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PREFACE TO FIFTH EDITION

THE present edition of this pharmaceutical text-book has been in
course of preparation for several years, having been begun before the
appearance of the gth Revision of the U. S. Pharmacopceia.

As is well known, chemical manufacturing has undergone quite im-
portant changes in recent years, and in particular since the revolution in
trade incident to the outbreak of the present great world war. The
Editors have sought to bring the book abreast of this changed condition
in the chemical world.

The sections on Inorganic Chemistry have been therefore largely re-
written and much that is new introduced, and older statements withdrawn
in numerous sections.

This part of the work has been attended to by Professor Coblentz,
who has been of recent years in close touch with the manufacturing side
of chemistry, and Professor Jeannot Hostmann of the Department of
Pharmacy of Columbia University, who is actively engaged in chemical
laboratory work.

The section on Elementary Physics has also been largely rewritten by
Professor Hostmann.

The section on Organic Chemistry has been brought up to date with
the introduction of considerable new matter by Professor Sadtler, who
has also contributed the chapter on Electrolysis and its new applications.

Some new and useful tables have, with the permission of the Trustees
of the U. S. Pharmacopceia, been inserted for the greater convenience of
the pharmaceutical student and for convenient reference for pharmacists
using the book.

We believe that the book in its present form is adapted for use in the
classes of our Pharmaceutical Schools as a text-book and at the same time
is sufficiently complete in its scheme of treatment to make it valuable
for the reference libraries of graduates and others who might turn to it
as a reference book on chemistry and chemical products.

SAMUEL P. SADTLER,
VirGIL COBLENTZ.

September, 1918,
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PREFACE TO THE FIRST EDITION.

AN experience of some seventeen years as teachers in a professional
school, where Chemistry is considered one of the foundation-stones upon
which young men must build a technical education, has convinced the
authors that the subject must be taught in a way that, while thoroughly
scientific, is yet distinctly adapted to the ultimate uses of the students,

The professions of Pharmacy and Medicine are closely related, and
their uses for Chemistry are very much alike. The members of these
professions must understand the composition and chemical properties
and possibilities of the whole materia medica, both inorganic and organic,
in order safely to maintain the important trusts committed to them,—
trusts involving the continued health and life of their fellow-men. The
importance of thorough chemical knowledge for these related professions
is now recognized in the fullest way in their official publication, the U. S.
Pharmacopceia, the last edition of which has embodied throughout the
most detailed and exact statements of the chemical nature, properties,
and reactions of medicinal substances, together with methods of analysis
or assay and tests for purity.

We have sought in the following pages to offer a text-book on Chemistry
which should combine scientific accuracy and completeness with that
special reference to the needs of the pharmaceutical and medical student,
as well as those in active professional practice, which will make it of value
for both study and reference. Compounds recognized in the U. S. Phar-
macopeeia are specially indicated, but they are not taken out of their
proper position for such discussion.

A brief outline of Elementary Physics, much of which is absolutely
essential for the understanding of chemical methods, forms Part I.
The convenient division of the elements into Non-Metals and Metals is
followed in the main in Parts II. and III., subject to the limitations
made necessary by the chemical relationship as indicated by the valence
groups. Part IV. deals with Organic Chemistry. While the arrange-
ment here followed is strictly scientific, it has been sought to give the
subject a distinctly practical bearing, and to this end the industrial appli-
cations of organic compounds have been noted, and in a number of cases
illustrated.

In Part V. a brief outline of Qualitative and Quantitative Analysis is
given, the methods being such as have proved of value in our own prac-
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vi PREFACE TO THE FIRST EDITION.

tice. A number of the Pharmaceutical Assays of the U. S. Pharmacopceia
are also added.

The Appendix contains, besides’a list of the chemical elements with
atomic weights and valences, thermometric scales and the specific gravity
tables in most general use.

The authors have made free use of many chemical works, such as
Flickiger's ‘‘ Pharmaceutische Chemie,” Schmidt’s * Pharmaceutische
Chemie,” Meyer and Jacobson’s *Organische Chemie,” Bernthsen’s
“Organische Chemie,” Weyl's *“Organische Chemie fiir Mediciner,”
Fischer’s ‘‘ Neuere Arzneimittel,”” Gamgee's “ Physiological Chemistry,”
Pictet’s ‘‘Alcaloides Végétaux,” Power’s *Essential Oils,” Allen’s
“Commercial Organic Analysis,” Prescott’s *“Organic Analysis,” and
Sadtler’s “ Industrial Organic Chemistry."

Our thanks are due to J. C. Peacock for valuable assistance in the prep-
aration of Parts III. and V., to S. S. Sadtler and H. Blount Hunter for
work on the index, and to Edwin Thorpe for the execution of many orig-

.inal drawings for the illustration of the work.
S.P.S.
* H.T.

PHILADELPHIA, February, 189s.
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PART 1
ELEMENTARY PHYSICS

CHAPTER 1

MATTER, FORCE, AND MOTION

1. Introductory.—Science treats of the phenomena associated with
matter and the laws governing them. When applied to living matter
it is called biology.

Matter is that which occupies space and is apprehended by the aid
of our senses. Different kinds of matter are called substances, while a
limited portion of matter is termed a body. ,

Physics embraces the study of the phenomena and laws governing
the transformations of energy. It concerns itself with matter and its
changes of form, state, and place, while still retaining its fixed com-
position.

Changes in which the identity of matter undergoes alteration—that
is, changes in the molecular constitution—are considered under Chemistry.

2. General Properties.—Divisibility is that property by virtue of
which matter is capable of mechanical subdivisjon into parts. There
is no limit to which subdivision may be carried, for after reaching
the apparent limit, the microscope still shows plainly the possibility
of further subdivision.

Molecules and Atoms.—The s.nallest particles of matter which we
can conceive of as obtained by this mechanical or physical subdivision
we call molecules. How large these molecules are, what their shape is,
or what their absolute weight is, we do not know. We merely know
that they still show the distinctive properties of the masses of matter
from which they are derived. Many of these forms of matter, although
not capable of resolution into anything different by methods of mechani-
cal subdivision, are capable of decomposition into simpler forms under
the influence of chemical reagents. We assume, then, that molecules
are made up of still smaller particles, to which the name atoms (page
115) has been given. These smallest particles of matter are assumed
to be unalterable.

Simple and Compound Matter—The union of like atoms gives us
simple or elementary matter, of which chemists have distinguished some
seventy kinds (see page 116), while the union of unlike atoms yields
compound matter, the varieties of which are almost infinite.

Conservation of Matter —If, as stated, the atoms or smallest conceiv-
able portions of matter are final, unalterable particles, it follows that

'\ 1



2 ELEMENTARY PHYSICS.

matter is indestructible, whatever the influences to which it may be
subjected and the changes of form which it may undergo. Compound
matter may, indeed, be resolved into simpler combinations, and ulti-
mately into elemental matter, under the influence of chemical treat-
ment, but the sum total of the products so obtained must always equal
that of the matter operated upon. . Cases of apparent loss or destruc-
tion of matter are all explained upon careful examination of the re-
action in its several phases. Changes of outward form take place
under the influence of physical agencies alone, so that a solid or liquid
may lose in weight by the escape of a gas or vapor, and changes in
the method of combinations of the atoms may take place under the
influence of chemical reagents, but if the products are examined it
will be found that no new atom has been created nor has any been
destroyed, and that the mass or quantity of matter remains the same.
In accordance with this, it is asserted that the quantity of matter
in the universe is constant. This is sometimes called Lavoisier’s Law
of the Indestructibility of Matter (see page 114), but it is now generally
spoken of as the “ Law of the Conservation of Mass.”

Three States of Matter—We recognize three states of aggregation
in matter—the solid, the liquid, and the gaseous. In the first of these
the molecules are held firmly together by the force of attraction; which
is greater than the repellent force which tends to separate them, so
that the mass of matter tends to retain its shape, and the exertion of
some force is necessary to overcome the adhesion of the molecules and
change the shape; in the second the attractive and repellent forces are
balanced, the molecules move easily past one another, and the liquid
readily assumes the shape of the containing vessel; in the third the re-
pellent is more powerful than the attractive force, the molecules con-
stantly tend to separate and occupy a greater space, and pressure is
required to overcome this tendency.

Impenetrability.—As matter occupies space, any particular space can-
not be occupied by two different bodies at the same time. Thus, if a
solid body, like a bar of metal, be immersed in a tumbler previously
filled with water, it will cause some water to overflow. The amount so
displaced will exactly equal the volume of the solid immersed. Numerous
apparent exceptions to this rule exist, as when a nail is driven into a
piece of wood, or water is poured into a tumbler previously filled with
dry sand, or a piece of dry wood is dipped into water. But in all such
cases we must take account of another property of matter, viz., porosity.
In the use of this term we mean that the molecules of a substance are
never in actual contact, but are separated by spaces relatively large as
compared with the size of the molecules themselves. These spaces are
called pores, and their existence is made evident when pressure is ap-
plied and the mass is diminished in bulk. This diminution in the
space occupied under increase of pressure shows most notably with
gases, which are therefore termed the most compressible, but occurs
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also in liquids and solids. This is explainable only by the assumption
of the porosity of matter.

All bodies are more or less porous. Those pores which form actual
cavities or cells, and are visible, are called sensible pores, as seen in the
structure of such bodies as wood, sponges, unglazed brick, filter-paper,
etc. The invisible spaces that separate the molecules of substances are
called physical pores. A clear illustration of this is had when we mix
equal volumes of alcohol and water. Instead of the mixture equalling
the sum of the two liquids, it is only about ninety-five per cent. of the
combined volume. .

Metals contain physical pores, and although these cannot be seen
by aid of the most powerful microscope, still they are shown to be
pores by the fact that, by means of pressure, liquids and gases can be
made to pass through them. '

As a proof of and dependent upon the porosity of bodies is the
property of compressibility. Gases are the most compressible of bodies.
In them the molecules are more widely separated than in liquids or
solids, and are tending to separate still more widely; but for this very
reason they respond more readily to the influence of pressure and
can be compressed into smaller space. As we will see later, tem-
perature as well as pressure has much to do with this change of volume.

The compressibility of liquids is but slight; solids, on the other
hand, may be very compressible, the change in this case depending, how-
ever, largely upon the existence of sensible pores, as in the case of
wood, cloth, paper, etc., which readily yield to pressure. Metals are
also compressible, as is shown in the process of stamping coins with
hardened dies.

Elasticity is the property by virtue of which bodies that have under-
gone compression tend to resume their original form or volume upon
the removal of the compressing force. It generally goes hand in hand
with the property of compressibility; hence gases, which are the most
compressible of the forms of matter, are also the most elastic. Liquids
in the degree that they are compressible under pressure are also
elastic. Solids show the property of elasticity in varying degrees.
India-rubber, ivory, glass, and tempered steel are highly elastic, while
clay and putty have this property only to a very slight degree. The
elasticity of cork adapts it for use as stoppers; the elasticity of air
renders it a vehicle for the transmission of sound; also this property
has been utilized in making air-beds, air-cushions, and in practical
mechanics.

3. Volume and Mass.—} olume—As before stated, our most ele-
mentary conception of matter is that it occupies space. The amount of
space it occupies is termed its volume. We can conceive of its extension
in one direction only, which we call space of one dimension, or length;
of extension in two directions, which we call space of two dimensions.
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or area; of extension in three directions, which we call space of three
dimensions, or volume.

Mass is the amount or quantity of matter contained in a body. A
pound of cotton may occupy a cubic foot or be compressed to a cubic
inch; in either case the number of molecules is the same and the weight
the same; hence mass is independent of volume. Mass is determined
by weight; two bodies have equal masses when placed on a balance
#n vacuo and they exactly counterpoise each other. While the weight
of bodies varies according to the action of gravity upon them (see page
8), their mass is, on the contrary, invariable.

Density is the degree of closeness of the particles of a body. If two
cubic inches of air be compressed so as to occupy the space of one
cubic inch, then its density will be twice as great. Different bodies
having the same volume contain different quantities of matter; for
example, a cubic inch of platinum contains 21.5 times as much matter
as a cubic inch of water, the same volume of lead 11.2 times, that of
iron 7.7 times, and aluminum 2.6 times. Since we are unable to count
the number of molecules in a mass, we employ weight as a means of deter-
mining this density. The masses of bodies are proportional to their
weights. We ascertain the density of solids by comparing the weight
of a given volume to the same volume of water taken as standard
unit. In the case of gases we compare equal volume-weights of the
respective gas and either air or hydrogen as standard. In all cases, the
temperatures at which comparison is made must be the same. For
further explanation, see pages 23 to 25.

4. Units of Measure.—Unit of Time.—The second is zglyy part of
a mean (average) solar day, the day is the time required for the
earth to turn on its axis once, the hour is one twenty-fourth part of
this day, and the minute the sixtieth part of an hour. The second is
the time required for a pendulum 39.1398 inches long to make one
oscillation; sixty of such constitute a minute, and 86,400 an average
solar day.

Unit of Length—The scientific standard is the meter, which repre-
sents the length of the standard rod deposited with the U. S. Geodetic
Survey in Washington.*

The commercial standard English foot represents one-third of the

* The meter is now universally accepted as a standard unit of length from
which the various other units of mass and volume are derived. The length of the
meter, which is an arbitrary standard, was adopted in France in 1791, and is repre-
sented by the distance between two lines near the ends of a bar of platinum-iridium
alloy at the temperature of zero. This unit represents the ten-millionth part of a
quadrant of the earth’s meridian which is the arc from the equator to north pole.

The meter is divided into tenths called decimeters (dm.), hundredths called
centimeters (cm.), and thousandths called millimeters (mm.). The thousandth part
of a millimeter is called a micron (). For measuring long distances, the kilometer
(1000 meters) is used. The various metric standards of length, volume, and mass
are all exact prototypes of the original standards prepared by the International
Metric Committee and deposited in the International Bureau of Weights and
Measures in Sevres, near Paris.

-
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standard yard, which in turn consists of 36 inches derived from the
length of a second’s pendulum in London (39.139 inches).

Unit of Volume—The unit of volume is the cubic decimeter (cu. dm.
ordm.?) orliter (L.). This contains 1000.cubic centimeters (c.c. or cm.?).
In the United States and British Pharmacopceias the term cubic centi-
meter has been replaced by the milliliter. According to the U. S.
Bureau of Standards, one liter is equivalent to 1.000027 cubic decimeters.
Milliliter is abbreviated either mil (U.S.P.) or ml. (Bureau of
Standards).

The commercial unit of volume is the gallon, which contains 231
cubic inches.

Unit of Mass.—The unit of mass is represented by the weight of one
cubic centimeter of distilled water at 4° C., and is called the gram (gm.).
The mass of one cubic decimeter (1000 mils) of water constitutes the
kilogram (1 kg.). The standard kilogram was prepared by the Inter-
national Metric Committee and deposited with the U. S. Geodetic Sur-
vey in Washington.

The commercial unit is the pound (avoirdupois), which contains
7000 grains. The standard is kept in the Exchequer office in London.
The Troy pound contains 5760 grains.

Tables of the metric system and of English weights and measures will
be found in the Appendix.

5. Motion and Force.—If a body retains its- position in space
constant through a period of time, it is in a state of rest; if it is
changing, the body is said to be in motion. We must remember that
these statements are not to be taken as absolute. The body is at
rest with reference to its original position, or in motion with refer-
ence to the same, while both the body and the original fixed point
may be in motion with reference to some other distant point. Mo-
tion and rest are therefore purely relative terms.

Inertia is the tendency which ‘matter has to maintain its state of rest
or uniform motion. If in a state of rest, it remains so until disturbed by
some force producing motion. If in motion, it will move uniformly in
a straight line until some force causes this movement to cease. A rifle
bullet would continue its course indefinitely in a straight line were
it not for the resistance of the air and the attraction of gravity. It
is because the earth is moving in frictionless space that it continues to
rotate so regularly upon its axis; because of this the length of the day
has not varied a second in centuries. Mobility is the property by virtue
of which matter yields readily to the exertion of some force, causing
it to change its relative position, or inducing motion.

The velocity of a particle of matter is the rate of its motion at any
given time.

Force is that which by acting upon matter either produces or arrests
motion. It is a manifestation of energy, and may be originated in a
variety of ways. Thus, we speak of chemical forces, which are mani-
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festations of atomic energy; of molecular forces, which result from
molecular energy; and cosmic forces, which illustrate the energy of
large masses.

Work is energy applied in. overcoming resistance, as when one lifts
some article from the ground, where the attraction of gravitation is to
be overcome, or when an engine pulls a load, overcoming the resistance
due to inertia and friction.

The unit of work is the energy expended in raising a unit of weight
through a unit of height. As we have already seen, the units of weight
and measure differ in the English and the French systems, hence differ-
ent units must be taken according as one or the other system is used.
The foot-pound, or the work done in raising one pound avoirdupois one
foot, is the English unit, and the kilogram-meter, or the energy expended
in raising one kilogram one meter, is the French unit. If a person
weighing 100 pounds mounts a ladder of 20 feet, he has done 2000 foot--
pounds of work. For estimating power a larger unit is taken—namely,
the horsepower. This is equivalent to the strength of an average horse,
or the power sufficient to raise 33,000 pounds vertically one foot in one
minute. The capacity of steam engines is generally rated in this man-
ner; thus, an engine is said to be 10 horse-power if it is capable of
performing work equivalent to raising 33,000 pounds 10 feet in one
minute, or 330,000 pounds one foot in a minute. H. P. — weight in
pounds X distance (or height) in feet per minute .=~ by 33,000. Tor
example, if two horses raise a weight weighing 200 pounds at the rate of
300 feet a minute they will exert 1.814 horse-power.

The C. G. S. or Absolute Units—Much inconvenience was caused
by various standards of length, time, and mass. For scientific pur-
poses the C. G. S. or centimeter-gram-second units are now employed.
These units, being independent of gravity (g.), are frequently designated
absolute units, while the older units are called gravitational units. The
dyne, the unit of force of the C. G. S.'system, is “ that force which will
give to unit mass unit acceleration,” or, in other words, the force of
one dyne will give to a gram mass an acceleration of one centimeter per
second.

The erg is the C. G. S. unit of work. It is the work done by a
force of one dyne acting through a distance of one centimeter, or “ unit
work done by unit force through unit distance.” The force exerted
by gravity upon a gram mass is 980 dynes; to lift a gram mass one
centimeter against gravity would require 980 ergs. The erg being a
very small unit, the joule (107 ergs) is often used.

The relation between the absolute and gravitational unit of force may
be considered as 980 dynes = 1 gram, and the force of 980,000 dynes
taken to be the same as the weight of 1 kilogram (fooo grams) is often
called a kilogram weight.

Energy is capacity for doing work. It is possessed by matter be-
cause of its mass and velocity. and its exercise involves motion of some
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kind. Thus, we have the energy of visible motion of the mass and
the energy of the invisible motion of the molecules, which is known
to us under the forms of heat, sound, radiant energy or light, and
electricity.

Energy may be potential or kinetic (actual). A weight held up by
the hand, or by a support, has the power, because of its position, to
fall, and thus do work, if the support be withdrawn. This is potential
energy, or energy of position. Numerous applications of this suggest
themselves, as the case of a wound-up spring, or an elevated tank or
reservoir of water. The same weight descending in consequence of the
withdrawal of the support, the spring uncoiling, and the water acting
upon a turbine wheel, all represent kinetic energy, or the emergy of
motion.

Exact measurements have shown us in the cases of the weight,
spring, etc., that the kinetic energy developed exactly equals the poten-
tial energy that may have been stored up, and no loss or gain is found
when all the elements have been carefully calculated. This principle
may, however, be extended not only to all cases of visible energy of
motion, but to energy wherever and however manifested. As matter
is indestructible, and can be neither created nor destroyed by the changes
to which it is subjected, so energy is indestructible, and cannot be cre-
ated or destroyed. Energy of one form may be changed into energy of
another form, but there is no absolute gain or loss in amount. This law
is known as the conservation of energy.

This change of one form of energy into another without loss of
actual amount is one of the most important facts in nature, and one most
familiar to us. If we rub our fingers briskly over a surface of cloth
or wood, we feel a sensation of warmth. The visible motion of the
hand, due to muscular energy, is transformed into that form of molec-
ular energy known as heat. In the steam engine we convert the
potential energy of the coal, by combustion, into actual heat energy,
and in turn impart visible energy of motion to the piston and connected
parts of machinery. This motion, by the aid of a dynamo machine,
may be converted into electrical energy, and this in turn into either heat or
hght enérgy. This illustrates what is termed the conservanon and corre-
lation of forces, or, more exactly, of energy.

6. Forms of Attraction.—Gravitation is the force by virtue of which
the particles of matter are attracted towards one another. The strength
of the attraction between the particles varies with the mass of each
particle, and is inversely as the square of their distance apart. That
is, if one body contains twice as much mass as the other, its power of
attraction is twice as great as the other. In the second case, when the
distance between the two masses is doubled, their attraction is re-
duced one-fourth; if the distance be trebled, their mutual pull upon
each other will be only one-ninth. The earth exerts this force of attrac-
tion upon all bodies near it, drawing them towards its center. When
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this force is unresisted, motion results and the body falls; when resisted,
pressure which we call weight is produced. This attraction is general
throughout the universe, and serves to retain the planets in their orbits.
The earth pulls upon every particle of the bodies upon its surface, and
by reason of its superior mass tends to draw them towards the center.
This force is exerted along a straight line, which, therefore, marks
the shortest path towards the earth’s center, and is called a plumb-
line. The weight of a body is proportional to its mass, because the
attraction of the earth acts upon each particle which goes to make
the mass. Such attraction varies with the distance from the surface
of the earth; at the center weight ceases, because the mass is equally
attracted on all sides. If a body weighs one kilogram on the earth’s
surface (4000 miles from its center), at a height of 4000 miles it
would weigh 250 grams, or one-fourth as much, in accordance with
the law that the attraction varies inversely as the square of the
distance.

Weight is the measure of the attraction exerted by the earth upon
a given mass.

The unit of weight is the same as the unit of mass—one pound avoir-
dupois in the English system, and one kilogram (or one gram) in the
metric system.

The center of gravity of a body is the center of weight or attraction.
It is that point in a body at which, if supported, the whole mass will
remain at rest in any position in which it may be placed. In a sphere
of uniform density this center of gravity will exactly accord with
the center of the mass; in a cube it will be at the intersection of the
diagonals; in a rod or bar, such as is used for the beam of a balance,
it is at the center of its axis. In irregular-shaped bodies this center
of gravity may be found by attaching a string at one point and al-
lowing the body to hang suspended by this string; the line formed by
the string is then projected through the object. This operation is
repeated, supporting the mass from other points, and the point of
intersection of these lines is the center of gravity.

"Equilibrium.—When a body is supported and yet free to swing be-
fore coming to rest, it will be in equilibrium when the center of gravity
is in the same vertical line as the point of support. But to insure stability
the center of gravity must also be under the point of support and not
above it. According to the relative position of these two points we have
the three conditions of equilibrium—stable, unstable, and neutral. A
suspended body is in stable equilibrium, therefore, when the center of
gravity is below the point of support, in neutral equilibrium when they
coincide. and in unstable equilibrium when the center of gravity is
above the point of support.

Fig. 1, consisting of a circle or wheel, illustrates the three condi-
tions respectively. A is in stable equilibrium when supported at the point
7, the center of gravity (center of circle) being directly below the point
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of support; B is in unstable equilibrium when supported at x, the center
of gravity being above the point of support; C is in neutral equilibrium
when supported at the center of gravity, the circle remaining in neutral
equilibrium whenever it is moved.

The chemical balance is an important application of the foregoing
principles. This consists of a beam supported in the center by a
triangular-shaped steel or agate knife edge so as to oscillate with the
slightest amount of friction. To the ends of the beam are attached
supports for the pans, on which the weights and articles to be weighed
are placed. The center of gravity of the combined mass of all parts of
the apparatus must be directly below the middle knife edge. By means
of a screw adjustment the center of gravity of the beam can be raised
or lowered slightly, which thereby increases or decreases the sensitive-
ness accordingly. The conditions for delicate working of a balance
are as follows:

First, the two arms of the beam—that is, its length from the point
of support (fulcrum) to either of the edges of support of the beam—
should be of equal length and weight.

Pic. 1.

OBORO.

Second, the weight of the beam should be as small as is allowable,
while preserving rigidity.

Third, the center of gravity of the beam should be as near as possi-
ble to the point of support and beneath it.

Fourth, when the pans are empty the pointer should indicate the zero
of the scale.

The arms of the balance should be relatively long; length increases
delicacy.

A balance is said to be delicate when a very small difference between
the weights in the pans causes a perceptible deflection of the pointer.

The weight of a substance in air, as usually stated, is its apparent
weight. When weight is to be determined with great accuracy, the opera-
tion is carried out in vacuo, in order to avoid the buoyant effect of the
atmosphere (see Baroscope, page 33). This is known as absolute
weight.

Molecular Attraction and Repulsion.—Just as the masses of matter,
whether large or small, are influenced by the power of gravitation, so
the molecules which make up the mass are held together with greater
or less firmness by the force of molecular attraction. The intensity
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of this force determines also the physical state of the matter con-
cerned. In solids the power of molecular attraction is most strongly
exerted, in liquids it is weaker, and in gases it seems to be overcome
by a force of repulsion which tends to separate the molecules.

We distinguish in ordinary usage between the terms cohesion, where
molecules of like composition are held together, as the particles of
iron in a bar of that metal, and adhesion, where bodies of unlike com-
position are held together, as when a glass rod is dipped into water,
.the force of adhesion causes the liquid to adhere to the solid.

7. Motion.—A body passing from one position to another is said
to have motion. If the position of a body remains unchanged it is said
to be at rest. These terms are entirely relative. A person in a moving
vehicle may be considered at rest, but is in motion with respect to the
earth. A person at rest with reference to the earth 'is in motion with
reference to the planets. When describing ordinary motions certain
points on the earth are considered to be at rest.

Motion may be translatory (straight or rectilinear), oscillatory, rotary,
centrifugal or centripetal.

TRANSLATORY MoTION is that described by a body in moving from
one place to another in a free path. If in a straight line, the motion
is rectilinear; if in a curved line, it is called curvilinear motion. The
best example of absolute rectilinear motion is that offered by falling
bodies responding to the force of gravitation.

Laws of Falling Bodies.—When bodies starting from a state of rest
are allowed to fall without resistance (in vacuo), they comply with three
laws:

1. All bodies fall equally fast.

Since bodies fall in consequence of the earth’s attraction upon
each of their particles, it would follow that all bodies, regardless of
size, would fall equally fast. The fact that a piece of metal falls
more rapidly than a feather is solely due to the unequal resistance
offered by the air. This is especially manifest with the feather, which
is usually driven from its rectilinear course. If we remove this re-
sistance by placing the bodies in a tube which has been exhausted
of air, they will then fall equally fast. Therefore -the velocity of
falling bodies can be correctly measured only in a vacuum.

2. The distances traversed are proportional to the squares of the times
occupied in falling.

The space which a body falling in wacuo traverses is about 16.1
feet at the end of the first second.

To ascertain the space traversed by a falling body during any given
number of seconds, we multiply the space traversed during the first
second (16.1 feet) by the square of the number of seconds. Thus, if a
body falls three seconds it will have traversed 9 X 16.1 feet, or 144.9
feet.
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1f the body pass through one space during the first second, then in consequence
of its acquired (increasing) velocity it would pass through two such spaces
during the second second, which, in addition to the action of gravity that carries it
through one space, makes a total of three spaces. For the third second, the body
will have attained a velocity that carries it through four spaces, which, with one
space for the action of gravity, makes a total of five spaces traversed. The

spaces further traversed will be 3, 5, 7, 9, 11, etc., respectively.

3. The velocities acquired during the fall are proportional to the
times occupied in falling.

If a body falls from a state of rest it will constantly gain in velocity,
and this will, at the end of the first second, be at the rate of about 32.2
feet per second. This factor is known as the acceleration of gravity.

The velocity at the end of the third second will be 3 X 32.2, or g6.6
feet; its average velocity for any given time will be one-half its final

velocity.
Momentum.—The momentum of a moving body is the product of
its weight (mass) and its velocity. The momentum of a 50-pound

F.G. 2.

JTIL

Reflected motion.

cannon-ball moving at the rate of 500 feet per second would be 50 X 500
=25,000. The gain in momentum by a falling body weighing, for

example, 150 pounds, would be as follows:

Time of Fall Distance Traversed Velocity - Momentum

First second ................. 16.1 feet 32.2 feet 4830

Second second ... 644 64.4 “ 9,600
1449 *“ 96 “ 14,490

Third second .................

Reflected Motion.—When an elastic body is thrown against a hard,
smooth surface, reaction causes it to rebound; if it strikes the surface
perpendicularly, it rebounds back over the same path; if it strikes
obliquely (the line of incidence, A, B, Fig. 2), it will be reflected back
(line of reflection, B, c), in an opposite direction. The angle (A B D)
described between the line of incidence and the perpendicular to the
surface is called the angle of incidence, and the angle (p B c) described
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between the line of reflection and the perpendicular is the angle of
reflection. The law is, the angle of reflection is equal to the angle of
incidence. This law is applicable to the reflection of sound and light.

OsciLLATorY MotioN.—While translatory motion is continuous in
direction, oscillatory (vibratory) is alternate, such as is observed in the
motions of a swinging pendulum, the movement of the balance-wheel
of a watch, or of a sounding tumng-fork

The Pendulum.—A pendulum is a weight (bob) suspended from a
horizontal axis. If a leaden ball be suspended by a fine thread of about
35 feet in length, it will nearly beat seconds of time in its oscillations.
If, while beating, the thread be caught half-way between the point of
suspension and weight, the oscillations will be more rapid, this in-
creasing as we shorten the length of the thread, so that the shorter
the pendulum the more rapid is its oscillation. Upon restoring this
pendulum to motion again with full length of string, and noting the
time required to make an oscillation, we will find that so long as the
amplitude of oscillation (that is, the length of the arc through which
it beats) does not exceed 5 degrees, the time of beat is invariably the same
(isochronal). If the pendulum bob be drawn aside from its state of
equilibrium, the force of gravity tends to draw it back, and, upon re-
leasing, it falls to its lowest position; however, in consequence of its
inertia and acquired velocity, it does not stop, but moves on in the
opposite direction, forming an arc of a circle. By virtue of its new
position the weight possesses potential energy, and again swings back
over the same course.

We have learned that the degree of attraction of the earth varies
in different latitudes, and that this same attractive force is the cause
of the oscillation of the pendulum; hence the length of a pendulum
beating seconds of time must vary in different latitudes—that is, a
seconds pendulum in New York must be lengthened as we proceed
towards the poles and shortened as the equator is approached. If
the earth were a true sphere a given body would be equally at-
tracted anywhere upon its surface, but owing to its flattened condi-
tion at the poles (the polar diameter being about 43 kilometers less
than the equatorial diameter), these polar regions are nearer to the
center of gravity than the equatorial, hence attraction at the equator
is somewhat less than at the poles. Also, in consequence of the earth’s
rapid rotation, a certain portion of this force of attraction is employed
in retaining the body upon its surface; otherwise it would be deflected
off in consequence of centrifugal motion. The combined effect of these
two causes—flattening at the poles and centrifugal force—lessens the
attraction of grayitation at the equator to the extent of about !/,,, part
of its value at the poles.

The length of the seconds pendulum being known, the acceleration
of gravity can readily be calculated; the relationship may be seen in
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the following table. The acceleration of gravity — length of the sec-
onds pendulum X the square of 3.14159.

Latitude of II;::: u}l‘um Aocfﬂé::l'.i?;‘
Cape of Good Hope..30° 55" S. 39.0780 inches  32.1404 feet 0.7962 meters
New York ........... 40° 43’ N. 39.1012 “ 32.1504 ¢ 9.8019 “
Hammerfest ......... 70° 40' N.  39.1948 “ 32.2364 ¢ 9.8258 «

Compensating Pendulum.—Owing to the effect of heat and cold in
causing metals to expand or contract, a compensating arrangement must
be provided for in the pendulums of accurate time-keepers; otherwise,
owing to their expansion or contraction, they will require constant
readjustment.* This may be provided for by
using two different metals attached in such a way
that the downward expansion of one will be ex-
actly counteracted by the upward expansion of
the other, thus keeping the length of the pendulum
always the same. Another form consists in em-
ploying a tall jar of mercury supported in a
stirrup as the pendulum bob. As the pendulum
rod expands and lowers the center of oscillation,
the mercury by its upward expansion in the jar
raises it, and the equilibrium is maintained.

CENTRIFUGAL AND CENTRIPETAL FORCES
(Motions).—Centrifugal force is simply a mani-
festation of inertia, and signifies flying from a
center of motion. If a weight attached to a string
be whirled about the hand it has a continual ten-
dency to fly off in a straight line. This tendency
is also seen in mud flying off from a rapidly
revolving carriage-wheel. So great is this cen-
trifugal force that not infrequently grindstones
and fly-wheels, when their rate of revolution is
very rapid, are torn asunder and the parts thrown
about with destructive violence. Owing to this
force, in the construction of the sharp curves in
a race-course, or railroad, the outside track is
raised higher than the inside, so that the moving
object is inclined inward. In consequence of this the weight and cen-
trifugal force are perpendicular to the path.

Centripetal force is that which resists centrifugal, and means moving
toward the center of motion. The attraction of gravity which draws
all bodies towards the earth’s center is an example of centripetal force;

Centrifuge.

* A rise of about 15° C. causes a lengthening of about !4 millimeter (/10 inch)
of a common pendulum, and this will cause the clock to err about 10 seconds
in 24 hours.
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this prevents the centrifugal force, resulting from the earth’s rapid
rotation, from ejecting bodies into space. As already stated, centrifugal
force causes a lessening (!/,4) in the attraction of gravity (weight)
at the equator; for here this force is greatest, and as we approach either
of the poles it grows feebler. The flattening of the earth at the poles
is the effect of centrifugal motion. It is the attraction or centripetal
force of the sun that retains the earth in its orbit.

If a sponge full of water be attached to a string and rapidly whirled
about, centrifugal action throws off the water, leaving it almost dry.
This principle is practically applied in the cenmtrifuge, which commonly
consists of a drum-like receptacle perforated around the sides and with
a solid bottom, which revolves.on an axis. This centrifuge revolves
‘nside a stationary drum, somewhat larger, which serves to collect and
drain off the fluid ejected. Into this centrifuge is placed the material
to be dried, and then it is caused to revolve at the rate of from 1200
to 2500 revolutions a minute. All fluids are thereby forcibly ejected.
In this manner the adhering wash-water may be removed in the
preparation of absorbent cotton, the uncrystallizable molasses from
sugar, and the mother liquor from crystallized chemicals. This same
principle is employed in the centrifugal clothes-wringer and the cream
separator. Precipitation in fluids, whether for the collection of precipi-
tates or bacteria, may be greatly facilitated by placing them in test-tubes
and rotating rapidly in a centrifuge of the form shown in Fig. 3, on
the preceding page.

8. Machines.—Machines are devices used for the purpose of em-
ploying to better advantage the natural forces. ' They are sometimes
said to be “labor savers,” and although at times there appears to be
more work “got out ” than is “ put in,” this, of course, cannot be, since
“ energy cannot be created nor destroyed.”

The General Law of Machines—The work done by a machine in
overcoming a force is called resistance or weight, while the terms effort
or power are given to the force used to operate the machine. If we
remember that energy is regarded as work or force times space, then
it becomes evident that with a given amount of energy the force may
be increased in the same ratio that the distance through which it acts is
decreased. This principle, known as the general law of machines, may
be stated thus: the force applied multiplied by its acting distance is equal~
to the force exerted multiplied by its acting distance, or the power (effort)
times the distance through which it acts is equal to the resistance (weight)
times the distance through which it is moved; or Pd = RD; or Work
in = Work out. Due to friction, there can be no perfect machine; that
is, one where there is not some waste of energy. In elementary study this
loss or waste due to friction may be disregarded. Although there exists
for each machine a specific law, the above general law holds good
in all cases.

Simple Machines or Mechanical Powers—The six elementary ma-
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chines are the lever, the pulley, the inclined plane, the wedge, the wheel
and axle, and the screw. As mentioned above, there can be no gain in
actual work done through the use of a machine. Whatever is gained
in force is lost in speed, and, vice versa, whatever is gained in speed
is lost in force. The real advantage gained in causing a greater force
to act through a lesser distance by the application of lesser force acting
over a greater distance is called the mechanical advantage.

The lever is a rigid bar moving on a fixed point called the fulcrum.
The “see-saw ” and the equal armed balance are examples of an equal
armed lever. With this type of lever no mechanical advantage is gained.
The two arms being of equal length and the weights being equal, it
follows that power times its distance = weight times its distance.

Levers with Unequal Arms.—(a) Levers of the first class; fulcrum
(F) between power (P) and weight (W). Examples, a crowbar or a
pair of scissors.

Pic. 4.
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Lever of first class.
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The mechanical advantage may be either of force, if AF (power arm)
is greater than BF (weight arm); or of speed, if AF is less than BF.
If we have a crowbar with which we wish to raise a stone weighing
200 pounds and the distance between the fulcrum and hands (power
arm) is 5 feet and the distance from the fulcrum to the stone (weight
arm) is 1 foot, then it will take a power of 40 pounds to raise the stone.
This is in accordance with the law of the lever, Power : Weight :: Weight
arm : Power Arm. While the weight of 200 pounds is being raised, say,
1 foot the power of 40 pounds must act through a distance of § feet.
Work out = work in. 200 X 1 =40 X 5.

(b) Levers of the second class; weight (W) between fulcrum (F)
and power (P). Examples, a nutcracker or a wheelbarrow. The mechan-
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ical advantage is always one of force. This class differs from the fore-
going in that the power arm is the whole length of the lever and that
power and weight act in opposite directions instead of in the same
direction.
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(c) Levers of the third class; power (P) between weight (W) and
fulcrum (F). Examples, a pair of tweezers or the forearm. The mechan-
ical advantage is always one of speed, as the power arm is longer than
the weight arm.

The pulley is a small wheel turning freely about an axis. A fixed
pulley simply changes the direction of the applied force. It is a modi-
fied equal armed lever. With a movable pulley in combination with a
fixed one (block and tackle) the mechanical advantage gained is equal
to the number of cords supporting the weight.

The Inclined Plane.—A pair of skids or a plank used to roll a barrel
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into a wagon is an example of an inclined plane. The mechanical ad-
vantage is one of force. It is easier to push a barrel up a gradual in-
cline into the wagon than to lift it vertically. The law of the inclined
plane, power : weight : : height : length, again demonstrates that work
in = work out. If we have a plane 15 feet long (L) and 5 feet high
(H) and we wish to raise a box weighing 300 pounds (W), it will re-
quire a force of 100 pounds (P) to accomplish this (friction being dis-
regarded).

The wedge is a modified inclined plane and may be considered as
two inclined planes placed base to base. The scretw is also a modified
inclined plane, while the wheel and axle is a modified lever.



CHAPTER II
SPECIAL PROPERTIES OF MATTER

(A) SreciaL PROPERTIES OF SoLIDS

IT is obvious from the definition of solids as contrasted with liquids
and gases (see page 2) that they must have properties which are
distinctive, and are not shared in any notable degree by the other
forms of matter.

Hardness is the resistance to wearing by friction, such as scratchmg
or rubbing, shown by a solid. It is possessed in the highest degree by
the diamond, which'is, therefore, capable of scratching any other solid.
Hard bodies are often used as polishing powders, as diamond dust,
emery, pumice, and tripoli. Great hardness may be imparted to steel
and other bodies by a process called tempering; that is, cooling them
suddenly from a high temperature. Under these circumstances, however,
they usually become more brittle.

Brittleness is inability to withstand compression or a blow, and indi-
cates a want of tenacity or cohesive power between the particles of
the solid. It may accompany great hardness, as in the diamond and
glass.

Tenacity is the resistance to a tearing or pulling strain exerted upon
solids. It may vary in different directions in the same body, as in the
case of wood, where it is greater in the direction of the fibres than
transversely to them. Tenacity varies with different substances and
also with the form of the body. The mass being the same, the
hollow cylinder possesses a greater tenacity than a solid one. A strand
of wires is stronger than a solid rod of the same section. Among all
metals cast steel has the greatest tenacity, followed in order by plati-
num, copper, silver, and lead.

Ductility is the capability of being drawn out into wire or threads,
and is possessed especially by certain metals, like gold, platinum, iron,
and copper. Glass and waxes when hot can also be drawn out into fine
threads. The most ductile metal is platinum.

Malleability is the property by virtue of which bodies are flattened
into thin sheets or films under the influence of hammering or rolling.
It is possessed especially by metals, such as gold and copper. Lead

.and tin, while very malleable, possess very little ductility.

Elasticity—Matter is said to be elastic if after a temporary altera-
tion of shape or volume the displaced particles tend to revert to their
original position. This is shared by solids, liquids, and gases, al-
though in unequal degrees. Elasticity of traction, or that developed
by a stretching force; elasticity of torsion, or that developed by a twist-
ing force, and elasticity of flexure, or that developed by a bending force

2 17
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or weight, are other phases of elasticity belonging to solids. Elas-
ticity of torsion is represented in the torsion balance, which meas-
ures weight by balancing against the twisting force of a wire. The
elasticity of flexure is applied in the steel spring coil, the carriage spring,
also the spring spiral balance. This latter consists of a coiled spring
fixed at its upper end, which from its elongation indicates the weight
of a body placed in a scale-pan suspended from the lower end of the
spring.

Structure of Solids—A solid is distinguished from a liquid or gas
by possessing definite shape independent of the containing vessel. When
we examine more closely the structure of solids, we observe notable
differences. Certain substances, for instance, on passing from the liquid
to the solid condition, assume characteristic shapes, as alum, nitre,
sugar, ice, etc., while others become solid without assuming distinctive
shapes, as fats, waxes, and flocculent and gelatinous precipitates. The
former are called crystalline bodies and the latter amorphous. Again,
crystalline bodies have differences of structure, due to cleavage, as in
mica, rock-salt, etc., or to confused crystallization, as in granular min-
erals like marble, emery, etc. The several systems under which all
crystalline bodies may be classified will be referred to later (see page 52).

(B) SpeciaL ProperTIES oF LiQuips

1. Attraction and Repulsion in Liquids.—Capillary Phenomena.—
We have already referred to the adhesion of liquids to solids, in speak-
ing of the moistening of a rod of glass with water as illustrative of the
force of adhesion (see page 10). Not all liquids show this attraction.
Some even show a repulsion of the solid, as when a glass rod is dipped
into mercury. Instead of a curving upward of the surface of the
liquid on all sides of the glass rod, as with water, a depression of the
surface occurs immediately around the rod, showing that repulsion
exists between the mercury and the glass. The water is drawn upward
around the rod because its adhesion to the glass distinctly exceeds the
cohesion of the liquid; the mercury adheres to glass much less strongly
than it coheres, and hence it curves away from the rod. These attrac-
tions and repulsions have an interesting illustration in the phenomena
known as capillarity, observed when tubes of relatively fine diameter
are dipped into liquids. If a glass tube be dipped into a liquid which
wets it (or adheres), as in the case of water, the liquid will rise in
the tube to a higher level than the surrounding surface, and the height
is the greater the smaller the diamecter. If, on the other hand, the
tube be dipped into a liquid which does not wet it (or adhere), as in
the case of mercury, the liquid will be depressed in the tube below the
surrounding surface, and the smaller the diameter of the tube the
greater the depression. These phenomena with rods and tubes are
illustrated in Fig. 7. Many natural phenomena, such as the rise of
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moisture in rootlets and stems of plants, the rise of oil in a lamp-wick,
the absorption of water by filter-paper or sponges, are to be con-
sidered as illustrations of the principle of capillarity.

Diffusion of Liquids—Closely connected with capillary phenomena
are those of diffusion. If two liquids of different densities, but capable
of admixture, be placed one above the other in the same vessel, they
will begin to mix or diffuse through each other, even if the upper
liquid be of less density than the lower. This will also take place
though they be separated by porous partitions of various materials. But
it is found that the rate of diffusion differs greatly for different sub-
stances. Many solids when in solution will diffuse rapidly, while others
will diffuse with great slowness. The former class will be found to
include most crystallizable solids, like salt, sugar, magnesium sul-
phate, etc., while the latter class includes uncrystallizable or amorphous
substances, like starch, gum gelatin, or glue. To the former class

FiG. 7.

Capillary attraction and repulsion.

the term crystalloids has been given, and to the latter term colloids (from
the Greek word for glue).

Graham founded upon this property of unequal diffusibility through
porous membranes now called osmosis the process of dialysis. A sheet
of bladder or parchment paper is stretched tightly over the lower
end of an open cylinder or inverted glass funnel. The mixture of liquids
to be separated by dialysis is poured in above, and the dialyser sup-
ported with the lower end immersed in pure water contained in a
larger outer vessel. The crystalloid substances will diffuse through
the membrane, and be found in solution in the outer vessel, while
the colloids will remain in the inner vessel, or dialyser.

2. Pressure of Liquids.—Liquids are but slightly compressible,
and with the removal of the force causing pressure recover imme-
diately their original volume. For this reason and because of the
ease with which their molecules are free to move, they readily trans-
mit pressure throughout their entire mass. This pressure is trans-
mitted throughout the liquid equally in all directions, whether it is that
in which the force is applied or at an angle to it.
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This is illustrated in the case of the sprinkling nozzle of a garden
hose, or similar apparatus, where the water is seen to issue with equal
force from all the apertures. Of course, if the pressure in the one case
is exerted over a larger area of surface than in the other, a different
total force is felt in consequence. Here we must multiply the in-
tensity of the pressure per unit of surface by the area of surface to get
the total force exerted. Hence a pressure of five pounds per square inch
exerted over a surface of sixteen square inches would be felt as a pres-
sure of eighty pounds upon that surface.

An important application of this principle of transmission of pres-
sure, and exertion of the same over a larger surface than that where
it was applied, is found in the hydraulic press. This, as shown in
Fig. 8, consists of a small force-pump, in which works a solid piston, p.
When this piston is depressed by means of a lever the valve o in the

Pic. 8

Hydraulic press.

bottom of the cylinder is closed and the water is forced over through
the connecting tube, K, into the larger cylinder, B. Here the pressure
of the water upon the piston is exerted over an area perhaps a
hundred times greater than that of the piston of the small pump,
and hence the pressure is multiplied a hundred-fold. It must be re-
membered, however, that in our definition of energy and statement of
the law of the conservation of energy (see page 7) we said that energy
could not be created any more than it could be destroyed. So in the
hydraulic press the energy developed in the larger cylinder is only
seemingly greater than that exerted in the smaller cylinder. Though
the pressure on the larger piston is one hundred times that applied
to the smaller piston, the former moves through 134 of a foot while
the latter moves through one foot. The hydraulic press is of great value
in compressing cotton, hay, and other loose but bulky material, and in
lifting heavy weights or moving machinery, also for the removal of
oil from seeds.
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Vertical Downward Pressure.—In considering the pressure exerted
throughout the body of a liquid we have so far disregarded the weight
of the liquid itself. It is obvious that the weight of the upper layers
of the liquid bears upon the layers immediately under them, and
that the bottom layer therefore supports considerable weight. But
because of the perfect mobility of the liquid molecules and the equal
transmission of pressure in all directions, this pressure will be felt
equally in all parts of the same horizontal layer, on the sides of the
containing vessel, as well as upward and downward from that level.
The pressure exerted by a liquid upon the horizontal bottom of a
vessel is entirely independent of its shape, and is equal to the weight
of a vertical column of the liquid, whose diameter is equal to that of
the horizontal bottom and height of the liquid in the vessel.

A small body of water may exert as great a pressure upon the bot-

PiG. 9.

Pressurc on bottom of vessels.

tom of the containing vessel as a much larger body of water, if the
height of the liquid is the same in the two cases. This is true, although
the two bodies of liquid may weigh differently because of the dif-
ference in amount. This may be illustrated (Fig. 9) by means of a
wide U-shaped tube, to the upper right arm of which can be fitted tubes
of various sizes and shapes. The lower tube is filled with mercury until
it reaches a point indicated near the top of the left extremity. If
a tube of any given diameter is attached to the right arm and filled to
a certain height with water (indicated by a movable needle), the
weight of this will force the mercury column up a certain distance.
If this tube of water is substituted by others, the bottom diameter
and height of the column being the same, the pressure exerted will
be identical, irrespective of the shape of the vessel and the quantity of
water it may hold.

Upward Pressure. Buoyancy.—That the pressure in any horizontal
layer of a liquid is exerted equally upward as well as downward or
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laterally is an important fact, and is capable of a simple demonstra-
tion. If we take a glass cylinder, open at both ends (an Argand
lamp chimney with one end ground perfectly flat will do), and,
closing one end with an accurately fitting glass or metal plate, lower
it into a vessel filled with water, we find that the plate is held in posi-
tion by the upward pressure. Water may then be poured into the
glass cylinder until the level inside nearly or quite equals the level out-
side, when, the upward pressure having been compensated for, the plate
will drop off, because of its weight.

Lateral Pressure—This is the pressure exerted upon the sides of the
containing vessel, and is equal to the weight of a column of liquid
which has a given portion or the entire side for its base, and whose
height is the vertical distance from the center of gravity of that
portion to the surface of the liquid. In view of this, it is better to con-
struct tanks for water with a considerable area of bottom and moderate
height, so as to relieve the sides of the great pressure.

Equilibrium of Ligquids.—As every molecule in the body of a liquid
is free to move, it is obvious that the force of gravity will act upon
all parts of the liquid equally, and the liquid will come to rest only
when each part of the liquid is in a position of stable equilibrium.
This is attained when the surface of the liquid assumes a position
at right angles to the perpendicular or line in which the force of grav-
ity is felt. We call the position so assumed a horizontal line, ana the
surface of a liquid free to respond to this force therefore will always
be horizontal, no matter what the shape of the containing vessel. The
level in several communicating vessels will also speedily become the
same, as equality of pressure soon establishes itself throughout the
entire body of liquid, and the several surfaces come to rest in the
same horizontal plane.

Just as the plumb-line is a practical device for quickly and easily
determining the perpendicular line, so we have in the spirit-level
a ready means of determining whether a surface is perfectly horizontal.
It consists of a glass tube nearly filled with alcohol, a bubble of air only
remaining. When this tube is mounted in a wooden or metal case, and
the latter placed upon a horizontal surface, the air-bubble shows
exactly in the middle of the upper surface of the tube, upon which
a scale is marked. If the surface upon which the level is placed is
not perfectly horizontal, the bubble moves towards one end or the other
of the scale instead of remaining in the middle.

3. Pressure upon Bodies Immersed in Liquids.—If a body be im-
mersed in a liquid, every particle of its surface will be exposed to a
pressure. As the lateral pressures act from all sides, they are equal
and hence neutralize each other. The upward pressure against the under
surface (¢, d, Fig. 10), which is equal to the weight of the liquid column
(c, d, e, f) from the surface to the bottom of the body, exceeds that
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of the downward pressure, exerted upon the upper end of the body,
which is equal to the weight of the column (g, b, ¢, f) from the surface
of the liquid. Hence the solid will be pushed upward
by a pressure equal to the excess of the former weight
over the latter, which is equivalent to the weight of
a column of the liquid occupying the same volume as |
the submerged body (a, b, ¢, d). This excess of up- a b
ward pressure (buoyancy) reduces the weight of the
immersed body in amount equal to the weight of the
same volume of water displaced. Expressed in the o
principle of Archimedes: a body immersed in a liquid
loses a part of its weight equal to the weight of the
displaced liquid.

This statement may be demonstrated by the hydrostatic balance, as shown in
Fig. 11. The solid brass ?linder A fits exactly in the brass cup B. The two are
hooked together, suspended from the one pan of a balance, and counterbalanced
exactly by weights placed in the other pan. A glass globe, or other vessel, is
now placed in position around the brass cylinder, and water poured in gradually.
The buoyant effect of the water causes the cylinder A to rise, so that the two pans
of the balance no longer show equilibrium. If, however, water is poured into the
brass cup B, the cylinder sinks, and when the cup has been filled, it will be found
that the cylinder is just immersed, and that the two sides of the balance are

exactly in equilibrium. Obviously the brass cylinder lost a portion of its weight
exactly equal to the weight of an equal volume of water.

F1G. 10,
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This so-called principle of Archimedes gives us a convenient means

of determining the volume of any solid which is not soluble in water.
Prc. 11, By weighing the solid first in air

: and then when immersed in water,

we arrive at the weight of the equal
volume of water displaced, and, as
the relations of weight and volume
of water are known (1 cubic deci-
meter of water at 4° C. weighing 1
kilogram), we get the volume of
the body which displaced the water.
Its most important application,
however, is in determining the rela-
tive weight of different solids and
liquids, or, as it is termed, their
specific gravity or density. The
density or specific gravity of a body
represents the relative degree of
closeness of the particles which
make up its mass (see page 4). In
order to ascertain this, comparison is made between the weight of a given
volume of the body and an equal volume of some standard. For solids
and fluids, distilled water (at either 4°, 15.6°, or 25° C.) is selected; for
gases, hydrogen or pure air is selected ; their density being calculated to

Hydrostatic balance.
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0° C. and 760 mm. We say the specific gravity of iron is 7.7; this means
that it is 7.7 times denser than water. The densi.y of ether is 0.725—
that is, where a certain volume of water weighs 1000 grams, the same
volume of ether would weigh 725 grams; it is, therefore, lighter than water.

Owing to the difficulties attending the taking of specific gravity at 4° (water
being 1.000 at this temperature), the operation is usually carried out either at
15.6° or 25° comparing the welght of the substance to that of the same volume of
water, at either of these temperatures. In such cases the results are indicated by

15.6° 25°
the figure

If it is desired to compare (calculate) the gravity to
15.6°  25° 15.6° 25°
that of water at 4° (indicated by figures — or — ), the results are multiplied

by the specific gravity of water (see footngte page445) at 15.6° (0.99907) or 25°
(0.99707).

Specific Gravity of Solids.—Weigh the body in air, then weigh again
when immersed in water, and the weight in air divided by the loss of
weight when weighed in water will give the specific gravity.

In carrying out the specific gravity determinations of solids prac-
tically we have several methods to choose from. We may use the
specific gravity balance, in which case the solid is suspended from one
arm of the balance by a hair or silken filament, and weighed first in
air and then immersed in a small cup of water supported independently
of the balance-pan and not touching it. Or, for powdered solids, the
specific gravity flask may conveniently be used. This is a small glass-
stoppered bottle, the weight of which, both empty and filled with dis-
tilled water, at the standard temperature has been determined. For
greater accuracy the ground-glass stopper is perforated, so that in
fitting it in the bottle any excess of water may be forced out and
wiped off with a piece of soft paper. In making a determination, the
bottle is carefully dried, and, the powder having been placed in it, is
weighed. This gives the weight of the solid in air. The bottle is then
filled up with water, the excess being wiped off from the top of the
stopper, and weighed. The weight found is that of the powder, the
bottle, and the original volume of water minus what has been dis-
placed by the powder, which, of course, gives us the weight needed
for the specific gravity calculation. In this determination by the aid
of the specific gravity bottle, the water must be previously boiled to
expel the air.

In the case of solids soluble in water, some other liquid, like
naphtha or oil of turpentine, the specific gravity of which is already
known, may be used. The solid is weighed in air and then immersed
in the liquid chosen and the weight again taken. We are thus able
to determine its specific gravity with reference to the liquid chosen. If
the known specific gravity of this liquid based upon water be then multi-
plied by the specific gravity found, we will have the true specific
gravity of the solid based upon water.
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Specific Gravity of Liquids.—The specific gravity or density of liquids
is usually ascertained by means of the specific gravity bottle. The
exact weight capacity of these in distilled water is indicated on the
outside. This is usually an even quantity, as 1cO, 50, 25, or 10 grams.
All that is necessary, then, is to fill the bottle up to the indicated mark
with the liquid to be examined (at 15.6° or 25° C.), and divide this by
the weight capacity of the bottle. Thus, a bottle which holds, when
filled, exactly 100 grams of distilled water (at 25° C.), will, when filled
with glycerin at the same temperature, weigh 124.9 grams; with alcohol,
81.0 grams; hence their specific gravities would be

124.9

81
100, = 1249 and Too = 0.810

In practice, specific gravity is more conveniently, though less accu-
rately, determined by the aid of what are termed hydrometers. These
are long glass tubes with two bulbs blown at one end. The lower
(smaller) bulb is weighted with mercury or shot to cause the tube to
flcat upright, the upper (larger) bulb is to impart buoyancy. On the
stem is marked a scale of degrees or equal parts. It is obvious that
if one of these hydrometers sink to a certain depth of water, it will
sink still deeper in a liquid lighter than water, or float higher in one
heavier than water. If then the point to which it sinks in water be
marked 1 of the scale, the distance above this would be marked in deci-
mal fractions less than 1, while the distance below would be marked
in fractions greater than 1. In order to mark slight differences more
accurately, a number of hydrometers are used in a set, of which several
are weighted and graduated for liquids lighter than water and sev-
eral for liquids heavier than water. Arbitrary scales are also in use for
hydrometers, such as that of Baumé for liquids heavier than water,
and also lighter, also those of Tralles, Twaddell, Gay-Lussac, Beck, etc.
Special forms for particular liquids are also used, as alcoholmeters,
salinometers, saccharometers, lactometers, etc.

Density of Gases—The density of a gas or vapor * is the amount of
matter contained in the unit of volume, or it is the number which ex-
presses how many times heavier or lighter it is than an equal volume
of hydrogen or oxygen or air (specific gravity) at the same temperature
(0°) and pressure (760 mm.). Density may be calculated by dividing
the molecular weight of the gas by that of the standard. Thus the

.. .6 .
density of carbon dioxide (H = 1) would be 932*-7' =21.835, since,
Mol. wt. of H.  Mol. wt. of CO..  Density of H. Density of CO..
2 : 43.67 1 1 : x
x =21.835

* The term vapor is applied to the gaseous form of substances that at normal
temperature and pressure exist in the solid or liquid state. As examples we have the
gaseous halogen acids, sulphur trioxide, nitrogen tri- or tetra-oxide.
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If the density is compared to air = 1, we divide the molecular weight
of the given gas by 28.75 or 28.95 (calculated mol. wt. of air, referring

to H, = 2 or O, = 32). In the case of carbon dioxide 2%‘;3 = 1.5IQ.

The density of air corresponds to its molecular weight (28.75 or 28.95),
for,
Wt.of 1 L. O. Wt of 1 L. air.  Mol. wt. of O.  Mol. wt. of air.
1.4296 : 1.2934 S 32 : x
r=28.753
The density of a gas may also be ascertained by dividing the weight of
1 liter of it by the weight of 1 liter of the gas (hydrogen or oxygen)

. .. 1.4296 . s s 1.203
selected as unit. Oxygen is - 089873 — 159 times and air is 7089873
= 14.39-+ times heavier than hydrogen, and oxygen is L 49936 = 1.105+

times heavier than air.

(C) GENERAL PROPERTIES OF GASES

1. Attraction and Repulsion in Gases.—Physical Properties—As al-
ready stated, a gas is matter in such a condition that the repellent forces
are superior to the cohesive among its molecules; hence gases tend to
expand and diffuse unless confined. They are therefore distinguished
from lnqulds by this tendency of indefinite expansion. The molecules
of gases are in a constant state of activity, flying about in every conceiv-

able direction, constantly colliding with one another with enormous veloci-
ties. As a result, gases exert a pressure (tension*) equal in all direc-
tions, which increases with the decrease of their confined space.

Since heat acts as a repellent force among molecules, the volume
of gases will necessarily be subject to temperature changes—that is,
expanding or contracting regularly with an increase or decrease of
temperature (see Law of Charles, page 46). Likewise, the volume of
a gas readily responds to an increase or decrease of pressure. This
expansive force of gaseous bodies may be illustrated by placing a
small rubber balloon partially distended with air or gas, but securely
closed to prevent the escape of gas, under the receiver of an air-pump.
Upon exhausting the air from within the receiver, the balloon imme-
diately distends and swells to several times its original bulk. This is, of
course, due to the expansion of the gas under diminished pressure, for
when the air is admitted again to the receiver of the pump the balloon
contracts to its original dimensions.

The law governing this change of volume under variations in pres-
sure is known as Boyle-Mariotte’s law, and is thus expressed: The tem-
perature remaining the same, the volume of a given quantity of a gas
is inversely as the pressure it bears, also its density and tension (elastic

* The term tension as employed here means “elasti~ force” or “pressure.”
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force)*—that is, the less the pressure the greater the volume, and the
greater the pressure the less the volume. Thus, if the pressure on a confined
volume of a gas be doubled, its volume will be reduced ome-half, and, as
a consequence of this, the density (degree of closeness of its molecules)
and tension (elastic force) of the gas will be doubled. In other words,
the greater the tension the greater is the elastic force and the smaller
the volume of the gas. It should be noted, however, that there are
limits to this contraction in volume under the influence of pressure.
Every gas, when sufficiently cooled, will at some definite pressure assume
a liquid condition. No amount of pressure at any point above this
temperature will cause liquefaction. This temperature of liquefaction is
called the critical temperature. The pressure exerted by a gas at the
critical temperature (at which it would condense at once if the tem-
perature were lowered) is known as the critical pressure.

Owing to the great variations in volume produced by temperature
and pressure, all calculations and comparisons are reduced to a standard
temperature of 0° C. and pressure of 760 millimeters (page 30).

Diffusion of Gases.—All gases expand indefinitely, distributing them-
selves throughout the space of the containing vessel irrespective of the
presence of other gases, provided there is no chemical reaction be-
tween them. This process of distribution is called diffusion. If, for
example, two cylinders are placed one above the other, mouth to mouth,
the upper one containing hydrogen, and the lower one carbon dioxide,
although the latter is 22 times heavier than the hydrogen, the two will,
after a time, become uniformly distributed throughout the two cyl-
inders. To this property of gases we owe the uniformity of the
mixture of oxygen and nitrogen as present everywhere in our atmosphere.
If two gases be separated by a porous diaphragm such as parchment,
rubber, unglazed porcelain, they will diffuse through, the lighter gas
passing more rapidly than the heavier.

The rapidity of diffusion of two gases of different densities is in-
versely as the square root of the densities of the gases. Thus, as hydro-
gen is about 14.5 times lighter than air, it will diffuse nearly four times
faster than air.

Collection of Gases and Vapors.—Gases and vapors are collected,
according to their density, either over fluids or by displacement. (1)
Collection over fluids: a jar or tube is filled with water and then inverted
in a trough of water, keeping its mouth just below the surface. The

* Hence the volume (v) of a mass of gas multiplied by the pressure upon it (p)
is equal to the new volume (V) of the same mass of gas multiplied by the new
pressure (P).

V)(P=vXporV=—vP£.

If 100 mils of a gas under a pressure of 720 mm. be subjected to an increased
pressure of 780 mm., what will be its new volume?

V= 100X 720
- 780
Compare with Law of Charles, page 46.

= 92.3+ mils.



28 ELEMENTARY PHYSICS.

gas, escaping from a generator, is allowed to bubble upward, displac-
ing the water. Such relative light gases as hydrogen, oxygen, nitrogen,
marsh gas, and carbon monoxide are thus collected. Soluble vapors,
as those of ammonia and hydrochloric acid, may either be collected
over mercury or by (2) Displacement: this consists either in introducing
the gas by a tube into the bottom of the jar, the entering gas displac-
ing the air, when it is called downward displacement, or in passing the
gas up to the top of an inverted jar, when it is called upward displace-
ment. The height to which the vessel is filled may be judged in some
cases by the color of the gas (as chlorine and nitrogen trioxide), in
others by means of chemical tests, as the extinguishing of a lighted
taper (as carbon dioxide, sulphur dioxide, ammonia). Carbon dioxgde is so
heavy that it can readily be poured from one vessel into another.

Absorption of Gases by Ligquids and Solids—The solubility of gases
in water * conforms to the following laws:

1. The quantity of gas absorbed decreases with the rise of tempera-
ture,; that is, as the temperature is lowered the amount of gas absorbed
increases. For example, 1 volume of water dissolves 1 volume of car-
bon dioxide at 14° C.; at 0° C. it takes up 1.8 volumes. One volume of
water dissolves 730 volumes of ammonia at 15° C. and 1150 volumes
at 0° C. On raising the temperature of such solutions the excess of gas
passes off.

2. The quantity of gas dissolved increases or decreases with the pres-
sure (the temperature remaining the same). Thus, at the temperature
of 14° C,, 1 volume of water absorbs 1 volume of carbon dioxide under
the pressure of I atmosphere; under 2 atmospheres, 2 volumes of the
gas; under 3 atmospheres, 3 volumes. A solution of 5 volumes, under 5
atmospheres, is called “ soda water.” On removing this pressure the
excess of gas escapes.

3. The quantity of a gas which @ liquid can dissolve is independent of
the nature and quantity of other gases which it already holds in solution.
Thus, when air—a mixture of 1 part of oxygen and 4 parts of nitrogen
—is dissolved in water, the gases are absorbed in the same proportion
as though each were alone present—namely, 1 to 1.87—that is, a saturated
aqueous solution of oxygen will take up nitrogen (or any other gas)
as readily as though the former were not present.

Numerous examples of the solubility of gases will be found in the
discussion of the chemical elements.

It will be noted that vapors—as ammonia, sulphur dioxide, hydro-
chloric acid gas, etc., which are more easily liquefied—are far more soluble
in water than the true gases.

* At the temperature of 0° C. and pressure of 760 millimeters, one volume of
water dissolves of

Nitrogen ... cocevveennnns 0.020 vol. Sulphur dioxide ... ..... 79.80 vol.
OXYZEN wevvvvvrvnenanaans o0.041 *“ Hydrochloric acid gas... 505.00 “
Carbonic oxide ........... 1.800 * Ammonia gas ........... 115000 “

Sulphuretted hydrogen ... 4.37
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Porous bodies (meerschaum, charcoal) which expose an immensely
increased surface in proportion to their size readily absorb large vol-
umes of gas; for example, fresh wood charcoal will absorb go times
its volume of ammonia gas, 55 volumes of sulphuretted hydrogen gas, 35
volumes of carbon dioxide, and so on. This explains the disinfecting
power of charcoal.

Occlusion.—Certain metals, like silver or palladium, possess the
power of taking up or occluding many times their volume of certain
gases; for example, melted silver absorbs about twenty-two times its
volume of oxygen from the air. This is expelled on cooling. At 100° C.
palladium will absorb about 650 volumes of hydrogen. Platinum, in
the form of powder (platinum black, or sponge), possesses high ab-
sorbent power; it will, for example, condense upon its surface two hun-
dred and fifty times its volume of oxygen. Advantage is frequently
taken of this, in order to bring about chemical combination between
gaseous elements (see page 153).

2. Atmospheric Pressure.—The Atmosphere and its Pressure.—The
atmosphere is a gaseous envelope that surrounds the earth; it is held
by the attraction of gravity and attends the earth in its rotation. At the
equator the velocity of the earth is over one thousand miles an hour.
There are constant local disturbances in this gaseous ocean, which
are chiefly due to changes in temperature, and, as a result, winds are
produced which reéstablish this equilibrium. Since the atmosphere
possesses weight, it consequently exerts a pressure upon all bodies.
This pressure decreases as we ascend. The downward pressure may be
simply illustrated by means of the leather sucker, which consists of a
circular piece of thick, wet leather through the center of which a stout
string is tied. This disk is then securely pressed against a flat object,
remecving all air from the under surface. A heavy object may thus
be raised, since the downward pressure of the atmosphere binds the
leather securely to the weight. The upward pressure can be demonstrated
by filling a tumbler with water and covering with a piece of cardboard.
Care should be taken that no air is admitted under the card. The card
is held in position until the tumbler has been inverted, then, on remov-
ing the hand, the water will remain in the inverted glass, being held
there by the upward air pressure. That the atmosphere exerts a
pressure equal sn all directions may be illustrated by the Madgeburg
hemispheres, which consist of two metallic hemispheres, the edges of
which have been accurately ground. When placed together a hollow
sphere is formed, which can be exhausted of air through the stem of
one of the hemispheres, which is provided with a stop-cock. After
exhausting the air fram the interior by means of an air-pump, the
stop-cock is closed, and it will then be found that, on account of the
pressure of the atmosphere upon the surface of the sphere, only by the
exertion of a force greater than this pressure can the two hemispheres
be separated.
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These experiments show that the atmosphere exerts a pressure upon
everything on the earth’s surface with a weight which must be quite
considerable. How much this pressure measures was first shown in
the experiment of Torricelli illustrated in Fig. 12. A glass tube about
a meter long and sealed at one end is filled with mercury. Having
closed the open end of the tube with the thumb, the tube is inverted
and dipped into a small vessel filled with mercury. The column
of mercury is seen to fall, and after some slight oscillation remains
stationary at 760 millimeters (about thirty inches) above the level of
the mercury in the outer vessel. No matter
how long the tube may be, or what its diame-
ter, this height of the mercury column is
always observed. Only one explanation of
this fact is possible. It is that the atmos-
pheric pressure will support a column of
mercury 760 millimeters (about 30 inches)
in height and no more. The space above the
mercury in the inverted tube is a vacuum,
and hence there is no counterbalancing pres-
sure upon the mercury at this point. If the
upper or closed end of the tube be provided
with a stop-cock and air be admitted, the
mercury in the tube will immediately fall to
the same level as that in the outer vessel.

When water is used instead of mercury,
it is found that the atmospheric pressure
will support a column 10.36 meters (34 feet)
in height, which is about 13.6 times as high
as the mercury column. But mercury is
13.6 times heavier than water, so that the
weight of the two columns is the same in
the two cases, and is supported by the same
pressure. To calculate the pressure neces-
sary to sustain such a column, we will
assume that the cross-section of our tubes is I sq. cm. (or, in an-
other instance, 1 sq. inch), and the column of mercury is 76 cm.
(760 mm.—in the second case about 30 inches) high. Since 1 cu. cm.
of mercury weighs 13.6 gm. (or 1 cu. in. 0.4916 1b), the weight of the
column would then be 76 X 13.6 = 1033 gm., a little over 1 kg. (or 30
X 0.49 = 14.7 1b). Consequently the atmosphere exerts a pressure of
about 1 kg. on each sq. centimeter of surface (or 14.7 b upon each square
inch). Assuming that there is 1 sq. meter of surface to the human body,
it must then be exposed to the pressure of 10,000 kg. Such a pres-
sure is not perceptible, since it is exerted equally in all directions. The
instruments used for measuring atmospheric pressure are called

PiG. 132,

Torricellian tube and vacuum.
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Barometers.—The simplest form of barometer, of course, is the
straight tube of Torricelli, as just described. This tube, suitably mounted
in a frame on which a scale has been constructed, and dipping into a
small cup filled with mercury, constitutes the cistern barometer. A

Fic. 13.

Fic. 14.

Cisternbarometer. Siphon barometer.

small opening is made in the cistern (Fig. 13) to allow the air access
to the mercury. Another form, preferred for many purposes, is the siphon
barometer, shown in Fig. 14. In this case the tube has two unequal
branches, of which the longer is closed, and the shorter, acting as the
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cistern, has an opening communicating with the air. There are two
scales, one at either end, so as to note the height of the mercury in
either branch. The distance between the upper and lower levels con-
stitutes the barometric column. In order that the instrument may be
transported horizontally, a very fine calibrated tube connects the two
columns, which prevents any air from penetrating into the longer arm.
At the sea-level the normal barometric column measures almost thirty
(29.92) inches of the English scale, or 760 millimeters of the metric
scale. Since the lower layers of the atmosphere are denser than the
upper, the barometric column will fall as we proceed upward. For
each 10.5 m. elevation through which the barometer is raised, the mer-
cury falls about 1 mm. To calculate the elevation, the difference in
height in meters, D, between two places at T° C. and H mm,, and ¢ C.
and 4 mm., we apply the formula,

D=16,ooo(l+

2(T+¢)\ H—k

1000 ) X H+4
Still another form of barometer (Figs. 15 and 16), and the one most
generally used by travellers in determining the height of mountains on
account of its lightness and portable character, is the aneroid barometer.
This is a flat, thin-walled, circular box of corrugated metal partially

PiG. 15s.
PF1G. 16.

Aneroid barometer, mechanism. Aneroid barometer.

exhausted of air and then hermetically sealed. The variations of the
atmospheric pressure upon the surface of this box cause it to expand or
collapse slightly, whereby a system of levers connected to a needle running
over a graduated dial face registers the pressure. The graduation must,
of course, be made by comparison with a standard mercurial barometer.

Barometric variations are usually opposite to those of the ther-
mometer—that is, when the former rises the latter falls, and vice versa.
The barometer indicates changes in the density and weight of the air
caused by its expansion or contraction. Such changes, attended by a
rise in the barometer, indicate conditions favorable to fair weather, while
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a continued fall of the column indicates precipitation.* However, weather
conditions are largely influenced by the degree of humidity and the di-
rection and force of the prevalent winds. Slight variations of the barom-
eter take place daily. .

3. Buoyancy of Gases.—The principle of Archimedes (see page 23),
whereby a body immersed in a liquid loses a portion of its weight
equal to the weight of the displaced liquid, is equally true of gases, and
that they possess buoyancy or supporting power upon bodies immersed
in them is easily shown. A small scale-beam is taken,
capable of being put under the bell-jar of an air-pump,
and from one arm of this a hollow sphere is suspended,
counterbalanced by a small weight attached to the
other arm. When this is put under the bell-jar and
the air exhausted, the hollow sphere, deprived of the
buoyant effect of the air, sinks and appears to be
heavier than the small weight, which feels the buoyant
effect of the air much less because of its smaller bulk. Baroscope.

The apparatus employed for illustrating this phenomenon is called the
baroscope (Fig. 17). Owing to this buoyant effect of the air, very accu-
rate weighings are made in a vacuum.

4. Apparatus Based upon Atmospheric Pressure.—The Air-Pump.
—The exhaustion of the air from any given space or the removal of
the atmospheric pressure not only is important as allowing us to dem-

. onstrate the effects of
this pressure, but is a
necessary operation in
many manufacturing
processes, as in evapora-
tion of liquids in vacuo,
the exhaustion of globes
for incandescent electric
lamps, operating the con-
densers of steam-en-
gines, etc. We will refer
only to the portable
forms of exhausting
pumps for production of a vacuum. Fig. 18 gives a sectional view of
the common form of air-pump. If we start with the piston P at the
bottom of the cylinder, as it is drawn up the valve v’ opens upward and

PFiG. 17.

Pic. 18

Air-pump.

* The indications usually recorded on the dial face of aneroid barometers are:
3t inches, 787 millimeters—Very dry.

30% inches, 770 millimeters—Settled weather.

30% inches, 770.7 millimeters—Fine weather.

30 inches, 762 - millimeters—Variable.

29% inches, 753 millimeters—Rain or wind.

29% inches, 744.7 millimeters—Much rain.

29 inches, 736 millimeters—Tempestuous.

3
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air is drawn out of the receiver R. When the piston begins to descend,
the valve v’ closes and the valve in piston P” opens, letting the air escape
into the space above the piston. The air can thus be considerably rarefied
by a few strokes, but it is impossible to produce a perfect vacuum, owing
to the difficulty of securing perfectly fitting joints for the apparatus.

A more perfect vacuum is attained by the aid of the Sprengel
mercury pump. A simplified form is shown in Fig. 19. The Bunsen
filter pump, which is much used in chemical and pharmaceutical labora-

Pic. 19. tories, is canstructed upon this same prin-
ciple. It is attached to the water-tap, and
water is forced through under considerable
pressure. As high a degree of vacuum is
not attainable with this as with the mercury
pump. This consists simply of a vertical
tube of narrow bore, something over a yard
in height, a few inches from the top of which
a lateral tube is made to connect perfectly
air-tight. If now mercury be poured into
the vertical tube by the aid of a funnel, in
falling it draws the air from the vessel con-
nected with the lateral tube until almost a
I complete vacuum has been established
1 therein. These pumps are used in producing
the vacuum needed for incandescent electric-
{ light globes.

Condensing Pumps.—An air-pump with
i valves which draws in air when the piston
rises, and forces it into a receiver when it
sinks, the valve closing from inside pressure,
is called a condenser.
Compressed air has many applications as
a substitute for steam; also in tunnelling,
laying of submarine caissons, air-brakes, in
conjunction with air-pumps, in operating
Mercury pump. pneumatic mail tubes, etc. A condensing
pump is also useful in condensing other gases than air, as in forcing carbon
dioxide under pressure into solutions.

Lifting and Suction Pumps.—An important application of the prin-
ciple of atmospheric pressure is seen in the pumps devised for the lift-
ing of water from wells and cisterns. One of the common forms is
illustrated in Fig. 20. The action here exactly corresponds to that in
the cylinder of the air-pump. As the piston p is drawn up, the valve Vv,
known as a clack-valve, opens upward, and air with water following it
is drawn up into the cylinder. As the piston descends, the valve v’ closes
and v opens. After a few strokes the water is lifted by this action from




GENERAL PROPERTIES OF GASES. 35

the depth w to the cylinder and there remains, filling the whole length
of the tube. It is obvious that the action of the piston first exhausts
the cylinder of air, and that the water rises into the vacuum thus
formed, where it remains unless the leakage of air in the cylinder
causes the water to fall again to the level of that below. Other forms
of pumps combine the principle of exhaustion and pressure, and thus
can deliver a continuous stream of water.

The Siphon.—This is simply a tube bent at an acute angle, open
at both ends, and with legs of unequal length. If the siphon be
filled with liquid and the longer end closed temporarily, on dipping
the shorter leg into the liquid contained in an open vessel a flow begins

FiG. 20.

Fic. a1.

Lifting pump. Siphon.

when the longer leg of the tube is opened, and the liquid will drain
from the vessel until the level falls below the end of the short leg. The
explanation of the action of the siphon is simple, and is readily had
from a consideration of Fig. 21.

The continuous flow is caused by the difference in pressure at c and
at B. The pressure at c is the atmospheric pressure minus a column
of liquid, c p; while at B it is the atmospheric pressure minus A B. And
as this latter pressure is less than the other, the force depending on
the difference in level, acting on the surface of the liquid at c drives the
water out. The flow, moreover, is more rapid the greater the difference
in level between the two ends of the siphon. The flow continues until
the mouth of the siphon in the upper vessel no longer dips beneath the
surface, or until the surface of the liquid in the upper vessel reaches
the same level as that at B.



CHAPTER II1

ACOUSTICS

1. Vibrations and Undulations.—Acoustics treats of the laws of
generation, propagation, and comparison of sound.

Sound originates with vibrations of elastic matter. These vibrations
excite undulations in the air, whereby they are communicated to
the ear.

Vibrations—All sounding bodies vibrate. These vibrations are
oscillatory movements, like the swinging to and fro of the prongs of
a sounding tuning-fork.

Undulations or Sound-1Vaves.—Vibrations are communicated to the
ear by means of undulations or sound-waves in the air. Just as a
pebble dropping upon the surface of still
water produces wave-like rings due to ver-
tical undulations, a vibratory body produces
by its rapid backward and forward move-
ment alternate condensed and rarefied air
strata, which represent waves. Fig. 22
represents the formation of these sound-
waves, as above described, while by means
of an attached needle and drawing a vibrat-
ing fork over the surface of smoked glass
the wave-motion described by these movements may be recorded, as shown
in Fig. 23.

The length of a sound-wave is the distance from the middle of one
condensation to the middle of the next—that is, from one wave-crest
to the next crest. This represents one complete to-and-fro movement

[ /

Sound-waves.

Fic. 22.

Vibration with wave production.

PiG. 23.

of the vibrating body. The height of a sound wave, or the distance
from the middle point to either of its extreme positions, is known as
its amplitude.

2. General Properties of Sound.—A musical sound consists of har-
monic motion—that is, it is the result of a succession of vibrations at
equal intervals and of sufficient rapidity. The human ear is limited
in its range of hearing of musical sounds. The low limit is about 16
vibrations, while the high is about 38,000 per second. These extremes
produce notes so low and acutely high that they are not appreciable

36
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to many: the average limits are usually placed from 40 to 5000 per
second. The highest note produced by the piccolo is 4752 vibrations
per second.

Propagation of Sound.—For the propagation of sound an elastic
medium like the air is absolutely necessary., This is proved by sus-
pending a bell in a glass globe from which the air has been removed
by means of an air-pump. As the exhaustion proceeds the sound
of the bell grows feebler, until it ceases altogether. Sound may be
propagated to a great distance through the air. Cannonading has been
heard fifty or more miles under favorable conditions. Sound travels
still farther and more distinctly through the earth’s surface; instances
have been recorded in which it has been carried a distance of 370
miles.

Felocity of Sound.—That it requires an appreciable time for sound
to travel from point to point may be seen in the difference of time
elapsing between the flash of a distant gun and the report, or between
the blows of a hammer and the time the sounds reach the ear. Experi-
ments have shown that at 16° the velocity of sound is about 342 meters,
or 1125 feet, per second. Since temperature affects the density of air,
the velocity of sound increases about 60 cm. for each degree C. Moist
air, being less dense than dry air, will likewise increase the velocity.
Sound travels more rapidly in liquids and solids, owing to their
greater elasticity. Thus—

In water, sound travels about 4 times as fast as in air.
In lead, sound travels about 4 times as fast as in air.
In wood, sound travels about 10-18 times as fast as in air.

In steel, sound travels about 16 times as fast as in air.
In glass, sound travels about 16 times as fast as in air.

Speaking-Tubes.—Sound-waves are propagated in every direction in
open spaces, hence rapidly lose in intensity at a distance. However,
on speaking into a trumpet (megaphone) or speaking-tube, the sound-
waves issuing from the mouthpiece are reflected forcibly by the walls
of the tube, and directly, without loss in intensity, in one direction a
long distance. The ear-trumpet employed by deaf persons is a re-
versed speaking-trumpet; it serves to collect and concentrate the
sound-waves. Based on this same principle is the stethoscope, an in-
strument used by physicians for locating sounds in the human body.
This consists of a small, wide funnel made of metal or hard rubber,
to the neck of which is attached a rubber tube, which can be adjusted
to the ear. By means of this instrument feeble sounds are condensed
and accurately transmitted.

Echoes and Resonance—An echo is a reflected sound. When the
distance of the reflecting surface is very short, the sound is strength-
ened and gives rise to resonance. A tuning-fork which has been struck
sounds very much louder when the handle is placed on a box or is
held in front of its open end. The same effect will be produced if held
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over the mouth of a wide tube closed at one end, or a cylinder. These
are called resonant tubes or boxes, and the cause of their reinforcing
effect is that the confined column of air vibrates sympathetically with
the sounding object. This principle is employed in the construction
of such musical instruments as the violin, zither, and piano; also the
resonance of columns of air is the chief source of sound in wind
instruments, as flutes, horns, organ-pipes. The openings in the flute and
the valves in the horn regulate the length of the column of resonant
. air, while the pitch of the organ-pipe depends on its length. In those
instruments based upon the vibration of cords or wires, as the violin,
harp, or piano, the pitch of tone is governed by the number of vibra-
tions, which, in turn, are controlled by the tension, length, size, and
density of the cords. These conditions are formulated as laws:

1. The number of vibrations is inversely as the length of the cord.
Thus, if a given cord makes 18 vibrations per second, it will make 36
(an octave higher) if its length be reduced one-half, or 54 when reduced
to one-third.

2. The pitch varies as the square root of the tension. If the tension
of a cord which gives a certain note be quadrupled, it will render a
note an octave higher.

3. The pitch varies inversely as the diameter. Small cords vibrate
more rapidly than large ones, hence render more acute sounds. A cord
of any given size will give twice as many vibrations (an octave
higher) as one double its size.



CHAPTER 1V
RADIANT ENERGY.—1. HEAT

I. THE NATURE oF HeaT

HEeAT is a form of energy due to molecular vibration. This vibra-
tion seems to be taking place in greater or less degree in all bodies,
and, when communicated to the ether which fills all space around
the vibrating body, is transmitted to the nerves of sensation, and so
is felt as heat. The presence of air is not essential for this trans-
mission of heat vibrations, as they are transmitted equally in vacuo as
in air.  When these vibrations are sufficiently rapid the heated body
becomes luminous, and this manifestation of radiant energy is called
light. Electrical energy seems to be due to vibrations of the same
nature, but of still greater rapidity of movement. Such is the undula-
tory or vibratory theory of heat and light. The fact that one of these
related forms of energy can be changed readily into the others, and
that all of them can be produced from mechanical energy, renders
this theory a very probable explanation of the observed phenomena.

II. Sources oF HEeat

1. Physical Sources.—It is to solar radiation absorbed and trans-
formed that we owe primarily all the various manifestations of energy
that take place on our planet. It is the energy of sunlight that sus-
tains all forms of life and supplies us with food and fuel. Accord-
ing to Helmholtz, the earth receives only m part of the whole
solar radiation, and the source of the sun’s heat is due to its contrac-
tion from a nebular state. Another theory is that the sun’s heat is
due to the energy of radio-activity. This is based upon the presence
of enormous quantities of the element helium, which is a decomposition
product of radio-active matter.

The earth possesses also a heat of its own, readily noted as we
descend to any considerable depth below its surface, and made evi-
dent to us in hot springs and volcanoes. The rise in temperature is about
1° for every 30 meters of descent. The explanation most generally
accepted for this is that the earth has cooled from a much more highly
heated state, probably that of an incandescent gas, and that, while a
hard crust has formed upon the surface, the interior of the globe is
yet in a molten state.

Another explanation is that the earth is self-heating, due to the presence
of radio-active matter. It is estimated that one gram of radium generates 864.000

calories per year. Since all matter (soil, water, air) is radio-active, Ruther-
ford argues tgat this is of sufficient magnitude to balance the loss of the earth’s

heat into space.
39
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2. Chemical Sources.—Most forms of chemical combination, as we
will see later, are accompanied by the development of heat in definite
amounts, or are exothermic. Hence every case of combustion going on
about us in nature contributes to the development of heat. This in-
cludes the rapid combustion of all forms of fuel, and the slow
combustion or decay of organic matter. It includes also the
respiration of animals and the processes of assimilation of food,
equally due to chemical and heat-producing changes. Those
forms of fuel which are richest in the elements carbon and hydrogen
possess the greatest value as fuel, as by the oxidation of these elements
the maximum of heat can be developed. Hence the value for heating
purposes of the several varieties of coal, of petroleum, of hydrocarbon
gases, and of so-called * water-gas.”

2. Mechanical Sources.—Friction and percussion are among the
commonest of the methods by which heat is developed. The old de-
vice of obtaining sparks from a piece of flint and a steel, and the still
older one of the savage of rubbing together two dry sticks to kindle a
fire, are illustrations of the development of heat by friction. The “ hot-
box ” on a railway car, where the heat developed by the friction of the
car-axle in its box often suffices to ignite the oil-soaked waste, is also
an illustration. The striking of the blacksmith’s hammer upon the
anvil readily illustrates the heat developed by percussion. In this case
the energy of the mass of the hammer in descending is changed when
it strikes into the molecular energy of the particles known and recog-
nizable by the senses as heat (sparks).

Mechanical Equivalent of Heat.—As already illustrated, heat, which
is molecular kinetic energy, can be produced from mass kinetic energy
(motion). The degree of heat generated is proportional to the energy
of motion of its molecules. The first law of thermodynamics states
that when mechanical energy is converted into heat, or when heat is
converted into mechanical energy, the quantity of mechanical energy
is equivalent t8 the quantity of heat energy. In the case of the de-
scending hammer, should this weigh 1 kg. and it is raised 1 meter high,
the work expended is equivalent to 1 kilogram-meter. The energy
expended is distributed as heat in the hammer and anvil and in the
propagation of the sound in the air.

Experiments have shown that a work of 424 kg. is consumed in
heating 1 kg. of water through 1° C. The number 424 kg. is termed
the mechanical equivalent of the heat unit. It expresses the intimate
relation between work (energy) and heat, by the aid of which one may
be transformed into the other.

1I1. ErFecTts oF HEeaT

The three states of matter, solid, liquid, and gaseous, are dependent
upon temperature, which as a form of kinetic energy influences the
internal forces of cohesion. In a solid, the molecules are in imme-
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diate contact, the relative positions of these are only altered by the
action of external forces. Since temperature is proportional to the
energy of molecular motion, then through heating a body we set its
molecules to vibrating, the body expands, and if the temperature
be sufficiently high, we overcome the force of cohesion and the mole-
cules become more and more widely separated until fusion takes place.
So long as the influx of heat energy is continued, cohesion will not
be sufficiently strong to retain the vibrating molecules in their original
positions of equilibrium. If we raise the temperature still further,
we increase the intensity of molecular vibration until the fluid assumes
the gaseous state. The heat energy consumed in changing the aggre-
gate condition of matter from the solid to liquid or
gaseous state is again liberated when the reverse
process takes place. ﬂ W q
1. Measurement of Temperature.—By tempera- H

ture we mean the thermal condition of a body with i, |il|gg
reference to its ability to communicate heat to sur-
rounding objects. If two bodies of different tem- |
perature be brought into contact there will be an |
interchange of heat and cold until both reach the
same temperature. Estimates of temperature based
on the sense of touch are extremely inaccurate and
variable, since they depend upon the sensibility of
the individual. Temperature cannot be measured
directly, hence we estimate it by its effects upon the
volume of certain solids, fluids, or gases. Since
expansion and temperature are in direct ratio to one S| (1 l3g"
another, we employ one for measuring the other.

Instruments employed for this purpose are termed .ﬁs'h.du'-&to'

Pi1G. 24.
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thermometers (heat measurers).

The ordinary thermometer is that in which mer-
cury is used. It consists of a glass bulb of spherical © R F
or cylindrical shape connected with a fine capillary Comparison of thermometer
tube or stem. The bulb and part of the stem are
filled with mercury, which is boiled to expel the air, and then the upper
end of the tube is sealed. To establish a scale for the thermometer when
thus filled, two fixed points are needed. One is obtained by immersing the
bulb in melting ice, and the other by suspending it in steam from water
boiling at normal pressure; these points are then permanently marked
upon the glass. Between these two points the tube is divided into
divisions, or degrees.

Three scales have been proposed and are now in more or less
common use. The Fahrenheit (used commonly in England and the
United States), the Réaumur (the domestic thermometer of Germany,
Sweden, and Denmark), and the Centigrade or Celsius (used generally
in Europe, but more particularly in scientific work). The two fixed
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points before referred to serve equally for all of these, but the method
of dividing the space between the two points is different in each of them.
The distinction between the several scales is shown in Fig. 24. In
the Centigrade and the Réaumur scales the lower fixed point (the melt-
ing point of ice) is called zero, while in the Fahrenheit scale it is put
at the 32d division of a scale which starts lower. The upper fixed
point (the boiling point of water) is taken as 100 degrees of the Centi-
grade scale, as 80 degrees of the Réaumur scale, and as 212 degrees of
the Fahrenheit scale. Consequently, the space between the two fixed
points is divided into 100 degrees in the Centigrade scale, into 80
degrees in the Réaumur scale, and into 180 degrees in the Fahrenheit
scale. Divisions of the same value are continued both above and below
the fixed points upon each of the several scales, degrees below zero being
indicated by the sign minus. One degree of the Centigrade scale
(expressed 1°C.) will equal ¢/, of a degree Réaumur (1° R.) and
/s degrees Fahrenheit (1° F.).

The conversion of readings of the Centigrade scale into the corre-
sponding readings of the Réaumur scale, and vice versa, is easily affected
by the aid of this fraction, using the expressions C.° X */, = R.°, and
R° X 8/, = C.°.

In the case of the Fahrenheit scale the problem is not quite so
simple, as the zero of this scale does not agree with that of the
other two, and instead of the lower fixed point of the scale being placed
at zero it is 32 degrees above zero. To convert Fahrenheit readings
into Centigrade we use the expression (F.° —32) %/, = C.°, and to con-
vert Centigrade readings into Fahrenheit, °/; C.° 4+ 32 = F.° When the
minus sign is prefixed to a reading, this must be taken into account in
adding or subtracting the 32.

The Centigrade scale has displaced the others in exact and scientific
work. .

The limits of use of the mercurial thermometer are reached as
we approach the freezing or the boiling point of mercury. The lower
limit of accuracy is — 36° C., as mercury freezes at —40° C.; the
upper limit is about 300° C., as mercury boils at 350° C. If, however,
that part of the capillary above the mercury column be filled with an
inert gas, boiling of the mercury will be prevented by the resulting
pressure, and the thermometer may be used for temperatures as high
as 550° C. :

Mercury thermometers increase their readings with age, and dur-
ing the first year after their manufacture this ihcrease amounts to as
much as one degree or more. This change is due to the slow contrac-
tion of the glass bulb which takes place after blowing. Very accurate ther-
mometers are filled at least two years before graduating. A thermometer
is said to be delicate when it indicates very small differences of tempera-
ture. This depends on the ratio of the size of the bulb to the diameter
of the capillary; for if the volume of mercury is large and the capillary
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small, a minute change of temperature will cause the column to rise through
an appreciable distance. Thermometers are sensitive when they quickly
assume the temperature of the surrounding medium. This depends
upon the surface-area of the bulb. On account of its very uniform
rate of expansion, mercury is preferred to all other fillings . .o
when it can be used.
Maximum and minimum thermometers are employed for
Fic. 25. recording extremes of temperature which
— 7 have been reached during any period of
time.

The most convenient form is that of Sixe
(Fig. 25), which consists of a U-shaped ther-
mometer tube, the bend of which contains the
mercury column. The left arm (above the
mercury) and bulb are filled with alcohol,
and the right is nearly full of alcohol. With
rise of temperature, the alcohol in the left bulb
(d) expands, and depresses the mercury
column, which rises in the right, pushing a
small wire (index b) covered with glass before
it. With a lowering of temperature, the alco-
hol in the left bulb (d) contracts, and in con-
sequence of the pressure from the compressed
air in the right bulb (p), the column is pushed
down the right and up the left arm, registering
with the wire index a. The index in the left
arm indicates the lowest and that in the right
the highest attained temperatures. The indices
are set by drawing down with a magnet.

The Clinical Thermometer (Fig. 26),
which is employed for determining the
temperature of the human body, is gradu-
ated from 32° to 45° C., the normal body
temperature being 37.2° C. A small
thread of mercury, separated from the
main column by an air bubble, serves 10 pever thermom-

_register the maximum temperature as the eter.
thread fails to recede with the column. Before using,
the upper thread of mercury is shaken down by a
sharp jerk of the thermometer.

Alcohol Thermometers.—Colored alcohol is used
in place of mercury for such thermometers as are

Matimum and minimum €mployed in recording extremely low temperatures.
thermometer of Sixe.  Alcohol solidifies at — 130° C. and boils at 78° C.

Metallic Thermometers.—These dial thermometers are in common
use, and consist of a double strip composed of steel and brass riveted
together, usually bent into the form of a coil (Fig. 27). The inside
extremity is secured to the back of the instrument, while the other mov-
able extremity is attached to the needle of the dial. Owing to the unequal
expansion and contraction of the two metals, the coil closes or opens,
moving the needle accordingly.

1
|

!
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Air Thermometers—These are based on the expansion or contrac-
tion of a closed volume of air. They are exceedingly sensitive, and
are used to measure very small differences of temperature. Air ther-
mometers aré employed in standardizing mercurial thermometers; also
for measuring high temperatures. They consist of a large bulb of glass,
porcelain, or platinum filled with dry air, connected with an open capil-
lary tube which contains a small index of colored
sulphuric acid, which moves along or recedes as the
air expands or contracts. A millimeter scale
records the volume of contraction or expansion.

Pyrometers are used for measuring extremely
high or low temperatures. They are based on the
influence of heat affecting the electrical conduc-
tivity of a heavy platinum wire. From the resist-
ance in ohms the temperature in degrees may be
calculated. Another form is based on the influence
of temperature upon the juncture of two dissimilar
metals (platinum and palladium or platinum-
rhodium alloy), whereby a thermo-electric current
is generated, which is readily measured and con-
verted into temperature readings. Pyrometers
based on the expansion of metals through heat are
no longer used for recording high temperatures.

2. Expansion.—This is brought about through
Metal maximum and minimum the influence of heat, which weakens the force of

cohesion and causes a more rapid vibration of the
molecules of a substance, whereby they tend to separate more widely.

Solids.—All solids expand more or less under the influence of heat.
The extent of this expansion depends on the amplitude of vibration of
the individual molecules. IExpansion may be either linear (length) or
cubical (volume). The increase in length of many substances caused by
a rise of 1° C. has been carefully measured, and differs consider-
ably, but is always uniform for the same substance. The rate
of increase for a unit of length when its temperature rises through
1° C. is known as the coefficient of linear expansion. This is ascer-
tained by making two marks on a rod of the substance, and accu-
rately noting its length at 0° C,, then at 100° C. Dividing the total ex-
pansion by the temperature change (100° C.), we have the expansion
for 1° C. The quotient obtained by dividing this by the initial length
is called the coefficient* The coefficient of linear expansion multiplied
by 3 gives that of cubical expansion.

* COEFFICIENTS OF LINEAR EXPANSION OF SoLiDs BETWEEN 0° AND I0o° C.

Pine ...covvivieniniinennnns 000000008 Iron .............cociiiali 0.0000122
Quartz ........cceeeiienannn 0.0000013 CoOpper ......ccoviivinnnnnnns 0.0000171
Glass .....oooiviiiiiiiiae 0.00000837 Porcelain .................... 0.0000025

Plaginum ..........oovininnn 0.00000857 Ebonite ..............0000el. 0.0000842
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We meet with numerous practical illustrations and applications of
the expansion of solids. Furnace bars must not be fastened tightly
into masonry at both ends, lest they split the masonry by expanding;
water pipes are provided with telescopic joints to allow of expansion;
in laying rails for railways, space must be left between two connecting
rails for expansion; iron tires are put upon wagon wheels while highly
heated, so that in contracting they may tighten all parts of the wheel;
hot liquids cannot be poured into vessels of thick glass without danger
of breaking, because of the unequal expansion of the glass.

Liquids.—Owing to the slighter degree of cohesion among the mole-
cules of liquids, they expand to a greater degree and more rapidly,
though less uniformly, than solids. This expansion differs greatly with
different liquids: thus, the cubical volume expansion of chloroform is
ten times that of mercury.* For this reason, an air space should al-
ways be left in all containers for fluids. In measuring the expansion
of liquids we must distinguish between the apparent expansion, which
is that of the liquid with its container—which also expands—and the
absolute or real expansion of the liquid itself, irrespective of that of the
containing vessel. The coefficient of cubical expansion for glass is about
0.000025.

Water presents an important exception to the rule that liquids ex-
pand uniformly with the increase of heat and contract with cold. When
water is cooled down gradually from the ordinary temperature, it con-
tracts until 4° C. (39° F.) is reached, when it begins to expand, and
continues to increase in volume until it freezes at o° C. (32° F.), when
100 volumes become 109 volumes of ice, the specific gravity of which
is 0.9173. Water attains its maximum density at 4° C., hence its specific
gravity has been placed as 1.000 at this temperature.t As the water in
lakes and rivers cools in winter, it contracts and sinks until the tempera-
ture of 4° is reached. After this the cooler layer becomes lighter and
remains on the surface, where it congeals and forms ice, which in time
protects the water below from the extreme low temperature to which
the air may be reduced. In this way fish are able to live through severe
winters without experiencing any lower temperature than 4° C. The
expansion of water in cooling to form ice also plays a very important
part in the operations of nature. More than any other force it reduces
rocks to fragmen‘s by freezing in crevices and splitting off small particles.

* CoerrICIENTS oF CusicAL ExpANsioN ofF LiQuips

Mercury .o.eeeiiiit it 000018 Ether ................iiil. 0.00015
Fixed oils ........coieninnns 000080 Alcohol ............. ...l 0.00106
Sulphuric acid ................. 0.00063 Chloroform ................... 0.00111
+ DENnsITY oOF WATER AT CeERTAIN TEMPERATURES
0% it 0.99987
PPN 0.99993
t SN 0.99997
E U 0.09999
B e 1.00000
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It bursts iron and leaden pipes and other vessels in which it may be
when these are exposed to low temperatures.

Gases.—Since there is no coherence between the molecules of a gas
to be overcome, heat will cause a far greater expansion than among
solids or liquids. While the rate of expansion among solids and liquids
varies greatly, with all gases it is constant. Owing to the volume sensi-
bility of gases to pressure and temperature changes, it is necessary in
accurate measurements to observe certain standards for comparison.
The standard temperature is 0° Centigrade, and the standard pressure
760 millimeters. The influence of pressure is explained by the law of
Boyle-Mariotte (page 26), while that of temperature is governed by
the law of Charles *—namely, the volume of a gas is proportional to its
absolute temperature; that is, gases expand or contract equally in volume
by heat or cold. Further, this expansion or contraction is 0.003665, or
1/415 Of its volume for each degree Centigrade; and if it were possible
to cool a gas to a temperature of — 273° C. all molecular movement would
cease, and a gaseous tension would no longer exist. This temperature
is known as absolute zero, which means a total absence of any degree of
heat. A gas at 0° C. may be regarded as having been heated through
273° C.; a temperature of — 30° C. is 243° of absolute temperature;
a temperature of 4 30° C. is 303° of absolute temperature.

According to this law, 273 vol. of a gas at 0° C. increase by one volume for
every 1° C. through which they are heated.
That is, 273 vol. of gas at 0° C. become at 1° C,, 273 + 1 vol.
273 vol. of gas at 0° C. become at ¢° C., 273 + ¢ vol.
273 vol. of gas at 0° C, become at T° C, 273 + T vol.
(¢t and T = degrees Centigrade.)
Then, 273 + ¢ vol. of gas at t° C. become at T* S- %73 + T vol.
° ° 273
Or, 1 vol. of gas at t° C. becomes at T° C. 213+t vol.

o ° 273+ T
v vol. of gas at t° C. become at T°C. v X 273+ 1

If v represents any given volume of a gas, and V the new volume resulting

from the temperature change from t° to T°, then V = "—(zig'—-m

73+t
Example.t—If 100 mils of a gas at 10° C. be heated to 25° é., what would be its
new volume?

vol.

v = 100 (273 +25) — loo X 298
273 + 10 283

Combining this formula with that of Boyle (page 26), the volume of a gas at

normal pressure and temperature would be V = -'%;—g—i% X 7—;-0

= 105.3+ mils.

Calorimetry.—This is the process of measuring the quantity of heat
absorbed or given off by substances; the instruments employed are
called calorimeters. We employ calorimetry to measure the quantity
of heat energy which results from various chemical changes (thermo-
chemistry), also to measure the amount of heat required to raise the

* Sometimes called Gay-Lussac’s Law._
+ For other problems involving the influence of temperature, pressure, and
vapor tension on volume, see page 157.
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temperature of a given body through a given number of degrees (ther-
mal copacity). As a standard of measurement (thermal unit), we employ
the calorie, which represents the quantity of heat required to raise the
temperature of 1 gm. of water through 1° C. (a large calorie is 1000
times this).

Specific Heat.—Different substances have different capacities for
heat—that is, the same weights of different substances require different
quantities of heat to warm them equally. The amount of heat which
will raise one gram of water through 1° Centigrade will raise the same
mass of ice through 2° C., the same of iron about 11° C., and of mercury
32° C. For example, if bullets of iron, copper, tin, and lead of exactly
the same weight are all heated to the same temperature in boiling water,
and then quickly dropped on a disk of wax, the iron ball melts its way
through first, followed by the copper and tin in order, while the lead,
if the cake is not too thin, will remain embedded in the wax. The specific
heat (thermal capacity) of a body is the quantity of heat, expressed in
heat units (small calories), required to raise the temperature of 1 gm.
of that body by 1°. As standard for comparison, the specific heat of
water is taken as unity or 1; that of any other substance by comparing
the quantity of heat required to raise its temperature 1° with that required
to raise the temperature of the same weight of water 1°.

If we mix one kilo of water at 0° C. with one kilo of mercury at 100° C,, the
two bodies will interchange heat and assume a common temperature of 3.2° C.
The mercury has cooled 96.8° C. (100° — 3.2° C.), and given off 3.2 calories (heat
units). To furnish the 3.2 heat units (calories) necessary to heat 1 kilo of water
from 0° to 3.2°, the temperature of the kilo of mercury must consequently fall
96.8°. Conversely, these 3.2 thermal units will suffice to heat 1 kilo of mercury

by 96.8°, then to heat 1 kilo of mercury through 1°, 56% or 0.0332 thermal
units are necessary, hence the specific heat of mercury will be 0.0332. This is
known as the method of mixtures. Another, adapted for gases as well as solids,
depends on the use of the ice calorimeter, a copper vessel filled with ice, in which
is imbedded a copper cup (or coil for gases) for the reception of the heated body.
Since 8o thermal units (page 49) are required to melt 1 kilo of ice, the quantity
of heat given off by the body while cooling (measuring by the weight of water
from the melted ice) is readily computed.

The specific heat of the various elements has been ascertained.
This knowledge has become of great importance in consequence of
the discovery by Dulong and.Petit of the law that the product of the
specific heat of an.element, and its atomic weight, is approximately a
constant number—namely, about 6.4. This product is known as the atomic
heat of an element* By the aid of this constant, the atomic weight of

* A few examples are cited for illustration:

Specific Heat Atomic Weight Atomic Heat
Bromine .........ciiiiinnn.. 0.0843 79.9 6.73
Iron it 0.119 558 6.64
Mercury .....cocvveenininnnnn 0.0331 200.6 6.64
Nickel ...vivriiiiiiieenn. 0.109 58.7 6.4
Platinum .........cccoievnnnn o.os:g 197.2 6.31
Potassium ................... 0.17 39.1 6.75

Tin o 0:05 59 119 6.65
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any new element may approximately be ascertained by dividing 6.4 by
its specific heat sp—_6:'—eat = at. wt. ). The accuracy of this result

may subsequently be verified by chemical analysis.

3. Changes of Condition.—The three states of matter already de-
scribed—namely, solid, liquid, and gaseous—depend upon the rela-
tions of the forces of cohesion and repulsion. Heat opposes the former,
and tends to change solids to liquids or gases by increasing the rate and
amplitude of vibration among the molecules. When a solid passes into
a liquid state it is said to undergo—

Fusion (melting or liquefaction).—Some substances are very refrac-
tory, or incapable of fusion except at excessively high temperatures;
others, such as paper, wood, vegetables and animal fibres and tissues,
are decomposed without fusion. With these exceptions, we may
consider fusion a regular change which solids will undergo when the
proper temperature is reached. Fusion is governed by the following
laws:

(1) Every substance begins to fuse at a certain temperature, which
is invariable for each substance if the pressure be constant.

(2) Whatever the intensity of the source of heat, from the mo-
ment fusion commences the temperature of the body ceases to rise
and remains constant until the fusion is complete.

The range of temperature shown in the fusing points of solids is
very great, varying from —38.8° C. for mercury to 2290° C. for iridium.

Some substances show no definite melting point, as glass and iron,
which soften gradually until liquefaction is reached. Such is called
vitreous fusion. Generally solids expand on fusing; however, there are
some exceptions, as, for example, ice, type-metal, and cast iron, which
contract in volume during liquefaction.

When metals are fused together they generally form a homogeneous
mixture which often possesses properties quite different from those
possessed by either of the metals singly. Such mixtures are called
alloys. They are generally more fusible than either of the metals of
which they are composed. For instance, Rose’s fusible metal, con-
sisting of 4 parts of bismuth, 1 part of lead, and 1 part of tin, melts at
94° C., while its most fusible constituent, tin, melts at 233° C. Wood’s
fusible metal, consisting of 1 or 2 parts of cadmium, 2 parts of tin, 4 parts
of lead, and 7 or 8 parts of bismuth, melts between 66° and 71° C.

Latent Heat of Fusion—In accordance with the second law noted
above, bodies which are capable of fusion cannot be heated any higher
until fusion is complete, no matter how intense the source of heat
may be. For example, the mercury column of a thermometer placed
in snow will remain stationary at 0° C., when placed in a vessel over
a flame, until the snow has completely melted to water at 0°, after
which the temperature rises. The (kinetic) heat added has disappeared
(become latent), having been consumed in transforming the snow at o°
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into water at 0°. If a kilo of water at 80° C. be mixed with a kilo of
dry snow at 0o° C,, the two kilos of water obtained will have a tempera-
ture of 0° C. The kilo of snow in melting has used up the 8o degrees
of heat originally possessed by the kilo of water; or to melt 1 kilo of
ice, the same quantity of heat is necessary as is required to raise 1 kilo
of water from 0° to 80°. The quantity of heat necessary to raise I
kilo of water by 1° is the heat unit or large calorie. The latent heat
of ice is then 80 calories or heat units. But, as before stated, energy
cannot be destroyed. It must, therefore, still be present, although stored
up as potential energy under the name of the latent heat of fusion. That
these 80 degrees of heat have been temporarily absorbed without rais-
ing the temperature of the water produced from the ice is capable of
proof, as when the kilo of water again becomes ice (crystallizes) this
absorbed heat is all given out, and can by measurement be shown to
be the equal of that which disappeared before. Every liquid has its
own latent heat. That of water, as established by the above experi-
ment, is 80 calories.

Dissociation.—If certain chemicals be heated to a temperature suffi-
ciently high, they break up into simpler molecules, which, upon lowering
the temperature, again reunite. Dissociation (thermal) exists only so
long as the temperature applied continues (see page 138).

Regelation.—When two pieces of ice are firmly pressed together they
unite at the surface of contact. The pressure exerted liquefies the ice at
the point of contact; but as the latent heat of fusion is absorbed and
conducted away, the water is converted into ice. The formation of the
snow-ball depends on regelation.

Solution of Solids in Liquids—When brought in contact with liquids,
the cohesion among the molecules of many solids is broken up, and the
result is a homogeneous fluid mixture called a solution. The solubility
of a solid in a fluid depends upon the nature of the solid, the tem-
perature, and the solvent. When the latter has taken up all that it
is capable of dissolving at a certain temperature, it is said to be sat-
urated—when less, it is unsaturated. If a saturated solution be concen-
trated, or the temperature is lowered before crystallization begins, the
solution is said to be supersaturated. If such solutions are agitated, or a
crystal be added, crystallization takes place at once and the super-
saturated solution becomes a saturated one. Pressure increases the
solubility of solids to a slight extent. The number of grams of a
substance which at a certain temperature will dissolve in 100 grams of
water is known as the coefficient of solubility of that substance.

As a rule, crystalline inorganic bodies dissolve more readily in
water; metals in mercury (amalgams); fats, resins, oils, and organic
crystalline bodies in alcohol. Increase of temperature increases the
degree of solubility, with few exceptions; as, for example, calcium
hydroxide, sulphate, and citrate are less soluble in hot than in cold
water. When two or more salts are dissolved in water without

4
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chemical action on one another the solubility of each individual salt
is not as great as when present alone, the total quantity of salts
dissolved is greater than if one alone had been used, and the quantity
of each salt held in solution is less than if it were alone present,
although the sum total dissolved is greater than if only one had
been used. ;

If the point of saturation of any one of the dissolved salts in the
mixed solution is exceeded, this one will separate from the other.
Hence, in evaporating a mixture of salts, that salt whose point of satura-
tion has been reached will separate out first, followed by the others
in succession. Should two salts tend to crystallize out at the same time
(because of like solubilities), the concentration of the solution is car-
ried on at a higher temperature, and the one which is less soluble under
these conditions is then deposited.

The freezing point as well as the boiling point of a solvent is al-
tered by the presence of a dissolved salt.

When the solution of a solid is attended by a chemical action, a
rise in temperature follows, evidenced by dissolving such salts as potas-
sium hydroxide, zinc chloride, or calcium oxide in water. These sub-
stances form hydrated salts, and, since the quantity of heat set free in
the formation of such salts exceeds that necessary for solution, heat
is liberated.

When crystalline solids are dissolved in water (as also in the caa
of fusion), a certain quantity of heat is absorbed or rendered latent,
and the mixture becomes very cold. Advantage is taken of this in
preparing—

Freezing Mixtures, by means of which various degrees of cold may
be produced. Thus, a mixture of two parts of powdered ice or snow
and one part of salt will rapidly reduce the temperature of sub-
stances around which it may be packed. The salt forces the liquefac-
tion of the ice, thereby lowering the temperature; the water result-
ing from this dissolves the salt, again lowering the temperature; so
that their combined action produces a temperature of zero Fahren-
heit.*

Solidification of Liquids—Just as change of condition takes place
when solid bodies fuse under the influence of heat or dissolve in liquids,

* The following table gives a list of salts which, when mixed with solvents,
reduce temperature, owing to rapidity of hquefactxon The colder the solvent
the lower will be the temperature produced.
Sodium sulphate 8 parts + hydrochloric acid § parts reduces from +10° C.
to about —17° C.

Snow 2 parts + salt 1 part reduces from +10° C. to about —18° C.

Sodium sulphate 3 parts + dilute nitric acid 2 parts reduces from +10° C.
to about —19° C.

Sodium sulphate 6 parts + ammonium nitrate 5 parts reduces from +10° C.
to about —26° C.

Sodium phosphate 9 parts + dilute nitric acid 4 parts reduces from +10° C.
to about —30° C.
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so the reverse change may take place, whereby the liquid may resume
the solid form, either from fusion or from solution. For this change
the following laws, analogous to those before stated for fusion, may
be given:

(1) Every body under the same pressure solidifies at a fixed tem-
perature, which is the same as that of fusion.

(2) From the commencement to the end of the sohdlﬁcatlon the
temperature of a liquid remains constant.

This second law, it will be seen, is the counterpart of the law of
fusion already explained involving the absorption or storing up of
heat. Just as in the other case, no matter what the heat applied,
the temperature of the melting solid remained constant until the opera-
tion was completed; so in this reverse change, no matter how intense
the cold, the giving out of the potential heat energy stored up in the
liquid prevents any lowering of the temperature until the solidifica-
tion is complete.

This principle of the storing up of heat in the liquefaction of a
solid and giving it out in the reverse change of solidification of the
liquid has a great importance in the economy of nature. The first
severe cold of winter does not cause the streams and lakes to freeze
up suddenly and completely, because for every pound of ice produced
eighty heat units are given out and have a notable retarding influ-
ence upon the freezing operation; similarly the first warm days of
spring do not instantly melt the accumulated snow and ice of the
mountain valleys, because for every pound of ice melted eighty heat
units must be taken up and withdrawn from present effect upon the
temperature.

It is obvious that, as the phenomena of solution are analogous to
those of fusion, so we may have as the counterpart of solidification
from fusion a solidification from solution.. In the former case change
of temperature is the occasion of the solidification; in the latter, be-
sides this cause, we may have the removal, by evaporation or other-
wise, of the solvent as the determining cause of the solidification.

4. Crystallization.—Generally speaking, bodies in passing from the
liquid or vaporous condition to the solid state assume regular geo-
metric forms. Such regular forms, bounded by plane faces and defi-
nite angles, are called crystals. Such bodies as do not conform to the
above—that is, do not crystallize—are called amorphous (as chalk, glue,
acacia, etc.). The plane surfaces which bound a crystal are called
faces or planes. The intersection of two adjacent faces (planes) forms
an edge. 'When two or more lines or planes intersect, their edges form
an angle. 1In order to classify and compare the various forms of crys-
tals, we express the relative position and inclination of their planes
by referring them to certain systems of axes. These axes (a, b, ¢, d
of Figs. 28, 29, 30, 31, 32, and 33) are called crystallographic axes;
they are imaginary lines, which, if drawn through, would intersect



52 ELEMENTARY PHYSICS..

at the center of the crystal. The positions of the different faces
(planes) of the crystal are fixed by, and expressed in, the relative
lengths of their intercepts on these axes. For the purpose of com-
paring the different crystal planes, systems of symbols have been de-
vised, which aim to locate the position of each plane, with reference
to its relation to the crystallographic axes. Since every crystalline body
has its own peculiar form, it will readily be seen that we have an
immense number of these in all possible varieties. However, in the
face of this, according to their greater or less degree of symmetry,
they are divided into six different classes or systems. Each one of
these systems has its imaginary crystallographic axis, to which the differ-
ent planes (faces) bear a fixed symmetrical position. According to the
relative position, number, and size of these different planes, we distin-
guish the following six different systems:

1. The Regular (isometric, monometric) System (Fig. 28). All forms
have three axes of equal length, which intersect at angles of go°. To
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this system belong the cube and octahedron with their many modi-
fications. In this system crystallize the diamond, the various alums,
sodium chloride, potassium iodide, bromide, and chloride, etc.

2. The Tetragonal (dimetric, quadratic) System (Fig. 29) has three
axes, which intersect at angles of 9o°; two of these (lateral) being of
equal length, the other (principal axis) is either longer or shorter. To
this system belong the square pyramid and prism, and in it crystallize
potassium ferrocyanide, tinstone, nickel sulphate, etc.

3. The Rhombic (orthorhombic, trimetric, prismatic) System (Fig.
30) has three axes of uncqual length, all intersecting at right angles. To
this system belong the rhombic pyramid and prism, and in it crystallize
barytes, sulphur, saltpetre, zinc sulphate, citric acid, etc.

4. The Monoclinic (oblique, prismatic) System (Fig. 31) has three
axes of unequal length, two of which intersect at an oblique angle and
are perpendicular to the third. To this system belong the oblique pyra-
mid and prism, and in it crystallize oxalic acid, tartaric acid, sodium sul-
phate, ferrous sulphate, sulphur (fused), etc.

5. The Triclinic (asymmetric) System (Fig. 32) has three axes of
unequal length, all oblique to one another. The most common form is
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the doubly oblique pyramid, and in it crystallize copper sulphate, potas-
sium dichromate, etc.

6. The Hexagonal System (Fig. 33) has four axes; three of these,
of equal length, are lateral, and intersect the principal axis at angles of
90°, and one another at angles of 60°. The principal axis may be longer

Fic. 31.
FiG. 32.
l ‘ b
> e
Monoclinic system of Triclinic system of Hexagonal system of
crystallizasion. crystallization. crystallisation.

or shorter than the lateral axes. To this system belong the hexagonal
pyramid and prism, and in it crystallize quartz, Iceland spar, thymol,
bismuth, antimony, etc.

5. Vaporization.—Solids.—Some chemicals, as arsenous oxide, iodine,
corrosive sublimate, camphor, etc., when heated, pass directly into vapor
form without liquefaction. This is called sublimation, and is due to
relative vapor pressure (tension). If the vapor pressure (page 54) of
the substance being heated is less than that to which it is exposed,
fusion takes place; but if greater, then it passes directly into the
vapor form.

For example, the vapor tension of arsenous oxide is between 1 and 2 at-
mospheres, hence can only be liquefied when heated in a sealed tube where a pres-
sure greater than 2 atmospheres is generated. On the other hand, ice, with a vapor

tension of 4.5 mm., will vaporize without melting if warmed in a vacuum of less
than 4.5 mm.

Liquids—The conversion of a liquid into a state of vapor is desig-
nated as wvaporization. If this vaporization takes place slowly from

* Vapor Pressure (TEeNsioN) oF DirrereNT Liguips

Temp. Pressure in mm.
Mercury .....covieviiieenenennnannnns 0% i 0.0004
MeErCUrY . oiviiiiieineeiennennenns 60°. .t 0.03
Alcohol ... ..o 0% e 13.
Alcohol .....iiiiiiii e 50 e 220.
Ether .....o.ciiiiiiiiiiiiiiiiiaaannn [ 184.4
Ether ..oiiiiiiiiiiiiii it ieieiiann, [ 1725.
B T 0 i 4.6
Water ...oovveenereinereeaenrnnnannns 0% i 0.2
Water oiiiieieteeiiiiat e iaaanana (S 12.7
Water ...ovvvrereeernecnneeeenennnnans 20%. i 17.4
Water ..ocieeenrnieninenieneeencnnenss 25 i 23.6
Water ....vveeeeennenarenneneneeennens L2 92.
Water ....ccvvvenrarncnenennceananans I00°. .t iteeiinnennn, 760.

The above temperatures represent the boiling points of the substances at their
corresponding pressures.
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the surface of a liquid, it is called evaporation, while if the vapor is pro-
duced rapidly throughout the mass of fluid, it is termed ebullition (boil-
ing). When a fluid is heated, the atmosphere resting immediately upon
its surface soon becomes saturated with vapor, and as the tempera-
ture increases the tension (elastic force) of this vapor layer gradually
increases until it equals that of the atmosphere; this is the normal
ebullition (boiling) point of the fluid. All fluids (including mercury)
exert a definite vapor tension which varies according to the nature of the
substance, and increases with the temperature (see note, p. 53).

If a little water or any other fluid be introduced into the Torricellian vacuum
of a barometer, it at once begins to vaporize and saturates the space with vapor,
depressing the mercury column according to the temperature of the tube. If we
subtract the height of this mercury column from that of a normal barometer,
we obtain the vapor pressure of the fluid.

The laws governing ebullition are as follows:

1. The temperature of ebullition, or the boiling, point, increases with
the pressure. The influence of pressure is of far greater importance
here than in the case of the fusion of a solid. This is because of the
readiness with which a gas or vapor responds to difference of pres-
sure, and of the fact that slow evaporation passes by gradual stages
into rapid evaporation, or boiling. We may generalize this statement
by saying that a liquid boils when the tension of its vapor is equal
to or exceeds the pressure it supports. Hence, as the pressure in-
creases or diminishes, the tension of the vapor, and, therefore, the
temperature necessary for boiling, must increase or diminish, it being
borne in mind that the temperature of a liquid cannot be raised above
its boiling point.

The closé_ relation between boiling temperature and pressure may be shown
by the experiment illustrated in Fig. 34. In a round-bottomed glass flask
water is boiled for some time, and when the steam has been coming off sufh-
ciently long to have driven out all of the air, the heat is withdrawn and the
flask closed by a tight-fitting cork. It is then inverted and clamped, as shown
in the figure. If the bottom is then cooled by wringing out cold water from
a sponge, the water begins to boil again. The explanation is as follows: When
the flask was closed and inverted, the space above .the water was filled, not
with air, but with vapor of water. When the upper part of the flask was
cooled by the application of cold water from without, its first effect was to
condense a portion of this steam. Hence the pressure upon the surface of
the water was much reduced, and the water started to boil because the
tension of the vapor at its surface was greater than the pressure for the
time being. As soon as boiling liberates more steam the pressure becomes
greater again and boiling ceases.

An important application of the fact that water and other liquids
evaporate more rapidly under reduced pressure is found in the use
of vacuum-pans and apparatus for concentration of liquids in vacuo.

If a fluid be heated in a confined space, the tension of its vapors
will increase with the rise in temperature and consequently will exert
a pressure upon the surface of the liquid, raising its boiling tempera-
ture accordingly. Sich tensions are expressed directly in “atmos-
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pheres,” each being equal to 760 mm. pressure.* Based on this prin-
ciple is the autoclaze, a cylindrical cast-iron vessel which is used in chem-
ical operations in which a substance is to be extracted, or two or more
compounds react on one another under high pressure and temperature.
By means of a vacuum-pump water may be made to boil at any tempera-
ture from 100° C. down; in an absolute vacuum it would boil at 0° C.

2. For a given pressure, every liquid has a definite constant boiling
point. This law is analogous to that governing the fusing point of solids.
As a consequence of this law we are able not
only to identify, but to separate various fluids
from one another by means of their boiling
points.

3. Whatever be the intensity of the source
of heat, as soon as ebullition begins the tempera-
ture of the liquid remains stationary. On intro-
ducing a thermometer into the vaport of a
boiling fluid, the mercury will rise until it
assumes the temperature of the surrounding
vapor; it will then remain constant until the
entire fluid has been vaporized. Should there
be a mixture of miscible liquids, as water and
alcohol, the boiling point will cover several inter-
mediate degrees between those of its constitu-
ents. If the fluids are immiscible, the boiling
point of the mixture will be lower than either of
its constituents. Advantage is taken of this fact
in removing the essential oils (which have high
boiling points) from plants by distillation with steam.

Additional Causes Accelerating Evaporation.—The rate of evapora-
tion depends (1) on temperature, for increase of temperature accelerates
evaporation by increasing the elastic force of the vapors. (2) Increased
surface: the larger the area of surface the greater the number of ex-
posed points from which vapors may be formed. For this reason fluids
are stirred constantly or exposed in thin layers while evaporating. (3)
Removal of moist air from the surface of an aqueous liquid facilitates
evaporation, because vaporization cannot take place in an atmosphere al-

Boiling under reduced pressure.

* TExsioN oF WATER Vapor AT HIGHER TEMPERATURES, OR BoIiLiNc PoINT orF
WATER UNDER VARIOUS PRESSURES

Temperature. Tension Temperature Tension
100° .......c.e..... I atmosphere 159.2 v vverinnnncanns 6 atmospheres
1206 ... . 2 atmospheres 165.3 cevieniniiennn 7 atmospheres
134 .. . 3 atmospheres 1808 ...l 10 atmospheres
) 7 R vee.... 4 atmospheres 3 & T 20 atmospheres

1522 ....... cerenine § atmospheres 260, ..oieeiiiiiinnn 50 atmospheres
+ The temperature of the boiling fluid may vary according to the nature of the
vessel and the presence of dissolved matter, while that of the vapor remains
constant.
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ready saturated with the vapor of the same fluid; hence the vapor-laden
atmosphere should continually be removed and replaced by fresh dry
air through fanning.

Influence of Dissolved Substances on Boiling Point.—The presence of
dissolved saline matter raises the boiling point of a solvent, and as
the proportion of this increases, the rate of vaporization is retarded
accordingly. Water saturated with common salt boils at 102° C,
with calcium chloride at 179° C. During evaporation, as the solution
becomes more concentrated, a saline pellicle forms upon the surface
which effectually prevents any further evaporation unless continually
broken by stirring.

Nature of the Vessel —While the temperature of boiling water, when
heated in a good heat conductor, as a metallic vessel, is 100° C., it will
rise as high as 105° C. in vessels of such poor conductive material as
glass or porcelain. The temperature of the fluid in the latter may
be lowered to 100° C. by placing a piece of metal in the bottom of
the vessel.

Production of Cold by Vaporization—I1f a volatile liquid like alcohol
or ether be poured on the hand, a cooling sensation is produced; the
more rapid the vaporization and the more volatile the liquid the
greater the intensity of cold. The explanation of this is that when
a change of a solid into a liquid, or a liquid into a vapor, takes place,
an absorption of heat follows: thus, when ether evaporates, the heat
necessary for vaporization is absorbed from the surrounding objects,
thereby producing cold. The heat absorbed in vaporization is far in
excess of that required for liquefaction: thus, 1 gram of ice requires
only 80 calories to melt it, while 1 gram of water requires 537 calories
for vaporization; or, stated in other terms, the latent heat of the lique-
faction of ice is 80 calories, while the latent heat of the vaporization of
water is 537 calories. The most effective forms of refrigerating ap-
paratus are based on this fact; in these, the rapid volatilization of such
liquefied gases as ammonia or sulphur dioxide is facilitated by aid of
condensing pumps. Solutions of brine cooled by these rapidly vaporizing
liquids may be carried for distances through coils and utilized for
cold storage. Beginning with an easily liquefiable gas, and utilizing
the low temperature produced by its vaporization under reduced
pressure, then by the application of pressure, -other more refractory
gases are liquefied, and these in turn are employed for the liquefaction
of still others; thus, step by step, physicists have succeeded in liquefy-
ing every known gas.

Condensation of Vapors.—This is the reverse of evaporation. It
takes place whenever the temperature of the vapor drops below the
boiling point of the liquid. It may, however, be also effected by
pressure or through the chemical affinity of the vapors for some other
substance. By combining the influences of cooling and pressure, the
most volatile of vapors have been condensed.
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Disstillation is an operation by which, taking advantage of the vola-
tility of a liquid, we may separate it from dissolved or admixed solids
or other liquids of higher boiling point.

IV. TrRaNsMISSION oF HEaT

Both heat and light vibrations travel through the ether from
the source of heat or light without raising the temperature of the
intervening space. When they strike upon a body to which these
vibrations can be communicated, it feels the effects of heat and the
temperature is raised. Such heat is called radiant heat, and it is said to
be radiated from the source of heat.

If, however, the end of a metal bar is heated, a rise of temperature
is soon recognized some distance from the heated spot, and it may
extend throughout the entire length of the bar. The heat is here
transmitted through the particles of the metal, and the molecular vibra-
tion is not merely an instantaneous one passed on, as in the case of
heat rays radiating through air or ether, but continues for some time,
and shows its effect in the rise of temperature. The heat in this case
is propagated by conduction.

1. Conduction of Heat.—We find great differences in the ease with
which bodies conduct heat. Metals,* while they differ considerably
as to their relative conductivities, are
the best conductors, while glass,
resins, and wood are poor conduct-
ors. Liquids and gases are also
poor conductors of heat. Cotton \
wool, straw, and bran are all bad &
conductors. The relatively poor
conducting power of liquids is
shown in the experiment illustrated
in Fig. 35. Snow may be packed in
a test-tube and water put above it.
On inclining the tube, as shown in - — =
the cut, and applying the heat at the Water a non-conductor.
top of the liquid, the water may be made to boil without melting the snow.
Poor conductors of heat are used both for the purpose of retaining heat
and shutting it out from bodies or spaces to be kept cool. Thus, steam-
pipes at all times and water-pipes in winter are packed in asbestos, mag-
nesium carbonate, straw, felt, and other non-conducting materials, to pre-
vent the loss of heat. Ice, on the other hand, is packed in sawdust
or shavings to keep out the heat and prevent its rapid melting. Fire-

PiG. 35.

* ReLATIVE CoNDUCTIVITY OF METALS COMPARED TO SILVER ( APPROXIMATE)

Silver ...ttt 1000 Iron ...oviiiiiiiiiiiiiiiiiias 120
(06513113 SR 736 Lead .................o.anl. 8s
Gold .......ciiiiiiiiiiiiia, 532 Platinum ....................

Brass .......eiiiiiiiiiiiii, 231 Bismuth ...................... 18
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proof safes have the spaces between the inner and outer plates packed
with non-conducting material, so that, while the outer frame may
be heated red-hot, the inner frame does not become heated sufficiently
to injure the books and papers that the safe may contain. Snow is a
bad conductor of heat, and a layer of snow is capable of keeping the
earth under it warm.

2. Radiation of Heat.—That heat rays are propagated without
raising the temperature of the intervening space is demonstrated
by interposing a screen in the path of the rays. The sensation of
heat at once disappears, as the surrounding air has not been heated
by the heat rays passing through it. That radiant heat is propagated
in vacuo can also be shown by experiment, and is in accordance with
probability, as the radiant heat of the sun comes to us through space
outside of the earth’s atmosphere.

Of the laws governing the intensity of radiant heat we need
only note the one that the intensity is inversely as the square of the
distance. We will see later that this accords exactly with the observation
of the nature of the light rays, and shows the close relationship between
them. Radiant heat, when it strikes upon a body, may be reflected,
diffused, absorbed, or transmitted. From polished surfaces, whether
plane or curved, the heat rays are reflected or thrown back. But this
reflection is never complete. Some of the rays are irregularly re-
flected or diffused. On the other hand, bodies which are poor reflectors
absorb the heat rays in large amount. Such bodies, like lampblack,
white lead, and other finely divided substances, absorb the bulk of
the rays which strike upon them. Among transparent substances,
a notable difference exists in the readiness with which they transmit
the heat rays. Rock-salt in transparent plates transmits the heat rays
very perfectly; alum, on the other hand, absorbs the rays and trans-
mits only very few.

3. Convection.—Liquids, as before stated and illustrated, are poor
conductors of heat. When heat is applied to a liquid like water, the
conductivity is so slight that, as shown in Fig. 35, ice or snow con-
tained in the same vessel will not be melted, although the water
may be brought to boiling at the top of the vessel. It is different,
however, when heat is applied at the bottom of a vessel containing
water or other liquid. The layer of the liquid nearest the point
where the heat is applied becomes heated and at once moves upward,
while a current of colder liquid moves downward to take its place.
It is by these currents, which move the particles of the liquid from
one place to another continuously, that the heat is mainly distributed,
and not by the conductivity of the liquid. These ascending and de-
scending currents may be made visible by putting a little bran or
sawdust into the water before applying the heat. This mode of trans-
mitting heat is called convection. Heat is also propagated in gases in
the same way, as their conductivity is equally slight,



CHAPTER V
MAGNETISM

I. MAGNETS, NATURAL AND ARTIFICIAL

A CerTAIN black mineral, magnetite (ferroso-ferric oxide, Fe,O,),
was early known to possess the property of attracting iron or steel.
It was known as magnes, from the city of Magnesia, in Asia Minor,
near which it was first discovered. It was called lodestone (from
the Saxon loedan, to lead) because of the property of leading or point-
ing north and south when freely suspended. Fragments of this min-
eral are now known as native magnets, and the property thus mani-
fested is called magnetism. Native magnets, however, as a rule,
have been replaced in experimental work by the smaller and more
convenient artificial magnets of steel. Soft iron can also be mag-
netized, but, as we will see later, is not adapted for permanent artificial
magnets, as it does not retain the power as well as steel. These mag-
nets are commonly known by the designations bar magnets, mag-
netic needles, and horseshoe magnets. The latter have the convenience
that because of their shape the two ends of the magnet are near each
other, and can be readily covered by a piece of soft iron, known as an
armature, which tends to strengthen and preserve the full magnetic
power of the magnet. It is found, moreover, that in a steel magnet the
magnetic effect does not penetrate very far, so that several bar or
horseshoe magnets, separately magnetized and then riveted together,
are more powerful than a single magnet of the same size as the
compound one. Most powerful are the electro-magnets (page 77).

II. PrROPERTIES OF MAGNETS

The most important property possessed by the magnet, either natural
or artificial, is the power of drawing to it or lifting up pieces of iron.
Iron is not the only metal thus drawn to the magnet. Nickel and
cobalt are also attracted, although in a lesser degree. This influence
of the magnet is not dependent upon the presence of air, nor is it hin-
dered by the interposition of solids, like wood or glass. The attraction
takes place #n vacuo and through non-magnetic solids as readily as under
normal conditions.

Polarity—A piece of iron is attracted with unequal intensity by the
different parts of a magnet. The two ends possess this power in the
highest degree, while the middle of the bar or horseshoe is destitute
of attractive influence. This is seen to advantage if a bar magnet
or needle is dipped into iron filings. Thick bunches of the filings
will adhere at either end, while the central part of the bar is bare
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and free from filings. The ends of the magnets, or points, in which
the magnetic power is concentrated, are called the poles, and the part
of the magnet which is destitute of attractive power is called the neutral
line or equator. Again, if a magnetic needle or bar magnet be suspended
freely, we shall find that one pole will always point to the north and
the other to the south.. Hence we designate one as the north pole and
the other as the south pole of the magnet. On bar magnets they are usually
marked N and S, while on the magnetic needle the north pole is usually
arrow-pointed. '

III. LAws oF MAGNETISM

1. Attraction and Repulsion.—If the two poles marked N of two
bar magnets be brought close to each other, we find no evidence of
any attraction, and if, instead of two bar magnets, we take a freely
suspended or oscillating magnetic needle and approach its pointed
(north) end with the north pole of a bar magnet, we find an actual
repulsion—the north pole of the needle is repelled while the two are
yet some distance apart. If, on the other hand, the pole of a magnet
marked N be approached by the pole of another magnet marked S, the
two are attracted, and on touching hold together strongly. In the
case of the oscillating magnetic needle, a pole of a magnet will cause
the end of the needle of opposite name to swing violently toward the
approaching magnet. These observations are summarized in the law
of magnetic attraction: Like poles repel and unlike attract each other.

2. Location of the Magnetic Power.—If a steel bar magnet be
broken in two at the neutral zone, the two pieces will show the same
polarities as the original magnet, and if this subdivision be continued
until broken into the minutest pieces, the same condition exists in each
of the fragments. According to this, magnetic influence must reside
in the molecules themselves, so that no mechanical subdivision can
deprive them of this property.

3. Magnetic Induction.—A piece of soft iron brought close to a
strong magnet is affected by it more strongly than appears in the
simple attraction. While under the influence of the original magnet
it becomes a magnet itself, and is capable of attracting and repelling
another piece of iron, according to the laws.of magnetic attraction.
This is due to what is termed magnetic induction. The end of the piece
of iron next to the inducing magnet is given a polarity the opposite of
that possessed by the pole exerting the influence, while the end of the
iron farthest from the inducing magnet shows a polarity the same as
that of the pole with which the iron is in contact. This induction
takes place through glass or paper or other non-magnetic substance,
without appreciable loss.

The influence in the case of soft iron is only temporary, and when
detached or removed from the inducing magnet it loses its power
at once. In the case of steel, on the other hand, this power is not imme-
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diately or wholly lost on detaching it from the inducing magnet. This
is due to the fact that while steel has considerable magnetic retentivity,
or coercive force, soft iron has very little. Hence permanent magnets
are made of steel, while electro-magnets (see page 77) are made of
soft iron.

4. Methods of Magnetization.—A bar of steel may be magnetized
either by stroking, which consists in moving one pole of a powerful
magnet from one end of the bar to the other a number of times, al-
ways in the same direction, or by means of the electric current. This
latter is the method usually employed, in which the steel bar is placed
inside a tube of glass or brass (non-magnetic material) which is wound
with many turns of insulated copper wire. Through this wire an
electric current is passed, giving a more or less powerful magnet ac-
cording to the number of turns of wire and strength of the current
(page 77).

5. Lines of Magnetic Force.—If a bar magnet be laid upon a hori-
zontal surface like a table, and covered by a glass plate or a sheet of

PiG. 36.

Magnetic curves.

card-board, upon sifting over the glass or card-board fine iron filings
we will find that they arrange themselves in peculiar curves, as illus-
trated in Fig. 36. These are known as the lines of magnetic force, and
indicate the lines in which the influence of the magnet is felt. It will
be noticed that they seem to radiate out from the neighborhood of
the two poles, and that the curved lines from the two poles join and
make a series of circles enclosing the neutral line of the magnet. These
curves thus formed by the iron filings, however, do not indicate that
the magnetic force is felt in narrow lines only, but they mark its direc-
tion. The entire space around each of the poles is permeated by this
influence, and is, therefore, known as the magnetic field. The strength
of the attraction within this field is governed by a law of distance similar
to those noted under heat and light. It is expressed as follows:
Magnetic attraction or repulsion varies inversely as the square of the dis-
tance through which it acts.
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IV. THE EARTH As A MAGNET

If a needle be suspended so as to hang horizontally, then when
magnetized it will dip downward. If we follow a line approximately
near the equator, the needle will rest in a horizontal position (mag-
netic equator, or aclinic line). If we proceed northwards, then the
north pole of the needle will begin to dip (incline downwards), which
increases as we approach the north magnetic pole. In the southern
hemisphere the dipping of the needle takes place in the contrary
direction—that is, the south pole of the needle dips below the hori-
zontal line. The angle which the magnetic needle makes with the
horizontal line is called its inclination or dip. The magnetic poles of the
earth (not geographical) are those places where the dipping needle as-
sumes a vertical position (9o°). The north magnetic pole has been located
near Melville peninsula, in the Arctic ocean, while the south pole is
about 154° east longitude and 7514° south latitude. It will be seen
that the magnetic poles of the earth do not agree in position with the
geographical poles. Hence the needle does not in most places point
due north and south or in a line determined by the north star. The
angle which the needle makes with the geographical meridian is known
as the angle of declination. It is found that this angle differs at different
places, and that for any one place it changes slightly from year to year.
The magnetic axis of the earth is slowly oscillating. -

V. APPLICATIONS OF MAGNETISM

Permanent magnetism has few applications compared with those
that have been found for electro-magnets. These will be noticed
farther on. The most important application of the permanent mag-
net is in the form of the mariner’s compass. In this the freely oscillating
magnetic needle is mounted in such a way that under the influence of the
earth’s directive action it is made to indicate the direction in which a
ship is moving. For this purpose one or more magnetic needles are
attached to the under surface of a circular disk of card-board or mica,
upon the upper surface of which are marked the thirty-two points of
the compass. This disk is supported upon a delicate pivot moving
in an agate cup, so that it responds to the slightest change of
course of the ship. With the general introduction of iron and steel
ships the use of the compass would seem to be attended with great
difficulty, because of the local attraction for the needle. It has been
found possible, however, to correct this local influence so as not to
interfere with the accuracy of the directive action of the needle. The
compass is supposed to have been known to the Chinese long before its
introduction into Europe in the twelfth century.

Permanent magnets, as well as electro-magnets, are also used in
separating magnetic iron ore from accompanying sand and crushed
rock material, and in picking out small particles of scrap iron from
malt and grain before crushing.



CHAPTER VI

ELECTRICITY

ELecTrICITY is known to us only by its effects and various manifes-
tations. Like energy, it can neither be created nor destroyed, but is
capable of being moved from one place to another and put under
stress. In some of its deportments it is like an incompressible fluid
pervading all space, in others a highly attenuated ether, and, if not
identical, it is closely related to luminiferous ether. According to
Maxwell, light itself is an electric phenomenon and light waves are
electro-magnetic waves. The importance of electricity may be meas-
ured by the fact that an expenditure of energy of one kind (mechanical
or chemical) can be made to reappear as electrical energy readily con-
vertible into heat, light, or other useful form of energy.

According to its methods of production and various manifestations,
electricity will be considered under the following heads—namely, static,
dynamic, and thermal.

‘(A) SraTic or FricTIONAL ELECTRICITY

Thales of Miletus (500 B.C.) was probably the first who mentioned
that when amber is rubbed it acquires the property of attracting light
bodies, such as bits of paper, feathers, pith balls, etc. It was not
until the sixteenth century that Dr. Gilbert, an English physician,
showed that many other substances, as sulphur, resin, shellac, glass,
rock-crystal, etc., possess like properties with amber. He applied the
name electrics, from yplsxrpov (elektron), the Greek name for amber,
to all such substances.

1. Conditions of Production.—If a stick of sealing-wax, sulphur,
or hard resin be rubbed briskly with a piece of flannel, it will acquire
the property of attracting light bodies, like slips of paper, feathers,
pith balls, etc. A glass tube carefully dried and rubbed with a silk
handkerchief will show similar phenomena. In a dark room the
bodies so rubbed often appear slightly luminous, and-sparks are
sometimes given off when they are touched. It is evident that these
are manifestations of a new form of energy developed by the fric-
tion of the two bodies and distinct from heat, which may be devel-
oped at the same time. The generally received explanation of this
change of energy into a new form is that friction and the other
means referred to disturb the neutral condition in which the mole-
cules of bodies ordinarily exist, and develop therefrom two oppos-
ing influences, which give us the so-called “ electrical ” phenomena.
These influences may be designated as positive and negative, or vitreous
and resinous electricity.
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The development of electricity of either kind in a body is said to
give it a certain potential as compared with another body, either electri-
fied or unelectrified. A body charged with positive electricity is said
to have a positive potential, while a body negatively charged has a
negative potential. These opposing charges may be equal, in which
case, when the two bodies are brought into contact, they neutral-
ize each other, and leave the bodies unelectrified, or they may differ
in potential, in which case a residue remains of the stronger charge.

If instead of rubbing resin or glass we rub metals with flannel or
silk, apparently no electrical effects are produced. This want of
electrical excitement is, however, only apparent. If a metal tube is
provided with a glass handle by which it may be held and is then
rubbed with silk or flannel, it becomes charged with static electricity.
Its seeming inability to become electrified is due to the fact that
it is a conductor of electricity, and hence the charge passes off rapidly
into the hand or the object with which it was in contact. We may, there-
fore, distinguish two classes: conductors, like metals, water and aqueous
solutions, plants and animals, and non-conductors, like silk, glass, resins,
rubber, and dry air. Non-conductors are also often called insulators,
as they prevent the loss or dissipation of a charge of electricity accum-
ulated upon a conductor. Glass and hard rubber are thus used in
practice. When a stick of shellac is rubbed with a piece of flannel,
both become electrified, the shellac taking the negative charge of
electricity and the flannel the positive charge. On the other hand,
when glass is rubbed with silk, both likewise are electrified, but the.
glass takes the positive electricity and the silk the negative electricity.
Both these results are, however, explained if we arrange the sub-
stances referred to consecutively in what is known as a potential
series. In this list the substances are named in such order that any
one becomes positively electrified when rubbed with one of the bodies
following, but negatively when rubbed with one of those which pre-
cede it:

1. Cat's skin. 7. Silk. 12. Sealing-wax.
2. Flannel. 8. The hand. 13. Resin.

3. Ivory. 9. Wood. 14. Sulphur.

4. Rock-crystal. 10. Metals. 15. Gutta-percha.
5. Glass. 11. Caoutchouc. 16. Gun-cotton.
6. Cotton.

2. Laws of Electrical Attraction and Repulsion.—In order to ascer-
tain whether a body is electrified or not, we employ either the electric
pendulum or electroscope* (Fig. 37). By means of these we are also

* The gold- or silver-leaf electroscope is far more sensitive than the pith
ball. It consists of a glass jar closed at the top with a cork through which
passes a metallic rod surmounted with a ball of metal, and at the lower extrem-
ity are attached two gold- or silver-leaf strips. The jar itself is covered with
a non-conducting varnish. If an electrified body i¢ brought near to the ball of
electroscope, the former acts on the latter by induction, attracting the oppo-
site kind of electricity into the ball and repelling the same kind (as the excited
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able to distinguish between positive (4) and negative (—) electrifi-
cation. If a warm dry glass tube be rubbed with a piece of silk and
then presented to the electrical pendulum, which consists of a pith
ball suspended by a silk thread, it will be attracted-at first, whereby
it receives a positive charge from the glass, then, almost immediately
afterwards, the ball is repelled, since it has Fic. 37.

become charged with the same kind of

electricity as the glass. If now a stick of -k

sealing-wax be excited with a piece of

flannel and be brought near to the charged

pith ball, the latter is attracted to the former

because the wax is negatively charged. From

these experiments we will observe that un-

electrified bodies are attracted by electrified

ones, and that when both are charged with

the same kind of electricity repulsion takes

place; when the charges are of opposite

kind attraction results.* The laws of elec-

trical attraction and repulsion are as follows:

1. Electrical charges of like name repel Electroscope
each other ; electrical charges of opposite name attract each other.

2. The force with which each of the two charges attracts or repels
the other is directly proportional to the product of the two quantities
of electricity and inversely as the square of the distance between
them.t

3. Electrification by Influence.—A body charged with either posi-
tive or negative electricity will exert an influence upon unelectrified
bodies in the neighborhood and decompose the neutral condition ex-
isting in them, attracting to the surface next to the electrified body
a charge the opposite to that which it contains (see Electroscope,
Fig. 37). At the same time the decomposition of the neutral condi-
tion sets free both kinds of electricity, and while one is drawn towards

body) into the gold or silver leaves, both of which, being charged alike, will
diverge. To ascertain the kind of electricity in a body, the electroscope is elec-
trified with the body in question, then with the finger touch the top knob while
the leaves are diverging, and remove the finger before taking away the exciting
body. When this latter has been removed the electricity retained in the ball
spreads over the rod and leaves, causing them to diverge. Now excite a glass rod
(+) with a piece of silk and let it touch the electroscope ball; if the leaves diverge
more, their charge was positive and that of the body in question was negative;
if the leaves collapse, the body must have been charged positive.

* The electrical charge of a pith ball or electroscope may be removed by touch-
ing with the finger, provided it is not within the influence of an electrified body.

+In the first case, if we have one body given a charge of 2 and another one
of 3, the force between them will be 3 X 2 = 6 times as great as if each had a
charge of 1. In the second case, if two small electrified bodies 1 centimeter apart
repel each other with a certain force, and this distance is increased to 2
centimeters, the force exerted will be only }4 as great, and at 10 centimeters
it ;vill be only Y/, part. This law of inverse squares'is true for small bodies
only.

S
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the original electrified body, the other is driven towards the farther
extremity of the body which comes under its influence. Such action
is called induction, and by its means a body once electrified by friction
is capable of exerting an influence upon surrounding bodies and develop-
ing in them corresponding charges. If this induced electricity is drawn
off by suitable conductors and the body again presented in the neutral
condition, fresh inductive action will develop fresh charges, and in
this way notable charges of both positive and negative electricity can
be accumulated. The various newer forms of frictional electrical
machines are based upon the principle of repeated induction develop-
ing anew fresh electrical charges.

4. Electrical Machines.—In the older forms of electrical machines
we have simply a circular plate or hollow cylinder of glass, which
is rotated rapidly while pressing against pads of silk or leather. These
latter are coated with an amalgam or with a bronze powder (stannic
sulphide), and by their friction with the glass develop electricity.
The plate becomes charged with positive electricity, which is taken
off by a metallic comb and accumulates on a brass knob known as
the prime conductor, while the pad which presses on the glass plate

PiG. 38.

P1G. 39.

Back fixed disx Front rotating
with field plates on disk with carriers
back. on front.

Toepler-Holtz electrostatic machine.

receives a negative charge which accumulates on a second insulated
metallic conductor. A spark may now be taken from either of the
insulated conductors. If, however, the conductor which received the
negative charge be * grounded "—that is, connected with the floor
or table by a metallic chain—the potential of the positive conductor
becomes greater, and longer sparks can be taken from it. A newer
and more powerful form of frictional machine is the Toepler-Holtz
(see Fig. 38), which is in reality a combination of two induction ma-
chines. On the back of a stationary glass plate are two cards, A and B,
which act as inductors, and on a smaller revolving glass plate in front
of the former are pasted a series of tin-foil carriers (see Fig. 39), each
of which has in its center a button designed to serve as a contact. A
stationary metal rod, 2z, crosses diagonally in front of the moving
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plate, and to this are attached flexible wire brushes, n, n,. As the
movable glass plate revolves, these brushes touch the two tin-foil car-
riers, which are at diagonally opposite positions on the plate, and re-
move the induced charges from them. As these carriers come around
in front of the inductor cards they touch metallic brushes, ¢, ¢,, which
make contact with the inductors through metallic rods, and thus re-
charge them with positive and negative electricity respectively. The
cards then act inductively upon the revolving glass plate again and
cammunicate to it fresh quantities of the two forms of electricity to
be taken up by the brushes of the diagonal rod. The metallic con-
ductors attached to the stationary plate terminate in knobs, b, b,,
between which a discharge of sparks is kept up while the other plate
is in revolution. These conductors are provided with insulating han-
dles of hard rubber, and are made to slide in and out of metallic sockets,
so that the distance between the discharging knobs can be lengthened
or shortened according as the difference of potential between the posi-
tive and negative charges becomes greater or smaller. The discharg-
ing knobs, p, and p,, communicate also with two small Leyden jars,
J, and J,, the purpose of which is to accumulate the charges before any
discharge takes place. Without them the discharges between the knobs
of the prime conductors are continuous and short, while with them
the sparks are longer, more brilliant, and louder.

5. Electrical Condensers.—If two metallic surfaces be brought near
to each other and yet be kept apart by some insulating medium, we
may, by charging one with either positive or negative electricity, cause
a charge of opposite name to accumulate in the other by in-
duction. Hence such a combination is called an electrical
accumulator, or condenser of electricity. The simplest form
would be a pane of glass coated on either side to within an
inch of the edge with sheets of tin-foil. More generally a
glass jar is used, and this is coated within and without with
tin-foil for about two-thirds of its height. Through a cork or
wooden cap passes a metal rod

Pic 40.

terminating above in a knob and Fio. 41- "
ending below in a metallic chain : O,

which is long enough to touch s
the inner tin-foil on the bottom Leyden jar discharger.

of the jar. Such is known as a Leyden jar. It may be charged by grasping
it in the hand around the side and then holding the projecting knob to one
of the prime conductors of the electrical machine. This charges the
inner coating with that kind of electricity which had accumulated on the
prime conductor, and at the same time the outer coating by induction
takes a charge of the opposing kind. The jar may then be placed upon a
table and the charges will remain with little loss for quite a length of time,
but if contact is made between the inner and the outer coatings by
metallic conductor (Fig. 41) or through the body, the two opposing
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electricities at once unite and the jar is discharged. The charge of the
Leyden jar resides on the outside and inside surfaces of the glass and not
on the metallic coating. This may be proven by means of a dissected
jar, as shown in Fig. 42, in which two tin cups serve as substitutes for
the outer and inner coating of tin-foil. When the cups are in place
the jar is charged and set on an insulated surface (glass or rubber),
then the inner cup with hook is removed, and by in-
verting the glass tumbler is removed from the outer

tin cup. It will be found on testing with a pith ball
that the two surfaces of the glass are oppositely elec-
trified, while no trace exists on either of the two tin
cups. On putting together again the jar will be found
to be still highly charged. When a Leyden jar is

P1G. 43.

heavily charged, care must be taken in handling, to
avoid touching the knob with one hand while holding
with the other, as the shock experienced may be very
severe.

6. Electrical Discharge and its Effects.—The
effect of the spark discharge depends very much upon
the nature of the body through which the discharge
takes place. Its mechanical effects are seen most
readily in the case of bad conductors. These are often
shattered. Thus it is possible to pierce card-board or
leather readily with the aid of the discharge from the
Holtz machine. A glass plate may also be pierced in
this way. The discharge of atmospheric electricity
during a thunder-storm, as seen in the lightning flashes, however,
gives us the mechanical effects on the grandest scale. The thunder-
cloud and the earth constitute the two parts of a huge condenser.
When the difference in potential has become sufficiently great to cause
the discharge to take place through the intervening air, we have the
lightning stroke which rends the tallest trees as well as buildings
which stand out prominently or in exposed positions. Protection
against this lightning discharge is sought in the case of tall edifices
by the use of metallic conductors, which, while insulated from the
building, are connected with the ground. These serve to withdraw an
electrical charge of opposite kind to that of the storm cloud, from the
earth, restoring thereby the cloud to its neutral state.

The physiological effects of the spark discharge consist in sud-
den vibrating shocks felt when a Leyden jar is discharged through
the person, and in a sharp, prickling sensation felt on the knuckles
or fingers when the prime conductors of a plate machine are touched.
With large jars or a strong induction machine the spark discharge
may be quite dangerous. As will be seen later, this peculiar physio-
logical effect belongs to the spark discharge, whether from the fric-
tion machine, the Leyden jar, or the secondary current of the induc-

Dissected Leyden jar.
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tion machine, because in all these cases the electricity is manifested
under high difference of potential or tension.

The luminous effects of a spark discharge vary with the potential
of the two kinds of electricity and the medium through which the spark
passes. Thus, in ordinary air the spark is white and brilliant, in
rarefied air it is reddish, and in vacuo it is violet. Rarefied gases, like
hydrogen, nitrogen, and carbon dioxide, also cause the spark to show
in different colors (see page 85).

The spark passed through inflammable liquids, like alcohol or ether,
inflames them; the spark will ignite ordinary illuminating gas, as is
seen in many forms of domestic gas-lighting apparatus; when the
spark is passed continuously through a wire, although relatively a
conductor, the wire still becomes heated. Magnetic effects are also
observed. A steel bar or needle may be magnetized if placed inside a
tube around which is coiled a wire, through which the spark discharge
is made to pass. We will see later, under Voltaic Electricity, that
powerful electro-magnets are made in an analogous manner.

Lastly, the chemical effects of the spark discharge are the effect-
ing of chemical decompositions and recombinations of the elements.
Thus, if the spark is passed for a time through dry ammonia gas, (this
is decomposed into hydrogen and nitrogen. On the other hand, the
spark discharge will cause the union of hydrogen and chlorine or hydro-
gen and oxygen when admixed as gases. Among chemical effects
must also be noticed the ozonizing of the oxygen of the air through
which the discharge takes place. This is readily recognized by the
odor which is aways noticed in the neighborhood of the plate electri-
cal machine.

(B) Dynamic ELEcTrICITY

The electricity hitherto spoken of is known either as static electricity,
because it remains, when collected, upon the object charged, or elec-
tricity of high tension, because it accumulates upon neighboring con-
ductors until a high tension or difference of potential is reached, when
it is discharged by the passage of the spark. Differing from this in
its form and manifestations, although not in identity, is dynamic
(from 8dvapues, power), or electricity of chemical action, so termed
because of its various manifestations of power. Synonymously we
also employ the terms galvanic, voltaic, current, and chemical electricity.
Under this general heading magneto- and thermo-currents will be con-
sidered.

Galvani, an Italian, was the first (1780) to discover this new method
of generating electricity, and Volta the first to construct a battery,
known as Volta’s Pile, which consisted of a series of alternate zinc
and copper plates placed one above the other and separated by felt
moistened with brine.
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1. Simple Voltaic Cell or Couple.—After a century of constant
experiment, scientists still employ the same metals and arrangement
in series as Volta, only superseding the moist felt with an acid fluid.
If a plate of zinc, z (see Fig. 43), and one of copper, c, are dipped
in dilute sulphuric acid, bubbles of hydrogen gas will collect on
the surface of the zinc, which after a time gradually disappear. If
we now connect the two plates by means of a wire, the chemical
action becomes more violent and a greater amount of hydrogen is
liberated ; but this time it is disengaged at the surface of the copper
instead of the zinc. The latter serves as fuel for generating, while
the former collects the current. The production of a current in this
case is entirely due to the chemical action which ensues when two
dissimilar metals are moistened with the same fluid, one metal being
more susceptible to the action of the fluid
than the other. If the two wires attached
to the plates be separated, electrical action
ceases; if they are brought near enough
together in the dark, a small spark is seen
to pass between them. The joining of the
two wires—that is, the establishment of
communication between the metals of a
cell—is called closing the circust; the sep-
aration of these, breaking or opening it.
The metal which is the more energetically
acted on by the liquid (in this case the
zinc) is called the generating (or soluble)
plate, while the other (the copper) is the
conducting plate. The current passes
through the liquid from the zinc to the
copper, and above through the wires from
the copper to the zinc, thus forming a complete circuit. The ends of the
wires, A c, leading from the plates are called the poles or electrodes; the
one connected with the zinc, or generating element, is called the cathode or
negative (—) pole, while that of the copper, or conducting element, is the
anode or positive (+) pole.

2. Electro-motive Series.—As already stated, a current results
when two different metals are placed in a fluid which acts on one
more strongly than the other. The generating plate is of higher
potential* while the collecting plate is of lower potential. This differ-
ence of potential produces electro-motive force* which varies between

Pic. 43.

Simple voltaic cell.

* Potential, in the physical sense, is that condition of matter by virtue of which
it is capable of exerting physical force. Thus, a body of water may, by the expendi-
ture of a definite amount of energy, be forced to some height into a reser-
voir. This mass of water, by virtue of its position, retains the same energy
which has been expended upon it. It has acquired the power to do work;
it possesses potential energy. As this water in returning to its former state of
equilibrium flows from a higher to a lower level, so electricity flows from
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different metals. Various metals have been arranged in a series which
expresses their relations to one another in this respect. Such a table
is called the electro-motive force series.

+ 1. Zinc. s. Iron. 9. Copper.
2. Cadmium. 6. Nickel. 10. Silver.
3. Tin. 7. Bismuth. 11. Platinum.
4. Lead. 8. Antimony. 12. Graphite (gas carbon).—

These elements are arranged with the electro-positive at one end
and the electro-negative at the other. If any two of these be placed
in dilute acid, the current will pass from the lower to the higher
(number). Thus, iron is electro-negative to zinc and positive to
copper, while silver is negative to zinc and positive to platinum.
The E.M.F. is greater in proportion as the metals are distant from
each other in the series; for this reason batteries of zinc and platinum
(or carbon) give the greatest electro-motive force.

3. Local Action and Polarization.—Zinc when placed in water de-
composes it, forming zinc oxide, and hydrogen is set free. This
action is of very short duration, owing to the coating of the metal
with an insoluble film of oxide. The employment of dilute sulphuric
acid obviates this by dissolving the oxide as rapidly as it is formed,
leaving the surface free. Chemically pure zinc does not react with
dilute sulphuric acid until the circuit of the cell is closed. Com-
mercial zinc, which is very impure, reacts constantly with the acid,
whether the circuit is open or closed ; hence a great waste takes place
without contributing anything to the quantity of electricity generated.
The presence of these impurities, which usually consist of iron, lead,
cadmium, etc., induces the generation of local currents independent
of the copper, because these metals are electro-negative to the zinc.
This waste of local action may be prevented by amalgamation, which
consists in rubbing the surface of the zinc plates (which have been
cleaned with soap and dilute acid) with mercury.

Polarization is a troublesome feature of the simple voltaic cell. It
is due to the accumulation of a film of bubbles of liberated hydrogen
over the surface of the copper plate. As this increases, the current
weakens and finally ceases. The chief cause of this weakening of
the current is the setting up of an opposing electro-motive action,
for the hydrogen gas is electro-positive to the copper, and tends to
start a current in the opposite direction to the regular one. To avoid
this polarization it is necessary to suppress the accumulation of hydro-
gen. This is usually accomplished by chemical means, which con-
sists in introducing into the cell some substance that possesses a

bodies of a higher to those of a lower potential. We measure the heat poten-

tial of a body by the effect it can produce on temperaturs, the electrical
" potential of a body by the electrical force or pressure it is capable of exerting.
This force or power which tends to move electricity from one place to another,
due to a difference of potentials, is called the electro-motive force (EM.F.). The
unit of EMMLF. is the volt, which represents the power of a current to overcome
resistance.
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strong chemical affinity for the hydrogen, thereby removing it with-
out interfering with the working of the cell. The various means
whereby this is accomplished will be explained under the individual
cells, which, in view of this, are divided into two general classes—
namely, one- and two-fluid.

4. Voltaic Cells.

OnNEe-Fruip CeLLs.—Though simpler than the two-fluid cells, these
are subject to polarization to a greater or lesser degree. However, if
allowed to rest at frequent intervals, they rapidly regain
their original strength. These one-fluid batteries are espe-
cially adapted for “open-circuit” service, such as electric
bells, signal circuits, etc., where the current is required only
momentarily.

The Bichromnate Cell—A convenient form is known as
the Grenet Dip Battery (Fig. 44). This consists of two
carbon plates, c ¢, with a zinc, z. This latter is attached to a
sliding rod, so that it can be raised out of the fluid when not
in use. The exciting fluid consists of potassium bichromate
(9 parts), sulphuric acid (25 parts), and water (66 parts).
Polarization is prevented through the reducing action of
Bichromatecells- the liberated hydrogen on the chromic oxide.*

The E.M.F. of this cell is about 2 volts. It loses in intensity when
used for long periods, but regains it when allowed to remain out of
action for a time.

The Leclanché Cell (Fig. 45).—This consists of an inner porous
earthen cup which contains a carbon plate packed in fragments of coke
and manganese dioxide. The top is covered with a
layer of pitch. The positive plate is a rod of zinc,
which dips in an exciting fluid consisting of a
saturated solution (6 ounces to a quart jar) of sal
ammoniac contained in the outer glass jar. Through
the action of the salt on the zinc a double chloride
of zinc and ammonium is formed, while ammonia
and hydrogen gases are liberated at the carbon
pole. The hydrogen combines with the oxygen
evolved by chemical action from the depolarizer
(manganese dioxide), and forms water. If electric
action is continued for too long a time, excessive
quantities of hydrogen collect and polarization en-
sues, for the oxygen is not developed with sufficient
rapidity ; hence short periods of rest are necessary. The great popularity
of this cell may be judged from the variety of forms in which it appears on

Fi1G. 44.

F:G. 45

Lecl’anché cell.

* The chemical action in the exciting solution is K,Cr,0, + 7H,SO, = 2CrO,
+ K,SO, + H,0 4+ 6H,SO,. When in action it is as follows
(a) 3Zn + iH.SO. = 3ZnSO, + 3H,.
(b) 2CrO, + 3H, = Cr,0, + 3H,O.
(¢) Cr,0, + 3H,SO, = Cr,(S0O,), + 3H,0.
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the market. It does not require renewing for months, or even years. The
EM.F. of this cell is about 1.43 volts. Other kinds of one-fluid cells are
the Smee, Wollaston, and mercuric sulphate batteries.

Two-FLuip CeLLs.—These are known as “ closed circuit” or * con-
stant ’ batteries, because of the constancy of their action when in con-
tinuous use, such as is required in telegraphy, electro-plating, etc. In
these cells the conducting element (copper, platinum, or carbon)
is immersed in a fluid which is capable of suppressing the hydrogen,
while the soluble element (zinc) is surrounded by a fluid capable of
combining with it.

The Daniell Cell (Fig. 46).—This is one of the oldest and best two-
fluid cells in use. The outer glass vessel contains a solution of copper-
sulphate kept saturated by adding some crystals of the
salt. In this is placed a perforated cylinder of copper.
Inside of this cylinder is set the porous earthenware cup
containing dilute sulphuric acid and a small cylinder or
rod of amalgamated zinc. The chemical reaction, when
in use, is as follows: Hydrogen is liberated by the oxida-
tion of the zinc, and passes through the porous cup to the
copper sulphate solution, which it decomposes into metal-
lic copper and sulphuric acid. The former is deposited
on the copper element, while the latter passes to the zinc
to replace that already consumed in forming zinc sul-
phate. This reaction with the current will continue as long as the outer
vessel is provided with copper sulphate. The hydrogen is thus entirely
suppressed and depolarization is complete. The E.M.F. of this cell
is 1.1 volts. The Meidinger and Crowfoot cells are modifications of this.

The Bunsen Ccll (Fig. 47).—This consists of an

"malgamated zinc cylinder immersed in dilute sulphuric
cid contained in a jar. Within this is a porous cup con-
aining a rod of hard gas carbon immersed in strong nitric
cid. The “ Grove” cell differs from this only in the
eplacement of the carbon by a strip of platinum. The
iydrogen liberated by the zinc passes through the cell and
inites with a portion of the nitric acid, forming water
nd decomposing the acid. The production of fumes
'N,0,) is the chief objection to this excellent and
powerful cell. The E.M.F. is 1.93 volts.

Bunsen cell. 5. Electrical Units.—When electricity is passing,
even though it be through what we call a conductor, it meets with resist-
ance.* For purpose of comparison it is desirable to have a uniform method

F1G. 46.

Daniell cell.

Fic. 47.

* Various metals differ materially as conductors; thus, silver is the best, and
is followed in order by copper, aluminum, zinc, brass, iron, etc. The better
the conductor the less the resistance. Again, a difference in dimensions of
a given conductor offers differences in resistance; for example, taking two
round copper wires of the same diameter, one 100 feet in length will offer
twice as much resistance as will one of 50 feet. If we have two round cop-
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of measuring this. The unit of resistance is called the Ohm, and is the re-
sistance of a column of pure mercury, having a section of one square milli-
meter and a length of 106.3 centimeters, at a temperature of 0° C. For
convenience, coils of wire with a known resistance in ohms are used.
These are known as resistance coils, and are prepared in sets, so
that any resistance within quite wide limits can be measured with
their aid. It is by such means that the location of a break in the
ocean telegraph cable can be ascertained so that the cable may be
grappled for and repaired.

. The unit of current strength is called the Ampere. It is the rate
of flow of a current which under the electro-motive force (pressure)
of one volt flows through a circuit which offers a resistance of one
ohm. An ampere of current will deposit 0.327 milligram of copper
a second, or 1.177 grams per hour. The current is also often meas-
ured by the amount of hydrogen and oxygen liberated within a given
time by the electrolysis of water.

The pressure, or difference of potential, which causes the electricity
generated in a battery or cell to overcome the resistance of the cir-
cuit and so effect its passage, is called its electro-motive force. The
unit of electro-motive force is called the Volt. It is the pressure re-
quired to maintain a current of one ampere through a resistance of
an ohm; practically, it is represented by the E.M.F. of the Daniell
cell.

The instruments employed for measuring the amperage and volt-
age of currents are called ammeters (ampere-meters) and woltmeters,
and are explained on page 79. The relation of these three units is
expressed in Ohm’s law. The Current (in amperes) is equal to the
Electro-motive Force (in volts) divided by the Resistance (in ohms).
Any two terms being known, the third can be calculated; for, if

— E — _ E
C—R,thenE_CXRandR— C?

per wires each 50 feet long, and one has twice the diameter of the other,
the smaller one will have twice the resistance. So the greater the length the
greater will be the resistance, and the greater the diameter the less the re-
sistance.

t Examples: :

1. What will be the resistance of a conductor through which a current of s
amperes is passing under a pressure of 30 volts?

0
R = 3 = 6 ohms.

2. How many amperes will flow through a conductor having a resistance of
10 ohms under a pressure of 110 volts?

C—II 11 am
— — S r .
o peres

3. How many volts of pressure will be necessary to force 10 amperes through
a resistance of 2 ohms?

E = 10 X 2 = 20 volts.
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6. Battery Formation.—A number of voltaic cells may be coupled
together for the purpose of increasing the quantity and intensity of
the current. Such an arrangement is called a woltaic battery. The
coupling may be effected in several ways. Two methods, however, de-
mand attention—namely, the series and parallel couplings. When joined
“in series,” each zinc is joined to the copper or carbon of the next cell,
and so on to the end of the line, the one terminal being a zinc and the

other a carbon or copper plate; thus, ;:-.’-.Fqi

If the external circuit resistance (R) is great, the intensity is proportional
to the number (n) of cells; C =~%.

If the external resistance is small, series coupling presents no advantage
over one cell, for C = 'E (r = internal cell resistance).

When joined “ parallel,” all the zincs are coupled together and all

the coppers or carbons together. mH + This ar-

rangement does not give any greater E.M.F. (voltage) than one cell, for
the conditions are as though we had but one huge cell with very large
zinc and copper (carbon) plates.

Ii the external resistance is great, the intensity is the same as one cell,

for C= : If the internal resistance is small to that of the cells (r), the current
is proportional to their number, for C = —"-E—
n+r

If the external resistance is great, the elements are arranged in series.
If small, then parallel, to get as great intensity as possible.

7. Accumulators, Secondary or Storage Batteries (I'ig. 48).—In
these the electrical energy furnished is due to
an expenditure of chemical energy within the
cell. Chemical energy, and not electricity, is
stored. The form of accumulator more com-
monly in use is made by filling the openings of
two leaden grids with a paste of red lead
(Pb,0,) and dilute sulphuric acid. When this
has hardened, the plates are placed in a vat of
acidulated water and a dynamo current is
passed through, the direction of which is
changed from time to time, until the red lead
on the anode plate has been converted into a
semi-porous film of brown peroxide (PbO,),
and that on the cathode plate has assumed a Accumulator.
state of spongy metallic lead (Pb). We now have two different ele-
ments (PbO, and Pb), which may be coupled with others, if desir-
able, and placed in a container with dilute sulphuric acid as excitant.

Fi1G. 48.
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A layer of felt may be placed between the grids. The chemical
reaction that takes place during the discharge is the transferrence
of one atom of oxygen from one plate (PbO,) to the other (Pb),
whereby lead oxide (PbO) is produced; and as soon as both plates
are alike (PbO) the current ceases. The sulphuric acid present con-
verts the lead oxide of both plates into lead sulphate. The plates
are recharged by immersing in acidulated water and passing the
current through in alternate directions, whereby the lead sulphate is
reconverted into lead peroxide and spongy lead with liberation of
sulphuric acid. The capacity of an accumulator is measured in terms
of ampere-hours. A cell of the capacity of 100 ampere-hours will fur-
nish a current of 1 ampere for 100 hours or 2 amperes for 50 hours
or 4 for 25 hours (see page 452).

The cheap Dry Cell, which has become popular for running electric
bells and circuits, is based on that of Obach, which consists of an
outer cylinder of zinc, which serves as a case. This is lined inside
with a layer of plaster of Paris, saturated with sal ammoniac, kept
separate from the inside contents by a layer of paper. The core,
or central portion, contains a carbon cathode embedded in a mixt-
ure of manganese dioxide (MnO,) and ground retort carbon.

8. Effects of Current Electricity.—The main distinctions between
the frictional current or discharge and the current developed by vol-
taic action are in tension or difference of potential and in amount of
the current. Frictional electricity is of high tension but small in
total amount, while the voltaic current is of low tension but greater
in amount as measured in amperes. Hence the effects will differ
somewhat. The mechanical effects of voltaic electricity are very
slight as compared with those of frictional electricity. The physiologi-
cal effects are also, as a rule, very much milder than those of the
spark discharge. The® wires from a voltaic battery of a dozen cells
may be held in the hands without appreciable shock, but a tingling
sensation is felt from very strong currents, and prolonged contact
with the wires has an exciting effect upon the nerves. The heating
effects are dependent, of course, upon the resistance which the cir-
cuit offers to the passage of the current and to the amount of current
passing. With good conductors like copper, of sufficient section,
the heating effect is slight; with wires of insufficient section, or with
poor conductors, like platinum, iron, or German silver, the resist-
ance becomes relatively great and the wire becomes strongly heated.
It is thus possible, with relatively moderate currents, to fuse a thin
platinum wire which may be interposed in the circuit. The luminous
effects of voltaic electricity are obtained under two distinct conditions:
First, when two wires from the electrodes of a battery are brought
together, thus closing the circuit, a spark is seen at the point of
contact, often of great brilliancy. This is also seen on breaking the
circuit. Secondly, the resistance offered to the passage of the cur-
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rent through a poor conductor often heats the latter to such a de-
gree that it becomes luminous. Both of these methods of obtain-
ing luminous effects, we will see later, are practically applied in elec-
tric lighting.

The chemical effects of the battery current are notably more im-
portant than are those of frictional electricity, because the greater
amount of electricity and the duration of the current in the first case
make possible effects not to be attained in the other case. Thus, the
current passed through acidified water, as shown in Fig. 49, will
decompose it into its constituents, hydrogen and oxygen gases, by
a process termed electrolysis. Similar results are obtained with solu-
tions of many chemical salts. This will be more fully treated of
later under the electro-deposition of the metals, or electro-metallurgy.

ELECTRO-MAGNETICS

9. The Electro-Magnet.—Soft iron bars become magnetic when
brought near to wires carrying a galvanic current, the magnetism

Fi1G. 49. F1G. s0.

Electrolysis. Electro-magnet.

lasting as long as the current continues, while steel becomes perma-
nently magnetic. If an insulated wire be coiled around the bar, the
magnetic effect will be increased in proportion to the number of coils.
To make a powerful horseshoe magnet, therefore, it is only neces-
sary to take a bent or two short bars of soft iron joined at one end
by a cross-piece of similar metal, surround these bars by coils or
bobbins of insulated wire, and pass a current through the coils. While
the current passes we have, as shown in Fig. 50, a powerful magnet,
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but, as soft iron has little or no coercive force, the moment the cur-
rent ceases the magnetism of the iron cores disappears. The coils
should be wound or connected so that the current passes around
one coil in one direction and around the other in the opposite direc-
tion, in order that one shall form a north pole and the other a south
pole. Electro-magnets are used in almost all forms of practical elec-
trical aparatus.

The Galvanometer—In 1819 Oersted made the discovery that a mag-
netic needle tends to set itself at right angles to a wire which carries
an electric current, and that this deflection is governed by the direc-
tion of the current. For example, if an insulated copper wire at-
tached to both poles of a battery is held above and parallel to a mag-
netic needle, and the current flows along from north to south, it will
cause the north end of the needle to turn eastward (Fig. 51); if the
current flows from the south to the north in the wire, the north end
of the needle will be deflected westward. If the wire is held below

Pic. s1.

Influenceof current on compass.

the needle, the movements of the needle will be reversed—that is, the
current flowing from north to south will cause the north pole of the
magnet to turn westward.*

If instead of using a straight wire it is bent in the form of a loop
so that the current will pass above and below the needle (Fig. 52),
the deflecting force of the current will be doubled, for the current
flows above and below in opposite directions; hence both deflect the
needle in the same direction. Such an arrangement is called a gal-
vanoscope, and serves in a rough way to indicate the presence and
direction of weak currents. To render this instrument more sensi-
tive and adapt it for quantitative use, the number of turns of insulated
wire around the needle must be increased, the effect upon the needle
being multiplied as many times as there are turns or coils, also the
directive force of the earth’s magnetism, which tends to keep the

*In order to retain these movements we cite the rule of Ampére—namely, the
observer imagines a small human figure swimming uAth the current, its face being
constantly towards the needle and sts arms extended. The left hand will indicate
the direction of the north pole’s deflection.
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needle pointed north and south, must be decreased by some compensating
arrangement. This usually consists in suspending, by means of the
same silk thread or hair, a magnetic needle above, with its poles
reversed to the one in the coil below; such a contrivance is known
as an astatic combination (Fig. 53), and the instrument as a galvanom-
eter* ’

Voltmeters and Ammeters—For measuring the pressure and intensity
of currents, instruments are used based upon the principle that a piece
of soft iron suspended inside of a coil of insulated wire through which
the current passes strives to place itself in the strongest part of the
magnetic field, and according to the strength of the current the
degree of attraction varies.

The amperemeter (ammeter) consists of a wooden spool around
which are wound a few turns of thick (low resistance) insulated

Fic. §3. PiG. s4.
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wire. Inside this spool is suspended a light soft iron core attached to
a wire indicator. The stronger the current flowing through the coil,
the deeper will the iron core be drawn down, carrying the indicator
along the scale accordingly (see Fig. 54).

The woltmeter is similarly constructed, excepting that the spool is
covered with many windings of thin insulated wire of high resist-
ance; very little current will flow through it; however, what current
does flow will be exactly proportional to the potential difference
between the two poles of the circuit; hence will indicate pressure
or voltage of the current. Other instruments depend on the mag-
netizing influence of the current on strips of iron, whereby one, at-
tached to an indicator, is attracted or repelled by the other.

* A galvanometer for measuring very minute currents must have many wind-
ings of fine wire, for the current must circulate hundreds or thousands of times
around the needle in order to multiply its effects so as to turn the needle; this
must also be the case if the current has passed through a long circuit or one of
high resistance, as, for example, the telegraph. Large currents need a coil of thick
wire of but few turns.
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APPLICATIONS OF ELECTRO-MAGNETISM

10. Electric Bells.—These are based on the principle of the electro-
magnet, which, by attracting and releasing an armature, to which is
attached a hammer, causes a backward and forward movement, strik-
ing a bell. The working of these is shown in Fig. 55, in which the
electro-magnet, E, is controlled by a Leclanché or dry cell. The in-
stant that the circuit is closed by pressing the button, P, the current
flows through the coils and causes the electro-magnet to attract the
armature with hammer, 5. This forward movement of the arma-
ture breaks the circuit, for the current passes through it and the
spring contact-breaker resting against the tip of the screw, ¢, from
whence it passes back to the zinc pole of the battery. The circuit
having been broken, the electro-magnet ceases to attract, but the

Fic. ss.

Electric bell system.

momentum already imparted carries the hammer forward. Immedi-
ately afterwards, however, the spring forces it back to its original
position. These movements are repeated in rapid succession as long
as the circuit is kept closed.

11. Electric Clocks.—By means of a standard central clock which
is in electric connection with a circuit containing any number of
dials, the circuit is made and broken periodically by the oscillations
of its pendulum. These transmitted currents attract an armature
behind each dial on the circuit, which controls the movement of a
ratchet wheel, permitting it to move forward through one tooth at the
specified interval, so that the hands of all the clocks move simultane-
ously with those of the standard clock.

12. Telegraphy.—The telegraph cannot be assigned to any particu-
lar inventor, for it has passed through successive stages to its present
state of perfection. Lesage (Geneva, 1774) was the first to construct
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a telegraph, in which 24 wires were employed, each wire being con-
nected with a pith-ball electroscope representing a letter of the alphabet.
Joemmering (Munich, 1808) employed 35 eudiometer tubes, each sepa-
rately connected, and the electrolytic decomposition of the water con-
tained in each served as a signal. Weber and Gauss (Goettingen, 1833)
employed the right and left deflections of a galvanometer needle to indi-
cate a code of signals. Steinheil (Munich, 1837) discovered that the
current could be carried by a single wire, the earth being used in place
of a return wire. Henry (New York, 1831) utilized the attraction of
an electro-magnet on an armature to produce sound signals, and Morse
(1835) devised a code of alphabetic signals, consisting of dots and dashes,
which were made on moving strips of paper. The telegraphic ap-
paratus consists of—

1. The Battery and the Wire Circuit.—The kind of battery employed
varies in different countries, but is usually some modification of the
Daniell cell. A galvanized iron wire Pic. s6.
connects the different stations, while
the return current is provided for by
ground plates sunk in the earth, which
acts as a common reservoir, giving and
receiving electric energy rather than
conducting it.

2. The Communicator, or Key.—
This consists of a horizontal lever,
by means of which the sender con-
trols the current and can establish
or break contact by pressure of the
finger, producing at the receiving station the clicks or signals.

3. The Sounder (Fig. 56) is the receiving instrument, which is an
electro-magnet. This, when the current passes through the coils, at-
tracts an armature for a longer or shorter period of time. This instru-
ment can be arranged as a “ sounder,” in which the movements of
the armature cause a clicking sound by striking against a stop; or as
a “register,” in which case the armature, by means of an attached pin,
prints dots and dashes upon a strip of paper drawn through the
instrument by means of clock-work. The Morse system, which is
universally employed, uses as alphabet a series of dots and dashes,
indicated by longer or shorter clicks, as heard from the sounder or
imprinted on paper.

4. The Relay.—On lines of not over thirty miles in length the sound-
ers can be operated by the current generated by the batteries of the
terminal stations, but on longer lines the resistance weakens the
current to such an extent that a relay, or repeater, which consists
of an additional electro-magnet with a local battery, must be inserted.

Fig. 57 illustrates the simplest possible case of an open single-
current method of telegraphing. On depressing the key x, the cur-

6

Telegraphic receiver (sounder).
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rent flows from the battery, B, through the line and enters the receiv-
ing instrument, causing the electro-magnet, E', to attract the sounder, §’,
returning through the ground plate, ¢, to G and the battery whence it
started. If key K’ is depressed, the reverse action takes place.

Duplex, Diplex, and Quadruplex Telegraphy—Two messages sent
through the same wire simultaneously from opposite terminals consti-
tute “duplex” telegraphy; when both are transmitted through the
same wire in the same direction, “ diplex ”’; while “ quadruplex ” teleg-
raphy combines both the duplex and the diplex systems.*

Cable or Submarine Telegraphy.—The transmitting cable is made of
seven or more No. 16 copper wires, protected, first, by a layer of
gutta-percha, then by a woven coating of jute. Outside of this is a
layer of at least ten steel wires, which are still further protected by
wrapping in hemp. Strong currents cannot be employed, for the
cable and its non-conducting sheath, when immersed in water, pro-

Pic. s7.
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Principle of telegraph.

duce excessive electro-static charges, like those of the Leyden jar, which
impede electric transmissions. For each signal a current is sent into
the cable, followed by a reactive opposing current, which again dis-
charges it. Since the currents transmitted are very weak, it is neces-
sary that an exceedingly sensitive receiving apparatus be employed.
This is a galvanometer, called Lord Kelvin’s Siphon Recorder, which
consists of a coil of wire suspended between the poles of a powerful
magnet. To this coil is attached a fine glass siphon, one extremity
of which dips into a vessel of ink, and as the coil oscillates backward
and forward like the needle of an ordinary galvanometer the ink flows
from the siphon, producing on a moving strip of paper a wavy line,
having short and long waves for dots and dashes. The duplex system
is used on all cables. The rate of speed for messages varies according
to the length of the cable; the cable between Newfoundland and Ire-

*For explanation of these systems, see “Electricity and Magnetism,” by
S. P. Thompson, published by the Macmillan Company.
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land admits 100 letters (about 25 words) per minute, the speed decreasing
inversely with the square of the distance.

Wireless Telegraphy is based on the transmission of electric waves
through space. Messages are now readily transmitted to a distance of over
3000 miles. The transmitting instrument is a vertical pole carrying
a wire fram 50 to 100 feet high; with it is connected one of the knobs
of an induction coil, while the other knob communicates with the
ground or water. Every spark which passes between the knobs at
the bottom of the pole answers as a signal dot, while a short succes-
sion of sparks indicates a dash. These sparks produce electric pulsa-
tions in the vertical wire, which are communicated as waves in every
direction through space. The receiver is a live aerial wire connected
to the earth through a simple apparatus called a ‘‘ coherer ”’; the wire
terminals of this are also joined to a circuit connected to a relay or
telephone. The instant the transmitted electric waves fall on the
vertical wire connected with this coherer its resistance is reduced,
and a current flows through the circuit and operates the electro-magnet of
the receiver, producing dots and dashes of the Morse code. More sensi-
tive is the microphone receiver (coherer), which consists of an iron and
carbon rod separated by a globule of mercury enclosed in a glass tube
and connected with a telephone. *

VoLrrtaic INpbucTION

13. Induction Currents.—Faraday (1831) made the discovery that
instantaneous currents of electricity are produced in closed circuits by
the movement of a magnet in proximity to them; also by a similar
movement of a conductor traversed by an electric current; a cur-
rent whose strength is changing will produce the same effect. Such
currents are known as faradic or induced currents, and on this principle
are based the 1nducuon coil, dynamo machines, alternate current trans-
formers, etc.

(a) Induction of Currents by Currents.—To illustrate this, two coils
of insulated wire, wound on spools, are selected. One of these, known
as the primory or inducing current coil, is made sufficiently small to fit
inside of the other, and its terminals are connected with a battery.
The terminals of the larger coil, which is called the secondary or
induced current coil, are conneoted with a galvanometer. If the pri-
mary (smaller) coil is introduced inside of the secondary (larger)
the galvanometer will show that a reverse current of momentary duration
has been induced in the latter, movmg in the oppos:te direction to that
circulating in the prlmary The instant the pnmary current ceases
to flow or the coil is withdrawn, a direct current is induced in the
secondary coil, moving in the same direction as that of the primary.

(b) Induction of Currents by Magnets—If in the above experiment

*For details see “ Wireless Telegraph and Telephone,” by Laughter.




84 ELEMENTARY PHYSICS.

the primary coil is substituted by a magnet, it will be found that on
inserting a bar magnet inside of the secondary coil the needle of the
galvanometer will be deflected, showing thereby that an electric
current has been induced. This current is of momentary duration
only, and when the magnet is withdrawn the needle will be deflected
in the opposite direction, showing the induction of a reverse current.
If the poles of the magnet be reversed the direction of each current
will be reversed. This subject will be further explained under magneto-
electric currents, on page 88.

. The Induction or Ruhmkorff Coil is a practical application of the
preceding principles. By means of this we are able, within a few
voltaic cells, to produce an exceedingly high EM.F. or potential dif-
ference, which in a large coil is equivalent to many thousand volts.
For example, a battery of 600,000 Daniell cells would be required to
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produce a spark of 6 inches, while by aid of an induction coil the
same may be accomplished with perhaps 10 cells. An induction coil
(Fig. 58) consists of a central core made of a bundle of soft iron
wires * around which are wound a few turns of heavy insulated copper
wire (pc, Fig. 59) of low resistance, in order that it may carry strong
magnetizing currents. The one terminal of this coil connects with a switch
and this with the negative pole of a battery; the other is attached to the
spring of the vibrator or contact breaker, A, resting against the set-screw, B,
which communicates with the positive pole of the battery. This is called
the primary circuit. )

On closing the circuit (by means of the switch) the electro-magnet
core of the primary coil attracts the vibrator, A, which, the instant

* A bundle of soft iron wires is employed as electro-magnet in preference
to one of solid iron, because of the rapidity with which the wires can be mag-
netized and demagnetized; solid soft iron always retains (after cessation of the
current) a small amount of residual magnetism which would interfere with the
rapid making and breaking of the current.
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it leaves the set-screw, B, breaks the circuit. The core loses thereby
its magnetism, and the vibrator is forced back to its original position
by its spring, which again closes the circuit as before. The make
and break thus produced take place with great rapidity, giving rise
to a series of primary intermittent currents. By means of the set-screw,
B, the amplitude of the vibrations may be regulated. Around the pri-
mary coil, and insulated from it by means of a hard-rubber casing, is
the secondary circuit, sc, which consists of many turns of very fine
wire. For example, a giant coil which gives a spark of about 1 meter
contains 480 kilometers (300 miles) of wire in its secondary circuit,
with a resistance of over 100,000 ohms. The terminals of this coil end
in the knobs, ¢, and ¢,, across the points of which, when adjusted to the
proper distance, brilliant, snappy sparks will pass. Every ‘“make” of
the intermittent current in the primary circuit results in the induction
of a momentary inverse current in the outer secondary circuit, and
at every “ break ” a powerful momentary direct current; thus alternating
intermittent secondary currents of high potential follow in rapid suc-
cession. Connected with the primary circuit is a condenser, ¢, made of
alternate layers of tin-foil and paraffin paper, into which the extra cur-
rent flows when the circuit is broken, thereby increasing the E.M.F. at
the “break.” Small induction coils are employed in treating nervous
diseases; also for electric gas-lighting, exploding mines, and bringing
about chemical union between gases and in wireless telegraphy.

The passage of a spark * between the terminals ¢, and £, is accom-
panied by a loud snapping noise, which is due to the resistance offered
by the air; if, however, this discharge is made to take place between
two platinum electrodes sealed in the extremities of glass tubes which
have been rarefied to the extent of -1¢%yy part of an atmosphere, a
beautiful luminous phenomenon is produced, the color and appear-
ance varying with the degree of exhaustion, diameter of the tube,
and nature of the rarefied gas remaining. Such tubes are known as
Geissler tubes, and, besides being rarefied, they are often made of fluores-
cent (uranium) glass or the outer walls filled with fluorescent liquids.
If the exhaustion of such tube be carried to a very high degree, so that
only about ygygdggy part of the air originally contained remains, we will
find, on connecting with the terminals of a 5- to 6-inch coil, that no
electric discharge as heretofore seen takes place; but a purplish ray
is seen about the cathode, while the interior of the tube remains dark
and the glass walls become fluorescent. It was found that the dis-
charge from only one of the electrodes—namely, the cathode (— pole),
irrespective of the position of the anode (4 pole)—was capable of
producing this fluorescence of the glass walls of the tube, and that
when directed on powdered alumina, rubies, and diamonds it caused
them to become phosphorescent. Tubes specially constructed for this

* This differs only in degree from that furnished by the frictional machine
or Leyden jar.
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purpose are known as Crookes tubes (Fig. 60). In the Geissler tube
the discharge passes between the anode and the cathode, while in the
Crookes tube the cathode rays are projected in straight lines from
its surface, their presence being noted by the fluorescence of the walls
of the tube opposite the negative terminal.

To Professor Roentgen is due the credit of the discovery that this
cathode discharge (called by him “X-rays”) is capable of pene-
trating opaque bodies and exciting certain fluorescent substances. Of
these the two best adapted are platino-cyanide of barium and calcium
tungstate. If a piece of pasteboard is covered with a layer of either

PiG of these chemicals* and is held so that the
“X-rays” are directed upon the screen, its sur-
face will become uniformly illuminated. If now
any opaque or semi-opaque object is placed be-
tween it and the Crookes tube, the rays will
either be uniformly intercepted or some more
intercepted than others; hence shadows will re-
sult. For example, the bones of the hand inter-
cept the rays more than the fleshy parts; hence
cast shadows whereby they may be distin-
guished. The cathode is usually cup-shaped, in
order to focus the rays upon a flat, disk-shaped
anode, which acts as a reflector.

While glass is relatively opaque, wood,
’ paper, and most organic tissues are transparent,
Crookes tube, showing reflec  and allow the passage of these rays. They act

tion of “X-rays.” upon the photographic plate, and admit photo-
graphs being taken through wood and most organic tissues. The
metals, with the exception of aluminum and tin, are more or less
opaque to them.

It has been shown that the cathode rays consist of streams of negative
electrified material particles,called corpuscles, whose mass is only one two-thousandth
the mass of the hydrogen atom, and velocity from one- to four-tenths that
of light. These corpuscles are the constituents of all atoms and molecules

(see page 116).

The Telephone is a practical application of the principles of induc-
tion. By its means speech may be transmitted through long dis-
tances by the intervention of a magnet and induced currents in a
coil of wire surrounding the magnet. The essential parts of the Bell
telephone can be seen in Fig. 61. Enclosed in the case, F, is a magnet, M,
having at one end a coil of very fine wire, and a diaphragm of very
thin sheet-iron, G G, which is placed close in front of the magnet. The
coil of wire connects by the two wires c ¢ with binding screws, p b,
at the other end of the instrument. When a person speaks into the
mouthpiece, E, the diaphragm of thin metal vibrates immediately before

* Such a screen was named by Edison the Fluoroscope.
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the magnet and causes changes in the lines of magnetic force and the
electric currents in the coil which surrounds it. These currents pass-
ing over the line affect the strength of the magnet in a correspond-
ing instrument at the other end, and in turn cause the diaphragm in
front of it to vibrate, producing sound waves which will perfectly

Fi1G. 61.

Telephone.

correspond with those generated by the person speaking. The Bell
telephone may therefore serve either as a “receiver” or a *“trans-
mitter.” '

In modern telephones the Blake (microphone) transmitter (Fig.
62) is employed. In this the voice-vibrations directed into the mouth-
piece fall upon the thin iron diaphragm, d, which is held in place by

F16.62.
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Microphone

Blake transmitter.

a soft-rubber ring. The vibrations of this are transmitted by the insulated
spring-needle, f, to a carbon plug, %, attached to a spring, and the cur-
rent passes to the contact point by one spring and passes off through
the other.

In its simpler form, the microphone (Fig. 63) consists of a small pencil of
carbon (d) held gently in contact with two other pieces of carbon, B and 8, which
are connected by means of a battery to a telephone receiver. Words or noises
near the instrument produce an alteration in the contact of the carbons, and
consequently variations in the galvanic resistance, which cause sounds to be
heard in the telephone.




CHAPTER VII

MAGNETO-ELECTRIC AND DYNAMO-ELECTRIC
GENERATORS

By means of machines we are able to convert mechanical energy into
electrical energy. This involves an expenditure of force in producing
relative motion between magnets and conductors, which consists,
in most instances, in rotating coils of wire in the field of a magnet
or electro-magnet, or in other cases the latter are made to revolve.

Simple Magneto-Electric Machine—The discovery of Faraday, that

F16. 64.

Magneto-electric machine.

if a coil of wire is moved across the field of a magnet, electric cur-
rents are induced (see page 83), first suggested the construction of
the magneto-electric machine, whereby electric currents could be
generated by mechanical power. Such a machine is shown in Fig. 64.
In front of a powerful horseshoe magnet, and as near as possible,
rotates an armature consisting of two soft iron cores, R R’, each of
which has been bound with a coil of insulated copper wire; the ends of
the wires connect with the axis, and from this, by means of two springs,
the currents are taken up and carried to the handles. When the arma-
ture revolves, the soft iron cores, as they pass in front of the north
and south poles of the magnet, become magnetic by induction; this
induces in each of the coils transient currents which are alternately
inverse and direct. Since the poles change twice in every revolution,
the direction of the current will necessarily change twice. In order that

88
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the currents may all flow in the same direction, as in the galvanic
battery, a commutator is fixed on the axis; this consists of two semi-
cylindrical segments of copper, each insulated from the axis and con-
nected with the ends of the separate coils. When rotating, these two
plates are out of contact with the springs during the break, and are
brought into reversed contact at the instant of current reversal, which
occurs at each half revolution. Their position with reference to the
springs is reversed as the currents are reversed; hence the latter flow
in the same direction. Thus, by means of a commutator, direct cur-
rents can be made up from alternating ones, with, however, a per-
ceptible intermission at each make and break; this lessens with the
rapidity of rotation.

The Dynamo-Electric Machine—This machine (Fig. 65) differs from

F1cG. 6s.

Dynamo-electric machine.

the preceding in that the permanent magnet is replaced by an electro-
magnet, which is excited by the current generated. In proportion
as the strength of the current circulating around the electro-magnet
increases the magnetic forces multiply, which in turn induce still
stronger currents in the coils which rotate within the field of influ-
ence. The number of magnetic poles is frequently increased from two
to four and even eight; such are known as multipolar dynamos. Be-
tween the poles, or field magnets, of the dynamo rotates an arma-
ture of soft iron, made either in the form of a ring, over which the
insulated coils of wire are wound, known as the Grammes ring, or the
armature and its coil are drum shaped, and called the Siemens armature.
The ends of the armature coils all terminate in a number of copper
strips attached to the axis, but insulated from one another, and from
these the current is taken up by two sets of brushes, which consist
of a number of copper bars set close to the commutators. If the
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transient currents generated by the rotating armature pass into the
external circuit without communication, a continuous alternating cur-
rent is produced, and machines having such a construction are called
alternating-current dynamos. The advantages of this kind of a dynamo,
with its currents, are several: for example, the resistance and wasteful
sparking of the split ring commutator are avoided; it gives currents
of higher potential and less internal resistance than the direct-current
dynamo; also, it is possible to carry such currents to distances with
comparatively small wires and at less cost. A motor is a machine
which is utilized in converting electrical energy into mechanical ; the
dynamo, as shown in Fig. 65, can be used as a motor if supplied with
a proper current.

Transformers or Converters are necessary in the distribution of alter-
nating currents. Their function is to transform currents of high
pressure and low quantity into induced currents of low pressure and
larger quantity. For instance, a high-pressure current of from 1000
to 50,000 volts flowing through the mains must be cut down to 50 or 100
volts for incandescent lighting in the various branches. These trans-

Pic. 66. formers (Fig. 66) are simply inverted induction
coils, in which the primary coil consists of many

A turns of fine wire, which receives a small current

of high pressure from the main. Insulated from this

is the secondary coil of a few turns of coarse wire

Cof low resistance, which gives out a large current

of low pressure. If the primary coil has 2000 turns

B B  and the secondary 100 turns (ratio of 20 to 1), in

Transformer.  grder to take out of the latter a current of 100 am-
peres and 50 volts, we must put into the primary coil (from the main)
at least § amperes at 1000 volts pressure. By selecting the proper
number of turns, the EM.F. can be transformed up or down.

A simple device for adapting the alternating current for use with an induc-
tion coil is the electric interrupter. It consists of a beaker glass containing
dilute sulphuric acid, into which are immersed strips of platinum to_serve as
anode, while the cathode consists of a short piece of platinum wire fixed into the
end of a glass tube bent at an angle at the lower end. The tube is then
filled partly with mercury to enable the wire from the circuit to make elec-
trical contact with the platinum point. Bubbles of hydrogen gas are con-
tinuously discharged from this platinum point, and an intermittent current is
thus sent into the coil.

Change of Electrical Energy into Heat.—We have already referred
to the heating effect of the voltaic current. The heat generated by
the powerful currents of the dynamo machine, when passing through
poor conductors or encountering electrical resistance in any way, is
correspondingly greater. Two effects of this heating may be noticed:
electrical furnaces for carrying out metallurgical operations which
require an intense heat, as in the Cowles furnace for the production
of aluminum by the reduction of its oxide by charcoal; and electric
welding, in which case two pieces of metal are welded together by
bringing them in contact and passing a powerful electric current
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through the juncture. Iron, steel, brass, and copper may be readily
welded in this way.

Change of Electrical Energy into Light.—The heating effect of
powerful currents may be utilized for lighting purposes in one of
two ways. If the two electrodes of the current from a powerful bat-
tery or dynamo be brought to within a short distance of each other,
a brilliant arc light is formed, spanning the interval between the two
terminals. The ends of the wires are raised to a white heat, and
most metals melt or volatilize in consequence. If, however, the ter-
minals are pencils of hard carbon, which is infusible, we have the
brilliant white light known as the arc light. The carbon, of course,
burns away gradually, and provision must be made for keeping the
distance between the two pencils constant, which is done automati-
cally by a suitable electro-magnetic mechanism attached to the lamp.

The current is also utilized for lighting effects in a still simpler
way. This is to interpose at some point in the circuit a conductor
of such resisting power that the passage of the
current renders it white-hot. This is effected in
the incandescent lamp, and the substance utilized
here is likewise carbon. An extremely fine fila-
ment of carbon is enclosed in an exhausted glass
globe. This filament or horseshoe of carbonized
bamboo is connected at either end by fine plati-
num wires, which are fused into the glass and
pass through, connecting with the brass fitting
of the socket into which the lamp is screwed.

In the later incandescent bulbs filaments of
tungsten are employed in an atmosphere of nitrogen and argon.

Arc lamps require a very high electro-motive force, usually from
1000 to 3000 volts. Incandescent lamps, on the other hand, require
only from 50 to 120 volts. The former voltage is likely to be fatal
to life if by accident a naked wire is touched ; the other is not.

Thermo-Electric Currents.—If two dissimilar metals are soldered
together, and either heated or cooled at their point of contact, an
electric current is produced; such currents are termed thermo-electric
currents. The two bars of metal producing the current constitute the
thermal element. A number of such elements or metal bars thus joined
and arranged side by side in couples, with each pair of ends soldered
together in alternate order, form a thermopile, one form of which is
shown in Fig. 67. For various reasons, very few metals are avail-
able for this purpose. Those combinations usually employed consist
of either bismuth and antimony, or German silver with an alloy of
antimony and zinc. Thermo-currents are of extremely low potential
and very constant. The thermopile, when connected with a sensitive
galvanometer, affords accurate means for detecting very minute dif-
ferences of temperature, but has no other practical application.

F16. 67.

Thermopile. .



CHAPTER VIII
RADIANT ENERGY.—II. LIGHT

I. NATURE oF LiGHT

1. Comparison of Heat and Light.—We have already referred to
the undulations or vibrations which, radiating out from sources of
light like the sun, are communicated to the ether, an exceedingly
attenuated elastic medium which fills space, and are thus propagated
until they strike upon bodies whose molecules are capable of taking
up the vibrations and developing what we call heat energy. We
saw also that chemical combination or combustion, friction, and other
causes were capable of initiating these vibrations and serving as sources
of heat. The sun, the great source of these heat vibrations, and most
other sources of heat are also capable of radiating undulations of a
more systematic, wave-like character, which have one or both of two
different effects. They may act upon the retina of the eye, and when
communicated by the optic nerve may produce upon the brain the

P.G. 68.
4 f ¢! ! .
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Wave-motion. ’

sensation of vision, or they may act upon certain chemical salts, de-
composing them, because of what is called actinic power. Most gen-
erally, sources of heat become sources of light when the molecular
vibration becomes more rapid, as the light undulations are more rapid
and of shorter wave-length than the heat rays. Thus, a bar of metal,
when heated, gives off at first only heat vibrations recognizable by
the rise in temperature. After a time a red glow begins to appear
and light rays of greatest length and slowest time of vibration are
emitted. When the iron is still further heated it becomes white-hot
and the waves are now of shortest wave-length and quickest vibration.
The wave-motion communicated by heat and light to ether con-
sists of vibrations which are perpendicular to the line of propagation.
As shown in Fig. 68, the wave line represents the motion of the
ether molecules in the direction A B, the distance b’ ¢/, from one wave-
crest to the next, is a wave-length, while one-half of the distances b’ b”, f’
f’s ¢ ¢ represent the amplitudes of vibration.

Theory assigns no limit to the length of ether waves, for the optic
nerve is sensitive to only a limited number, the shortest being 0.000039
centimeter long, corresponding to 757 million million vibration-frequencies
per second, while the longest is 0.000076 centimeter, with 392 million
million vibrations. All vibration-frequencies which lie between these

92
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limits constitute light. Each wave-length with its vibration-frequency
represents a particular kind of light, which produces the sensation of
color. Color is then simply the impression resulting from some or more
particular wave-frequencies.* Waves of minimum vibration-frequency
produce the sensation of red, while those of maximum frequency
that of violet; those lying between these produce sensations of red,
orange, yellow, green, and blue. Such a succession of colors, begin-
ning with red and shading gradually from one to the other and finally
to blue, is called a spectrum. Those colors at the red end of the spec-
trum (ultra-red to yellow) are the richest in heat and poorest in actinic
rays, those at the violet end (blue to ultra-violet) give no heat, but
are very active chemically (actinic) (see page 139), and those nearest
yellow give the most light. If a portion of light consists of waves
of the same length, it is termed homogeneous or monochromatic. If it
consists of a mixture of long and short waves, uniformly distributed,
white light results.

A luminous body is one which emits light rays. Bodies may be self-
luminous or original sources of light, like the sun, a candle-flame or gas-
jet, and a fire-fly, or merely illuminated bodies which shine by reflected
light, like the moon and bodies lighted by ordinary daylight.

Fluorescence and Phosphorescence.—Certain fluids and solids are said
to fluoresce when, on exposure to light radiations in the form of short
waves invisible to the eye (ultra-violet), they deliver them in longer
visible waves (violet, blue, green)—that is, these bodies render visible
otherwise invisible radiation. Fluorescence is limited in duration,
lasting as long as the substance is exposed to the proper light radia-
tion. Solutions of quinine sulphate, gelsemic acid, eosin, fluorescein,
chlorophyll, etc., belong to this class, and emit different colors ac-
cording as they are viewed by either transmitted or reflected light.
Thus, an ethereal solution of chlorophyll is green and an aqueous
solution of eosin is red by transmitted light, while by reflected light
the former is red and the latter is yellow. Phosphorescent bodies are
those which, after exposure to the light, continue to shine for some
time in the dark. This is due to oxidation, as in the glowing of
phosphorus or the sulphides of calcium or barium, or to friction, as
in the cleavage of crystals. In the animal or vegetable kingdom we
find that the glow-worm, fire-fly, marine luminous infusoria, certain
fungi or decaying wood, emit light. This is due in the former instances
to nerve energy, while in the latter, possibly oxidation.

* LiIcHT WAVES

Color. Vibration-frequency. Wave-length.
Ultra-red o.ovvvviniiiiiiiiiiiiiiineeennn. 370 million million 0.0000810 cm.
Red ... e 428 million million 0000700 cm,
Orange ......oovviiiiiniiiiiiiiiena, 502 million million 0000597 cm.
Yellow .oovveini i 516 million million 0000580 cm.
[0 N 569 million million .0000527 cm.
Blue .. ..o 634 million million .0000473 cm.
Violet & vttt et i e e 739 million million 0000406 cm.

Ultra-violet ...oovviinenrvn vivnennennenenns 833 million million 0000360 cm.
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Iridescence is produced by the reflection of light from both upper
and lower surfaces of a very thin transparent layer of varying thick-
ness.

Transparent bodies are those which readily transmit the luminous
rays. Translucent bodies transmit light less readily, so that at most
the outlines of bodies can be seen through them. Opaque bodies do
not transmit light at all, and cut off the light rays completely. Some
bodies, like metals, which are opaque in bulk, become translucent or even
transparent when in very thin layers. A shadow is the space where
the light rays have been intercepted by an opaque body lying in
their path.

2. Transmission, Velocity, and Intensity of Light.—In a homo-
geneous medium the light rays are always propagated in a straight
line. This is illustrated when a beam of sunlight enters a dark room.
Its path is revealed by illuminated particles of dust and shown to be
in a straight line.

Light travels through space with the velocity of about 300,000 km.
(186,000 miles) per second.

The intensity of illumination on a given surface is inversely as the
square of its distance from the source of light. That is, a given unit
of surface at twice the distance from the source of light of another
surface will receive one-fourth the light.

Photometers are instruments for measuring the relative intensities
of light. The form in common use is the Bunsen photometer. It con-
sists of a screen of paper mounted in a box which slides to and fro
on a graduated bar. The paper screén has a central spot saturated
with paraffin. Fixed at one end of the bar is a standard light, usually
a sperm candle, of definite size and weight, while the light to be
standardized'is placed at the other end of the bar. If the two lights
are of equal intensity, the grease-spot does not show on the paper.
When one side is more strongly illuminated the spot appears dark on
that side and light on the other. It is then necessary to move the
box containing the paper screen until the spot just becomes invisible.
Its position on the bar is then noted, and the relative distance from
the two ends taken for the calculation. The result is usually re-
ferred to a standard candle and expressed in what is called candle-
power.* ’

* The standard of comparison is a sperm candle burning 120 grains per hour.
If the distance from the illuminated spot to the standard candle be 2 feet, and to
the light to be standardized 6 feet, the candle-power of the light would be 9. For,
according to the law, the intensity of illumination from a luminous point is inversely
proportional to the square of the distance of the illuminated surface from that point,
then :1: =36= 9. The following table gives the relative brightness of several
sources of light:

Standard candle ............c.ooiiiiallL 1 candle-power
Gas-Jet ...t i 12 to 18 candle-power
Welsbach burner .................. ..., 30 to 5o candle-power

Electric arc, average ............ceeeeeeenss 800 candle-power
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II. REFLECTION OF LIGHT

We have before declared the path of a ray of light entering a dark
room, as shown by the illuminated particles of dust, to be a straight
line. If this ray strike obliquely upon a horizontally placed mirror
or polished surface, we will also notice that a ray of light is thrown
off or reflected from the mirror, and on measuring the angle made by
the entering ray and the imaginary perpendicular to the horizontal
mirror, and that made by the reflected ray and the perpendicular,
they will be found to be equal (Fig. 69). From the experiment we
may deduce the following two laws of the reflection of light:

1. The angle of reflection is equal to the angle of incidence.

2. The incident and the reflected ray are both in the same plane,
which is perpendicular to the reflecting surface.

Not all of the light of the incident ray or beam is reflected in this
way. Unless the reflecting surface be an absolutely smooth one,
some of the light is irregularly reflected or diffused. It is this which

PiG. 69. FiG. 70.
W C N AN~
Reflection of light. Diffusion of light.

enables us to see objects. Well-polished surfaces like that of a mirror
reflect light in a definite direction (A B, Fig. 69), while rough or dull
surfaces scatter or diffuse the light: c b, Fig. 70, represents the roughness
of the surface of paper very much exaggerated. This diffused light
renders it visible in all directions. If a reflecting surface were abso-
lutely smooth, it would be invisible. We would simply see in it the
image of other objects. Objects about us are thus illuminated by
the diffused light reflected from clouds, the air, and other surfaces,
and so they become visible, although they may not receive the direct
rays of light from the sun. There are, in fact, many days when, on
account of clouds, our illumination comes wholly from this irregularly
reflected or diffused light.

Reflection of Light from Polished Surfaces.—Mirrors are bodies .
with polished surfaces which are employed to show by reflection ob-
jects placed before them. Images of the objects are thus formed. The
development of these in the case of plane mirrors is very simple.
The rays of light coming from the object before the mirror make with



96 ELEMENTARY PHYSICS.

the latter an angle of reflection equal to the angle of incidence, and so
come to the eye. But the eye always sees objects in the direction
from which the rays reach it, so that the image appears in the pro-
longation of the reflected ray, and at a distance back of the mirror
exactly equal to that of the object from it in the other direction. The
image, therefore, is not a real one formed by the reflected rays them-
selves, but an apparent or virtual image only. It is also a reversed image
as regards right and left, as is shown when printed matter is held before
a mirror. Wood-cuts and type must therefore be made in reversed
position. Held before a mirgor the image shows as a printed impres-
sion fraom the type will appear.

The ordinary glass mirror has in reality two reflecting surfaces,
that of the glass and that of the metallic backing of the glass. Ordi-
narily we see only the one image, because the metallic backing is a
much better reflector than the glass surface, but we can readily get
the double image by placing the point of a pencil against the glass
surface, when the double image allows us to judge of the thickness
of the glass.

Transparent bodies the surface of which is smooth may reflect
light quite regularly at times, and so form distinct images. An illus-
tration of this is seen in the reflection of foliage and other objects in
the still waters of a clear stream or pond. .

All the images thus far spoken of have been formed with plane
mirrors, and have been virtual images. With concave mirrors of
glass or polished metal the reflected rays themselves may be made
to unite to form an image, which is therefore a real image and is
seen on the same side of the mirror as the object itself. This image,
formed by the reflection of the rays themselves, will, however, be
inverted, because the rays from different parts of the object after re-
flection must assume relatively reversed positions with reference
to each other. The focus of a spherical concave mirror is a point to
which the reflected rays tend to converge. If the incident rays are
parallel to the axis of the spherical mirror, the focus is called the
principal focus. When the object is farther from the mirror than
the principal focus, the image will be inverted and real, as well as
smaller than the object; when the object is between the principal focus
and the mirror, the image is virtual and erect, as well as larger.

With convex mirrors we have virtual images only, appearing be-
hind the mirror, erect and smaller than the object.

III. REFRACTION OF LIGHT

1. Theory of Refraction.—When light passes obliquely from one
transparent medium into another of different density, as from air to
water, it is bent from its course, or refracted. The rule for this refrac-
tion is, when light passes from one medium into a denser medium, it is
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bent toward a perpendicular line; when it passes into a rarer medium it is
bent amway from the perpendicular line,

The phenomena of refraction may be illustrated in the experiment shown in
Fig. 71. In a vessel, place a coin in such a position (8) that it is just hidden by
the edge (at c) from the observer looking oblique‘}y from the side (s), then fill the
vessel with water and the coin becomes visible. The reflected ray of vision (8 c)
on emerging from the water into the air is bent away (c s) from the perpendicular,
and the eye sees the object in the prolongation of the ray (s c A).

As examples: When a rod is partly immersed obliquely in water, the
immersed end appears to be bent towards a line perpendicular to the
surface. Owing to the increasing density of the layers of air nearer
the earth’s surface, the rays of light from the stars and sun (when
setting) become bent downward so that these objects appear higher
than they really are, being visible even when below the horizon.

The angle made by the incident ray of light with the perpendicular
is called the angle of incidence; that made by the refracted ray with
the perpendicular is called the angle of refraction. The ratio between

FiG. 71, FiG. 73.
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Refraction of light.

the lines of these two angles is called the index of refraction, and
varies with the medium.*

When light passes from a denser into a rarer medium the angle of
refraction is greater than the angle of incidence. When, in such a
case, the angle of refraction becomes go°, the angle of incidence is
called the critical angle, because when the angle of refraction becomes
greater than go° the refracted ray will not emerge, but will be reflected
back again from the surface of the denser medium. This is called total
reflection, and is more complete than the ordinary reflection of light,
where, because of the imperfection of the reflecting surface, some light
is always irregularly reflected or diffused. The phenomena of total
reflection can be easily shown by means of goblets of water or a glass
cube such as is often used for a paper-weight or inkstand. Objects
below the goblet or cube are invisible through the side faces, because
of this total reflection. Total reflecting prisms (Fig. 72) are fre-
quently used in optical instruments, because they reflect the rays, with-
out loss, in any desired direction.

* INDEX OF REFRACTION OF—

Water ....oovvvviveniniininnn, 1.33 Crown glass .................. 1.53
Canada balsam ................ 1.36 Diamond ...................... 2.49
Carbon disulphide ............. 1.63

7
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The mirage seen in the desert«and at times at sea is an optical
illusion, by which inverted images of distant objects are seen as if
below the ground or in the atmosphere, and is based upon total reflection,
owing to the unequal density of the several layers of the atmosphere
through which the rays of light pass.

2. Prisms and Lenses.—A prism is any transparent refracting me-
dium bounded by planes inclined to each other. The angle (m o n,
Fig. 73) made by the two sides through which the light enters and
emerges is called the angle of refraction of the prism. Both flint and
crown glass are in use as materials for prisms, but the former pos-
sesses the higher refracting power. We may note two effects of
prisms upon light passing through them—

1. Light of any kind is refracted or bent out of its course. A ray of
light (r o, Fig. 73) falling on the prism, o m #, is refracted towards the
perpendicular and passes through in the direction @ b; here, in passing
from a denser into a rarer medium, it is refracted from the perpendicular

FiG. 73.
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in the direction b ¢. The eye at ¢ sees the object » backward along the
ray ¢ b, so that it appears at L.

2. White light is dispersed into a band or spectrum of colors. This
second effect will be noted on page 100.

Lenses are transparent media, usually of glass, which from the curva-
ture of their surfaces have the power of causing luminous rays either
to converge or diverge. The combination of spherical surfaces, either
with each other or with plane surfaces, gives rise to six kinds of
lenses, which are illustrated in Fig. 74. A is a double convex, B a plano-
convex, C a concavo-convex or converging meniscus, b a double concave,
£ a plano-concave, and F a convexo-concave or diverging meniscus.

The first three, which are thicker in the center than on the edges, are
converging in their effect on rays of light; the others, which are thinner
in the center, are diverging.

A line drawn through the center of a lens, as p ¥, Fig. 75, is called
its axis; a double convex lens will bring parallel rays of light ¢ and b
to a point along this axis which is called the principal focus, f. The
distance from the middle of the lens c to the principal focus f is called

Lenses.

Refraction through prism.
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its focal length. This may be ascertained by focussing the rays of sun-
light on a piece of paper. Now, if a candle be placed at p, its rays di-
verge to the lens c, and will be brought to a focus at ¢, beyond the prin-
cipal focus; if the light is placed at P’, the rays focus at p; these two

FiG. 7s.

Principal and conjugate foci.

exchangeable foci are called conjugate foci. Again, if the source of light
be placed at the principal focus of the lens, f, the refracted rays a and &
will be parallel; if the source of light be inside the principal focus, the
refracted rays will diverge.

Images Produced by Convex and Concave Lenses.—According as the

FiG. 76.

Double convex lens image.

object observed is placed beyond or within the principal focal distance
of a convex lens, we observe the following:

1. A large object at some distance from a convex lens produces a small
real inverted image a little beyond the principal focus of the lens. Thus,
in Fig. 76, a b represents the object and A B the image. The rays

Pi1G. 77.

Double convex lens image.

cross one another in passing through the lens; hence the image is in-
verted. An example of this is the photographic camera. Fig. 77 illus-
trates the magnification that takes place in the object-glass of a tele-
scope, the object a b being at a very great distance beyond the focal dis-
tance of the lens.

2. If an object be placed between a convex lens and its-principal focus,
an enlarged upright virtual image is produced, and is apparently seen
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at a greater distance from the lens than the object. Thus, A B, Fig. 78,
represents the object placed within the principal focus, F; the eye ob-
serves the image A B, at a b, through prolongation of the emergent rays
ApandBEtoDpaand E b. Such a double convex lens of short focus is
called a simple microscope.

3. Concave lenses produce virtual erect images smaller than the ob-

Pic. 78.

Simple microscope.

ject. Thus, A B, Fig. 79, is the object, and the rays coming from A are
deviated so as to appear to come from g, situated on a line drawn from
A to the optical center o; because the rays passing through the lens

Fic. 79.

Double concave lens image.

diverge and the eye following these observes a smaller image at a b;
likewise, rays from B appear to come from b, on the line B 0; hence a b
is the image of the object A B.

3. Decomposition of White Light—Spectrum.—We have already
referred to the fact that the effect of a prism upon a beam of light
passing through it is twofold—that, in addition to the refraction or
bending from its course, white light is decomposed into a series of
colored rays. The explanation of this is, that the rays which make
up solar and other varieties of white light are not equally refrangible,
and hence in passing through a prism they are dispersed and form a
band of colors known as a prismatic spectrum. The phenomenon is
called dispersion.

This same spectrum is produced when rays of light are made to pass through

narrow interstices, or edges of an op;ning, or through glass ruled closely
with parallel lines. The phenomenon is called diffraction, and the spectrum,

diffractive spectrum.
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If a beam of white light, s, be allowed to fall upon a prism, p (Fig.
80), it will undergo dispersion into its component wave-frequencies (of
which it is composed), in the order of their respective refrangibilities,
the violet being deviated the widest, followed in order by indigo, blue,
green, yellow, orange, and red, which is deviated the least. The result
is that, instead of a spot of white light appearing on the floor, E, a band
of seven colors appears upon the wall or a screen placed at a height
above.

While the colors of the solar spectrum merge imperceptibly into
one another, so that many tints might be said to exist, the colors
cannot be decomposed further, for when the red rays or any of the
others are taken singly and passed through a second prism they are

Pi1G. 8o.

Solar spectrum.

uniformly refracted and give a spot of red or other color. These colors
are, therefore, homogeneous, and light composed of them is known as
monochromatic light.

If white light consists of a mixture of these variously colored rays
(wave-frequencies), then if they be recombined, white light must result.
Thus, if the spectrum formed by one prism be allowed to fall upon a
second prism of the same material and the same refracting angle as the
first, but inverted, the latter reunites the several colors and the emer-
gent pencil is colorless. A concave mirror upon which the spectrum
may be cast will also reunite the colors, and a white spot will be
formed in the focus of the mirror.

The recomposition of white light from the colors of the spectrum
may be shown most strikingly by the aid of Newton’s disk. This is a
cardboard disk about a foot in diameter, on which are pasted alternate
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segments of colored paper in the order of the colors of the spectrum.
When this is rotated rapidly, the eye receives the impression of white light.
This is due to the fact that the sensation is of longer duration than the
impression from which it results. If a new impression acts before the
sensation arising from the former one has ceased, a sensation results
which consists of two impressions. If the time is sufficiently short,
several impressions may be mixed with one another. This also explains
the phenomenon of the moving lantern pictures, as shown in the cine-
matograph, bioscope, etc.

Complementary Colors—While the combination of all the colors of
the Newton’s disk produces white light, we may by the combination
of individual colors get numerous composite shades. Thus, if we
remove the red from the set of colors, on combining the remaining
colors we get a bluish-green. This is then said to be the comple-
mentary color to red, because when united with it white is produced.
Similarly, purple is the complementary color to green, and an ultra-
marine blue to the yellow.

It must not be understood that two pigments showing such colors
complementary to each other when mixed yield a white product, but
that the two color impressions when superposed give the effect of
white light. Thus, if chrome-yellow and ultramarine blue be mixed,
the result will be a green pigment, while a yellow and a blue light
combine to give us white as the resultant.

The color of bodies depends upon the manner in which they act
upon white light. A portion of the rays is absorbed, and that which
remains determines the color of the body. If the unabsorbed rays
traverse the body, it is colored and transparent; if, on the contrary,
they are reflected, the body is colored and opaque. In both cases
the kind of light rays (wave-frequencies) that are not absorbed gives
the color. If a body absorbs all the colors, it is black; if it reflects or
transmits all, it is white or colorless. A body appears blue when it ab-
sorbs all the colors except blue.

4. Spectrum Analysis—Spectroscope.—The examination of the
light from different luminous bodies by the aid of a prism has led
to important discoveries as to the nature of the light and the luminous
bodies. This study has been made possible by the aid of the spectro-
scope, first proposed by Bunsen and Kirchhoff. A sectional view of
this instrument is given in Fig. 81. The rays from the source of light,
G, passing through a narrow slit and falling upon the lens a, are made
to converge at b, the principal focus of the lens ¢, so that they are known
as parallel rays upon the prism p. After refraction, they fall upon the
lens x, which forms a real and reversed image of the spectrum at 1.
This is magnified by the eye-piece so that a virtual image is formed at
s & much enlarged. The third arm of the instrument, c, is for the pur-
pose of throwing upon the prism, and so into the observing telescope,
an image of a micrometer scale which has been photographed upon glass
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at n. By its means the relative position of lines or bands seen in the
spectrum can be determined.

When examined by the aid of such a spectroscope, we find that
luminous bodies are capable of yielding three different kinds of spectra.

If the light from a white-hot solid or liquid body be examined,
a continuous band of all the colors from red to violet will be ob-
served. Such a spectrum is called a continuous spectrum. When the
glowing body is in the condition of gas or vapor, we have a series of
bright lines or bands against a black background. This is termed a
bright-line spectrum. When, however, sunlight is examined by the spec-
troscope, the continuous spectrum appéars crossed by hundreds of dark
lines. The llght from the fixed stars is similar, and such spectra are
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Spectroscope.

called absorption spectra. The dark lines of the solar spectrum, known
as Fraunhofer’s lines, were first fully explained by Bunsen and Kirch-
hoff, who proved that many of them corresponded to the bright lines
obtained in the spectra of the vapors of such metals as sodium, cal-
cium, iron, etc.

They therefore suggested the following explanation of the solar
spectrum. The sun is probably an intensely glowing solid or liquid
mass (chromosphere). This would give a continuous spectrum with-
out either bright or dark lines. But the glowing mass is surrounded
by an atmosphere (photosphere) containing cooler, brilliant metallic
vapors. These vapors would absorb. light of the same kind as they
emit, and hence dark lines show in the spectrum in the same position
as those occupied by the ordinary bright lines of these metallic vapors.
This theory has been rendered verv probable by experiments in which
the bright lines of elements like sodium have been reversed and caused
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to appear as dark lines by passing the light from a very hot sodium
flame through a cooler flame of the same vapor. We can also in-
crease the natural absorption by causing the sun’s light to pass through
more sodium vapor placed in front of the spectroscope slit.

The study of the spectra of various elements, and the accurate
mapping of the dark lines of the solar spectrum, show that a large
number of the metals known to us on the earth occur as vapors in
the sun’s atmosphere.

With the aid of this method of spectrum analysis chemists have
discovered a number of new and relatively rare metals, such as caesium,
rubidium, thallium, indium, gallium, and scandium. It has also fur-
nished an invaluable means of detecting impurities in chemical prepa-
rations which would otherwise escape notice.

Absorption spectra of a somewhat different character are also
obtained when solutions of hzmoglobin or coloring matters like chloro-
phyll, hazmatein, etc., are placed in glass cells and interposed be-
tween a source of light and the slit of the spectroscope. Broad
absorption bands show, extinguishing at times the whole violet end
of the spectrum.

IV. OpricaL INSTRUMENTS BAsep uroN THE USE oF LENSEs

1. The Microscope.—The simple microscope, as we have seen, is
merely a double convex lens of short focus, by means of which we
can look at objects placed between the lens and its principal focus.
The image produced is an erect and magnified virtual image of the
object. In the simple microscope the measure of the linear magnifica-
tion produced is the ratio of the apparent diameter of the image to
that of the object, while the superficial magnification is the square
of this ratio. The compound microscope consists essentially of two
condensing lenses; one with extremely short focus, called the object-
glass or objective, because it comes down immediately over the ob-
ject; the other acts simply as a means of magnifying the image formed
by the first, and is called the eye-piece. The method of combining
these lenses and the formation of images by means of them are illus-
trated in Fig. 82. In this case the objective, o, consists of three small
condensing lenses, which together act like a single very powerful lens.
The object is placed on the stage, and the rays, passing through an
additional lens at #n, inserted here to render the image achromatic, form
a real and magnified image at @ ¢’. This image is then magnified by
the lens o and a much magnified virtual image is formed at A A’. The
two lenses n and o together constitute in this case the eye-piece, just
as the three small lenses, o, constitute the objective. The magnifying
power of the compound microscope is obtained by multiplying the mag-
nifying power of the objective by that of the eye-piece. Thus, if the
magnifying power of the lens o is 50 diameters and that of the lens o
is 4 diameters, the image seen will be magnified 200 diameters, or the
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superficial enlargement will be 40,000 times the natural size of the ob-
ject. The degree of magnification is often determined experimentally
by means of a micrometer eye-piece fitted to the microscope.

Spherical Aberration.—Thus far it has been assumed that all the
rays of light in passing through a convex lens meet at the same focal
point on the other side. This is correct for lenses whose aperture
is not greater than 10°. When larger, it will be found that those rays
which pass through the edges of the lens are refracted more than those
passing through the center. This results in scattering the rays from
the focus, producing an indistinct image.
This is called spherical aberration, and can
be corrected by placing in front of the lens
diaphragms provided with round apertures
in the center, called stops, which cut off the
rays from the edges and allow only the
passage of the central ones nearly parallel to
the axis. A great sharpness of definition is
gained, but brightness of illumination is
thereby diminished. Such stops are seen in
the caps covering the eye-piece of the micro-
scope ; also in the opera-glass and telescope.
In the photographic lens the stops are ad-
justable, owing to the necessity of employing
apertures of different sizes.

Chromatic Aberration.—Since a lens may
be considered as a combination of an infinite
number of prisms, it not only refracts light,
but also decomposes (disperses) it, like a
prism, into different-colored rays of different
degrees of refrangibility, which produce a
confused coloration of the margins of the
images. This scattering of the colored rays
to different foci is called chromatic aberra- Compound telescope.
tion. It may be corrected by employing an achromatic combination,
in which two lenses of unequal dispersive power are fitted together, one
being the double convex (converging) lens of crown glass, while the
other is a concave (diverging) lens of flint glass. Such achromatic
combinations are seen in L, Fig. 82, which are enlarged representations
of the objectives, o.

2. The Telescope is a combination of two or more lenses to en-
able one to view distant objects—that is, it increases the angle under
which the object is seen. It consists of a large, double convex object-
lens, o, Fig. 83, which forms an inverted image of the distant object
at its focus. This is in turn enlarged by the plano-convex lens, E,
which serves as eye-piece. For astronomical purposes the object-glass is
made as large as possible, in order to secure the greatest amount of

Fic. 82
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light in observing faint, distant objects. The greater the diameter
of the objective the longer is its focal length; thus, the Yerkes 40-inch
objective has a focal length of about 64 feet. To find the magnifying
power, divide the focal length of the object-glass by that of the eye-
glass. The terrestrial telescope, or spy-glass, differs from the astronomi-
cal in having two additional condensing lenses, which restore the in-
verted image to the erect position. The Galileo telescope, now used in
the form of the opera-glass, consists of a double convex lens, which
collects the rays from an object, and a concave (divergent) eye-piece,
which serves to make the convergent rays of the objective parallel, pro-
ducing an erect, virtual, and magnified image.

3. The Lantern and Camera.—The projecting lantern, or stere-
opticon, is used for throwing magnified images on a screen in a dark-
ened room. Tt consists of a closed box of metal in which is placed a
strong oil lamp provided with a reflector or a lime or arc light. In
the front of the box are fixed two plano-convex lenses which converge
the light upon the lantern-slide, which is a photograph upon glass.

Fic. 83.
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Beyond this a double convex fdcussing lens is placed so that the
slide shall be a little beyond its principal focus. The lens will then
produce a real, inverted, and enlarged image upon a screen placed at
a suitable distance. To get the image in proper position the lantern-
slide is, of course, put in an inverted position. The image on the
screen will be the more magnified as the slide approaches the prin-
cipal focus of the lens, which is, therefore, set so as to be moved to
and fro.
~ In the photographlc camera we have the reverse of the project-
ing lantern. It is a dark chamber with a convex lens in front and
a screen at the back on which to form an image of objects in front
of and outside of the camera. This image is real, inverted, and usually
smaller than the object. It is visible to the operator back of the
camera, as the screen is made of ground glass, which, when side light
is shut out, is semi-transparent. In order to form a sharp image the
lens is given a movement to and fro, and the screen at the rear of
. the camera box is also capable of a forward and backward movement
by means of a rack and pinion. When a clearly defined image is ob-
tained, a cap is put in front of the lens, the ground-glass screen is
removed, and a plate-holder containing a sensitized glass plate is
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slipped into its place. This brings the photographic plate exactly in
the position of the screen, and the image will be cast upon it. The
slide in front of the plate-holder is then drawn out and the cap re-
moved from the lens, when the reflected rays of light quickly act upon
the sensitive surface. :

4. The Eye as an Optical Instrument.—The human eye is a cam-
era, and the retina the sensitive surface upon which images are
constantly formed to be communicated by the optic nerve to the
brain.

The outer covering of the eye-ball, the sclerotic coating (8, Fig. 84),
or white of the eye, is quite firm and constitutes the frame of this camera
Inside of this is the choroid coating, c, which gives to the interior of
the eye the black lining necessary for absorbing all useless or diffused
rays. In front we have the transparent cormea, A, set in like a watch
crystal ; the colorless and transparent aqueous humor, G, filling the space
between the cornea and the crystalline lems, F; and back of this the
jelly-like witreous humor, H, filling the whole remaining cavity.

In front of the crystalline lens we have
the iris, 1, 1, a diaphragm with a circular open-
ing which can be widened or contracted at
will by muscular effort, the opening consti-
tuting the pupil of the eye; and spread out
over the rear of the cavity is the retina, D,
which is the sensitive plate of the camera, and
by its connection with the optic nerve conveys O#)
its impressions to the brain.

The eye, like the camera, requires to be
focused according to the varying distance of —
the object. This is effected mainly by a ocC
change in the curvature of the front of the Cross-section of eye.
lens. For instance, by a strong pressure of the ciliary muscles at either
edge of the crystalline lens the curvature is increased, thus accommodating
the eye for viewing near objects. When this muscular effort is relaxed,
the lens again becomes flatter and is in adjustment for more distant objects.
The eye is, therefore, rested by fixing it on objects at some distance. If
the eye be now considered as an optical instrument, we will see that its
crystalline lens, being a double convex lens, must form real and
inverted images of objects placed before us. That the images formed
on the retina of the eye are inverted, has been shown experimentally
with the eyes of albinos, in which, on account of the absence of the
choroid coating, the image is visible. The brain restores all these
inverted images to the natural position without apparent effort.

The distance cf distinct vision varies greatly in different indi-
viduals. For small objects like print the normal distance is from
ten to twelve inches.

Fic. 84.
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Persons who see distinctly only at a short distance are called
near-sighted, and those who see distinctly only at a long distance are
called long-sighted.. The usual cause of near-sightedness is a too great
convexity of the cornea or the crystalline lens, in consequence of which
the rays, instead of forming an image on the retina, are focused at a
point in front of it. The remedy is found in the use of diverging
glasses, which tend to throw the focus farther back and so bring it upon
the retina. The .cause of long-sightedness is an insufficient convergency
of the lens of the eye and consequent formation of images at a point
back of the retina. With advancing age especially the crystalline lens
tends to become flatter. The remedy is the use of converging glasses,
which aid in bringing the rays to a focus exactly upon the retina.

V. DouBLE REFRACTION AND POLARIZATION

1. Double Refraction.—All crystalline solids not of the regular
system possess more or less the property of dividing (bifurcating) an
incident ray which passes through them into two distinct rays, which

Fic. 86.
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undergo unequali refraction and produce two images. This phenomenon,
possessed in greatest degree by Iceland spar, is known as double re-
fraction, and is caused by inequalities in the grouping of the mole-
cules of the body which impart different degrees of elasticity in differ-
ent directions. As a consequence, the transmitted light wave is di-
vided into two parts, which advance with unequal velocities; one
(a d ¢, Fig. 85) follows the common law of refraction, and is called
the ordinary ray, while the other (a b) does not, and is called the
extraordinary ray. This may be illustrated (Fig. 86) by placing a crystal
of Iceland spar over a black spot or printed matter, and the images will
appear double, the ordinary image seemingly nearer the eye than the
other. Now, if the crystal be turned around while still lying on the
paper, it will be observed that one image (the ordinary) remains fixed
in position and the other (the extraordinary) describes a circle around it.

3. Polarization of Light.—According to the undulatory theory of
light, the particles of ether through which a ray of light is propagated
vibrate in a variety of planes perpendicular to the line of propagation.
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When this light is polarized, the vibrations of the ether particles take
place in a single plane perpendicular to the line of propagation. The
unaided eye cannot distinguish between them, but a variety of means
exist by which the difference can be demonstrated.

Polarization may be of two kinds, plane or circular, according as the
propagating wave is made up of particles Fic. 7.
vibrating in parallel planes or of those Y
describing circles.

Plane Polarization may be produced
by reflection or refraction. (a) By reflec-
tion. When a ray of light falls at an angle
on any non-metallic polished surface, such
as wood, ivory, unsilvered glass, quartz,
etc., it undergoes polarization in the plane
of reflection—that is, all the reflected g\v)
waves (¢ b, Fig. 87) vibrate in the same
or parallel planes; hence are polarized.
The other waves, vibrating in different planes, pass through or are
absorbed. The completeness of polarization depends upon the angle which
the incident ray makes with the normal (perpendicular) to the plane
surface. For glass this angle is 54° 35, for water 52° 45', for diamond

Polarisation by reflection.

Pic. 88.

Vibrations of ordinary and extraordinary rays.

68°. Light is also more or less polarized by reflection from water, from
the clouds, and from all objects which aid in diffusing light. (&) By
refraction. It has been shown under double refraction that certain
crystals have the power of bifurcating (polarizing) ordinary light into
Fic. 89. two rays (ordinary and extraor-

N dinary), which vibrate in planes at
\/,,/\ , d right angles to each other, as shown
\N_— N\ in Fig. 88. One of these rays (the

b ordinary), which is more retarded

Nicol's prism. in passing through the crystal, may

be entirely suppressed and a single polarized ray transmitted by means
of what is known as a Nicol’s prism. This consists of a rhombohedron of
Iceland spar which has been cut through its short axis @ b (Fig. 89) and
cemented together in the same position with Canada balsam. The light ray
enters from ¢ and undergoes double refraction, the extraordinary polarized
ray passes out at d, while the ordinary ray is reflected off at the surface of
the balsam near g. By means of this Nicol’s prism we are able to ascertain
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whether a source of light is polarized or not; for, on rotating, the light,
if polarized, will produce alternately an illuminated or dark field of
vision at every turn of g0°. A combination of two of these Nicol’s prisms
is employed in the polariscope (Fig. 91); one produces the polarized
light, and is called the polarizer; while the other, which is used for exam-
ining this light by rotating, is called the analyzer.

Plates cut from the mineral tourmaline also serve for polarizing
light. Fig. 9o represents two thin plates, which, if so placed that the
‘ axes are parallel, will cause polarization of the
beam of light that passes through. Now, if the
upper plate (the analyzer) is slowly turned, the
polarized light passing through is gradually in-
¥ tercepted and becomes feebler until the axes

® are perpendicular to each other, when total
4 darkness ensues. These may be used for ex-
Tourmaline plates. amining polarized light, like the Nicol’s prism.

Circular Polarization.—If a beam of plane polarized light falls upon
a plate of quartz which has been cut at right angles to its axis, two
equal beams will be produced plane polarized at right angles to each
other. Since the extraordinary ray travels over a longer path through
the plate than the other, it is one-quarter of a wave in advance. The
resulting motion of the two waves will be circular, like that of a
turning corkscrew. Circular polarization may be either right-handed
(moving in the direction of the hands of the watch)—called dextro-
gyrate—or left-handed (moving in the opposite direction—called lzvo-
gyrate. The various systems of polariscopes in use are all based on
circular polarization.

3. Applications of Polarized Light.—By the aid of polarized light
we are able to distinguish between minerals or salts of different crys-
tallographic systems, and determine to which a given fragment of a
crystal may belong. Thin slices of the crystal in question, if exam-
ined between two Nicol's prisms or between the tourmaline plates,
will show rings of color in case the crystal belongs to any other than
the regular system.

Those belonging to the tetragonal or hexagonal systems show cir-
cular rings on which appears a cross, which is black or white accord-
ing to the position of the analyzing prism. Such crystals are called uni-
arigl. Those belonging to the orthorhombic, monoclinic, or triclinic sys-
tems show elliptical rings on which appear black or white bands or
curves. Such crystals are called biaxial.

Beautiful colors are produced by the action of polarized light, even
when the object is not definitely crystallized. Microscopes are fre-
quently provided with a set of two Nicol’s prisms, one under the stage
and the other in the eye-piece, in order that the delicate structure
of objects can be studied under polarized light.

Many organic substances, as sugars, essential oils, alkaloids, albu-
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min, etc., show a characteristic action upon the ray of polarized light,
rotating it circularly to the right (dextro-rotatory) or left (levo-
rotatory). Such substances are said to be optically active. The polari-
scope (Fig. 91) is an instrument based on this principle, and by its aid
the strength or purity of these various substances may accurately be
determined. The solution of the substance to be examined. con-
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tained in a tube with glass ends, is placed in the instrument between
the polarizer (the prism to the right below the figure) and the analyzer
(the prism to the left). To the left of the analyzer are the lenses be-
longing to the eye-piece; to its right are the long quartz wedges of opposite
rotatory power. For a description of the various kinds of instruments

and methods of operation the reader is referred to special works on
this subject.






PART 1II

CHEMISTRY OF THE NON-METALS
CHAPTER I

THEORETICAL INTRODUCTION

Matter is that which occupies space and is apprehended by the aid
of our senses. Close observation teaches us that matter is constantly
subject to changes, and these may be of two distinctive characters—
namely, physical and chemical.

Physical Changes.—These are changes of state or condition with-
out alteration of the identity of matter: for example, when water is
heated it is converted into vapor or steam; this, on cooling, condenses
to water. If we cool water sufficiently it crystallizes—that is, it is
converted into ice. Such changes affect only the outward or physical
appearances of the water.

Again, on bringing a piece of iron in contact with lodestone it
acquires the property of attracting and holding to itself other pieces
of iron—that is, it becomes magnetic. This same iron may be heated
until it gives off light and heat, yet these changes which the iron has
undergone are all of a purely physical character; it has not lost its
identity as metallic iron.

Chemical Changes.—In changes of this character which involve
the composition of the molecule the substance loses its individual
properties, and a new body is formed in its place which possesses
entirely new properties. The substance has lost its identity. For exam-
ple, if we allow the electric current to act upon water it rapidly loses
its identity as water in being resolved into two different invisible gases
—namely, hydrogen and oxygen. These products no longer possess
any characteristics in common with water.

Again, on exposing iron to moist air it soon begins to rust, and
if this is allowed to continue sufficiently long, the iron completely dis-
appears, leaving in its stead a deposit of reddish-brown powder, which
is infusible and no longer attracted by the magnet. If iron be brought
in contact with a liquid known as hydrochloric (muriatic) acid, it
rapidly disappears, having been dissolved by this acid, with the pro-
duction of a new compound. In these two changes just cited we
observe that the iron has lost its identity as such—that is, it no longer
possesses the characteristics of iron as a metal: it has undergone chemi-
cal changes.

8 LR K]
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Conservation of Mass or Indestructibility of Matter.—Matter cannot
be destroyed nor created anew: whenever apparently destroyed it con-
tinues to exist in another form. Transformations (physical and chemical)
are constantly taking place in nature, but do not involve any increase
or decrease in the total amount of matter. This law of the conservation
of mass is, whenever a chemical change takes place, the total mass of the
substances after the change is equal to the total mass of the substances
entering into the reaction. In the case of the rusting of iron, the com-
bined masses of the iron and oxygen taking part in the change are exactly
equal to the mass of ferric oxide, or the gaseous products (hydrogen
and oxygen) of the electrolysis of a known weight of water will weigh
exactly the same as the water taken.

Mechanical Mixtures and Chemical Compounds.—If we mix iron
filings and sulphur, a gray-colored powder is obtained. This repre-
sents a mechanical mixture, so called because the two ingredients can
be separated by mechanical means. By the use of a magnet the iron
filings may be removed from the sulphur, or the latter may be taken
up by means of a solvent, leaving the filings behind.

If this mechanical mixture be heated by direct application of a
flame, the entire mass will soon begin to glow, and after cooling a
black fused mass remains which no longer resembles either iron or
sulphur. Examination with a lens will no longer reveal any parti-
cles of either iron or sulphur, nor will the magnet or treatment with
a solvent remove either one of the ingredients. These have lost their
identity with the formation of a chemical compound known as iron
sulphide. Gunpowder is a mechanical mixture of sulphur, saltpetre,
and charcoal. By means of the solvent carbon disulphide the sulphur
may be removed, while subsequent washing with water eliminates
the saltpetre, leaving the charcoal behind. If this mixture be ignited,
a flash with explosion results, which is due to the sudden ‘chemi-
cal combination which takes place among the ingredients of the
mixture.

From this we learn that when substances undergo chemical changes
they lose their individual characteristics, which have merged into
the new compounds formed. Accompanying these chemical changes
there is almost invariably an evolution of heat, sometimes heat with
light; also physical changes take place, such as liquid to solid or gase-
ous state, or vice versa.

In the combination of the iron with the sulphur, or the explosion
of the gunpowder, we effect chemical changes which result in the
production of new substances of essentially different properties. Such
changes are the result of a form of energy called chemical affinity.
Chemical affinity is the attraction or force which binds atoms together
to form molecules and causes interchanges among these, resulting in the
formation of new substances of different properties. All elements and
compounds possess this affinity in a greater or lesser degree, mani-
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festing it differently under different conditions, some combining with
great energy, as in the explosion of gunpowder, while others require
the aid of physical forces to bring about combination. Still others do
not unite at all. The intensity of affinity varies under different condi-
tions in the same element. The various conditions necessary for bring-
ing about chemical union—a result of this attractive force—will be taken
up on page 133.

Kinds of Chemical Changes.—The various chemical changes thus
far cited are more properly known as reactions. These may be divided
into two classes—namely, synthetic and analytic,

Synthetic reactions are those in which various elements or com-
pounds unite, with the production of new substances of different prop-
erties. As, for example, the combination of sulphur and iron to iron
sulphide, or when an electric spark is passed through a mixture of
hydrogen and oxygen gases they unite to form water.

Analytic reactions are those which resolve a chemical compound
into its various constituents: the reverse of synthetic reactions. For
example, by the action of the electric current upon water it is resolved
(decomposed) into the invisible gases oxygen and hydrogen. If red
precipitate (a compound of mercury and oxygen) be heated, the latter
(a gas) is liberated, leaving the mercury behind. These analytic reac-
tions may all be verified by synthetic reactions, whereby the products
of the former are again caused to unite.

Chemistry is the science which treats of the composition of matter,
together with the study of the phenomena under which changes through
the influence of chemical energy take place.

Nature of Matter—Chemists consider that matter (solid, liquid,
or gaseous) is made up of exceedingly minute particles called mole-
cules (molecula = a minute mass), which represent the smallest masses
that can exist in the free state; they also possess the distinctive prop-
erties of the masses from which they are obtained. A molecule is
the smallest particle of matter into which substances can be divided with-
out losing their identity. When we arrive at our physical limit of sub-
division we still find that each molecule is capable of chemical sub-
division—that is, each ultimate particle is made up of elementary sub-
stances called atoms (&rouos = indivisible), these being the indivisible
constituents of molecules.

An atom is the smallest unit quantity of simple matter which can
enter into the composition of a molecule. Excepting in a few instances,
atoms are incapable of existing in the free state; hence when liberated
by chemical action they unite at once to form molecules. Most ele-
mental molecules consist of two atoms; as exceptions, ozone (a form
of oxygen) contains three, while phosphorus, arsenic, and antimony
each contain four. The inert gases, as helium, argon, neon, etc., are
mono-atomic ; that is, their atomic and molecular weights are alike. In
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various compounds the number of atoms to the molecule may extend
to several hundred.

As shown through the investigations of the radio-active elements, such
as radium, thorium, and uranium, which undergo spontaneous decomposition,
the atom possesses a complex structure. This consists of a positively charged
nucleus of exceedingly minute dimensions, surrounded by concentric rings
of negative electrons, which are in rapid orbital motion about the nucleus;.the entire
mass is about '/, that of an atom of hydrogen (see page 480).

Elements.—If all the various compounds known to chemists be
subjected to analysis, they can be finally resolved into simple sub-
stances, called elements, of which about 80 have been discovered.

An element is a substance which cannot by any means known to chem-
ists be resolved into anything else essentially different from itself. Thus,
chemists have been unable to resolve oxygen gas into anything simpler,
nor can sulphur be made to yield any other kind of elementary matter;
hence these are termed elements. For table of elements see inside back
cover. For sake of convenience these elements are divided into two classes.
metals and non-metals. To the latter class belong the gaseous elements,
also bromine, iodine, sulphur, selenium, tellurium, phosphorus, arsenic,
carbon, silicon, and boron. These differ greatly in their physical prop-
erties.

Names of the Elements.—The names of the elements are usually
derived from some distinguishing feature or peculiarity. Thus, chlo-
rine (from ylwpés = yellowish green) refers to the characteristic color
of the gas; hydrogen (compounded from B8dwp = water, and yewiw
= I produce) derives its title from the fact that it is a necessary con-
stituent in the production of water; the title argon (from apros =:with-
out energy) refers to its chemical inertness; such elements as gallium,
germanium, and scandium have derived their titles from the old Latin
names referring to the nationality of the discoverer. The names of
the more recently discovered elements end in fum or on.

Symbols of the Elements.—In expressing the composition of differ-
ent chemical substances which are made up of various elements, it

. is necessary, as a matter of convenience and simplicity, that an abbre-
viated form of chemical language be employed. This has been pro-
vided for through a system of symbols, in which the initial letter of
the title of the element is generally selected.* In some cases several
elements possess the same initial letter; it is then the custom to assign
the single letter to the most important, abundant, or earliest-discov-
ered member of the group, and to the others a second letter. Thus,
ten names of elements begin with C. This symbol was selected for
Carbon, as the most important ; then Ca for Calcium, Cd for Cadmium,
Ce for Cerium, Cl for Chlorine, Co for Cobalt, and so on. In a few
instances the symbols are selected from the old Latin titles of the elements.
Thus, Fe is taken from Ferrum (iron), Pb from Plumbum (lead); K
from Kalium (potassium), Au from Aurum (gold), and so on.

* See Table of Elements, inside back cover.

.
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Atomic Weight, or Mass.—The above symbols possess a quan-
titative signification. Each one represents one atom of the element
in question, this being the smallest quantity of an element which is
present in the molecule of its compounds. Thus, Na does not repre-
sent any indefinite quantity of sodium, nor Cl any amount of chlorine.
These symbols, like those of all the other elements, invariably refer to
definite and fixed quantities, as in the above instance to 23 parts of
sodium and 35.46 parts of chlorine, so that NaCl, representing a mole-
cule of sodium chloride, always denotes 58.46 parts, the sum of one
atom of sodium and one atom of chlorine.

The absolute weight of either atoms or molecules cannot be deter-
mined directly; hence they are determined relatively by comparison with
some standard element. The earliest standard selected was hydrogen.
This was chosen because it was the lightest known element and had
the smallest combining value. Starting with H = 1.000 as unit, it would
follow that if we determined the weights of the various elements
which united with one unit of this standard, these figures would repre-
sent the relative weights of their atoms. Since oxygen has been arbi-
trarily fixed as standard with a value of 16 compared to H = 1.008,
this same ratio prevails. If an element does not combine directly with
hydrogen, then its relative weight would be determined by compari-
son with another element the ratio of which to hydrogen was known.
Thus we find that 35.46 p. of thlorine, 79.92 p. of bromine, and 19 p.
of fluorine to be the smallest quantity by weight of these elements enter-
ing any of their compounds and combining with 1.008 gm. of hydrogen
(O=16); hence we may say that the atomic weights of these three
elements are 35.46, 79.92, and 19 respectively. Since the molecule of
hydrogen consists of two atoms, then the molecule of chlorine would
weigh (35.46 X 2) 70.92 times and the molecule of sodium chloride
(23 4+ 35.46) 58.46 times heavier than the atom of hydrogen. There-
fore, the atomic weight of an element is the relative weight of its atoms
as compared with those of oxygen or hydrogen as unity. The molecular
weight of an element or compound represents the sum of the weights of
the atoms which make up its molecule.

Oxygen, with the arbitrary standard atomic weight of 16.000, has within
recent years been adopted as the unit in place of hydrogen as 1.000. The
chief reasons for such a change are (1) that while but very few elements unite
directly with hydrogen to form stable compounds which can be analyzed, oxy-
gen combines with nearly all, the composition of which can be readily and
accurately determined. Hence we were under the necessity of first determining
the relation of most elements to oxygen, and, through this, to hydrogen. With
every change in the ratio of oxygen to hydrogen (1588 to 1), necessitated by
new determinations, all the atomic weights referred to hydrogen (through
oxygen) must also be changed. But if the number 16 be retained as arbi-
trary standard for oxygén, and 1.008 for hydrogen, no such recalculations of other
numbers will be necessary, since only the value of hydrogen would be affected.
(2) The error in the determinations is less with the larger (O = 16) than with
the smaller standard (H = 1). The atomic weight figures under O = 16 usually
approximate whole numbers, which are more convenient in calculating than the
fractional numbers encountered under H = 1.
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Chemical Formule.—The various chemical compounds are pro-
duced by the combination of two or more elements, and are graphically
represented by placing the symbols of the constituent elements to-
gether. Such an aggregation of symbols (which also represent their
respective atomic weights) is designated as a chemical formula. For
example, HCI represents a compound made up of one atom of hydro-
gen (1.008 parts) and one atom of chlorine (35.46 parts) ; the formula
H,O represents a compound whose molecule is made up of two atoms
of hydrogen (2 X 1.008 parts = 2.016 parts) and one of oxygen (16 parts) :
the small figure placed to the right below the symbol of the element hydro-
gen indicates the number of atoms of that element which enter into the
compounds.* In unabbreviated style the above formula would be HHO;
for nitric acid it would be HNOOO, while it is written HNO,. The
advantage of such abbreviations is at once apparent.

The formula 2H,SO, or 2(H,SO,) represents two molecules of a
compound (sulphuric acid) made up of two atoms of hydrogen (2 X
1.008 parts = 2.016 parts), one of sulphur (32.07 parts), and four of
oxygen (4 X 16 parts = 64 parts). The large numeral (2) placed
before the formula is called the coefficient, and represents the number of
molecules of the substance represented. The molecular weight of this
would be 2 (2.016 4+ 32.07 4 64) or 2 X 98.086 = 196.172. Some-
times this number will apply to only a portion of the symbols. In
such a case the latter are enclosed in parehthesis. Thus, Fe,(SO,), repre-
sents a compound of two atoms of iron and three groups of SO,; its
molecular weight would be calculated thus:

Peg = 55.84 parts X2 = 111.68 parts.
= == 32.07 parts,
SO« —{Og=64.00 “ (16X 4)
(SO¢)s = 96.07 parts X 3 =  288.21 *“
Peg(SO4)s = 399-89 parts.

Chemical Equations.—By means of these chemical formule we
are able to express the various chemical changes which take place
between two or more molecules. Such changes are termed reactions.
The several substances taking part in these changes are called re-
agents. In expressing these reactions we employ chemical formule in
which the substances entering into the reaction connected by plus (4)
signs are placed to the left of the equality sign (=), and the products
of the reaction connected by plus signs to the right. Such combinations
of formulz and algebraic signs are called chemical equations. Thus, in
accordance with the above the reaction between two molecules, AB and
XZ, would be expressed AB 4+ XZ = AZ + BX. Should a minus
sign be necessary, it would be ABC—B = AC + B. The plus sign re-
places “ and,” indicating that the bodies are brought together in reaction;
the equality sign means “ produces,” or “yields.”

* The term subscript is sometimes employed for this figure.
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Since each symbol entering into a chemical equation represents a
definite weight of matter, and the products of the reaction represent an
interchange among these symbols, it follows that after the change the
quantity of matter must remain the same as before. The sum of the
molecular weights of substances on the right of the equality sign

must always equal the sum of the molecular weights of those on the
left. Thus,

AgNO, + NaCl = AgCl + NaNO,.
Silver Nitrate.  Sodium Chloride. Silver Chloride. Sodium Nitrate.
160.89 58.46 143.34 8s.01
N

228.35 228.35

This, like all equations, conforms to the rule that when two or more
chemical compounds are brought together under proper conditions an
interchange of elements takes place, with the formation of new com-
binations. In the above example the atom of chlorine of the sodium
chloride, owing to its greater affinity, attaches itself to the atom of
silver, thereby displacing the molecular group * NO,, which at once
attaches itself to the atom of sodium, forming sodium nitrate. The
sum of the molecular weights of the products on the right of the
equation (228.35) is the same as that on the left (228.35). Not only
must the two sides of the equation balance each other quantitatively,
but also qualitatively—that is, all of the elements which enter into
the reaction as factors on the left must be accounted for on the right.
Valency of the Elements.—Valency is the combining, saturating, or
replacing power of an element expressed in hydrogen (univalent) units.
The inert gases show no valency, since they do not form compounds.
Upon comparing the various compounds of hydrogen with several
of the elements, such as chlorine, oxygen, nitrogen, sulphur, etc.,
differences will be observed as regards the number of atoms of hydro-
gen (whose standard valency is I) which combine with these. Thus,

1 I 1 v

HCI H,O H,N H,C
HBr H,S H,P H,Si
HF H,Se H,As
HI H,Te H,Sb

From this we see that, while chlorine combines with one atom of
hydrogen, oxygen requires fwo, nitrogen three, and carbon four. Ele-
ments which combine with or replace hydrogen atom for atom are known
as monads; those of which one atom will combine with or replace two
atoms of hydrogen are called dyads. Similarly, we have the groups
triads, tetrads, pentads, hexads, etc. As adjective terms we employ uni-
valent, bivalent, trivalent, quadrivalent, quinquivalent, sexivalent, etc.

Thus, chlorine and bromine, which combine with hydrogen atom
for atom, are known as monads, while oxygen and sulphur require

* For explanation of this term, see Radicles, p. 123.
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two atoms of hydrogen for saturation and are therefore dyads. So-
dium, on the other hand, does not combine directly with hydrogen,
but, in reacting with hydrogen chloride (hydrochloric acid), replaces
hydrogen atom for atom; and so its valence as a monad is established,
Na + HCl = NaCl + H. Similarly the atom of zinc in the reaction with
hydrogen chloride displaces two atoms; hence is a dyad, Zn 4 2HCl =
ZnCl, 4+ H,. .

Variations in Valency.—The same element may exhibit a dif-
ferent valence in different compounds. Thus, chlorine, which in com-
bining with hydrogen is a monad, forms a series of compounds with
oxygen and hydrogen in which its valence is one, three, five, and
seven. Thus,

1
Hypochlorous Acid, H—O—CL.
III
Chlorous Acid, H—O0—CI=0.
v ,0
Chloric Acid, A H—O Cl\O
VII
Perchloric Acid, H—O—Clég-
N0

Sulphur, which combines as a dyad to form hydrogen sulphide, unites
with oxygen with the valence of two, four, and six. Thus,

VI
54 v 0=S=0
H—S—H, 0=S=0, H
Hydrogen Sulphide Sulphur Dioxide. Sulphur Trioxide.

This variation in valence increases by increments of two, although
there are exceptions to this general rule. Thus, it would be 1, 3, s,
or 7, as in chlorine, bromine, and iodine, or from 3 to 5, as in nitro-
gen and phosphorus. Among the elements of even valencies they
usually vary as 2, 4, or 6, as, for example, in sulphur or selenium.

It should be noted, however, that the valency of all the elements to-
wards hydrogen is constant and unchangeable, and is known as hydrogen
valence. Thus, when combined with hydrogen, chlorine, bromine, or
iodine is always a monad, or when these are combined with metals, as,

11 IIn
for example, copper chloride, CuCl,, or bismuth chloride, BiCl,. But
when various elements are caused to combine with the dyad oxygen
or such other elements as chlorine or bromine, variations develop;
this is termed oxygen or halogen valence. Thus, chlorine, bromine, and
iodine are always monads, oxyvgen and sulphur dyads, nitrogen
and phosphorus triads, when they are combined with hydrogen. Quite
different is the case when some of these and other elements combine with
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oxygen or the halogens (Cl, Br, I, F) as cited above, in the acids
of chlorine or compounds of sulphur, or, as further examples:

m v vI vt
S0, SO, SO, S,0,
1 111 v

ICl1 IC1, IF,

i v v

OsO Os0, OsO.

From this we learn that the oxygen (or halogen) valence of the
elements varies.

In general, valency depends upon the properties of the reacting ele-
ments and the conditions under which they unite.

For instance, valency is largely influenced by temperature; at lower
temperatures higher valenced compounds are possible, while at high
temperatures these dissociate into compounds of lower valence. Thus,
sulphur is a hexad towards oxygen (SO,) much below 700°, while
above this it is a tetrad (SO,).

When all the bonds of one element have been satisfied or replaced
by a like number of another, the resulting compound is said to be
saturated—e. g., H,0O, PCl;, But where one of the elements of a com-
pound appears with a valency less than its maximum valence the com-
pound is said to be unsaturated (see Radicles, page 123).

Equivalence.—Like valence may be termed equivalence; it also ex-
presses the number of parts by weight of an element which combines with
or replaces 8 parts by weight of oxygen or 1.008 parts by weight of hydro-
gen. The atomic weights are the equivalent weights of the elements or
multiples thereof. For example, one atom (35.46 p.) of chlorine combines
with one atom (1.008 p.) of hydrogen, hence 35.46 is the equivalent (also
atomic) weight of chlorine. One atom of sodium (23 p.) combines with
one atom of chlorine (35.46 p.), and since one atom of this gas is
equivalent to one of hydrogen, then one atom of sodium (23 p.) must
be equivalent to one of hydrogen (1.008 p.). If two atoms of hydrogen
are equivalent to (or combine with) one atom of oxygen, then one
atom of hydrogen will be equivalent to 8 parts of oxygen. If one atom of
nitrogen (14.01 p.) is equivalent to three atoms of hydrogen (3.024 p.),
then one atom ( 1.008 p.) of the latter will be equivalent to (3%21) 4.63 parts
of nitrogen. If 2 atoms of silver (2 X 107.88 p.) combine with one atom
of oxygen (16 p.), then one atom of silver (107.88 p.) is equivalent to 8 p.
of oxygen.

In various chemical reactions elements or groups of elements may replace
one another in the molecules of the reacting compounds. Thus one atom of
chlorine (35.46 p.) replaces one atom of iodine (12692 p.) in hydriodic acid
(Cl + HI' = HCl + 1), also one atom of bromine (79.92 p.) in hydrobromic
add (C1 + HBr = HQl + Br). The number of atoms of the various elements
mvolved in a reaction depends upon their valency, thus one atom of a bivalent
or a trivalent element replaces two or three atoms of a monovglent respectively.

nn I 1 I 1 1 11
ZnO + 2HCI = ZnCl, + H,0.
I 11 I 1 1 1
Bi, 0, + 6HCI = 2BiCl, + 3H,O.
The sum of the valencies replacing one another must always be equal.
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Graphic Symbols for Valence—When it is desired to indicate the
valence of an element, a Roman numeral or strokes are placed to

I v
‘the right above the symbol. Thus, O, N, P, or O”, N, or Cl.

These valence marks are not used ordinarily in writing formule or
expressing reactions between chemical substances, but only in so-
called graphic formule. In such instances it is customary to employ
lines, called bonds, to indicate the linking of atoms to one another. These
valence bonds should never be considered as really existing, but merely
placed there from purely theoretical considerations.

| |
Thus, O= or —O0— or O<, N= or —N—, =C= or >C< or —(l)—

Examples:
: H H (0}
Bivalent Element. o, v'é , o, 0=0. N
\H K 6—0
Ox Hydro, i .
mosr TOaREY fydemuwm (QayEen  Owne
Water
Molecule
Trivalent Element N ' 2 N=B N=N
rivalent Elemen , ' ' =B, N=N
77N H/ N\H (0]
. Nitrogen . . .
Nitrogen ° N N Nitrogea
Atoma. Hydrideor  piorofde.  Bonde.  Molecdle.
III Cl Cl
Tetravalent Element. —(I.L,—. H—(IJ—H. H—A')—H. H—JII—CL
Carbo Monochl Di ll;[lor
A‘t;mr‘ Methane. l:nootlumo.r ) metcln.ne-.
o N H
Z / = —
c<0. <, e c=cL, H—C=C—H.
Pk HYQRoep™®  aetname. vl Acetylene.

The position of the valence strokes is usually a matter of conveni-
ence. They are, however, of great value in illustrating the arrange-
ment and relationship which various atoms bear to one another in
the formation of chemical compounds. Such formule are usually
known as graphic, structural, or rational.

Empirical or Condensed Formulee.* Structural or Graphic Formulse.

Ammonia, NH,. NCIII-I.

\H

. Bi=0

Bismuth Oxide, Bi,O,. >0.
Bi=0O
Sull;hur Trioxide, SO,. 548

‘ Vo)

* The empirical or condensed formula simply expresses the kind and rela-
tive number of atoms in the molecule.
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Sulphuric Acid, H,SO, Ong—0H

o/ "—OH

H
Phosphoric Acid, H,PO,. \—\O

219]

0—N<O

Lead Nitrate, Pb(NO,), Pb<0_ 9.
NI

NO

Radicles.—From the preceding we have learned that the various
elements combine in accordance with their affinities and valencies,
giving rise to saturated molecules (chemical compounds). Thus, cal-

Im 1
cium chloride is written CaCl,; it cannot be CaCl (Ca<Cl),for such
a compound of chlorine and calcium with a free or unsaturated affinity

I 11
does not exist. For like reasons potassium oxide must be K,O (O<§) ,

m 1 /Cl ) v
bismuth chloride BiCl, (B1<CC{) sodium phosphate Na,PO,

Na v
(o= .—O——II:IIa), nitric anhydride N,O, (8>N—0_N<8)

For theoretical reasons we find it convenient to distinguish certain
unsaturated groups of atoms (with free bonds) which deport themselves
like atoms; these are called radicles, residues, or rests. Such radicles
result through the removal of an atom from the saturated molecules,

their so-called valency being equal to the number of unsaturated bonds.
Thus,

‘H, Hydrogen Oxide. H—S—H, H: n Sulphxde H—N =Hs, Ammonia.
—(OH), Hydroxyl. —(SH) 'S$u phy —(NHs), Amidogen.
Iv v
Methane. —C“N Hydrogen Cyanid: H—NOs Nitrate.
—( Ha), Methyl, —(CN), Cyanogen. e —(NO.) o Radical.
0=879
O-C—O Carbon Dwnde. (OH)=P=0,H Phosphate. — \OH S\llbh'“
=(CO), Carbony =(P=0), Phosphoryl. =(SOy), Sulphuryl.

With but few exceptions, the names of these compound radicles ter-
minate in y. Those of an uneven number of free (unsaturated) bonds
do not exist in a free state, but, like atoms, when liberated immedi-

1
ately unite with other atoms to form molecules. Thus, (OH) 4+
1 1 L
H = HOH or H,0; (OH) 4+ (OH) = H,0,, hydrcgen dioxide;
1 1 1
H + (CH,) = CH,, methane; (NH,) + (CH,) = NH,CH,, methyla-

mine, etc.
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An acid radicle or residue remains after abstracting the hydroxyl
(OH) from an oxygen acid; e. g., H,SO, — (OH), = SO,, sulphuryl;
H,CO, — (OH), = CO, carbonyl. Saturated compounds of these are
sulphuryl chloride (SO,Cl,) and carbonyl! chloride (CO.CL,).

Such residues as have an even number of bonds, as sulphuryl = (SO,)
and carbonyl = (CO), may exist in a free state, since there is a mutual
saturation between the two free bonds. Thus, <(SO,), <(CO).

In common practice the groups SO, and SO, are generally referred
to as the sulphuric and sulphurous (acid) radicles, although they are acid
anhydrides.

In the various reactions of analytic and synthetic chemistry these
radicles play an important part; the readiness with which they inter-
change with atoms may be seen in the following equation:

1 1 I1I
AgNO, + NaCl = AgCl + NaNO,.
Silver Nitrate. Sodium Chloride. Silver Chloride Sodium Nitrate.
I I I 1 .
CH,I + AgOH = CH,OH + Agl.
Methyl Iodide.  Silver Hydroxide. Methyl Hydroxide. Silver lodide.
1 11 II 1
Na,SO, + Ba(NO,), = 2NaNO, + BaSO.,.
Sodium Sulphate. Barium Nitrate. Sodium Nitrate. Barium Sulphate.
I III I 1 11 111
2Na,PO, + 3MgSO, = 3Na,SO, + Mg, (PO.),.
Sodium Magnesium Sodium Magnesium
Phosphate. Sulpbate. Sulphate. Phosphate.

Compound Molecules.—Simple molecules (as H,, P,) consist of
like atoms, while compound molecules are made up of unlike atoms.
These may be divided into two classes, namely, binary and ternary.

Binary Compounds.—These consist of only two kinds of atoms,*
as NaCl, FeS, NH,Cl. In writing their formule the electro-positive
element is placed first, followed by the electro-negative. Thus, we write
Na(Cl and not CINa, In naming the compound the same order is ob-
served: the name of the positive atom or radicle is followed by that
of the negative, which terminates in ide. Thus—

+ - ' +_ =
NaCl = Sodium Chloride. (NH,)C!l = Ammonium Chloride.
+ - + =

CaO = Calcium Oxide. (NH,)CN = Ammonium Cyanide.
+ - + -

NaOH = Sodium Hydroxide. (C,H,)I = Ethyl Iodide.

Thus, compounds in which chlorine acts as the electro-negative element
are called chlorides, with oxygen as oxides, with phosphorus as phosphides,
_ with the radicle CN as cyanides.

The valence of the different elements entering into combination
should be carefully observed, in order that there be no free (unsat-

* Also radicles which act as electro-positive or negative elements.
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urated) bonds remaining in the formula. This may be illustrated in
the following classification:
a. The atoms unite singly where the valencies are alike—

I I 11 o I 1 v IV
Na(Cl, AgBr CaO, BN, SiC.

b. One valence is a multiple of the other—

1 11 IiI v v VI
Ag’ol CaCllr CCl« PClh WCllv

c. Combinations of atoms of unequal valencies. In such cases the
valencies of the different atoms or atomic groups are exchanged as

coefficients—

I 11 I 11 v Vit 1t
Bi,0,, As,S,, P,0O,, Cl1,0..

Where the two elements form several compounds, the negative
element retains its normal valence, while the positive may vary. To
distinguish between two compounds of the same two elements, we
employ the ending ous to indicate the lower valence, or lower state of
oxidation, and ic the higher. Thus—

I 11 IV II

FeO Ferrous Oxide. SO, Sulphurous Oxide.
u VI IT

Fe,O, Ferric Oxide. SO, Sulphuric Oxide.

In those cases where two elements form two or more compounds, these
may be more appropriately distinguished from one another by means
of Greek numeral prefixes added to the name of the negative element.

N,0=Nitrogen mon-oxide.* SO, = Sulphur di-oxide (Sulphurous Oxide).
N,0,= Nitrogen di-oxidet SO, = Sulphur tri-oxide (Sulphuric Oxide).

N.O,= Nitrogen tri-oxide. P,0, = Phosphorus tri-oxide (Phosphorous Oxide).
N,0,=Nitrogen tetr-oxide. P,0,= Phosphorus pent-oxide (Phosphoric Oxide).
N:Os = Nitrogen pent-oxide.

Ternary Compounds.—These consist of three or more different
kinds of atoms, one of which serves to unite the two other dissimilar
atoms or radicles ; for example—

0 HO. 0 JOH
7 v =pZ
H—0—N{ _ (HNOy) Ho>s\o (H:50)  O=PCOH (HPO).

Nitric Acid. Sulphuric Acid. Phosphoric Acid.

Acids, Bases, and Salts.—The only acid (acidus = sour) known to the
ancients was vinegar. They were acquainted with its solvent action on cal-
cium carbonate (calcareous earth). Later other acids in impure state, as
mtric and sulphuric, were prepared, and, owing to their sour taste and similar
solvent properties (like vinegar), they were classed as acids. -

The ashes of sea weed, called alkali, were known to possess detergent properties
as well as influence the color of certain plant pigments (as litmus). Later this

* Also known as Nitrous Oxide.
t Now designated as Nitric Oxide with simple formula NO.
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term included all similar compounds possessing like properties. It was noted
that certain alkalies effervesced with acids (muld alkalies), while others, pos-
sessing the same general properties, were of a caustic nature (caustic alkalies).
Another class, which were insoluble in water and yet neutralized acids, were
termed carths. The products of the neutralization of acids by alkalies were termed
salts. Originally the term salt was applied to sea-salt obtained by the evaporation of
sea-water. Later this name was used for similar products obtained through the
interaction of acids and alkalies.

Acids.—Acids are compounds of hydrogen with an electro-negative
element or radicle. They usually possess a sour taste when diluted,
redden blue litmus, and saturate bases (oxides and hydroxides of
metals). In aqueous solution acids dissociate into hydrogen ions which
produce the acid reaction and are characteristic of all acids. All
acids contain hydrogen, which is readily replaceable by metals, the
product being termed a salt. Acids may be divided into two classes—
namely, the binary or halogen acids, and the ternary or oxygen acids.

Binary or Halogen Acids.—These are compounds of hydrogen and
the halogens,* and are—

HCl = Hydrogen chloride. HI = Hydrogen iodide.

HBr = Hydrogen bromide. HF = Hydrogen fluoride.
In naming these, custom has followed another method, which con-
sists in employing the term acid and preceding it by the name of the
electro-negative element ending in i#c with the prefix hydro; thus—

HCl1 = Hydrochloric Acid.
HI = Hydriodic Acid.

Ternary or Oxygen Acids.—These are ternary compounds in which
hydrogen is linked by means of oxygen to electro-negative radicles
containing oxygen. For example—

H—0—-CIO, HO—NO, (HO),SO,
Chloric Acid. Nitric Acid. Sulphuric Acid.

These acids dissociate into hydrogen ions and the oxygenated negative
ion complex ; thus—

4 - € -
HCIO, = H + CIO,. HNO, = H + NO,.
+ + -
H,SO,=H + H + SO,

As in binary acids, the hydrogen atoms are replaceable by electro-
positive atoms or radicles. Also the oxygen acids of lower valence
(lower state of oxidation) end in ous and the higher ones in sc. The
compounds of these end in ite and ate respectively. Thus—

Acids. Salts.
T

HNO, Hydrogen Nitrite ............... NaNO, Sodium Nitrite
or Nitrous Acid.

* The halogens are a group of elements consisting of chlorine, bromine, iodine,
and fluorine.
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. v

HNO, Hydrogen Nitrate .............. NaNO, Sodium Nitrate
or Nitric Aad.
v . )

H,SO, Hydrogen Sulphite .............. Na,SO, Sodium Sulphite.
or Sulphurous Acid.
Vi )

H,SO, Hydrogen Sulphate .............. Na,SO. Sodium Sulphate.

or Sulphuric Acid.

Some elements form several oxygen acids, differing from one another
in the number of molecules of oxygen present. For such as contain less
oxygen than the ous, we employ the prefix “ hypo,” and those containing
more than the ic the prefix “ per.” Thus—

Acids. Calts.
HélO Hypochlorous Acid............... Sodium Hypochlorite.
nglO, Chlorous Acid............... Sodium Chlorite.
HCIVO, Chloric Acid.......cc.o...... Sodium Chlorate.
ng). Perchloric Acid ............... Sodium  Perchlorate.

The following represent a number of prefixes, some of which, though anti-
quated, still find usage: .

Proto means first of a series; for example, protoiodide of mercury (Hgl)

and protochloride of iron (FeCl,) represent the simplest combinations of these
two elements.

Deuto, Di, Bin, or Bi—These prefixes refer to the number of atoms of the
electro—neg_atxve element present in the compound. Deuto- or biniodide of mercury
(Hgl,), di- or bichloride of mercury.

Sub means below or under; thus, a suboxide or swbchloride refers to the oxide
or chloride below the normal. Since normal oxide of mercury is HgO, the sub-

Hg
oxide would be Hg.O (H >0>. the latter compound containing a lower per-
g A

centage of oxygen. Subchloride of mercury is HgCl (or Hg,Cl,), and contains
less chlorine than the normal or bichloride” (HgCl,).

. Super or Hyper means “beyond”; thus, a super- or hyperoxide would be the
oxide £eyond t.la’e normal; or, for example, normal sodium oxide is Na,O; its

. Na—O
next higher or superoxide is Na,O, |

Na—O
obsolete.

Per—This Ereﬁx, which is frequently employed, indicates that fhe molecule
contains the highest possible percentage of the electro-negative element or group.
hus, we have perchloride of iron (Feél.) as compared with protochloride (FeCl,) ;

O0—H
hydrogen peroxide would be H,0, (1)—1{) ; sodium peroxide, Na,O,; perchloric
acid, HC10,.

Sesqui—This term refers to a ratio of fwo atoms of the electro-positive ele-
ment to three of the electro-negative. Thus, sesquioxide of iron would be Fe,O,

e O
( >0) Sbh,S, is sesquisulphide of antimony.
Fe=0

>. These terms are almost
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Basicity.—The basicity of acids is represented by the number of
hydrogen atoms which can be replaced by monovalent electro-positive
atoms. Examples:

Monobasic acids—hydrogen chloride (HCl) and hydrogen nitrate
(HNO,).

Dibasic acids—hydrogen sulphate (H,SO,) and hydrogen oxalate
(H.C,0,).

Tribasic acids—hydrogen phosphate (H,PO,) and hydrogen borate
(H,BO,).

Tetrabasic acids—hydrogen pyrophosphate (H,P,O,) and hydrogen
ferrocyanide [H ,Fe(CN),].

Polybasic acids. These include all that are of a greater basicity than
monobasic. Among the ternary acids are certain ones in which the
number of hydrogen atoms contained in the molecule does not indi-
cate their basicity. The replaceable hydrogens are usually linked to the
negative atom or group by aid of oxygen, hence the number of hydroxyl
(OH) groups determines this.

/OH
Hypophoif)horous Acid, O=P—H is monobasic.
(HPH10y) \H

,/OH
Phosphorous Acid, O=P—OH is dibasic.
(HsPHO») \H

Ortho-, Meta-, and Pyro Acids.—Ortho-acids (dpfés = true). As
already stated, the basicity of oxy-acids depends on the number of hy-
droxyl groups present. Such acids as contain the same number of
hydroxyl (OH) groups as there are affinities or valencies in the nega-
tive atom or group are termed ortho-acids. Thus—

Ortho-boric Acid, BCOH) +eeeeenn. H,BO..
Ortho-silicic Acid, l;'i(OH)‘ ............... H.SiO..
Ortho-antimonic Acid, O = Sb(OH)s.......... H,SbO,
Ortho-phosphoric Acid, O=P(OH), ........... H,PO..

By the removal of one molecule of water, acids containing a
minimum of hydrogen result; these are called “meta-" (puera = a
change) acids.

111

I
B(OH), or H,BO, — H,0 = (HO)BO or HBO,.

Crtho-boric Acid. Meta-boric Acid.
v
Si(OH), or H,Si0. — H,0 = SiO(OH), or H,SiO,.
Ortho-silicic Acid. Metasilicic chd.

v v
(HO);P=0 or H,PO,—H:0=(HO) P<O , or HPO,.
O

Ortho-phosphoric Acid. Meta-phosphoric Acid.
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If one molecule of water is removed from two molecules of an
ortho-acid, a pyro-acid results—

HO\ v
HO—P=0 HO \V
HO/ HO/ P=0.
H hand Hto = \V
HO—P—O HO -
HO/
h hori id. ic Acid.
Ort o-pl;o}:ﬁ) 8:1c Acid Pyro-pﬂs;nggnc Acid

Acid Anhydrides—These are obtained from acids by removing
all of the hydrogen with sufficient oxygen to form water.

HO\vr vI

SO, — H.O = SO,

o/

Hydrogen Sulphate. Sulphuric Anhydride
(Sulphur Trioxide).

In case the number of hydrogen atoms in the acid is uneven, the
anhydride is derived from two molecules of the acid.

v
HO—NO; v NO:
v — HO — NiO, or 0
HO—NO, N
Nitric Acid. Nitric Anhydride.
2H,PO. — 3H,0 = P,0,.
Phosphoric Acid. Phosphonc anhydride

(Phosphorus pentoxide).

The anhydrides may also be considered as oxides (acidic oxides),
which with water form oxy-acids, e.g., SO, + H,O = H,SO,. One
or two of the anhydrides, while derived from oxy acids by loss of water,
are not capable of reversing the reaction, e.g., H,N,0, — H,O = N,O.
The highest oxides of some metals are known as anhydrides, e. g., chromic
anhydride (CrO;) and permanganic anhydride (Mn,0O,).

Bases (Hydroxides, Alkalies).—These are compounds in which
a positive element or radicle is linked to hydroxyl; when dissolved
in water they yield hydroxyl ions. Or they may be considered as being
derived from one or more molecules of water, in which one hydrogen
of each is replaced by an electro-positive element or radicle. Owing
to the presence of the hydroxyl (—OH) group, these compounds are
known as hydroxides (sometimes incorrectly termed hydrates).

II 11T 1
II(OH Ba(OH), Bi(OH), NH,OH
The number of OH groups present determines the saturating (page
130) power of the base; hence they are termed mono-, di-, or tri-acid
or hydric bases. Thus, KOH is a mono-hydric base, since it saturates
one molecule of a mono-basic acid—
KOH + HCI = KC!I + H,0.

I
Ba(OH), is di-hydric, since it saturates two molecules of a mono-basic
acid—
Ba(OH), + 2HCI = BaCl, + 2H,O.
9
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The oxides of the alkali metals combine with water to form the
alkali hydroxides, all of which are soluble,
Na,0 + H.,0 = 2NaOH.

The oxides of the alkaline earths unite with water to form the alkaline

earth hydroxides, which vary in their solubility in water,
CaO + H,0 = Ca(OH),

Weakly basic hydroxides of such metals as zinc and aluminum, as
well as those of the heavy metals, because of their insolubility, are pre-
pared by interaction between solutions of salts of the metals and an
alkali hydroxide.

ZnSO, + 2NaOH = Za(OH), + Na,SO,

Bases through electrolytic dissociation split up into metal cations and
hydroxyl (OH) anions. The latter impart the alkaline taste and reaction that
turns red litmus blue. Bases are strong or weak according to their degree
of dissociation, the strongest being the hydroxides of the alkali metals (K, Na,
Rb), which dissociate very readily. Ammonium hydroxide is a very weak
base, being about 200 times weaker than potassium hydroxide when the latter is
in normal solution (56.11 p. in 1000). The hydroxides of the alkaline earths
(Ca, Sr, Ba) are strong bases, but less so than the alkali metals. The hydrox-
ides of the heavy metals are insoluble, hence fail to dissociate.

Salts.—Salts are the product of the interaction between acids and
bases or metals. The acidic * hydrogen of the acid has been replaced
by a metal or basic radicle (NH,NO,). They consist of one or more
electro-positive elements or radicles united to one or more electro-
negative elements or radicles according to their respective valencies.
Thus—

+ — +— - + —
NaOH + HCI = NaQl + HO.
Sodium Hydroxide. Hydrogen Chloride. Sodium Chloride.  Water.
4 — — +— + -
i HSO, = _Bi,(SO), + 3HO.
Biemas” Olide. +Hydt?>ge,nSquhAt. Bisn::;& O bate j ?
MgO + HSO, = MgSO, 4+ H,0.
Magnesium Oxide. Hydrogen Sulphate. Magnesium Sulphate.

The above reactions serve to illustrate what is known as neutrali-
zation—that is, the exact saturation of an acid with an alkali hydroxide
or oxide. To ascertain when neutralization (replacement of hydro-
gen) is complete, we employ litmus paper, which will indicate sat-
uration by change in color, the presence of the slightest excess of acid
producing a red, while with an alkali this changes to blue. Salts
also result from the action of acid anhydrides upon bases and acids

upon metals.

+ — - + — + —
2NaOH + sQ, = NasO, + HO.

Sodium Hydroxide. Sulphurous Anhydride. Z"n‘nc ulphite.

Jn + HSO, = 7ZnsO, + _H.

Zinc. Hydrogen Sulphate.  Zinc Sulphate. Hydrogen.

*1 ids not all hydrogen can be replaced, e.g., phosphorous acid (H,
PHO,)na;o(‘lmle'lyﬁphosphorousyacid. HPH,O,; the former has two and the latter

one replaceable hydrogen atom.
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3611 + BﬁNO. = 3CI(NO.), + 2;30 + 4ﬁ,0.
Copper.  Hydrogen Nitrate.  Cupric Nitrate.  Nitrogen Dioxide.

Since there is only one replaceable hydrogen in the binary acids,
there can be only one class of salts. '

Salts of the oxygen or ternary acids may be classified as normal,
acid, and basic.

Normal or Neutral Salts—These are formed by the replacement of
all of the hydrogen atoms of an acid by metals. They are usually of
neutral reaction.*

Imu 11 1t

| G ¢
NaCl ZnSO, Ca,(PO)),.
Sodium Chloride.  Zinc Sulphate. Calcium Phosphate.

Acid Salts—These are derived by the partial replacement of the
hydrogen of polybasic acids by metals. They always contain one or
more unreplaced hydrogens, and, in consequence, usually have an
acid reaction. These compounds are termed acid, bi, or hydrogen salts.
Thus—

NaHSO, = Sodium acid sulphate, or sodium bisulphate, or sodium hydrogen
sulphate.

The salts of the tribasic acids are named according to the number
of hydrogen atoms which have been replaced—namely, primary, sec-
ondary, or tertiary, or mono, di, or tribasic salts.

H,PO,. NaH,PO.,. Na,HPO,. Na,PO.. .
Hydrogen Mono-sodium-di-hy- Di-sodium-mono-hy- Tri-sodium Phosphate.
Phosphate. drogen Phosphate. drogen Phosphate. Tri-basic ium Phos-

Mono-basic ium Di-basic Sodium phate.

Phosph Phosphate. Tertiary Sodium Phos-
Primary Sodium Secondary  Sodium phate.

Phosphate. Phosphate.

Double Salts.—These are the result of the combination of two salts
in molecular proportions. Dilute solutions of the double salts give
the same ions as are present in the salts entering into their composi-
tion, hence exhibit the reactions of their components. These salts

* Neutral salts of such weak acids as hydrocyanic (HCN), boric (H,BO,
or silicic (H,Si0,), may be of alkaline reaction, while the neutral salts of
weak bases, as ferric [Fe(OH),], aluminum [AI(OH),], and zinc [(Zn(OH),]
hydroxides, may show an acid reaction. This 1s caused by the dissociating
action of the water ions, whereby the salts of the weak acids split up into non-
dissociating acids and dissociated bases. For example, sodium cyanide, a com-
pound of a strong base (NaOH) and weak acid (HCN), shows the alkaline
reaction of the OH ions of the water, in addition to that of the Na ions, for
the compound NaOH dissociates completely. The H ions of the water
combine with the CN ions, forming HCN, which is a very weak and slightly
dissociable acid.

Ferric chloride (FeCl,), a compound of the strong acid (HCI) and a
weak base [Fe(OH),], shows an acid reaction due to the presence of the H
ions of the water and Cl ions of the acid. The alkaline reaction of the OH
water ions is not manifested, because they unite with the Fe”’ ions to form
a non-dissociating compound.
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may be derived either (a) from two different metals with the same
acid, e.g.,
11T 11 I 1 1

H,SO, KNaSO, NaNH,SO..
Hydrogen Sulphate. Potassium Sodium Sulphate. Sodium Ammonium Sulphate.
KAI1(S0,),.12H,0 MgSO,.K,SO,.6H,0
Potassium Alummum Sulphate. Magnelmm Pot.uslum ﬁu]phat.e

These dissociate in solution into the ions of their components, viz., K,
” ”

Al, and SO,, and Mg, K, and SO,; or (b) two different salts of the same
metal, e.g.,, HgCl,.2HgS; or (c) two different metals of two different
acids, e.g., MgSO,KCl.3H,0.

Kainite.

Complex Salts—These are formed through the mixing of solutions of
two single salts (like double salts), but their solutions differ in having the
constitution of single salts. The ferrocyanides and cobalticyanides are
salts of the complex hydro-ferro-cyanic [H,Fe(CN),] and hydro-cobalti-
cyanic [H,Co(CN),] acids. Their solutions do not give the usual
characteristic reactions of iron and cobalt, although they are formed
through the union of single salts, e.g.,

II 1
4KCN + Fe(CN), = K.Fe(CN).
Potassium Ferrous Potassium
Cyanide. Cyanide. PFerrocyanide.

This dissociates into the ions 4K and Fe(CN),.

Basic Salts.—These are derived by the replacement of part of the
hydroxyl groups of polyhydroxides by acid radicles. That is, the
amount of acid used is not sufficient to neutralize the basic hydroxide
(e.g., hydroxides of Bi, Zn, Pb, Sb). They may also be considered as com-
pounds of normal salts with metallic oxides or hydroxides. Basic salts
are frequently termed oxy or sub salts.

b OH b <NO.

Lead Hydroxide.  Basic Lead Nitrate, or
Lead Subnitrate, or
Lead Oxynitrate.

H NO, . NO
Bi/OH B1/ ! ( Bl Oy H,o) Bi4NO,
NOH \OH

Bismuth Hydroxide. Plnmary Seeon'dary.

Basic Bismuth Nitrates.

These basic salts may also be considered as resulting from the
replacement of hydrogen atoms of an acid by metallic oxides or
hydroxides.

I 1 1 I II
HNO, (PbOH)—NO, (BIO)—-NO
Hydrogen Nitrate. BuicI:xLeald Niltrate. Basic Bismuth Nntnee

HCl Zn (OH) C1 — Basic Zinc Chloride.
Hydrogen Chloride.
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Oxidation and Reduction.—~When an element combines with oxy-
gen it is said to undergo oxidation (equation 1); when this oxide is
deprived of its oxygen it is said to undergo reduction (equation 8).
Oxidation, in general, embraces all chemical reactions which result in the
addition of electro-negative elements or radicles to an element or com-
pound with a decrease in the relative quantity of the electro-positive
element in a molecule, the valence of the electro-positive element usually
increasing.

C om{lound. Oxidizing Agent. O.ridize;oli Product.
(1) lhldg + (0] = I\Idlfo
(2) I~;<;Cl, + Cl = - FeCl,
(3) 61;';:0, + 6HCl + 2HNO, =6FeCl, + ?INO + 4H,0.
(4) P;lI)IS + 20, = P\t}SO.
(s) 59. + cl, = VI PCl,
(6) Cr,0, + KCIO, = 2CrO, + KClI

The oxidizing agent undergoes deoxidation (reduction). Reduc-
tion (the reverse of oxidation) is the abstraction, partial or entire, of
electro-negative elements or radicles from compounds, or the increase
of electro-positive atoms or radicles in a molecule, the valence of
the electro-positive element usually decreasing.

Compound. Reducing Agent. Reduced Compound.

) $ 11 1"

(7) 2FeCl, + H, = 2FeCl, + 2HCI
1 11

(8) Fe,O, + 3H, = Fe, + 3H,0
1n 1 .

(9) 2HgCl, + H,SO, + H,0 = 2HgCl 4+ H,SO, + 2HCl1
v 1

(10) KNO, + Pb = KNO, + PbO
1 1

(11) CuO + H, = Cu + H,0
vi I

(12) 2CrO, + 3H, = Cr,0, + 3H,0

It will be noted that oxidizing and reducing reactions are directly
the reverse; that is, they are the same processes, differing only in
their direction. The substance that causes reduction is oxidized to
the same extent as the one reduced. Thus in equation 2, while the
ferrous chloride is oxidized, the chlorine is reduced; in equation 7, the
ferric chloride is reduced and the hydrogen is oxidized. In equation 6,
the chromium sesquioxide is oxidized to the trioxide, while the potas-
sium chlorate is reduced (de-oxidized) ; in equation 12, the chromium tri-
oxide is reduced to the sesquioxide, while the hydrogep is oxidized
to water.

Conditions Necessary for Chemical Change.—Chemical changes
are the result of chemical action which takes place in response to that
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attractive force, which holds the constituent parts of a compound to-
gether, known as chemical affinity. This latter force varies greatly,
not only among the various elements, but also with the same ele-
ment under different conditions. Some chemical compounds possess
such molecular instability that they undergo spontaneous decomposition,
sometimes with explosion (as the oxides of chlorine) or upon a slight
shock (as nitrogen chloride or iodide). Other elements or compounds
require the influence of certain physical forces, such as heat, light,
or electricity, in order to bring about reaction. Usually the first condi-
tion which is necessary to induce chemical interchange is to secure
intimate contact and freedom of motion between the molecules, so
as to favor atomic interchange. This is usually accomplished, be-
tween solids, by aid of a solvent. Thus, we may mix finely powdered
corrosive sublimate (HgCl,) and potassium iodide (KI), and so long
as they remain in the dry condition no reaction will take place, but
with the addition of water the white powder. disappears and a red
one forms, thereby indicating that chemical reaction, resulting from
an interchange of the several atoms, has taken place.

HgCl, + 2KI = Hgl, + 2KCl.
Mercuric Potassium Mercuric Potassium
Chloride. Iodide. Iodide. Chloride.

In gases we find the same freedom of molecular contact and motion
as in the solutions of solids. Thus, on mixing chlorine and gaseous
hydrogen bromide, bromine is liberated from its compound with hydro-
gen: 2Cl 4+ 2HBr = 2HCl + 2Br.

Nitric oxide unites under like circumstances with oxygen to form
nitrogen tetroxide, 2NO + O, = N,O, (2NO,).

The union of chlorine and hydrogen may be accomplished by expos-
ing the mixture of the gases, in molecular proportions, to strong sun-
light; oxygen and hydrogen combine through application of a flame,
while oxygen and nitrogen unite only through the continued action
of the electric spark. The union of certain other gases is brought
about through the presence of a foreign body, which apparently does
not take any part in the reaction. Such a substance is called a catalytic
agent (see page 152). For example, sulphur dioxide and oxygen
unite in the presence of spongy platinum,* as, for example, in the
manufacture of sulphuric acid by the contact process (page 230).

Chemical Changes in Aqueous Solutions—According to the nature of
the reaction they may be divided into the following types:

1. Metathesis.—Reactions of this type are the most frequent and may
be expressed as follows:

AB + CD = AC + BD.

* Asbestos wool is impregnated with a solution of ammonio-platinic chle-
ride, then ignited, wherebv finely divided platinum remains distributed over
the asbestos.
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Upon mixing solutions of chemical compounds, an interchange of
atoms or atomic groups (radicles) takes place, resulting in the formation
of new compounds; precipitation takes place or not, according to the
solubility of these in the given solvent.

Example.—If we mix an almost colorless solution of ferric chloride and a
colorless solution of sodium acetate, a dark-red solution results. This change
in color is indicative of chemical action, although no precipitation takes
place.

PaﬁcF(e:hCll;ﬁde. togihkG 0. =:Sodiui1N(?hclgride.+ RGO

Example—1f we mix solutions of barium chloride and sodium sulphate, a
precipitate forms, owing to the insolubility of the newly formed compound
barium sulphate, which is the result of an interchange or rearrangement of
atoms. Thus—

BaCl, + N 3,504 = BaSO. + 2NaCl
Bcrium‘Chloride. Sodium Sulphate.  Barium Sulphate. Sodium Chloride.

In this manner the element barium may be removed from a solution by
the aid of a reagent, with which it forms an insoluble compound. Such reac-
tions which involve precipitation of one of the elements furnish the analyst
with a valuable means for their identification and separation.

Example—If the resulting compounds formed in a reaction of this kind are
soluble in the solvent, we must resort to artificial means of removing either the
undesirable or the desirable product. This may be accomplished in various ways, de-
pending on the relative solubilities of the two salts present in solution. Advantage is
usually taken of variations in the degree of solubility of the dissolved salts at differ-
ent degrees of concentration and different temperatures. For example, a less soluble
salt may be separated from the more soluble while cooling the hot concentrated
solution or sometimes by leaching the mixture of the two dry salts with cold water.
Since the solubility of two different salts in the same solvent usually varies at differ-
ent temperatures, separation may be accomplished by fractional crystallization. Thus,
we may prepare ammonium bromide by mixing solutions of potassium bromide and
ammonium sulphate; as a result, two soluble compounds are produced, as follows:

2KBr + (NH)),SO, = 2NHBr + K,SO..
Potassium Bromide. Ammonium Sulphate. Ammonium Bromide. Potassium Sulphate.

In order to separate the inert side-product potassium sulphate from the
ammonium bromide, advantage is taken of the fact that the former is prac-
tically insoluble in diluted alcohol, while the latter is soluble; hence alcohol
is added to the not too dilute fluid mixture, and after standing in a cool place
a few hours the solution of the ammonium bromide is drained off from the
precipitated potassium sulphate and evaporated. On large scale, the less soluble
potassium sulphate is removed by permitting the hot saturated solution to stand,
whereby this salt crﬁstallizes out, leaving the readily soluble ammonium bromide in
solution, which is then obtained by evaporation of the mother liquor.

The following general rules of solubility for the salts of the more common ele-
menlt(s should be noted, since a knowledge of these is indispensable for laboratory
work :

1. All normal nitrates are soluble.

2. All chlorides are soluble except those of silver, mercurous mercury, cuprous
copper and lead.

3. All sulphates are soluble except those of barium, calcium, strontium, and
lead.

4. All phosphates are insoluble except those of the alkali metals (viz., K, Na,
Li) and ammonium.

5. All carbonates are insoluble except those of the alkali metals and am-
monium.
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Such interactions, in which water is the activating element, are
termed hydrolytic decompositions; e.g., the decomposition of phosphorus
trichloride by water into phosphorous and hydrochloric acids:

PCl, + 3H,0 = H,PO, + 3HC,
or acetyl chloride by water into acetic and hydrochloric acids:
CH,COC1 + H,0 = HCl + CH,COOH,

or ethyl nitrite (spirit of nitre) by water splitting up into ethyl alcohol
and nitrous acid:
CH,ONO + H,0 = CH,OH + HNO,

2. Displacement.—One element of a compound is displaced by an-
other element.

Fe + 2HCI = FeCl, + H,.
CuSO, + Fe = FeSO, + Cu.
2HCI 4+ H,0, = 2H,0 + C(Cl.

3. Substitution.—This is displacement accompanied by chemical union
with the displaced element. Such reactions are very frequent in organic
chemistry.

CH, + c, = CH,Cl + HCL
Benzene. Chlor-benzene.
CH.COH + 3CL. = CCLCOH + 3HCL
Aldehyde. Tnchlor-nldehyde

4. Synthetic Reactions—The formation of compound bodies from
simple ones:

(a) SO- + H.O = H:SO..
() C + F + H.0 = HF 4 HCIO.
(o) ! + S = FeS.
¢ 2 Fes + 6KCN = KyFe(CN), + K,S.
Iron Sulphide. Potassium Potassium Potassium
. Cyanide. Ferrocyanide. Sulphide.

5. Analytic Reactions—These embrace a great variety of reactions
the aim of which is the decomposition or separation of elements from
their compounds, as carried out by the anaiyst with view to the formation
of insoluble bodies or stable compounds the weight of which may be
determined :

CaC.O. + heat == CaO + CO + CO:
Calcium Ozxalate. Calcium Oxide.  Carbon Monoxide. Carbon Dioxide.
AgNO, + HCI = AgCl + HNO,
Silver Nitrate. Silver Chloride.

In the above reaction either the quantity of the silver or the chlorine
present may be determined:

BaCl; + Na.SO, = BaSO, + 2NaCl
Barium Chloride. Sodium Sulphate. Barium Sulphate.  Sodium Chloride.
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This equation represents either a determination of the barium (as
BaSO,) or the SO, or H,SO, (as Na,SO,) present.

Reversible or Reciprocal Reactions.—The previously classified reac-
tions are known as complete because all of the reacting bodies on the
left side of the equation are converted into the products on the right
side. A reversible reaction is one in which by slightly altering the condi-
tions under which the reaction takes place, the products will react to re-
form the original reacting substances. Whether it is the original reacting
substances or the products of their reaction which react, the same result
obtains—a state of equilibrium. Such equations are indicated by the
symbol > .

If molecular quantities of iodine and hydrogen are heated to 445° in
a sealed vessel, 79 per cent. of hydrogen iodide is formed and 21 per cent.
of the gas mixture remains uncombined. If a similar vessel be filled with
hydrogen iodide and is heated to the same temperature, dissociation to the
extent of 21 per cent, into its elements, hydrogen and iodine, will take
place; hence this reaction yields the same results whether we start with hy-
drogen and iodine or hydrogen iodide ; the reaction is never complete, hence
is called reversible—that is, it occurs in either direction at the same
time. If the temperature be kept constant for a time, a period is
reached in which both sides of the equation are in equilibrium. An
alteration in temperature will cause a new equilibrium stage to be
established in which the HI formed will balance the H and I liberated.
The equilibrium formed in this equation is expressed thus: H, 4 I,
<—, 2HL *

Further, the gradual addition of water to a slightly acid solution
of bismuth trichloride causes the precipitation of bismuth oxychloride
to begin, continuing until all of the bismuth has been precipitated. If now
hydrochloric acid be slowly added to the oxychloride, this will gradually
dissolve until all of the bismuth has passed into solution as trichloride.
The relative amounts of water and hydrochloric acid present determine
the direction of the reaction.

BiCl, + H,0 = BiOCl + :2HCL

This represents another type of a reversible or balanced reaction.

Mass Action.—The result of chemical interaction depends not only
upon the nature of the reacting bodies and temperature of the reac-
tion, but also on the relative masses of the subgtances participating.
That is, the trend of a chemical change is frequently influenced by
mass action, large masses compensating relatively feeble affinity.
Thus, hydrochloric and nitric acids are more volatile than sulphuric
acid, hence the latter expels the two former from their salts; but not if
diluted sulphuric acid is employed. At the boiling-point of sulphuric
acid (338°), phosphoric acid is not volatile, hence at this temperature
the weaker phosphoric acid will expel the stronger sulphuric acid from
its salts. This is not due to any relative greater affinity of one acid
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over the other for the base, but because of its subdivision between
the two acids being continually upset in favor of the phosphoric acid.
The active mass of this latter acid increases over that of the sulphuric
acid, which is being continually removed from the reaction because of
its volatility. This continues until all of the sulphuric acid has been
replaced by the phosphoric acid.

A small quantity of potassium chloride is decomposed by a large
quantity of bromine, yielding potassium bromide, although chlorine
possesses a far greater affinity for the base than bromine. Hence, by
virtue of its affinity alone, one substance can never completely expel
another from its compounds. These considerations are embodied in
the Law of Mass Action—namely, chemical change is proportional to the
active mass of the substances taking part in the reaction. The active mass
represents the number of molecules of the substance in a unit volume as
gram-molecules per liter.

Influence of Various Forms of Energy upon Chemical Affinity.—
As already stated, chemical affinity, or attraction, may vary not only
between different bodies, but also under the influence of such forces
as heat, light, and electricity, it may increase or decrease in intensity,
or cease altogether in the same substance.

Heat—The effect of temperature change upon chemical attraction
may be threefold: first, at very low temperatures chemical affinity is
so feeble that to all appearances it practically ceases; second, moderate
temperatures, as a general rule, assist chemical union; third, suffi-
ciently high temperatures cause a ‘reaking up of chemical compounds
into simpler forms, and, finally, if very intense, into their elements:
in the sun matter is present only in its elementary state.

For example, mercury when exposed to the air at ordinary temperature
undergoes but little change, but if it be heated to near its boiling point (360° C.)
it readily unites with the oxygen of the air, forming red mercuric oxide (HgO);
if this temperature be increased to 400° C., further attraction between these
elements ceases, and the compound decomposes into oxygen and mercury.

Dissociation.—This is a reversible decomposition which differs from a
metathetical reaction in that the products of the reaction reunite on
altering the physical conditions. This is a splitting up of the mole-
cules of certain chemicals into simpler forms, lasting as long as the
favoring conditions continue, and, when they cease, the products of
dissociation reunite, forming the original substance. We distinguish
between dissociation produced by heat, called thermal dissociation,
and that resulting from solution, called electrolytic dissociation (page
141). Examples of the former class are such compounds as ammonium
chloride, which, through heat, splits up into ammonia and hydrogen
chloride (NH,Cl == NH; + HCI); sulphuric acid splits into water
and sulphur trioxide (H,SO > H,0 4 SO,); phosphorus penta-
chloride into its trichloride and chlorine (PCl; == PCl, 4 Cl,); upon
cooling, the dissociation products of these several compounds again
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reunite. The reactions are reversible. We must distinguish between
dissociation and chemical decomposition, where, in the latter case, the
products of the reaction do not unite upon lowering the temperature. For
example, potassium chlorate when heated decomposes into potassium chlo-
ride and oxygen (2KClO, = 2KCl + 30,), mercuric oxide into mercury
and oxygen. This phenomenon of dissociation explains why certain chemi-
cals show abnormal density when attempting to determine their molecular
weights. Thus, ammonium chloride should show (if it did not disso-
ciate) a density of 26.75 ( *%:*°), but in practice (at 350°) it is found to
be only half this number, namely, 13.375+; however, if we consider that
the salt dissociates into ammonia and hydrogen chloride, and average the
density of these two constituents, NH, = 8.515 and HCl = 18.235, we
get 13.375+.

The density of sulphur vapor at 500° C. gives this element an atomic
weight of 96, there being 6 atoms to the molecule; at 1000° C. these
more complex hexatomic molecules dissociate, or break up further, into
simpler diatomic molecules—that is, the molecule contains 2 atoms,
which gives the accepted atomic weight of S = 32.

Light.—Like heat, light also exerts an important influence upon chem-
ical combination and decomposition, varying according to the na-
ture of the substance and the kind of light. Such reactions are known
as photo-chemical. We find that certain gases, as chlorine deto-
nating mixture (chlorine and hydrogen in molecular proportions), may
be made to combine with explosive violence; liguids, as a solution
of chlorine in water, decomposes the latter into hydrogen chloride
and oxygen (Cl, 4+ H,0 = 2HCI + O), and solids, as white phosphorus,
change into the red modification, or cinnabar (red) turns black through
the influence of light energy. The intensity of the photo-chemical reac-
tion depends upon the kind of light—that is, the ultra-violet rays, con-
sisting of the shortest vibrations, are the most active, while the longer
infra-red rays are far less so.

Chemical decomposition of aqueous solutions of hydrogen iodide or
bromide readily takes place on exposure to light, with separation of
iodine or bromine (2HI 4+ O = H,0 + I). The yellow iodide of
mercury, under like conditions, changes to a dark green, the light having
caused a separation of a portion of the mercury from the iodine. The
decomposition of the compounds of iodine and bromine with silver
by the action of light is the principle upon which the art of photog-
raphy is based.

The influence of electrical energy upon chemical affinity and other
processes demands special consideration.

ELECTRO-CHEMISTRY

Through the induction-spark or electric arc, chemical combination
as well as decomposition may be brought about; this is, however, in
all probability due to the high temperature produced. On the other
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hand, the galvanic current induces chemical decomposition only. Such
decompositions are termed electrolytic and the operation electrolysis*
As regards their deportment to the electric current, substances may be
divided into the following classes: (1) conductors proper, or such as
conduct the current without decomposition, as metals, alloys, or carbon;
(2) electrolytes, or substances in the fluid state which permit the passage
of the current while undergoing chemical decomposition, as acids, bases,
and salts, either fused or in aqueous solution; (3) non-conductors, which
offer great resistance to the passage of the current, as pure water, aque-
ous solutions of most organic compounds (excepting well-defined organic
acids, bases, and salts), wax, rubber, or glass.

The wires which carry the current into and out of the electrolytes
are termed the electrodes. The electrode which carries the positive (+)
current into the electrolyte is called the anode, while the one carrying
the negative (—) current is the cathode. The products of electrolytic
decomposition, known as ions, appear at the electrodes, and those attracted
to the anode are called anions, while those appearing at the cathode are
the cations. These ions at the instant of their liberation consist either of
elementary atoms or atomic complexes(radicles)electrically charged; thus

Na (or Na) is a umvalent positive sodium ion, cl (or CI') a negative

chlorine ion, SO (or SO,) a negatlve bivalent sulphate ion. The plus
signs or dots mdlcate positive ions and the relative electric charge, or
valence, while the minus signs or dashes corresponding negative ioniza-
tion.t Upon subjecting various compounds (either in solution or fused
state) to the action of the galvanic current, the ions of the electrolyte
move towards the electrodes, the metallic elements being attracted to the
cathode and are therefore electro-positive, while the non-metallic elements

(as O, S, 1, CJ, etc.), as well as their complexes (as SO,, NO,, OH, etc.),
pass to the anode and are electro-negative. The liberated elementary ions
(atoms or radicles), as soon as they have lost their electrical charges,
immediately unite to form molecules or react with the solvent or the
electrodes (page 141).

When pure, water resists the electrolytic action of the strongest
currents ; however, when slightly acidulated with sulphuric or hydro-
chloric acid, resistance is reduced and decomposition takes place read-
ily. Since water is employed as the solvent in solutions of chemi-
cals, their electrolysis involves the simultaneous decomposition of the
water. This important factor must not be overlooked.

If very dilute hydrochloric acid be electrolyzed, hydrogen collects

. *The substance to be electrolyzed must be in a liquid condition, obtained
either by solution or by liquefaction. It must be a conductor and a compound.
t Bivalent ions carry twice, tervalent ions thrice the charges of the mono-valent ions.
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at the cathode, and no chlorine appears at the anode, but in its stead
an equivalent amount of oxygen. This is due to the fact that the
water is decomposed by the chlorine with formation of hydrogen chlo-
ride and oxygen which is liberated at the anode. Such reactions as
take place between the products of electrolysis, or by them upon the
solvent, are known as secondary reactions.

Examples:

(1) The electrolysis of water acidulated with hydrogen chloride or hydrogen
sulphate:

(a) 4HCl = 2H, (cathode) + 2Cl,
(b) 2Cl, + 2H,0 = 4HCl + O, (anode).
() 2H,SO, = 2H, (cathode) + 250,

() 280, + 2H,0 = 2H,S0, + O, (anode).
(2) In the _:lectrolysis of a solution of potassium sulphate, the liberated potas-
sium cations (K) react with the water to form potassium hydroxide, while the

(SO,) anions, reacting with the latter, liberate hydroxyl (61—[) ions, which break
up into water and oxygen. So the final products of electrolysis of this salt
would be hydrogen and oxygen.

(@) KsSO, = K, + SO,
(D) 12, + 2H,0 = 2KOH + I—Ji, (cathode).
(¢) SO. + 2KOH = K.SO. + 2(OH).

(d) 2(OH) = H,O0 + O (anode).
For further treatment of this subject see page 725.

Electrolytic Dissociation or Ionization.—As already stated, pure
water * and solid electrolytes do not conduct the electric current
but if the latter are dissolved in the former, then the water becomes
a ready conductor. The fact that exceedingly weak electric currents
decompose stable electrolytes, when dissolved in water, suggested the
theory (of Arrhenius) that the molecules of acids, bases, and salts
are already largely dissociated into their ions (atoms or radicles)
through the influence of the solvent, and that some of these ions (the
metals) are charged with positive and others (the non-metals as well
as their radicles) with negative electricity. The current does not de-
compose the dissolved electrolyte, but simply causes the cations and
anions which are already present and carry electric charges of oppo-
site kinds to dtift in opposite directions towards their respective elec-
trodes—that is, the charged atoms migrate from pole to pole, the
negative charged cations being repelled from the negative and attracted

*In addition, such solvents as chloroform, alcohol. and ether, which do not
respond to the usual chemical reagents.
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by the positive electrode, while the positive charged anions are re-
pelled by the anode and attracted by the cathode. Thus, when we
dissolve sodium chloride (NaCl) in water, part of this salt will remain
undissociated as ordinary molecules, while the greater proportion splits

+ -
up into sodium (Na) cations and chlorine (Cl) anions; in a like manner,
sulphuric acid into hydrogen (H) catnons and sulphion (SO,) anions;

and potassium hydroxide into potassium (K) cations and hydroxyl (OH)
anions. The undissociated molecules do not conduct the current. Since
these ions are electrically charged, they remain invisible and exist in water
without acting on the same. A normal sodium atom decomposes
water instantly, while the charged sodium ions (atoms) are indifferent
until they have given up their positive charge at the cathode, when
they at once assume their normal state. The electro-negatively charged
chlorine ion is colorless, odorless, and does not bleach; however, as
soon as it has given up its charge at the anode it assumes its yellowish-
green color, odor, and bleaches. Another method of ion formation is
shown by dipping a rod of iron or zinc into a solution of copper sulphate;
the copper which is present in solution as positive ions gives up its charge
to the zinc or iron atoms, converting them into ions, while the copper
passes over into neutral atoms. Thus:

++ = ++ o+ -
Cu + SO, + Zn (or Fe) = Zn (or Fe) + SO, + Cu.

Electrolytic dissociation differs from thermal dissociation in that com-
pounds under the latter class split up into molecules capable of sepa-
rate existence (NH,Cl 4+ heat = NH, + HCIl), while those under
the former break up into atoms or atomic groups (ions), electrically
charged and known only in solution. (NH,Cl = NH, cations + Cl
anions.)

The products of thermal dissociation reunite upon lowering the
temperature, while those of electrolytic dissociation remain in this
state so long as they are in solution. There is no complete recom-
bination of thé oppositely charged ions, unless the solvent be removed,
owing to their relatively great separation from one another through
the molecules of water which act as insulating agents. The degree
of dissociation, as determined by electrical conductivity, increases
with the dilution of the solution of the chemical* An increase in the
percentage dissociation and consequent electrical conductivity of an

* Kohlrausch found the following numbers for sodium chlomde:

Concentration, Molecular Relative Number of Ions
58.5 Grams in Conductivity. per 100 Molecules of Salt
Tliter ..ooverinniiiiiiiiniiinan 00.5 tevitiiitiiiiiiareeeranan 67.5
10 liters . .oeviieiiiiiiiiiiiiiann 86,5 .ttt 84.1
100 liters ....ceieiiiiiiiienan., 090.2 L, 93.5
1000 liters ....oeeiirniniiiiniiinns 1008 L.ttt e 980

10000 liters . ...c.ceviiiieniinennnns 7 o . 100.0
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electrolyte indicates greater chemical activity; also different ions vary
in the relative intensity of their electro-affinity, constituting active
and weaker ions; the former dissociate more completely and yield very
soluble compounds, while the latter yield less soluble and poorly disso-
ciated ones. Such acids as nitric, hydrochloric, hydrobromic, hydriodic,
chloric, iodic, permanganic, etc., undergo extensive dissociation in dilute
aqueous solution. Hydrofluoric acid dissociates far less, while nitrous,
hydrocyanic, boric, acetic, and most organic acids dissociate very
slightly. The polybasic acids dissociate less than the monobasic.
Sulphuric acid dissociates in two stages—

<+ -

() HSOZZH + HSO.
—_ + Y=

(b) HSO.T=H + SO,

in very dilute solutions chiefly according to (&), while in the more concen-
trated according to (a). Phosphoric acid dissociates in three stages, and,
like sulphuric, with different kinds of anions—

<+ -
() H,PO, Z~H + H,PO.

(b) H,PO.T>H + HPO,

- + =
(¢) HPO.ZZH + PO.

The hydroxides of the alkali metals dissociate extensively in aque-
ous solution, while the hydroxides of the alkaline earths, as barium,
strontium, and calcium, dissociate to a much lesser degree. Ammonium
hydroxide dissociates only slightly, hence is a weak base.

The properties of hydrochloric acid represent those of its inns,
namely, hydrogen and chlorine ions; those of solutions of sodium
hydroxide depend on its hydroxyl and sodium ions. Hence the reac-
tions of electrolytes in general are those of their ions. Since ions are
exceedingly reactive compared to non-ionized molecules, then the greater
the degrees of dissociation of acids and bases in solution the greater
will be their reactive ability; that is, their relative strength. The
stronger the acid or base, the greater its degree of dissociation.*

* The relative strength or affinity (reactive ability) of various acids and
If)ascs, based on degree of ionization, has been tabulated by Kohlrausch as
ollows: -

Nitric Acid .....ccevnannn. 100 Sulphuric Acid ............... 49
Hydrochloric Acid .......... 100 Phosphoric Acid . 25
Hydrobromic Acid ........... 89 Tartaric Acid . 5
Hydriodic Acid ............. 70 Acetic Acid . .. 3
Boric Acid .................. 1

Lithium Hydroxide ............. 100

Sodium Hydroxide ............. o8

Potassium Hydroxide ........... o8

Ammonium Hydroxide .......... 2
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The wet reactions of analytic chemistry are the result of electrolytic
dissociation and the consequent interchange between the various ions.
Thus the neutralization of hydrochloric acid by sodium hydroxide,
which is usually expressed by the equation:

NaOH + HCl = NaCl + H,0
is, according, to the ionic theory, written as follows:
Na + OH + H + C = Na + C + HO.
Further, interaction between solutions of sodium chloride and silver
nitrate proceeds thus:

+ - + - + -
Na + Cl + Ag + NO, = AgCl + Na <+ NO,.

Owing to the insolubility of the compound, silver chloride, precipitation
takes place; therefore all silver compounds which contain a silver ion
are detected through the addition of a salt containing a chlorine ion,
or the reverse. Most organic compounds which contain halogen ions
do not ionize in water, hence these elements cannot be detected by
the addition of silver nitrate. Some organic solvents possess this
ionizing power to a certain extent—for example, formic acid to 75
per cent., methyl alcohol to 38 per cent., and grain alcohol 25 per cent.
that of water.

Ionization explains why we cannot detect the presence of chlorine
in chlorates, or in the complex salt Na,PtCl, (sodium hydrochlorplatinate),
for the former ionizes into the complex anions ClO, and the latter into
the anions PtCl, and cations Na,, which do not form insoluble salts with
silver. The dissociation of the double salt sodium magnesium sulphate
takes place as follows:

+ ++ -
Na,SO,MgSO, =—>2Na + Mg + 2SO,
Electrolytic dissociation also explains why such poisonous cations as
Cu, Ag, and Hg become less so or even non-toxic when combined with
various more or less complex anions; thus, mercuric bromide (HgBr,)
is less active than the chloride (HgCl,), and the cyanide [Hg(CN),] is
worthless as an antiseptic. Potassium cyanide (KCN) is a powerful
poison because of the presence of the very toxic cyanogen (CN) ion,
while the anion (Fe(CN),) from potassium ferrocyanide [K,Fe(CN),] is
non-toxic.
Laws GoverRNING CHEMICAL COMBINATION

A study of the phenomena of chemical action demonstrates that chem-
ical combination invariably takes place in conformity with certain laws,
all of which are based on the fundamental principle of the indestructi-
bility of matter—that is, the sum total of matter resulting from a
reaction is invariably equal to the sum of the weights of all substances
entering into such (see page 114).

Law of Definite (Constant) Composition.—This law was demon-
strated and proven by Proust during the period 1802-1807. The elements
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combine with one another in definite and unalterable proportions by
weight. It is immaterial by what method prepared, the composition
of a chemical compound is invariably the same—that is, it is made
up of the same elements in the same relative proportions by weight.

For example, if we mix sulphur and iron irregardiess of proportions, we
will find that after chemical union has taken place a portion of either the
one or the other will remain uncombined, but if they be mixed in the proportion
of their atomic weights, namely, 5584 parts of iron and 32.07 parts of sulphur,

we will find that the combination is perfect, neither iron nor sulphur remain-
ing. Water, regardless of origin, consists invariably of 1.008 parts of hydrogen

and 7.943 (—,—.—‘—-) parts of oxygen, ammonia of 1.008 parts of hydrogen and 4.63+
-yosa—) parts of nitrogen, etc.

Laws of Combining Weights.—The elements combine with one an-
other in the ratios of simple multiples of their combining weights. By the
combining weight or equivalent of an element we mean the number of
parts by weight of the element that combines with 8 parts by weight
of oxygen * or 1.008 parts by weight of hydrogen (page 121).

If 1.008 parts of hydrogen combine with 8 of oxygen to form water,
the combining weight of hydrogen is 1.008. If 35.46 parts of chlorine,
79.92 parts of bromine, and 126.92 parts of iodine combine with 1.008
parts of hydrogen, these figures represent the combining weights of
their .respective elements. Also they are equal or equivalent to one
another. In iodine monochloride the ratio of the elements to one another
is as 126.92 to 35.46. Further, 35.46 parts of chlorine combine with 23
parts of sodium, 3910 parts of potassium, 20.035 (4%%7) of calcium,
12.16 parts of magnesium (24,32), 6933+ parts of bismuth (%24%) and
48.8 parts of platinum (uf_l) If a zinc rod be placed irto a solution
of copper sulphate, for each 32.685 parts of zinc which dissolve, 31.785
parts of copper separate.

Frequently two elements combine in several ratios; thus 8 parts by
weight of oxygen combine with 1.008 parts by weight of hydrogen to
form water (H,0); also 2 X 8 parts of oxygen combine with 1.008
parts of hydrogen to form hydrogen peroxide (H,0,).

Dalton, in applying his atomic theory in the study of the compounds of
olefine (C,H,) and marsh gases (CH,), found that the former contained
twice as much hydrogen to a definite weight of carbon as the latter. Also
he found similar ratios of oxygen to carbon in carbon monoxide (CO) and
carbon dioxide (CO,). These observations were later confirmed by
Berzelius and others, and finally accepted in the

Law of Multiple Proportions.—I7hen two elements unite in several
different proportions by weight, the higher proportions are invariably
simple multiples of the lowest.

As instances of the application of this law the following examples
are cited :

* This value of 8 for oxygen, which is a dyad, is one-half of its atomic weight
(16). Since 2 H atoms are required for one O, then H = ?
10
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Carbon forms #wo compounds with oxygen; the combining propor-

tions are parts by weight:
Carbon. Oxygen.
Carbon Mon-oxide ......12 parts, 16 parts = 16 X 1 = CO.
Carbon Di-oxide ....... 12 parts, 32 parts = 16 X 2 = CO,.

Oxygen forms fire compounds with nitrogen according to the follow-
ing proportions by weight: *
Nitrogen.  Oxygen.

Nitrous Oxide ..... 28 parts, 16 parts = 16 X 1 = N,O.
Nitric Oxide ............. 28 parts, 32 parts = 16 X 2 = N,0,.
Nitrogen Tri-oxide ....28 parts, 48 parts = 16 X 3 = N,0O,.
Nitrogen Tetr-oxide ...28 parts, 64 parts = 16 X 4 = N,O,
Nitrogen Pent-oxide ...28 parts, 80 parts = 16 X 5 = N,O,

It must be distinctly understood that only whole atoms, and not
fractions, can combine. Thus, no compound can be formed from 28
parts of nitrogen and 24 parts (16 X 114) of oxygen. Any quantities
above or below the given whole multiples do not combine, but remain
as free oxygen or nitrogen.

Laws of Combination by Volume.—WHhile studying the synthesis
of water from hydrogen and oxygen, Gay-Lussac and Humboldt (1805)
noted that the volumes of these gases combining were in the ratio
of two of hydrogen to one of oxygen. Continuing this study to other
gases, Gay-Lussac established in 1808 the following laws:

1. The ratio in which gases combine by volume is always a simple one,
the temperature and pressure remaining the same.

2. The volume of the gaseous product obtained in a combination bears
a simple ratio to the volumes of its constituents.

When this law was proposed, there was much uncertainty as to the
number of atoms in equal volumes of gases, since the molecular theory
as now understood had not been formulated. It was considered that
since all gases deport themselves exactly alike under the same condi-
tions of temperature and pressure, they would contain the same num-
ber of atoms. However, the synthesis of water presented difficulties
in that 3 volumes of hydrogen and oxygen gave 2 volumes of steam,
hence the number of atoms per unit volume could not be the same for
steam as for the uncombined elements.

According to this law, one volume of hydrogen unites with one volume of
chlorine to form two volumes of hydrogen chloride; two volumes of hydrogen
unite with one volume of oxygen to form two volumes of steam; three volumes of
hydrogen with one volume of nitrogen form #wo volumes of ammonia gas. If,
for example, as formerly assumed, 1000 atoms are present in a given volume of
hydrogen, then an equal volume of chlorine would likewise contain 1000 atoms,
and, through their union, 1000 particles of hydrogen chloride, occupying the
same volume as the two gases, would result, because experiment had shown that
equal volumes of the two gases united without any change in volume. If
this were the case, it would then follow that one volume of drogen chloride
would contain half as many atoms as the same volume of the simple gases.

*The atomic weight of nitrogen has been rounded off for the sake of con-
venience.
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This contradiction of facts and the law formulated by Gay-Lussac (1808) was
later reconciled by Avogadro (1811), who proposed that a distinction be made
between atoms (indivisible particles) and molecules (molecula = mass particles),
and that gases should be considered to consist of molecules, which are the smallest
constituent particles, and these in turn being made up of atoms.

Avogadro’s Hypothesis.—Equal volumes of all gases, at the same
temperature and pressure, contain the same number of molecules.

Although Dalton’s conception of an atom was an indivisible ultimate particle
of matter, yet this term, up to his time, was applied indiscriminately to compound
atoms, now known as molecules, as, for instance, atoms of water, ammonia, or
carbon dioxide. Hence Gay-Lussac, in studying the combination of gases
by volume, was unable to apply Dalton’s atomic theory (see preceding law).
This dificulty was overcome by Avogadro in 1811, who proposed the existence
of two kinds of ultimate particles of matter, namely—

(a) Molecules, which are the phtysical units of subdivision, or the smallest
masses of matter which are capable of existing in the free state.

(b) Atoms, the ultimate particles which make up the composition of molecules.

According to Avogadro, the union that takes place between like
volumes of chlorine and hydrogen or other reacting gases must not be
considered in the sense of atoms reacting with atoms producing atoms,
but an exchange of atoms between molecules producing molecules. Thus,
for example, one volume of hydrogen, containing 1000 molecules, unites
with an equal volume of chlorine, which also must contain 1000 molecules
to form two volumes of hydrogen chloride containing 2000 molecules.
Since each molecule of hydrogen chloride is halved, that is, made up of
one atom of chlorine and one of hydrogen, then in the two volumes con-
taining 2000 molecules, there must be 2000 atoms of chlorine and 2000
atoms of hydrogen.

1000 + 1000 - 1000 | 1000
H, Cl, HCl | HC1
1 volume. 1 volume. 2 volumes.

In a like manner, one molecule of oxygen splits up into two atoms, each of
which unites with two atoms of hydrogen to form one molecule of steam.

ﬁHg + an + nO, == nHzO nH:O

1 volume. 1 volume. 1 volume. 2 volumes.

In the case of ammonia, each single atom of the molecule of nitrogen unites
with three atoms of hydrogen to form one molecule of ammonia gas.

’

nH, + nH. + nH. + nN; = nNH, | nNH,

1 volume. T volume. 1 volume, 1 volume. 2 volumes.

This hypothesis of Avogadro forms the basis of our system of atomic and
molecular weights in that it enables us to determine (@) the relative weight
of gaseous molecules, that is molecular weights, and (b) to determine
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the number of atoms in the molecules from which atomic weights are
calculated.

Relation of Density to Molecular and Atomic Weight.—From the
preceding we may summarize as follows:

1. Matter is made up of exceedingly minute discrete particles called
molecules, which in turn consist of still smaller parts called atoms.

. 2. Like atoms unite to form simple or elemental molecules, while
unlike ones form compound molecules.

If, according to the laws of definite and multiple proportions, the
different proportions by weight in which elements combine repre-
sent the relative weights of their atoms or multiples of these, and
these same elements also combine in definite and simple proportions by
volume (Gay-Lussac), then

3. The gas densities must bear the same ratio to one another as their
molecular weights (Avogadro’s hypothesis); that is, the molecular
weights of the gases are proportional to their relative densities. When
the density of oxygen is taken as 16 (as unit), the densities of steam
and of hydrochloric acid gas would be 9.008 and 18.234 respectively.
If we now determine the number of atoms in the molecule, the atomic
weights can be readily fixed. Taking the synthesis of hydrogen chlo-
ride; by means of density determinations we ascertain the relative
molecular weights of various compounds of hydrogen, and, after anal-
ysis, calculate the quantity of hydrogen in each molecular weight. It
has been found that this is never less than )2 of the molecule of
hydrogen (H,). That is, an atom of hydrogen represents 4 of its
molecular weight, hence 4 of the molecular weight, or the density of
the element, is equivalent to its atomic weight.

It should be distinctly understood that atomic weights represent
relative values only, being referred to an arbitrary standard. Formerly
hydrogen was employed as the unit for comparison, its atomic weight
being represented as 1.000, its molecular weight must then be H, = 2.
If the density of any other gas is y, then the molecular weight of this
gas must be 2y. The molecular weights of compound molecules are
obtained by adding together the weights of the constituent atoms. That
of hydrogen chloride (HCl) would be 1.008 + 35.46 = 36.468. Since
gas densities of elements, when compared to H = 1.000, are equal to
their atomic weights, those of compound bodies would be one-half of
their molecular weight ; that of hydrogen chloride would be 18.234 (38488),

Since about 1895 it was decided by an International Committee on’
Atomic Weights to drop the H = 1.000 standard and replace this by
the standard Oxygen = 16. The chief practical advantage of this is
that there are more compounds of the elements with oxygen than
hydrogen, also the atomic weights of most of the more common ele-
ments are represented by whole numbers, a useful factor in calculat-

ing chemical equations.
With the fixing of the atomic weight of oxygen at 16 as standard
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in determining atomic weights of the elements, its molecular weight would
be O, = 32. If the density (specific gravity) of a gas based on O = 16
is accepted as g, its molecular weight would be 2a, because that of oxygen
is 2 X 16 (density) = 32 (see p. 25).

Hence, to determine the molecular weights of gases, their vapor densi-
ties are ascertained compared to oxygen = 16, and the factors obtained

are multiplied by 2. For example: v
apor

Substance. Den-silty. Mw‘?’;.cg‘ga’
OXYEeN ...vvvvrrrnnnnnnnnnnn 32
Water (H,O) ................ X 18.016
Hydrogen Sulphide (H,S) . 34.086
Sulphur Dioxide (SO,) .......... X 64.07
Carbon Monoxide (CO) ¥ 28.00
Carbon Dioxide (CO,) ........ X 44

The number of atoms contained in the molecule of an element is dependent
upon temperature. At lower temperatures the molecules of many elements
in the gaseous state are more or less complex, while at higher temperatures they
dissociate into simpler ones. For example, in the gaseous state sulphur has a
density (O = 16) varying from 192 (at 500°) to 32.3 (at 860°), indicating
that at the lower temperature its vapor consists of S, molecules and at 860° and
above only of S, molecules. Above 1800° the S, molecules begin to dissociate into
atoms. The diatomic molecules of Cl,, Br,, I, dissociate gradually into monatomic
molecules with rise in temperature. .

Oxygen, nitrogen, and hydrogen consist of diatomic molecules at the
highest temperatures. The elements potassium, sodium, zinc, cadmium, mer-
cury, helium, argon, and neon are all monatomic—that is, the molecular and
atomic weights are identical. The densities of phosphorus and arsenic indi-
cate the presence of complex molecules; at 313° phosphorus is P,, while at 1700°
there is a large percentage of P, molecules present. Arsenic at 644° is equivalent
to As., while at 1700° the molecules are almost all As,.

Determination of Molecular and Atomic Weights.—Since, according
to Avogadro’s hypothesis, molecular weights of gases are proportional
to their relative densities, and these are based on the standard of
O = 16, then to determine the molecular weight of a gaseous substance,
multiply its vapor demsity by 2; the product is the molecular weight.
In determining atomic.weights we ascertain the quantity of the element
contained in the molecule. In such cases where the substances (as
H, O, N, CO, CO,, CH,, etc.) are gaseous at ordinary temperature
the molecular weights can be determined with great accuracy. Liquid
and solid substances must be vaporized, and since the gases at high
temperatures do not strictly conform to the gas laws, the results are
only approximate.

Vapor Densities—For the exact determination of the density of substances
gaseous at ordinary temperature, the method of Regnault may be employed. This
consists in filling a glass globe of known capacity, which has been cleaned,
dried, and tared, with the gas. The weight of this gas is then determined
at 0° and 760 mm. and compared with a like volume of oxygen under the same
conditions, or, since 32 gm. of oxygen (O,) (or the molecular weight of any gas

expressed in gms.) occupy at 0° and 760 mm. a volume of 22,400 mils, the molecu-
lar weight of another gas will be the weight of 22,400 mils at 0° and 760 mm.*

* Since 1 liter of oxygen at 0° and 760 mm. weighs 1.4291 gm., the volume (/")
of 1 gm. molecule would be V = o,P%,r = 22,400 mils (22.4 liters).
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To determine the vapor density of solids or liquids which can be vaporized
without decomposition or dissociation, the method of Victor Meyer (page 508)
is usually employed.

Molecular Weights of Non-Volatile Substances in Solution.—These methods
are based on the influence exerted by the molecules of the dissolved substance on
the physical properties of the solvent.

(a) Lowering the Freezing (congealing) Point, or Cryoscopic Method (see
page 509).—Through the depression of the congealing point exerted by a dissolved
substance upon certain solvents, we obtain figures which closely approximate their
molecular weights; the general law being, when molecular quantities of different
substances are dissolved in the same amount of solvent, they lower the freezing
point of the solvent to the same extent.

(b) Elevation of the Boiling Point of Solutions, or Ebullioscopic Method (see
page 510).—The elevation of the boiling point of certain solvents produced by
the addition of a weighed quantity of a soluble substance has a fixed relation
to its molecular weight which can be readik; calculated. If X gm. of a sub-
stance be dissolved in 100 gm. of a solvent, the boiling point of the solution will
be t° higher than that of the pure solvent.

(c) Specific or Molecular Heat (see Law of Dulong and Petit). Since the
molecular heat of a compound is equal to the sum of the atomic heats of its
constituent elements, we have a ready means of determining the atomic heats
of such elements which cannot be determined in the vaporized state.

To determine the atomic weight of an element we analyze or syn-
thesize several of its compounds, which must be absolutely pure—that
is, free from all foreign elements not belonging to the compound. For
this purpose we usually select some compound of the element with either
oxygen, chlorine, or silver. Since the ratio of the atomic weights of
these is accurately known, the ratio of the value sought to O = 16
can be readily obtained through these compounds. With the knowledge
of the exact per cent. of each of the elements present, the smallest
quantity of the element in question will represent its equivalent or
its atomic weight. The atomic weights can either be the equivalent
weights of the elements or multiples of them. In order that we may
ascertain whether the figures obtained represent the equivalent or atomic
weights, the specific heat or the vapor density of the elements are deter-
mined. The figures obtained closely approximate the true atomic
weight. In addition, a knowledge of the molecular weight of a com-
pound of the element in question affords us a direct means for con-
firming the above.

Examples:
(a) In the analysis of uranium oxide (UO,) the equivalent or combining
weight of uranium was found to be 39.75. Its valency was found to be 6, from

VIII
(UO,), hence its atomic weight would be 39.75 X 6 = 238.5. This latter figure was
further confirmed by determining the specific heat of uranium, which was found to
be 0027. According to the law of Dulong and Petit (page 47), the approximate

6.4 (atomic heat factor) __ ] ) i
0.027 (specific heat)  — 2371 hence the atomic weight

atomic weight would be

of 238.5 has been accepted. .

(b) Hydrogen chloride when subjected to electrolysis yields equal volumes
of hydrogen and chlorine. When equal volumes of these two gases are caus
to unite, two volumes of hydrogen chloride are formed; nothing else remains.
The vapor density of hydrogen chloride has been found to he 18.234 (O = 16);
its molecular weight would then be 18.234 X 2 = 36468. The analysis of com-
pounds obtained by replacing the hydrogen of hydrogen chloride with such
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monad elements as Na or K (NaCl, KCl) show further that only one atom of
hydrogen is combined with the one chlorine. Knowing the molecular weight of
the compound to be 36468 and that one atom of hydrogen is present, then 36.468
— 1.0c8 (H) = 35.46, the combining (atomic)- weight of chlorine. In this in-
stance the combining and atomic weights are the same. If hydrogen chloride
contains 2.7646 per cent. of hydrogen and 97.2354 per cent. of chlorine and but
one atom of each is present, then the ratio of the combining weights would be
as 1.008 to 35.46 (2.7&6 : 97.2354 :: 1.008 : X). In a like manner, it has been
found that 79.92 parts of bromine or 12692 parts of iodine combine with 1.008
parts of hydrogen or 23 parts of sodium or 39.10 parts of potassium. Since these
are compounds of but two elements in the ratio of but one atom of each, then
the combining weights obtained would represent their relative atomic weights.

(¢) Sulphur forms with hydrogen the compound hydrogen sulphide, of which
941 per cent. consists of sulphur and 5.9 per cent. of hydrogen. The combin-
ing ratio of the two is 1 to 15.007. The vapor density of this compound is 17.043
(O = 16), hence its molecular weight would be 17.043 X 2 = 34.086. If this com-
pound consists of one atom each of hydrogen and sulphur, then the equivalent
and atomic weights of sulphur would be the same, namely, % = 159. This
is impossible, because the molecular weight is 34.086. If the compound consists

of two atoms of hydrogen, then the atomic weight of sulphur would be approxi-
mately“'—‘;(i: 32, which corresponds to the formula H,S (2.016 + 32.07) = 34.086.

Analysis of other gaseous compounds of sulphur has demonstrated, through their
molecular weights, that they contain not less than 32.07 parts of sulphur to each
1.008 parts of hydrogen, or its equivalent in another element.

The Colloidal State

Introductory.—If hydrogen sulphide be passed into an aqueous solution
of arsenous oxide, a yellow-colored solution containing arsenous sulphide is
obtained, from which the precipitate cannot be removed by simple filtration.
If, however, this solution be first acidified by hydrochloric acid, then the
arsenous sulphide separates as a yellow precipitate. The yellow color of the
former solution is due to a suspension of the sulphide in an extremely fine
state of subdivision or colloidal state.

If hydrochloric acid be poured into a solution of sodium silicate (water-
glass) the silicic acid precipitates as a gelatinous mass. If the order of mixing
be reversed by pouring a dilute solution of the silicate into an excess of the
acid, the silicic acid liberated remains in solution. Graham found that by
suspending this solution, contained in a bladder or dialyzer, in a vessel of water,
the sodium chloride diffused through, leaving the silicic acid behind, thus
proving that the latter was not an ordinary aqueous solution. The sodium
chloride which diffused through, like all other crystalline bodies, he termed a
crystalloid, while the silicic acid, which did not diffuse, was classed as a colloid.
A colloidal solution is termed a sol; with water as the dispersive medium, the solu-
tion is designated as a hydrosol, with glycerol as a glycerosol. It was formerly
considered that this colloidal state was peculiar to certain nondiffusible bodies,
as glue and albumin. It has since been found that so many substances (not neces-
sarily crystalline) can be prepared in the colloidal state that this is now regarded
as a general ?roperty of matter. The colloidal state represents a suspension
of particles ot exceedingly fine but variable state of subdivision in media such
as water, alcohol, glycerol, or even glass. These particles may be seen and
their size determined by means of the ultra-microscope. This is carried out
by a transverse illumination of the suspension, placed under the microscope,

y means of a horizontal beam of light, so that the eye of the observer is
not blinded. The smallest colloidal particle that can be detected under these
conditions has a diameter of 4 X 10-* mm. In a colloidal solution of gold.
numerous minute brilliant particles of red, yellow, and green colors may be
seen, which, like all other colloidal particles, are in a constant state of zig-zag
motion known as the Brownian movement. If this motion be arrested. for
example, by the addition of ions carrying a charge opposite to that of the
colloid, precipftation ensues. That is, hydrosols carrying opposite electric
charges precipitate each other; for example, on adding a colloidal solution of
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gold to one of stannic acid, a precipitate of metallic gold (purple of Cassius)
takes place.

Organic colloids, contrasted to the inorganic, resemble true solutions and
are usually free from electric charges and only precipitate through the addi-
tion of an excess of electrolytes. Organic colloids give viscid solutions with
water and are convertible into a jelly (Gel) like gelatin, which is not the case
with the inorganic colloids.

Colloids may be classed as reversible and srreversible. Organic colloids, like
gelatin, agar, albumin, and starch, give colloidal solutions on simple contact
with water, also colloidal silver (silver nitrate reduced with ferrous sulphate
in presence of sodium citrate), dissolves readily in water even after it has
been precipitated by means of a solution of ammonium nitrate. Such are known
as reversible colloids. Emulsions which are permanent suspensions of fats or
oils in water, like milk, may be classed in this group. Most inorganic colloids
are irreversible, because they cannot, after precipitation from solution, be again
converted into colloidal solution unless the entire process of preparation be repeated.

Protective Colloids.—The stability of inorganic colloids, as colloidal silver,
mercurous chloride, mercuric oxide, etc.,, may be increased by the addition ot
gelatin or proteins; that of graphite by means of tannin.

f pharmaceutic importance the following colloidal solutions may be
cited: Sulphur, phosphorus, mercury, silver, gold, arsenous oxide, aluminum,
bismuth, iron and silver hydroxides, the halogen salts of the alkalies, mercurous
chloride, sulphate and phosphate of barium.

Preparation of Colloidal Solutions:

Metals.—(a) Very dilute solutions of the salts of the metals are treated with
reducing agents such as formaldehyde, hydroxylamine, tannin, stannous chloride,
ferrous sulphate, etc. If desired in a stable form, the precipitation is made in
presence of a protective colloid.

(b) By the dispersion of metals under water, using poles of the metal as
electrodes with a 110 volt circuit. 'When the terminals are brought sufhiciently
near one another to form an arc, minute particles of the metal of the cathode
are ejected, forming a colored hydrosol.

Hydroxides and Salts of Metals.—These may be prepared by interaction
between a dilute solution of a salt of the metal and an alkali hydroxide or salt
in presence of a protective colloid. Example, silver and mercurous chloride,
mercuric oxide, bismuth hydroxide, and barium sulphate. The colloidal halo-
gen salts of the alkalies are prepared by interaction in the presence of organic
solvents. For example, colloidal potassium bromide is obtained by inter-
action between ethyl-bromo-acetate and potassium ethyl-malonate.

Ordinary colloids can be separated from their suspensions by filtration
through a Bechhold clay filter or by dialysis. Colloidal forms of sodium chloride or
sucrose require for their separation a membrane of copper ferrocyanide.

The study and development of colloids has been of great importance
in not only theoretic but especially industrial chemistry; in the ceramic,
glass, cement, dye, brewing, and soap industries, the purification of sewage,
as well as in medicine. Colloidal suspensions of metals and their salts are
of especial value in modern medicine.

Catalysis

Many chemical reactions are influenced to a marked degree through the
presence of a very small quantity of some “ foreign substance” which remains
of the same chemical composition after the change as before. Such a sub-
stance is termed a “ catalyzer” or “contact substance.” Catalyzers usually
consist of very finely subdivided metals, the most useful of which are platinum,
nickel, cobalt, copper, iron, manganese, and zinc. With exception of platinum,
these are Prepared by reducing the oxide of the metal in a current of hydrogen at
about 300°, which serves to produce an extremely fine state of subdivision. The
catalyzing oxides are ferric, stannic, cupric, vanadic, manganese, zinc, nickelic,
nickelous, and cobaltous oxides. The following examples may be cited which
illustrate the varied action of catalyzers. In the preparation of oxygen by
heating potassium chlorate, if a little manganese dioxide be added, the decom-

osition is acceleratedb proceeding more readily and uniformly at a much
Power temperature (200° instead of 400°), while the manganese dioxide remains
unchanged.




THEORETICAL INTRODUCTION. 153

Finely divided platinum (platinum black, spongy platinum, or platinized
asbestos) is a powerful catalyzer in inducing certain chemical syntheses; _thus
when a current of hydrogen or coal-gas is directed upon platinum black, igni-
tion takes place through the union of either of these gases with the oxygen
of the air. The “contact” process for the manufacture of sulphuric acid
(see page 230) is based on the property of platinum black or certain very
finely divided metals or their oxides in inducing chemical combination of sul-
phur dioxide and oxygen (from air). A heated mixture of nitrogen and hydro-
gen, when passed under pressure over platinum sponge (or finely subdivided iron
containing traces of uranium, copper, or bismuth, etc.), combines to form ammonia.
In these and other reactions a very small quantity of the catalyzer suffices, its
activity remaining unimpaired.

In the Deacon process for the manufacture of chlorine, a mixture con-
sisting of 6o per cent. of air and 40 per cent. of hydrochloric acid is passed over
heated porous bricks which have been saturated with a copper salt. A small
quantity of the latter suffices to bring into reaction almost unlimited volumes
of hydrogen chloride and oxygen with liberation of chlorine (and nitrogen).
If a small quantity of a solution of a cobalt salt be added to a solution of
chlorinated lime, oxygen is given off. This is due to the catalytic action of
cobaltous oxide, which undergoes oxidation from CoO to Co,0,, the latter
yielding oxygen with the chlorinated lime, whereby it is reduced to CoO
again. In the preparation of glucose from starch (see page 593), the inver-
sion takes place through the aid of a small quantity of hydrochloric acid added
to the mixture of starch and water; the acid remains undiminished at the end
of the reaction.

Catalytic Reduction—The addition of finely divided platinum to hydrogen
peroxide causes instantaneous reduction with liberation of oxygen. Some car-
bon compounds when mixed with platinum black undergo reduction at mod-
erate temperature. Carbon monoxide and dioxide are reduced to methane
and water at 200 to 300°. Ethylene and propylene are reduced to their corre-
sponding paraffins. Aromatic hydrocarbons, as benzene, toluene, xylene, and
cymene, yield their hexa-hydro-derivatives. Aliphatic nitro compounds yield (at
150 to 180°) amino derivatives.

Catalytic Oxidation.—Most important among these is the oxidation of primary
alcohols into aldel:iydes and hydrogen when their vapors are passed through a tube
containing finely divided iron, zinc, copper, or zinc or ferric and stannic oxides.
These reactions are reversible in presence of catalysts:

Primary alcohol _'>‘ Aldehyde and H,
Secondary alcohol (_’ Ketone and H,.

If the alcohols are heated with hydrogen under pressure in contact with
metallic catalysts, hydrocarbons are produced.

The phenomenon of catalysis is known by its results; no general theory
of action can as yet be assigned; however, it is assumed that catalysts form
transitive intermediate compounds which react with formation of the final
products, while the former (catalyst) reverts back to its original composition.

STOCHIOMETRY

Stochiometry, or chemical arithmetic, is based on the fundamental
laws of chemistry. Since chemical formule and equations are made
up of symbols, and these symbols in turn represent atoms which
express definite weights of matter, it is simply a question of calculation
to ascertain the percentage of each element entering into the com-
position of a chemical compound, or the quantities of the chemicals
necessary for or resulting from a chemical reaction.

Percentage Composition Calculations.—In order to ascertain the
percentage of each of the elements present in the molecule of a com-
pound, we first determine its molecular weight, then multiply the atomic
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weight of each of the elements by the number of atoms present, and
this product by 100; this is then divided by the molecular weight of
the compound.

Example 1.—Calculate the percentage composition of sulphuric acid,
H,SO,.

Hydrogen (H,) = atomic weight 1.008 X 2 = 2.016 molecular weight
Sulphur (S) = atomic weight 3207 X 1 = 32.07 molecular weight.
Oxygen (0, = atomic weight 16.00 X 4 = 64.00 molecular weight.

98.086

* Hydrogen in 100 parts would be %«3 = 2.055 per cent.

Sulphur . [T .« 32‘07x 100

98.086 T~ 33:6%°
] '] . xlw o
Oxygen 6;8. 86 65.249 **
100.000

Ezxample 2—Find the percentage of Fe, SO,, and H,O in ferrous
sulphate (FeSO, + 7H,0).

Atomic or Molecular Wt. Percentage.

Fe = 5584 - 278012 X 100 = 20.086
SO, = g¢6.07 = 278012 X 100 = 34.552
7H,0 = 126.112 <~ 278.012 X 100 = 45.362

278.022 100.000

Molecular Formula Calculations.—If the composition of a com-
pound expressed in parts by weight of its various elements or groups
of elements be given, the relative number of these present are found
by dividing the per cent. weights by the atomic or formula weights.

Example 1.—Given the analysis of ferrous sulphate expressed in
percentage of Fe, SO,, and H,O, what would be its formula? Dividing
the given percentages by their respective atomic or molecular weights.
we obtain the ratios in which these are present, and from these fig-

ures the simplest ratio figures are obtained by dividing by the lowest
number, '

. . Atomio or . Simple
Analysis. Molecular Wt. Ratio. Ratio.
Fe = 2008 <+ 5584 = 03597 = 1
SO, = 34.552 <+ 9607 = 03507 = 1
H,O = 45362 + 18016 = 25178 = 7
. . 2.016 .
* This compound is made up of 98 086 parts of H’9382.0°876 parts of S, and

6 :
98.4086 parts of oxygen. In 100 parts we would have as many parts of hydro-
gen as

H,SO, : H, : : 100 : x, of oxygen H,SO, : O, % : :
98.386‘:2.01’6::100:4- ve géo&é 62 ::Ix?o:i

08.086 & = 2,016 X 100 098.086 + = 64 X 100
X = 2.055 parts. x = 65.250 parts.
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The ratio of the atoms and groups would then be Fe, SO,, and
(H,0),, or FeSO,.7H,0.

Example 2.—It frequently occurs that fractional numbers are ob-
tained in the simplest ratio. In such a case it is necessary to multiply
both by some number which will round off these fractions into their

nearest whole numbers. Ascertain the formula for an oxide of iron
after following analysis:

Analysis. Atomic Wt. Ratio. Ratio. Final Ratio,
Fe = 7236 = 5584 = 1. = 100 = 3
(o] = 2764 = 1600 = 172 = 133 = 4

Bv multiplying fractional ratios by 3 we obtain 3 and 4 (3.99),
hence the formula would be Fe,O,.

Example 3—In many instances the true formula of the compound
is a multiple of that calculated from the analysis, which always repre-
sents the simplest ratios of the several possible multiples the com-
pound represents, an approximate knowledge of its molecular weight
is necessary, and that multiple which yields a figure nearest is selected.

A compound yields upon analysis 39.988 per cent. of carbon, 6.716
per cent. of hydrogen, and 53.296 per cent. of oxygen, and its molecular
weight has been found to be about 60, what is its formula?

Simple

Percentage. Ratio. Ratio.
30 = 1200 = 333 = 1

H 6716 =— 100 = 671 = 2
O 53296 = 1600 = 333 = 1

100.00

The simple formula deduced from this is CH,O with a molecular
weight of 30.00. With the multiples 2 or 3, the molecular weights
would be (C,H,O,) 60.00 and (C,H,O;) 90.00. Selecting the multi-
ple which yields a figure nearest the found molecular weight (60), the
formula would then be C,H,O,.

Equation Calculations.—This class of calculations embraces the
determination of the quantities of the various substances entering into
or resulting from a chemical reaction. In such cases it is first neces-
sary to express the complete reaction with the molecular weights of
all the substances. Then make the following proportion. As the
molecular weight of the substance given in the equation is to the molec-.
ular weight of the substance required, so is the weight of the substance
given in the problem to x, the weight of the substance required. Three
terms of the equation being given, the fourth is ascertained by multi-
plying the two means (second and third terms) and the two extremes
(first and fourth), and dividing the product containing the unknown
factor (r) into the other product. The first and third terms and the
second and fourth must always be of the same denomination.

Problem.—How much chloride of iron (ferrous chloride) can be pre-
pared from 100 grams of iron?
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Equation:
Fe + 2HCI = FeCl, + H,
5584  72.936 126.76 2.016
Statement:
bs. gi . bs. \.. .gi . igh
Pe (Jo5.80en) : FeCl (noaitia) i3 Pe (fubgrien) : PeCle (o Tightoty
5584 126.76 100 T T
5584 + = 12676 X 100
5584 + = 12676.
xr = 227 grams.

Therefore, 227+ grams of ferrous chloride can be prepared from
100 grams of iron.

Problem.—How many grams of iron are necessary for the production
of 100 grams of ferrous chloride? If, according to the above equation,
55.84 parts of iron are necessary for the production of 126.76 parts
of its chloride, then 44.09+ grams of iron would be necessary for the
preparation of 100 grams of chloride, for

Fe : FeCl, :: Fe : FeCl,
55.84 126.75 x 100
126.76 r = 55.84 X 100
xr = 44.05+ grams.

Problem.—How much potassium iodide (U.S.P.) and tartaric acid
(U.S.P.) will be required to prepare 1000 gm. of Acidum Hydriodicum
Dilutum? The question resolves itself into the preparation of 100 gm.
of absolute hydriodic acid. The reaction involved is as follows:

KI + H,CHO, = KHCH.O, + HIL
166 150 128 *

If 166 gm. of potassium iodide will yield 128 gm. of hydriodic acid,
then to prepare 100 gm. of hydriodic acid, 130 gm. of potassium iodide
(100 per cent.) will be required, for

KI : HI :: KI : HI
166 128 x 100
128 »+ = 16600

x = 130 gm. of KI (of 100 per cent.).

Since the U.S.P. KI is of but g9 per cent. purity, then 131.3 gm. must
be employed in place of 130 gm. of a 100 per cent. salt.

If 150 gm. of tartaric acid are required for interaction with 166 gm.
of potassium iodide, then for 130 gm. of the latter 117.4 gm. of tartaric
acid (100 per cent.) will be required, for

HCHO, : KI :: H,CH.O, : KI
150 . 166 ;o x : 130
166 ¥ = 150 X 130
x = 19500

x¥ = 117.4 gm. tartaric acid.

Since the U.S.P. tartaric acid is of 99.5 per cent. purity, then 117.98
gm. of this is employed in place of 117.4 gm. of a 100 per cent. acid.

* The molecular weight figures have been slightly rounded.
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Therefore for the preparation of 1000 gm. of dilute hydriodic acid
(10 per cent.), 131.3 gm. of U.S.P.KI and 117.98 gm. of U.S.P. H,C,H,O,
are necessary.

Problem.—How much sodium chloride will be required to liberate 10
grams of iodine from sodium iodide by aid of manganese dioxide and
sulphuric acid?

The reactions involved are as follows:

4NaCl + 4H,SO, = 4NaHSO, + iHCI

4HC! 4+ MnO, = MnCl, + 2H,0 Cl,
Cl, + 2Nal = 2NaCl + I,

According to the above:

4NaCl = CI, = I,
4NaCl = 1,
2NaCl = 1

2 X 58.46 126.92

Since 126.92 grams of iodine are liberated by 116.92 (2 X 58.46)
grams of sodium chloride, then 10 grams of iodine will require {}§§%
X 10 = 9.212+4 grams of sodium chloride.

Problem.—How many liters of hydrogen gas can be obtained by the
action of sulphuric acid on 100 grams of zinc? *

Equation:
Zn + HSO, = ZnSO, + H,
65.37 2.016
If Zn : H, :: Zn : H,
65.37 2.016 100 x
65.37 x = 2.016 X 100 x = 3.084 grams of hydrogen.

The next question that arises is to convert this 3.084 grams of
hydrogen gas into volume liters. Since one liter of dry hydrogen at
standard temperature (0° C.) and pressure (760 millimeters) weighs
0.89873 gram, 3.084 grams would measure 34.315+ liters, according to
the following proportion:

Weight : volume e weight : volume
0.080873 gram 1 liter 3.084 grams x
080873 x = 3.084 X 1
r = 34.315+ liters.

Therefore, 100 grams of zinc yield 34.315 liters of hydrogen gas.

Measurement of Gases.—Calculations involving volume corrections
for variations in temperature, pressure, and vapor tension.

1. EFFect oF TEMPERATURE ON VOLUME:

According to the law of Charles (page 46), gases increase or decrease
'/ (0.00367) of their volume for each 1° C,, or 273 volumes at 0° increase 1 vol-
ume for every 1°.

Thus, 273 volumes of a gas at o
273 volumes of a gas at o
273 volumes of a gas at o
273 volumes of a gas at o

]

measure at 1° C. 273 + 1 volume.
measure at 5° C. 273 + 5 volumes.
measure at t° C. 273 + t volumes.
measure at T° C. 273 + T volumes.

© o o

* ]t is understood that the reaction is carried on in the presence of water.
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If v represents any given volume of a gas, and V the new volume
resulting from the temperature change from old temperature #° to new
temperature T°, then
v (273 + T°)

273+ ¢ :

Problem—What will be the volume of 100 mils of a gas if heated
from 10° to 30° C.?

100 (273 + 30) 100 X 30, .
V= ?737“:_ Ig = 2833 S o 107.06+ mils

Therefore 100 mils of a gas at 10° will measure 107.064 mils at
30° C.

Problem.—What will be the volume at 25° of 44.5 mils of nitrogen
dioxide when measured at 32° C.?

_ 445273 + 25) _44.5 X 298
273 + 32 305

Therefore 44.5 mils of NO at 32° C. measure 43.476+4 mils at
25° C.
2. EFFEcT OF PRESSURE ON VOLUME:

According to Boyle’s law (page 26), the volume of a gas varies inversely
as the pressure, hence the volume (v) of a ¥ns multiplied by the pressure (p)
upon it is equal to its new volume (V) multiplied by its new pressure (P),
—that is, .
vp

VP = op or V = p

V =

\" = 43.476+ mils.

Problem.—What would be the volume of 43.48 mils of nitrogen diox-
ide measured at 590 mm. pressure, calculated to the normal pressure of
760 mm. ?

48 X .
VP='31§. V = %ﬁo = 33.75 mils.

Therefore 43.48 c.c. of NO at 590 mm. pressure will measure 33.75

mils at 760 mm. pressure.

3. EFFecT oF BoTH TEMPERATURE AND PRESSURE ON VOLUME:

1f both temperature and pressure are changed, we combine formulas

1 and 2. Thus, ( -
v(237 + T° b
V= 237+ X p.

Problem.—What will be the corrected volume of 44.5 mils of nitrogen
dioxide at 25° C. and 760 mm. when measured at 32° C. and a pressure
of 770 mm.?

v = 44:5(73+25)
273+32

Therefore 44.5 mils of NO at 32° C. and 770 mm. will measure
44.04-+ mils at 25° C. and 760 mm.

770 _ ;
><760 44.04+ mils.
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4. EFFect oF TEMPERATURE, PRESSURE AND VAPorR TENSION ON
VOLUME: _

‘When gases are measured over water (as in assay of ethyl nitrite) they
become saturated with water-vapor, which causes an expansion of the gas
with its increase in temperature. Hence the pressure of the water-vapor, that is,
vapor tension (page 53), at the temperature of observation must be deducted from
the prevailing atmospheric pressure in order to find the actual pressure to which
the gas is subjected.

V= 2;?:‘_3)‘, X P_;_'lj w = vapor tension of water at given temperature.

Problem.—Referring to the preceding problem 3, what would be the
volume of dry nitrogen dioxide, if it measured 44.04+ mils over water
at 25° C. and 760 mm.?

The vapor tension of water at 25° C. = 23.6 mm. (see table, page 53).

v = 4:04(273) . 760—23.6 _ 44.05(273) , 7364
273 + 25 760 - 208 760

= 39.09+ cc.

Therefore 44.05 c.c. of NO, measured over water at 25° C. and 760
mm.. correspond to 39.09+4 mils of the dry gas at same temperature and
pressure.



CHAPTER II

HYDROGEN

Symbol, H. Atomic Weight, 1.008. Valence, 1.

Number of atoms in molecule, 2; weight of onc liter (at 0° and 760 mm.),
0.089873 gm.; 1 gram measures 11.1235 liters; 14.4 times as light as air.

History.—That an inflammable gas is generated through the action
of certain acids upon iron, was known to Paracelsus (1493-154I).
This gas was confused with various other inflammable gases until
the investigations of Cavendish (1766), who established its elemen-
tary character and named it “inflammable air.”
Lavoisier, some years later, proposed the name hy-
drogen, which has met with genéral acceptance.

Occurrence.—Hydrogen, one of the most wide-
spread of our elements, occurs in the free state in cer-
tain volcanic gases, in pockets of the carnallite de-
posits of the Stassfurt mines, in the natural gas of our
oil regions, in the gaseous envelope of the sun, fixed
stars, and nebule. In combination, hydrogen forms
one-ninth of the water of the globe, and is a constit-
uent of nearly all organic matter.

PiG. 02.

Isolation.—(1) By the electrolysis of water (Fig. 92). The
addition of one part sulphuric acid to one hundred parts of
water assists the process by making the latter a better con-
ductor. The products of the reaction are two volumes of
hydrogen (which collects at the negative electrode) and one
volume of oxygen (which collects at the positive electrode),
according to the following:

2H,0 = 2H, + O,

. (2) By the decomposition of water with certain metals.
1‘%“‘""“ of hydro. a.—At ordinary temperature with the alkali metals, as
gen by electrolysis of h g &, . . .
water. sodium or potassium. hen a small piece of potassium is

thrown on water, chemical action takes place at once: the
metal melts, and floats about enveloped in a flame of hydrogen, which ignites
spontaneously from the heat of the reaction. The flame is of a violet color,
imparted by the volatilization of the metal.

Sodium does not react so violently with the water as to cause ignition of
the escaping hydrogen, unless it be held in one spot by placing it on a piece of
filter paper, wi‘l'en sufficient heat is developed to ignite the gas, which, in this
case, burns with a yellow flame, the resulting solution being strongly alkaline.

Na, + 2H,0 = 2NaOH + H,.
Sodium. Water. Sodium Hydroxide. Hydrogen.

b.—At high temperature with such metals as iron, zinc, and nickel. If the
vapor of water be passed through a tube containing any of the above finely
divided metals heated to redness, they combine with the oxygen of the water

160
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vapor, forming an oxide of the metal, while the hydrogen passes off and may
be collected over water.

Zn + H.0 = ZnO + H,.
Zine. - Steam. Zinc Oxide. Hydrogen.
e + 40 = Fet%?q?e‘lﬁc + Hycfggﬁo.

xide. :

(3) By the action of dilute acids on certain metals, usually iron and sinc.

zZn + SI;I}.%O, = Zg,SO. + u H,.
e Aoid. Sulphate. ydrogen.

Sulphuric acid may be substituted by hydrochloric acid, with similar results.
Iron, however, does not yield as pure a gas as zinc, on account of certain
carbon impurities contained in it.

PiG. 03.

Preparation of hydrogen.

The above reaction progresses satisfactorily only in the presence of water,
which dissolves the zinc sulphate formed, and prevents its collecting on the
metal and retarding the further action of the acid. When chemically pure zinc
is used the action at first is very slow, but by the addition of a drop or two
of platinic chloride or copper sulphate solution a galvanic action is established,
which causes a rapid evolution of the gas. .

. (4) By the action of concentrated solutions of the alkali hydroxides on cer-
tain metals, as zinc, aluminum, magnesium, or iron (finely divided). It is usually
necessary to apply heat to assist the reaction.

Zn + 2NaOH = Zn(ONa), + H,.
Zing. Sodium Hydroxide. Sodium Zincate. Hydrogen.
Al, + 2NaOH 4+ =2HO = 2NaAlO, + 3H,
Aluminum. Sodium Sodium Hydrogen.
Hydroxide. Aluminate.

With magnesium and aluminum the action takes place at ordinary temperature.

The gas as it escapes from the generator should never be ignited until all
traces of air have been removed from the apparatus. This may be ascertained
by collecting a test tube full of the escaping gas by displacement and then igniting;

11
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as Ion:g as any air remains in the apparatus, this is accompanied by a slight
report.

All the foregoing chemical processes yield a gas more or less impure. In
order to obtain pure hydrogen from method 3, it should be passed through a solution
of lead acetate, to remove hydrogen sulphide; through a solution of silver sul-
phate, to remove hydrogen phosphide and arsenide; through potassium hydrox-
ide solution, to remove free acid; and, finally, over calcium oxide to remove
moisture.

Industrial Preparation.—Owing to the extensive use of hydrogen in various
bra;]chﬁs of chemical industry, the most important methods of preparation will be
outlined.

Linde-Frank-Caro Process.—Compressed water gas is cooled to —193°,
whereby all constituents are liquefied except the hydrogen, which is obtained
from 97 to 98 per cent. pure. :

Steam and Iron Contact Process.—This is based on the well-known decom-
position of steam by red-hot spongy iron, 2Fe + 2H,0 = 2FeO + 2H,, the resulting
iron oxide being reduced each time by a current of water gas (CO and H) 2FeO +
H, + CO = 2Fe + H,0 + CO,. In practice, a mixture of iron oxide and clay or
bog iron ore made into briquettes is used; the oxide is reduced by water gas to
spongy iron; over this heated iron steam is then passed.

Aluminum Process.—Steam is passed over a mixture of aluminum in powder
and lump form. The reaction being Al, + 3H,0 = Al,O, + 3H.. One kilo of Al
can produce 1300 liters of hydrogen.

Riker-Walter Process.—Oil gas is heated to 1200 to 1400°, whereby it is de-
composed into carbon and hydrogen. In this process petroleum is sprayed over bot
coke, which retains most of the carbon. The liberated gases consist, chiefly, of
hydrogen with impurities, such as CO and H.S; the latter are removed by
passing over soda lime and red-hot bog iron ore. The hydrogen is about 97 per
cent. pure.

Electrolysis.—Electrolytic methods are extensively employed and are based
upon the electrolysis of water or aqueous solutions of caustic potash or soda, water
being replaced gradually as the decomposition proceeds. In the electrolysis of potas-
sium chloride, besides hydrogen, chlorine and caustic potash are obtained.

Physical Properties.—Pure hydrogen is an odorless, colorless, and
tasteless gas. It is the lightest substance known; one liter at 0°
and 760 mm. atmospheric pressure weighs 0.089873 gram (one crith),
and 1 gram measures 11.1235 liters, indicating a density of 0.0695 when
air equals 1.000. On comparing the weights of like volumes of oxygen
and hydrogen at 0° and 760 mm. pressure, the ratio is 15.88 to 1, or
16 to 1.008. Owing to its lightness (44 of air and 5 of oxygen),
hydrogen may be collected by “ upward displacement,” by simply hold-
ing a receiver over a tube from which the gas is escaping; or, in view
of its insolubility, it may be collected over water. The molecular volume,
that is, the volume occupied by the gram molecular weight (2.016), of
hydrogen is 22.416 liters.

The great diffusibility of hydrogen is one of the most prominent
characters, it being four times as diffusible as oxygen and 3.8 times
as air; hence this gas can be kept only in absolutely non-porous
vessels.

Hydrogen may be converted, by a pressure of 180 atmospheres
and a temperature of — 205° C., produced by the vaporization of liquid
air in a vacuum, into a steel-blue liquid (density about 0.07), and on sud-
denly releasing this pressure, the vaporization of the liquid is so
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rapid that the intense cold thus produced converts a portion of the
escaping liquid into solid particles, which almost instantly disap-
pear. The critical temperature of hydrogen gas is — 243° C. (Dewar),
while its critical pressure is only 19.4 atmospheres. Liquid hydrogen
boils at — 252.78° C., producing by its evaporation a temperature of
— 260 or 13° A (absolute zero being — 273°). Hydrogen is very slightly
soluble in water, 100 mils at 0° dissolving 2.14 mils of the gas.

Certain metals, like platinum and palladium, possess the peculiar
property of absorbing, under certain conditions, hydrogen gas, the
phenomenon being termed occlusion. For example, palladium, when
heated to 100° C. and cooled in an atmosphere of hydrogen, will ab-
sorb over 982 volumes of this gas; or when this metal serves as the
cathode for the electrolysis of water, it absorbs goo volumes of hydro-
gen. Platinum in the spongy state will absorb 110 volumes of hydrogen.

Chemical Properties.—Under ordinary conditions, hydrogen shows
but little affinity for other substances, owing to the firm linkage be-
tween both atoms forming the molecule, considerable energy being
necessary to bring about a cleavage. At elevated temperature or in
the nascent state, its behavior is quite the reverse. Hydrogen is
combustible and burns with a non-luminous but intensely hot flame,
combining with the oxygen of the air to form water. The tem-
perature produced through the combustion of 1 gram of hydrogen
is sufficient to raise 340 grams of water at 0° C. to the boiling-point;
the temperature of the oxy-hydrogen flame (pages 165, 196), which is
about 2500° C., is exceeded slightly by the oxy-acetylene flame and consid-
erably by that of the electric furnace.

The great affinity of hydrogen for oxygen may be further illus-
trated by mixing two volumes of the former with one of the latter
and applying a flame, when union of the two gases will take place
with a violent explosion. The same occurs when air, in larger vol-
ume, is used instead of oxygen, hence the importance of having all the
air driven out of a generator before attempting to ignite the escaping
gas. When a current of hydrogen is directed upon a mass of finely
divided platinum (platinum sponge), the latter becomes incandescent.
This phenomenon, which is an evidence of chemical reaction, is due
to the fact that oxygen, which is occluded in the finely divided metal,
combines readily under these conditions with the hydrogen, while
the platinum undergoes no chemical change. Certain other metals
as well as chemicals deport themselves similarly. Such chemical
reactions that take place, their rate being greatly facilitated through
the agency of a third substance, which itself undergoes no chemical
change—that is, does no: pass into the products of the reaction—
are termed catalytic. Those substances which accelerate such chemical
reactions through their presence are called catalytic agents, or catalyzers.
The process is termed catalysis (see page 152). With chlorine and some
other halogens, hydrogen combines even more readily than with oxygen,
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but with most other non-metals it does not unite directly unless in the
nascent state.

The affinity of hydrogen for the halogens decreases in proportion
to their increase in atomic weight. Thus, fluorine combines with
hydrogen in the dark with explosive violence, while chlorine requires
the aid of direct sunlight; with bromine a temperature of 200° C. and
sunlight are necessary, while iodine and hydrogen combine directly
with some difficulty, and the resulting compound is quite unstable.
The gaseous elements, at the moment of their generation (statu
nascendi), act more energetically than after their liberation, for the
reason that this nascent or specially active state represents the element
in its atomic condition—that is, before the atoms have united to form
molecules.

While in this nascent state, hydrogen gas is capable of reducing
compounds of a higher state of oxidation (-ic) to a lower (-ous),
or metallic oxides or chlorides to their metals, also of converting some
compounds free from hydrogen into ones containing this element. Such
reactions, in which a part or all of the electro-negative element of a
compound is removed, or when the valence of the electro-positive
element or group is decreased, are termed reducing, and the substance
which accomplishes this a reducing agent.

Thus, on adding zinc or iron filings to a solution of the following
chemicals in dilute hydrochloric or sulphuric acid, reduction takes place.
In equation 1 the valence of electro-positive Fe'” is reduced to Fe”;
in equations 2 and 3 oxygen is withdrawn from the electro-positive
element, and in equation 4 an electro-positive atom is added to the
molecule.

” 4 ’ ’

(F) 2Fe Cla H, - 2Fe Cl» + 2H Cl.
ic Chloride. Hydrogen. Ferrous Chloride. Hydrochlorie Acid.

(2) H.8 Os + 3Hz = %H:O + H:S
Sulphurous Acid. Hydrogen. ater. Hydrogen Sulphide,

" ” ’ ”r ’ ’ ”

6H = A (0]
(3A)nmous &de + Hyd.ro;m. Ancn?)ussl{%ride. + %1.{:.

” 4 14 ’ ’

4) Hgl. + Hg = 2Hgl

Hydrogen occluded in m&als, as Pd and Pt, is more active than
“nascent hydrogen,” often causing combination with explosive vio-
lence. When palladium hydrogen is added to solutions of such metals
as Ag, Au, Cu, Hg, etc., the metals are precipitated; ferric solutions
are reduced to ferrous, chromic to chromous, and chlorates to hypo-
chlorites.

Hydrogen in its ordinary (molecular) state possesses reducing
properties through its affinity for such electro-negative elements as
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oxygen, sulphur, chlorine, etc. In such cases the compound to be
reduced is heated, while a current of hydrogen is passed over it.
Thus—

" ” ’ [ ”

F - H Fe,.
(li'urice'Ox:%. + 3t 30 + Reducee'd Iron.
(2& Cu O + Ha = Cu + H: O

upric Oxide. Copper.
” ’ ’ ” ”r ’
- (3) _Sbs S5 + 2H, = 2H,S + Sbs §.
Antimony Pentasulphide. Antimony Trisulphide
" ’ ” ’ ’ ’
(ﬂ) 2Fe Cl;, + H. =. 2FeCl, + 2HCL
erric Chloride. Perrous Chloride.

Uses.—Hydrogen has a number of very important industrial appli-
cations: in aeronautics for filling balloons, since it can be readily
compressed in cylinders and transported or even be generated when
needed. The ascensional power of hydrogen is 1.2 kilos per cubic meter,
or 73.5 pounds per 1000 cubic feet. As a high temperature producer when
burned in the presence of oxygen (oxy-hydrogen blowpipe), this is vari-
ously given from 2100 to 2500°.

The hydrogen flame is employed in the autogenous welding of steel,
cast iron, copper and other metals, also in place of riveting. The oxy-
hydrogen flame is used in cutting wrought iron and steel; fusing
quartz, in which sand is fused and moulded into various forms of labora-
tory apparatus, such as beakers, crucibles, evaporating dishes, tubing, etc. ;
in the manufacture of synthetic rubies and sapphires, in which alumi-
num oxide is fused either alone or with an addition of 2 per cent. of
chromic oxide (ruby) ; the sintering and fusing of tungsten metal powder
into rods, fusing of metals of the platinum group. Hydrogen is exten-
sively employed in the hydrogenization of oils.

Hydrogen is used in research work where very low temperatures
are required. These are obtained by evaporation of the liquefied gas.



CHAPTER II1

THE HALOGENS
CHLORINE, BROMINE, IoDINE, FLUORINE

CHLORINE

Symbol, Cl. Atomic Weight, 35.46. Valence, 1, also 3, 5 or 7.

Number of atoms in molecule, 2; weight of one liter (at 0° and 760 mm.),
3.22 gm.; density, 2.49 (air = 1) ; I gram measures 310.56 mils.

History.—Chlorine was first isolated by Scheele, in 1774, while
experimenting with “black magnesia” (an ore consisting largely of
manganese dioxide) and hydrochloric acid,
but its elementary character was first es-
tablished by Davy, in 1801, who gave to it
the name of chlorine on account of its
greenish-yellow color.

Occurrence.—Chlorine does not occur
in the free state in nature, but is found
abundantly in combination with sodium in
sea-water, and in the salt-wells of the
United States ; also as rock-salt in the mines
of Austria, Spain, and Bavaria, all of which
have been worked for centuries. It is also
found in certain “horn” minerals, com-
bined with lead, silver, or mercury.

In the vegetable kingdom chlorine is not
very abundant, but in the animal kingdom,
combined with sodium, it is found more
abundantly, being a constituent of most
animal secretions.

Pi1G. 94.

Isolation of chlorine.

Isolation.—Chlorine may be isolated by a number of different processes,
as follows:
. (1) By the electrolysis of hydrochloric acid or chlorides, the chlorine gas
being liberated at the anode.
(2) Through the oxidation of hydrochloric acid by means of certain higher
metallic ozxides.
() Heating a mixture of hydrochlorigﬁcid and manganese dioxide.

MnO, + 4HCI & MnC,. + 2H0 + Cl,
Mppogee  oigcilec Miggpw Chleia.
The liberated gas is usually collected by “ downward displacement,” as illus-
trated in Fig. 94.

166
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Care should be taken to mix the acid thoroughly with the powder, to pre-
vent any of the latter from remaining unmoistened on the bottom and causing
fracture of the flask on the application of heat. The oxide should be in excess
of the acid, and heat should not be applied for some minutes after they are
mixed, or the resulting gas will be contaminated with hydrochloric acid. Ks an
additional precaution, it has been recommended to use the oxide in lumps, and
have them above the surface of the acid; even then the gas should be passed
through a small quantity of water, to remove any traces of acid, before col-
lecting it in the receiver.

(b Br heating a mixture of four parts of manganese dioxide, nine parts of
scf:dxum chloride, and a mixture of twelve parts of sulphuric acid with six parts
of water:

MnO, + 2NaCl + 2H,SO, = MnSO, + Na,SO, + 2H,0 + Cl.

Manganese  Sodium  Sulphuric  Manganous Sodium
Dioxide. Chloride. , Acid. Sulphate. Sulphate.

(c) By gently heating a mixture of potassium dichromate and concentrated
hydrochloric acid.

K,Cr,O, + 14HCl = 2CrCl, + 2KC1 4+ 7H,0 + 3Cl,
Potassium  Hydrochloric Chromic Potassium
Dichromate. Acid. Chloride. Chloride.

(3) Upon adding hydrochloric acid to bleaching powder or hypochlorites.

Ca(OCICLCaO + 4HCI = 2CaCl, + 2H,0 + Cl,.
Bleaching Powder. Calcium Chloride.

Because of its extensive uses in the arts as a bleaching agent and solvent,
chlorine is prepared industrially on an extensive scale. Only a few of the more
important methods are enumerated.

(3) The “ Deacon Process” is based on the oxidation of hydrochloric acid
gas by the oxygen of the air. This is brought about by passing the vapors of
the acid, mixed with air, over pieces of brick which have been saturated with
copper chloride and heated to about 440° C. In outline, the reaction is as

follows:
4HC1 + O, = 2H,0 + 2Cl,.

It is presumed that the copper chloride acts as a catalytic agent in the lib-
eration oP a portion of its chlorine, and withdrawal of it from the hydrochloric
zcid, through the influence of the oxygen of the air (see page 152).

(4) The “Weldon Process” consists in heating a mixture of hydrochloric
acid and manganese dioxide (see Equation 2, a). The economical innovation con-
sists in the recovery of the manganese, which is converted from the chloride (MnCl,)
back into the oxide (MnO,). This is accomplished by treating the manganous
chloride with milk of lime [Ca(OH),], whereby manganous hydroxide
[Mn(OH),] is produced; then, upon passing a blast of air through this heated
mixture, the latter is converted into manganese dioxide (MnO,), which is
again heated with a fresh portion of hydrochloric acid, as before.

(5) Electrolytic Processes. Most of the chlorine manufactured is obtained
by the electrolysis of the chlorides of sodium or potassium. These methods are all
based upon the decomposition of the alkali chloride by means of the electric cur-
rent, in which the chlorine separates at the carbon anode and the alkali at the
cathode (see Castner process). . .

Many chemical difficulties have been encountered in the various processes,
owing to secondary reactions taking place with the formation of sodium hypo-
cll:lorite, chlorate, and chloride, caused by the diffusion of the chlorine through
the solution.*

* (1) 2NaCl = Na, + Cl,
2) Na, + 2H,0 = 2NaOH + H,.
(3) 2NaOH + Cl, = NaClO + NaCl + H,0.
4) 3NaClO = NaClO, + 2NaCl.
5) aClO, + 3H, = NaCl 4+ 3H,O.
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To overcome this difficulty, various devices have been introduced. Most
successful is that of Castner (page 730), in which the positive and negative plates
are kept apart in water-tight compartments which permit, however, a transfer of
one of the products of the reaction from two of the cells to the third.

Physical Properties.—Chlorine is a yellowish-green gas, of a suffo-
cating odor, and when inhaled exerts a corrosive action on the mu-
cous membranes of the air passages. It is about 2.5 times heavier
than the air, hence may be readily collected by displacement, the height
to which the vessel is filled being noted by the color of the gas. Under
ordinary atmospheric pressure, chlorine liquefies at —34° C., or by a
pressure of 8.5 atmospheres at 12.5°. Its critical temperature is 146° and
its critical pressure 93.5 atmospheres. More usually, however, liquefaction
is carried out under a pressure of 8 atmospheres while cooling with water.
One liter of Cl weighs 3.22 gm. (0° and 760 mm.). One liter of liquid
chlorine corresponds to 300 liters of gas. Commercially chlorine is
supplied in liquid state contained in steel cylinders, forming a dark
greenish-yellow liquid, immiscible with water, boiling at —33.6° C. at
760 mm. At 25° C. its specific gravity is about 1.40. The solubility
of chlorine in water reaches its maximum at 9.6°, when one volume
absorbs 3 volumes of the gas.

Chemical Properties.—Next to fluorine, chlorine is the most re-
active member of the group of non-metals, and with the exception
of the inert gases (N, He, Ar), oxygen, carbon, and some of the
rarer metals of the platinum group, chlorine unites readily with all
elements. Phosphorus, copper, bismuth, tin, antimony and arsenic
inflame when sprinkled in a finely divided condition into a cylinder
of chlorine. When mixed with hydrogen, chlorine combines with
explosive violence upon the application of a flame, electric spark, or
when exposed to the direct rays of the sun, or when brought into
contact with platinum sponge. This affinity for hydrogen is illus-
trated in its behavior towards various compounds. Thus, if tissue
paper, moistened with warm turpentine oil (C,,H,,), be plunged into
a cylinder of chlorine, the latter combines with the hydrogen of the
turpentine, generating sufficient heat to cause ignition of the oil,
whicH burns with a copious evolution of black smoke from the lib-
erated carbon. A candle burns in an atmosphere of chlorine with
a smoky flame, caused by the combination of this gas with the hydro-
gen while excluding the carbon. Because of its intense affinity for
hydrogen, chlorine is a powerful oxidizing agent. Thus sulphur and
phosphorus may, under certain conditions, be oxidized to their re-
spective acids, and salts of various metals oxidized from the “ous”
to the “ic” state. Chlorine is very extensively employed for making
bleaching powder (Chlorinated Lime), hypochlorites (liquid bleach), and
chlorates. To secure this bleaching it is necessary that the gas be used
in the presence of moisture, or in solution in the form of “ bleaching
powder,” or the “ hypochlorites.” This depends upon the codpera-
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tion of water, which is decomposed by the chlorine with the libera-
tion of oxygen (Cl, + H,0 = 2HCI 4 O); this in turn forms color-
less oxidation products with organic colored substances. Large quan-
tities of chlorine are employed in the manufacture of chlorinated
organics, as trichlor-acetic acid, chloral, phosgene, carbon tetra-chlo-
ride, etc. Chlorine is a powerful disinfectant and deodorizer, readily
destroying bacteria. It is more commonly employed in the form of
chlorinated lime. Chlorine exerts a very irritating action upon the
mucous surfaces of the air passages. Air containing not more than
about 1 part per million of chlorine can be breathed with safety.
Chlorine Water.—An aqueous solution containing about 0.4 per
cent. of chlorine, which may be prepared either by saturating cold water
with chlorine gas (U.S.P. test solution) or through the action of diluted
hydrochloric acid on potassium chlorate by the aid of heat and dissolving
the liberated gases through the addition of water. The following reaction

takes place :
4KCI0, 4+ 16HClI = 4KCl + 8H,0 + 7Cl, + 2C0,
Potassium Chlorate. Chlorine Peroxide.

The chlorine peroxide breaks up as follows, in the presence of water:
3Cl0, + H,0 = 2HCIO, + C + O.
2C10s 4+ H.,O = HCIO, + HCIO..
Consequently such a solution will contain, besides chlorine, chlorous and
chloric acids. :

Chlorine water is a transparent greenish-yellow liquid, which, be-
cause of its instability, should be prepared fresh when desired.

Upon standing, when exposed to sunlight, solutions of chlorine
become colorless, decomposing into hydrochloric acid and oxygen:

2Cl, + 2H,0 = 4HCl + O,

When exposed to diffused light, hypochlorous and chloric acids
are formed :

c, + H,0 = HCl + HCIO.
8HCIO = 2HCIO, + 6HCl + O,

In addition to its use in medicine as a stimulant and antiseptic,
chlorine water is a valuable laboratory reagent, being especially em-
ployed for liberating iodine and bromine from their salts, and for
oxidizing many metallic compounds. When employed as a reagent
for liberating iodine or bromine, care should be observed not to add
too great an excess of the chlorine solution, owing to the tendency
of this element to form colorless compounds with bromine and iodine.

HYDROGEN AND CHLORINE

HYDROCHLORIC ACID. HYDROGEN CHLORIDE.
MURIATIC ACID.
Formula, HCI. Molecular 1Veight, 36.47.
History.—Hydrochloric acid in solution (first mentioned by Basil
Valentinuts, in the fifteenth century) was known to the ancients. The
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alchemists were already familiar with aqua regia, obtained by distil-
ling nitre, sal ammoniac, and vitriol together. Glauber, about the
year 1648, first prepared the aqueous acid, and gave it the name of spiritus
salis, which as “ spirit of salt” it retains to the present day. Priest-
ley first collected the gas by the use of a pneumatic trough contain-
ing mercury. Davy, in 1810, disproved its supposed elementary char-
acter, and demonstrated it to be a compound of chlorine and hydrogen.
Occurrence.—Hydrochloric acid gas occurs as one of the gaseous
products ejected from volcanoes. It is present in solution (0.1 to 04
per cent.) in the normal gastric
juice of mammals, along with pep-
sin and inorganic salts.
Preparation.—~When equal volumes
of chlorine and hydrogen are mixed
and exposed to diffused daylight, they
slowly combine, forming hydrochloric
acid. This combination may be effected
at once and with explosion by exposing
the mixture to the direct rays of the
sun, to the light of the electric arc or
burning magnesium, or by the applica-
tion of a flame. For laboratory pur-
poses the gas may be prepared in a
flask with suitable attachments for
washing and purifying, as in Fig. 95, by
adding to sodium chloride one and a
half times its weight of sulphuric acid,
previously diluted with half its weight
of water, and applying heat. A small
quantity of sulphuric acid is put in the
wash bottle to remove moisture, and
the gas is then collected over mercury.
When two molecules of sodium chloride
and one molecule of sulphuric acid are
taken, the following reaction occurs:

Fic. ¢s.

Preparation of hydrochloric acid.

2NaCl + H,SO, = Na,SO, + 2HClL.
Sodium Sulphuric Sodium Hydrochloric
Chloride. Acid. Sulphate. Acid.

In working on a small scale, however, it is better to use the proportion of
one molecule of each, when a more soluble acid sodium sulphate remains in
the flask:

NaCi + H,SO, = NaHSO, + HCL
Sodium Sulphuric Acid Sodium Hydrochloric
Chloride. Acid. Sulphate. Acid.

This reaction occurs with the aid of less heat than is required in the pre-
ceding, and is in other ways more satisfactory. .

For laboratory purposes, this gas may be conveniently prepared by adding
sulphuric acid (through a separatory funnel) to common salt or ammonium
chloride, in broken pieces, contained in a flask and heating.

2NH,CI + H,SO, = (NH,),SO, + 2HCL.
Ammonium Ammonium
Chloride. Sulphate.

No heat need be applied if the alkali chloride be covered with fuming
hydrochloric acid before adding the sulphuric acid. .

Industrially, hydrochloric acid is obtaiped as a by-product in the manufacture
of “salt cake” (sodium sulphate) (see page 357).




HYDROGEN AND CHLORINE. 171

Physical Properties.—Hydrochloric-acid is a colorless gas, of a
sharp, suffocating odor and an acid taste. It has a density, com-
pared with air, of 1.269, and may therefore be collected like chlorine
by downward displacement. One liter of HCl vapor at 0° and 760 mm.
weighs 1.639 gm. Its density (grams per mil) at 20° is 0.0974. It has
been liquefied by a pressure of 40 atmospheres and a temperature of
10°, its critical temperature is 52° and critical pressure 83 atmospheres.

Chemical Properties—The dry gas neither acts on metals nor
reddens litmus. It fumes in moist air and is very soluble in water;
at 0°, one volume (1 liter) of water will absorb about 505 volumes
(505 liters, or 816 grams) of the gas; one volume of ethyl-alcohol
(0836 sp. gr.) dissolves 327 volumes of the vapor at 17°. Hydrochloric
acid gas is neither combustible nor a supporter of combustion in the gen-
eral sense; however, it will support the combustion of metallic sodium,
potassium, or magnesium, hydrogen gas being evolved and a chloride
of the metal formed. Certain other metals react in a similar manner
at higher temperature.

Fe + 2HQ = FeCl, + H,.

Ferrous
Chloride.

Hydrochloric acid gas decomposes most metallic oxides, with the
formation of water and a chloride.

Fe,0, + 6HCI = 2FeCl, + 3H,0.
Perric Perric
Oxide. Chloride.

Acidum Hydrochloricum.—The concentrated aqueous solution of
the pure gas forms a colorless, corrosive fluid of very sour taste and
penetrating odor, fuming readily in moist air; less concentrated acids
do not fume. The concentrated chemically pure (C.P.) acid con-
tains from 35 to 38 per cent. of the anhydrous acid, while that recog-
nized by the U.S.P. should contain not less than 31 nor more than 33
per cent. and has the specific gravity of about 1.155 at 25°.

The “ commercially pure ” acid is of variable strength and quality.
The specific gravity of an acid being known (at 15°), the percentage
.strength may be approximately ascertained by multiplying its two
first decimals by 2; for example, an acid of the gravity 1.12 contains
24 per cent., one of the gravity 1.162 contains 31.9 per cent. of abso-
lute acid.

When heated, concentrated hydrochloric acid evolves the gaseous acid
until it reaches a concentration of 20.2 per cent., then it distils un-
changed at 110° C. (760 mm.). Conversely, if a weaker acid be dis-
tilled, it will lose water until it reaches a concentration of 20.2 per cent.

Most metals dissolve in hydrochloric acid with evolution of hydro-
gen gas, while the metallic oxides dissolve with separation of water.
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Peroxides of the alkalies and alkaline earths are decomposed by
hydrochloric acid, yielding hydrogen peroxide,

BaO, + 2HCI = BaC, + HO,
Barium Hydrogen
Peroxide. Peroxide.

The commercial acid is one of the by-products in the Leblanc
soda process, the first stage of which is the production of sodium
sulphate through the action of sulphuric acid on sodium chloride,
hydrochloric acid being the side product.

2NaCl + H,S0, = NaSO, + 2HCL

For this purpose, the salt and crude sulphuric acid are heated to-
gether in a specially constructed furnace, and the evolved hydrochloric
acid vapors are forced through a system of towers filled with coke, or
brick, over which water trickles; or the gas is absorbed in large earthen-
ware Woulfe bottles.

Impurities.—The impurities found in the commercial acid arise
from the crude or raw materials employed in its manufacture, as
well as contact with exposed parts of the apparatus. This acid is of
a pale yellow color, due to the presence of a small amount of ferric
chloride. The other impurities consist chiefly of sulphurous and sul-
phuric acid, chlorine, arsenic, lead, and inorganic salts. The pure
(C.P. or U.S.P.) acid is generally prepared from pure sodium chloride
and sulphuric acid. The C.P. or Reagent acid varies from 35 to 38
per cent. strength and should yield not more than 0.003 per cent. of non-
volatile matter.

Chlorides.—The compounds of hydrochloric acid are known as
chlorides, and are usually formed by dissolving the metal, its hydrox-
ide or carbonate in the diluted acid. A few are made by the direct
action of chlorine on the metal. Nearly all metallic chlorides are soluble
in water, the exceptions being the chlorides of silver, mercury (ous),
and lead, the last of which is soluble in hot water. Most chlorides are
quite stable when subjected to moderate heat. The chlorides of the
“noble ” metals, as gold and platinum, decompose with liberation of
chlorine. When heated with concentrated sulphuric acid, most chlo-
rides decompose into sulphates of the metals and hydrochloric acid
vapor. In fact, this takes place at ordinary temperature with nearly
all chlorides except Sb, Bi and Cu.

Nitric acid decomposes all metallic chlorides excepting AgCl, HgCl,
with formation of nitrates and liberation of HCl. Boric, arsenic and
arsenic and phosphoric acids decompose chlorides by aid of heat.

Most metallic chlorides when heated with manganese dioxide and
sulphuric acid give off chlorine.

Tests.—The test of identity for free hydrochloric acid is made by
heating with manganese dioxide and noting whether chlorine is evolved.
If the quantity of acid be very small, the escaping gas should be
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passed into a diluted solution of potassium iodide and starch paste,
whereby a blue color is produced. Hydrochloric acid and chlorides pro-
duce insoluble white precipitates with solutions of silver, mercurous
mercury, cuprous copper, and lead. The first forms silver chloride,
AgCl, soluble in ammonium hydroxide; the second mercurous chloride,
HgCl (calomel), which blackens on the addition of ammonium hydroxide ;
the third, CuCl, dissolves in an excess of ammonium hydroxide with a
blue color, and the fourth, lead chloride, PbCl,, is soluble in hot water.

BROMINE
Symbol, Br. Atomic Weight, 79.92. Valence, 1, also 3, 5 or 7.

Number of atoms to the molecule, 2; specific gravity at 0°, 3.18; density of
vapor at 60°, 5869 (air=—r1).

History.—This element was discovered in 1826 by Balard, of
Montpellier, France, in the bittern or mother liquor from the manu-
facture of common salt. The name, from Spauog , stench, was given it
because of its disagreeable odor.

Occurrence.—Bromine occurs chiefly as magnesium bromide in
sea-water, and as the magnesium, calcium, and sodium salt in many
rock-salt deposits and salt-wells. Large quantities of bromine are
produced at Stassfurt, also from the brine wells of Michigan and
Ohio. Natural salt brine contains bromides and chlorides of sodium,
calcium, magnesium, and potassium. Usually less than o.1 per cent.
of bromine is present.

Isolation.—The various methods employed depend on the displacement
of bromine by chlorine, the latter being generated either through reaction
of the chlorides present in the brine with manganese dioxide and sulphuric acid,
or by their electrolysis. The bittern, which is the mother liquor from the crys-
tallization of salt, is concentrated to about 45° B. (sp. gr. 1.45), which causes
the separation of the greater part of the more insoluble sulphates and chlo-
rides, and then manganese dioxide and sulphuric acid are added, which cause
liberation of the bromine. .

The application of heat completes the reaction. The vapors are conducted
through a condensing apparatus into well-cooled receivers.

According to the Dow Process for the extraction of bromine, such im-
purities in the brine (as ferrous saltsel as have a reducing action on bromine
are first oxidized. This is accomplished by passing air containing traces of
chlorine and bromine through the brine. This brine is then subjected to elec-
trolysis till about half of the bromine has been liberated. This is then blown
out by means of a current of air, and after passing throu%h purifying towers
containing sodium bromide, which serves to retain the chlorine (NaBr + CI
= NaCl + Br), the bromine vapor is brought into contact with sodium or
potassium hydroxide, whereby a mixture of bromine and bromate is produced. If
sodium or potassium bromide is desired, this is evaporated and baked at red
heat to remove organic matter and bromate, then taken up with water, filtered
and crystallized. This mixture of bromide and bromate when heated with
sulphuric acid yields bromine, according to the following equation:

sKBr + KBrO, + 3H,SO, = 3K,SO, + 3Br, + 3H,0.

The brine, from which part of the bromine has been removed, is electrolyzed
and the gases (Cl and little Br) blown out bi a blast of air and used for oxidiz-
ing a fresh lot of brine. Another method, known as the “ continuous process,”
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consists in decomposing the bromides of the hot bittern by a current of chlorine
and steam. The liberated bromine dissolves in the liquor, from which it is
afterwards removed by boiling.

The crude bromine thus obtained contains as chief impurity bromine
chloride, with traces of iodine, organic matter, and bromides. It is purified by
shaking with ferrous or sodium bromide and distilling from glass retorts. or
distilling direct from iron filings, the quantity used depending on the percentage
of chlorine present. The reaction is as follows:

FeBr, 4+ 2BrCl = FeCl, + 2Br,

Physical Properties.—Bromine is a reddish-brown, intensely caus-
tic liquid which freely evolves corrosive orange-red vapors of a suffo-
cating odor resembling that of chlorine. Its specific gravity is about
3.10 (25°). Pure bromine boils at about 63°, and when cooled to —7.3°
it solidifies.

Bromine is soluble in 30 parts of water at 25°; the solution is far
more stable than the solution of chlorine, yet in time partly decomposes
into hydrobromic acid and oxygen. The reaction is incomplete, since the
liberated oxygen reacts reversely with the hydrogen bromide.

2Br, + 2H,0 X 4HBr + O,
Bromine is more soluble in alcohol, ether, chloroform, and carbon disul-
phide, the last three being capable of extracting it from its aqueous solu-
tion on agitation. Bromine is very soluble in aqueous solutions of the
alkali bromides, hydrobromic acid and hydrochloric acid, forming very
stable reddish-brown colored solutions.

Chemical Properties.—Bromine closely resembles chlorine chemi-
cally, although it usually reacts with less energy. Thus, while chlorine
combines with hydrogen under influence of light, bromine does not.
Bromine combines readily with the metalloids and metals, in some
instances (As, Sb, K) with considerable violence, yet its affinity for
these elements is not as great as is the case with chlorine. For exam-*
ple, chlorine will displace bromine from its salts:

2AgBr + Cl, = 2AgCl + Br,

On the other hand, bromine liberates iodine from iodides and hydrogen -

iodide. Thus—
2KI + Br, = 2KBr + I,

Through its affinity for hydrogen, bromine reacts as a substituting
element upon many organic compounds. Thus—

C,H,,O + Br, = C,.H,;BrO + HBr.

Camphor. Mono-brom-camphor. Hydrobromic Acid.
In the presence of water, bromine is an active oxidizing agent.

H,S + Br, = 2HBr + S.
Hydrogen Sulphide. Hydrobromic Acid.
H,S + 4Br, + 4H,0O = H,SO, + 8HBr.
Hydrogen Sulphide. Sulphuric Acid.
FeBr, + Br = FeBr,.

Ferrout Bromide. Ferric Bromide.




BROMINE AND HYDROGEN. 175

Bromine bleaches, but in a less degree than chlorine. It bleaches
litmus and indigo solutions and colors starch solution yellow.

Bromine, U.S.P.—This should contain not less than 97 per cent. of
pure bromine, the remainder consisting of chlorine and water. The
American bromine usually contains from 1.5 (Michigan) to about 6
(Ohio) per cent. of chlorine. German bromine assays about g9 per cent.
For tests see U. S. Pharmacopceia.

Uses.—In the free state bromine is used in the manufacture of
bromides used in medicine and photography, and of many bromine
derivatives of the coal-tar compounds. Chemically it serves as an
oxidizing agent. It is also extensively used as a disinfectant, either
in solution or mixed with porous silica as infusorial earth,

BROMINE AND HYDROGEN

HYDROGEN BROMIDE. HYDROBROMIC ACID.

Formula, HBr. Molecular Weight, 80.95.

Preparation.—When equal volumes of hydrogen and bromine vapor are
mixed, they do not explode by the application of a flame as in the case of
hydrogen and chlorine, but when the mixture is passed over red-hot platinized
asbestos, combination takes place and hydrogen bromide or hydrobromic acid
gas results. The same compound is formed when a jet of hydrogen is burned
in bromine vapor. A more practical method,is to take one part of amorphous
(red) phosphorus, mix it with two parts of water in a flask to which is fitted,
with a good cork, a stoppered funnel tube containing ten parts of bromine. The
apparatus may be arranged as in Fig. 96.

The stop-cock is opened so as to allow the bromine to run in drop by drop,
when the following reactions take place:

P, + 10Br, = 4PBr,.
Phosphorus. Bromine Phosphorus
Pentabromide.
PBr, + 4H,0 = sHBr + H,PO,.
Phosphorus Water. Hydrogen Phosphoric
Pentabromide. Bromide. Acid.

The action is somewhat violent at first, and great care should be exercised
during the operation to thoroughly agitate the mixture in order to bring the
two elements in contact, and prevent the collection in one place of any appre-
ciable quantity of bromine. The escape of free bromine is pirevented by con-
necting the flask with a tube containing amorphous phosphorus mixed with
pieces of glass. By this means the hydrogen bromide formed in the flask is aug-
mented by that formed in the tube. After the first action ceases it is necessary to
apply a gentle heat, when the gas comes off freely, and is best collected by
downward displacement. . .

Hydrobromic acid may be prepared by heating together potassium bromide
and phosphoric acid:

3KBr + H,PO, = K,PO, + 3HBr.
Potassium Phosphoric Potassium Hydrobromic
Bromide. Acid. Phosphate. Acid.

It naturally occurs to one that a cheaper acid, like sulghuric, might be
substituted; this, however, cannot be done in the case of the gas, but oply
in the preparation of the aqueous solution, since in the concentrated solution
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a reduction of the sulphuric acid takes place with liberation of sulphur dioxide
and bromine as follows:

2KBr + 2H,SO, = 2KHSO, -+ 2HBr.

Potassium Sul&l;uric Acid Potassium Hydrogen

Bromide. id Sulphate. Bromide.
2HBr + H,SO, = SO, + 2H,0 + Br,.

Sulphur Dioxide.

Hydrobromic acid gas is a by-product in the preparation of many organic
bromides. Thus—

C,H,0 + 2Br =  C,H4BrO + HBr.
Campbhor. Mono-brom-camphor.
CH, + 2Br, = CHQBr, + 2HBr.
Benzene. .Dibrom-benzene.

In the latter instance, the acid may be readily prepared, using the same
form of apparatus as shown in Fig. 96, in which the bromine (135 mils) is
slowly added to benzene (100 gm.) containing a few grams of reduced iron or

F1G. 96.

Preparation of hydrobromic acid.

gowdered aluminum. While adding the first half of the bromine, the flask must
e kept cool; thereafter the reaction proceeds quietly without precautions. The
vapors are passed through the U-shaped tube, one arm of which should contain
paraffin (for absorbing any benzene vapors), while the other is filled with naph-
thalin or red phosphorus mixed with broken glass (for absorbing free bromine).

Properties.—Hydrogen bromide is a colorless, heavy gas, with a
sharp, irritating odor and an acid taste and reaction. It condenses to
a liquid at —73° and melts at —88.5°. The density of the gas is
about 2.8 (air = 1), and it is very soluble in water, one volume of
which dissolves about 600 volumes of the gas at 10°. The saturated
aqueous solution (sp. gr., I1.78 at 0°) contains about 69 per cent. of
hydrobromic acid, while at 15° (sp. gr., 1.51) it contains about 49 per
cent. of the gas; the former concentrated solution fumes in the air, and
when heated the gas is liberated; also if a very dilute solution is boiled,
water distils over, until in both cases the remaining solution contains
about 48 per cent. of the acid, which distils at 126° (sp. gr., 1.49 at 15°).
Solutions of hydrobromic acid decompose on standing, bromine being
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liberated. Chlorine readily decomposes hydrogen bromide according to
the following reaction:

2HBr 4+ Cl, = 2HC! + Br,

Most metals (except Au and Pt) react with hydrogen bromide, forming
bromides with evolution of hydrogen.

Acidum Hydrobromicum Dilutum, U.S.P.—The official acid should con-
tain not less than 9.5 per cent. nor more than 10.5 per cent. of hydrobromic acid
gas, and has a specific garvity of about 1.076 (25°}).e It may be prepared from

the concentrated acid by dilution or according to any of the following con-
venient methods:

1. By interaction between potassium bromide and tartaric acid.
KBr + H,CHO, = KHCH.O, + HBr.

Add a solution of 15.3 gm. of gotassium bromide in 30 mils of hot water to a
solution of 18.6 gm. of tartaric acid in 40 mils of dilute alcohol; shake well, cool
for several hours, filter and wash the precipitate (acid potassium tartrate) with
diluted alcohol till 100 mils of filtrate have been obtained. Concentrate on a
water-bath to about 6o mils and then dilute with water to measure 100 mils.

2. By interaction between bromine and hydrogen sulphide.

Br,, + H,S = 2HBr + S.

Through a mixture of 30 mils of bromine and 500 mils of water, hydrogen
sulphide is passed, with frequent agitation, until the last traces qf bromine
have disappeared. The solution is then fltered, and distilled, rejecting the
first portions till free from the odor of hydrogen sulphide, then collect the distillate -
until sulphuric begins to distil over. The product is diluted till of the specific
gravity of 1.076 (25°), or assayed and then diluted accordingly. . .

3. By adding diluted sulphuric acid to an aqueous solution of barium bromide
until all the barium has been precipitated as sulphate, care must be exercised not to
use an excess of sulphuric acid nor to leave any undecomposed barium bromide in
the solution. This may then be distilled.

BaBr, + H,SO0, = BaSO, + 2HBr.

Tests.—If to the acid or an aqueous solution of its salts a little
chloroform be added, followed by chlorine water added drop by drop
with constant agitation, the chloroform will dissolve the liberated
bromine with an orange color. Silver nitrate yields a yellowish-white
precipitate (AgBr), which is soluble in a large excess of ammonia water,
solutions of the alkali cyanides, and thiosulphates, and insoluble in nitric
acid. Mercury (ous) and lead salts yield insoluble bromides. Heat fuses
and finally volatilizes the bromides, most of them with decomposition.
All bromides are decomposed by chlorine, nitric, nitrous, and sulphuric
acids.

The impurities in commercial diluted hydrobromic acid are usually un-
avoidable. Sulphuric acid, which might be present, is easily detected
by solution of barium chloride. Barium also is sometimes present owing
to the use of barium bromide in removing sulphates; it is detected in the
usual manner by the addition of a solution of a soluble sulphate. If 25
mils of the diluted acid be evaporated and heated to 110°, not more than
00025 gm. of residue remains. When shaken with choroform no color
should be imparted to the latter, showing the absence of free bromine.

12
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Inasmuch as the percentage strength of hydrobromic acid is ascer-
tained by titration with a standard tenth-normal silver nitrate, V.S,
" the presence of hydrochloric acid or chlorides would raise the apparent
strength of this acid, hence the absence of these must first be estab-
lished. This test is carried out by adding 8 mils of silver nitrate, V.S,
to 0.5 mil of the acid diluted with 10 mils of water, followed by 6 mils
of ammonium carbonate, T.S. After digesting for ten minutes, cooling
and filtering, the filtrate should not become more than opalescent upon
the addition of an excess of nitric acid.

Bromides.—The salts of hydrobromic acid are called bromides.

These may be prepared by the following methods:

1. By direct union of the elements:

Zn + Br, = ZnBr, Zinc Bromide.
Fe + Br, = FeBr, Ferrous Bromide.
3FeBr, 4+ Br, = Fe,Br,, Ferroso-ferric Bromide.

1f the vefors of bromine are passed over moist iron filings, the crystalline
salt (FeBr, + 6H,0) results; if the iron be heated to redness, the anhydrous
salt is obtained. Ferrous bromide may also be prepared by the gradual addi-
tion of 6 p. of bromine to 10 p. of water mixed with 3 p. of iron filings or
reduced iron, filtering and evaporating to dryness with the addition of some hydro-
bromic acid.

Ferrous bromide (FeBr,) is obtained by adding 3 mils of bromine to 25 gm.
of the anhydrous ferrous bromide. Commercially, the ferroso-ferric bromide
(Fe,Br,) is a very important salt, because of its employment in the prepara-
tion of the alkali bromides. This is formed during the distillation of bromine,
in which the vapors are passed into hot iron turnings.

2. The action of hﬁdrabromic acid or bromine upon the oxides, hydroxides, or
carbonates of the metals.

6KOH + 3Br, = s5KBr 4+ KBrO, + 3H,O.
Potassium Potassium Potassium
Hydroxide. Bromide. Bromate.

ZnO+ 2HBr = ZnBr, 4+ H,O.
CaCO, + 2HBr = CaBr, + CO, + H,O.

3. By interaction between solutions of potassium bromide and the sulphate of
the base desired; the resulting less soluble side product, potassium sulphate,
being nearly all removed by cooling or through the addition of alcohol. The fil-
trate is then concentrated to low bulk and granulated or evaporated to dryness
on a water-bath.

2KBr + (NH,),SO, = K,SO, + 2NH Br.
Potassium Ammonium Potassium Ammonium
Bromide. Sulphate. Sulphate. Bromide.

Commercially, barium bromide is preferred in place of the alkali bromide
because of the insolubility of the barium sulphate.

BaBr, + ZnSO, =  ZnBr, -+ BaSO,.

Uses.—Potassium, sodium, rubidium, ammonium, lithium, cal-
cium, and strontium bromides are used medicinally. Silver bromide
and the alkali bromides are extensively employed in photography.

All bromides are soluble in water excepting silver, mercury (ous)
and lead. In alcohol, the alkali bromides are slightly, while calcium and
mercury bromides are readily, soluble.
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BROMINE AND CHLORINE

Bromine Monochloride.—When chlorine is passed into bromine at a low
temperature (below 10°), large quantities are absorbed, and a reddish-yellow vola-
tile liquid, bromine monochloride, BrCl, is formed. It is soluble in water and de-
composes at or above 10°.

IODINE
Symbol, 1. Atomic Weight, 126.92. Valence, 1, also, 3, 5 or 7.

History.—In 1811, Courtois, a soap-boiler of Paris, noticed a peculiar
corrosion of his copper kettle during the evaporation of kelp liquor,
after crystallizing the sodium carbonate from it; subsequently he ob-
tained violet vapors on the addition of sulphuric acid to some of the
waste liquor.

This discovery was announced in 1812, Davy and Gay-Lussac both
investigated the new element about a year later, and the latter gave it
the name of iodine ({&édys) from the violet color of its vapor.

Occurrence.—lodine occurs in small quantities, widely diffused in
nature, chiefly in combination with sodium, potassium, calcium, and
magnesium, in certain salt springs, in minute quantities in sea-water,
from which the iodides are absorbed by sea-weeds and certain varieties
of sponges, and in the sodium nitrate (Chili saltpeter) deposits of Chili
and Peru. In certain rare minerals iodine occurs combined with silver,
lead, mercury, or zinc. Traces are found in cod-liver oil, the blood,
liver, thyroid gland (about 0.03 per cent.), and other internal organs.

Source.—The world’s supply is now chiefly derived from Chili
saltpeter (Caliche), whereas formerly all iodine was obtained from
sea-weed ashes.

Isolation.—The sea-weeds found on the coasts of Scotland, Ireland,
and some of the neighboring islands were gathered, and burned, the
ash forming what has been known as kelp. The similar product from the coasts
of Normandy and the Chammel Islands is called varec, and that from the Spanish
coasts is known as barille. These three commercial products were long worked
for their sodium carbonate; later, after the introduction of the Le Blanc Soda
process, their potash salts were extracted until the discovery of the Stass-
furt mines, when iodine became the chief product. The method of manu-
facture may be briefly outlined as follows:

Sea-weeds are burned to a fused mass of carbon and ash; this mass, which
contains from 0.5 to 1.5 per cent. of alkali iodides, is lixiviated with water, the
solution, after concentrating, was evaporated, when the less soluble alkali sul-
phates, chlorides, and carbonates crystallized out, leaving the very soluble
iodides in the mother liquor. The iodine may be removed from the latter:

(1) By treating with sulphuric acid, whereby the remaining alkali carbonates
are converted into sulphates and removed by crystallization. To the mother liquor,
after a fr-ther addition of sulphuric acid, manganese dioxide is added, and the
mass heated in stills, when the liberated iodine passes over and condenses in a
series of earthenware receivers:

2Nal 4+ MnO, + 2H,SO, = Na,SO, + MnSO, + 2HO + I,

_(2) The mother liquor after acidifying with sulphuric acid is either treated
with chlorine or heated with ferric chloride, whereby iodine is liberated. In the
latter instance the reaction is as follows:

2Nal + 2FeCl, = 2FeCl, 4 2NaCl + 1,
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The most important sources of iodine at the present time are nitre beds of
Chili and Peru.

. These deposits, called caliche, which consist chiefly of sodium nitrate, con-
tain from 0.175 to 0.6 per cent. of iodine, present as sodium iodate (NalO,) with
small amounts of the iodides of sodium and magnesium. The mother liquor re-
maining after the removal of the sodium nitrate contains about 22 per cent. of
iodate, and yields from 2 to 5 gm. of iodine to the liter.

The iodine is precipitated from this mother liquor by means of a mixture
of neutral and acid sodium sulphite.
2NalO, + 3Na,SO, + 2NaHSO, = 35Na,SO, + H,0 + I,
Sodium Sodium Sodium Acid Sodium .
Iodate. Sulphite. Sulphite. Sulphate.
The iodine is collected on muslin strainers, dried, and purified by sublimation.

Physical Properties.—Iodine consists of “ heavy, bluish-black, dry,
and friable rhombic plates, of a metallic luster, a distinctive odor,

Fic. 97.

Sublimation of iodine.

a sharp and acrid taste, and a neutral reaction.” It has a specific
gravity of about 4.94 at 17°, melts at about 114°, and boils at about
184°, giving off a vapor which, when mixed with air, is violet-colored,
but when pure is deep blue. At ordinary temperatures slow volatiliza-
tion takes place, and if in a bottle minute crystals are deposited on the
sides. Pure iodine is not hygroscopic; even when kept over water, not
more than 0.05 per cent. of moisture is absorbed.

Iodine is slightly soluble in water, one part of the element requir-
ing about 3000 parts of water to dissolve it, forming a yellowish solu-
tion, which, on exposure to light, decolorizes with formation of hy-
driodic acid. The solubility of iodine in water is much increased by
the presence of an alkali iodide or hydriodic acid. The official Liquor
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Iodi Compositus, U.S.P. (Lugol’s Solution), is an aqueous solution
containing 5 per cent. of iodine and 10 per cent. of potassium iodide.
In strong alcohol iodine is soluble to the extent of one part in 12.5
of the solvent, forming a dark-brown liquid, which is stronger than
the Tincture Iodi, U.S.P., which contains 7 parts of iodine, 5 parts of
potassium iodide, and 5 parts of water, with alcohol to make 100 parts.
Alcoholic solution of iodine readily undergoes decomposition upon stand-
ing, the loss in free iodine varying from 15 to 25 per cent. in one year’s
time or even less. The iodine is converted into hydriodic acid and ethyl
iodide. This decomposition may be retarded by the presence of potassium
iodide as directed in the U.S.P. With methyl alcohol the rate of decom-
position is more rapid and the methyl iodide produced is very irritating.
lodine is freely soluble in ether, chloroform, carbon disulphide and ben-
zene. Solutions in alcohol and ether are brown, while the others vary
from red to violet. It is soluble in 80 parts of glycerin and in glacial
acetic acid. The solubility is increased in water by a number of organic
substances, notably tannic acid or drugs containing this principle; this
is due to a combination with the tannin, as well as the formation of
hydriodic acid.

Chemical Properties.—Iodine resembles chlorine and bromine
chemically, although it is much less energetic. Its compounds with
electro-positive elements are less stable, hence it is displaced from
these by either chlorine or bromine; thus

2KI + Cl, = 2KCl + 1,;
2Nal + Br, = 2NaBr + I,;
however, the reverse is true with the oxygen compounds, iodine dis-
placing bromine or chlorine from bromates or chlorates,

2KCI0, + I, = 2KIO, + C(l,;
2KBrO, + I, = 2KIO, + Br,

The affinity of iodine for hydrogen is relatively feeble, hence it bleaches
vegetable colors in the presence of water but slowly; on the other
hand, it combines more readily with chlorine, sulphur, phosphorus,
and many of the metals, as As, Sb, Bi. When a small particle of iodine
is laid on a small piece of phosphorus the combination is attended
with so much heat as to inflame the latter. As in the case of bro-
mine, sodium and iodine can be heated together without change,
while with potassium the action is explosively rapid. Iodine, like
chlorine and bromine, oxidizes under certain conditions metals from
the “ous” to the “Ic” state. Reducing agents are oxidized, as for
example :

SO, + 2H,0 + I, = H,S0, + 2HI.
Sulphur Sulphuric Hydriodic
ioxide. Acid. Acid.

H,S + I, = 2HI + S.
2Na,S,0, + I, = Na,S.O, +  2Nal
Sodium ium Sodium
Thiosulphate. Tetrathionate. Iodide.
This latter reaction takes place when tincture of iodine is decolor-

ized with sodium tetrathionate.
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When dissolved in the alkali hydroxides, iodine forms iodides and
iodates.

3l + 6NaOH = sNal + NalO, + 3H,0.
Sodium Sodium Sodium
Hydroxide. Iodide. Iodate.

With ammonia water, iodine forms an iodide, but at the same time
deposits a dark-brown powder, termed nitrogen iodide (NHI,; and NI,),
which is violently explosive when dry.

Impurities and Tests.—Crude iodine contains from 10 to 20 per
cent. of moisture, 0.7 to 1.2 per cent. of ash, 0.5 to 0.9 per cent. of
chlorine, with small quantities of bromine and cyanogen. The resub-
limed iodine varies from g8 to 99.8 per cent. pure, with traces of chlorine
and cyanogen. lIodum, U.S.P., should be of 99.5 per cent. purity. It
may be further purified by pulverizing and mixing with one-tenth its
weight of potassium iodide and subliming from porcelain vessels. This
salt serves to retain the chlorine and bromine. Fixed impurities, in
iodine as inorganic salts, may be recognized by volatilizing a small
quantity of the sample, which should leave no residue. An excess of
moisture is indicated by the iodine adhering to the sides of the bottle,
and by its failing to form a perfectly clear, limpid solution with chloro-
form. Cyanogen, chlorine, or bromine may be present; these may be
detected as directed in the U.S.P.

Free iodine in solution is readily detected by its color, which
varies from a brown to a pale yellow, according to the quantity pres-
ent. Upon adding a few drops of freshly made starch paste, a deep
blue color is produced, which is decolorized by heating and reappears
on cooling. A still more sensitive test is to agitate the solution with
a little chloroform, which dissolves the slightest trace of liberated
iodine, forming a faint but distinct violet-colored solution. These reac-
tions are not produced with the compounds of iodine, but only after the
cautious addition of chlorine water. Excess of this reagent com-
bines with the liberated iodine (page 185), preventing thereby further
identification.

Uses.—Iodine is used extensively in the manufacture of some of
the coal-tar colors, in the preparation of iodides, in photography, and
in medicine.

IODINE AND HYDROGEN

HYDROGEN IODIDE. HYDRIODIC ACID
Formula, HI. Molecular Weight, 127.93.

Preparation.—The compound of these two elements is still less stable than
in the case of hydrogen bromide. Hence, if a mixture of the vapors of iodine
and hydrogen be heated, only a portion combines (see page 137). Usualg' hydrogen
iodide is prepared in the same manner as hydrogen bromide, by aid of amor-
phous phosphorus. .

One part of amorphous phosphorus is mixed with fifteen parts of water
in a suitable flask (Fig. 96), and twenty parts of powdered iodine are grad-
ually added, keeping the flask cool, with ice if necessary, and allowing the
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action after each addition to cease before adding more. When all the iodine has
been added, and action has finally ceased, gentle heat may be applied, and the
gas, which is very heavy, collected by downward displacement. The same
precautions of passing the gas over a mixture of amorphous phosphorus and
broken glass may be observed here as with hydrogen bromide. ercury is
acted on by hydriodic acid gas, and, therefore, cannot be used for the collection.
The reaction is as follows:

P, + 6I, = 4PI,
Phosphorus. Iodine. Phosphorus
Tri-iodide.
4P, + 12HO = 12HI + 4H,PO,.
Phosphorus Water. Hydriodic Phosphorous.
Tri-iodide. Acid. cid.

. Another method, used when a solution of the gas in water is desired, con-
sists in passing hydrogen sulphide into water containing powdered iodine,
stirring constantly until all of the iodine has been decolorized.

2l, + 2H,S = . 4HI + S,
Iodine. Hydrogen Hydrogen Sulphur.
Sulpgﬁ'le. I’Sdﬁg. i

The small quantity of iodine in solution is first converted into hydrogen
iodide, which in turn dissolves more iodine to be acted on by the hydrogen
sulphide, sulphur being deposited as a side product. The solution must be
boiled to remove the excess of hydrogen sulphide, and filtered to remove
sulphur, or distilled, diluting until its specific gravity is 1.10 at 25°, if the U.S.P.
acid is desired.

Hydrogen iodide may also be prepared by heating together phosphoric acid
and potass‘um iodide.

3KI + H,PO, = K,PO, + 3HIL.
The use of sulphuric instead of phosphoric acid in this process is precluded
on account of the reduction of the sulphuric acid and liberation of 1odine.
2K1 + 2H,SO, = 2KHSO, + 2HI.
2HI + H,S0, = so, + 2H,0 + L.

Properties.—Hydrogen iodide is a colorless, heavy gas, with a
sharp, irritating odor, and an acid taste and reaction. At 0° and a
pressure of four atmospheres it forms a colorless liquid, which boils
at —34°. Its density is about 4.4 (air = 1). The gas is very soluble
in water, one volume at 10° absorbing 425 volumes of the gas. An
aqueous solution of the acid prepared by saturating water at 0° fumes
freely in the air and has a density of 1.99 (15°). When heated, this
acid gives off vapors of the gaseous acid until its strength reaches
about 57 per cent. If the diluted acid be heated, water distils over until
the solution reaches a concentration of 57.7 per cent., which boils at 127°.
The composition of the distillate from this acid varies according to
the pressure.

The gas commences to decompose at 180°, and if some of it be
poured over the flame of a Bunsen burmer, clouds of iodine vapor
appear. It also readily decomposes when a red-hot platinum wire
is plunged into a vessel of it, or more slowly when simply ex-
posed to the air. This accounts for the difficulty of preparing the
gas by the direct union of the elements. The aqueous solution of this
acid rapidly decomposes on exposure to air; light has but little effect if
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air is excluded ; it becomes dark brown in color in consequence of the
separation of iodine through oxidation.

2HI + O = HO + 1,

Acidum Hydriodicum Dilutum, U.S.P.—The official acid should
contain not less than-9.5 per cent. and not more than 10.5 per cent.
of the absolute acid, and has a specific gravity of about 1.100 (25°).
This is prepared by interaction between potassium iodide and tartaric
acid, the acid potassium tartrate, which is a by-product, being re-
moved by the addition of alcohol.

Ki + HCHO, = KHCHO, + HL

To prevent browning of the solution, due to the separation of iodine,
potassium hypophosphite is added; this also reacts with the tartaric
acid with the liberation of hypophosphorous acid, which decolorizes
the free iodine, forming hydriodic acid.

HPH,0, + 2, + 2H,0 = H,PO, + 4HIL

Hypophosphorous Phosphoric .
Acid. Acid.

Dilute hydriodic acid may also be prepared by passing a current of hydrogen
sulphide through a mixture of finely pulverized iodine, 1 gm. and 100 mils of
water, stirring at frequent intervals, until the color of iodine has disappeared. Then
another portion of the latter is added and the procedure continued until 12.parts
of iodine have been consumed. The mixture is then heated till free from hydrogen
sulphide, filtered and made up to 100 mils.

I, + HS = 2HI 4 S

Uses.—Hydriodic acid has some use in medicine. It is a very
energetic reducing agent, hence is extensively employed in organic
reactions. Its reducing properties are dependent upon the readiness
with which it breaks up into nascent hydrogen and iodine:

2HI = H, + I,
2FeCl, + 2HI = 2FeCl, +4 2HC1 + I.
Perric Chloride. Perrous Chloride.
Au(Cl, + 2HI = AuCl + 2HCl1 + I,
Auric Chloride. Aurous Chloride.
2CuCl, + 4KI = 2Cul + 4KCa + I,

Cupric Chloride. Cuprous Iodide.

Iodides.—Nearly all the iodides are soluble in water, the important
exceptions being silver, mercurous, mercuric, lead, and cuprous iodides.
The iodides of bismuth, tin, and antimony require a little free acid
(HI) to hold them in solution. Mercuric iodide (HglI,) is soluble in
an excess of an alkali iodide; this is also true of most all insoluble
iodides. Heat fuses and higher temperature decomposes the iodides
into iodine, the metal or its oxide,
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These salts, like the bromides, may be prepared as follows:

(1) By direct union of the elements, in presence of water.

Fe + I, = Fel,.
Iron. Ferrous lodide.
(2) By the addition of iodine to the hydroxide of an alkali metal.
3, + O6KOH = sKI + KIO, + 3H,0.
Potassium Potassium Potassium
Hydroxide. Iodide. lodate.
For the removal of the iodate, the mass is ignited with charcoal.
KIO, + 3C = KI + 3CO.

(3) Bﬁ' interaction between an alkali carbonate or hydroxide and ferroso-ferric
iodide. The latter, known only in solution, is prepared by mixing reduced iron 1
part, iodine 4 parts, and water 10 parts; when the reaction is over, the solution
1s filtered and 2 parts of iodine added.

Fe,l, + 4Na,CO, = Fe,O, + 8Nal + 4CO,.
Ferroso- |, Sodium Ferroso- Sodium
Ferric lodide. Carbonate. Perric Oxide. Iodide.
Fe,l, + 8NH,OH = FeO, + 8NH,I + 4H,0.

(4) By interaction between barium iodide and a soluble sulphate.
Bal, + (NH,)),SO, = BaSO, + 2NH..

(5) The insoluble iodides are prepared by interaction between a soluble iodide
ond a solution of a soluble salt of the metal desired.

2Nal + 2HgNO, = 2Hgl + 2NaNO,.
Sodium Mercurous Mercurous Sodium
lodide. Nitrate. Iodide. Nitrate.

Double Iodides—Many double iodides are known and are prepared by dis-
solving certain metallic iodides in solutions of alkali iodides, the double salts
crystallizing out, thus:

Agl . + KI
Hgl, + K1

AglLKI.
Hgl,KI.

Tests.—The acid and its salts may be detected by the addition of
a few drops of freshly prepared starch paste, followed by chlorine
water, which, when added drop by drop with agitation, will liberate
the iodine, and this forms the blue iodide of starch. This blue color
disappears on heating and reappears on cooling. Excess of chlorine
destroys the reaction, owing to the formation of colorless iodic acid:

I, + sC, + 6HO = 2HIO, +4 10HCL

A more sensitive test is the substitution of 1 or 2 mils of chloroform
in place of the starch paste; this dissolves the slightest trace of iodine
(from 0.05 mgm. KI) with a pink color. The chlorine water may be re-
placed by cupric or ferric sulphate solution. Hydriodic acid or solu-
tions of its salts yield insoluble precipitates with solutions of lead,
silver, mercury (ows and ic), and copper (ous). Before deciding finally
on the presence of hydriodic acid and iodides, one must be sure that
such salts as the sulphites and thiosulphates are either absent or are
completely oxidized by the chlorine, for the blue color will not appear



186 CHEMISTRY OF THE NON-METALS.

until all readily oxidizable substances have been oxidized. A few organic
substances, notably tannin, interfere with the formation of the blue
iodide of starch.

IODINE AND CHLORINE

These two elements unite in two proportions, forming iodine monochloride,
ICl, and iodine trichloride, ICl,, The, former is prepared by passing dry
chlorine over dry iodine until the latter is liquefied. It is a thick, reddish-
brown hqund which solidifies on standing, to well-defined crystals, which melt
at 24.2°. It is decomposed by water, forming iodic acid, hydrochloric acid, and free
iodine. This solution does not color solution of starch owing to the absence
of iodine ions.

Iodine trichloride is prepared by continuing the passing of chlorine over
the iodine monochloride until a solid compound is obtained. This is a solid,
crystalline compound, of a yellow color, which, when heated to 25° (33°), fuses and
gives off chlorine, forming monochloride. It partly dissolves in water and is in part
decomposed into iodic and hydrochloric acids and free iodine. This is a powerful
antiseptic and disinfectant, a 1 to 1000 solution being sufficient to destroy bac-
teria of all kinds.

FLUORINE

Symbol, F. Atomic Weight, 19. Valence, 1, also 3, 5 or 7.
Number of atoms in the molecule, 2, density, about 1.3 (air=1).

History.—The art of etching glass by means of a mixture of fluor-
spar and sulphuric acid was known to Schwankhard, of Nuremberg,
in 1670. Scheele (1771) was the first to note that this action was due
to the formation of an acid, which he prepared by distilling fluorspar
with sulphuric acid.

Moissan first isolated fluorine in any quantity in 1886, by the elec-
trolysis of anhydrous hydrofluoric acid containing potassium hydrogen
fluoride, which served as a conductor. In 1897, Moissan and Dewar, using
liquid oxygen as a refrigerant, succeeded in liquefying fluorine at a tem-
perature of about —187°.

Occurrence.—Fluorine occurs chiefly as calcium fluoride or fluor-
spar, CaF,, and as sodium and aluminum fluoride or cryolite,
3NaF.AlF;. The former of these is widely distributed over the globe,
the latter is found in deposits in Greenland. Fluorine has been found
in minute amounts in sea-water, in many mineral waters, in the bones
and teeth of man, and in milk.

Properties.—Fluorine is a pale greenish-yellow gas, intensely irri-
tating, and of penetrating odor. The liquefied gas boils at —187° and pos-
sesses a light yellow color. When free from hydrogen fluoride,
the dry or liquefied gas can be readily preserved in glass vessels.
The density of the gas is 1.3 (air = 1). It is the most reactive of all
the known elements; gold and platinum resist its action at moderate tem-
peratures, while oxygen, nitrogen, chlorine, and argon are indifferent
to it. Fluorine combines explosively with hydrogen even in the dark with
a red flame; it decomposes the anhydrous alkali chlorides and hy-
drochloric acid gas, liberating chlorine. Water is decomposed by
it, with formation of hydrogen fluoride and ozone. Cork chars and




FLUORINE AND HYDROGEN. 187

ignites in the gas (forming CF,) and many organic substances, like ben-
zene, alcohol, and terpentine, are inflamed on coming in contact with it. Its
rapid action on many metals at ordinary temperatures is prevented by
the formation of a coating of fluoride. Hydrogen, chlorine, bromine, sul-
phur, phosphorus, iodine, arsenic, antimony, silicon, boron, potassium,
and sodium combine with it on contact with great energy, attended by heat
and light. In its reactions toward the other halogen compounds, fluorine
resembles chlorine, but is far more energetic, even displacing the latter
from its compounds, thus—
2KC1 + F, 2KF + Cl,.
CCl, + 2F, CF, + 2Cl,.
Carbon

Carbon
Tetrachloride. Tetrafluoride.

FLUORINE AND HYDROGEN

HYDROGEN FLUORIDE. HYDROFLUORIC ACID.
Formula, HF. Molecular Weight, 20.01.

Preparation.—The pure anhydrous acid is prepared by heating the acid
potassium fluoride in a platinum retort, connected with a condenser and receiver
of the same metal.

KaFHF = HF + KaF.

The principal difficulties arise from moisture in the salt, and from danger of
inhaling the vapor, which is extremely irritating and poisonous.

The diluted acid is more easily prepared from fluorspar and sulphuric acid
in a leaden or platinum vessel. The vapor is conducted through a tube of
the same metal into water contained in a lead, platinum, or gutta-percha vessel.

CaF, + H,SO, = CaSO, + 2HF.
Calcium Sulphuric Calcium Hydrogen
Fluoride. Acid. Sulphate. Fluonide.

Properties.—The pure anhydrous acid is a colorless liquid which
boils at 19.4°. Hydrogen fluoride forms a colorless, intensely corrosive
gas which is readily soluble in water, and in the presence of moisture
corrodes glass, porcelain, earthenware, and the metals, excepting
platinum, gold, and lead; the non-metals are but slightly affected by
the acid. Because of its exceedingly caustic action, the greatest care
should be exercised in handling the gaseous acid or its solution. The
concentrated solution (76.9 per cent.) has a specific gravity of 1.26 (at 0°),
and this on heating gives off the gas until the specific gravity is reduced
to 1.12 (20°), when it distils unchanged at 120°, and contains 36 per
cent. of the anhydrous acid. The moist vapors or the aqueous acid
rapidly attack glass, combining with the silica as follows:

4HF + Sio, = SiF, + 2H,0.
Hydrogen Silicic Silicon Water.
Pluoride. Oxide. Fluoride.

On account of this property, one of the most important uses of
the acid is in etching glass. That portion of the glass to be pre-
served from its action is covered with a film of wax or paraffin, and
after tracing the design or letters through the wax, the object is
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either immersed in the liquid or is exposed to the vapors of the acid
over a heated leaden vessel containing a mixture of powdered fluor-
spar and sulphuric acid. In the former case the etching is deeper
and transparent; in the latter it is superficial and matt. The divisions
on thermometers, eudiometers, and other graduated apparatus are
marked in this manner. The dilute commercial acid is transported
in gutta-percha or paraffin (ceresin) bottles.

The commercial acids vary in strength from 38 to 55 per cent.
of hydrogen fluoride, and contain from 2 to 10 per cent. of hvdro-
fluosilicic acid (H,SiF,), with from traces to as much as 4 per cent. of
sulphuric acid.

Salts and Tests.—The fluorides of the alkali metals are readily
soluble in water; the fluorides of the alkaline earths are insoluble,
as are those of copper, lead, zinc, and ferric iron. Calcium chloride
solution yields with the acid or soluble fluorides an insoluble cal-
cium fluoride. All fluorides when mixed with sulphuric acid etch
glass. They are prepared by action of the acid on metals or their oxides.

Hydrofluosilicic Acid.—H,SiF,. This acid, which is only kncwn
in solution, results when the vapors of silicon fluoride are passed into
water and the solution filtered.

3SiF, + 4HO = H,SiO, + 2H,SiF,.
Silicon Ortho-Silicic Hydrofluosilicic
Tetrafluoride. Acid. Acid.

When a concentrated solution is evaporated, silicon tetrafluoride
escapes, leaving hydrogen fluoride in solution, while a dilute solution
deposits silicic acid during evaporation, owing to the decomposition of
the silicon tetrafluoride by the water. Solutions of hydrofluosilicic.acid
deport themselves like other acids, dissolving metals with evolution of
hvdrogen and neutralizing alkalies to form salts. The salts of this
acid are all soluble with exception of the potassium salt, which is
but slightly soluble, and the barium salt, which is insoluble. Hy-
drofluosilicic acid is used for hardening plaster of Paris casts. The
ammonium salt of hydrofluoric as well as hydrofluosilicic acids is some-
times used to arrest mucoid and lactic fermentation.

THE HALOGEN GROUP

FLUORINE, CHLORINE, BROMINE, IODINE

The halogens constitute a distinctive group or family of elements, and present
striking analogies in their physical and chemical properties. Also the same
may be said of their various compounds with the other elements. Owing to
the readiness with which they tend to form salts, analogous in physical prop-
erties to sea-salt, the name (@4, @26 = sea salt, yswiw = to produce) halogens
has been applied to the entire group.

Physical Properties.—

F. Cl. Br. I.
Atomic weight 35.46 79:92 126.92
%/[ellting point .. ——xoz.g° -—7.3: 114.0°
oiling point ...... —33.6° -+59.0 184.0°
Density (at B. P. of o B
liquid)...coveenn.. 1.14 1.50 2.98 4.95 (Solid)
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The values of the physical constants of this group rise in ratio to the in-
crease of atomic wei

ht.
The dens'ty and %oiling points of their hydrides exhibit a like gradation.

HF. HCL HBr. HI.
Molecular weight ............ 20.01° 3647 80.93 127.93
Density ...ceieiiiiiiiiiannn 100° 18.2.}5 40. 63.96
Boiling point ................. 19.4° —83.7° —687° —34.0°

Chemical Properties.—The chemical deportment of these elements admits
like comparisons. Thus, the comparative affinities of the halogens for hydro-
gen decrease in accordance with their increase in molecular weight. For
example, fluorine and hydrogen combine in the dark, chlorine and hydrogen
on exposure to sunlight, while bromine requires a temperature of 19o° with sun-
light, and iodine combines through the agency of a catalyzer. This same
rule applies to the relative affinities of these halogens for the electro-positive
elements and the comparative stability of their compounds. Taking them in
the order of increasing atomic weight, each element is capable of displacing
any one of those following from its inorganic combination. Thus, fluorine
displaces chlorine, bromine, and iodine. The facility with which this takes
place increases with the atomic weight of the element. The stability and activity
of the halogen acids present the same comparisons. Thus, hydrogen fluoride
is the most stable and energetic in its chemical deportment, while hydrogen
chloride requires a temperature much above 1500° C. for its decomposition;
hydrogen bromide is less stable, and breaks up into its elements at about
80° C.; the least stable hydrogen iodide decomposes at gentle heat. The com-
parative intensities of their chemical affinities and the stability of their salts decrease
in like ratio. Because of this relative instability of hydrobromic and hydriodic acids,
they cannot be obtained pure by action of sulphuric acid on their corresponding
alkali salts, bromine and iodine being liberated through the action of the
sulphuric acid on their hydrides. For example:

2HI 4+ HSO, = SO, + 2HO + 1,

Hydrofluoric and hydrochloric acids, being stable, are prepared in this manner.

Since the degree of electrolytic dissociation is a relative measure of the
“strength” of an acid, we find HF very much weaker than the other halogen
acids, which are nearly alike in this respect. The salts of these resemble their
respective acids, the chlorides being the most stable, while the iodides are the least
stable]. The fluorides differ in some respects, especially its salts of certain
metals.

From the preceding we have seen that the affinity of the halogens for
hydrogen diminishes with increasing atomic weight from F to I. With their
affinities for oxygen this is reversed. Where fluorine fails to combine with
oxygen, the chlorine and bromine compounds of oxygen are quite unstable; the
iodine compounds are the most stable. This accounts for the fact that iodine will
liberate chlorine and bromine from their higher oxygen compounds, the reverse
of their deportment in the case of the hydrogen and metallic compounds of the halo-
gens. We also find that the stability of the oxygen acids increases with the
addition of oxygen. Thus, HCIO, HCIO,, and HBrO are very weak and
unstable, while the acids HCIO,, HBrO,, and HIO, are energetic and very stable.



CHAPTER IV

" THE OXYGEN GROUP
OXYGEN, SULPHUR, SELENIUM, TELLURIUM

OXYGEN.

Symbol, O. Atomic Weight, 16. Valence, 11.

Number of atoms in molecule, 2; weight of one liter (0° and 760 mm.), 1429
gm.; critical temperature, —113°; critical pressure, 50.7 atm.; boiling-point, -1829°;
density, 1.10535 (air = 1) and 1588 (H = 1).

- History.—Oxygen was discovered by Priestley, of England, in
1771, but he did not publish his results until 1774, for he was long in
doubt of its true nature. Scheele, the Swedish apothecary, likewise
isolated this element independently and nearly simultaneously with
Priestley. This latter investigator prepared oxygen by heating red
oxide of mercury, while Scheele obtained his by heating manganese
dioxide with sulphuric acid, also by heating nitrates and the oxides
of silver and mercury. Both discoverers noted that this gas was
capable of supporting combustion and respiration in an intensified
degree. This gas was named by Lavoisier, oxygenium (efvs = acid,
and yewdw = to produce), under the erroneous impression that all acids
contained this element.

Occurrence.—Oxygen is the most widely diffused and abundant
of all the elements. In combination, it constitutes approximately 47
per cent. of the crust of the earth, 86 per cent. of the water, and in
the free state 20.9 to 21 per cent. by volume of the atmosphere. Immense
quantities of this gas are given off daily by vegetation, which through
the aid of sunlight decomposes the carbon dioxide present in the air with
moisture into oxygen, retaining the carbon and hydrogen. In combina-
tion with carbon and hydrogen, oxygen forms the basis of nearly all
the alkaloids in the vegetable kingdom.

Isolation.—(1) By heating mercuric oxide (red precipitate) :

2HgO = =2Hg + O,
(2) By heating a nitrate:
2KNO, = 2KNO, + O,
(3) By the electrolysis of water:
2HO = =2H, + O,

Prepared industrially on large scale by this process.
(4) By heating manganese dioxide and sulphuric acid:

2MnO, + 2H,SO, = 2MnSO, + 2H,0 + Os.
Other oxides rich in oxygen, as barium dioxide, potassium persulphate, or
potassium bichromate, may be used to replace the manganese dioxide.
2K,Cr,0, + 8H,SO, = 2K.SO, + 2Cr.(SO), + 8H:O + 30..
190
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(5) Through interaction between certain salts containing oxygen, as potas-
sium permanganate or the hypochlorites, and hydrogen peroxide:

NaCl0O + H,0, = NaCl + H,0 4+ O.

(6) The method most used on a small scale at the present time consists
in heating a mixture of four parts potassium chlorate and one part manganese

dioside.
2KCIO, = 2KCl + 30,.

One kilo of the chlorate yields 391 grams or 272 liters of oxygen, or 3.67 kilos of the
salt are required for the production of 1 cubic meter of gas (0° and 760 mm.). The
action of the manganese is catalytic, for the chlorate will yield oxygen when heated
alone, evolution of the gas beginning at 370 to 380°. However, since the
decomposition is exothermic (that is, heat is generated by the reaction),
the evolution of gas is liable to become very violent, hence the addition of a
non-fusible oxide (MnO,) when the decomposition begins at about 240°.

The purpose of such a catalytic agent (see page 152) is to accelerate slowly
occurring reactions; hence a steady current of gas is obtained at a much lower
temperature, and without fusion of the chlorate and liability of explosion.

This method is usually carried out in a copper or iron retort, with arrange-
ments for feeding in about one pound of the mixture at a time, without dis-
connecting.

Every new lot of manganese dioxide should be tested by heating a small
quantity in a test-tube with some chlorate, in order to prove the absence of sul-
phides and impurities of an organic character, which, if present, would cause an
explosion when heated.

Manganese dioxide (MnO,), which promotes the decomposition of the
chlorate, undergoes little or no alteration during the process, while it is capable
of yielding oxygen on heating; yet the temperature of its decomposition is
much higher than that of the chlorate. Lead peroxide, mercuric, cupric, and ferric
oxides likewise share this property of manganese dioxide.

(7) The alkali and alkaline earth peroxides. For the commercial preparation
of oxygen for technical uses, the sodium peroxide method is the most important.
The peroxides which contain relatively high percentages of oxygen will, through
heating or treating with water or dilute acids, give up oxygen, forming lower
oxides or their salts. Thus, sodium peroxide (Na,O,), which is also to be had
fused in cube form called “ Oxone,” will, upon adding to water, yield pure oxygen
(100 grams furnishing about 13 liters). ’

2Na,0, + 2H,O = 4NaOH + Oa.

Magnesium, calcium or barium peroxide (BaO,) requires the addition of a di-
lute acid, hydrogen dioxide being the intermediate product which decomposes
into water and oxygen.

MgO, + 2CH,COOH = Mg(CH,CO0), + H.O0 + O.

Acetic Acid. Magnesium Acetate.

The calcium peroxide contains from 13 to 15 per cent. of available oxygen, corre-
sponding to about 10 liters of gas per 100 grams of salt. The magnesium per-
oxide contains 7 to 9 per cent. of available oxygen, yielding about 6 liters of gas per
100 grams.

A number of processes have been proposed for isolating oxygen on a
larger scale and at a lower cost than is possible by the preceding. Among the
more important of these are the following:

(8) The Brim Process—This is based on the fact that barium oxide will,
under certain conditions, take up oxygen gas from the atmosphere, forming a
peroxide, and, when heated under reduced pressure, is decomposed into the

oxide and oxygen.
BaO + (o] ‘_, BaO,
Barium Oxide. Barium Peroxide.

Purified air is forced under pressure into retorts containing barium oxide
heated to 700°, whereby the peroxide is produced. The air supply is then cut off
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and the pump is reversed so as to form a vacuum, whereby the peroxide is decom-
posed into its oxide and oxygen, which is removed. Each kilo of barium peroxide
yields about 10 liters of oxygen.

(9) From Liguid Air—Liquid air, which is readily prepared on a commer-
cial_scale, containing about 50 per cent. of oxygen, is allowed to evaporate at the
ordinary atmospheric pressure. The nitrogen gas, which boils at a much lower tem-
perature (—195.5°), escapes more rapidly than the oxygen (boiling at —1829°),
and leaves a residual gas very rich in oxygen. This oxygen, which still contains
some nitrogen, is especially adapted for inhalation, owing to its freedom from
other noxious gases.

Physical Properties.—Oxygen is a colorless, odorless, and tasteless
gas. It is slightly soluble in water, 100 volumes of the liquid at o°
dissolving 4.9 volumes of the gas. The density of oxygen is 1.10535
(air = 1), and 1588 (H = 1). One liter of the gas weighs 1.429
gm. at 0° and 760 mm. barometric pressure. The critical temperature
of oxygen is —113° C. and critical pressure 50.7 atmospheres. Liquid
oxygen is of a light-blue color, sp. gr. of 1.124, and boils at about —182.9°
under a pressure of 1 atmosphere. At —252° it solidifies to an icy mass,
melting at —227° ; under a vacuum of 9 mm. it boils at —225°.

Chemical Properties.—Chemically, oxygen is very energetic, com-
bining directly with all elements except the halogens, the rare atmos-
pheric gases, as helium, argon, neon, etc., and the metals gold, plati-
num, and silver. In the restricttd sense of the term, oxygen is not
a combustible gas, but it supports the combustion of many elements
and compounds. Since combustion in the ordinary sense is the result
of chemical action accompanied by the production of heat and light,
it then follows that oxygen cannot burn in the air, for there is no
element present with which it will combine. A stream of oxygen
issuing from a jet will, however, burn readily in an atmosphere of
hydrogen, ammonia, or sulphur vapors, for it readily combines with
either of these. Likewise such non-combustible gases as chlorine or
ammonia can be made to burn in an atmosphere of hydrogen and
oxygen respectively, the chlorine uniting with the hydrogen to form
hydrochloric acid, while the ammonia is oxidized by the oxygen to
nitrous and nitric acids. The experiment may be reversed. It there-
fore follows that the terms combustible and non-combustible are merely
relative and dependent on conditions. Ordinarily the term combustible
is restricted to such elements or substances which burn in the atmos-
phere (page 303).

Respiration is a process of combustion in which the inhaled oxygen com-
bines with the hamoglobin of the blood, oxidizing the carbon of the waste tissue.
which is exhaled as carbon dioxide, while the other oxidation products are elimi-
nated through the urine, etc.

With some elements, as potassium, sodium, and phosphorus, oxy-
gen combines at ordinary temperature, while with others, as sulphur.
carbon, and iron, an elevated temperature is necessary. When mixed
with hydrogen, the two explode violently on the application of a flame,
the product being water. The above phenomena embrace what is
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known as oxidation, and the products of the reactions are termed
oxides. The various oxides may be divided into the following classes:
(1) Ouxides of the non-metals or acid-forming oxides (see page 126).

SO, + HO = H.SO,
Sulphur Dioxide. Sulphurous Acid.
SO, + H,O = H,S0,
Sulphur Trioxide. Sulphuric Acid.

(2) Owxides of the alkali metals and alkaline earths, which form alkali
hydroxides (bases) with water (see page 130).

Na, 0O 4+ H,0 = 2NaOH.
Sodium Oxide. Sodium Hydrozxide.
BaO + H.0 = Ba(OH),.
Barium Oxide. Barium Hydroxide.

(3) Ouxides of the heavy metals, or insoluble oxides. Some of this
class represent different stages of oxidation, as, for example:

Pb,0, Lead Suboxide.

PbO, Lead Oxide (Plumbous Oxide).

Pb,0,, Lead Sesquioxide.
PbO, Lead Peroxide (Plumbic Oxide).

Uses.—Except in the nascent state, oxygen has no bleaching action.
In aging wines and liquors the gas has been found effective when
forced into the liquid under a pressure of one or two atmospheres,
to accomplish what usually requires years by the ordinary method
of storage. It has also been found to assist in the removal of sul-
phur from illuminating gas when mixed with the latter previous to
its passage over the lime. Also in the removal of silicon from pig
iron, and the preparation of sulphur trioxide and sulphuric acid. Oxy-
gen gas is extensively employed in connection with acetylene or hydro-
gen or illuminating gas for blowpipe welding or fusing of metals.
Oxygen is extensively employed as an inhalant for stimulating the
action of the heart in diseases of the lungs. For this purpose it is
used either pure or admixed with some nitrous oxide.

Oxygen may be identified indirectly when present in mixtures of
gases, through its absorption by an alkaline solution of pyrogallol
(10 p. of pyro, 24 p. of potassium hydroxide, and 100 p. of water).

OZONE

ACTIVE (ALLOTROPIC) OXYGEN
Formula, O, Molecular Weight, 48.
History.—The odor prevailing about a static electric machine when
in action, and, to a slight extent, in the air after a lightning stroke,
was long known, but first described by Van Marum in 1785, who
noticed this same odor in the gas given off from the anode when acidu-
13



104 CHEMISTRY OF THE NON-METALS.

lated water was subjected to electrolysis, and also from phosphorus
when exposed to moist air. Schénbein, in 1840, gave it the name Ozone,
from the Greek 8Zw, signifying “ I smell.”

Occurrence.—Ozone is found in minute and variable quantities in the at-
mosphere which is remote from large cities, and is especially noticeable after
a thunder-storm. Various volatile oils and turpentine when exposed to light
and air absorb oxygen with formation of peroxides, which, like ozone, oxidize
and bleach energetically. This action was formerly ascribed to ozone.

Preparation.—(1) Ozone is evolved at the positive pole in the electrolysis of
water acidified with sulphuric or chromic acids. (2) It is also formed by the
silent discharge of electricity through air or oxygen. For this purpose a Siemens
ozonizing tube * (Fig. 98) is employed. (3) When phosphorus is allowed to slowly
oxidize in the air, or oxygen is passed over pieces of moist phosphorus. This is
best accomplished by standing two or three sticks of phosphorus on end in a
dish containing a shallow layer of water, so that they are about one-half im-
mersed in the liquid. A stoppered bell-jar is then placed over the whole, and
very soon ozone may be detected by the a;}propriate tests. (4) By passing
oxygen over manganese dioxide (MnO,) or red lead (PbO.), heated not above
400°. When prepared by means of the Siemens tube, the quantity of ozone rarely
exceeds 6 per cent.; however, it may be obtained nearly pure (86 per cent.) by
cooling this mixture by means of boiling liquid oxygen, whereby the ozone
condenses to an indigo-blue fluid which may be separated from the oxygen
through the lower boiling-point of the latter.

Fic. 8.
" Properties.—Ozone is a colorless gas with a
q peculiar odor, such as is noticeable about moist
phosphorus. Liquid ozone boils at —119° (760
P mm.). It reverts very gradually into ordinary

oxygen, which change is hastened upon heating.
Ozone dissolves readily in volatile and fixed oils (cod-
liver oil dissolving 200 volumes), and at 12° water
is gradually converted into oxygen and hydrogen
dioxide (H,O + O, = O, 4+ H,0,). Characteristic
of ozone are its active oxidizing properties in the
:J) —¢ presence of moisture, one-third of the (nascent)
= ﬂ oxygen entering into the reaction while a molecule
of inactive oxygen remains. It bleaches organic
Siemens osonising tube.  colors, such as indigo or litmus; it oxidizes all
metals, excepting gold and platinum; phosphorus, sulphur, and arsenic
are converted into their respective acids; ammonia is oxidized to
ammonium nitrate or nitric acid. Silver is blackened through the for-
mation of black silver peroxide; white lead hydroxide is converted
into brown lead peroxide; black lead sulphide is oxidized into white
lead sulphate, and iodine is precipitated from a solution of potassium
iodide.
Detection.—(a) Paper moistened with potassium iodide solution and
starch paste turns blue when exposed to an atmosphere of ozone, the

* This consists of a glass tube covered with tin-foil, which is placed inside
of a larger one covered on the outside with tin-foil (right inverted tube of illustra-
tion). The outer and inner coatings are connected with the poles of an induction
coil while a current of air or oxygen passes through.
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reaction being 2KI + H,0 + O,=0, + 2KOH +4- L,. Other oxi-
dizing agents, as chlorine, bromine, nitrogen dioxide, and hydrogen diox-
ide, also produce this reaction. (b) Paper moistened with a dilute solu-
tion of lead nitrate, then exposed to H,S, will be oxidized by ozone to
white lead sulphate. (c¢) Paper moistened with a solution of tetra-methyl-
diamido-diphenyl-methane in acetic acid gives a violet with ozone, yellow
with nitrogen dioxide, deep blue with chlorine or bromine, and no color
with hydrogen dioxide.

Composition.—The density of ozone is 24 (O ==16), one-half more
than oxygen ; its molecular weight is 48; then if the atomic weight of oxy-
gen is 16, it follows that the molecule of ozone contains 3 atoms of oxygen

(\/ ) Two volumes of ozone will yield three volumes of oxygen,
[0)

and only one (nascent) atom of the three serves as the oxidizing agent.
The two atoms of the molecule of ordinary oxygen are firmly linked;
but with the introduction of a third atom, as in ozone, a very unstable
condition results.

Uses.—Ozone is employed in industrial bleaching processes; for
the destruction of fusel oil in alcohol; for the cleansing of wine and
beer casks; for ozonizing air, and for the sterilization of water.

OXYGEN AND HYDROGEN

These elements combine in two proportions:
Hydrogen Monoxide, or Water, H,O.
Hydrogen Dioxide, H,0,.

WATER
Formula, HO. H—O—H. Molecular Weight, 18.016.

History.—The observation by Cavendish (1781), that water was
the product of the combustion of hydrogen, broke down the ancient
belief in the elementary nature of water. This experiment of Caven-
dish was confirmed by Lavoisier, in 1783, who decomposed water into
its elements and demonstrated that it was composed of one part,
by weight, of hydrogen, and eight parts, by weight, of oxygen. Gay-
Lussac (1805) proved the volume composition of water to consist
of two volumes of hydrogen and one volume of oxygen.

Occurrence.—In addition to the abundant natural occurrence, as
we are accustomed to see it, water is very widely distributed in such
a way as to escape casual observation. It is present in green plants
to the extent of from 75 to 9o per cent., in fruits from 80 to 95 per
cent,, in the animal body from 75 to 8o per cent., while the soil aver-
ages from 5 to 20 per cent. of moisture. Considerable but variable quan-
tities exist in the atmosphere. The surface of all solids is covered
with a layer of moisture, the amount of which varies according to
the temperature of the body and the percentage of moisture in the
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air. For this reason, in the accurate determination of weight, bodies
are first dried by heat and then cooled in desiccators before weighing.
As water of crystallization and hydration, water enters very exten-
sively into the composition of chemicals.

Formation.—The simplest method of forming this compound from
its elements, hydrogen and oxygen, and proving the product to be
water, is to burn a jet of hydrogen in air, and hold over the flame
a cool bell-jar, which will immediately become coated with a film of
moisture. When a mixture of the two gases is brought in contact
with a flame, a violent explosion results. If, however, they are brought
together at the moment of their combination, so as to prevent explo-
sion, the mixture will burn with a very intense heat (2100 to 2500°).
The apparatus by which this is accomplished is illustrated in Fig. 99,
and is known as the oxyhydrogen blowpipe. The hydrogen or coal
gas is introduced through the tube & and ignited at d; oxygen is then
introduced through ¢. When the jet is directed against a piece of freshly

Fi1G. 100
F1G. 99.
»
d
\
2 b
Oxyhydrogea blowpipe.

Ure’s eudiometer.

burned lime, we have the oxyhydrogen lamp, the incandescent lime of
which gives an intense light. This is an intensely exothermic reaction,
33,050 calories being developed in the formation of water from its ele-
ments. The combination of one gram of hydrogen with 7.94 gm. of oxygen
generates sufficient heat to raise 33,950 grams of water from o° to 1°. The
mixture of oxygen and hydrogen is known as ““ detonating gas,” for when
ignited by means of a spark or spongy platinum, combination takes place
with explosive violence. Water is also the product of many chemical
reactions.

Composition.—Analytically, the composition of water may be demon-
strated through the electrolysis of water (acidulated with sulphuric acid),
which, when carr.ed out in the Hoffman eudiometer (Fig. 92), yields two volumes
of hydrogen, which collects in the arm containing the negative electrode, and one
volume of oxygen in the other with the positive electrode.

Synthetically, the composition of water may be proven either by volume or
weight. Volumetrically, by introducing exactly 1 volume of oxygen and 2 volumes
of hydrogen over a column of mercury contained in a eudiometer tube (Fig. 100).
After exploding this mixture by means of an electric spark, all the gas will
have disappeared and the tube will be filled with mercury, excepting a_ very
small guantity of water which has been formed. Should the two gases intro-
duced ‘be in proportions other than the above, any excess of one or the other
will remain after the explosion. If the arm of the eudiometer containing the
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water be heated above 100 degrees, the latter will be converted into steam, which
will measure two-thirds of the volume of the two gases employed. That is, 2
volumes of hydrogen and 1 volume of oxygen yield 2 volumes of steam. Gravi-
metrically, the quantitative synthesis of water is carried out by conducting pure
dry hydrogen over a weighed quantity of heated copper oxide, the resulting
water being collected and weighed. The weight of the copper oxide after the
reduction is also noted. The loss in weight sustained by the copper oxide repre-
sents the oxygen consumed, and this subtracted from the water formed is the hydro-
gen. For example: 10 grams of copper oxide lost 2.011 grams of oxygen, which
in turn yielded 2.2644 grams of water. The hydrogen consumed would be equiva-
lent to 22644 — 2.011 = 0.2534 gram. Then the ratio of hydrogen to oxygen
would be 02534 to 2.011, or I to 7.93, which represents the coinibininr weights of
these two gases. Since the vapor density of water is 9.008 (O=16), its molecular
weight must be 18.016 (2 X 9.008), and of this 2.016 parts by weight, or two atoms,
are hydrogen, and 16 parts by weight, or one atom of oxygen.

Properties.—Pure water is an odorless and tasteless liquid. In
small quantities it is colorless, but in deep layers it has a bluish-green
color; it is but slightly compressible and a poor conductor of heat
and electricity. When cooled, water contracts, reaching its greatest
density or smallest volume at +4°. The metric gram represents the
weight of 1 mil of water at this temperature. This temperature has also
been selected as one of the standards for specific gravity; that is, a
number expressing the weight of any volume of substance divided by
the weight of an equal volume of water at the same temperature. When
the standard is 4°, then specific gravity and density are the same. Density
is the mass of a unit volume of a substance, hence is an absolute quantity,
while specific gravity, which may be taken at 4°, 15.6°, 20°, or
25°, becomes merely a relative figure. One mil of water at 0° weighs
0999878 gm., hence its density is 0.999878. Upon further cooling, water
expands, and upon solidifying this expansion amounts to about ¢ per
cent. of its volume. One mil of ice at 0° weighs 0.91752 gm., hence its
density is 0.91752, which causes it to float in water. While the freezing
point of water may vary under certain conditions—for instance, under
pressure—the melting point remains constant at 0°. When water crys-
tallizes (hexagonal system), heat is set free, while, on the other hand,
when ice is fused, heat is absorbed ; this is true of all fluids and solids
when they pass from one state of aggregation into another. If 1 gm. of
ice at 0° is dissolved in 1 gm. of water at 80° (79.25°), the temperature of
the resulting two grams of water is 0°, the 80 heat units (calories) have
been consumed in melting the ice. The one gram of water at 0° contains
80 calories more than one gram of ice at 0°. This heat which disappears
without raising the temperature of the body is called latent heat. Then
with ice or water this heat consumption or liberation amounts to 8o
(79.25) calories (see p. 48). That is, in order to fuse 1 kilo of ice, a
quantity of heat will be required which is capable of raising 8o (79.25)
kilos of water through one degree centigrade. At all temperatures water is
constantly undergoing evaporation, increasing in rapidity with the tem-
perature and diminishing with the increase of pressure and tension of the
aqueous vapor of the atmosphere above.
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The boiling point of water, like that of all other liquids, bears a
constant relation to the pressure* Under one atmosphere (the ordi-
nary pressure, 760 mm.) the boiling point is constant; the application of
more heat only causes the liquid to boil faster, but does not increase
its temperature. When, however, the liquid is confined under a
pressure of two atmospheres, the temperature will rise on the appli-
cation of heat to 120.6°, when boiling will commence.t One volume of
water at 100° will yield 1696 volumes of steam, the heat of vaporization
being 536.5 calories. That is, to convert one gram of water at 100° into
steam at 100°, 536.5 calories are consumed.

Water is a neutral, indifferent substance which is decomposed by
various metals. Potassium, sodium, and calcium decompose it at crdi-
nary temperature with liberation of hydrogen; thus,

K, + 2H,0 = 2KOH + H..
Other metals, as iron, copper, zinc, lead, nickel, et:., decompose
water only at high temperature.

3Fe  + 4H,0 = FeO, + 4H,

Perroso-
ferric Oxide.

This is a reversible reaction, the oxide being reduced to metallic iron by
the hydrogen at a still higher temperature.

The halogens will, under certain conditions, decompose water with
liberation of oxygen, which in turn acts as an oxidizer, while the
hydrogen forms a haloid acid.

2Cl, 4+ 2HO = 4HC + C.
I, + H,SO, + HO = 2HI + H,SO,.
Sulphurous Sulphuric
Acid. Acid.

Water combines with many bodies with considerable energy. Of

these the most striking are certain electro-positive oxides, as potas-

* The following table gives the temperature at which water boils under an
increase of pressure:

Pressure in Boiling Pressure in Boiling
atmospheres. point. atmospheres. point.
1 100° 6 159°
2 120.6° 8 170.8°
3 133.9° 10 180.8°
4 144 25 224.7

+ Below the ordinary boiling point of water the pressure is best expressed
in millimeters of mercury, as follows:

Pressure in Boiling Pressure in

:!}l}-l:“e?c e‘t‘g"l point. g}lg;:-m point.
760.0 100° 17.36 ' 20,
525.5 g: 127 s
3549 9138 s
233.3 702 6.506 s
1485 60° 4.568 o,

01.97 50, 215 0
549 40 0.944 —20

3151 30°
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sium oxide, K,O, and calcium oxide, CaO, which form bases (hydrox-
ides) as follows:
K:0O + H,0 == 2KOH.

CaO 4+ HO = Ca(OH),

With the oxides of certain electro-negative elements it combines
energetically to form acids, as follows:

SO, + H.O = H.SO,.
P,0, + 3H,0 = 2H,PO,.

The above reactions are all strongly exothermic.

Water is a very stable compound, withstanding a temperature of
1000° ; above this point, dissociation takes place very gradually. At 2500°
it is dissociated or decomposed into its elements, which re-combine when
the temperature is lowered.

Being readily obtainable in pure state, water is employed as the
standard in specific gravity, specific heat, temperatures, and in the
metric weights and measures. Because of its neutral character, water
serves as a universal solvent.

Water of Crystallization or Water of Hydration—Many chemicals in crystalliz-
ing from a state of solution assume molecular compounds with the water as water of
crystallization. The quantity of such water taken up by a salt at a given temperature
is always the same; but at different temperatures a salt may unite with different
quantities of water to form crystals belonging to different systems.

Thus sodium carbonate forms at ordinary temperature monoclinic crystals,
Na,CO, + 10H,0, between 30° and 50°, rhombic prisms, Na,CO, + 7H,(§, and
when crystallized from a saturated solution above 35°, Na,CO, 4+ H.0. Common
salt crystallizes at —7° as NaCl + 2H,0, at —25° as NaCl 4 10H,0.

In many instances the color of the salt is determined by the presence of
water of crystallization, thus anhydrous copper sulphate is white, while the
crystals are blue; cobaltous chloride with two molecules of crystal water is
blue, while the salt, which contains six molecules of water, is red. Water of
crystallization may usually be removed at from 100 to 105°.

Water of Constitution—Water which forms an integral part of the molecule
and can usually be exchanged by another salt or group. Thus MgSO, + 7H,0,
when heated to 150°, loses six molecules of water, the remaining one escaping at
above 200°, hence must be differently combined. This one molecule of water may
l;e ?lplaceld by potassium or ammonium sulphate, giving rise to isomorphous

ouble salts.

FeSO. + 7H,0. = FeSO.(NH,)),SO. + 6H,O.
MgSO. + 7H,0. = MgSO.K,SO. + 6H,0.

Eflorescence—Many crystalline salts when exposed to the air gradually lose
their water of crystallization, disintegrating to a powder. Notably among this
class are sodium carbonate, sodium sulphate, copper sulphate, and ferrous
sulphate.

Hygroscopic salts are such as attract moisture from the air, and when they
dissolve therein, forming solutions, they are said to deliguesce. For example,
zinc chloride, calcium chloride, caustic soda, or potash, potassium acetate.

Distilled Water.—The various gaseous, saline, and other impuri-
ties present in natural waters preclude their employment in the
preparation of solutions of many chemicals which are used as re-
agents in analysis and for medicinal purposes. For the removal of
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these we resort to distillation, using either a glass or block-tin con-
denser, and reject the first portions (10 per cent.) which distil over,
and then collect about 80 per cent. of the whole. The small portion
of water remaining in the still contains the solid impurities and should
be washed out before introducing another portion.

Distilled water should be free from odor, taste, and perfectly neu-
tral in reaction. It should give no reaction for inorganic acid radicles,
salts, ammonia, or organic substances, and, when recently prepared, leave
no residue upon evaporation. When kept for any time in glass con-
tainers variable quantities of soluble matter (silicates) are taken up.
This may amount to as much as 0.060 gram per liter, depending upon
the kind of glass of the container and the time of standing.* Distilled
water exerts a slight solvent action upon metals, hence contact with lead
or copper or their alloys should be avoided.

Aqua Destillata, U.S.P.—From 1000 volumes of water distilled, the
first 100 volumes and the last 150 volumes are rejected. When evap-
orated on a water-bath and dried at 100° to constant weight, distilled
water should not yield more than 0.001 per cent. of residue. This allows
for soluble matter taken up from the container.

Aqua Destillata Sterilisata, U.S.P.—Distilled water sterilized by
boiling for thirty minutes, keeping the neck of the flask closed with a
pledget of cotton.

Natural Waters.—These include all such waters as occur natu-
rally upon the surface of the earth which are more or less impure
from the presence of dissolved gases and various inorganic substances
taken up from the rocks and soil. These waters may be classed as
rain, spring, mineral, and sea waters.

Aqua, U.S.P.—The percentage of solid matter remaining after
evaporating 100 mils on a water-bath must not exceed 0.03 gm., with no
evolution of ammonium salts nor charring when ignited. Limit tests are
demanded for lead, copper, chlorides, nitrates, nitrites, and ammonium
compounds, the presence of which above the standard limits is indicative
of sewage contamination.

(1) Rain Water.—This is the purest form of natural water, pro-
vided it can be collected free from contamination. Ordinarily when
collected in the vicinity of cities it contains such gases as carbon diox-
ide, ammonia, sulphur dioxide, and nitric acid, with small quantities
of foreign suspended matter which are present in the atmosphere and
are carried down with the rain drops. Generally, one gallon of rain
~ water will contain about 4 cu. in. of nitrogen, 2 cu. in. of oxygen, and
1 cu. in. of carbon dioxide.

(2) Spring Water.—The water supply of cities is usually taken

* When kept for one month in a green glass bottle, 1000 mils of distilled
water took up 14 milligrams of soluble silicates; from a brown glass bottle 58
milligrams, and when boiled for two hours in Bohemian glass, one liter of water
took up 20 milligrams of soluble matter. This naturally varies considerably accord-
ing to the composition of the glass.
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from lakes or rivers which are supplied from smaller streams and springs.
The water from such sources, having been in contact with the earth,
holds in solution variable quantities of inorganic compounds, the nature
and quantity of which depends upon the rock formation of the region.
Usually these waters contain chiefly the carbonates and sulphates of
calcium and magnesium, with smaller amounts of the alkalies, iron,
silica, and organic matter. Spring and well waters, which contain
more solids than lakes and rivers, usually range from 4 to 180 parts
of total solids per 100,000 When the total solids run above 100
parts they are classed as mineral waters, provided these possess medic-
inal value. Water taken from rivers is usually very impure because
of sewage contamination, hence such must first undergo treatment
before using. Water intended for domestic purposes is designated
as potable, and should be pure from a sanitary standpoint. For drinking
purposes, the presence of dissolved carbon dioxide and other gases
with inorganic salts is essential, since these impart the sparkle and
agreeable taste—without these, water is insipid.

All potable waters must be free from sewage and surface drainage
which carries considerable organic matter possibly laden with disease
germs. Organic matter (indicated by the blackening through heating
of the residue after evaporation) is present in all varieties of potable
water ; however, the presence of this in greater or lesser amounts does
not necessarily condemn water for drinking purposes. While the
presence of organic matter is essential to the development of micro-
organisms, yet this does not necessarily indicate that a water is
harmful until a bacteriological examination has determined whether
such organisms are pathogenic or not.

Waters taken from shallow springs or wells which receive surface
drainage, or such as are in proximity to barns or cesspools, as well as
the water of rivers or lakes which receive the drainage of cities, are
always to be regarded with suspicion. Sewage contamination is indi-
cated by the presence of nitrites, nitrates, larger quantities of chlo-
rides, free and albuminoid ammonia with organic matter.

Water of questionable purity may be rendered innocuous when treated
with chlorinated lime, which serves to destroy all pathogenic bacteria.
For convenience, the preparation is made into tablet form, each tablet con-
taining 0.015 gm. calcium hypochlorite (Calx Chlorinata) (3.5 mgms.
available Cl) and 0.08 gm. of sodium chloride ; using one to each liter of
water will render it fit for drinking in 20 minutes’ time. The Bacillus
coli are destroyed by this treatment in about 12 minutes.

Hard and Soft Waters.—One of the chief factors which determines
the value of water for domestic and manufacturing purposes is its
hardness. This is due to the presence of calcium and magnesium
salts, which form insoluble precipitates with soap, whereby the water
fails to lather and cleanse until these salts have been completely pre-
cipitated. When employed for feeding boilers, hard waters form a
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more or less coherent deposit called boiler scale, which causes clog-
ging and frequent burning out of the tubes. This is composed chiefly
of carbonate and sulphate of calcium with some iron oxide and silica.

Temporary hardness is caused by the presence of the bicarbonates
of calcium and magnesium, which may be removed by boiling, whereby
the free carbonic acid, which has held the insoluble carbonates in
solution, passes off and precipitation ensues. Ca(HCO,), + heat =
CaCO, + H,0 4+ CO,. This temporary hardness may also be re-
moved through the addition of alkali carbonates or hydroxides, thus:

Ca(HCGO,); + Ca(OH), = 2CaCO, + 2H.0O.
Ca(HCO,): + Na,CO, = CaCO, + 2NaHCO,.

Permanent Hardness—After water has lost its temporary hardness
through boiling, it may still remain more or less hard. This is due
to the presence of sulphates and chlorides of calcium and magnesium,
one or both. These may be removed through the addition of soluble
carbonates which precipitate the calcium or magnesium as carbonates.
The soluble alkali sulphate which remains in solution exerts a deleteri-
ous action when the water is used in boilers.

CaSO, + Na,CO, = CaCO, 4+ Na,SO,.

Water is said to have one degree of hardness when it contains one
part of calcium carbonate or its equivalent in one hundred thousand.
The degree of hardness is determined by agitating the sample of
water with a standard solution of soap until a permanent lather is
produced. The standard solution of soap is prepared by titration
with calcium chloride solution of known strength. Each degree of
hardness indicates the destruction and waste of twelve parts of the
best hard soap by one hundred thousand parts of water.

(3) Mineral Waters may be considered a class of spring waters,
which have taken up various saline substances or gases, or both,
from the strata through which they have passed. Their value for
medicinal purposes depends upon the nature and quantity of the min-
eral matter present. Such waters are often designated by the char-
acter of their most important medicinal constituent. Therefore we
have the following varieties:

Carbonated waters, or those which contain carbon dioxide in con-
siderable quantity, often holding in solution calcium and magnesium
carbonates. Such waters often effervesce on coming to the surface.
The Waukesha water, from Waukesha, Wisconsin, the Apollinaris, and
the Marien Spring are foreign examples of this class.

Sulphur waters contain hydrogen sulphide, and deposit sulphur on
exposure to the atmosphere. Sometimes both sulphuretted hydrogen
and carbon dioxide are present in the same water. Richfield Springs,
New York, and White Sulphur Springs, West Virginia, belong to
this class.
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Alkaline waters usually contain considerable quantities of sodium
bicarbonate with the sodium and magnesium sulphates. The Apol-
linaris water of Neuenahr and Ems (Prussia), Vichy (France), Saratoga
Vichy, the Capon Springs (West Virginia), are examples of this class.

Lithia waters usually do not contain any notable quantity of min-
eral substance, but include small quantities of lithium carbonate or
chloride. The Vichy water from Vichy (France), the Gettysburg,
and the Aix-la-Chapelle are examples. '

Saline waters contain relatively large proportions of magnesium-and
sodium sulphates with sodium chloride. The waters of Saratoga
Springs (New York), Blue Lick Springs (Kentucky), Kissingen (Ba-
varia), Wiesbaden (Prussia), are examples of general saline waters.
Those of Carlsbad and Franzensbad (Bohemia), Hunyadi Janos and
Apenta (Hungary), and French Lick Springs (Indiana) are natural
purgative waters which contain considerable quantities of the sul-
phates of magnesium and sodium.

Siliceous waters contain small quantities of alkaline silicates, and
are represented by the hot springs of the Yellowstone Park and Ice-
land.

Chalybeate waters have iron as a constituent held in solution by car-
bon dioxide, and consequently deposit iron as a hydroxide or oxide
on exposure to the atmosphere. The waters of Pyrmont and Schwal-
bach (Germany), Spa (Belgium), Alexisbad (Sweden), and numerous
American springs belong to this class.

A number of saline waters are so rich in certain chemical com-
pounds as to constitute an important source of these substances, notable
examples being the salt-wells of Pennsylvania, Ohio, Michigan, and
West Virginia, whose waters furnish sodium chloride with small
quantities of bromides.

(4) Sea-water.—This averages 3 to 4 per cent. of inorganic salts.
Sodium chloride constitutes 2.6 per cent.,, and the remainder consists
chiefly of magnesium chloride and sulphate and calcium sulphate with
ttaces of bromides and iodides. The specific gravity of sea-water is
about 1.025 at 15°. The Dead Sea contains about 22.8 per cent., and
Great Salt Lake, Utah, about 32 per cent. of solids.

HYDROGEN DIOXIDE

HYDROGEN PEROXIDE
Formula, H,0,. H—0—O0—H. Molecular Weight, 34.02.

Occurrence.—Hydrogen peroxide was first prepared by Thénard
in 1818, naming it oxygenated water.

It occurs as traces in the air, rain, and snow. Also when slow
oxidation processes take place in the presence of water, as well as its
electrolysis.
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Preparation—Through the action of acids on peroxides in th
of water (BaO,, CaO,, MgO;, K.O:, Na;0:), P e presence

Na;O; + 2HCl = 2NaCl + H,0,

BaO, 4+ H.SO, = BaSO, + H,0,
BaO:. + H,PO, = BaHPO. + H.O.
BaO, + CO. + H.0 = BaCO, + H,O..

Since the medicinal hydrogen peroxide solution must be as free as possible
from soluble salts, especially barium, only such acids as sulphuric and phos-
phoric (usually both), which form insoluble barium compounds, are used.
For technical purposes, as a bleaching or oxidizing agent, hydrofluoric acid
is o:xcasionally used in place of sulphuric and phosphoric acids. Such per-
oxides should never be employed medicinally.

Sodium perborate (NaBQ,), when dissolved in water, forms the unstable
metaborate (NaBO,), which with the carbon dioxide of the water is con-
verted into borax, sodium carbonate and hydrogen dioxide.

NaBO, + H,0 = NaBO: + H:O..
4NaBO, + CO, = Na,B,0, + Na.CO,.

‘By using 17 gm. of perborate with 6 gm. of citric acid, per 100 mils of water,
a 10-volume hydrogen dioxide is obtained; a commercial hydrogen peroxide is pre-
pared through the electrolysis of water acidulated with sulphuric acid.

For preparing the medicinal solution of hydrogen peroxide, barium diox-
ide is first washed to remove soluble saline matter, then hydrated (BaO.,+ H.O=
BaO(OH),) by slowly adding to it about double its weight of distilled water (ice
cold) and allowing to stand; after hydration has taken place, phosphoric or sulphuric
acid, or preferably both, diluted with water is gradually added with stirring, keeping
cold by ice, until the mixture finally assumes a slightly acid reaction, when after
permitting the subsidence of the barium sulphate it is filtered. Care must be
exercised to remove all traces of barium from the solution. After this the solution

is diluted until of proper concentraticn. .

Physical Properties.—Prepared by the above methods, hydrogea
dioxide is in dilute aqueous solution which may be concentrated by
evaporation (between 50° and 60°) or distilling in vacuo till one vol-
ume contains about 50 volumes of oxygen (available). Further con-
centration must be made in vacuo (7 mm. or less), collecting the latter
portions of the distillate.  The anhydrous peroxide forms a thick,
colorless fluid of about sp. gr. 1.437 (20°), which boils at 69° (26 mm.),
and crystallizes at low temperature, fusing at —2°. It is soluble in
ether and may thus be extracted from its aqueous solution.

Chemical Properties.—Concentrated solutions (30 volumes of hy-
drogen peroxide), free from acids, are quite stable when kept in clean con-
tainers which do not give up alkali. However, when once opened and
exposed to the air containing even small quantities of ammonia, decom-
position begins. This will increase rapidly with rise of temperature,
and near 100° decomposition usually takes place (2H,0, = 2H,0 + O,)
with explosive violence. Explosion of concentrated solutions may also
be induced through the presence of solid matter in powder form or the
introduction of finely divided metals (Pt, Fe, MnO,, C). Such solutions
are very caustic, hence should not be brought into contact with the skin.
The dilute (3 per cent. or 10 volume) solutions are quite stable if kept of a
slight acid reaction, to overcome the alkalinity of glass containers. Through



OXYGEN AND HYDROGEN. 203

the addition of certain organic substances, preferably aromatic amines
(as acetanilid) in the proportion of 1 part to 2500 of the peroxide, the
latter will generally not lose more than 10 per cent. in volume in one
year, after which decomposition proceeds quite rapidly. When once alka-
line, hydrogen peroxide decomposes very rapidly. The presence of sus-
pended barium sulphate, ferric oxide, alumina, ammonium salts, particles
of glass, cork dust, silica, etc., causes rapid decomposition of these solu-
tions. Hydrogen dioxide is a powerful oxidizing (also reducing) agent,
through its decomposition into nascent oxygen. It bleaches organic pig-
ments, hair, feathers, bone, etc., the solution being made slightly alkaline
for this purpose. :

Oxidizing Reactions.—Hydrogen dioxide oxidizes:

(1) Sulphides to sulphates,
PbS + 4H,0, = PbSO, + 4H.0.
H.S + 4H,0. = H,SO, + 41'].:0-

(2) “Ous” acids and salts to “ic” state,
H,SO, + H,0, = H.SO, + H,O.

H.PO; + H.0, = H,PO. + H,O.
2FeSO, + H,0, + H,SO, = Fe(S0,), + 2H.0.

. (3) Arsenic, arsenous oxide, aluminum, iron, magnesium, lead, etc., to their
highest oxides,

Mg + ZH,O, = MgO(OH)z + H.O (MgO: + ZH:O).
(4) The hydroxides of barium, calcium, and strontium are converted into

their peroxides,
Ba(OH), + H.0, = BaO. + 2H,0.

. (5) Hypochlorous and hypobromous acids and their salts yiela their respec-
tive halogen acids or salts,

HCIO + H,0, = HCI + H.O + O.
Ca(OCl), + H.0. = CaCl, + H.O + O.

(6) The halogens are converted into their binary acids,
Cl. + H.0. = 2HCl + Os.
Reducing Reactions.— .

(7) Potassium fe’l;'ra-cyanide [K.Ije(CN).], in acid solution, is oxi}i"ized to

the ferri-cyanide [K,Fe(CN),]. 2K/ Fe(CN), + 2HClI 4+ H,0: = 2K,Fe(CN)
+ 2KCl sz,O. In alkaline 'solution, reduction takes place. ’ )
2K,Fe(CN), 4+ 2KOH + H.0, = 2K[Fe(CN), + 2H,O0 + O..

(8) Silver oxide is reduced to metallic silver,
Ag,0O + H:0, = H.O 4+ Ag: + O,

(9) Brown lead peroxide is reduced to yellow-oxide,
PbO, + H,0. = PbO 4+ HO + O.

. (dlo) In acidulated solution, potassium permanganate is reduced and decol-
orized,
2KMnO, + 3H:SO, + sH,0, =K.SO. + 2MnSO. + 8H.0O + 50..

(11) Todides are decomposed slowly by strong solutions of H,0O,. Izré6presence
of ferrous salts, traces of H,O, liberate iodine at once (see Tests, page ).
2KI 4+ H,0, = 2KOH + L.
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Liquor Hydrogenii Dioxidi, U.S.P.—This is an aqueous solution of
hydrogen dioxide, containing not less than 3 per cent. by weight of
the dioxide, which corresponds to ten volumes of available oxygen. It
is colorless and odorless; it has a slightly acidulous taste, and produces
a peculiar sensation and soapy froth in the mouth. When 20 mils are
evaporated to dryness, not more than 0.03 gram of residue should be
obtained. Not more than 2 mils of N/10 potassium hydroxide V.S. are
required to neutralize 25 mils of the solution. The Pharmacopeeia per-
mits the presence of 1 part of an organic preservative in 2500 of the
solution. It is best kept loosely corked with paraffined stoppers in a cool
place. The assay process is based on reaction 10.

Uses.—On account of its oxidizing action, hydrogen dioxide is
useful as a bleaching agent for cotton, wool, silk, ivory, hair, oils,
etc. It is also useful for the sterilization and preservation of foods.
In photography it serves to remove the last traces of thio-sulphate
from prints. In medicine, hydrogen peroxide is used as an antiseptic
and disinfectant, hence must be free from barium, arsenic, fluorides,
and poisonous metals, also excessive amounts of mineral acids. As a
bleaching agent, hydrogen peroxide is far preferable to chlorine or other
bleaches, because of its freedom from odor and a less destructive action on
tissues and fibres,

Tests.—(1) Upon adding hydrogen peroxide to a dilute solution of
potassium iodide containing starch, T.S. and a few drops of ferrous
sulphate, T.S., a blue color will appear. The ferrous salt is oxidized
to the “ic,” which in turn liberates iodine from the potassium salt, to
form starch iodide.

(2) If a few drops of chromic anhydride (CrO,) solution, or potas-
sium dichromate with sulphuric acid, are added to hydrogen dioxide,
a blue color (of perchromic acid) is produced, which dissolves with a blue
color upon shaking with ether.

(3) The colorless solution of titanium dioxide (TiO,) in sulphuric
acid diluted with water, is colored lemon yellow (TiO,) through the
addition of a trace of hydrogen dioxide.

OXYGEN AND CHLORINE

Three oxides and four acids of chlorine are known, as follows:

OXIDES ACIDS
Chlorine Monoxide, Cl1,0. Hypochlorous Acid, HCIO.*
Chlorine Dioxide or Peroxide, (Chlorous Acid, HCIO,.)¢t
ClO,. Chloric Acid, HCIO,.
Chlorine Heptoxide, Cl1,0,. Perchloric Acid, HCIO,.

Chlorine and oxygen do not unite directly, and the above oxides
are all made by indirect methods. The oxides and oxy-acids of chlorine

* Known only in solution. 1 Represented by salts.
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are unstable bodies; some of the former explode with decomposition
when heated or subjected to percussion. The higher oxy-acids, espe-
cially HCIO,, are the most stable. All are active oxidizing agents.

CHLORINE MONOXIDE, CI,0 (CI-O-Cl).

Preparation.—Chlorine monoxide (hypochlorous oxide) is prepared by
passing dry chlorine over dry precipitated mercuric oxide cooled by ice, brown
oxychloride of mercury being formed at the same time.

2HgO + 2Cl, = HgO.HgCl, 4 CLO.

The gas as formed is passed into a tube cooled by a freezing mixture, where
it forms a reddish-brown liquid.

Properties.—Chlorine monoxide is a_yellow gas, having an odor resem-
bling chlorine, but not so suffocating. It is very soluble in water, 200 vol-
umes of the gas dissolving in one volume of water at 0°, forming hypochlorous
acid. When condensed to an orange-colored liquid it boils at +5°. The gas
or liquid is very unstable and explodes through warming or jarring; it detonates on
contact with sulphur, phosphorus, or organic substances, 2Cl,0 = O, + 2Cl,.

It is therefore an active oxidizing and bleaching agent. Hydrochloric acid
is decomposed into chlorine (2HCl 5— CL,O = 2Cl, + H.0), and with calcium
chloride or alkali hydroxides hypochlorites are formed.

CaCl, + 2CLO0 = Ca(ClO), + =2Q,
2KOH + CLO = 2KCIO + H.O.

HYPOCHLOROUS ACID, HCIO
Preparation.—This acid, known only in aqueous solution or its salts, is
formed—
(1) By passing chlorine monoxide into water:
C,0 '+ H.0O = 2HCIO.

(2) On agitating chlorine gas with mercuric oxide and water:
HgO + 2Cl, + H.0O = HgCl 4+ 2HCIO.

The solution is then distilled i» wacuo, or, upon shaking 15 gm. of pre-
cipitated mercuric oxide (previously heated to 300°), mixed with a_little water,
with one liter of chlorine, the mercury is precipitated as oxychloride (HgO.HgCl,).
The mixture is then filtered.

(3) By conducting chlorine into a suspended mixture of chalk in water:
CaCO, + 2Cl, + H., 0 = CaCl. 4+ CO, + 2HCIO.

(4) a—Distilling solutions of bleaching lime with very dilute acids, just suffi-
cient being used to liberate the hypochlorous acid and not hydrochloric
acid from the calcium chloride, thus: CaCl, + 2HNO, = 2HCl + Ca(NO,),.
The free hydrochloric acid will decompose the hypochlorous acid with liberation

of chlorine,
HCIO + HCl = HO + CL
2Ca(OC1).C1 4+ 2HNO, = CaCl, + Ca(NO,), + 2HCIO.

———

. b—Passing a current of carbon dioxide through a solution of bleaching powder
in water and filtering:

2Ca(OC1.C1 + CO, + H.O0 = CaCl: + CaCO, + 2HCIO.

Properties.—The dilute acid is colorless, but when more concen-
trated (5 per cent.) it has a yellow color, such solutions being very
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caustic. When very dilute it can be distilled without decomposi-
tion. The concentrated solution is easily decomposed by sunlight
or heat into chlorine, chloric acid, oxygen, and water. The acid, as
well as its salts, possesses a strong oxidizing and bleaching action
through the liberation of nascent oxygen (2HCIO = 2HCIl + O,).
Charcoal, iodine, sulphur, phosphorus, arsenic, and antimony are
rapidly oxidized to their respective acids when brought into con-
tact with hypochlorous acid, and, if the latter be concentrated, with ex-
plosive violence. Iron filings are immediately oxidized, with evolution of
chlorine. Copper and mercury under similar circumstances are con-
verted into oxychlorides.

Tests.—Hypochlorous acid or its salts when shaken with mercury
yield a yellowish-red oxychloride (HgO.HgCl,); all other oxygen
acids (HClO,, HCIO,, HCIO,) and their salts have no action on mercury.
On the other hand, chlorine yields insoluble mercurous chloride in the
presence of water.

Hypochlorites.—These are produced by passing chlorine into cold
solutions (10 per cent. or under) of the alkali hydroxides or their
carbonates. More concentrated or hot solutions of the former yield

chlorates.
2KOH + (i, KCl 4+ H,0 + KCI0.

2K,CO, + 2Cl, = 2KCl 4+ 2KCIO +4 2CO..
6KOH + 3Cl. = KCIO, + sKCl + 3H,0.

The well-known bleach liguor (sodium hypochlorite), which is ex-
tensively employed in various industries, is produced electrolytically
(page 729). Chlorinated lime (page 377), as well as sodium hypo-
chlorite solutions (liquid bleach), are produced in enormous quan-
tities, being used as bleaching and disinfecting agents.

When treated with dilute acids, the hypochlorites yield hypo-
chlorous acid, which in turn undergoes decomposition with libera-
tion of chlorine. )

(a) NaClO 4+ HCI = NaCl + HCIO.
() HCIO + HCl = HO + Cl

Hypochlorous acid or the hypochlorites react with hydrogen diox-
ide with liberation of oxygen:

HCIO + H.0, = HCl + H,O + O.

CHLOROUS ACID, HCIO,
This is known only in the form of its salts, obtained by action of
chlorine peroxide upon solutions of alkali hydroxides.
2KOH + 2C10, = KCIO. + KCIO, + H.O.
The chlorites are very unstable; when heated or triturated with

sulphur or sulphides or other oxidizable substances ignition or ex-
plosion occurs.
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CHLORINE DI- OR PEROXIDE, CIO,

tion.—Chlorine dioxide or chlorine peroxide, ClO,, is produced
when potassium chlorate is added to concentrated sulphuric acid, but, owing
to the heat generated through the reaction, explosion is liable to result
from the sudden decomposition of the peroxide. It is usually prepared (mixed
with some carbon dioxide) by warming a mixture of 4c gm. of potassium
chlorate, 150 gm. of oxalic acid, and 20 mils of water to about 60°, passing the
gas into water. This gas may be condensed by cooling into a red liquid which boils
at +99:. This may be distilled (if free from organic matter) by heating at not
over 30°.

3KCl10, + 2H,SO. = KCIO. =+ 2KHSO, + H.O + 2ClIO,.
2KCIO0, + aH,C,O, = KGO, + 2H,0 + 2C0, + 2Cl0O,

Properties.—Chlorine peroxide is a heavy, greenish-yellow gas,
with a strong, irritating odor similar to chlorine. It is stable in the dark,
but gradually decomposed into its elements by light. The density of the
gas is 2.389 (air=1). The liquid or gaseous product is very explosive
when heated (to 100°) or when brought into contact with organic matter,
or shaken with mercury, or brought into contact with readily oxidizable
substances, as phosphorus, sulphur, sugar, etc., 2C10, = Cl, 4 20,. When
dissolved in water it forms a yellow solution, which on adding an alkali
yields a mixture of chlorite and chlorate:

2Cl0; + 2KOH = KCIO, 4 KCIO, + H.0.

CHLORIC ACID, HCIO, (ClO,.0H)

This acid is known only in solution and in combination with cer-
tain bases as chlorates.
Preparation.—Barium chlorate in solution is decomposed by an equivalent
quantity of diluted sulphuric acid:
Ba(ClQ,), + H,SO, = BaSO, + 2HCIO,.

The clear liquid is decanted from the precipitated barium sulphate and
evaporated in a vacuum over sulphuric acid. The most concentrated solution
obtainable by this method is 40 per cent. On further concentration it decom-
poses into perchloric acid, chlorine, and oxygen, according to the following:

8HCIO, = 4HCIO, + 2H,0 + 30, + 2Cl,

Properties.—When of the above strength, chloric acid is a syrupy
liquid, almost colorless, and of a faint odor resembling nitric acid. Ithasa
powerful acid reaction, and in other chemical properties resembles nitric
acid. It decomposes organic matter with evolution of heat and light.
Sulphur and phosphorus are inflamed on coming in contact with it.
Such metals as Zn, Cd, Cu, Fe, etc., dissolve readily in this acid, which usu-
ally undergoes reduction through the liberated hydrogen. With silver the
reaction proceeds as follows:

3Ag, + 6HCIO, = 35AgClO, + AgCl + 3H,O.

The dilute solution of chloric acid is fairly stable; prolonged exposure
to light generates perchloric acid.

Chlorates.—Chloric acid is monobasic, and its salts are called
chlorates. The potassium salt is official under the title Potassii

14
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Chloras. Potassium chlorate, which is soluble in 16 parts of water,
is one of the least soluble of the potassium salts, while sodium chlo-
rate requires only 1 part of water to effect solution.

Chlorates are formed by heating solutions of the hypochlorites, or with
less loss by saturating them with chlorine while being heated. The excess of
chlorine liberates hypochlorous acid, which, reacting with the hypochlorite, forms a
chlorate:

2KCI0O + 2Cl, + 2H.O0 = 2KCl + 4HCIO.
KCIO + 2HCIO = KCIO, + 2HCL

The liberated hydrochloric acid again generates another portion of hypo-
chlorous acid.

When a hot concentrated solution of a hydroxide is saturated with
chlorine the result is a chloride and a chlorate, as follows:

6KOH + 3Cl, = sKCl + KCIO, + H:O.

When, however, a cold dilute solution of the alkali is used, a hypo-
chlorite is formed instead of a chlorate, according to the following
reaction:

2KOH + ClL. = KCl + KCO + H,O.

For preparation of chlorates upon commercial scale through the
electrolysis of aqueous solutions of chlorides, see potassium chlorate.

The chlorates fuse on the application of heat, and then give off
oxygen. When fused they energetically decompose such organic sub-
stances as are brought in contact with them. The dry chlorate should
not be triturated with organic matter or sulphur. Such dry mix-
tures explode violently by percussion or rubbing, and burn brilliantly
on the application of flame. When a chlorate is treated with con-
centrated sulphuric acid, chlorine peroxide is formed. When heated
with an excess of hydrochloric acid, chlorates yield chlorine, KCIO,
+ 6HCl = KCI + 3H,O 4 3Cl,. If the quantity of hydrochloric
acid employed is relatively small, some peroxide is generated, 2KClO,
+ 4HCI = 2KCl + 2H,0 + 2ClO, + Cl,. Unlike chlorides, chlorates
do not yield precipitates with silver nitrate solution.

Uses.—In addition to their use in medicine, the chlorates are
largely employed as oxidizing agents in dyeing and calico-printing
and in the manufacture of colored fires. In the preparation of fire-
works potassium chlorate and some organic substance, as sugar,
starch, shellac, or wheat bran, are separately pulverized and then inti-
mately mixed, avoiding friction or anything that might cause ignition
or explosion. To this mixture is then added pulverized barium nitrate
for green, strontium nitrate for red, sodium nitrate for yellow, and
copper oxide for blue. Sulphur is sometimes an ingredient of these
mixtures, but it greatly increases the risk of spontaneous combustion
or explosion.
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PERCHLORIC ACID, HCIO, (CIO,.0OH)

Preparation.—Perchloric acid is produced in the decomposition of chloric
acid, but this is not used as a method of preparing it. The process consists in
first preparing potassium perchlorate by heating the chlorate. The latter salt
when heated to 350° gives off a part of its oxygen and becomes a pasty mass of
perchlorate and chloride.

2KCIO, = KCIO, + KCI + O,

The pasty mass is cooled, powdered, and treated with cold water to remove

the potassium chloride. The undissolved residue is then digested with warm

oric acid to decompose any remaining chlorate into chloride, which is

then washed out with cold water. The residue which now remains consists of

nearly pure perchlorate. On heating the perchlorate in a retort with four times

its weight of concentrated sulphuric acid to 110°, pure perchloric acid distils over.

A second distillation is necessary in order to get a pure acid, since in the decom-

position of the first some of the sulphuric acid is liable to be carried over
mechanically. It is advisable to carry out the distillation in vacuo.

Properties.—Perchloric acid is a colorless volatile liquid, which
fumes copiously on coming in contact with moist air and is prone
to violent decomposition. Its specific gravity is 1.764 at 22°. It dis-
solves in water with a hissing noise, and, when brought in contact with
organic matter, causes the latter to ignite. The concentrated acid on
standing, even in the dark, rapidly decomposes, becoming dark yellow
to brown in color, and finally explodes with violence. Perchloric acid
forms several hydrates through the addition of the calculated quantity
of water. The pure acid produces painful, slow-healing burns. When
dropped on paper, wood, or charcoal it inflames with explosive violence.
The diluted acid, which is stable, has a sour taste, and reddens litmus
paper without bleaching it. Iron and zinc dissolve in the diluted acid,
causing evolution of hydrogen.

Perchlorates.—These are nearly all quite soluble in water, and some
of them are deliquescent. The potassium salt is one of the most insolu-
ble, requiring fifty-eight parts of water to dissolve it.

Perchlorates are distinguished from the chlorates by decomposing
into chlorides at a higher temperature, by remaining undecomposed
on the addition of hydrochloric acid, and by not yielding ClO, on the
addition of concentrated sulphuric acid. From chlorides they are dis-
tinguished by giving no precipitate with silver nitrate, and from both
nitrates and chlorates by not decolorizing indigo solution on the addi-
tion of hydrochloric acid.

OXYGEN AND BROMINE

Unlike chlorine, bromine appears to form no stable compounds with oxy-
gen; the following acids, however, show a similarity between the oxygen com-
pounds of these two halogen elements:

Hypobromous Acid, HBrO.

Bromous Acid, HBrO,.
Bromic Acid, HBrO,.
Perbromic Acid HBrO..
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HYPOBROMOUS ACID, HBrO

_ Preparation.—This compound is prepared by agitating a mixture of mer-
curic oxide, water, and bromine, whereby hypobromous acid, mercuric hypobromite
and oxybromide are formed. The filtered liquid is distilled in vecuo at 40° with
pressure of 50 mm.

Properties.—This dilute aqueous acid has a yellow color, and is an active oxidiz-
ing and bleaching agent. Solutions of the hypobromites are more unstable than
those of the hypochlorites, passing gradually into bromides and bromates.

Sodium hypobromite solution, which is employed in the determination
of urea in urine, is prepared by dissolving 10 gm. of sodium hydroxide in 25
mils of water and, when cold, adding 2.5 mils of bromine. The solution should be
made fresh when needed.

BROMIC ACID, HBrO,

Preparation.—Bromic acid is prepared by first obtaining a bromate from
bromine and barium hydroxide:

6Br, + 6Ba(OH):= 5BaBn + Ba(BrO,), + 6H,0.

The bromate, being less soluble than the bromide, is easily separated from
it by crystallization. Of this powdered barium bromate, 200 p. are mixed
with water and 50 p. of sulphuric acid added with stirring; when the pre-
cipitated barium sulphate has settled, the clear liquid is decanted off and the
excess of sulphuric acid removed by adding just sufficient baryta water. The
barium sulphate is removed by filtration and the aqueous solution is concentrated
in vacuo till it reaches 50.6 per cent. (HBrO,7H,0). When heated to 100° it
decomposes into bromine and oxygen. In properties it resembles chloric acid.

The bromates are moderately soluble in water, and are decomposed or
Leating. Barium and mercury bromates are only slightly soluble. Some (K, Na,
Ag, Hg) give off their oxygen with formation of bromides, while others (Mg, Al,
Zn) evolve both bromine and oxygen, leaving an oxide of the metal.

OCXYGEN AND IODINE
Two oxides and three acids of these elements are known, as follows:

OXIDES ACIDS
Iodine Tetroxide, 1.O,. Hypo-iodous Acid, HIO.
Iodine Pentoxide, 1,0,. Iodic Acid, HIO,

Periodic Acid, HI-O..

HYPO-IODOUS ACID, HIO

Dilute solutions of this may be prepared by agitating finely powdered iodine
with freshly precipitated mercuric oxide and filtering.
HgO + 2I, + H,0 = Hgl, + 2HIO.
Hypo-iodous acid is very unstable. The salts in solution change to Mel and MelO,.

IODINE TETROXIDE, 1,0,

Obtained by triturating 1 part of pulv. iodine and 12 parts of nitric acid
(sp. gr. 1.5) until a voluminous yellow powder remains. This is dried in a desic-
cator over soda-lime. Iodine tetroxide is an amorphous, pale-yellow powder, stable
to light and air. In contact with water iodic acid gradually forms.

51,04 + 4H:O - SHIO. + I

IODINE PENTOXIDE, 1,0, (Iodic Anhydride)
Preparation.—Obtained by heating iodic acid to 180°
2HIO, = H,0 + L,O,.

When dissolved in water, iodic anhydride yields iodic acid. It forms a white
crystalline substance which decomposes into its elements at 300°. Iodic an-
hydride is a powerful oxidizing agent, readily oxidizing sulphur and carbon to their
dioxides and powdered oxidizable metals to their oxides, explosion frequently taking
place if the mixture be heated.
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IODIC ACID, HIO,

Preparation.—The simplest method of preparation is by heating 1 p. of
powd. iodine with 10 p. of fuming nitric acid until the oxides of nitrogen and
water have been expelled. This should be redissolved in water and again evapor-
ated to dryness (100 to 130°) till free from HNO,.

3, + 10HNO, = 6HIO, 4+ 10NO + 2H,0.

It may also be prepared from barium iodate and sulphuric acid. The iodate
is made by dissolving powdered iodine in hot concentrated solution of potas-
sium chlorate, and adding a few drops of nitric acid. After the evolution of
chlorine has ceased and the solution has become cool, crystals of potassium
iodate separate, KCIO, + I = KIO, + Cl. On dissolving this salt in water
and adding barium chloride, barium iodate separates as a white solid. This’
is then decomposed by the careful addition of sulphuric acid, the barium sul-
phate filtered off and the filtrate concentrated at 100° for crystallization.

Iodic acid is also formed when chlorine is passed into water in which finely
powdered iodine is suspended:

I, + 5Cl, + 6H,0 = 2HIO, + 10HCL

The hydrochloric acid is removed by moist, freshly precipitated silver oxide.

Properties.—lodic acid occurs in the form of colorless, rhombic crystals‘
very soluble in water, and slightly soluble in alcohol. On heating to 180
the acid decomposes into iodine pentoxide and water. Exposure to sunlight
causes decomposition into its elements. Because of its powerful oxidizing action,
organic_matter, phosphorus, and sulphur inflame on coming into contact with the
acd. Sulphurous oxide, sulphuretted hydrogen, and hydriodic acid are oxidized
with liberation of iodine: HIO, 4 sHI = 3H,0 + 3I,, 2HIO, + 5SO, + sH,0 =
I, + H,O0 + sH,S0,. 2HIO, 4+ 2H,S = 3H,0 S: + L.

The iodates are usually prepared from barium iodate by interaction with
the sulphate of the desired electro-positive element, removing the insoluble
barium sulphate by filtration. Barium iodate may be prepared by passing a
current of chlorine into a solution of barium chloride containing suspended
iodine, or as detailed under iodic acid. The iodates are detected by adding to
the solution a small quantity of sulphurous acid or a sulphite, to liberate iodine,
and then a dilute solution of starch, with which the latter forms a blue color.
S_oluti?gsdpf alkali iodides and iodates when acidulated react with the libera-
tion of iodine.

sKI + KIO, + 6HCI = 6KCl + 3H,0 + 3l

PERIODIC ACID, HIO,2H,0 or H,IO,

Preparation.—This acid, which is the final oxidation-product of iodine, is
known only in the free state with two molecules of water. It is obtained most
readily by acting on perchloric acid with iodine.

HCIO, + I + 2H,0 = HIO.z2H.0 + ClL

Properties.—This compound consists of colorless, transparent crystals, which
are deliquescent and readily soluble in water. They melt at 133°, and on the further
increase in temperature (140°) are decomposed into iodine pentoxide, water, and
oxygen, 2(HIO2H,0) = 1,0, + sH,0.

THE OXYGEN GROUP
OXYGEN, SULFHUR, SELENIUM, TELLURIUM

These (like the halogens) constitute a natural group of elements which
(particularly the latter three) present a gradation in their g_hysncal and chemi-
cal properties corresponding to their atomic weights. ~While the valency of
oxygen is invariably 2, the others vary as 2, 4, and 6, With rising atomic weights,
these elements decrease in electro-negative intensity, tellurium exhibiting the
physical properties of a metal.

The general formula RH, represents the hydrogen compounds of these
elements. The readiness with which they are dccomgosed by heat increases
from oxygen to tellurium, a temperature of about 2500° being necessary to de-
compose water, while a gentle heat will decompose hydrogen telluride. The
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oxides are represented by the formulz RO, and RO,, while the acids are H,RO,
and H,RO,. The relative strength (reactive ability or avidity) of the acid decreases
from sulphuric to telluric acid, the latter possessing very feeble acid properties.
The following table will serve to illustrate the marked similarities of some of the
principal compounds of this group:

o | S Se Te
Hydrides H,0 HsS HiSe HjTe
Oxides SO, SO, SeOy TeOQs TeOs
Chlorides C1,0 ClOs S:.Cl;  SCls SeCly  SeCl, | TeCls TeCly
ALid_S _}'Ig_SOx Hg_SOa HgSeO. H,SeO, H:Teoa HITCOC
The gradations of the physical properties may be noted in the following table:
| (0} S Se ' Te
Atomic Weight 16.00 32.07 .2 127.
Specific Gravity 1.12(—181°) 1.95-2.07 4.7331.8 gg
Fusing-Point — 227.0° 115° 217 455°
Boiling-Point —182.9° 4‘}5" 680° 1390°
Color light blue yellow red black
SULPHUR

Symbol, S. Atomic Weight, 32.07. Valence, 11, also IV or VI.

Sulphur was known to the ancients.

Occurrence.—It occurs in the free state, mixed with earthy matter,
in the vicinity of extinct as well as active volcanoes. Its existence in
the free state is supposed to be due to the sulphur dioxide and hydro-
gen sulphide in volcanic gases, which, reacting on each other, form
sulphur, as follows:

SO, + 2H.S = 2H,0 + S,
H.S + O = H.O +S.
HsS 4+ 30 = H.O + SO.

Sulphur combined as sulphides and sulphates is very widely dis-
tributed. Some of these metallic sulphides are known as blendes or
glances. As examples of the many native sulphides are zinc blende, ZnS;
galenite, PbS ; pyrite, FeS, ; cinnabar, HgS ; stibnite, Sb,S,; ; realgar, As,S,.
Combined with oxygen we find such native sulphates as heavy spar,
BaSO,; gypsum, CaSO,.2H,0; kieserite, MgSO,, etc. Sulphur exists also
in the vegetable and animal kingdoms, combined in various organic com-
pounds, and in some mineral waters, as hydrogen sulphide.

Sources.—The principal source of sulphur has in the past been the
volcanic districts in the island of Sicily and other volcanic regions
that border the Mediterranean.

Very large deposits of arsenic-free sulphur occur in Utah, Louis-
iana, and Texas. Our chief supply is from the deposits in Louisiana,
which occur at a depth of about 400 feet. Water at high temperature
is forced under pressure through driven tubes into the deposits; the sul-
phur, having been liquefied, is forced to the surface through an inside
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tube. This sulphur, which is nearly pure, is free from arsenic and
selenium. For the production of sulphur dioxide, such as is used in
the manufacture of sulphuric acid, immense quantities of iron (FeS,)
and copper (Cu,S.Fe,S,) pyrites are consumed.

In addition to the above sources, sulphur is found in Iceland, Mexico,
Central America, and the Hawaiian Islands. Volcanoes in all these places
cither are or have been the cause of the deposit.

Extraction and Purification.—In Sicily the sulphur earth and masses
of ore (over 12 per cent.) are piled, with a small amount of fuel, in heaps
over depressions in the earth. The heaps are then ignited; the sulphur
melts, runs down, and is collected from the hollow beneath. About one-

PF16. 101,

Sublimation of sulphur.

third of the sulphur is lost, being consumed in heating. Steam under high
pressure is also employed for melting the sulphur from ores.

The crude sulphur contains 3 to 5 per cent. of impurities. To remove
these the process of sublimation is resorted to. A furnace similar to that in
Fig. 101 is employed. The crude sulphur is melted in the vessel K, with the waste
heat from the furnace; it is then run in small quantities at a time into the retort a,
from which it sublimes into the larger chamber M. At first, while the chamber
is cool, the sulphur is deposited in fine powder, but as the whole becomes heated
it melts and is run off at the bottom into moulds, and becomes the roll sulphur or
brimstone of commerce.

Physical Properties.—Sulphur is a lemon-yellow, hard, brittle,
crystalline solid, odorless, and almost without taste. It is negatively
electrified by friction, is insoluble in water, almost insoluble in alco-
hol, ether, and volatile oils, but easily soluble in fixed oils, carbon di-
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sulphide (46 p. in 100 p.), sulphur monochloride, benzene, turpentine,
etc. The specific gravity of native sulphur is 2.05. On the application
of heat it melts at 115°, and remains liquid until cooled to 111°. The
liquid is straw-yellow at first, but becomes dark red and viscid on gradu-
ally raising the temperature to 160°, when it is too thick to pour, and
becomes almost black in color. A further increase of temperature causes
the sulphur to become thin in consistence, but it remains dark in color,
and at 444.7° it boils under ordinary pressure. The density of sulphur
vapor below its boiling-point indicates a molecular formula of S;, above
860° of S,.

SuLpHUR Exi1sTs IN THREE ALLOTROPIC MODIFICATIONS:

(a) Octahedral or Rhombic Sulphur (Sa). This is the form in which
it occurs in nature, as well as that form in which it crystallizes from carbon
disulphide. It melts at 112.8°.

(b) Prismatic or Monoclinic Sulphur (SB). This is a labile form
which crystallizes upon cooling fused sulphur. On heating sulphur in a
Hessian crucible until melted, allowing to cool until a crust forms on
the surface, then quickly pouring out the liquid portion, the crucible will
be lined with long, brilliant, transparent crystals, having the form of
monoclinic prisms; these become opaque after twenty-four hours at
ordinary temperature, and are then found to be made up of minute rhom-
bic crystals. Monoclinic sulphur has a specific gravity of 1.96, melts at
119°, and is soluble in carbon disulphide. This form can exist only be-
tween 96° and 119°; below g6° it is rhombic and above 119° the pale
mobile liquid is obtained.

(c) Plastic or Amorphous Sulphur (Sy). This may be prepared by
carefully heating sulphur to 330°, and then pouring in a thin stream
into water. The product in this case is an amber-colored, elastic mass,
which may be drawn out into threads or kneaded between the fingers.
This is called the plastic variety. It gradually becomes hard and brittle.
It has a specific gravity of 1.920, and is insoluble in carbon disulphide.
Once this insoluble variety has been formed it reverts only very slowly
to the soluble, years being required for the conversion at ordinary tem-
perature; at 100° the conversion is completed in one hour.

CoMMERCIAL FORMS OF SULPHUR:

(a) Brimstone, or Roll Sulphur. This is the crude moulded sulphur,
which is used for technical purposes only.

(b) Sulphur Sublimatum (U.S.P.) (Flowers of Sulphur). This is
the commercial sublimed sulphur, which should contain, when dry, not
less than 99.5 per cent. of S. It consists of a mixture of the rhombic and
amorphous varieties,

(c) Sulphur Lotum (U.S.P.). Commercial sublimed sulphur is of
acid reaction from adhering sulphurous acid. For the removal of this
it is washed with water containing a little aqua ammonia. This must
contain when dry 99.5 per cent. of S.
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(d) Sulphur Preacipitatum (U.S.P) (Milk of Sulphur). If sul-
phur, slaked lime, and water are boiled together, soluble polysulphides
of calcium are formed, and, after decanting the clear solution, it is precipi-
tated by the addition of hydrochloric acid.

6S, + 3Ca(OH), = 2CaS, +CaS,0, + 3H,0.
2CaS, 4+ CaS,0, + 6HCl = 3CaCl, 4+ 6S: + 3H.0.

This must also be of 99.5 per cent. purity.

Chemical Properties.—Sulphur burns with a pale bluish flame,
forming sulphur dioxide. Nearly all metals unite with it to form
sulphides, mercury requiring trituration only, while copper and iror
burn readily in sulphur vapor. Sulphur combines directly with many
cther non-metals, as hydrogen, chlorine, bromine, iodine, and phosphorus.
When heated with oxidizing agents sulphur is converted into sulphuric
acid. Caustic alkalies dissolve it to form a mixture of alkali sulphides
and thiosulphate.

Uses.—Immense quantities of sulphur are used in the manufacture
of sulphuric acid, sulphur dioxide for bleaching purposes and in vulcaniz-
ing rubber. Sulphur is employed to some extent internally.

SULPHUR AND HYDROGEN
HYDROGEN SULPHIDE

SULPHURETTED HYDROGEN. HYDROSULPHURIC ACID
Formula, H,S. Molecular Weight, 34.09.

Occurrence.—It occurs in nature when organic bodies containing
sulphur putrefy; hence the odor of rotten eggs, drains and closets,
also found in volcanic gases, and in many mineral waters. The sul-
phur waters in Virginia are the most important in the United States.

Preparation.—Hydrogen sulghide is formed when a stream of hydrogen is
passed over sulphur heated to the boiling point.

It is generally prepared through the action of sulphuric or hydrochloric
acid on metallic sulphides in the presence of water. An apparatus similar to
that illustrated in Fig. 102 answers the purpose satisfactorily. In the generator, A,
is placed some ferrous sulphide covered with water, and to it is added sulphuric
or hydrochloric acid in small portions at a time just sufficient to keep up the
evolution of gas, when the following reaction takes place:

FeS + H,S0, = FeSO, + H.S.
FeS + 2HCI = FeCl, 4+ H.S.

The gas is readily evolved without the application of heat, and may either
be used directly or, preferably, passed through a little water in the wash-bottle
at ¢. Excess of sulphuric acid causes the evolution of gas to cease through the
precipitation of anhydrous ferrous sulphate over the iron sulphide, preventing
further action. With hydrochloric acid this does not occur. The use of a wash-
bottle is advisable, as it retains portions of the acid or salt that may be carried
over mechanically through the violence of the reaction.
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Ferrous sulphide frequently contains metallic iron, in which case the gas
will contain some free hydrogen. This is rarely an objection, but, if it should be,
then a pure gas may be obtained by treating antimonous sulphide with hydro-

chloric acid:
Sb,S, + 6HClI = 2SbCl, + 3H.S.

Hydrogen Sulphide, T.S. (U.S.P.), is a saturated aqueous solution of
the gas. To remove any traces of arsenic (arsine gas) liable to be present
in the gas prepared from ferrous sulphide, it is first thoroughly dried and
then passed over pulverized iodine, which serves to retain the arsenic.

Physical Properties.—Hydrogen sulphide is a colorless gas (sp.
gr. 1.18, air = 1) with a disagreeable odor and a sweetish taste. One
volume of water dissolves 4.4 volumes of the gas at 0°, and 3.2 volumes
at 15°.

The solution reddens litmus, and rapidly undergoes change on ex-
posure to air, water and sulphur being the result, the latter separating.
Under a pressure of 17 atmospheres the gas condenses to a liquid, of

Fic. 102.

Preparation of hydrogen sulphide.

the specific gravity of 0.9, which boils at —62° and solidifies at —83°.
One liter of H,S weighs 1.539 gm. (0° and 760 mm.).

Chemical Properties.—Hydrogen sulphide is a very inflammable
gas, burning with a pale blue flame. The products of its com-
bustion are water and sulphur dioxide, or sulphur if the combustion
is rapid.

The gas is decomposed by many oxidizing agents; chlorine, bro-
mine, and iodine unite with its hydrogen, sulphur precipitating. In
the case of iodine the reaction is possible only in the presence of water.

HS + ClL. = 2HCI + S.
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Sulphuretted hydrogen, owing to the readiness with which it parts
with its sulphur, acts as an active reducing agent. Thus—

IIr I 11 II I 11
2FeC], + H.S = 2FeCl; + 2HCl + S.
Ferric Chloride. Ferrous Chloride.
VvV 11 1I IIT II u
As,O, + 2H.S = As:O, + 2H.0 + S..
Arsenic Oxide. Arsenous Oxide.
VI II II IIT II 11
2CrOQ, + 3H,S = Cr.0O, + 3H.0 + S..
Chromium Trioxide. Chromium Sesquioxide.

In aqueous solution hydrogen sulphide undergoes slow oxidation from
contact with air and light, sulphur being liberated. Boiled (air-free) water
should be used for its solution, which should be kept in well-closed con-
tainers away from the light.

Hydrogen sulphide combines with many metals, decomposing their
oxides, hydroxides, or carbonates. Paper moistened with lead acetate
solution is blackened by this gas, lead sulphide being formed, hence
this reagent is usually employed to detect its presence.

Uses.—The solution has also been used medicinally; it is given in-
ternally in about 15-mil doses. Hydrogen sulphide is employed industrially
for the removal of metals from acids and salts. Also used extensively in
analysis for the precipitation of basic ions, as sulphides from acid solu-
tions, e.g., Au, Pt, As, Sb, Sn, Ag, Hg, Pt, Bi, Cu and Cd. Another
group of cations is precipitated as sulphide by means of ammonium sul-
phide, e.g., Ni, Co, Fe, Mn, etc.

Hydrosulphides.—These correspond to the hydroxides in which the oxygen
has been replaced by sulphur. The alkali hydrosulphides are prepared by
passing hydrogen sulphide into solutions of the hydroxides:

MeOH 4 H,S = MeSH 4+ H:O.

Sulphides.—These are binary compounds and may be viewed as salts of
hydrosulphuric acid. Many sulphides occur native (as pyrite, FeS,; galenite,
PbS.; stibnite, Sb.S,). Other sulphides may be prepared as follows:

(1) By fusion of the metals with sulphur:
Fe, + S: = 2FeS, or Cu. + S: = 2CuS.

(2) By action of H,S upon metals by aid of heat, excepting Hg and Ag, which
react in the cold:
Ag, + H.S = Agas + H..

(3) Action of H.S on metallic oxides or hydroxides.
PO + H,S = PbS + H:0, or 4Ca0 + 3S: = 4CaS + 2SO0,
4Fe(OH), + 6H,S = 4FeS + S, + 12H,0.

CuSO, 4+ H,S = H.SO, 4+ CuS.

Also salts:

The alkali sulphides result upon adding an equal quantity of alkali hydroxide
to the hydrosulphide (MeSH + MeOH = Me& 4+ H:0). The various alkali
polysulphides (MesS: to Me,S,) are prepared by boiling the normal sulphide with
the calculated quantity of sulphur. If the hydroxide of an alkaline earth (Ca, Ba,
Sr) be boiled with an excess of sulphur, polysulphides, thiosulphates, and sul-
phates result.
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(4) By the reduction of sulphates with charcoal:
K,SO, + 2C = KisS + 2CO..

(5) By the action of H.S upon solutions of the metals, usually their chlorides:

(a) Sulphides insoluble in dilute acids—HgS, PbS, Bi,S,, CuS, CdS, Sb,S,,
As,S,, SnS, AuS, PtS,.

(b) Sulphides soluble in dilute acids, but insoluble in alkaline sulphides, pre-
cipitated by NH.HS—FeS, NiS, CoS, MnS, ZnS.

(c) Soluble sulphides, K,S, Na,S, CaS, BaS, SrS.

Many of the above insoluble sulphides are distinguished from one another
by their characteristic colors.

Potassa Sulphurata or Liver of Sulphur, U.S.P.—A mixture of the polysul-
phides and thiosulphate of potassium containing not less than 12.8 per cent. of
sulphur. It is prepared by fusing together sulphur and potassium carbonate.

Properties.—In the presence of moisture, oxygen unites with sulphides,
forming sulphates. CuS 4 O, = CuSO,. This property is made use of in
many industrial operations, as the weathering of sulphides, 2FeS + 30 = Fe,O,
4 S:; black ferrous sulphide is converted into red ferric oxide. The former is
obtained in the removal of sulphur compounds from illuminating gas, by means
of ferric oxide. This reaction enables the gas manufacturer to renew the ferric
oxide many times. This same air oxidation of sulphides takes place in making
aluminum sulphate from alum shales, or calcium thiosulphate trom waste lime
sulphides (2CaS; + 30, = 2CaS,0, + 3S,). When roasted, sulphides are con-
verted into the oxides of the bases and sulphur dioxide (2ZnS + 30,=2Zn0 +
2S0,) ; if the oxide of the metal is decomposable by heat, then the metal remains
(HgS + O,=Hg + SO,). Chlorine decomposes all sulphides, forming chlorides
and sulphur chloride; in the presence of water, sulphur separates. The sulphides
of the alkalies and alkaline earths are soluble in water, while the sulphides
of the metals are insoluble.

HYDROGEN POLYSULPHIDE

The polysulphides may be prepared by the action of acids on polysul-
phides of the alkalies or alkaline earths.

These unstable compounds are prepared by boilinil together 1 part of slaked
lime, 6 parts of water, and 2 parts of sublimed sulphur, and pouring the clear
solution into cold concentrated hydrochloric acid. The heavy, yellowish, oily
compound separates and sinks to the bottom. It possesses an odor similar to
that of hydrogen sulphide, and an acrid, unpleasant taste. It readily decom-
poses into hydrogen sulphide and sulphur. The exact composition has not
been determined; when distilled it yields H,S, (hydrogen disulphide, sp. gr.
1.37) and H,S, (hydrogen trisulphide, sp. gr. 1.5).

COMPOUNDS OF SULPHUR AND THE HALOGENS

SULPHUR AND CHLORINE

These elements combine directly to form three distinct compounds.

Sulphur Monochloride, S,Cl,, is formed by passing dry chlorine over molten
sulphur. A reddish-yellow liquid is formed, which may be rectified by
distillation. It has a specific gravity of 1.70 and boils at 139°. It decomposes
in contact with water:

25,Cl, + 2H,0 = SO, + 35S + 4HQ.

Sulphur monochloride is a solvent of sulphur to the extent of 66 per cent,
forming a thick syrupy liquid which is used in vulcanizing rubber.

Sulphur Dichloride, SCl;, is formed when dry chlorine is passed into the
monochloride at 0°. The excess of chlorine is removed by passing carbon di-
oxide through the liquid. The dichloride is an unstable, dark-red liquid,
slowly decomposing at ordinary temperatures into the monochloride and
chlorine. The same decomposition takes place on the addition of water.

Sulphur Tetrachloride, SCl,, a white powder prepared by passing chlorine into

the dichloride at —75°. This is stable only below o°.
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SULPHUR AND BROMINE

Sulphur Monobromide, S:Br;, is the only compound of these two elements
known at the present time. It is prepared by the direct union of the elements,
the excess of bromine being removed by carbon dioxide. It is a heavy, red
liquid, which is stable at ordinary temperatures but decomposes slowly at the
boiling point, 200° to 210°, into sulphur and bromine.

SULPHUR AND IODINE

These two elements unite in two proportions. .

Sulphur Moniodide, S.l,, is formed when the two elements are heated to-
gether under water, or without water, in a loosely stoppered flask. They are
first thoroughly mixed and then gently heated until the mass becomes of a
uniform, dark color, when the temperature is increased to the point necessary
to fuse them. It is insoluble in water, soluble in sixty parts of glycerin, and
very soluble in carbon disulphide. Alcohol and ether remove the iodine,
leaving the sulphur. It is gradually decomposed on exposure to the air,
with loss of iodine. On the application of heat it melts at 60°, and at a higher
temperature sublimes with partiardecomposition. without leaving any residue. Pro-
:gngedlpl')hoiling with water removes the iodine, which escapes with the steam, leaving

e sulphur.

Sulphur hexiodide, SI,, is obtained by evaporating a solution of the two
elements in carbon disulphide, when crystals similar to those of iodine separate.

SULPHUR AND OXYGEN
The following compounds of these two elements are known:
Sulphur Sesquioxide (Disulphur Trioxide), S,0,.
Sulphur .Dioxide (Sulphurous Anhydride), SO,.

Sulphur Trioxide (Sulphuric Anhydride), SO,.
Sulphur Heptoxide (Persulphuric Anhydride), S,O,.
Two of these, SO, and SO;, unite with water to form corresponding
acids.
SO, + H,O H,SO,, Sulphurous Acid.
SO, + H,0 H,SO,, Sulphuric Acid.

There are also the following acids, which are known only in the
form of their salts: H,S,0,, Hyposulphurous Acid. H,S,0,, Thiosul-
phuric Acid.

il

POLYTHIONIC ACIDS
H,S,O,, Dithionic Acid.
H,S,0,, Trithionic Acid.
H,S,0,, Tetrathionic Acid.
H,S,0,, Pentathionic Acid.

s~e

SULPHUR SESQUIOXIDE, S,0,

. This compound is formed when sulphur is added, in small quantity at a
time, to sulphur trioxide. It separates as a dark-blue liquid, which solidifies
into bluish-green, crystalline crusts.

It readily decomposes when warmed into sulphur dioxide and sulphur:

25,0, = 3S0. + S.
O0=S—OH
HYPOSULPHUROUS ACID, H,S,0, or |
Hydrosulphurous Acid. O=S—0H

.This compound should not be confounded with thiosulphuric acid, H,S,0,,
which is sometimes improperly called hyposulphurous acid.
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Preparation.—When zinc is added to sulphurous acid the following reaction

takes place:
3H,8O, + Zn = H,S5,0, + ZnSO, + 2H,0.
Properties.—This is a yellow liquid with powerful reducing properties. On
exposure to air it is rapidly decomposed, as follows:
2H,S5,0, = 380, + 2H,0 + S.
It is a more powerful bleaching agent than sulphurous acid, bleaching indigo,

also iodine to HI, also precipitates a number of the metals (Hg, Ag, Cu) from
solutions of their salts, for example:

HgCl, +  HS0 = Hg + 2HCl1 + 2S0,.
Mercuric Hyposulphurous Mercury. . Sulphur
Chloride. Acid. Dioxide.

This serves to distinguish it from sulphurous acid. Salts of this acid have
been formed which are true hyposulphites. When sodium bisulphite is treated
with zinc, the mixture kept cool, and air excluded, the hyposulphite is formed
according to the following reaction:

4NaHSO, + Zn = NaS,0, + Na,SO, + ZnSO, + H,0.

Sodium hyposulphite is decomposed by acids, with formation of sulphur
dioxide, sulphur, and a salt of sodium.

2Na,S,0, + 2H,S0, = 35S0, + S + 2H,0 + 2NaSO,.

SULPHUR DIOXIDE

SULPHUROUS OXIDE. SULPHUROUS ANHYDRIDE
Formula, SO,, or O =S = 0. Molecular Weight, 64.07.

History.—Sulphur dioxide, or sulphurous oxide, has been knowr
from very early times, being produced by burning sulphur. It was
used as a disinfectant by the Romans.

Occurrence.—It occurs native as a volcanic gas, and is found in
small quantity in the air of large cities, on account of the presence of
sulphur in coal.

Preparation.—(1) When sulphur is burned in air or oxygen, direct union of
the elements takes place, with the formation of sulphur dioxide:

S, + 20, = 2S0,

This process of burning is used in nearly all cases where the gas is made
on a large scale, as in bleaching and the manufacture of sulphites and sul-
phurjc acid.

82) Sulphur dioxide is prepared industrially by roasting certain metal sul-
phides, especially those of iron and copper, in furnaces. This is preliminary to the
extraction of metals; also, sulphur dioxide is thus prepared for the manufacture of
sulphuric acid.

2FeS; + 70 = Fe.0, + 2SO 0r Cu,S + 20, = 2CuO + SO,
(3) Through the decomposition of sulphuric acid (1 part) by heating with
sopper (Y5 part), mercury, silver, zinc, sulphur, or carbon:
2H,SO, + Cu = CuSO, + 2H,0 + SO,
2H,SO, + S = 2H,0 + 3SO,
2H,SO, + C = 2H,0 + CO, + 2SO0,
(4) By heating sulphur with various metallic oxides, as Pb, Hg, Mn, Zn, etc.:
S, + MnO, = MnS + SO,.

Sulphur. Manganese Manganous Sulphur
Dioxide. Sulphide. Dioxide.



SULPHUR AND OXYGEN. 223
2PbO + 28 = 2PbS + SO,

(5) By decomposing sulphites with dilute acids:
Na,SO, + H,S0, = Na,SO, + H,0 + SO,

Physical Properties.—Sulphur dioxide is a colorless gas, having
suffocating odor. One volume of water at 0° dissolves 79.8 volumes
and at 25° 32.8 volumes of the gas. Boiling removes the gas from solu-
tion. Alcohol at 25° dissolves about 26.5 per cent. of the gas. At a
temperature of — 10°, or under a pressure of three atmospheres, the
gas condenses to a colorless, mobile liquid, which boils at — 10°, and
at — 76° becomes a crystalline solid, and has a sp. gr. of 1.433 at o°.
The density is 2.264 (air = 1), and one liter weighs 2.9261 grams. The
critical temperature is +157.2° and the critical pressure is about 78
atmospheres.

The liquid is obtainable in iron cylinders. On the large scale, pres-
sure affords the cheapest means of converting the gas into the liquid
state, but for laboratory experiments it may be readily obtained in the
liquid condition by passing it through a tube surrounded by a freezing
mixture of salt and ice.

A low temperature may be produced by the vaporization of liquid
sulphur dioxide, and this may be intensified by directing a current of
air over its surface. Like liquid ammonia, it is employed in artificial
refrigeration.

The gas is very stable under high temperatures until 1200° is at-
tained, when decomposition into sulphur trioxide and sulphur takes
place:

380, = 280, + S.

Chemical Properties.—Both gaseous and liquid sulphur dioxide,
in the presence of water, possess active bleaching properties. The
action in this case is a reducing one, because it removes oxygen, the’
opposite to that by which chlorine accomplishes the same purpose. In
the presence of organic matter it appears to have the power of de-
composing water, combining with the oxygen, while the hydrogen in
the nascent state is free to combine with the oxygen of the coloring
matter, forming colorless compounds:

SO, + 2H,0 = H,SO, + H,

The coloring matter is not destroyed, as in the case of chlorine, but
may be restored by neutralizing with an alkali, or by the action of a
halogen, hence the importance of thorough washing to remove these
sulphur compounds in the process of bleaching. It is especially valu-
able in the bleaching of wool and silk where chlorine would injure the
fabric. The articles to be bleached are exposed in moist condition, in a
closed compartment, to the vapors of burning sulphur, and afterwards
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thoroughly washed. Upon exposure to the air, the color gradually
returns.

With solutions of the metallic hydroxides and carbonates, sulphur
dioxide produces sulphites according to the following reactions:

2KOH 4+ SO, = K,SO, + H,0.
K,CO, + SO, = K,SO, + CO,

Certain metallic peroxides serve as absorbents for SO, and are

converted by the sulphur dioxide into sulphates, as follows:
PbO, + SO, = PbSO,

In presence of the halogens, water is reduced, forming the haloid

acid and sulphuric acid:
I, + SO, + 2H,0 = H,SO, + 2HIL

In the absence of water this reaction is reversed, as follows:
H,SO, + 2HI = I, + SO, + 2H,0.

Tests.—Sulphur dioxide is detected by paper which has been sat-
urated with solutions of potassium iodate and starch. When this is
brought in contact with the gas the starch is turned blue by the liber-
ated iodine, as follows:

2KI0, + 580, + 4H,0 = 2KHSO, + 3H,SO, + I,

If, however, the gas be in excess it will react with the free iodine,
according to the reaction given above for the formation of hydriodic acid,
and the color will be destroyed.

When brought into contact with paper moistened with mercurous
nitrate solution, sulphurous oxide causes blackening through reduc-
tion to metallic mercury.

2HgNO, + SO, + 2H,0 = Hg, + 2HNO, + H,SO..

Uses.—The gas is used extensively in bleaching straw and wood
- pulps, disinfecting, in the manufacture of glue and gelatin, also sugar
refining, and in the manufacture of sulphurous acid and the sulphites.
The fumes of sulphur dioxide are employed in fumigating, while its aqueous
solution or acid salt is an antizymotic arresting fermentation (or putre-
faction) by destroying their organic growth. The chief extensive indus-
. trial use of sulphur dioxide is in the manufacture of sulphuric acid.

Sulphuryl chloride, SO,Cl,, obtained by the union of sulphur dioxide
and chlorine, It forms a colorless, fuming liquid of penetrating odor,
boiling at 69.1°. The addition of a little water converts it into chlorosul-
phonic acid and hydrochloric acid, SO,Cl, 4+ H,O0 = SO,HCl + HCI.
Excess of water as follows: SO,Cl, 4+ 2H,0 = H,SO, + 2HCL.

SULPHUROUS ACID
Formula, H,50,, or SO(OH),. Molecular Weight, 82.00.

This acid is not known in the free state, but we assume its pres-
ence in solution, because of its acid properties, forming salts with bases



SULPHUR AND OXYGEN. 225

and that it evolves hydrogen gas with some metals (Mg, Zn), as well
as conducting the electric current.

non—It 1s prepared by saturating distilled water with sulphur
dioxide; such solutions contain usually from 6 to 7 per cent. of the anhydride.

The U.S.P. recognizes sulphurous acid as a reagent, which must not contain
more than 0.00002 per cent. of As,O,.

Properties.—Sulphurous acid is a colorless liquid, of a sulphurous
odor, and an acid, sulphurous, and somewhat astringent taste. It
has a specific gravity of about 1.028 at 25°, and contains 6 per cent. of
the gas by weight. It reddens litmus paper strongly, and then bleaches
it. On the application of heat, all the gas is given off. Upon standing,
especially in sunlight, sulphurous acid absorbs oxygen and rapidly
passes over into sulphuric acid. The extent to which this decomposi-
tion has taken place may be determined by adding a few drops of
hydrochloric acid, followed by barium chloride T.S. Not more than a
turbidity should be produced.

Since sulphurous acid readily absorbs oxygen, being oxidized into sul-
phuric acid, it becomes an active de-oxidizing or reducing agent. Thus
solutions of gold and silver are reduced to the metallic state. Iodine is
reduced to hydriodic acid, and mercuric chloride to mercurous chloride,
potassium permanganate to manganous and potassium sulphate with loss
of color. )

H,SO, + H,O + I, = 2HI + H,SO.
2HgCl, + H,SO, + H,O = 2HCI + H,SO, + 2HgCL
2KMnO, + 550, + 2H,0 = K,SO, + 2MnSO. + 2H,SO..

Sulphites.—Sulphurous acid is dibasic—that is, has two hydrogen
atoms replaceable by bases. This gives rise to two series of salts,
the acid or bi-sulphites, in which only one hydrogen atom is replaced, as "
follows:

KOH + H,SO, = KHSO, + H,0,
and the normal sulphites, in which both hydrogen atoms are replaced,
as follows:

2KOH + H,SO, = K,SO, + 2H,0.

The sulphites are usually prepared by passing the gas into a solu-
tion of a hydroxide or carbonate; the amount of gas used determines
whether an acid or normal sulphite is formed. Since sulphurous acid is a
weak acid, it cannot saturate strong electro-negative bases, hence the
normal sulphites possess a weak alkaline and acid sulphites a weak
acid reaction. Except the sulphites of the alkali metals, all sulphites are
more or less insoluble in water.

Heat decamposes the sulphites of the alkaline earths and metals
into oxides and sulphur dioxide, as:

CaSO, = CaO + SO,;
the alkali sulphites into sulphates and sulphides, as:
4K,SO, = 3KSO, + K.,S.
15
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Sulphites are also decomposed by the addition of hydrochloric or
sulphuric acid, evolving sulphur dioxide, and forming a chloride or
sulphate of the base. Because of its greater stability and uniformity,
exsiccated sodium sulphite is official as Sodii Sulphis Exsiccatus, which
contains not less than go per cent. of Na,SO,. This salt is extensively em-
ployed in the manufacture of paper, not only for its bleaching action, but
also as an antichlor for neutralizing the effect of chlorine when used:
Na,SO, + H,0 + Cl, = Na,SO, + 2HCl. In solution sulphites gradu-
ally oxidize to sulphates.

Detection.—Sulphurous acid, the sulphites, as well as the bisul-
phites, are easily detected by the addition of zinc and hydrochloric
acid to their solution, when hydrogen sulphide will be evolved:

3Zn + 6HCI + H,SO, = 3ZnCl, + 3H,0 + H,S.

The use of an acid is necessary in this reaction, since in its absence a
hyposulphurous acid salt is produced (page 221).

Upon adding an acid to the solution of a sulphite, sulphur di-
oxide is liberated, which may be detected, as directed on page 224.

The salts of silver, mercury, and lead added to sulphurous acid
or a sulphite produce a precipitate which blackens on heating, owing to
formation of sulphide.

The sulphites and bisulphites are largely used in bleaching, disinfecting
and as antiferments, and in addition are employed more or less in
medicine.

SULPHUR TRIOXIDE
SULPHURIC OXIDE. SULPHURIC ANHYDRIDE

/0
Formula, SOy, or S=0 Molecular Weight, 80.07.
\O0

Preparation—Formerly sulphur trioxide was prepared by distilling the
fuming Nordhausen sulphuric acid. In 1875 Clemens Winkler prepared it by
direct union of two volumes of sulphur dioxide with one volume of oxygen,
by passing them over platinized asbestos or clay (finely divided platinum)
heated to about 400° (page 230).

2SO0, + 0O, = 280,

The white fuming compound is conducted into a well-cooled receiver,
where it condenses in long needles. Finely divided ignited oxides of certain
metals, as Fe,0,, Cr,0,, MnO,, etc., also possess this property, though in lesser
degree than platinum. These are termed “contact” substances, since they
bring about chemical union of these two gases (page 152).

Sulphuric anhydride may be prepared by heating anhydrous sulphates, e.g.
ferric sulphate:

Fe,(SO,); = Fe,0O, + 3SO,.

Also on heating the fuming (“oleum”) sulphuric acid:
H,S,0, = H,SO0, + SO,

On heating concentrated sulphuric acid with phosphorus pentoxide, water
is extracted and sulphuric oxide formed:

H,SO, + P,0, = 2HPO, + SO,
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Physical Properties.—Sulphur trioxide consists ot long, transpar-
ent prisms. When perfectly anhydrous it fuses at 17.7°, and boils at
46°. On standing for some time at ordinary temperatures, long crystal-
line fibres slowly form, which fuse at 40°.

The pure trioxide at 20° is a colorless, mobile fluid which has a specific
gravity of 1.97.

Chemical Properties.—Sulphur trioxide possesses a great affinity
for water, and fumes on exposure to air. When thrown on water it
dissolves with a hissing noise, generating considerable heat.

SO, + H,0 = H,S0,
When mixed with metallic oxides, e.g., barium oxide, sulphates resuit.
BaO + SO, = BaSO,.

The evolution of heat is so great in this reaction that the mass be-
comes red-hot. At red heat, sulphuric oxide vapors are decomposed into
sulphur dioxide and oxygen. Because of its great affinity for moisture,
it chars many organic substances. Sulphur trioxide is manufactured on
a large scale, and comes into commerce in iron drums. ~

Uses.—It is used in the preparation of artificial alizarin, and in
dissolving indigo, and the manufacture of sulphuric acid.

SULPHURIC ACID
HYDROGEN SULPHATE
Formula, H,SO,, SO,(OH),. Molecular W eight, 98.09.

History.—A weak sulphuric acid was known from very early times;
pyrosulphuric acid was prepared by the Arabians through the dry
distillation of burnt alum. The Benedictine monk, Basilius Valentinus,
of Erfurt, introduced (about 1450) fuming acid prepared by the dry
distillation of weathered ferrous sulphate (basic ferric sulphate). Later,
Valentinus prepared sulphuric acid by burning a mixture of sulphur
and saltpetre. About 1613, Angelus Sala modified this process by
burning sulphur in the presence of an abundant supply of air with steam.
The preparation of sulphuric acid from sulphur, on the technical scale,
was first attempted about the middle of the eighteenth century. A
crude form of the present “ chamber” process is said to have been
introduced into England, from the Continent, in the eary part of the
last century, by Cornelius Drebbel. This method consisted in burning
sulphur and nitre together in large glass globes, the bottoms of which were
covered with water. This glass vessel was replaced by the present lead
chamber at the suggestion of Dr. Roebuck, in 1746. The Gay-Lussac
tower has been in use since 1842, and the Glover tower since 1859. The
“Contact Process ” for the manufacture of sulphuric acid is the out-
come of the investigations of Clemens Winkler (1875), and Squire and
Messel, on the technical production of sulphuric anhydride.

Occurrence.—In combination it occurs native as the sulphates of
calcium, barium, magnesium, and sodium originating in the vicinity of
volcanoes.
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Preparation.—There are two methods in use for the preparation of sul-
phuric acid; both of these depend upon the fundamental reaction represented
by SO, + O + H,0 = H,SO,; that is, the oxidation of SO, to SO,, which
dissolves in water, forming the acid. In one process (lead chamber), SO, is
oxidized by means of the vapors of nitric acid, whi?e in the other (contact process)
the SO, is oxidized by means of air (O) through the agency of catalytic sub-
stances.

Lead Chamber Process.—In this, the formation of sulphuric acid is based
on the oxidation of sulphur dioxide in the presence of water. This takes
place slowly with atmospheric oxygen, but rapidly in the presence of the
oxides of nitrogen, which after deoxidation readily abstract oxygen from the
air introduced during the process.

The reactions that take place are complex, but in general may be simplified
as follows: nitric oxide, 2NO, with air forms nitrogen tetroxide, NO;, in the
chamber, which with the steam yields nitrous acid: 2NO + 2NO, + 2H,O
= 4HNO,, or N,0, + H,0 = 2HNO,. This with the oxygen of the air and SO,
yields sulphuric acid and NO, which in turn repeats the same cycle. The oxides
of nitrogen act as carriers of the oxygen of the air to the SO,.

This reaction may be accomplished on a small scale by conducting into a
larﬁe glass globe sulphur dioxide, nitric oxide, steam, and air. The process
will apparently go on indefinitely, since the nitric oxide is converted into
tetroxide by the oxygen of the air; but the nitrogen of the air introduced
gradually accumulates and so dilutes the oxygen mixture as to prevent further
action until it is removed.

When the steam is not simultaneously admitted with the other gases there
are deposited “lead chamber crystals,” nitrosyl-sulphuric acid:

2SO, + N,0, + 0, + H,0 = 2[SO,OH(ONO)],

which dissolve on the admission of steam, forming sulphuric acid and oxides
of nitrogen:

2[SO,,OH(ONO)] + H, 0 = 2H,SO, + NO + NO,

On the large scale the lead chamber process is carried out by the most
economical methods, and therefore by the use of the cheapest materials. In
England the sulphur dioxide is prepared by roasting iron or copper pyrites
(4FeS, + 110, = 8S0, + 2Fe,0,) ; in the United States from pyrites and by burn-
ing sulphur. The oxides of nitrogen are prepared by the action of sulphuric
acid on Chili saltpetre. .

A view of the lead chambers with the two towers is shown in Fig. 103.

The details of the process are, briefly, as follows: Sulphur dioxide, gen-
erated by one of the methods above stated, is passed into the Glover tower, c,
where it is cooled and mixed with dilute sulphuric acid, which trickles down over
the pieces of bricks into the tower from M; at the same time from an adjoining
cistern there.runs down, and mixes with this, concentrated sulphuric acid con-
taining oxides of nitrogen in solution.

The effect of this mixing with dilute acid is to liberate the oxides of
nitrogen from the concentrated acid, which, with the sulphur dioxide, oxygen,
nitric acid, and steam, are passed into chamber A, where the following reactions
take place:

(1) 280, + 2HNO, + H, 0 = 2H,SO, + NO, + NO.
(2) 2SO, + NO, + NO + O, + H, 0 = 2SOH(NO).
(3) 2SOH(NO) + 2H,0 = 2SO0H, + 2HNO,

(4) 2HNO: = NO + NO: + H.0.

From the first chamber the uncombined gases pass into a second chamber,
where further combination and condensation take place, and in a third chamber
the condensation is completed, so that only oxides of nitrogen and nitrogen
gas escape into the Gay-Lussac tower, k. In this latter tower the oxides
are dissolved by concentrated sulphuric acid from M trickling down over
pieces of coke.

When this concentrated acid reaches the bottom, saturated with oxides
of nitrogen, it is transferred by suitable pipes to the top of the Glover tower,
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to run dowh and mix with fresh quantities of dilute acid and sulphur dioxide.
The concentrated acid for the Gay-Lussac tower is taken from the bottom of
the Glover tower, as the mixed dilute and strong acids in meeting with the
hot gases have been deprived of nearly all water.

he circulation of gases through the system of towers and chambers is
maintained by the draught of a tall chimney.

It will be seen that the same sulphuric acid is repeatedly used and nearly
all the oxides of nitrogen are saved, so that the process consists in generating
a continuous supply of sulphur dioxide with a small quantity of nitric acid to
make up the loss which is unavoidable. The principal supply of oxygen comes
from the atmosphere. The oxides of nitrogen serve as the oxygen carriers.

The furnace in which the sulphur or pyrites is burned is so arranged as
to furnish the necessary heat for the decomposition of the nitrate.

The acid in the bottom of the lead chamber is drawn off when it attains a

F1G6.%03.

Preparation of sulphuric acid.

concentration of about 63 per cent. of absolute sulphuric acid. This crude acid
is used directly in the manutacture of fertilizers (“superphosphate”). If allowed to
become more concentrated than this it begins to absorb nitrous fumes. It
is then concentrated in leaden pans until it reaches the specific gravity of
1.75, containing 78 per cent. of the acid, when it commences to attack the Kaad
and is, therefore, transferred to vessels of iron, glass, or, best of all, platinum,
to be finally concentrated or distilled. Those manufacturers who are still pro-
vided with platinum stills concentrate the acid to about 98 per cent. The weak
pure acid is now usually concentrated in hot towers packed with quartz over
which the acid trickles while heated with a non-luminous oil flame.

The crude lead chamber acid of 63 per cent. is now concentrated for trans-
port to 78 per cent. in the heated Glover towers. The usual impurities occurring in
chamber acid are nitrosylsulphuric, lead, copper, iron, alumina, arsenic, am-
monium sulphate, and sometimes selenium. Most of these are either deposited
from the acid or removed by distillation except arsenic. Arsenic-free sulphuric
acid is prepared from arsenic-free (Louisiana) sulphur and usually by the contact-
process.
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Contact Process.—As already noted, sulphur dioxide unites directly with
oxygen to form sulphur trioxide through the catalytic action of platinized asbes-
tos or other suitable contact substances when heated. This reaction is the basis
of the *contact” process as carried out on an immense scale industrially. The
successive operations involved are (1) the preparation of a mixture of sulphur
dioxide and air (O); (2) the purification of this mixture; (3) the formation of
sulphur trioxide; (4) the absorption of SO, in sulphuric acidd and water. The
sulphur dioxide, prepared by roasting pyrites or burning sulphur, is mixed with
air in the proportion to secure 2 volumes of SO, to 3 volumes of O (15 vols. of
air). This roast gas mixture is freed from dust, selenium, antimony, and
arsenic_vapors (which tend to destroy the catalytic properties of the contact
mass of platinum) either by means of a jet of steam or by partially cooling and
ﬁltcrinﬁ through asbestos wool. The dried vapors are then passed upwards
through vertical wrought-iron tubes kept at about 400°, which contain either plati-
nized asbestos, platinized magnesium sulghate alone, or mixed with metallic oxides,*
supported upon perforated diaphragms. Or according to the Schroeder process,
magnesium sulphate moistened with platinic chloride, and heated in the presence
of SO,, serves as the contact mass. The mixed gases, heated to about 350°, pass
through this. Through contact, sulphur trioxide is formed, which is passed into
concentrated sulphuric acid (98 to 98.5 per cent.) for absorption, water being
added from time to time to keep the concentration of the acid down to this point.
The commercial “oleum” made by saturating concentrated sulphuric acid with
SO, is generally made to contain 20 per cent. of SO, as this remains fluid at
winter temperature. An oleum containing 63: per cent. SO, is also supplied.
Foreign markets supply oleums of 20, 30, 60, 75 and 100 per cent. SO,. The
stronger oleums are solid at ordinary temperature.

Physical Properties—When pure, sulphuric acid is a colorless,
oily, inodorous, corrosive liquid of the specific gravity of 1.828 (25°)
when of 93 per cent. strength, and of the specific gravity of 1.837 (25°)
when of 98 per cent. strength. The acid prepared by the “contact”
process is not distilled and is purer than the lead-chamber acid; its
specific gravity ranges from 1.85 to 1.90. When the concentrated acid is
sufficiently cooled, crystals of anhydrous acid separate, which fuse at
10.5°. When heated, the anhydrous acid begins to fume at 40°, SO,
escaping; this continues until the temperature reaches 338°, when an
acid of 98.5 per cent. distils over unchanged.

Chemical Properties.—Sulphuric acid has a strong affinity for water,
hence is employed for drying gases and in desiccators. When mixed
with water great heat is developed. In diluting, the acid should al-
ways be poured into the water slowly and with constant stirring;
when the reverse is attempted the acid is liable to be thrown out by
the violent ebullition resulting from the sudden rise in temperature. The
mixing is accompanied by diminution of volume, the maximum contrac-
tion amounting to 8 per cent. when one molecule of the acid is mixed with

* The various metals which serve as catalytic contact agents when in a
finely subdivided state may be classed as follows:

1. Metals of the platinum group.

2. Highest oxides of Fe, Cr, Ni, Co, Mn, Ur, Cu, Mo, V, W.

3. Oxides of Al, Be, Ce, Di, La, Th, Ti, Si.

4. Mixtures of class 1 with one or more of 2 and 3.

5. Mixtures of classes 2 and 3. ) . .
Metals of classes 2, 3, and 5 are only efficient at high temperature (about 700°),

while 1 and 4 react at a lower temperature (200°).
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two of water, the hydrate H,SO, 4+ 2H,O being formed. On account of
this affinity for water, organic substances are rapidly decomposed, hydro-
gen and oxygen in the proportion to form water being removed, and
carbon, in many compounds, separating. An example of this occurs when
sulphuric acid is added to sugar. The concentrated acid does not so
readily attack metals as that which is more diluted. In some cases the
metal becomes coated with a layer of sulphate, which prevents further
action. This is notably the case with zinc and iron. Copper, mercury.
antimony, bismuth, lead, and silver are dissolved on heating with the
acid, a reduction of the latter taking place with an evolution of sul-’
phur dioxide at the same time. Gold, platinum, and some other
of the noble metals are not appreciably affected even by boiling
with the acid. When sulphuric acid vapors are passed over red-
hot porous bodies or heated to 450°, it is decomposed into SO,, H,O,
and O.

Lead-chamber sulphuric acid, when prepared without distillation,
is dark in color and contains chiefly lead, iron and copper sulphates, arsenic
and frequently oxides of nitrogen. Such an acid is employed in various
technical operations. Chemicals prepared by the use of this acid will
naturally contain some of the chief impurities of the sulphuric acid.
The standard commercial Concentrated Sulphuric Acid or “ Qil of
Vitriol ” contains about 93.2 per cent. of H,SO,.

There is a commercial concentrated acid of 98 per cent. strength
which is used in the manufacture of explosives and for special purposes.

The Chemically Pure (C.P.) concentrated acid contains from g5 to
g6 per cent. of H,SO,. The impurities present may be Fe, Cu, Pb, As,
NO,, but in very minute amounts. Acids containing more than 20 per cent.
of free SO, are stored in wrought-iron vessels, which better resist the
action of the acid; such acids contain less than 0.008 per cent. of iron.
Acidum Sulphuricum, U.S.P., which contains not less than 93 nor more
than g5 per cent. of H,SO,, and of gravity of about 1.83 (25°), is prac-
tically a chemically pure acid. Acidum Sulphuricum Dilutum, U.S.P,,
contains not less than 9.5 nor more than 10.5 per cent. of H,SO,.

Uses.—Sulphuric acid is consumed in all branches of chemical in-
dustry, among which are the manufacture of the inorganic acids, fertil-
izers, and parchment (by immersion of paper into a cold mixture of
sulphuric acid 2 p. and water 1 p., followed by washing). Owing to its
intense affinity for moisture, sulphuric acid is employed as a desiccant
in drying gases and in exsiccators for drying solids. The fuming
acid is employed in large quantities in the manufacture of the aniline
colors, synthetic medicinals, explosives, and in the refining of mineral
oils, etc.

Tests and Impurities.—Concentrated sulphuric acid when heated
with mercury or charcoal evolves fumes of sulphur dioxide. Sul-
phuric acid and sulphates in aqueous solution are detected by giving
a white precipitate with barium chloride, insoluble in hot concen-



233 CHEMISTRY OF THE NON-METALS.

trated acids; also by the white precipitate which they form with salts
of lead, insoluble in dilute acids, but soluble in hot concentrated acids.
Sulphates may also be detected by heating with powdered charcoal, which
removes the oxygen, and moistening the fused mass of alkali sulphide
on a silver coin with a drop of diluted hydrochloric acid, when a dark
stain of silver sulphide will be produced. This is known as the Hepar
reaction. '

The chief impurities in the “lead-chamber” acid are lead, iron,
copper, arsenic, selenium, and the oxides of nitrogen. For the detection
of these see U.S.P, The presence of organic matter is recognized by the
dark color it imparts to the acid.

Sulphates.—Sulphuric acid forms two series of salts, the neutral
or normal sulphates, in which both hydrogen atoms of the acid are re-
placed by a base, as Na,SO,, and the acid sulphates, in which only one
hydrogen atom is replaced by a base, as NaHSO,. Potassium acid sulphate
is employed in metallurgic fusions because when heated it yields sulphur
trioxide, 4KHSO, = 2K,SO, + 2SO, + 2H,0. Most sulphates are solu-
ble in water, the important exceptions being those of barium, strontium, cal-
cium, and lead. The sulphates of the alkalies, alkaline earths, and lead
are not affected by heat, magnesium sulphate is only partly decom-
posed, the other metallic sulphates are decomposed at high temperature,
generally yielding an oxide or the metal and sulphur dioxide.

CuSQO, = CuO + SO, + O.
HgSO, = Hg + SO, + O
2FeSO, = Fe0, + SO, + SO,

Sulphates of the formula Me,(SO,), yield SO,.
Fe,(SO,); = Fe0, + 3SO,.
When heated to redness with charcoal, the sulphates yield sulphides.

CaSO, + C, = CaS + 4CO.
Na,SO, + C, = Na,S + 4CO.

FUMING SULPHURIC ACID—PYROSULPHURIC ACID—DI-
SULPHURIC OR NORDHAUSEN SULPHURIC ACID,

H,SO, + SO,.

This is the oldest of sulphuric acids (the original oil of vitriol), and
was first manufactured in the vicinity of Nordhausen, Germany, but later
the industry was transferred to Bohemia.

The original operation was commenced by roasting pyrites, in which
ferrous sulphate and basic ferric sulphate, Fe,S,0,, were formed. On
lixiviating the mass a solution of the sulphates was obtained, which, on
evaporation and ignition, gave a residue of the basic sulphate. The
presence of the ferrous salt was avoided as far as possible on account of
the formation of sulphur dioxide (2FeSO, = Fe,O, 4+ SO, 4+ SO,). On
submitting the basic salt to distillation the following reaction takes place:

FezSzO. = Fe:O, + 250..
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The residue was called caput mortuum or colcothar, which was used
as a pigment and in polishing. This method of preparation of * oleum ”
has long since been displaced by the contact or catalytic process as out-
lined above. Fuming sulphuric acid or oleum is a thick, oily liquid, which
fumes strongly in the air.

Fuming Sulphuric Acid (H,SO,+ SO,), employed as U.S.P.
reagent, contains from 14 to 16 per cent. of free sulphur trioxide, corre-
sponding to 84.2 to 84.6 per cent. of total sulphuric anhydride with a
specific gravity of from 1.869 to 1.875 at 25° C.

SULPHUR HEPTOXIDE, S,0O,
PERSULPHURIC ANHYDRIDE
This is the highest oxide of sulphur and is obtained by the silent discharge
of high tension on a mixture of sulphur dioxide and oxygen (4SO, + 30, =
25,05. The compound, which forms oily drops, is quite unstable. When added
to water, sulphuric acid and oxygen are produced; if added to dilute sulphuric
acid, persulphuric acid results.

PERSULPHURIC ACID, H,S,0,.

This acid is known only in form of its salts.

. Potassium and ammonium persulphates may be prepared by electrolyzing
solutions of potassium or ammonium sulphates in 40 per cent. sulphuric acid.
Lead may be employed as the cathode and platinum as the anode. The HSO.
ions are discharged from the anode, these unite to form H,S,0,, which with the K
ions form the slightly soluble potassium salt.

The most striking property of the persulphates is their powerful oxidizing
action, whether used in neutral, acid, or alkaline solution. From chlorides
and iodides the halogen is liberated, while a neutral sulphate is formed; ferro-
cyanides are oxidized to ferricyanides, manganates in alkaline solution to perman-
ganates, and many of the metals are dissolved with the formation of sulphates.
Many organic substances are also oxidized by acid or alkaline persulphate solutions.
Indigo, litmus, and turmeric are easily bleached by it; permanganate solution is
not decolorized. Caro’s acid or sulpho-mono-peracid, H.SO,, is obtained by the
action of 100 per cent. hydrogen peroxide on sulphur trioxide, SO, + H,0, =
H,SO,. A solution of Caro’s acid in sulphuric acid may be prepared by mixing hy-
drogen peroxide with an excess of concentrated sulphuric acid.

THIOSULPHURIC ACID, H,S,0,. SO, <§)I-Iil
This acid is not known in the free state, but only in combination
with bases, of which sodium thiosulphate, Na,S,0,.5H,0, is the most
important. Upon attempting to liberate the acid it decomposes into sul-
phurous oxide and sulphur:

Na,5,0, + H,S0, = Na,SO, + H,S,0,.
H,S,0, = H,O + SO, + S.

The salt is improperly called hyposulphite of sodium, and conse-
quently the acid is also miscalled hyposulphurous acid, a name which
belongs to the compound H,S,0,. ,

Thiosulphates.—The sodium salt, which is the only one used, may
be prepared by boiling together sulphur and sodium sulphite:

Na,SO, + S = Na,5,0,

By boiling a concentrated solution of sodium hydroxide with sul-
phur, sodium thiosulphate and pentasulphide are formed.

6NaOH + 6S, = Na,S,0, + 2NaS. + 3H,0.
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It is also formed when sulphur dioxide is passed into a solution
of sodium sulphide (obtained by heating the sulphate with carbon),
the reaction taking place in two stages according to the following:

35S0, + 2Na,S = 2Na,SO, + 3S.
Na,SO, + S = Na,5,0,.

When sodium polysulphide (soda waste of alkali works), which
contains much calcium sulphide, is exposed to the air, it absorbs oxy-
gen and is converted into a thiosulphate:

2CaS + 20, + H,O0 = (CaS,0, + Ca(OH),.

In case the calcium salt is formed it may be converted into the
sodium salt by the addition of sodium carbonate. The lime used
in purifying illuminating gas, and known as gas lime, contains calcium
pentasulphide and thiosulphate. This is exposed to the air, whereby
the sulphide is converted into thiosulphate, the mass is lixiviated
with water, and the solution, by interaction with sodium carbonate,
gives calcium carbonate and sodium thiosulphate, as follows:

CaS,0, + Na,CO, = CaCO, + Na,5,0,.

This and the waste lime and alkali sulphides from the manufac-
ture of sodium carbonate are the sources of the commercial salt.

Properties.—Sodii Thiosulphas, U.S.P., Na,S,O, 4+ 5H,0, occurs
in large, colorless, transparent, monoclinic prisms or plates, efflorescent

_in dry air, odorless, having a cooling, somewhat bitter, and sulphur-
ous taste.

The aqueous solution dissolves the halogen salts of silver.

AgCl  + IgaiS,O. = NaAgS,0, + NaC.
Silver um Sodium-gilver
Chloride. Thiosulphate. Thiosulphate.

This reaction takes place in “ fixing ” dry photographic plates after
development.
Solutions of iodine are discolored by this salt according to the fol-
lowing equation:
I, + 2Na,S,0, = 2Nal + Na,S,0,.
Sodium
Tetrathionate.
Sodium Thiosulphate, V.S. (U.S.P.), is employed in volumetric
analysis in the determination of halogens, bichromates, arsenates, and
ferric salts.

Upon adding an acid to the aqueous solution of a thiosulphate,
sulphur dioxide escapes (recognized by its odor, and blackening paper
moistened with mercurous nitrate, T.S.), and a white precipitate of
sulphur forms (distinction from a sulphite).

POLYTHIONIC ACIDS
These acids, of minor importance, may be grouped under the 1 f
H,S,0,, in which » indicates the number of sulphur atoms as wel aseﬁzter?n’z#:
the names of the acids.



SELENIUM. 235

DITHIONIC OR HYPOSULPHURIC ACID, H,S,0,

Preparation.—~When sulphur dioxide is passed into iced water in which
manganese dioxide is suspended, the following reaction takes place: MnO, +
250, = MnS,0, On treatment with barium hydroxide, manganese oxide with
barium sulphate are precipitated, leaving barium dithionate in solution. This upon
tre_‘aitment with dilute sulphuric acid yields barium sulphate and free dithionic
acid.

Dithionic acid is only known in aqueous solution; upon concentrating.
it is decomposed into sulphuric acid and sulphuric dioxide.

The dithionates do not precipitate sulphur on the addition of hydrochloric
acid and heating; this distinguishes them from the thiosulphates.

TRITHIONIC ACID, H,S,0,

Pr tion.—When sublimed sulphur and a strong solution of acid potas-
sium sulphite are digested at a temperature of from 50° to 60°, the potassium
salt of trithionic acid is formed, as follows: 6KHSO, + S, = 2K,S,0, +
K,S,0, + 3H,0.

When a concentrated solution of potassium thiosulphate is saturated with
il_nlghur dioxide, potassium trithionate is formed: 2K,S,0, + 35S0, = 2K,S,0,

When the potassium salt is treated with hydrofluosilicic acid the free acid
is produced: K,S,0, + SiF.2HF = H,S,0, + SiF.2KF.

This diluted acid allows of only moderate concentration in a vacuum, for it
readily decomposes into -sulphur, sulphur dioxide, and sulphuric acid.

TETRATHIONIC ACID, H,S,0,

tion.—The sodium salt of this acid is formed when 10dine 18 added
ul)\I aIn aqueous solution of sodium thiosulphate: 2Na,S,0, + I, = Na,S,0, +
2Nal.

The free acid may be prepared by carefully decomposing barium tetra-
thionate with diluted sulphuric acid. The diluted acid may be boiled, but
on concentrating decomposition takes place, as follows: H,S,0, = H,SO,
SO, + S,

PENTATHIONIC ACID, H,S,0,

When hydrogen sulphide is passed into a solution of sulphur dioxide,
pentathionic acid results, with separation of sulphur: sH,S + 550, = H,S,0,
+ 4H,0 + 5S. The solution is milky, and is best cleared by digesting with
metallic copper. Any copper which is dissolved is precxﬁitated by hydrogen

sulphide. n heated, the acid decomposes: H,S,0, = H,SO, + SO, + 3S.
SELENIUM
Symbol, Se. Atomic Weight, 79.2. Valence, 11, IV, VI

History.—Selenium was discovered in 1817 by Berzelius, in the
deposits from sulphuric acid chambers, and named from oedyvy, the
moon, because of its similarity to tellurium (reddvs, earth).

Occurrence.—It is widely distributed in small quantities associated
with sulphur, in the native sulphides of iron, copper, silver, etc., more
rarely in selenides.

Isolation.—This element is most conveniently prepared from lead-chamber
deposits where pyrites are roasted for the production of sulphur dioxide. The
crude material is mixed with sufficient sulphuric acid to make a paste, heated
to the boiling point, and treated with nitric acid from time to time, until no more
red fumes are given off. The solution, which now contains selenous and selenic
acids, is diluted with water, filtered, hydrochloric acid added, then concentrated,
whereby the selenic acid is reauced to selenous acid (H,SeO, + 2HC1=H,Se0, +
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H,0 + Cl,). This solution is then saturated with sulphur dioxide, when selenium
separates as a red powder:
H,SeO, + 35S0, + 2H,0 = 3H,SO, + Se.

Selenium may also be prepared by digesting the lead-chamber deposit on a
water-bath with a concentrated solution of potassium cyanide:

KCN + Se = KSeCN.

From this solution of potassium selenocyanide the selenium is deposited,
in red flakes, on the addition of hydrochloric acid, which change to a black mass
upon heating the solution.

Properties.—Like sulphur, selenium exists in different allotropic
modifications.

The amorphous selenium, obtained by reduction of the dioxide by
means of sulphur dioxide, forms a reddish-brown powder soluble in
carbon disulphide, which changes at 100° to dark-gray crystalline selenium.

The red crystalline variety is deposited in monoclinic crystals from
the solution of the amorphous variety in carbon disulphide. It fuses
at 170 to 180°.

The gray, metallic-like crystalline variety is obtained by fusing the
amorphous selenium and slowly cooling. It is insoluble in carbon disul-
phide, has a gravity of 4.8, fuses at 217°, and boils at 69g0°. Amorphous
selenium is a poor heat and electric conductor, while the crystalline vari-
ety is a good conductor, the conductivity increasing when exposed to
light. It is thus possible to make and break an electric circuit by
means of a beam of light. Based on the use of an arc light influenced
by sounds, a wireless telephone has been invented. Photographic trans-
mission may also be sent over long distances through the use of selenium.
This element is also used for producing a red color on porcelain and

lass. .
g When heated in the air, selenium burns with a bright blue flame,
yielding selenium dioxide, SeO,, which condenses to needle-like crys-
tals. The vapor has a disagreeable odor, due possibly to the presence of
another compound, since pure SeQ, is inodorous. Selenium dissolves in
strong sulphuric acid with a green color, forming the dioxide:

Se + 2H,SO, = 280, + SeO, + 2H,0.

Dissolved in water, SeO, forms selenous acid, H,SeO,. This, like the
anhydride (SeQ,), is very easily reduced (the former by simple contact
with dust) to the red amorphous selenium. Acid and neutral selenites are
known. Through the oxidation of selenous acid or selenites, selenic
acid, H,SeO,, is obtained. This combines with water to form crystals
(H,SeO, + H,0) which fuse at 25°. The anhydrous acid is crystalline
and fuses at 58°. Selenic acid (95 per cent.) resembles sulphuric acid in
its general properties; it is a powerful oxidizing agent and dissolves gold,
being reduced to selenous acid at the same time.

Like sulphur, selenium combines with metals, forming selenides,
which, with acids, yield hydrogen selenide, SeH,, a colorless, poisonous,
and disagreeable-smelling gas, which precipitates the heavy metals from
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their solutions as selenides. Selenium monochloride, Se,Cl,, a brown oily
liquid, selenium tetrachloride, SeCl,, a yellow solid mass, and selenium
oxychloride, SeOCl,, are known, with corresponding bromides and
iodides.

The compounds of selenium are best detected by the red precipi-
tate of the element which occurs on the addition of sulphurous acid or
sulphur dioxide to their solutions. Selenous acid is used by the U.S.P.
as a test for morphine.

TELLURIUM
Symbol, Te. Atomic Weight, 127.5. Valence, 11.

History.—Tellurium was discovered in 1782 by Miiller von Reichen-
stein, and more fully investigated by Klaproth and Berzelius. It was
named tellurium by Klaproth, from reidvz, the earth.

Occurrence.—This element occurs sparingly in the free state, and
as tellurides of gold, silver, lead, bismuth, and mercury in California,
Colorado, Transylvania, Brazd and Hungary.

Propertles .—Tellurium separates as an amorphous black powder upon
treating solutions of tellurous acid with sulphur dioxide. When fused,
it forms a silver-white crystalline mass of a brittle texture, and has a
specific gravity of 6.7. It melts at 450°, and boils below 1390°, yieldirg
yellow vapors. It is insoluble in carbon disulphide, but dissolves in con-
centrated sulphuric acid, imparting a deep-red color to the solution, from
which it is precipitated on the addition of water.

On heating in the air, it burns with a blue flame, yielding white
fumes of tellurium dioxide, TeO,, which may be obtained in small octa-
hedra. Tellurous acid, H,TeO,, is obtained by oxidizing tellurium with
nitric acid and pouring into water. The resulting white precipitate de-
composes, when heated, into the dioxide and water. Neutral and acid
tellurates are known. Telluric acid, H,TeO,, obtained by oxidation of
tellurous acid or the dioxide, thh nitric or chromic acid, forms a crystalline
hydrate, which on heating to 160° yields the yellow trioxide, TeO,, which
on further heating decomposes into the dioxide and oxygen. These two
acids act as weak bases, forming salts with strong acids. Tellurides,
Me"Te, are known, which with acids yield hydrogen telluride, H,Te, a
colorless, poisonous gas of offensive odor.

Tellurium compounds are recognized by fusing with potassium car-
bonate, by which potassium telluride is formed, which dissolves in
water with a red color, and, on the addition of hydrochloric acid, yields
the disagreeably smelling compound, hydrogen telluride (H,Te). When
fused with potassium cyanide, tellurium yields K,Te, potassium telluride,
which decomposes in the air with separation of tellurium,



CHAPTER V

THE NITROGEN GROUP

The members of this group, consisting of N, P, As, Sb, and Bi,* present
similar graded differences in their physical and chemical properties as shown
in the halogen and oxygen groups. The members of group V are usually
triads and pentads. It will be noted that the hydrides are all gases, and decrease
in their basicity, as well as their stability towards heat, from nitrogen to anti-
mony. The oxides show a similar gradation with increase in atomic weight;
thus the oxides which possess strongly acid properties, as those of N and P,
acquire a more basic nature as we pass to the oxides of As, Sb, and Bi. Based
on the regular variations in their chemical properties, the non-metallic char-
acters gradually give way to the metallic with increase in atomic weight. In
connection with nitrogen, the inert atmospheric gases will be taken up.

N P As Sb
Atomic Weights ..... . 14.01 31.04 74 96 120.2
Specific Gravity ...... o. g67(a|r =1)1.83 < 6.7
Hydrides ............ NH, PH, AsH. SbH,
Oxides ......... N,O
N O
N. an P,O.( P.Oc) AS:O. SbaOl
NO, P.O. Sb,O,
N 300 PaOn AS:O: SbiOl
Acids. “ous” ........ HNO, H,PO, (HsAsO,)t  HiSbOs
meta “  ........ ’ H,PO, hypo. (HAsO.)% HSbHO,
ortho “ic”.......... HNO, H,PO, HAsO. H,SbO,
meta  “ L......ee. HPO, HAsO, HSbO,
pyro e . H.P,0O: H(As,O, H.Sb,Or
NITROGEN
Symbol, N. Atomic Weight, 14.01. Valence, 111 and V.

Number of atoms in malecule, ; weight of one liter, 1.2507 (0° and 760 mm.);
critical temperature, —146° ; critical pre::ure, 35 atm.; boiling-point, ~195.7°.

History.—Dr. Rutherford (Edinburgh) is usually credited with the
discovery of nitrogen, since he was the first to publish, in 1772, the
observation that after absorbing the carbon dioxide produced by respira-
tion in an enclosed volume of air, the remaining gas would support
neither combustion nor respiration. Priestley found that one-fifth
of a measured volume of air was converted into “fixed air” (CO,)
by means of glowing charcoal, the remaining gas (N) being called
“ phlogisticated air.” Scheele showed (1777) that air consisted of a
mixture of two gases. Lavoisier was the first to recognize the true
nature of air, showing that the one gas supported respiration and com-
bustion and that the other was inert. He suggested the name aczofe
(Az), now accepted by the French. which means not supporting life,

* Because the physical and chemical properties of bismuth are those of a metal,
it is considered under the metals.

t Known only in solution.

1 Known only in salts.
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while the name nitrogen was proposed by Chaptal, from wrpov, nitre,
and yewaw, 1 produce, since it was found to be a constituent of saltpetre.

Occurrence.—In the free state nitrogen constitutes about four-fifths
of the atmosphere. In combination with sodium and oxygen, it occurs
in enormous quantities as Chili saltpetre. With hydrogen, nitrogen
is combined as gaseous ammonia, which is produced in the distilla-
tion of coal. Animal and vegetable substances always contain nitro-
gen, which is given off as ammonia when they decay.

Isolation.—Nitrogen may be grepared by removing the oxygen from the
air. Until 1894 the nitrogen thus prepared was considered pure, when
Ramsey and Rayleigh demonstrated the presence of about one per cent. of
argon. Other elementary gases have since been discovered in minute amounts
in the atmosphere. The isolation of nitrogen may be accomplished in several ways:

(1) By burning phosphorus in a confined space of air. The phosphorus com-
bines with the oxygen, forming phosphorus pentoxide (P,0,), which dissolves
in water, forming phosphoric acid, while nitrogen remains.

(2) Passing air over red-hot copper filings. The copper unites with the oxygen
to form copper oxide, while the nitrogen remains.

(3) By shaking air in a vessel with a solution of pyro‘q]allol and sodwm hydrox-
ide in water, or a solution of cuprous chloride in hydrochloric acid, the oxygen is
dissolved, leaving the nitrogen.

(4) By the fractional distillation of liquid air; the nitrogen, boiling at —195.7°.
distils over, leaving practically pure oxygen (boiling at —1829°).

Chemically, nitrogen may be prepared: .

(1) By heating ammonium nitrite, or boiling concentrated solutions of sodium
nitrite (1 part) and ammonium sulphate (1 to 2 parts). Passing the gas through
dilute sulphuric acid, which retains any ammonia carried over.

NHNO, = N, + 2H,0.
(NH,),SO, + 2NaNO, = NaSO, + 4H,0 + 2N,
(2) By heating ammonium dichromate or a mixture of potassium dichromate
and ammonium chloride:

K,Cr,O, + 2NHCl = Cr,0, + 2KCI + 4H, 0 + N,

Physical Properties.—Nitrogen is a colorless, tasteless, and inodor-
ous gas. Its density is 0.96737 (air = 1.000) ; that of atmospheric nitro-
gen (including argon) is 0.97209. The density of N compared to H =1
is 13.93. One liter of N weighs 1.2507 gram, while one liter of at-
mospheric N weighs 1.25718 gm., at 0° and 760 mm. This difference in
density caused Rayleigh in 1893 to suspect the presence of an unknown
gas (argon).

Under a pressure of 35 atmospheres and a temperature of —146°
nitrogen liquefies. In this liquid state it has a specific gravity of 0.804
(water = 1), boils at —195.7°, and solidifies at —214°. One liter of
water at 20° dissolves 2.35 mils (0.00293 gm.) of nitrogen.

Chemical Properties—Nitrogen is neither combustible nor a sup-
porter of combustion. In the free state it is remarkably inactive
toward all other elements; but its compounds, which are almost al-
ways formed by indirect means, are in nearly all cases very active;
many of them, the alkaloids and cyanides, for example, being espe-
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cially active physiologically. At red heat, mitrogen torms nitrides
with Li, B, Si, Ba, Sr, Ca, Mg (Mg;N,), Cr, and certain rare elements.
Under the influence of the induction-spark, nitrogen unites with oxygen
to form nitrogen peroxide, with hydrogen to form ammonia. In moist
air, electric discharges produce ammonium nitrite and nitrate. Nitrogen
combines with certain metallic carbides, yielding cyanamides, which are
useful in the manufacture of cyanids and fertilizers. Nitrogen is absorbed
by certain leguminous micro6rganisms.

Uses.—Nitrogen is useful in carrying out such chemical opera-
tions as require the exclusion of oxygen. Industrially in the manu-
facture of calcium cyanamide, ammonia, and nitric acid.

Utilization of Atmospheric Nitrogen—This has been one of the most
important problems confronting the industrial chemist, nwing to the rapid
depletion of the Chilean nitre fields and the enormous demand for artificial
nitrogenous fertilizers in agriculture and nitrates and ammonium salts in chemical
industry. Plant life does not absorb nitrogen from the atmosphere direct nor
from the ammoniacal compounds present in the soil. This s accomplished
indirectly by the plant through the presence of certain varieties of bacteria
present in the soil and accumulations of these (as nodules) upon the roots
of plants. The functions of these organisms are to fix atmospheric nitrogen,
to transform nitrogenous organic albuminoids into ammonium compounds,
nitrites, and nitrates, which are then readily assimilated. Cultures of these
bacteria have been prepared and marketed ready for inoculating exhausted
soil. Industrially, various processes have been devised for the preparation
of nitrates (see page 255) and ammonia (see page 246). One important dis-
covery in this line deserves mention because of its use as a fertilizer and in a
process for the preparation of ammonia and cyanides. It has been found that
calcium carbide (page 383), when heated to about 2000° in an electric furnace,
absorbs atmosphenc nitrogen from a current of air yielding calcium cyanamide
(nitro-lime), (CaC, + N,=NC.NCa + C). This contains about 20 per cent.
of N, and when mixed ‘with soil, the soil bacteria decompose it into ammonia
and alcmm carbonate. Calcium cyanam.lde when fused with caustic alkalies yields
their Cyamdes. nt may also be decomposed with steam with liberation of ammonia,
thus—CaCN, + 8 CaCO, + 2NH..

THE ATMOSPHERE

History.—The air was regarded as an element till the latter part
of the eighteenth century. The discovery of oxygen by Priestley (1774),
following the observation of Rutherford on the presence of nitrogen,
led Lavoisier to demonstrate the compound nature of the atmosphere.
In 1781 Cavendish proved that air consisted of a mixture of oxygen and
nitrogen in constant proportions.

Before Lavoisier’s time, all combustible or oxidizable substances were
assumed to contain an inflammable principle called phlogiston. Also,
all metals when heated gave up phlogiston and were converted into
metallic calxes (oxides), and these, when heated with substances rich
in phlogiston (as carbon or hydrogen), were regenerated into their
metals. According to this theory, there was no occasion to consider
the air as being concerned in the process of combustion, hence no
one doubted its assumed elementary nature. But as soon as it was
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proven that combustion and ignition withdrew something from the
air, the substance increasing thereby in weight instead of giving off
phlogiston, as was formerly assumed, the phlogistic theory became unten-
able. In the discovery of oxygen, Lavoisier at once recognized that this
gas was the necessary principle of combustion and oxidation. Further,
he proved the non-elementary nature of the air and that it contained
another gas in addition to oxygen, which did not support combustion—
namely, nitrogen.

Distribution.—Air is distributed over the surface of the earth and
to an unknown height above it. It is estimated to extend to a height
of from 58 to 70 km. On account of its being an elastic body, it will
be denser at the sea-level, and at a height of 70 km. a gas of extreme
tenuity. At a height of 14 km. the atmospheric pressure is not over 110
mm. and the temperature about —53°.

The temperature of space beyond our atmosphere is estimated to
be below —100°.

Properties—Pure dry air is 14.39 times heavier than hydrogen
and 773.22 times lighter than water; one liter at 0° and 760 millimeters
pressure weighs 1.2934 gm. The pressure of the atmosphere at the
sea-level is very nearly fifteen pounds on every square inch of surface,
equal to a column of mercury at 0°, 760 millimeters in height. Since 1 mil
of mercury weighs 13.6 gm., the atmospheric pressure on each square
centimeter of surface would be 1033.5 gm. This pressure rapidly dimin-
ishes as we ascend from the sea-level. The critical temperature cf air is
—140° and the critical pressure 39 atmospheres. When liquid air is evapo-
rated at about —192° the nitrogen, which boils at —195.7°, passes off,
leaving oxygen behind. »

Composition.—The quantitative composition of pure atmospheric
air is practically constant, irrespective of locality 2nd elevation. Ac-
cording to locality, there are always present variable quantities of
water vapor, carbon dioxide, ozone, traces of ammonia, nitrous, nitric,
and sulphurous acids, and particles of floating matter—as dust
and microdrganisms—which are found more abundantly in densely

populated districts. The average composition of pure dry air is
as follows:

Nitrogen ....... eeeas 78.06 p. by volume......... 75.5 p. by weight.
Oxygen .............. 21.00 p. by volume......... 23.2 p. by weight.
Argon .........c..... 0.94 p. by volume......... 1.3 p. by weight.

Helium, Neon, Krypton, Xenon, and Hydrogen, traces.

The nitrogen, because of its inert character, serves as a diluent for
the active life-sustaining oxygen. The oxygen supports life, com-
bustion, and oxidation, and although it is constantly diminishing in
consequence, yet its proportion in the air remains quite constant.
This is due to the absorption of its combustion-product, carbon dioxide,
by the leaves of plants, which in turn liberate pure oxygen. The pro-
portion of carbon dioxide is variable, since it is a product of com-

16
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bustion, respiration, fermentation, and decay. In cities it is found
often as high as o.11 per cent. In the air it averages 0.04 volume per
cent.; in rooms it should not rise over 0.1 volume per cent. The amount
of aqueous vapor is still more variable, and is affected by local causes,
as temperature and altitude.

The Air a Mechanical Mixture.—~The following are some of the characters
which prove it to be a mixture:

(xf The physical and chemical properties of a mixture of seventy-nine volumes
of nitrogen and twenty-one volumes of oxygen are exactly the same as air. When
the two gases are mixed there is no evidence of chemical action.

(2) The proportion in which the two eléments exist in air bears no relation
to their atomic weights or multiples thereof.

(3) When air is drawn through a thin layer of caoutchouc or any porous
medium which permits diffusion, the nitrogen passes through more rapidly
than the oxygen. If air were a chemical compound this would not take place.

(4) On agitating air with water until the lattet is saturated, the composition
of the dissolved gas is found to be 35 volumes of oxygen to 65 volumes of nitro-
gen on account of the solubility of oxygen in water being greater than that
of nitrogen.

(5) The oxygen may be removed by solvents (alkaline solution of pyrogallol)
or deoxidizing agents, as phosphorus, leaving the nitrogen.

nalysis.—Moisture is determined by passing known quantities of air
over calcium chloride and noting the increase in weight of the latter. Carbon
dioxide is determined in the same manner, using potassium hydroxide. Oxygen
is determined by taking a definite volume of pure dry air in a eudiometer tube
over mercury and introducing a piece of phosphorus or an alkaline solution
of pyrogallol for its absorption, or by adding a measured volume of pure hydro-
gen, and exploding the mixture by means of an electric spark. In the latter
instance, after cooling there will be a contraction equal to the volume of
hydrogen and oxygen which have combined, the resulting volume of water
being so small as to be disregarded unless great accuracy is desired. Nitrogen
may be removed from air by passing it over red-hot metallic magnesium,
whereby magnesium nitride is formed (Mg,N,).

LIQUID AIR

In order to liquefy a gas it is cooled to a temperature below its critical point and
subjected to pressure. Since the boiling-points of some gases are very low, they are
subjected to pressure, which raises their boiling-points. It therefore follows that if
a gas be compressed it requires less cooling to liquefy it, since the boiling-point
of the resulting liquid is higher. Gases are then liquefied by means of pres-
sure while cooling below their critical temperatures. Formerly a gas to be
liquefied was cooled by the rapid evaporation, under reduced pressure, of an-
other liquefied gas. This newly liquefied gas was then employed in the same
manner for cooling and condensing a third gas of still lower boiling-point.
Modern liquefaction, as carried out in the Linde machine, is based on the
cooling produced by the expansion of a compressed gas. That is, a gas
under pressure is passed through a small orifice and in escaping and expanding
produces a lowering in temperature proportional to the difference between
the pressures inside and outside the orifice. Linde utilized the cold produced
through the expansion of each portion of compressed gas to cool the next
portion to be expanded, continuing this process until liquefaction ensued.

Liquefied air and gases are collected and preserved in the Dewar vacuum
flasks. These are double-walled glass or metal vessels, the space between the
walls being completely evacuated of air. Very little heat is radiated through
this vacuum, hence liquefied gases may be preserved for a considerable time.
A modern utilization of this principle is embodied in the “thermos” flasks.
Ziquid air is more or less turbid from the presence of solid particles of
carbon dioxide; after filtration it forms a clear mobile liquid of bluish tint,
boiling at —192°. the boiling-point gradually rising to about —182° as the nitro-
gen evaporates. - Since nitrogen boils about 10° lower than oxygen, this gas passes
off rapidly, leaving a blue liquid of pure oxygen.
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The chief commercial use of liquid air is the production of pure oxygen for
inhalation. Rubber, eggs, meat, flowers, etc., become brittle and pulverizagle when
immersed in liquid air. When applied to the skin with cotton, local insensi-
bility results, thereby enabling minor surgical operations to be carried out
without pain.

Liquid air can be kept only in Dewar vacuum flasks; steel cylinders would
be unable to resist the pressure, since above —140°, its critical temperature,
liquid air is a gas.

With the aid of liquid air boiling ##n vacuo and compression, hydrogen was
liquefied at —205° and 180 atmospheres. In the same manner, using liquid hydrogen
as cooling medium, helium, the most refractory of all gases, was liquefied. Liquid
air has greatly aided the discovery and study of the other rarer gases of the
atmosphere.

THE ARGON GROUP
ARGON-HELIUM-NEON-KRYPTON, XENON, NITON

This remarkable group of inert gases, with the exception of helium,
was unknown previous to 1892. Rayleigh (1894) found that one liter
of nitrogen prepared from the air weighed 1.2572 gm., and one liter
of nitrogen from its oxides weighed 1.2507 gm. In studying the cause
of this difference in conjunction with Ramsay, they discovered the
presence of another gas, which they named argon. In 1895 Ramsay,
which searching for other sources of argon, discovered the elementary
gas helium, which had already been identified (1868) in the solar spec-
trum. In their endeavor to classify these elements in the periodic
system, the discoverers concluded that there must be other still undis-
covered elements which would aid in filling the gaps. By the frac-
tional evaporation of liquefied air and argon, neon, krypton, and xenon
were isolated and identified as elementary gases. All of these gases
are colorless, odorless, tasteless, and chemically inert; do not combine
with any other element; their molecules are monatomic; they give
characteristic spectra and show general similarities with gradations
in physical characters, as may be noted in other groups of elements
in the periodic system.

PHYSICAL CONSTANTS

He Ne | A Kr | Xe Nt.

Density (0=16) ........ 1.99 10.10 1.5
Weight of 1 literingm...| o0.178 0.900 1.782] 3.708 5.851 9.97
Atomicwt.(molecular wt.) 3.99 20.2 39.88 | 82.92 | 130.22 | 222.4

Critical temp. (absolute).| 5.2 60.0° 150.6° | 210.5° | 289.6° 377.5°
Critical pressure (atm.). . 2.75 29. 479 .
Boiling-point ........... —269° |[—248 |- 186.9° |—151° |—109° |—62°

19.95 41.50 65.35 III.

Argon (dprév = inert). Symbol, A ; atomic weight, 39.88; molecular
weight, 30.88. Air is passed over potassium hydroxide and through sul-
phuric acid to remove the carbonic acid and moisture, then over a heated
mixture of magnesium 3 p., sodium !4 p., and freshly-ignited lime 5 p.
At high temperature calcium is formed which absorbs the oxygen and
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nitrogen. Calcium carbide absorbs at 800° both oxygen and nitrogen
from air: 2CaC, 4+ O, = 2Ca0 + 2C,; CaC, + N, =CaCN, + C. This
atmospheric argon still contains about 0.25 per cent. of other inert gases of
this group. These may be removed by fractional distillation of the
liquefied gas. One liter of argon weighs 1.786 gm.; it is 19.95 times
heavier than H, and boils at —186.9°. The air contains 0.935 per cent.
by volume of argon.

Helium (jAws = sun). Symbol, He; atomic weight, 3.99; molec-
ular weight, 3.99. This gas was discovered spectroscopically in the solar
atmosphere as well as some stars by Norman Lockyer in 1867. Terres-
trial helium was discovered by Sir William Ramsay in 1894 while search-
ing for new sources of argon among such minerals as cleveite, monazite,
and uranite (containing salts of Ur, Ytt, Th). Helium is also a dis-
integration-product of radium and radio-active substances. One liter
wexghs 0.1785 gm. The liquefied gas boils at —268.7°. The atmosphere
contains about 4 p. of helium per million. This gas is used for filling
low temperature gas thermometers.

In seeking a position in the periodic system for argon and helium,
Ramsay concluded that there was a gap between these elements which
would accommodate an element of an atomic weight of two or three units
less than that of sodium. A vessel containing liquefied atmospheric argon
was allowed to boil off gradually and the fractions collected. The first
fraction consisted of a mixture of helium and a new gas of a density
of 10.1, which he named neon. The next gas to distil over was argon, °
which left a residue consisting of krypton of a density of 41.5 and xenon
of a density of 65.35. In repeating these fractionations, the gases were
separated and identified by their characteristic spectra. Helium and neon
are separated by cooling with liquid hydrogen, whereby neon congeals.

Neon (véos — new). Symbol, Ne; atomic weight, 20.2; molecular
weight, 20.2. This gas liquefies at about —243°. One part of neon is
present in 81,000 parts of air.

Krypton (xpvrros=— hidden). Symbol, Kr; atomic weight, 82.92;
molecular weight, 82.92. This element liquefies at —152°. Its spectrum
is found in the aurora borealis. One part of krypton is present in twenty
million parts of air.

Xenon (&évos = foreign). Symbol, Xe; atomic weight, 130.2; molec-
ular weight, 130.2. This gas liquefies at —109°. Is present 1 part in forty
million parts of air.

Niton. Symbol, Nt; atomic and molecular weights, 222.4. Niton is
probably present in all radium minerals, but, owing to radio-active changes,
only in minute amounts.

NITROGEN AND HYDROGEN
Among the simpler compounds of nitrogen and hydrogen are,

Ammonia, NH, Hydrazin, ll\'II,H..
Hydrazoic Acid, N,H.
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AMMONIA

H
Formula, NH. N{g Molecular Weight, 17.03.

History.—Ammonium chloride, or sal ammoniac, appears to have
been known from the earliest times, and the aqueous solution of the
gas was described by the alchemists under the name of “spirits of
hartshorn.” Priestley, in 1747, was the first to prepare gaseous am-
monia, by heating together sal ammoniac and lime, and collecting the
gas over mercury. He gave to this gas the name “alkaline air,” which
later became “volatile alkali.”

Occurrence and Formation.—Ammonia, in combination with car-
bonic, nitric, and nitrous acids, exists in the air in minute quantities,
being produced through electric discharges. Ammonia and its salts
are formed in the dry distillation of many organic substances as well
as the putrefaction of nitrogenous organic matter, such as faces, urine, etc.

Formerly horns, hoofs, urine, and other animal products were
distilled, and the ammonium carbonate thus produced neutralized with
hydrochloric acid, the product after sublimation being known as
sal ammoniac. Ammonium compounds occur in guano beds. Sal
ammoniac was first obtained from Igypt, where it was obtained as a
sublimate when burning dried camel’s dung as a fuel. At the present
time our supply is obtained from bituminous coal, which yields on distilla-
tion about 2 per cent. of ammonia. This occurs in the ammoniacal liquor
formed during the manufacture of coke and illuminating gas. In addi-
tion to free ammonia, there are present in this ammoniacal gas-liquor
the carbonate, sulphide, sulphate, and thiosulphate. The gas-liquor
is usually distilled with lime, by which the ammonia is liberated and
collected in a suitable receiver with some water. This distillate is neu-
tralized with hydrochloric or sulphuric acid, and the resulting am-
monium chloride or sulphate purified and used for preparing the other
ammonium salts.

Formation.—(1) Through the union of its elements by means of the silent
eicctric discharge.

(2) Magnesium nitride, prepared by passing N over red-hot Mg, reacts with
steam with liberation of ammonia:

(a) 3Mg, + 2N, = 2Mg,N,.
(b) MgN, + 3H, O = 3MgO + 2NH,
(4Zn + 9HNO, = 4Zn(NO,). + NH, + 3H,0.)
(3) Reduction of nitrates or nitrites by nascent hydrogen in alkaline solution:
NaNO, + 3H, = NaOH + H,0 + NX\H.
HNO, + 4H, = 3H,0 + NH,
8Al + sKOH + 3KNO, + 2H,0 = 8KAIO, + 3NH,.

Potassium .‘lummute
(4) Ammonia ‘fa.r can be prepared on a large scale by heating together cal-
cium hydroxide and ammonium sulphate or chloride:

(NH,),S0, + Ca(OH), = CaSO, + 2HN, + 2H,0.

(s) For laboratory purposcs it is preferable to heat the solution of ammonia
(28 per cent.).
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Industrial Preparation.—From atmospheric nitrogen:

(a) The Frank-Caro process decomposes calcium cyanamide (page
240) by means of superheated steam:

CaCN, + 3H,0 = CaCO, + 2NH,

(b) The Haber process consists essentially in passing hydrogen and
nitrogen gases in their combining proportions, heated to about 500° and at
a pressure of 150 atmospheres, over a ‘‘catalyzer” (iron containing
uranium). The ammonia produced is withdrawn by absorption or by
cooling to liquefaction.

The efficiency yield in the transformation of lime nitrogen into ammonia
gas is about 98 per cent., hence its successful utilization in the unlimited pro-
duction of ammonia, anhydrous ammonia, and its salts.

(c) From Gas-Liquor: Coal, which contains about 1 per cent. of nitro-
gen, yields ammonia when used in making illuminating gas or the prepara-
tion of metallurgic coke. The gas-liquor from the scrubbers of the
illuminating gas manufacture is distilled with caustic lime and the escaping
ammonia vapors absorbed in vessels containing sulphuric acid. The result-
ing ammonium sulphate cake may then be again heated with slaked
lime, whereby pure ammonia is liberated.

When required pure, the gas must be passed over calcium oxide (quicklime)
to remove the moisture, and collected over mercury. As ordinarily needed
it may be collected by “ upward displacement ”’; that is, by holding an inverted
vessel over the tube from which the gas is escaping, which gas, being lighter
than air, rises and fills the vessel.

Physical Properties—Ammonia is a colorless gas, of a pungent,
suffocating odor and a caustic taste. It has a density of 0.5963 (air
= 1); one liter weighs 0.7708 gram (0° and 760 mm.). The gas is
liquefied by passing into a tube cooled to —40° by means of a mixture
of ice and calcium chloride. It may also be liquefied by subjecting to a
pressure of from six to seven atmospheres at 10°. This liquid is color-
less and highly refractive, and may be solidified by cooling to —77°.
At —33.5° it boils, and in vaporizing absorbs large quantities of heat. On
account of this property it is used in ice machines and in the several vari-
eties of cooling apparatus employed in breweries.

Ammonia is very soluble in water, one volume of the latter absorb-
ing 1146 volumes (0.875 parts by weight) of the gas at 0°, and about
600 volumes at ordinary temperature, or one part by weight of water
dissolves about 0.526 part by weight of ammonia. Water saturated at 15°
contains 35 per cent. of ammonia and has a gravity of 0.881. Commer-
cially, the 28 and 10 per cent. solutions are used, owing to the loss of
ammonia gas and danger entailed in handling more concentrated solu-
tions. When heated, all of the NH, is liberated from such aqueous
solutions.

Chemical Properties.—Ammonia is not a combustible gas, although
if it be mixed with a small quantity of oxygen combustion readily takes
place on the application of a flame, with the formation of water, nitro-
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gen, and nitric acid. It is decomposed at red heat or by the electric
spark into nitrogen and hydrogen; when passed over heated sodium,
potassium, or magnesium, the nitrogen combines with the metal, form-
ing a nitride, and hydrogen escapes.

3Mg + 2NH, = MgN, + 3H,

When treated with an excess of chlorine or iodine, at first a salt of
ammonia is formed, which is in turn decomposed by the halogen, yielding
very explosive compounds, as nitrogen chloride (NCl,) or nitrogen iodide
(NHI, or NI,). Ammonia is alkaline to litmus paper, and combines
with acids, forming the well-known ammonium salts. The formula
NH, represents a hypothetical compound, ammonium, which has many
properties in common with those of sodium and potassium, and will be
treated of in connection with them (see page 361).

Uses.—Anhydrous liquid ammonia is prepared on a large scale
by drying the gas over calcium oxide and then liquefying in steel
cylinders under a pressure of 6.5 atmospheres at 10°. In this condi-
tion ammonia is used in refrigeration and ice machines, where it is
forced through a small opening with a coil of pipe from which the gas
is rapidly exhausted by a pump. The rapid expansion of the lique-
fied gas absorbs the heat, cooling the pipe below freezing point. The
gas is then compressed and liquefied again by passing through coils
cooled by cold water. It comes into commerce in large iron cylinders
strong enough to withstand the pressure necessary to keep it in the
liquid condition. At 0° liquid ammonia has a specific gravity of 0.623
and boils at —33.5°. Its critical temperature is 4 131°. The aqueous
solution of ammonia is used largely in medicine and in the manufacture
of pharmaceutical preparations.

Detection.—Ammonia and its solution are easily detected by the
odor; in small quantities by bringing over the suspected solution a
piece of moistened red litmus paper, which will be turned blue. Still
more delicate is the reaction with fumes of hydrochloric acid. A rod
moistened with the acid is brought into contact with some of the gas or
over some of the warmed ammonia solution, when immediately white fumes
of ammonium chloride will form. When combined with acids, ammonia
is detected by first liberating it from its combination by heating with an
alkali, as potassium or sodium hydroxide, and then applying one of the
above tests for the gas; or the solution is acidified with hydrochloric
acid and solution of platinic chloride added, when a yellow precipi-
tate of ammonium chloro-platinate, (NH,),PtCl,, will slowly sepa-
rate in minute crystals. Einbrodt’s reagent, consisting of a solution
of mercuric chloride to which a minute quantity of an alkaline car-
bonate has been added, will detect the merest trace of ammonia or
its compounds, if the latter are previously made alkaline, by forming
a white precipitate or cloudiness. Nessler’s reagent produces a brown
precipitate with ammonium compounds, or if in very dilute solution a
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brown or yellow color. This reagent is made by adding to a solution of
mercuric chloride a solution of potassium iodide until the precipitate
at first formed is nearly all redissolved. Solution of potassium hydrox-
ide is then added to strongly alkaline reaction and the liquid allowed
to settle until it becomes clear, when it is decanted from any sediment
(see U.S.P. Reagent, page 538).

Aqua Ammoniz, U.S.P.—The solution of ammonia is official in
two strengths, one aqua ammonia, containing not less than 9.5 nor more
than 10.5 per cent., by weight, of the gas, and the other, aqua ammonia
fortior, containing not less than 27 nor more than 29 per cent., by weight,
of the gas. That of about 10 per cent. strength has the specific gravity
of about 0.958 at 25°, and the stronger solution has the specific gravity
of about 0.897 at 25°. The commercial “ F.F.F.” or “20°” water of
ammonia contains about 14 per cent. of the gas.

Properties.—Solution of ammonia is a colorless, transparent liqu. '
with the pungent alkaline odor and taste of the gas. On the applica-
tion of heat the solution evolves ammonia gas at a temperature con-
siderably below the boiling point of water. The gas may also be
removed by passing air into the solution. In this case there is a great
absorption of heat by the escaping gas.

Spirit of Ammonia (U.S.P. Reagent) is an alcoholic solution of am-
monia containing about 10 per cent., by weight, of the gas. The gas is
prepared by heating the stronger aqueous solution, and passing this into
alcohol which has been distilled from sodium hydroxide. The specific
gravity of the alcoholic solution is about 0.808 at 25°.

DIAMIDE, OR HYDRAZINE, NH,— NH,

This compound of two unsaturated amidogen (NH,) groups or radicles is
prepared by interaction between sodium hy&ochlorite and ammonia whereby
chloramine is produced: NH, + NaOCl=NH,Cl 4+ NaOH. If this be distilled at
a low temperature in an atmosphere of ammonia, in vacuo, hydrazine hydro-
chloride forms, NH,Cl + NHy=NH, NH..HC]

Free hydrazine is obtained by distilling its hydrate or sulphate in a
current of hydrogen under reduced pressure with barium oxide:

N,H.H,0O + BaO = Ba(OH), + N,H,

Hydrazine is @ colorless liquid which boils at 113.5°, solidifies at 0°, and dis-
solves in water with formation of a hydrate, N,H,2H,O. After evaporation of
the water N,H,.H,O remains. Hydrazine is exceedingly alkaline and with acids
forms two classes of salts, N,H.HC! and N,H,2HCI. ¥t is not explosive and is
readily distinguished from ammonia by its reducing power.

H
HYDROXYLAMINE, NH,OH. NKH

\OH
This compound is prepared by the action of nascent hydrogen on nitrogen
dioxide, nitric acid, or some nitrates. Thus through the action of dilute nitric
acid on tin, the hydroxylamine being basic, combines with hydrochloric acid
and remains in solution (NH,OH.HCIl), while the tin of the stannous chloride
may be precipitated by means of hydrogen sulphide. On concentration of the
filtrate, hydroxylamine hydrochloride crystallizes. Hydroxylamine is usually pre-
pared by the electrolytic reduction of nitric acid in the presence of sulphuric acid.
Hydroxalmine forms colorless crystals which fuse at 30°, boil at 70° at 60 mm.
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pressure, and explode when heated to 90° under ordinary pressure. The hydro-
chloride which slowly decomposes on standing differs physically from ammonium
chloride in being soluble in alcohol; its aqueous solution as well as that of the base
is an active reducing agent, precipitating cuprous oxide from alkaline copper
solution, reducing mercuric chloride solution to calomel, silver nitrate to silver, etc.

N
HYDRAZOIC ACID, OR AZOIMID, N,H, or Iﬂ}>‘\IH

Discovered by Curtius in 18go. It may be prepared by pouring an ice-cold
solution of nitrous acid into the same of hydrazine.

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

Also by boiling an alcoholic solution of hydrazine hydrate with amyl nitrite and
sodium alcoholate and then distilling the sodium hydrazoid with diluted sul-
phuric acid, which yields a dilute solution of the gas.

NaNH, + N,0 = NaN, + H,0.

Azoimid is a colorless, poisonous, caustic, strongly acid liquid which boils
at 37° and possesses an intolerable odor. It, as well as its salts (excepting the
alkali salts), readily explodes with violence.

NITROGEN AND CHLORINE

The halogen compounds of nitrogen are all extremely unstable and vio-
lent explosives. They are obtained through the action of an excess of the
halogen upon ammonia or its derivatives.

NITROGEN CHLORIDE, NCj,

Preparation.—This is prepared by the action of an excess of chlorine upon
~ammonium chloride.

NH,Cl + 3Cl, = NCI, + 4HCL

. It is also formed when solution of ammonium chloride is submitted to the
electric current; the chlorine which forms at the positive pole acts on the
ammonium chloride.
Properties.—Nitrogen chloride is a yellow oil of the specific gravity 1.653.
It possesses a disagreeable, pungent odor, and the vapor which always escapes
on exposure to air attacks the eyes. It is one of the most violent explosives
known. The explosion takes place on the slightest provocation, as exposure to
direct sunlight or contact with many kinds of organic matter, as caoutchouc
or turpentine. Its solution in ether or benzene can be handled with little
danger. . Decomposition takes place rapidly in the presence of solvents and

sunlight.

l%itroayl Chloride, NOCI, is produced through the interaction of 2 vols.
of NO and 1 vol. of Cl; also in agua regia. It is most conveniently prepared by
heating nitrosulphonic acid with sodium chloride at 85°; NO.HSO, + g\IaCl =
NOCI + NaHSO,. Nitrosul&honic acid (lead chamber crystals) results through
interaction between SO, and HNO, or N,0, and sulphuric acid. Nitrosyl chloride
is a red gas, condensed to a red liquid which boils at -5.6°, by cooling. With
water it forms nitrous and hydrochloric acids, NO.Cl + H.OH=N0.0I'¥+ HCl

NITROGEN IODIDE

Several compounds of nitrogen, iodine, and hydrogen are known, the com-
position depending upon the conditions of the experiment. All of these com-
pounds are explosive. Nitrogen iodide usually represents a mixture of NI,,
NH,.N1,, 2NH,.NI,, etc.

Preparation.—Nitrogen di-iodide (NHI,) and tri-iodide (NI,) are obtained
by powdering a little iodine in a mortar and covering with solution of am-
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monia; after standing ten minutes the insoluble portion is collected on a
filter. If washed, nitrogen tri-iodide only remains.

Properues.—thle moist, nitrogen iodide is comparatively safe in small
quantities, but so soon as it becomes dry it explodes on the slightest touch.
Nitrogen iodide dissolves in dilute hydrochloric acid, decomposing into am-
monia and iodine monochloride, NH,I + HCl = NH, +'ICL.

Hydrogen sulphide and sulphurous acid convert it into ammonia and
hydrogen iodide.

NITROGEN AND OXYGEN

Nitrogen combines with oxygen in five different proportions, three of
which are acid anhydrides.

OXIDES ACIDS
Nitrogen Monoxide, N,O. Hyponitrous Acid, (HNO),.
Nitric Oxide, NO (N,0,).

Nitrogen Trioxide, N,O,. Nitrous Acid, HNO,.
Nitrogen Tetroxide, NO, (N,O,).
Nitrogen Pentoxide, N.O,. Nitric Acid, HNO,.

NITROUS OXIDE—HYPONITROUS OXIDE
NITROGEN MONOXIDE
N=N
Formula, N,O. N/ Molecular Weight, 44.02.
(0]

History.—Nitrogen monoxide, which is also known as nitrous oxide
and laughing gas, was discovered by Priestley in 1772.

Preparation.—The usual method of preparing the gas is by heating am-
monium nitrate to somewhat below 250 when it 1s decomposed into water and
nitrogen monoxide. Since the reaction becomes violent if the temperature is too
high, it is usually referred to heat a mixture of sodium nitrate and ammonium
sulphate to 230°, 2NaNO, + (NH,),SO, = Na,SO, + 2N,0 + 2H,0.

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

The most probable impurity in ammonium nitrate is ammonium chloride,
which would cause the presence of chlorine in the gas. It is, therefore, best
to pass the gas through three wash-bottles, one of ferrous sulphate solution,
to remove the other oxides of nitrogen formed through secondary decomposl-
tion, one of sodium hydroxide solution to remove chlorine, and, finally, one of
pure water.

Physical Properties.—Nitrogen monoxide is a colorless gas of a
faint, peculiar odor and a sweetish taste, with a specific gravity of
1.53 (air=1). It is about twenty-two times heavier than hydrogen.
One liter of nitrous oxide weighs 1.97 gm. (0° and 760 mm.). Under
ordinary atmospheric pressure it liquefies at —88°, and at —102° be-
comes solid. It may also be liquefied at 0° by a pressure of thirty
atmospheres. Liquid nitrogen monoxide is colorless and very mobile,
and has a specific gravity of 0.9367 at 0°; it boils under ordinary pressure
at —89.8°. This liquid when evaporated in vacuo produces a lowering
in temperature to —140°. A drop of the liquid, when brought in con-
tact with the skin, will cause a blister, and water poured on the liquid
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is immediately frozen, producing at the same time an explosive evolutlon
of the gas.

Chemical Properties.—Gaseous nitrogen monoxide supports the
combustion of many substances almost as actively as oxygen. Mixed
with hydrogen it explodes when ignited.

N,O + H, = N, + H,0.

Uses.—The gas is extensively used in inhalation in minor surgery
and dentistry, where a short an®sthesia is desired. For this purpose the
gas must be perfectly pure. When mixed with air or oxygen the gas
produces a condition of partial insensibility in which the patient often
becomes hysterical, laughing immoderately, hence the name laughing gas.

It is manufactured on a large scale, and pumped into strong steel
cylinders under a pressure of sixty-five atmospheres, and at a tem-
perature of 5° to 10°.

Test.—Hyponitrous oxide resembles oxygen in its various re-
actions, but does not redden nitrogen dioxide when mixed with it.
It is much more soluble in water than oxygen.

HYPONITROUS ACID
Formula, H,N,O,, or HO—N —= N—OH. Molecular Weight, 62.036.

This acid is known only in dilute solution or in combination with certain
bases. It is usually obtained by the reduction of nitric or nitrous acid or
their salts. When an aqueous solution of potassium nitrate is treated with
nascent hydrogen in form of sodium amalgam in the proportion of four atoms
of sodium to one molecule of the nitrate, potassium hyponitrite is formed:

2KNO, + 4H, = K)N,0, + 4H:0.

On carefully neutralizing with acetic acid, and adding_silver nitrate, a
yellow precipitate of silver hyponitrite, Ag,N.O,. separates. This upon treating
with hydrochloric acid in ether yields silver chloride and hyponitrous acid solution,
which upon evaporation deposits crystals of H,N,0,. Like all compounds of the
group N: N, they are explosive. All the salts are quite unstable. The aqueous
solution of this acid, which slowly decomposes into N,0 + H,O, liberates iodine
slowly from potassium iodide and decolorizes permanganate solutions undergoing

oxidation to nitric acid.
NITRIC OXIDE

Formula, NO, or — N = O. Molecular Weight, 30.01.

Preparation.—Nitric oxide is a product of the decomposition of nitric acid
or nitrates, and may be prepared as follows:

(1) Through the action of certain metals (Cu, Hg, Ag, etc.) upon diluted

nitric acid:
3Cu + 8HNO, = 3Cu(NO,), + 2NO + 4H,0.

Cu + 2HNO, = Cu(NO,), + H,
( 2HNO, + 3H, = 4H, 0 + 2NO )
(2) By the action of a ferrous salt upon nitric acid or a nitrate in the presence
of sulphuric or hydrochloric acid:
6FeSO, + 2KNO, + sH,SO, = 3Fe,(SO,), + 2KHSO, + 4H,0 4+ 2NO.
6FeCl, + 2KNO, + 8HCI = 6FeCl, + 2KCl + 4H,0 + 2NO.

The proportions for the above reaction are 3o gm. of potassium nitrate, 240
gm. of fprrous sulphate, and 250 mils of a mixture of one volume concentrated



252 CHEMISTRY OF THE NON-METALS.

sulphuric acid and three volumes of water. A colorless gas escapes, which, how-
ever, forms brown vapors of nitrogen peroxide (NO,) as it comes in contact with
the air; but as soon as all the air has been driven from the apparatus it passes off
colorless and may then be collected over water.

_(3) By adding sulphuric acid slowly to @ mixture of a saturated solution of
sodium nitrate and copper turnings:

8NaNO, + 4H,SO, + 3Cu = 4Na,SO, + 3Cu(NO,), + 4H,0 + 2NO.

Physical Properties.—Nitric oxide is a colorless gas, of specific
gravity 1.0368 (air=1); 1 liter weighs 1.3402 grams. Its critical tem-
perature is —93.6°, and critical pressure 71 atmospheres, being liquefied
at —154°. It dissolves readily in solutions of ferrous salts, forming a
black-colored solution, from which it is expelled upon heating. It is
upon the formation of this coloration that the test for nitric acid or
nitrates is based. Nitric oxide also dissolves in nitric acid, forming a
brown to green or blue color, as nitrogen trioxide is formed:

2HNO, + 4NO = 3N,0, + H,O.

It is distinguished from all other gases by the production of red fumes
of nitrogen tetroxide when the colorless gas comes in contact with uncom-
bined oxygen (air). :

Chemical Properties.—Nitric oxide sustains the combustion of only
such substances whose heat liberated is sufficiently high to cause it to
break down into nitrogen and oxygen. Hence phosphorus and carbon
disulphide burn brilliantly in this gas, the latter forming carbon dioxide
and sulphur dioxide. The mixture of nitric oxide and carbon disulphide
vapors, when burning, emits a blinding blue-white light, very rich in
actinic rays.

NITROGEN TRIOXIDE, OR NITROUS ANHYDRIDE

o "

Formula, N:Os,, or O=N—0O-—-N=0. Molecular Weight, 76.02.

Preparation.—Nitrogen trioxide, known only at low temperature, is formed
throug!l the union of nitrogen dioxide (4 vols.) with oxygen (1 vol.) at —i8°,
4NO + O, = 2N,0,. When a 50 per cent. nitric acid is reduced by heating with
starch or arsenous oxide, orange-red fumes are evolved according to the equation:

4HNO, + 2As,0, + 4H,0 = 4H,AsO, + 2N,O.

Arsenic Trioxide. Arsenic Acid.

On passing these vapors into a vessel surrounded by a freezing mixture, they
form a green liquid. Pure trioxide at —10° is an indigo-blue liquid. At higher tem-
perature the liquid begins to decompose: N.O.‘; NO + NO,, which recombine
to nitrogen trioxide when cooled. With a small quantity of water at 0°, nitrogen
trioxide forms nitrous acid:

N,O, + H,0 = 2HNO,.
With a large quantity of water decomposition takes place with formation of nitric
acid and nitric oxide (3N.O: + H.O =2HNO; 4 4NO).

NITROUS ACID

Formula, HNO., or O=N — OH.  Molecular Weight, 47.02.
Preparation.—Nitrous acid is not known in the free state, except in dilute solu-
tion at lower temperature. It is formed by adding liquid nitrogen trioxide to ice
water (N,0, + H,0 = 2HNO,), but, owing to its instability, it breaks up into nitric
acid and nitric oxide (3HNO,=HNO, + 2NO + H,0). .
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Nitrites.—The nitrites, or salts of nitrous acid, are quite stable and
are the product of the oxidation (decomposition) of nitrogenous organic
matter in the presence of the alkalies of the soil; owing, however, to their
ready oxidation to nitrates, they occur in the soil in this latter form. The
nitrites may be obtained by ‘heating nitrates or fusing them with lead
(KNO, 4+ Pb = PbO 4+ KNO,), or by interaction between silver
or sodium nitrite and a salt of the respective metal (AgNO, 4+ NH,CI
= NH,NO, + AgCl). Commercially, nitrites may be made by passing
nitric oxide and tetroxide gases, as produced in the electric. furnace
process in making nitric acid from the atmosphere, into a hot solution
of sodium hydroxide.

2NaOH + NO 4+ NO, = 2NaNO, + H,0.
‘When heated, all nitrites are decomposed into oxides; however, with
sodium and potassium nitrite white heat is necessaty. The nitrites of
silver, mercury, gold, and platinum, whose oxides are decomposed by
heat, yield free metals upon ignition.

Upon the addition of acids, nitrites are decomposed with libera-
tion of nitrous acid, which, if the salt is dry, escapes in the form of
dense reddish vapors (N,O,). Nitrites when added to acidulated solu-
tions of iodides liberate iodine; sulphurous acid is oxidized to sul-
phuric; ferrous sulphate to ferric sulphate, and potassium ferrocyanide
to ferricyanide. When added to acid solutions of potassium perman-
ganate, the latter is decolorized (reduced) with oxidation of the HNO,
to HNO;. 2KMNO, + sHNO, + 3H,SO, = K,SO, 4+ 2MnSO, +
SHNO, + 3H,O. All nitrites are soluble except the silver salt.

NITROGEN TETROXIDE, N,0,(NO,—0—NO).
NITROGEN PEROXIDE, NO,.
Molecular Weight, 46.01, or 92.02.
Preparation.—Nitrogen tetroxide is prepared:
(@) Through the union of mitric oxide and oxygen:
2NO 4+ 0O, = N,0, (2NO,).
(2) Heating lead nitrate:
2Pb(NQ,), = 2PbO 4 O, + 2N,0,(2NO,).
The gas may be liquefied by passing into a U-tube cooled by ice and salt.
Properties.—Nitrogen tetrqxide, which is stable only below 0°, is
a dark-brown gas which is readily cooled to a light yellow fluid. At
—20° it becomes a colorless crystalline solid which fuses at —12°. Above
0° the liquid takes on a yellow color, which becomes darker with rise
in temperature until at 150° the gas assumes a dark red. This change
is due to a gradual dissociation of the tetroxide molecule, which exists
at low temperature as N,O,, to the simple form which at 150° has the
composition of NO, and at 500° is colorless, being dissociated into NO
and O.
2NO + 0, 2NO,= N,O.

Colorless Brown Colorless
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With a little cold water, nitrogen tetroxide forms nitrogen trioxide and
nitric acid (2N,O, + H,0 =N,0, 4 2HNO,) ; with an excess of water
or with aqueous solutions of alkalies, nitric and nitrous acid or their
salts are produced, demonstrating that nitrogen tetroxide is a mixture of
the anhydrides of nitrous and nitric acids.

NO~O—NO + HOH = NO,OH + NO.OH.
Nitric Acid Nitrous Acid
With hot water the nitrous acid decomposes to nitric acid and NO.
The liquefied gas is very corrosive and a powerful oxidizer, while
the fumes are very irritating.

NITROGEN PENTOXIDE, OR NITRIC ANHYDRIDE
Formula, N,O,, or O,N—O—NO,. Molecular Weight, 108.02.

Preparation.—Nitric anhydride is produced:

(1) By carefully heating phosphoric anhydride with snitric acid which have
both been previously cooled by ice and salt before mixing.

2HNO, + P,0, = N,0, + 2HPO,.
(2) By passing perfectly dry chlorine over silver nitrate:
2(NO,OAg) + 2C1 = 2AgCl + NO,O.NO, + O.

Properties.—Nitrogen pentoxide is a white, colorless, crystalline solid. The
crystals melt at 30° to a dark-yellow liquid, which boils with decomposition be-
tween 45° and 50° into nitrogen tetroxide and oxygen, 2N,0, = 4NO, + O,

When heat is applied suddenly this decomposition takes place with ex-
plosive violence. It dissolves in water with evolution of heat and forms nitric acid.

When brought in contact with oxidizable substances, as phosphorus and sul-
phur, oxidation takes place with ignition; organic matter is also violently attacked.

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

NITRIC ACID
HYDROGEN NITRATE
\4
Formula, HNO,. O,N—OH. Molecular Weight, 63.02.

History.—Nitric acid was prepared by Geber, in the eighth cen-
tury, through distillation of saltpeter with alum or copper sulphate.
The composition of the acid was first made known through the inves-
tigations of Lavoisier, in 1776, and Cavendish, in 1784.

Occurrence and Formation.—Nitric acid is not found in the free
state in nature, but in combination with potassium, sodium, calcium,
magnesium, and ammonium it is widely dis‘ributed. In warm, arid
regions where there is only surface drainage, these salts occur as an
efflorescence on the surface of the ground and walls through the putre-
faction of organic matter. The largest known deposits are the sodium
nitrate (caliche) beds in the rainless districts on the coasts of Chili.
These deposits. containing from 20 to 25 per cent. of NaNO,, owe their
origin to the decay of nitrogenous vegetable matter through the agency
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of the soil microdrganisms in the presence of alkalies. These were
formed through the presence of vegetation on the western slopes of the
Andes, and were gradually washed down, accumulating in deposits near
the coast-line hills (page 350).

When air in a glass globe is submitted to a series of electric
sparks, red fumes of nitrogen tetroxide (from NO,) are formed, which,
in the presence of water, are decomposed with the formation of nitric acid.

Preparation.—On the small scale nitric acid is prepared by heating in
a glass retort equal parts of sodium or potassium nitrate and sulphuric acid:

NaNO, + H,SO, = NaHSO, + HNO,

The apparatus becomes filled with reddish-brown vapors, and the liquid
which condenses has a yellowish color on account of the presence of nitrogen
tetroxide. A very concentrated acid is prepared by placing the above distillate with
2 volumes of concentrated sulphuric acid in a retort connected with a well-
cooled receiver, and applying a gentle heat. The distillate in this case is
usualiy freed from color by warming gently and passing through it a cur-
rent of air to remove the fumes of the lower oxides of nitrogen.

The commercial acid is obtained by distilling sodium nitrate and sulphuric
acid in cast-iron or stoneware retorts. The sodium nitrate is much cheaper
and for the same weight yields 20 per cent. more nitric acid than the potas-
sium salt. If half the quantity of sulphuric acid is used, as in the above equa-
tion, then a higher degree of heat will be necessary to secure liberation of
the nitric acid, owing to interaction between the sodium acid sulphate and sodium
nitrate: NaNO, + NaHSO, = Na,SO, + HNO,; hence a decomposition of
a portion of the nitric acid will take place, resulting in the formation of red
fuming nitric acid:

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

The resulting sodium sulphate is more difficult to remove, for it remains
as a hard, solid mass, while the acid sulphate is in a liquid condition at a mod-
erate temperature and may be pouro.:dp out. The condensation of the acid
during distillation is so regulated that the various foreign gases which are
given off with the HNO, vapors are collected separately. These gases con-
sist of nitrogen trioxide, nitrosyl chloride, hydrochloric acid, chlorine, and
sometimes iodine. The HCI is formed from sodium chloride present in the
nitrate, which with the nitric acid forms nitrosyl chloride (HNO, + 3HCl
= NOCl1 + Cl, + 2H,0). All these pass over at the beginning of the distillation.
To remove nitrous fumes, which impart a yellow to orange color to the acid,
it is redistilled with a current of air passing upward through the condensing
coil. For chemically pure acid, pure materials are used. Nitric acid is also
produced (where water-power for the economical production of electric cur-
rent is available) from the atmosphere by drawing air through a special
form of furnace in which is contained one or more large and powerful arc flames
produced by an alternating current of very high pressure (5000 volts) and tem-
perature of about 3500°. The electrolyzed gas leaving the furnace contains about
2 per cent. of nitric oxide (NO), which, 