NH, + H,0 + CaCl,.

192. Properties.—A colorless, transparent, pungent, irre-
spirable gas. Does not support combustion or burn in air, but
burns with difficulty in an atmosphere of oxygen, forming water
and free nitrogen. It has a strong alkaline reaction on moistened
litmus paper, which, however, is not permanent, owing to the
volatility of the ammonia.

It is lighter than air. Liquefies at —40°C. (—40°F.); or at
10°C. (50°F.), under a pressure of 6.5 atmospheres, to a color-
less liquid of specific gravity 0.76, which solidifies at —75° C.
(—103°F.).

It is very soluble in water; one volume of water at 15°C.
(69°F.) dissolves 783 volumes of the gas with the evolution
of heat, forming the solution known as aqua ammonia or
liquor ammoniee, which may be regarded as a solution of am-
monium hydrate, NH-~O-H.

This solution, on being heated, gives up most of the gas again.
Aqua ammoniz fortuor (U. 8. P.) contains 28 per cent., by
weight, of the gas, and has a sp. gr. of 0.900 at 15°C. (59°F.).
Aqua ammonia (U.S.P.) contains 10 per cent. by weight, and
has a sp. gr. 0.959 at 15°C. (69°F.) It is a colorless, transparent
liquid, with a pungent odor, and alkaline taste and reaction.
It forms, by direct union with the acids, a series of zalts containing
the compound radical NH,, called ammonium. Ammonia is vola-
tile, and hence it is sometimes known as the volatile alkali. The
compounds of NH, closely resemble those of Na and K, and will
be considered with them. The strong solutions of the gas act
as & caustic upon animal tissues, and are, therefore, corrosive

0igons.

193. Composition.—This may be determined by decom-
posing the gas by passing a series of electric sparks through a
quantity of it inclosed in a eudiometer tube over mercury. The
volume increases until double the original volume is reached.
By introducing a quantity of oxygen equal to that of the am-



136 INORGANIC CHEMISTRY.

monia used, and igniting the gases by the same spark, the hy-
drogen and oxygen combine, and after condensing leave the
nitrogen, which occupies one-half the original volume, or one-
fourth the volume of the mixed hydrogen and nitrogen after the
decomposition. It is thus shown to be composed of one-fourth
nitrogen and three-fourths hydrogen.

We may also arrive at the same result in the following
manner :—

Prepare a glass tube of about 1 c.c. (3 in.) calibre, closed at one end;
through the stopper in the open end pass a funnel tube drawn to a point and
provided with a stop-cock. Fill the tube with pure dry chlorine, and in-
sert the cork. Fill the funnel tube with strong ammonium hydrate solu-
tion, oizen the stop-cock, and allow a portion of the liquid to enter the
tube. The chlorine decomposes the ammonia gas, combining with its own
volume of hydrogen and retting free the nitrogen in combination with it.
By removing tbe stopper under water, the water will rise to fill the tube,
excepting that portion occupied by the nitrogen, which will be found to
be one-third of the whole tube.

Now, as the chlorine combined with its own volume of hydro-
gen, or with the tube full, and left one-third of that volume of
nitrogen, it is easy to see that the ammonia was composed of
three parts by volume of hydrogen, and one part of nitrogen.
Since gaseous molecules all occupy the same space, three mole-

- cules of hydrogen and one of nitrogen form two of ammonia:
3H, + N, = 2NH,.

The compounds of ammonium with acids will be considered
under the head of salts of alkaline metals.

194. Tests.—Smell. Fumes with HCl. Moistened red litmus
paper is changed to blue by it. Nessler’s test, see Art. 125.

195. Hydroxyl Amine (NH,O or NE_B).—This compound,
closely related to ammonia, may be regarded as a molecule of
ammonia in which one hydrogen atom has been replaced hy the
hydroxyl radical. Prepared by treating tin with dilute nitric
acid, or a mixture of this acid and hydrochloric acid. The
nascent hydrogen generated, reduces the acid and forms the
above compound, which combines directly with the remaining
free acid.

HNO, + 8H, = H;NO + 2H,0

H,NO + HCl= NH,0H. HCl
Hydroxyl Hydrochloride of
Amine. Hydroxyl Amine.

It is an unstable liquid, not obtainable in a free state, and
possesses decided basic properties—blues reddened litmus paper,
and combines directly with acids to form salts.
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196. Nitrogen Chloride (NCl;,).—When chlorine, in ex-
cess, is made to act upon ammonia, or a solution of ammonium
chloride, the chlorine at first sets free nitrogen, and forms am-
monium chloride; the excess of chlorine then acts upon the
ammonium chforide, to form nitrogen chloride. .

NH,CI + 8Cl, = NCl, + 4HCI.

197. Properties.—A yellow, oily liquid, insoluble in water,
possessing a disagreeable, irritating odor. Sp.gr.— 1.653. Itis
very explosive, and in contact with ani combustible matter,
explodes spontaneously. It should not be prepared in large’
quantity.

198. Nitrogen Iodide (NHI, or NI,). Preparation.—
By lightly triturating iodine, in a mortar, with strong ammonium
hydrate, or by pouring an alcoholic solution of iodine into strong
ammonia water.

199. Properties.—A brownish-black solid,insoluble in water,
which, when spread out on filter paper and dried, explodes with
the slightest touch, or by a gentle breeze; the explosion, how-
ever, is not nearly so violent as that of the chlorine compound.

200. Nitrogen and Oxygen.—Five oxides of nitrogen are
known, whose names, graphic formul® and corresponding acids
are as follows :—

Nitrous Oxide... .

Nitric Oxide.........
Nitrous Anhydri

Hyponitrous Acid H—0—N
Nitrous Acid.. H—0—N220

Nitric Peroxide 0= N
N'tm" 'I‘:gtromx)id g 2 i (())_:_N—O—N:g . o
itric Pentoxide = = - =
or Anhydride § """ O:N—O“N=o Nitric Acid..... H—0 N:0

201. Hyponitrous Oxide. Nitrous Oxide, Laughing-
gas. Nitrogen Monoxide. Nitrogen Protoxide (N,0).—
Discovered ‘in 1776, by Priestly. Anasthetic effect first dis-
covered by Sir Humphrey Davy. First used-in dentistry by
Wells, of Hartford, Ct. First came into notice as an anasthetic
in 1863.

. 202. Preparation.—By gently heating ammonium nitrate,
when it decomposes into hyponitrous oxide and water.

NH,NO, = N,0 + 2H,0.

For aneesthetic purposes, care should be exercised to keep the
temperature of the retort between 210°C. (410°F.) and 250°C.
(482°F.), as below the former the decomposition does not take
place, but the salt sublimes; while above the latter, nitrogen di-
oxide and trioxide are generated. As an additional safeguard,

a*
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the gas should be caused to bubble through solutions of sodium
hydrate and ferrous sulphate, to remove these higher oxides.

203. Properties.—A colorless, odorless, sweetish-tasting gas,
slightly soluble in water, more so in alcohol. Density 22. Sp. gr.
1.527. Under a pressure of 50 atmospheres at ™C. (45°F.) it
condenses to a colorless liquid, which resumes the gaseous state
as soon as the pressure is removed, the temperature sinking so
low as to freeze a portion of the liquid into a white, snow-like
solid. Sp. gr. of liquid 0.908. Boiling point —88°C. (—126°F.)
Freezing point about —101°C. (—150°F.) It is neutral in
reaction, . e., neither acid nor alkaline. It supports the
combustion of bodies, very much like oxygen; this is due to the
fact that the heat of the burning bodies decomposes the gas,
giving an atmosphere about them containing twice as much
oxygen as ordinary air. For anwsthetic purposes, the liquefied

is now sold in wrought-iron cylinders, provided with a stop-
cock, so that the gas can be drawn from the cylinder as needed.

204. Physiological Effects.—Nitrous oxide causes, when
first inhaled, an exhilaration, then anssthesia, and finally, as-
i)hyxia. It will not support the respiration of plants or animals.

t seems to act partly by excluding air, and partly by its direct
effect upon the nervous system, but does not enter into any chemi- -
cal combination in the blood; it simply dissolves in this fluid.
‘When mixed with oxygen, and administered under an increased
pressure, the anzsthesia may be kept up for a long time with
safety. Deaths from its inhalation are rare. It does not undergo
decomposition in the blood. Itis much used for short operations,
and especially for the extraction of teeth, opening abscesses,
felons, etc. Recovery is prompt and complete within a few
minutes after its withdrawal. A solution in water, containing
five volumes of the gas, has been administered internally.

205. Hyponitrous Acid (HNO).—This acid may be pre-
pared by the action of hydrochloric acid on the silver salt.

The potassium salt (KON) is formed by the action of sodium
amalgam on potassium nitrite or nitrate; preferably the former:
KONO, + 2H, = KON + 2H,0.

The silver salt is a yellow, almost insoluble powder.

206. Nitric Oxide or Nitrogen Dioxide. NO or N,0,,—
Prepared by the action of nitric acid upon copper.

8Cu + 8HNO, = 8Cu (NO,), + N,0, + 4H,0.

207. Properties.—A colorless, transparent gas, very sparingly

slol(;:%le in water, more soluble in alcohol. engity 15, sp. gr.
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The density would make the molecular weight 80, and the formula NO,
which is anomalous, a8 in this case nitrogen must be considered as a dyad.
The ordinary laws of valence would maie it N;O,. It is probable that
at lower temperatures this is the proper formula, and at the higher
temperature dissociation takes place; N,0, splitting up into NO, NO, as
has been proven to occur in the case of N,0,.

By cold and pressure, the gas has been reduced to a liquid.
Bodies which evolve considerable heat in burning, as, for ex-
ample, phosphorus, burn in this gas; first decomposing it, and
then uniting with its oxygen. In contact with free oxygen, or
air, it takes up this gas and is converted into N,O,, or N,O,, ac-
cording to the amount of oxygen present. In both cases it gives
a reddish-brown colored gas. A test for free oxygen. It is rap-
idly absorbed by a solution of ferrous sulphate, to which it im-

arts a deep brown color. Its action on the economy is not
inown. It forms no corresponding acid.

208. Nitrous Anhydride (N,O;).—Prepared by the direct
union of nitric oxide (NO) and oxygen, mixed in the proportion
of four of the former to one of the latter. Also, by warming
nitric acid with starch, or arsenious acid, and by the action of
the peroxide on cold water.

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

209. Properties.—A dark blue liquid, boiling at 0°C. (32°F.),
with partial decomposition into NO and N,O, which recombine
on cooling. It combines directly with water, producing nitrous

acid (HNO,), which, on warming, decomposes into nitric acid
and nitric oxide.

8HNO, = HNO, + 2NO + H,0.

As will be seen from the above, this oxide is very unstable.

210. Nitrous Acids and Nitrites.—The acid is not known
in a pure state, but several of its salts are known. The nitrites
are formed by heating the nitrates, when they give off a part of
their oxygen. The action is rendered easier, if lead or some other
oxidizable metal be added to the fusion. The nitrites are-pro-
duced in nature, by the oxidation of nitrogenous organic matter,
accompanied by certain forms of microscopic life. Such nitrifi-
cation takes {ace in waters polluted witﬁ organic matter, and
normally in tﬁe goil. The acid then combines with bases found
in the water or soil. The presence of nitrites in water, is, for
this reason, looked upon as an evidence of previous contamina-
tion with nitrogenous matter. Further oxidation leads to the
formation of nitrates in the same circumstances. The addition
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of a dilute mineral acid to a nitrite sets free reddish-brown
fumes of NO and N,O,. A solution of argentic nitrate forms a
precipitate with cold, not too dilute, solutions of an alkaline
nitrite. These two reactions distinguish these salts from the
nitrates. The reddish fumes, above mentioned, are strong oxi-
oxidizing agents, and set free iodine from potassium iodide. A
solution of starch, with which ijodine forms a deep blue color,
and a solution of potassium iodide with dilute sulphuric acid,
are used as a test for nitrites in solution. (Art. 122.)

Nitrous acid and the nitrites act as reducing agents upon
an acid solution of potassic permanganate, and decolorize this
latter salt. The nitrites can be taken up by plants, and elabo-
rated into their structure, and hence, are valuable fertilizers.

211. Nitrogen Peroxide, Nitrogen Tetroxide, Nitro-
gen- Dioxide (N,0,).—It may be prepared by mixing two
volumes of nitric oxide with one of oxygen. '

~ 2NO + 0, =N,0,.

More easily, by heating dry plumbic nitrate in a retort, passing
the vapors into a cooled receiver, where they condense into a liquid :

Pb (NO,), = PbO + N,0,. .

Composition.—N,0, appears to exist in a pure state only at
temperatures below 0°C. (32°F). The liquid is colorless at tﬁese
temperatures, but at its boiling point is yellow in color, owing to partial
dissociation into NO,, which 1s complete at about 160°C. (802°F.)

The Igas is always reddish-brown in color, due to the Jpresence of NO,,
while N,0, is colorless. The density of the gas at 26°C. (78.8°F.) (the
boiling point of the liquid), is 88, and contains 20 per cent. of NO,. On
raising the temperature, the density diminishes and finally becomes constant
at 160°C (802°£‘.), and equals 28. This density corresponds to NO, = 46.
This phenomena of dissociation is frequently noticed in determining the
density of bodies at temperatures much above their boiling points. The
laws of quantivalence seem to hold, in these cases, only at the lower tem-
peratures at which dissociation does not take place ; hence, the confusion
that exists in the formulee of such bodies as

N,0, or NO,, N,0, or NO, Hg,Cl, or HgCl, etec.

212. Properties.—Cold water, in small quantity, decomposes
it into N,O; and HNO,, while in larger quantities and with
alkaline hydrates, it forms nitrous and nitric acids, or their salts.

The tetroxide, N;O,, and the dioxide, NO,, both act as strong
oxidizing agents, setting iodine free from the iodides.

213. Nitric Anhydride and Acid.—N,0; and HNO,.
Nitric Anhydride is a white crystalline solid, fusing at 30°C.
(86°F.), and boiling at 47°C. (116.6°F.). Obtained by treating
dry silver nitrate with chlorine, or by the removal of water from
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fuming nitric acid by the action of phosphoric oxide (P,Os).
The oxide is unstable, has a strong affinity for water, with which
it forms nitric acid. It has no especial use or interest.

214. Nitric Acid — Aqua Fortis, or spirits of nitre
(HNOy), is the most important of the acids of nitrogen. Does
not occur free, but as nitrates widely disseminated. It is usually
prepared, commercially, by the action of sulphuric acid upon
potassium or sodium nitrate, in glass or cast iron retorts.

NaNO, 4 H,S0, = HNaSO, + HNO,.

By the application of heat to the mixture, the HNO, distills over
and is condensed in earthenware Woulfe bottles.

It is also formed in small quantities by the passage of electric
discharges through a mixture of nitrogen and oxygen. This
takes place in the air by the passage of flashes of lightning,
probably by the oxidizing action of the ozone generated by these
phenomena. The nitrates are formed in the soil and natural
waters by the oxidation of organic matter, called nitrification,
and is induced by certain microscopic organisms called the.
nitrifying ferment. In some localities the process is conducted
artiﬁcial%y. (See Potassium Nitrate.)

The commercial acid, prepared as above, contains sulphuric
acid, traces of iron, brown nitrous oxides and chlorine. It is
purified by redistillation with plumbic nitrate, which retains the
impurities and allows the pure acid to distill over.

215. Properties.—The pure acid is a colorless, rather heavy,
fuming liquid, having a sp. gr. of 1.52, boiling at 86°C. (186.8°
F.), and solidifying at —40°C. (—40°F.). The sp. gr. and
boiling-point of the weaker acid, vary with the proportion of acid
present. When strongly heated, or on exposure to light and air,
the acid is decomposed into nitric tetroxide (N,0,), water, and
oxygen, and turns yellow.

itric acid readily gives up a portion of its oxygen, and
thus acts as a strong oxidizing agent, attacking and destroying
vegetable and animal tissues and colofing matters. It is some-
times used as a cauterizing agent, first producing a yellow stain,
then dgstroying the tissue. While it oxidizes most organic
bodies, it enters into the composition of others, forming substitu-
tion products. Thus glycerine, cotton, sugar, etc., when treated
with it form explosive substitution products. Most metals dis-
solve in the acid, forming nitrates; gold and platinum are excep-
tions. The non-metals or negative elements are usually oxidized
by it. Metallic iron dissolves readily in the dilute, but when
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plunged into strong acid, it assumes a condition known as the
passive state; if now it be put into dilute acid, it is not
attacked by it until a piece of platinum is brought in con-
tact with it, or by some other means the passive condition is
destroyed. Nitroso-nitric acid is a §allow, partially decom-
posed acid, containing nitric peroxide (N,0,). Aqua regia is
prepared by mixing together four parts of hydrochloric, and
one of nitric acid; it soon assumes a yellowish-red color, and has
the power to dissolve gold, platinum, and other metals, forming
chlorides. '

Fuming Nitric Acid.—A reddish-brown acid. Sp. gr.1.525.
Containing N,O, or N;O,. Used as a powerful oxidizing agent.

216. Officinal Forms.—Acidum Nitricum. Sp.gr.1.42;
contains 69.4 per cent. of HNO,.

Acidum Nitricum Dilutum is prepared by adding six
parts of distilled water to one of the above acid. Sp. gr. 1.059,
and contains 10 per cent. of HNO,. Used for internal adminis-
tration. Dose M5-15.

Acidum Nitro-hydrochloricum, or Nitro-muriaticum.
Prepared by mixing 4 parts of acidum nitricum with 15 parts
of acidum ydroch%oricum.

Acidum Nitro-hydrochloricum Dilutum; is made by
adding 76 parts of water to the above formula for the strong
acid (gU. S. P. 1880).

217. Tests.—1. Add to suspected liquid some ferrous sul-
phate, and pour the mixture on some strong sulphuric acid in a
test tube. A black, brown, or reddish zone at the point of con-
tact of the two liquids indicates nitric acid. (See Art. 207.)

2. Heat the suspected solution with some sulphuric acid faintly
colored with indigo, when, if nitric acid or a nitrate be present,
the blue color will disappear.

3. The strong acid imparts a deep red color to the alkaloid,
brucine.

4. When heated with copper turnings, the liquid assumes a
green color, and evolves reddish fumes. When the acid is in
coml;ination,a stronger acid must be added to set it free, as in
test 2. .

218. Physiological Effects.—In small quantities, well
diluted, it is a stowachic tonic, and augments the secretion of
urine. It seems to be mostly decomposed in the body, but a small
quantity may pass into the urine as nitrates; it acts, therefore, as
an oxidizing agent. The strong acid is a corrosive, violent poison,
first staining the tissues and vomit with which it comes in contact

-
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a bright yellow color, and then corroding them. These stains
will be found on the tongue and fauces in cases of poisoning by
this acid. Antidote—milk of lime, magnesia, or other alkalies
well diluted, followed by sustaining treatment.

PHOSPHORUS.
P =31

Density of vapor = 62. Mol. wt. 124 = P,.

219. Occurrence.—Discovered by Brandt, in 1669, in urine ;
and by Gahn, in bones, in 1769. Does not occur native, but as
phosphates and in organic substances. Most common form is the
calcium phosphate, (Cas(PO,),), derived from bones of prehistoric
mammals. A

220. Preparation.—Phosphorus is usually prepared from
the ash of burnt bones, in which it exists as tri-calcium phosphate,
Ca.(PO,),. The ash is first converted into a soluble monocalcium
phosphate, sometimes called superphosphate, by treating it with
sulphuric acid.

Cay(PO,),; + 2H,80, = CaH,(PO,), + 2Ca80,.

The CaH,(PO,), is dissolved in water, and drawn off, leaving
the CaS0, in the vat. This solution is evaporated to dryness,
after adding powdered charcoal, and then transferred to a retort,
whose beak dips under water. The retorts are then gradually
heated to a high temperature, when the CaH,(PO,), is first de-
hydrated and converted into calcic metaphosphate, Ca(POj),, and
water, and then undergoes reduction under the action of the
carbon, as follows :—

4Ca(PO,), +5C, e P, + 10CO + 2Ca,P,0,.

The free phosphorus distills over and condenses under the water
as an impure article, which is purified by redistillation; or by
fusing it under water with sulphuric acid and potassium dichro-
mate, and then casting it into sticks, in moulds.

221. Properties—Physical.—Phosphorus is met with in
geveral distinct allotropic states.

The ordinary form is a translucent, waxy-looking solid, which,
at ordinary temperatures, is tenacious, and about the consistenc
of wax; but at 0°C. (32°F.) and below, it becomes brittle. It
melts at 44°C. (111°F.) under water, and boils at 290°C. (554°F.)
By the action of light, it soon becomes coated with a whitish or
reddish coat, probably an oxide. The sp. gr. is 1.83 at 10°C.
(50°F.) It shines in the dark, and when exposed to moist air,
emits the odor of ozone. It is insoluble in water and alcohol,
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but soluble in ether, benzine, petroleum, and in the fixed and
essential oils: The best solvent is carbon disulphide. From this
solution, it separates in ‘the form of octahedral and dodecahedral
crystals. When a portion of the solution is poured upon filter
paper and allowed to evaporate spontaneously, it takes fire when
the evaporation is complete.

Red or Amorphous Phosphorus is a reddish-brown
amorphous powder, of sp. gr. 2.14, insoluble in carbon disulphide ;
does not alter in the air, and does not show the phosphorescence
in the dark. While ordinary phosphorus is very poisonous, even
to workmen handling it, this variety is entirely harmless. When
heated to 260°C. (600°F.), it does not melt, gut gradually sub-
limes. The vapor is converted into the ordinary form, which
takes fire in presence of air.

The red phosphorus is prepared by heating the ordinary va-
riety for about thirty-six hours, to a temperature of from 2560°C.
(482°F.) to 300°C. (672°F.) in an atmosphere of hydrogen,
carbon dioxide, or in an exhausted iron vessel. The mass is then
washed with carbon disulphide, to remove any of the ordinary
variety remaining.

Other varieties of phosphorus have been formed. The me-
tallic form by heating the red variety, in a sealed tube, to
530°C. (986° F.) when black, metallic-looking, microscopic
needles sublime into the cooler portions of the tube. The sp.
gr. of this variety is 2.34, and it is less active than the red
variety. '

White Phosphorus is a form described by Remsen and
Keiser as a snow-white, plastic mass, easily oxidized, formed
by carefully distilling phosphorus in an atmosphere of hydrogen,
and passing the vapor into a receiver containing ice water.
Other forms of white phosphorus and black phosphorus
have been described, but little is known of them. .

Chemical Properties.—The most characteristic property
of phosphorus is its ready oxidation. If the ordinary or the
white variety be heated to 60°C. (140°F.) in contact with air, it
takes fire and burns with a brilliant flame, and evolves a volumi-
nous white cloud of phosphoric pentoxide. It may be burned
under warm water, by throwing a jet of oxygen upon it.

It must be kept under water to preveunt its taking fire sponta-
neously. When fragments, partly covered with water, are ex-
posed to the air, white fumes are seen to arise from them, which
contain ozone, hydric peroxide, and possibly ammonium nitrite
(NH,NO,). This ozone is the cause of the odor usually detected
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when phosphorus is exposed to the air. The red variety does not
oxidize in the air, and may be handled with impunity. Phos-
phorus unites readily with fluorine, chlorine, bromine and iodine,
forming, in each case, two compounds -of the general formula
PR, and PR;, except in the case of iodine, which forms PI, and
PI,. An oxychloride of phosphorus (POCI) is also known. It
combines with most other elements except carbon, nitrogen and
hydrogen. It reduces some metallic salts, as copper and silver,
to the metallic state.

222. Tests.—Its phosphorescence in the dark, either as
found, or after separating it with carbon disulphide and evapo-
ration of the latter liquid. It imparts a green color to the
hydrogen flame, when this gas is conducted through a solution
containing it before being burned.

223. Physiological Action.—Owing to the ready inflanma-
bility of the ordinary variety, deep burns are liable to occur from
careﬂess handling, which are more serious and difficult to heal
than burns from other combustibles. When taken internally,
phosphorus is a very poisonous substance. Cases of poisoning
from “ratsbane” or ‘‘rat poison” containing it, are not infre-
quent. '

The symptoms of acute poisoning are a garlicky odor and
taste in the mouth, heat and burning in the stomach, vomiting of
a dark-colored matter, which is phosphorescent, when shaken, in
the dark. Weak pulse, low temperature, cold extremities, dilated
pupils, and a clear mind are usually seen. Death in from 2 to
12 days. Average about 3 to 4 days.

These symptoms may make their appearance in an hour after
the poison is taken, or after 3 or 4 days.

Poisonous dose varies. Gr. ¥ to } has been fatal.

Antidotes. There is no chemical antidote. Emetics, or the
stomach pump are the best early treatment; then, mucilaginous
drinks, with lime or magnesia, or oil of turpentine. The old oil
is best; but no other oils should be given, as they dissolve the
phosphorus and favor absorption. Recovery is rare.

Chronic poisoning of workmen in match factories frequently
occurs; the symptoms are fatigue, pains in stomach and bowels,
with diarrheea, carious teeth, swollen and inflamed gums, and
finally necrosis of the jaws, usually the lower. Fatty degenera-
tion of the liver, kidneys, heart and other muscles, and de-
struction of the red corpuscles, are also noticed.

These evils are now remedied by using red phosphorus in
making matches, as it is not poisonous.



146 INORGANIC CHEMISTRY.

224. Phosphorus and Hydrogen — Phosphoretted
Hydrogen. Phosphine.—There are three hydrides of phos-
phorus known, which are all formed together by boiling
Phosphorus with strong potash or soda lye, or with milk of lime.
They appear as a gaseous mixture, which takes fire spontaneously
on coming to the air. When the beak of the retort in which it
is prepared dips under water, a precaution always to be taken,
each bubble ignites on coming to the surface, producing beauti-
ful white rings of P,O;. This inflammable gas, composed mostly
of PH,, is found, on examination, to contain also a liquid com-
pound, (P,H,), which is highly inflammable on exposure to air,
while the gas (PH,) is not. ~This yellow volatile liquid, on
standing in sunlight, deposits a yellow solid (P HS,).

Phosphine (PH,) is colorless, sparingly soluble in water,
and has a strong alliaceous odor.

The impure gas is formed during the putrefactive decomposition
of organic substances containing phosphorus, especially under
water, and takes fire spontaneously on rising to the surface, pro-
ducing the ignis fatuus or “ Will o’ the wisp”’ sometimes seen
in marshy places. The gas is very poisonous, even in small quanti-
- ties. The blood after deaths caused by it, is found to be dark

colored, with a violet tinge, and has lost the power of absorbing
oxygen. It poisons, therefore, by its reducing action on the
blood. Its density is 17, and its sp. gr. 1.134.

Phosphine resembles the corresponding compound of nitrogen,
éN H,), in some respects. It unites directly with HBr and HI, to
orm phosphonium bromide, (PH,Br), and iodide, (PH,I),
corresponding with the ammonium compounds, NH,Br and NH,L

225. Phosphorus and the Halogens.—Phosphiorus forms
three compounds with chlorine. Phosphorus trichloride,
PCl,, is a colorless fuming liquid, boiling at 70°C. (165.2°F.)

" 8p. gr. 1.61,and prepared by direct union of the elements. It is
much used as a reagent in organic chemistry.

Phosphorus Pentachloride, (PCl), is a yellowish-white,
crystalline solid, fuming in the air, and subliming without fusion
when heated. Prepared by treating PCl; with excess of chlorine,
and used as a reagent in organic chemistry.

Phosphorus Oxychloride, (POCly), is formed by the action
of a limited quantity of water on the pentachloride. It is a
colorless liquid with a pungent odor, and a sp. gr. of 1.7. Boils
at 110°C. (230°F.) Phosphorus unites directly with bro-
mine, giving a tribromide and pentabromide, and with iodine,
giving two crystalline solid compounds, PI; and P,I,, and with
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fluorine to form PF, and PF,. These latter compounds, as well
a8 those of phosphorus with sulphur, of which there are six
known, are of no interest to the medical student.

226. Phosphorus and Oxygen.—The following oxides and
acids are known :— :

—_0
Hypophosphorous —
T } o H—o—P\g
P,0, = 0=P—-0—P=0

H—O0—p—0
Phosphorus Oxide Phosphorous Acld.....{H_o P

H—0—
Common Phos- —
phoric Acid...... } { H—0—P—0

o= ' =0
P,0, = =P —0—P= =
105 = 0=P—0—P=0 \ 1o bhosphorio Actd. H—0—P=0)
Phosphoric Oxide H—0\p—0
Pyrzphgsphoﬁo } {g—g— N0
ci | H=-0\
H_o0,P=0

The sodium salt of two other unimportant acids, the hexa-
basic and dodecabasic acids, are also known.

Phosphorous Oxide, or Phosphorus Trioxide, a white

owder formed by the slow oxidation of phosphorus in dry air,
i8 }xdnimportant in medical chemistry. It formsno corresponding
acid.

227. Phosphoric Oxide—Phosphorus Pentoxide (P,0;),
is formed by the rapid burning of phosphorus-in oxygen or air,
and rises as a voluminous white cloud. It has a powerful
affinity for water, producing a hissing noise when dropped into it,
and forming a solution of metaphosphoric acid (HPOy).

228. Common Phosphoric Acid.—This is the most im-
portant of these acids. Readily prepared by boiling phosphorus
in diluted nitric acid, and evaporating the solution to a syrupy
. consistency; or, by decomposing phosphates with sulphuric acid.
By spontaneous evaporation over sulphuricacid under a bell jar,
hard, transparent, deliquescent, prismatic crystals are obtained.
Acidum Phosphoricum (U. 8. P.) is a colorless, non-fuming,
strongly acid liquid, of sp. gr. 1.347. It should be free from
arsenic, which is often present in the commercial acid.

Acidum Phosphoricum Dilutum (U. S. P.) is prepared
by adding four parts of distilled water to one part of the strong
acid, has a sp. gr. of 1.057 and contains 10 per cent. of H,PO,.
This acid forms a series of well known salts called phosphates,
of which the sodium, ammonium and calcium salts are the most
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important. The acid being tribasic, it is capable of forming
acid, double and triple phosphates, of which the following are
examples :—

ACID SALTS.

Di-hydric-sodium Phosphate......... H,NaPO,.

Hydro-calcium Phosphate ............ HCaPO,.
NORMAL SALTS.

Potassium Phosphate.................... K,PO,.

Calcium Phosphate.......ccccceerrnnnnnnee Cay(PO,),.

DOUBLE SALTS.
Ammonio-magnesium Phosphate NH,MgPO,.
Potassio-barium-Phosphate......... KBaP(%,.

229. Pyrophosphoric and Metaphosphoric Acids,
(H,P;0, and HPO,).—When ordinary phosphoric acid is heated
to a temperature of about 213° C. (415°F.), two molecules lose
one molecule of water, and then unite to form a doubly condensed
molecule, which is called pyrophosphoric acid.

2H,PO, = H,P,0, + H,0.

If this new acid is heated to a temperature approaching red-
ness, the so-called glacial or metaphosphoric acid is formed
as a white, glassy, transparent, odorless solid, having a sour taste,
and the formula HPO,;. H,P,0, = 2HPO, 4+ H,0.

This acid corresponds in composition to nitric acid (HNO;). It

- is usually prepared by heating ammonium phosphate to a red
heat. It is deliquescent in the air, and very soluble in water.
It has been used as a delicate test for albumin, and has the ad-
vantage of being easily handled in the solid state.

Meta- and Pyrophosphoric Acids and their salts, when
taken internally, are said to have a decided inhibitory action
upon the motor ganglia of the heart, and may even cause its cessa-
tion and death. Pyrophosphoric has a more decided action
than the meta- acid.

230. Hypophosphorous Acid (H,PO,).—When ordinary
phosphorus is boiled with a solution of sodium, potassium, barium,
or calcium hydrate, phosphorus hydride escapes, and there is
formed in solution a hypophosphite of the metal present. From
the barium salt the acid may be prepared by treatment with enough
dilute sulphuric acid to precipitate the barium as sulphate. The
filtered solution is then to be concentrated under the air pump,
as heat decomposes it. The acid, thus prepared, is a colorless,
syrupy, strongly acid liquid ; it is unstable in the air, gradually
changing into phosphorous and phosphoric acid. The acid is of
little importance, but several of its salts are used in medicine.
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They are generally administered in the form of syrup. They have
a strong reducing action on many metallic salts, and.this should
be remembered in prescribing them. Mercuric chloride is re-
duced to metallic mercury by the alkaline hypophosphites,
and ferric to ferrous salts. :
. Hypophosphorous, as well as phosphorous acid, is peculiar in its compo-
sition. While there are three atoms of hydrogen in the molecules of both
acids, but one in the first and two in the second are basic; i.e., that can be
replaced by a basic radical or metallic atom. In these two acids the phos-

horus is pentad, as in phosrhoric acid; and in the former the two non-
Easic hydrogen atoms are believed to be united directly to the phosphorus,
while the basic hydrogen atom is linked to it by an oxygen atom, thus—

In phosphorous acid we have likewise two hydroxyl groups and one non-
basic hydrogen atom, thus— 0_H

o‘_‘P_—_g—H.

These acids illustrate the definition of an acid, given in Part
I, viz., that in all acids, except the binary acids, basic hydrogen
must be tied to the kernel element by a linking third atom, usu-
%"y. oxygen or sulphur; and any hydrogen not so united is not

asic.

231.—Phosphorous Acid (H;PO;).—Best obtained by the
action of water on the trichloride. '

PCl; + 8H,0 = PO ;H, + 3HCI.

The HCI is evaporated, and the remaining solution is concen-
trated over sulphuric acid. It is a colorless, syrupy, highly acid
and unstable ﬁquid, and under the air-pump may be made to
crystallize. It is easily decomposed by heat. It acts as a strong
reducing agent by taking up oxygen, and forming phosphoric acid.
It forms a series of unimportant salts, called phosphites.

ARSENIC.
As = T5.

232. Occurrence.—Arsenic occurs native and in the form
of arsenides, the sulphides, orpiment and realgar, and as arsenical
pyrites or mispickel. Besides occurring in these minerals in con-
'siderable quantities, it is contained in small quantities in a great
number of other minerals and even organic substances. The
sulphides, and even the element was known to the ancients.
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233. Preparation.—Usually obtained in the form of the
oxide by calcining mispickel, and condensing the white vola-
tilized As,O,; this oxide is then strongly heated with charcoal
to obtain the element, which distills over. Although this is the
method most used, it may be obtained from other minerals con-
taining it. '

234. Properties.—A brittle, steel-gray, crystalline solid,
possessing a metallic lustre, and a sp. gr. of 5.75. It also exists
as an amorphous, lustreless, black mass, easily pulverized, and
having a sp. gr. of 471. When heated out of contact with air,
under ordinary pressures, it sublimes at 180°C. (356°F.) without
Erevious fusion ; but under strong pressure it fuses. Its vapor

as a yellow color and a density of 150 ; its molecular weight is,
therefore, 300, and its molecular formula As, In dry air it is
permanent ; but when heated, it burns with a bluish flame, emit-
ting the garlic odor, and white fumes of arsenious trioxide
(As,0;). It combines directly with many of the elements, both
metallic and non-metallic, as chlorine, bromine, iodine, co Fer,
iron, etc., yielding arsenides—the ‘metallic arsenides resemg in
alloys. It combines readily with nascent hydrogen, whic
takes it from any of its compounds. Nitric and sulphuric acids
are decomposed by it, without forming salts. It is oxidized by
boiling solutions of caustic potash, while a portion of it is given
off ‘as hydride.

Arsenic is used in pyrotechny, in the manufacture of fly
poison (under the name of cobalt), in shot, and in certain pig-
ments.

235. Arsenic and Hydrogen.—Two arsenides of hydrogen
are known, AsH,, a gas, and As,H, a solid.

Hydrogen Arsenide, Arseniuretted Hydrogen, or
Arsine, AsH,—is of great practical interest to the toxicologist,
as it enters into some of the most delicate tests for the detection
of the element. It may be prepared by a number of reactions,
the most common of which are the following :—

1st. By decomposing the metallic arsenides with hydrochloric
acid. .

2d. By the action of hot caustic potash solutions, with metallic
zinc, upon reducible arsenical compounds.

3d. By the action of nascent hydrogen upon arsenical com-
pounds, similar to the last mentioned.

4th. By the reducing action of moist organic matter upon
compounds of arsenic.
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It is a colorless gas, with a strong garlic odor, combustible in
air, burning with a bluish-white flame, and emiting white fuines
of As,04; a cold surface pressed down upon this flame receives a
black stain of arsenic. When passed through a tube heated to a
dull-red heat, it is decomposed into hydrogen and arsenic, which
last deposits in the cooler part of the tube as a metallic mirror.
(Se"I?h arsh’s Test.)] q ib 4 d. "

e gas is readily decom oxidizing agents and the
allmlinega hydrates. It is eg:):ding);y poisongus.g The solid
Arsenide of Hydrogen is of little interest.

236. Arsenic and the Halogen Elements.—Arsenic
forms one compound with each of this group of elements, with
the general formula AsR;, in which R stands for a halogen
atom.

The tri-fluoride and the tri-chloride are liquids, the first
boiling at 63°C. (145.4°F.), and the second at 134°C.-(273°F.).
They are formed when a fluoride or chloride is heated with the
trioxide and sulphuric acid.

The tri-iodide and tri-bromide of arsenic are obtained by direct
union of the elements. They are both solids. The tri-iodide is
used in medicine. Both these compounds are decomposed by
contact with a small quantity of water; the iodide, however,
dissolves in a large quantity of water. It enters into the com-
position of Donovan’s solution, as Liquor arsenii et hydrar-
gyri iodidi (U. 8. P.), which is composed of one part each of
mercuric iodide and arsenic tri-iodide dissolved in 100 parts of
water.

237. Arsenic and Sulphur.—There are at least three
well known compounds of arsenic and sulphur, As,S,, As,SS;,

AsS,

Arsenic Tri-sulphide (As,S;) occurs native, as orpiment,
in the form of gold-yellow crystalline masses. It may be pre-
pared by precipitating arsenious acid or its salts, with hydric
sulphide, or by heating sulphur and arsenious oxide (As;0;). It
is lemon-yellow in color, soluble in ammonium hydrate and the
alkaline hydrates, and in yellow ammonium sulphide, but in-
soluble in water and acids.

Arsenic Pentasulphide (As,S;) is also a bright yellow
powder of no special interest.

Arsenic Disulphide (AsS;) occurs native as realgar in the
form of ruby red crystalline masses of sp. gr. 3.5. Realgar and
orpiment are used as pigments.
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238. Oxides and Acids of Arsenic.—Arsenic forms two
oxides, with corresponding acids :—

As,0, H;As0,
Arsenious Oxide, or Anhydride. Arsenious Acid.

As,0, H;As0,
Arsenic Oxide, or Anhydride. Arsenic Acid.

Arsenious Oxide (As,0,) is the most important of the com-
pounds of arsenic. It occurs in nature as arsenic “ bloom.” It
is obtained artificially as a side product in roasting ores of other
metals containing arsenic, when it volatilizes, and is condensed
in large chambers as a white powder. It is purified by resubli-
mation in iron retorts, and is obtained in the form of a white
powder or glassy-looking solid, of a sp. gr. of 3.69. ,

239. Properties.—As ordinarily met with it (white arsenic)
is a white, somewhat gritty powder, which, under the microscope,
is seen to.be made up of more or less regular octahedral crystals.
When the vapor is rapidly cooled, the crystals take the form of
rhombic prisms, and it is, therefore, dimorphous. When
heated, it sublimes without fusing, at about 218°C. (424°F.)
When heated in sealed tubes, it melts into a vitreous mass. The
density of the vapor is 198, corresponding to the formula As,Os,
which is probably the formula of the vitreous variety, while that
of the octahedra.{ variety is As,O;. It is soluble, with difficulty,
in water, forming a sweetish, metallic, and nauseous-tasting, poi-
sonous solution of arsenious acid (q. v.) It is also soluble, with
decomposition, in hydrochloric acid and alkaline solutions, play-
ing the basic role in the former, and the acid role in the latter.
Nascent hydrogen reduces the oxide, and converts tha arsenic
int_(()1 arsine (AsHj), while oxidizing agents convert it into arsenic
acid. :

Antidote.—Freshly prepared ferric or magnesium hydrate,
or a solution of dialyzed iron. :

240. Arsenious Acid, (H;AsO,), is formed by dissolvin
As,O; in water. A solution of the acid in dilute hydrochloric
acid is officinal under the name of liquor acidi arseniosi
(U. 8, P.), containing 1 per cent. of As,0;. It forms a series
of salts called arsenites. Potassium arsenite is officinal as
Fowler’s solution, or Liq. Potass. Arsenitis.

Scheele’s green is an arsenite of copper, used as a pigment.
Paris green is a mixture of acetate and arsenite of copper.

241. Arsenic Oxide, (As,0;), is a white, amorphous, deli-
quescent solid, dissolving in water to produce arsenic acid.

As;0, + 8H,0 = 2H,As0,.
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Arsenic acid is usually prepared by warming arsenious acid
with nitric acid, when the As,O, is oxidized at the expense of the
nitric acid. On evaporating, the solution yields needle-shaped
crystals of H;AsO,.  The aqueous solution is strongly acid. On
heating the crystals of arsenic acid, both the pyro-arsenic and
meta-arsenic acids are produced, corresponding to the similar
acids of phosphorus. But one salt of this acid is officinal, the
Liquor Sodz Arseniatis. :

242. Arsenic Poisoning—Toxicology.—From the earliest
history of arsenic, it has been used as a poison for criminal
purposes.

While every physician should not undertake the analysis in
cases of suspected poisoning by this agent, a knowledge of the
outlines of the chemist’s methods of analysis, etc., will teach the
physician to prepare the way for the.analyst. Moreover, a few
preliminary tests by the physician may frequently save much
unnecessary litigation and expense in some suspected cases.
Other reasons might be given why every physician should have
some knowledge of toxicological science, that care may be taken
to punish the guilty and protect the innocent. The attending
ghysician is responsible for the connection of the links of evi-

ence. All compounds of arsenic are poisonous, and the poison
usually enters the system by the mouth, although it has been
absorbed by the skin, mucous membrane, or abraded surfaces,
in sufficient quantities to produce poisonous results, especially
- chronic poisoning.

Colored wall paper, colored toys, confectionery, and certain
aniline dyes used in fabrics, may give rise to accidental poisoning.

243. The Physician’s duty in cases of Poisoning may
be briefly stated as follows: In case foul play is suspected, do
not fail to make careful notes, at the time, as to dates, symptoms
and circumstances, or facts leading to such suspicion.

The physician should collect and preserve the urine, fces,
vomit, and the suspected vehicle of the poison, and place them
under seal, or lock and key. He should test some one or all of
these, to satisfy himself as to the truth or falsity of his suspicion.
As little publicity as possible should be given to matters of
fact or opinion at the time. Be not too ready to express your
opinion upon the origin of the poison in cases of this kind, lest
you jeopardize the reputation of your patient or others.
Whether a fatal termination is expected or not, it is wise to take
these precautions.

In case of fatal termination, notify the prosecuting officer or

H
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coroner of your suspicion, and request an autopsy immediately ;
but remember that you are not released from your responsibility
in the case by so doing, nor are you at liberty to tell all you
know, until you are summoned to do so on the witness stand.

Before you attend the autopsy, read carefully, and refresh your
memory upon the directions for making post-mortem examinations,
and on post-mortem appearances in cases of poisoning, whether
you are to make the examination yourself or not. If possible,
see that the chemist who is to make the analysis is present at the
autopsy. (See Woodman and Tidy, “ Forensic Medicine.”) The
entire intestinal canal, at least one-half of the liver, the spleen,
one kidney, the brain, and any urine remaining in the bladder,
should be saved ; the brain and entire intestinal canal, ligatured at
both ends of the stomach and left unopened, are to be preserved in
separate jars, while the other organs may be placed in another
jar. These jars must be new and clean, and closed with new
corks or glass—not with metal caps. They are then to be closed
with a seal, with some peculiar stamp upon it, so that they cannot
be opened without detection. They must not be entrusted to a
servant or any irresponsible person, but turned over as soon as
g})ssiblé to the chemist, or to the prosecuting officer or coroner.

otes, to be admitted in the witness box, must be the original;
not a copy of those taken at the time to which they refer, or im-
mediately after.

244. Symptoms of Arsenical Poisoning.—The symptoms
are those of an intense irritant. There is usually marked “ fire-
burning ” pain in the epigastrium, increased by pressure. Vio-
lent vomiting, tenesmus, burning pains at the anus, and painful
cramps in the legs, are usually present. Intense thirst, dry hot
skin, severe headache, small rapid pulse, anxious pinched coun-
tenance, the eyes suffused and smarting, tongue dry and furred,
photophobia, great restlessness, nervous twitchings, with a per-
fectly clear mind, are symptoms usually to be expected. The
urine is diminished, with frequent and painful micturition.
These symptoms may end in convulsions, tetanus, collapse, or
coma and death. Minimum fatal dose, from 1.5 to 2.5 grains.
Chronic arsenical poisoning is usually attended by conjunctival
inflammation, irritation of the skin with a vesicular, or nettle-rash
eruption, similar to that of scarlet fever. Irritation of the stomach
and bowels, exfoliation of the cuticle of skin and tongue, and
falling of the hair, have been noticed. Local paralyses, preceded
by numbness, or tingling of the toes and fingers, and marked
nervous disorders, are of common occurrence.




ARSENIC. 156

245. Treatment.—Remove any unabsorbed poison from the
stomach by emetics or the stomach pump.

The best antidote is freshly precipitated ferric hydrate, pre-
Fared by adding aqua ammonize, in slight excess, to a solution of
erricsulphate or ferric chloride. The solution of dialyzed iron,
now found in the shops, may be used instead of the above, and
may be given in teaspoonful doses at short intervals. This forms
. an insoluble compound with the arsenious acid, and thus pre-
vents further absorption.

The symptoms caused by the absorbed poison are to be treated
as they arise.

246. Tests.—There have been devised a large number of
tests for the detection and identification of arsenic. Some of
these are easy of application, while others will be used only by
the chemist. We can only give the outline of these tests, and
leave the student to consult special works for minutie. The
analysis, after death, in cases of suspected poisoning, should not
be undertaken by the physician, nor even by a chemist, unless
he has a well equipped laboratory in which he can conduct the
analysis, from beginning to end, alone, and without interruption.
During the life of the patient, the physician should be able to
test the urine, feces, or suspected articles of diet, medicines, etc.,
for the presence or absence of arsenic. For this purpose he may
use Reinsch’s or Marsh’s test, but it must be understood that
neither of these tests alone, when performed as about to be de-
scribed, is to be relied upon as positively certain.

Reinsch’s test may be conducted as follows :—

To a portion of the urine or other suspected liquid add about
one-sixth its volume of pure hydrochloric acid and some strips
of pure copper foil, and boil the solution. If arsenic be present,
a steel-gray or bluish deposit will be formed on the surface of
the copper. This deposit is not positive proof, however, as anti-
mony, bismuth and mercury may give similar deposits; it is,
therefore, necessary to apply tests to this deposit, in order to
determine its identity. For this purpose the copper is removed,
washed in water, dried between folds of filter paper, and placed
in a clean, dry, wide test tube, and heated to a dull red heat,
taking care to heat only that portion of the tube where the
copper is. The tube may then be broken and the inner side of
the fragments examined with a microscope, for octahedral
crystals of arsenious oxide. The copper and the acid used must
be shown to give no stain on prolonged boiling with distilled
water. This blank experiment must always be performed.
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Marsh’s test may be conducted as follows:—Although the
indications afforded by it are not conclusive in the pres-
ence of organic matters, it should always be used to confirm
Reinsch’s test. Into a flask holding about 150 c.c. (f3v),
introduce some pieces of zinc, free from arsenic and antimony ;
then pour over these some water acidulated with sulphuric
acid; close the flask with a cork containing a funnel tube,
and a delivery tube drawn to a fine point and containing a
pledget of cotton in the end at the cork, arranged as in Fig.
35. After allowing the generation of hydrogen to go on for a
considerable time, to expel the air from the upper part of the
flask, say half an hour, light the gas at the open end of the de-
livery tube, and press a cold porcelain surface down upon the
flame. If the materials used are free from arsenic and antimony,
there will be no black stain produced on the porcelain.

Fie. 85.

Having determined that the apparatus and materials are free
from impurities, put out the flame and pour the suspected fluid
through the funnel tube, so as to admit little or no air with it

-into the flask. Now ignite the gas again, and test the flame
again with the cold porcelain surface. A brilliant black or brown
stain, soluble in .a solution of sodium hypochlorite, is proba-
bly arsenic. Moisten one of these spots with nitric acid, when it
should disappear; evaporate the acid over a lamp, moisten the
spot with water, and hold the dish over a vessel containing sul-
Khuretted hydrogen, prepared by the action of sulphuric or

ydrochloric acid upon sodium or potassium sulphide. Ifthe stain
was due to arsenic the spot will turn lemon-yellow. The anti-
mony mirror is insoluble in sodium hypochlorite (Labarraque’s
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golution) and after treatment as above gives an orange stain.
Now soften the glass, bend delivery tube downward and let it
dip into a solution of AgNO;; after an hour pour some NH,OH
upon the surface of AgNO,solution. Yellow precipitate at line of
separation = arsenic. If the substance to be tested is a solid, a
small portion of it may be thrown upon a glowing charcoal, when
arsenic, if present, will give an odor resembling garlic. These
tests will be sufficient to enable the physician to decide upon the
presence of arsenic during the life of the patient, and guide him
in his treatment and behavior.

247. Toxicological Analysis.—The chemist who undertakes
the analysis in cases of supposed poisoning has no easy task. He
must not confine his tests to any one poison. Poisons are gener-
ally divided into two groups, inorganic and organic. The
limits of this work will not allow us to describe the details
of procedure for the chemist, who will consult special works on
toxicology.

In searching for mineral poisons, the organic matters must first
be destroyed or separated by dialysis. For the latter process
see Part I, Art. 72.

For the destruction of organic matter, two methods may be
used. The solid matter—the stomach, and other organs—are to
be cut in fine pieces and placed in a new porcelain dish, mixed
with hydrochloric acid, and heated over a water-bath. Small
quantities of pure potassium chlorate are put in from time to time
and stirred, until the organic matter is destroyed. Or, sulphuric
and nitric acids are used to thoroughly char the organic matter,
and the whole diluted with water and filtered. The metals, except
lead and barium, pass into the filtrate, and can be detected by
either of the methods given above or by other methods. These
solutions may be treated with hydrosulphuric acid gas from 24 to
48 hours, when copper, lead, bismuth and mercury give black or
brown precipitates; cadmium, sometimes tin, arsenic give a yellow,
and antimony an orange precipitate. In searching for arsenic, the
yellow precipitate obtained, is separated from the liquid by filtra-
tion. A portion of this is to be preserved in a sealed glass tube. The
remainder is oxidized with nitric acid, fused with sodium carbonate
and nitrate, and the sodiam arseniate thus formed may be made
to yield silver and copper arseniates; the former a reddish-brown,
and the latter a green precipitate. Other portions are converted
into the octahedral crystals of trioxide, the metallic state, etc,
the object being to present the poison in court in as many different
states as possible, so as to avoid the possibility of doubt in the
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minds of the jury. If the yellow sulphide, soluble in ammonia,
the black metal (so called), the octahedral crystals, the mirrors
with the above mentioned properties, the coated copper obtained
by Reinsch’s test, the black deposit from silver nitrate in Marsh’s
test, with arseniate in the filtrate, the arsenite and arseniates of
silver, and arsenite of copper, etc., etc., are obtained, with proper
precautions, there is no room for doubt that the substance is
really arsenic.

For further directions on this subject, the student is referred
to Taylor on poisons, or Woodman and Tidy on Forensic Medi-
cine and Toxicology, or some other similar work.

ANTIMONY. _
Stibium, Sb = 122, Sp. gr. 6.71. Melting point 450°C. (842°F.)

248. Occurrence and Preparation.—Antimony occurs
native; but the principal source is the trisulphide, Sb,S;, called
stibnite. It occursin a number of other ores as sulphide, or oxide.

The element is easily obtained by roasting the sulphide, and
then fusing the oxide thus obtained, with charcoal.

249. Properties.—Antimony is a bluish-white, brittle, crys-
talline solid, isomorphous with arsenic and red phosphorus, and
resembling zinc in color and lustre. Tarnishes with difficulty,
but takes fire at a red heat. It unites readily with chlorine,
forming two chlorides, SbCl; and SbCl;, both of which are de-
composed by excess of water. In physical properties it resembles
metals, and forms alloys. In chemical properties it plays both
the positive and negative roles with facility. It is used as a con-
stituent of type metal, Babbitt’s anti-friction metal, Britannia,
etc., to give hardness, and to cause them to expand and com-
pletely fill the moulds in cooling.

250. Hydrogen Antimonide, Stibine, Antimoniuretted
hydrogen (SbH;).—A colorless, odorless gas, formed in the
same conditions as the corresponding compound of arsenic; <.e.,
by nascent hydrogen on reducible antimony compounds. It

differs from that compound in being much less poisonous, and

giving a different reaction with solutions of silver nitrate, as
shown in the following reactions :—

6 AgNO, + AsH, -+ 8H,0 = 6 HNO, + H,AsO, + 3Ag,

3 AgNO, 4 SbH, = 3HNO, +- Shag, Metallls
Antimonide.

By carefully floating a solution of ammonium hydrate over the
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-first solution, after passing the gas through it for some time, a
yellow precipitate of arsenite of silver will be formed at the line
of separation of the two liquids, while, in the case of antimony,
no such precipitate will be g)rmed. This gas is formed in Marsh’s
apparatus, and it is likely to be confounded with arsenic unless
very great pains be taken to avoid it.

The mirrors obtained on the porcelain or in the delivery tube,
require a higher temperature to volatilize them in the case of
antimony ; they are difficultly soluble in hypochlorite solution,
are sooty and less brilliant in appearance, there is no garlic odor,
and by oxidation they do not form crystals.

251. Chlorides, Bromides and Iodides.—Two chlorides
and two oxychlorides exist.

Antimony Chloride, or A. Trichloride—A. Protochlo-
ride—Butter of Antimony (SbCl), may be obtained by
dissolving the trisulphide in hydrochloric acid. At low tempera-
tures it is a crystalline solid, and melts at 73.2° C. (164° F.) to
a yellow, oily liquid. A solution of sp. gr. 1.47 is sometimes used
as an escharotic. On the addition of considerable water, this
chloride is decomposed into the oxychloride (SbOCI), formerly
called powder of algaroth. SbCl; is poisonous, acting both
locally and as a true poison.

Antimony Pentachloride (SbCly) is a fuming, colorless
liquid, of little interest to the medical student. The iodides,
bromides and fluorides, are similar to the trichloride in com-
position. The iodide has been used in medicine.

252. Sulphides of Antimony.—Two sulphides are known
and several oxysulphides. Antimony Trisulphide—Sul-
phuret of Antimony—Black Antimony—Antimonii Sul-
phidum (U. 8. P.), Sb,S,, occurs native as a ste¢l-gray, crystal-
line solid. Artificially, it may be prepared by precipitating a
soluble antimony salt with hydrogen sulphide as an orange-
colored powder. When the native ore is roasted in air it is
partially decomposed, and fuses into a vitreous, somewhat trans-
parent mass, known as glass of antimony, or crocus.

Antimonii Sulphuretum (U. S. P.) is a reddish-brown
powder prepared by dissolving the native sulphide in a solution
of sodium hydrate, and re-precipitating the hot solution with sul-

huric acid. It contains a little antimonious oxide (Sb,0,), and
1 used mostly in pill form. Dose gr. ij to xx. Plummer’s Pills,
Pil. antimonii comp. contain this sulphide with calomel.

By treating a hot solution of the trisulphide with sodium hypo-

sulphite, a fine red precipitate of oxysulphide is obtained, which
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is used as a pigment, under the name of antimony vermilion.
Kermes’ mineral is another oxysulphide.

Antimonium Sulphide (Sb,S;) is best obtained by decom-

gosing sulphantimoniates with a dilute acid. Itisan orange-red or

rown powder, readily soluble in alkalies and alkaline sulphides,
forming antimoniates with the general formula My'SbO,, in which
M stands for a metallic atom. Sulphantimoniates of silver, lead,
and iron, occur as minerals.

253. Oxides and Acids of Antimony.—Three oxides are
known.

Antimony trioxide...... Sb,0,, antimonious acid HSbO,.
“ pentoxide... Sb,0;.
¢ tetroxide.... 8b,0,, or Sb0.8bO0,.

Antimony Trioxide (Sb,0y) is obtained by roasting the metal
in air, or by treating it with HNO, and evaporating excess of
acid. It is dimorphous and crystallizes in the same forms as
Ar,0,, and is therefore isomorphous with it. It is a white powder
capable of being sublimed.

Antimonious Acid or Hydrate (HSbO,) is obtained by
adding a solution of sodium carbonate to a solution of SbCl,, as a
white precipitate.

28bCl, + 8 Na,C0, + H,0 = 2Sb0,H -+ 6 NaCl + 8 CO,.

By boiling, this hydrate is changed into the trioxide. It re-
acts with both acids and alkalies to form salts. Thus, we have
NaSbO,, SbO(NO;) and Sb(NO;);. We also have antimony
sulphate (Sb,(SO,)s—and antimonyl sulphate (SbO),(SO,)
—the former by dissolving the oxide in strong, and the latter
in dilute sulphuric acid. Both are decomposed by excess of water.

Antimonic Acid (HSbO,)—is obtained, by treating antimony
with warm concentrated HNO,, as a white powder, insoluble in
water and nitric acid.

Pyro-antimonic Acid (H,Sb,0,)—is also known, and may
be obtained by treating its salts with hydrochloric acid.

By gently heating either of the above acids, antimony pen-
toxide 18 obtained as a yellow, amorphous mass, and by a stronger
heat, with free access of air, it is converted into the tetroxide—
Sb,0,—which is usually regarded as an antimoniate of antimonyl
(SbO SbOs). It is a white, non-volatile powder, becoming yellow
when heated.

2564, Potassium Antimonyl Tartrate.—Tartar Emetic
—Antimonii et Potassii Tartras (KSbOC,H,0.H,0) is
one of the most commonly employed compounds of antimony. .
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Prepared by boiling 3 parts of 8b,O, with 4 parts of cream of
tartar (KH C,H,Os) in water, for an hour, filtering, evaporatin
the filtrate and allowing it to crystallize out. It occursin smalf
transparent, rhombic crystals, which effloresce in air, and have a
sweetish, afterward disagreeable, metallic taste and acid reaction.
Soluble in 17 parts of water at 15°C. (69°F.), and 3 parts boiling
water ; insoluble in alcohol. Its solutions are incompatible with
alcohol, hydrochloric acid, and alkaline carbonates. Tartaric
acid prevents the precipitates caused by the above reagents. On
being heated to redness it chars.

It is used in medicine, and enters into the composition of Syr.
scillee compositus, Vinum antimonii and Unguent. anti-
monii. The dose of tartar emetic is gr. j—ij (.065-.125 grms.),
as an emetic; as an expectorant, gr. 5 to gr. ¥ (.004-.016
grms.); of the wine, 10 to 30 drops.

255. Physiological Action.—Locally, the soluble com-
pounds of antimony act as powerful irritants. Tartar emetic
causes a pustular eruption resembling variola, which is accompa-
nied with fever and systemic results. Cases of poisoning from
antimony used in dyeing clothing have been reported. Inter-
nally, tartar emetic is employed as an expectorant, sudorific,
sedative, nauseant and emetic, according to the dose used. In
full doses it causes vomiting, purging, griping pains, with great
depressign. In excessive quantity it acts as an irritant poison,
and has produced death by syncope, preceded by ¢onvulsions
and delirium. One and a half grains (.092 grms.) have produced
death, but recovery has occurred after very large doses, because
of the rejection of the poison by vomiting.

The treatment should consist in promoting free vomiting, or

= removal of the poison with the stomach pump. The proper an-
tidote is tannic acid, which forms an insoluble compound with
antimony; it may be administered in the form of infusion of
tea, oak bark, nutgalls, etc., which contain it. Stimulants are
then to be administered.

In suspected cases, examine the urine or viscera by Marsh’s
test (Art. 246). Soluble salts of antimony give an orange-colored
precipitate with H,S, in acid solutions, which is soluble in
yellow ammonium sulphide, and in strong hydrochloric acid
(HCI). In Reinsch’s test, a bluish stain is obtained, but the
sublimate obtained from it is amorphous, not crystalline. (See
Art. 246.)

u*
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BISMUTH.

Bi = 210.

256. Occurrence and Preparation.—Occurs native and
as sulphide—bismuthinite. The element is obtained by roasting
the sulphide in air, and reducing the resulting oxide with
charcoal.

257. Properties. — Bismuth is a white, metallic-looking
solid, with a bronze tint. Sp. gr. 9.9. Brittle, and crystallizes
in rhombohedrons; fuses at 267°C. (512.5°F.), volatilizes at a
white heat, and if heated in air it burns to Bi,0,, HNO, and
hot H,SO, dissolve it, but HCl does not. Water precipitates
basic salts from the solutions of the neutral salts. It alloys with
the metals, and is sometimes described as a metal.

258. Bismuth Chloride (BiCl;) may be obtained by treating
the element with chlorine or aqua regia. It is a soft, white,
deliquescent, volatile solid. Water added to its solutions pre-
cipitates the white oxychloride.

BiCl, + H,0 = BiOCl + 2HCL

This reaction resembles that of SbCl;. BiOCI, as well as the
subnitrate, is sold as pearl powder, or pearl white, and used as
a cosmetic. They blacken by H,S. The compounds BiBr, and
Bil; are similar to BiCl;, Bismuth does not form a hydride
(BiHj,), as do the rest of the group. .
259. Oxygen Compounds.—Bismuth oxide (Bi,0,) is a
yellow powder, insoluble in water and alkalies; it may be pre-
ared by roasting bismuth, or heating the nitrate or carbonate.
};'Vhen chlorine is passed through a solution of potassium hydrate,
in which Bi,0, is suspended, bismuthic acid (BiO,H or H,Bi,0,)
is precipitated as a red powder. On gently heating this the
pentoxide, or bismuthic oxide (Bi,Os), is formed. Bismuth
ydrate (BiO,H,) is not known, but a metahydrate (BiO,H) is
Erecipitated when caustic soda or potassa is added to a
ismuth solution, or to the nitrate suspended in water. This
oxide is the one first precipitated in testing for sugar in
Beettger’s test. ,

260. Bismuth Nitrate (Bi(NOy),) is formed by dissolving
bismuth or the basic nitrate in nitric acid and evaporating,
when it crystallizes in large transparent tables (Bi(NO,);5H,0).
It is soluble in a little water, but is decomposed by a large
amount into a basic or subnitrate.
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—NO, —NO,
Bl:ﬁg: +2H,0 — Blzgg 4 2HNO,, or
BiNo: + 10 = BTNk 1 ENO,, or
—NO; __OH,
Bi—0.), + 1,0 = Bj—oNo, + 2mN0,.

Bismuthi Subnitras. (U.S.P., Br. P.)—The subnitrate of
bismuth is not a definite and fixed compound, but a mixture. It
is a white powder, insoluble in water, but soluble in nitric acid.
As arsenic and bismuth frequently occur together, the latter is
apt to be contaminated by the former. Should unpleasant
effects arise from its use, it should be tested with one of the tests
described under arsenic (g.v.) It is used internally, and as a
dressing for wounds.

261. Bismuth Carbonate — Bismuthi Subcarbonas

-—0
(U.S.P.)—Bismuthi Carbonas (B.P.)— Bj— €0, isalight,

white, odorless and tasteless powder, insoluble in water, and
formed by the action of alkaline carbonates upon solutions of
bismuth. Heated, it is changed into Bi,0, and carbon dioxide.

Bismuth Sulphate (Biy(SO,);) is formed by dissolving bis-
muth in sulphuric acid. It is of no special interest to physicians.

262. Bismuth Citrate (BiC;H;0;) is a white, amorphous
powder, odorless and tasteless, insoluble in watér or alcohol, but
soluble in ammonium hydrate. Prepared by boiling BIONO,in a
golution of citric acid, and precipitating the citrate with water.
By dissolving the citrate in dilute ammonia water, and cautiously
évaporating to a syrup, and spreading on glass, shining, pearly,
or translucent scales of Bismuth et Ammonii Citras are ob-
tained, solublein water. A solution of 2 pts. BIONO,, and 4 pts.
KNaC,H,O,, in a strong solution of sodium hydrate is used as a
delicate test for diabetic sugar. It becomes black from reduction
of bismuth.

263. Physiological Action.—The bismuth salts in medi-
cinal doses are tonic, antispasmodic, mildly astringent and anti-
fermentative. They are used to allay gastro-intestinal irritation
and diarrhea. When administered in considerable quantities
they form black stools, from the presence of the sulphide formed
by the H,S of the intestines. In many cases of excessive diarrhcea,
with acid fermentation in the stomach and intestines, this black-
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ening does not occur, and its appearance marks an improvement
in the case.

Cases of poisoning by large doses of the salts of bismuth are
generally, if not always, due to the presence of arsenic in them.

264. Tests.—Water precipitates, in the absence of free min-
eral acids in considerable quantities. Hydrogen and ammonium
sulphides give a black precipitate, insoluble in water, dilute acids
and alkaline sulphides. Potassium,Sodium and Ammonium
Hydrates give a white precipitate, insoluble in excess of the
reagents. Infusion of nutgalls gives an orange precipitate.
Potassium Iodide gives a brown precipitate, soluble in excess
of reagent. A piece of paper dipped in a solution of potassium
sulphocyanide and dried, forms a yellow spot when a drop of a
solution containing bismuth is dropped on it.

BORON.
_ B=11.

265. Occurrence and Preparation.—An unimportant
element, never occurring native, but as borates and boric acid.
Borates of calcium, magnesium and sodium (borax) occur native ;
the last, the most important, is found in India and California.
The element may be prepared in two allotropic states; the first,
by fusing its oxide with sodium or potassium, as a greenish-brown
powder ; the second, by fusing the oxide, chloride, or fluoride
with aluminium, as a crystalline transparent solid, varying in
color from colorless to a garnet red. Boron combines directly
with nitrogen at elevated temperatures.

266. Boric Anhydride and Acids.—B,0; is a transparent,
glass-like mass, obtained by heating boric acid to redness. It is
used in blowpipe analysis.

Boric or Boracic Acid (H;BO,)—exists native in lagoons, in
the vicinity of volcanoes in Tuscany. By evaporation and
crystallization the acid is obtained. Borate of sodium or
borax occurs in California and India, and from it the pure acid
is prepared by precipitating it with HCl from a hot solution.
The acid separates in white, shining scales; it is soluble in 25

arts of H,O at 14° C. (57.2° F.), and in 3 parts of boiling

;0. The solution has a faint acid reaction. Turmeric paper
moistened with the solution assumes a reddish-brown color on
drying. The acid is soluble in 6 parts of alcohol, and is also
soluble in glycerine, to the flame of both of which it imparts a
distinct green color ; this and the action on turmeric paper are
used as tests. )
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When boiled with glycerine, an ether is formed, known as
boroglyceride, which is soluble in water, has a neutral re-
action, is tasteless, and is used as a preservative for foods. Its
use, as well as that of boric acid, is attended, in considerable
doses, with an increased excretion of urea with irritation of
the kidneys, and should be used with some caution. Owing
to its antiseptic action, it is used in surgical dressings.

When heated, H;BO, loses one molecule of water at 100° C.
(212° F.), and forms metaboric acid (HBO,) ; on further heat-
ing it forms tetraboric acid (H,B,0;), and at a higher tem-
perature boric anhydride is formed.

SILICIUM—SILICON.

Bi = 28,

267. Occurrence.—In native rocks, either as silicic oxide
(8i0,), quartz, amethyst, carnelian, etc., or combined with vari-
ous metallic oxides as silicates. Clay is principally a silicate
of aluminium colored with iron and vegetable matter. This,
next to oxygen, is the most abundant of the elements. Neither
the element nor its compounds are of much interest to the medical
student.

The element never occurs native, and may be prepared in
three allotropic states: amorphous silicon, graphitic sili-
con, and crystallized silicon, somewhat resembling the three
states of carbon.

268. Compounds.—Silicic Hydride (SiH,) is obtained as
a colorless, spontaneously inflammable gas, by the electrolysis of
a solution of common salt, using for the positive electrode an
aluminium containing silicon. Silicic chloride (SiCl,) is a color-
less, volatile liquid possessing an irritating odor. The bromide,
SiBr,, and fluoride, SiFl,, are also known. This latter is de-
c0m6posed by water, forming hydro-fluo-silicic acid, H,FSi.

269. Silicic Oxide, or Anhydride (Si0O,), is the only known
oxide of this element, and exists in a pure state in quartz crystal.
Artificially, it may be prepared by adding hydrochloric acid to
a concentrated solution of soluble or water glass, filtering, wash-
ing and heating the residue, to expel the water. Artificially
prepared it is a fine, white, tasteless powder, fusible with great
difficulty, and not sensibly soluble in water or acids, with the
exception of hydrofluoric acid. Its.sp. gr. is 2.66. When fused
with potassium or sodium carbonates or hydrates, it forms a silicate
of these metals, or glass; when these alkalies are in excess, the
glass is soluble in water, the degree of solubility increasing with
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the proportion of alkaline salt used. This compound is known
as soluble or water glass.

270, Silicic Acid and Silicates.—The normal silicic acid has
the formula H,S§O,, and is only known in solution in water. It
may be prepared by adding hydrochloric acid to a very dilute
solution of an alkaline silicate, but it is unstable. The acid is
- very prone to liberate a portion of its water and form acids of
the condensed types; <. e., two or more molecules unite. and lib-
erate one or more molecules of water. The native silicates are
very complex in structure, and are usually formed on this con-
densed plan.

271. Glass.—Common glass is a mixture of several silicates,
in which there is an excess of silica, the principal ones used being
sodium, calcium and lead silicates. By the addition of small
quantities of metallic oxides, various colors are imparted to the
glass, as desired ; thus, cobalt gives a blue, manganese an amethyst,
copper a ruby or bluish-green, chromium a greenish-yellow, ferric
oxide a brownish-yellow or black, ferrous oxide the ordinary

bottle-green, ete. _
CARBON.
c—12

272. Occurrence.—Carbon occurs native in the diamond,
graphite (black lead), and the various forms of coal. In com-
bination it occurs in all the organic bodies, petroleum, fats, oils,
and in native carbonates (marble, dolomite, etc.).

278. Varieties.—Carbon exists in three allotropic states, the
diamond, the graphite, and amorphous carbon. The diamond
occurs in alluvial deposits in Brazil, India, Borneo, South Africa,
and in small quantities in other localities. The so-called California
diamonds and Brazilian pebbles are crystals of quartz (SiO,).
The diamond is pure crystalline carbon, possessing a brilliant
lustre and a high power of refraction, and is the hardest substance
known. It crystallizes in rhombohedra of the first system, but
cleaves readily into octahedra. It occirs colorless, as well as
colored through all shades of yellow, brown and black. The
sp. gr. is 3.5. Heated in the oxyhydrogen blowpipe flame, or in
oxygen gas, it burns to carbon dioxide, and is slightly softened
by the heat of the electric arc. A

Graphite, or Plumbago, occurs as a native mineral, having
a grayish-black color, a lustre almost metallic, and a soapy feel,
and leaves a black streak upon a white surface, on account of
which it is used to make lead pencils, and is called black lead.
It sometimes occurs in short, six-sided prisms. It burns in an
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atmosphere of oxygen with more difficulty than the diamond,
furnishing carbon dioxide, and leaving from 2 to 5 per cent. of
ash. Some of the purer varieties can be made directly into pen-
cils, but this is not common. The poorer varieties are ground to
a powder, heated with potassium chlorate (KClO,) and sulphuric
acid (H,S0,), or with strong nitric acid washed with water,
heated to red heat, and then mixed with some adhesive material
and pressed into cakes. These cakes are then sawed info suitable
strips and mounted.

Graphite conducts heat and electricity well. It is also used in
the manufacture of crucibles, as a lubricant for very heavy ma-
chinery, and as a stove polish. It may be obtained artificially
by fusing amorphous carbon with cast-iron ; on cooling the mix-
ture and dissolving the iron in dilute acid (HCI), the graphite is
left in the form of minute hexagonal plates. Amorphous
carbon is found native in the form of coals of many varieties.
Artificially, it is prepared by the partial burning, or carbonizing,
of organic matter, such as wood, pitch, blood, etc.

Soot, or Lampblack, one of the purest forms of amorphous
carbon, is prepared by the imperfect combustion of turpentine,
pitch, or heavy oils, rich in carbon. It is used principally as a
pigment. Animal charcoal or bone black is obtained b
the carbonization of animal matter from slaughter houses (blood,
bones, etc.), and possesses in a remarkable degree the power of
removing the coloring matter or putridity from organic solutions
filtered through it. ft is used in the refining of sugar to remove
the color from the solution of raw sugar. Carbo animalis
purificatus is prepared by treating the above with dilute HCI,
to remove the calcium phosphate. Charcoal, carbo ligni
(U. 8. P.), is carbonized wood, retaining, usually, the form and
grain of the wood and the ash contained in-the same. In pre-
paring it, the wood, cut into suitable lengths, is piled up on end
mto a conical heap, a trough made of boards being laid from
the circumference on one'side to the centre, to supply air. The
whole heap is then covered, first with straw or leaves, and finally
with dirt about six or eight inches in thickness, except a hole at
the centre on the top. The fire is lighted and is allowed to
burn slowly, until the flame almost ceases to come from the hole
at the top, or until the gaseous products have all burned off.
This opening at the top, as well as the draught holes, is now
covered over and the fire allowed to smoulder for a time, when
the heap is torn down and the remaining fire extinguished with
water.
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It is used as a fuel, in the manufacture of gunpowder, and
sometimes in the construction of filters, as it possesses, in a feebler
degree than animal charcoal, the power of destroying noxious
odors, and filtering coloring matters from organic solutions.
1 volume of it absorbs 90 volumes of NHj;, 55 volumes of H,S
and 9 volumes of oxygen at 100° C. (212° F.). It is very porous,
and burns with little flame. Coke is the porous mass left in
the retorts from the destructive distillation of mineral coal in the
production of illuminating coal gas. Gas retort carbonisa
compact, hard mass found adhering to the inside of the retorts
i the above process of manufacturing coal gas. It has a metallic
lustre at times, and is a.good conductor of electricity, and is used
for the negative plate in the construction of many forms of the
galvanic battery.

Mineral coals (anthracite, bituminous, brown and cannel coals,
lignite, peat, or turf, etc.), are the results of a slow decay, under
certain conditions, of vegetable matter. The proper conditions
for its formation seem to be, enough water to cover the fallen
timber or vegetation, and then a covering of clay or mud, to ex-
clude the air and apply pressure to the mass. The liquid and
volatile portions are gradually lost, leAving the carbon’behind.
The final product of this change, assisted by subterranean heat,
is anthracite coal, which often contains 96 to 98 per cent. of
carbon, and almost no volatile products. Petroleum oil is be-
lieved to be the expelled liquid portions of the wood, separated
from the anthracite coal by heat and pressure. Bituminous
coal is a softer, less compact, less decayed variety. It often con-
tains the structure of the wood. It burns with a smoky flame,
while the anthracite furnishes very little or no flame. Brown
coal, lignite, and wood coal, are names of less perfect varie-
ties than those before mentioned. Peat, or turf, is a mixture
of mud with partially decayed plants and roots, obtained from
certain marshy districts. It is used as fuel. Cannel coal is
a compact, even-textured coal, without lustre, and takes fire
readily, burning with a clear, yellow flame. It has been used
as candles—hence the name.

274. Properties.—Carbon is insoluble in all ordinary men-
strua, but soluble to a slight extent in molten cast-iron, forming
a carbide. It is fused and volatilized only in the voltaic arec.
At ordinary temperatures it is permanent in air and all chemical
reagents. At high temperatures it has a strong affinity for
oxygen, and on this account it is used as a reducing agent in
stelting the ores, from which it removes the oxygen. Indi-
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rectly, it enters into combination with a great many of the ele-
ments. In combination with hydrogen, nitrogen and oxygen, it
forms a large share of organic bodies. Most combustible bodies
contain carbon.

275. Coal Gas.—Illuminating gas, as it is often called, is
made on a large scale by the dry or destructive distillation of
bituminous coal. In principle, the manufacture is simple; but
in practice, it requires considerable skill to prepare a good illu-
minating gas. During the distillation, which is conducted in
horizontal, semi-cylingrical, fire-clay or cast-iron retorts set in
brickwork, a variety of products are produced besides the gas,
such as tar, heavy oils, lighter oils, steam, ammonia from the
nitrogen of the coal, etc. There is left in the retort a porous,
friable mass, called coke. After the retorts have been used for
some weeks, there is to be found lining their inner surfaces a
very compact layer of carbon, usually known as gas retort
carbon, and used in making the negative plates in some forms
of electric batteries, and the poles of electric lights. In many
of its properties it resembles graphite.

The coal is distilled at a bright red heat, and the volatilized
products are conducted into a large, horizontal, iron pipe, half
filled with water, into which the pipes from the retorts dip. This
is called the hydraulic main. A large part of the coal tar
and heavy oils condense in this main. The volatile products are
then made to traverse a series of upright tubes, in the form of
an inverted U, ecalled condensers. _ The lower end of one limb of
each condenser dips under water, so as to cool the gas, and to
dissolve the ammonia in it. After traversing a number of these
condensers, where the remainder of the tar, steam and ammonia
liquor are condensed, the gas passes to the purifiers, which are
-composed of a series of large boxes, in which are several perfo-
rated shelves, or trays, holding fresh slaked lime, or a mixture of
sawdust and iron oxide. The gas is passed slowly through these
purifiers, 8o as to expose it to the action of the lime or iron
oxide, to remove H,S, CO, and other volatile acids, if present.
In some plants there is an additional process of washing the gas
by passing it through weak sulphuric acid, to remove the small
quantity of ammonia still remaining. The tar and ammonia
liquor are sold as by-products, and the latter furnishes a very
considerable portion of the ammonium compounds of the market.
After passing through the purifiers, the gas is conducted in
underground pipes to the gasometer, to be stored until needed.

The gasometer is a very large, tub-shaped vessel, made of
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boiler-iron floated bottom upward upon water, and balanced by
weights attached to chains passing over pulleys at the top of iron
pillars, which are erected around the gasometer for that purpose.
As the gas is forced into the gasometer, the latter rises out of
the water, and sinks again as the gas is used.

Various other processes for the manufacture of gas have
been used with varying success; such as, the distillation of the
heavy petroleum oils, either alone, with coal, or with admixture
of the vapors with air or steam.

Gasoline, or air gas, is air saturated with the vapors of the
very volatile oils from petroleum.

Woater Gas is very largely used in all large cities, owing to
cheapness of manufacture. It is made by the action of steam
upon coal heated to a red or white heat. The gas thus produced,
is, in some works, mixed with vapor from naphtha, and then again
st.r‘olngly heated in retorts, and finally purified, as in ordinary
coal gas.

Cogmposition.—The composition of coal gas varies somewhat
with the composition of the coal used, and the temperature of
the retorts during the distillation. -

The following figures represent the composition of coal gas and
water gas suppﬁed to Brooklyn in 1883 :—

Coal Gas. Water Gas.

Carbon dioxide 0.0 0.8
Carbon monoxide 7.9 28.25
Hydrogen 50.2 30.3
Illuminants (C,H,, C,H,, etc.) 4.3 12.85
Marsh gas (CH,) .29.8 21.46
Nitrogen 7.8 6.85.

100.00 100.00

(R2emsen).

276. Carbon and Oxygen.—There are four oxides of carbon
known, having the formule C;0;, C,0,, CO and CO,. The first
of these compounds is a light brown powder, formed by heating
the suboxide (C.0Os). <

Carbon Suboxide is an amorphous extractive matter formed
by the action of an electric current upon carbon oxide.

Carbon Monoxide (CO-) is a colorless, tasteless, almost
odorless, combustible, poisonous gas.

It is always produced when carbon or bodies containing it are
burned with an insufficient supply of oxygen or air, or by conduct-
ing carbon dioxide over or through red hot coals, CO, 4 C =2CO.
It mnay be prepared by warming oxalic acid with sulphuric acid.

H,C,0, + H,80, = H,S0, (or H,0, H,S0,) + CO, + CO.
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The mixed CO, and CO are passed through a solution of sodium
hydrate to absorb the CO,, and the CO remains. One part of
potassium ferrocyanide warmed with nine parts of H,SO, may be
used to give the gas in nearly a pure state. Its density is 14. It
is almost insoluble in water, but soluble in a solution of cuprous
chloride in ammonium hydrate. It burns in the air with a bluish-
lavender flame, producing the higher oxide —CO,. Owing to
this property, it plays an important part in the reduction of ores
in the blast furnace. It does not support combustion or respiration.
It diffuses readily through red hot cast-iron, and frequently escapes
from stoves and hot air furnaces.

277. Physiological Effects.—It has the power of combining

with the hamoglobin of the blood and expelling the oxygen. It
thus acts as a narcotic poison, causing dizziness, headache, nausea,
incoordination of movements, convulsions, and death. If the
carbon monoxide be in sufficient quantity to saturate all the
hemoglobin, recovery is seldom, if ever, realized. The blood has
a light red color,and does not coagulate or decompose as readily as
normal blood. If the heemoglobin is only partially saturated,
recovery may take place, but very slowly—debility, anorexia,
ete., remaining for days. Air containing 0.5 per cent. kills birds
in three minutes; 2 per cent. rendered a guinea pig insensible in
.two minutes. Artificial respiration is of little use. Trapsfusion
of blood is the most promising treatment. The sources of danger
are open fires, defective drau%ht in chimneys, escape of coal gas,
and especially “ water gas,” from defective fittings or from leaks
under the ground. When the ground is frozen and the gas
escapes into the soil, near a cellar, the gas diffuses through the
ground into the cellar, and, as it is thus deprived of its odor,
persons may be poisoned and not know where it comes from.
Coal gas poisoning is essentially a poisoning by the carbon mon-
oxide which it contains. Suffocation by coal gas is not very
different from suffocation by other gases. .

278. Carbon Dioxide—Carbonic Anhydride (CO,),
sometimes called carbonic acid gas, is found free in the air in
the proportion of about 4 parts per 10,000; and in ordinary
well ventilated rooms from 5 to 6 parts per 10,000. It is found
in volcanic gases, and in solution in many mineral springs. It
sometimes accumulates in mines, wells and cellars, in dangerous
quantities, and is then known as “ choke damp.” It may be de-
tected in such places by lowering a candle. (See below.) It is
produced when carbon or its compounds are burned with a free
supply of air, by alcoholic and other fermentations, by the respi-
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ration of animals, and by slow oxidation of organic matter in
the natural process of decay. In the laboratory it is obtained by
the action of an acid upon a carbonate. :

CaCO, 4 2HCl = CO, 4 CaCl, 4 H,O.

Carbon dioxide at ordinary temperatures and pressures is a
colorless, transparent, odorless, tasteless, (by some sweetish), gas.
Sp. gr. = 1.524. Density = 22. Under a pressure of 36 at-
mospheres at 0°C.(82°F.), it is condensed to a colorless, mobile
liquid, of sp. gr. 0.94. Above 32.5°C. it cannot be liquefied at any

ressure. This is known as the critical point in temperature.
hen the liquid is exposed to the air it rapidly evaporates, pro-
ducing a temperature so low as to freeze a portion of it to a snow-
like solid ; the temperature being sometimes as low as —130°C.
(—202°F.). The gas extinguishes the combustion of burning
bedies, and animals die very quickly in it. Death has resulted
from persons entering mines, wells and fermenting vats, where the
gas had accumulated. It is unsafe for a man to venture into a well
or other place where a candle will not burn. CO, is soluble in its
own volume of water, at the ordinary temperature and pressure,
forming a solution of carbonic acid (H,CO;). Common soda
water i8 a solution of the gas in water under pressure; it con-
tains no sodium salt, as its name would imply.

279. Physiological Effects.—These vary with the degree
of concentration of the gas and its dilution with other gases. If
the gas be pure, it causes death instantly, by apncea from spasm
of the glottis. 'When somewhat diluted, there is, at first, great
loss of muscular power; the patient becomes livid, sinks down
and dies without a struggle. }%’Vhen still more dilute, there is, at
first, irritation of the throat, then giddiness, ringing in the ears,
loss of muscular power, with rapid pulse and respiration, and
occasionally vomiting and convulsions, finally ending in coma
and death. .

The amount of the gas that can be tolerated in the air depends
not only upon the quantity of it actually present, but also upon
the source of it. Thus, when the source of the gas is animal
respiration or combustion, the oxygen is withdrawn from the air
at the same time, and a much smaller quantity will prove fatal
than where the gas is simply added to the normal atmosphere.

If the CO, is simply added to the air, 10 per cent. may be re-
%arded as poisonous, and even 8 per cent. will prove injurious.

f, on the other hand, the oxygen be increased, an air containing
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even 20 per cent. may be breathed. A taper will burn in an air
containing 8 per cent. of CO,, provided the oxygen be present in
normal quantity, and will burn feebly in such an air containing
10 per cent. Where the CO, is produced by combustion of respi-
ration, the injurious effects are soon perceived, and are due to
several causes; viz., the deficiency of oxygen, the presence of too
great a quantity of CO, and moisture, the rise in temperature,
and the action of the organic matter exhaled from the lungs and
skin. QAL

The ed air contains from 4 to 5 per cent., or about .78
cubic feet of CO, per hour, and there is absorbed .94 cubic feet
of oxygen. A stearin candle gives off .5 cu. ft. of CO,, and
uses up 1 cu. ft. of oxygen. A gas light burning 5 feet of gas
per hour (12 candle power), gives off very nearly 6 cu. ft. of
CO,, or 3.7 times as much as one man; as-much heat as 2 men;
removes more oxygen than 5 men ; and gives off nearly as much
watery vapor as > men. More than 6 parts of CO, per 10,000
of air renders it oppressive, and should not be allowed. Assuming
the amount of CO, given off in an hour by an adult to be .7 cu.
fi., and normal air to contain 4 parts, it would require about
3500 cu. ft. of air per hour, in order that it should not receive
more than two parts per 10,000 of CO,, or 2 cubic feet. Dr,
Parkes fixes the amount necessary at 2000 cu. ft. per hour. It is
impossible to change the air of a room oftener than 3 or 4 times
per hour without causing uncomfortable draughts ; and it would,
therefore, require 700 to 1000 cu. ft. of room space, in order to
keep the air of the room in a proper condition. If lights are
used, which change the air, a corresponding calculation must be
made for them. A common oil lamp, or two sperm candles (not
an argand lamp), will contaminate the air about the same as an
adult man. ’.I.Phe English Poor-Law Board’s requirements for
dormitories, to prevent over-crowding, are— '

Cu. ft.
1200 Lying-in cases and offensive sick.
850 Sick.
700 Infirm. Same room night and day.

500 Infirm. Separate room in day.
800 Healthy.

These figures are, of course, too small for general use. Parkes
quotes Morin as giving the following amount of fresh air neces-
sary to be furnished to each adult per hour in the following cir-
cumstances :— .
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Day. Night.
In Barracks, 1059 cu. fi. per hour. 2118 cu. ft. per hour.
‘“ Workshops, 2118 ¢ +¢ ¢ &
‘¢ Schools, 1069 ¢ ¢ ke ke
‘¢ Hospitals, 2825 ¢ ¢ b w

In sleeping apartments, the amount of space allowed to each
individual should be not less than 1000 feet, i.e., a room
10 X 10 X 10 ft.; but, as the proportion of carbonic dioxide
" would accumulate slowly, and as a much larger amount of the
gas may be borne without serious discomfort, even one-half this
capacity may be tolerated with little inconvenience beyond a
feeling of fatigue or sleepiness in the morning. Dr. Tidy
regards 400 cubic feet as the very smallest amount of space that
should be allowed to each person in a sleeping room, to avoid
serious overcrowding. The foulest air in an occupied room is at
the ceiling. The heat of the body or a lamp causes an expansion
of the air about them and an upward current of air, the heated CO,,
water vapor, etc. These gases reach the ceiling before they cool
sufficiently to stop this upward current, and before there is time
for perfect diffusion. The upper galleries in theatres are supplied
with impure air from the main floor and lower galleries, and from
-the gaslights. Fresh air should always be admitted to a room near
the floor, and the outlet for impure air should be at or near the
ceiling. It must be remembered that the law of diffusion of gases
does not allow the CO, to accumulate in one part of the room and
remain there for any considerable time, but mixes them evenly.

Nor is this diffusion confined within a room. It takes place
through porous walls between the indoor and outdoor air,
especially in winter, when there is much difference in the’
temperature of the two. Indeed, a very fair amount of
ventilation may be effected in this way, where the walls are of
brick or stone, and not painted or papered inside.

Carbonic dioxide exists in the blood in solution, and does not
combine with the corpuscles, the blood after death remaining
dark-colored and liquid. Putrefaction after CO, poisoning is
slow, while animal heat and rigidity are very persistent.

280. Tests for Carbon Dioxide.—If the quantity ex-
ceeds 12 per cent., a taper is extinguished. Moistened litmus
paper is first reddened, then bleached. Lime water or baryta
water is rendered cloudy by it, from the precipitation of the
carbonates of calcium or barium.

281. Carbonic Acid and Carbonates.—CO, is soluble in
water, with which it combines to form carbonic acid (H,CO;).

H,0 + CO, = H,CO,.




CARBON. 175

Carbonic acid is a feeble, dibasic acid, forming a double series
of salts, the carbonates and acid or bi-carbonates. As
mentioned above, “ soda water ” is a solution of carbonic acid in
water, kept under pressure. When the pressure is removed, a
large portion of the acid undergoes decomposition into the anhy-
dride (CO,) and water. The same decomposition, with effer-
vescence, takes place when we prepare the acid by treating a
carbonate with a stronger acid. The carbonates of gold, arsenic,
antimony and aluminum are unknown. The carbonates of the
alkaline metals are soluble in water, and are not decomposed by
heat ; while the carbonates of all the other metals are insoluble
and decomposed by heat into the oxides of the metals. The bi-
carbonates are formed by passing carbonic dioxide through the
solution of the carbonates. They are converted into the carbon-
ates by heat. The carbonates of ammonium are volatilized by
heat. Water charged with carbonic acid dissolves the carbonates
of some of the metals, as calcium, magnesium, iron, copper, lead,
ete., which gives rise, in the case of the first two, to hard water.
This hardness is deposited again on boiling the solution, or even
on free exposure to the air, thus forming an important element
in certain geological formations.

282. Carbon and Sulphur—Carbon Disulphide (CS,),
is formed, like the dioxide, by the direct union of the elements.
‘When the vapor of sulphur is passed over charcoal heated to
redness, the two elements combine, producing vapors of carbon
disulphide, which condense into a very volatile, colorless, mobile
liquid, possessing a peculiar, disagreeable odor; it refracts light
strongly, and for this reason is used to fill hollow glass prisms for
the spectroscope. It is combustible, burning with a blue flame,
and has been suggested as a means of furnishing sulphurous oxide
for fumigation, by burning a mixture of CS, and alcohol in
a lamp.

The vapor mixed with air, forms an explosive mixture, and
mixed with nitrous oxide, it burns with a very brilliant flame. It
is insoluble in water, but is miscible with alcohol and ether. Itisa
ready solvent for sulphur, phosphorus, caoutchouc (India rubber),
fatty oils and iodine, with the last of which it forms a violet-red
solution. CS, dissolvesin a solution of the alkaline sulphides form-
ing sulpho-carbonates, CS, 4+ K,S = K,CS;. CS, may be re-
garded as the anhydride of sulpho-carbonic acid, H,CS,, obtained
by adding hydrochloric acid to a sulpho-carbonate. Carbon
Monosulphide (CS)—a brown-red powder, and a sulphide hav-
ing the formula CS,, and an oxy-sulphide, COS, are also known.
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CARBON -AND NITROGEN.
Cyanogen (C,N,) = 62.
Symbol Cy. Density — 26. Sp. gr.=1.8.

283. History and Preparation. — Discovered by Gay
Lussac in 1815. It was the first compound radical isolated.
Although carbon and nitrogen cannot be made to unite directly,
yet carbon compounds containing nitrogén, when heated with
potassium hydrate, yield potassium cyanide (KCN), and, in the
presence of iron, form potassium ferrocyanide, or yellow
prussiate of potash. From these two compounds all the long
list of compounds containing the radical CN are prepared.

Cyanogen is most easily prepared by heatin% mercuric or ar-
gentic cyanide ; or, a mixture of two parts well dried potassium

errocyanide and three parts of mercuric chloride.

284. Properties.—(gyanogen is a colorless gas, possessing a
pungent odor. It is soluble in one-fourth its volume of water,
and one-twentieth its volume of alcohol It is easily condensed
to a liquid at — 20.7°C., or at ordinary temperatures by a pressure
of 4 atmospheres. At —34°C. (—29.2°F.) it freezes to an ice-
like solid. It burns in the air with a purple-red flame. The
free cyanogen molecule is composed of two cyanogen radicals,
CN— CN. The radical CN—is a monad negative, or acid
radical, resembling the chlorine group in its chemical behavior,
and forming a series of cyanides resembling the chlorides, thus :—

Potassium chloride KCl. Potassium cyanide KCy.
Silver chloride AgCl. Silver cyanide AgCy.
Mercuric chloride HgCl,. Mercuric cyanide HgC{v,.

285. Hydrocyanie Acid—Prussic Acid (HCy), is most
readily obtained b decomgosing the metallic cyanides with sul-
phuric or hydrochﬁ)ric acid. :

KCy + H,80, = HCy + KHSO,. AgCy + HCl = AgCl + HCy.

The acid boils at 26.5°C. (79.7°F.), and is soluble in water, from
which it gradually escapes. It is a colorless liquid, of a charac-
teristic odor and taste, resembling those of bitter almonds, the oil
of which contains from 5-to 14 per cent. of this acid. It is also
a constituent of peach kernels and cherry-laurel water.

Acidum Hydrocyanicum Dilutum (U. 8. P. and B. P.)
contains two per cent. of HCy, while the French Pharmacopwia
directs the acid to contain 10 per cent.

286. Cyanides.—Prussic acid forms a series of binary com-
pounds known as cyanides, which resemble the haloid com-
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ounds. Like the acid, they are all more or less poisonous.

he cyanides of potassium, mercury and silver are best known.
The first is soluble in water, the other two are insoluble. The
potassium salt is used largely in photography and in electro-
metallurgy.

287. Toxicology.—Hydrocyanic acid and the cyanides are
very poisonous. One drop of the pure acid is enough to cause
instant death. Accidents are liable to occur from the use of the
cyanides, or from the acid, or vegetable substances containing
amygdalin, a body which easily undergoes decomposition into
prussic acid and other products. Bitter almonds, cherry-laurel,
the pits of the common cherry, plum, peach and sloe, may be
mentioned as the most common of these. In England, poisoning
by cyanides ranks second in order of frequency, in alr cases of
poisoning. One grain of HCy and 2.4 grains of potassium cya-
nide are sufficient to cause death in man. The symptoms of
poisoning bl)]' HCy and KCy are very nearly the same—first a
salivation, then constriction of the throat, giddiness, insensibility ;
the person then falls, usually in a convulsion, respiration and
pulse become irregular, and finally cease. The symptors com-
mence from ten seconds to one minute after swallowing of the

oison, depending somewhat upon the dose and form of admin-
istration. In some cases death is almost instantaneous; in others,
it is prolonged to 15 minutes, or longer. Hydrocyanic acid enters
the Elood,.forming a compound with the hzmoglobin, passes to
the medulla and paralyzes the respiratory centres. The post-
mortem appearances are mainly those of suffocation, and every-
where there is the odor of the acid, unless concealed by
putrefactive odors. When potassium cyanide has been used, there
18 usually inflammation of the stomach, due to its caustic action.
288. Chronic Poisoning by Cyanides may occur in
Ehotographers, gilders and electro-platers. The symptoms are

eadache, giddiness, noises in the ears, pain in the region of the
heart, difficult respiration, loss of appetite, nausea, obstinate con-
stipation, full pulse, pallor and offensive breath.

289. Treatment.—When there is time, cold douches, ammo-.
nia inhalations, chloride of lime alone or moistened with vinegar
and held to the nose, frictions, electricity, artificial respiration.
The best antidote is a mixture of ferrous and ferric sulphates, with
sodium or potassium hydrate or carbonate. Usually, however,
there is not sufficient time to apply these remedies, except in cases
of poisoning by the vegetable substances above mentioned as
containing 1t, and in chronic poisoning.

I



178 INORGANIC CHEMISTRY.

290. Tests.—1st. Silver nitrate precipitates the acid as silver
cyanide—a white, curd{I recipitate, insoluble in nitric acid. A
rod moistened with Ag & and held in the vapor, is rendered
milky. 2d. Add a solution of liquor potassze, or potassium
hydrate, then a solution of ferrous sulphate mixed with ferric
sulphate, then a small quantity of sulphuric acid, when a blue
deposit of Prussian blue will appear. 3d. To a small portion of
the suspected liquid, in a wide test tube or crucible, add dilute
sulphuric or hydrochloric acid. Invert over this a watch glass,
convex side down, with one or two drops of yellow ammonium
sulphide upon the under side of it. Warm the crucible gently,
and after a few minutes remove the watch glass, warm, and
evaporate the ammonium sulphide by blowing upon it. Now
touch the stain with a drop of ferric chloride, when a blood-red
stain will make its appearance, due to the formation of sulpho-
cyanate of ammonium on the glass, which, with the iron, strikes
ared color. This is easy to perform, is applicable to organic
mixtures, and is quite delicate.

291. Cyanic Acid (H-O-Cy).—Metallic cyanides readily
take up oxygen, when fused with oxidizing agents, such as po-
tassium nitrate, or even the oxides of some o%the metals, and form
cyanates. The acid, HOCy, may be prepared by decomposing
its salts with dilute acids, but it is unstable, and breaks up into
carbon dioxide and ammonia.

HOCN + H,0 =NH, + CO,.

Of the cyanates, the ammonium cyanate is the most interesting,
as its solution in water, on being heated, forms urea, a body
isomeric with it, and a well known excretory substance found in
urine. :

NH,CNO = CO(NH,),.

This is interesting as being the first animal substance prepared
by synthesis.

292. Sulphocyanates.—The potassium salt is prepared by
fusing potassium ferrocyanide and sulphur together, and ex-
hausting the fused mass with alcohol. On evaporating the alcohol,
a white, crystalline salt is obtained, soluble in water, and having
the formula KSCy.

Ammonium Sulphocyanate (NH,SCy) is prepared by
heating hydrocyanic acid with yellow ammonium sulphide.

The principal interest attached to these salts is as tests for
ferric iron salts, with which they give a blood-red solution.

Mercuric sulphocyanate, formed by precipitating mercuric



CYANOGEN. 179

nitrate with potassium sulphocyanate, is decomposed by heat, the
mass swelling up and leaving a voluminous residue. It is used
in making the toy, Pharaoh’s Serpents.

293. Compound Cyanides.—Cyanogen shows a remarkable
tendency to form complex compounds. Among these more
complex compounds are two series of bodies in which cyanogen
and iron form the radical. Of these, the ferrocyanides and
ferricyanides of potassium and iron will be mentioned here.

Potassium Ferrocyanide—K,(FeCy,)—Yellow Prus-
siate of Potash, is an important commercial product, manu-
factured on a large scale by fusing in a closed crucible
nitrogenous animal matter (horns, hoofs, leather scraps, etc.),
with potassium carbonate and iron filings, treating the fused mass
with water, and crystallizing. The salt is thus obtained in large,
yellow, tabular crystals. Itis used in dyeing, in preparing certain

igments, and as a source of all the other cyanogen compounds.

y simple fusion, potassium cyanide (KCy) is prepared.

K, FeCy, = 4KCy + FeC,; + N,.

From a solution of the salt, various other ferrocyanides are
prepared by precipitation. Of these, Prussian Blue (ferric -
ferrocyanide), prepared by adding to a solution of potassium
ferrocyanide a solution of some ferric salt, is used as a pigment
and as a medicine. With a ferrous salt the precipitate is
white, but quickly becomes blue by oxidation. This test serves
to distinguish ferrous from ferric salts. With cupric salts we
obtain a reddish-brown precipitate, Cu,FeCys.

Ferricyanides.—By passing chlorine through a solution of
K, FeCys, a compound is fl:)rmed in which the iron of the radical
is tetrad, and the radical itself becomes hexad. K, (Fe,Cy,,)""
On evaporating, we obtain dark red crystals of potassium
ferricyanide, or red prussiate of potash. With ferrous
salts a solution of this salt gives a.deep blue precipitate of ferrous
ferricyanide—Fe;Fe,Cy,,—Turnbull’s Blue. Ferric salts give
o precipitate or coloration, and thus we distinguish ferric from
ferrous salts.

Ferric Ferrous cyanide = Prussian Blue.
Ferrous Ferric cyanide = Turnbull's Blue.

The further consideration of carbon compounds will be con-
sidered in part third. :
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THE ALKALINE METALS.

1. Lithium.............. 7 4. Rubidium......... 85.6
2. Sodium............... 23 5. Ceesium............ 132.6
3. Potassium ......... 39 6. (Ammonium)...

294. The metals of this group present great similarity in their
chemical and physical properties. Exposed to the air, they all
oxidize readily. They decompose water violently, with the forma-
tion of strong basic hydrates which dissolve in the excess of water.
The hydrates thus formed are called caustic alkalies (caustic
potash, caustic soda) ; hence the name, alkaline metal. Nearly all
of the salts of these metals are soluble, and most of them, when
in solution, turn blue litmus red. They form but one chloride,
one iodide and one bromide.

LITHIUM.

Li=1.

295. Lithium occurs widely distributed in nature, but in small
quantities. It is found in some mineral springs and in the ashes
of many plants, chiefly that of tobacco and beet. It is usually

- obtained by separating it from its chloride by electrolysis.. It is
gilver-white in color, and decomposes water at ordinary tempera-
tures. It is the lightest of the solid elements,—sp. gr. 0.589,—and
floats upon naphtha. It fuses at 180°C. (356°F.), and burns in
air with an intense red light. Its salts closely resemble those of
sodium. :

Lithium Oxide (Li,O) is a white solid, formed by burning
lithium in dry oxygen. It slowly dissolves in water, forming the
hydrate, LiOH.

Lithium Chloride (LiCl) crystallizes at ordinary tempera-
tures, in regular, anhydrous octahedra; below 10°C. (b0°F.),
however, with two molecules of water. It is very deliquescent.

~296. Lithium Bromide (LiBr) is obtained Ky decomposing

lithium sulphate with potassium bromide; or, by neutralizing a
solution of hydrobromic acid with lithium carbonate. It crys-
tallizes in deliquescent needles.

297. Lithium Carbonate—Lithium Carbonas (U. 8.),
(Li,COy), is obtained by fusing a native silicate called lepidolite,
with barium sulphate and carbonate, and potassium sulphate.
It is then extracted with water, and precipitated with sodium
carbonate. It is a white, odorless powder, of a strongly alkaline
taste, soluble in water to the extent of 12 parts per 100. It
unites readily with uric acid, forming a soluble lithium urate. It
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is said that 250 parts of lithium carbonate at a temperature
of 38°C. (100.4°£‘.), will dissolve almost 1000 parts of uric
acid. This property renders it of value in diminishing the
deposit of uric acid formed in gout, and in dissolving uric acid

calculi.
SODIUM—Natrium.
Na = 23,

298. Occurrence.—This metal occurs widely distributed,
being found in sea-water and in rock salt as chloride, and in
many native silicates.

299. Preparation.—Like potassium, it is obtained by a pro-
cess which depends upon the reduction of the carbonate by coal.
The two substances are mixed in an iron retort, and heated to

redness.
Na,CO, + 2C = 2Na + 3CO.

300. Properties.—Sodium is a soft, silver-white metal, re-
sembling potassium, but less easily oxidized. It becomes slowly
coated with a brownish-yellow layer on exposure to the air, and
should be kept under naphtha. It fuses at 95.6°C. (203.8°F.),
and volatilizes at a white heat, the vagor burning with a bright
yellow flame. Sp. gr. 2.078. "It is characterized by its affinity
for oxygen, decomposing water at ordinary temperatures, liberat-
ing hydrogen, and forming sodium hydrate.

301. Oxides.—Three are described—Na,O, Na,O, Na,0,.
The first of these is a white powder, formed by the oxidation of
the metal in dry air. It is very deliquescent, soon liquefying in
air. The peroxide is a grayish-white mass, obtained by burning
sodium in a current of oxygen. They all unite with water with
great energy.

302. Sodium Hydrate—Caustic Soda—Soda (U. 8.,
Br.), (NaOH), is usually obtained by boiling a solution of so-
dium carbonate with calcium hydrate.

Na,CO; + Ca (OH), = CaCO; + 2NaOH.

The resulting solution, after filtering, is evaporated to dryness,
dissolved in alcohol, again evaporated, fused in a silver vessel,
and cast into sticks. This product is usually labeled caustic
soda by alcohol. It is a white, opaque, brittle, crystalline
mass, fusing below redness; sp. gr. 2.00. It dissolves readily in
water, the solution being known as soda lye in the arts, and in
pharmacy, as liquor soda (sp. gr. of latter 1.071). This solu-
tion attacks glass; hence, the necks and stoppers of bottles con*
taining it should be coated with paraffine. When exposed to the
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air, sodium hydrate attracts water and carbonic dioxide, and is
converted into the carbonate.

303. Sodium Chloride—Common Salt—Sodii Chlori-
dum (U. 8, Br.), (NaCl), is found very abundant in nature. It is
deposited in almost all parts of the globe in the solid form as
rock salt; in solution, it is found in all natural waters, and to the
extent of 2.7 to 3.2 per cent. in sea water; it also exists in most
animal and vegetable tissues. It is formed in a great number of
chemical reactions. Its most important source is the deposits of
rock salt, from which it is mined; it is also obtained by the
evaporation of sea or saline spring waters. It crystallizes from
water in translucent cubes. Sp. gr. 2.078. It fuses at a red
heat, and volatilizes at a white heat. Hot water dissolves but
little more than cold; 100 parts of water at 0°C. (32°F.) dissolve
36 parts of the salt; and at 100°C. (212°F.), 39 parts. A satu-
rated solution, therefore, contains 26 per cent. sodium chloride.
From dilute solutions nearly pure ice is obtained by freezing.
On account of a slight admixture of magnesium salts, most speci-
mens of common salt will deliquesce; the perfectly pure salt,
however, is not hygroscopic.

304. Sodium Bromide (Na Br) is formed by the action of
bromine upon a solution of sodium hydrate. It crystallizes in
anhydrous cubes, and is soluble in 1.13 parts of water at 20°C.
(68°F.), and in 0.87 at 100°C. (212°F.) It contains 77.67 per
cent. of bromine.

305. Sodium Iodide (Nal) also crystallizes in cubes without
water; and is soluble in 0.56 parts of water at 20°C. (68°F.), and
in 0.32 at 100°C. (212°F.) I}t: containg 84.66 per cent. iodine.

306. Sodium Sulphate—Neutral Sodium Sulphate—
Glauber’s Salt Sodii Sulphas (U. 8.)—Sodz Sulphas
(Br.)—(Na,S0,), occurs native in deposits; also in solution in
mineral waters. It is a by-product in the manufacture of sodium
chloride from sea water and brine, and in several manufacturing
industries. It is prepared by the decomposition of common salt
with sulphuric acid. . '

2NaCl + H,S80, = Na, 80, + 2HCI.

Sodium sulphate crystallizes, at ordinary temperatures, with
two proportions of water (7 aq. and 10 aq.) in large, colorless,
monoclinic prisms, which effloresce in the air, losing all of their
water. If heated to 33°C. (91.4°F.) it fuses in its own water of
crystallization, and at higher temperatures becomes anhydrous.

The following curious action of the solution of Glauber’s salt may also
be noticed: If the solution, saturated at 33°C. (91.4°F.), be cooled down
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. to the ordinary temperature, and even far below, no separation of crystals
occurs, although the salt is very much more insoluble at lower temperatures
than at 33°C. (91.4°F.). This formation of a sSupersaturated solution
is common to many salts, though not to so marked a degree as in the case
of Glauber’s salt. This supersaturated solution may be agitated, and
still no crystals form. Bat, if it be gently touched with a glass rod or
some other solid body, the entire mass will at once become crystallized.

307. Hydro-Sodium Sulphate—Acid Sodium Sulphate
—Sodium Bisulphate (NaHSO,), is obtained by the action of
sulphuric acid upon sodium sulphate, or sodium chloride.

NaCl 4+ H,80, = NaHSO, 4 HCL

It crystallizes in long, four-sided prisms. It fuses readily,
and at higher temperatures loses water and is converted into the
pylrosulphate Na,;S;0;. Very soluble in water, giving an acid
solution.

308. Sodium Hyposulphite—Sodium Thiosulphate
(Na,8,0y), is prepared by boiling the sulphite with sulphur.

Na,S0; + 8 = Na,8,0,.

It forms large monoclinic prisms, which contain 5 molecules of
water, and is slightly deliquescent in the air. It is used as a
reducing agent, decoloring an iodine solution with the formation
of sulphuric acid and sodium iodide.

309. Sodium Carbonate—Soda—Neutral Carbonate of
Soda—Sal Soda—Washing Soda—Sodii Carbonas (U.S.)
—Soda Carbonas (Br.), (Na,COy), is the most important of
the sodium compounds, for industrial purposes. It occurs abund-
antly in nature, in the so-called sodium seas (in Egypt, and the
Caspian Sea), and is contained in the ashes of many sea plants,
chiefly the algee. The principal supply is sodium chloride, from
which it is manufactured according to a method devised by
Leblanc, in 1808. By this method the sodium chloride is first
converted into sulphate by warming with sulphuric acid. The
sulphate, when dried, is mixed with charcoal and calcium car-
bonate, and strongly heated. Two reactions take place during
this {)rocas: First, the carbon reduces the sodium sulphate to
sulphide.

Na,80, + 2C = Na,8 + 2CO0,.
Second, the sodium sulphide and calcium carbonate react to
form calcium sulphide and sodium carbonate.
Na,S + CaCO,; = Ca8 + Na,CO,.

The high temperature also converts a portion of the calcium

carbonate into calcium oxide and carbon dioxide. The products
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of this fusion, known as black ball soda, are, therefore, sodium
carbonate, calcium sulphide and calcium oxide. The black ball
is broken up and lixiviated with hot water, which dissolves out
the sodium carbonate ; this solution is evaporated to dryness, and
crude soda ash, or soda, of commerce results.

Of late years another process, known as Solvay’s, or the am-
. monia method, has largely replaced that of Leblanc. In this

rocess, ammonium bicarbonate reacts upon sodium chloride,
orming the sparingly soluble sodium bicarbonate, and the freely
soluble ammonium chloride. The sodium bicarbonate is then
converted into the carbonate by heat. At ordinary tempera-
tures, sodium carbonate crystallizes in large, rhombic crystals,
containing 10 molecules of water, which efHloresce in dry air. It
is soluble in water, most freely at 38°C. (100.4°F.) Its solutions
have an alkaline reaction. When the crystals are calcined at a °
dull red heat, they disintegrate, give off their water of crystal-
lization, and form a white powder, the sodii carbonas ex-
siccata, of the U.S. P. 100 parts of H,O dissolve 10 parts of
this anhydrous carbonate at 0°C. (32°F.), and 138 parts at 38°C.
(100.4°F.).

310. Hydrogen Sodium Carbonate —Acid Sodium
Carbonate—Sodium Bicarbonate—Sodii Bicarbonas
(U.8.)—Sode Bicarbonas (Br.), (NaHCO,), is found in many
mineral waters. It is produced by the ammonia process as above,
and by the action of carbon dioxide upon sodium carbonate.

Na,CO, + CO, +H,0 = 2NaHCO,.

It forms small, rectangular prisms, which are anhydrous, but
dissolve in ten or eleven parts of water. Its solutions are nearly
neutral to test paper. By heating the solid or boiling its solu-
tions, it gives off carbon dioxide and is converted into the
carbonate.

311. Sodium -Phosphates.—These are three in number.
They are less soluble and crystallize better than the potassium
salts of phosphoric acid.

The tri-sodium phosphate, or basic phosphate (Na,P0,), is
made by saturating 1 part of phosphoric acid with 3 parts of
godium hydrate. It crystallizes in six-sided prisms, and is soluble
in 5.1 parts of water at 15.5°C. (69.9°F.) Its solution is alka-
line to test paper.

Hydrogen Disodium Phosphate—Disodium Phos-
phate—Neutral Sodium Phosphate—Sodii Phosphas
(U. 8.)—Sod= Phosphas (Br.), (Na,HPO,), is more stable
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than the other phosphates, and is the one generally employed in
medicine and in laboratories. It may be Ei’epared by treating

hosphoric acid with sodium hydrate to feeble alkaline reaction.
%elow 30°C. (86°F.) it crystallizes in large, rhombic prisms, with
12 Aq.; at 33°C. (91.4°F.) it crystallizes with 7 Aq. The salt with
12 Aq. effloresces in air, losing 5 Aq.; that with 7 Aq. does not.
Both are freely soluble in water, and show a faintly alkaline
reaction.

Monosodium Phosphate—Acid Sodium Phosphate
(NaH,PO,), crystallizes in rhombic prisms with 1 molecule of
water, and is acid in reaction. At 100°C. (212°F.) it loses its
water of crystallization, and at about 200°C. (392°F.) forms
sodium pyrophosphate (Na,H,P,0,), and at 240°C. (464°F.)
the metaphosphate (NaPO,).

Na,H;P,0, = 2NaPO, + H,0.

312. Sodium Nitrate—Chili Saltpetre—Sodii Nitras
(U. 8.), (NaNOy), is found native in extensive deposits in Peru.
It crystallizes in rhombohedra, which closely resemble cubes ;
hence, it is called cubic saltpetre. It is deliquescent, and is, there-
fore, not adapted for the manufacture of gunpowder; it has a
cooling, saline, somewhat bitter taste. It is more readily soluble
in water than potassium nitrate, which, in other respects, it quite
closely resembles (which see). It is used in the manufacture of
nitric acid, and as a fertilizer.

313. Sodium Borates.—Six are known. The only one of
importance is the Disodium Tetraborate—Sodium Pyro-
borate—Borax—Tincal—Sodii Boras (U. 8.), (Na,B,0;),
which is found native in some of the lakes of Thibet, from which
country it was formerly imported.

‘At present it is prepared artificially by boiling boric acid with
godium carbonate. Boric acid is found in lagoons of Tuscany,
and this is the present source. It crystallizes in large, hexagonal
prisms, with 10 molecules of H,O, or in regular octahedra with
5H,0. The former variety effloresces in dry air; the latter is

rmanent. Both dissolve in 12 parts of cold and 2 parts of

oiling water, forming a solution that has a feebly alkaline
reaction. Upon heating, both salts puff up considerably, lose
their water, and form a white, porous mass (burned borax),
which finally fuses to a transparent glass. In the fused state, it
will dissolve many metallic oxides, forming clear glasses (borax
beads), which often show a characteristic color on cooling; thus,
copper s*alt.s give a blue, and chromic oxide an emerald green

1
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glass.] Borax is used in this way as a blowpipe test for certain
metals.

It is this property of dissolving oxides of the metals that
renders borax useful in welding and soldering metals. In these
operations it is used to remove the oxide, or rust, from the sur-
faces of the metals.

314. Sodium Hypochlorite (NaClO).—When in solution
Liq. Sodee Chloratee (U. 8.), (Br.)—Labarraque’s solution.
It may be prepared by decomposing a solution of chloride
of lime with sodium carbonate. It yields up its chlorine
readily, thus acting as an efficient disinfecting and decolorizing
agent. .

g315. Physiological Effects of the Sodium and Potas-
sium Compounds.—The action of the halogen salts of these
metals is generally that of the combined chlorine, bromine, or
iodine. The hydrates of both metals, and, to a lesser degree, the
carbonates, tend to disintegrate the tissues with which they come
in contact ; hence, they possess powerful caustic properties. If
taken internally, the hydrates are highly poisonous, causing death,
like the mineral acids, either immediately, by their corrosive
properties, or secondarily, by exciting inlammation of the gastro-
intestinal mucous membrane, with consequent thickening and
constriction.

In cases of poisoning by the caustic alkalies, the stomach should be
evacuated, and a weak acid, such as dilute vinegar or lemon juice, given,
to neutralize the alkali; or, it should be saponiged by the adwministration
of some oil or fat. The nitrate of these metals is also toxic in its influ-
ence, and for it there is no direct antidote. The alkaline carbonates are,
undoubtedly, of considerable importance to the carrying on of the normal
functions of the animal body. In the first place, it is exceedingly probable
that some, at least, of the albuminoid matters of the blood are held in
solution by reason of its alkaline reaction, which is largely given it by these
carbonates.

Secondly, it has been shown very clearly that the alkaline reaction of
the blood is of first importance to the oxidation processes, which are
intimately connected with the production of animal heat and retrograde
metamorphosis. It is only in the presence of a free alkali that many
organic substances will unite with oxygen, and thus, their decomposition
without an alkali would be impossible at the temperature of the body.
In proof of this, it is known that, if the vegetable acids are given free,
they will reappear, for the most part, unchanged, in the urine ; but if they
are in combination with the al[{)alies when given, they are thoroughly
burned up in the blood, and reappear as carbonates. In fact, so important
are these alkaline salts—carbonates and phosphates—that without them,
albuminoid bodies will not support life.

The alkaline carbonates in sufficient quantity render the urine
e
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alkaline in reaction and increase the quantity. The tartrates,
citrates and acetates of sodium and potassium have a very similar
action upon the economy to that of the carbonates, into which
they are converted either in the intestines or blood. A slightly
more cathartic action is attributed to the tartrates than is pos-
sessed by the carbonates. This action is also more or less shown
by the sulphates and phosphates.

POTASSIUM (Kalium).

K =39.

316. Occurrence.—This metal is found widely distributed in
rocks and minerals, principally as silicates. By the action of the
atmosphere and other influences, these silicates gradually decom-
pose, the potassium passes into the soil and is absorbed by the
plants, from the ashes of which it may be obtained. The chlo-
ride and sulphate are also found in sea-water, and in large
deposits, mixed with other chlorides. A chloride of potassium
islmined in Stassfurth, Germany, as a source of potassium
salts.

317. Preparation and Properties.—It is Erepared by
calcining an intimate mixture of the carbonate with carbon.

K;CO; + 2C = 2K + 8CO.

Such a mixture may be made by heating organic potassium
fn this way a black mass is
formed, consisting of potassium carbonate and free carbon. By
heating this black mass to a white heat in an iron retort, the
tassium distills off, and is condensed under mineral naphtha.
F:)ta.ssinm is a silver-white, lustrous metal, brittle at 0°C.
32°F.), waxy at 15°C. (59°F.), fuses at 62°C. (143.6°F.), and
istills at a red heat. . gr. at 15°C. (69°F.) == 0.865. Its
affinity for oxygen is such that, if it be exposed to the air, it
tarnishes at once. It decomposes water or ice with great energy,
with the formation of potassium hydrate and the liberation of
hydrogen, which is ignited by the high temperature caused by
the reaction. It combines directly and energetically with the
halogens, sulphur, phosphorus, arsenic, antimony and tin.
318. Potassium with Oxygen—Potassium Oxide (K.O),
results from the direct oxidation of potassium, by simply exposing
thin strips of the metal to dry air, or by the action of potassium
upon the hydrates.

2KOH + K, = 2K,0 + H,.
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It is a white, deliquescent, caustic powder; uniting readily with
water to form the hydrate, with the evolution of much heat.

319. Potassium Hydrate—Caustic Potash or Potassa
(U. 8.), Potassa Caustica (Br.), (KOH), is prepared by the
decomposition of potassium carbonateby calcium hydrate (slacked
lime).

) K,CO; + Ca(0OH), = CaCO; + 2KOH. :

After these substances have been boiled together, the solution
is allowed to settle. It is then poured off, evaporated, and the
residue fused in a silver dish (which it does not attack). The fused
mass is then poured into moulds. Thisis called potash by lime,
and is not pure. To render it purer it is dissolved in alcohol, the
solution evaporated to dryness, the residue again melted and cast
in silver moulds; this product is potash by alcohol, and is free
from the chloride and other potassium salts. It is a white, opaque,
brittle solid, usually met with in the form of cylindrical sticks,
but sometimes in lump. It has a specific gravity of 2.1. It fuses
quite easily, and, at high temperatures, volatilizes undecomposed.
It is freely soluble in water; less so in alcohol. The solutions
give a markedly alkaline reaction, saponify fats, and are strongly
‘caustic. Exposed to the air it absorbs water and carbon dioxide,
and is changed into the carbonate. In waterysolution it is largely
used as a reagent in chemical analysis; it dissolves chlorine, bro-
mine, iodine, sulphur and phosphorus. It decomposes the am-
moniacal salts, liberating ammonia; it also decomposes the salts
of many of the metals, with the formation of a potassium salt
and a hydrate of the metal. .

The haloid salts of potassium ‘form by direct union of the
haloids with the metal, or by saturating the hydrate or carbonate
with one of the haloid acids. They all have a bitter, salty taste,
are freely soluble in water, and crystallize in cubes. They fuse
easily, and are somewhat volatile. '

320. Potassium Chloride (KCl), occurs native, either pure
or mixed with other chlorides. At Stassfurth it is found in large
deposits, as sylvite, and carnallite (KCl.MgCl,.CH,0). These
deposits form the chief source of the potassium compounds.

The chloride crystallizes in anhydrous cubes, of sp. gr. 1.84,
clcsely resembling common salt. 100 parts of water dissolve 30
parts at 0°C. (32°F.), and 0.2738 part more for every degree
elevation of temperature. :

321. Potassium Bromide—Potassii Bromidum (U. S,,
Br.), (KBr), is generally obtained by dissolving bromine in a
solution of potassium hydrate; the bromate also produced in the
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reaction is converted into bromide by calcining the product. It
has the properties of the other haloid salts, and is used in
photography, and in medicine.

322. Potassium Iodide—Potassii Iodidum (U. S, Br.),
(KI), may be prepared like the preceding, by using iodine instead
of bromine. lit crystallizes in large, white, translucent cubes,
permanent in air, and salty in taste. It dissolves to the extent
of 100.parts in 73.5 parts water at ordinary temperatures. Its
aqueous solution dissolves iodine in large quantities, forming the
compound tincture of iodine. It also dissolves many metallic
iodides to form double iodides. Its medicinal effects are those
of iodine. In chronic poisoning by lead or mercury, it is sup-

sed that it unites with the metals in the blood or tissues, to
orm soluble iodides, and thus pass them out by the urine.

323. Potassium Fluoride (KFIl).—Its aqueous solution
attacks glass. Is not of much importance to the medical student.

324. Potassium Cyanide (I%CN), may be obtained either
by saturating potassium hydrate with hydrocyanic acid, or by
heating potassium ferrocyanide. It is a white, amorphous, deli-
quescent mass, easily fusible, and smelling of prussic acid. Its
solution is very poisonous. Its effects upon the economy are
uncertain, but are probably those of hydrocyanic acid. In case
of poisoning by it, the stomach shou{d be evacuated and the
antidotes of hydrocyanic acid given.

Ferrocyani(fe and Ferricyanide—see page 179, Art. 293.

325. Potassium Chlorate—Potassii Chloras (U. S. P.),
(KCLOy).—When a hot, concentrated, solution of potassium
hydrate is treated with chlorine gas, the following reaction

© occurs—

6KOH -+ 8Cl, = 5KCl 4 KCIO, + 3H,0.

It is usually made by the action of chlorine upon a mixture
of calcium hydrate and potassium chloride. By this' method a
double reaction takes place. Calcium chlorate is first formed.

6Ca(OH), + 6Cl, = 6CaCl, + Ca(ClQ,) + 6H,O0.
This then reacts with the potassium chloride.
Ca(C10,); + 2KCl = 2KCI0, + CaCl,.

The hot solution is rapidly evaporated, and the residue purified
by recrystallization. It crystallizes in shining, transparent plates
of the monoclinic system. Soluble in water to the extent of 6.03
parts in 100 at 15.37°C. (69.65°F.), and 24 parts at 104.7°C.
(220.5°F.); soluble with difficulty in alcohol. It is cooling and
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astringent to the taste, fuses at 400°C. (752°F.), giving up a
portion of its oxygen and changing to the perchlorate (KClO,),
which at higher temperatures decomposes into oxygen and
potassium chloride. As it gives up oxygen easily, it serves as a
valuable oxidizing agent, and as a means of preparing this gas.
Mixed with readily oxidizable substances, as carbon, sulphur,
phosphorus, sugar, tannin, resins, etc., the mixtures explode
when heated or subjected to a sudden shock. The igniting ma-
terial with which parlor matches are tipped, consists of antimony
sulphide and potassium chlorate ; rubbed upon a surface coated
with red phosphorus, they ignite.

326. Potassium Hypochlorite (KClO), is formed by the
action of chlorine upon a cold solution of potassium hydrate.

2KHO + Cl, = KCl +KCIO + H,O0.

It can 0;}3' be obtained in aqueous solution. If the solution
is evaporated, the salt splits up into chloride-and chlorate.

8KCl10 =2KCl + KCl0,.

When treated with acids, it yields free chlorine and bleaches
strongly. The ordinarysolutions used in bleaching (Labarraque’s
solution and Javelle water), are solutions of impure sodium or
potassium hypochlorite.

327. Potassium Nitrate—Nitre—Saltpetre—Potassii
Nitras (U.S.). (KNO,), exists native,and is produced artificially
whenever nitrogenous organic substances decay in the presence
of potassium carbonate. Upon the so-called saltpetre planta-
tions, manures and various animal refuse are arranged in layers
with wood ashes and lime, in large heaps, and submitted to the
action of the air for two or three years, whereby, from the slow
oxidation of the nitrogen, nitrates of potassium and calcium are
produced. The heapsare then lixiviated with water and potas-
sium carbonate added to the solution, which contains potassium
and calcium nitrates, to convert the last salt into potassium
nitrate. :

Ca(NO,;),; + K,C0; = CaCO, + 2KNO,.
The calcium carbonate is filtered off, and the solution evaporated.
Another method, and probably the one most frequently em-
ployed at present, consists in the decomposition of Chili salt-

petre, sodium nitrate, by means of potassium carbonate, or -

chloride.
NaNO, + KCl=NaCl + KNO,.

It crystallizes in large, six-sided, rhombic prisms. 100 parts of

-——
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water dissolve 244 parts of the salt at 100°C. (212°F.), but at 0°C.
(32°F.) only 13 parts. It fuses at 350°C. (662°F.): below a red
heat it decomposes into oxygen and potassium nitrite, KNO;.
The readiness with which it gives up its oxygen when heated
in the presence of an oxidizable substance, renders it of value as
an oxidizing agent.
_Gunpowder is a granular mixture of potassium nitrate, sulphur and
charcoal, in such proportion that the nitre contains all the oxygen neces-

sary for the combustion. The following equation expresses approxi-
mately the decomposition caused by the burning of powder—

2KNO, + 8 + 8C=K,S +3C0, + N,.

The effect produced, therefore, depends upon the disengagemeut of
carbon dioxide and nitrogen, the volume of which gases is almost 100
times greater than that of the decomposed powder. The heat of the
combustion further expands the gases at the time of the explosion.

328. Potassium Carbonate—Potassii Carbonas (U. S.)
—Potassze Carbonas (Br.)—Salt of Tartar—Pearlash—
(K,CO,),—exists in mineral waters, in the animal economy, and
as the principal ingredient of wood ashes. The plants absorb
potassium salts from the earth and convert them into salts of
the organic acids. When the plants are burned, the organic
acids are destroyed and potassium carbonate produced, which is
obtained by lixiviation of the ashes, and evaporation. - This
method is not much employed at present. The immense de-
posits in Stassfurth and Gallicia afford an almost inexhaustible
supply of potassium salts. It occurs commercially as a white,
granular, deliquescent powder, freely soluble in water, the solu-
tion having a caustic taste and an alkaline reaction.

329. Potassium Bicarbonate—Hydropotassic Carbon-
ate—Potassii Bicarbonas (U. 8.)—Potassz Bicarbonas
(Br.), (KHCO,).—When carbon dioxide is passed through a
concentrated solution of potassium carbonate, it isabsorbed and
potassium bicarbonate produced-

K,CO, + H,0 + CO, = 2KHCO,.

This salt crystallizes in oblique, rhombic prisms, of the
monoclinic system. It dissolvesin 3 to 4 parts of water; the
solution is faintly alkaline but not caustic. The substance that
is still extensively used in some parts of the country in baking,
under the name saleratus, is this, or the corresponding sodium
salt. It “raises” the bread by the action of heat in setting free
the carbon dioxide, and leaving potassium (or sodium) carbonate,
which, by its strongly alkaline reaction, may cause digestive
disturbances. '
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330. Sulphides.—Five are known: K,S, XS, K,S;, K.S,,
and K,S;; also a sulphydrate, KSH. The latter is prepared by
the action of hydrogen sulphide upon potassium hydrate.

KOH + H,S=KSH + H,0.

The Pentasulphide (K, S;), Liver of Sulphur—Potassii
Sulphuretum (U.S.)—Potassa Sulphurata (Br.), is ob-
tained by fusing potassium carbonate with an excess of sulphur.
It decomposes reagily, and in contact with hydrochloric acid gives
off hydrogen sulphide.

331.. Potassium Sulphate—Dipotassium Sulphate—
Potassii Sulphas (U. S.)—Potassa Sulphas (Br.), SK,SOQ,
is found in the Stassfurth mines, in plant ashes, and in solution in
mineral waters. It is obtained by the action of sulphuric acid
upon potassium chloride, as a by-product in some chemical
manufacturing processes. It crystallizes without water, in small,
rhombic prisms, of a bitter, salty taste, and is soluble in 10 parts
of water at ordinary temperatures.

332. Hydropotassium Sulphate—Monopotassic Sul-
phate—Acid Sulphate (KHSO,), is formed as a by-product in
the manufacture of nitric acid from potassium nitrate ; crystallizes
in large, rhombic tables, and is very readily soluble in water. At
about 200°C. (392°F.) it fuses, loses water, and is converted into
the pyrosulphate (K,S;0,).

333. Sulphites.—Three are known: K,S80,;, KHSO, and K,S,0,.
Potassium Sulphite—Neutral Potassium Sulphite—Potas-
sium Sulphis (U. 8.), (K;S80;).—This salt crystallizes in oblique
rhombic octahedra, which dissolve readily in water, and have a sulphur-
ous odor. When in solution, if exposed to the air, it absorbs oxygen, and
is converted into the sulphate.

334. Potassium Acetate—Potassii Acetas (U. 8.)—Po-
tassse Acetas (Br.), (KC,H;0,), exists in the juices of plants. Itis
obtained by neutralizing acetic acid with potassium carbonate or bicar-
bonate. It crystallizes in shining needles, deliquescent, and very soluble
in water.

335. Oxalates.—Three are known to exist: Potassium Oxalate
—Neutral Oxalate (K,C,0, + Aq.), formed by saturating oxalic acid
with potassium carbonate. Hydropotassium Oxalate—Mono-
potassium Oxalate—Binoxalate of Potash (KHC,0,). Po-
tassium Quadroxalate (KHC,0,. C,0,H, 4 2Aq})' A mixture of
these two salts is known as salt of lemon, or salt of sorrel, and is
used for bleaching straw and to remove ink stains. In appearance it
closely resembles Epsom salt, and has caused many cases oF oxalic acid
poisoning, being taken by mistake for that salt.

336, Tartrates.—Potassium Tartrate—Soluble Tartar—Neu-
tral Tartrate of Potash—Potassii Tartras (U. S.)—Potasss
Tartras (Br.), (K,C,H,0), is a white, crystalline powder, very soluble
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in water; soluble in 240 parts alcohol. Hydropotassium Tartrate—
Cream of Tartar— Potassii Bitartras(U.S.), Potassee Bitartras
(Br.), (KHC,H,0;).—A brown-red, crystalline crust is obtained from the
bottom and sides of wine-casks after fermentation has taken place; this
is known in commerce a8 argol, or crude tartar, and is composed in
great part of potassium bitartrate, with tartrate of lime and coloring
matter.

The argol is boiled with water, or heated in a closed digester by super-
heated steam. The latter process renders the calcium tartrate insoluble
and separates it almost completely from the cream of tartar, which goes
into sol‘:ltion. The solution thus obtained is allowed to cool and crystal-

slize ; the crystals are redissolved in hot water, treated with animal
charcoal, to remove coloring matters, filtered, and again crystallized.
The product of this process is almost chemically pure acid potassium
tartrate.

It crystallizes in hard, opaque, rhombic prisms, very sparingly soluble in
water, still less so in alcohol. Its solution is acid to the taste, and to
litmus paper. It is largely used in baking, combined with sodium bi-
carbonate, the two substances reacting upon each other to form Rochelle
salt, with liberation of carbon dioxide. Baking powders are exten-
sively used at present, instead of yeast, for bread making. In all of them
the action depends upon the decomposition of sodium bicarbonate by
some salt having an acid reaction, or by a weak acid.

In addition to the bicarbonate, and the starch added to preserve them,
many of them contain. either tartaric acid, alum, or acid phosphates of
calcium, instead of cream of tartar. .

Some of the reactions that take place to set free the carbon
dioxide are the following :—

1. KEQAI;LOo + I‘{,aECOa = &§?4H’406 + g:eg +cg(30§
bitartrate. bicarbonate. tartrate. dioxide.
i Ry e e e
um.

bicarbonate. sulphate. sulphate.
Al,H,0, + 6CO,.
* Aluminium  Carbon
hydrate. dioxide.

8. CaH,(PO,), + 2NaHCO, = CaHPO, + NaHPO, +

Calcium Sodinm Hydro-calcium  8odium
biphosphate. bicarbonate. phosphate. phosphate.
2H,0 +2CO,.

‘Water. Carbon
dioxide.

An artificial powder may be made by intimately mixing two parts cream
of tartar with one of sodium bicarbonate, and adding a little flour or
starch.

337. Sodium Potassium Tartrate—Rochelle Salt—
Potassii et Sodi Tartras (U. S.), (NaKC,H,0, + 4Aq.), is
prepared by boiling acid potassium tartrate with sodium carbon-
ate. It forms large, transparent, prismatic, slightly efflorescent
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crystals, soluble in 24 parts of cold water, saline, and slightly
bitter to the taste, and neutral in reaction.

338. Potassium Antimonyl Tartrate — Tartarated
Antimony—Tartar Emetic—Antimonii et Potassi Tar-
tras (U. 8.), (SbOKC,H,O), is prepared by boiling a solution
of cream of tartar with antimonious oxide. Its erystalsare trans-
parent, right rhombic octahedra, efflorescing in the air, It is
quite soluble in water, the solution having a nauseating, metallic
taste. It is poisonous, and has even caused death when applied
to the skin as a local irritant and vesicant.

RUBIDIUM and CAESIUM.
Rb —85.4. Co—132.6.

339. These rare metals were discovered in 1860 by Bunsen
and Kirchoff, by means of the spectroscope. Both elements were
named from the color of their lines in the spectrum (rubidius,
dark red, and ceesius, sky blue). They occur in small quan-
tities, widely distributed, often accompanying potassium. ith

latinum chloride they form double chlorides (PtCl,.2RbCl).
heir compounds have found no use in medicine, as yet.

AMMONIUM COMPOUNDS.

340. Ammonium (NH,).—This radical has only a hypo-
thetical existence, never having been isolated. But there are
many reasons to believe that it does actually exist in combination
in the ammonium compounds, and that in these compounds it

lays the role of a metal resembling sodium and potassium.
he oxide of this radical has not been separated.

341. Ammonium Hydrate (NH,OH) is believed to exist
in solution in the ordinary aqua ammoniz, although, when the
attempt is made to isolate it, decomposition ensues. ’

Aqua Ammoniz Fortior (U. S.) has asp. gr. of 0.900, and
contains 249.5 grams NH, per litre.

Aqua Ammonize (U. 8.) is of sp. gr. 0.960, and contains
93.1 grams NHj per litre.

342. Ammonium Chloridle—Ammonium Muriate—
Sal-Ammoniac—Ammonii Chloridum (U. S, Br.), (NH,
Cl), was formerly obtained by the dry distillation of camels’ dung,
and is sometimes found in volcanic regions. At present it is
prepared chiefly by saturating the ammonia water from gas works
with hydrochloric acid, evaporating the solution to dryness, and
subliming the residue in iron vessels. Prepared in this way, it is
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a compact, tough, fibrous mass, which dissolves in 2.7 parts cold,
and one part boiling water. It crystallizes from its solution in
small octahedra or cubes, of a sharp, salty taste, and neutral re-
action. When heated, it volatilizes without fusing; at the same
time a dissociation into NH, and HCI occurs, but on cooling,
these products recombine into ammonium chloride.

This salt exists in minute quantities in the gastric juice of
various animals. The urine, saliva, and tears also contain some
ammonium compound, which is said to be the chloride.

.343. Ammonium  Bromide — Ammonii Bromidum
(U.8,, Br.), (NH,) Br.), may be prepared by direct combination
of ammonia and hydrobromic acid, or by decomposing ferrous
bromide with aqua ammoni%. It forms a white, granular powder,
or large prisms, which turn yellow on exposure to air, and possess
a saline, pungent taste, and neutral reaction. It dissolvesin 1.5
parts of water, and volatilizes without decomposition.

344. Ammonium Iodide—Ammonii Iodidum (U. 8.),
(NH)I), is prepared by the action of hydriodic acid upon
ammonia, or by the double decomposition of potassium iodide
and ammonium sulphate. It forms cubic crystals, which are
deliquescent, and is soluble in 0.60 parts of water. It decom-
poses in air, turning yellow and emitting the odor of iodine.

345. Ammonium Sulphide (NH,)S,) is a white, crys-
talline solid, formed by mixing dry hydric sulphide and ammonia
at a low temperature (—18°C. (about 0°F.). It is usually
prepared and used as a yellow solution, by mixing the
sulphydrate with ammonium hydrate. It dissolves sulphur and
the sulphides of arsenic, tin and antimony, and is used in analysis
for this purpose.

Ammonium Sulphydrate (NH,SH) is prepared by satu-
rating a solution of ammonium hydrate with hydrogen sulphide
(sulphuretted hydrogen). It is colorless at first, but becomes
yellow, from decomposition, on exposure. It isused inlaboratories
asla l:'eagent. Acids decompose both these sulphides, setting free
sulphur.

?F46. Ammonium Carbonates.—Three are known: Am-
monium Carbonate—Neutral Ammonium Carbonate
(NH,),CO;), may be prepared as a crystalline powder, by passing
ammonia gas througﬁ a concentrated solution of the sesquicar-
bonate. Exposed to the air it splits up into ammonia and the
acid carbonate, NH,HCO,.

Hydro-ammonium Carbonate—Acid Ammonium Car-
bonate (NH,HCO;), is obtained when a solution of ammonium
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hydrate or sesquicarbonate is saturated with carbon dioxide.” It
forms large, rhombic crystals, which are quite soluble in water.
At 60°C. (140°F.) it' is decomposed into ammonia and carbon
- dioxide.

Ammonium Sesquicarbonate—Sal-Volatile—Ammo-
nii Carbonas (U. S.)—Ammonie Carbonas (Br.),
(NH,),H,)(COy);, is the commercial carbonate of ammonia,
and was formerly prepared by the dry distillation of bones,
horns, and other animal substances. It is at present prepared
by heating a mixture of ammonium chloride or sulphate with
calcium carbonate, and condensing the volatilized product. So
prepared, it sublimes as a white, transparent, hard mass, having
an ammoniacal odor and an alkaline reaction. On exposure to
the air, it gives off ammonia and carbon dioxide. The carbon-
ates of ammonia are very unstable.

347. Ammonium Nitrate—Ammonii Nitras (U. S.),
(NH,)NOy), is prepared by neutralizing nitric acid with am-
monium hydrate or carbonate. It crystallizes in flexible, six-
sided prisms, without water ; dissolves in 0.5 parts water at 18°C.
(64.4°F.), and fuses at 150°C. (302°F.). When heated to 210°C.
(410°F.), it decomposes, with the formation of nitrous oxide, or
laughing gas, and water.

(NH,)NO, = N,0 + 2H,0.

348. Ammonium Sulphate—Neutral Ammonium Sul-
phate—Ammonii Sulphas (U. 8.), (NH,),S0,), may be ob-
tained by saturating the ammonia water from' gas works with-
sulphuric acid. It forms rhombic crystals, soluble in two parts
of cold, and one part of hot water. At 140°C. (284°F.) it fuses,
and at higher temperatures it decomposes into ammonia, nitro-
gen, water and ampmonium sulphite.

349. Ammonium Acetate (NH,)C,H;0,) is formed when
acetic acid is saturated with ammonia or ammonium carbonate.
It is seldom seen except in solution in water. The aqueous so-
lution is used in medicine, as the Lig.- Ammonii Acetatis, or
Spirit of Mindererus. .

Other salts in use are the benzoate, phosphate and
valerianate, all white crystalline salts.

350. Action on the Economy.—In large quantities, or by
prolonged use, ammonia and its salts are poisonous. . Ammonia,
if inhaled, acts as a severe irritant upon the air passages, causing
dyspneea, pain, suffocation, and even death. The treatment in
cases of poisoning, consists in neutralizing the alkali by dilute
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acids, or the.vapor of acetic or dilute hydrochloric acids may be
inhaled. Two drachms of a strong solution of ammonium
hydrate have proved fatal. .

METALS OF THE ALKALINE EARTHS.

Calcium = 40. Strontium = 87.5. Barium = 187.2.

351. The members of this group are called metals of the alka-
line earths because their oxides resemble, on the one hand, the
.oxides of the alkalies, and, on the other, the real earths (aluminia,
etc.). Like the potassium group, their properties and chemical
energy increase gradually with their atomic weights. Their
basic properties also become greater with their atomic weights.
Thus; barium decomposes water more energetically, and oxidizes
more readily, than strontium or calcium. Barium hydrate is
likewise the strongest base. Itis quite soluble in water. It
fuses without decomposition upon ignition, and absorbs carbon
dioxide rapidly from the air. Calcium hydrate possesses weaker
basic properties, is difficultly soluble in water, and, when ignited,
breaks up into water and calcium oxide. Strontium stands
between garium and calcium. Thus, although these metals
resemble the alkaline metals, both in their free state and as
hydrates, they essentially differ from them in the insolubility of
their carbonates and phosphates, and still more their sulphates.
Barium sulphate is insoluble in water and acids.

CALCIUM.
Ca == 40.

352. Occurrence.—This metal forms one of a class of ele-
ments most widely distributed in nature. Its carbonate (lime-
stone, marble and chalk), its sulphate (gypsum and alabaster),
and its phosphate, luoride, and silicate, are common minerals.

Preparation.—Calcium may be obtained from the fused
chloride, by electrolysis; or, by heating calcium iodide with
sodium, or calcium chloride with sodium and zine.

Properties.—A light, shining, yellow, ductile metal. It
fuses at a red heat, does not sensibly volatilize, and in the air
burns with a brilliant reddish-yellow light. It does not undergo
decomposition in dry air, but in moist air covers itself with a
layer of hydrate. Its specific gravity is 1.984.

353. Calcium Oxide—Lime—Calx (U. 8., Br.), (Ca0.),
is obtained pure by igniting the carbonate or nitrate. On a
large scale, it is prepared commercially by burning the natural
carbonate (limestone or marble) inrude stone furnaces, called lime

[
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kilns. Itisa grayish-white,amorphoussolid, alkaline and caustic;
s%. gr. 2.3; it does not fuse at any temperature at our command.
When the oxy-hydrogen flame is thrown upon it, it becomes
incandescent, and emits an extremely intense white light. (Cal-
cium, or Drummond light.) It combines energetically with water
to form the hydrate, the process known as slacking, and is at-
tended with the evolution of much heat. Exposed to the air it
attracts moisture and becomes air-slacked.

354. Calcium Hydrate—Slacked Lime—Calcis Hydras

(Br.), (Ca(OH),, is a dry, white powder, odorless, and alkaline in
reaction. It is slightly soluble in cold and less so in hot water.
Exposed to the air it absorbs carbon dioxide and forms carbon-
ate. Ordinary mortar is a mixture of slacked lime, water and
quartz sand. The hardening of mortar depends upon three
cauges: 1st. The natural evaporation of the water. 2d. The
absorption of carbon dioxide from the air, and the formation of
calcium carbonate. 3d. The action of the hydrate upon the
silicic acid of the sand, producing calcium silicate. This last
reaction takes place slowly; hence the hardness of old mortars.
Hydraulic mortar, or cement, contains calcium oxide, alumi-
nium silicate and quartz powder; its hardening depends
principally upon the formation of calcium and aluminium sili-
cates. :
355. Lime Water—Liquor Calcis (U. 8., Br.), is a clear
solution of the calcium hydrate in water. Cane-sugar increases
the solubility of calcium hydrate in water, with which it forms
a saccharate. The British Liquor calcis saccharatus is a
solution of calcium hydrate in a strong solution of cane-sugar.
‘When lime-water contains an excess of the hydrate, rendering it
turbid, it is called milk of lime. .

356. Calcium Chloride—Calcii Chloridum (U. 8., Br.),
(CaCl,), is prepared by the action of hydrochloric acid upon
marble. It crystallizes with 6 molecules of H,O, in large, six-
sided prisms, which are bitter, deliquescent, and very soluble in
water. If heated, it melts in its water of crystallization with
some loss of water. Above 200°C. (392°F), it becomes anhy-
drous. The dry salt is a white, porous mass, which fuses at ared
heat and solidifies to a crystalline mass, which rapidly absorbs
water, and is used as a drying agent for gases and liquids.
Calcium iodide and bromide are very similar to the chloride.

357. Chloride of Lime—Bleaching Powder—Calx
Chlorinata (U. 8.), Calx Chlorata (Br.), is a mixture of
calcium chloride (CaCl,), and calcium hypochlorite (Ca(ClO),),
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with some water. ' The hypochlorite is the active principle. It
is prepared by passing chlorine over slacked lime.
From the analogous action of chlorine upon sodium or potassium

hydrate, we may express the reaction in the case of calcium hydrate by
the following equation :—
2Ca(0H), + 2Cl; = Ca(OCl), + CaCl, + 2H,O0.

According to this equation, the completely chlorinated chloride of lime
must contain 48.9 per cent of chlorine, which is never the case, as a
portion of the calcium hydrate always remains unchanged. The exact
constitution of chloride of lime is in doubt ; but from more recent obser-
vations, it is believed by some that the active constituent of chloride of

ocl
lime i3 a basic calcium hypochlorite Ca<OHa’nd the following reaction
takes place when chlorine acts upon calcium inydrate —

8Ca(0H), + 2Cl; = 2Ca0,HCI + CaCl, + 2H,0.

Calculating from this equation, completely saturated chloride of lime

only contains 39 per cent. chlorine, which is found to be actually the
case.
Chloride of Lime is a grayish-white, porous powder, hav-
ing a bitter, acrid taste, and a chlorine-like odor ; it is alkaline in
reaction, soluble in cold and decomposed by boiling water. It
slowly decomposes in the air, the carbon dioxideliberating hypo-
chlorous acid ; this decomposition is hastened by sunlight and
heat. Dilute mineral acids decomposeit very rapidly, with libera-
tion of chlorine. The application of chloride of lime for bleach-
ing and disinfecting purposes, depends upon this production of
free chlorine. The amount that will be set free by acids, is
called the active chlorine, which in good chloride of lime
should be at least 25 per cent. '

3568. Calcium Sulphate (CaSO,) occurs very abundantl
in’ nature as gypsum, in right rhombic prisms, combined wit
two molecules of water. The anhydrous salt forms the mineral
anhydrite, It is very sparingly soluble in water. One part
dissolves at ordinary temperatures in 400 parts H,O. Ground
iypsum is used in thearts under thename of terra alba. When

eated to 200°C. (392°F.), it parts with its water, becoming con-
verted into an opaque white mass, which, when ground, is called
Plaster-of-Paris. This powder, mixed with water, takes up
two molecules and hardens into a stone-like solid. Upon this
property depends the usefulness of plaster for making moulds,
gures, and immovable surgical dressings.

359. Tricalcium Phosphate—Tribasic, or Neutral, or
Bone Phosphate—Calcis Phosphas Precipitata (U. 8.),
Calcis Phosphas (Br.), (Cas(PO,).), is found in rocks and
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soils, in guano, in all plants, and in every tissue and fluid of
animal bodies.

It may be prepared pure by dissolving bone ash in hydrochloric
acid, filtering, and precipitating with ammonium hydrate; or,
by a double decomposition between calcium chloride and an alka-
line phosphate. It is a gelatinous mass when first precipitated;
but, after drying, a white, amorphous powder. It is insoluble in
water, but readily soluble in dilute acids, even acetic; also in
water charged with carbon dioxide. An impure tricalcium
phosphate, prepared by burning bones, is known as bone-ash.

360. Dicalcium Phosphate (Ca,HPO, 4 2H,0) separates
as an amorphous insoluble precipitate, when disodium phosphate
is g.‘cilded to a solution of calcium chloride mixed with some acetic
acid.

361. Monocalcium Phosphate—Acid Calcium Phos-
phate—Superphosphate of Lime (Ca(H,PO,),), is found
in brain tissue and in acid animal fluids. It is produced by the
action of sulphurie or hydrochloric acid upon the first two phos-
phates, and is manufactured as a fertilizer, mixed with calcium
sulphate, by decomposing bones with sulphuric acid. At a tem-
perature of 200°C. (392°F.), it splits up into pyrophosphate,
metaphosphoric acid and water. :

2Ca (H,PO,), = Ca,P,0, + 2HPO, + 8H,0.

‘When this mixture is ignited with charcoal, the metaphosphoric
acid is reduced to phosphorus.

362. Calcium Carbonate—Calcis Carbonas (U. 8., Br.),
(CaCOy), is of exceedingly wide distribution in nature. It exists
sometimes in enormous deposits, as limestone, marble, chalk,
Iceland spar, and as the mineral basis of the corals, shells of the
crustacea, mollusks, etc. Chalk is a comparatively~pure, amor-
phous calcium carbonate, made up of microscopic shells. The
precipitated chalk of the Pharmacopeeia is prepared by precipi-
tating calcium chloride with sodium carbonate, filtering off and
washing with water. Prepared chalk—creta preparata
(U. 8, Br.), is a native chalk, purified by elutriation, which
consists in grinding the chalk in water, allowing the mixture to
~ subside, decanting the upper portion, and collecting and drying
the finer particles.

Calcium carbonate is nearly insoluble in pure water, but dis-
solves readily in water containing carbon dioxide ; hence, we find
it dissolved in nearly all natural waters, as an acid or bicarbonate
(CaH,(CO,),), giving rise to temporary hardness. Boiling,
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agitation, or free exposure to the air may decompose this salt, and
deposit the ordinary calcium carbonate. Upon this depends the
formation of lime scales, stalactites, boiler incrustations, and
similar deposits.

363. Calcium Oxalate (CaC,0,) is found in the juice of some
plants and in the urine. It may be obtained, as a fine, white,
crystalline powder, by adding any soluble oxalate to a soluble
calcium salt in neutral or alkaline solution. It is insoluble in
water and acetic acid, but soluble in the mineral acids. In many
diseased conditions which produce deficient oxidation or ex-
cessive production of acids, (lung disease and acid dyspepsia), it
occurs in considerable quantities in the urine, and gives rise to
oxaluria, or the exalic acid diathesis. This salt frequently forms
calculi, which present irregular projections and have received
the name of mulberry calculi. Excessive saccharine diet, or ex-
cessive consumption of certain vegetables, as tomatoes, rhubarb,
etc., increases the production of calcium oxalate.

364. Physiological Effects .and Uses.—The calcium
salts play an important part in the animal economy. The phos-
phates are found in every tissue and fluid of the body, but most
abundant in the bones and teeth ; the former containing from 55
to 59 per cent., and the latter, including the carbonate, 72 per
cent. As the salts of lime are insoluble in alkaline fluids, various
theories have been put forward to explain its state in the blood
and other alkaline fluids. It seems certain that the calcium of blood
serum does not exist as phosphate, but as some soluble salt, or albu-
min compound, soluble in alkaline fluids. The calcium phosphate
of the urine remains in solution as long as that fluid is acid, but
separates a8 an amorphous or crystalline sediment as soon ‘as it
undergoes alkaline fermentation. Alkaline urine is always turbid.
‘When taken internally, the calcium salts produce effects similar
to those of sodium and potassium, but milder. They have a mild
astringent effect.

STRONTIUM.
8r = 87.5.

365. Strontium is rather sparingly found in nature. The
rincipal minerals are strontianite (SrCO;) and celestite (SrSO,).
t is a brass-yellow, lustrous metal, which resembles calcium

in its properties, a8 also do its compounds. This element ex-

hibits most of the properties of calcium and barium. Its com-

pounds impart a red tinge to the flame, and for this reason the

nitrate is used as a constituent of red fires. The solubility of its
J
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sulphate stands between that of the calcium and barium sulphates.
It has been used in medicine as an alterative. Its salts are poi-
sonous only in large quantities.

BARIUM.
Ba —137.2.

The element itself is not of interest to the medical student.

366. Barium Oxide—Baryta (BaO), is obtained by cal-
cining the nitrate. It is a grayish-white, caustic powder, fusible
in the oxyhydrogen flame. It unites with water, with the evolu-
tion of much heat, to form the hydrate BaH.O,; this dissolved
in water forms baryta water.

There is a barium peroxide known (BaO,), which is decom-
posed by dilute acids, with the production of hydrogen peroxide.

367. Barium Chloride—Barii Chloridum (U. 8.),
(BaCl; + 2Aq.), is prepared by the action of hydrochloric acid
upon the native sulphide or carbonate. It is used as a reagent
for soluble sulphates, giving a white precipitate, insoluble in
acids or water.

It has been used in medicine as an alterative and anthelmintic.

368. Barium Nitrate (BaNO;) forms anhydrous octahedra
of the regular system, soluble in water, and used as a constituent
of pale green theatre fires. .

69. Barium Sulphate (BaSO,), Heavy Spar, or Barite,
occurs in nature in rhombic prisms and amorphous; sp.
gr. 4.6. It is obtained by the action of sulphuric acid upon

arium salts, as a white amorphous powder, nearly insoluble in
acids and water. It is used as an adulterant of white paint,
Paris green, and a variety of other commercial products.

370. Barium Carbonate (BaCO,) also occurs native as
witherite. It precipitates from solutions of barium salts, as a
white, amorphous powder, when they are acted upon by soluble
carbonates.

371. Physiological Effect of Barium Salts. All the
soluble compounds of barium, as well as those that are converted
into soluble compounds in the stomach, are poisonous, When-
ever a poisonous dose has been taken, the Pa_t.ient should take
some soluble sulphate (as Epsom or Glauber’s salt), followed by
an emetic. The symptoms of poisoning are pain in stomach,
prostration, dilated pupils, loss of voice, sight or hearing, excessive
micturition, and other very prominent nervous symptoms. Post-
mortem, inflammation and great friability of stomach, in most
cases, and invariably great inflammation of the rectum are found.
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METALS OF THE MAGNESIUM GROUP.
Magnesium — 24. Zinc = 656.2. Cadmium = 112,

372. These metals form but one oxide, with a corresponding
basic hydrate, and a series of salts in which the atoms possess a
quantivalence of two. According to some authorities, the rare
element beryllium is included in the group.

MAGNESIUM. -
. Mg - 24.

373. Occurrence. A metal, found abundantly in nature,
usually accompanying calcium.

Dolomite, an isomorphous mixture of calcium and magnesium
carbonates, forms the so-called magnesium limestone. Asbestos,
serpentine, meerschaum, tale or soapstone, and hornblende are
native silicates. Nearly all natural waters contain some of the
soluble salts of magnesium, which impart hardness to them.

374. Preparation. It may be obtained either by electro-
lysis of the chloride, or by heating the same compound with
sodium. o

In the arts it is prepared by fusing the double chloride of
sodium and magnesium with metallic sodium.

MgC1,NaCl 4 2Na =8NaCl + Mg.
It is then purified by distillation in an atmosphere of hydro-

en.

'g 375. Properties.—Magnesium is a brilliant white metal, of
a sp. gr.of 1.75; very tenacious and ductile. It fuses at a dull red
heat, and at a bright red heat it distills. It oxidizes but slightly
in the air, at ordinary temperatures, but when heated, it burns
with an intensely brilliant bluish-white light, owing to the incan-
descence of the non-volatile magnesium oxide. The flame of
burning magnesium is rich in chemically active or actinic rays;
hence, it is much employed for photographing in dark caves and
subterraneous chamgers. It combines directly with chlorine,
sulphur, phosphorus, arsenic and nitrogen. Soluble in dilute
acids, but not in alkalies. It is slowly oxidized by boiling water.

376. Magnesium Oxide—Calcined Magnesia—Mag-
nesia (U. S, Br.), (MgO), is formed by the combustion of the
metal, or by the ignition of the carbonate, hydrate, or nitrate. It
is a very light, white powder, without odor or taste, and has a
feeble alkaline reaction. It is soluble in dilute acids.

A compact variety, prepared by heating the nitrate or chloride to bright
redness, and no higher, exhibits remarkeble hydraulic properties. If
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moistened with water to a paste, it quickly hardens to a compact white
solid, of great hardness and durability. If it be mixed with an equal part of
marble dust or chalk and moistened, it may be moulded into any desired
shape, and on being placed in water, it ‘‘sets’’ into an extremely hard
mass. It has been used as a filling for decayed teeth.

377. Magnesium Hydrate — Hydrated Magnesia
Mg(HO),, is formed from any soluble magnesium salt by
precipitating with sodium or potassium hydrate. It is almost
insoluble in water and alkalies, but soluble in ammonium salts
with the formation of double salts. A mixture holding it in
suspension in water, known as milk of magnesia, is used in
medicine as a laxative and an antidote for acid poisons.

- 378. Magnesium Chloride (MgCl,) exists in small quanti-
ties in many mineral springs. It may be obtained by dissolving
the carbonate or oxide in hydrochloric acid. It forms deli-
quescent crystals with 6 molecules of H,O, isomorphous with
calcium chloride. The anhydrous chloride is one of the most
deliquescent substances known.

379. Magnesium Sulphate —Epsom Salt— Seidlitz

. Salt—Magnesii Sulphas (U. 8.)—Magnesize Sulphas
(Br.), (MgS0,), is found in solution in sea waters and in many
mineral springs, especially those belonging to the class of
bitter waters.

It is prepared by the action of sulphuric acid upon magnesium
carbonate. At ordinary temperatures it crystallizes with 7 mole-
cules of H,0, in four-sided, rhombic prisms, very readily soluble in
water. When heated, it fuses and parts with its water of crys-
tallization up to 150°C. (302°F.), when it has lost all but one
molecule; this it finally parts with when heated to 200°C.
(8392°F.) One molecule of water, therefore, is more closely
combined than the rest. This is known as the Water of Con-
stitution. i

380. Magnesium Phosphates.—These resemble the cal-
cium phosphates, which they generally accompany in the animal
body, though usually existing in smaller quantity. Magnesium
also forms double phosphates, one of which, the Ammonio-
magnesium phosphate, or triple-phosphate (MgNH,
PO, + 6H,0), is precipitated when an excess of an alkaline -
phosphate and of ammonia is added to a solution containing
magnesium. When the urine becomes ammoniacal from the
decomposition of urea, this salt is precipitated, as urine always
contains alkaline phosphates and magnesium salts. Being practi-
cally insoluble, especially in the presence of excess of phosphates
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and of ammonis, it is usually deposited from the urine as a sedi-
ment, in the shape of modified right rhombic prisms, which, under
the microscope, resemble the shape of a coffin lid. This some-
times takes place in the bladder, and if some body is present that
will act as a nucleus, the so-called fusible calculus may form.

381. Magnesium Carbonate—Neutral Carbonate
(MgCOy), occurs in nature as magnesite, and, combined with
calcium carbonate, as dolomite. On adding an alkaline car-
bonate to an aqueous solution of a magnesium salt, magnesium
carbonate is not produced, as most other carbonates-would be
under similar circumstances, but some carbon dioxide escapes,
and a white precipitate falls, which is a mixture of magnesium
carbonate and hydrate, or magnesia alba.

382. Tetramagnesium Carbonate—Magnesia Alba—
Magnesii Carbonas (U. 8.), Magnesiz Carbonas (Br.),
(8(MgCOs).MgH,0, + 3H,0), occurs in commerce in light white
cubes, composed of an amorphous or partly crystalline powder.
It is prepared by precipitating a solution on magnesium sulphate
with one of sodium carbonate. A hot concentrated solution
should be used, and the liquid boiled after precipitation. This
compound varies in constitution according to the length of time
that the boiling has continued, and the presence or absence of
excess of sodium carbonate. It is very slightly soluble in water,
but quite soluble in solutions of ammonium chloride.

ZINC.

Zn = 65.2.

383. Occurrence. The native compounds of the heavy
metals are termed ores. The most common zinc ores are Smith-
sonite (ZnCO,.), Calamine, (Silicate) and Sphalerite or
Blende (ZnS). These, like most ores, have a high specific
gralzity, and usually are found in veins in the older crystalline
rocks.

384. Preparation. To obtain the metal, one of its ores,
usually the carbonate or sulphide, is converted into an oxide by
roasting, heating to a high temperature in the air. This oxide is
then mixed with carbon and ignited in cylindrical earthenware
tubes, reducing the oxide thus:

Zn0 + C="Zn + CO.
The free zine is then distilled off.

385. Properties. A bluish-white metal, roughly crystalline
or granular; its specific gravity is 6.862, if cast; 7.215, if rolled.
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It is brittle at ordinary temperatures and can be pulverized ; at
100°C. (212°F.) to 150°C. (302°F.), it is malleable and ductile,
and may be rolled into thin sheets. At 200°C. (392°F.), it
again becomes brittle. It fuses at 412°C. (773°F.), and distills
at 1040°C. (1872°F.). In moist air it becomes coated with a thin
layer of basic carbonate. When heated in the air, it burns with
a very intense bluish-white light, with the formation of oxide.
It dissolves readily in dilute acids with evolution of hydrogen.
Concentrated sulphuric acid does not dissolve zinc. It is soluble
in sodium;, potassium and ammonium hydrates. On account of
the slight action of the air upon it, zinc meets with extensive
application in architecture, and for galvanizing or coating iron.

386. Zinc Oxide—Zinci Oxidum (U. 8, Br.), (ZnO), may
be prepared by igniting the precipitated basic carbonate, or by
burning the metal in a current of air.. When obtained in the
former way, it forms a soft, white, tasteless and odorless powder.
‘When produced by burning the metal, it occurs as a white,
voluminous, flocculent mass, formerly called flores zinci or
lana philosophica. It neither fuses, volatilizes, nor decom-
poses by heat, and is insoluble in neutral solvents. It is used in
the arts as a white pigment, and is not darkened by hydrogen
sulphide, as white lead is.

387. Zinc Hydrate (Zn(OH),) is formed, as a white amor-
Ehous powder, by precipitating an aqueous solution of a zinc salt,

y alkalies. It is soluble in alkaline hydrates and in solutions
of ammonium salts. When heated, it decomposes into zinc oxide
and water.

388. Zinc Chloride—Butter of Zinc—Zinci Chloridum
(U. 8., Br.), (ZnCl,), is obtained by heating zinc in a stream
of chlorine, by dissolving zine in hydrochloric acid, and by the
distillation of zinc sulphate with calcium chloride. It forms
a soft white mass, which is very deliquescent; is fusible and
volatile. It is extremely soluble in water, freely so in alcohol.
The solution hasa burning metallic taste, destroying animal and
vegetable tissues, and possessing strong dehydrating properties.
It forms a series of double salts. The double chloride of zinc and
ammonium is sometimes used in soldering, to dissolve metallic
oxides from the surface of metals to be soldered.

389. Zinc Sulphate—White Vitriol—Zinci Sulphas
(U. 8., Br.), (ZnS0,), is formed by dissolving zinc, or its oxide,
sulphide, or carbonate, in sulphuric acid. At temperatures
below 30°C. (86°F.), it crystallizeswith 7 Aq. ; at 30°C, (86°F),
with 6 Aq.; between 40°C. (104°F) and 50° (122°F), with 5
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Aq. The most common salt is that with 7 Aq., which occurs
in rhombic crystals resembling magunesium sulphate; and is
freely soluble in water. It is used in medicine as an emetic
and astringent.

390. Toxicology. The compounds of zinc that are soluble

‘in the digestive fluids are all irritant poisons. Solutions of the

chloride (used by tinsmiths, in embalming, and as a disinfectant
in Burnett’s fluid,) are also very corrosive. The antidotes are
alkaline carbonates, soap, albumen and mucilage. Solutions
containing sodium chloride or organic acids act as solvents
upon metallic zinc; consequently, symptoms of poisoning, more or
less marked, are apt to follow eating of acid fruits that have been
kept in vessels of galvanized iron. On this account, specimens
intended for analysis in cases of supposed poisoning should
never be placed in jars closed by zinc caps.

391. Tests. With alkaline hydrates and carbonates,
solutions of zinc give a white precipitate, soluble in excess of the
reagent ;" with ammonium sulphydrate or sulphydric acid
in neutral or alkaline solutions, & white sulphide; with potas-
sium ferrocyanide, a yellowish-whité precipitate, insoluble
in dilute hydrochloric acid.

CADMIUM.

Cd =112,

392. Occurrence, Preparation, Properties, etc.—A
comparatively rare metal, often accompanying zinc in its ores.
Being more volatile than its associate, it accumulates during the
first stages of the process of distilling zinc from its ores. It is
a soft, white, tenacious metal, of specific gravity 8.6. It alters
but little in the air at ordinary temperatures. Heated, it burns
with formation of the oxide as a brown smoke. It dissolves
with difficulty in sulphuric and hydrochloric acids, but readily
in nitric acid.

393. Cadmium Compounds.—These are not very numer-
ous or important. As the element is bivalent, they all have the
general formula, CdR,. The principal ones are: cadmium
hydrate (Cd(OH),), cadmium oxide (CdO), cadmium chloride
(CdCl,), cadmium iodide (Cdl,), cadmium sulphate (CdSO,) and
cadmium sulphide (CdS). The latter is found native in the
mineral Greenockite. :
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IRON GROUP.
Chromium = 52.4. Manganese — 54.8. Iron — 56.

394. The elements of this group form two series of compounds,
due to a peculiar variation of the quantivalence. In one series,
a single atom enters into combinations as a dyad, as in Fe"Cl,;
in the other, two atoms combine to form a hexad group, as in
(Fe,)"Cle.  In this hexad condition they form acid radicals with
oxygen, and form chromates, manganates and ferrates.

CHROMIUM.

Cr = 52.4.

395. Occurrence, Preparation and Properties.—This
metal most commonly occurs in chromite, or chrome iron ore, a
ferroso-chromic oxide ; also, rarely, as lead chromate. It may be
isolated with difficulty from its oxide by reducing with char-
coal; or from the chloride by reducing with zinc. It is a hard,
glistening, steel-gray metal, magnetic at low temperatures; sp.
gr. 6.8; oxidizes only at a red heat, and is soluble in hydro-
chloric acid and strong alkalies.

396. Chromic Anhydride—Chromic Trioxide (Cr"O;).
—This is sometimes improperly called chromic acid. It
is prepared by adding one and one-half parts strong sulphuric
acid to one part of concentrated solution of potassium dichrom-
ate. When the solution cools, splendid saffron-colored needles
of the trioxide crystallize out, which may be dried on a porous
tile. It is a powerful oxidant, igniting alcohol if the latter be
poured upon it. It is used in medicine as a caustic, forming a
superficial eschar.

397. Chromic Oxide—Chromium Sesquioxide—Green
Oxide (Crj'0y), is obtained by calcining a mixture of starch and

otassium dichromate. Thus prepared it is a green powder,
insoluble in water, acids or alkalies, and fusible with difficulty.
‘When fused with alkaline hydrates or nitrates, it forms chromates
of these metals.

This oxide may play either a positive or negative réle, depend-
ing upon the oxide with which it unites. For example, with the
strongly negative sulphuric oxide, it forms chromium sulphate
(Cry(S0,)s) ; while with calcium or magnesium oxide, calcium or
magnesium chromites (CaCr,0, or MgCr,0,) are obtained. The
best known of these compounds is (FeCr,0,) ferrous chromite, or
native chrome iron.
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398. Chromous Oxide (Cr’0O).—This exists only as a
hydrate, produced by precipitating chromous chloride by potas-
sium hydrate. It acts as a basic oxide, yielding chromous salts.

399. Chromic Acid (H,CrO,).— Kis cannot be isolated,
but by solution of chromium trioxide in water, an acid liquid is
obtained containing chromic acid. This acid decomposes on
evaporation.

he best known of the salts of this acid are potassium chrom-
‘ate and dichromate (K,CrO, and K,Cr,0;). The last of these
fossesses the properties of ¢he trioxide, but in a milder degree.
t is sometimes used as an escharotic, but much more frequently
as an oxidizing agent, mixed with sulphuric acid. None of the
other preparations of chromium are used in medicine. Inter-
nally, in large doses, it acts as an irritant poison. Antidotes—
mild alkalies, demulcents. A form of chronic poisoning some-
times affects workmen who handle it.

400. Chlorides.—Two chlorides are known: Chromous
Chloride (CrCl,), a white, crystalline solid, dissolving in water
to form a blue solution; and chromic chloride (Cr,Cl,), occur-
ring in large red crystals, insoluble in water, unless a trace of the
chromous chloride be present, when it dissolves readily. If it be
subjected to a prolonged boiling, it finally dissolves, forming a

reen solution containing a hydrate. An oxychloride is also
nown.

401. Chromic Sulphate ' (Cr,(SO,),) is obtained by dis-
solving chromic oxide in sulphuric acid; upon slowly evaporat-
ing, it crystallizes with twelve molecules of water.

Chromium salts form two series, the one green and the other
violet. The alkaline hydrates throw down a bluish-green hydrate
from the green salts, and a violet from the violet.

Chromium sulphate exists as a violet crystalline solid, and
as a green amorphous solid. With the alkaline sulphates,
chromium sulphate forms double salts—the chromium alums.
(See Alums.)

402. Potassium Chromate (K,CrO,) is obtained by
adding a solution of potassium hydrate to one of potassium
dichromate. It forms large, yellow, rhombic crystals, isomor-
phous with potassium su]pﬁate (K,S0)).

403. Potassium Dichromate (X,Cr,0;), commercially
known as the red chromate of potash and often called the
acid potassium chromate, is obtained by igniting pulverized
chromite (Cr,0,Fe0Q) with potassium carbonate and nitrate,
forming a?otaseium chromate and ferric oxide. The potassium

J
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chromate is dissolved out with water and nitric or acetic acid
added to the solution, from which potassium bichromate crystal-
lizes. It forms large, red prisms, soluble at ordinary tempera-
tures in ten parts of water. When it is warmed with sulphuric
acid, oxygen escapes, and chromic acid and potassium chrome
alum are produced. This mixture is employed in laboratories
for oxidizing purposes. :

404. Toxicology.—The chromates, especially potassium
dichromate, are irritant poisons. They are also liable to pro-
duce a form of chronic poisoning ih workmen handling them,
characterized by ulceration of the septum of the nose, and of the
skin. The most prominent symptoms in acute poisoning are
vomiting, epigastric pain, cramps, excessive thirst and collapse.
The treatment consists in the use of emetics, followed by mag-
nesium carbonate in milk.

MANGANESE.
Mn = 55.

405. Occurrence. Manganese is found widely distributed
in nature. It occurs native in meteorites. Its most common
ores are pyrolusite (MnO,), hausmanite (Mn,0,), braunite
(Mn,0,), manganite (Mn,0,H;0), and rhodochrosite
(MnCOsy). :

406. Preparation and Properties. It is obtained in the
metallic condition by heating its oxides with charcoal, similar to
the smelting of iron. A grayish-white, brittle metal, very hard,
and fusing with great difficulty ; sp. gr. 7.2. Like the elements
iron and chromium, it forms three series of compounds; the
manganous (MoR,), manganic (Mn,R,), and the derivatives of
manganic acid, called manganates.

407. Manganous Compounds. In these the metal is dia-
tomic. These derivatives are the most stable and constitute
the most common of the manganese salts. They resemble the
ous salts of iron and chromium, with which they are isomor-
phous. Manganous oxide (MnO) results from ignition of
the carbonate with exclusion of air. It is a greenish, amorphous
powder, readily oxidizing in the air to Mn,0O,, Manganous
hydrate (Mn(OH,),) is formed by adding alkaline hydrates to
manganous solutions, as a reddish-white precipitate, which, ex-
posed to the air, oxidizes to manganic hydrate, and turns brown
in color.

408. Manganous Salts.—Manganous Chloride (MnCl,)
occurs in rose-colored tabular crystals, which decompose on
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drying, with separation of hydrochloric acid. Manganous
Sulphate (Mn£04) crystallizes at ordinary temperatures with
5H,0. With the alkaline sulphates it forms double salts; e. g.,
MnSO.K;SO, + 5H,0. Manganous Carbonate (MnCO;)
is precipitated from manganous solutions by alkaline carbonates
as a white powder, turning brown on exposure. Manganous
Sulphide (MnS) occurs in nature as alabandite, or manganese
blende, and is precipitated from manganous solutions by alkaline
sulphides as a flesh-colored hydrate (ﬁns + H,0). In the air
it also becomes brown.

409. Manganic Compounds.—These are isomorphous with,
and very closely resemble the ferric, chromic and aluminic
compounds. They are not so stable, however, being easily re-
duced to the manganous state. In them manganese I8 a tetrad.
. 410. Manganese Dioxide — Manganic Peroxide —
Black Oxide of Manganese (MnQ,), occurs native as the
mineral pyrolusite, the principal ore of manganese, in steel-
gray or brownish, imperfectly crystallized masses.

When gently heated, it yields oxygen; at a red heat, it yields
more oxygen and forms manganous-manganic oxide.

8MnO, = Mn,0, + 20.

It gives off oxyien when heated with sulphuric acid, and forms
manganous sulphate. With hydrochloric acid, it yields mangan-
ous chloride, water and chlorine,

MnO, + 4HCl = MnCl, + 2H,0 + Cl,.

In cold hydrochloric acid, it dissolves without setting chlorine
free, as MnCl, is probably formed, which, upon heating, breaks
up into MnCl; and Cl;. From this it would appear that, in the
dioxide, manganese is a tetrad.

Manganic Oxide (Mn,0;) is a black powder, produced by
igniting the manganese oxides in a current of oxygen.

Manganic Hydrate (Mn,OH) is precipitated from man-
ganic solutions by ammonium hydrate as a flesh-colored precipi-
tate, rapidly turning brown.
. Manganous-manganic Oxide (MnyO, = MnO,Mn,0;).

—This is formed by the ignition of all the oxides in the air; it
is isomorphous with Magnetite (Fe,0,).

Manganic Sulphate (Mn,(SO,),) is produced by the action
of sulphuric acid upon manganic hydrate.

411. Manganates and Permanganates.—The derivatives
of manganic acid (H,MnO, = MnO,(OH),) are analogous to
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those of ferric (H,FeO,), chromic (H,CrO,), and sulphuric acid
(H;S0,). In these derivatives, manganese is a hexad. The
manganates are of little permanency and little used. -

Potassium Manganate (K,MnO,) is a rare substance,
isomorphous with potassium sulphate or chromate, and is very
readily converted into potassium permanganate.

412. Potassium Permanganate (KMnO,) is precipitated
from solutions of potassium manganate by acids, in dark-red,
rhombic prisms, isomorphous with potassium chlorate. This salt
has active oxidizing properties, and is very largely used for
oxidizing and destroying organic substances. It also converts
ferrous into ferric salts, and is used for the quantitative estima-
tion of ferrous salts.

IRON.

Fe = 56.

413. Occurrence. —This metal, which is of so great practical
importance, is distributed very widely in nature. It occurs
native upon the earth’s surface only as meteorites.

The ores from which iron is obtained are numerous ; the most
important are: magnetite (Fe,0,), haematite (Fe,0,), limo-
nite (ferric hydrate) and siderite (FeCO,;). These are almost
the only ores used for the manufacture of iron ; the sulphur ores
are not adapted for this purpose.

414. Preparation.—In some cases the ore is first roasted, to
get rid of water, carbon dioxide, sulphur, etc. The next step
consists in the extraction of the iron from the ores, in which it exists
as oxide; this is accomplished by reduction with carbon, at a
glowing heat. This reduction is effected in a blast furnace,
of which the interior has the shape of a double cone. Itis about
fifty or sixty feet high by fifteen feet wide at its widest part, is
built of the most infusible fire brick, and inclosed in solid
masonry. It is filled at the top with alternate layers of coal,
broken ore (either native or previously roasted), and fluxes
in the form of limestone or silicates. These fluxes facilitate
the melting together of the reduced iron, and furnish a liquid
slag. . The air necessary for combustion, usually heated to
a high temperature beforehand, is forced into the bottom of
the furnace, through pipes, by blowers or fans. The metal is
drawn off at the bottom. In thelower part of the furnace, carbon
dioxide is produced from the oxygen of the air and the coal ;
and higher up, carbon monoxide is produced, which acts upon
the oxide of iron, reducing it to the metallic state. As the reduced
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iron einks, it comes into contact with the coal, takes up a small
quantity of carbon, and forms cast-iron, which, on further sink-
ing, fuses, and is drawn off into moulds made in sand, to form
pig iron. The earthy impurities of the ores remaining in the
furnace unite with the fluxes, fuse in the intense heat, and are
drawn off as slag. The pig iron is then subjected to the
puddling process, by which it is more completely freed from

. carbon and slag, and wrought iron results. This process

is usually carried on in reverberatory furnaces with a free
supply of air, while the inolten mass is being thoroughly stirred.
The greater part of the carbon is in this way burned into
carbon monoxide, and the silicon, sulphur and phosphorus
oxidized. Steel was formerly prepared from wrought iron
only, by cementation, or heating wrought iron in boxes packed
in leather shavings or with charcoal. At present it is chiefly
prepared directly from cast or pig iron by the method in-
vented by Bessemer in 1850. This process consists in blowing
air, under high pressure, into a mass of molten cast-iron, until
the carbon has been consumed, when spiegeleisen, containing
a known quantity of carbon, is added, to give the proper
amount of carbon. Pure iron is obtained by heating ferric
oxide in a current of hydrogen ; this is the ferrum redactum
(U. 8, Br.). .

415. Properties.—Pure iron is soft, fuses at about 1600°C.
(2912°F.), and has a specific gravity of 7.25 to 7.9. Iron is not
affected by dry air at ordinary temperatures; in moist air, it
covers itself with a thin layer of ferric hydrate, known as rust.
Heated strongly in the air, it becomes coated with a layer of
ferrous-ferric oxide (FesO,), which is readily loosened, forming
the blacksmith’s scales; at a red heat, it decomposes water,
with the formation of ferrous-ferric oxide, and the liberation of
hydrogen.

8Fe + 4H,0 = Fe;0, + 4H,.
In oxygen it burns with an intense, scintillating light. If
brought into contact with a magnet, iron becomes magnetic.
Tempered steel is the only form, however, that retains the
magnetism.

Iron unites directly with chlorine, bromine, iodine, sulphur, and
the members of the phosphorus group, except nitrogen. It
dissolves readily in hydrochloric and sulphuric gcids, with evo-
lution of hydrogen. In dilute nitric acid, it dissolves with
separation of nitric oxide. Concentrated nitric acid, however,
renders it passive, when it is no longer attacked by the dilute
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acid, until the passive condition is destroyed by contact with
silver, platinum or copper, or by heating to 40° C. (104° F.).

416. Ferrous Compounds.—These are formed by dis-
solving iron in an acid, or by the reduction of ferric salts.

Fe,Cle+ Zn = (FeCl;), + ZnCl,.
They are usually of a green color in the hydrous state ; exposed
to the air, they oxidize to ferric salts.
2Fe0 + O = Fe,0,.

417. Ferrous Chloride (FeCl,) is formed when iron is
dissolved in hydrochloric acid. It cr{stallizes in green, mono-
clinic prisms, containing four molecules of water. Exposed to
the air, they deligueece and oxidize, forming ferric chloride and
an oxychloride. “The anhydrous chloride is formed by passing
hydrochloric acid gas over iron that is heated to redness, as a
volatile, yellowish-white, very soluble solid.

418. Ferrous Iodide—Ferri Iodidum (Br.), (Fel,), is
obtained in solution by adding an excess of iron to iodine sus-

nded in warm water until the solution is pale green.

419. Ferrous Oxide (FeO) is a black powder, produced by
the reduction of ferric oxide by carbon. It easily oxidizes again.

Ferrous Hydrate (Fe(OH),) is precipitated from ferrous
solutions by alkali hydrates as a white powder. It also oxidizes
readily, becoming green, and then brown.

420. Ferrous Sulphate — Protosulphate of Iron—
Green Vitriol — Copperas — Ferri Sulphas (U. S, Br.),
(FeSO,7TH,0), is obtained pure by dissolving iron in dilute sull?phu-
ric acid. For commercial use it is obtained from pyrites (FeS,)
by oxidation, and as a by-product in other processes. It forms
oblique rhombic prisms. At a red heat, it decomposes into ferric
oxide, and sulphur di- and trioxides. On this property is based
the production of fuming, or Nordhausen sulphuric acid.

Green vitriol has an extended use in the arts. Among other
?ses, it is employed in the manufacture of ink, and as a mordaunt
in dyeing. :

A)l,nrngonio-ferrous Sulphate (Fe(NH,),.(S0,),.6H,0) is
also known. It is more stable than ferrous sulphate.

421. Ferrous Carbonate (FeCO,) exists in the mineral,
siderite. It may be obtained by adding sodium carbonate to
ferrous solutiows. It is readily oxidized to ferrous hydrate on
exposure to the air; is insoluble in pure water, but soluble in
water containing carbon dioxide, and is, therefore, present in
many natural waters.
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The ferri carbonas saccharatum is ferrous carbonate to
which sugar has been added to prevent decomposition, and is
prepared by mixing solutions of ferrous sulphate and sodium
bicarbonate and adding sugar ; the mixture is then evaporated
to dryness. It is a greenish-gray powder.

422. Ferrous Phosphate—Triferrous Phosphate (Fe,
(PO,);), is a white precipitate formed by adding sodium
phosphate to a solution of a ferrous salt. It turns blue on
exposure to the air, a part being converted into ferric phos-
phate. The ferri phosphas (%. S., Br.) is a mixture of
these two salts. It is insoluble in water; slightly soluble in
water containing carbonic dioxide or acetic acid. A soluble
or acid phosphate exists in the shops. A phosphate of iron,
that turns blue on exposure to the air, exists in the lungs,
phthisis, in bones which have been buried for some time, and
occasionally in pus.

423. Ferrous Sulphide—Protosulphide (FeS), may be
obtained, first, by fusing a mixture of sulphur and iron filings .
at ordinary temperatures, although the union will often occur
slowly ; second, by precipitation of a ferrous salt with alkaline
sulphides. The first method forms brownish, brittle, fusible
masses ; the latter yields a black powder. Ferrous sulphide
is not decomposed by heat, but is decomposed by sulphuric
acid, with formation of ferrous sulpliaté and hydrogen sulphide.
It occurs in the feeces of persons taking chalybeate waters and
preparations of iron.

424. Ferrous Lactate—Ferri Lactas (U.8.), (Fe(C,H0y),
is obtained by dissolving iron filings in lactic acid. It forms light
yellow crystals, soluble in water, insoluble in cold alcohol.

425. Ferrous Oxalate—Ferri Oxalas (U. S.), (Fe(C,0,),
is made by dissolving iron in a solution of oxalicacid. A bright
yellow, crystalline powder, slightly soluble in hot water.

426. Ferrous Tartrate (%‘eCJ-LO,) is formed by dissolving
iron in a hot, strong solution of tartaric acid.

427. Ferric Compounds—Ferric Oxide—Sesquioxide

~of Iron (Fe,0;), exists in nature as hematite, and may be

formed by heating the oxygen compounds of iron in the air.
On a large scale, it is obtained by distilling ferrous sulphate,
which first turns white, from loss of water; then yellow, owin
to the formation of an oxyhydrate, and finally to a brick-redg,
ferric oxide. It is used as a polishing material, under the names
of colcothar, red crocus, jewelers’ rouge, caput mor-
tuum, or Venetian red.
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Ferrous-Ferric Oxide (Fe,0, = FeOFe,0;) occurs native
as magnetite. It may be obtained by conducting steam over
ignited iron. It constitutes the natural magnets.

428. Ferric Hydrate — Ferri Oxidum Hydratum
(U. 8, Br.), (Fe,(OH),), is a voluminous, reddish-brown, gela-
tinous mass, precipitated by alkaline hydrates from ferric solu-
tions. When driedat 100°C. (212°F.), it loses 2H,0. Freshly
precipitated ferric hydrate is soluble in a solution of ferric chlo-
ride or acetate, and if such a solution is dialysed, the iron salt
diffuses, leaving the pure ferric hydrate on the dialyser. The
dialysed iron so obtained is coagulated by heat, acids or alka-
lies, into a jelly-like mass. It is a good antidote in arsenic
poisoniné.

429.' Ferric Chloride—Sesquichloride of Iron—Per-
chloride of Iron—Ferri Chloridum (U.8.), (F,Cl,), may be
obtained anhydrous in volatile, deliquescent plates by heating iron
in chlorine gas. It may be formed in solution by dissolving iron
in hydrochloric acid and adding a little chlorine water or nitric
acid; or by dissolving the oxide or hydrate in hydrochloric acid ;
or by the action of cﬁ]orine on a solution of ferrous chloride. To
obtain the solid, it is only necessary to evaporate and crystallize.

It is prepared in pharmacy by the last method. It forms
yellow, crystalline masses or rhombic plates, readily soluble in
water, alcohol or ether.

The Liq. ferri chloridi (U.8.), or Liq. ferri perchloridi
(Br.), is an aqueous solution containing an excess of acid.

The U. 8. P. preparation contains 37.8 per cent. of ferric
chloride.

The Tinct. ferri chloridi (U. 8.) is the same, diluted with
alcohol, and contains also ethyl chloride and ferrous chloride.

430. Ferric Sulphate (¥'e;(80,),) is obtained by dissolving
the oxide in sulphuric acid. It remains, after evaporating the
solution, as a white mass, which dissolves readily in water, form-
ing the Liquor ferri tersulphatis (U. 8.). This solution is
a dark, reddish-brown liquid, having an acid, styptic taste.
Another sulphate, which is basic, is formed by treating ferrous
sulphate, 77 parts, with nitric acid, and evaporating, after add-
ingr7 parts sulphuric acid.

his, in solution, is tue Liq. ferri subsulphatis, or Mon-
sel’s solution.
- 431. Ferric Alum—Ammonio-ferric Alum—Ferri et
Ammonia Sulphas (U.S.P.),(NH,),Fe,(S0,),.24H,0), is pre-
pared by adding a solution of ammonium sulphate to a solution of
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ferric sulphate, and evaporating down and allowing it to crystal-
lize. The crystals are colorless or pale amethyst, regular
octahedra, soluble in 3 parts of water at 15°C. (69°F.). The
solution has an acid reaction and an astringent taste, but not so
astringent as ferric sulphate. It gives the reactions for ferric
iron, ammonia and sulphates. It is employed in medicine as an
astringent, both internally and locally.

432. Ferric Nitrate (Fe,(NO,),) is formed, together with
ferrous nitrate, by dissolving iron in nitric acid. The Liq. ferri
nitratis (U. 8.), or Liq. ferri pernitratis (Br.), is an aqueous -
solution of ferric nitrate. . It crystallizes in rhombic prisms with
18H,0, or in cubes with 12H,0.

433. Scale Compounds of Iron.—These are certain salts
of iron, mostly with organic acids, which do not crystallize
readily, but are put into the market in the form of thin scales.
They are prepared by evaporating their solution to a thick,
syrupy consistence, spreading upon glass plates, drying, and then
detaching the thin scales from the glass. They are all used in
medicine.

Ferri Citras (U. S.)—citrate of iron—is prepared by the
action of citric acid upon soluble salts of iron, usually the sul-
phate. After its aqueous solution has been evaporated upon
glass, it forms beautiful, thin, transparent scales, of a garnet-red
color, slowly soluble in cold, but freely in hot water, and possess-
ing a mild, chalybeate taste.

Ferri et Ammonie Citras (U. S., Br.)—citrate of iron
and ammonia—is formed by treating a solution of citrate of iron
with ammonium hydrate, and evaporating at a temperature that
should not exceed 38°C. (100.4°F‘.);). )

It also forms garnet-red scales, which are readily and wholly
soluble in water, forming a solution that is neutral to litmus
paper and slightly styptic in taste.

Ferri et Ammoniz Tartras (U.S.)—tartrate of iron and
- ammonia—a double salt, is formed by the action of tartaric acid
upon ferric and ammonic hydrates. Upon evaporation of its
solution, garnet-red scales remain, which are slowly soluble in
water. Their solution is neutral to test paper, and is of a
sweetish, rather pleasant taste.

Ferri et Potassa Tartras (U.S.)—Ferrum Tartaratum
(Br.)—potassio-tartrate of iron—may be obtained by dissolving
ferric hydrate in a solution of acid tartrate of potassium, and
evaporating on glass. It forms ruby-red plates, having about
the same properties as the ammonio-tartrate. :
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Ferri et Quinie Citras (U. S, Br.)—citrate of iron and
uinine—contains citric acid, ferric hydrate and quinia citrate.
?t forms transparent scales of a greenish tint, slowly soluble in
cold water, but freely in hot water, forming bitter, slightly
styptic solutions.

Ferri et Strychnize Citras closely resembles the citrate of
iron and ammoniain appearance, but has a bitter taste, and gives
a white precipitate with ammonium hydrate. It is prepared by
adding a solution of strychnine citrate to a solution of ferric
ciltrabe, evaporating on a water bath to a syrup, and drying on

ass. .

Ferri Phosphas (U. 8, Br.), (Fe,(PO,),).—Phosphate of
iron occurs as the result of a double decomposition between
ferric sulphate and sodium phosphate. It forms a bright, slate-
colored powder, insoluble in water, but soluble in acids.

Ferri Pyrophosphas (U. 8.), (Fe,(P,0,);).—Pyrophosphate
of iron is formed by adding a solution of sodium pyrophosphate to
a solution of a ferric salt. It does not crystallize, but forms
scales upon evaporating its solution. These are thin, apple-

reen in color, turn dark on exposure to the air, and are soluble
in water, but not in alcohol. Ammonium hydrate produces no
precipitate in itssolutions, but sodium hydrate does. The officinal
salt contains 48 per cent. of anhydrous ferric pyrophosphate.

NICKEL GROUP.
Nickel = 59. Cobalt = 59.

434. These elements are often included with the members of
the iron group, to which they bear a certain resemblance, but
from which they differ in not forming, so far asis known, com-

unds similar to the ferrates, cﬁromam or manganates.

urthermore, no compounds of nickel or cobalt analogous to the
salts of chromic or manganic acids are known.

NICKEL.

435. Occurrence, Preparation and Properties.—This
metal is found native in meteorites. Its most common ores are
Niccolite (Ni,As;) and Gersdorffite (NiS,),As,). * These ores
of nickel, however, usually also contain cobalt, and the cobalt-
ous ores are commonly nickel bearing also. The separation of
nickel from its ores is a very complicated process, and for an
account of it, the reader is referred to works on metallurgy. It
may be prepared chemically pure by igniting its oxalate or car-
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bonate in a stream of hydrogen. This metal is silver white,
tenacious and very lustrous; sp. gr. 9.1. It is attracted by the
magnet. It does not alter in the air, but dissolvesin the mineral
acids, especially nitric.

436. Compounds.—The following are the most common of
the nickel compounds ; they are all ous compounds, having the
general form NiR,, and a.lr possess a green color: nickelous
- hydrate (Ni(OH),), nickelous chloride (NiCl, + 6H,0),
nickelous cyanide (Ni(CN),), nickelous sulphate (NiSO,
+ 7H,;0) and nickelous sulphide (NiS). Nickelic oxide
(Ni,0,) and hydrate (Ni,(OH),) exist, and are similar to the
corresponding cobalt compounds. Nickel is used largely in
certain alloys and for electro-plating.

COBALT.
Co=59.

437. Occurrence,Preparation, Properties,etc.—Smalt-
ite (CoAs,) and cobaltite (CoAs,. CoS,) are the most commonly
occurring native ores of cobalt. It is prepared in the same
manner as nickel. It is a reddish-white metal, tenacious, and
fusible with great difficulty ; sp. gr.8.9. Its other properties are
very similar to those of nickel. _

438. Cobalt Compounds are also chiefly ous, correspond-
ing to the general form CoR,. Those containing water have a
reddish color ; the anhydrous compounds are blue.

The cobaltous compounds are, cobaltous chloride (CoCl,),
cobaltous hydrate (Co(HO),), cobaltous sulphate (CoSO,
+ 7H,0), cobaltous nitrate (Co(NOy), + 6H,0), and cobalt-
ous sulphide (CoS). :

The cobaltic compounds are, cobaltic oxide (Co,0;), and
cobaltous-cobaltic oxide (Co;O, = C0,0,C00). The latter
corresponds to magnetite (Fe;O,).

-

LEAD GROUP.
Lead, Pb = 207.

439. Occurrence.—The most abundant ore found native
is Galena, or Galenite (PbS). Other ores are Cerussite
(PbCOy), Crocoisite (PbCrO,), Wulfenite (PbMoO,) and
pyromasphite (Pby(PO,),).

440. Preparation.—For this purpose galenite is almost
exclusively employed. The ore is first roasted in the air, by
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which a portion of the lead sulphide is converted into oxide
and another part into sulphate.
PbS + 30 = PbO + SO,
and PbS + 40 = PbSO,.

These two products are then strongly heated in a reverberatory
furnace, when they react as follows :—

2PbO -+ PbS = 3Pb + SO,

. and PbSO, + PbS = 2Pb + 280,

If the galena contain much silver, this is separated by crystal-
lization and cupellation.

441. Properties.—Lead is a bluish-white metal, brilliant
upon freshly cut surfaces, but soon tarnishes. It is soft and

iable, but not very malleable or ductile; specific gravity 11.37.
It fuses at 334° C. (633° F.). If melted, it does not, on cooling,
return to its original volume. It is a poor conductor of elec-
tricity, but a better conductor of heat.

When exposed to the air, it oxidizes slightly. It is not acted
upon by pure water deprived of air, but, by the contact of air and
water, it oxidizes to the hydrate (Pb(OH),), which dissolves
slightly in water. If the water contains carbon dioxide, carbon-
ates or sulphates, very little lead goes into solution, but it is
coated with an insoluble layer of lead carbonate or sulphate.

If carbon dioxide be in excess, as in soda water, the carbonate
ormed is somewhat soluble in the water).

The solvent action of water upon lead is increased, however,
by the presence of nitrates and nitrites. These facts are of great
practical importance, as lead pipes are very frequently employed .
for conducting water. ’

Sulphuric and hydrochloric acids have but little effect on lead,
especially if cold, owing to the insolubility of its sulphate and
chloride. Nitric acid dissolves it readily. Zinc, tin and iron
precipitate this metal from its solution.

There are several useful alloys of lead. Alloyed with an
equal part of tin, it fuses at 186° C. (366.8° F.) and is used
for soldering (soft solder). Type-metal is an alloy of four or
five parts of lead and one of antimony ; the proportions vary
considerably.

442. Lead Oxide—Protoxide—Massicot—Litharge—
Plumbi Oxidum (U. 8., Br.), (PbO), is prepared by heating
lead, its carbonate or nitrate, in the air. 1If it fuses, it consti-
tutes litharge; if not, massicot. The former is a reddish-
yellow or brown mass of rhombic scales; the latter is a yellow,
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amorphous powder, differing from litharge in color and texture,
but not in composition.

Lead oxide has strong basic properties. It absorbs carbon
dioxide from the air and imparts an alkaline reaction to water,
in which it dissolves as hydrate. Like other strong bases, it
sa{)oniﬁes fats and forms lead soaps, as lead plaster. It dis-
gsolves readily in nitric or hot acetic acid, with formation of
nitrate or acetate of lead. It fuses at a red heat. If fused
in earthen crucibles, it forms a silicate, and thus perforates the
crucible. 'When heated to 300° C. (572° F.) in contact with
air, it is oxidized to minium, or a bright red powder.(red lead).

443. Plumboso-plumbic Oxide —Minium—Red Lead
(Pbs0O,), or (2PbO.Pb0O,), is prepared as already stated, by roast-
ing litharge at a temperature of 300° C, (572° F.), and is used
as a pigment and in the manufacture of glass. Its composition
is probably expressed by the formula Pb,O,; or, as one molecule
of the dioxide combined with two of the monoxide; or, as the
lead salt of plumbic acid. i

It is a brilliant red powder, of specific gravity 8.62. When
strongly heated, or subjected to the action of reducing agents, it
is converted into litharge. Nitric acid dissolves the monoxide,
leaving the dioxide, and changing its color to brown.

As occurring in commerce, it is frequently contaminated with
oxides of iron or brickdust. It shmel?d dissolve in dilute nitric
acid to which a little sugar has been added.

444. Lead Dioxide—Peroxide of Lead—Puce Oxide
of Lead—Binoxide of Lead—Plumbic Anhydride—ma
be prepared by dissolving the monoxide out of minium witK
dilute nitric acid, or by the action of chlorine upon lead carbon-
ate suspended in water.

It is a dark, reddish-brown powder, insoluble in water;
specific gravity 8.903 to 9.190. Heat drives off half its oxygen,
converting it into monoxide. It is a valuable oxidizing agent.

445. Plumbic Acid is formed as crystalline plates at the
positive electrode when alkaline solutions of the lead salts are
subjected to electrolysis.

ith the alkaline hydrates, lead dioxide dissolves to form
well defined but unstable plumbates. Potassium plumbate
may be obtained in cubic crystals by dissolving the hydrate in
tassium hydrate, and cooling the solution. It is decomposed
y water.

446. Lead Chloride (PbCl,) separates as a white precipitate

when hydrochloric acid is added to a solution of a lead salt. It
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is nearly insoluble in cold water, but dissolves in thirty parts
of hot water, from which solution it crystallizes on cooling,
in white, shining needles. . At a red heat, it fuses to a horn-like

mass,

447. Lead Iodide—Plumbi Iodidum (U. 8., Br.), (PbL,),
is precipitated from lead solutions by potassium iodide, as a
bright yellow, crystalline powder. It is practically insoluble
in cold water, but more soluble in boiling water, from which it
crystallizes on cooling, in beautiful, gold-colored, glistening
crystals. Exposed to light and moisture, it decomposes, with
liberation of iodine.

448. Lead Nitrate—Neutral Lead Nitrate—Plumbi
Nitras (U. 8, Br.), (Pb(NOs),), is obtained by dissolving lead
or its oxides in excess of nitric acid. It forms anhydrous, octa-
hedral crystals, soluble in 1.98 parts of water at 17.5°C.
(63.5°F.), and in 0.7 parts at 100°C. (212°F.). At a red heat, it
melts and is decomposed into PbO,NO, and oxygen, and at a
higher temperature, into PbO.

449. Lead Sulphate (PbSO,) occurs in the mineral
Anglesite in rhombic ecrystals, isomorphous with barium sul-
phate. It is produced by the double decomposition between a
sulphate and a soluble lead salt. It is insoluble in water, but
readily soluble in concentrated sulphuric acid. The commercial
acid always contains it.
~ 450. Lead Carbonate—Plumbi Carbonas (U. 8., Br.),

(PbCO;), occurs as Cerussite. It may be produced by double
decomposition between a lead salt and a carbonate, or by passin
carbon dioxide through a solution of a lead salt. White lea
is usually prepared commercially by treating thin sheets of lead
with acetic acid and then exposing the acetate to carbon dioxide.
The lead, rolled into sheets, is placed in earthen jars containing
a small quantity of vinégar at the bottom, but not in contact
with the lead. Great numbers of the jars after being thus
charged are buried in stable manure or spent tan bark. By
the decomposition of the bark or manure, considerable carbon
dioxide and heat are produced. The heat volatilizes a portion
of the vinegar, which, acting upon the lead, produces the acetate
(Pb(C,H;0,);). The carbon dioxide acting upon the acetate
converts it into acetic acid, which acts upon a fresh portion-of
lead, and a basic or hydro-carbonate of lead.

2PbCO,. PbO,H, or PbO—HCO —Pb—CO;—PbO—H.
After the lapse of a considerable time, the pile is taken down,



LEAD GROUP. 223

the sheets are taken out, and the carbonate detached from them
by passing them through rollers or by pounding. The white
powder is then ground with oil and sent into the market as
‘¢ White Lead.”

‘White lead is largely used in oil painting, forming a part of
all but the darkest colors. As it is poisonous and is darkened
by the action of hydrogen sulphide in the atmosphere, it is at
present being more and more replaced by zinc white (ZnO)
and permanent white (BaSO,).

451. Lead Sulphide (PbS) occurs in the mineral galena.
It is precipitated from solutions of lead salts by hydrogen sul-
phide or all)kaline sulphydrates as a black powder. The native
sulphide is bluish-gray and has a metallic lustre ; sp. gr. 7.58.
The sulphide obtained by precipitation has a sp. gr. of 6.924.
It is insoluble in dilute acids.

452. Lead Acetate—Salt of Saturn—Sugar of Lead—
Plumbi Acetas (U. 8., Br.), (Pb(C,H,0,),), is prepared by
dissolving litharge in acetic acid ; or by exposing lead in contact
with acetic acid to the atmosphere, evaporating and crystallizing.
It forms large, oblique rhombic prisms, having a sweetish, me-
tallic taste. It dissolves in 1.5 parts of water and in 8 parts of
alcohol, forming solutions which react acid upon test paper. On
exposure to the air, the crystals effloresce upon the surface and
are partly converted into carbonate. Several subacetates, as basic
acetates, are known. The only one requiring mention is that
having the formula PbOH (C,H,0,)2PbO. This is the chief con-
stituent of Liq. plumbi subacetatis (U. S., Br.), or Gou-
lard’s extract, which is obtained by boiling a solution of the
neutral acetate with lead monoxide in fine powder. When ex-
posed to the air, this solution becomes milky from the formation
of lead carbonate.

453. Lead Chromate (PbCrO,) is formed by precipitating
lead nitrate with potassium chromate. Under the name of
chrome yellow, it is used as a pigment. Very recently, its
fraudulent use as an artificial coloring agent in manufactured
food products has been discovered. It is insoluble in water, but
soluble in alkalies.

4564. Physiological Action of Lead. All of the com-
pounds of lead that are soluble, and those that are themselves
insoluble but that are readily con vertible into soluble compounds
by the action of air, water or the digestive fluids, are poisonous.

The chronic form of lead poisoning, painter’s colic, is ver
common, and i8 produced by the continuous absorption of small
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quantities of the metal or its compounds, either by the skin,
lungs, or stomach. Although metaﬁic lead is inert, its absorp-
tion will cause symptoms of poisoning from its being converted
within the body into poisonous compounds. Some of the
methods by which it may be introduced are, the drinking of
water that has been in contact with the metal ; the use of food,
tobacco, ete., that has been wrapped in tin-foil containing lead ;
the drinking of beer or other beverages that have been kept in
pewter vessels; the handling of the metal or its alloys by arti-
sans. Almost all of the commoner compounds of lead may give
rise to the chronic poisoning. Probably the carbonate is the
cause of more cases than any other lead compound in painters,
artists, manufacturers of paint, and persons sleeping in freshly
painted apartments.

Acute lead poisoning is comparatively rare and is not often
fatal. It is generally caused gy the ingestion of a single large
dose of the acetate, subacetate, carbonate or red lead.

When it occurs, magnesium sulphate should be given, as it
~ forms an insoluble lead sulphate.

If the metal be once absorbed, it is eliminated slowly, as it
tends to become fixed by combination with the albuminoids of
the body. This combination is rendered soluble by potassium

" iodide. It iseliminated by the urine, perspiration and bile.

Great caution is necessary in drawing conclusions, in case
traces of lead are found in the body after death, on account of
the many ways that it may be introduced.

COPPER GROUP.
Copper = 63.56. Mercury = 200.

455. Each of these elements forngs two series of compounds.
One series contains the group (E:>) or (Hg,)” and the com-

pounds are known as the cuprous and mercurous compounds,
respectively ; the other contains a single dyad atom, and is des-
ignated by the termination dc.

COPPER.
Cu = 63.5.

456. Occurrence.—This metal occurs in the free state in
large masses, or crystallized in cubes and octahedra. It is found
in the vicinity of Lake Superior, in China, Japan, Sweden, and
in the Urals. Its most important ores are: cuprite (Cu,0),
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malachite and azurite (basic carbonates), chalcocite (Cu,S), and
chalcopyrite, or copper pyrites (CuFe,S).

457. Preparation.—The mixed copper ores are first roasted
in the air, by which process a portion of the copper sulphide is
converted into oxide; this is then roasted with silica fluxes and
carbon. By -this process the iron sulphide is converted into
silicate, and is drawn off with the slag. After several repetitions
of this process, the so-called copperstone is obtained; this
contains both the sulphide and oxide. By ref)eat.ed roasting and
heating, the copper oxide reacts upon the sulphide, and metallic
copper results. Some poor ores are first treated with sulphuric
acid, and the resulting sulphate is then treated with scrap iron,
which precipitates the copper in the metallic state. Chemically
Eure copper is obtained by heating the pure oxide in a stream of

ydrogen, or by electrolysis. .

458. Properties.—Copper is a red metal by reflected light,
while thin leaflets transmit a green light.

It is soft, ductile and tenacious; a good conductor of heat and
electricity ; specific gravity 8.914 to 8.952. In dry air it under-
goes no change ; but in moist air it gradually becomes coated
with a thin layer of green basic carbonate. When heated, it
oxidizes to black cupric oxide (CuO). Hot sulphuric, nitric and
hydrochloric acids dissolve it, with liberation of sulphur dioxide,
nitrogen dioxide, and hydrogen, respectively. With organic
acids it forms soluble salts in the presence of air and moisture ;
hence, acid fruits should not be kept in copper vessels.

459. Cuprous Compounds.—These are. very unstable,
absorb oxygen, and are converted into cupric compounds.

If the formule CuCl, Cul, Cu,O and Cu,S are correct, copper in the
cuprous compounds would appear, like silver, to be ununivalent. It has
never been determined, however, whether these formule really express
the true molecules. Copper compounds are not volatile, and we have no
means of ascertaining the size of the molecule. As has already been
stated, most chemists believe that in the cuprous compounds copper
is bivalent, and that they contain the group Cu,”’, whose valence is
always two.

460. Cuprous Oxide — Suboxide, or Black Oxide
(Cu,0), occurs in nature as cuprite. It is obtained artificiall
bﬁ boilinlg an alkaline solution of grape sugar and copper sul-
phate. It precipitates as a bright red powder. (Beh]ing's
and Trommer’s tests.) The hydrate (Cu,(OH),) is precipitated
by the alkalies, from hydrochloric acid solutions of Cu,(li, as a
yellow powder. -

K
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461. Cuprous Chloride—Subchloride, or Protochloride
(CuCl or Cu,Cl,), is produced, together with cupric chloride, by
igniting metallic copper in chlorine gas; by dissolving cuprous
oxide in hydrochloric acid without contact of air; or by the
action of many reducing agents upon solutions of cupric chloride.
It is a heavy white powder, rapidly becoming green in the air,
owing to the abgorption of oxygen, and formation of cupric chloride

(Cn<8ln . It dissolves in concentrated hydrochloric acid,

but not in water. With carbon monoxide it forms a crystal-
lizable compound.. Its hydrochloric acid solution is used in gas
analysis to absorb this gas. . : :

46y2. Cuprous Iogide (Cu,L,) is precipitated, together with
iodine, from soluble cupric salts, by potassium iodide.

2Cu80, + 4KI = 2K,80, + Cu,I, + I,.

On dissolving out the iodine with ether, the iodide is left as a
gray insoluble powder.

463. Cuprous Sulphide — Subsulphide, or Protosul-
phide (Cu,S), occurs in nature as chalcocite, as soft, fusible,
-gray crystals; also in many double sulphides, among which the
most important is the double sulphide of copper and iron, or
copper pyrites.

464. Cupric Compounds—Cupric Oxide—Binoxide
—Black Oxide (CuO), is prepared by heating copper turnings
to redness in the air, or by calcining the nitrate. It forms a
black amorphous powder, readily reduced by heated charcoal,
hydrogen, or the alkaline metals, to the metallic state. If
heated in the presence of organic substances, it oxidizes them
completely, and is thereby reduced to metal. It is used in
organic analysis for this purpose. :

465. Cupric Hydrate (Cu(OH),) is formed as a volumin-
ous bluish-white precipitate, when sodium or potassium hydrate
is added to a solution of a copper salt. When heated, even
un_(:ier water, it becomes dehydrated and changed to black cupric
oxide. :

Copper oxide and hydrate dissolve in ammonium hydrate,
forming a dark-blue solution. This solution is often used as a
solvent for cellulose, from which solution acids precipitate it
again. (See Celluloid.)

466. Cupric Chloride (CuCl;) is formed by dissolving
cupric oxide or carbonate in hydrochloric acid. From aqueous
solutions it crystallizes in bright green, rhombic needles with
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12H,0. It is readily soluble in water and alcohol. When
heated, it parts with its water, and forms anhydrous cupric
chloride, which at a red heat gives off chlorine.

2CuCl, + heat = Cu,Cl; 4 Cl,.

. Cupric bromide resembles the chloride. The iodide is not
nown.

467. Cupric Sulphate — Blue Vitriol — Blue Stone —
Cupric Sulphas (U. 8., Br.), (CuSO,6H,0), may be prepared,
first, by roasting chalcocite; second, from the water of copper
mines ; third, by exposing copper moistened with dilute sulphuric
acid, to the air; fourth, by dissolving copper in hot, concentrated
sulphuric acid. It forms large, blue triclinic crystals, which dis-
solve in 2.71 parts of water at 19°C. (66.2°F.), and in 0.55 parts
of water at 100°C. (212°F.). It loses four molecules of water at
100°C. (212°F), while the fifth separates above 200°C. (392°F.),
leaving a white amorphous powder, which readily takes up water,
and in so doing, resumes its blue color. Solutions of copper salts
have a blue color, acid reaction and metallic, styptic taste.

"Ammonium hydrate added to a solution of copper sulphate
precipitates a bluish-white cupric hydrate, which dissolves in an
excess of the alkali, forming a deep blue solution. Alcohol
floated on this solution causes to separate long, right rhombic
prisms having the composition CuSO4NH,H,O, which are very
soluble in water. Their solution constitutes cuprammonium
sulphate, and they exist mixed with other substances in the
cuprum ammoniatum *(U. 8.).

468. Copper Carbonates.—The neutral carbonate (CuCOy)
is not known. When alkaline carbonates are added to solutions
of copper salts, the basic carbonate separates as a green precipi-
tate, having the formula CuCO,;2Cu(OH,). This occurs in
nature, especially in Siberia, as malachite. Another basic
salt, tricupric carbonate, or sesquicarbonate of copper, is
the beautiful blue azurite.

. 469. Copper Arsenite—Scheele’s green, is prepared by

adding a solution of sodium or potassium arsenite to a solution
of a copper salt. It is a green powder, composed of copper
arsenite and hydrate. It is insoluble in water, but soluble in
ammonium hydrate or the mineral acids. It is exceedingly
poisonous, but is often used as a pigment to color wall papers,
toys, and even confectionery.

Schweinfurt Green — Mitis Green, or Paris Green
(Cu (C,H,0,) 4+ 3(As,Cu0,), is the commonest and most danger-
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ous of the cupro-arsenical pigments. It is prepared by adding a
concentrated solution of cupric acetate to a boiling solution of
arsenions acid. It is an insoluble, green, crystalline powder,
decomposed by prolonged boiling in water, by aqueous solutions
of the alkalies, and by the mineral acids. It is also soluble
in ammonium hydrate. : :

470. Copper Acetates. The diacetate (Cu(C,H;0,),)
is formed by the decomposition of a solution of copper sulphate
by lead acetate. It separates in large, bluish-green, prismatic
crystals, with one molecule of H,O, which it loses at 140°C.
(284°F.) The dry salt when heated to 250°C. (482°F.), decom-

with liberation of glacial acetic acid.

Basic Acetates—Verdigris—Cupric Subacetas (U. 8S.),
is a complex mixture of copper acetate and hydrate. It is pre-
pared by exposing to the air piles composed of alternate layers
of grape skins and copper plates, and after some time removing
the bluish-green coating from the copper plates.*

471. Copper Pigments.—The most important are : Brigh-
ton Green, a mixture of copper acetate and chalk. Bruns-
wick Green, orginally animpure chloride, but now generally
a mixture of carbonate and chalk. Mountain Green, or
Mineral Green, is a mative green carbonate of copper, some-
times containing orpiment. Neuwieder Green, another name
for mineral green or Schweinfurt green, mixed with gypsum or
barium sulpﬁate. Green Verditer is a mixture of the basic
carbonate, oxide, and chalk. :

472. Physiological Action of Copper.—Until recently,
toxicologists were universally of the opinion that all the copﬁer
salts are poisonous. Of late, however, this has been considerably
modified. Most of the copper compounds have an irritant, local
action if brought into contact with the gastricor intestinal mucous
membrane, causing vomiting of greenish matter, cramps, etc. On
the other hand, there are numerous instances in which severe
illness, characterized by nervous and other constitutional symp-
toms, has followed the use of food that has been in contact with
imperfectly tinned copper vessels. Some such cases have proven
fatal. It has been conclusively shown, however, that pure and
non-irritating copper compounds may be taken in considerable
quantity without any bad results, excepting vomiting.

Copper sulphate is frequently used as an astringent in medi-

* The term verdigris is now often popularly applied to the green
carbonates, hydrates, or salts of organic acids, which accumulate on the
surface of copper.
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cine, and has been recommended in cholera and dysenteric
troubles. This salt may be taken in considerable doses, with
only an emetic effect. Cases of acute poisoning are not common,
but many are recorded. Chronic poisoning is occasionally seen
in those who work in copper, characterized by colicky pains,
emaciation, impaired digestion, diarrhcea, and often a catarrhal
cough. In most cases, there is a green line on the margin of the
gums. Cop(fer is very likely to become contaminated with
arsenic; and it is possible that some of the cases of reported
copper poisoning ought to be attributed to arsenic. The organic
salts of copper seem to be more poisonous than the inorganic.
Canned peas, pickles, and other fruits are often contaminated
with copper, and the manufacturers have frequently been pun-
ished by fines ; but there exists a difference of opinion-‘as to the
dangers of copper in such goods. As long, however, as there is
a chance for doubt, sanitary authorities should prohibit its use.*
The chemist must remember that most articles of food contain
traces of copper.

The treatment of cases of irritant copper poisoning should con-
gist in the exhibition of milk, white of egg, and other albuminoid
substances, with which the copper salt may form an inert com-
pound. Emesis should be induced if it has not taken place

spontaneously. )
MERCURY.
Hg = 200.

473. Occurrence.—Mercury occurs in nature principally
as cinnabar, or, rarely, in the form of small particles scattered
through rocks. It is found in Spain, Peru, China, Japan, Cali-
fornia and Mexico.

474. Preparation.—The native sulphide, or cinnabar, is
roasted in reverberatory furnaces, thus burning out the sulphur,
and distilling off the mercury and condensing 1t. Or, it is some-
times simply heated with iron, which removes the sulphur and
sets free the mercury, which distills over. Commercial mercury
usually contains small quantities of other metals, owing to its
great tendency to amalgamate with them. To remove these it is
re-distilled, or treated with very dilute acids by pouring it in a
thin stream into them. When pure, mercury pours from a
glass surface without leaving a streak, and the single droplets
retain their globular form, and do not form a tail or adhere to
the glass.

* This has been done in Brooklyn, N. Y., where one case of fatal
poisoning has occurred from a pickle containing copper.
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475. Properties.—Mercury is the only liquid metal at
ordinary temperatures. Its specific gravity is 13.596. At 40° C.
it solidifies, and crystallizes in octahedra. It is somewhat volatile
at ordinary temperatures, and boils at 360° C. (680° F.). Its
vapor has a density of 100; specific gravity 6.97 (Air =1). Its
molecular weight, therefore, is 200 ; and as its- atomic weight is
also 200, its molecule, like that of cadmium, is composed of one
atom. If pure and at ordinary temperatures, it is not altered
in the air ; at a temperature near the boiling point, it is coated
with a thin film of mercuric oxide. Hot sulphuric acid
converts it into mercuric sulphate, with evolution of sulphur
dioxide. It dissolves readily in dilute nitric, but not in hydro-
chloric acid.

Mercury dissolves all metals but iron, to form amalgams.
Tin amalgam is used for coating mirrors.

476.. Mercurous Compounds.—Mercurous Chloride—
Protochloride — Mild Chloride—Calomel — Hydrargyri
Chloridum (U.8.)—Hydrargyri Subchloridum (Br.),(HgCl
or Hg,Cl,), is usually prepared by the mutual decomiosition of
sodium chloride, mercuric sulphate and mercury. After mix-
ing thoroughly in a mortar, the mixture is heated, when the
calomel sublimes. :

HgSO, + 2NaCl + Hg = Na,SO, + Hg,Cl,.
By this method, mercuric chloride is also formed in varying
quantities, and should be removed by washing the product with
boiling distilied water, until the washings no longer form a pre-
cipitate with ammonium hydrate.

Mercuric chloride may be detected in calomel by its forming
a black stain upon a bright iron surface dipped in a mixture of
calomel and alcohol; or, by the production of a black stain by
hydrogen sulphide in water that has been filtered through calo-
mel so contaminated. Calomel crystallizes when sublimed, in
radiating quadratic prisms ; but if precipitated from solutions of
mercurous salts by hydrochloric acid, it forms a heavy, white,
amorphous powder. Heated to about 500° C. (932° F.{, it sub-

limes without fusing, is insoluble in cold water and alcohol, and .

dissolves in boiling water to the extent of 1 part in 12,000. If
boiled for a long time with water, it partly decomposes, mercury
being deposited, and mercuric chloride Yassing into solution.
Strong acids convert it into mercuric salts and free mercury.
With ammonium hydrate it blackens, with formation of
mercur-amidogen chloride. .

Hg,Cl, + 2NH,OH = NH,Cl + NH,Hg,Cl + 2H,0.

I
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Hydrochloric acid and alkalige chlorides convert it into mercuric
chloride ; this may occur in the stomachs of persons who use large
quantities of salted food, as on board ship. Alkaline iodides
convert it first into mercurous iodide, which is then decomposed
by an excess of the alkaline iodides into mercuric iodide and
mercury.

477. Mercurous Iodide—Protoiodide, or Yellow Io-
dide — Hydrargyri Iodidum Viride (U. S, Br.), (HglI or
Hg,I,), is prepared by triturating 200 parts of mercury with
127 parts iodine and a little alcohol, until a green paste is formed.
It may also be prepared by precipitation from a solution of
Hg,(NO;), with %I. It is a greenish-yellow, amorphous pow-
der, insoluble in water and alcohol. It turns brown and vola-
tilizes when heated. Light decomposes it into .mercuric iodide
and mercury. :

478.. Mercurous Oxide—Protoxide, or Black Oxide
(Hg,0), is formed by the action of sodium hydrate upon
mercurous salts. It is' a brownish-black, taste{ess powder,
which sunlight decomposes into mercuric oxide and mercury.
Mineral acids convert it into the corresponding mercurous
salts. It exists in the lotio hydrargyri nigri (Br.), or
black wash.

479. Mercurous Nitrate (HgNO, or Hg,(NO,),) is formed
by digesting an excess of mercury with somewhat diluted nitric
acid, until short prismatic crystals separate. The crystals
effloresce in the air. Water decomposes this salt into the acid

salt, which goes ‘into solution, and basic mercuric nitrate

(Hg <ggs), which separates as a yellow powder. Water acidu-

lated with nitric acid dissolves it, but it soon oxidizes and
becomes mercuric nitrate. By adding metallic mercury to the
solution, this oxidation is prevented to a great degree, or after
oxidation reduces it back to the ous state.

Hg(NO,), + Hg'= Hg,(NO,),.

480. Mercurous Sulphate (HgSO,) is formed by gently
warming an excess of- mercury with sulphuric acid. It separates
as a yellow crystalline precipitate when sulphuric acid is added
to mercurous nitrate solution.

481. Mercuric Compounds.—In these, mercury is biva-
lent ; they are represented by the formula HgR,. The mercuric
compounds are always formed when mercury is dissolved in-
excess of acid ; when the opposite is the case, the ous compounds
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form. The addition of metallic mercury to the mercuric com-
pounds converts them into mercurous compounds, while oxidizing
agents produce the opposite effect. :

482. Mercuric Chloride—Bichloride—Corrosive Sub-
limate—Hydrargyri Chloridum Corrosivum (U.S.), Hy-
drargyri Perchloridum (Br.), (HgCl,), may be produced by
dissolving mercuric oxide in hydrochloric acid. -

On a large scale, it is prepared by subliming a dried mixture
of mercuric sulphate an(g) sodium chloride.

HgSO, + 2NaCl = HgCly + Na,80,.

It crystallizes by sublimation in rectangular octahedra; from
solution in fine, right rhombic, needle-like prisms. At ordinary
temperatures, it dissolves in 15 parts of water, and at 100° C.
(212° F.), in 3 parts; it is still more soluble in alcohol. It dis-
solves freely in hot hydrochloric acid, which solution gelatinizes.
on cooling. Its specific gravity is 5.4. In aqueous solution, it
- tends to reduce into metallic mercury and calomel. Sodium or

ammonium chloride prevents this change. Zinc,cadmium, nickel,

iron, lead, copper and bismuth, remove most of its chlorine,
reducing it eitEer to metallic mercury or calomel. Sulphuric,
nitric and hydrochloric acids all dissolve it without decompo-
gition. 'With albumen, it forms a white precipitate, insoluble in
water, but soluble in excess of albumen soYution, or in solutions of
alkaline. chlorides.

483. Mercur-Ammonium Chloride—White Precipi-
tate—Ammoniated Mercury—Hydrargyrum Ammoni-
atum (U. 8., Br.), (NH,HgCl), is thrown down as a heavy white
precipitate, by adding a slight excess of ammonium hydrate to a
solution of mercuric chloride. It is insoluble in alcohol, ether,
and cold water. Hot water decomposes it, with the separation
of a heavy yellow powder. It sublimes without fusing.

484. Mercuric Iodide—Biniodide, or Red lodide—
‘Hydrargyri Iodidum Rubrum (U. 8, Br.), (HglL), is
formed by the direct union of mercury and iodine, when the
two are triturated in a mortar. When solutions of mercuric
chloride and potassium iodide are mixed, a double decomposition
takes place, and the mercuric iodide separates as a yellow pre-
cipitate, which immediately turns bright red. It.is sparingly
soluble in water, but free]y;' soluble 1n solutions of %I and
alcohol, forming clear solutions. - It also dissolves in many dilute
acids, and in solutions of ammonium salts, alkaline chlorides
and mercuric salts. From its alcoholic solution it crystallizes
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in bright red, rhombohedral crystals. When heated, it becomes
ellow, fuses, and sublimes in yellow, shining, rhombic needles.
hese again become red upon touching them with some solid,
and are changed into a mass of octaheﬁra. Mercuric iodide is,
therefore, dimorphous.

485. Mercuric Oxide—Red, or Binoxide—Hydrargyri
Oxidum Flavum (U. 8., Br.)—Hydrargyri Oxidum Ru-
brum (U. 8., Br.), (HgO), is obtained by igniting mercurous or
mercuric nitrate as long as fumes are given off; or, by adding
sodium hydrate to a solution of & mercuric salt. The product ob-
tained by the first method is red and crystalline, of sp. gr. 11.2;
that obtained by precipitation is yellow and amorphous, furnish-
ing Hydrarg. oxid. lavum (U.S. P.). The latter is the more
active form. Both modifications turn black when exposed to
light and air. At 400° C. (752° F.) it breaks up into mercury
and oxygen. Mercuric oxide is very sparingly soluble in
" water. It is the chief ingredient of the L.otio hydrargyri
flava (Br.), or yellow wash, prepared by adding lime water
to a solution of mercuric chloride.

486. Mercuric Nitrate (Hg(NO,); may be obtained by
dissolving mercury or mercuric oxide in hot nitric acid. This
should be carefully conducted as it is inclined to form basic
salts. It dissolves in water, and exists in the Liq. hydrargyri
nitratis (U. 8.), or Liq. hydrargyri nitratis acidus (Br.).
It is used in the volumetric estimation of urea by Liebig’s
method. The standard solution used for this purpose contains
71.48 grms. of metallic mercury to the litre, and 1 c.c. corresponds
to 10 mgrms. of urea.

487. Mercuric Sulphate (HgSO,) is prepared by warm-
ing mercury or its oxide with an excess of sulphuric acid. With
an excess of water, it decom into sulphuric acid and the

ellow, insoluble, basic salt, Turpeth mineral, HgSO,2HgO.
i't is a white, crystalline salt, used in some forms of galvanic bat-
teries as the exciting agent.

488. Mercuric Su%phide—Red Sulphide—Cinnabar—
Vermilion—Hydrargyri Sulphuretum Rubrum (U. S.),
(HgS), occurs native in radiating or amorphous masses. It
may be prepared by rubbing sulphur and mercury together, or
by the precipitation of a mercuric salt by hydrogen sulphide, as
a black amorphous mass, which is the AZthiops mineralis of
the older pharmacists. .

489. Medical Action of Mercury.—If introduced into
the anim}:ﬂ economy, metallic mercury is not poisonous. By

K
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contact with alkaline chlorides, however, it is converted into
mercuric chloride; the more finely divided the particles of
mercury are, the more readily does this take place.

Mercuric chloride has a decidedly toxic action, both locally and
constitutionally. Its local irritant action is due to its tendency
to unite with albuminoid bodies. The constitutional symptoms
are somewhat similar to those produced by arsenic, but appear
sooner. The vomit frequently contains® blood, and there is
an intense burning, metallic taste in the mouth. The symp-
toms that are referable to the gastro-intestinal mucous membrane
are more intense. The size of the minimum fatal dose of the
corrosive chloride is about three grains; of white precipitate,
thirty to forty grains; and of Turpeth mineral, about forty grains.
Children tolerate mercury much better, in proportion to their
age, than adults.

The treatment should consist in the administration of milk or
white of egg, and the induction of prompt emesis. Absorbed
mercury probably exists in the blood as an albuminate, and is
eliminated by the fieces, urine and saliva; chiefly by the former.
Chronic mercurial poisoning, known as mercurial tremors,
shaking palsy, etc., is met with in those who work in mercury
compounds. The symptoms usually begin with debility, nausea,
vomiting, colicky pains, and a constant metallic taste in the
mouth. Sooner or later salivation will become a prominent
symptom, the tongue and gums becoming swollen, red and
ulcerated, and the breath wilfemit a peculiar fetid odor. Sali-
-. vation may, however, be produced by bromine, antimony, lead,
prussic acid, etec.

Chronic and even acute poisoning may occur from the free ex-
ternal use of mercuric salts. Post-mortem the mucous mem-
brane of the stomach is usually found of a grayish color, as also that
of parts of the mouth and msophagus. The surface of the mem-
brane is sometimes covered with a slate-colored deposit of finely
divided mercury.

Tests.—One of the simplest tests for mercury in solution is
a piece of bright copper, which, in the presence of a small quan-
tity of free hydrochloric acid, becomes coated with a silver white
layer of copper amalgam. All salts of mercury are volatile.

hen heated in a tube with sodium carbonate, globules of
metallic mercury distill off from all salts. Mercury salts give a
black precipitate with H,S, which is insoluble in nitric acid,
‘but soluble in aqua regia. :
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SILVER.
Argentum, Ag — 108.

490. Occurrence.—This metal occurs in nature in combi-
nation with chlorine, bromine, iodine, sulphur, arsenic, copper,
antimony, etc. The principal localities in which it is found are
the western United States, Mexico, Hungary and Saxony.

491. Preparation.—For an elaborate description of the pro-
cess by which silver is extracted from its ores, the student is
referred to works on metallurgy. As usually obtained by these
processes the metal is not pure, but is contaminated to a greater
or less extent by copper and other metals. To obtain it
chemically pure, the ordinarily occurring silver is dissolved in
nitric acid, and from this solution of the nitrates, silver is pre-
cipitated as chloride by hydrochloric acid or common salt. The
silver chloride thus obtained may be reduced by fusion with
sodium carbonate, or by the action of zinc or iron in the
presence of water. '

2AgCl + Zn = ZnCl, + 2Ag.

492. Properties.—A brilliant white metal; sp. gr. 10.47 to
10.54. It is tolerably malleable, soft, very ductile, and is the .
best conductor of heat and electricity known. It does not
oxidize in the air, but frequently tarnishes in ordinary atmos-
pheres, from the presence of minute quantities of hydrogen
sulphide, which blackens it. With the members of the halogen
group it unites directly. It dissolves in hot, strong sulphuric
acid, to form the sulphate, but is more easily attacked by nitric
acid, which dissolves it with great readiness, even when largely
diluted. In order to give it the necessary hardness for use in
the arts, it is usually aﬁloyed with copper. Coin silver contains
10 per cent. of copper.

493. Silver Oxide—Silver Monoxide—Silver Protox-
ide—Argenti Oxidum (U. 8, Br.), (Ag,0), is precipitated
from solutions of soluble silver salts by sodium or potassium
hydrate, as a dark brown, faintly alkaline powder, slightly
goluble in water. It has strong basic properties. It readily
gives up its oxygen when -heated. When it is dissolved in
ammonium hydrate there separate, on evaporating, black
crystals of an explosive compo