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PREFACE.

Ix preparing the following Syllabus of his Course
of Lectures on Chemistry, the author has been actu-
ated by an earnest desire to facilitate the labors of
the medical student in acquiring a knowledge of
this branch of his Profession.

It were much to be desired that the student of
medicine had already become familiar with the
general details of Chemistry, before commencing
his attendance upon the Lectures. But unfor-
tunately, the case is too often the reverse; and,
from the necessity of the matter, the teacher is
compelled to occupy time in the discussion of ele-
mentary subjects, which otherwise, might be more
appropriately employed. The author is fully aware
of the difficulty experienced by the student in ob-
taining clear and systematic ideas of this depart-
ment of his studies, especially with his mind crowded
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14 PHYSICS.

Urinometer.—Importance of attention to the temperature
of the liquid.
Specific gravity of gases.—Precautions to be observed.

2. Impenetrability.—Illustration.— Porosity dependent on the
interstices between the molecules.—Greatest in gases,—
and least in solids.

3. Indestructibility.—DMatter may be made to change its form,
but eannot be destroyed.—Examples.

4. Inertin.—An exterior force necessary to produce a change
in the state of bodies.—Illustration.

The Forces which act on Matter.

“Force” defined.—The essential nature of forces unknown.
Can only be recognized by their effects.—Attraction and Re-
pulsion the great opposing forces of nature.—Illustration.—The
nature of a body, whether solid, liquid, or gaseous, depends
upon the preponderance of one or other of these two forces.

The force of Repulsion generally attributed to Calorie.

The force of Attraction comprises the following divisions :
1. Cohesion, or the attraction of aggregation.—Can only act

between homogeneous particles, and at insensible dis-
tances.

2. Gravitation.— Acts at sensible distances, and hetween
masses.—Examples,—Law of gravitation.—Gravitation
the true cause of the weight of bodies, or gravity.

3. Capillary attraction, or Capillarity.—Exists between liquids
and solids,—Name.—The cause of the wetting of solid
bodies in contact with certain liquids.—Examples.—Best
observed between liquids and fine tubes.—Law of capil-
larity.—The nature of the liguid materially influences it.
Illustrated in the case of a capillary tube, inserted suc-
cessively in different liquids,—the rise, in each ease
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being different.—The liquid never overflows the tube.—
Its rise is independent of its specific gravity.—Shape of
the surface of the liquid within the tube.—Physiological
applications.—The capillary circulation.

4. Endosmose, or the attraction between different liquids
through a membrane.—A modification of capillarity.—
(Conditions necessary.—Direction of the current.—In-
fluence of the membrane.—Influence of the nature of the
fluid.—The endosmometer.—Proof of the existence of

_two currents.—Physiological applications :—The rise of
the sap in vegetables ;— Absorption ; — Secretion ; —
Lymphatic circulation, &e.—Selective power of endos-
mose.—Great force exerted.—Illustrations.

5. The attraction between gases, or the Diffusion of gases.
Explanation.—Graham’s ¢ Law of Diffusion.”—His dif-
fusion-tube.—Great importance of this law In nature.
Applications.

6. Chemical Attraction, or Affinity.—Defined to be “the attrac-
tion between heterogencous molecules, accompanied by a
change of properties.” It can only act at insensible
distances ; that is, the molecules must be in (apparent)
contact.—Differs from all other sorts of attraction, in
being accompanied by a change of properties.

Examples of the change of properties, or the effects pro-
duced : (a) Change of form,—as when two gaseous bodies,

~ hydrogen and oxygen, unite to form a liquid,—water; or
two others, chlorohydric acid and ammonia, combine to
form a solid,—chloride of ammonium. (b) Change of
color,—as exhibited in the numerous tests of the Chemist.
(¢) Change of temperature;,—as shown in the heat evolved
in the explosion of gunpowder, or the action of sulphurie
acid on a mixture of chlorate of potassa and sugar, &c.
(d) Change of density. (e) Change of taste, &e.
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Circumstances influencing Chemical Affinity.

1. Fluidity.—Operates by overcoming cohesion, and thereby
promotes chemical attraction.—Illustration of dry tartarie
acid and carbonate of soda.—Also the union of two dif-
ferent metals in their melted state.

2. Cohesion.—This opposes chemical attraction, as above ex-
plained.—Effect of pulverization.

3. Temperature,

4. The nascent state.—Explanation and illustrations from
vegetable and animal nature.

5. The electrical condition.—The greatest chemical attraction
always displayed between substances most dissimilar elec-
trically.—Electro-positive and electro-negative bodies.

Probability that all the attractive forces are dependent
upon one common cause,—electricity.—Proof of the action of
electricity in cohesion;—in capillarity;—in chemical affinity.

Researches and Laws of Clairault and Draper.

PHYBICAL CONSTITUTION OF THE ATMOSPHERE, AND OF
GASES IN GENERAL.

The Atmosphere, like all other matter, possesses the property
of gravity or weight.—Difficulty of realizing this fact, under
ordinary eircumstances.—The air shown to possess weight, by
actually weighing it in a glass globe.—It is 810 times lighter
than water, and 11,000 times lighter than mercury.—One
hundred cubic inches, perfectly dry and pure, weigh 30,830
grains, at 60°, and 30° Bar. (Regnault).—Being taken as




CONSTITUTION OF THE ATMOSPHERE. i i )

the standard of comparison for gases in general, its specific
gravity is 1.—Other experiments to demonstrate that the
atmosphere possesses weight :— The hand-glass ; — Bladder-
glass ;—collapse of an exhausted tin box ;—collapse of steam-
boilers from sudden condensation of contained steam ;—Mag-
denburg hemispheres ;—glass handeuffs, &e.

Torricelli’s experiment to prove the pressure of the atmo-
sphere.—Average height of the column of mercury in a Tor-
ricellian tube is about 30 inches.—Proof that it is the pressure
of the atmosphere alone which sustains it.

Law, that ¢ the height of the column sustained is inversely
as the density :’—Thus, mercury being about 13-6 times
heavier than water, the pressure that would sustain a mercu-
rial e6lumn, 30 inches in height, would support a column of
water to the height of 13:6xX30=408-0 inches, or 34 feet.
By the same law, the whole height of the atmosphere, if it
were of uniform density, could be shown to be 11,000x
30W=330,000 inches, or about 5 miles; whereas the actual
supposed height of the atmosphere, owing to its increasing
rarefaction, is about 45 miles.

The amount of pressure of the atmosphere, on the surface
of the earth is estimated at about fifteen pounds to every
square tnch.—Proof exhibited.—The pressure equal in all
directions.

The Barometer.—TFall of barometrical column on ascending
a mountain.—Rise of column on descending below the surface
of the earth.—Use of barometer in ascertaining altitudes in
the air, or of mountains.—Correspondence between elevations
in the atmosphere, and depressions in the barometer.—Near
the level of the sea, a fall of one inch indicates a rise of about
922 feet.

Variations of the barometer at the earth’s surface.—Its

sweep.—se as a weather-glass.
2-]!-
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Farpansion of Liquids.

Why greater than in solids.—Unequal expansion of liquids.
Illustrations.—Their rate of expansion not uniform for equal
amounts of heat.—Mercury the most uniform of all liquids;
consequently the best adapted for the thermometer.—The
most expansible of all liquids are those produced by the con-
densation of gases ;—Examples.—FExceptions to the law of
expansion, in the case of water at 39-2° F., and of Rose’s
fusible metal.—Gureat force exerted in the freezing of water.
—The expansion of liquids influences their specific gravity.

FEzpansion of Gases.

Gases much more expansible by heat than either solids or
liquids.—All gases, if dry, are very nearly equally expansible;
and their rate of expansion, for equal degrees of heat, nearly
uniform, viz. : 1-491th of the whole bulk (Regnault and Mag-
nus).—Pressure produces no sensible effect in this law.

Phenomena of winds.—The trade-winds.—Flues.—Ventila-
tion.

The Thermometer.—Indicates the temperature, and not the
amount of heat of bodies.— Ilustration. — Liguids better
adapted for thermometers than either solids or gases.

Sanctorio’s thermometer.—Objections.

Leslie’s differential thermometer.—Its use.

Mercury the best adapted of all liquids for the thermo-
meter.—Alcohol employed to indicate temperatures below
—39° F.

Circumstances to be attended to in making a thermometer :
—>Selection of a glass tube ;—Blowing the bulb;—Mode of
introducing the mercury;—Removing the air and moisture ;—
Hermetically sealing ;—Ascertaining the two fixed points of
the boiling and freezing of water.
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The three scales of Fahrenheit, Reaumur, and Celsius, or
the Centigrade.—Rule for converting these scales into each
other.—The zero of these scales is an arbitrary point, not the
real zero of heat.—Self-registering thermometers.

The Pyrometer ;—Daniell’s;—Wedgewood’s.

COMMUNICATION OF HEAT.

I. Conduction.

Mode of transfer of the heat.—Solids the best eonductors;
and of solids, the metals.—Illustrations.—Use of light, porous
substances for clothing.—Vibrations and sounds produced by
contact of two metals unequally heated (Trevelyan).—Our
ordinary conceptions of the temperature of different bodies
much affected by their conducting power.—Examples.

IT. Convection, or Circulation.

The method by whieh heat is communicated to liquids and
gases, which are very imperfect conductors.—Proofs.

Mode of heating liquids.—Ascending and descending cur-
rents.—Application to the heating of houses by hot water.—
Air and gases heated only by convection.—Applications.

ITI. Radiation.

Definition.—All bodies do not radiate heat equally.—Leslie’s
method of determining.—It does not depend on the color of
the surface.—The best and worst radiators.—Radiant heat
emitted by bodies at any temperature above that of the sur-
rounding air.—Disposition of the rays of heat.
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Reflection of Heat.—Illustrated by concave mirrors.—It
follows the laws of reflected light.—Relation between Radia-
tion and Reflection.

Absorption of Heat.—Correspondénce with Radiation.—
Tllustrations.—Influence of color on Absorption.—Application
of the laws of Radiation to explain the formation of dew, and
of land and sea-breezes.—Effect of clouds on the formation of
dew.

Transmission of Heat.—Radiant heat, like light, passes
through certain bodies. — Transcalent, or diathermanous
bodies.— Solar heat alone passes through all transparent
bodies ; the rays of artificial heat are more or less intercepted.
—Melloni’s experiments.—TFurther analogy between radiant
heat and light.—Refraction of calorific rays.—DBurning lenses.

LIQUEFACTION—LATENT HEAT.

Action of Caloric in converting a solid into a fluid, and a
fluid into a gas, explained.—The fusing-point of different
solids very variable, though constant for the same body.
Fluids solidify on abstracting their heat.—Certain liquids may
be cooled below their freezing-point, without congelation.—
Disappearance or absorption of heat occasioned by liquefaction.
—Illustrations.—The heat not lost, although insensible to the
thermometer.—Term latent heat, or heat of fluidity.—Proof
that it is not lost.

The amount of heat rendered latent by the conversion of
ice into water is 142 degrees F.—It varies for different solids.
—lxamples.

Absorption of heat in the conversion of a liquid into a vapor.
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—The quantity absorbed by the change of water into steam
(or the latent heat of steam), is about 1000° F.—The whole
of this heat is again given out, or rendered sensible, by con-
densing the steam into water.

The latent heat of different vapors varies, as in the case
of liquids.—Examples.—Relation of latent heat to solids.

Cold produced by the solution of certain salts.—Frigorific
mixtures.

VAPORIZATION.

Distinction between FEbullition and Evaporation.— Phe-
nomena of Ebullition.—The boiling-point varies for different
liquids, but constant for the same liquid under the same con-
ditions.

Circumstances affecting the boiling-point:

(1) Pressure.—Experiment of the culinary paradox.—The
boiling-point lowered by ascending high mountains, at the
rate of one degree for every 550 feet of elevation (Forbes).
In a vacuum liquids generally boil at a temperature 145°
below their natural boiling-point.—Applications of boiling
under a reduced pressure, to pharmacy and the arts.

Effect of increasing the pressure by confining the vapor.—
High and low steam.—The tension or elastic force of steam
estimated by atmospheres.—Illustrated by Marcet’s Apparatus.
—Great increase of the tension of steam by increase of tem-
perature.—Relation between the latent heat of steam and its
temperature.—General principles of the sicam-engine.

Process of distillation and sublimation.—Retorts, stills, and
alembies.—Liebeg’s Condenser.

(2) The nature of the vessel.
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(3) The depth of the column of the liquid.
The spheroidal condition of liquids illustrated and ex-
plained.

Evaporation.

Evaporation of water occurs at all temperatures.—Shown in
a Torricellian vacuum.—Division of bodies into fixed and
volatile.—The tension of the vapors increases with the tem-
perature.—Heat is rendered insensible, or cold is produced by
evaporation.—Water frozen by its own evaporation, and by
the evaporation of ether.—The Cryophorus.

Application of evaporation to therapeutics and physiology.—
Point of maximum density of vapors.—Methods of reducing
a vapor to a liquid.—Farraday’s experiments on liquefying
the permanent gases.—The dew-point.—Hygrometers.

Circumstances influencing evaporation : (1) Nature of the
liquid. (2) Extent of surface. (3) Dryness of the air.
(4) Motion or rest of the air. (5) Temperature.

CAPACITY FOR HEAT—SPECIFIC HEAT.

The fact that different bodies require different amounts of
heat to raise them to the same temperature, explained and
illustrated.—Modes of ascertaining the specific heat, or capa-
city for heat, of bodies. The specific heat of a body is always
altered by a change tn its density.—Condensation diminishes
the capacity for heat, and consequently sets it free; while
rarefaction, by increasing the capacity, renders heat latent,
and produces cold.—Illustrations in the case of solids, liquids,
and gases.



















a0 PIIYSICS.

GALVANISM, OR CURRENT ELECTRICITY.

Galvani’s original experiment;—his inferences.—Volta's
theory of contact.—Faraday’s chemical theory.

Simple galvanic, or Voltaic circle.—Chemical action always
necessary.—lLdea intended by the use of the term current.”’—
Polarity of the circle before contact of the poles.—Changes
produced by the contact.—The positive and negative poles.

Identity of Galvanism and common electricity.—Difference
as to quantity and tension.—The intensity vastly increased by
multiplying the surfaces.

Compound Voltaic cirele, or battery.—Volta’s pile.—Crown
of cups.—Cruikshank’s trough.—The arrangement, according
to Volta’s or Faraday’s theory.—Hare’s deflagrator and calo-
rimotor.

Proofs that chemical action is the cause of the electricity
developed.—Use of the sulphuric acid.—Use of amalgamating
the zine.—Proper kinds of conductors.

Defect in all common batteries.— Constant Batteries ;—prin-
ciples of their construction.—Daniell’s, Groves’, Smee’s, Schon-
bein’s, Bunsen’s, &c.

Effects of Galvanism, or Current Electricity.

1. Heat.—Ignition of five series, and metallic leaves.—Ap-
plication to firing mines and submarine explosions.
2. Light.—The light between two charcoal points.—Proof





















O0XYGEN. 37

SIMPLE, OR ELEMENTARY BODIES.

Division of elementary bodies into the two classes of non-
metallic and metallic.

Thirteen only belong to the former division.

OXYGEN.

Symbol, O.—Equivalent, 8.

Universal prevalence in nature.—Discovered by Priestley,
in 1774, and by Scheele, subsequently.—Name.

Management of gases.—Pneumatic trough.

Mode of procuring :—from oxide of mercury,—from peroxide
of manganese,—from chlorate and nitrate of potassa.—Ra-
tionale.—To be collected over water.

Properties.—A permanent gas.—Neutral,—colorless,—in-
odorous.—Specific gravity, 1:1057.—A powerful supporter of
combustion and of respiration ;—not combustible.—Illustra-
tions.

Tts union with other bodies gives rise to the formation of
oxides or acids.

Proof that it is the oxygen of the atmosphere which sup-
ports respiration and combustion.

Effects of breathing pure oxygen.

Physiological uses of oxygen in respiration.—Quantity of

4
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oxygen consumed in respiration.—A body undergoing com-
bustion in oxygen always gains weight.

The quantity of heat evolved is proportionate to the amount
of oxygen consumed;—and is the same, whether from rapid
or slow combustion.

Term Combustible.—Products of ordinary combustion.—
Nature of the air remaining after combustion.—Evolution of
heat explained.

Heat evolved by the germination and flowering of plants.—
Animal heat. :

Therapeutical use of oxygen.—Ozone.

HYDROGEN.

Symbol, H.—Equivalent, 1.—Discovered by Cavendish, in
1766.—Name.—Exists in 'nature.—Obtained by the decom-
position of water by several processes.—Rationale.—Cause of
the impurity, as usually procured.—Self-regulating reservoir
of Dr. Hare.

Properties.— Physical.—Color, taste, and smell. —Specific
gravity, 0-692.—Its levity shown.—lts employment for bal-
loons now superseded by coal gas.—Its great diffusibility.

Chemical.—Neutral. —A non-supporter of combustion, but
combustible.—Has a strong affinity for oxygen.—A powerful
deoxidizer.— Forms an explosive mixture, with oxygen, in
certain proportions.—Color of the flame.—Result of combus-
tion in air or oxygen shown.

Philosophical candle.—Musical sounds. .

Effect of spongy platinum on a mixture of hydrogen and
oxygen.—Dobereiner’s lamp.—Explanation.

Great heat of the hydrogen flame.—Oxy-hydrogen blow-pipe.
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—Effect of this jet on lime or magnesia.—Application to the
Drummond light, and the microscope.—Effect of breathing pure
hydrogen.—Strong analogy between the chemical habitudes
of hydrogen and the metals.—Influence as to its nature.

COMPOUNDS OF HYDROGEN AND OXYGEN.

Protoxide of Hydrogen.— Water.—Symbol, HO.—Equiva-
lent, 1+4+8—9.—1Its composition demonstrated both by ana-
lysis and synthesis.

Properties.— Physical.—Color, taste, and odor, when pure.
—Specific gravity, 1.—Highly refractive of light.—A good
conductor of electricity. — Freezing and boiling points. —
Greatest density at about 40° F.—Never exists pure in nature.
—Usual impurities.—Composition of the air existing in water.
—Obtained pure only by distillation.—Source of the salines
found in springs.—Filtration.—Soft and hard waters.—Re-
medy for hard waters.

Chemical.—Neutral. —A powerful solvent.—Solvent power
over salts is usually increased by heat.—Exceptions.—Effect
of a temperature above 212° upon its solvent properties.—
Water acts as a feeble acid, forming Aydrates—Examples.—
As a base.—Examples.—Necessity for water in the strongest
acids.—As water of crystallization.—As water of constitution.
—Examples.

(Classification of saline springs.

Tests for the impurities of common water :—For the carbo-
nic acid ;—Chloride of sodium ;—Sulphate of lime ;—Carbo-
nate of lime.

Tmportance of a due supply of water to health.—Impuri-
ties in water often a source of disease.—Effects of a deficiency
of water in the animal economy.—Effects of an excess. .
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Deutoxide, or Binoxide of Hydrogen.—Symbol, HO,—
Equivalent, 14+16=17.—ODbtained.—Properties.—A liquid.
—~Sinks in water.—Specific gravity, 1-4.—Bleaches.—Facility
of decomposition.

NITROGEN.

Symbol, N.—FEquivalent, 14.—Name.—Name azofe given
by Lavoisier.—Discovered by Rutherford.—Exists in nature.—
Proportion in the atmosphere.—Necessity of it in the food of
animals.—Also in the alkaloids.

Modes of obtaining: (1.) By burning out the oxygen from
a limited portion of atmospheric air, by means of phosphorus;
—impurities.—(2.) By passing atmospheric air over copper
heated to redness.—(3.) By passing chlorine through a solu-
tion of ammonia ;j—danger.—(4.) By action of dl]ute nitrie
acid on muscular flesh.

Properties.—Neutral. —Irrespirable, thuugh not poisonous.
—Indifferent to nearly all bodies in its free state.—Not so in
its nascent condition.—Specific gravity, 972.—Not absorbed
by water.—Probable use of it in the atmosphere.—Not em-
ployed in medicine.—Gradual combination of the nitrogen
and oxygen of the air, under the influence of electricity.

Nitrogen forms with oxygen five compounds, and one mix-
ture.

The Atmosphere.

A mixture of nitrogen and oxygen, and not a chemical
compound.—Composition by weight and volume.

Physical Properties already discussed.

Chemical Properties—Color, taste, and smell, when pure.
.—Other matters usually contained in the atmosphere.—Pro-
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portion of carbonic acid.—Sources.—Proof of its existence.—
Variation in its quantity.—Use of it in the vegetable world.
— Watery vapor of the atmosphere.—Variable quantity.—
Humidity and dryness of the atmosphere.—Ammonia in the
atmosphere.—Use of it.—Other impurities of the atmosphere.
—Great importance of the law of ¢ diffusibility of gases’” to
the integrity of the atmosphere.

Analysis of the air—(1.) Eudiometry.—Eudiometers:—
Hope’s.—Ure's, &e.—Dr. Hare’s Volumscope.—Principle
involved in analyzing the atmosphere by hydrogen.—(2.) By
passing the air over copper heated to redness, in a porcelain
tube.—(3.) By the slow oxidation of phosphorus in a known
quantity of atmospheric air.

Chemical influence of the atmosphere on surrounding bodies.
—Seen in oxidation, fermentation, and decomposition.—Dif-
ference in the composition of the atmosphere at the present
time, and at the earlier epoch of the earth’s history.

Influence of atmospheric variations on health.

COMPOUNDS OF NITROGEN AND OXYGEN.

Protoxide of Nitrogen.—Nitrous Oxide.— Laughing Glas.
—Symbol, NO.—Equivalent, 14 4+8=22.—Obtained by de-
composing nitrate of ammonia by heat.—Rationale.

Properties.—Color, odor, and taste.—Liquefied by a pres-
sure of fifty atmospheres.—Absorbed by water.—How col-
lected.—Nearly as good a supporter of combustion as oxygen.
—Specific gravity, 1'62.—Products when exploded with hy-
drogen.—Effects of inhaling it into the lungs.—Physiological
explanation.—Therapeutical uses.

Deutoxide, or Binoxide of Nitrogen.—Nitric Ozide.—
Symbol, NO,—Equivalent, 144-16—30.—Procured by action

of nitric acid on metallic copper.—Rationale.
4*
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Propertics.—Colorless.—Irrespirable.—A non-supporter of
combustion generally, although containing twice as much
oxygen as the protoxide.—Explanation.—Specific gravity,
1:039.—Great affinity for oxygen shown.—Its employment for
analyzing the atmosphere.—Effect on a solution of protosul-
phate of iron.—Effect of burning it with an equal measure of
hydrogen.—Effect of certain of the more oxidizable metals
on it.

Nitrous Acid.—(Hyponitrous Aecid.)—Symbol, NO,—
Equivalent, 14424—38.—Specific gravity.—Direct mode of
forming it, by combining together four measures of the deut-
oxide of nitrogen with one of oxygen, and condensing 1t by
means of cold.

Properties—Effect of water upon the liquid.—Cannot be
made to unite directly with bases.—Nitrate of lead and nitrate
of soda, how made.—It combines with several of the strong
acids, to form compounds.

Peroxide of Nitrogen.—(Nitrous, or Hyponitric Acid.)—
Symbol, NO,.—Equivalent, 14 4-32=—46.—Reason for name.
—Want of all acid properties.—Obtained by uniting together
two measures of deutoxide of nitrogen, and one of dry oxygen,
and condensing by means of cold,—or by the distillation of
nitrate of lead.—Rationale.

Properties of the liquid.—Specific gravity, 1-45.—Great
volatility.—Corrosive.—Effect of water.—Its vapor absorbed
by strong nitric acid.—Decomposed by the oxidizable metals.

Nitric Acid—(Azotic Acid.)—Symbol, NO,.—Equivalent,
14 +40=>54.—Commercial name.—Tts composition first deter-
mined by Cavendish.—A trace of it discoverable in the atmo-
sphere, after a thunder-storm.—Qccurs in nature only in com-
bination with bases.—OQrigin.

Mode of preparation, by action of oil of vitriol on nitrate of
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potassa, or nitrate of soda.—Rationale.—Importance of using
two equivalents of sulphuric acid.

Properties, when pure.— Colorless.—Specific gravity, 1:52.—
Contains one equivalent of water.—The anhydrous acid is
destitute of acid properties.—Boils at 184° F., and freezes at
40° ;—fumes in the air ;—becomes yellowish by exposure.—
Its action on tin and iron.

Another definite hydrate exists, containing four equivalents
of water.—Specific gravity, 1-42;—boils at 250°F.—Effect
of boiling nitric acid of different strengths, is to reduce them
to one uniform standard of 1-42,—the strength of the ordi-
nary acid of the shops.—Yellow color due to the peroxide in
solution.—Effect of water.—Fuming nitrie acid.

Impurities of the common acid,—detected.—Corrosive pro-
perties.—Effect on the skin.—A powerful oxidizer.—Iffect on
red-hot charcoal,—on oil of turpentine ;—sulphur and iodine;
—on metals; on vegetable substances.—Action of the strong
acid on paper and cotton.—How decomposed.—Uses.

Character of the nitrates.—Their uses.

Poisonous effects of nitric acid.—Antidotes.

Tests.—For the strong acid :—Copper,—Morphia.—Tor the
diluted acid:—Sulphate of indigo;—Protosulphate of iron ;—
Copper filings.—DMode of proceeding to detect it in a nitrate.—
Its most important salts.

COMPOUNDS OF NITROGEN AND HYDROGEN.

Ammonia. — Symbol, NH,.— Equivalent, 1443=17.—
Name.— Exists naturally in small quantities in the air; also
in the soil, as the product of organic decomposition.

Prepared by heating together - sal ammoniac and quicklime.
—Rationale.—Must be collected over mercury, or by displace-
ment.

Properties—A colorless gas,—very pungent,—has a power-
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ful alkaline reaction.—Forms salts with acids.—Specific gra-
vity -589.—Absorbed by water.—Extinguishes flame.—Lique-
fied by a pressure of 65 atmospheres, at 60°.

Solution of Ammonia.—Liquor Ammonic, or Agua Am-
monie.—Prepared by passing gaseous ammonia into water.—
Of different strengths.—Properties.—Impurities detected.—
Strength of solution estimated.

Analysis of ammonia by electricity.

Tests for ammonia.

Uses of ammonia by plants.

Salts of Ammonia.—Deferred.

Ammonium.—Symbol, NH,.—A hypothetical metal.—Its
consideration postponed.

Amidogen.—Symbol, NH,.—A hypothetical radical,—has
never been isolated ;—only in combination as an amide.

SULPHUR.

Symbol, S.—Equivalent, 16.

Occurs in nature free, and combined with certain metals,
as sulphurets ;—and also in certain organic bodies.—Mode of
extraction.—Commercial varieties.—DBrimstone and flowers
of sulphur.—Sulphur lotum, or washed sulphur.—Sulphur
preecipitatum.

Properties—Color.—Odor.—Solubility.—Specific gravity,
1-98.—Fusing-point.—Effect of an increase of heat.—Boil-
ing-point.—Density of vapor.—Best mode of procuring ecrys-
tals.—Dimorphism of Sulphur.—Inflammability.—Result of
combustion in the air, or oxygen.—Resembles oxygen in its
habitudes.—Its vapor a supporter of combustion.

Uses in the arts and in medicine.
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COMPOUNDS OF SULPHUR AND OXYGEN.

lﬁﬂypasu&;hur&us Acid.—Symbol, S,0,.—Equivalent, 324
—48.

Mode of forming a hyposulphite.—The acid cannot be iso-
lated from a base.

Useful property of the alkaline hyposulphites to dissolve
the haloid salts of silver: hence their employment in photo-
graphy.

Sulphurous Acid.—Symbol, SO,—Equivalent,16 416=32.
—The product of the combustion of sulphur in dry air or
oxygen.

Prepared by boiling sulphurie acid, or copper, or mercury.
—Rationale,

Properties.—A colorless, suffocating gas, a non-supporter
of combustion.—Specific gravity, 2-21.—Liquefied at 0°.—
Very soluble in water.—Action of the air upon its solution.—
Effect on colors. :

The sulphites of no practical importance.—Effect of nitric
acid upon them.

Therapeutical uses.

Sulphuric Aeid.— Oil of Vitriol. —Symbol, SO,.—Equiva-
lent.—164-24=40. F

Discovered by Basil Valentin.—Great importance to the
chemist and in the arts.—Old method of preparation.—Fum-
ing acid of Nordhausen.—Rationale.

Present mode of preparation.—Rationale.—Mode of concen-
tration.—Impurities.—Properties of Nordhausen acid (280,+
HO).—Dark color.—Fumes in the air.—Spccific gravity,
1:9.—Effect of distilling.

Anhydrous Sulphuric Acid.—Properties.

Properties of Oil of Vitriol —(S0,4+HO.)—A dense, oily,
colorless liquid.—Specific gravity, 1-85.—Very corrosive,—
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The most powerful of the acids.—Effect on organic bodies.—
Boils at 620° ; freezes at —15°.—Strong affinity for water.—
Changes of temperature produced by combining together sul-
phuric acid and water, in different proportions.

Hydrates of Sulphuric Acid.—280,+HO (Nordhausen);
80,4+ HO (oil of vitriol);: 80,4-2H0; S0,+3HO.

Mode of ascertaining the quantity of real acid in any given
specimen.

Diverse action of oil of vitriol on the metals.—Sometimes
contains arsenic as an impurity.

Test, for the undiluted and the diluted acids.

Its vapor, how decomposed.—The most important sulphates.

Chloro-sulphuric, Nitro-sulphuric, and Azoto-sulphuric
Acid.

Hyposulphuric Acid.—Symbol, 8,0,—Equivalent, 32+
40="72.

Mode of preparing it in solution.—Properties.—The hypo-
sulphates.

Trithionic, or Sulphuretted Hyposulphuric Acid, §,0,, or
8,0,4-8. |

Tetrathionic, or Bisulphuretted Hyposulphuric Acid, 8,0,
or S,0,4+8,.

Pentathionic, or Trisulphuretted Hyposulphurie Acid, S,0,,
or S,0,4+8,. i

COMPOUNDS OF SULPHUR AND HYDROGEN.

Sulphydric Acid—Sulphuretted Hydrogen,—or Hydrosul-
phuric Aeid.—Symbol, SH.—Equivalent, 16 4-1=17.

Sulphur and hydrogen will only combine directly in the
nascent condition.,

Exists naturally in sulphurous waters ;—also as a product of
organic decomposition.

Modes of preparation.—Rationale.




SELENIUM. 47

Properties—Colorless—Fetid odor and taste ;—poisonous
if inhaled ;—reddens litmus;—absorbed by water.—Natural
sulphur springs.—A non-supporter of combustion, but combus-
tible.—Products of combustion.—Is decomposed by chlorine.
Specific gravity, 1-19.—Liquefied by pressure of seventeen
atmospheres at 50°.—It detonates when mixed with oxygen
in certain proportions.—Effects of strong nitric acid.

Its great value to the chemist asa test.—Used either in
solution, or better in the gaseous form.—Action on metallic
solutions.—Tests.—Therapeutical use of sulphur waters.

Relation to miasmata.

Bisulphuretted Hydrogen, HS,—Mode of preparing.—
Properties.—Resembles the Binoxide of Iydrogen.

Compound, of Sulphur and Nitrogen.— Sulphide of Nitro-
gen, NS,.

SELENIUM.

Symbol, Se.—Equivalent, 89.—Discovered by Berzelius,
in 1817, in a specimen of Swedish sulphur.—N ame.— Usually
found associated with sulphur, in minute quantitics.

Properties—A brittle, grayish-colored, solid, non-metallic,
though having a metallic lustre.—Specific gravity, 4-3.—
Without odor or taste.—Softens by heat, fuses at 482°.—Pecu-
liar odor of its vapor, by which it may be recognized.—LResem-
bles sulphur in its habitudes.

COMPOUNDS OF SELENIUM AND OXYGEN.

The Oxide is doubtful.
Selenious Acid, SeO,—Analogous to sulphurous acid.—
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Mode of preparing.—Properties.—A very strong acid, dis-
placing nitric and chlorohydric acids, but not sulphuric.—
Forms selenites.

Selenic Acid, SeQ,.—Analogous to sulphuric acid.—How
obtained.—Properties.—Forms selenates.

SELENIUM AND HYDROGEN.

Selenhydric Acid—Hydroselenic Acid—or Seleniuretted
Hydrogen, HSe.— Analogous to sulphuretted hydrogen.—
Mode of procuring.—Properties.

PHOSPHORUS.

Symbol, P.—Equivalent 32.

Exists in the organic and inorganic kingdoms.—Its import-
ance in the animal economy,—being an essential ingredient
of bones and of nerve-substance.—Proportion in the brain.

Discovered by Brandt, of Hamburg, in 1660, in- urine.—
Name.

Mode of preparation.—Purified.

Properties.—A. translucent, solid, waxy lustre.—Specific
gravity, 1-77.—DMelts at 108° F.,—boils at 550° F.—Should
be kept under water.—Danger of handling.—Proper solvents.
—Effect of light.—Nature of red phosphorus.—Crystals.—
Inflammability.

Effect of exposure to the air.—Nature of the vapors evolved.
—Effect of inflammable gases on the slow oxidation of phos-
phorus.—Result of burning in the air, or in oxygen.—Use of

phosphorus for manufacture of lucifer matches.—Poisonous
properties.
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COMPOUNDS OF PHOSPHORUS AND OXYGEN.

Oxide, P,0.—Mode of obtaining.—Properties.

Hypophesphorous acid, PO.—Formed indirectly by the
mutual reaction of phosphorus, water, and an alkali.—FProper-
ties.—A powerful deoxidizer.—Forms salts.

Phosphorous Acid.—Symbol, PO, —Equivalent, 56.—Pro-
duced by the slow oxidation of phosphorus in the air.—Ob-
tained anhydrous.—Properties.—Properties of the solution.—
Strong affinity for oxygen.—Forms phosphites.

Phosphoric Acid.—Symbol, PO,—Equivalent, 72.—Ob-
tained anhydrous.—Properties.

Modes of procuring the hydrated acid.—Glacial phospho-
ric acid.——Properties.

The polybasic nature of phosphorie acid.

Three hydrates :

3HO,PO,, or tribasic phosphoric acid.
2HO,PO,, or bibasic phospheric acid.
HO,PO,, or monobasie phosphoric acid.

The first of these, or common phosphoric acid—how ob-
tained.—Characters.—Test.—Salts.

The second, also named pyrophosphoric acid.—How pro-
cured.—Character.—Salts.

The third, also named metaphosphoric acid.—How obtained.
—Character.—Salts.

The phosphates found in the animal solids and fluids,—also
in urinary deposits and caleuli. '

The phosphates existing in plants—how derived.—Phos-
phatic manures.

COMPOUNDS OF PHOSPHORUS AND HYDROGEN.

Three allatropic conditions.—Difference of their properties.
5
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Gaseous Phosphuretted Hydrogen, PH,. — Obtained. —
Rationale.—How collected.—Properties.—Colorless.—A. non-
supporter of combustion.—Inflammable.—Phenomenon accom-
panying its escape into the air, or oxygen gas.—Cause of its
combustibility.—Effect on metallie solutions.

Solid Hydride of Phosphorus, P,H.—Formed.—Proper-
ties. -

Liquid Hydride of Phosphorus, PH,—Formed.—Proper-
ties.

Phosphorus and Nitrogen, PN,.—A solid, easily decom-
posed by heat.

Phosphorus and Sulphur unite in several proportions, often
with explosive violence.—Properties.

CARBON.

Symbol, C.—Equivalent, 6.

Exists abundantly in the organic and inorganic kingdoms.
—The chief constituent of animals and vegetables.—Dimor-
phous states. '

Physical characters :

Varieties.—1. The diamond the purest.—Localities.—Color.
—8Shape.—Specific gravity, 3-5.—Origin.—Infusibility
out of the air.—Proof of its nature.—Hardness.

2. Graphite or Plumbago.—Localities.—Shape of crystals.—
Composition.—Artificial formation.—Specific gravity, 1-9
to 2-3.

3. Anthracite.—Amorphous.—Very nearly pure carbon, but
differs in its purity.

4. Charcoal from Wood.—Mode of preparing on a large
scale. —Impurities.—Obtained for chemical purposes.
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5. Lamp-black.—Mode of preparation.—The purest variety
from alcohol, or oil of turpentine.

6. Coke.—The residue from the distillation of bituminous
coal.—Impurities.—Use.

7. Animal Charcoal—(Ivory or Bone Black).—Mode of pre-
paration.—Properties.—Impurities.—Remarkable attrac-
tion for organic coloring matters.—Its value to the che-
mical manufacturer.—Effect on the vegetable alkalies.—
Use as an antidote. |

Appearance of common charcoal.—Difference in its density.
—Property of absorbing gases.—Effect on noisome gases;—
on tainted meat ;—on foul water.

Uses of Charcoal : as a fuel ;—in the laboratory as a powerful
deoxidizer ;—in metallurgy, for the reduction of various oxides;
—in the arts, for the manufacture of steel, printing-ink,—and
as a pigment,

COMPOUNDS OF CARBON AND OXYGEN.

Carbonic Oxide.—Symbol, CO.—Equivalent, 6 4-8=14.—
Modes of obtaining it: (1.) By passing carbonic acid over
red-hot charcoal. (2.) By action of sulphuric acid on oxalic
acid, by aid of heat.—(3.) By action of sulphuric acid on
ferrocyanide of potassium.—Rationales.

Properties.—A colorless gas,—combustible.—Specific gra-
vity, 972.—Very poisonous.—Products of its combustion.—
Unites with chlorine to form phosgene gas.

Carbonic Acid.—Symbol, CO,.—Equivalent, 6416=22.
—Discovered by Dr. Black, and named fized air.—Sources
of it in nature.—Preparation.—Rationale.—Collected over
water, or by displacement.—Dried.

Properties.—Color, odor, and taste.—Specific gravity, 1-92.
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—A non-supporter of combustion and respiration.——Incombus-
tible.—Solubility in water,—increased by pressure.—Artificial
mineral water, or carbonic acid water formed.—Liquefied by
a pressure of twenty-eight atmospheres, at 82°F.—Solidified.
—Intense cold produced by its evaporation.

A feeble acid.—Effect on litmus,—on lime-water.—Exists
naturally in certain waters, and in fermented liquors.—Effer-
vescence.—Fatal effects of breathing it.—Importance of ven-
tilation.—Accumulation in wells.—Mode of purifying.

Proof of its existence in expired air—The quantity varies
at different periods of the day, averaging from 3 to 4 per cent.
(Prout.)—It is also produced in the germinating and flower-
ing of plants, but is consumed in their healthy growth.

Amount existing in the atmosphere.—Its accumulation pre-
vented.

Test.—The carbonates,—test for.—Therapeutical uses of
carbonic acid.

Mode of treating its poisonous effects.

Ozalic Acid, and the other compounds of carbon and oxy-
gen, are deferred to Organic Chemistry.

COMPOUNDS OF CARBON AND HYDROGEN.

The Hydrocarbons are very numerous, and properly belong
to the department of Organic Chemistry, since they are the
result exclusively of organic decomposition. Two of them,
only, will be alluded to under the present division.

Light Carburetted Hydrogen.—Synonymes.—Marsh Gas.
—Gas of the Acetates.—Dicarburet of hydrogen.—Symbol,
CH,.—Equivalent, 8.

Exists in nature,—at the bottom of stagnant marshes, in
combination with carbonic acid ;—also 1 certain coal-mines,
constituting the explosive fire-damp.—A constituent of coal
gas.—QObtained by agitating the bottoms of marshes, and col-
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lecting the oas in a receiver.—The carbonic acid separated by
means of lime-water,

Prepared by heating together dry acetate of soda, and
hydrates of potassa and lime; the gas results from the decom-
position of the acetic acid.

Properties.—Without color, taste, or smell.—Specific gra-
vity, -554.—Partially respirable.—Very combustible, with a
bright flame.—A non-supporter of combustion.—Products of
combustion.—Detonates with air or oxygen.—A very high
temperature requisite to ignite it.—Davy’s safety lamp.—
Analysis by oxygen.—Effect of chlorine.

Bicarburetted Hydrogen.—Named also Heavy Carburetted
Hydrogen, and Olefiant Gas.—Symbol, C,H, —Hquivalent,
14.

Prepared by the action of sulphuric acid on alcohol, by the
aid of heat.—Rationale.—Substances generated at the same
time.—Purified.

Properties.—Colorless, tasteless, nearly inodorous.—Specific
gravity, ‘985.—Not absorbed by water.—A non-supporter of
combustion, but very combustible.—Products of combustion.
—Luminous character of flame.—A constituent of coal gas.—
Analysis by oxygen.—Detonates with air or oxygen.—Iorms
with chlorine Dutch liguid.—Results of ignition with chlo-
rine.

Coal and Oil Gases.

Variety of coal employed in the manufacture of coal gas.—
Nature of apparatus used in the distillation.—Three sorts of
products resulting: (1.) Permanent gases.—(2.) The ammo-
niacal liquor.—(3.) The coal-tar—Circumstances affecting
the relative proportion of these several products.—Mode of
purifying the gas.—Mode of collecting it.—Composition of
the purified gas.—The matters separated.

¥




54 INORGANIC CHEMISTRY.

The illuminating property of the gas depends upon the
licht and heavy carburetted hydrogen present; and these vary
considerably, according to the period of the process of distil-
lation. b g
Illuminating gas of excellent quality, is also manufactured
from oil and rosin.

COMBUSTION, AND THE STRUCTURE OF FLAME.

Terms, red-hot, white-hot, and incandescence.—Difference
between these and ecombustion.—Definition of combustion.—
Ordinary combustion.—Origin of the heat and light.

Modes of inereasing the heat and light: (1.) By increasing
the supply of air (oxygen), by means of a bellows.—(2.) By
effecting the same end by lengthening the chimney or draft.—
The smith’s forgce.—The blast furnace.—The reverberatory
furnace.

Definition of ¢flame.”’—The temperature of flame is neces-
sarily greater than the white heat of solid bodies.—The light
emitted by pure flame is very feeble, as in a jet of pure hydro-
gen.—The light of flame dependent upon the elevated tempe-
rature.

Three different portions in every flame.—The oxidizing and
deoxidizing points.—Effect of introducing a tube into the
dark or inner cone of the flame of a lamp.—Effect of a piece
of fine wire gauze upon the surface of a flame.—Proof that
the combustible gas rises through the meshes of the gauze.—
Cooling effect of the wire-gauze upon the flame.—Principle
of the safety lamp explained.

The argand burner.—Effect of mingling atmospheric air
(oxygen) with coal gas, before burning.—The gas furnace of
the chemist.—Necessity of a full supply of oxygen to give bril-
lianey to the flame.
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COMPOUND OF CARBON AND NITROGEN.

Cyanogen.— Bicarburet of Nitrogen.—Symbol, NC,, or
Cy.—Equivalent, 14412=26.

Cannot be formed directly from its elements; but is gene-
rated by the decomposition of nitrogenized bodies, in the pre-
sence of an alkali)—a cyanide of the metal being formed.—
These eyanides are usually made by heating nitrogenized bodies
in the air with carbonate of potassa.

Cyanogen is best procured in a separate state by decompos-
ing the eyanide of mercury by heat.

Properties.—A colorless gas.—QOdor of peach-kernels.—
Absorbed by water, and still more by alcohol.—Liquefied by a
pressure of three and a half atmospheres, at the temperature
of 45°.—A non-supporter of combustion, but burns with a
roscate flame.—Products of combustion.—Specific gravity,
1-80.—Analysis by oxygen.

Cyanogen, though a compound body, resembles in its habi-
tudes the halogen bodies Chlorine, Bromine, &c.—Classed
among the ¢ compound radicals.”

Paracyanogen.—Isomeric with cyanogen.—The most im-
portant cyanides.

COMPOUNDS OF CYANOGEN AND OXYGEN.

Three isomeric bodies—cyanic acid, cyanuric acid, and
fulminic acid. They are all, properly speaking, organic
bodies. - :

Cyanic acid.—(Cy 0, HO, or C,NO, HO.)—When cyanide
of potassium is heated in the air, cyanate of potassa is formed ;
but the acid cannot, practically, be separated from its base, the
presence of water converting it into bicarbonate of ammonia.

(C,NO, 3H0=C,0,, NH,.)
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Cyanuric acid —Cy,0,, 3HO.—Obtained by decomposing
urea by heat; the ammonia escapes, and the eyanuric aeid
remains, combining chemically with three atoms of water.

When cyanuric acid is deprived of its water of erystalliza-
tion, and is heated to redness, it is converted into hydrous
cyanie acid.—Characters of eyanic acid.

Fulminic Acid.—Cy,0,.—Never isolated.—Is developed
by the action of nitrous acid on aleohol in the presence of a
salt of silver, or of mercury.—Rationale.—Character of the
Sfulminates.—Use of the fulminate of mercury.

COMPOUND OF CYANOGEN AND HYDROGEN.

Cyanhydric or Hydrocyanic Acid.— Prussic Acid.—Sym-
bol, HCy.—Equivalent, 27.

Discovered in 1782 by Scheele.—Exists widely in the vege-
table world.

Obtained, anhydrous, by passing dry sulphydric acid gas
over cyanide of mercury, and condensing dry products.—
Properties.—A colorless liquid, having a powerful odor and
taste of bitter almonds.—Sp. grav. -7058.—Very volatile.—
Boils at 79° F.— A very feeble acid.—Very easily decomposed.
—A violent poison.—Symptoms.—Antidotes.

Tests: 1. The silver test; 2. The iron test; 3. The cop-
per test; 4. The sulphur test.—Mode of proceeding.

Solution of cyanhydric acid made: 1. By action of chloro-
hydric acid on cyanide of mercury and water; 2. By boiling
dilute sulphuric acid on ferrocyanide of potassium (U. S.
Phar.); 3. By tartaric acid on cyanide of potassium in solu-
tion; 4. Chlorohydric acid on cyanide of silver in water.

Properties of the dilute acid.—Strength.—Scheele’s acid.—
Effect of exposure to the light.—Strength of different speci-
mens estimated.
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COMPOUND OF CARBON AND SULPHUR.

Bisulphide of Carbon.—Symbol, C8,.—Equivalent, 38.—
Mode of preparing.—Properties. —Great volatility.—High
refractive power.—Sp. grav. 1-27.—Odor.—Inflammability.
—=Solvent power.—Explosiveness of vapor.

THE HALOGEN GROUP.

Name, halogen, given by Berzelius to a group of elementary
bodies, comprising chlorine, bromine, iodine, and fluorine,
together with one compound body—Cyanogen.—Reason for
the name.—General characteristics of the group.

CHLORINE.

Symbol, Cl.—Equivalent, 35-5.

Exists in nature always in combination—generally as chlo-
ride of sodium. Modes of obtaining : 1. By action of chloro-
hydric acid on peroxide of manganese.—Rationale.—Products.
2. By action of sulphurie acid, chloride of sodium, and perox-
ide of manganese.—Rationale.—Produets. 3. By action of
nitric and chlorohydric acids.

Supposed by Scheele to be a compound body, and named
oxymuriatic acid.—Its true nature first ascertained by Davy.
—Name.—Must be collected either over water at 90° F., or
by displacement.
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Properties.—Greenish-yellow color.—Excites violent irrita-
tion when breathed into the lungs.—Sp. grav. 2-47.—Con-
densed into a liquid by a pressure of four atmospheres.—
Absorbed by water at common temperatures.

Effect of exposure on the solution.

Action on water at 30°,

Its affinities for hydrogen much stronger than for oxygen.—
A mixture of chlorine and hydrogen, how exploded.

Chlorine a supporter of combustion in certain cases.—Its
powerful bleaching qualities.—DMoisture always necessary.—
Bleaching by chlorine—how effected.—Used in medicine for
fumigations.—The most important chlorides.

Test for chlorine.—For a soluble chloride.

BROMINE.

Exists where in nature.—Discovered in 1826 by Ballard,
of Montpellier.—Mode of extracting it from the bittern of sea-
water.

Properties.—A liquid.—Odor.—Taste.—Color.—Sp. grav.
2:96.—Volatility.—Boils at 116° F.—Fuses a little below 0°.
—8Slightly soluble in water; much more so in aleohol and
ether.—Color of vapor. —-Bleach1uw properties.—Effect on the
skin.—Its vapor supports cmubustmn

Most important bromides.

Test for bromine.—For a bromide.

IODINE,
Symbol, I.—Equivalent, 126.
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Accidental discovery in 1812.—Extracts naturally in small
quantities—in sea-water and sea-plants; also in springs.

How procured from kelp.—Nature of kelp.

Properties.—A solid.—Sp. grav. 4-94.—Color, taste, and
smell.—Fusing-point.—Bleaching properties.—Color of the
vapor best shown.—Sp. grav. of vapor 8:71.—Very slightly
soluble in water ; more so in alcohol and ether; also in a solu-
tion of an iodide.—Lugol’s solution.

The affinities of iodine, though resembling those of chlorine
and bromine, are less strong.

Test.—Color of its vapor.—Starch.—Test for an iodide.

Uses in the arts and medicine.—The most important todides.
—Antidote for its poisonous effects.

COMPOUNDS OF CHLORINE, BROMINE, AND IODINE, WITH
HYDROGEN.

Chlorohydric ﬁcfd.——erdmchInria acid.

Muriatic Acid.—Symbol, HCl.—Equivalent, 36-5. For-
merly named spirit of salt and marine acid.—First procured
as a gas by Priestley, in 1772.

Obtained by distilling together chloride of sodium and oil
of vitriol.—Rationale.—Very rapidly absorbed by water.—
Collected over mercury.

Properties.—Condensed into a liquid by great pressure and
cold.—Sp. grav. 1-27.—A non-supporter of combustion and
not combustible.—Effect on gaseous ammonia shown.—Ab-
sorption by water shown.—Effect of heat, or of sulphuric acid
on the solution.

Solution of Chlorohydric Acid ; or Liquid Muriatic Acid.
—How prepared.

Properties.—Colorless, when pure—fumes in the air.—Yel-
low color due to.—Sp. grav. of the strongest is 1-21, and con-
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tains 42 per cent. of real acid. The acid cannot exist without
some water in combination.

Commerecial acid—how purified.

Test.—DBehavior with a metal. —With an oxide.

Nitro-muriatic Aeid; or, Aqua regia.—Proportion of in-
gredients.—Rationale—Properties.

Bromohydric or Hydrobromic Acid.—HBr.—Obtained by
action of water on bromine and phosphorus.—Rationale.—
Properties.

lodohydric, or Hydriodic Acid.—HI.—Prepared as a gas,
like bromohydric acid.—As a liquid, by passing sulphydric
acid through water, holding iodine in suspension.—Rationale.
—Properties of the solution.—Properties of the gas.

COMPOUNDS OF CHLORINE, BROMINE, AND IODINE, WITH
OXYGEN.

Hypochlorous Acid.—ClO.

Procured by passing chlorine over red oxide of mercury sus-
pended in water.—Rationale.

Properties.—An orange-colored liquid.—Boils at 68°.—Sp.
grav. 2-).—Explodes violently at 212°, being resolved into its
elements.—Has powerful bleaching properties.—Forms hypo-
chlorites.

Nature of commercial bleaching salts.—How made.—Ra-
tionale.

The PEuchlorine of Davy, is a mixture of chlorine and
chlorochloric acid.—Properties.

Chlorous Aeid.—Hypochlorous acid.—Cl0,.—Properties.
—A gaseous body; very easily decomposed ; of a greenish-
yellow color; much absorbed by water.

Procured by deoxodizing chlorie acid, as by the action of

nitric acid on a mixture of chlorate of potash and arsenious
acid.—Rationale.—Torms chlorites.
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Peroxide of Chlorine.—Cl0,.—(Graham.)—The chlorous
acid of most writers.—Reason for the name.

Mode of preparation, by distillation of sulphurie acid and
chlorate of potassa.—Rationale.—Danger of preparing it.

Properties.—A deep yellow-colored gas.—KExtremely explo-
sive.—Does not redden litmus.—Soluble in water.—The solu-
tion bleaches.—Resembles the peroxide of nitrogen (NO,) in
many of its habitudes.—Its violent action on combustibles
shown.

Chloric Acid.—Cl0,—The analogue of nitric acid.—Effect
of passing chlorine gas through a strong solution of an alkali.
—The acid obtained, in solution, by decomposing chlorate of
baryta by sulphuric acid.

Properties.—Character of the chlorates.

Hyperchloric Acid.— Perchloric Acid.— Oxychloric Acid.—
ClO,.—The residue after making the peroxide of chlorine.—
Prepared, also, by the action of hot nitric acid on chlorate of
potassa.—Rationale.

Properties.—A. concentrated acid solution.—Much more
permanent than the other compounds of chlorine and oxygen.—
Has a strong affinity for moisture.—No bleaching properties.

Bromic Acid.—BrO,.—The only known oxide of bromine.
— Action of bromine on a solution of a caustic alkali resembles
that of chlorine, with the same results.—The bromate of
baryta decomposed by sulphuric acid.

Properties.—Similar to those of chloric acid.

Todic Acid.—10,.—Obtained by oxidizing iodine by means
of nitric acid, with the aid of heat.

Properties.—Crystalline.—Soluble in water.—Forms iodates
which resemble the chlorates.

Periodic Acid.—10,—Mode of preparation.—Properties.

The halogen bodies form compounds with each other, thus :
Chloride of Bromine.~DBrCl,—A liquid.
6
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SILICIUM, OR SILICON.

Symbol, Si.—Equivalent, 28.

Exists in nature only in combination.

Its nature.—Mode of obtaining it.—Properties.—Effect of
heating in the air.

Silica or Silex,—Silicie Acid.—Si0,—The only known
oxide.—Hxists nearly pure in nature.—Modes of preparing it.
—Reaction of fluoride of silicon on water.

Properties. — Color. — Taste. — Smell. — Solubility. — Sp.
grav. 2-66.—Infusibility.—Its acid properties demonstrated.
—Its action in the manufacture of glass.—Soluble glass.

Fluoride of Silicon— Fluosilicic Acid.—SiFl,,—Always
made when fluohydric acid comes in contact with glass.—Ra-
tionale.

Properties.—A gaseous body.—Colorless.—Forms white
fumes in the air.—Sp. grav. 3:57.—DMust be collected over
mercury.

BORON.

Symbol, B.—Equivalent, 10-9.

Closely allied to Silicon in properties.—Exists in nature as
boracie acid and borax.—Prepared as Silicon.—Properties.

Boracic Acid.—BO,—The only oxide.—Oeccurs in nature
in the hot lagoons of Tuscany.—Prepared from borax by
action of sulphuric acid.

Properties.—How vitrified.—Used in blowpipe operations.

Borax (Biborate of Soda).—Uses.

Fluoride of Boron.— Fluoboric Acid.—BF,—Resembles
gaseous fluoride of silicon.—Preparation.—Decomposition by
water.—Results.
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THE METALS.

The metals comprise by far the largest number of elemen-
tary bodies.—Seven only were known to the ancients.—The
greater proportion are of rare occurrence, and of very little
practical value in medicine; others, on the contrary, are of
the utmost value.—Many are of comparatively recent dis-
covery.— With few exceptions, they are found, in nature,
combined with other elementary substances.

Physical Properties—They are all good conductors of heat
and electricity ; — possess a lustre, termed metallic ;—are
opaque.—(Apparent exception in the case of gold-leaf.)—
Their prevailing color.—Great variation in their specific gra-
vities ;—the extremes.

Certain properties possessed by some metals, and not by
others :—

1. Malleability.—The most malleable metals.

2. Ductility.—Usually accompanies malleability.—The most
ductile metals.

3. Tenacity.—Mode of estimating it.—Iron the most tena-
cious metal.

4. The welding property.—Examples.

0. Hardness. — Great difference, in this respect, among
metals.

6. Elasticity and Sonorousness.—These are closely allied to
hardness.

7. Crystallization.—The crystalline metals.
Volatility.—The volatile metals.
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The fusibility of metals varies as much as their density.—
The extremes.

The metals are electro-positive, with respect to other simple
bodies.

Believed to be elementary, or simple bodies;—having
hitherto resisted all attempts at decomposition.

They have never yet been transmuted into each other.

Chemical Relations.—The metals possess an extensive range
of affinities ;—hence, are rarely found in a separate state.—
They are most disposed to combine with simple bodies, as
oxygen, sulphur, &e.—Effect of this combination.—Alloys.

I. COMBINATION WITH OXYGEN.

All are capable of uniting with oxygen, but differ greatly
in their affinity for it ;—this affords a ground of classification.

Modes of oxidizing metals :
1. Some spontaneously decompose water,—from their powerful
affinity for oxygen.—Examples.
2. Some combine it rapidly at a high temperature.
3. By deflagration with nitrate of potassa.
4. By nitric acid.
5. By nitro-muriatic acid.

Modes of reducing metallic oxides :
1. By heat alone,—when the affinity is weak.
2. By heat and a combustible body, as hydrogen, carbon, or
black flux.
3. By deoxidizing agents, as carbonic oxide, phosphorous
acid, &e.
4. By the action of other metals.—Precipitation.
Metals form, with oxygen, either acids or bases ;—the latter

the most numerous.—The lowest oxides are the most powerful
G*
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bases ;—the highest are often destitute of basic properties,
and are, on the contrary, acid.—Illustrations.

The metallic oxides, generally, are insoluble in water.—
Exceptions.

II. COMBINATION WITH SULPHUR.

Greneral rule that the sulphides correspond, in number and
composition, with the oxides.—Exceptions.—Characters of the
sulphides.

Combination with sulphur effected :
. By heating them together.
2. By bringing the metal in contact with the vapor of sul-
phur.
. By igniting together a metallic oxide and sulphur.
By acting on a sulphate by heat and a combustible.
By sulphydric acid, or sulphide of ammonium.
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The sulphides are reduced :

1. By exposure to the action of the air.—(Into sulphates.)
2. By the combined action of heat and the air.—Results.
3. A few by hydrogen, at a red heat.

Sulphur not disposed to unite with an oxide.—Action, when
boiled with an alkali.

ITI. COMBINATION WITH THE HALOGEN GROUP.

With chlorine.—The affinity very strong.

The chlorides cannot be decomposed by heat alone, but by
heat and hydrogen, or by oil of vitriol.—Characters of the
chlorides.

The same remarks apply to the combinations of the metals,

with ‘odine, bromine, and fluorine. The cyanides are more
easily decomposed.
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SALTS.

Former definition of the terms “acid” and ““alkali.”’—
Numerous exceptions.—Present restricted definition.—Defini-
tion of a salt.

Two distinet classes of salts:

I. AMPHIGEN BSALTS.

Term “amphigen,” how used by Berzelius.—They com-
prise four divisions.—(1) Oxy-salts.—(2) Sulphur-salts.—(3)
Selenium-salts.—(4) Tellurium-salts, ~ For illustration, the
oxy-salts, being by far the most common, may be taken as the
types of the whole class.

A neutral salt.—Constancy between the number of equiva-
lents of its acid, and the equivalents of oxygen in the base.

A sub, or basic salt.

A super, or acid salt.

II. THE HALOID, OR HALOGEN BALTS.

Definition.—Distinction between the two classes.

The binary theory,—an attempt to reconcile them.—Illus-
trations. :

Double Salts.—Examples.

Salts, nearly all solid, and crystalline at ordinary tempera-
tures.—Of variable color.—Generally inodorous.—Sapid, if
soluble.—They differ much in their affinity for water.—Deli-
quescence.—Water of erystallization.—Efflorescence.—Water
of constitution.—Water mechanically confined.—Decrepita-
tion.
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CRYSTALLIZATION.

Crystallization—a property of nearly all bodies capable of
assuming the solid form.—A erystal defined.

Cause of crystallization.—The most perfect crystals when
formed.

Modes of forming erystals artificially :

1. Solution in water—hot or cold, and evaporation.

2. Fusion, and slow cooling.—Examples.

3. Condensation of a vapor in cold surfaces.—Examples.

Facts proving that erystals are formed according to a certain
regular internal structure :—1. Their growth, if placed in a
saturated solution ; 2. Their cleavage ; 3. Their mode of ex-
pansion by heat.

Every substance has its own distinct crystalline form ; but
some forms are common to numerous bodies.—Illustrations.—
Dimorphism.

Measurement of crystals.—The goniometer.—Faces of a
crystal.— Edges.— Angles.

Arrangement of crystals into six classes:

1. The regular octohedral, or monometrie system.

2. The dimetrie, or square prismatic system.

3. The trimetrie, or right prismatic system.

4. The oblique prismatic system.

5. The double oblique prismatic system.

6. The rhombohedral system.
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CLASS L
ORDER I

THE ALKALINE METALS.

POTASSIUM.

Symbol K (Kalium).—Equivalent, 39.

Extensively diffused over the earth, in combination. Dis-
covered by Davy, in 1807, by the agency of galvanism.—
Present method of obtaining it, by the action of charcoal on
carbonate of potash, by the aid of heat.—Rationale.—Mode
of preserving it.

Properties.—A brilliant white metal; soon tarnishing on
exposure to the air.—Soft at common temperatures.—Hard at
822, —Melts at 150°, and volatilizes.—Sp. grav. *865.

Effect when thrown on water.—Color of the flame.—Ex-
planation.—Slower oxidation in the air.—Result in both cases.

COMPOUNDS OF POTASSIUM AND OXYGEN.

Protoxide of Potassium.— Potassa, ot Potash.—Symbol,
KO.—Equivalent, 47.

Anhydrous—how made.—Properties.

The hydrate—KO,HO. — Obtained by boiling together
carbonate of potassa, lime and water, and rapidly concentrating.
—Rationale.

Properties.—When pure, grayish-white.—Solid.—Has a
strong alkaline taste and reaction. — Powerfully caustic.—
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Great affinity for water.—Very deliquescent.—Soluble in
water, also in alecohol.—Used in surgery as a caustic (common
caustic—lapis infernalis), in the form of sticks—made by
fusing the hydrate, and running into moulds.—KExposed to the
air, it rapidly absorbs moisture and carbonie acid.

Its solution—Uliguor potassce—a valuable reagent to the che-
mist. !

Peroxide of Potassium.—KO,—Made by burning potas-
sium in an excess of dry oxygen.—Properties.

SALTS OF POTABEA.

Carbonate of Potassa.—KO,CO,—Is found in the ashes
of inland plants.

Origin of the alkali in plants, and its mode of combination
in the living plant.—Effect of incineration.—Variable quantity
in plants.

Pot and Pearlashes.—Impurities.—Mode of purifying.—
Salt of tartar.

Properties.—Very deliquescent.—Very soluble in water.—
Insoluble in alcohol.—Has a strong alkaline taste and reaction.
—JFuses at a red heat.—Much used in medicine; and as a
chemieal reagent.

Bicarbonate of Potassa.—KO0,2C0,4+HO; or KO,CO,+
HO,CO,—Mode of preparation.

Properties.—A white salt, erystallizing in eight-sided prisms,
less soluble than the carbonate; nearly neutral to test-paper.
By heat it is converted into the carbonate, by losing carbonic
acid.—Used in medicine.

The sesquicarbonate is doubtful.

Sulphate of Potassa.—KO0,80,,—Mode of preparation.—
Properties.—Anhydrous.—Crystallizes in six-sided prisms.—
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Very hard.—Soluble in ten parts of water.—Deecrepitates in
the fire.—Used in medicine.

Bisulphate of Potassa.—KO0,80,4+HO0,S80,.—The residue
in the retort after the preparation of nitric acid from the nitrate.

Properties.—Crystalline.—Solubility.—Has a sour taste and
acid reaction.

Anhydrous Bisulphate.—KO0,280,.
Sesquisulphate.—~HO0,50,+2 (K0,80,).

Nitrate of Potassa (Saltpetre or Nitre).—KO,NO,.—
Natural origin in the earth.—Mode of its formation.— Artificial
nitre-heds.—Made directly by the action of nitric acid on car-
bonate of potassa.

Properties.—A white salt,—in six-sided prisms,—striated.
—Fuses by heat.—Soluble in watér.—Decomposes at a high
temperature.— A ntiseptic.—Deflagrates in the fire.—A strong
supporter of combustion.

Uses in the arts, and in chemistry.

Composition of gunpowder.—Mode of manufacture.—Ra-
tionale of its explosion, and its propelling power.

Poisonous effects of nitre.

Chiorate of Potassa.—KO,ClO,—Procured by passing
chlorine through a solution of potassa —Rationale.

Properties,.—Occurs in white tabular ecrystals. —Soluble in
water.—A powerfully deflagrating agent,—yielding up all its
oxygen, and leaving a residue of chloride of potassium.—It
cannot be substituted for the nitrate in gunpowder.

Perchlorate.—KO,Cl0,.—How obtained.—Properties.—A
crystalline salt, sparingly soluble in water.—Less deflagrating
than the chlorate.

Todate, KO,10,.—Resembles the chlorate.

Silicate, KO,Si0,.—Natural source of it in the soil.—TTses

of it by plants.—Aurtificially made.
1
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(ilass.—Its composition and varieties.

Properties.—Mode of coloring.—Annealing process.

Chloride of Potassium, KCl.—Obtained in the preparation
of the chlorate.—Exists also in the ashes of sea-weed, and in
kelp.

Properties.—Very soluble.—Strongly resembles the chlo-
ride of sodium.

Used for making alum.

Iodide of Potassium, KI.—Procured—(1.) By action of
iodine in a strong solution of the carbonate.—(2.) By decom-
posing iodide of iron by means of carbonate of potassa.

Properties.—A white crystalline salt.—Very soluble in water.
—Much used in medicine.—Its solution has the property of
dissolving iodine. b1

Bromide of Potassium, KBr.—Obtained as the iodide.—Pro-
perties—Similar to those of the iodide.

Cyanide of Potassiwm, KCy.—Prepared by heating the
ferrocyanide.

Properties.—Occurs in cubical erystals.—Deliquescent.—
Very soluble.—Odor of the solution due to.—Danger of using
it in medicine.

The Ferrocyanide and Ferricyanide of Potassium (yellow
and red prussiate), will be treated of under the head of Iron.

Sulphides of Potassium.—KS; K8 ; and K8,

The protosulphide, KS, is made by heating the constituents
together ;—or by heating the sulphate with charcoal.

Properties.—A red crystalline mass.—Very soluble in water,
and caustic in its action.

The other sulphides are formed by fusing the protosulphide
with different portions of sulphur.

Hepar- Sulphuris (Liver of Sulphur).—Procured by fusing
together different proportions of the carbonate and sulphur.
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Properties.—A very variable mixture of the two higher

sulphides, and the hyposulphite and sulphate of potassa.—
Formula.

SODIUM.

Symbol, Na (Natrium).—Equivalent, 23.

Discovered by Davy, at the same time as potassium.—DMode
of preparation similar to that of potassium.

Exists, naturally, in combination, in sea-water, saline springs,
rock-salt, and in the ashes of marine plants ;—also in animals.

Properties.—Very similar to potassinm.—Specific gravity,
0-970.—Fuses at 194°.—If exposed to the air, it tarnishes,
and is speedily converted into the protoxide (soda).

Action of water upon it.—Color of the flame.

COMPOUNDS OF SODIUM AND OXYGEN.

Protoxide of Sodium.—Soda.

Symbol, NaO.—Equivalent, 31.

Anhydrous—how made.—Properties.

The hydrate, NaO,HO,—prepared as the hydrate of potassa;
and its properties similar.

LPeroxide of Sodium.—NaO,—As peroxide of potassium.

BALTS OF BODA.

Carbonate of Soda, Na0,CO,+10HO.

Naturally exists in the ashes of marine plants, from which
it was formerly obtained.—Kelp and barylla.

Manufactured, at present, from common salt, by first con-
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Nitrate of Soda.—NaQ,NO,.—Cubical Nitre. — Found
native in Peru.—Made by action of nitric acid on the carbo-
nate.

It crystallizes in rhombs.—Very soluble.—Deliquescent.—
Used as a substitute for saltpetre in making nitric acid ; but
cannot be employed in the manufacture of gunpowder, on
account of its absorbing moisture from the air.

Chlorate of Soda. — Ka0,Cl0,,—Resembles the chlorate
of potassa.

Hypochlorite of Soda.—( Chlorinated Soda.)—NaO,ClO.
—Mode of preparation.—Nature.—Uses.

Phosphates of Soda.—Three classes of them :
I. Tribasic:

1. Neutral tribasic phosphate.—2Na0O+HO,P0,4-24HO.—
(Common phosphate.) Made by neutralizing super-
phosphate of lime by carbonate of soda.

Properties.—Crystalline, in oblique rhombic prisms.
—Efflorescent.—Solubility.—Taste.—Heat converts it
into the bibasic phosphate.

2. Subphosphate, or alkaline tribasic phosphate.—3NaO,PO,
+24HO. Made by adding an excess of caustic soda to
the preceding. :

Occurs in slender six-sided prisms.—Less soluble than
the former.—Alkaline in its reaction.

3. Acid tribasic phosphate.—Biphosphate.—NaO +4-2HO,PO;
+2HO.

Obtained by addition of phosphoric acid to the neutral
phosphate.—Crystalline.—Effect of a high heat.

Test.—They all give a yellow precipitate with nitrate
of silver.

I1. Bibasic Phosphates :
7%
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LITHIUM.

Symbol, L.—Equivalent, 6-5.
Obtained by the voltaic decomposition of lithia.
Properties.—Resembles sodium.—Very easily oxidizes.

Protoxide.— Lithia.—1L(0.—Exists in certain rare minerals.
Properties.—White.—Less soluble than the other two alka-
lies.—Forms salts.

SALTS OF AMMONIA.

These are most conveniently studied in the present connec-
tion.

Ammonium.—NH_.—A hypothetical metal.—Never iso-
lated. '

Modes of making the ammoniacal amalgam.

Properties.—Its spontaneous decomposition.

Oxide of Ammonium.—Ammonia.—NH,0, or NH,HO.
— Already treated of.—A powerful alkali.

Carbonate of Ammonia.— NH,0,C0O,. — Anhydrous.—
Mode of preparing.—Properties. :

Sesquicarbonate.—The carbonate of pharmacy.—2NH,O,
3C0,.—Preparation.—Rationale.—Properties.—Effect of ex-
posure.—Use.

Sulphate of Ammonia.—NH,0,80,4+HO.
Mode of obtaining.—Preparation on a large scale.—Pro-
perties.

Nitrate of Ammonia.—NH,0,NO,.
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CALCIUM.

Symbol, Ca.—Equivalent, 20.
Obtained as Barium and Strontinm.—Properties.

Protoxide.~ Lime.—Ca0 (Quicklime).

Obtained by calcining the carbonate.—Preparation of pure
lime.—Impurities in common lime.,

Properties. — Density.—Color. —Phosphorescence.— Effect
of water ;—hydrate of lime or slacked lime—Cause of the
heat evolved in slacking.—Solubility in water.— Lime-water.
—Properties of lime-water ;—effect of exposure to the air.—
Mill of lime.

Use of lime in the arts.—Composition of mortars.—Hy-
draulic mortars.—Use of lime in agriculture.

Peroxide of Caleium.—CaQ,—Preparation.—Uses.

SALTS OF CALCIUM.

Carbonate of Lime.—(Ca0,CO,.

Natural varieties :—Limestone, Marble, Tceland Spar, and
Arragonite.

Properties.—Solubility in water.—Hard waters.—Mode of
remedying.

Stalactites.—Petrifying wells.

Sulphate.—Ca0,80,—Native,—as Gypsum and Selenite;
—also anhydrous, as Anhydrite.

Artificially made.—Solubility in water.—Use of pative gyp-
sum as a manure, and for taking casts,

The sulphate of lime a common impurity of hard waters.

Phosphates.—They correspond, in number and in composi-
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Fervicyanide of Potassium.—Red Prussiate of Potash.—
3K,Fe,Cy,, or 3K,Cfdy.—Mode of preparation.—Properties.
Mode of viewing it as a double salt.—(Fe Cy,+3KCy.)

Ferricyanide of Iron.—Turnbull's Blue.—3Fe,Cfdy, or
3Fe,Fe,Cy,—Prepared by adding the ferrieyanide of potas-
sium to a protosalt of iron.—Appearance.

Tests for Protosalts of Iron.—(1.) Color.—(2.) Alkalies.
—(3.) Alkaline carbonates.—(4.) Ferricyanide of potassium.
—(5.) Sulphide of ammonium.

Tests for Persalts—(1.) Color.—(2.) Alkalies.—(3.) Al-
kaline carbonates.—(4.) Tannic acid.—(5.) Ferrocyanide of
potassium.—(6.) Sulphide of ammonium.

COPPER.

Symbol, Cu (Cuprum).—Equivalent, 31-7.

Name.—Known to the ancients.—(General diffusion through-
out nature.—QOccasionally found pure in erystals.—Localities.

Most common ores—yellow and gray copper ores.—Most
important localities of these ores.

Mode of reducing copper pyrites.—How chemieally pure.

Properties.—Color.—Film on sheet copper.—Specific gra-
vity, 8:0.—Malleability and duectility.—A good conductor of
heat and electricity.—Not affected in dry air.—Influence of
moist air.—Result of heating to redness in the air, or oxygen.
—Effect of acids, dilute and strong.

It forms three compounds with oxygen.

Suboxide— Dioxide—Red Oxide.~—~Cu,0.
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Occurs native in octohedral crystals.—Artificially made.—
Action of grape sugar on a protosalt of copper.—Properties.

It forms colorless unstable salts.—Use in the manufacture
of glass.

Effect of copper on a solution of ammonia, in the air.

- Protoxide.—Black Oxide.—Cu0.

Obtained by heating copper in the air, or better by caleining
the nitrate.

Properties.—Strongly basic.—Facility of reduction in con-
tact with organie bodies.—Use in organic analysis.

Obtained as a hydrate—Effect of boiling.—Action of am-
monia.

The Binoxide—Cu0,—is said to exist.

SALTS OF COPPER.

Sulphate.—Cu0,80,+5HO. (Blue vitriol.)

Manufactured on a large scale.—DMode of obtaining chemi-
cally pure.—Rationale.

Properties. —Color. — Isomorphous with.—Forms double
salts.—Effect of heat.—Action of ammonia.

There is also a subsulphate.

Nitrate.—CuO,NO,43HO.

Action of nitrie acid on copper.

Properties.—Color.—Deliquescence.—Acid, corrosive ac-
tion.—Action on tinfoil.

Carbonates—The subcarbonate, 2Cu0,CO,+HO, forms on
copper when exposed to moist air.

The hydrocarbonate, Cu0,C0,+Cu0,HO, is formed by the
action of carbonate of soda on sulphate of copper.

Composition of native malachite.
Verditer obtained.—Use.
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Found in nature chiefly in combination with iron (chrome
iron), and lead.—Localities.

Mode of separation.

Properties.—Grayish-white, — resembles steel.—Sp. grav.
5:9.—Difficulty of fusion.—Brittle.—Isomorphous with man-
ganese and iron.

It forms three compounds with oxygen.

Protoxide.—CrO.—Obtained as a hydrate.v—-«-]:t_' resembles

the protoxide of iron in its tendency to absorb oxygen.—
Color.

Sesquioxide.—Cr,0,.—Isomorphous with Fe,0,.

Procured from chromate of mercury by heat; also by de-
oxidizing the chromic acid of the bichromate of potash.

Properties.—A feeble base.—Green color.—Forms an alum
with sulphate of potash—Cr,0,,880,+K0,50,+24H0.—
Its solution yields the sesquioxide, by precipitation.

Chromic Acid.—CrQ,—Obtained nearly pure by the action
of sulphuric acid on the bichromate of potash.—Properties.
—Strong oxidizing property.—Effect on alcohol.

Chromate of Potash.—K0,CrO;—DMode of obtaining from
native chrome iron.
Properties.—Uses.

Bichromate of Potash (Red Chromate).—KO,2Cr0;.—
Obtained by the action of sulphuric acid on the chromate.
Properties.—Uses in dyeing.

Chromate of Lead.—Pb0,CrO;—(Chrome yellow.)
Preparation.—Properties.—Use.

Protochloride.—Cr(l.—Mode of preparing,
Properties.—A powerful deoxidizer.

Sesquichloride.—Cr,Cly—Preparation.
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It forms two compounds with oxygen.
Reasons for the nomenclature here adopted.

Black Oxide.~— Suboxide.—Hg,0.—Obtained by the action
of potassa on the subnitrate.—Rationale.— Black wash.

Properties.—Effect of exposure to light.

Chemiecal nature of blue mass and mercurial ointment.

Microscopic appearance.

Red Oxide.—Protoxide—HgO (red precipitate.)—The
most powerful base.

Modes of preparation :—1. By heating the metal, in con-
tact with the air. 2. By heating the nitrate. 3. By preci-
pitation.

Differences in the resulting compounds.

Properties.—Color.—Solubility.—Action of heat.

Poisonous properties.— Yellow wash.

Use in medicine.

SALTS OF MERCURY.

Each oxide forms both a neutral and a bhasie salt.

Nitrate of the Black Oxide.—Hg,0,NO,+42HO.—Made
by an excess of cold dilute nitric acid on mercury.—Oceurs
in large colorless crystals;—decomposed by a large quantity of
water.

Basic Nitrate of the Black Oxide.—3Hg,0,2NO,+3HO.
—Made by cold dilute nitric acid on an excess of mercury.—
Appearance.

Mode of distinguishing these two nitrates.

Nitrate of the Red Oxide—HgO,NO,.

Made by boiling nitric acid in excess on mercury.—The
neutral condition preserved only while in solution.—Change
on drying.



116 INORGANIC CHEMISTRY.

Medical use.

Basic Nitrate of the Red Ozide.—3HgO,NO,+HO.
Action of water on the former oxide.

Sulphate of the Black Oxide.—Hg,0,30,.

Modes of preparing.—Properties.

Sulphate of the Red Oxide.—Hg0,50,.— Obtained by
boiling mercury and sulphuric acid together.—Rationale.

Effect of water. — Basic sulphate (turpeth mineral)—
3Hg0,80,—Use in medicine.

The Carbonates—how made.

Subchloride— Calomel—Hg Cl.

Modes of preparation:—1. By the action of chlorine on
mercury. 2. By solution of chloride of sodium on the sub-
nitrate. 3. By subliming together common salt, the sulphate
of the red oxide, and metallic mercury. 4. By subliming
together common salt and corrosive sublimate.

Rationale in the above cases.

Properties.—Crystals (found native).—Color.—Solubility.
—Specific gravity, 6-:5.—Effect of exposure to light.—Effect
of alkalies.

Test of its purity.—Use in medicine.—Howard’s Calomel.

Protochloride— Corrosive Sublimate—HgCl.

Prepared by subliming together common salt, and the sul-
phate of the red oxide.—Rationale.

Properties.—Colorless erystals.—Solubility in water, alco-
hol, and ether.—Specific gravity, 65.

Use in medicine.—Incompatibles.

Poisonous effects.—Antidote.

Use in the arts, and in the laboratory.

Tendency to form double salts.—Sal alembroth.

White Precipitate. — (Ammoniated mercury.) — HgCl+4
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Effect of the presence of organic matter, when exposed to
light.

Lunar Caustic.—Preparation.—Impurities.

Uses in the arts, and in medicine.

Mode of removing its dark stains.

Sulphate.—~Ag0,30,.—Made by boiling silver in sulphuric
acid; or by the action of an alkaline sulphate on the nitrate.

Properties.—Difficult solubility in water.—Soluble in am-
monia, forming a double salt.

Carbonate.—Ag0,CO,.—Formed by double decomposition
of the nitrate and carbonate of potash or soda.
Properties.—A white powder, becoming black on exposure.

Hyposulphite and Hyposulphate.

Chloride.—AgCl.—(Horn Silver.)

Occurs native.—Made by decomposing the nitrate by a
goluble ehloride.

Properties.—A white bulky substance, insoluble in nitrie
acid, but soluble in ammonia.

The lodide—Agl, Bromide—AgBr, and Cyanide—AgCy,
may be obtained, as the chloride, by double decomposition.

Sulphide—AgS.—Oceurs native.

Made by the action of sulphydric acid on a soluble salt of
silver.—DProperties. :

Ammoniuret.—Obtained by dissolving the freshly precipi-
tated 8xide in ammonia.
Properties.—Violently explosive.—Rationale.

Modes of precipitating metallic silver from its solution.—
Arbor Diance.

Test : Chlorohydric acid, or a soluble chloride.

Alloys of Silver—Composition of silver coin.


















ORGANIC CHEMISTRY. 125

Liebig’s definition of ¢ Organie Chemistry.”

Many of the Compound Radicals have been isolated.

Some act as the combustibles—sulphur, carbon, and phos-
phorus.—Examples.

Some act as the metals.—Examples.

Some partake of the nature of both.—Xxamples.

Highly probable that all organie compounds consist of one
or more compound radicals.

The chief points of distinetion between organic and inor-
ganic bodies are :

1st. Their origin,—the former being always produced by a
living organism, either directly or indirectly.

2d. The preponderance of carbon in organiec bodies, united
with oxygen, hydrogen, and nitrogen.

Results of heating organie bodies in open vessels.

Results of heating them in close vessels.

Heat is, consequently, a test for organie bodies.

Definition of ¢ Organic Bodies,” founded upon the above
results.—(Turner.)

Proneness to spontancous decomposition of organic sub-
stances, dependent on their complex eomposition.

Animal bodies more readily decomposed than vegetables.

The least tendency to decompose is found in those bodies
whose elements are in the proportion to saturate each other.—
INlustrations.

Produects of the decomposition.

Controlling influence of the vital force in living animals and
vegetables.

Isomerism very frequent among organic bodies.—Explana-

tion.—Examples.
I
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Six species of Fermentation :

I. Organic Fermentation.—The lowest form.—Circum-
stances favorable to it.—Mould and mildew.—The product
is cellulose.

II. Germinative Fermentation.—Circumstances requisite.
—The most favorable temperature.—Results.

I1I. Vinous Fermentation.—Circumstances necessary.—
Proper temperature.

Natural occurrence in the juices of fruits when exposed to
the air.

Phenomena attending its occurrence in grape-juice.—Depo-
sit of argol.

Examples of fermented liquors.

Chemical changes occurring in Vinous Fermentation.

Effect of distilling the fermented liquors.

ALCOHOL.

Composition—C,H,0,, or CH,0,HO.—Always produced
as the result of the vinous fermentation.—Small quantity at
first produced.—The liquors concentrated by distillation.

Process of distillation.

Avrdent spirits, or distilled liguors—The result of the first
distillation.—Examples.

Spirits of wine, or officinal alcohol—The result of a
second distillation.

Quantity of real alcohol contained in distilled liquors.—
Quantity in spirits of wine.

Properties of common alcohol (spirits of wine).—Limpid ;
—(Colorless ;—Peculiar odor ;—Inflammable.—Color of flame.
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Properties.—Sp. grav. 1-112.—Insoluble.

Hyponitrite. — Nitrous or Hyponitrous Ether.—CH,0,
NO,..

Modes of obtaining it pure.—How, cont&mmg aldehyde.

Composition of Sweet Spirit of Nitre.

Sulphate.— Sulphuric Ether (true).—CH,0,80,—Only
lately isolated.—Mode of preparation.—Properties.

Acid Sulphate.— Sulphovinic Aeid.—C,H,0,280,,HO.
Mode of formation.—Rationale.—Properties.—Forms salts.

Heavy Oil of Wine.—(C H,,S0,4C,H.0,S0,.

Mode of procuring. —Prupm ties.

Phosphovinie Aeid.—C H,0,2P0,.

Similar in preparation and properties, to sulphovinie acid.
Olefiant G'as.—C,H,—Already treated of.

Mode of making.—Action of chlorine.

ACTION OF CHLORINE ON ALCOHOL AND ETHER.

Chloral.—C,C1,0,HO.—Made by passing chlorine through
aleohol.

Analogous in composition to aldehyde.

Principle of substitution.

Properties.—A thin, oily, colorless liquid, of a penetrating
odor.—Specific gravity, 1-5.—Solubility.

Action of Chlorine on Ether.—Series of compounds formed
on the principle of substitution.—Examples.
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Formie Acid.—C,HO,HO.—Named from.—Mode of ob-
taining from ants.

Procured, as an aldehyde, by the action of sulphuric acid
and bichromate of potash on wood spirit ;—also by dilute sul-
phuric acid on sugar, or starch, and peroxide of manganese.

Properties.—A clear, colorless, pungent liquid.—Powerfully
acid.—Having the odor of ants.—Corrosive. — Forms for-
maiales.

Distinguished, how, from acetic acid.

Chloroform.—C,HCl,.—TIs formed by the action of chlorine
on the chloride of methyle, in the sun’s light ;—two equiva-
lents of hydrogen are substituted by two of chlorine.

Mode of manufacture.—Purification.

Properties.—A colorless limpid liquid, of a peculiar aro-
matic odor ;—pungent, sweetish taste.—Sp. grav. 1-49.—Not
inflammable.—Insoluble in water.—Soluble in aleohol and
ether.

Use, in medicine, as an anwesthetic.—Differs from ether.

Bromoform and Iodoform are compounds similar to chlo-
roform ; and their mode of preparation analogous to that of
the latter.

Substitution—action of chlorine on the Methyle series,
analogous to that upon the Ethyle series.—Examples.

Other products arising from the destructive distillation of
wood.—These are found in the wood-tar.—Difference between
it and coal-tar.

('reasote the most important product.—Its mode of separa-
tion complex.

Properties.—Colorless when pure.—Sp. grav. 1-03.—Odor
and taste, pungent and peculiar.—Highly refractive.—Boils
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CITRIC ACID.

Composition.—C,,H,0,,,3H0.—A tribasic acid.

Exists naturally in the lemon, lime, sour orange, &e.—Ob-
tained from lemon-juice, by adding chalk, which forms citrate
of lime ;—then decompose by sulphuric acid, and crystallize
the residue by evaporation.

Properties.—Large size of the erystals.—Colorless.—Freely
soluble in water.—Taste.

Mode of distinguishing it from Tartaric Acid.

Uses in medicine.—Citrates.

Effect of heating citric acid is to convert it into three
equivalents of aconitic acid—C,110;+4HO, and two equiva-
lents of water.

TARTARIC ACID,

Compeosition, C,H,0,,+2HO.—DBibasic.

Exists naturally in certain fruits,—as the grape, tamarind,
gooseberry, &e.

Obtained from the acid tartrate of potash (cream of tartar)
by the action of chalk, which throws down the tartrate of
lime ;—then decompose this by means of sulphuric acid, and
erystallize by evaporation.

Properties.—Large colorless crystals.—Soluble in water.—
Very sour.—Tendency to form bibasic salts.

Test.—Its action upon potassa.

Acid Tartrate of Potassa (Cream of Tartar).—KO,HO,
C,H,0,,—A bibasic salt, improperly called Bitartrate.

Obtained by purifying argol.—Nature, and mode of forma-
tion of argol.
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ing only in the details of their preparation.—Procured from
various lichens, chiefly the Rocella tinctoria.—Their natural
color is red ; but they become blue from the presence of an
alkali, in their manufacture.

Use of litmus to the chemist, as a test.—DMode of preparing
test-papers.—Action of acids.

Substances derived from litmus.

RED COLORING PRINCIPLES.

Coclhineal.—Dried insects—the Coccus cacti—found in tro-
pical countries.

Properties.—Soluble in water and aleohol.—Form lakes with
alumina, and oxide of tin.— Carmine.

Its coloring principle, called carminic acid, has been sepa-
rated.

Madder.—The root of the Rubia tinctorium.—Grown in
the south of France, and the Levant.

Tts most valuable coloring principles are alizarin and pur-
purin.

Madder is employed for giving the Turkey-red color to cot-
ton cloths.

Brazil Wood. — Cesalpinia Sappan.—It contains an
orange, crystalline solid, called Brazilein, C3H,0,,.

Logwood.— Hematoxylon Campechianum.

This affords a deep reddish-purple dye.—Its coloring prin-
ciple—hematoxylin,is composed of C,,H,,0,,+8HO ;—asolid
erystalline body.—Acids brighten the color; and alkalies ren-
der it darker.
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SECTION 1L
TaeE GELATINE GRoUP.

There are two varieties of gelatine, according to Mulder,—
named Gelatine, or Glutin, and Chondrine.

The former, procured from skins, membranes, bones, tendons,
and fibro-cartilages.

The latter (chondrine), from permanent cartilages, feetal
bones, and fungous bones.

Composition of gelatine.—C ,H, N,0,.

Composition of chondrine.—C,;H,,N,O..

Gelatine obtained by long boiling of the tissues which
yield it.

Varieties of commercial gelatine :—glue, size, isinglass, and
the prepared gelatine of the shops.

Gelatine not found in the animal fluids.

Origin of it in the animal economy.

Properties of gelatine.—Hard ; semi-translucent.—Soluble
in boiling water.—Solidifies on cooling.

Action of tannic acid.

Chemical distinetions between gelatine and chondrine.

Glycocoll, or Gelatine Sugar.—CHNO,.
Made, by boiling gelatine with a solution of potash; or by
treating it with sulphuric acid.
Also obtained by the action of sulphurie acid on hippuric
15%
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Dr. Golding Bird’s analysis of urine.
Deposits from the urine on standing.

Urea.—C,H,N,0,.

The most important of the solid constituents of the urine.

Properties.—Colorless.—Four-sided prisms.—Very soluble
in water,—less so in aleohol.—Taste, saline and cooling.—Neu-
tral to test paper, but unites with acids.

Proportion in healthy urine, 12 to 30 parts in 1000 (ave-
rage, 15).

I'ts presence in urine i shown by evaporating it to one-third
its bulk, and then adding nitric acid, which converts it into a
bulky nitrate of urea.

Obtained pure, from urine, by first evaporating it, and then
adding oxalic acid ; and decomposing the oxalate by chalk.

Made artificially (as the cyanate of ammonia), by decom-
posing cyanate of potassa by sulphate of ammonia; evapora-
ting to dryness, and adding strong alcohol, which dissolves out
the urea.

The whole quantity secreted in twenty-four hours estimated
at 270 to 430 grains.

This variation of quantity due to several causes,—as age, sex,
diet, and exercise.—Results of Prof. Lehman’s experiments.

Detected in the blood.—Physiological origin.

Effects of accumulation in the blood.

May be suspected to be in excess in the urine, if its
sp. gravity exceeds 1030.

Spontaneous change of urea into carbonate of ammonia—
C,H,N,0,4+2H0=2(NH,+CO,). —This conversion some-
times occurs (in disease) before the urine has been voided
from the bladder.

Properties, and microscopic appearance of the nitrate of

Wred.
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ITL. Phosphate of lime.

Characters.—Smooth, or even polished, on the surface.—
Composed of concentriec laminze, very easily separated.—Color,
fawn, or stone.

Tests.—Chars before blowpipe.—Is nearly infusible.—Solu-
ble in dilute acids.—Phosphoric acid tested by nitrate of
silver.—Lime tested by oxalate of ammonia.

IV. Ammonio-Magnesian Phosphate (triple phosphate).
—Very common as one of the ingredients of a calculus.

Characters.—Nearly colorless.—Surface rough, or covered
with small shining erystals.

Tests : Charred by blowpipe, exhaling an ammoniacal odor.
—Soluble in dilute acids.—Heated in a solution of potash, it
gives off ammonia, and precipitates magnesia.

V. Fusible Calculus.—A mixture of the two last deseribed.
—The most common ingredient, next to urie acid.

(‘haracters.—Often of a large size.—Soft.—White.—Chalky
and friable.

Tests: Fuses before blowpipe into a bead.—Soluble in dilute
acids,—The presence of lime shown.

VI. Mulberry Calculus (oxalate of lime). — Sometimes
entire ; again, with a nucleus of uric acid.

(Characters.— Very dark color, brown or dirty purple.—Ir-
regular, jagzed surface.—Appearance when sawn.

Mests : Insoluble in acetic acid.—Soluble in dilute nitrie
and chlorohydrie acids.—Blowpipe at first blackens, and then
converts it into carbonate of lime, which is easily recognized.

The Cystic Oxide and Xanthic Oxide,—are very rare forms
of caleuli.

The Urate of Lime is occasionally met with.
16%
















































