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’ . PREFACE.

It is hardly necessary for the author of the following volume to
make any excuses for its publication, since, notwithstanding the multi-
plicity of books on the same subject, there seems to be none, which are
exactly adapted to the object for which this is principally designed.
The Conversations on Chemistry and the works of Parke and Joyce,
besides the interlocutory form in which they are written, are objec-
tionable in not containing the recent discoveries, and improvements
in the science; and the volume of Dr. Turner, though free from
these objections, is too large for the use of schools and academies.

In this volume, it has been the intention of the author, not only to

_ avoid these objections, but, at-the same time, to explain the elements

and doctrines »f the science in sufficient detail, 10 give a competent
knowledge of its several parts, and in such language as can be under-
stood by those who will%ut read the book attentively and pursue
the subject in course.

It appears to the writer, that in teaching Chemistry to youth, its
e]ementaliy arts have not been sufficiently insisted on at the begin-
ning. Of all the sciences, this is the most complete, in respect to its
language—the order of its arrangement, the succession of its subjects,
and consequently in the facility with which it may be learned. But
from these perfections, arises the absolute necessity of becoming well
acquainted with its first principles, before the student can derive,
and retain any useful knowledge from its study. The nomenclature
of chemistry, the laws of affinity, and the doctrine of proportions are
far more necessary to a proper knowledge of this science, than is a
knowledge of mathematicstothe study of Astronomy. The causeof
an eclipse, or the reason why the complicated motions of the earth
should produce a change of seasons, can be fully understood without
the use of mathematics. But without a know%edge of affinity, and
proportions, the decomposition of a'salt, or the formation of a definite
compound, dre-absolutely incomprehensible phenomena ; nor can
they be explained without a previous acquaintance with the peculiar
language of Chemistry.

It is from a conviction of the importance of first principles in learn-
ing this science, that the author has devoted so much attention to
the impondera.bie afents, attraction, affinity and %alvanism, and to
the explanation of definite proportions and chemical equivalents.

The doctrine of definite proportions, being now universally adopted,
forms one of the fundamental principles of chemical science. And
whether the theory of atoms, which accounts for the facts on which
this doctrine is founded, be true, or false, the doctrine itself will ever
maintain its integrity, its elements being nothing more than the ex-
a‘ression of facts” which experiment and analysis have developed.

he subject of proportions in :Fendentl yof itsrelation tothe theory or
mchtice of Chemistry, is highly curious and of uncommon interest,

to the naturalist and the moral philosopher. To the first it
shows that the laws of nature are equally inherent and efficient, in

- 384345



iv PREFACE.

dead, and in ammated matter, and that the effects of these laws are
as peculiar and distinctive in the formation of chemical compounds,
as they are in the production and habitudes of the different races of
a.nimaL To the moralist, this subject teaches, that nothing has
been formed by the fortuitous concurrence of atoms, but that even
the “stocks and stones” bear the im&ress of creative agency, and de-
sign—that the air he breathes and the water he drinks, are formed of
invariable prolportions of certain elements, and that these compounds
are so precisely adapted to his nature, and wants, that the least
change in the proportion of their constituents would inevitably effect
his destruction. .

Besides the charms which this subject presents to the reflecting
student, the composition of compound bodies, in recent books of chem-
ia'txx', is expressed in equivalent numbers, and therefore cannot be
understood without a knowledge of the doctrine of proportions. The
author therefore, before the description of each element and com-

und, has affixed to its name, at the head of the sections, its com-

ining number, or atomic weight. By this arrangement, the pupil,
atasingle glance, becomes acquainted, not only with the scientific,
and common names, but also with the composition, and proportions
of all the compounds described.

In respect to the authorities which have been consulted in the
composition of this work, the principal are Dr. Thomson, Dr. Henry,
Sir H. Davy, Mr. Gray, Dr. Ure, Mr. Accum, Mr. Faraday, the
Library of Useful Knowl e, the Journal of the Royal Institution,
Silliman’s Journal, and Dr. Turner.

Of the work of the latter author, free use has been made, his ar-
rangement of subjects, with some variations having been adopted,
and his exposition of the doctrine of proportions carefully consulted.
The work now offered, is not however to be considered as a servile
compilation; the former experience of the author as a lecturer, and his
habit, for many years, of analysing various substances, having
given him opportunities, not only of verifying the deductions of .
others, but occasionally of making new experiments for himself.

Hartford, March 1, 1831,

AN
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CHEMISTRY.

.

/ CHEMISTRY is that science which investigates the composi-
"tion and properties of bodies, and by which we are enabled
to explain the causes of the natural changes which take place
in material substances.

Science has been divided into two great branches, the one
comprehending all those natural changes which are accompa-
nied by sensible motions ; the other, including all those natu-
ral events accompanied by insensible motions. The first
science is called Natural Philosophy ; including also ‘the
Philosophy of Mechanics, and the laws of motion. The
second is known under the name of Chemistry, or Chemical
Philosophy.

As a science, Chemistry is of the highest importance to
mankind, since by its investigations, the practical arts arexcon-
stantly improving.

All chemical knowledge is founded on analysis and synthe-
sis, that is, the decomposition of bodies, or the separatlon of
compounds into their simple elements, or the recomposition
of simple bodies into compounds.

When water is passed through a red ho tube, in the form
of steam, it is decomposed ; its oxygen ng with the iron,
while its hydrogen passes away in a state of freedom, or may

-be collected and retained. "This is called analysis ; and the
bodies so separated from each other, if they cannot again be
decomposed are called elements. Thus hydrogen and oxygen
are the elements of water. When oxygen, which may be
obtained pure, as will be seen in another place, is burned
with hydrogen, a quantity of water will be formed. This is
called synthesis, or the recomposition of water from its ele-
ments. Thus all knowledge of this sclence is obtained by
experiment.

What is chemistry ? How is science divided ? W hat is the found-
ation of all chemical knowledge ? What is analysis> What is syn-
thesis ? 2
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As a science, chemistry is intimately connected with a
great variety of natural phenomena. All satisfuctory ex-
planation of the causes of rain, hail, dew, wind, earthquakes,
and volcanoes, have been given by the aid of chemical
knowledge. The phenomena of respiration, the decay and
growth of plants, and the functions of several parts of ani-
mals are also explaiped in a satisfactory manner, only by the
aid of chemistry.

- As an art, chemistry is connected, more or less, intimately

with nearly every branch of human industry, and particular-
ly with agriculture and manufactures. In its application to
agriculture, chemistry furnishes the most direct and certain
means of ascertaining what a barren soil wants to make it a
fruitful one, and also what ingredient any soil requires to
best adapt it to any given kind of produce. Many of our most
common and useful articles are manufactured entirely by
chemical processes. The making of soap, glass, bleaching,
salts, the several kinds of acids, and almost every kind of
medicine, depend wholly on the manipulations of chemistry.
The art of the potter, iron-smith, tanner, sugar.maker, dis.
tiller, brewer, vinter, paper.-maker, and painter, are also con-
nected in various degrees with chemistry.

Natural objects may be separated into two great divis.
ions, or classes, viz.; Imponderable agents, and Ponderable
bodies.

PART I.

IMPONDERABLE AGENTS.

The imponderable agents of which we shall treat, are
Light, Caloric, or Heat, Electricity, Galvanism, and Attrac-
tion. These are called imponderable agents because they
possess no appreciable weight. The investigation of many
of the properties of these agents, and particularly of light
and attraction, belong to the several departments of Natural
Philosophy, but they each possess properties also, which are
strictly chemical, and it is these properties only, which it is
. proposed here to examine.

What are among the natural phenomena which chemistry explains ?
‘What are among the most important arts which derive advantage from
chemistry > How are natural objects divided? What are the impon-
derable agents? Why are these agents called imponderable ?



CALORIC. 11

CALORIC.

Heat is the sensation which one feels when he touches a
body hotter than the hand ; and this sensation is caused by
the passage of caloric from the hot body to the hand. Thus
caloric is the cause of the sensation which we call heat, and
heat is the effect of the passage of caloric into the hand.
Caloric, then, is the matter, or principle of heat, while heat is
the sensation produced by the transfer of this principle to the
living system, from some body hotter than itself.

Caloric is imponderable ; that is, there is no appreciable
difference in the weight of a body, whether itis hot or cold.

This principle seems to be present in all bodies, nor is there
any known process by which it can be separated from any
substance. For since heat constantly passes from the hotter
to the colder body, until every thing in the same vicinity be-
comes of the same temperature, so if we take a substance at
atemperature however low, and carry it to a place where the
temperature is still lower, this substance would give out heat
until its temperature became the same with that of the sur-
rounding air. For instance, if a piece of ice at 32 degrees of
temperature, could be transported to any place, as in Siberia,
where the temperature was 60 degrees below 32, then this
piece of ice would continue to emit caloric, until its tempera-
ture became only equal to that of the surrounding atmosphere,
and it would therefore give out 60 degrees of heat. It will
be quite obvious to any one, that if a piece of iron, or any
other substance, be carried from the open air on a summer’s
day, where the heat was 92, toan ice house, where the heat
was only 32, that the iron would continue to part with its heat
until it became of the same temperature with the ice, and
therefore that it would, in a short time, lose 60 degrees of heat,
as indicated by the thermometer.

‘Heat and cold are therefore merely relative terms, and so
far as our sensations are concerned, depend on circumstan.
ces. Thus we call a body cold when its temperature is lower
than our own, and it has at the same time, the power of con.
ducting heat rapidly. That the sensation of cold, which we

When one touches a body hotter than his hand, why does he feel the
sensation of heat? What is caloric? What is heat? How is it
proved that caloric is imponderable? How is it shown that caloric is
present in all bodies 2 What illustrations show that ice will emit cas
loric? How are heat and cold relative terms? How is 1t shown that
the sensation of cold often depends on the conducting power of the

body ? <
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experience, when touching another body with the hand, de-
pends greatly on the conducting power of the body touched,
18 easily proved by the following experiment. A piece of
woollen cloth, or fur, and a vessel of quicksilver, being
placed in the same room, will bothindicate the same tempera-
ture, when the bulb of a thermometer is wrapped in the one,
or plunged into the other. And yet, if the experiment be
made in the warmest day of summer, the mercury will feel
cold to the hand, while no sensation will be produced on
touching the cloth or fur. Now both articles touched, being
of the same temperature, it is obvious that the different sen-
sations must depend on the power of the mercury to absorb,
or conduct away the heat of the hand more rapidly than the
fur or cloth.

On the contrary, we say a body is warm, or hot, when it
imparts heat to the hand, more or less rapidly. But this sen-
sation, to a certain degree, also depends on circumstances, -
and is connected with the relative temperature of the hand,
and the conducting power of the substance touched. Thus
if one hand be placed in water at 32 degrees, and the other
in water at 130 degrees, and then both hands be plun-
ged in water at 90 degrees, one hand will feel cold, and the:
other warm, though the temperature to which both are expo-
sed are the same.  This principle is illustrated by the differ-
ent sensations which men and animals experience, when
transported from a cold and hot climate, to one which is tem-
perate. A Russian would consider the coldest New England
winter, a pleasant and comfortable season, while an inhabi-
tant of Sumatra, or Borneo, would tremble with the cold of
September. A white bear from Greenland, or a dog from
Kamscatka, would constantly suffer from the heat, while an
elephant, or a naked dog from Africa, would require protec-
tion from the cold. .

One of the most obvious properties of caloric, is, its ten-
dency to an equilibrium, that is, its disposition to pass from the
hotter body to that which is colder. Thus if several bodies
of different temperatures be placed in the same room, the
warmer body will continue to impart its heat to those which
are colder until they all indicate the same temperature by

When do we say, a hody is warm, or hot? How is it shown
that the sensations of heat and cold depend on circumstances? What
illustrations are given of this principle ? What is one of the most ob-
vious properties of caloric? What is meant by equilibrium ? How is

. it shown that caloric tends to an equilibrium ? ’
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the thermometer. This distribution is so equal and general,
that two thermometers, graduated exactly alike, and placed
under the same circumstances in the open air, will indicate
the same degrees of heat though placed miles apart. Thus
caloric has the power of pervading all substances, and of
equalizing their temperatures, .

Caloric exists in two different states, viz. in a state of com-
bination, and in a state of freedom. It has already been
stated, that all bodies are supposed to contain caloric, but that
all bodies do not contain sensible heat, or are not warm to
the touch requires no proof. Common occurrences, however,
as we have already seen, are sufficient to show, that to a cer-
tain extent, the sensation of heat depends on circumstances,
and that it is only necessary that a body touched, should be
of a higher temperature than the hand, for us to perceive the
sensation of Warmth. But it by ne means proves, that be-
cause the thing touched does not feel warm, that it therefore
contains no caloric. It follows, therefore, that when the body
touched, conveys the sensation of heat, that caloric passes
from the body to the hand, and this is called free, or uncom.
bined caloric ; but that when no sensation follows, the heat
is combined, or latent, in the body touched, and therefore is
not imparted to the hand. ,

Combined or Latent Caloric. Thisis also sometimes called
caloric of fluidity, because in the conversion of solids into
fluids, a quantity of heat is absorbed which is not indicated
by the thermometer, and which, therefore, becomes latent in
the fluid.

The experiments of Dr. Black, in relation to this subject,
are highly curious and interesting. These experiments
prove, that if a pound of water at 32 degrees be mixed with
a pound of water at 172 degrees, the temperature of the
mixture will be intermediate between them, and therefore
102 degrees. But if a pound of ice at 32 degrees be mixed
with a pound of water at 172 degrees, the ice will soon be .
dissolved, and then on applying the thermometer to the water
thus formed, it will be found at the same temperature that
the ice was before the addition of the warm water, and there.
fore at 82 degrees instead of .102 degrees, as before. In

‘What cenclusion is drawn from the fact that caloric is equally dis-
tributed? What are the two states in which caloric exists? Isita
proof that a body contains no heat because it does not feel warm? If
every body contains heat, why does it not always feel warm? What
is free heat > What is latent heat > How many degrees of heat be-
come latent during the conversion of ice into water?

»
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this experiment, therefore, the pound of hot water lost 140
‘degrees of caloric which is employed in melting the ice, and
which is not appreciable by the thermometer, but remains
latent in the water. It follows, then, thata quantity of ca-
loric becomes insensible during the melting of ice, which,
were it free, or uncombined, would raise the temperature of
the same weight of water 140 degrees; for, the ice being at
32 degrees, and the water at 172 degrees at the beginning of
the experiment, and the whole being at 32 degrees at the end,
the water loses 140 degrees, being the excess of 172 de-

. grees above 32.

- It is well known that if a piece of ice be exposed to the
rays of the hottest sun in the summer, or if it-is placed in a
_vessel over a fire, the temperature of the ice, or of the wa-
ter flowing from it, will not be raised ‘abovg 32 degrees, until
the ice is all melted, when the thermometer placed in the ves-
sel will instantly begin to rise. Those who have melted
snow, or ice for culinary, or other purposes, are well aware
how much more time and fuel it takes to obtain a vessel of
boiling water from ice, than it does from the liquid itself.
But this fact is readily accounted for by Dr. Black’s experi-
ment, since we have seen above, that 140 degrees of heat
are first employed merely in converting the ice into water,
and that all this caloric does not raise the water one degree
above the freezing point, or 32 degrees, until all the ice is
melted.

This principle is of vast consequence to the world, and
particularly to the inhabitants of cold climates, where the
ground is covered with snow and ice, a part, or the whole of
the year. In some northern climates, and particularly in
Russia, the transition from the cold of winter to the heat of
summer, takes place within a few days, the ground being
covered several feet deep with the accumulated snow of the
winter. Now were it not for the fact above explained, and did
the snow and ice follow the same law in respect to tempera-
ture, that we observe in other bodies, this whole mass would
be turned into water assoon as the temperature of the atmos.

How is this shown by experiment? What common fact shows
that the temperature of water cannot be raised as long as it contains
ice? What circumstances are mentioned under which the great quan-
tity of caloric absorbed by melting ice, is a blessing te mankind?
‘When the temperature of the atmosphere is above the freezing point,
why does not the snow and ice instantly turn to water? ,

4
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phere became above 32 degrees, and consequently the whole
country would be inundated and destroyed by the flood.

Butin consequence of the quantity of caloric employed in
the liquefaction of the snow, the melting is gradual, and no
such accident ensues. This is a striking instance of the
wisdom and mercy of Providence towards man, though to
most of the world it is unseen and unknown.

We bave mentioned the melting of ice, as being the most
familiar example, in most parts of our country, of the con-
version of a solid into a fluid. But the same principle holds
with respect to the conversion of all solids into liquids,though
the quantity of caloric required for this purpose varies with
the substance. \

From the experiments of Dr. Irvine, it appears that the fol-
lowing named substances vary in this respect very widely,
and also very unexpectedly. Equal weightsof each substance
are supposed to be employed in the experiments : The de-
grees indicate the extent to which each would have been
heated by the caloric of fluidity, proper to it. Spermaceti
145 degrees; Lead 162 deg.; Bees-wax 176 deg.; Zinc
493 deg. ; Tin 500 deg. ; Bismuth 550 deg. :

' Steam.

When water, or other liquids are converted into steam,
a large quantity of caloric is absorbed, which is not in.
dicated by the thermometer, and which . therefore becomes
latent in the steam.

If a thermometer be placed in an open vessel of water, over
a fire, there will be indicated a gradual increase of heat until
the water boils, after which, no increase of the fire will raise
the temperature of the water another degree ; nor does the
steam, arising from a vessel of water which boils violently,
indicate a greater degree of heat than the water itself, or of
the steam arising {from another vessel which boils moderately.
The steam conveys away all the heat above 212 degrees of
Fahrenheit’s thermometer, which is the temperature of boil-
ing water under the ordinary pressure of the atmosphere.

he quantity ef caloric which combines with the water to
form steam, is nearly 1000 degrees greater than that of the
same weight of boiling water. In other terms tne caloric of
fluidity in steam surpasses that of an equal weight of boiling
water by nearly 1000 degrees. Consequently there is near-

In melting, do other solids besides ice absorb a quantity of caloric not
appreciable by the thermometer? Why cannot water in an open ves-
sel be heated higher than 212 degrees ? How many degrees of heat
does steam contain, which is not indicated by the thermometer ?

g
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ly 1000 degrees of heat in steam which is not indicated by
tﬁe thermometer, and is therefore latent.

Various methods have been adopted by different philoso-
phers in order to ascertain correctly the exact quantity of
latent heat in steam. Among these, one of the latest and
most simple is that of Dr. Ure, of Glasgow. His apparatus
consisted of a small glass retort, with a short neck, inserted
into a globular receiver of the same material, made very thin
and about three inches in diameter. This globe was sur.
rounded with a certain quantity of water, at a known tempe-.
rature in a glass basin. A quantity of water, or other liquid
to be examined, amounting to 200 grains, was put into the re-
tort, and rapidly distilled into the globe by the heat of an Ar-
gand lamp. The heat imparted by the condensation of the
steam in thé globe, to the water contained in the dish, by
which it was surrounded, was indicated by a very delicate
thermometer kept constantly moving through it. By means
of this contrivance, Dr. Ure found the latent heat of the
steam of water to be 1000 degrees. That of alcohol, of the
sp. grav., 825, to be 457, and that of ether about 303.

We have stated that the temperature of boiling water, and
of steam, is 212 degrees, under the ordinary pressure of the
atmosphere. The cause of ebullition, or boiling, is the form.
ation of vapor, or steam at the bottom of the vessel, in con-
sequence of the application of heat there. The steam being
lighter than the water, or other fluid from which it is made,
constantly ascends in bubbles, and escapes from the surface
into the open air. The process of boiling when conducted
in atall glass vessel, over an Argandlamp, may be minutely
examined, and is both interesting and instructive.

It is found by experiment, that different fluids at the surface
of the earth boil at different temperatures, depending gene-
rally on the specific quantity of the fluid, and also, that the
same fluid boils at various temperatures, depending on the
degrees of . atmospheric pressure. Thus under the same -
pressure of the atmosphere, or on the level of the sea, wa-
ter boils at 212 degrees. Ether at 100 degrees, alcohol 173
degrees, Nitric acid, of the specific gravity of 1450 at
240 degrees, and water, saturated with sea salt, 216 degrees.

Describe the apparatus of Dr. Ure, to ascertain the quantity of caloric
in steam ? What is the cause of ebullition, or boiling ? On what does
the boiling temperature of fluids generally depend ?  Why is the beil-
ing temperature of water saturated with salt higher than that of pure
water 7 What is said concerning the influence of specific gravity on
the boiling temperature of liquids?



STEAM. 17

We may observe, that in these instances, the boiling of a
fluid seems to follow a general law depending on its specific
gravity. Thisisstrictly the case in respect to the boiling point
of sulphuric acid, which always requires a temperature for
its ebullition in a direct proportion to its specific gravity.

Thus accordingto Dr. Dalton, sulphuric acid sp. gr. 1,408,
boiled at 240 degrees, while that of sp. gr. 1,670 boiled at
360 degrees, that of 1,780, at 435 degrees, and that of 1,850
at 620 degrees.

The boiling point of a fluid is not, however, in all cases
to be estimated by its specific gravity, the fixed oils requiring
much higher temperatures than others of the same density.
Thus linseed oil boils at 640 degrees, though its specific grav-
ity is less than that of water, and mercury boils at about 660,
though its specific gravity is about 14 times that of water.

That water, or any other fluid, will boil with a less degree
of heat, in proportion as the weight of the atmosphere is re-
moved, may be readily proved by means of the air pump, or
by ascending up a mountain, where the air is less dense than
itis on the level of the sea.

The most simple illustration of this subject, with the air
pump, may be made by means of a small vessel of ether ; for
if this be placed under the receiver, and the air exhausted,
the fluid will boil, or turn to vapour, during ordinary tempera-
tures of the atmosphere.

If a vessel of hot water instead of the ether be placed un-
der the receiver, and the air withdrawn from it, the water will
continue to boil until its temperature is reduced down to 70
degrees.

Fig. 1. In the absence of an air pump, the same
principle may be strikingly illustrated as fol-
lows. Adapt a good cork to the glass flask,
fig. 1, so as to make it air tight ; jput a gill or
two of water into it, and apply the heat of a
lamp until it boils. Afterit has boiled for a
short time, introduce the cork, and at the
- same time take the flask from the fire. It will
continue to boil-for a few minutes after its
removal. When the ebullition has ceased,
it will boil again violently on plunging the
flask into a jar of cold water, as seen in the

Under what circumstances will water boil at a less temperature than
212 degrees ? At what temperature does water boil when the pressare of
the atmosphere is removed ? How may the pressure of the a.'tmosphen
be removed from a vessel of water, without the use of an air pump?
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figure. On taking it out of the water, the ebullition will
cease, but will instantly recommence if again plunged into
the water, and this may be continued until the flask is nearly
eold. :

In this experiment, the boiling is continued in consequence
of the partial vacuum which is occasioned by the condensa-
tion of the steam with which the flask was at first filled. If
the flask be taken from the vessel of cold water, and plunged
into one of hot water, the boiling will instantly cease, because
the heat will convert a portion of the water in the flask, which
had been condensed, into steam, and thus the partial vacuum
which had been formed will be filled with vapor, the pressure
of which will prevent further ebullition.

This principle is beautifully illustrated by the fact, that the
higher we ascend from the surface of the earth, the lower will
be the temperature at which water boils. The reason is ob-
vious ; the pressure of the atmosphere diminishes in propor-
tion to the ascent, and the boiling temperature sinks in pro.
portion as the pressure is removed.

-Upon this principle is constructed the thermometric barome-
ter, which indicates the elevation of any place above the level
of the sea, by the temperature at which water boils at that
elevation. By experiment it has been found that a difference
in elevation, amounting to nearly 520 feet, makes a differ. -
ence of one degree in the boiling point of water. Thus a
traveller who ascends a high mountain ' may ascertain nearly
his elevation, by the temperature at which he finds his tea-
kettle to boil. Thus Saussure found that at a certain station
on Mount Blane, water boiled when heated to 187 degrees.
This being 25 degrees less than its boiling point at the level
of the sea, allowing 520 feet for every degree, would give an
elevation of 13,000 feet. This method c,d?not however be
very accurate, since the weight of the atmosphere at the same
place varies at different times about three inches of the ba-
rometric gauge. |See Natural Philosophy, article Barometer.]

Evaporation. .
During the process of ebullition, there is a rapid formation
of vapor, attended by more or less commotion in the liquid.

Why will the water in the vessel, fig. 1, be made to boil by cold and
cease to boil by heat? Why does water boil at a lower temperature
on a high mountain than’on the level of the sea ? What instrument is
constrycted on this principle? How may a traveller who ascendsa
high mountain ascertain nearly his elevation by the boiling of a tea-
- kettle? What is evaporation ? '
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Evaporation also consists in the formation of vaper without
heat, but the process is so slow as not to occasion any visible
commotion in the fluid. Evaporation takes place, even du-
ring the coldest seasons, while ebullition’ requires various de.
grees of heat, or at least the removal of atmospheric pres-
sure.

Toprove that evaporation takes place at ordinary tempera-
tures, nothing more is necessary than to expose a quantity of
water to the open air in a shallow vessel, when it will be found
gradually to diminish, and finally to disappear entirely. There
is, however, a great difference in the rapidity with which dif.
ferent fluids evaporate, and in general, it is found that those
whose boiling points are lowest, disappear most rapidly.
Thus ether, and alcohol, evaporate much more rapidly than
water.

The chief circumstances which influence evaporation are,
extent of surface, and the state of the atmosphere in respect
to temperature, moisture, and dryness. ,

As evaporation takes place only from the surfaces of fluids,
it is obvious that its rapidity must, under equal circumstances,
be in proportion to this extent of surface. Thus a given
quantity of water will evaporate four times as soon from a
vessel two feet square, -as it will from a vessel of one foot
square. In respect to temperature, it hardly need to be re-
marked, that fluids evaporate more rapidly in warm, than in
cold situations, and that the process is hastened in proportion
to the degree of heat employed. '

Fluids evaporate much more rapidly in.a dry, than in a
damp atmosphere. Even when the season is cold, if the air
be dry, this process goes on rapidly, while it is comparatively
slow, during the warmest season, if the airis already satura-
ted with moisture.

As evaporation consists in the absorption and subsequent
removal of successive portions of the evaporating fluid, by
the air which comes into contact with its surface, it is ob-
vious that the process must'be more rapid in a current of air,
than it is in a place where the air is still. And hence we
find by experience, that evaporation is more rapid in the open

How is it shown that evaporation takes place without the aid of heat?
What relation does there seem to be between the boiling point of a
fluid and its evaporation? What are the chief circumstances which
influence evaporation? Is evaporation most rapid in hot or cold weath-
er? In what does evaporation consist ? Why is evaporation more
rapid in the open air, than in the house?
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air than in the house, and that under equal circumstances, it
is most speedily effected during a strong wind.

We have already explained, that one of the peculiar cir-
cumstances attending the formation of steam, is the large
quantity of caloric which it absorbs, and carries away. Now
it appears by experiment, that the conversion of fluids into

.vap;fr always requires large quantities of caloric, which be.
comes latent in the vapor, however slowly the process is car-
ried on, and hence under ordinary circumstances, evapora-
tion, by conveying off the heat, has the effect of generating
cold. To make this fact sensible by experiment, we have
only to pour a little ether on the hand, 'when a strong sensa-
tion of cold will be felt during its evaporation. When our
clothes are wet by a shower of rain, we feel cold for the same
reason, but the sensation is less strong, because the evapora.
tion of water is not so rapid as that of ether.

It has been explained that water boils at a lower tempera-
ture in proportion as the pressure of the atmosphere is remov-
ed. For the same reason, evaporation under equal circum.
stances is most rapid when the weight of the atmosphere is
removed, as under the exhausted receiver of the air pump.

The effects produced by the evaporation of water in the
open air are not strikingly apparent, because the process is
comparatively slow, and therefore the quantity of caloric car-
ried away from a body in any given time, is but little more
than it receives from surrounding objects. But when water
is placed in a vacuum, its evaporation is very rapid, and did
not the vapor from it fill the vacuum, and thus prevent further
evaporation, the heat would be carried away so rapidly. as
soon to turn the water to ice. ‘

Fig. 2. This curious
effect is produ.
ced by means
of an instru-

‘ : ment invented
by Dr. Wollaston, and called the Cryophorus, or Frost bearer,
fig. 2. It consists of two glass balls perfectly free of air, and
joined together by a glass tube. One of the balls contains a

‘What is said concerning the latent heat of vapor ? How is cold pro-
duced by evaporation ? Does the pressure of the atmosphere influence |
this process 2 Why does not the evaporation of water from the surface
aof the earth produce intense cold ? How may the evaporation of wa-
er be made so rapid as to turnitself into ice? What is the instrument,
£ig. 2, called ? .
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portion of distilled water, while the other parts of the instru-
ment, which appear empty, are full of aqueous vapor, which
prevents the further evaporation of the water by the pressure
it exerts on it. But when the empty ball is plunged intoa
freezing mixture, all the vapor within it is condensed ; and then
the evaporation beccmes so rapid from the water in the other
ball as to freeze it in a few minutes. To make this experi-
ment succeed, the tube should be a yard long, the balls hold-
ing about a quart each. The same effect on water will be
produced by the evaporation of ether under the exhausted re-
ceiver of an air pump. ‘

This experiment may be conveniently made by placing a -
little water in a glass cup, and covering it. with ether, after

F]g . Which suspend the cup within the receiver, as

shown at fig. 8. On exhausting the receiver,

the ether will boil, in consequence of its rapid

evaporation, and in a few minutes the water will
be frozen.

Evaporation takes place constantly, from the
surfaces of our bodies, and it is owing to this
circumstance that men are enabled to undergo
exercise during the heat of summer.

In general, the more violent the exercise, the
greater the quantity of perspiration arising
from the surface, and consequently the greater
the quantity of heat carried away. In this

@/’manner nature regulates the heat of the sys-
tem, and during health sustains the equilibrium of animal
temperature. Whenever this exhalation from the skim is
suppressed which only results from disease, the temperature
of the system rises, and fever succeeds. In some cases of
this kind the heat of the human body exceeds that of the
standard of health by seven or eight degrees.

"The natural temperature of the human body in health, is
about 98 degrees, and whenever the heat of summer is equal
to that of the body, it becomes exceedingly oppressive. The
least exertion then brings on copious perspiration, which in-
deed, prevents the immediate consequence of a higher ani-

How may water be frozen by the evaporation of ether?  From what
provision of nature are we enabled to use violent exercise in warm
weather? How does perspiration relieve us from the effects of excess-
ive heat? Whatis the effect of suppressed perspiration on the tem-
perature of our system ? -
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mal temperature, but which is generally-succeeded by languor
and debility.

It is a wonderful fact, that the living animal has the power
of resisting both heat and cold, and of maintaining its own
temperature, whatever may be the temperature of the air or
water in which it is immersed. Sir Joseph Banks, and Sir
Charles Blagden;, found by experiment that they could endure
for a short time the heat of a room, the temperature of which .
was 264 degrees, that is, 52 degrees hotter than boiling wa-
ter. These gentlemen found that they could not bear the
heat of their watch-chains, or metallic buttons, but that their
chests felt cold to their hands, and that the temperature of
their bodies was not elevated above 98 degrees. In this
room, eggs placed in a tin frame, were roasted in twenty min-
utes, and begf.steak was well cooked in about the same time.

Conductors of Caloric.

Some bodies have the power of conducting caloric much
more rapidly than others  Thus one can hardly hold a brass
pin for a moment, in the flame of a lamp, without burning his
fingers, while a piece of glass of the same size, may have -
o:l}:: of its ends melted with the heat, without warming the
other.

Bodies which are most dense are generally the best con.
ductors. Thus the metals conduct better than stones ; stones
better than earth ; earth better than wood ; and wood better
than charcoal, cloth, or paper. But in particular cases there
is no relation between the density of the body, and its power
to conduct caloric. Thus platina is the most dense of the
metals, and still it is one of the worst conductors among them;
and glass is a worse conductor, than many substances of less
than half its density. '

The conducting powers of different substances, are ascer-
tained by making rods of the same length and size,. of each
substance ; one end of which being coated with wax, the
other end is placed in a vessel of hot water,.and the state of
the wax on each, at the end of a given time, will show its
comparative conducting power.

What is said of the power of animals to resist heat as well as cold ?
What striking illustration is given of the power of men to resist heat?
What bodies are generally the best conductors of heat? Are the most
dense bodies always the best conductors of heat ? How are the con-
ducting powers of different bodies ascertained ?
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Solid substances, such as the metals, conduct caloric in all
directions, whether upwards, downwards, or sideways, with
nearly equal facility. '

Of all solids, those which are most porous, conduct heat
with the least facility. It is on this account that flan.
nel is warmer in the winter than siik or linen. It does not
so readily conduct away the animal heat. It is owing to the
air, which loose spongy substances involve, that they resist
the passage of heat better than those of a closer texture.
Thus eider down, and fur, make the warmest clothing, be-
cause they contain the most air among their parts, and for
the same reason cotton batting is much warmer than the same
weight-of cotton cloth. .

The imperfect conducting power of snow, also arises from
this cause. When newly fallen, a great proportion of its bulk
consists of the air which 1t contains, as may be readily proved
by the comparatively small quantity of water it makes when
melted. Such a provision was designed for the benefit of
man, in preventing the destruction of various products of the
earth during the cold of winter. Farmers, in cold climates,
always lament the nakedness of the earth during the winter,
because many of their crops are in consequence injured by
its severity. So great is the protecting effect of snow, that
* in Siberia, it is said, when the temperature of the air has been
70 degrees below the freezing point, that of the earth under
the snow has seldom been colder than 32 degrees.

Our ordinary sensations every day convince us of the dif-
ferent powers of various substances to conduct heat. In the
winter, the different articles in a cold room convey very dif.
ferent sensations to the hand.” A pair of tongs will conduct
away so much heat from the hand as to give a sensation of -
pain, while a piece of fur, or flannel, scarcely feels cold, and
yet both are of the same temperature, when tested by the
thermometer. .

Liquids communicate heat with considerable rapidity,
though they conduct it so imperfectly that Count Rumford,

‘What kind of solids are the worst conductors of caloric’ Why do
loose, spongy bodies_conduct heat more slowly than others? Why is
eotton batting warmer than the same weight of cottoncloth ? In what
manner does snow protect the earth from the cold of winter? What
is said to have been the difference between the temperature of the air,
and the earth covered with snow in Siberia? Why does a pair of
tongs feel cold when a piece of flannel or fur, at the same temperature,
gives no sensation? How do liquids convey caloric ?

’
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after many experiments concluded that they were absolutely
non-conductors.

Liquids convey heat chiefly by a change of place among
their particles. When a vessel of water is placed over the
fire, that portion of the fluid nearest the heat having imbibed
a portion of caloric, becomes lighter than before, and rises
upward, communicating a part of its heat to the portions above.
At the same time that which is above, sinks to the bottom of
the vessel, and having obtained its. portion of caloric, again
rises, giving out a share to the surrounding fluid like the form.
er. In this manner does the water in the different parts of
the vessel exchange places until the whole gains the tempe-
rature of 212 degrees.

But though fluids convey heat chiefly by exchanging the
places of their particles, yet they are not wholly without the
power of conducting it in any direction.

Count Rumford, we have already stated, decided from his
experiments that liquids were perfect non-conductors of heat ;
but Dr. Murray, and since him, other experimenters have es-
tablished the contrary doctrine. Dr. Murray’s apparatus
consisted of a vessel of ice, at the bottom of which was placed
a delicate thermometer. The vessel was then partly filled
with oil, at the temperature of 32 degrees, so as to cover
the bulb of the thermometer and nearly touching the oil, was
suspended an iron cup, into which was poured a quantity of
boiling water. Inseven and a half minutes the heat from the
water had raised the thermometer from 32 degrees, to 371
degrees, when it became stationary, and then gradually be.
gan to fall. ,

Dr. Hope placed water in a vessel of eleven inches in dia-
meter, and so contrived his apparatus, that a stream of cold
water should circulate around this vessel, to prevent its con.-
ducting power from affecting the result. He then applied
heat to the upper surface of the water in the vessel, and found
by the indications of a thermometer placed in it, that the
fluid conducted the caloric downwards.

By such nice experiments only, has it been ascertained,
that fluids conduct heat downwards; while under all ordi-
nary circumstances, they may be considered perfect non-
conductors.

Are fluids wholly without the power of conducting caloric? By
what method did Dr. Murray determine that fluids were conductors of
caloric ? ln what manner did Dr. Hope ascertain the same fact ?

'
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ive power of Heat.

One of the most remarkable propesties of heat arises from
the mutual repulsion of its particles, so that.when it enters
into other substances, it overcomes the é¢ohesive attraction of
their particles, making them less dense than before, and thus
enlarging their dimensions. In general terms, therefore, heat
expands all bodies. The ratio of this expansion, however,
differs greatly in different substances. Thus, with the same
increments of heat, fluids expand more than solids, and aeri-
form bodies more than fluids. There is also a considerable
difference in the expansibility of different solids and different
fluids ; but the aeriform fluids, as air and the gases, all expand
equally, with the same increase of heat.

The expansion of a solid is readily proved, by adapting a

- piece of metal, when cold, to an orifice, or notch, and then
heating it, when it will be found too large for its former place.
Fig. 4. The cylindrical piece of brass, attach.
b ed to the handle g, fig. 4, is exactly fitted
1.9 ] to the notch in the plate b, and also to
the aperture through the plate, so that it
will enter the notch, and pass through
the aperture, when cold ; but when heat-
ed, even below redness, it will neither
enter the notch, nor pass through the
aperture. This proves that heat enlar.
ges, or expands the dimensions of solids

in every direction.

The relative degrees of expansion which
different solids undergo, at low degrees of
heat, are shown by an instrument called

a pyrometer, one form of which is seen at fig. 5.
Fig. 5. A rod of
any metal,
a, is laid on
the rests,
and one end
made - to
touch the
immoveable
screw, b,
while  the
other touch-
es the index

How does heat operate to onlss:ge the dimensions of bodies?
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c. Therod is then heated by the spirit lamps d, and its com.
‘parative expansion is shown by the multiplied motion of the
index e, along the graduated scale. '

In comparing different substances by means of this instru.
ment, it will be necessary that all the rods should be of the
same size and length, and that the heat of the lamps should
be applied the same length of time. ,

From experiments made with this instrument, it appears,
that in most instances, there is a relation between the expan.
siori of the metals, and their fusibility, and in generdl, that
those which are most easily fusible, expand most with equal
increments of heat. Thus lead, tin, and zinc expand much
more by the same degrees of heat, than copper, silver, and
iron, and the former are much more easily fusible than the
latter.

The expansion of the metals by heat, is often turned to
advantage by certain mechanics and artizans in their business.
In constructing large cisterns for brewers, or other manufac-
turers, the hoops are made too small for the circumference
of the vessel. They are then heated, and in this state driven
on the vessel, and as they contract in cooling, the vessel is
thus bound together more firmly than could be done by any
other means. Carriage-makers, by heating the iron band, or
tire, which surrounds the wheels of earriages, and putting it
in its place while hot, bind these parts together, with the
greatest possible firmness. - )

The great force with which metals contract on coo'ing,
was strikingly illustrated some years since in Paris. The
two sides of a large building in that city, having been pressed
out by the weight of its contents and the roof, M. Molard
proposed-to remedy the evil, by making several holes in the
two walls, opposite to each other, through which, strong iron
bars should be introduced, so as to cross the inside of the
building, from one wall to the other. On the projecting ends
of the bars, on the outside of the building, were screwed
strong plates of iron. The bgrs were then heated, by which

What bodies expand least, and what most by heat? Whatis said of
the equal expansion of air and the gases by heat? How is the expan-
sion ef a piece of metal shown by fig. 4> How are relative degrees of

“expansion which solids undergo ascertained ? Explain fig. 5.  What
relation is there between the expansion of metals and their fusibilities 2
In what mechanical arts is the expansion of the metals by heat, turned
to advantage’ In what manner were the walls of a building in Paris
drawn towards each othor by means of heat?
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theif ends were made to project further beyond the walls,
permitting the plates to be advanced, until they again touched
the walls, which might be an inch, or more. The bars, then,
on cooling, contracted, and drew the walls as much nearer
each other as the bars expanded in heating. There were
two sets of these bars, so that while one set was contracting
and drawing the wall to its place, the other set was heating,
_and preparing to retain what was thus gained. In this man.
ner, a forde was exerted, which the power of man could
scarcely have applied by any other means, and by which the
walls of an immense building were made to resume their per-
pendicular position.

The expansion of a liquid by heat, may be strikingly shown
by means of a glass ball, with a long small tube attached to it.
When the ball, and a part of the neck are filled with a liquid,
and heat applied to the ball, the liquid expands, and continues
to rise up the tube with considerable rapidity, until the water
boils, when' it will be thrown out 'with great force by the
steam. , o \

The different expansibilities of different fluids by the same
increase of heat may be shown by two such vessels as that
just described. :

Fig. 6.  On the tube of each, fix a mark at the same height,
i | and fill one up to the mark with alcohol, and the
other with water. Then plunge the bulbs of both
into the same vessel of boiling hot water, thus mak-
ing the heat applied to each exactly equal. Both
the fluids will expand,.and rise up the tubes, but
the alcohol will be found to rise about twice as
! high as the water. :
. lY It has already been remarked, that the ratio of
.__A__ANexpansion in all aeriform fluids, is equal, with
equal increments of heat. '
If therefore, the ratio of expansion for one gas,
as for instance, oxygen, be known, then the ratio for all the
other gases, as well as that @r the common air, which we
breathe, will be indicated.
From the experiments of several philosophers, it is proved,
that this law of expansion is equal to the ;1;th part of the

In what manner is the expansion of a fluid most strikingly shown ?
How are the different expansibilities of different fluids shown ? Ex-
plain fig. 6. How much more expansible is alcohol than water> What
is the ratio of expansion in aeriform bodies ?
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volume of the fluid, for every degree of Fahrenheit’s scale,
between 32° and 212°; that is, between the freezing and
boiling points. This calculation is made from the experi-

" ments of Gay-Lussac, who found that 100 parts, or volumes
of air, at 32°, expanded to 137.5 parts, when heated to 212°.
The increase of bulk for 180 degrees, that is, from the freez-
ing, to the boiling point, is therefore 374°, which, by calcula.
tion, will be found nearly ;15th part for each degree.

The expansion of air iy heat may readily be shown by
blowing up a bladder, and securing the mouth by a string, so
that nohe can escape, and then holding it towards the fire.
As the air becomes rarefied by the heat, the bladder will be- ~

s come more and more tense, until it will burst with an explo-
sive report.,

Fig. 7. A more elegant experiment is, to take a
glass tube, terminated by a bulb, and put in
so much water as to about half fill the tube,
and then having immersed the tube in a
vessel of water, as represented in fig. 7,
apply the heat of a lamp to the bulb. As
the heat rarefies the air in the bulb, the
water will be forced down the tube, but will
slowly rise again to its former place, by
the pressure of the atmosphere, when the
heat is removed, and the air in the ball
allowed to contract, ’

Radiation of Heat.

When we approach a heated body we become sensible that
it emits caloric without touching it, and if a thermometer be
carried near, this will indicate an increase of temperature.
The caloric thus flowing from a heated body, is called radiant
caloric, because it radiates, or is thrown off in all directions,
like the rays of light from a radiant point. If the hand be he]d
under the heated body, a sensation of warmth will still be
perceived, which proves that this effect is produced without

" the intervention of a stream of heated air, which is felt only
above the hot body, and never below it. Neither is this
effect produced by the gradual conduction of the caloric by
the air, for the heat from a hot ball may be felt in the open

What is the difference in the bulk of 100 parts of air at the freezing
and boiling points of water? What simple experiments show the ex-
ansion of air by heat? Explain fig.7. What is meant by radiant
eat? How is it proved that radiant heat is not conducted by the air?
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air, at a distance from it and in the direction contrary to that
of the wind. It is found also, that caloric radiates equally
well through all the gases and in a vacuum ; and hence we
may infer that no medium at all is necessary for the passage
of radiant caloric. '

When radiant caloric falls upon a solid or liquid, its rays
are either reflected from it, and thus receive a new direc-
tion, or they lose their radiant form entirely by absorption
into the body. Thus a substance highly polished will throw -
the heat back, towards the radiant body, and remain cold,while
another substance with a rough surface will become warm at
the same distance, because it absorbs but does not reflect the
heat.- Radiant heat, and light, follow exactly the same laws
in their passage to and from polished surfaces, the angles of
incidence and reflection being equal.

Fig- &, Thus the ray a, ¢, Fig. 8, is the ray of inci-
dence, and d ¢ is the ray of reflection. The
angles which a ¢ make with the perpendicu-
lar line € ¢, and the plane of the mirror, are
exactly equal to those made by ¢, d, with the

c ¢ same perpendicular, and plane surface. (See

' Optics in Nat. Philosophy.) Hence with a
concave mirror, the rays of heat, like those of
light may be concentrated, or collected to a
focus, and by means of two such mirrors very

d  interesting experiments may be made, illus-
trating the laws of radiant heat, in several respects.

Provide a pair of concave metallic mirrors, about ten or
twelve inches in diameter and two in concavity. They may
be made of common tinned iron, or of brass, which is better,
but much more expensive.

Fi3. 9 These mir-
rors may be
supported by
stands made
of wood on
which they
slide up and
down, and
are fixed by
thumb screws
as represent-
ed in fig. 9.

How is it shown that no medium at all is necessary ‘to convey radi-
ant caloric?

»
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Place the mirrors at the same height, on a bench or table,
exactly facing each other, and from ten to twenty feet apart,
as they are less or more perfect, and place a screen of paper
or other substance between them. Then in the focus of one
mirror place a cannon ball, heated a little below redness, and
in the other focus place a thermometer. When every thing
is thus prepared, remove the screen and the thermometer
will instantly begin to rise, and will finally indicate a degree
of temperature depending on the size and perfection of the
mirrors, their distance apart, and the heat of the ball. The
focus of a twelve inch mirror of the ordinary shape, is about
four and a half inches distant from the ceatre of concavity.

By placing the mirrors near each other, and using a red
hot ball, a much more striking experiment may be made, for
on removing the screen, powder will flash in the focus ‘as if by
magic, since the eye cannot detect the \cause on which its
inflamation' depends.

The dotted lines in the drawing, Fig. 9, shew the course
of the rays of heat from the hot ball to the thermometer.
The ball being placed in the focus of the mirror, the caloric
radiates to all parts of its surface, and being reflected under
the same angles at which it falls, the rays are thrown into par.
allel lines, and thus become incident rays to the second mir-.
ror. By the same law of incidence and reflection, the sec-
ond mirror conveys the rays'to a focus at the same distance
before it, that the hot ball is placed before the first mirror,
becavse their focal distances are just equal. The heat of
the ball is therefore concentrated on the bulb of the ther.
mometer, which is placed in the focus of this mirror. If a
burning lamp be placed in the focus of the first mirror, and
a piece of paper, or the hand in the focus of the second,
there will be seen a bright lumineus spot on the paper or
hand, shewing that light follows the same laws of reflection
that heat does.

There is however a remarkable difference between the sub.
stances of which mirrors are commonly made, with respect
to their powers of reflecting heat and light. A concave glass
mirror covered in the usual manner with amalgam, when
placed before a red hot cannon ball, will reflect the light,

Does heat radiate through solid bodies? Explain fig. 8, and show
which is the ray of incidence and which that of reflection. Explain
fig. 9 ; show the direction of the rays of heat from the heated ball to
the mirrors, and from the mirror to the thermometer. How is it shown
by the mirrors that heat and light follow the same laws of reflection?
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but not the heat, the mirror itself absorbing the radiant cal.
oric, and soon growing warm. But a well polished metallic
mirror reflects both the heat and light, and although held so
near an ignited body, as were it combustible, to be inflamed,
it still remains cold. For the same reason andirons, which
are kept highly polished, will remain cold though near a
winter’s fire. The over nice housewife, also, who keeps her
copper tea kettle under a mirror-like polish, will seé the rea-
son why she must expend two or three times the ‘quantity of
fuel in boiling it, that is ordinarily required for such a pur-
pose. Any one who has undertaken to boil water in a silver
cup, will be convinced of the power of a bright metallic sur-
face to resist the penetration of caloric.

The nature or colours of the surfaces of bodies have also
an important influence over their power of radiating caloric.
When other circumstances are equal, the rate at which
bodies cool appears to be in &n inverse ratio to the polish,
or brightness of their surfaces. Thus the surfaces of bodies
are found to radiate heat more rapidly when they are rough
than when smooth, and most rapidly when their surfaces are
both rough and dark coloured.
-Mr. Leslie covered one side of a cubical tin vessel with
lamp black, another side with writing paper, a third with
glass, and left the fourth uncovered.

‘Fig. 10. The vessel was then filled

with Wwater, and placed before
a concave mirror, in the focus
of which was placed an air
thermometer, as represented
by fig. 10. On turning the
g black side towards the reflec-
tor, the fluid in the thermom.
eter indicated a rise of tem.
perature equal to 100°; the

= <2 papered side being turned
towards the reflector, the thermometer sunk to 98°; the
lass side indicated 90° ; and the metallic side only 12°.
%‘he radiating power of these surfaces therefore, are respect-

What is the difference between a mirror of glass and one of metal, in
their powers to reflect heat and light > Why do polished andirons re-
main cold when near the fire? W hy is it difticult to boil water in a
bright metallic vessel2 W hat effect does the nature, or colour of a sur-
face have on its radiating power? Describe fig. 10, and explain how
the different surfaces effect the thermomieter.
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ively to each other as the numbers 100, 98, 90 and 12.
Various practical uses may be made of this principle in the
common concerns of life.

A close stove intended to warm a room by radiating its
heat to the objects surrounding it, should be dark coloured,
with a rough surface ; while one intended to warm with hot
air passing through it, should have a bright metallic surface.
A dark, rough stove pipe passing through a room might ren-.
der it comfortably warm, while a polished tin pipe of the
same length and dimensions, would hardly change its tem-
perature perceptibly. For the same reason, a highly polish-
ed metallic coffee pot will keep its contents hot, while the
contents of one made of dark earthern ware would become
nearly cold.

ific Caloric.

Equal weights of the same substance at the same temper.
ature, contain equal quantities of caloric ; but equal weights
of different substances at the same temperature, contain
unequal quantities of caloric. The quantity peculiar to each.
body, or substance, is called specific caloric. When one
body of the same weight is found to contain more caloric
than another, that containing the most, is said to possess the
greatest capacity for caloric.

When equal quantities of the same fluid at different tem-
peratures are mingled together, the resulting temperature is
a medium between these temperatures. Thus if a quart of
water at 100°, be mixed with another quart of water at 409,
the temperature of the mixture will be 70°. The same
result will occur when any other liquid is mixed in equal
proportions, but at different temperatures, as oil, alcohol, or
mercury. But when equal quantities of different fluids are
nmingled together, at differcnt temperatures, the resulting

- temperature is not a medium, but is either above or below it.

We should expect without experiment, that guicksilver
would possess a greater capacity for caloric than the same
bulk of water, and therefore that when equal quantities of
these two fluids at different temperatures are mixed, the

What practical uses may be made on the principles established by

Mr. Leslie’s experiment? W hy does a bright coffee pot keep its con-

tents warm longer than one that is tarnished? W hat is meant by spe-
cific caloric ? hat is meant by capacity for caloric? Suppose equal
quantities of the saume fluid at different temperatures are mixed, what
will be the resulting temperature ?
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resulting temperature would be above the arithmetical mean.
But in this we are disappointed ; for if we mix a quart of
water at 40° with a quart of quicksilver at 100°, the temper-
ature of the mixture will not be 70°, as in the- experiment
with the water alone, but only 600. This proves that a
quart of quicksilver, although it weighs about fourteen times
as much as a quart of water, still contains less caloric, and
therefore that water has a greater capacity for caloric than
quicksilver. For, in the first experiment, a quart of water
at 100° raised the temperature of another quart at 40° to
70° ; but here a quart of quicksilver at 100° raises the heat
of the same bulk of water to only 60°. The quicksilver,
then, looses 40°, which nevertheless raises the temperature
of the water only 20°.

The relative capacities of water and quicksilver for heat,
may be shown by mixing equal weights of the two fluids at
different temperatures, and then ascertaining how much the
resulting temperature differs from the arithmetical mean.

Mix a pound of water at 100° with the same weight of mer-
cury at 40°, and the heat of the mixture will be 98°; that is,
28° above the arithmetical mean, because when equal
weights of water were mixed at these temperatures, the re-
sulting temperature was only 70°; but here it is 98. The
water then, has lost only 2°, while the same weight of mer-
cury has gained 58°, for the temperature of the mercury be.

_fore the mixture was only 40°, while that of the water was
100°. The capacity of water for heat, is therefore to the
capacity of mercury for the same, in the proportion of 58 to
2, or as 29 to 1. )

It appears from a great variety of experiments made by
different philosophers on this curious subject, that whatever
may be the cause of the different capacities of bodies for
heat, the effect is greatfy influenced by the state of density
in which bodies exist, and that in general their capacities
increase, in a ratio to the decrease of their specific gravities.
In the above experiment the capacity of water is to mercury
as 29 to 1, while their specific gravitiesare as 1 to 14.

Various methods have been employed by philosophers to
ascertain the capacities of the several gases for heat.

When fluids of different kinds are mixed under the same circum-
stances, will the resulting temperature be a medium? Which fluid has
the greatest capacity for caloric, water or quicksilver? How is this
shown? If apound of mercury at 40° be mixed with a pound of water
at 100°, ‘what will be the resulting temperature ?

4 , N
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To determine and compare the relative capacities of these bo-
dies in this respect, Gay Lussac contrived an apparatus by
means of which, a hot current of one gas met a cold cur-
rent of another gas, in the centre of a small reservoir, con.
taining a thermometer. A thermometer was also placed in
the current of each gas before they met. Thus by knowing
their temperatures before their mixture, and afterwards, it
was easy to infer their respective capacities for caloric.

Bernard, in order to determine the specific caloric of elas-
tic fluids, caused them to pass through a pipe, inclosed in a
larger pipe, which was constantly filled with steam. In this
manner he wds enabled to know precisely the temperature
of the gas under experiment, and also to raise the tempera-
ture of each to the same degree. Having thus determined
its temperature, the gas was then made to pass into a spiral
tube immersed in cold water, and the specific carloric of
each gas was inferred by the quantity of heat it imparted to
the water. By these and similar experiments it has been
ascertained that the aeriform fluids differ greatly in the quan.
tities of their specific caloric,~—thus the capacity of hydro-
gen for caloric is more than 12 times greater than the capa.
city of an equal bulk of atmospheric air, though the air
weigzhs about 13 times as much as the hydrogen. It is also
ascertained that out of nine gases on which experiments were
made, none except hydrogen has a capacity for heat equal to
that of water, but they they all have greater capacities than
any of the metals. Hydrogen, the lightest of all bodies,
has the greatest capacity for heat, while the metals, the most -
ponderous of all bodies, have the least.

The same substance by having its bulk enlarged, and
consequently its density decreased, acquires an increased
capacity for caloric. Thus water, when thrown on the bulb
of a thermometer sinks the mercury because in assuming the
form of vapour, its capacity for caloric is increased, and it
conseqently absorbs and carries away the heat from the mer-
cury. Some philosophers have accounted in part, for the
intense cold in the upper regions of the atmosphere, on the

What are the proportionats capacities of mercury and water for heat ?
In general, do the capacities of bodies for heat incrcase, or decrease
with their densities? By what method did Gay Lussac determine the
capacities of the gases for caloric? By whatmethod did Bernard de-
termine the capacities of the gases for caloric? What gas hgs the
greatest capacity for heat ? In general, what class of bodies have the
greatest, and what the least capacity for heat?
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supposition of the increased capadity of the air for heat as
the pressure of the incumben&atmosphere is removed. On
the contrary, we know that by increasing the density of air
its capacity for caloric is diminished, and that under certain
circumstances sufficient heat may be set free in this manner
to produce ignition. ‘

Fig. 11. This effect may be produced by the little instru-
ment represented by fig. 11. It consists of a metallic
tube, ten, or twelve inches long, the bore of which is
less than half an inch in diameter. To this is fitted
a rod and piston, moving air tight, the lower end of
the piston being excavated to receive a little tinder.
When the piston is suddenly forced down, nearly to
the bottom of the tube, the condensdtion of the air it
contains, evolves so much heat as to set fire to the
tinder in the end of the piston, and in this way a fire
may convéniently be kirdled.

~ Thermometer.

The thermometer is an instrument founded on the principle
that the expansion of matter is proportional to the augmenta.
tion of temperature, and is designed to measure the varia-
tions of heat and cold. '

The first attemps to measure such variations on this prin.
ciple was made by Sanctorius, an Italian physician in the
seventeenth century. He employed a glass tube blown into a
ball at one extremity, and open at the other.  After expelling
a small part of the air by heating the ball, the open end was
plunged into a vessel of colored fluid, and as the air in the
ball cooled, the fluid ascended up the tube. Any variation
of temperature by expanding, or contracting the air in
the ball, would then causeé the liquid in the tube to rise or fall.
An arrangement of this kind is represented at fig. 7.

If abody has its bulk enlarged is its capacity for heat increased, or ’
diminished thercby ? How hus the intense cold of the upper regions
been accounted on this principle? How is it proved that air has less
capacity for heat when condensed than otherwise? QOn what principle
is the thermometer constructed? Who first constructed thermome-
ters?  What fluid was first employed to indicate the variations of tem-
perature ?
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Fig. 12. A better construction for an air thermometer is

sed.

represented at fig. 12. It consists of a thin glass
bottle, containing a small quantity of a colored liquid,
and stopped closely by a cork. Through the cork is
passed a brolien thermometer tube, open at both ends.
This tube descends nearly to the bottom of the bottle,
and dipsinto the fluid. There is, therefore, a quanti-
ty of air above the fluid which cannot escape, and
when this expands by the application of heat, the fluid
is forced up the tube. Thus the height of the fluid.
will indicate the expansion of the air and consequent-
ly the degree of heat to which the instrument is expo-

* There are, however, two objections to the employment of
air for this purpose. Its expansions and contractions are so
great even by small changes of temperature, that a tube, sev-
eral feet in length would be required to measure them ; and
as air suffers condensation by pressure, the variation of the
barometer would affect its height, at the same temperature.

For these reasons, the air thermometer, for common pur-
poses, is both inconvenient and inaccurate, and therefore has
long since been laid aside. There is, however, a modifica-
tion of this instrument, invented by Mr. Leslie, and called
the differential thermometer, which for certain purposes is a
very elegant and useful instrument.

Fig. 13.

N V¥V
e

A drawing of this instrument is represented by
fig. 18, and it is designed, as its name imports, to
shew the difference of temperature between two
places at short distances from each other. It con-
sists of a glass tube terminated at each end by a
bulb, and bent as shown in the figure. The tube
is partly filled with some colored fluid, as sulphu-
ricacid, tinged with carmine, or alcohol, colored by
cochineal, the bulbs and other parts of the tube
being filled with air.

It will be obvious, from the construction of this
instrument, that it cannot indicate the temperature
) of the atmosphere, since an equal expansion of
the air in both bulbs would press equally on the
fluid in both legs of the tube, and consequently
it would rise in neither. But if one bulb is ex-

Describe the construction of an air thermometer? What are the
objections to air thermometers? How is the differential thermometer
constructed, and for what purposes is it useful?
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posed to a higher temperature than the other, then the ex-
pansion of the air in this, will be greater than in the other,
and consequently the fluid will rise towards the bulb where
the air is least expanded.

The use of this thermometer, then, conmsts in showing the
dgference of temperature to which the two bulbs are exposed,
as in experiments on the radiation of heat, already described.
The scale affixed to one of the legs, shews the rise in degrees,
and is divided into 100 parts. The legs are six inches long,
and the bulbs an inch or a little more in diameter. The
stand may be of glass or wood. Some of these instruments
are so delicate as to be affected by the approach of the hand.

Air, being inapplicable to the construction of thermometers
for the purpose of measuring the absolute temperature of
places or things, for the reasons already noticed, solid bodies
are equally so from a contrary defect ; their expansion by
heat being so small as not to be appreciated without the
adaptation of complicated machinery. A perfect substance
for this purpose, would be a fluid, which would expand uni-
formly with equal increments of heat, and which would nei-
ther freeze nor boil at any temperature to which it might be
exposed. Mercury approaches nearer to these conditions
than any other substance, and therefore this is the fluid now
almost universally employed.

The blowing of the best thermometer tubes requires much
experience and skill in the workmen, and is performed only
by particular artists. This is the most difficult part of its
construction. The mercury is introduced by heating the
bulb, and thus rarefying the air within it, and then dipping
the open end ofthe tube into a vessel of the fluid.  As the air
contracts within, the pressure of the external atmosphere
forces the mercury to enter the tube to supply its place.
When the bulb is nearly filled in this way, the mercury is
boiled, to expel all the air.

Havmg filled about one third of the tube, the open end is
sealed hermetically, that is, by melting the glass. This is
done while the mercury in the bulb is heated nearly to 1ts
boiling point, so as to exclude all the air. '

Having sealed the end of the tube, the next step in the

Why will not the differential thermometer indicate the temperature
of the atmosphere? W hy are not solid bodies proper for the construc-
tion of thermometers? What would be a perfect substance for the
construction of thermometers? What is the most perfect fluid in our
possegsion for this purpose? H;f:v are thermometer tubes filled ?
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construction of the thermometer, is its graduation. 'This is
done by ascertaining two fixed and invariable points on the
tube, which are the same in every thermometer, and then by
making a scale of equal divisions between these two points.
These are the freezing and boiling points.

The freezing point is obtained by immersing the bulb of
the thermometer in melting snow or ice, for it has been as.
certained that the temperature of water flowing from melting
snow or ice is every where the same, whatever may be the
heat of the atmosphere where the experiment is made. The
boiling point is slightly affected by the pressure of the atmos-
phere, but the thermometer will ‘be sufficiently accurate for
all ordinary purposes, when this point is ascertained by im.
mersing the bulb in pure boiling water, open to the air, and
on the level of the sea, during pleasant weather. (See Ba-
romeler, in Nat. Philosophy.)

Fig. 14.  'The freezing and boiling points are marked with
a diamond or file, on the tube ; and on the scale to
be afterwards affixed, the freezing point is marked
32, and the boiling point, 212. The interval be-
tween these two points'is then accurately divided in-
to 180 equal parts. Thisisthe division of Fahren.
heit’s scale, the thermometer generally employed
in this country, and is the only scale referred to in
this work.

The commencement of this scale is 32 degrees
below the freezing point, and is called zero, being
marked with the cipher 0, to signify the total
absence of heat, This degree of cold, it is sup-
posed, Fahrenheit obtained by mixing snow and
common salt, and it was probably the greatest de-
gree of cold known in his time, though at the pre.
sent day certain mixtures produce much greater,
and at a future period, the progress of science ma:
show the means of abstracting heat, so asto solidify
even the air we breathe. The absolute zero must
therefore be considered an imaginary point.

Besides the Zero and the freezing and boiling
points, marked on Fahrenheit’s scale, fig. 14,
there are also noted the temperature of the blood,
and the heat of summer, and sometimes other
points, as fever heat, &c.

How is the freezing point of the thermometer ascertained? How is
the boiling point ascertained ?
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Cold.

Cold is a negative condition, and depends on the absence,
or privation of heat. Intense artificial cold may be produced
by the rapid absorption of heat during the conversion of
solids into liquids. Dr. Black long since discovered the
principle, that when bodies pass from a denser to a rarer state,
heat is absorbed and becomes latent in the body so trans-
formed, and consequently cold is produced. And also that
when bodies pass from a rarer to a denser state, their latent
heat is evolved, and becomes sensible.

It is known to almost every one, that dissolving common
salt in water, particularly if the salt is fine, will render the
water so cold, even in summer, as to be painful to the hand.
The salt, as it passes from the solid to the liquid state, ab-
sorbs caloric from the water, and thus the heat that was be-
fore sensible, becomes latent, and cold is produced.

On the contrary, when a piece of lead, or iron is beaten
smartly with a hammer, it becomes hot, because the metal, in
consequence of the hammering, has its capacity for caloric
reduced, and thus the heat which was before latent now be-
comes sensible. For the same reason, when air is compress-
ed forcibly in a tube, or, as it is sometimes called, in a fire-
pump, as already explained, the heat, which was before latent
becomes sensible, because the condensation lessens its capa-
city for caloric.”

The principle on which all freezing mixtures act, is there-
fore obviously, the change of state which one, or more of the
articles employed undergo, during the process, and this
change consists in an enlarged capacity for caloric. The
degree of cold will then depend on the quantity of caloric
which passes from a free to a latent state, and this again will
depend on the quantity of substance liquefied, and the rapidity
of the liquefaction.

0

‘What numbers are marked on the scale at the freezing and boiling
points? What is the number of degrees between thesc two points?
What does zero signify? How far below the freezing point is the
zero of Fahrenheit? Is the point of the absolute zero known ? What
iscold? How may intense artificial cold be produced >, W hen bodies
pass from a denser to a rarer state, is heat or cold produced? How is
the temperature of water generally known to be affected by dissolving
commuon salt in it? * How is this change of temperature accounted for ?
Why does a piece of iron become hot by hammering ? How do you
account for the heat evolved, where air is compressed > What is the
principle on which freezing mixtures act? On what circumstance will
the degree of cold produced by freezing mixtures depend ?
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The substances most commonly employed for this purpose
are those originally used by Fahrenheit, to produce the zero
of his thermometric scale ; viz. common salt and snow, or
pounded ice. For this purpose the salt should be fine, and
the ice, which must always be used in summer, is to be re-
duced to small particles in a cold mortar.

Fig. 15, The vessel to contain the substaice to be

C:'—;:r frozen, may be made of tin, and of the shape .

: represented by fig. 15. It is simply a tall ves.
sel, holding a few pints, with a close cover, and
a rim round the top, for the convenience of
handling it. For common purposes, this may
be set into any convenient wooden vessei, (hav-
ing first introduced the substance to be frozen,)
and then surrounded by the freezing mixture.
The only care to be taken in this part of the
process is, to see that the freezing mixture in
the outside vessel reaches as high as the con.-
tents of the internal one. With two or three pounds of fine
common salt, and double this weight of pounded ice, three or
four pints of iced cream may be made in this way, during the
warmest days of summer. The process requires two or
three hours, and while it is going on, the vessel should be set
in a cellar, or covered with a flannel cloth, as a bad conductor
of the external heat.

When the thermometer is at 32°, the cold generated by
the above process, sinks it down to zero, as above stated. By
this method, two solids are changed to liquids, and both during
the change, absorb caloric from the contents of the inner ves-
sel. The salt melts the ice in consequence of the avidity with
which it imbibes moisture, ur by reason of its affinity to water,
and the water in its turn dissolves the salt.

Other substances having a stronger affinity (see affinity)
for water than common salt, will produce the same effects
still more powerfully. 'Thus muriate of lime (see this article)
five parts, and ice four parts, will sink the thermometer from
32° to 40° below zero, that is, in the whole, 72 degrees. At
this temperature, mercury freezes. A still more effective
mixture is four parts of fused potash, and three parts of snow.

What are the substances most commonly used as freezing mixtures;
Explain fig. 15, and show how it is to be used? How far below 32
degrees will a mixture of ice and common salt sink the thermometer ?
Why does the salt melt the ice? W hat substance sinks the thermom-
eter from 32 to 40 degrees below zero?

Ll
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This is said to sink the thermometer from 32° to 50° below
zero, that is 82 degrees. In these experiments the thermom-
eters are filled with alcohol, instead of mercury.

Freezing mixtures are also made of a solid and a fluid.
One of the most effectual of this kind is composed of diluted
sulphuric acid and snow, or pounded ice. This sinks the
mercury from 32°'to 23° below zero.

- Though ice or snow is commonly employed for this pur-
pose, still powerful frigioric effects may be produced without
either, the absorption of caloric being caused by the rapid
solution of a saltin a fluid. One of the most common and
cheap among these is a mixture of sulphate of soda or Glau-
ber’s salt, and diluted sulphuric acid. This sinks the mer-
cury from 50° to 3° above the freezing point, that is 47°,

In describing experiments of this kind, it should always be
noted from what point the thermometer begins to descend,
otherwise no judgment of the power of the freezing mixture
can be formed. If, for instance, a mixture weuld cause the
depression of the thermometer from, and below any given
point, then by repeating the process continnally, we should
be able to find the absolute zero. Thus, by means of muriate
of limww, the thermometer is made to sink 82°, that
is, fro bove, to 50° below zero. Now if the same
cause would again produce the same effect, by its re-appli-
cation, the thermometer would sink to 132° below zero, a
degree of cold never yet produced by any means. But an
unlimited degree of cold can never be produced by the art of
man ; for it is found on experiment, that when the tempera.
ture produced by the freezing mixture is greatly below that
of the air, the caloric is so rapidly communicated, as to pre-
vent any effect by repeating the process. Mr. Walker, who
made a great number of experiments on this subject, was
never able to produce a greater degree of cold than that of
100° below the zero of Fahrenheit.

Sources of Caloric.
The sources of caloric may be reduced to six, viz. The

In these experiments, why is alcohol used to fill tho thermometer,
instead of mercury? What is said of sulphuric acid and snow, as a
freezing mixture? What substances form a freezing mixture without
the use of ice or suow. In making oxperiments with freezing mixtures,
why is it necessary to state the degree from which the thermometer
begins to fall? What is the reason that an unlimited degree of cold
cannot be produced by art? What is the greatest degree of cold ever
produced? What are the sources of caloric ?
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Sun, Combustion, Electricity, the bodies of living warm
blooded animals, Chemical action, and Mechanical action.

The Sun constantly radiates caloric to the earth, and is
the great fountain of heat to us and to the whole solar sys-
tem.

Combustion. This supplies the heat employed in the arts,
and for culinary purposes. In this process the caloric is ex-
tricated from the oxygen of the atmosphere, as it unites with
the burning body and supports its combustion. The light is
supposed to be furnished by the burning body.

Electricity. Whenever two bodies in opposite electrical
states are made to approach each other, so as to produce a
discharge through the air, or along a nonconductor, there
appears a flash of light attended by heat. By the action of
Galvanism, which is a modification of electricity, the most
intense heat hitherto khown has been produced.

The cause of electrical heat, according to Sir Humphrey
Davy, is the union of the positive and negative electricities.
These fluids, while separate produce no phenomena, but
when they unite, they lose their electrical properties, and
constitute heat. (See Electricity, Nat. Philosophy.)

Vital action. The bodies of air breathing animals are a
continual source of heat. 'The numerous theories which
have been invented to account for the cause of animal heat
cannot here be investigated. That it however depends on
the oxygen of the atmosphere which we breathe, seems to be
proved by the fact, that animal warmth cannot for any
length of time be sustained without it.

Chemical action. Chemical action without combustion is
capable of producing considerable degrees of heat. If
water be thrown on unslacked quicklime in small quantities
at a time, its heat will be gradually augmented to nearly
800 deg., or so asto ignite wood. The heat in this experi.
ment is accounted for, on the law already explained, that
when bodies pass from a rarer to a denser state, caloric i8
evolved. The slacking lime absorbs the water and retains
it as a part of its substance, and thus a fluid is converted into
a solid, with the evolution of much caloric.

What is the great fountain of heat? How is heat extricated by
combustion ? When does electricity produce heat? What is the -
cause of electrical heat, according to Sir H. Davy ? W hat is said of
vital action, as a cause of heat? What is said of Chemical action as
the cause of heat? How is the heat produced by throwing water on
quicklime, accounted for ?
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If three parts of strong sulphuric acid and one of water be
suddenly mixed together, a degree of heat considerably
above that of boiling water will be produced. In this case’
the heat is also accounted for on the principle of condensa-
tion, for if the two fluids be measured before and after mix-
ture, it will be found that their union has occasioned a loss
of bulk, and probably also a loss of capacity for caloric.

The inflammation of Spirit of Turpentine by sulphuric
acid is a case of intense chemical action, in which 800 de:
grees of heat are evolved. About an ounce of the turpentine
with the same weight of sulphuric, mixed with a little nitric
acid, are the proportions. The acids should be poured on
the turpentine from a vessel tied to a rod several feet long,
as the explosion sometimes throws the burning matter to a
considerable distance.

Mechanical action. This includes percussion, friction, and
condensation.

Caloric is evolved by the percussion of hard bodies against
each other. This is owing to the condensation of the body
struck, in consequence of which its latent heat becomes
sensible.

If a piece of soft iron be struck smartly several times with
a hammer, on an anvil, it becomes hot, and even red hot, if
the experiment be well conducted.

When a piece of steel and a flint are struck together, the
condensation produces so much heat as to set fire to the
small particles of steel which at the same time are struck off
by the blow. '

Friction. Caloric is evolved, or produced by friction.
The friction of machinery when the motion is rapid frequent-

-ly causes so much heat asto set the wood on fire. The in-
habitants of various nations obtain fire by rubbing pieces
~of dry wood together. The friction of carriage wheels
sometimes sets them on fire.

The principle on which caloric is produced by friction has
not been demonstrated. It cannot be referred to condcnsa-
tion, since the rubbing of two soft bodies together, such as.

When sulphuric acid and water are mixed, what is the cause of the
heat produced ? How may spirits of turpentine be inflamed by chem-
ical action? What does mechanical action as a source of heat include ?
How is the evolution of heat by percussion accounted for? When a
piece of steel is struck by a flint how is the fire produced? How is the

heat produced by friction accounted for? How does condensation
produce heat?
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_the hand against the coat sleeve, or the two hands against
each other, causes heat.

Count Rumford, who made a laborious and varied course
of experiments on this subject, was led to the conclusion that
the heat produced by friction could ot be connected with
the decomposition of oxygen gas, or with the increase of
density, nor could it be caused by any change in the specific
caloric of bodies. Others have also made experiments with
a view to determine this question, but as yet no one has pre.
tended to give any satisfactory explanation of its cause.

ation of an elastic fluid by sudden pressure causes
heat, as has already been explained, and illustrated by fig.
11. The heat evolved in this case arises simply from the
diminished capacity of the air for caloric, in consequence of
its increased density.

M ht‘

The next imponderable ageﬁt which falls under our notice,
is light. 'The investigation of the properties of light,—its
laws of reflection and refraction, and its effects on the sense
of vision, are subjects belonging to the science of Optics.
(See Optics in Nat. Philosophy.) Some of the effects of
light are however properly considered here, since they pro-
duce chemical phenomena. .

Light may be decomposed by means of a prism, into seven
primary colours. The succession of these colours beginning
with the uppermost, is violet, indigo, blue, green, yellow, or-
ange, red.

The decomposition of light only requires that a ray should
be admitted through-a small aperture into a room, and made
to pass through a triangular prism, as represented by fig.

Fig. 16. ‘ The direction of
' # the ray towards the
point ¢ will be changed
“ by refraction, and at
the same time it will
be decomposed into
the colours already

To what science does the investigation of the properties of light,
with its effects on the sense of vision, belong? Why do some of the
effects of light properly belong to the investigations of chemistry ?
Into how many primary colours may light be divided? What is the
succession of these colours, beginning with the uppermost? How may
the decomposition of,light be effected ?
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named, the violet corresponding with 1, and the red with 7.
It may be observed by the figure, that the red is refracted
least, and the violet most, from the direction of the original
ray, these two colours terminating the under and the upper
parts of the spectrum.

These seven, are called the primary colours, since they
cannot by any known means be again decomposed, or sepa-
rated into other colours. The whole seven are called the
solar spectrum.

The heating powers of these several colours are different.
Take a sensible air thermometer (fig. 13) and move the bulb
in succession through all the colored rays, waiting at each
for the fluid to rise, or fall. The thermometer will be found

to indicate the greatest heat in the red ray; next in the
" green, and so on in a diminishing ratio to the violet.

When the thermometer is moved a little beyond the red
ray, but in a line with the spectrum, the heat is still greater
than in the ray itself. These heating rays are invisible te
the, eye, and hence it is concluded that there exists in the
solar beam, a distinct kind of ray which causes heat, but no
light. :

gThe illuminating power of each primary ray in the solar
spectrum, is different from the other. This is proved by
permitting the spectrum to fall on a large printed sheet, of
the same sized type, when it will be found, that at the same
distance, the parts illuminated by some of the rays can be
read, while those illuminated by others are indistinct.

Light is capable of being absorbed by certain substances ;
of remaining in them for a time, and then of being extricated
unaltered. Such bodies are called solar phosphori.

Phosphorescence.
Phosphorescence may be defined, the emission of light
without sensible heat, or without combustion. )
A considerable number of substances have the power of
absorbing a quantity of light when exposed to the rays of the
sun, and of emitting it again, so as to become luminous in

‘Which ray is most,and which is least refracted from the direction of
the original ray ? What are these seven colours called ? What are the
whole called? What is said of the heating powers of the different
rays? Is the greatest heating power in the red ray, or beyond it?
Are the heating rays visible, or invisible? How is it proved that the
illuminating powers of the different rays, differ? What is phospho-
rescence ? W hat are solar phosphori > What is said of the power
of bodies to absorb and emit light?

b
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the dark. Most substances lose this property in a short time,
but acquire it again by another exposure to the sun, and this
may be repeated any number of times. Several substances
by this treatment become so luminous as to render minute
objects visible in the dark. Canton’s phosphorus is of this
kind, and may be prepared as follows : Calcine common oys.-
ter shells in the fire for an hour; then select the purest and
whitest parts, and reduce them to fine pewder. Mix three
parts of this powder with one of sulphur, and having pressed
the mixture into a crucible, keep it red hot for one hour.
Then let the crucible cool, and select the brightest and purest
parts, which cork up in a dry vial for use.

When this composition has been exposed for a few minutes
to the light of the sun, and then carried ipto the dark, it will
be sufficiently luminous to show the hour by a watch dial.

The same property is possessed by compositions called
Homberg’s and Baldwin’s phosphorus. The diamond, also,
possesses this property, as shown by the celebrated experi-
ment of Dufay, who, having exposed a diamond to the light,
immediately covered it with wax, and on removing the wax
several months afterwards, found that it shone in the dark.

Some substances phosphoresce by friction ; some by
scratching, and others by heat.

That variety of carbonate of lime called dolomite, gives
light on being rubbed. Loaf sugar mixed with whites of eggs
and dried, as is done for the frosting of cake, emits a streak
of light on being scratched with a sharp point. Several vu-
rieties of fluate of lime, and of marble, emit light when
coarsely powdercd and thrown on a hot plate of iron, so as
to be seen in the dark,

A piece of tobacco pipe, or a piece of quicklime, when
heated by the compound blowpipe, or by other means,
to a degrece which woyld only make other bodies red, give
out a brilliant phosphorescent light, which is so intense as to
becorne intolerable to the eyes. '

Another kind of phosphorescence may be observed during
the decomposition of certain animal substances. Thus if a
small piece of fresh herring, or mackerel, be put into a two

What is Canton’s phosphorus? How is Canton’s phosphorus pre-
pared 7 What is necessary in order to make this substance shine in
the dark? How did Dufay confine the light in a diamond? What is
said of the phosphorescence of other substances? What is said of the
phosphorescence of a piece of tobacco pipe, or quicklime? How may
a piece of fish be made to exhibit phosphorescence ?

v
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ounce vial of sea water, or into pure water, with a little com-
mon salt, and the vial be kept in a warm place for two or
three days, there will then appear a luminous ring on the sur-
face of the water, and if the vial be shaken, the whole will
give a phosphorescent light.

Light produces very material effects on the growth of all
vegetables, from the most humble plant, to the tallest tree of
the forest. - Plants, vegetating in the dark, are white, feeble,
almost tasteless, and contain but little combustible, or carbona-
ceous matter. On exposing such plants to the light of the
sun, their colours become green, their tastes become much
more intense, und the quantity of their combustible matter
becomes greatly increased. These changes are strikingly
obvious, and beyond all doubt, depend on the agency of light.

Light not only effects the natural, but in many instances,
the artificial colours of things. In this respect, however, its
effects appear not to be reducible to any general law, for in
some instances it destroys, and in others it augments, or even
creates the colours of bodies.

On exposing bees wax to the sun and moisture, its color is
discharged and it becomes white ; it is also well known that
the colors of printed goods, and of carpets, are changed, or
faded by the same influence ; and that the former mode of
bleaching, consisted in exposing the cloth to the united in-
fluence of light, air, and moisture.

On the contrary the colors of plants appear to be exclusive.
ly owing to their exposure to light, and various chemical pre.
parations, such as phosphorus and the nitrate and muriate of
silver, become dark colored, and even black by the influence
of light.

Light has also an important and curious influence on the
crystallization of salts. Make a strong solution of the sul.
phate ofiiron, in water, and place it in'a shallow dish. Cover
one half of the dish with a black cloth, and set it in a darkened
room, permitting only a single ray of light to enter, so as to
strike upon the solution in the uncovered part of the dish.
Thus one half of the solution will be exposed to the light,
while the other half will be in darkness. After the dish has
stood in this situation for a day or two, it will be found that no

v

How are plants affected by growing in the dark? What changes are
effected by the light of the sun on plants which have grown in the
dark ? How aro the artificial colors of things affected by light?
To what do the colors of plants appear to be entirely owing ? What
&ubstances become dark colored by the influence of light?
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signs of crystallization are to be seen in that part of the solu.
tion which has been kept in the dark, while that part which
has been exposed to the light will be completely crystallized.

Another curious fact connected with this subject, is, that
that plants emit oxygen gas, through the influence of the sun’s
light. To make this ubvious, fill a tall glass vessel, such asa
bell glass with water and invert it in another vessel of water.
Then introduce into the bell glass some sprigs of mint or any
other plant of vigorous growth, and expose the whole to the
action of the sun. Small bubbles of air will soon appear,
as though issuing from the leaves of the plant. These will
one after another, detach themselves and arise to the upper
part of the vessel, and on examination, the air thus extricated
will be found to consist of very pure oxygen gas. [See oz-
ygen.]

In this experiment, the water serves only as the means of
collecting the oxygen ; the water itself not being decompo-
sed by the plant, but only the air which it contains. The air
which we breathe contains a quantity of carbonic acid, which
is decomposed by the organs of the plant, the carbon being
retained, while the oxygen is emitted. [See Vegetation.]

Ffectricity.
The third imponderable agent is Electricity, including
Galvanism.

The ancients knew nothing of electricity as a .science.
They knew indeed that amber and glass, when rubbed, would
attract light substances, and about the beginning of the
eighteenth century, it was discovered that a certain stone call-
ed tourmaline, would attruct feathers and hair when heated,
and that some precious stones would do the same when rub-
bed. As an important science, electricity can claim no
higher date than the age of Franklin.

Galvanism is of much more recent origin than electricity.
This science owes its name and origin to an accidental dis-
covery made by Galvani, an Italian, in 1791. Galvani was
professor of anatomy at Bologna, and his great discovery
seems to have been owing indirectly, to the sickly condition
of his wife. This lady being consumptive, was advised to

How is it shown that light has an influence on the crystalization of
salts? How is it demonstrated that plants emit oxygen gas through the
influence of the sun’slight? Describe tho chemical changes by which
plants extricate oxygen gas. Was electricity known to the ancients
as a science? What is the date of electricity, as a science? To what
circumstance does galvanism owe its origin ?
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take soup, made of the flesh of frogs, as the most delicate nu-
triment. One of these animals, ready skinned happened to
lie on a table in the professor’s laboratory, near which stood an
electrical machine, with which a pupil was making experi.
ments. While .the machine was in action, the pupil chanced
to touch one of the legs of the frog with a knife which he
held in his hand, when suddenly the dead animal was thrown
into violent convulsions. Thissingular circumstance excited
the attention of the sick lady, who was present, and it was
communicated to her husband who was out of the room at
the time. Galvani immediately repeated the experiment, and
soon found that the convulsions took place only when a spark °
was drawn from the electrical machine, the knife at the same
time touching the nerve of the frog. He also ascertained
from further investigations, that the same contractions were
excited without the agency of an electrical machine, provi-
ded he employed two metals such as zinc, and silver, one of
which was made to touch the nerve, while the other touched
the muscle of the frog. [See Galvanism.] It is from such a
beginning that the now important science of Galvanism had
its origin.

Electricity, as an agent, is considered as an exceedingly
subtle fluid, so light as not to affect the most delicate bal-
ances,—moving with unmeasurable velocity, and pervading
all substances. It is therefore its effects on other bodies,
only, or its phenomena, which it is in our power to examine.

The simple facts on which the whole science of electricity
is founded, may be stated in a few words.

If a piece of glass, amber, or sealing wax, be rubbed with
the dry hand, or with flannel, silk, or fur, and then held near
small light bodies, such as straws, hairs, or threads, these
bodies will fly towards the glass, amber, or wax, thus rubbed,
and for a moment will adhere to them. The substances hav.-
ing this power of attraction, are called electrics, and the agen-
cy by which this power is exerted 1s called electricity. Some
bodies, such as certain crystals, exert the same power when
heated, and others become electric by pressure. -

What is said of electricity as an agent? Isitin our power te
examine electricity as a substance ? How are we enabled to examine
the properties of this agent? Describe the simple phenomena of elec
tricity. What are electrics 2 What is electricity? By what process
besides friction, do some bodies become electric ?

o 5*
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Fig. 17.  Although these are the simple facts on which the
science is based, yet electricity exhibits a vast num-
ber of curious and interesting phenomena, depend-
ing on the variety and kind of machinery, and the
quantity of the electrical influence employed.

When a piece of glass, or other electric, has
been rubbed, so as to attract other bodies, it is
said to be excited, and it is found that only par-
ticular substances are capable of this excitement.

The most common of these are, amber, glass, rosin,
sulphur, wax, and the fur of animals. When an exci-
ted electric is presented towards a small ball, made of pith,
or cork, and suspended by a string, fig. 17, the ball is attracted
to the electric, and adheres to it for a moment. And if two
such balls be suspended so as to touch ‘each other, and the

Fig. 18. excited electric be made to touch one of them,

the other will instantly recede from the one so

touched, that is, they will mutually repel each

other, and remain for a short time in the posi-

tion shown by fig. 18. If while they are in

this position one of them be touched with the

finger, or a piece of metal, they will again

instantly attract each other and come togeth-

er, and if suspended apart, will forcibly approach each other,
as represented by fig. 19.

Fig. 19. In the explanation of these phenomena, we sup-
pose that all bodies are pervaded with the electric
fluid, but that when in equilibrium, like air and water,
it produces no obvious effects, and that it is only
when this equilibrium is disturbed, or when some
bodies contain more of the fluid than others, that
electrical eflects can be produced.

When an electric is rubbed with the hand, or other
substance, it receives a portion of the electric fluid from that
substance, capsequently the electric then, has a greater por-
tion of electricity than is natural, while the hand, or other
substance, has less. When two bodies are in different elec-

When is an electric said to be excited ? What-are the most common
electrics ?  What effect does an excited electric produce on a suspend-
od pith ball? What is the effect on two pith balls in contact? When
the balls are thrown apart by repulsiont, what effect is produced by
touching one of them with the finger? Explain these phenomena.
are all bodies supposed to be pervaded by the electrical fluid? Sup-
pose an electric is rubbed by the hand, does it in consequence contain
more or less electricity than before? Whence does the electric obtain
this additional quantity of electricity ?
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trical states, that is, when one has more, or less than the na-
tural quantity, they attract each other. This is illustrated
by fig. 17, where the ball is represented as moving towards
tke excited electric.

But when two bodies have each more or less than the natu.-
ral quantity, they repel each other. This is illustrated by
fig. 18, where the repulsion is caused by the communication
of an uncommon share of the fluid from the excited electric
to one ball, and from this ball to the other, and thus the two
balls have more than their ordinary quantity of electricity,
and are in the same electrical state.

On touching one of the balls with the finger, they again
attract each other, because the finger deprives this ball of a
part of its electricity, while the other ball is not affected, and
thus the two balls are thrown into different electrical states.
This is illustrated by fig. 19.

To account for electrical phenomena, Dr. Franklin sup-
posed, as above stated, that all terrestrial things had a natural
quantity of that subtle fluid, but that its effects became appa-
rent, only when a substance contained more or less, than the
natural quantity, which condition is effected by the friction
of an electric. Thus, when a piece of glass is rubbed by the
band, the equilibrium is lost, the electrical ftuid passing frome
the hand to the glass, so that now the hand contains less, and
the glass more, than their ordinary quantities. These two
states he called positive and negative, implying the presence
and absence of the electrical fluid. If now a conductor of
electricity, such as a piece of metal, be made to touch the
positive body, or is brought near it, the accumulated fluid
will leave this body, and pass to the conductor, which will
then contain more than its natural quantity of the fluid. But
if the conductor be made to touch a negative body,, then the
conductor will impart a share of its own natural quantity of
the fluid to that body, and consequently will contain less than
ordinary. Also, when one body, positively, and the other
negatively electrified, ate connected by a conducting sub.
stance, then the fluid rushes from the negative to the positive
side, and the equilibrium is restored.

When do bodies attract each other through the influence of electri-
city 2 When do bodies repel each other through this influence? When
the balls are thrown apart by repulsion, why do they attract each other
on touching one of them with the finger> How are these phenomena
accounted for on Dr. Franklin’s theory? What are the positive and
negative electrical states ?
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This theory, originally invented by Dr. Franklin, will-ac.
count satisfactorily for nearly every electrical phenomenon.
There is, however, another theory, that of Dufay, which is
still embraced by some writers.

This theory suppeses that there are two kinds of electrici-
ty which are termed the vitreous and resinous, corresponding
with the positive and negative of Franklin. This theory is
founded on the fact, that when two pith balls, or other light
bodies, near together, are touched by an excited piece of
glass, or sealing wax, they repel each other. But if one of
the balls be touched by the glass, and the other by the wax,
they will attract each other. Hence Dufay concludes, that
electricity consists of two distinct fluids, which exist together
in all bodies ; that these two fluids attract each other, but
that they are separated by the excitation of an electric, and
that when thus separated, and transferred to non-electrics, as
to the pith balls, the mutual attraction of the two electricities, -
causes the balls to rush towards each other.

The electricity corresponding with the positive of Fraunklin,
is called vitreous, because it is obtained from glass; while
the other is called resinous, because it is obtained from wax
and resin. ‘

In respect to the merit of these two theories, we can only
say here, that Franklin’s is by far the most simple, and ac-
‘counts equally well for nearly every electrical phenomenon.

Some bodies permit the electrical fluid to pass through them
without difficulty. These are called conductors. They are
the metals, water, and other fluids, except the oils, steam, ice
and snow. The best conductors are gold, silver, platina,
brass and iron. The conductors are non-electrics, that is,
they show no signs of excitement when rubbed. The elec-
trics are non-conductors, that is, they will not conduct the
electric fluid from a negative to a positive substance, and
when excited, this fluid accumulates on their surfaces, be-
cause they have not the power of conducting it away. A body

Does Dr. Franklin’s theory account for most of the phenomena ob-
served? What do the positive and negative states imply? How does
Dufay’s theory differ from Franklin's? How do the vitreous and re-
sinous electricities of Dufay correspond with the positive and negative
of Franklin? Why is one kind of electricity called vitreous and the
other resinous? Which theory is said to be the most simple, and
therefore to be preferred ? What bodies permit électricity to pass
through them without difficulty, and what are they called? What are
the best conductors? What is the difference between conductors and
non-conductors ?
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is said to be insulated, when it is supported by a non-condu®t-
or. A man standing on a stool supported by glass legs, or
standing on a cake of wax, is insulated. When one body or
system of bodies, is in the positive state, the other part, or
system, being contiguous, is invariably in the negative state.
If one end of a stick of sealing.wax, or glass rod be positive,
the other end will be negative, and if one side of a plate of
glass be positive, the other side will be negative. [See Elec-
tricity in Nat. Philosophy.]

Chemical Effects of Electricity.

The chemical effects of electricity are most conspicuous
in that form of this agency known under the name of Galva-
nism, but there are many instances in which common elec:
tricity produces important chemical changes. o

When powerful electrical discharges are passed through a
glass tube containing pure water, by means of a gold or pla-
tina conductor, the water is decomposed, and resolved into its
two elements, hydrogen and oxygen (see these articles,)

Fig.20.  which immediately assume the gaseous form.
() If afterwards the gaseous mixture thus obtain.
> o ed, be submitted to electrical shocks, the re.
union of these elements will again be effected,
the hydrogen will be inflamed, while its com-
*bustion is supported by the oxvgen ; the
z gaseous mixture will entirely disappear, and
water will be formed. .

The method of performing this experiment
is shown by fig. 20, where a represents a thick
glass tube containing the two gases, and b, c, the two elec-
trical conductors, the points of which approach so near, as
to permit the fluid to pass through the gases, from one point
to the other.

To explain the phenomena of the decomposition of the wa-
ter by electrical agency, we have to suppose that the two
gases are naturally in opposite states of electricity, but that

Why does electricity accumulate, when a non-conductor is excited ?
When is a body said to be insulated? When one side of abody is pos-
itive, in what electrical state will the other side be? W hat are the ef-
fects of powerful electrical shocks on water? What are the effects of
the same on a mixture of hydrogen and oxygen? Explain fig. 20, and
show how the latter experiment is performed ? What is it necessary to
suppose, in order to explain the decomposition of water by electrical

agency ?
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When united to form water, the electricity is in a state of equi-
librium. When therefore water is submitted to the power of
this agent, this equilibrium is destroyed, the negative gas or
oxygen passing to the positive conductor, while the hydrogen
being in a positive state, passes to the negative conductor.
Thus the fluid is decomposed, and assumes the gaseous form
of its constituents.

The union of the two gases and the consequent recompo-
sition of water, is simply in consequence of the heat evolved
by the electrical shock, as it passes through them. A degree
of heat by any other means, sufficient to inflame the hydro-
gen, would produce the same effect.

Precisely the same effects are produced by galvanism, both
in respect to the decomposition of water, and the re-union of
its elements. When sulphate of copper is submitted to the
action of a powerful electrical machine, the salt is decompos-
ed, and the metal is revived around the negative wire. Other
metallic salts undergo the same decomposition.

These effects obviously arise from the different electrical
states of the elements, of which the salts are composed, the
positive element being attracted to the negative conductor,
and the contrary. It will be seen directly, that the identity
of galvanism and electricity is proved by exactly similar
results.

Galvanism. ‘ )

It has already been stated, that the science of galvanism
had its origin from an accidental discovery made by a pupil
of Galvani, an Italian professor.

This subject was subsequently prosecuted by Galvani,
with the most untiring ardor and with great success ; and as
his discoveries were made known, from time to time, to the
scientific world, philosophers in all parts of Europe vied with
each other in repeating his experiments, in varying them in
all possible ways, and in making new experiments to account
for the cause of the novel and surprising phenomena they
observed. An account of these researches belong to the
history of Galvanism, and cannot be included in this concise
epitome of the science.

How does electricity act to recompose water from its two elements ?
What is said in respect to galvanism, as producing the same results as
electricity? When sulphate of copper is submitted to the action of
electricity, what phenomena ensue? How is this effect on the salts
accounted for? What is said of the interest excited among philoso-
phers by the discovery of galvanism ?
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It must suffice here, to state that the discoveries of Profe
sor Volta, of Pavia, have contributed more towards the pro-
gress and developement of the true principles of this science,
than the united researches of all his co-laborers. The dis-
covery and inventioa of the Galvanic, or Voltaic pile, the en-
tire merit of which belongs to the professor of Pavia, re-
moved all doubt respecting the identity of electricity and gal-
vanism, and is said to have been the result of deep medita-
tion and reasoning. Volta’s discovery was published in 1800,
and since that time several modifications, and many improve-
ments in the mode of extricating the galvapic influence have
been made ; they all however, appear to be founded on his
original invention.

To make this subject plain, it is necessary to state, that
Galvani found that when the different parts of a recent ani.
mal, as the nerves and muscles were made to touch each
other, and then the opposite ends of this series made to com-
municate by means of two different metals, signs of electri-
city were always apparent. Hence Galvani concluded that
the different parts of animals were in opposite states of elec-
tricity, and that the metals only served to restore the equilib-
rium. Onthe contrary, Volta maintained that the electrical
excitement was owing to the contact of the two metals, and
that the animal substances only served to conduct the fiyid
from the positive to the negative metal. ﬁnd to show that
this wasthe true theory of the phenomena, he proved by di-
rect experiment that when a piece of zinc, and a piece of
silver, are placed in contact, and moistened, they are both
excited, the zinc positively and the silver negatively. Thus
when a piece of silver, as a dollar, is placed on the tongue,
and a piece of zinc under the tongue, and then their two
edges made to touch each other, electricity will pass from
the zinc to the silver, of which the person will be sensible, not
only by a peculiar metallic taste, but by the perception of a
slight flash of light, particularly if the eyes be closed.

The quantity of electricity evolved by two pieces of metal,
being exceedingly small, Volta tried the experiment of adding

What philosopher next to Galvani, has made the most successful
researches on the nature of galvanism? Who discovered the galvanic
pile? What is said concerning the identity of electricity and galvan-
ism? From what experiment did Galvani conclude that the different
parts of animals are in different electrical states? By what simple
experiment is it shown that when moistened zinc and copper touch each
other, electricity passesfrom one to the other ?
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many pieces, arranging them in pairs, with a conductor be-
tween them, and found that the galvanic influence was in-
creased in proportion to the number of plates thus combined.

Such attempts led him finally to construct the Voltaic pile,
already mentioned. This pile consists of a multiplied num.
ber of galvanic series, terminating at one extremity by a po-
sitive, and at the other by a negative conductor.

The conditions necessary for galvanic excitation are entire-
ly different from those under which common electricity is ob-
tained. We have seen that electricity is accumulated when
an electric or non-conductor is rubbed with the dry hand, or
with another non.conductor, as a piece of silk or fur. In
galvanic excitation such substances as are called electrics are
never concerned.

The substances are all conductors of the electric fluid ;
one of them a simple conductor, the other two having each
the additional power of different degrees of electrical, or gal-
vanic excitement.

These three substances are usually zinc, water, and cop-
per, and these, arranged in the order named, compose a sim-
ple galvanic circle.

The water. which is mixed with a small quantity of acid,
not only serves as a conductor of the galvanic fluid, from the
positive to the negative metal, but also by acting slightly on
the metals is the efficient cause of the galvanic excitation.
Fig. 21. This arrangement, together with the course of
Ay the electrical agent from one metal to the other,

A and through the water to the first metal again,
' will be understood by fig. 21.

Suppose ¢ to be a plate of copper and z, a plate
of zinc, touching each other at the top, and placed
in a vessel of acidulated wattr. Then the action
of the acid will produce an evolution of electrici-
ty from both metals, that from the zinc being positive, and
that from the copper negative. The electrical fluid will
therefore pass from the zinc through the water to the copper,
and from the copper by contact to the zinc, and so in a per-
petual circuit in the direction of the arrows.

What is the pruciple on which the Voltaic pile is constructed ?
What is the difference between the substances used to collect eloctri-
city, and galvanism? W hat three substances usually compose a sim-
ple tﬁa.lvmic circle? What is the use of the water and acid employed
in the extrication of galvanism? Explain fig. 24, and show the course
of the galvanic fluid.
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It is a multiplication of this principle, that is, by form-

ing a series of simple galvanic circles, which forms the gal-
’ vanic pile, or pile of Volta, already mentioned.
This compound galvanic circle is constituted by a series of
simple circles, so united, as to concentrate the influence of
riven point. It may be constructed as follows.
>'glass rods, say of two feet in length each,
an angular direction from each otherin a base
vide also circular plates of copper.and zinc,
ches in diameter, about the eighth or tenth of
and in number proportionate to the power of
le. Next cut out the same number of cir-
card paper, or of woollen cloth, that there are
rmetal, but less in size. Having thus obtain-
1 of the pile, its construction consists in placing
5, or board within the rods, a plate of copper,
rlate of zine, and next, on the zinc, a piece of
loth, dipped in salt water, or acidulated water,
is forming a single galvanic circle. The same
angement is observed throughout the whole
ies, that is, copper, zinc, paper ; copper, zinc,
ser ; except in the last circle, or top of the
3 which ends with the zinc. Fig. 22, repre-
its such a pile, @, b, being the glass rods and
¢, the pieces of wood, the upper piece having
es to admit the rods in order to make them se-
‘e, )
Such a series, affords a constant stream of the
galvanic influence, but is always most powerful
+ when first constructed or before the plates become oxidated.
On this account, after having been some time in use, it re-
® quires to be taken in pieces, the plates cleaned from rust,
and then again reconstructed, when it regains its original
energy.

A pile composed of two dozen plates of each metal, will
give a small shock, which, when taken by the hands may be
felt to the elbows. The mode of receiving the shock, is by
wetting the hands, and then having placed one of them in

How is the pile of Volta constructed ? After the frame is made
and the plates of metal and paper prepared, how is the pile
then constructed ? When does the pile operite most powerfully ?
How may the pile, after the plates have become oxidated, be made
as powerful as at first? What is the mode of receiving the shock
from the galvanic pile ?
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contact with the zinc plate, which terminates one end of the
pile, touch with the other, the copper plate which terminates
the other end of the pile. Or these two plates may be touch-
ed with a wire, wound with a wet rag and held in the palm of
each hand. When experiments are to be made by passing
the galvanic influehce through any substance, this is done by
connecting a wire with each terminating plate : the two move-
able ends of the wire being then brought near each other, and
the substance placed between them, the fluid passes from the
positive to the negative side, and so through the substance.
These wires are called the poles of the Volhaic pile.

Any number of these piles may be connected together by
making a metallic communication from the last plate of the
one, to the first plate of the other, always observing to pre-
serve the order of succession from the zinc to the copper,
and from the copper to the zinc. In this manner a galvanic
battery is constructed, the power of which will be proportion-
ate to the number of plates employed.

The Galvanic fluid, it ought to have been observed, is ex-
tricated only on condition that one of the metals employed
be more easily oxidated, or more readily dissolved in an acid
than the other. Any two metals will form an effective gal-
vanic apparatus on this condition, and it is always found that
the metal having the strongest affinity for oxygen is positive,
while the other is negative. Thus any metal, except that
which has the least affinity for oxygen, of. all, may form the
positive or negative sside, by having another metal more or
less oxidable than itself, placed in contact with it.

Copper, in contact with zinc is negative, because zine is
most easily dissolved, or has the strongest affinity for oxy-
gen of the two. But when copper is in contact with silver,
it becomes positive, while the silver is negative ; and for the
same reason silver becomes positive when in contact with
#pld, or platina. The greatest effect is produced, other cir-
cumstances being equal, when two metals are placed togeth-
er, one having the greatest, and the other the least, afhinity
for oxygen, as zinc and platina.

When it is required to pass the electricity through a substance, how
is this done? What are the wires or conductors called? Howjs a
galvanic battery constructed? How must the metals differ, in respect
to their aflinity for oxygen in order to evolve galvanism? In what
electrical state is the metal which has the strongest affinity for oxy-

n 2> What will be the state of copper when in contact with zinc ?
‘What will be the state of copper when in contact with silver or gold ?
‘What metals will produce the greatest effect on this account ?

1
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Since the invention of Volta, a great variety of different
methods have been devised, in order to extricate the galvanic
fluid with greater convenience, or with greater power; and
also to modify its action for different purposes.

Among these inventions, the galvanic trough is one of the
most convenient, and common in this country, though by far
less powerful in proportion to the surface of the metal em-
ployed, than several others.

In this arrangement, the plates of copper and zinc are
placed with their flat surfaces in contact, and are soldered
together on the edges. These plates are then fixed in
grooves, cut in the opposite sides of a long narrow mahogany
box, leaving between them narrow intervals. The box of
course is open on one side, the ends and bottom being made
water tight, and also the cells between the plates, by cement.
In fixing the plates, it is obvious that all the zinc surfaces
must be on one side, or face in the same direction, and all
the copper surfaces on the other side.

Fig. 23.

Fig. 23 represents sucdh a
trough, furnished with con.
ductors of brass wire, w, w,
which are fastened to the
two end plates, or merely
dipped into the cells. The
1 sthod, on account of its allow-
ing the operator to graduate the shock at pleasure, by inclu-
ding between the poles a greater or less number of the
plates. The conductors pass through the glass tubes a, a,
80 as to allow the operator to handle them without receiving
the shock himself, and then pass to a glass plate on which
the subject of experiment is laid.

When this trough is to be used, the cells between the
plates are filled with water containing in solution a quantityf
of common salt, or made slightly sour by muriatic, sulphuric,
or nitric acid. If the water is made warm the action will be
much increased. Cuare must be taken that too much acid be
not used, for if the action on the zinc plates is such as to

WRat method of extricating the galvanic power is saidto be among
the most convenient? Describe the construction of the galvanic
trough ?  In what order must the plates of zinc and copper be placed ?
‘Which is said to be most convenient to connect the poles to the plates
or merely to dip them into the cells? What are the uses of the glass
glllbe. a4’ When the trough is to be used, with what are the cells

ed ?
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occasion the emission of bubbles of hydrogen, the galvanic
action ceases almost entirely. -

After the trough is filled with the water, its edges, and

“also those of the plates must be wiped dry, and care must

be taken that it does not leak, otherwise the electric fluid
will be conducted away by the water. Waut of attention to
these circumstances will sometimes occasion an entire fail-
ure of a galvanic experiment.

Another mode of arranging the galvanic apparatus, is by
means of a row of glasses, each containing solution of com-
mon salt, or a dilute acid. In each glass is placed a plate
of copper and another of zinc, not in contact, but so con-
nected by slips of metal, or by wires, that the zinc in one
cup shall be connected with the copper of the next cup ; the
zine in the second cup with the copper of the third, and the
copper of the third with the zinc of the fourth, and so on
through the series ; except the terminating cups, which con-
tain only a ‘single plate each, one of copper and the other of
zinc. This arrangement will be understood by fig. 24,

Fig. 24. where a, a, a, are the glasses, z the
zinc, z the copper, and v the wires by
which they are connected. The ad-
vantage of this method consists in the
exposure of the two sides of the plates
to the action of the acid; while by
1s in the construction of the trough just
surfaces of each metal is protected from
sutes nothing to the effect. But the

.. sand the danger of breaking the glasses
in case of transportation, prevents its general adoption.

A convenient and more compendious modification of this
principle has therefore been contrived, and is called the
trough battery. In this arrangement, the zinc and copper
plates are united in pairs, as just described, by means of
slips of metal, which are soldered to each other. 'T'welve pairs
of these plates are then fastened to a piece of baked wood,
being placed at such a distance apart as to fit the cells of a
trough which contains the water and acid. The trough may
be made of baked mahogany, with partitions of glass, or

. L d

What caution is necessary in respect to the quantity of acid, and
also in respect to drying the edges of the trough? Describe the mode
of extricuting galvanism by means of glasscups? Why is the appa-
ratus made with cups objectionable ? In what is called the trough bat~
tery, how are the plates united ?
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what is better, the whole may be made of earthen, or
Wedgewood’s ware. » :

When this battery is to be used, the cells in the trough are
partly filled with water, containing an acid or salt in solu.
tion, and then the plates being connected with the slip of
wood, are all let down into the cells, by means of a pulley at
the same instant, each cell containing one plate of zinc and
another of copper.

Where great power is wanted, any number of these
troughs may be connected together by passing a slip of cop-
per from the positive end of one, to the negative end of the
other trough. For the use of a laboratory, this is by far the
most convenient, as well as the most powerful means of ob-
taining large quantities of the galvanic fluid, yet devised.
‘When an experiment is finished, the operator, in a few min-
utes, can raise all the plates from their troughs by means of
pullies, and thus they are susperided, ready to be let down
again when wanted. The power also, with the same extent
of surface, is double that of the galvanic trough, where the
plates are soldered together, since with the present method,
the entire surface of each metal is exposed to the action of
the acid. The plates can likewise be more readily cleaned,
and the whole apparatus more easily kept in repair.

The galvanic battery of the Royal Institution of Great
Britain, is constructed on the above plan. It is of immense
power, consisting of 200 troughs of Wedgewood’s ware, each
containing ten cells, and receiving ten double plates of cop.
per and zinc, each plate containing a surface of 32 square
inches. The whole number of double plates is therefore
2000, and the whole metallic surfuce exposed to electrical
excitation at the same instant, is equal to 128,000 square.
inches.

It was by means of this apparatus that Sir Humphrey
Davy performed his brilliant experiments, and succeeded in
decomposing the alkalies, and showing their metallic bases.
(See potash and soda.)

Chemical effects of Galvanism. It is a singular, and per- -

- In the trough battery, how are the plates of metal brought into con-
tact with the acid? What are said to be the advantages of this meth-
od > Why is this battery more powerful than the galvanic trough in
which the plates are soldered together? W hat peculiar conveniences
has this arrangement? What number of double plates does the batte-
ry of the Royal Institution consist of? What important discoveries
did Sir H. Davy make by means of this battery ?

6*
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haps, unaccountable fact, that the extent of the centinuous
surface of the metals, from which the galvanic fluid is ob-
tained, has an influence over its effects, when employed for
various purposes. We should suppose, both from reasoning
and theory, that the amount of galvanic action, would in
every case, be proportional to the number of square inches
of metallic surface, and that it could make no difference in
the result, whether the individual pieces of metal were large
or small. But experience shows that this is not the case.
The effect of a battery composed of large plates, and one of
small plates of the same extent of surface, is quite different.
That composed of the large plates having the most intense
chemical, or heating power, while that consisting of small
ones has the greatest effect on the animal system. Thus a
man can bear with little inconvenience the shock from Mr.
Children’s battery, composed of plates six feet long and two
feet and a half wide; while he would be stunned, or per-
haps killed by the shock from the same amount of surface,
were it divided so as to proceed from plates of only two or
three inches in diameter. And yet Mr. Children’s battery
gives the most intensely brilliant chemical effects, while the
chemical agency of the small plates is comparatively slight
and insignificant. '

The decomposing chemical effects of galvanism have been
mueh more extensively employed than those of common
electricity. Indeed the decomposing power of electricity
was little known before the brilliant discoveries of Sir H.
Davy, by means of galvanism; but since that time, Dr.
Wollastan has shown that most if not all the chemical effects
of the galvanic battery may be produced by electricity.

The decomposition of water by means of electricity, was
effected by the dutch chemists long before the discovery of
galvanism. A description of the method of doing this has
already been given while treating of\electricity. Thisseems
to have been the most important chemical decomposition
effected by electricity, before the discoveries of Galvani
and Volta.

Since that period, the science of Chemistry has owed to

Is there any difference in the effect of a battery composed of large or
small plates, when the extent of their surfaces is the same> What
is the difference between the effects of large and small plates? Will
<lectricity produce tbe same chemical effects as galvanism? Was the
decomposition of water effected by electricity before the discovery of
gulvanisn? Of what use has galvanism been te chemistry ?



GALVANISM. 63

that of galvanism some of the most magnificent and impor-
tant discoveries ever made in that science, viz. the decompo-
sition of the alkalies, and as a eonsequence of this, other dis-
coveries of great interest and value.

But one of the most extraordinary facts belonging to the
agency of Galvanism, is the discovery that the elements of
decomposed bodies follow an invariable law in respect to the
electrical sides on which they arrange themselves. Thus in
decomposing water, or other compounds containing its ele-
ments, the hydrogen escapes- at the negative pole, and the
oxygen at the positive. In the decomposition of the salts
(see salts) and other compounds, the same law is in every
instance observed, the same kind of element being always
disengaged at the same pole of the battery.

When a compound consists of two gaseous elements, they
may be readily separated, and each gas obtained by itself,
by placing the compound in a bent tube, and then exposing
it to the galvanic action.

This ;imple arrangement is represented by fig. 25.

ig. 25.
¢ It consists of a glass tube bent as in
the figure, a small orifice being ground
at the angle so as to let in the water;
or instead of this, two tubes may be
used with their lower ends placed in
contact. The tubes being filled with
water and their lower ends placed in
a dish of the same fluid, the two plati-
na wires proceeding from the two sides
of the battery are passed through corks in the upper ends of
the tubes, and pushed down, so as to come within about the
eighth of an inch of each other. Care must be taken that
the adjustment be such as to. allow the gases as they ascend
to come within the orifices of the tubes.

The battery being now set in action, small bubbles of
"gas will be seen to rise from the ends of the wires, but in
different quantities. The tube from the negative wire will
soon be filled with hydrogen gas, while the other in the same
time will be only half filled with oxygen. This circum-
stance arises from the_fact, that in forming water, these two

In the decomposition of water by galvanism, at which pole of the
battery does hydrogen always escape? Describe the method of de-
composing water by galvanism and of retaining the two ina
separate state. In performing this experiment, why is the tube on the
negative side first filled with gas?
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gases combine in the proportion of two volumes of hydrogen
to one of oxygen. Of course, therefore, when water is de-
composed, the volume of oxygen is only half that of hydro-
en.

g In this experiment, the poles of the battery must be of
platina, or gold, otherwise, if they are made of iron, or other
oxidable metal, the oxygen combines with the metal instead
of being extricated and rising up the tube.

When neutral salts, whether alkaline, metallic, or earthy,
such as common salt, blue vitriol, or alum, are exposed to
the action of a powerful battery, the same law is observed,
the acid, which contains the oxygen goes to the positive
wire, while the bases being alkalies metals or earths are trans.
ferred with the hydrogen (for these salts elways contain
water) to the negative wire.

But the most surprising effects of the power of this princi-
ple is exhibited when the compound is placed in cups con-
nected with the two sides of the battery, and the two con.
stituents of the compound are transferred from one cup to
the other.

If the solution of any saline compound, such as Glauber’s
salt, be made in water, and placed in two cups, one connect-
ed with the positive, and the other with the negative side of
the battery, then, by making a communication between the
cups, by means of some moistened asbestos, or cotton, and
setting the battery in action, the two constituents of the salt
will be transferred from one cup to the other.

Fig. 26. Fig. 26 will show the situation
of the cups, the asbestos, and the
galvanic polesfor this experiment,
Both cups contain a solution of
Glauber’ssalt. This salt is com.- .
posed of sulphuric acid, soda and
water. The cup P is connected

to the positive side of the battery, by a wire, passing into the
fluid, and the cup N, with the negative side, in the’same
manner. The cups are connected by the moistened asbestos
passing from the fluid of one to that of the other. When this
arrangement is completed, and the battery has been some
time 1in action, it will be found that the water in the positive

In decomposing the salts, what law is observed in respect to the
poles, at which their element’ are extricated? Explain fig. 26, and
describe how the elements of the salt is transferred from one cup to the
other? In which cup is the acid, and in which is the alkali found?
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cup will have an acid taste, while that in the negative cup
will have an alkaline taste ; and if the action be continued a
sufficient time, all the acid contained in the salt will be found
in one cup, and all the soda in the other.

Nor does it appear to make any difference in the result, at
what part of the fluid circuit, the salt to be decomposed is
placed. ’

+ Fig.27. This is proved by
placing three cups in a
line, .and cennecting
them together by moist.
ened asbestos, as shown
by fig. 27. Ifthe Glau.-
ber’s salt, or any other

] saline compound be put
into the middle cup, and water into the others, and the two
galvanic poles be connected with the other cups, P being the
positive, and N the negative side, then all the acid will be
transferred to the positive, and all the alkali to the negative
cup, while the water in the middle cup will remain nearly in
a state of purity. If the two outer cups be filled with an
infusion of red cabbage, instead of simple water, the operator
can see the progress of his experiment, since the contents of
one cup will be turned red by the acid, and the contents of
the other green by the alkali.

A phenomenon of a still more extraordinary kind occurred
to Sir H. Davy during his experiments on this subject. For
it was proved that the galvanic action was capable of sus.
pending the laws of affinity, so that an acid might be conveyed
through an alkaline substance, or an alkali through an acid,
without any combination taking place between them, or either
might be passed through a cup of infusion of cabbage, with-
out changingits colour. The three cups being arranged as in
the last experiment, and connected together by films of moist-
ened cotton, or asbestos, there was put into the negative cup,
N, a solution of sulphate of soda, and into the other two cups,

. Describe fig. 27, and show into which cup the saltis placed, and into
which its different elements are transferred by the galvanic action.
‘What is the advantage of filling the two outside cups with infusion of
red cabbage ? W hat extraordinary phenomenon is observed in respect
to the suspension of the laws of affinity by galvanic action? Describe
the experiment by which it was found, that an acid or an alkali was
m:.de to pass through a cup of infusion of cabbage without changing its
colour.
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an infusion of red cabbage in water ; this infusion being one
of the most delicate tests of the presence of an acid or an
alkali. After these cups, so arranged, had been for a short
time, placed in the galvanic circuit, the infusion in the positive
cup became red, and afterwards strongly acid, while that in
the middle cup continued of the same colour as at first.* Thus,
as the salt was decomposed, its acid passed through the
middle cup without mixing in the least with the water it con-
tained, otherwise its colour would have been changed. On
reversingrthe connexions with the poles of the battery, the
alkali of the salt was transferred to the opposite cup, the solu.
tion of which it tinged green, without in the least affecting the
colour of that in the middle cup.

On placing an alkaline solution in the middle cup, the acid
was transferréd through it, without combination ; and when .
an acid was placed in that cup, an alkali passed through it in
like manner.

To account for these singular phenomena, Sir Humphrey
Davy supposed that the elements of compound bodies were in
different and opposite states of electricity, but that during
their chemical union, an equilibrium existed in these electri-
cal states. This theory we have already mentioned, in ac-
counting for the decomposition of water by common electri-
city. But Sir H. Davy believed it to extend in general to
all chemical compounds. To explain how the elements of
bodies may be in this state, he supposed that each element is
nafurally possessed with-a-portivn of electricity, whether it is
in a state of combinnation or not ; and that the elements, in
this respect, naturally divide themselves into two classes, one
of which is endowed with positive, and the other with negative
electricity. In proof of this, it is found as an experimental
fact, that oxygen, chlorine, iodine, (see the latter article,) and
acids in general, are naturally negative, while hydrogen, the
metals, and the metallic oxides and the alkalies are naturally
_positive. Thus it appears that bodies having the strongest
attraction, or chemical affinity for each other are naturally in
opposite states of electricity, and that the supporters of com-

‘What are the other proofs showing that galvanic action suspends the
action of affinity? How does Sir H. Davy account for these pheno-
mena? In what staté of electricity are oxygen, chlorine iodine, and the
acids generally ?  In what state are hydrogen and the metals? Are
bodies having the strongest chemical affinity for each other, in the same
érin opposite states of electricity ?
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buztion, oxygen, chlorine, and iodine are all negatively elec.
trified. ,

From such considerations, Sir H. Davy not only accounts
for the chemical agency of the galvanic fluid, but also for that
force called affinity, or chemical attraction, which impels
bodies of different kinds to unite, and form compounds.
Thus, oxygen being naturally negative, and hydrogen natu-
rally positive, they unite with a force, or energy, proportional
to the difference of their electrical states.

The decomposing force of the galvanic battery may readily
be accounted for on the same principle ; for if water be pre-
sented to any substance in a higher state of positive electri-
city than its hydrogen, then a decomposition would ensue,
because the oxygen would leave the hydrogen, and attach it
self to that substance for which it had the strongest attracs
tion. The voltaic battery produces this effect, by offering to
the two constituents of water, stronger opposite electrical
energies than these two substanges have for each other.
Thus supposing the electrical force of hydrogen for oxygen
to be equal-to 3, and that of oxygen to hydrogen to be equal
to 3, then they would combine with a force equal to 6. But
if we suppose the galvanic battery to offer to the oxygen a
positive electrical energy equal to 4, and at the same time to
the hydrogen a negative energy equal to 4, then it is abvious
that their combining force would be overcome, and that the
oxygen would fly to the positive, and the hydrogen to the
negative poles of the battery, and thus that the compound
would be reduced to its original elements : and we find that
this is exactly what happens as a fact, when the water is ex-
posed to the galvanic circle.

This, it must be acknowledged, is one of the most beauti-
ful theories ever invented, and at the same time agrees with
the phenomena observed in most energetic chemical changes.
But there are still some facts for which it does not satisfacto-
rily account ; nor is it absolutely certain, that in any case,
chemical attraction is owing to the different electrical states
of the combining bodies, so that in the present state of know-
ledge, this theory must be taken only as a probable, and
highly ingenious hypothesis.

How is the decomposing force of galvanism accounted for? What
is said in relation to the truth, or probability of the electrical theory
advanced by Sir H. Davy? Is it certain that in any case chemical at-
traction is caused by opposite electrical states ?
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Heating effects of Galvanism. One of the effects of gal.

vanic action is the evolution of heat ; and where the agtion
- is strong, it is accompanied with light, but not otherwise.

There is a remarkable difference between the conditions
necessary to the evolution of heat by galvanic action, and by
common electricity. In common electricity, there is no pro-
duction of heat, where the fluid moves through a perfect con-
ductor, and without obstruction. When it moves along a rod
of metal, no sensible heat, orlight, is evolved, unless the con.
ductor # too small for the quantity. But in its passage
through non-conducting substances, as air, or dry wood, both
heat and light are a consequence. :

But when galvanism passes through a perfect conductor and
the circuit remains entire, and when no light is evolved, there
is still an elevation of temperature caused by its passage.

This s readily proved, by making the two poles of the bat-
tery meet in a vessel of water containing a thermometer,
when it will be found that, the temperature of the water will
soon be raised, and if the experiment be continued, the fluid
will boil by the heat evolved. .

If the battery consists of an extensive series of electrical
circuits, very powerful calorific effects are produced by the
passage of the fluid through metallic wires. Iron wire is
melted and falls down in globules, and steel wire burns, with
corruscations too brilliant for the unprotected eye.

The heating effects of galvanism seem to depend on the
conducting power of the metal employed, the heat being in
an inverse ratio to the power of the conductor. This is cu.
riously illustrated by passing the fluid through a wire, or chain
composed of alternate portions, or links of platina and silver,
soldered together, when it will be found that the silver will
scgrcely be warmed, while the platina will be intensely igni-
ted. '

It appears from some experiments made with Mr. Chil.
dren’s great battery, that the heat excited by Voltaic action
is more intense than that produced by any other means.

What issaid of the heating effects of galvanism? What are the
different conditions under which heat and light are evolved by electri-
city, and by galvanism ? When galvanism is passed through a perfect
conductor, what effect is produced ? What is the effect when it is pass-
ed through water ? How are metallic wires affected by powerful gal-
vanic action? When galvanism is passed through a chain, the links
of which are alternately silver and platina, what is the effect on each
metal? What is said of the power of Mr. Children’s battery ?
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Many substances were fused by it, which were exposed to
the best wind furnaces without any impression. A piece of
.platina wire, one-thirtieth of an inch in diameter, and
eighteen inches long become instantly - red, then white hot,
with a brilliancy insupportable to the eyes, and in a few
seconds was fused in globules. 8till this battery had little
effect on water, oron the human frame, the shock being felt
no higher than the elbows.

But still more brilliant effects were produced by the battery
of the Royal Institution, when pieces of charcoal were at-
tached to itspoles and then brought near each other.

This battery, when the cells were filled with a mixture of
60 parts of water and one part of nitric, and one of sulphu.-
ric acid, afforded the most splendid and impressive results.
When pieces of charcoal about one inch long and the sixth of
an inch in diameter were placed in the circuit, and made to
approach each other, a btight spark was seen to issue from
one to the other, and in a moment the charcoal became igni-
ted to whiteness. Then by widening the space between the
charcoal points, a constant discharge continued when they
were four inches apart, affording a most brilliant ascending
arch of light, broad in the middle, and terminating in points
at the charcoal, resembling in shape, two cones, applied base

Fig. 28. to base. The shape of this
brilliant phenomenon is rep-
resented at fig. 28, where
a and b are the poles of the
battery with pieces of char-

coal attached to them, and between these the ascending arch
of light. When any substance was held in this arch, it be-
came instantly ignited ; platina, one of the most infusible ot
all the metals, melted in it as readily as wax in a candle;
quartz, sapphire, magnesia and lime all entered into fusion ;
and points of diamond and plumbago, rapidly disappeared,
seeming to evaporate with the heat.

: Attraction. .
The fourth imponderable agent belonging to our list is at-
traction. :

What effect does this battery have on the human frame? What are
the effects when pieces of charcoal are placed near each other, in a pow-
erful galvanic circuit? Describe fig. 28. What substances were fused
by the battery of the Royal Institution ? What is the fourth iwpon-
derable agent belonging to onr;ist ?
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A

By atiraction is meant that property .in bodies which gives
them a tendency to approach each other, whether they exist
in atoms, or masses. Attraction has received various names
according to the circumstances under which it is observed to
. act. Thus, that kind of attraction which extends to all kinds,
and quantities of matter, and to all distances, is called attrac-
tion of gravitation. This attraction extends reciprocally
from one planet to another, and from all the planets to the
fixed stars, and is the cause of the orbicular motion of the
heavenly orbes. It also extends to all terrestrial masses of
matter, and is the cause of their weight, or tendency to ap-
proach the centre of the earth.

The force of gravitation is directly asthe quantity of mat.
ter, and inversely as the square of the distance. The quan.
tity of matter being given, and the attracting force at a cer-
tain distance, say four feet being known, then this force will
.increase, or diminish as the square of the distance. Thus if
one body attracts another at the distance of two feet, with a
force of 36 pounds, then at the distance of four feet its force
of attraction will be only { as much, or 9 Ib. and so in this ra-
tio whatever the distance may be. [See Natural Philosophy.]

By attraction of cohesion, or aggregation, is meant that
force which tends to preserve bodies in masses by acting on
the particles of which they are composed. This attraction
is supposed to act only at insensible distances, as when the
atoms of bodies touch cach other, and only when the parti-
cles of matter are of the same kind.

Chemical Attraction is that power which forces the particles
of bodies of different kinds to combine and form a compound.
This force is also called affinity, because this kind of union
takes place only between particular substances. Like the
attraction of cohesion, it acts only at insensible distances, that
is, the particles of bodies must be brought into the immediate
vicinity of each other before they will combine. But it dif-
fers from cohesive attraction in taking place only between
heterogenous atoms, or among particles of different kinds of
matter. Several other kinds of attraction are described, [See

What is meant by attraction > What is attraction of gravitation?
What are the laws of attractive force ? Suppose a body is attracted
with a force of 36 pounds, at the distance of two feet, what will the
force be at the distance of four feet? What is meant by attraction of
cohesion ? What is chemical attraction ? How do cohesive and chem-
ical attractions differ 7 In what respect is & knowledge of chemical at-
traction 1mportant ?
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Natural Philosophy,] but it is chemical attraction, or affinity,
which must more immediately occupy our attention here. -

Affinity. Chemical attraction is a subject of the highest
importance in the study of chemistry, since a knowledge of
the whole science includes little more than an acquaintance
with the laws and effects of affinity, that is, of chemical at.
traction, and repulsion.

We have already noticed that this science is founded on
experiment, and from deductions arising from facts thus dis-
covered. Now chemical experiments are only the means of
discovering chemical affinities and a knowledge of these af-.
finities are the facts on which the whole science is founded.

By experiment we know that some bodies have an affinity
to each other, that is, we know that on presenting them to
each other under certain circumstances, they will combine,
and form a third substance, which differs from either of the
first. We know also by the same means, that other substan.
ces presented together in the same manner, will repel each
other, that is, they will not combine, nor can they be made to
unite so as to form a third substance.

This kind of knowledge it is impossible for man to acquire
without actual experiment, for by no process of reasoning
could he ever determine before hand, whether two bodies,
would attract or repel each other, any more than he could
tell what they were composed of by mere inspection.

We know, for instance, that when we mix acid and water,
the two liquids unite, or blend together; now by reasoning
from analogy, we should have the same grounds for believing
that any other fluid, would unite with water, that we had for
believing that an acid would, and therefore that oil and wa-
ter would combine, as well as acid and water. But experi-
ment shows, that on this subject, neither reason nor analogy
lends us the least aid, for, on mixing the oil and water, we
find that they mutually repel each other, and though blended
together by force, they again separate as soon as the force
is removed.

It is then only by actual experiment that we can decide

In what does a knowledge of the science of chemistry chiefly con-
sist? What are the facts on which the science of chemistry is found-
ed? Howis it known that some bodies attract while others repel each
other? Is it possible to gain any knowledge of chemistry, except by
experiment ! What reason would there be to suppose, without exper-
iment, that oil and water would not combine? What is the first con-
dition necessary to effect chemical union ?
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whether two bodies have an affinity for each other, and con.
sequently whether they are capable of forming a chemical
compound, or not.

There are several circumstances which affect the results
of chemical affinity, or conditions on which its action de.
pends, which will be mentioned in their turn. There are
also several kinds of affinity, which have received different
names, depending on the conditions under which its action
takes place. These appellations and conditions will also
claim attention as they occur.

The first condition necessary to effect chemical combina.
tions is, that one or both the bodies should be in a fluid state,
since however strong the affinity of two bodies may be to
each other, their particles cannot unite unless they are free
to move. Hence to effect the combination of solids, their
cohesion must first be destroyed either by solution in a fluid,
or by means of heat. The acids and alkalies have a strong
affinity for each other, but on mixing them, even when ia
the finest powder, no chemical combination ensues, because
in all chemical compounds the union takes place between the
atoms of the combining substances.

But on pouring a quanity of water upon such a mixture,
chemical action instantly ensues, and a third substance, dif-
fering entirely from the alkali or the acid, is the result of
the combination. This compound is called a salt.

In like manner, if zinc and copper be reduced tp the
finest powder and mixed ever so intimately by mechanical
force, there will still be no intimate union between their par-
ticles. But if heat be applied so as to reduce them to a fluid
state they combine with considerable energy, and form a
yellow alloy, called brass, which differs greatly from the
zinc or copper of which it is formed.

Simple Affinity. The most simple cases of affinity are
afforded by the mixture of two substances which have the
power of combining with each other, in any proportion.
Water and sulphuric acid, or water and alcohol, form such
combinations. What are termed neutral salts, which are
formed by the union of a pure acid, and a pure alkali, are
inetances of the same kind, only that they do not combine in
all proportions. ln a great variety of instances, after two

What is necessary, in order to effect the chemical combination of
solids? 'Why will not solids combine as well as fluids > In what man-
ner may copper and zinc be made to combine? What are the most
simple cases of affinity? Give an illustration of this affinity.
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substances have combined, when mixed alone, or without
the admixture of any other substance, this first union may
be destroyed by the intervention of another, or a third sub-
stance, having a stronger attraction for one of these sub-
stances than they have for each other. This forms an in-
instance of what has been termed by Bergman, Elective
Affinity. .

Single Elective Affinity, is exercised whe1 one composi-
tion is des.royed, and at the same time another is formed.
There are many familiar examples of this kind of decompo-
sition, some of which we witness almost every day. Cam-
phor dissolved in alcohol or in strong spirits, makes a trans.
parent solution ; but if water be poured into the solution, it
instantly becomes turbid, and the camphor separates from its
connection with the alcohol, and rises to the surface of the
fluid. This separation takes place because the alcobol has
a stronger affinity for the water than for the camphor, and
the turbidness is caused by the insolubility of the camphor
in water, in consequence of which it takes the solid form.

Soap is composed of oil, an alkali and water. The oiland

water have no affinity for each other, but the alkali has a
strong affinity both for the oil and water, and consequently
the three substances unite, and form a compound. But if
_ an acid be mixed with a solution of soap, the compound is
decomposed, for the alkali has a stronger attraction for the
-acid than for the oil and water, and consequently the oil is
rejected and rises to the surface, while the acid and the alkali
form a new compound.

This affinity is called elective, because when one substance
is mixed with several others it seems to manifest a choice
between them, and elects one with which it unites, to the
rejection of the others.

It is most probable that every substance has an affinity for
many other substances. We know indeed that this is true in
a %reat variety of instances, since experiment shows that one
substance will form sevetal compounds with other sub.
stances, in succession, and that these compounds may in

‘What is single elective affinity ? Give an example of the exercise of
this kind of affinity. When water is poured into a solution of camphor
in spirit, why is the camphor separated? What is the composition of
soap? When an acid is mixed with a solution of soap, why does the
oil rise to the surface? Why is this kind of affinity called elective ?
V:’gmt ’is said relative to the attraction of one substance for many
others

7%
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succession be destroyed by the application of other sub.
stances, which have a stronger affinity to the first.

As an example, suppose sulphuric acid, or the oil of vitriol,
to be the first substance, or the one-towards which several
other substances’ have a chemical attraction, but in different
degrees of force, then a compound formed between the acid
and the substance having the least affinity, will be destroyed
by the substance having the next stronger degree of affinity,
énd this second compound would be décomposed by the sub-
stance ‘having the next degree of* affinity, and so of every
substance having a stronger attraction for the acid.

Thus sulphuric acid has an affinity for barytes, strontian,
W, soda, lime, ammonia, and magnesia, and the force of this
affinity is in the order in which they are named; that is,
barytes has the strongest and magnesia the weakest. A
compound therefore of magnesia and sulpburic acid would
be decomposed by the addition of ammonia, and one of am-
monia and the acid, by the addition of lime, and so on; but
none of these substances would decompose that formed be-
tween the acid and barytes, because these substances have
the strongest affinity for. each other. N :

No chemical facts appear on first view more simple or in-
telligible than those which are explained by the operation of
elective affinity. But we shall find, on a more minute ex-
amination, that this force abstractly considered, is only one,
of several causes, which are concerned in chemical decom-
positions, and that its action is modified, and sometimes sub-
verted by counteracting causes, to be mentioned hereafter.

Double Elective Affinity, takes place whenever two
compounds, each consisting of two ‘ingredients, mutually
decompose each other, and by a double interchange of these
principles, furm two new compounds. We have seen that.
in single clective affimity, one new compound is formed by
the addition of a single substance, while the ingredient thus
rejected remained uncombined, or alone, in the solution.
Thus when lime is added to a compound of magnesia and
sulphuric acid, the lime and acid unite, while the magnesia

What are the substances named, as having an affinity for sulphuric
acid, and in what order is the force of this affinity with respect to the
substances? Suppose soda and sulphuric acid to be combined, which
of the substances named would decompose the compound ?  Which of
the substances named would decompose sulphate of barytes? When
does double elective affinity take place >
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is rejected, and remains solitary in the solution, having no.
thing on which to bestow its affinity.

In double elective affinity, an interchange of the principles
belonging to each compound is effected, and thus the old
compounds are destroyed, and new ones formed ; and it is
curious and interesting to observe the consequences, of what
we should call the likes and dislikes of the particles of matter
for each other, were they animated. ~

It often happens that a compound of two ingredients can-
not be destroyed by the application of a third, or fourth in-
gredient separately ; but if the third and fourth be combined,
and then the two compounds be brought into contact with
each other, decomposition and interchange of principles will
ensue. Thus, sulphate of soda is composed of soda and
sulphuric acid, and is the substance called glauber’s salt.
Now when lime is added to a solution of this salt, there en-
sues no decomposition, because the soda attracts the acid,
more strongly than the acid attracts the lime. If mu.
riatic acid be added to the same solution, there follows no
decomposition, because. the sulphuric acid has a greater
affinity for the soda, than the soda has for the muriatic acid.
But if the lime and muriatic acid be previously combined,
forming a muriate of lime, and this compound be added to
the solution of the sulphate of soda, then a double decompo-
sition follows, and two new compounds are formed out of
the old ingredients, The lime of the  muriate of lime, and
the sulphuric acid of the sulphate of soda, having stronger
affinities for each other, than the first has for muriatic acid,
‘or the second for soda, mutually abandon their old connec-
tions, and having combined with each other, form a new com-
pound under the name of sulphate of lime. The soda and
muriatic acid being thus rejected, and their former unions
‘dissolved, they combine themselves anew, and form another
‘compound, vastly superior in value to any of the others, and
which is known under the name of muriate of soda, or com-
mon salt. These chauges will perhaps be better understood
by the diagram, which follows.

In this kind of affinity, how many old compounds are destreyed,
and how many new ones formed at the same time? Why does not
.lime decompose sulphate of soda? Why does not muriatic acid de-
'compose sulphate of soda? What are the chemical changes effected
_muariate of lime is added to a solution of sulphate of soda®
the names of the new compound formed by the decomposition
 of soda, and muriate of lime?
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Muriate of Soda

Sulphate | Muriate
of 9 : + o
Soda Lime

Sulphuric acid Lime

it

Sulphate of Lime.

On the outside of the vertical brackets are placed the
names of the original compounds, sulphate of soda and mu.
riate of lime, and above and below the diagram those of the
new compounds. The upper line is straight, to indicate that
the muriate of soda remains in solution, while the middle of
the lower one is directed downward, to show that the sulphate
of lime is precipitated, or falls to the bottom of the vessel.

Causes which counteract or modify the effects of chemical
. affinity.

It has been stated that the effects of chemical action are
often modified, or even subverted by counteracting causes.
The principal causes which have a tendency.to promote or
counteract chemical combinations are cohesion, quantity of
matter, elasticity, and gravity.

Cohesion. By cohesion we mean that attractive force by
which the particles of bodies are kept together, and in conse-
quence of which, masses are formed. It is obvious that this
force must modify, or entirely counteract that of chemical
attraction ; for the more strongly the particles of any sub.
stance are united, the greater the obstacle to a chemical
union with those of other bodies, because the successful ef.
fects of affinity depend on a mutual penetration of particles.
Hence the formation of chemical compounds require that at
least one of the ingredients should be in the state of a liquid,
so that the particles of each should have free mutual access.
Where the affinities are strong and the cohesion slight, the
union is effected with considerable energy, under such cir-
cumstances. Thus masses of carbonate of ammonia, of con-
siderable size, will be dissolved, by nitric acid: but when the.

Explain the diagram illustrating these changes. What are the
principal causes which promote, or counteract chemical changes?
What is meant by cohesion ? How does cohesion prevent solution ¥
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force of cohesion is great, it is a strong barrier to the opera-
tion of affinity. Thus a mass of carbonate of lime, or mar.
ble, will remain for days in an acid, when, were it reduced to
powder, it would be dissclved in a few minutes.

In all such cases, therefore, mechanical division is required
before rapid solution, or intense chemical action can be ef.
fected. Cohesion being thus overcome, solution is readily
accomplished, because the solid now preseits a greater ex-
tent of surface to the action of the fluid.

Heat is another means of counteracting the cohesion of
bodies, the repulsive power of caloric being indeed the great
opposing force to that of cohesion, and provided its quantity
be proportionate to the force of attraction, will so overcome
it, a8 to render all solid bodies liquid. Different substances,
it is obvious, require different degrees of heat for this purpose.
Thus the cohesive force of such bodies as are called liquids,
is 80 counteracted by the beat of ordinary temperatures, as
to make their particles easily moveable among each other,
a circumstance on which their liquidity depends. But many
of these substan¢es, such as water and oil, by the abstraction
of heat, become solids, because then the repulsive force of
caloric becomes less than the attractive force of cohesion.
On the contrary, in bodies which we term solids, the attractive
force of cohesion is.greater than the reputsive power of ca.
loric, and hence at all ordinary temperatures, their particles
are fixed and immoveable among themselves, a circumstaneé
on which their solidity depends. ' '

‘Wee have stated that the exercise of affinity depends on'the
state of - the substances ¢oncerned, and that at least one of
them must be in a fluid state. In most instances, solution is
effécted in some liquid, as an acid, alcohol, or water. Bat
to produce metallic alloys, the metals must be brought to a

- liquid state without changing their properties, and this can
be effected only by means of caloric. For this purpose, it is
only necessary that one of the metals, viz. that requiring the
highest degree of heat, should be melted, and the other thrown
into this in small pieces. ' .

-~ Quantity of matter.—Experience teaches that quantity of

-3 will the same substance in powder eater into solution more
vosdiiythan weben in the mass? What is the opposing force to cohe-
- hat is-the cause of fluidity in bodies? How might all bodies
id? Why does water become solid when caloric is ab-
it? On what does the solidity of bodies depend > What
aneans by which metallic alloys can be produced ? :
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matter exerts an important influence over chemical decom.
positions and solutions. Thus we know precisely how much
sulphuric acid, for instance, will neutralize a given quantity
of potash, when in a free state. But if the same quantity of
potash be first combined with nitric acid, forming nitrate of
potash, or saltpetre, then more of the sulphuric acid is re-
quired to neutralize this quantity than before, probably be-
cause some force is employed to destroy thé union previously

.existing between the nitric acid and the potash, and also be-
‘cause the affinity of the two substances for each other dimin-
ishes when both are nearly saturated.

In meking a solation of a metal in-an acid, it may be ob-
served, that the chemical action is much more energetic at
the beginning of the process than afterwards, and that if no
more acid be added, than is just sufficient to dissolve the metal,
the action finally becomes so feeble as to require a day or
two to complete the combination. But if, in this state, more
acid be added, the action again becomes brisk, and the metal
is soon dissolved.

Elasticity. Coliesion being found an obstacle to the exercise
of affinity, it might be expected that the contrary state, that is,
the absence of cohesion, would facilitate chemical combina-
tions ; but experiment determines otherwise. In the elastic
fluids, such as the gases,and common air, cohesion may be con-
sidered as entirely wanting. But bodies of this kind, though
having a strong affinity to each other, show little disposition,
under ordinary circumstances, to combine. Thus oxygen
and hydrogen, though in different electrical states, may be
mixed together in the same vessel for any period of time,
without the least symptom of combination. The reason of
this, is probably owing to the distance of their particles,
which prevents that near approach to each other, required to
come within the sphere of mutual attraction. Thus if the
two gases be subjected to pressure by means of the little in-
strument called a fire pump, fig. 11, they unite with explosive
energy.

The elastic property not only opposes the chemical union
of bodies, but 1s cften an agent by which their decomposition

‘W hat is said of the influence of quantity of matter on chemical com-
binations? Explain how quantity of matter isillustrated by the sola-
tion of a metal in an acid. Does the elastic state facilitate chemical
combination ? What is the most probable reason that gases having an
aftinity for each other do not unite when mixed under ordinary cir-
cumstances? How may oxygen and hydrogen be made to combine?
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“is effected when exposed to the influence of*caloric. Thus
substances containing a volatile and fixed principle, are de-
composed by heat alone, because the repulsive force of calo-
ric removes the elements of the compound beyond the influ-
ence of mutual attraction, and the volatile element makes its
escape in consequence. Most of the salts, composed of an
alkali, or a metal, and an acid, and water, are readily decom-
posed by heat. The water is first-turned to steam, and es-
capes by its elasticity, leaving the transparent salt opake, and
as the heat is raised, the' acid is converted into vapor, and
escapes in the same manner.

On the same principle, oxygen is obtained from manganese,
from nitre, and several other compounds, where it exists as
a principle.

Gravity. When the difference between the weight of the
two bodies is great, this circumstance opposes their chemical
combination. Thus when common salt is thrown into water,
it sinks to the bottom, where the water soon becomes satu-
rated, and will dissolve no more, but if the water be agitated,
the whole will soon dissolve. It is found, also, that metals
differing widely in their specific gravities, when melted to-
gether, do not mix equally unless they are stirred, because
the heavier metal settles to the bottom.

Changes produced by Chemical Combinations.

By chemical combination is meant a union between two or
more substances of different kinds, so intimate that they can.
not again be separated by mechanical means. Thus if clay
or chalk, and water be mixed, the mixture will for a time be
turbid, or opake, but if suffered to stand for a day or two, the
clay or chalk will settle to the bottom of the vessel, and the
water above will become transparent. But if water be mixed
with an acid, or with a salt, or with sugar, the union becomes
permanent, nor will rest, or filtration, or any other mechanical
means separate either of these ingredients from the watz.
Hence, the distinction between mechanical mixture and ché-

How does caloric act to separate a volatile from a fixed principle?
How is the decomposition of a fluid effected by heat? W hatis said of
vity in opposing chemical union? How does common salt, in water,
illustrate this principle? What is said of the combination of the me-
“tals in this respect? What is meant by chemical combination? What is
the distinction between mechanical mixture and chemical union? Why
will not chalk and water combine permanently ? When water and su-
gar are mixed, why does not the sugar settle to the bottom of the
vessel?
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mical union. In the first, no affinity between the substances
exists, and therefore no union takes place, and the chalk or
clay falls to the bottom of the vessel. In the second, there
is a combination between the particles of which the substances
are composed, owing to the affinity existing between them,
and hence they are not separated, except by a stronger force
than that of the existing affinity.

The changes that accompany chemical action, are in some
proportion to its intensity. In the instances above named,
where water is mixed with a small quantity of acid or salt,
this action is feeble, and the sensible changes produced in-
considerable, being only a slightly acidulous, or saline taste
given the water. But in cases where the chemical action is
intense, the changes produced in the combining substances
are often great in proportion. Thus when the two gases,
oxygen and hydrogen are burned together, their combination
is attended with most intense chemical action, by which the
highest degrees of heat are evolved, and at the same time the
change produced is no less than the condensation of two
elastic gases into the fluid, water.

Many substances which are highly corrosive, in a separate
state, become mild, and lose all their acrid qualities by com-
bination with each other. Sulphuric acid and potash, for ex-
‘ample, are highly caustic substances. They both act with
great energy on animal and vegetable bodies, producing de.
composition and total destruction of texture. The acid turns
the blue colours of vegetables to red, and the alkali turns
those-colours to green. But on mixing these substances to.
gether, they entirely destroy the caustic qualities of each
other, and there results a solid compound, called sulphate of
potash, which is mild to the taste, and neither acts on ani-
mal or vegetable bodies, nor changes the colours of the latter.
This is called a neutral salt, because the substances of which
it is composed, thus neutralize the active properties of each

er.

When the opposing properties of chemical agents are thus
destroyed by combination, they are said to saturate each
other, and it is found that the acrid and caustic qualities of all

Is there any proportion between the intensity of chemical action and
the changes produced thereby ? What illustrations of .this law are
given? What effect does combination sometimes have on the corro-
sive properties of bodies? Give an illustration of this effect. What
is the composition of sulphate of potash? What is a neutral salt?
When are substances said to saturate each other ?
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ing. “Thus if a saturated solution of muriate of lime in
water, be mixed with a small quantity of sulphuric acid, the
two fluids immediutely become a solid. This change is pro-
duced by the exercise of affinity. The muriate of lime is
composed of lime and muriatic acid, and of this salt, watex
will dissolve a large quantity and still remain fluid. The
sulphuric acid has a stronger attraction for lime than the
muriatic has, and the sulphate of lime is nearly insoluble in
water. When therefore the latter acid is added to the solu.
tion, a sulphate of lime is formed, which in a spongy form
occupies the whole vessel. On the contrary, if equal parts
of alum and acetate, or sugar of lead, be rubbed forcibly to.
gether in a mortar, they form a compound mass which is
nearly fluid. The cause of this change from the solid to the
semiflyid state, is also easily explained. The alum and sugar
of lead contain a quantiy of water, called the water of crystal.
lization. When they are forcibly rubbed together, the ele-
ments of which they are composed unite in consequence of
mutual affinity, and thus the water of crystallization is set
free, and occasions the partial fluidity of the wixture. The
great changes which the two gases undergo in the formation
of water, have already been mentioned. Similar changes, so
far as respects the condsnsation of elastic fluids, and liquids,
are phenomena which are frequently witnessed in experi.
mental chemistry. Thus water absorbs about 500 times its
own bulk of gas called ammonia, which is in this.manner
condensed, and forms a part of the liquid. The compound
thus formed is known by the name of spirit of hartshorn.
Quicklime, in the process of slacking, absorbs a large quan.
tity of water, which by this combination becomes solid, and
forms a part of the dry lime. '

In the formation of the gases, on the contrary, there is an
immense increase of bulk. When water is decomposed and
made to assume its elementary gaseous form, there is an in-
crgase of bulk nearly equal to 2000 volumes. Thatis, a
cubic inch of water contains 662 cubic inches of oxygen,
and 1325 cubic inches of hydrogen, thus the volume is in-
creased 1987 times by the decomposition. The explosion

How is the change of form accounted for when sulphuric acid and
muriate of lime are mixed? How is the change of form explained,
when alum and acetate of lead are forcibly mixed ? What is said of
the condensation of ammonia by water, and the condensation of water
by slacking lime? How many times more bulky are the gases of
which water are composed, than water itself ?
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of gun powder is another example of the vast increase of

volume by chemical decomposition. .

Force of Chemical Affinity. Although it is' ascertained,
by means already described, that the affinity of one body for
a number of others, is not of equal force, yet we are ignorant
how much difference there is in the forces of these different
degrees of affinity.-

- 'The only means of deciding this question is to observe the
tendency which several substances have to unite with the
same substance, under similar circumstances. Oxygen, for
instance, as a universal agent, might be selected as a stand.
ard, and the force of affinity between this and other bodies
be estimated by their degrees of oxidation under the same
circumstances. We know that there is an immense differ-
ence between the forces with which different bodies attraet
this principle. Some of the metuls, for instance, absorb
oxygen with such avidity, that they cannot be preserved in
their metallic state, when exposed to the atmosphere, even
for a short time ; while others have so little affinity for this
principle that they cannot be oxidated without the most en.
ergetic moans. Thus, potassium (see this'word) attracts
oxygen with such force as to decompose water, at common
temperatures, by absorbing it from the hydrogen ; while the
affinity of platina or gold for this principle is 8o weak as not
te‘attraet it at all, except at the highest degrees of heat, or
fross acids which impart it most easily.

+~We may constantly observe the effect of the -different
forces with which several metals attract oxygen in the com-
mon affairs of life. Thus iron and lead when exposed to
the moisture of the atmosphere, soon tarnish, and after a
time, by the absorption of oxygen, their surfaces become
covered with rust, or the oxides of iron and lead. But silver
and gold when exposed in the same manner, continue bright
and untarnished for years, as may be observed in the points
of lightning rods, and the gilded veins, and balls of church
steeples. This difference can only arise from the different
forces with which these metals attract the oxygen of the at-
mosphere. '

There is no department in chemistry, either as a science,

How might the force of affinity be ascertained? How do we know
that there 1s a great difference between the forces with which bodies
attract oxygen? How is this difference illustrated 7 How-ysit shown
th:t.iron and lead attract oxygen with greater force than silver and
gold? '
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or an art, which so much needs the investigation of able men
as this. Tables of affinity, showing at once the force of at-
traction between different chemical elements, would enable
the enquirer without further experiment to decide what sub-
stance would decompose any given compound, and therefore
how to separate, or combine the different principles of bodies
for a vast variety of purposes, Tables to a very limited ex-
tent have already been constructed for such purposes, but
the difficulty and magnitude of this subject seems to have de-
terred the more modern chemists from engaging in this ex-
tensive department of the science.

Indefinite, and Definite proportions.

It is ascertained by experiment that some bodies unite in
unlimited, or indefinite proportions, while others combine in
proportions which are always limited, or definite.

‘The discovery of thelaws of definite proportions is one of
the most important and wonderful among the great and bril-
liant disooveries in modern chemistry. It is sufficient of it-
self to convince any reasoning mind, that order, and system,
pervade the universe, and that the minutest atoms of matter,
and the vast orbs that move round the heavens, are equally
under the control of the invariable laws of the Creator.

Indefinite Proportions. When we mix water and alcohol,
or water and any of the acids, they unite in any proportion.
Thus a drop of acid will combine with any quantity of water,
and water will unite in the same manner with alcohol, oracid.
This principle may be tested by direct experiment ; for if a
gallon of water be tinged blue by a vegetable colour, a few
drops of sulphuric acid will turn every drop in the gallon to
ared colour, thus proving, that this small quantity of acid has
diffused itself through the whole mass. By a similar experi-
ment it can be shown that a small quantity of water will diffuse
itself through a large quantity of acid. These examples
prove that some bodies combine in unlimited proportions on
both sides.

Other combinations appear to be limited on one side and
unlimited on the other. Thus common salt, and other saline
substances, will dissolve in water in any proportion short of

What would be the use of tables, showing the force of attraction be-
tween different chemical elements? What is said of the discovery of
the laws ¢ definite proportions? What substances are mentioned,
whi?h combine in unlimited proportions?
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the point of saturation, after which, if more be added it will
fall to the bottom of the vessel and remain solid. The great.
est proportions in which water and common salt combine, are
those of 100, of the former, with 40 of the latter, but the
smallest quaatity of salt will diffuse itself through the largest
quantity of water, and the probable reason why salt does not
unite with water in every proportion, is, that its cohesion re-
sists the feeble affinity of the fluid after it becomes satura-
M.

In all cases where bodies combine with each other in every
proportion, or where the proportions are limited on one side,
and indefinite on the other, the force of affinity by which
such compounds are formed is feeble, and the compounds
themselves often differ but httle from the originat ingredients.
Thus alcohol and water combine in all proportions, but the
union produces only a modification of the qualities of each,
the degrees of which, depend on the proportions of the mix-
ture, and the force of affinity between them is so weak that
distillation, by a gentle heat, entirely destroys their union.
8olutions of the salts, sugar, acids, and many other princi-
ples, are examples of the same kind, a moderate heat, and
sometimes evaporation, without heat will dissipate the water
and leave the other ingredients in their former state,

In these, and a great variety of other instances, although
the force of affinity is slight, still there is a wide difference
between such compounds, and mere mechanical mixtures,
since the latter are separated by rest, while the ingredients

of the former, are not separated by rest, filtration, or any
" other mechanical means.

These solutions, or combinations, formed by feeble affini.
ties, resemble mixtures in respect, to the slight changes which
their ingredients undergo by uniting, while they resemble
chemical compounds in respect to the inseparable nature of
the union, by mechanical means. ,

The writer of the article Chemistry, in the Library of

How is it proved that a few drops of acid will diffuse itself througha
large quantity of water 2 What bodies combine in limited Kroponiong
on one side, and unlimited proportions on the other ? In what propor-
tions do water and common salt combine ? In cases where bodies unite
in all proportions, is the force of affinity strong or weak? What are the
substances mentioned, which unite in all proportions ? In what respect
do combinations, formed by feeble affinities resemble mixtures, and
in what respect do they resemble chemical compounds? What are
these slight combinations called in the Library of Useful Knowledge ?

8* .
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Useful Knowledge, has called sach slight combinations
Chemical mixtures, in order to distinguish them from com-
pounds formed by energetic affinities, and which come with-.
in the law of definite proportions.

But as the student will find in most books on this subject,
that mixtures are distinguished from compounds only by the
.means necessary to separate their ingredients, we have
thought best at present, to continue the same division ; at the
same time, having it distinctly understood, that the universal-
ity of définite proportions, applies only to energetic combi-
nations. '

Definite Proportions. :
By definite proportions -in chemistry, it is meant that the
ingredients, or elements of chemical compounds, unite with
each other in certain limited proportions, and that these pro.
portions in the same compound, are under all circumstances
mvariably the same. The proofs that this is really the fact,
is established by experiments conducted with the most rigid
exactness, and is true, beyond all controversy. We shall,
however, give an example or two, of the method of estab.
lishing this important truth, that the student may obeerve for
himself; that facts, and not opinions are the foundation of this
doctrine. .
The subject of definite proportions may be conviently
treated of, under three several propositions or laws, namely,
First, . The composition of all chemical compounds is fized,
and invariable. 4
Experiment shows that some bodies combine in only one
proportion. Thus there is only one compound of zinc, and
oxygen, called the oxide of zinc. Otner bodies combine in
two proportions. Thus there are two oxides of copper, one
of which is composed of 1 proportion of oxygen, and 8 of
copper, and the other, 2 of oxygen, and 8 of copper. Other
bodies again combine in three, four, five, or even six propor.
tions, the latter being the greatest number of compounds

What is meant by definite proportions in chemistry ? What is the
first law of definite proportions ? What two substances combine only
in one proportion? What two substances are mentioned which com-
bine in two proportions and what are these proportions? W hat num-
ber of compounds are known to be formed by two elements? The
proportions of any chemical compound being definite, what would &
the effect of changing these proportions ? - b‘;

LR
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known to have been formed by any two elements, within the
limits of definite proportions. .
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-Second. When fhvo substances unite in more than one pro-
portion, the second, or third proportions are multiples of the .
Sfirst, by a whole number.

This very remarkable law applies in every case where
- bodies unite with each other in more than one definite propor-
tion. The expression of the law, simply means, that the first
proportion in which twn bodies unite, 1s in the lowest or small.
est proportion in which the two constituents are capable of
uniting with each other, and that the other proportions are
double, trible, or quadruple, this lowest proportion.
For example, the several compounds of nitrogen and oxy-
gen are in the following proportions to each other, viz. :

Nitrogen. Ozygen.
Nitrous oxide, consists of 14 parts, and 8 parts.
Nitric oxide, “ 14 “ 16
Hyponitrous acid,  « 14 “ 24
Nitrous acid, “« 14 “ 32
Nitric acid, “ 14 “ 40

Thus the lowest proportions in which oxygen and nitrogen
combine being to each other as the numbers 8 and 14, all the
other proportions of oxygen are multiples of this first number,
while the proportion of nitrogen remains thesame. Thesecond
number is the first multiplied by 2 ; the third, the first multi.
plied by 3; and so on. These proportions are therefore to
each other as the numbers 1, 2, 3, 4, and 5.

Illustrations of this law can be observed throughout every
department of chemistry, where the analysis of chemical
compounds are given, and with a single exception, or two,
where it is most probable the fault is either in the analysis
or the want of knowledge, the same principle is found to be
exactly true. One of these exceptions is found in an oxide
of manganese, and will be pointed out hereafter.

On these discoveries is founded the law, called the law of
multiple proportions, a phrase which is often repeated in all
the late works on Chemistry, and of its general truth, as
already observed, there can be no doubt. In the above ex.
ample, all the succeeding proportions of oxygen are multi-
ples of the first. :

What is the second law of definite proportions? What exphana-
tions are given of this law? Suppose the smallest proportions in
in which nitrogen and oxygen combine are 14 of the first, and eight of
the last by weight, what tﬁm will be the second proportion in which
oxygen combines with nitrogen ? What the third, what the fourth, and
what the fifth?
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The third law of combination is nearly connected with the
last, though the difference of expression, and of meaning will
be obvious. In all cases it is understood that hydrogen re-
presents unity, or 1, and that this is the common unit to which
the other numbers refer.

Third. Bodies unite with each other in proportions which
may be expressed in numbers.

This law is not less extraordinary than that of multiple
proportions, and will be readily .understood by the examples
which follow.

The composition of water by weight is 1 part hydrogen
and 8 oxygen. - But by volume or bulk, this fluid is composed
of 2 parts hydrogen, and 1 oxygen. One oxide of copper
is composed of 64 parts of copper and 8 of oxygen, and
another of 64 parts of copper and 16 of wxygen, the law of
multiple proportions being embraced whenever bodies unite
in any more than one proportion.

- But this law not only applies to the elementary parts of
substances, such as bydrogen, oxygen, nitrogen, and sulphur,
but also to compound bodies ; whose combining proportions
may likewise be expressed by numbers.

Now the proportions of any compound are expressed by
the numbers attached to each element of which it is compo-
sed, so the number representing the compounds, is composed
of the sum of its parts, or elements. Thus water is compo-
sed of oxygen 8, hydrogen being 1, and its combining pro-
portions will therefore be 84-1=9. When one element com-
bines with another, in several proportions, the number repre-
senting the single proportion, and those representing the
several other proportions, are added together to make up the
combining number of the compound. Thus sulphuric acid is
composed of one proportion of sulphur 16, and three propor-
tions of oxygen ; and as one proportion of oxygen is 8, so
the whole number representing the oxygen in this acid is24;
to which 16 being added, makes the 'number representing
sulphuric acid to be 40.

What is the third law of definite proportions? Explain this law.
Suppose 64 represents the metal, and 8 the oxygen in an oxide of cop-
per, and suppose there is a second oxide, what would be the numbers
representing the metal and the oxygen ? Does this law of numbers
apply to the elements of bodies only, to the compounds also? When
thg numbers for the elements of a compound are known, how may the
namber for the compound be found? 'What are the numbers for hy~
drogen and oxygen in water?
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+ It must be remembered that the smallest proportion, by
weight, in which .an element is found to combine, is the
fixed number by which that element is always represented.
Thus oxygen is invariably represented by 8, because this is
the smallest proportion in which it is known to combine with
any other substance. Thus also, water is composed of oxygen
8, and hydrogen 1 ; potash of oxygen 8, and the metal, po-
tassium 40. The lowest proportion in which sulphur is
known to combine with any other substance is 16, and there-
fore sulphur is always represented by this number. Thus
sulphuret of lead is composed of 1 proportion of sulphur 16,
and one of lead, whose combining number is 104. Its num.
ber thevefore is 16-4-104~120. We have just mentioned
that the combining number of any compound isrepresented by
the sum of its simple, or elementary parts. This will now be
understood ; for by adding the numbers representing the ele-
ments in each of the above examples, we shall have those by
which the compounds are represented. The number for wa-
ter as already shown, is 9 ; the number for potash is 48, viz.
8 oxygen and 40 potassium ; that for sulphuret of lead is
120, viz., sulphur 16, and lead 104.

By remembering the combining weights of the elements
of any compound, the number representing that compound
may at once be known. For example, hydrate of potash is
composed of water and potash; water is composed of ox-
ygen 8, and hydrogen 1=9. Potash is composed of potas.
sium 40, and oxygen 8=48. These two sums being add-
ed, viz, 94-48=>57. Thus the number for hydrate of potash
is 57. Again, the salt called sulphate of potash is comound.
ed of sulphuric acid and potash. Now to find the number
representing its combining proportion, we have only to re.
member that sulphuric acid is composed of one propor.
tional of sulphur 16, and 3 proportionals of oxygen 24, and
that the sums of these two numbers are 40. The number for
potash, as above seen, is 48 ; therefore the number for sul.
Xhate of potash, being the sum of these two numbers is 40+

8—=88. ,

What then is the number for water 7 How does it appear that 40 is
the number for sulphuric acid? Are the numbers for each element
and compound invariable? On what circumstance is the number for
an element founded? What is the number for sulphuret of lead ?
What other numbers 1s this number composed of ? Hydrate of potash
is composed of water and potash, how will you find the number which
represents hydrate of potash? What is the composition of sulphate
g‘f p(:ita’.sh ? How may the number representing this compound be

ynd ?
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It is unnecessary to adduce further examples, since the'in-
teligent student will be able to understand from the above
epitome, not only on what kind of facts the laws of definite
proportions are founded, but will also, it is hoped, be able to
apply the above principles to the proportional numbers of the
most common substances to be mentioned hereafter.

Combination by Volumes. The doctrine of definite propor.
tions was founded on the suggestions of Mr. Higgins, of
Glasgow, published in 1789. Butit was Mr. Dalton, of Man.
chester, in England, who established the laws of Chemical
combinations, and who has the merit, of not only discovering
almost all that is known in the details of this subject, but
also of having brought it distinctly before the world. Mr.
Daliton published his views of the doetrine of definite propor-
tions in 1808, soon after which, Gay Lussac, a French Chem-
ist, proved by a publication in one of the journals, that gases
unite in simple and definite proportions, and among other in.
stances showed that water is compor * 7 of 100 vol-
umes of oxygen, and 200 volumes of t was after-
wards shown by the same author nav gaseous substances,
which are capable of a chemical union with each other, unite
in definite proportions, by measure, or volume, and that these
proportions are in the simple ratioof 1 to 1, 1t02,1t0 3,
and so on.

These observations have since been confirmed by nume-
rous experiments, instituted by the first chemists of the age,
and at present it is as fully established, that the law of definite
proportions extends to the volumes of gases, as it does to
their weights, and to those of solids. As an illustration of
the truth of this law we adduce the condensation of hydrogen
and oxygen by combustion, because these gases, are more
generally known than any others, and because their combina-
tion is also one of the most familiar examples of definite pro-
portions by weight. The apparatus for this purpose it is
unnecessary to describe, it being sufficient for our present
purpose, to state that the experiment has often been made
with the most infallible accuracy. .

The invariable proportions in which oxygen and hydrogen

Who first suggested the doctrine of definite proportions? Who ex-
tended this subject, and brought it before the public? What 1s said
relative to the union of the gases by volume? In what ratio do the
gases combine by volume ? What illustration is given of the union of
gases by volume? What are the proportions in which hydrogen and
oxygen combine by volume, and what are these proportions by weight?
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combine, are by volume 1 of the first and 2 of the last, and
by weight 16 of hydrogen to 1 of oxygen. Thus the speci.
fic gravities of these two gases are to each other as the num-
bers 1 and 18, that is, a cubic foot of oxygen is just 16 times
as heavy as the same bulk of hydrogen. The reason why
hydrogen is represented by 1, as its combining proportion, by
weight, while its combining volume is double that of the oxy-
gen will be seen hereafter. The mode of ascertaining the
comparative volumes in which these two gases combine, is to
measure them carefully, and having introduced them into a

lass tube, the mixture is inflamed by an electric spark ; and
In every instance it has been found, that whatever the propor.
tions of the mixture might be in respect to each other, the
combination is always the same, and consists of two parts of
hydrogen and one of oxygen by volume. When one mea-
sure of oxygen is mixed with three of hydrogen, there will
remain in the vessel one measure of hydrogen uncombined
and pure, and no continuance of the electricity will in the
least change this proportion ; and so, two measures of oxygen
and two of hydrogen, leave one measure of oxygen in the
same manuer, ’

When the gases unite merely in consequence of being
brought in contact, and without combustion, the same law
applies, that is, if the volume of one be greater than its com-
bining proportion, the excess remains pure and untouched.

We give a few examples of the proportions in which gaseous
volumes unite.

Volumes. Volumes.
100 muriatic acid gas combine with 100 ammoniacal gas,
100 oxygen gas “« 200 hydrogen gas,
100 nitrogen gas “ 50 oxygen gas,
100 nitrogen gas “ 200 oxygen gas,
100 chlorine gas « . 100 hydrogen gas,
100 nitrogen gas “ 300 hydrogen gas.

Another curious fact concerning the union of the gases is,
that many of them suffer a diminution of bulk, which is also
in a simple ratio to the volume of one or both. Thus when
3 volumes of hydrogen and 1 of nitrogen combine, they in.

What are the relative specific gravities of these two gases? What is
the mode of ascertaining the volumes of these gases? Suppose one
measure of oxygen is mixed with three of hydrogen, and inflamed,
what will become of the third measure of hydrogen? Does the same
law apply when two gases combine without combustion? What illus-
trations are given of the combination of gases by volume ?
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stantly contract into 2 volumes, or one half their former bulk,
and form gaseous ammonia. A similar condensation takes
place when several of the other gases combine. .

Chemical Equivalents. It was long since proved by Wen.
zel, a German chemist, that when two neutral salts decom.
pose each other, the resulting compounds are likewise neu-
tral. That is, the acid of one will exactly neutralize the
alkali of the other; and although two new salts are formed
by this mutual decompositior, they will both, like the original
compeunds, be equally neutral. If one of the salts be in
quaantity too lur%e for the combining proportions, then the ex-
cess of that salt will remain undecomposed in the solution,
and only such a portion of it will be decomposed as is just
sufficient to neutralize the constituents of the other salt.

Hence, Chemical Equivalents are those definite proportions
of one substance, which neutralize definite proportions of another
substance.

The truth of this law may be demonstrated by setting down
the combining numbers of two salts, and the number repre.-
senting the two new compounds, and then by exchanging the
numbers representing the combining parts, the numbers for
each compound will be found to represent the number for the
new compound, and the combined numbers of the old and
new compounds will be equal to each other. Thus the num-
ber for sulphuric acid is 40, and the combining proportion of
potash is 48, and therefore the number for sulphate of potash
is 88. The combining proportion of nitric acid is 54, and
that of baryta 78, and the sum of these twefhumbers is 132,
which represents the nitrate of baryta. Now when these
two salts are mingled together in solution, both are decom-
posed ; the 54 parts of nitric acid of the nitrate of baryta will
saturate the 48 parts of potash of the sulphate of potash, mak-
ing a new salt, nitrate of potash, whose combining number is
102. At the same time the 40 parts of sulphuric acid of the
sulphate of potash will combine with, and saturate the 78 parts
of the baryta, of the nitrate of baryta, ferming another new
salt, sulphate of baryta, whose number will therefore be 40
added to 78=118.

What is meant by chemical equivalents? How may 1t be proved,
, that when two salts decompose each other, the acid of onc exactly neu-
tralizes the alkali of the other? What number represents nitrate of
baryta? What number represents sulphate of potash > When the two
salts decompose each other, what are the names of the new salts form-
d what is the number for each ?
9

TR



94 OHEMICAL EQUIVALENTS.

Now it may be observed that the sums of the proportional
numbers of the old and new compounds are equal, and the
same, and therefore that there can be no excess in either of
the alkalies or acids, This may be shown thus:

Sulphuric acid 40 and potash 48, form sulph. potash, 88

Nitric acid 54 and baryta 78, form nitrate baryta, 132

Sum of the old compound, 220

———

Sulph. acid 40 and baryta 78, form sulph. of baryta, 118
- Nitric acid 54 and potash 48, form nitrate of potash, 102

—

Sum of the new compound, 220
—

The utility of being acquainted with these important laws,
says Mr. Turner, is almost too manifest to require mention.’
Through their aid, and by remembering the proportional num.
bers of a few elementary substances, the composition of an
extensive range of compound bodies may be calculated with
facility. By knowing that 6 is the combining proportion of
carbon, and 8 of oxygen, it is easy to recollect the composi-
tion of carbonic oxide, and carbonic acid ; the first being
composed of 6 carbon and 8 oxygen, and the second of 6
carbon and 16 oxygen. By simply remembering, therefore,
that carbonic oxide is composed of 1 proportion of carbon
and 1 proportion of oxygen, and knowing that carbon is
represented by 6 and oxygen by 8, we at once arrive at its
composition. ANd by recollecting that carbonic acid has 1
proportion of carbon, and 2 of oxygen, the composition of
this is also known. It may be remembered that the number
for potassium is 40, and that when combined with one pro-
portion of oxygen, 8, it forms potash, 48. Now by remem.
bering these data, we know without further trouble the com.
position of the carbonate, and bicarbonate of potash. 'The car.
bonate being composed of one proportion of carbonic acid,
22, (that is, 6 carbon and 16 oxygen,) and one proportion of
potash, 48, (that is, potassium 40 and 8 oxygen,) is represent.
ed by 70. The bicarbonate is composed of one proportion

What is the sum of the numbers of the old salts, and what the sum
of the numbers of the two new salts?> 'What is the equivalent number
for carbon? What is the equivalent number for oxygen? Carhonic
acid is composed of 1 equivalent of carbon, and 2 equivalents of oxygen,
now what is the number for carbonic acid? Why is the number, or
equivalent of carbonate of potash 70?2 '
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of potash, 48, and two of carbonic acid, 44, and its number is
therefore 92,

Again, having in the memory the numbers representing
carbonic acid, we can readily apply them to the composition
of other compounds, with which this acid is united. Thus
the number for carbonate of soda, is 54, and we know from its
name [see Nomenclature,] that it contains only one propor-
tion of carbonic acid. Now by recollecting the combining
proportion of sodium, we know, in a moment, the composition
of the carbonate of seda. The combhining number for car-
bonic acid being 22, this subtracted from 54, leaves 32 for
the other combining proportion, and knowing that 24 is the
number for sodium, and that soda is composed of sodium and
oxygen, and that the combining number of oxygen is 8, we
ascertain the composition of the salt 1n question, viz. sodium
24, oxvgen 8,==32 soda ; carbonic acid 22==54, carbonate
of soda.

By the same law of proportions, suppose it is required to
find the composition of sulphate of soda. The composition
and number of soda being known, we have only to remember
that the combining proportion of sulphur is 16, and that sul-
phuric acid is composed of 1 proportion of sulphur and 3 of
oxygen, and the composition of this salt and its number is
ascertained.  Soda 32, sulphur 16 ; oxygen 3 proportions,
24, 16—40 added to 32=72. Thus the number for sulphate
of soda is 72, and its composition 32 of soda and 40 of sul.
phuric acid. -

Thus by the application of this law to the combining num-
bers, or the equivalents of chemical bodies, a table of which
may be found at the end of this work, the composition of
most compounds, may be readily ascertained.

Method of ascertaining the proportional numbers of compounds.

The combining numbers of alt the elementary bodies, as
already stated, represent the smallest proportions in which
they are severally found in union with any other body. But
it is obvious that all these numbers must have one common
unit from which they are calculated, otherwise there would
exist no proportions between them. For this purpose, hydro-

Why is bi-carhonate of potash represented by 92? Why is carbon-
ate of soda represented by 547 By the same law of proportion, show
why the equivalent for sulphate of soda is 72. What are the units or
m from which the combining numbers, or equivalents are calcu-

? » * .
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gen, as uniting in the lowest possible proportion, is employ-
ed. Thus hydrogen unites with oxygen in one proportion,
by weight to form water, and the weight of hydrogen being
1, the weight of oxygen in water is 8, which is also the small-
est proportion in which the latter body is found in union.’

These two elements having an extensive range of affinity,
and therefore being found in combination with a great variety
of other substances, are made the data, or points of com-
parison from which all the other numbers are calculated.

Afterwards, other compounds were examined which con.

“tained the smallest proportions of these elements united to
other substances. Among these, it was found that the gas
called carbonic oride, contained the smallest combining pro-
portion of carbon, united with the smallest proportion of oxy-
gen, these proportions being as 6 to 8. And also; that the
gas called sulphuretted hydrogen, contained the smallest pro-
portion of hydrogen united to the smallest of sulphur, these
proportions being 1 of hydrogen and 16 of sulphur.

Thus the numbers for carbon and sulphur were found to
be 6 for the former and 16 for the latter, the numbers for
hydrogen and oxygen being 1 and 8.

On examination of the different oxides of iron, it was found
that the Jeast proportion with which that metal combined
with oxygen, was that of 28 of the former and 8 of the latter.
The number for iron is therefore 28, and that of this oxide of
iron 32. :

In this manner the proportional numbers of each com.
pound has been ascertained, and from these, tables of chem-
ical equivalents have been constructed.

Wollaston’s scale of Chemical Equivalents.

Dr. Ure says, that this scale of chemical equivalents has
contributed more to facilitate the general study and practice
of chemistry than any other invention of man. The descrip-
tion of this instrument was published by the inventor in 1814.
It consists of a piece of mahogany board two or three inches
wide, and of a length proportionate to the extent of the scale
it contains, or of the size of the type ia which it is printed.
Running through the middle of the board there is a sliding .

Having the-numbers for hydrogen and oxygen as data, how are the
numbors for other bodies found ?  What are the equivalent numbers
for carbon and sulphur? Explain how the number for iron was found.

Describe the construction of Wollastons' scale of chemical equiva-
lents.
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vey to the mind of the learner a knowledge ot 1ts practici
usefulness ; we will however give an example, by which the
principle of its construction may perhaps be comprehended.
We have already stated, that oa this scale oxygen is the
unit from which all the other proportions are calculated, and
that this element is marked 10. When therefore, 10 on the
sliding rule is against this number, the weights of the other
bodies are in due proportion to this number. Thus carbonic
acid being 27. 54, and lime 35. 46, carbonate of lime being
the sum of these numbers, is placed at 63. Then if the sh-
ding rule be drawn upwards so that the number 100, on it,
corresponds with carbonate of lime, the other numbers will
correspond with carbonic acid and lime, and will show the
" proportions in which these ingredients unite to form 100

What principle does Dr. Wallaston call unity and what is its num-
ber on the scale of chemical equivalents? On what evidence is the
truth of the doctrine of definite proportions founded ?

. 9*
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parts of carbonate of lime. Thus the number 56 corres.
ponds with lime, while 44 corresponds with ecarbenic acid,
these two numbers making 100. :

Theory of Atoms. That chemical bodies unite in definite
proportions, by weight, aud also by volume, and that where
one body unites with another in more than one proportion,
the second is a multiple of the first, are facts resting on the
evidence of experiment alone. These facts, in themselves
so wonderful, and in their relation to science so imrportant,
excited the enquiry and speculations of many philosophic
minds, as to their cause. Among these enquirers, Mr. Dal-
ton of Manchester, seems to have been the most successful,
having proposed a theory which accounts, with few, if any
exceptions, for all the phenomena observed, and which
therefore explains satisfactorily, the reason why bodies com-
bine in such proportions. As the basis of this theory, Mr.
Dalton assumesthat the union of bodies in their smallest pro-
portions always takes place between the atomsof which they
are composed, that is, one atom of one body combines with
one atom of the other body. Thus water is formed by the
combination of one atom or particle of oxygen combined
with one particle or atom of hydrogen. This theory sup-
poses that the ultimate atoms of matter are indivisible ; that
they are always of the same shape and size in the same
body, and that their weights are different in the different
bodies. Thus the weight of an atom of oxygen is 8 times
that of an atom of hydrogen, these being the proportions
in which these gases form water. But when bodies unite in
several proportions, then it is 2 or 3 atoms of one, to one
atom of the other. Thus, sulphurous acid is composed of
2 atoms of oxygen united to 1 atom of sulphur, and sul-
phuric acid is composed of 1 atom of sulphur and 3 atoms
of oxygen, these being the relative weights of their elements.
But as it is found that the lowest proportion in which sul-
phur unites with any other body is in the proportion of 16 by

What is said of Mr. Dalton’s theory of atoms? What does Mr.
Dalton assume as the basis of his theory of atoms? On this theory
what is water composed of ? - What does this theory suppose, in re-
spect to the divisibility, shape, and weight of the atoms of bodies?
Why is an atom of oxygen supposed to be eight times as heavy as one
of hydrogen? Why is an atom of sulphur supposed to be twice as
heavy as one of oxygen? Why is it supposed that sulphurous acid
contains 1 atomof sulphur united to 2 atoms of oxygen? That sulphu-
ric acid is composed of 1atom of sulphur and 3 atoms of oxygen ? Why
is the equivalent number of oxygen 82 Why is that for sulphur 16 2



ATOMS, 99

weight, hydrogen being 1, so it is assumed that a particle of
sulphur is sixteen times as heavy as one of hydrogen, and
twice as heavy as one of oxygen. And as in sulphurous
acid the weight of oxygen is found to be exactly double that
in water, it is reasonable to suppose that sulphureus acid
consists of 1 atom of sulphur united to 2 atoms of oxygen,
and for the same reason, since sulphuric acid contains
three times the weight of oxygen that water does, that this
acid is composed of 1. atom of sulphur and 3 atoms of oxy-
en, ' :

Al this, whether true or false, explains in the most satis-
factory manner, why bodies combine with each other in defi-
nite proportions, and why these proportions are expressed by
the numbers attached to each. Thus hydrogen is unity, or
the prime equivalent, and is expressed by 1, because by
weight this gas is found to form water by uniting with 8
parts of oxygen. Oxygen is expressed by 8, because its
proportion in water weighs eight times as much as the hydro-
gen. The number for sulphur is 16, because this is the
smallest proportion in which it unites with any substance,
and the number for the oxygen in sulphurous acid is 16, be-
cause in this acid the sulphur and oxygen are of equal
weights, and therefore just twice the weight of the oxygen in
water; and the number for the oxygen in sulphuric acid is
24, because its weight is three times that in water.

Now by supposing that one atom of oxygen is 8 times as
heavy as one of hydrogen, and that an atom of sulphur is
twice as heavy as one of oxygen, or 16 times as heavy as
one of hydrogen, the whole mystery of the law of definite
proportions is reduced to simple arithmetical calculation, for
the proportional numbers are in fact nothing more than the
relative weights of the atoms of which the several bodies are
composed. .

In respect to the truth or falsity of this theory, it is obvi-
ously without the bounds of demonstration, for we never can
ascertain whether the proportions on which it is founded are
the smallest in which bodies combine, nor whether, if so, they
combine atom to atom, as is supposed. But whether it be
true or false, it does not in the least affect the truth of the
law of definite proportions, which, as already stated, is found.

Why is the number for the oxygen in sulphuric acid 247 What is
said of the proportionate numbers in relation to the weights of the
atoms of bodies? What is said in reepect to the truth of this theory.?
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ed on experiment alone, and is therefore purely an expression
of facts. The atomic theory, however, must ever be con«
sidered an elegant and probable hypothesis, and while it dis.
plays uncommon ingenuity, and great chemical research,
has the advantage of agreeing in general, perfectly with the
facts obtained by analysis. ‘ .

Chemical Apparatus.
. Before proceeding to treat of ponderable bodies, and the
description of particular ageats, it is proposed to describe
some of the most common and necessary utensils, used in the
manipulations of chemistry.

Fig. 29. A crucible, fig. 29, is a deep conical cup, of a tri-
angular shape at the top, and round at the bottom.
Crucibles are made of this shape, for the convenience
of pouring out their fluid contents at either angle.
They are made of clay and sand baked hard, and
will withstand very high degrees of heat without
melting, but are liable to crack, when suddenly cool-

ed. They are chiefly manufactured at Hesse, in Germany,
and hence are called Hessian crucibles.

Fig. 30. A melting-pot, fig. 30. These pots are made of
various sizes and materials. Those used in glass
houses are made of carburet of iron, or black lead,
and are of large size. Chemists employ those
made of silver or platina, as well as of black lead,
but of small dimensions. These are used for par-
ticular purposes, when the substance to be experi.
mented on would destroy the common crucible, in

Fig.31. consequence of its corrosive quality.

A matrass, fig. 31, is a glass vessel, in the shape

} of an egg, with a long neck. It is employed in ef-

fecting the solution of such substances as require

heat, and long continued digestion for that purpose.

When used, they are commonly placed in a sand
bath, that is, in sand moderately heated.

Whether it is true or false, does it in the least affect the truth of the
doctrine of definite and multiple proportions> What isa crucible, and
for what purpose is it used? Of what are crucibles made? How do
melting pots differ from crucibles? Of what substances are melting
pots made? Of what are matrasses made? For what purposes are

. these vessels used ?
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Fig. 32. A retort and receiver is repre-
sented at fig. 32. Retorts, a,
are egg shaped vessels, with
the neck turned on one side.
These vessels are of various

= === capacities, from a gill to a bar.
rel, or more. They are made of glass, metal, or earthen
ware, but most commonly of glass. No vessel is so much
used in experimental chemistry asthe retort. In the process
of distillation, in collecting the gases, in concentrating the
acids, and in a great variety of other operations, this vessel is
universally employed.

The receiver, b, is a necessary appendage to-the retort, and
is destined to receive whatever comes from it, during the
process of distillation. For common purposes, these vessels
are made of glass, but in the manufacture of various articles
they are made of wood or metal.

Fig. 33. Fig. 83, represents a tubulated
retort. It differs from the plain
retort, figured above, in having a
tubulure, or opening, as seen in
the figure, to which is fitted a glass
ground stopper. This opening
saves the trouble of detaching the
retort from the receiver when any
additions are to be made to its contents, after they are con-
nected, as in fig. 32. It is also necessary for the introduction
of a safety tube, a part of this apparatus, absolutely necessary
in some processes, and which will be described in another
place.

Fig. 34.

The alembic, fig. 34, is used for the distil-
lation or sublimation of solid, volatile substan-
ces. It consists of two parts, the head a,
which is ground on, se as to be perfectly
tight, and the body b, which is set into a sand
bath, when in use. The product of sublima-
tion rises into the head, where it is condensed,
and then runs down the spout into a recei-
ver.

What is aretort> How large are retorts? Of what are retorts
made? What are the uses of retorts? What is a receiver, and what
its use? Of what are receivers made? Ilow does a tubulated, differ
from a plain retort? What is the use of the tubulure, or openin%, in:
this retort? What is an alembic? What is the use of the alembit *.
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Evaporating dish, fig. 35. Every chemi.
cal apparatus must have among its utensils
shallow dshes for evaporating fluids. The
best are made of Wedgwood’s ware, and
come packed in nests containing several sizes
each. The heatis applied by means of heated sand, or ashes,
and these vessels ure used to evaporate solutions of salts, in
order to obtain crystals, and for various other purposes.

Fig. 36. Fig. 36, a Florence flask, furnished with a
tube, to be used instead of a retort. Students
will save considerable expense, by employing
these flasks in the room of retorts. The
cork is pierced with a burning iron, and
through the aperture is passed a tube of glass
or lead, bent as in the figure. In obtaini
oxygen, by means of oxide of manganese an
sulphuric acid, and for many other purposes,

this arrangement will serve instead of the best retort, while,
if broken, the expense is only a few cents.

Fig.37. The common blow-pipe, fig. 37 is a little instrument
by means of which the most violent heat of a furnace
may be produced. It is a pipe of brass, about the
third of an inch in diameter at the largest end, and
thence tapering, gradually, to a point, and bent, as in
the figure.

To use it, place the curved end in the flame of a
lamp, or candle, and apply the lips to the other end,
then blow gently and steadily, giving the jet of flame
a herizontal direction. To keep up a constant stream
of air for a length of time, the inspiration must be
made by the nortrils, while the cheeks are used as

bellows. The art of doing this is soon learned by practice.
The small fragments of ore, or other substance, on which the
flame is thrown, must be laid on a piece of charcoal, which is
held by small forceps. When a very intense heat is required,
and the fragment is so light as to be blown away by the air,
it may be confined by making a small cavity in the charcoal
support, into which the substance is put, and another piece
of charcoal is placed partly over this.

Of how many parts does the alembic consist? For what purposes
are evaporating dishes employed? What does fig. 36 represent?
What are the advan of using Florence flasks instead of retorts?
:What is the common blow-pipe ?  What is the use of this instrament ?

;- Describe the mode of using it .
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monta, called also sal ammoniac, and slacked quick.lime.
These being separately reduced to powder, equal parts are
then mixed and introduced into the flask @, and the tube put
into its place. On application of a gentle heat, the gas will
be set free in consequence of the combination which takes
place between the lime and the muriatic acid of the muriate of
ammonia. The ammonia isthus set at liberty, and being lighter
than the air, ascends and gradually displaces the air from the
vessel &, and takes its place. Experiments may then be
made on the ammonia by the introduction of other gases into
the bell glass in the same mauner.
Fig. 41. Fig 41 is designed as a

simple illustration of a
gas apparatus. The meth-
od of making experiments
withthe permanently elas-
tic fluids, such as common
air, and the gases, and of
transferring them from
one vessel to another,
though sufficiently simple,
requires some directions for the beginner. The gages are
none of them sufficiently dense, to be retained in vessels
open to the air for any considerable time ; and some of them
being lighter than the atmosphere, inatantly ascend and are lost
when the vessels containing them are opened. All the gases®
therefore, when open to the air, mix with it more or less rap-
idly, according to their densities, and thus escape us entirely,
being diffused in the atmosphere. Hence to retain a gas in
a state of purity, it must be kept from contact with the atmos.
phere, and hence also the necessity of first filling the vessel
with a fluid instead of air, before the gas is introduced, and
of transferring it under a fluid from one vessel to another.

The figure represents a wooden vessel, or tub a, with a
shelf k, k, fixed a few inches from the brim. When the
apparatus is to be used the tub is to be filled with water,

of Gahn’s blowpipe. What is the shape of the dropping tube?
What is the use of this instrument ? Describe the manner of using
the dropping tube. For what purposes is the dropping tube useful?
What is the use of the apparatus represented by fig. 40? Describe fig,
40,.and explain an example of its use. How may ammonia be obtain-
ed and examined by means of this apparatug? What is represented
by fig. 412 Why cannot the gas be poured from one vessel to another,
. and be retained in open vessels like water ?
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50 88 to rise a few inches above the shelf. Now when a
glass jar, or any other vessel, open only at one end, is filled
with water, by being plunged into the fluid, it will retain its
contents when raised above the fluid, provided its mouth be
kept under it ; for the water is sustained in the vessel by the
pressure of the atmosphere, on the same principle that the
mercury is sustained in the barometer tube. [See barometer,
in Natural Philosophy.] The vessels b, g, f, represent jars
filled with water, and inverted on the shelf, their necks pass.
ing through an aperture in it, So as to preserve their upright
positions. The vessels ¢, ¢, and i, are retorts, with their necks
- inserted into the mouths of the inverted jars.

Now when common air, or any gas is introduced into the
mouth of a vessel so inverted, the air will rise to the upper
part of the vessel, and will displace the water, and occupy its
place. If a tumbler, or cup, in the state which we usually
call empty, but which is really full of air, be plunged into
water with its mouth downwards, very little water will enter
it, because the admission of the fluid is opposed by the in-
cluded air ; but if the mouth of the vessel be turned upwards
it immediately fills with water, while the air is displaced, ami
rises to the surface of the fluid in one or more bubbles.
Suppose this is done under the mouth of a jar filled with wa-
ter, the air will ascend as before, but instead of escaping, it
will be detafned in the upper part of the jar. In this man-
ner, therefore, air may be transferred from one vessel into
another, by an inverted pouring, and the first portions, in-
stead of occupying the bottom of the vessels like water, as.
cend to the top, the air instead of running from a higher
to a lower vessel, rising from the lower to the higher one.
This is owing to the pressure of the water on the air, or to
the lightness of air when compared with water. For the
same reason, lead being lighter than quicksilver, if a bullet
of the former be sunk in a vessel of the latter, it will rise to
the surface. On this principle balloons ascend, the hydrogen
with which they are charged being 13 times lighter than the

Explain the reason why a vessel filled with water may be raised
above the fluid, provided its mouth be kept under it. When a tumbler
is forced into the water with its mouth downwards, why does not the
fluid rise in it? When air is introduced under a vessel, inverted, and
filled with water, why does it rise to the highest part of the vessel ?
How does the rise of a balloon illustrate this principle ?

10
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atmosphere, the former is forced upward by the pressure of
the latter. , .

Fig. 42. A Dbell glass receiver, fig. 42, is employed in

making experiments on air, or the gases. Itis

a glass vessel of the shape represented in the

ﬁgure, and of various sizes, from the capacity

of a pint to that of several gallons. The kneb

at the upper part is the handle by which it is

} moved. Itis used for the temporary confine-

ment of elastic fluids, on which experiments are

\ tobe made. Large tumblers are good substi-

tutes for bell glasses.
Fig. 43. A lamp furnace, fig. 43., is one of
a the most indispensible articles in a

chemical apparatus, It consists of a
rod of brass, or iron, about half an
inch in diameter, and three or four
feet long, screwed to a foot of the

same metal, or to a heavy piece
of wood. On this rod, slide three

J or four metallic sockets, into which,
are screwed straight arms termina.-
ferent diameters. The screws cut

Y

e

ted with brass or iron rings of dif-
on the ends of the arms where they
enter the sockets are all of the same
size, so that the rings may be chang-
ed from one socket to another, as
convenience requires. These rings
are for the support of retorts, re-
ceivers, evaporating dishes, &c.,as
represented in the figure, and may be
moved up or down, or turned aside,
and then fixed in their places, by
means of thumb screws passing through the sockets and act-
ing on the rod. 'The lamp by which the heat is given for dis-
tillation, or other purposes, is also fixed with a thumb screw,
so that the heat can be regulated by moving it up or down.

¢ Specific Gravity. The specific gravity of a body is its re-

"« What does fig. 42, represent ? W hat isthe use of the bell glassre-
ceiver? Describe the lamp furnace, fig. 43. What are the uses of the
rings on the ends of the arms? What are the uses of the thumb
“screws with which the sockets and lamp are furnished? What is the

specific gravity of a body?
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lative weight when compared with the same bulk of another
body. For solids and liquids water is the substance to which
the weight of other bodies are compared, and for elastic
fluids, the atmosphere is the standard of comparison.

When a body weighs twice as much as the same bulk of
water, it is said to have the specific gravity of 2, and if it
weighs three, four er five times as much as the same bulk of
water, it has the specific gravity of 3, 4, or 5. Water,
therefore is the unit, or standard of comparison, and has in
this respect the specific gravity of 1.

When a body is weighed in water its weight will be dimin.
ished by exactly the weight of a quantity of water equal to
its own bulk, and thus the difference between its weight in
?ir a;d.in water being known, its specific gravity is readily
ound.

Fig. 44. The most simple mode of taking the specific gra.
vity of a solid is by means of Nicholson’s Portable
Balance, represented by fig. 44. The body is a hol.

low cylinder of tinned iron, terminated at each end

\ by a cone. From the vertex of the upper cone rises
\} the small stem &, of copper or brass, bearing a small

ftin cup. This cup slips on and may be removed when

il the instrument is no tin use. From the point of the
i lower cone is suspended the tin cup e, at the bottom

29 of whiich is attached a cone of lead so heavy as to

sink the whole instrument in water nearly to the base
of the upper cone. Before this balance is used, it
is placed in a vessel of water, and the upper cup

¥ loaded with weights until it sinks so far that a mark

7 onthe stem at a, coincides exactly with the surface
of the water. The weights so added are called the balance
weights);and their amount may be marked on the cup asa
given quantity for future use : suppose this is 900 grains,

The specific gravity of a solid may then be taken as fol-
lows. First place it in the upper cup and add weights until
the mark on the stem coincides with the water ; suppose this

With what substance are solids and liquids compared to find their
specific gravities? W hat is the standard of comparison for elastic flu-
ids? Suppose a body weighs twice as much as the same bulk of water,
what is its specific gravity? What does fig. 44 represent? Describe
this balance. What preparation is necessary before the balance is
used? What are the balance weights? After the balance weight is
known, how will you proceed to find the specific gravity of a body ?



jos CHEMICAL APPARATUS,

fo be 400 grains; substract this from the balance weight, and
we have 500 grains for its weight in air. Then remove the
subject of experiment, to the lower cup, and the stem will
rise above the mark, because it weighs less in water than in
air ; weights must therefore be placed in the upper cup until
the mark again coincides with the surface of the water; sup.
‘pose this to be 100 grains, which will be exactly the weight
of the water displaced by the mineral or other solid. The
specific gravity i1s now found by a very simple rule, namely,

Divide the weight in air by the loss in water, and the quo-

tient will be the specific gravity.

In the present instance we have 500 grains for the weight
in air, and 100 for the loss in water, therefore 100 : : 500=
5 the specific gravity.

The most simple method of taking the specific gravity of
liquids, is by means of a graduated bottle holding 1000 grains
of water, which is taken as the unit or standard for other
liquids. ‘

Fig.45. Take a small bottle with a long narrow neck, as
represented by fig. 45, and having weighed it accu-
rately, introduce into it exactly 1000 grains of pure

water, and mark the level of the water with a file on

the neck of the bottle. The bottle thus prepared

will serve to ascertain the specific gravity of any

fluid, for since water is the standard by which the

comparative weights of all other fluids are known,

the same bulk of any other fluid weighed at the
same temperature, will be its specific gravity.

Thus, suppose that when the bottle is filled with sulphu.
ric acid up to the mark at which the water weighed 1000
grains, it should be found to weigh 1800 grains; then the
specific gravity of the acid would be 1800, water being
1000. If filled to the same mark with alcohol it might weig|
800 grains. The specific gravity of alcohel would therefore
be 800, water being 1000. But as it is understood that
water is the standard of comparison, the specific gravities of
bodies are expressed merely by the numbers signifying
their relation to this standard. Thus the specific gravity of

After finding the weight of a bedy in air, and its weight in water,
what is the rule for finding its specific gravity? What are the most
simple means of finding the specific gravity of a liquid? How doesa
bottle filled with 1000 grains of water, become the standard for other
liquids? Suppose a given bulk of water weighs 1000 grains, and the
samgbulk of another fluid weighs 1600 grains, what would be the spe-
cific®ravity of the latter?
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lead is 11, that is, it is 11 times as heavy as water, bulk-for,
bulk ; while the specific gravity of ether is 750, that is, a
given bulk of ether will weigh 750 grains, ounces or pounds,
while the same bulk of water weighs 1000 grains, ounces, or
pounds. (See spec. grav. in Nat. Philosophy.)

To determine accurately the specific gravity of the gases,
is an operation of great delicacy, and requires not only very
nice apparatus, but much experience. The method by
which it is done is, however, easily explained, and will be
readily understood.

We have already said that atmospheric air is the standard .
of comparison for the gases. In the first place therefore, it
ig necessary to ascertain the weight of a given volume of air.
This is done by weighing very accurately, a light glass ves.
el furnished with a good stop cock, when full of air, or in
ita ordinary state. Then having withdrawn the air by
means of an air pump, and closed the stop-cock, the vessel
is again weighed, and the difference will shew the weight of
air which the vessel contained. On making this experi-
ment, it is found that 100 cubic inches of air weigh 30.5
graing, and by the same method the weight of a given por.
tion of any elastic fluid may be ascertained. In all these
experiments, it is understood that the thermometer stands at

-60° and the barometer at 30°,

Fig. 46. Suppose, then, that the glass g]obé a, fig. 46,

is of sufficient capacity to contain 100 cubic
inches of air weighing 30.5 grains, and it is found
on filling it with oxygen that the same quantity
of this gas weighs 34 grains. Then to find the
specific gravity of the latter gas we say, “as
the weight of the air is to that of the oxygen, so
s unity, or the specific gravity of the atmosphere to’
the specific gravity of oxygen.” Thus, 30.5:
34 ::1=1.1147. gives 1.1147 for the specific
gravity of oxygen gas.

But since it is inconvenient in practice to
experiment on just 100 cubic inches of gas, the
pgraduated vessel b, has been invented to show at
once what quantity of gas in cubic inches is
weighed in the globe a.

The globe being, first exhausted of air, and its
stop-cock closed, is then connected to the re-.
ceiver b, containing the gas, and both cocks

How is the specific gravity of a gas ascertained ?
10% '
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being opened, the gas passes from the receiver to the globe.
The receiver being open at the bottom, and set over water
or mercury, the rise of the fluid will show the quantity Jf gas
which passes into the globe, and on weighing the globe both
before and after connecting it with the receiver, the differ-
ence will show the weight of the air thus transferred.

Nomenclathre.

The nomenclature of Chemistry, now universally employ-
ed, was invented by the French chemists about 1784.  Be-
fore that period the names of chemical substenges were en-
tirely arbitrary, that is, each substance had an independent
name, the signification of which, had nothing to do with its
composition, or often gave an erroneous idea concerning it.
Thus, solution of muriate of lime was called liquid shell, and
afterwards oil of lime. Liquid ammonia was called bone
spirit, and sulphuric acid was called oil of vitriol. It is
true, at that time the substances known to chemists were few
in number, when compared with the immense list of the
present day. But even then, their number was such as to
make it difficult for the memory to retain them, and at the
same time to remember their origin or composition, when this
was known. At present, were the substances mentioned in
any chemical book merely designated by arbitrary names,
or names inexpressive of their composition, the student would
necessarily spend more time in learning and remembering
them, than is now required to obtain a knowledge of the
whole science of Chemistry. The general diffusion of
chemical knowledge therefore, is in a great measure owing
to the present nomenclature,—its perfect simplicity, its co-
piousness of meaning, and the ease with which it is learned
and retained.

Each term in this nomenclature designates the composi-
tion of the compound substance to which it is applied ; and

W hatisthe woight of 100 cubic inches of common air? Supposeit
is found that 100cubic inches of oxygen gas weighs 34 grains, how is its
specific gravity found? Explain fig. 46, and show the design of each
vessel and the manner of using them. When was the chemical nomen-
clature invented, and by whom? Before this invention how were
chemical substances designated? What is said concerning improper
names before this invention ? At present, were the substances known
to chemists desi%'nated only by arbitrary names, what would be the
consequence to the learner? What effect has this nomenclature had
on the diffusion of chemical knowledge? By this nomenclature what
do the names of the substances designate ?
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as the simple substances are comparatively few, the com-
position of most chemical substances are known only by
these names.

The names of the acids are derived from those of their
bases, that is, from the names of the substances to which
oxygen unites in such proportions as to form acids. Thus
sulphur is the base of sulphuric acid, and carbon is the base
of carbonic acid. Some of these bases unite with several
proportions of oxygen, and form acids of different degrees
of strength. These proportions are designated by the dif-
ferent terminations of the name of the acid, the smaller
%roportion being signified by ous, and the larger by ic.

hus, sulphurous and sulphuric, and nitrous and nitric acids,
mean that these acids contain single and double proportions
of oxygen. The salts, that is, the compounds which the
acids form with alkalies, earths and metals, also indicate by
their names the substances they contain. Thus the salts
ending in ite consist of a base, united to an acid ending in
ous; and a salt ending in ate contains an acid ending in
“ic. Sulphite and phosphite of potash are formed of potash
and sulphurous and phosphorous acids, while sulphate and
phosphate of potash denote compounds of sulphuric and
phosphoric acids, united to the same base. The names of
all the salts, of which there are nearly 2000, denote their
composition in the same manner, and thus we know the
ingredients of their compositions by merely seeing their
names. The termination uret denotes the union of simple
non-metallic bodigs with a metal, a metallic oxide, or with
each other. Thus sulphuret and carburet of iron indicate a
combination between sulphur or carbon with iron. As oxy-
gen combines with several of the metals in different propor-.
tions, but not sufficient in quantity to form acids, the com-
pounds so formed, though derived from the same metal, differ
from each other. These compounds are called oxides, and
are distingwished from each other by the Greek derivatives,

From what are the names of the acids derived ? What is the base
of sulphuric acid? What is the base of carbonic acid? By what termi-
nation in the word is a weak acid designated? By what termination are
the strong acids indicated? What are the compounds called which the
acids form with different bases? If an acid ends in ous, what is the
termination of the salt of which it composes a part? If the acid ends -
in 4, how dees the salt end? How will you know the composition of
a galt by merely hearing its name ? What does the termination uret
denote> What is the composition of a carburet of sulphur? What
are oxides?
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prot, deut, trit and per. Protoxide signifies the first degree
of oxidation ; deutoxide the second, fritoxide the third, and
peroxide the highest. In some of the salts it was formerly
supposed, that the acid prevailed, or that more acid was pre-
sent than necessary to saturate the alkali, and in others that
the alkali prevailed. The first of these were called super-
salts, and the second sub-salts, while those in which the acid
and alkali were in due proportion, were called neutral salts.
These names are now regulated by the atomic constitution
of the salt. Ifit is a compound of one atom of acid and ome
of alkali, the generic name is employed, as carbonate of
potash. But if two or more atoms of the acid be combined
to the same base, a numeral is prefixed to indicate its com.
position in this respect. Thus when the acid is in two pro.
portions, or there are two atoms of acid to one of potash, it
1s called bi-carbonate of potash. The three salts of oxalic
acid and potash are called the oxalate, binoxalate, and quad-
roxolate of potash, the first consisting of one atom of each,
the second of two atoms of acid to one of potash, and
the third of four atoms of acid, to one of potash.

PART II
PONDERABLE BODIES.

Ezxplanations. A ponderable body, is one which has appre-
ciable weight.

A simple body is one which has not been decomposed.
These are called elements, or elementary bodies.

1t is possible that all the substances now called elementary,
may still be in reality compounds, for our knowledge on this
subject is entirely negative, that is, all bodies which the art
of chemistry has been unable to separate into parts, or to de-
compose, are called simples, in order to distinguish them from

By what termsare the different oxides denoted? What is a deutoxide ?

. What is a frifoxide> What is a peroxide? What is said of super-
salts and sub-salts > What are carbonate, and bi-carbonate of potash ?
What is a ponderable body? What is a simple body ? What is the

difference between a simple and an elementary body 3 -
ists call a body simple ? ybody? When do chem
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known compounds. Before the refinements of chemical
analysis were known, it was believed that nature afforded
only four elements, viz. fire, air, earth and water. Analysis
has however shown that fire, or heat, is the result of chemical
union ; that air is a compound of nitrogen and oxygen ; that
there are many earths, and that water is composed of hydro-
gen and oxygen.

The number of simple bodies now enumerated amount to
about fifty, or perhaps fifty-two. They consist of about .40
metals, three, or perhaps four supporters of combustion, viz.
oxygen, chlorine, and iodine, and probably also bromine,
and seven non-metallic combustibles, viz. phosphorus, carbon,
hydrogen, sulphur, boron, selenium, and nitrogen.

Only a few years'since, potash, soda, and several other
substances, now found to be compounds, were supposed to
be elementary bodies; ' and it is highly probable, that many
substances, now arranged as simple, will soon be found to
be compounds.

Before proceeding to describe the properties of the gases,
it might be thought necessary to detail more particularly than
has been done, the modes of confining and transferring them
from one vessel to another. But it is thought thdt such direc-
tions are better understood by the student, and much more
readily followed when given in connexion with the particular
subjects or cases, to which they immediately apply. The
method, for ipstance, of transferring the nitrous oxide from
the retort to the gasometer, and from the gasometer to the
gas bag, will be best understood if given in connexion with
an account of the properties of the gas, or immediately after
it. The same, it is thought, may be said of confining and

transferring the other gases. As several different methods

are required, depending on the nature of the gas, its absorp.
tion by water, its specific gravity, and other properties, these
different modes can be best explained and understood in im-
mediate connexion with the description of the peculiar pro-
perties of each gas, '

As the doctrine of definite proportions is not only highly
interesting as a subject of philosophy, but is also intimately
eonnected with chemistry, both as a science, and a practical

How many elements were formerly supposed to exist? What i said
concerning fire, air, earth and water> How many elements are now
supposed to exist,and what are they ? What is said of the probability
that some bodies now arranged as elements will be found to be com-
pounds?

N
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art, we shall attach to the name of each substance at the head
of sections, its equivalent number, so that the reader may at
once observe its combining proportion. And it is earnestly
recommended to the pupil, that he should not only regard
this subject as one of great importance in a scientific relation,
but also when viewed in a different light, as one that tends
directly to impress the mind with the most serious conviction,
that nothing in nature has been left to chance, but that the
Almighty Creator has left a witness of himself, even in the
proportions, and arrangement of the atoms of matter. No.
thing, perhaps, even the sublimest works of nature, are more
calculated to elicit the wonder and astonishment of a reflect-
ing mind, than the fact that substances combine with each
other in exact, and definite quantities, and that these quanti.
ties or proportions, are the same in relation to the same sub.
stance throughout the world, and have been so since the cre-
ation. This discovery may be considered as a new proof,
directed expressly to the present generation, that the most
minute works of what we call nature, do indeed bear the most
indubitable marks of divine agency and design.

But while the discovery itselfis an evidence of the profound
phiiosophy of the present age, the developement of its prin-
ciples, by the constant accession of new ideas, is calculated
rather to humble the pride of human knowledge, by as con.
stant a conviction, that after all our acquirements, we know
comparatively nothing of the laws and operations of nature.
The very fact, that the laws of proportions, now just known
to man, have existed ever since the creation of matter, and
have been in perpetual exercise all over the universe, without
a suspicion of their existence, is of itself a sufficient proof
of the almost entire ignorance of man even of the phenomena
of nature, and a still stronger proof of his ignorance of her
laws. And if facts, in themselves so simple, yet so wonder-
ful, and when once known so obvious, have escaped the ob-
servation of man for thousands of years, is it not probable

What is said of the doctrine of definite proportious, in relation to
philosophy and chemistry? In what other respects is this subject re-
commended to the particular attention of the pupil? What is said of
divine agency and design in the minute works of nature? After all
human acquirements, how much do we know of the laws and opera-
tions of nature? What is proved by the fact, that the law of definite
proportions, though existing ever since the creation of matter, have,
until lately, remained unknown? What is said of the probability that
wonderful phonomens are constantly going on before our eyes ?
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that phenomena are constantly going on before our eyes,
which, could we understand, would astonish us still more, and
at the same time afford a still stronger conviction of our ig-
norance, and want of penectration ?

These considerations, while they are calculated to humble
the pride of human intellect, by showing how little we know
of the laws which govern even the ordinary operations of na-
ture, ought by the conviction of ignorance, to prove an in-
centive to constant observation on natural phenomena, and if
possible, to arrive at the knowledge of their true causes.

INORGANIC CHEMISTRY.
NON-METALLIC SUBSTANCES.

Ozygen—8.

The name oxygen is derived from two Greek words, and
signifies the former, or generator of acids, because it enters
into the composition of most acid substances, and was former-
ly considered the universal and only acidifying principle in
nature.

It was discovered by Dr. Priestley in 1774, and named by
him dephlogisticated air. Its specific gravity is 1.11, air
being 1. Itis a non.conductor of electricity, like common
air. Its electrical state is always negative, and when sud-
denly and forcibly compressed, as in the fire-pump, already
" described, it emits light and heat.

Oxvgen may be abtained from many substances. The
peroxides of lead, or manganese, and the nitrate and chlorate
of potash, all yield it in abundance, when merely exposed to
a dull red heat.

The cheapest and most cofivenient substance for this
purpose is black, or peroxide of manganese, in the state of
fine powder. This, when heated in an iron bottle or gun.
barrel, will yield upwards of 120 cubic inches of the gas to
an ounce of the oxide. For small experiments, a gun-barrel
may be used, but where considerable quantities are wanted,
a wrought iron bottle, with a neck 18 inches long, is the best
instrument. .

What does the term oxygen signify? Who discovered this gas?
What is the apecific gravity of oxygen gas? What are the substances
from which it can be obtained? What is the cheapest and most con-
venient mode of obtaining it? How many cubic inches of this
will an ounce of the black oxide of manganese yield? What are the
methods described of extricating this gas from manganese
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Fig.47. The shape is represented at fig. 47, with the addi-
tion of a piece of gun-barrel, fitted to the mouth of the
bottle by grinding. A tube, leading from the gun-
barrel to the gas holder, conveys away the oxygen as
it is extricated from the manganese : or a lead tube
may be connected with the bottle itself, provided the
juncture be kept wet with a moistened rag, to prevent
the lead from melting. In the absence of such a
bottle, oxygen may be conveniently obtained by mix-
ing, in a proper vessel, one part sulphuric acid, and
B two parts of the oxide of manganese, and applying
I\ the heat of a lamp. The cheapest and most conve-
¥ nient vessels for this purpose are Florence flasks,
fitted with corks and tubes, as represented by fig. 36. This,
and the lamp furnace, fig. 43, together with an inverted ves-
sel filled with water, constitute the apparatus necessary for
the extrication and confinement of oxygen.

With respect to the theory of these processes, it is neces-
sary to state, that there are three oxides of manganese, each
of course containing different proportions of oxygen. These
oxides are thus constituted, the combining proportion of man-
ganese being 28, and that of oxygen 8, ,

Protoxide manganese, 28, added to oxygen, 8=36
Deutoxide 28, « «  12=40
Peroxide 28, “« “ - 16=44

When the peroxide is exposed to a red heat, it parts with
half a proportion of oxygen, that is, 4 parts, the number for
oxygen being 8, and is therefore reduced to a deutoxide,
whose number it will be observed, is 40. 'The number for the
peroxide being 44, and the loss by a red heat being 4, we ob-
tain 4 grains of oxygen for every 44 grains of the oxide, which
in bulk is nearly 12 cubic inches, making #bout 128 cubic,
inches for each ounce of the oxide. e 7

When oxygen is obtained by means of sulphuric,  the
theoretical expression is different. In this case the perokide
loses a whole proportion of oxygen, and is thus converted
into a protoxide, which then combines with the acid, forming

‘What apparatus is necessary for obtaining this gas from manganese
by means of sulphuric acid> How many oxides of manganese are
there, and what are the proportions of oxygen in each? What propor-
tion of oxygen does the peroxide part with atared heat? To what ox-
ide is the peroxide reduced by parting with a portion of its oxygen ?
What does deutoxide mean? Explain the chemical changes which
take place when the oxygen is obtained by means of sulphurie acid.
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in such proportions as to form acids. Such is the case with
arsenic, molybdena, and others. With the simple combusti-
bles, sulphur, carbon, &c. it also combines in various pro-
portions, forming oxides and acids., With the metals sodi-
um and potassium it enters into combination to form the alka-
lies soda and potash. Thus the acids and alkalies, though'in
most of their properties so entirely opposed to each other, are
composed of oxygen united to different bases, the base of
sulphuric acid being sulphur, and that of potash being pot-
assium.

The process of oxidation sometimes takes place very slow-
ly, as in the rusting of iron exposed to the atmosphere. In

. this case, the affinity of the iron for the oxygen contained in
the atmosphere, though constantly exerted, produces its ef-
fects very gradually, particularly if the iron is kept in a dry
state ; but the oxidation is greatly facilitated, if the iron is
moistened with water, since then the metal absorbs oxygen
from the water.

In ordinary combustion, which is nothing more than a rapid
oxidation, with the extrication of heat and light, the strong
affinity between the combustible and the oxygen is caused
by the great elevation of temperature. The combustible
requires, in the first place, to be heated to a certain degree,
before it will attract oxygen with sufficient force to emit heat
and light, after which the elevation of its temperature is con-
tinued by the absorption of oxygen, and thus the combination
of one portion of oxygen with the burning body causes the
absorption of another.

A combustible is any substance, capable of uniting with
oxygen, or any other supporter of combustion, with such
rapidity, as to cause the disengagement of heat and light.
In this sense, iron, steel, and many other bodies, though they
will not burn in the open air, are strictly combustibles, as they
conform to the above definition, when heated in oxygen gas.

In this gas, all combustibles burn with greatly increased

What are the compounds of oxygen and the metals called? Does it
ever form acids by combining with the metals? When combined with
the metals potassium and sodium, what are formed > What is said of
the spontaneous oxidation, or rusting of iron? What is ordinary com-
bustion? In combustion what causes the strong affinity between the
burning body and oxygen? In kindling a fire, why is it necessary to
raise the temperature of the wood in order to make it burn? What is-
acombustible body? In what sense are iron, steel, and other metals,
combustibles ?
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splendor; and many substances, which before the discovery
of this gas, could not, in any sense, belong to this class, are
now strictly combustible.

The combustion of various substances in oxygen gas af.
fords experiments of the most brilliant and instructive kind.
 Among these, the combustion of iron, steel, and zinc, are
highly interesting, not only because we are not in the habit
of seeing metals burn, but because the first give out the most
splendid corruscations of light, while the zinc burns with a
light peculiar to itself.

To exhibit the combustion of iron or steel, in this gas,
procure a piece of wire of small size, or what is better, a
watch spring, and wind it round a slender rod of wood, so
as to coil it in a spiral form, the turns of the wire bein
about the fourth of an inch apart. Then withdraw the rod,
and fix to the lower end of the coil a small piece of
thread dipped in melted bees-wax, or sulphur, or what is
better, a little piece of spunk. The other end of the
wire, for a few inches, is to be left straight, and fixed to
the cork fitting the mouth of the bottle in which the ex-
periment is to be made.

Next fill a clear glass bottle of a quart or more capacity
with oxygen gas, and having set it up right, cover the mouth
with a plate of glass, or otherwise. Then inflame the com-
bustible on the end of the wire, and having removed the co-
ver from the bottle, introduce the coil and fix the cork in its
place as represented by fig. 47. ,

Fig. 47. The wire will burn with a light too vivid fo

eyes to bear, throwing out the most brilliant
corruscations in every direction. Now and
then a globule of melted metal will fall, and if
/the vessel contains water, it will leap on its
gsurface for an instant or two, being thrown up
:by the steam into which it converts the fluid.
If the vessel contains no water, the intense heat
g~ of the globule will cause it to melt the glass and
i sink into its substance, and if the glass be thin,
it will fuse a path quite through it, without causing the least
fracture.

What is said of the brilliancy of the combustion of some of the met-
als? How is the iron wire prepared for combustion in oxygen gas?
Describe fig. 47. What causes the globules of melted iron to leap
on the surface of the water? What is said of the action of the glob- .
ules #fetal on the glass? .
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_ To witness the combustion of zinc in oxygen, first prepare
the metal by melting, and pouring it while fluid into water.
Then place some thin pieces in a spoon prepared with a
cork on its handle, as represented by fig. 48, and put in the
Fig. 48. midst of the zinc a small piece of phosphorus. Hav.

ing a bottle of the gas prepared as in the last experi-
ment, inflame the phosphorus by holding the spoon
over a lamp, and instantly introduce it into the bot-
tle, fixing the cork in its place. The metal will burn
with a beautiful white light, often tinged with green,
owing to a small quantity of copper which it con-
tains.

If a lighted candle be blown out, and then plunged
into a vessel of this gas, while a spark of fire remains

in the wick, it will be relighted with a slight explosion.

The best way of making this experiment is to place a
short piece of candle in a socket, fixed to a wire as in fig.
49. In this manner a candle may be blown out and again
Fig. 49.8et on fire by dipping it .into a bottle of oxygen,

twenty or thirty times, and perhaps oftener.
During combustion in oxygen gas, the oxygen
combines with the burning body and produces re-

markable changes, not only on the combustible, but
also on the gas. The combustible on examination,
is found to have sensibly increased in weight by the
combination, while the oxygen entirely loses the
power of again supporting combustion, so that if a
lighted candle be plunged into it, instead of burning
with splendor as before, it is now instantly extinguished.
These changes are readily explained by the analysis of
the body burned, and of the gas. The iron loses its brillian.
cy, and is converted into a dark brittle substance easily pul-
verized in a mortar. This is an oxide of iron, and consists
of the iron itself united to the ponderable portion of the gas.
If the iron is weighed before the combustion, and after-
wards, it will be found to have increased in weight in the
proportion of 8 parts to the 166t

Describe the method of preparing and burning zinc in oxygen gas.
What is the effect when a candle is blown out, and then instantly
plunged into the gas? W hat effect does combustion produce on oxy-

n gas? What change is produced on the iron burned in it? Why

oes the ozxide of iron weigh more than the
ed? Suppose the iron and oxygen are both
. -and after the experiment, what effect on the
-ced by the combustion ?
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The gas on the contrary loses in weight what is gained by
the iron, and if the vessel in which the experiment is made,
be open at the bottom and stands in a dish of water, the
diminution of the gas in volume will be indicated by the rise
of the water in the vessel. ' If the gas and iron are both ac-
curately weighed before the experiment and afterwards, the
sum of their weights will be found precisely the same, proving
that nothing has escaped, and that what has been lost by the
oxygen has been gained by the iron. When other combusti-
bles are submitted to the action of this gas though they may
entirely change their appearance by the process, or seem to
be dissipated and gone, yet nothing is lost by the burning,
there being in all such instances merely a change of form.
Thus when charcoal or diamond is burned in a confined por-
tion of this gas, instead of lnging as in the former experiment,
the gas increases in weight, that is, it is converted into car-
bonic acid gas, by a union between the oxygen of the gas,
and the carbon of the diamond or charcoal, so that what is
lost by the charcoal is gained by the gas.

In every instance, the gaseous matter which remains in
tue vessel after combustion, is unfit to support animal life,
If a bird or any other animal be confined in a limited portion
of atmospheric air, it'soon dies, because it destroys the oxy-
gen the air contains by converting it into carbonic acid, thus
leaving another portion of the atmosphere called nitrogen
both of which are destructive to life.

If a bird be confined in a portion of oxygen, it will live
longer than in the same quantity of atmospheric air, because
it is the oxygen alone which supports the respiration, but it
dies when the oxygen is consumed, or converted into car.
bonic acid. But if any animal be introduced into a portion
of air after its oxygen has been destroyed, or absorbed by a
burning body, it dies in a few seconds, unless like the frog it
has the power of suspending its respiration.

Finally, it is proper to remember, that no animal can live
#n an atmosphere which will not support combustion, nor will

Is any thing lost by combustion? When charcoal is burned in a
confined portion of oxygen gas, what effect is produced on each? Into
15t gas is the oxygen converted by the process? Will the gas left
combustion ever sustain animal life? Why will a bird or
her animal soon die when confined in a limited portion of com-
(@, Why will an ani e longer in oxygen gas, than in the

B0 .of common ai Il any animal live in air which will
pmbustion ?

L ]
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flame be supported for any considerable time, in air, whick is
for respiration.

Were these facts more generally known and remembered,
we should not every year hear of instances where lives are
lost by descending into old, wells or cisterns. The cause of
such accidents is the presence of carbonic acid, or nitrogen
in the bottoms of such cavities, and were the precaution
taken to let down a burning candle, before the descent of the
person, all danger might be avoided, for if the flame is ex-
tinguished, the air will not support animal life.

Hydrogen.—1.

The name of this gas, is derived from two Greek words
signifying the generator of water, because it enters largely
into the composition of that fluid.

It was discovered by Mr. Cavendish in 1766. Its specific
gravity is 0.694, air being 1.—100 cubic inches weigh 2.11
grains, while the same bulk of air weighs 30.5 grains, it is
therefore about 14 times lighter than atmospheric air. Com-
pared with oxygen, it is just 16 times lighter than that gas;
being indeed the lightest of all known ponderable bodies.
It refracts light more powerfully than any -other body, its
refraction being in the ratio of 6.6. air being 1. Its elec.
tricity is positive.

Hydrogen may be obtained by several processes, but in
no instance without the presence of water, it being evolved
only by the decomposition of that fluid.

The most convenient method is to put fragments of iron
or zinc into a proper vessel, and pour on them two parts by
weight of sulphuric acid, diluted with 5 or 6 parts of water.
The hydrogen will immediately ascend through the water in
abundance, and may be collected under a bell glass, or any
other vessel inverted and filled with water.

Will air which is unfit for respiration support combustion? What
precaution ought always to be taken, before a person goes inte
a well or old cistern? 'What is the derivation of the word hydrogen?
What is the weight of 1C0 cubic inches of this gas? What is its
weight when compared with air? How much lighter is hydrogen
than oxygen ? What substance is lighter than hydrogen gas? What
is said of its power to refractlight > What is the electrical state of this
gas? Can this gas be obtained without the presence of water? Why ?
‘What is the best method of obtainin*a gas?

-

4
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Where only small quantities of
the gas are wanted, the simple ap-
paratus represented at fig. 50, is
all that is required. It consists of
a Florence flask into whichthe zinc
» and acid are put, with a tube lead-
¥k ing under a bell glass, or large

tumbler filled with water, and in-

verted in a dish of the same fluid.
Zinc for this purpose is better than iron, and is easily pre.
pared by melting, and while fluid, pouring it into water.

The production of the hydrogen depends on the decompo-
sition of the water which is effécted by the united action of
the metal and acid. The metal having an attraction for oxy-
gen, obtains it from the water ; this forms an oxide of the
metal which is instantly dissolved by the acid ; the surface of
the metal is thus left clean, and exposed to the water, from
which it attracts another portion of oxygen, which is dissolv.
ed as before. Meanwhile the hydrogen being thus detached
from the oxygen, absorbs caloric, and is evolved in the form
of hydrogen gas. '

Hydrogen may also be obtained by passing the vapor of
water through a hot iron tube. In this case, the oxygen of
:‘he water combines with the iron, while the hydrogen is set

Tee.

Place a gun barrel across a furnace so as to heat it red hot.
Connect toone end of the barrel, by means of a tube, a re.
tort, containing water, and placed over an Argand lamp : and
to the other end of the barrel fix a tube, leading under a ves-
sel of water, inverted in a water bath., Then make the wa- .
ter in the retort boil, so that its steam may pass into the gun
barrel, and hydrogen will be evolved, and will pass into the
inverted vessel.

Hydrogen, when obtained by either of these methods is not .
quite pure, but contains a little sulphur or carbon. For par-
ticular purposes it may be purified by passing it through a so-
lution of pure potash in water.

smell. It

Explain the

of this gas.
loes the red
»ound, or an

*
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is, so far as is known an elementary body, having resisted all
attempts to resolve it into more simple parts.

It is inflammable, but not a supporter of combustion. If a
lighted candle be introduced into a vessel of this gas, it is in-
stantly extinguished, but in passing into the gas, it inflames
that portion which is in contact with the atmosphere. This
shows that the combustion of hydrogen requires the aid of
oxygen which it absorbs from the atmosphere as a supporter.

This experiment may be made by inverting the vessel con.
taining the hydrogen in the open air, its levity preventing it
from escaping downwards. In this state it will be seen to
burn only on the lower surface. But if the vessel containing
it be turned upright, the whole will escape in a volume of
flame. )

Hydrogen is the gas with which balloons are charged, and
being about fourteen times ligher than common air, if the bal-
loon is large, it ascends with great force. The principle on
which balloons ascend, is the difference of specific gravity
between the balloon as a whole, consisting of hydrogen, and
the apparatus containing it, and the same bulk of atmospher-
icair. Itis the same principle that makes a cork rise through
water, or a leaden bullet through quicksilver.

The principle of balloons may illustrated thus. Fill a
bladder, or a gas bag, furnished with a stopeock with hydro.
gen gas ; attach to the stopcock a tobacco pipe, or what is
better, one of metal. Then dip the bowl of the pipe into a
solution of soap, and form bubbles by pressing the bladder.
These bubbles, being detached from the pipe, will rise rapid-
ly through the air. :

When hydrogen is mixed with oxygen and inflamed, the
mixture detonates violently. The best proportions are two
of the hydrogen and one of oxygen by volume. If soap
bubbles of this mixture are touched with a candle when float-
ing in the air, they give a report as loud as a pistol, but much
meore Sharp and stunning.

A loud report is also given when the hydrogen is mixed

When a lighted candle is plunged into this gas, does it continue to
burn, or is it extinguished? As the candle passes into the gas, what
part of it is set on fire? How is this experiment best made? Why
does the hydrogen burn only on the surface? With what gas are bal-
loons filled? On what principle do balloons ascend? How may the
principlo of balloons be illustrated ? Wit is the consequence of firing
amixture of hydrogen and oxygen? .Yfhat proportions of eashmake
the loudest report ? -

] i
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The best proportions
7drogen. prope ,
raried by means of the
'onsists of a tin vessel,
r end being closed, and

fitted with a cork, a
irds the lower end, as

wat one third with water,
thumb, and let in hy-
aced. Thus the vessel
and one of hydrogen.
in in its place, the mix-
d applying a lighted ta-
Iriven out with violence,

d at the end of a tube
tube of glass, porcelain,
d, which are grave or
1 of tube employed.
may be performed by
making hydrogen, in a
| with a tube as in fig.
nected with a reservoir
‘he manner of holding
musical tones is shown

hed without deleteridus
ediately fatal to animal

»onge, on hydrogen is

18. When a jet of the

ns of the sponge, both

being cold, and in the open air, the latter immediately be-

comes hot, and in & moment glows with a red heat, setting
fire to the hydrogen.

Platinum sponge is prepared by dissolving the metal in

What are the best proportions for mixing hydrogen and air for the
same purpose? Describe the method of using the hydrogen gun, fig.
51?7 How are musical tones produced by the burning of hydrogen ?
Explain fig. 52. Is hydrogen a respirable gas? What effects does it
produce when breathed > What phenomena are produced when hy-
drogen is thrown in a stream ppon platina sponge? How is platina
sponge prepared ?
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witro.muriatic acid, that is, a mixture of 1 part of nitric, to 2
parts of muriatic acid. Ammonia, or muriate of ammonia is
added to this solution, which produces a yellow precipitate.
When this precipitate is exposed to ared heat in a crucible,
the acids, and ammonia are driven off, and there remains pure
platinum in the form of a delicate spongy mass. Another
method of obtaining the sponge, is, to throw the yellow pre-
cipitate on filtering paper, and when the liquid has passed
through, to dry the paper, and introduce it with the adhering
precipitate into the crucible. ;

This curious effect of the action between platina sponge
and hydrogen, was discovered by Professor Bobereiner, of

Jena, who invented the following method of producing an in-
stantaneous light by its means,
Fig. 53.

The two vessels a and b, fig.
53, are of glass. a is pro-
longed in the form of a tube,
and is fitted to the mouth of b,
by grinding, or cement,so asto
be air tight. The lower part
of a, reaches nearly to the bot-
tom of b, and is encompassed
with a strip ofzinc. Sulphuric
acid, diluted with five or six
parts of water, being placed
in b, a is fixed in its place, as
seenin the figure. Hydrogen
is evolved by the action of the
acid on the zinc, and pressing
upon the fluid, (which must
fill only about one half of b,
drives it up the tube into a. The stopper of a, is conical, an
rises to let the air from that vessel escape. When so much
gashas been evolved asto press most of the acid up into a,
and conseguently to remove it from the zinc, the chemical

rocess will cease, leaving b nearly filled with hydrogen.
}i'he brass tube d is cemented to the neck c, and furnished
with a stop cock. The box e contains the platina sponge at
the end of the tube.

When a light is wanted, nothing more is necessary thanto

Explain fig. 53, and show how the hyd;ogen is produced, and in
whet manner it ia thrown upon the sponge. Why does not the acid
constantly act upon the zine ?
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open the stop cock and let a jet of the gasblow upon the
sponge, which becoming immediately red hot, a match, and
then a candle may be lighted. By permitting the hydrogen
to escape, the acid again comes in contact with the zinc, and
thus a.gother portion of the gas is formed, and retained until
wanted.

WaTer—9.
1 p. Oxygen 81 p. Hydrogen 1.

It is only necessary to remark in respect to the above ab-
breviations, that the number for water, as already explained is
9, being composed of 1 proportion of oxygen 8, and 1 propor-
tion of hydrogen 1. The same method being observed with
respect to the other substances to be described, the student
has only to notice the numbers affixed to the names of each
substance, and he at once becomes acquainted with the pro-
portions and composition of each compound, and the number
by which the compound itself is represented This method,
it is thought will not only be found highly convenient, but
will also greatly facilitate the acquirement of a proper know-
ledge of chemical equivalents, a subject, as formerly remark-
ed, of great importance to the student in the present state of
the science.

It has been stated that water, by analysis, is composed of
two parts of hydrogen, and one of oxygen, by volume, and 1
part hydrogen, and 8§ oxygen, by weight.

Having described the properties of these two gases sepa-
rately, it now remains to demonstrate by synthesis, that is, by
the combination of these gases, that water is the product.

It may be, seen by a very simple experiment, that when .
hydrogen is burned, water is formed.

When one portion of the gas escapes, in what manner is another por-
tion generated 2 What is signified by the numbers affixed to water,
oxygen and hydrogen ? With what does the student become acquaint-
ed by observing the numbers affixed to names of the elements, and of
their compounds? By analysis, what is the composition of water, by
weight and measure? By what simple experiment may it be shown
that when hydrogen is burned, water is formed ?
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Fig. 54. Fill with hyrdrogen a blad.
der, furnished with a stop
cock, and small tuhe. In.
flame the hydrogen at the
end of the tube, and intro-
duce the flame into a dry -
glass globe with two open-

‘ ings, as represented at fig.
54. As the gas burns, the rarified and vitiated air will pass
off at one of the openings while the other admits fresh air to
support the combustion. In a few minutes the inside of the
globe will be covered with moisture, and by continuing the ~
experiment, water will run down its sides, which may be
tasted or otherwise examined. The same experiment may
be made with a large glass tube instead of a globe. In this
experiment it is supposed that the combustion of the hydro-
gen is supported by the oxygen of the atmosphere, and there-
fore nothing can be known of the proportions in which they
unite. Nor would it be absolutely certain by this experiment
that it was the oxygen.of the atmosphere which combined
with the hydrogen and supported its combustion.

But when the two gases are confined, each in a separate
gasometer, and burned together in an exhausted vessel, the
result will not only demonstrate to the senses that water is the
produ_ct, but will also show the exact proportions of each ele-
ment by weight and measure.

For this purpose two graduated gazometers contain the two
gases, each being furnished with a tube, leading to the glass
globe, fig. 55. :

. Fig. 55, Before the experiment begins, this

¢ globe is connected with an air pump

by the screw ¢, and completely ex-
hausted of air, and then accurately
‘weighed. It is then connected with
the two gazometers which contain the
gases by the pipes d and e. When eve.
ry thing is thus prepared, the stop cock
*'d, is opened and a small stream of
=4 hydrogen let in, which is instantly in-

Isit absolutely certain by this experiment, that it is the oxygen of
the atmosphere which unites with the hydrogen to form water ? How
may it be demonstrated that the combustion of hydrogen and oxygen
form water? Describe the apparatus represented by fig. 55, and ex-
plain how the two gases are brought together, and how inflamed ?
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flamed by an electrical spark fromthe conductor a, this being
of course connected with an electrical machine. The oxygen
is then admitted by turning the stop cock ¢, and thus the com.
bustion of the hydrogen is supported.

At the end of the process, the graduated gasometers show
exactly the volume of each gas consumed, and asthe weight of
100 cubic inches of these gases are known, it is easy ta com.-
pute the weight of the volumes consumed, and by weighing
the globe to compare it with the weight of water produced.

By such experiments made with every attention to accura.
cy, together with that before described, of weighing the gases
by means of exhausted vessels, fig. 45, it is proved, that hy-
drogen and oxygen unite in the proportions of two of the
first, to one of the last by volume ; and in the proportions of
1 and 8 by weight ; that the sole product of the combustion
of the two gases is water, and that the weight of the water,
is just equal to the combined weights of the two gases. In
this manner has the constitution of water been demonstrated
beyond all doubt or controversy.

Compound Blowpipe. When hydrogen and oxygen are -
burned together, in the proportions in which they form water,
a most intense heat is produced. ‘

The compound blowpipe, the instrument by means of
which the combustion of the two gases is regulated for this
purpose, was invented by professor Hare, of Philadelphia,
in 1801.

The apparatus consists of two pipes, which convey the
gases from two gas-holders to another short pipe, at the end
of which their combustion takes place. |

Fig. 56. The principle of the com.
pound blowpipe will be under-
stood by fig. 56. The two
brass pipes ¢ and d, are con-

e nected with the gas holders

¢ d  and b, by coupling screws,
which fix their lower ends to
short tubes furnished with stop

1 cocks, as seen in the figure.
These stop-cocks are for the
b a convenience of confining the
gas in the gas holders, when

: the blowpipe is not in use, and

12
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for other purposes connected with the pneumatic cistern.
The two upper stop-cocks are designed to regulate the quan-
tity of gus from each pipe, so as to produce the greatest heat,
and also to stop it entirely while making experiments.

The gas holders a and b, are two boxes of puinted tin, open
at the bottom, and made to fit a cistern of wood, about five
feet long, containing water. These boxes are fixed in their
places at each end of the cistern by buttons, so that they can-
not rise when filled with gas. They may be two and a half,
or three feet deep, and two feet wide, or of any other size,
according to the extent of the experiments proposed. The
cistern must be several inches deeper than the boxes, so that
the water will rise above them.

The two pipes convey the two gases separately to the point
e, where they are soldered together, and on‘their united points
is screwed a platina or silver tip, having a single orifice, at
the end of which their combustion is effected. If the tip is
of silver, it should be large, and care tuken not to include it
in the cavity of the charcoal support, while making experi-
ments, otherwise it will be melted.

Having such an apparatus ready, the gas holders are put
in their places, (the blowpipe being removed, until every
thing is prepared for experiment,) and water is poured into
the cistern, the stop cocks being open for the escape of the air.
When the cistern and boxes are full of water, the stop.cocks
are closed, the blowpipe screwed on, and the two gases are
conveyed under the boxes by tubes, coming from the vessels
where the gases are evolved. One of the boxes being filled
with hydrogen and the other with oxvgen, the blowpipe is set
in action by turning the stop-cock connected with tke hydro-
gen, and setting thé gas on fire as it issues from the tip. The

. oxygen is then admitted, when the flame of the hydrogen
will become less, being reduced to a small blue flame, which
gives little light, and to the eye appears nsignificant, and

At the end of the process, how is it ascertained what proportion of
each gas has been consumed, and how much water formed? What
has been proved by such experiments in respect to the quantities and
proportions of the gases consumed, and the quantity of water formed ?
‘What is said of the intense heat produced by the combustion of hydro-
gen and oxygen? Whay is the instrument called by which the com-
bustion of the two gases is regulated for this purpose > Explain fig.
56, and show the uses of the two tubes, the stop-cocks, and the platina
‘tip, &c. In filling the cistern, why are the stop-cocks left open? What
is said of the smallness of the flame, and the intensely heating power of
this blowpipe ?
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rfectly bland and neutral, it is to all animals, whose tastes
{::ve not been vitiated, the most agreeable of drinks.

The weight of water, as already shown, is the standard by
which the weight or gravities of all solids and liquids are esti-
mated. The weight of a cubic foot of pure water is 1000
avoirdupois ounces. A cubic inch of this fluid weighs, at the
temperature of 60°, 252.52 graius, and consists of 28.06
grains of hydrogen, and 224.46 grains of oxygen. By divi-
ding 224.46 by 28.06, it may be seen how nearly these gases
unite in the proportions of 1 and 8 to form water. The weight
of water, when compared with that of air, isas 828to 1. The
effect of temperature upon liquid water is distinguished by a
peculiarity of a very striking kind, and exhibits a departure
from the general laws of nature, for a purpose sa obviously
wise and beneficent, as to afford one of the strongest and most
impressive of those endless proofs of design and omniscience
in the frame of creation, which it is the most exalted pleasure
of the chemist, no less than of the naturalist, to trace and ad-
mire. ¢ Allliquids, except water, contract in velume, as they
cool down to their points of congelation ; but the point of the
g;eatest density in water is about 40°, its freezing point being

°.”  As its temperature deviates from this point, either up-
wards or downwards, its density diminishes ; or in other
words, its volume increases. This peculiar law is of much
greater importance in the economy of nature than might at

rst be supposed. The cold air which rushes from the polar
regions progressively abstracts the heat from the great natural
- basins of water, or lakes, till the whole mass is reduced to
40°; but at this point, by a wise Providence, the influence of
the atmosphere no longer has this effect ; for the superficial
stratum, by further cooling, becomes specifically lighter, and
instead of sinking to the bottom, as before, and displacing the
warmer water, it now remains at the surface, becomes con-
verted into a cake of ice, and thus preserves the water under
it from the influence of further cold.

To what animals is water the most agreeable of all drinks? What
is the weight of a cubic foot of pure water? What is the weight of a
cubic inch of water? How may it be proved that the weights of hy-
drogen and oxygen in water are in the proportions of 1 to 82 What is
the weight of water when compared to that of air? At what tempera-
ture is water at its greatest density? When water is above or below
the temperature of 40 degrees, how is its bulk affected 2 In what re-
upect"ui the expansion of water in freezing, of great conscquence to
man ? ,
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If like mercury, water continued. to increase in density to
its freezing point, the cold air would continue to rob the mass
of water of its heat, until the whole sunk to 32°, when it would
immediately congeal into a solid mass of ice to the bottom,
and thus every living animal it contained, would perish. In
the northern, or southern temperate zones, such masses of ice
would never again be liquefied ; a striking proof of the bene-
ficence and design of the Creator in forming water with such
an exception to the ordinary laws of nature.

Water, in its natural state, always contains a quantity of
air. This may be shown by placing it under the receiver of
an air pump, for as the air is removed from the receiver, bub-
bles will be seen to rise from the water. The air in water is
found to contain a larger proportion of oxygen than the com.
mon air of the atmosphere. The lives of all such fishes aslive
entirely under the water, depend on the quantity of oxygen
it contains, for no animal can live and move where oxygen
does not exist.

Ozxygenized Water—17.
2 p. Oxygen 16+1 p. Hydrogen, 1.

Water, in the scientific language of chemistry, is the
protoxide of hydrogen ; being composed of hydrogen, with
one proportion of oxygen. [See nomenclature.] It was sup-
posed that hydrogen was incapable of a further degree of
oxygenation, until 1818, when Thenard, a French chemist,
showed, that by a ccrtain intricate process, hydrogen could
be made to combine with another dose of oxygen, and thus
a new compound was formed, called deutoride of hydrogen.

This compound is formed in precise accordance to the law
of definite and multiple proportions, and consists of 2 propor-
tions of oxygen and 1 of hydrogen, as stated at the head of
thissection. It is a highly curious and interesting compound.
In some of its properties, it exactly resembles water, being
inodorous and colourless ; but in others, it is remarkably differ-
ent. It is corrosive to the skin, which it turns white, and to

If water, like mercury, had its density increased by cold to 32 de-
grees, what would be the consequence, on large bodies of this fluid ?
What is said of the beneficence and design of forming water with this
exception to the ordinary laws of nature? How is it shown that water
always contains air? How does the air in water differ from common
air?” What is the scientific name of water? What is deutoxide of
hydrogen? What are the properties of oxygenized water> How does
this compound differ from common water?

12%
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the tongue it is sharp and biting, and leaves a peculiar me.
tallic taste in the mouth. :

At the temperature of 58° it is decomposed, oxygen gas'

being evolved in abundance. It is therefore necessary, in
the summer season, to keep it surrounded with ice. 1Itis also
decomposed and turned into common water by nearly all the
metals, and most rapidly by those which have the strongest
attraction for oxygen. Some of the metallic oxides produce
the same effect, without passing into a higher degree of oxi.
dation, a fact which has not been satisfactorily explained.
The metals, silver and platinum, in a state of fine division, de.
compose this water when thrown into it, with such energy as
to produce explosions. The same effect is produced by the

oxides of silver, gold, mereury, manganese, and several other
metals.

Nitrogen—14.

This gas was formerly called azote, which signifies life
destroyer, because no animal can live when confined in it.
But the same epithet might be applied to several other gases,
with equal propriety, and therefore being the basis of nitric
acid, it is more properly called nitrogen. Asthe atmosphere is
composed of four-fifths of nitrogen, this gas pay be obtained
by placing a mixture of iron filings and-% id; a little
moistened, in a confined portion of air, as under a bell glass,
over water. The mixture will absorb the oxygen from the
air, and leave the nitrogen nearly pure. It may also be ob.
tained by burning a piece of phosphorus in a vessel of air,
inverted over water. The phosphorus forms phesphoric acid
with the oxygen of the air, which acid is absorbed by the
water, thus leaving the nitrogen remaining in the vessel.

Nitrogen is transparent, and without taste or smell, like
common air. It is arranged as a simple body, though there
are reasons for believing that it is a compound.

It is destructive to animal life, and is a non-supporter of
combustion. A lighted candle plunged into it, is instantly
extinguished, and any animal soon dies when confined in it.

At what temperature is this compound decomposed? Why do the
metals decompose this kind of water ; and what do they absorb from
it> What was the former name of nitrogen > W hat does azote sigmi-
fy ?. Why is it now called nitrogen? How may nitrogen be obtained ?
How is this gas obtained by means of iron filings and sulphur? How
is nitrogen obtained by meuns of phosphorus? W hat are the proper-
ties of this gas?

P



ATMOSPHERE. 135

Yet it exerts no injurious influence on the lungs, the privation
of oxygen being the sole cause of death.

Its specific gravity is a little less than that of atmospheric
air, nitrogen being 0,9722, air being 1000. One hundred
cubic inches weigh 28.7 grains.

When combined with oxygen in certain proportions it forms
nitric acid. Nitrogen exists in all animal substances, and in
such plants as putnify with an animal odor, as cabbage and

—

The Atmosphere.

The air which we breathe is composed of 20 parts of ox-
ygen and 80 parts of nitrogen to every 100 by volume.

These  proportions are found never to vary, except from
local causes. Gay Lussac, in an aerial voyage, carried with
him an exhausted bottle, closely corked, and when at the
height of nearly 22,000 feet from the earth, he uncorked his
bottle, and let in the air. It was then closely corked again,
and brought to the earth. On examination this air was
found to contain precisely the same proportions of the two
elements as that taken from the surface of the earth. Speci-
mens of air have also been brought from Chimborazo, Mount
Blanc, from the deserts of Africa, and from the midst of the
oceans, and on analysis they have all been found to contain
the same proportions of the two gases.

These proportions are found by experiment to form the
most agreeablo air for respiration, and to be best fitted for
the support of animal life. Animals confined in air, contain.
ing more than the ordinary proportion of oxygen, have their
respiration hurried, and become feverish, by over excitement ;
while those confined to air, which coutains a less proportion
of that gas, become languid and faint, from the want of its
stimulating effects.

Besides these two gases, the atmosphere contains variable
portions of carbonic acid gas, and aqueous vapor. The car.

In what mannor dovs nitrogen destroy life? Is the specific gravity
of nitrogen greater, or less, than that of atmospheric air> With what
substance does nitrogen form nitric acid? In what vegetables is this

8 found? What is the composition of atmospheric air? What is
said of the constancy of these proportions ? From what parts-of the
world have specimens of air been analysed, and found to contain the
same proportiuns of the two gases? What is the effect of & greater

roportion of oxygen than common air contains on the animal system ?
%Vhat is the effect of a less proportion on the system ? Does the atmos-
phere contain othergases besides oxygen and nitrogen 2
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bonic acid seems always to be present, since Saussure found
it in the air of Mount Blanc, taken from the height of 16,000
feet above the level of the sea. Its proportion never exceeds
one part in a 100, in freely circulating air; and it generally
amounts to only 1.1000th or 1.2000th part of the whole. The
proportion of aqueous vapor is also exceedingly variable, but
seldom exceeds 1 part in 100.

The air of particular situations is also found to contain
small quantities of carburetted hydrogen, or inflammable gas,
and of ammonia, but these are not constant.

It has been a question among chemists whether the two
gases composing the atmosphere are simply in a state of mix.

.ture, or whether they exist in a state of chemical combina.
tion. Mixture, has commenly been distinguished from com-
bination by the spontaneous separation of the ingredients of
the former. But, although oxygen is specifically heavier than
nitrogen, no such instance has been found to_occur.

Alr, confined in along tube standing vertically for many
months, was found to contain the usual proportion of oxygen
in its upper part. The proportions of its constituents are
also definite, like those of energetic combinations. By
weight, there are 2 proportions of nitrogen 28, with 1 of ox-
ygen 8. And by volume 4 parts of the first, 80, to one of the
latter 20 in the 100, thus making the simple proportions of
4to0l.

It bas becn found that other gases of different specific grav-
ities mix with entire uniformity where it is known that no
chemical union exists between them. Thus if one vessel be
filled with carbonic acid gas, and another with hydrogen gas,
the latter being placed over the former, with a tube communi.
cating between them, the two gases will mix with perfect uni.
formity in a few hours, In this instance, a part of the car-
honic acid, though 22 times as heavy as the hydrogen, is
found to have ascended into the upper vessel, while a part of
the hvdrogen, though 22 times lighter than the acid gas, de-
scends into the lower one. The cause of such an intimate
mixture, under such circumstances, and withont the influence

What other gas is always found in the air? What gases are occa-
sionally found, their presence depending on local circumstances? What
reasons are there to believe that air is a chemical compound? What
singular fact is mentioned in respect to the mixture of carbonic acid
and hydrogen, through a tube ? What does this fact show with respect
to the uniform mixture of the elements of the atmosphere without a
chemical union? What does the facility with which oxygen is ab-
stracted from the atmosphere tend to show in respect to this chemical
union ?
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of chemical attraction, has not been explained. But the fact
is sufficient to show, that the uniform mixture of the constit-
uents of the atmosphere way be accounted for, without a
chemical union. The facility, also, with which oxygen is ab.
stracted from the atmosphere is against a chemical union.
Thus rain water contains a considerable portion of oxygen,
besides a portion of atmospheric air. But the attraction of
water for oxygen, is not supposed sufficient to overcome a
chemical combination, and therefore did such a combination
exist in the atmosphere, oxygen would net be found in water
under such circumstances. ‘

On the whole, it is most probable, that the constituents of
the atmosphere exist in a state of mixture, and not in a state
of chemical union.

The oxygen of the atmosphere being the principle which
supports life, and flame, it is obvious that large quantities of
this gas must be consumed every day, and thereforo that its
quantity must diminish, unless there exists some source from
which it is replaced. The quantity consumed, however,
must be exceedingly small in a definite period of time, when
compared with the whole ; for the atmosphere not only en-
tirely surrounds the earth, but extends above it at every point
about 45 miles. Now when we consider how small a pro-
portion of this immense mass, comes into contaet with ani-
mals or fires at any one time, and that it is only these small
portions that become vitiated, it is obvious that ages would
clapse before any difference could be detected in the quantity
of oxygen, even were there no means of replenishment pro-
vided.

But the wisdom and design which the study of nature ev-
ery where detects, and which as constantly seems ordained
for the benefit and comfort of man, has not left so important
a principle as that of vital air, to be consumed, without a
source of regeneration.

It appears from experiments, that vegetation is the source
from which the atmosphere is replenished with oxygen, and
8o far as is known, this is the only source. Growing plants,
during the day, absorb carbonic acid from the atmosphere,

On the whole, is it most probable that the elements of the atmos-
phere exist in a state of mixture, or in that of a chemical union? What
issaid of the quantity of oxygen consumed by animals, and flame,
when compared with the whole, which exists in the atmosphere? From
what source is the atmosphere replenished with oxygen ?
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decompose the gas, emit the oxygen of which it is in part
composed, and retain the carbon to increase their growth.—
[See vegetation.] .

We have seen under the article ozygen that when wood, or
carbon is burned, that oxygen is thereby converted into car-
bonic acid gas, and a greater or less proportion of this gas
contained in the atmosphere may be attributed to this source.
Here then we are able to trace another instance of the won-
derful order and design of Omnipotence. The destruction
of plants by burning, while the process absorbs the oxygen
from the air, furnishes carbonic acid, which in its turn, is de-
composed by growing vegetables, the carbon being again
. converted into woed, while the oxygen goes to replenish the

loss created by the burning, and to purify the atmosphere for
the use of man.

NITROGEN AND OXYGEN.

In addition to the reasons formerly assigned for supposing
the atmosphere not to be a chemical compound, may be ad-
duced the fact, that all other combinations, of nitrogen
and oxygen produce corrosive or noxious substances.

Five such compounds are known to chemists, and they all
admirably illustrate the changes produced by chemical com.
binations, as already noticed under the article affinity. They

" also confirm the truth of the dqctrine of multiple proportions,
having been adduced as illustrations of this principle under
the same article. Some of the most material properties of
each of these compounds will be stated, beginning with that

containing the least proportion of oxygen, and ending with
that containing the most.

Protoxide of Nitrogen—22.
1 p. Nitrogen 144-1 p. Oxygen 8.
Nitrous Owxide.
The best method of obtaining this gas is by fusing a salt
called nitrate of ammonia. 'This salt may readily be formed

How do plants obtain the oxygen which they emit ? Whence comes
the carbonic acid gas, which plants decompose? What is said of the
wonderful order and evident design of Providence, in maki
the destruction of plants the means of replenishing the air with oxy-

en? What is said of the compounds of nitrogen and oxygen in re-
erence to the chemical nature of the atmosphere? What do these
compounds illustrate ? W hat is the signification of protoxide ? What

other name is there for protoxide of nitrogen? How is this gas ob-
tained ?
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Sy mixing carbonate of ammonia with nitric acid (aqua fortis)

luted with four or five parts of water, and then evaporating
the solution by a gentle heat. 'The ammonia should be add-
ed in small lumps until the effervescence ceases; and the
evaporation continued until a drop of it placed on glass, con-
cretes.

Having prepared the salt, the nitrous oxide or ezhilarating
gas may be procured from it, and its effects by respiration
tried by the following simple means, when no better appara.-
tus can be obtained.

Prepare a Florence flask, as shown at fig. 36, and into
this put four or five ounces of the nitrate of ammonia. For
a gas holder, fit to a large stone ware jug a cork pierced
with two apertures by a burning iron ; into one of the aper-
tures pass a tube of glass or tin, so that it reaches nearly to
the bottom when the cork is in its place, and stop the other
orifice with a cork.

For a pneumatic cistern, take a common wash tub, and fit
to it a strip of board passing through the middle and about
four inches {rom the top, so that when the tub is filled with
water, the board will be covered. Through the board cut a

" hole to receive the neck of the jug, so that it will stand in-
verted.

Having prepared things in this manner, fill the jug with
water, and invert it in the tub, also previously filled with
water. Then bend the tube belonging to the flask, so that
it will enter the mouth of the jug, while the flask itself stands
on a ring of the lamp furnace, and apply a gentle heat.

If no lamp furnace is at hand, the flask may be suspended
by a wire or string, and heated by a common lamp, or a few
coals. The salt will soon melt and become fluid and trans-
parent, when the gas will be extricated in abundance. When
the jug is nearly full, which will appear by the sound of the
bubbles, slip the hand under its mouth, and having set it up-
right, immediately put the cork with the tube through it, in
its place. As the nitrous oxide sometimes contains a mix.
ture of nitric oxide, or deuloxide of nitrogen, which is danger-
ous to respire, but which is absorbed by water, it is safest

How is nitrate of ammonia formed? Havinil prepared the salt, in
what manner is the gas extracted from it? what manner may a
temporary gas holder and water bath be prepared? Having prepared
the gas holder, or jug, and the water bath or tub, how will you pro-
ceed to fill the jug with-gas? How will you know when the jug is
foll of gas? What gas is sometimes mixed with the nitrous oxide ?
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before the gas is respired to let it stand an hour or two, with
the water remaining in the jug.

To respire the gas, prepare a bladder, or oiled silk bag,
by attaching to it a tube which fits closely to the second

erture in the large cork, and having squeezed all the air
out of the bladder, or bag, remove the small cork and pass in
the tube.

Next pour such a quantity of water into the jug through
the long tube as it is desired to obtain gas in the bag.
Now it is obvious that the gas cannot escape through the
long tube, because its lower end is in the water, nor can it
escape through the mouth of the jug, this being closed by
the cork; it therefore passes into the bag. When this is
full, withdraw the tube from the jug, and having expired, or
thrown the air from the lungs, close the nose with one
hand, and with the other apply the tube to the lips and
breathe the gas from the bag into the lungs, and from the
lungs to the bag. Sir H. Davy respired 12 quarts, but the
medium dose is from 4 to 8 quarts for an adult.

On some persons, this gas has a highly exhilarating, or in-
toxicating effect, and produces the most agreeable sensa.
sations, often attended by momentary mental hallucina.
tions, and corresponding actions. On others it produces
mental depression, and melancholy forebodings. Its action
" _commonly continues only a few moments, and its effects
seldom or never produce a state of languor or debility, which
might be expected to follow such a degree of excitement.

he composition of the protoxide of nitrogen by volume,
is nitrogen 100, and oxygen 50. 100 cubic inches of this
gas weigh 46.5 grains, and its specific gravity is therefore
1.5, air being 1. It is transparent, and colourless, has a
sweetish taste, and an agreeable aromatic smell. Itisa
supporter of combustion, and many substances burn in it with
far greater energy than in atmospheric air. The burning
body absorbs the oxygen from the nitrous oxide, and thue
the nitrogen remains in the vessel.

Why is it safest to let the gas stand over water awhile before it is
breathed? After having prepared a bladder, or gas bag, how is this
filled with the gas from the jug ? How is the gas respired ? What is
‘the medium dose for an ldll{t? W hat effect is the respiration of this
ges said to produce on the human feelings ? What is the composition
of the nitrous oxide? What is its specific gravity? Does this gas
support combustion ?
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Deutozide of Nitrogen.—30.
1 p. Nitrogen 144-2 p. Oxygen 16,
Nitric oxide. Nitrous gas.

Deutoxide of nitrogen, as expressed above, and as its
name signifies, contains two proportions of oxygen to one of
nitrogen. It was formerly called nitric oxide, and nilrous
gas, but analysis having shown its composition, has of course
also fixed its name in accordance. This gas is formed by

" the action of nitric acid on copper. Having introduced some
copper turnings or filings into a retort, pour on them a quan-
tity of strong nitric acid or aquafortis. A violent efferves.
cence will ensue, and the gas will escape in abundance.
At first it will appear of a deep red colour, which is owing
to the presence of atmospheric air in the retort, but on pass.
ing it through water the red fumes are absorbed and the ni.
trous gas remains pure and colourless. -

To understand the chemical changes by which this gas is
formed, it is necessary to state that nitric acid is composed of
40 parts of oxygen and 14 parts of nitrogen, and that this
acid is decomposed by the process. A part of the oxygen of
the acid unites with the copper, and forms an oxide of the
metal, while another part of the oxygen continues in union
with the nitrogen, forming a deutoxide of nitrogen, which, as
already seen, contains only 16 parts of oxygen. The gaseous
form of the deutoxide is owing to the absorption of a quantity
of caloric at the instant of its formation. The evolution of
this gas is therefore owing to the abstraction of a part of the
oxygen from nitric acid, by the copper. Other metals, and
particularly quicksilver, will produce the same effect.

Nitrous gas, when pure, is sparingly absorbed by water.
It is a little heavier than atmospheric air, 100 cubic inches
weighing 31.7 grains, while the same quantity of air weighs
80.5 grains. It cannot be respired, even in small quantity,
without a sense of suffocation, and violent coughing. It in-
stantly extinguishes the flame of most substances, when plun.
ged into it, but if charcoal, or phosphorus, in a state of vivid

W hat does deutoxide signify > W hat is the composition, and what
the equivalent numbers for deutoxide of nitrogen? W hat was the for.
mer name of this gas? How is nitric oxide obtained? Why do the
first portions of this gas appearred ? What are the chemical changes
by which this gas is formed? What causes the gaseous form of this
acid? To what is the evolution of this gas owing? What is the
weight of this gas? What are its effects on respiration and flame ?

13
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combustion be immersed in it, its oxygen is absorbed, and
they burn with increased energy. .

. When mixed with atmo?heric air, red fumes are genera-
ted, as already noticed. This is owing to the union of the
oxygen of the atmosphere with the nitrous gas. When pure
oxygen is added to a portion of this gas, the red becomes still
deeper, and there'is formed nitroys acid, which is entirely ab-
sorbed by water. Thus these two gases are a delicate test
for each other, the smallest quantity of the one being detected
by introducing a quantity of the other.

From the property of the nitrous gas above stated, it has
been employed in Eudiometry, that is to ascertain the purity
of the atmosphere, or the quantity of oxygen it contains.

The method by which this is done, is to confine a certain
portion of air in a graduated tube, and then introduce into the
tube, a sufficient quantity of the gas to unite with the oxygen
it contains. Then, as the compound formed between the
oxygen and the nitrous gas is entirely absorbed by water, it
is readily seen by the graduated tube what proportion of air
has disappeared, after agitating the mixture with water, and
consequently how much oxygen it contained.

The composition of deutoxide of nitrogen has been accu-
rately ascertained by burning'charcoal in it, which absorbs
all the oxygen, amounting to exactly one half the volume of -
the whole, and leaves the nitrogen, which amounts to the
other half. By this analysis, it is found that 100 parts of
this gas lose 50 parts of oxygen, and that 50 parts of nitrogen
remain.

50 cubic inches of oxygen weigh 16.8 grains, .
50 cubicinches of nitrogen weigh 14.9 grains,

v

The 100 parts thererefore weigh 31.7 grains.
The equivalent composition therefore is

1 atum, or equivalent of nitrogen 14
do. do. oxygen 16
30

What acid is formed when this gas combines with an additional por-
tion of oxygen gas? By what fluid is this gas absorbed ? In what
manner is the nitrous gas employed to ascertain the quantity of oxygen
in the atmosphere? In what manner has the composition of this gas
been ascertained? What is the composition of this gas? What is its
equiva’lent number ? What are the equivalent numbers of its ple-
ments? : :
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Nitrous Acid—46.
1 p. Nitrogen 14+-4 p. Oxygen 32.
The next compound of nitrogen and oxygen which we
shall notice is nitrous acid.

This acid is formed by adding oxygen to the compound
last described, in consequence of which, the nitrogen of that
compound combines with another portion of oxygen equal to
that which it before contained. The deutoxide contained 2
proportionals of oxygen, 16. The nitrous acid contains 4
proportionals of oxygen, 32. Between these, there is a
hypothetical compound, containing 3 proportions of oxygen,
but which hasnot been obtained in a free state. This is call-
ed Hyponitrous acid, and by some sub-nitrous acid, because
it contains less oxygen than nitrous acid.

Nitrous acid may alse be obtained by the distillation of
nitrate of lead in aretort. [See nitrate of lead.] During the
distillation, the receiver'should be kept cold by surrounding
it with ice.

By either of these methods there is obtained a vapor, or
gas, of a deep orange red colour, which is the nitreswacid in
a gaseous state. To obtain it pure, it is however necessary
that the receiver should be first exhausted by the air pump,
because it is instantly absorbed by water, and a mercurial bath
cannot be employed, because the gas acts upon that metal.

- By volume this acid is composed of
Nitrogen 100, By weight, Nitrogen 14
Oxygen 200, Oxygen 32
46

Nitrous acid, in its faming state, is totally irrespirable ;
but supports the combustion of phosphorus or charcoal, when
introduced into it in a state of combustion.

Water absorbs this gas in large quantities, and acquires
thereby, first a green and afterwards a blue tint. If still
more be added, it becomes yellow, or colourless, and forms
a solution of nitrous acid in water.

What are the processes by which nitrous acid may be obtained ?
What is the composition of ‘this acid? In what does this acid occur,
and what is its colour? How 1s this acid obtained in its pure state ?
Why cannot a mercurial or water bath be employed to confine this
gas? . What are the definite proportions of the elements of this acid by
volume and weight? Does this gas support combustion or animal life ?
What is said of its absorption by water, and the colours produced
thereby ?
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Nitric Acid—54.
1 p. Nitrogen 145 p. Oxygen 40.
Agqua Fortis.

If a mixture of oxygen and nitrogen be confined in a glass
tube containing a little water, and powerful electrical shocks
be passed through the mixture, the -water, after a continued
succession of such shocks, will possess acid properties. By
this process, the two gases are made to combine, and form
. nitric acid, which is absorbed by the water.

This experiment is designed merely to prove that the acid
in question is formed of oxygen and nitrogen. '

The usual mode of forming this acid is by the distillation of
the nitrate of potash, more commonly called nitre, or saltpeire,
with sulphuric acid. The proportions are four parts of nitre,
in coarse powder, with three parts of the acid by weight.
The receiver must be large, and kept cold, otherwise much
of the acid will escape before it is condensed. The strongest
acid is formed when no water is placed in the receiver, that
already combined with the sulphuric acid being sufficient to
condense the nitric acid vapor as it is formed.

" The strongest nitric acid is without colour, and has a spe.
cific gravity of 1.5, that is, this acid is by one half heavier
than water. In this state it contains 25 per cent. of water.

The dry nitric acid, which is formed by the condensa.
tian of its constituent gases, contains no water, and is com-
posed, as stated at the head of this section, of 1 proportion
of nitrogen 14 and 5, proportions of oxygen 40. The com-
bining number of the dry acid is therefore 54.

The acid obtained by distillation contains the same ele-
ments as the dry acid, and in the same proportions, but with
the addition of two proportions of water. Now the com.
bining proportion of water being 9, that is, oxygen 8 and hy-
drogen 1, it is easy by the above data to find the combining,
or equivalent number for liquid nitric acid. It may be sta-
ted thus:

What is the composition of nitric acid, and what its combining num-
ber? What experiment shows that this acid is formed of nitrogen and
oxygen? What is the usual mode of obtaining this acid? In what
manner is the strongest nitric acid formed? Whence comes the water
to absorb the acid vapor when none is placed in the receiver? What
is the specific gravity of the strongest acid? What proportion of
water does it contain ? How is the dry nitric acid formed? Does the
ucn.(il ’obtained by distillation contain the same elements as the dry
acid? oo
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1 prop. of Nitrogen 14
5 prop. of Oxygen 40
. 54 dry acid.
2 prop. water - 18
72 liquid acid.

" The acid i this state is called kydro nitric acid, from a
Greek word signifying water, to denote its combination with
that fluid. When this acid combines with other substances
it abandons the water, which therefore is not reckoned in its
equivalent number. In this state it is called anhydous ni-
tric acid, denoting that it contains no water.

Nitric acid is an exceedingly acrid and corrosive sub-
stance. [t stains the skin and nails of a permanent yellow,-
and is an active poison when swallowed.

It parts with its oxygen with great facility, and hence is
decomposed by nearly every combustible body. It combines
with most of the metals and decomposes all vegetable and
animal substances.

As a proof of the slight degree of force with which this
acid retains its oxygen, take some warm, dry, and finely
powdered charcoal, and pour on it a few drachms of streng
nitric acid. The charcoal will be ignited, with the emissio
of immense volumes of red fumes. By this process the acid
decomposed, and parts with 2 er 3 portions of its oxygen to
the charcoal, in consequence of which it is converted into ni-
trous acid, and deutoxide of nitrogen, which pass off in the
form of red fumes. :

If an ounce of the spirit of turpentine be placed in a cup,
and on it there be poured suddenly, about half an ounce of
this acid, the turpentine will be inflamed with an explosion,
sending forth a great quantity of black smoke, and often
throwing the acid and fire to a considerable distance.

In both these cases, the acid parts with its oxygen with so

What are the constituents of liquid nitric:acid ? What is the chem-
ical name for the liquid nitric acid> When this acid combines with
other substances, what becomes of its water? What is the chemical
name for the dry acid? Whatare the properties of nitric acid? How
is it shown that this acid holds its oxygen with a slight force? What
effect does the action of the charcoal have on this acid? What are the
red fumes which pass off during this experiment? How may spirit of
tarpentine be inflamed by this acid> Why are the combustibles set on
fire by this acid?

13*
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much freedom, and the combustibles absorb it with such avid-
ity, as to set them on fire.

In making the latter experiment, the vial containing the
acid should be tied to a long stick, ortherwise the operator
will be in danger from the explosion.

Nitric acid forms a great number and variety of salts,
* when combined with the different metals, earths and alkalies.
Most of these salts scintillate when thrown on burning char-
coal. This is in consequence of the oxygen which the
salt emits when exposed to heat, and by which the combus-
tion of the charcoal is rendered more vivid. This scintilla-
tion is a sure proof that the salt is a nitrate.

All the nitrates are soluble in water, and many of them
furnish oxygen gas of more or less purity when heated in a
retort.

NITROGEN AND HYDROGEN.
Ammonia 17.
1 p. Nitrogen 1443 p. Hydrogen 3.
Hartshorn.

There is a substance well known to artists, and others, by
the name of sal.ammoniac. In chemistry its name is muriate
gammtmia. If sorme of this substance be pulverized by it-

f, and then mixed with an equal portion of unslacked
quicklime, also in powder, and then introduced into a retort,
upon the application-of a gentle heat, there will arise an ex.
ttemely pungent gas which is ammonia. .

Water absorbs this gas with great avidity, and in large
quantities, and consequently it cannot be collected like most
other gases, by means of the water bath.

In the absence of a mercurial bath, therefore, its proper-
ties can be examined by receiving it in a bladder attached to
the retort, or by means of a tall bell glass, and the apparatus
described at fig. 40. This gas is transparent, and colour-
less. Inits pure state it cannot be respired. An animal
cannot live in it, and it extinguishes the flame of burning
bodies.

W hat is said of the salts formed by the combinations of nitric acid ?
Why do the salts of this acid scintillate when thrown on burning char-
coal? What is said of the solubility of the nitrates? How is ammo-
nia obtained? Why cannot this gas be collected under water? How
may its properties be examined without a mercurial bath?

'
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- 'This gas i composed of -
"~ 1 equivalent or atom of Nitrogen 14
3 do. do. Hydrogen 3 )

Its combining weight is therefote 17
It is much lighter than atmospheric air, 100 cubic inches
weighing only 18 grains. "

When this gas is absorbed by water, which will take up
more than 500 times its own bulk of it, there is formed the
well known pungent liquid called spirit of sal ammoniac, or
spirit of hartshorn, and by the apothegaries, liquid ammonia.

When ammoniacal gas is submitted to the pressure of 6 or
.7 atmospheres, equal in the whole to about 100 or 120
pounds to the square inch, it is condensed into a clear col-
ourless liquid, but when the pressure is removed it again ex-
pands and assumes its former gaseous state.

Ammonia is called the volatile alkali, by which it is distin.
guished from the fized alkalies, soda and potash. It pos.-
sesses fully all the properties of an alkali, having an acrid
taste, a strong affinity for water, and being capable of neu-
tralizing the corrosive qualities of the acids. .

The article used in smelling bottles, and called volatile
salts, and salt of hartshorn, is a carbonate of ammonia.

The salts of ammonia, and particularly the murigte apd
carbonate, are articles of considerable importance in coM.
merce, in the arts, ‘and in medicine.

o CarBon.—6.

Nature furnishes ¢arbon in its purest state, in the form of
that precious gem, the diamond.

That the diamond is nothing but pure carbon is proved by
direct analysis. If in a glass vessel containing oxygen gas,
a piece of diamond be placed, and then exposed to the in-
tense heat of a large convex lens, or burning glass, the dia-
mond entirely disappears, and there remains in the vessel
carbonic acid instead of oxygen. Thus the diamond, like

What are the most obvious properties of ammonia? What is the
composition of ammonia and what its equivalent number > What is
the weight of 100 cubic inches of this gas? How is liquid ammonia
formed? What quantity of this gas will water absorb? What is
said cf the condensation of ammonia into a liquid? What is the ar-
ticle called” volatile salts? What is said of the alkaline properties of
ammonia? How is it proved that the diamond is composed of pure
carbon ? ' oo ‘
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other combustibles, forms carbonic acid by being burned, or
by unjting with oxygen. When charcoal, or carbon from
wood"is burned in pure oxygen gas, exactly the same re.
sult is produced, the charcoal entirely disappears, and the
oxygen is converted into carbonic acid.

Charcoal may be obtained free from impurity by burying
wood under sand, in a crucible, and exposing it to an intense
heat for an hour or two. By this process, the water and
other ingredients of which wood is composed, are driven off,
and the carbon remains pure. A

Both diamond and charcoal, sustain the most intense de.
grees of heat without &hange, provided the air is entirely ex.
cluded from them. Charcoal, when newly prepared, possess.
es the. property of absorbing large quantities of air, or other
gases, at common temperatures and of yielding the greater
part of them again when heated. There is, however, a great
difference in respect to the quantity absorbed, depending on
the kind of gas with which the experiment is made. Am.
moniacal gas is taken up in the largest quantity, this being 90
times the bulk of the charcoal. Muriatic acid gas is absorb.
ed in the proportion of 85 times the bulk of the charcoal.
Other gases are absorbed only in small proportions, nitrogen
being only 7} times, and hydrogen 1.75 times, the bulk of the
charcoal. The greatest absorption takes place in char.
cd made from the most compact kinds of wood, and the
amount is much diminished when the charcoal is reduced to
powder. Charcoal, recently prepared, has the property of
resisting putrefaction in animal substances, and of renderi
such substances sweet, after they are tajpted. The most of-
fensive stagnant water, loses its odor and becomes perfectly
sweet by being filtered through powdered charcoal.

It also destroys the colours of many substances. Vinegar
loses its colour, and becomes transparent like water, by being
boiled with charcoal, and red wines, or coloured brandy, are
bleached by passing through it. The best charcoal for these

When diamond, or charcoal is burned in oxygen gas, what is the
product? How may charcoal be obtained from wood in a pure state ?
What peculiar property does newly prepared charcoal possess? What
difference is there in respect to the quantity of the different gases ab-
sorbed by charcoal ? What gases are absorbed in the greatost, and
what in the least quantity ? What effect does newly prepared charcoal
have on putrefying animal substances ? What effect does charcoal
have on the colour of particular substances? What kind of charcoal
is best for the above purposes ?
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purpolosesi: prépared by calcining animal substances in close
vessels. ‘

In the present state of knowledge, charcoal is a simple sub.
stance, having resisted all attempts to decompose, or separate
it into other elements, Its atomic weight or combining num-
ber is 6, this being the proportion in which it is found to unite
with oxygen, to form carbonic acid, and in no instance has
itbeen detected in a less quantity in combination,

CARBON AND OXYGEN.
Carbonic Acid— 22..
1 p. Carbon 6+4-2 p. Oxygen 16.
Fized Air.

It has just been stated, that when diamond or charcoal is
burned in oxygen, the latter is changed into carbonic acid.
By this process the volume of oxygen is not changed, but its
weight is increased by exactly the amount of the diamond, or
charcoal, consumed. . Carbonic acid, therefore, consists of
oxygen, with a quantity of charcoal dissolved in, or combined
with it.

This acid can, however, be obtained by a much cheaper,
and more direct method than by the combustion of diamond,
or even of charcoal, in oxygen gas.

This gas exists in a fixed state, in vast abundance, asa pat
of the composition of limestone, or marble. This chemical
compound, so abundant in nature as to form immense moun.
tains, is composed of more than 40 parts of carbonic acid to
the 100, of the whole.

Carbonic acid may therefore be obtained most readily, by
exposing carbonate of lime to the action of some acid which
has a stronger affinity to the lime than the acid has with
which it is naturally combined, and thus by forming a new
compound between the lime and the stronger acid, the carbo-
nic acid will be set at liberty.

Is charcoal a simple, or a compound body ? What is the combining
number, or atomic weight of carbon ? Wien diamond, or charcoal is
burned in a confined portion of oxygen gas, what effect does the com-
bustion have on the volume and weight of the gas? In what natural
compound is earbonic acid contained in great abundance? What pro~
portion of carbonic acid does marble contain? What are the chemical
pringn;];les on which carbonic acid may be obtained from lime stone, or
marble ?
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Fig. 58. - For this pur.
pose, introduce
pure white mar-
ble, in small frag-
ments, into the .

) two necked bottle

a, fig. 58, having

\ the bent tube ¢,

connected  with
: one of the necks
o | and passing un.
der the jar d, fill-
ed - with water,
and inverted in
the water bath.
Then pour
through the funnel b, some sulphuric acid, djluted yvith five,
or six parts of water. Effervescence will immediately en.
sue, in consequence of the escape of the gas, which in a
few minutes will be seen to rise in bubbles through the water
in the jar. ]

The chemical changes during this process illustrate the
law of simple affinity, formerly explained, Viz., that one sub-
stance may have an attraction for several others, but with dif-
ferent degrees of force. ~Thus lime has an affinity for carbo-
nic acid, with which it combines and forms carbonate of lime,
But sulphuric acid having a still stronger attraction for the
lime, when this is added, the carbonate is decomp.osed, t!le
sulphuric acid and lime unite and form sulphate of lime, while
the carbonic acid being thus rejected, escape in the form
of gas. _

This gas is inodorous, colourless, and elastic. It extin.
guishes burning substances of all kinds, and is so poisonous
thata small quantity of it mixed with atmospheric air destroys
animal life. )

It is this gas which destroys the lives of many persons every
winter, in consequence of warming close rooms with open
vessels of burning charcoal. ~In such cases the air becomes

Explain fig. 58, and describe the process of obtaining carbonic acid
gas from marble. Explain how this process illustrates the law of sim-’
ple affinity. What new salt is formed when sulphuric acid is poured
on marble? What is the effect of this gas on flame, and animal life?
When charceal is burned in an open vessel, in a close room, what is the
effect on the air of the room ?
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noxious from two causes ; the charcoal by.abstracting the ox-
ygen from the atmosphere, would leave only the nitrogen,
which, as we have already seen, will not suppert animal life.
The mere absence of the oxygen would therefore be the neg-
ative means of destroying life. But this is not the most active
cause of destruction. The-air is not only deprived of its oxy-
gen by the burning charcoal, but the oxygen by uniting
with the charcoal becomes an absolute poison ; this is indeed
of so deleterious a nature, that when pure, it causes death by
producing spasm of the glottis, thus closing entirely the pas-
sage to the lungs, and when mixed with atmospheric air, in
such a proportion as to be taken into the lungs, it then acts
as a narcotic poison, producing dimness of sight, loss of
strength, difficulty of breathing, then entire suspension of
respiration, and finally, insensibility, apoplexy and death.

~ When limestone is exposed to heat, this gas is driven off,
and in consequence of this loss, the limestone is converted
into quicklime, a substance well known asthe basis of mortar
for building. The gas thus extricated, being quite pure, is
exceedingly deleterious, and sometimes proves fatal to the
workmen and others in the vicinity of the kiln, where the
burning is performed.

M. Fodere’ states that in the year 1806, a family residing
at Marseilles, consisting of seven persons, were all rendered
apoplectic, in consequence of breathing carbonic acid, which
was extricated from an oven in the yard of the house, where
limestone was burning. The gas had come into the house
through the door and windows, and by some means it was
found, during the night, that the family were in danger, and
the alarm was given, but not in time for any one to escape.
In the morning, all the seven were found in different places,
one on the stairs, one on the step of the door, &ec., with
lamps in their hands, in the attitude of flight ; but the delete-
rious gas had taken away their strength, and put out their
lights. They all appeared to have fallen down of apoplexy,
while attempting to escupe death by flight. Five were dead
beyond recovery, but the two others were brought to life.

Some people, who are perfectly aware of the poisonous

- How does pure carbonic acid cause death ? When mixed with air,
- #0 as to be respired, how does it cause death? When lime stone is
. posed to a red heat, what changes are producod on it? 'What were 3
eircumstances under which a family at Marseilles were rendered apo-
. plectic by this gas? 1Is there any difference between the poisonous ef-
fects of charcoal prepared in a coal pit, and that taken from the hearth
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effects of - the air arising from ignited chareoal, which has
.been prepared in coal-pits, still unaccountably believe, -thas
the coals from a common fire are ianocent. This opinion
has probably arisen from the circumstance, that coals from
the fire are taken up with a quantity of ashes in which they
are chiefly covered, so that their combustion is made less
rapid, than when charcoal alone is used. But that there is
no difference in respect to the poisonoys property of the gas,
whether the charcoal has been prepared in a ceal pit, or on.
the hearth, is proved by the fact, that a respectable citizen
and his wife, a short time since, had nearly fallen victims to
this mistaken opinion.

Water absorbs carbonic acid from the atmosphere, and it
is owing to its presence in spring and well water, that we are
indebted to their pleasant flavor. Beiling causes this gas to
escape in consequence of the heat, and wheever has tasted of
water immediately from a fountain, and of another portion
of the same water, which has been boiled, will observe a re-
markable difference. Water which has been recently boiled,
will absorb its own bulk of carbouic aeid, when agitated with
it. The smart, and agreeable taste peculiar to soda water,
to lively beer, champagne, cider, and porter, is owing to the
presence of this gas. Thisshows that though a deadly pois-
on when taken into the lungs, it may be taken into the stomach,
not only with impunity, but with pleasure.

The poisonous quality of this gas is.a striking instance of
the change produced on bodies by chemical combinatien.
Charcoal alone is so inert as to be taken into the stomach in
‘any quaantity, without other deleterious effects, than what
might arise from over distention, and in fine powder-it is so
far from being injurious to the lungs, that the coalmen consid.
er their business, as of the most bealthy kind. Oxygen, as
it exists in the atmosphere, is the very pabulum of animal life,
and when perfectly pure, may be respired without any other
ill effects except what arise from over excitement. But when
these two substances are chemically united, they form, as
already described, a compound of the most deleterious kind,

What is said of the absorption of this gas by water, and the lively
taste given the fluid in comsequence ! Why does water which has
been boiled taste flat, and insipid ? To what liquids does this gas give
their sinart, and lively taste ? What does this prove in respect to pois-
onous quality of this gas? How do the poisonous qualities of this
g ﬂlm the changes produced on bodies, by chemical combina-~
tions? :
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a poison which, according to M. Halle’, destroys animal life
in the space of twa minutes. : / =

The specific gravity of this gas is 1.52, air being 1; so

that it is about one-half heavier than air. It may be poured
from one vessel to another like water, and as it instantly ex-
tinguishes flame, lights may be put out with it, in a manner
which will puzzle and astonish those who are not in the secret.
If a short piece of candle be lighted and set in a tumbler,
and then a jar of this gas, which in appearance contains no-
thing, be held so that its contents run into the tumbler, the
light will be as effectually extinguished, as though the tum-
bler had been filled with so much water.
- One of the best tests of the presence of this acid is lime
water, which though perfectly transparent before, instantly
becomes cloudy, or turbid, when the smallest quantity of this
ges is blown into it. The small quantity of carbonic acid
whichis generated in the lungs at every inspiration, is suffi-
cient to form a precipitate in lime water. [See Respiration.]

The cause which renders lime water turbid by being mixed
with carbonic acid is easily understood. Water dissolves a
small quantity of lime which it holds in solution ; but carbo-
nate of lime is insoluble in water. When carbonic acid is
blown into a vessel of lime'water, the lime instantly combines
with it, forming a carbonate of lime, which, being insoluble, is
seen in the form of a white cloud. The carbonate thus form-
ed, being heavier than water, sinks to the bottem, or is precip-
itated. :

The large quantities of this acid which are formed by com-
bastion and respiration, it might be supposed, would increase
the quantity in the atmosphere, particularly in crowded manu.
facturing cities, so as to make the air poisonous. , But as
already explained, the wisdom of Omnipotence has prevented
the accumulation of this gas in particular places, in conse-
quence of its specific gravity, for experiment shows, that not-
withstanding the great difference existing among the gases
in this respect, they all mix uniformly. Hence, by this won.
derful provision, or exception to the general law of gravity,

What is the specific gravity of this gas ? How may lights be ex-
tinguished by this gas in a manner to puzzle those who are not in the
secret 7 Whatis a good test for carbonic acid? W hat effect is appa-
rent when a little of this gas is blown into lime water? Why does
lime water become turbid by the presence of carbonic acid ? Why is
the atmosphere seldom rondered poisonous by the accumulation of this
gu? '

14
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this gas, though extricated in immense volumes in the free
. open air, soon diffuses itself on all sides, and mixes with the
surrounding atmosphere, so as seldom to prove deleterious,
by local accumulation.

The composition of this gas has been determined with ac-
curacy, and as seen at the head of this section, it is composed
of 2 proportions of oxygen 16, and 1 proportion of carbon 6;
hence its combining weight is 22,

Carbonic Ozide—14.
1 p. Carbon 6+1 p. Oxygen 8.

When two parts of chalk, and one of iron filings are mixed
togetger and heated in a gun.barrel, carbonic oxide is ob-
tained.

The student will readily understand the principle of its
formation. An oxide contains too small a proportion. of oxy-
gen to form an acid. When lime or chalk is heated, car.
bonic acid is extricated, and when iron is heated, it has a
strong attraction for oxygen. When therefore the chalk and
iron filings are heated together, we may suppose, in the first
place, that the carbonic acid is extricated, as usual, but that
the iron instantly absorbs one half of its oxygen, thus con-
verting the acid into .an oxide.

This gas possesses the mechanical properties, colour and
transparency of carbonic acid. Like that gas, it extinguishes
the flame of burning bodies, but is itself inflammable, the
light which it puts out, setting it on fire at the surface, where
it burus quietly, with a pale, lambent flame. ‘The combining
proportion of carbon has been determined from this com-
pound, its elements carhon and oxygen having never been
found to combine in smaller proportions than 6 of carbon and
8 of oxygen by weight.

sULPHUR—I16,

Sulphur is found in the vicinity of volcanoes in large quan-
tities, being sublimed, or brought up from the depths below by
the heat of the volcano, where it existed in combination with
the metals. It is also found combined with various metals,

What is the composition of this and what its combining num-
ber? How is carbonic oxide formed? What are the chemical chan-
which take place in forming this gas by means of  chalk and iron
ings? Whatare the properties of this gas? What is its composition
and combining numbec? In what situations.is selphur chietly found 3
Whence comes the sulphur found in the vicinity of volcanoes ?



SULPHUR AND OXYGEN. 185

forming sulphurets, a class of compounds hereafter to be ex-
amined ; nor is it entirely wanting in the animal and vegeta.
ble kingdoms, many substances in each containing it in emall
quantities.

Sulphur is a well known brittle solid, of a greenish yellow
colour, which has little or no taste, but which emits a peculiar
odor when heated, or rubbed.

Its specific -gravity is nearly 2, water being 1. When
heated to a temperature a little above boiling water, it melts,
and becomes completely fluid. In this state it is cast into
moulds and is kaown in commerce under the name of roll
brimstone. If the heat is raised to 300°, it loses its, fluidity,
becomes viscid, and acquires a reddish colour. If in this
state it be poured into water, it becomes ductile, and is then
employed to take the impressions of medals and seals. The
colour and texture of these false medals have the appearance
of some metallic alloy, and those who are unacquainted with
their composition, taking them for such, are at first surprised
at their lightness.

When sulphur is heated to 500° in a close vessel, it rises
in vapor, or sublimes, and is condensed unchanged, except in

form, which is that of an im le powder, well known un.
der the name of flowers of sulphur. In this manner it is
purified.

Sulphur combines with the earths, alkalies, the metals,
and with several proportions of oxygen. Its compounds are
therefore numerous, and some of them interesting. It has
not been found combined with any substance in a less propor-
tion than 16, with which it forms an acid, when united to 8
parts of oxygen.

Sulphur, so far as known, is a simple body ; all attempts to
decompose it, having proved fruitless. ‘

SULPHUR AND OXYGEN,
Sulphurous Acid—32.

1 p. Sulphur 1642 p. Oxygen 16.

When sulphur isburned in pure oxygen gas, the latter suf-
fers no change of volume, but acquires a most suffocating and

How is sulphur described? What is its specific gravity? At what
degree of heat does sulphur melt > What is roll brimstone? How is
sulphur prepared to take the impressions of medals and seals > How
are flowers of sulphur prepared? With what other bodies does sulphur
combine? What is the lowest proportion in which sulphur is known
to combine? Is it an element or a compound?
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pungent odor, and many new properties, entirely different
from those of oxygen. The compound so formed is sulphu-
rous acid gas. It is colourless and transparent ; extin.
guishes flame and animal life ; and first turns vegetable blue
coloursto a red, and then destroys them. When diluted with
a large proportion of atmospheric air, it is still so acrid asto
produce a sense of suffocation and violent coughing on those
who attempt to breathe it.

It isthe same gas which is formed when sulphur is burned
in the open air, but when burned with oxygen it is pure and
undilpted. It possesses the property of bleaching linen, silk,
straw, &c., and hence is employed by milliners and others
for this purpose.

Its specific gravity is more than double that of atmospheric
air, and hence it may be kept for some time in jars by merely
covering them with a piece of glass. Its equivalent compo-
sition is 16 sulphur and 8 oxygen. Its bleaching property
may be shown, by introducing a red rose, or other coloured
flower into a jar containing it, which will soon become white.
The rose must first be moistened, otherwise the experiment
will not succeed. The colour may again be restored by an
alkali. This gas has a strong disposition to unite with another
proportion of oxygen, and hence it will revive some metallic
oxides, by depriving them of their oxygen.

This property may be used as the means of making an
interesting experiment.

Make a solution of acetate (sugar) of lead in pure water,
and with it moisten a piece of ribbon, or a small plant, such
as a sprig of mint. 'The thing moistened of course presents
no other appearance than if wet with common water, but when
plunged for a moment into a jar of this gas, it comes out com-
pletely covered with a coat of brilliant metallic lead.

This chemical change is thus explained. The acetate of
lead is an oxide of the metal, dissolved in the acetic acid, or
vinegar. The sulphurous acid, having a stronger attraction

How is sulphurous acid gas produced? What effect does this gas
produce on flame, animal life, and vegetable colours? How does this
gas differ from that produced by burning sulphur in the air> Whatis
the specific gravity of this gas? W hat is its equivalent composition?
How may the bleaching property of this gas be shown? How may the
colour o{ the rose again be restored? How may a ribbon, or smalt
plant be covered with metallic lead by means of this gas? What are
the chemical changes which take place in reviving the lead by this
acid?
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for oxygen than the lead has, the acetate is decomposed by
being deprived of its oxygen by the acid, and is thus revived,
or brought to its metallic state.

According to Mr. Faraday, the sulphurous acid is con.
densed and brought into the liquid state, by being submitted
to the pressure of two atmospheres, which is equal to that of
30 pounds to the square inch.

This acid unites with metallic oxides and forms salts,
called sulphites.

Sulphuric Acid—40.
1 p. Sulphur 16-}-3 p. Oxygen 24.
Oil of Vitriol.

Sulphuric acid is an article of considerable consequence
in commerce and the arts, and is prepared in large quantities
in Europe and America.

It was formerly obtained by the distillation of a well
known substance called green viiriol or copperas, and was
therefore called oil of vitriol. The composition of this acid
as above seen, gives it the name of sulphuric acid, and green
vitriol, therefore, which is composed of this acid and iron, is
the sulphate of iron.

By distilling this substance at a high heat, it is decom.
posed, and the acid is obtained in the form of a dense, col-
ourless liquid, of an oily appearance, which emits copious
white fumes in the air. If this liquid be again distilled at a
lower degree of heat, into a receiver surrounded with ice,
there will pass over a colourless vapor, which will condense
in the receiver, in the form of a white crystalline solid.
This solid is dry, or anhydrous sulphuric acid, so called, be-
cause it contains no water. .

~ The sulphuric acid of commerce, is this solid dissolved in
water. It is prepared by burning a mixture of 8 parts of
sulphur with 1 part of nitre in large chambers lined with
lead. On the floor of the chamber, which is also of lead, is
a thin stratum of water. The combustion of the sulphur is
supported by the oxygen which the nitre yields in conse-

How may this acid be condensed to a liquid state ? What are the
salts called which this acid forms with metallic oxides? How was sul-
pharic acid formerly obtained? What is the chemical name of cop-
peras? How is the dry, or anhydrous sulphuric acid procured? Of
what does the liquid sulphuric acid of commerce consist > Describe
the manner in which the sulphuric acid of commerce is prepared.

14*
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quence of the heat, and also in part by atmospheric air,
which is admitted by an aperture left for that purpose. The
sulphur by this process, combines with three proportions of
" oxygen, instead of two, as in the production of sulphurous
acid, and therefore sulphuric acid is formed, which is in.
stantly absorbed by the water on the floor. When one por.
tion of water is saturated it is drawn off, and still further
concentrated by boiling in leaden, or platina vessels.

This acid is never quite pure, but always contains more
or less sulphate of potash, in consequence of the decomposi-
tion of the nitrate of potash, or nitre, and also a portion of
sulphate of lead, the acid dissolving a small quantity of that
metal during the process.

From Dr. Ures’ paper on this subject, we learn that the
common acid of the shops contains from 3 to 4 per cent of
foreign matter, consisting chiefly of sulphate of potash, and
sulphate of lead, and that it often contains much more than
these proportions, in consequence of the introduction of nitre,
to remove the brown colour, accidentally given the acid by
bits of wood, or straw.

The quantity of foreign matter may be readily ascertain.
ed by weighing accurately a certain quantity of the acid,
say 100 grains, and then evaporating the acid in a watch
crystal or any other convenient vessel, when the solid mat.
ter remaining in the crystal will show the percentage of im-
purity.

The purest sulphuric acid obtained by the usual process
has a specific gravity of about 1845, water being 1000. If
it'is much heavier than this, adulteration by means of some
ponderous substance may be suspected, and if much lighter,
its strength will probably be found deficient in consequence
of dilution with water. In consequence of the strong attrac.
tion of this acid for water, with which it unites in all propor-
tions, it absorbs moisture from the air with avidity, and thus
when vessels containing it are left open, they gain in weight,
instead of losing by evaporation. If carboys of this acid are
permitted to stand in a damp place, as in a cellar, with the
stoppers left out, there will probably be a gain in weight,

What impurities does the sulphuric acid of commerce always con-
tain? What proportion of these substances does the common salphu-
ric acid of the shops contain? How may the quantity of foreign mat~
tor in this acid be ascertained? What is the specific gravity of the
best sulphuric acid, obtained by the usual process? What is said of
the absorption of water by this acid, when left open ?
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which will amount to much more than the interest of the
money the acid cost. It therefore becomes honest dealers,
as well as careful buyers to see that this acid is well secured
from contact with the air., )

This acid is one of the most caustic and corrosive of all
substances. When mixed in the proportion of four parts of
acid with one of water, the temperature of the mixture rises
to 300°. Its extreme activity as a caustic seems to depend
on its avidity for moisture, and the heat occasioned by the
union. On the entire skin, when this is dry, it produces no
immediate effect, but if there is the smallest erosion or
scratch, it operates on that part instantly, and with the most
intense and painful energy. The flesh appears to be first
burned and then dissolved by its action.

In case of any accident, where the concentrated acid is
thrown upon the clothes or skin, as it is generally known
that this acid buras, the spectators run for water, which is
thrown on, with the iotention of diluting the acid, and thus
to prevent its further action. This, though meant in kind.
ness to the sufferer, might be the means of his destruction,
for the degree of heat thus raised would be sufficient to
destrny his skin, without the further action of the acid.
In such cases there is much less danger in waiting, until
some potash, chalk, or even ashes can be procured, and
thrown on the part. Meantime the sufferer should be strip.
ped of the clothing on which the acid has fallen, and the
acid absorbed from the skin with a moistened sponge, or
cloth, or.even a handful of dry clay thrown upon the part.

Strang sulphuric acid boils at 620°, and freezes at 15° be-
low Zero. ’

The dry acid is composed of
1 equivalent of sulphur 16
8 do. of oxygen 24
40
The common or hydro-sulphuric acid, contains, in addition

In what proportions does a mixture of this acid and water produce
the greatest degree of hout? On what does the causticity of this acid
seem to depend ? In case this acid is accidentally thrown upon a per-
son, what is said to be the best method of neutralizing its effects ?
What is the composition of ‘the dry acid? What quantity of water
does the strongest common acid contain? What is the equivalent
number for the hydro sulphuric acid ?
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to the above, one proportion of water, making its equivalent
number 49. :

PHOSPHORUS—12,

Phosphorus is a yellowish inflammable solid, which in the
open air emits white fumes, and at common temperatures is
luminous in the dark.

This substance has never been found in a simple state,
but is combined with animal substances in considerable
quantities, and is occasionally found in minerals.

It is obtained from bones by the following process. In
the first place the bones are calcined, or burned in an open
fire, and then pulverized, and digested for two or three days,
with half their weight of sulphuric acid, to which water is
occasionally added. This solution is then mixed with twice
its bulk of hot water, and ‘the liquid separated by straining
through a cloth. By this process, the bones which are com.
posed of phosphoric acid and lime, are decomposed, and two
new salts, viz. the sulphate of lime, and the bi-phosphate of
lime are formed. The sulphate of lime is insoluble in water,
and therefore the filtrated solution contains only the bi-phos.

" phate, which is soluble.  Thus the bones, which are a phos-
phate of lime, mixed with animal matter, are first deprived
of this matter by burning, and then converted in part, into
the bi-phosphate by the sulphuric acid. We have then, in
this stage of the process a solution of the bi-phosphate, or
acidulous phosphate of lime in water. This solution is then
evaporated to the thickness of syrup, mixed with one fourth
of its weight of charcoal in powder,and distilled with a strong
heat in an earthen retort. The charcoal combines with the
oxygen of the bi.phosphate, which being thus decomposed,
the phosphorus distills over, and is obtained in a vessel of
water, into which the mouth of the retort is placed.

Phosphorus thus obtained, is of a yellowish or flesh colour,
but may be made colourless and transparent by redistillation.

This substance is exceedingly inflammable, so that at
common temperatures, it is necessary to preserve it under
water, in well stopped bottles. It may be set on fire by
slight friction or even by the heat of the hand. It is in-

What is phosphorus ? In what state is phosphorus found, in a sim-

le or combined state? By what process is phosphorus obtained ?

}l’)emibe the different chemical changes which take place in the pro-

gress of its preparation. What is said of the inflammability of phos-
phorus? In what manner must it be preserved from the air?

™~
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soluble in water, but is soluble in ether or oils, to which it
communicates the property of shining in the dark.

Put a piece of phosphorus into a vial half filled with olive
oil, then keeping the thumb on the mouth of the vial, warm
the bottom, shaking it now and then, until the phosphorus is
melted. This forms liguid phosphorus, and a vial thus pre-

-pared may be occasionally useful to show the hour of the
night by a watch. , All that is necessary for this purpose, is
to hold the vial in the hand for a few minutes until it be-
comes warm, then take out the cork, and the unien of the
oxygen of the air with the phosphorus, will evolve sufficient
light to see the hour.

That the light is owing to the combination of oxygen with

- the phosphorus, or to its slow combustion, in the above in.
stance, is proved by the fact, that phosphorus may be melted, -
and sublimed in pure nitrogen without the least appearance
of light. Its combustion in oxygen gas is exceedingly vivid,
and affords a striking and splendid experiment for a public
lecture room. '

When taken into the stomach, phosphorus proves a viru-

lent and deadly poison, though in minute doses, it has been
used as a medicine, when dissolved in ether.

PHOSPHORUS AND OXYGEN.
Phosphoric Acid 28.
1 p. Phosphorus 1242 p. Oxygen 16.

Phosphorus as above stated, unites with oxygen with great
rapidity, and affords an instance of intense chemical action,
attended with the most brilliant phenomena. During this
combustion, copious white vapours are produced which fall
to the bottom of the vessel in which the experiment is made,
like flakes of snow. This white vapor is the dry, or anhy.
drous phosphoric acid. If exposed to the air, it soon attracts
moisture in sufficient quantity to dissolve it, and thus be-
comes liquid phosphoric acid.

“Mow is liquid phosphorus prepared? For what purpose may a vial
of this mixture be useful ? How is it proved that the luminous appear-
ance of phosphorus is owing to the absorption of oxygen? What is
said of the poisonous quality of this gas when taken into the stomach ?
What is said of the union of, phosphorus and oxygen? In what form
does the dry phosphoric acid appear ? Why does this acid become
}_iqaidvon exposure to the air? By what other method may this acid be
ormed?
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" This acid may also be formed by the action of nitric acid
on phosphorus. The union is made by dropping pieces .of
. phosphorus into the strong acid. The phosphorus absorbs
one proportion of oxygen from the acid, thus converting this
acid into the deutoxide of nitrogen, or nitrous gas, which es-
capes in immense volumes during the process. The phos.
phorus is thus converted into phosphoric acid, which is ob- -
tained in the solid form by evaporating the solution to dry-
ness. :

Phosphoric acid unites with water in all proportions, and
produces a small degree of heat during the solution. Its
taste is intensely sour, but it is not corrosive. When heated
in contact with charcoal, the latter absorbs its oxygen, and
the phosphoric acid is converted into phosphorus.

This acid combines with various bases, and forms a class
of compounds called phosphates. Its composition is

1 proportion of phosphorus 12
2 do. of oxygen 16

Consequently its equivalent is 28

Phosphorous Acid—20.
1 p. Phosphorus 124-1 p. Oxygen 8.

This acid is obtained by exposing pieces of phosphorus to
the open air, in consequence of which it spontaneously absorbs
oxygen, and undergoes a slow combustion.

If two or three sticks of phesphorus be thus exposed in a
glass funnel, set into the mouth of an empty bottle, the acid
will be formed, and by attracting moisture from the air, will
be dissolved, and pass down into the bottle, where after a
time may be found a quantity of liquid phosphorous acid. This
acid combines with different bases, and forms salts which are
called phosphites. Phosphorous acid, when exposed for some
time to the air, absorbs another proportion of oxygen, and is
then converted into phosphoric acid ; nitric acid, if mixed
with it, produces the same effects.

There are several other compounds of phosphorus and ox-
ygen, but these are the most important. The phosphates
will be described in their proper place.

When phosphorus is thrown into nitric acid, what are .the chemical
changes which ensue ? In what manner does charcoal convert phos-
phoric acid into phosphorus? What is the composition, and what the
combining number of this acid? How is phosphorous acid obtained ?
:tht’ are the salts called which this acid forms with the different

ases ?
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BORON—S8.

There is a solid substance, resembling alum in appearance,
which is used in medicine and the arts, under the name of
borax. From borax there is extracted an acid, called the
boracic acid. When boracie acid is heated in contact with
the metal called potassium, the metal, having a strong affinity
for oxygen, deprives the acid of that principle, and thus its’
hase, called boron, is set free. This, so far as is known, ig
an element. Boron is insoluble in water, aleohol or oil. It
may be exposed to the strongest heat in a close vessel, with-
out change, but when heated to about 600° in the open air, it
takes fire, burns vividly, and by the absorption of exygen, ia
again converted into boracic acid.

Boracic Acid.—This is the only known compeund of boron
and oxygen. It is a natural product, occasionally found in
springs, and also in several salts, of which borax, or the bo-
rate of soda is the principal.

The acid may be obtained from the borate of soda, by dis.
solving that substance in hot water, and then adding sulphuric
acid until the solution becomes sour. Sulphuric acid com-
bines with the soda, forming sulphate of soda, or Glauber’s
salt, while the boracic acid thus set free, is formed when the -
water cools, in small crystals. It is not readily soluble in
water, but alcohol dissolves it freely, which set on fire, burns
with a beautiful green flame.. This green flame is a good
test of the presence of boracic acidin any compositian.

This acid is composed of

Boron 1 proportion 8
Oxygen 2  do. 16

The combining p. of this acid is therefore 24

" CHLORINE—36.
Ozymuriatic Acid.
This highly important and useful gas is obtained by the
action of muriatic acid.on black, or peroxide of manganese.
The most convenient mode of preparing it is by mixing strong

How is boron obtained? Is boron a compound, or an elementary
body ? What are the properties of boron?. What is boracic acid?
How may boracic acid be obtained ? What is the common name for
borate of soda ?* What is the best test for the presence of boracic acid ?
What are the elements of boracic acid, and what is its combining num-
ber? How is chlorine obtained ?
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muriatic acid, contained in a refort, with half its weight of
the manganese in fine powder, and then applying a gentle
heat. The gas may be received in glass bottles filled with
water, and inverted in the pneumatic cistern, in the usual
way. The water should be warmed, to prevent absorption.

A cheaper mode of obtaining this gas, is to mix three parts
of sea-salt, powdered, with one of the manganese, in a tubu.
lated retort, [fig. 38,] and then to pour in two parts of sulphu.
ric acid, diluted with an equal quantity of water. By the
heat of a lamp, the gas will be extricated in abundance.

This gasis of a yellowish green colour, the name, chlorine,
in Greek, signifying green. It has an astringent taste, and
is so exceedingly suffoeating, that a bubble or two let loose
in a room, will excite coughing and a sense of strangulation.
Cold water, recently boiled, will absorb twice its volume of
chlorine, which it gives out again on being heated.

The specific gravity of this gas is 2.5, so that it is more
than twice as heavy as atmospheric air. 100 cubic inches
weigh 76.25 grains, while the same quantity of common air
weighs only 30.5 grains.

Chlorine was formerly called oxymuriatic acid, from the
opinion that it was composed of muriatic acid and oxygen.
But according to the logic of chemistry, it is now universally
considered a simple body, having never been decomposed,
though repeatedly submitted to the most active decomposing
agents known to chemists. Sir H. Davy submitted it to the
most powerful effects of galvanism, and to charcoal heated
to whiteness, without decomposition, and without separating
the least trace of oxygen from it. Hence, according to the
present state of knowledge, itis an elementary body.

Chlorine is a supporter of combustion. When a lighted
taper is' plunged into this gas, it burns with a small red flame,
emitting a large quantity of smoke. Phosphorus takes fire
in it spontaneously, and so do several of the metals.

Fill a deep bottle, or large tube with this gas, and set it
upright, with the mouth covered by a plate of glass. Have
some antimony prepared, by being pounded in a mortar;

What are the two processes, described, of obtaining it? What is
said of the colour and suffocating effects of this gas ? hat is its spe-
cific gravity? What was the former name of this gas ? Does this gas
contain any oxygen? What is said of the experiments of Sir H. Davy
g chlorine? Is this an elementary, or a compound body ? 1Is chlo-

rine a supporter of combustion? What substances take fire in this gas
spontaneously ?
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then slide off the cover and pour in the metal. It will take
fire before it reaches the bottom, and afford a beautiful shower
of white flame. This affords an elegant and striking experi.
ment. The metals, tin; zinc, copper, arsenic, and even gold,
when in the state of powder, or thin leaves, will be inflamed
in the same manner.

Chlorine has a very strong attraction for hydrogen, but it
is through the mysterious influence of light, that the combina-
tion between the two substances seems spontaneously to be
effected.

Thus when a mixture between these two gases is kept in
the dark, no combination ensues, but if exposed to the direct
light of the sun, they combine suddenly and with a violent
detonation.

This gas, though formerly called an acid, does not appear
to possess any acid properties. It is not sour to the taste,
nor does it redden vegetable blue colours, properties nearly
universal in the acids. .

But the most important property of chlorine, is its bleach-
ing power, all vegetable and animal colours being discharged
byitsaction. For this purpose, it is combined with quicklime,
forming chloride of lime, or bleaching powder, an article very
extensively employed at the present time, and which will be
described, and its properties examined in its proper place.

Another very important property of chlorine is its disin-
fecting power, any infectious or disagreeable odor being al-
most instantly destroyed by it. For this purpose the chloride
of lime is also chiefly employed. The compounds of chlo-
rine which are not acid, are called chlorides, or chlorurets.
When chlorine, united to oxygen, combines with a base, and
forms a salt, it is called a chlorate. These were formerly
called hyperoxymuriates. They possess no bleaching pro-
perties.

In what manner may a shower of flame be made by this gas and a
metal? What is said of the union between this gas and hydrogen?
Does chlorine contain any of the properties of an acid? What is the
most important property of chlorine > What does chlorine form, when
combined with quicklime? What other important and useful property
has thisgas? What are the compounds of chlorine which are not acid
called ? 15
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CHLORINE AND HYDROGEN.
Muriatic Acid—37.
1 p. Chlorine 36-4-1 p. Hydrogen 1.

We have just seen that chlorine has a strong affinity for
hydrogen, but that no union takes place between them, with-
out the influence of light. When the light is entirely exclu.
ded, a mixture of these gases remains without change. Wheg
the mixture is made in a glass vessel, and exposed to the light
of day in the shade, the gases, if of equal volumes, slowly
combine, and form muriatic acid gas. But when the mixture
is exposed to the direct rays of the sun, the union is sudden,
and attended by an explosion.

This combination does not change the volume of the origi-
nal mixture, but the properties of the two gases are greatly
changed. If the vessel in which the experiment has been
made is unstopped under water, the fluid will in a few mo-
ments entirely absorb its contents, and fill the vessel in its
place, while the two gases, before combination, were absorbed
by water only in small proportions. The peculiar odour of
chlorine, and its prompt bleaching property, are also destroy-
ed, and other change of properties will become apparent on
further examination. .

The compound formed by the union of chlorine and hydro-
gen'is called muriatic acid gas. This gas is composed by
weight of

1 equivalent of chlorine 36
\ 1 do. ofhydrogen 1

Combining weight of muriatic acid gas 37

The production of muriatic acid by the combinatinn of its
elements, is designed to prove its constitution, and combining -
proportions. This acid is, however, much more readily pre.
pared, by the action of sulphuric acid on common salt.

If the salt be pulverized and mixed with an equal weight of
the acid, and then the heat of a lamp applied, muriatic acid

When a mixture of hydrogen and chlorine is kept in the dark, what
change takes place? When placed in the shade, what is the effeat ?
When the mixture is placed in the sun, what effect is produced ? What
are the changes produced on these gases by this combination ? What
is the name of the new gas? What is said of the absorption by water
of chlorine, and hydrogen, and also of muriatic acid gas? What is the
eomposition of munatic acid gas, and what is its combining number?
How is this gas most readily and conveniently prepared ?
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gas will be disengaged. But it must not be received over
water, which will absorb several hundred times its own bulk
of this gas. :

Muriatic acid gas is a transparent, elastic fluid, of a very
pungent smell, and intensely acid taste. Its attraction for
water is so great, that when it escapes in the open air, even
in the dryest season, it instantly forms a white cloud in con.
sequence of combining with the moisture of the atmosphere.

Water, at the temperature of 40°, absorbs 480 times its
bulk of this gas, and the solution is known under the name of
muriatic acid, or spirit of sea salt, and is largely employed for
chemical and manufacturing purposes.

This acid is prepared in the large way by’ extricating the
gas from sea salt by sulphuric acid, as above described, and
then passing a current of it into water, as long as any is ab.
sorbed.

When this gas in a pure state is submitted to the pressure
of 40 atmospheres, that is 600 pounds to the square inch, it
is condensed into a liquid.

CHLORINE AND OXYGEN,

There are four compounds of chlorine and oxygen, formed
by the union of as many different proportions of the oxygen
to the same proportion of chlorine. These compounds are
known only to chemists, and with the exception perhaps of
chloric acid, possess no value in the arts. 'They are all form-
ed by the action of an acid on the chlorate of potash, or the
chlorate of barytes. The chief interest which these substan-
ces possess, in a chemical relation, is their strict conformity
to the laws of definite and multiple proportions. Their names
and constituents are as follow.

Protoxide of chlorine, 36, chlorine+8 oxygen.
Peroxide of chlorine, 36 “ 32«
Chloric acid 36 “ 40 o«
Perchloric acid 36 « —56 o«

Why does mariatic acid gas form a white cloud in the open air ?
How many times its own bulk of this gas, will water absorb? Under
what name is this solution of gas in water known? How is the muri-
atic acid of commerce prepared ? Under what pressure is this gas con-
densed into a liquid? How many compounds of chlorine and oxygen
are known? Do the compounds of chlorine and oxygen possess any
value in the arts? In what relation are the compounds of chlorine and
oxygen interesting ?
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Thus the first is composed of 1 proportion of chlorine
combined to 1 of oxygen. Thesecond, 1 of chlorine and 4
of oxygen: The third, 1 chlorine and 5 oxygen. The fourth,
1 of chlorine and 7 oxygen.

The equivalent number, therefore, for the first is 364-8=
44; for the second, 364-32—=68 ; for the third, 36 +40=76,
and for the fourth 36-}56=92.

CHLORINE AND NITROGEN.
Chloride bf Nitrogen, 158.
4 p. Chlorine 1441 p. Nitrogen 14.

This curious compound was discovered by Dulong, a
French chemist, in 1811. Chlorine and nitrogen have but a
very slight affinity for each other, but they may be made to
combine by passing a current of the first through a solution
of nitrate of ammonia. (Nitric acid, it May be remembered,
consists of the two elements, oxygen and nitrogen, and am.
monia is composed of hydrogen and nitrogen. By the union
of these two compounds, nitrate of ammonia is formed.) To
prepare chloride of nitrogen, dissolve an ounce or two of the
nitrate of ammonia in 14 or 16 ounces of hot water, and when
the solution has cooled to about 90 degrees, invert in the solu.
tion a glass jar, with a wide mouth filled with chlorine. The
solution gradually absorbs the chlorine, and consequently
risesin the jar; at the same time acquiring a yellow colour.
In about half an hour, minute globules of a yellow fluid, like
oil, are seen floating on its surface. These, by uniting, ac-
quire the size of small peas, when they sink to the bottom of
the vessel. These globules are the chloride of nitrogen.
They are formed by the decomposition of the ammonia in
the solution ; the chlorine combining with its nitrogen, and
thus forming the compound in question. A cup of lead, or
glass, should be placed at the bottom of the solution, and un.
der the mouth of the jar to receive the product.

The chloride of nitrogen is the most viglfitly explosive
substance yet discovered, and should not be ®xperimented

What is the atomic weight or chemical equivalent of chlorine ? What
are the names, and what the combining numbers of the four com-
pounds of chlorine and oxygen ? W hat is said of the affinity between
chlorine and nitrogen ? hat is the composition of nitrate of ammo-
nia? How is the chloride of nitrogen prepared? What chemical
changes take place in the formation of- chloride of nitrogen ? What
cautions are given with respect to experimenting on this compound ?
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upon by the student, in quantities larger than a mustard seed
at & time, and even in this quantity, with great caution. Both
its discoverer and Sir H. Davy, notwithstanding their expe-
rience and caution as chemical experimenters, were seri-
ously injured by'its violence. At the temperature of about
200 degrees, it explodes, and at common temperatures, when
thrown on some combustible. When a small globule is
thrown into olive oil, or spirit of turpentine, it explodes with
such violence as to shatter any vessel of glassin pieces.

The violence of its detonation is owing to the great volume
of the products which are formed #t the instant. The com-
pound consists wholly of the two gases, chlorine and nitro-
gen, condensed, and combined with each other. When,
therefore, the explosion takes place, these two elements as.
sume their gaseous forms, thus in an instant, occupying a vast
space, when compared with their former state.

Chloride of nitrogen consists of

1 equiyalent of nitrogen 14
4 “ of chlorine 144

Making its number, 156

10DINE 1°4.

The next simple substance we shall examine is iodine. Its
name signifies in Greek ¢ violet coloured,” becguse when -in
the state of vapor, it is of a most beautiful violet colour.

Iodine was discovered at Paris by a manufucturer of nitre,
in 1812. This substance is obtained from the ley made of
the ashes of marine vegetables, or from the substance called
kelp, or barilla, which is an impure alkali, made during the
manufacture of soda. The process is as follows. :

{ Dissolve the soluble part of kelp, or the ashes of sea weeds
in water ; concentrate the solution by evaporation, when
crystals of carbonate of soda will appear, which must be
separated. Then pour the remaining liquor into a clean ves-
sel and mix with it an excess of sulphuric acid. Boil this
liquid for some@e and then strain it through a cloth. Put

At what temperature does this compound explode? What com-
bustible substances cause it te explode at common temperatares? Ex-
plain the cause of its violent explosion? What are the combining
numbers for its constituents, and also for the compound? What does
the name lodine signify, and from what circumstance has it derived its
Dame ? By what process is iodine prepared ? What is the appear-
ance of iodine ? )

U g0
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this liquid into a small flask, and mix with it as much black
oxide of manganese by weight, as there was sulphuric acid ;
then attach to the mouth of the flask a glass tube, closed at
the upper end, and apply the heat of a lamp to the flask.
The iodine will be sublimed and will attach itself to the tube
in small brilliant scales resembling black lead.

Iodine thus obtained is a friable solid, with a brilliant me.
tallic lustre, and bluish gray colour. Itstaste is hot and acrid,
and it is sparingly soluble in water. It corrodes the cork of
the vial in which it is kept, and escapes—is a strong poison
when taken in large doses; but in solution with alcohol,
which dissolves it freely, has been considerably used asa
medicine. '

When heated in a retort to about 250 degrees, it evaporates
and fills the vessel with an exceedingly rich violet coloured
gas. Asthe retort cools, it again condenses in fine brilliant
points resembling frost on the glass. If exposed to the open
air it slowly evaporates, and if handled, it leaves a brown
stain on the fingers. .

Iodine resembles chlorine in smell, and in some of its pro-
perties, particularly in destroying vegetable colours. Like
oxygen and chlorine, it is a non-conductor of electricity, and
is a negative electric. So far as is known itis a simple body.
It has a strong attraction for the pure metals, and the simple
non-metallic substances, such as sulphur and phosphorus.
These compounds are called iodides.

From experiments made by Dr. Thompson, the atomic
weight of iodine is 124.

Tke best test for iodine inits free state is starch, with which
it forms an insoluble compound in water, of a deep blue
colour. This test is so delicate as to indicate the most mi.
nute portion of starch in solution.

Iodine combines with hydrogn, oxygen, and chlorine, form-
ing hydriodic dcid, iodic acid, and chloriodic acid. Among
these, the hydriodic acid, only, is of any importance or use.

What are its sensible properties ? What are its fftes? What is the
effect when it is heated in a retort> When exf8sed to the open air
what is the consequence ? In what respects does iodine resemble
chloyine ? What is its electrical state ? Is iodine a simple or a com-
pound body? For what substances has iodine a strong attraction?

What is the atomic weight of iodine? What is the most delicate test
for iodipe ?
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I0DINE AND HYDROGEN.
Hydriodic acid 125.
1 p. Iodine 12441 p. Hydrogen 1.

When iodine is heated in a porcelain tube with hydrogen
gas, the two substances combine and form a compound in
the form of a gas, which has acid properties, and which is
rapidly absorbed by water. This is the hydriodic acid.

This gas is without colour, is very sour to the taste, reddens
the blue colours of vegetables, and has an odour similar to
muriatic acid gas.

It combines with alkalies forming salts, called hydriodates.

The discovery of iodine was one of the means of subverting
the former doctrine, that oxygen was the universal acidifying
principle, the above instance showing that an acid, having all
the properties of oxygenation, is formed by the combination of
hydrogen with iodine. Several other instances of a similar
nature have been discovered, as in the case of muriatic acid.
These instances appear, however, to be only exceptions to a
universal principle, oxygen being still the acknowledged agent
by which most acids are formed.

Hydriodate of Potash. Thisis given a place here, instead
of among the salts, because it is the only salt of the kind to
be described, and because in martufacturing this compound,
the method of obtaining the hydriodic acid is different from
that stated above. It isthe only hydriodate of any use, or
importance, and does not exist as a salt in a separate state,
but only in solution.

In preparing hydriodate of potash for medical use, the pre-
liminary labor of forming the acid may be dispensed with,
and the saltin solution, may be formed by a very simple pro-
cess as follows. .

Add to a hot solution of pure caustic potash in water, as
much iodine as it is capable of dissolving. This will form a
solution of a reddish ‘brown colour, couosisting of the iodate

How may hydriodic acid be formed ? What are its sensible proper-
ties 7 What are the salts called which this acid forms with alkalies ?
How does this acid demonstrate that oxgyen is not the universal acidi-
fying principle? Are there any other instances in which an acid is
fgrmed without oxygen? What is said relative to these exceptions to -
a general principle ? Iow is the hydriodate of potash formed > What .
" does the reddish brown solution consist of ?
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and hydriodate of potash, together with an excess of free
iodine,

Through this solution, a current of sulphuretted hydrogen
gas is transmitted until the free iodine, and iodic acid are
converted into hydriodic acid, changes which may be known
to be accomplished by the appearance of the liquid, which
will gradually lose its brown celour, und become colourless
and transparent. The solution is then heated to expel the re.
maining sulphuretted hydrogen, and after being filtered, is
pure hydriodate of potash in aqueous solution. This solution
18 considerably employed as a medicine in scropbula, and
other glandular diseases.

BROMINE 75.

The name bdromine is from the Greek, and signifies a
< strong, or rank odor.”

Bromine, after undergoing various and multiplied tortures
by means of the most powerful decomposing agents, is arrang-
ed as an elementary body, having endured fire, galvanism,
&c., without loss of integrity.

It was discovered by Balard, of Montpelier, in 1826, and
tike iodine, exists in the ashes of marine vegetables, and also
insea water. '

The process of extricating it is too intricate to be detailed
in this work, nor would it ever be undertaken by pupils in
chemistry, for which this book is designed.

Bromine is a fluid of a hyacinth red colour, when viewed
by transmitted light ; but of a blackish red, when seen in the
ordinary manner, or by reflected light. Its odor resembles
that of chlorine, but is much more disagreeable. Like iodine,
it corrodes wood or cork, and stains the fingers of a yellow-
ish hue. Its specific gravity is 8. It is a strong poison.
Itis volatile at common temperatures, and emits red vapors
similar to those of nitrous acid.

A lighted taper is soon extinguished by it, but before going
out it burns with a flame which is green at the base and red
at the top.

How is it known when a sufficient quantity of sulphuretted hydrogen
has been passed through the solution of iodine? What is the use of
the hydriodate of potash? What does the name bromine signify ?
Is it an element, or a compound ? In what substance does it exist?
‘W‘?at i’s the appearance of bromine ? In what respects is it similar to
iodine ?
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Bromine does not turn blue vegetable colours red, but like
chlorine destroys them.

From these properties it is obvious that this new substance
has many characters in common with iodine and chlorine.

Bromine combines with oxygen, hydrogen and chlorine,
but these compounds are little known, and of no interest ex-
cept to professed chemists.

Its equivalent number as seen at the head of this section,
is 75. :

Fluoric Acid—10.

It is a singular circumstance in chemistry, that the base
of the fluoric acid has nevér been detached from the acid
itself, notwithstanding every effort has been made on the
part of the chemists to effect a separation. It will be re-
membered that all the other acids consist of a base united to
an acidifying principle, and that the two elements have been
examined in separate states. Thus sulphuric acid consists
of sulphur and oxygen. Carbonic acid, of carbon and oxy-
gen, &c.

The base of this acid however, has been named fluorine,
but whether this is united to oxygen as the acidifying prin-
ciple, or whether such a base exists or not, is of course un.
known. Fluoric acid must therefore at present be examined
as a simple body, or in connection with substances to which
it unites.

This acid exists in nature in considerable quantities, be-
ing found combined with lime, forming the salt called flluate
of lime, but more commonly known under the name of Derby-
shire spar. This latter substance is’ found crystallized, and
of various colours intermixed, forming when polished, one
of the most beautiful productions of the mineral kingdom.
It is in common use, for vases, candlesticks, snuff boxes,
&ec. : ’

To obtain fluoric acid, a quantity of fluate of lime is pow-
dered, and submitted to the action of twice its weight of
strong sulphuric acid in a retort of lead. On the applica.
tion of a gentle heat to the retort the acid distils over, and
must be received in a leaden vessel.

In what respect does it resemble chlorine in its properties? What
is the equivalent number of bromine? Has the base of fluoric acid
ever been detached from the acid itself? Is the same true of any of
the other acids ? What is the base of fluoric acid called ? Is it known
that any such base exists? What natural substance contains fluorie
acid? How is fluoric acid obtained from fluate of lime ?
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The retort and receiver, fig.
_ 59, made of sheet lead, and
~===x? Jsoldered together on the edges,
and the juncture between them

Y stopped with a lute of clay, will

.answer very well. The white fluor must be selected for this
purpose, as being most pure. It is first put into the retort,
the acid poured in, and then connected with the receiver,
which must be surrounded with a mixture of common salt
and snow, or powdered ice.

Fluoric acid, at the temperature of 32°, or the freezing
point, is a colourless liquid, and will retain its liquid state
if preserved in well stopped bottles, when the temperature is
60°. But if exposed to the air when the temperature is
above 32°, it flies off in dense white fumes, which consist of
:,he acid, and the moisture of the air with which it com-

ines.

No substance with which we are acquainted has so stroag
an affinity for water as fluoric acid. .Its liquid state appears
to be owing to the water which is distilled over from the sul-
phuric acid during the process of obtaining it, and no process
yet devised has succeeded in freeing it entirely from mois-
ture. When a single drop is let fall into water, a hissing
noise is produced, like that occasioned by the plunging of a
red hot iron into the same fluid, such is the heat produced by
its combination with water.

In experimenting with this fluid, the utmost caution is neces-
sary ; for no substance so instantly and effectually disorgan.
izes the flesh, and produces such deep and obstinate ulcers

~as this, The least particle would inevitably destroy an eye,
or create an obstinate ulcer on any other part.

Fluoric acid has the singular property of corroding glass,
and may be used for this purpose in the fluid state, us above
described, or in the gaseous form, the latter of which, is
commonly the most convenient.

Any design may be etched on glass by the following sim-
ple method :

First cover the glass with a coat of bees wax, or engravers'

What is the appearance of fluoric acid at the temperature of 32 de-
grees? What is its appearance when exposed to the open air, at a
temperature above 32 degrees? What is said of the affinity of this
acid for water? What is said of the action of this acid on the flesh:
What is said of the singular action of fluoric acid on glass> De. '
scribe the method of making designs on glass. .

/
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varnish. If wax is used, it must be spread over the sarface
as thin as possible. This is done by heating the glass over:
a lamp, and at the same time rubbing it with wax. A thin-
and even coat may thus be obtained.

Next draw the design by cuiting the wax with a sharp
pointed instrument, quite down to the glass, so that every
line may leave its surface naked ; otherwise the design will
be spoiled, since the acid will not act through the thinnest-
film of the wax. A large needle answers for a graver for
this purpose. :

Having made the design, the etching is done by placing
the glass in a horizontal position and pouring on the liquid
acid. But a simpler method is the temporary extrication of
the gas from the fluor spar, for the occasion. For this pur-
pose, take a lead or tin cup, large enough to include the
figures on the glass, the lower the better, and having placed
on its bottom a table spoonful of powdered spar, pour on it
a quantity of strong sulphuric acid sufficient to form a paste.
Then place the glass:on the cup, as a cover, with the etch-
ing downwards, and set the cup in a dish of hot water, or ap-
ply to it the gentle heat of a lamp, taking care not to melt
the wax. In twenty or thirty minutes the etching will be
finished, and the wax may be removed with a little spirit of
turpentine. In this manner figures of any kind, may be
permanently and beautifully done on glass. '

COMBINATIONS OF SIMPLE NON-METALLIC COMBUSTI-
BLES WITH EACH OTHER.

CARBON AND HYDROGEN,

- Carburetted Hydrogen—8.
1 p. Carbon 6-4-2 p. Hydrogen 2.
Light Carburetied Hydrogen.

This gas has also been called hydro-carburet, and heavy
inflammable air. :
It exists in every stagnant pool of water, especially during

the warm 'season, being generated by the decomposition of
vegetable products.

o obtain it from such places, fill a glass jar with water,

_ After the design is formed, in what manner is the etching done?
What are the names under which carburetted hydrogen has been

known ? In what places has this gas been formed by the operations of
nature ? :
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and invert it in a stagnant pool or ditch ; then stir the mud
under it with a stick, and the gas will rise and displace the
water in the jar. To preserve it for examination, slide a dish
under the mouth of the jar while in the water, and then
carefully raise and carry the whole to the place of experi-
ment. '

The gas so obtained is found to contain a proportion of
carbonic acid gas, which may be removed by passing it
through lime water. .

This gas is composed by weight of

1 equivalent of Carbon 6
2  do. of Hydrogen 2

8

It is immediately destructive to animal life, and will not
support combustion. It is highly inflammable, and burns
with a yellowish blue flame, but owing to the carbon it con-
tains, it gives considerable more light than pure hydrogen.
Mixed with atmospheric air, like hydrogen, it detonates
powerfully when inflamed. When burned with oxygen, the
product of the combustion is water and carhonic acid.

There appears to be several varieties of light carburetted
hydrogen, or perhaps the difference may depend on a mixture.
of the light and heavy kinds. If a volume of steam be
sent through a red hot gun barrel filled with charcoal, the
gas obtained differs little in its illuminating powers from that
obtained from stagnant pools. Nor is there any material
difference between these and that evolved by the burning of
common wood, such as maple or beach, in a gun barrel. But
if pine wood containing turpentine, be heated in the same
manner, the gas obtained has much greater illuminating pow.
ers, the brilliancy of the flame being nearly equal to that
of oil gas. Now as by analysis there appears to be only
two kinds, or varieties of carburetted hydrogen ; in the first
of which there is but one proportion, ang in the second
two proportions of carbon, it is most probable that these
different powers of illumination depend on a mixture of the

two gases.

How may it be obtained from stagnant pools of water? What
is commonly found mixed with this?  What is the atomic composition
of carburetted hydrogen? How does it affect animal life and combus-
tion ? When burned, why does this gas give a stronger light than pure
hydrogen > What is said concerning the several varieties of carburet-

ted hydrogen?
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- -Buch explosions have often taken place in the -coal-mines
in different ‘parts of England. ‘That which happened in a
mine called Felling colliery, in Northumberland, on the 25th
of May, 1812, was attended with the less of 92 lives, and
spread poverty and wretchedness throughout the whole dis-
trict. Most of these men had wives and children, who de-
‘pended entirely on their daily: labour for support, and who, in
addition to the loss of their husbands and fathers, by so sud-
den and awful a death, were in a moment deprived of the
means of subsistence.

This mine had been wro?h( a century or more, and only

a single accident from fire.damp had before happened, and
this was so trifling, as only to slightly.burn two or three work-
men. Twenty-five acres of coal had been excavated in this
mine, and the number of men employed under ground, at the
‘time of the aceident, was 128. The explosion took place be-
‘tween the hours of 11 and 12 in the morning. The fire was
seen to issue from two shafis leading to the mine, and called
William and John, and at the same instant, the noise of the
explosion, which was heard three or four miles, and the trem.
blirig of the earth, showed that an awful accident had hap.
pened there. ‘ -

The force of the expanded gas was such as to throw from
the two shafte immense clouds of dust, and small eoal, which
-ro3e high in the air, and also. pieces of wood and working im-
plements, which fell back near the shafis. As soon as the
explosion was heard, the wives and children of the colliers
came by hundreds to the. place. But not a single person
who was in the mine during the accident, was to be seen.
Terror and dismay was pictured on every countenance ; some
were crying out for u father, some for a son, and others fora
-husband. .-

The machinery for entering the mine, being shattered by
the blast, it was at first impossible to go down, but the urgency
of the occasion soon impelled those present to find the means
of entering the shaft ; and in about half an hour from the
time of the explosion, 32 persons, all who remeined alive out
of 121, who were in the mine, were brought out. It appear.
ed that of the whole number of the workmen, seven had
come up, on different occasions, before the explosion, and
were unhurt. The wives and children of those who were

‘What number of lives were destroyed by such an explosion at Felling
colliery, in 1812 ? . .
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known to be still in the mine, waited in a most heart i
state of anxiety, and those who had their friends restore
seemed to suffer nearly as much from excess of joy, as they
bad before done from suspense and grief. These hurried
away with their friends from the dismal aceme, while those
who were still in suspense, or whose hopes ended in the
dreadful cer‘ainty that their husbands or fathers were indeed
among the dead, still lingered about the place, silently en.
during the torture of a forlorn hope, and uttering cries of
agony and despair. :

As the fate of many of the men was still uncertain, because
they were in a different part of the mine, from those who had
been found alive, the exertions of those above were unremit.
ted, and in the course of an hour or two, many hundred people:
had collected around the shafts, all anxious to do every thing
in their power for the sufferers. But it was soon found that
the pit in some places, was still on fire, the gas probably con-
tinuing to burn as it was extricated from the coal. It was
alse found by those who attempted to descend, that where
the mine was not on fire, it was filled with carbonic acid gag,
the product of combustion, and that therefore it was impoesi-
ble for any person to make further examination without inev.
itable death. Consequently all hope of finding any of the
uafertunate persons alive, who were still in the mine, was
abandoned, and it was proposed that the shafts should be
closed, in order to extinguish the fire. But the wives and
children of the sufferers, distracted at the idea of seeing their
friends buried alive, and still entertaining hopes of their re-
covery, made the most pitiful importunities against such a
course, while others became frantic with rage, and accused
those of murder who proposed it. The owners of the mine,
therefore, in mercy to the feelings of these distracted widows
and orphans, waited uatil all were satisfied that no hopes re-
mne:i' of ever again seeing their friends alive, when the two
shafls were closed with earth.

To insure the extinguishment of the fire, the mine was kept
closed from the 27th of May until the 8th of July, on which
day it was again opened and ventilated. On this occasion,
the lamentations of the widows and orphans were again re.
Réwed, and such was the crowd of people that assembled on

b spot, some urged by feeling, and others by curiosity, that

gpatables were in attendance to prosorve order. Those who

o to search for the remains of these unfortunate suf.

tors, found no difficulty in breathing the air of the mine,
e :
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but were struck With horror at the scene of ‘destruction and
mutilation which the explosion had occasioned.

“.The search continued until the 19th of September, when
91 bodies had been found, brought up, and interred, but the
92d never was found. :

* We have been thus particular in ‘describing a single in-
stance of'the awful effects of the fire.damp in mines, that the
reader might fully appreciate the safety-lamp, an invention
maé by Sir Humphrey Davy, expressly for the purpose of
preventing such explosions, and which has proved completely
successful.

- Before the invention of this lamp, such explosions were
more or less common, and all the mines were subject to them,
though none has been attended with such destruction to hu.
man life, as that of Felling colliery. In 1815, such an oc-
currence happened in a mine at Durham, and destroyed 57
persons, and in another mine 22 persons were killed in the
same manner. _ '

" ‘The invention of the safety-lamp was not owing to accident,
but is the result of inquiries undertaken and pursued expressly
for the purpose of protecting the miners from such horrible
accidents as we have described above.

Sir Humphrey Davy commenced his inquiries by deter-
mining the proportions in which carburetted hydrogen and
atmospheric air, in mixture, produce explosions, and found
that when the gas is mixed with three or four times its vol-
ume of air, it does not explode-atall. When mixed with five
or six times its bulk of air, it detonates, feebly, but when the
air is in the proportion of seven or eight times the bulk of the
gas, the explosion is most powerful, and with fourteen times
its volume of air, it still explodes, though slightly. He also
found that the strongest explosive mixture would not take fire
when in contact with iron heated to redness, or even to white-
ness, while the smallest point of flame, owing to its higher
temperature, caused an instant explosion.

What other accidents of the same kind are noticed? Does it appear
that all excavated coal-mines are liable to such accidents? Who in-
vented the safety-lamp, which protects the miners from such accidents?
Was this invention accidental, or was the safety-lamp the result of in-
quiry and experiment? In what proportions did Sir H. Davy find that
carburetted hydrogen and common air exploded with the least force,
and in what proportions with the greatest force? What did Sir H.
Davy t}:ac?ver in respect to the communication of flame through nar-
row tubes? . .
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But the most i t step in this inguiry was deduced
from the fact, that cannot be communicated through a
narrow tube. The factiitself was known before, but Sir H.
Davy discovered, that the power of tubes, in this respect, is
not necessarily connected with their lengths, and that a short
one is as efficacious in preventing the transmission of flame,
as a long one, provided its aperture be reduced in proportion
to its length. Pursuing this principle, he found that fine
wire gauze, which may be considered as an assemblage of
exceedingly short tubes, was totally impermeable to flame ;
and on making the experiment, it was found that a lighted
lamp, when completely surrounded with such gauze, might
‘l;e introduced into an explosive mixture, without setting it on

re.

Thus the means of preserving the miners, a most useful
and laborious class of people, from the dreadful effects of the
fire-damp, was at once developed. It only became.necessary
to surround their lamps with a fine net-work of brass wire, to
insure their safety from explosion. This lamp also indicates
the existence of danger ; for when the fire-damp in the mine
is in a highly explosive state, it takes fire within the gauze,
and burns there, while the light of the lamp itself is unseen.
‘When the miners observe this indication of danger, they in.
stantly leave the mine, for although the flame within the
gauze will not communicate with the explosive mixture on
the outside, while the gauze is entire, yet as a high degree of

Fig. 60. heat would be kept up by the combustion
within the lamp, the wire would soon be-
come oxidated, and perhaps fall in pieces,
when an instant explosion would be the
consequence.

The safety-lamp is represented by fig.
60. The cistern a holds the oil, and is in
all respects a complete lamp, with a spout
at the side, for feeding it. On the top of
this is set the cylinder of wire gauze, b, sup-
ported by three irou or brass rods, to which
8 is connected the disc, or cover ¢, and to
@ the cover, the ring, or handle by which
” the whole is carried. The drawingd, is a

On pursuing this inquiry, what did 8ir H. Davy discover with re-

to wire gauze? On this principle how was it discovered that the

miners might be protected from explosions? In what manner do these
lamps indicate the presence of dalnog:r ?
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piece of wire passing through a tube, showing the manner 1n
which the lamp is trimmed, and the wick raised without mak-
ing any dangerous communication between the outside and
inside of the lamp. This tube passes through the cistern
containing the oil. -

The reason why the wire gauze obstructs th§ communica-
tion of flame is easily explained. We have already stated,
that according to the experiments of 8ir H. Davy, the heat of
flame is greater than that of a metal heated to whiteness, for
the former occasioned a mixture of air and gas instantly to
explode, while the iron, though white hot, produced no effect.
Now the metals are all rapid conductors of heat ; when there.
fore, the flame comes in contact with the wire, its temperature
is so reduced by the conducting power of the metal, as to be
incapable of setting fire to the gas which is on the outside.
Any one may illustrate ‘this principle, by holding a piece of
wire gauze over the flame of a lamp, and then bringing his
hand over this, as near the lamp as he can bear. Now on
removing the gauze, he will find that he cannot, for an instant,
bear the additional heat.

Bi-Carburetted Hydrogen—14. .
2 p. Carbon 1242 p. Hydrogen 2. i
Olefiant Gas.

To prepare this gas, mix in a capacious tubulated retort,
three measures of alcohol, with eight measures of undiluted
sulphuric acid, and then apply the heat of a lamp. This
mixture turns black, swells, and emits bubbles of gas in abun.
dance, which may be collected over water, in the same man-
ner as described for hydrogen.

Alcohol is composed of carbon, hydrogen, and oxygen.
During this process, the oxygen of the sulphuric acid appears
to combine with a part of the carbon of the alcohol, in conse-
quence of which, sulphurous acid gas is evolved, and the
hydrogen is set free. At the same time, the hydrogen com-
bines with another portion of the carbon, and escapes in the

Why does it become necessary for the men to leave the mine, when
the explosive mixture burns within the gauze? Describe the safety
lamp, as represented at fig. 60, and point out the uses of its several
parts. Explain the reason why the flame is not communicated through
the wire gauze. How may this principle be illustrated by holding a
piece of wire gauze and the hand over a candle} How is olefiant, or
l:rcat.lrblu)retted bydrogen gas obtained? What is the composition of

cohol ?
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form of bi-cArburétted hydrogen. Or perhaps the evolution
of the olefiant gas is owing to the strong attraction which the
sulphuric acid has for the water which the alcohol contains,
and by combining with which, the hydrogen and carben are
liberated.

Olefiant gas is colourless' and elastic. It possesses no
taste, and when pure, little smell, though when not purified,
-it has a faint odour of ether. When mixed with oxygen and
inflamed, it explodes with violence.

This gas is a little lighter than atmospheric a
inches weighing 29.64 grains. The weight of
composition is 26.41 grains, and the weight
4.28 grains.

Olefiant gas, therefore, consists of

. - Grains.

Carbon, by weight 25.41, or two atoms 12

Hydrogen, do. 4.23, or two atoms 2
129.64 14

This gas may be decomposed by passing it through a red
hot porcelain tube, one proportion of carbon being deposited,
in consequence of which, itis converted into light carburetted
hydrogen, which, as we have already seen, contains only 1
proportion of carbon, to 2 of hydrogen.

Gas Lights.

The olefiant gas, when pure, (with perhaps a single excep-
tion) gives the most brilliant, and intensely luminous flame of
any known substance. The illuminating powers of other
gases depend chiefly, if not entirely on the olefiant gas they
contain. In all cases, the light of any inflammable gas is in
exact proportion to the quantity of carbon it contains.

The flame of pure hydrogen scarcely gives sufficient light
to show the hour on a watch dial. When combined with one
proportion of carbon forming carburetted hydrogen, its light
i8 greatly increased, and when combined with another pro-

What are the chemical changes which take place during the produc-
tion of olefiant gas? What are the sensible properties of this gas?
Does it explode when mixed with oxygen and inflamed ? What is the
weight of carbon and what the weight of hydrogen in this gas ? What
is the atomic composition and what the combining number of this gas ?
How is olefiant gas decomposed and resolved into carburetted hydro-
gen? What is said of the brilliant light of the olefiant gas? On
what does the brilliancy of gas lights depend ?



184 GAS LIGHTS.
portion, its light becomes perfectly fitted for the purpoaes of
tlumination. . :
. Gas light, for the purpose of illumination, was first made
and employed by Dr. Clayton, an Englishman, in 1739, but
from some unknown cause, was given up, and neglected for
sixty years afterwards. At length, Mr. Murdock, instituted
a series of experiments on the subject, and the gas distilled
from coal, began to be used on a small scale, for lighting dif-
ferent factories in the vicinity of London.

From that period, which was about 30 years since, gas
lights obtained from coal, or oil, have gradually come into wse
for the purpose of lighting streets, shops, and manufaetories,
in all parts of Great Britain, and is at the present time, in
common use on the continen of Europe, and in several parts
of America.

For many years the gas lights of London and other parts
of England, were supplied entirely by the distillation of bitu-
minous coal, but more recently many of the gas works in
different. parts of that kingdom obtain their lights from oil
In. this country, also, oil gas is chiefly employed.

In respect to the advantages of gas, on the morals of soci.
ety,in greut cities, Mr. Gray, in his Operative Chemist, says,
¢ From the more brilliant manner in which our streets (those
of London) are lighted by gas, than they ever were, or could
be by oil, or tallow, there is a greater degree of security, both
in person and property, for every class of honest men. Crimes
cannot now be committed in darkness and secresy ; and as
the risk of detection increases, the temptation to guilt is di.
minished, and thus coal gas, by the brilliant light it eheds on
our streets has worked, and isnow working, a moral reforma.
tion. The house-breakers, and pick-pockets, dsead the lampe
more than the watchmen, and a more efficacious measure of
1l>pllilce _was never introduced into society than that from gas
ights.” .

Oil gas is obtained by distilling impure whale, or other oil,
in large cylindrical, cast iron retorts. From four, to six such
retorts, which in appearance resemble 24 pound cannon, are
placed across a furnace built of brick, and are all heated by

When were gas lights for the purpose of illumination first employ-
ed? From what substance was gas lights first obtained? What is
the substance now employed in this country, and in some parts of Eng-
gland for thispurpose? What is said of the influence of gas lights on |

the morals of London? How is oil gas manufactured ? Desocribe |
the furnace, and retorts.
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the same fire. Theseare half filled with pieces.of brick, or
iron, in order to increase the surface, and thus to effect the
decomposition of a greater proportion of the oil. The oil is
contained in a reservoir placed so high as to run to the re-
torts through a tube, of which each retort has a separate
branch. The oil is admitted into the retorts on the outside
of the furnace, the quantity being regulated by a stop-cock,
with which -each is furnished. On the opposite side of the
furnace the gas is conducted from each retort by separate.
tubes, which afterwards join in a common tube of larger size,
and thence is conveyed to the gasometer. The oil is admit-
ted into the retorts in a very smali stream, or sometimes only
by drops, and is decomposed, and converted into gas as fast
as it runs in.

In large works, the gasometer is of immense size, being
30 or 40 feet in diameter, and 15 or 20 feet high, and capa-
ble of containing from 12, to 20,000 cubic feet of gas. :
- 'This is made of sheet iron, suspended by a chain, over a
pulley, and counterbalanced by weights on the other side.
This fallsinto a tank, or cistern, held together by iron hoops,
which are drawn with great force around it-by means of
serews. The tank being filled with water, the gazometer is
let down into it, while the air escapes’ by opening a valve in
its.top. When the air is all excluded the gas is conducted
into the gasometer by a pipe coming from the retorts, aad
opening under the water.  As the gas rises through the water,
the gasometer is buoyed up, and rises also, and thus the ves-
sel is filled with inflammable gas instead of air.

From the gasometer, which is the great fountain, the gas
is conducted by one large iron pipe, laid under ground to the
place or street where it is burnt. Itis then conducted in
smaller pipes through the different streets, and from these
pipes it is conveyed to the houses and shops by small tubes ;
and tubes of' still smaller size convey it to the burners where
the lights are wanted.

Rosin has lately been used instead of oil, and is said to yield
a gas fully equal in quality to that of oil, and at a much less

expense. )
As the burners are stationary, in the ordinary mode of light-

How is the oil admitted into the retorts > In large works, what is
the size of the gasometer> How is the gas conveyed into the gasome-
ter > How isthe gas conveyed from the gnsometer to the gas burners?
W hat inconvenience is experienced in the use of ordinary gas lights
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ing with gas, there éxists an incoveniende in its employment
for the purpose of common household illumination, where the
lights are ofion necessarily carried to different parts of a
ream, or -from one room to another. There is also another
incomvenience, which arises from the expense of laying con.
ductoms through streets where the houses are scattered, and
cansequently, where but a small quantity ef the gas is want.
ed. Te remedy these defects in the ordinary method of light-
ing with gas, it has, within a few yearsbeen proposed to con-
dense the gas-in strong copper, or brass lamps, at the gas
werks, and then transport them thus filled, to the houses,
to supply the. place of common lampe. Thisis distinguished
by the name portable gas, and has been, and it is believed, is
still extensively employed in London and its vicinity.

To fill these lamps, there is provided a long iron. pipe, at
one end of which is a forcing pump, which is also connected
with anether pipe leading from the gasometes, to the pump
th which the gas is conveyed. The long pipe is fur-
nished with short tubes placed at convenient distances apart,
and communieating with its inside. These tubes are cut with
serew threads, which fit the screws at the bottoms of the
lamps, and on which these vessels are screwed, to be filled.
Thus by worh'ng the forcing pump, the is brought from
the gasometer, forced into the pipe, and from the pipe into
the lamps, s0 that many are filled at the same time. There
is a mercurial guage connected with the pump, by which its
pressure is shown, and consequently by which the amount of
condensation of the gas in the lamps is indicated. The flame,
in burning the gus, is regulated by turning a small screw, and
the gas is prevented from escape at the bottom by a valve,

.and another screw.

The gas obtained from oil, is much purer, than that obtain-
ed from coal. The first cannot be burned until it is purified
by being passed through lime water, in order ta deprive it of
the carbonic acid, and other impurities ; ‘but the oil gas does
not require any such process, being fit for use as it passes
from the retort.

The illuminating power of the oil gas is also much greater

How has it been proposed to remedy this defect? Under what name
is this condensed gas known? In what manner are the portable gas
lamps filled? How is it ascertained with what degree of force the gas
is condensed in the lamps? Which is most pure the gas obtained from

oil, or that from coal? Which gas has the greatest illuminating powez,
that from the coal or that from oil ? ¥ ’
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Labour to erect the works, 3,000
17,500

HYDROGEN AND SULPHUR.
Sulphuretted Hydrogen 17,
1. p. Sulphur 164-1 p. Hydrogen 1.

This gas may be procured by placing in a retort some sul.
phuret of antimony, or iron, and pouring on it sulphuric or
muriatic acid. The sulphurets of these metals may be pre.
pared by heating either of them, in filings or powder, with .

.

‘What is said to be the comparative difference between the illumina-
ting power of coal and oil gas? What quantity of gas is it said one
‘gallon of oil will make, and how long will this gas burn ? The cost of
oil being much less than other lights, why are they not univ. y
ms‘?. How may sulphuretted hydrogen be procured?
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silphur ; or the natural sulphurets may be.employed. The
chemical changes concerned in the formation of this gas, are
as follows. The oxygen of the water which the acid con-
taigs Ill;x with the metal of the sulphuret, which metal is
thendissdived by the woid. Thuys the hydrogen of the. water,
and the sulphur of the sulphuret, are both set at liberty, and
having an affinity for each other, they combine, and escape in
the form of sulphuretted hydrogen.

Sulphuretted hydrogen, is a transparent, elastic gas, which
both to the taste and smell, is exceedingly unpleasant and
nauseous, its odor being similar to that of putrefying eggs.
Under a pressure of 17 atmospheres, that is, under a weight
equal to 255 pounds to the square inch, this gas is condensed
into a colourless liquid, but again assumes its gaseous form,
when the pressure is removed. . . '

This gas is instantly fatal to .animal life, when pure, and
.even wv:a diluted with 1500 times its bulk of air, has been
found 80 poisonous as to destroy a bird in a few seconds.
Like hydrogen, it instantly extinguishes flame, but is itself
inflammable and burns with a pale blue flame. The products
of its campustion are water and sulphuric acid. The compo-
sition of this gas being hydrogen and sulphur, the water form.
ed during its combustion is the product of the union between
the hydrogen, and the oxygen of the atmosphere, during the
aot of combustion ; while the sulphuric acid is formed, by
the union of the oxygen of combustion with the sulphur.

Sulphuretted hydrogen tarnishes silver, and even gold, and
blackens paint, made with preparations of lead. This gas is
often generated during the decomposition of animal products,
_in sink drains and ditches, and hence the paint of white lead,
about such places often becomes black in consequence..
Eggs contain a small quantity of sulphur, which on boiling
is converted into sulphuretted hydrogen, "and hence a silver .
spoon is instantly tarnished by coming in contact with a boil.
ed egg.

What chemical changes take place by which this gas is evolved ?
.What are the sensible propertics of this gas? Under what pressure
.may this gas be condensed into a liquid > Does it remain liquid when
the pressure is removed ? What is said of the poisonous effects of this

as? What are the effects of plunging a burning candle into this gas?
hen this gas is burned, what are the products of combustion?
x'henc:d co:ne the water and sulphuric acid? Whatis its effects on

e metals ?
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The composition of sulphuretted hydrogen by weight, is as

follows.
100 cubic inches of this gas weigh 36 grains.
. This is composed of sulphur 33.89
« “ of hydrogen, 21

— a—

36.00

HYDROGEN AND PHOSPHORUS.
Phosphuretted Hydroges 13.
1 p. Phosphorus 124-1 p. Hydrogen 1.

'This compound consists of hydrogen, in which is dissolved
a small quantity of phosphorus. It may be formed in several
ways. One of the most simple is the following. Into fve
parts of water put 15, or 20 grains of phosphorus, cut into
small pieces. It mustbe cut under water to preventits ta.
king fire. Then add one part of granulated zinc, and pour
in three parts of sulphuric acid. ‘

The gas will instantly rise through the water in small bub.
bles, and will take fire spontareously on coming in contact
with the air. Each bubble as it takes fire will form a horizon.
tal ring of white smoke, which will gradually enlarge as it
riges, until lost in the air. The cause of this curious ap-
pearance is owing to the formation of a small quantity- 6f
phosphoric acid by the combustion of the phosphorus, and
which having a strong affinity for meisture, attracts it from the
atmosphere, and thus forms a little ring of dew, which is visi.
ble tothe eve. T ) N

Phosphuretted hydrogen may also be obtained by placing’"
some pieces of phosphuret of lime in water, when the gas will -,
be extricated, and will rise through the water as above descri. -
bed. [See phosphuret of lime.] '

- This gas detonates with great violence when mixed with
oxygen, and forms a dangerous explosive compound with -at.’
mospheric air, consequently much caution is required in ma.
king experiments with it. . L

When a bubble of phosphuretted hydrogen is allowed to
mix with oxygen, a flash of the most vivid light i 'spontane.

—
inches of this gas by weight ?
? What singular propetty does
iite smoke accountod for, which
f this gas? With what sub-

afford dangerous detonating

»

.
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ously produced, which, in a darkened room resembles light-
ning. The safest method of performing this beautiful ex-
periment, is to let up into a small strong bell glass, or a thick
glass tube, a few ounces of oxygen gas. Then, having col-
lected a little of the phosphuretted hydrogen in a small vial,
hold the bell glass in the left hand, with its mouth under wa-
ter, and with the right hand manage the vial, so as to let only
a single bubble at a time escape into the oxygen. The deto-
nation of each bubble will produce a considerable reaction on
the bell glass, which will be felt by the hand. But if the ex-
periment be performed as described, there will be no danger
of an explosion. .

. The gas above described is called per-phosphuretied hydro-
gen, denoting as already explained, the highest degree with
which one body unites with another. Itis so called to distina
guish it from the proto-phosphuretted hydrogen, which contains
only half the quantity of phosphorus, and is a much less inter-
esting compound.

Perphosphuretted hydrogen consists of

1 equivalent of phosphorus 12
1 do. hydrogen 1
13

NITROGEN AND CARBON.

Carburet of Nitrogen 26.

2 p. Carbon 12-4-1 p. Nitrogen 14.
Cyanogen.

By boiling together red oxide of mercury and prussian blue
in powder, with a sufficient quantity of water, there may be
obtained a compound which shoots into crystals, and which
was formerly called prussiate of mercury, but is now known
by the name of cyanuret of mercury. :

When this salt is heated in a retort, it turns black, the cy-
anogen passes over in the form of a gas, and the mercury is
revived or assumes its metallic form.

This gas has a pungent, disagreeable odor, burns with a
purplish blue flame, extinguishes burning bodies, and is redu.
ced to a liquid under the pressure of about three and a half
atmospheres. '

What directions are given for admitting bubbles of this gas into ox-
ygen? What is-the equivalent composition of per-phosphoretted hy-
drogen ? How may cyanuret of mercury be formed ? How is cyanogen
procured? What are the properties of this gas ?
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100 cubic inches of this gas weigh 55 grains, and is found
tobe composed of

2 equivalents of carbon 12

1 do. ’ nitrogen 14

26 its combining number.

Cyanogen, though a compound gas, has the singular pro-
perty of combining with other substances, in a manner per- *
fectly similar to the simple gases, such as oxygen and hydro-
gen. -

The term cyanogen, comes from two Greek words signify-
ing to form blue, because it is an ingredient in Prussian blue.

Hydrocyanic acid 27. *

‘' 1p. Cyanogen 261 p. Hydrogen 1.
’ Prussic Acid.

Cyanogen is obtained by simply heating cyanuret, or prus.
siate of mefcury asabove described. Hydrocyanic, or prus.
sic acid is composed of cyanogen and hydrogen. It may be
obtained by heating in a retort, a quantity of prussiate of mer-
cury with two thirds its weight of muriatic acid. During
this process, there takes place an interchange of elements.
The cyanogen of the cyanuret of mercury unites with the hy-
drogen of the water contained in the muriatic acid forming
hydrocyanic acid, while the oxygen unites with the mercury,
forming an oxide of the metal which is dissolved by the mu-
riatic acid. ‘

‘But a more common method of making prussic acid is the
following.

Mix together in a convenient vessel, four ounces of finely
powdered prussian blue, two and a half ounces of red oxide
of mercury, and twelve ounces of water. Boil the mixture
for half an hour, now and then stirring it. The blue colour
will disappear, and the solution will become yellowish green.
Filter the solution and wash the residuum by pouring on boil-
ing water, in quantities sufficient to mnake up the loss by evap.-
oration, and let this also pass through the filter.

Put this solution, which is a prussiate of mercury, into a
retort containing two ounces of clean iron filings, then con-

‘VWhat is the equivalent composition of this gas, and what its combin-
ing number? Whence comes the name of this gas? How may hy-
drocianic, or prussic acid be formed by means of prussiate of mercury,
and muriatic acid 7 What are the interchanges of elements which take
place during this process ? What is the more common method descri-
bed for making prussic acid ?

N
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nect the retort with a receiver, and place them on a lamp fur,
nace as represented by fig. 61, taking care that the juncture
Fig. 61. be made air tight which may be done by
winding a wet rag around the neck of the
retort. Next pour into the retort one ounce
of sulphuric acid diluted with three or four
parts of water, and stop its tubulure by pass-
=¥ ing in a straight glass tube, which had been
ready prepared by being passed through a
cork. Then light the lamp and distil with
a slow heat until three ounces of prussic
acid is obtained. The receiver must be
" kept cold and also from the light by being
covered with a wet cloth.
The fumes of this acid are exceedingly
poisonous, and therefore the lamp furnace
should be setina fire place during the process so that they
may escape up the chimney. There is a complicated in-
terchange of principles which takes place in this process,
to be explained thus. In prussian blue the prussic acid ex-
ists in combination with iron. .The red oxide of mercury,
having a stronger attraction for this acid than the iron has,
the prussian blue is decomposed, and a prussiate of mercury
is formed, which is soluble in water. On the addition of the
iron filings and sulphuric acid to this solution, the iron ab-
sorbs the oxygen from the mercury, which is then precipita-
ted in the metallic form, and at the same instant the iron is
thus oxidized, itis dissolved by the sulphuric acid forming the
sulphate of iron. Thusthe prussic acid is liberated, because
it does not combine with the metals, but only with their ox-
ides, and as the iron deprives the prussiate of mercury of its
oxygen, the prussic acid remains free in the solution of
the sulphate of iron, and being volatile, readily passes
over into the receiver by a gentle heat.

The hydrocyanic acid thus obtained, is a perfectly colour-
less, limpid fluid, and cannot be distinguished by the eye from
distilled water. It has a strong odor resembling that of
peach blossoms, and when much diluted has the taste of bitter
almonds.

Prussic acid is the most active and powerful of all known

What is said of the poisonous quality of the fumes of this acid, and
of the precautions to avoid them ? [Explain carefully the complicated
interchange of chemical principles that take place by this process.
Whatis the appearance of the acid thus obtained ? What is the smell
of this acid 2 What cases are mentioned of its poisonous effects ?
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poisons. A single drop placed on the tongue of a dog caus-
ed his death in a few seconds, and a servant girl who swal-
lowed a small glass of it, diluted with alcohol, fell down in.
stantly as though struck with apoplexy, and died in two min-
utes. A professor at Vienna having prepared some of this
acid in its most concentrated state, by way of experiment dif.
fused some of it on his naked arm, and was killed thereby in
a short time.

These instances not only show the terrific and mysterious
effect which this substance has on the animal.economy, but
they also show what extreme caution is necessary in prepar-
ing and using it. When much diluted, it has, however, been
considerably employed as a medicine, in cases of consump-
tion, and often with good effect.

Although the investigations of chemistry have developed
this substance, than which even lightning itsclf is scarcely
more prompt, or sure, in destruction, still the wisdom of Om.
niscience has connected circumstances with its production
and nature, which in a great measure, will always prevent its
employment for vicious and criminal purposes. The process
by which it is made, requires more chemical skill than gene-
rally falls to the lot of unprincipled, and vicious persons ; and
when obtained, its active properties are so evanescent, as
never to remain more than a week or two, without peculiar
‘treatment, and sometimes it becomes nearly inert in a few
days. The odor, also which is distinguished in animals de-
stroyed by it, is often the sure means of detection.

The commencement of its decomposition is marked by the
reddish brown colour of'the liquid, and in a short time after, it
becomes black, and deposits a thick carbonaceous substance,
at the same time it loses its peculiar smell, and emits that of
ammonia. In this state, the prussic acid has none of its for.
mer properties, but becomes entirely inert and worthless.

This substance possesses the sensible qualities of an acid
only in a very slight degree, being hardly sour to the taste,
and producing but very little change in the blue colours of

vegetables. It however performs the office of an acid in

For what purposes is this acid employed when much diluted? What
circumstances are connected with the production and nature of this
acid which it is said will prevent its omployment for wicked purposes ?
How does the acid appear while decomposing? Does this substance
possess the sensible qualities of an acid? In what respect does it per- -
form the office of an acid?

. 17*
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combining with alkaline bases, forming salts, called prussiates
or hydrocyanates.

The following is an example by which the composition of
a substance may be.found when ‘one of its elements can be
made to combine with a third body, in a known proportion.
By a previous experiment it was ascertained how much cyan-
ogen would combine with a given portion of potassium, the
basis of potash. Then Gay-Lussac exposed to the action of
100 measures of prussic acid, heated so as to be in the state
of vapor, a quantity of potassium precisely sufficient to absorb
50 measures of cynanogen. By this process cynanuret of
potassium was formed, and exactly 50 measures of the vapor
of prussic acid was absorbed, leaving 50 measures of pure
hydrogen remaining in the vessel in which the experiment
was macde.

From this experiment it appears that prussic acid is com-
posed of equal volumes of cyanogen and hydrogen, and there-
fore that they combine in the ratio of their specific gravities,
that is, the weight of the vapor of prussic acid must be the
combined weights of cyanogen and hydrogen, of an equal
bulk. ~

Now the specific gravity of hydrogen is known to be
0.0694, and cyanogen gas, 1.8044, air being 1.000. Cyano-
gen therefore, is 26 times as heavy, bulk for bulk, as hydro.
gen, and since they combine in equal proportions by vol-
ume, to form prussic acid, it follows that this acid consists of
an atom of hydrogen united to an atom of cyanogen, and
therefore that an atom of cyanogen gas is 26 times as heavy
as an atom of hydrogen. Thus the atomic weight of cyano-
gen is 26, that of hydrogen being 1, and the specific gravity
of the vapor of prussic acid being the medium between them,
is 0.9369, because 0.0694 the specific gravity of hydrogen,
added to 1.8044, the specific gravity of cyanogen, makes

How did Gay-Lussac know that exactly 50 measures of cyanogen
were absorbed by the potassium? [Cyanbgen combines with metals
in the same manner that oxygen docs. See Cyanogen.] What was
the quantity of hydrogen which remained after this absorption ? From
this experiment, what appears to be the composition of prussic acid by
volume ; and therefore the vapor of prussic acid consists of the com-
bined weights of what? How does it appear that cyanogen is 26 times
as heavy as hydrogen? Multiply 0.0694 by 26. How does it appear
that an atom of cyanogen is 26 times as heavy as one of hydrogen ?
(Because they combine in equal volumes, but cyanogen weighs 26
times the most.) What then is the weight of an atom of cyanoges,
that of hydrogen being 1?
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1.8738, the medium, or half of which is 0.9369, the specifie
gravity of the vapor of prussic acid.

The composition of prussic acid may therefore be stated
thus:

By volume. By weight.
Cyanogen 50 1.8044 26, one atom.
Hydrogen 50 0.0694 1, one atom.
100 acid vapor. 27 atomic weight.

Thus the atomic weight, or equivalent number for cyano-
gen-is 26, and that for prussic acid is 27.

The above will serve as a practical example of the method
of finding the atomic weight of a constituent, under similar
circumstances.

CARBON AND SULPHUR.

Sulphuret of Carbon—38.
1 p. Carbon 642 p. Sulphur 32.

This singular compound may be made by the following
process. Place an earthen tube of about an inch and a half
in diameter, a little inclined, across a chaffing of coals,
previously nearly filled with small pieces of newly burned
charcoal. To the higher end of this tube adapt another tube
of glass, filled with small pieces of sulphur. The end of this
tube, not connected with the one of earthen, must be stopped
with a cork, through which passes a wire, the whole being
made air tight. To the opposite end of the earihen tube,
another glass tube must be connected, and so bent as to pass
under the surface of some water contained in a bottle. When
every thing is thus prepared, the charcoal in the chaffing.
dish is set on fire, and when the centre of the tube becomes
red hot, the sulphur must be pushed forward with the wire, so
as to come in contact with the charcoal. The combination
instantly ensues, and the vapor of sulphuret of carbon will
condense under the water in the vessel. In this state it is of
a yellowish colour, but may be purified by re-distilling in a

What is the specific gravity of the vapor of prussic acid, it being the
medium between those of cyanogen and hydrogen? From these data,
what is the composition of prussic acid by volume and weight? What
is the equivalent number for prussic acid? Describe the process for
making salphuret of carbon. W hat is the colour of the compound so
prepared? How may it be purified, so as to become colourless and
transparent ?
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retort containing a little muriate of lime to absorb the water.
The heat during the last process,smust not be over 110°, and
therefore is best applied by a vessel of water over a lamp, in
which the retort is placed. The neck of the retort is dipped
under water as before. .

The compound thus obtained from two solids, the one black,
and the other yellow, is a perfectly transparent and colourless
liquid. Its taste is acrid and pungent, and its smell exceed-
ingly fetid and disagreeable. Its specific gravity is 1.27,
water being 1.00. It does not mix with water, but sinks
through that fluid, as water does through the lightest oil. It
possesses very high refractive powers, [ See Nat. Philosophy.]
and is so volatile as to produce an intense degree of cold by
evaporation, when exposed to the open air. It is highly in-
flammable, and burns with a blue flame, emitting copious
fumes of sulphuric acid. It dissolves phosphorus and iodine,
the solution of the latter being of a beautiful pink colour.

It was stated, a year or two since in Paris, and republished
in the journals of this country, that when this substance is
mixed with phosphorus, and allowed to stand under water for
six or eight months, the phosphorus combines with the sul-

.phur, thus leaving the carbon to crystallize, and form real

diamonds. Having left such a mixture undisturbed, for a
much longer period than the recipe directs, we have as yet
discovered no appearance of this precious gem.

Sulphuret of carbon is composed of

1 equivalent or atom of carbon 6
2 do. of sulphur, 32

Its combining number 38

METALS.

The metals form the most numerous class of undecomposed,
or elementary bodies. They possess a peculiar lustre, called
the metallic, which continues in the streak, or when they are

In what respect does this compound show the mysterious effects of
chemica] combination? What are the sensible properties of sulphuret
of carbon? What is its specific gravity ? What is said of its refract-
ive powers, its volatility, and its inflammability? What has been
published concerning the method of making diamonds from this sub-
stance > What is the equivalent composition of sulphuret of carbon ?
What is its equivalent number? Have any of the metals been decom-
posed? Whatis the peculiar lustre of the metals called ?
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‘reduced to small fragments. They are all conductors of
electricity and caloric. They are fusible, at different tem-
peratures, and in fusion retain their lustre and opacity. They
are in general, good reflectors of light, and with the excep-
tion of gold, which in the thinnest leaves transmits a green
light, they are perfectly opaque.

Many of the metals may be extended under the hammer,
and are hence called malleable, or under the rolling press,
and are called laminable, or may be drawn into wire and are
called ductile. Others can neither be drawn into wire, nor
hammered into plates, but may be ground to powder in a
mortar; these are called brittle metals.

The metals are capable of combining with each other, in
any proportion, when melted together, and such compounds
are called alloys.

With a few exceptions, the metals have the greatest spe-
cific: gravity of all bodies. Potassium and sodium swim on
-water, but with these exceptions, the lightest among them,

-cerium, is about 5} times the weight of water; platinum is
more than 20 times heavier than the same bulk of water.

The metals differ in respect to brilliancy, colour, density,
hardness, elasticity, ductility, tenacity, conductility for caloric _
and electricity, fusibility, expansibility by heat, stability, odor
and taste.

When combined with oxygen, chlorine, iodine, or sulphur,
-and the resulting compounds submitted to the action of
galvanism, the metals without exception are revived, and ap-
pear at the negative side of the battery, hence all the metals
are positive electrics. .

The malleable metals, such as gold, silver, and iron, in
whatever manner their surfaces are increased, if this is done
rapidly, grow hot, and crumble under the hammer, or press,
and finally refuse to be extended any further. It then be-
comes necessary, if their surfaces are to be further extended,

‘to anneal them, which is done by exposure to a red heat,
when they become soft and malleable as before. It is pro-

W hat imponderable agents do all the metals conduct? Are all the
metals opaque? What are malleable, laminable and ductile me-
tals? What are brittle metals? What is an alloy? What is said of
the specific gravity of the metals? W hat are the properties in respect
to which the metals differ? What is the electrical state of the metals?
When the surfaces of the malleable metals are suddenly increased,
what effect is thereby produced on their temperature? en is it ne-
cessary to anneal a metal? .
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bable that this change is produced by a quantity of caloric
which the metal retains in its latent state, and by which its
particles are prevented from forming so compact a mass as
before. When the metal is again drawn under the hammer
or press, it grows hot, and at the same time is increased in
density und specific gravity, the caloric before absorbed be-
ing given out, and the metal is again rendered brittle by the

rocess. :

All the metals are converted into a fluid state by sufficient
degrees of heat. In this respect there is a vast difference
.in the different metals., Mercury is fluid at all common tem-
peratures, and does not assume the solid form unless exposed
to a temperature nearly 40° below the freezing point, while
platina and columbium, continue solid under the highest heat
of a smith’s forge, and only become fluid under the heat of
the compound blowpipe, or the action of the most powerful
galvanic battery. _

With the exception of platina, gold, and silver, these bo-
dies suffer a singular change on exposure to air, and mois-
ture, or on exposure to air and heat. They lose their tena-
city, brilliancy and other qualities peculiar to the metals,
soil the fingers, and crumble to powder, but at the same
time increase in weight. This change is termed oxidation,
and in this state they are termed metallic oxides.

This increase in weight and loss of metallic splendor, does
not happen when the metal is placed in a vacuum, or when
it is protected from the air by varnish, or other means, but is
found to be the consequence of the union between the metal
and the oxygen of the air, or water, or both. Thus iron,
when exposed to air and moisture, spontaneously absorbs
oxygen and is converted into a brown friable matter called
rust. This is an oxide of iron. The increase of weight is
caus&:d by the solid oxygen which thus combines with the
metal.

Metals, in the language of chemistry, are termed combus-
tibles, because they are capable of combining with oxgen,

How is the process of annealing supposed to affect the metal, so as
to restore its malleability ? By wEat means may all the thetals be ren-
dered fluid? What is said of the different temperatures at which the
metals become fluid? The metals, with the exception of platina, gold,
and silver, are said to suffer a peculiar change, when exposed to heat,
orto air and moisture. To what is this change owing, and what are
the resulting compounds called? What causes iron, and other metals
to rust, when exposed to the air? Why are the metals termed com-
bustible in the language of chemistry ?
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and thus passing through the .process of oxidation, or com-
bustion. In ordinary combustion there is an extrication of .
heat and light, and under favorable circumstances several of
the metals exhibit these phenomena. Zinc burns with a
brilliant flame when heated, and exposed to the open air, and
iron when heated in oxygen gas emits the most vivid scintil-
lations, attended with intense heat. Gold and platina, the
metals which have the least affinity for oxygen, are siill ca-
pable of uniting with it so rapidly as to produce scintillations
when heated with the flame of the compound blowpipe. In
all cases the metals combine with oxygen most rapidly when-
exposed to the highest degrees of heat. Hence at com-
mon temperatures their oxidation proceeds so slowly as not
to emit sensible light or heat, and some of them, such as
gold, silver, and platina, do not combine with it at all at
such temperatures.

Some of the metals combine with oxygen in only one.pro-
portion, while others combine with it in three or four pro-
portions. 'Thus there is only a single oxide of zinc, but
there are three or four oxides of iron.

. After the metals are converted into oxides, they may again
be reduced, that is, brought back to their metallic states by
depriving them of their oxygen. : This may be done by sev.
eral methods, depending on the nature of the metal, or the
force by which it retains the oxygen. The reduction of
many of the metals from their ores is nothing more than de-
priving them of their oxygen.

For this purpose, a common method is to heat the oxide
with some combustible, which has a stronger affinity for the
oxygen than the metal has. Thus the oxide parts with its
oxygen, and assumes the metallic. form, while the combusti-
ble absorbs that which the oxide before contained, and is
itself consumed or converted into an oxide. As an example,
carbon when heated has a stronger affinity for oxygen than
iron, and therefore when carbon and oxide of iron are
strongly heated together, the iron is reduced while the char-

Under what circumstances do several of the metals exhibit the ordi-
naryphenomena of combustion? Under what circumstances do all
the metals combine most rapidly with oxygen? What metals do not
combine atall with oxygen at common temperatures? Do the metals
all combine with the same proportion of oxygen? After a metal has
been converted into an oxide, how may it again be reduced, or brought
again to its metallic state? By what method can the metals be de-
prived of their oxygen? What is one of the most conmon methods of
reducing iron from its ores ? :

-



200 METALS.

coal is converted into an oxide, or an acid, and passes away
into the air, or in common language, is burned up. This is
the method of reducing iron from its ores.

In some instances heat alone drives away the oxygen and
reduces the metal, but in such cases the metal has only 2
weak affinity for oxygen. The oxides of gold, mercury
and platina, are thus reduced. :

Metals having stronger affinities for oxygen resist such
methods of reduction, and require the more powerful agency
of galvanism. When metallic oxides are exposed to this in.
fluence the reduced metal is found at the negative side of
the battery, while the oxygen rises through the water at the
positive side. :

None of the metals are soluble in an acid, in their metallic
states, but when first combined with oxygen they are readily
dissolved. Gold will not dissolve in muriatic acid alons,:
because this acid does not part with its oxygen with such
facility to form an oxide of the metal. But if a quantity of
nitric acid be added to the muriatic, the gold instantly be.

. gins to enter into solution because the nitric acid imparts its
oxygen to the metal, forming an oxide, which is then dissol-
ved by the two acids. If a piece of zinc be thrown into sul-
phuric acid, it will remain undissolved, but if three or four
parts of water be poured in, the metal is attacked with great

' violence, and soon dissolved. In this case the water furnishes
the oxygen, by which the zinc is oxadized, and it is then dis-
solved by the acid. By this method hydrogen is obtained ;
the metal decomposing the water by absorbing its oxygen,
while the hydrogen is set at liberty. .

The metals combine with phosphorus, sulphur, and car-
bon, forming compounds called phosphurets, sulphurets, and
carburets.

Of all the inflammable bases, sulphur appears to possess

When iron is reduced by heating its oxide with charcoal, what be-
comes of the oxygen ? In what instances does heat alone reduce the
metallic oxides? When metallic oxides are reduced by means of gal-
vanism, at which pole of the battery is the oxygen extricated? Are
any of the metals soluble in the acids, while in their metallic states >
W{y is 1t necessary to add nitric acid to the muriatic acid before it
will dissolve gold? Why does not zinc dissolve in strong sulphuric
acid? Why is hydrogen evolved when the zinc is dissolved in diluted
sulphuric acid? When a metal combines with phosphorus, what is the
resulting compound called? What is the composition of a sulphuret?
What is the composition of a'carburet? What combustible body ap-
pears to possess the strongest affinity for the metals?
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the strongest affinity for the metals, and its combination with
some of them is attended with remarkable phenomena. This
affinity is shown by the following interesting experiment,
Introduce into a Florence flask three parts of iron, or cop-
per filings, and one part flowers of sulphur well mixell to-
gether. Then stop the flask with a cork, and place it over
a lamp 8o as to heat it slowly, and as soon as any redness
appears, remove the flask from the fire. The chemical ac-
tion thus begun will be continued by the heat evolved by
the combination between the sulphur and the metal, and the
whole mass in succession will become red hot, which in the
dark will produce a very beautiful appearance.

We have stated in a former part of this work, that when
bodies pass from a rarer to a denser state, calorie is evolved.

The heat and light in this experiment seems to be the
consequence of this general law of condensation, for the
sulphuret formed by the union of the two bodies occupies
much less space than the metal and sulphur did before.

Many of the metallic sulphurets are very abundant in na-
ture, forming the ores of the metals. Several metals are
extracted entirely from such ores. The most abundant sul-
phurets are those of lead, antimony, copper, iron and zinc.

The phosphurets are seldom found as natural products,
but may be formed by bringing phosphorus in contact with
the metal at a high temperature. :

Carbon unites with iron in several proportions. lron,
steel, and black lead are all carburets of iron, the latter
containing 95 per cent. of carbon.

When the oxide of a metal is dissolved in an acid, there

is a compound formed which differs entirely from either of
" these two substances, and when the liquor is evaporated
there remains a crystalline solid, called a metallic salt.
These salts differ materially from each other, according to
the kind of acid and metal of which they are composed.
Some of them, such as the sulphate of iron, and acetate
of lead, are of great importance to the arts.

The oxides of the metals readily unite by fusion with glass,

‘What experiment is stated, illustrating the affinity between iron and
sulphur? Whence does the heat arise in this experiment? What are
the most abundant sulphurets in nature? Are the phosphurets often
found native? What carburets are mentioned? What is a metallic
salt? What particular salts are mentioned as being of great impor-
tance to the arts? What is said of the union between the metallic ox-
ides.and glass ?

18
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and it is by such means that this substance is made to re-
semble gems and precious stones. The stained glass, so
celebrated among the ancients, and used in the windows of
churches, was prepared in this manner. This art was said
to have been lost, but stained glass is still made in many
parts of Europe, and in this country. (See glass.)

Compounds made by fusing two or more metals together,
are called alloys. In these cases there is a chemical union
between the metals ; and hence such compounds differ great-
ly from the metals of which they are composed. In general
the specific gravity of the alloy is greater than the medium
specific gravity of the two metals, and of consequence the
bulk of the alloy is less than that of the two metals taken
separately. As an example, if two bullets of copper and
two of tin of equal bulk, be melted together, they will form
little more than three bullets of the same size. This diminu.
tion of bulk is accounted for, by supposing that the particles
of the two metals enter into a closer union with each other
when combined, than those of either did in a separate state.

The alloys of the metals are also more easily fusible than
the metals of which they are composed ;. that is, the melting
point of an alloy is below the medium temperature at which
the metals composing it are fusible.

An alloy made of 8 parts bismuth, 5 lead, and 3 tin, is a
curious instance of this fact. In a separate state, the melting
point of lead is 500°, bismuth, 490, and tin 430, and yet
when these are fused together, the compound melts at 212°.
Amusing toys, in the form of tea-spoons, have been made of
this alloy. Such spoons, in the hands of those who know
nothing oftheir composition, have excited great astonishment,
by coming out of a cup of hot tea with their bowls melted off.

The namber of metals, and the variety of properties which
they possess, render it necessary to throw them into classes
and orders, that a knowledge of these properties may be more
easily obtained.

The following arrangement is that originally proposed by
Thenard, and adopted by Henry and others.

We have already stated, that some of the metals are redu-
ced from the state of oxides by heat alone, such metals hav-

What are alloys? In what respect do alloys differ from the metals
of which they are composed? How is the increased specific gravity of
the alloys accounted for? What is said of the fusibility of alloys?
What carious illustration of the fusibility of an alloy made of bismuth,
lead and tin, is given?
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ing only a slight affinity for oxygen. Others, it was also sta-
ted, have so strong an attraction for oxygen, that they cannot
be reduced by this method, but require the presence of a
combustible, or some other means for their reduction. The
ement into classes is founded on this distinctive differ-
ence. The orders of the second class are founded on the
powers of the metals to decompose water.
Crass I.—Metals, the oxides of which are reducible to the
metallic stdte by heat alone. These are

Mercury, Platinum, Osmium,
Silver, Pulladium, -and
Gold, Rhodium, Iridium.

Curass II.—Metals, the oxides of which are not reducible
to the metallic state by the action of heat alone.

Order 1.—Metals which decompose water at common tem-
peratures. These are

Potassium, Lithium, Strontium,
Sodium, Barium, Calcium.

Order 2.—Metals which are supposed to be analogous to
Order 1, but whose properties are but little known. These
are :

Magnesium, Ittrium, Zirconium,
Glucinum, Aluminum, Silicium,

Order 3.—Metals which decompose water at a red heat.

‘These are
Manganese, Iron, and
Zinc, Tin, Cadmium.

Order 4.—Metals which do not decompose water at any

temperature. These are

Arsenic, - Uranium, Titanium,
Molybdenum, Columbium, Bismuth,
Chromium, Nickel, Copper,
Tungsten, Cobalt, Tellurium,
Antimony, Cerium, Lead.

Of the first class, there are 8 metals, of the second, there
are 32, making 40 in all.

What is the distinctive difference among the metals, on which is
founded their arrangement into classes? What are the peculiar pro-
perties on which the orders of the second class are founded ? How are
the classes and orders defined, and what are the names of the metals
belonging to each? How many metals belong to the first class; and
how many to the second ? »
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CLASS L

Metals, the oxides of which are decomposed by the action
of heat alone. .

MERCURY—200.

Mercury, or quicksilver is found native, or in its pure state
only in small quantities, the mercury of commerce bei
chiefly extracted from cinnibar, which is a sulphuret of the
metal. The metal is extracted from this ore by heating it in
iron retorts mixed with iron filings or lime. By this process,
the sulphur combines with the lime or iron, forming a sulphu-
ret of lime or iron, while the mereury is volatilized, and is
distilled into a receiver, where it condenses in its pure form.

This metal is distinguished from all others by preserving
its fluidity at common temperatures. Its specific gravity is
13.5. At the temperature of 660°, it boils, rises in vapor,
and may be distilled from one vessel to another. At 40° be.
low zero, it becomes solid, and is then malleable, and may be
hammered into thin plates.

When pure, this metal is not readily oxidized in the open
air at common temperatures, but when mixed with other me.
tals, such as tin or zinc, there is commonly a film of oxide on
its surface, hence this is an indication that the mercury is
impure. When agitated for a long time, in contact with air,
or oxygen gas, this metal is oxidized, and is converted into a
black powder, called ethiops mineral.

Mercury readily combines with gold, silver, tin, bismuth,
and zinc ; but not so readily with copper, arsenic, and anti.
mony, and with platina and iron scarcely atall. The result.
ing compounds between mercury and the other metals, are
called amalgams.

Mercury has such an affinity for gold and tin as to dissolve
these metals in small pieces, at common temperatures. In
the mines of South America, a great proportion of the gold

What is the definition of class first? From what substance is the
mercury of commerce extracted? What is the composition of cinna-
"bar, and what its chemical name? What is the method of obtaining
the mercury from its sulphuret? What striking distinction is ; there
between mercury and other metals? What is the specific gravity of
mercury? At what temperature does mercury boil, and at what tem-
perature does it freeze? When solid, what property common to many
other metals, does it possess? What are the obvious indications of
impurity in this metal? What is ethiops mineral? When mercary
combines with other metals, what is the compound called ? !
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was formerly procured by amalgamation. Sand containing
particles of gold, was agitated in a close vessel with mercury,
and the two metals thus brought in contact united and formed
¢an amalgam. This was then distilled in an iron vessel, by
which the mercury was driven away, while the gold remained.
.. Atthe present time, the gold-beaters make use of the same
means to obtain the small particles of the metal contained in
the gweepings of their shops. The sweepings being placed
in a close vessel, and agitated with mercury, an amalgam is
formed. The gold is then separated by pressing the amal-
gam in a buckskin bag, which forces the mercury through
.the pores of theleather, while the gold is retained.
Mercury is applied to many other uses in the arts, and is a
constituent in several important medicines. .
The silvering on the backs of looking glasses, is an amal-
gam of tin, and is put on in the following manner. A sheet of
_tin foil is laid perfectly smooth on a slab of marble, and on the
tin foil mercury is poured, until it is about the eighth of an
inch thick ; the attraction of the metals for each other, keep-
ing the mercury from running of. When the mercury is
spread equally over the surface, the glass plate is run, or slid
on. This isso managed, by partly immersing the end of the
plate in the edge of the mercury, and pushing it forward, as to
entirely exclude the air from between the metal and the glass.
Weights are then laid on the plate, to press out the mercury
which does not amalgamate with the tin. In about 24 or 36
hours, the amalgam adheres to the plate, in the manner we
see it on looking glasses. The glass, therefore, merely
serves to keep the amalgam in its place, and being transpa-
rent, to transmit the image, which is reflected from the sur-.
face of the metal. Could the mercury be kept from oxida-
tion, and be retained in its place without the glass plate,
such mirrors would be much more perfect, since the glass
prevents some of the rays of light from passing to and from
the metal.

How is gold obtained by mercury? How do gold-beaters obtain
the small particles of gold from among the sweepings of their shops ?
What is the composition called the silvering, on the backs of looking-
glasses? Describe the process of silvering a plate of glass. In forming
a looking-glass, what is the use of tlé: glass plate?

1
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MERCURY AND OXYGEN.
Per.Ozide of Mercury—216.
1 p. Mercury 20042 p. Oxygen 16.
Red Preciptiate. '

This compound is commonly formed by dissolving mercury
in nitric acid, and then exposing the nitrate te such a degree
of heat as to expel all the acid. It is in the form of small,
shining crystalline scales, of a red colour. When exposed to
a red heat, this oxide is reduced, and converted into oxygen,
and metallic mercury, a circumstance on which its arrange-
ment in the present class depends. When long exposed to
the action of light, the same effect is produced. Red preci-
pitate is emyloyed in medicine chiefly as an escharotic.

It will be observed at the head of this section, that the per-
oxide of mercury is composed of 200 parts of the metal com-
* bined with 16 parts, or tWo equivalents of oxygen. The prot-
oxide of this metal consists of 200 mercury and 8 oxygen,
these compounds conforming precisely to the doctrine of defi-
nite and multiple proportions, as formerly explained. The
reason why so large a number as 200 is taken for the equiva.
lent of mercury and some other metals, will be understood
when it is recollected that the data from which all the pro-
portional numbers are estimated, is the proportions of hydro-
gen and oxygen forming water. The proportion of oxygen
in this compound being 8, and this number for oxygen being
fixed, that for mercury is 200, because it is found by experi-

ment, that these are the smallest proportions in which these
two bodies combine.

MERCURY AND CHLORINE.
Proto-Chloride of Mercury—236.
1 p. Mercury 20041 p. Chlorine 36.
Calomel.

When chlorine, a gas formerly described, is brought in
contact with mercury, at common temperatures, a combina-
tion takes place between them, amounting to one proportion
of each, forming a proto-chloride of the metal. ’F’his, how.
ever, is not the common method of preparing calomel ; the

‘What is the composition of per-oxide of mercury ? what simple
process is it obtained? How may this oxide be decom};yoned? ngt

is the use of red precipitate? Explain the reason why the combining
number for mercury is 200. .

¥
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two constituents being more conveniently combined in their
proper proportions, by mixing the bi.chloride of this metal
with an additional quantity of mercury. The bi-chloride of
mercury contains, as its name signifies, two proportions of
chlorine and one of the metal. This compound is known un.
der the name of corrosive sublimate. It contains mercury 200,
and chlorine 72 parts by weight. When this salt is triturated
with mercury, the metal absorbs a part of the chlorine, and
the whole is converted into a proto-chloride, or calomel. The
proportions are 272 parts, or 1 equivalent of the corrosive
sublimate, and 200 parts, or 1 equivalent of the mercury.
This process affords a beautiful illustration of the truth of the
doctrine of definite proportions, for when these equivalents
are mixed in a mortar, and then sublimed by heat, 36 parts,
or 1 proportion of the chlorine is transferred from the bi.
chloride, to the metallic mercury, thus converting the whole _
into 472 parts of proto-chloride of mercury, or calomel.

'This process also shows in a striking manner, the effects
of different proportions of the same principles on the quali-
ties of bodies. Corrosive sublimate is one of the most active
and virulent of all metallic poisons, and in doses of only a few
grains, occasions the most agonizing symptoms, which com.
monly end in death. But calomel is a mild and safe medi-
cine, which may be taken in doses of 60, or even 100 grains,
without injury. And yet the only difference between these
two substances is, that calomel is a compound of 1 atom of
chlorine combined with 1 of mercury, while corrosive subli-
mate consists of 2 atoms of the first to 1 of the metal.

MERCURY AND SULPHUR.

Sulphuret of Mercury—216.
1 p. Mercury 20041 p. Sulphur 16.
Cinnabar.

Cinnabar is prepared by fusing mercury and sulphur to-
gether, and afterwards subliming the compound. When this
compound is reduced to a fine powder, it forms the well

What is said of the combination between mercury, and the gas chlo-
rine, at common temperatures? What common name has the proto-
chloride of mercury? How does the proto-chloride differ from the bi-
chloride of mercury ? What is the common name for the bi-chloride
of mercury ? What is the common mede of making calomel? What
pioportions of corrosive sublimate and mercury combine and form calo-
mel? What two principles are strikingly illustrated by this combina-
tion? What is the composition of sulphuret of mercury ?
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known pigment vermilion. Cinnabar occurs in nature, in
large quantities, and is the substance, as already stated, from
which mercury is chiefly obtained.

sILvER—110.

Silver is found native in small quantities. It also occurs
mixed with several other metals, as copper, antimony, arsc.
nic, and sometimes with gold, but is chiefly found in combi.
nation with sulphur, forming a sulphuret of silver.

This metal, when pure, admits of a lustre only inferior to
that of polished steel. Its specific gravity is 11, being about
half that of platina. In malleability and ductility it excels
all the other metals except gold and platina.

Silver is fused by the heat of a common furnace, and by
a long continued and high degree of heat it may be volatal.
ized, or turned into vapor. By slow cooling, this metal may
be obtained in regular crystals. It is not oxidated by ex-
posure to the combined action of heat and moisture, but is
readily tarnished by sulphureous vapor. Sulphuric acid dis-
solves this metal when assisted by heat, but its proper solvent
is nitric acid, with which it readily combines, and when the
solution is evaporated, forms nitrate of silver, a substance
known under the name of lunar caustic. -

Silver is precipitated from its solutiens, by several of the
other metals in its metallic form. This happens when any
other metal, having a stronger affinity for oxygen than silver,
is placed in a solution of this metal.

If a quantity of nitrate of silver, or lunar caustic be dis-
solved in water, and aslip of clean polished copper be dipped
into it, the copper will be covered with a coat of silver.

Diana’s silver tree is made by precipitating silver from its
solution by means of mercury. This interesting experiment
may be performed in the following manner. Mix together
six parts of a solution of nitrate of silver, and four parts of
a solution of nitrate of mercury, both completely saturated.
Add a small quantity of rain water, and put the mixture into

"What is the more common name for this compound? What is ver-
million? In what states does silver occur? What is the substance
with which it is chiefly found combined ? What s its specific gravity ?
What is said of its malleability and ductility? How may silver be
obtained in crystals? What vapor readily tarnishes silver> What is
the proper solvent of this metal? What is the salt formed when sil-
ver is dissolved in nitric acid? How is lunar caustic formed ? How
may silver be precipitated in its metallic form? What is the process
for forming Diana’s silver tree ? .
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a glass decanter, containing six parts of amalgam, made of
seven parts of mercury by weight, and six parts of silver leaf.
In the course of some hours there will appear small shining
scales of metallic silver on the amalgam, which will increase,
and shoot out in the form of a silver tree, producing a very
beautiful appearance.

Silvering powder may be prepared in the following man.
ner. Precipitate silver from its solution in nitric acid, by
dropping into it some plates of clean copper. Take 20
grains of this powder, and mix with it two drachms of cream
of tartar, the same quantity of common salt, and half a
drachm of alum. These articles must be finely pulverized,
and intimately mixed in & mortar. If a little of this powder
be moistened, and rubbed on a clean surface of brass or
copper, the silver will be precipitated, and the surface of the
metal will be covered with it. In this way the silvering of
candlesticks, or other articles, where it is worn off, may be
replaced. The addition of the other articles to the precipi-
. tated silver, probably serves no other purpose than to keep

the surface of the brass perfectly clean, and free from oxide,
- as the powder is rubbed on.

Silver may also be precipitated on ivory and then revived
by the action of solar light. Into.a dilute solution of nitrate
of silver immerse a slip of polished ivory, and let it remain
until it acquires a yellow colour, then place it in a tumbler
of pure water,and expose it to the direct rays of the sun,
for a few hours, or until it turns black. If now it be
gently rubbed, the surface will be changed into a bright
metallic one, and the slip of ivory will, in appearance, be
transmuted into one of silver. This change is caused by the
de-oxidizing power of the solar rays, in consequence of
which, the oxygen is separated from the silver, and the metal
reduced to its tgormer state.

A very useful solvent of silver is made by dissolving one
agh.rlt of nitre with about eight parts of strong sulphuric acid.

is solvent, when heated to about the temperature of boil.
ing water, will dissolve silver, without acting on gold, copper,

How may silvering powder be prepared? What is the use of this
silvering powder ? Of what use are the other ingredients in this pow-
der besides the precipitated silver? What is the process for silvering
ivory ? How do you account for the return of the silver to its metallic
state by .being placed in the sun? What is the composition of a sol-
vent for silver, which does not act upon other metals?®
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lead, or iron, and hence may be conveniently used to extract
the silver from old plated goods, &c.

The combining number for silver is 110, it having been
found that the oxide of this metal contains 110 silver, and 8
oxygen.

The sulphuret of silver is composed of 110 of the metal
and 16 sulphur.

GorLp—200.

This well known precious metal is found only in the me-
tallic state, either alone, or mixed with other metals. Con-
sequently there is no such thing as an ore of gold. This
metal is sometimes found disseminated in rocks, but always
in its metallic state, and never mineralized by sulphur, oxy-
gen, or any other substance. The specific gravity of gold
18 19. It is.the most malleable of all the metals, and in duc-
tility is only excelled by platina. |
. The extent to which a given portion of this metal may be

spread, and still continue a perfectly unbroken surface is truly
astonishing. A single grain of the best wrought gold leaf is
found to cover fifty-six square inches, and it would take near-
ly 30,000 such leaves to make an inch in thickness. This,
however, is not the utmost limit to which its tenuity may
be extended, for the wire used by lace makers is drawn from
an ingot of silver gilded with this leaf, and from the diameter
of the ingot, compared with that of the wire, it has been
found that the covering of gold on the latter is only a twelfth
part the thickness of gold leaf. Supposing the leaf whea
first placed on the silver to have been the 30 thousandth part
of an inch in thiekness, the covering on the wire would re-
quire 360,000 times its own thickness to make one inch ;
and still this covering is so entire that even with a micro-
scope the silver isnot to be seen.

Gold is the only metal which can be made so thin as to
transmit the rays of light, and the rays so transmitted, instead
of being of the same colour with the metal, are green.

This metal, when pure, is not oxidated, or otherwise alter-
ed, by being kept in fusion, in the highest heat of a furnace

What is the equivalent number for silver? In whut state is gold
always found ? Are there any ores of gold? Whatis the specific grav-
ity of gold? What illustrations are given of the malleability of gold ?
What is said of the thickness of this metal on the wire used by lace
makers ? What is said of the light seen through gold leaf? ‘Haw is
gold effected by continued fusion at the highest degrees of heat ?
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for any length of time. ‘Sulphuric, nitric, or muriatic acid,
do not alone produce the least action on gold, but when
two parts of nitric, and one of muriatic acid are mixed, form-
ing aqua regia, the mixture dissolves this metal with facility.
Put some nitric acid into ene vessel, and some muriatic acid
into another, and throw a little gold leaf into each. Not the
least action on either will be produced, but if the contents of
one vessel be'poured into the other, immediate action will en~
sue and the metul will soon be dissolved.

The solution of gold is decomposed by many substances
which have a stronger attraction for oxygen than this metal
has, and by absorbing the oxygen restores the gold to its me-
tallic state.

If a piece of ribbon, or other substance be moistened with
some dilute solutjon of gold, and exposed to the action of a
current of hydrogen, the gold will be revived, and the rib-
bon, or other substance, will be covered with a film of gold.
By means of a camel hair pencil, the solution may be applied
to the ribbon in regular figures, and as the appearance of the
ribbon is not changed by the application, unti the hydrogen
is thrown "upon it, a striking experiment may be made in this
way. ' The hydrogen must be applied while the ribbon is
moist, and may be blown on, through a tube attached to a
bladder containing it. ,

Bulphuric ether, precipitates gold, but instantly dissolves
the precipitate, forming an etherial solution of the metal.
This solution is sometimes employed to gild lancets, scissors,
and other instruments, in order to preserve them from rust.
This isreadily done by the following method. Into a given
quantity, say an ounce of the nitro-muriatic solution of gold,
pourtwice as much sulphuric ether ; shake the vessel and let
it stand two or three minutes, and then pour into another ves-
sel about one-third of the mixture. The acid does not mix
with the ether, but settles to the bottom of the vessel, leaving
the ether in possession of the gold on its surface; the por-
tion decanted into the other vessel, therefore is an etherial
solution of gold. Any perfectly clean and polished steel in-
strument will be covered with a coat of gold if dipped for a
momeat into this solution. When taken from the ether it
should be instgntly plunged into pure water to wash off any

‘What acids dissolve gold? How may the solutions of gold be de-
) ? In what manner may figures of gold be made on ribbon ?
What are the directions for making an etherial solution of gold? In
v;.hat manner may steel mstruments be gilded with an etherial solution
of gold?



212 PLATINUM.

%articles of acid, which may be retained in the solution.
he instrument may afterwards be burnished, when it will
have all the appearance of the best gilding.

In this case, the gold appears to be in its metallic state, and
to be retained on the surface of the steel by the attractiou of
cohesion, while the ether evaporates.

PLATINUM.—96.

Platinum is a white metal, resembling silver, in colour, but
alittle darker. It is the heaviest of all known bodies, having
a specific gravity of 22. -

This metal comes chiefly from several parts of South Amer-
ica, where it is found in small grains, or scales, exceedingly
heavy and nearly the colour of wrought iron. In this state
it isalloyed by several other metals, and requires to be puri-
fied before it is malleable. It was was first discovered in
1741, but has not been applied to any considerable use until
within the last twenty years. This metal has lately been dis-
covered in considerable quantities in Russia, and is employed
for the purposes of coin, for which it is well adapted.

Platina, like iron, may be welded, and like gold, suffers no
change from the combined agencies of air and moisture, or
by long continued heat. For many purposes, therefore, it is
the most valuable of all the metals.

‘This metal is so difficult of fusion as to undergo the great.
est heat of a smith’s forge without the least change. None
of the acids act on it, except the nitro.muriatic, the solvent of

old.
g Platinum. is purified and obtained in a malleable state by
dissolving the grains in 8 times their weight of aqua regia,
assisted by heat. The acid only dissolves the platinum, leav.
ing the iridium, and osmium, the metalg with which it is al-
loyed, in the form of a precipitate at the bottom of the vessel.
The acid solution is then evaporated, and the metal precipita-
tedby ammonia. The precipitate thus obtained, is heated
in a crucible, lined with a mixture of cluy and charcoal, to
the utmost degree that can be attained in a blast furnace,

‘What is the colour of platinum? What is its specific gravity ?
Is there any known body of greater specific gravity than platina? In
what countries is platina found? When was this metal discovered ?
In what respect does platina possess the property of iron? In whatre-
spect is this metal like gold? W hat is said of the action of heat, and
of the acids on platinum ?
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when the ammonia and acid are driven off, and the fused
metal falls to the bottom of the crucible. It is afterwards
several times heated, and hammered, when it becomes both
ductile and malleable. In small quantities, this metal may
be fused by the compound blowpipe.

Platinum combines with many of the other metals by fusion,
and forms alloys which possess various properties, some of -
which are useful. :

Copper, when alloyed with from one-sixth, to one-twenty-
fifth part of platina, becomes of a golden colour, is much less
readily oxidated than before, and receives a fine polish.

With iron, platina is said to form a compound highly es.
teemed by the Spaniards, for the purpose of making gun-
barrels, which are stronger, and less apt to rust than iron
alone.

From its infusibility, and the difficulty with which it is ox.
idated, this metal is highly useful in the arts, and particularly
for making various chemical and philosophical instruments.

Retorts of platina are now employed instead of lead, for
the distillation of sulphuric @cid. Being acted on neither
by heat, nor any single acid, such vessels will probably last
even for centuries without repair. Their expense would,
however, often be an objection to their use. In Mr. Ten-
nant’s great works for the manufacture of bleaching salt, at
Glasgow, it is said there are nine platina retorts, which cost
about 2,500 dollars each. '

Platina is the slowest, or most imperfect conductor of heat,
among the metals, and from this quality, together with that of
sustaining a high degree of heat without oxidation, it may be
employed to construct the aphlogistic or flameless lamp.

This curious lamp retains a coil of platina wire, constant.
ly at a white heat without either flame or smoke. It may be

. constructed in the following manner.

The platina wire to be used for this purpose is about the
thickness of card, or brass wire, No.26. If larger, the heat
is carried off too fast, and the ignition ceases, and if much
finer, it does not retain sufficient heat to keep up the evapora.
tion of the alcohol, by the combustion of which, the heat of
the wire is maintained. .

How is this metal purified and rendered malleable? Does platinum
form alloys with the other metals by fusion ?” What alleys of platina
are mentioned as being useful? For what useful purposes has the
pure metal been employed ? Is platina a good,, or bad conductor of
heat? What is the aphlogistic, or flameless lamp ? ’

19
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. Such a piece of wire, six or eight inches long, a piece of
glass tube, and a low vial, are the chief materials forthe con.
struction of this lamp. . .
Fig. 62. The coil A, fig. 62, is made
)y winding the wire round a
siece of wood, cut of the pro-
ver size and shape. The size
s determined by that of the
iperture of the tube, allowing
or the diameter of the wire.
(ts shape is a little conical, or
apering upwards. In winding
‘he coil, itis best that the turns
of the wire should come in con-
tact, and afterwards gently ex.
:ended, so as to come as nearly
a8 possible to each other with-
out touching. The diameter
of the coil may be one-fourth,
or one-sixth of an inch, and its
length half an inch, containing twenty or thirty turns of the
wire.

B is a glass tube three or four inches long, containing the
cotton wick by which the alcohol is carried up to the wire.
The wick passes about half way through the coil.

C is the body of the lamp which contains the alcohol. It
is a low vial, or glass inkstand, capable of holding two or
three ounces. The glass tube passes through a cork and dips
into the fluid. D is a small tube through which the alcohol
is poured. This must be stopped to prevent evaporation.

When the lamp is thus prepared and filled with alcohol, the
fluid is set on fire by holding the platina wire in the flame of
a candle, and after a few minutes, or when the coil becomes
red hot, the flame is blown out, and if every thing is properly
adjusted, the wire will remain red hot as long as the vial con-
tains alcohol.

The following appear to be the causes of the permanent
ignition of the wire. Alcohol, when in the state of vapor,
combines with oxygen with facility. The temperature of the
wire is raised by the flame of the candle to about 800 de-

Explain fig. 62, and describe the construction of the flameless lamp.
With what fluid is the lamp filled? How is it lighted ? Explain the
principles which cause the permanent ignition of the platina wire.
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grees, the point at which alcohol combines with oxygen, or is
combustible. When this is once effected, the caloric extrica-
ted by the combustion of the alcohol is sufficient to keep the
coil at a red heat, which again is the temperature at which
alcohol is combustible, so that one portion of alcohol by the
absorption of oxygen, and the consequent evolution of heat,
prepares the wire to effect the combustion of another portion,
and as the alcohol rises in a constant stream of vapor, so the
ignition ‘is constant,

In cases where a light might be suddenly wanted, this
lamp is highly convenient, for by touching a match to the
coil, and then to the wick of a candle a light is immediately
obtained.
® Platinum combines with oxygen in two proportions forming

e
Platinum.  Ozygen.
Protoxide, composedof 96 and 8
Peroxide “ 96 “« 16.

PALLADIUM.—RHODIUM.—IRIDIUM AND OSMIUM.

These four metals were found by Dr. Wollaston, and Mr.
Tennant, among the grains of platina brought from South
America.

Palladium. This metal resembles platina in color, but is
not quite so brilliant. It is malleable and ductile, and its spe-
cific gravity is about 11.5. 1Its fusing point is between those
of gold and platinum. 1t is soluble in the sulphuric, nitric,
or muriatic acids. Neither the metal nor its oxides have
been applied to any use. Its atomic weight or combining
number is 56. j

Rhodium. This metal is hard, brittle,"and its specific grav-
ity is about 11. It is not acted on by any of the acids,
not even the nitro-muriatic, except when alloyed by other
metals. It requires the strongest heat of a wind furnace for
its fusion, and when pure is of a white colour, and brilliant
lustre. Its solution in nitro-muriatic acid is of a rose red

What is the use of the aphlogistic lamp? What is the equivalent
number for platinum? What are the names of the oxides of this
metal, and what the proportions of their elements ? Where were the
metals palladium, rhodium, iridium and osmium, first discovered ?
What is the colour, and what are the properties of palladium ? What
is the combining number for palladium ? W hat is the specific gravity
of rhodium ? %Vha.t is the colour, and what are the properties of rho-
dium?
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colour, and hence the name rhodium, from a Greek word sig-
nifying a rose.

The atomic weight, or combining number of rhodium is 44.

Iridium and Osmium. When platina is dissolved in aqua.
regia, there remains a black, heavy powder, at the bottom of
the vessel, which consists of a mixture of iridium and osmi-
ura. Iridium has been fused, only by the heat of an im-
mense galvanic battery. The metal is white, and of a spe-
cifi¢ gravity next to that of platinum, being 18.5. It is dis-
solved with great difficulty in any of the acids ; has been
obtained only in small quantities, and is of no use.

_ Osmium is of a dark grey, or blue colour, and capable of
supporting a white heat without being volatilized, or fused.
The oxide of this metal is precipitated in its metallic state
by copper and several of the other metals, and the precipitate
being agitated with mercury, an amalgam is formed, which
being heated, the mercury is driven off, and the osmium ina
pure state remains. In this manner is the metal obtained.
It is of no use, and has been procured only in small quanti.

JHes-
CLASS II.
Metals, the oxides of which, are not reducible to the me.
tallic state by heat alone. ‘
Order 1. Metals which decompose water at common tem.-
peratures. These are
Potassium, Lithium, Strontium,
Sodium, Barium, Calcium.

“These metals attract oxygen with the most intense degree
of force. They absorb it from the atmosphere, and even
decompose water, by combining with its oxygen, at common
temperatures. Such is the force by which they hold this
principle, that their oxides had resisted all attempts to decom-
pose them, until the discovery of galvanism placed in the
hands of men a more powerful decomposing agent than was

From what circumstance is the name of this metal derived > What
is the equivalent number of rhodium? How are iridium and osmium
obtained ? What is the specific gravity of iridium ? What is said of
its fusibility, and solution in acids? What are the properties of osmi-
um? How is osmium obtained in its pure state? What is the defini-
tion of class 2? What is the definition of order 1st, of this class?
What are the names of the metals belonging to this order? What is said
of the intense degree of force with which these metalsattract oxygen ?

By what decomposing agent were the alkalies shown to be the oxides
of metals?



POTASSIUM. 117

before known. By means of the most intense electrical re-
pulsion, the alkalies, before considered as simple bodies, were
shown to be the oxides of metals. After the secret of their
composition was known, chemists devised other, and less ex-
pensive means of effecting their decompositions, so that at
the present time sodium and potassium, at first the most ex-
* pensive of all substances, are within the means of any one.

POTASSIUM—40.

If a small piece of pure potash, slightly moistened, be put -
between two plates of platinum connected with the poles of
a galvanic battery of 200 double plates, the alkali will soon
be fused and decomposed. Oxygen will separate at the pos-
itive pole, and small metallic globules, like quicksilver, will
appear at the negative pole. In this manner, Sir H. Davy
first determined the composition of potash, and separated its
elements. Potash, therefore, is a compound comsisting of a
metal, called potassium, united to oxygen.

By this process the metal can be obtained only in minute
quantities ; but chemists, mow understanding that to obtain
potassium in any quanity, only required that the oxygen should
be separated from potash, soon found more ready means of
performing the experiment. The following is the method
first employed by Thenard.

A clean and perfectly sound gun barrel is provided, and
bent in the manner shown in fig. 63, and covered with an
infusible lute between the letters O and E, fig. 1. - The in.
terior of the luted part is filled with cléan irgn turnings, and
;éieces (6f fused potash are placed loosely in the part between

and C.

What is the process by which Sir H. Davy’s decomposed potash ?
19*




218 METALS.

Fig. 63.
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between ‘A and O, should become stopped by potassium,
the gas will issue at the tube T, and then some burni

charcoal must be placed between A and O, which will re.
move the obstruction. .

When all the potash has been fused and made to pass
among the iron turnings, the process is finished, and then
the tubes X, and T, must be removed, and the ends of the
barrel instantly stopped with corks until the apparatus has
cooled. The barrel is then carefully removed, and a little
naptha suffered to run through it, by which the potassium is
coated, and thus preserved from the contact of air, while
pouring out of the barrel. The potassiam is found in
globules in the tube and receiver, A, A.

The success of this process isecertain if the heat is suffi-
cient, but the barrel, if not carefully covered with lute, is apt
to melt, when most, if not all, the potassium will be lost.

In this process the decomposition of the potash is effected
by the iron turnings, which at a high heat have so strong an
attraction for oxygen, as to absorb it from the potassium,
and as the iron combines with the oxygen, the potassium is
left in its pure state.

Potassium is solid at ordinary temperatures, but becomes
fluid at 150°, and then appears like mercury. It is perfectly
opaque, and a good conductor of electricity and caloric. At
the temperature of 50° it is soft like wax, and yields to the
pressure of the fingers. In this state it resembles’ an amal-
gam of mercury and tin. Its specific gravity is 0.865, water
being 1.000.

The most prominent chemical property of this metal is its
extreme avidity for oxygen. When exposed to the air it
oxidizes rapidly, and when thrown on water it decomposes
that fluid, by absorbing its oxygen with such rapidity as to
set itself on fire, and burns with a white flame, and great evo-
lution of heat while swimming on its surface.

What is the condition on which it is said this experiment will cer-
tainly succeed 2 What is the principle on which the decomposition
of the potash is effected by means of iron turnings and heat? W hat
is the appearance of potassium ? [s it a conductor of caloric and elec-
tricity > At what temperature does it become fluid, and at what tem-
perature is it solid? What is the specific gravity of this metal? What
phenomena are produced when potassium is thrown on water?
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POTASSIUM AND OXYGEN.
Protoxide of Potassium 48.
BN 1 p. Potassium 4041 p. Oxygen 8.

g Potash.
Potassium combines with oxygen in two proportions, form-
- t]

which is common potash, is formed whenever potassium is
put into water, or exposed to dry air, or oxygen gas.

The proportion of oxygen which this metal absorbs, to
convert it into potash, is readily ascertained by the volume
of hydrogen liberated when it acts on water. For, when
potassium is plunged at once under that fluid, it is oxidized
without the evolution of light or heat, and it is found that
each grain of the metal so placed, separates 1.06 cubic inches
of hydrogen gas. Now by knowing previously what are the
relative volumes and weight of hydrogen and oxygen com-
posing water, it is easy to calculate the exact quantity of ox-
ygen absorbed, by the above data.

Or the same result may be found, by ascertaining how
much water by weight, a given number of grains of potassi-
um will decompose. Thus Sir H. Davy found that 40 grains
of this metal decomposes precisely 9 grains of water. Now
as 9 grains of water is composed of 1 grain of hydrogen
and 8 oxygen, so 40 parts of potassium combines with 8
parts of oxygen to form oxide of potassium, or potash. Pot.
ash is therefore composed of

Potassium 40 or one atom.
Oxygen 8 or one atom.

48 combining number for potash.

When potassium is allowed to absorb oxygen in the open
air, or when plunged under water, it combines with only one
proportion of oxygen, as above stated. But when this metal
burns in the open air, or in oxygen gas, it is converted into

In how many proportions does potassium combine with oxygen?
What common substance is formed when potassium is exposed to the
air? When potassium is plunged under water, how is it ascertained
what quantity of oxygen it absorbs? Suppose 40 grains of potassium
decomposes 9 grains of water, how does it appear in what proportion
potassium and oxygen combine? W hat is the equivalent number for
potash? When potassium is burned in the open air, orin oxygen gas,
what proportion of oxygen does it absorb ?
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an orange coloured substance which is the peroxide of po-
tassium. This is composed of

Potassium 40 or one atom
Oxygen 24 or three atoms.

The potash of commerce is obtained from the ley of wood
ashes, boiled down in pots, and hence the name potash. It
is chiefly used in the manufacture of soap and glass. For
the former purpose the ley itself is often employed, and is
better than the solid potash, dissolved in water, since the
potash soon absorbs carbonic acid, and then its quality for
soap making is in a great measure destroyed. From this
circumstance it is, that soap makers mix with their ley a
quantity of newly burned quick lime, which renders the so-
lution of potash more caustic by absorbing from it the car-
bonic acid, with which it has combined, by exposure to the
air. :

Soft soap only can be made from potash, while hard soap
is made from soda.

Common green glass is made by fusing sand and wood
ashes together by means of an intense heat produced by the
combustion of dried wood, in a blast furnace. Flint glass,
which is perfectly white and transparent, is made by fusinﬁ
together a quantity of potash and white sand, or groun
quartz, to which are added a proportion of lead and a little
manganese.

Potash, salt of tartar, salt of wormwood, pearl-ash, sal-
eratis, ozide of potassium, and carbonate of potash, are
only different names for the same article, some of which are
more pure than others.

soprvM—24.

By the same process which proved potash to be a com-
und body, soda was also found to be of the same nature.
Although first procured by means of galvanism, it may be
obtained by precisely the same method as that described for

What is the oxide called which is so formed? How is the potash
of commerce procured? In what manufactures is the article chiefly
employed? What is the use of carbonate of lime in soap making ?
How do the soaps made from potash and soda differ? What are the
materials for making green glass > What are the materials for making
flint glass? What other names are applied to potash? What is the
process of decomposing soda and obtaining the metal sodium?
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the production of potassium, only placing soda in the gun
barrel instead of potash. )

Sodium has a strong metallic lustre similar to that of sil.
ver. Itis a little less fusible than potassium, not becoming
perfectly fluid until it has acquired the temperature of nearly
200°, Its specific gravity is somewhat greater than that of
potassium, being 0.972. When thrown on water it pro.
duces a violent effervescence, but does not inflame like po-
tassium. The water is decomposed by its action, hydrogen
escapes, and there remains a solution of soda in the water.
Like potassium, it must be preserved in a vial covered by
naptha, a substance which contains no oxygen.

SODIUM AND OXYGEN.
Protozide of Sodium 32.
1 p. Soda 2441 p. Oxygen 8.
Soda. '

When_the metallic base of soda is burned in dry atmos.
pheric air, protoxide of sodium, or soda, is formed. The
same compound is formed when sodium is thrown into water,
and the ocomposition may therefore be determined in the
manner already described for potassium. From such an ex-

* periment it has been found that soda is composed of

Sodium 1 equivalent 24
Oxygen 1  do. 8

32 equivalent of soda.

The peroxide of soda, is composed of the same equivalent
of sodium with 2 equivalents of oxygen. Sodium 24, oxy-
gen 16—40.

Soda is readily distinguished from other alkalies by the
following characters. . With muriatic acid'it forms the com.
mon table salt, with the taste of which, every one is familiar.
With sulphuric acid it forms Glauber’s salt, or sulphate of

What is the appearance of sodium? In what respects does this
metal differ from potassium? What is the effect when sodium is
thrown upon water? How is the metal preserved? What compound
is formed when sodium is burned in atmospherre air, or thrown into
water? What is the composition of protoxide of godium, or soda?

What is the equivalent number for soda? How is soda distingmﬂ*
" from the other alkalies? . .

N

. s
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soda. All the salts of soda are soluble in water, and are not
precipitated by any other substances. ) ’
: Y
SODIUM AND cm.oantlr./
Chloride of Sodium 60
1 p. Sodium 24+ )

When sodium is exposed %;- ne, or is heated in muri-
atic acid gasy the salt is fornféd, lately known under the
name of muriate of soda, or common salt. This is an abun-
dant product of nature, and exists ready formed, in Spain,
England, Poland, and other countries, in large quantities.
In these countries it is dug out of the earth, and is known by
the name rock salt. Sea water and certain springs also
contain this salt in solution. -

When common salt is dissolved in water, and the solution
is evaporated rapidly, it crystallizes in the form of hollow
four-sided pyramids; but if allowed to evaporate spontane.
ously, it occurs in regular cubes. Thus the crystals show in
what manner the salt has been manufactured. In England,
vast quantities of salt are annually raised from the mines,
chiefly of Cheshire, and purified for sale. The impurities
consist chiefly of clay and oxide of iron; besides which, it
contains various preportions of sulphate of magnesia, or Epsom
salt, sulphate of lime, and muriate of lime. It is purified by
being dissolved in sea.water, and subsequently evaporated.
Formerly all the English salt was evaporated by artificial
heat, the brine being boiled until it was ready to shoot into
crystals. Its crystals were therefore always in the form of
hollow pyramids. But it has been supposed by yicthallers
and others, that this salt is far less efficacious as a preserver
of animal food, than that prepared by the spontaneous evapo-
ration of sea-water in hot climates. Hence salt from the West
Indies, which is crystallized in solid cubes, is preferred for -

-curing provisions for long voyages, or for summer use. In--

lorine 36.
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this country, although immense quantities of common salt are
manufactured, by the evaporation of water from salt springs
and from the sea, and a sufficient supply for our consumption
might be made, yet we annually import large quantities from
the West Indies, there having been, until lately, an opinion
that no other kind would preserve animal substances through
the hot season, C

Dr. Henry, for the purpose of ascertaining the difference
between English salt, crystallized by heat, and that from the
West Indies, crystallized by spontaneous evaporation, ana.
lyzed many specimens of each. The result showed the pres.
ence of sulphate of magnesia and sulphate of lime in both, but
the difference in the quantity of muriate of soda in several
specimens of each kind was so trifling, as to make no possi-
ble difference in respect to their preserving qualities. , It is
presumed therefore, that the prejudices in favor of foreign
salt ought to be discarded as imaginary, and that equal
weights of fine or coarse salt, whether made by artificial or
spontaneous evaporation, are equally efficacious for all pur.

oses.

d Common salt contains no water of crystallization, but de.
crepitates remarkably when heated, owing to the conversion
of the water into steam, which is mechanically confined with.
in its crystals. Its solubility is not, like most other salts, in-
creased by heat, and it requires two and a half times its
weight of water for solution.

LITHIUM.

]

Lithia is an alkaline substance, discovered by M. Arfwed-
son, a Swedish chemist, in 1818. It exists in the minerals
called spodumene, and lepidolite, and also in some varieties of
mica. )

This alkali is distinguished from potash and soda, by its
power of neutralizing larger quantities of thq different acids,
and by its action on platinum, when melted on that metal.

In respect to its metallic base, called lithium, Sir H. Davy
succeeded, by means of galvanism in obtaining a white metal

What is said of the real difference between salt made by rapid or slow
evaporation? Does common salt contain any water of crystallization ?
Why does common salt decrepitate, or fly in pieces when thrown upon
afire? Is thesolubility of this salt increased by heat? W hat quanti-
ty of water does it require for solution? What is lithia? In what
nﬁ:lxer;ls is this alkali found® How is lithia distinguished from petash -
and soda? v
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from lithia, similar in appearance to sodium, but it was oxidiz.
ed so rapidly, and reconverted into the alkali, that it could
not be collgcted. . :
. From the experiments of several chemists on the sulphate
of lithia, it is inferred that the alkali lithia, is composed of the
metal lithium 10, combined with oxygen 8, making the com. -
bining number for lithia 18. :

Lithia has been procured only in very small quantities,
and has never been applied to any useful purpose.

BARITM—T0.

There is a substance called sulphate of barytes which is
found abundantly in nature. By the decomposition of this
substance, an alkali is obtained, called baryta or barytes.
When barytes, in the form of paste mixed with water, is ex.
posed, in contact with mercury, to the action of a powerful

alvanic battery, its decomposition is effected, and the metal

rium, its base, amalgamates with the mercury. The amal.

gam being exposed to heat, the mercury is driven off, and
pure barium remains.

The metal thus obtained, is of a dark grey colour, with a
lustre inferior to cast iron. It fuses at a heat below redness,
and at a red heatis converted into vapor, which acts violently -
upon glass. The specific gravity of barium is four or five .
times that of water. When exposed to the air, it falls into
a white powder, which is found to be an oxide of barium or
barytes. When heated in oxygen, it burns with a deep red
light, and when thrown into water, the fluid is decomposed,
kydrogen being extricated. '

BARIUM AND OXYGEN.
- Protozide of Barium—178.
.1 p. Barium 70+1 p. Oxygen 8.
When the metal barium, is exposed to the air, it falls into a

owder, which was formerly called pure barytes, or baryta,
but which, Sir H. Davy has proved by the above stated ex-

_ What is known concerning the metallic base of this alkali?
What are the equivalent numbers of lithium, and lithia? How is bary-
ta obtained? By what process is barium separatad from baryta > What
i the colour of barium ? At what temperature. is barium fusible?
What is the specific gravity of barium? When barium is exposed to
thy pir what compound is fémned? o .

el d
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periment, to consist of a metal and oxygen. This substance
1s therefore called oxide of bariusm.

Oxide of barium may also be obtained by a different pro-
cess from that above described, viz. by exposing the carbon.
ate to an intense heat, mixed with charcoal.

The carbonate of barytes is found native in small quagtities,
but may be vbtained from the sulphate of barytes by a simple

. Mix sulphate of barytes in fine powder, with three
times its weight of carbonate of potash (pearlash), and a pro.
per quantity of water. Let the mixture boil for an hour, now
and then breaking the lumps into which it is apt to run, with
apestle. By this means the two salts will decompose each
other, and there will be formed carbonate of barytes, and sul.
phate of potash. The carbonate may now be exposed to a
high heat, or it may be dissolved in nitric acid, and this de.
composed, which is effected by a moderate heat, when prot.
oxide of barium, or barytes will be obtained. This substance
is of a white colour, has a sharp caustic taste ; changesv
table blue colours to green ; neutralizes acids, with which it
forms salts, and is a strong poison. When water is thrown
on it, it falls into fine powder, like quicklime, but with a great.
er.evolution of heat.

Barytes is composed of :

1 equivalent, or atom of barium, 70
1 do. of cxygen 8

The equivalent combining number for barytes 78

Barytes is soluble in about twenty parts of water, at com-
mon temperatures, and this solution forms a delicate test fox
the presence of carbonic acid. The carbonate of barytes

being insoluble in water, a white cloud is instantly formed by
the union. ¢ :

STRONTIUM—44,

The sulphate and carbonate of strontian, or strontia, are
native salts. They consist of pure strontian, combined with
sulphuric and earbonic acids. From the sulphate, the car-

When thrown into water, what effects are produced? By what
goeen‘ may barium be obtained without the agency of galvamimn

ow may carbonafe of barytes be extracted from the sulphate ? What
ste e properties of barytes, or protoxide of barium? What is the
composition of barytes? In what quantity of water is barytes soluble?
Why is barytes a test for carbonic acid? How is the carbomnte of
strontian produced from the sulphate ?

7
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bonate may be procured by precisely the same means as al-

ready described for barytes, and the pure oxide may also be

obtained, and the metal strontium separated from it, by the
' same process as that described for barytes.

Strontia resembles baryta in most respects. It slakes in
water, causing an intense heat, and possesses distinct alka-
line properties.

" The metal strontium is similar to barium in appearance,
and when exposed to the air quickly attracts oxygen, and is
converted into strontia. Perhaps the principal difference be-
tween these two substances, which has been detected, is their
different combinining proportions with oxygen, and the inert-
ness of the oxide of strontium on animals.

The protoxide of strontium consists of

Strontium, 1 equivalent 44
v Oxygen, 1 do. 8

52

The oxides of barium, as already stated, are strong poi-
sons, but those of strontium are inert.

cALcrvM—20.

When carbonate of lime, or white marble, is exposed to a
red heat, the carbonic acid is expelled, and there remains a
white caustic substance, well known under the name of quick.
lime. When this substance is exposed to the action of galva.
nism, in the same manner as already described for the decom-
position of barytes, calcium, the metallic base of lime is sepa-
rated. This metal is of a whiter colour thaa barium, and has
@ lustre like silver. When exposed to the air, it absorbs ox-
ygen, and is converted into quicklime, and when thrown into
water, the fluid is decomposed, its oxygen being absorbed,
while hydrogen is given off, and a solution of lime remains.

How is the pure earth strontia obtained from the carbonate? By
what process is the metal strontium separated from strontia? What is
the appearance of this metal? What is the composition of strontia, or
the protoxide of strontium? W hat is the combining number of stron-
tin? What is the difference between strontia and baryta? What is
quicklime? How may quicklime be decomposed, and calcium, its me-
tallic base, be separated 7 What is the appearance of calcium? . How
is caleium converted into quicklime? What effect is produced when
caloium is thrown into water ? .

.
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CALCIUM AND OXYGEN.
Ozide of Calcium—28.
1p. Calcium 20+4-1 p. Oxygen 8.
Quicklime.

From the quantity of hydrogen evolved by the action of
calcium in water, it has been determined that lime is com.
posed of ' )

‘ Calcium 1 equivalent 20
Oxygen 1  do. 8

—

Making the equivalent for lime, 28

Carbonate of lime exists in great abundance as a natural
product, under the names of limestone, marble, and chalk.
Quicklime, the pure earth, is obtained by exposing the car-
bonate to heat, and is a substance of great importance in the
arts, and particularly in building. Mortar is composed of this
substance combined with water, and mixed with a proportion
of sand.

Quicklime absorbs water with remarkable avidity, and at
the same time a high degree of heat is produced. ~This pro.
cess is called slacking, and the heat is caused by the conden-
sation of the water into a solid state, in consequence of which
caloric is evolved. The lime will remain perfectly dry after
having absarbed one third of its weight of water, which there.
forg forms a part of the slacked lime, or hydrate of lime.

. Hydrate of lime is composed of
28 parts, or 1 proportion of lime
9 parts,or 1 "~ do. of water,

37 is thereforaits combining number.

Lime is very sparingly soluble in water, and it is a singular
fact, that it is more soluble in cold, than in hot water. Thus
Mr. Dalton found that one grain of lime, at the temperature
of 212°, required 1270 grains of water for its solution, while
at the temperature of 60°, the same quantity was dissolved in

How is the combining proportion of oxygen with calcium determined?
What is the composition of lime, or oxide of calcium? What is the
equivalent number for lime? What causes the heat, when water is
thrown on quicklime > What is the scientific name for slacked quick-
lime? What is the composition of hydrate of lime? What si
fact is mentioned concerning the solubility of lime in cold, and hot
water?
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778 grains of water. By other experiments, it has been
found that water at the freezing point, will take up just twice
the quantity of lime that it will at the boiling point. Conse-
quently, on heating lime water, which has been prepared in
the cold, a depositien of the lime will ensue. Lime water,
therefore, when used for medicinal purposes, should be pre.
pared in cold, instead of hot water, as commonly directed,
and should also be kept in a cool place. It should likewise -
be closely stopped from the air, for, as the lime has a strong
attraction for carbonic acid, of which the atmosphere always
contains a small portion, if left open, it is soon converted into
carbonate of lime, as shown by the production of a thin pelli-
<le on its surface.

Lime water is a delicate test for the presence of carbonic
acid, with which it forms a white insoluble compound, the
carbonate of lime. The air from the lungs contains a small
quantity of carbonic acid, and hence on blowing into a vessel
of clear lime water, it instantly becomes cloudy, or turbid.

LIME AND CHLORINE.
Chloride of Lime—92.
2 p. Lime 5641 p. Chlorine 36.

Ozymuriate’of Lime. Bleaching powder.

The gas called chlorine, as already shown, possesses strong
bleaching, or whitening powers; but as it would be inconve-
nient to manufacture this gas at every place whepe it is want.
ed, and as its application is more convenient when combined
with some other substance, it is found that in practice, these
purposes are best answered by first combining it with lime.
The manufacture of bleaching powder is a business of great
importance, and is carried on in large establishments, pre-
pared for the purpose.

The reétorts in. which the gas is extricated are made of lead
or platina. 1f of lead, they must be of new metal and cast,
for the gas acts on tin, a part of the composition of solder, and

How much more lime will water dissolve at the freezing, than at the
boiling point? Had lime water, for medicinal purposes, ought to be
made with hot, or cold water? Why? Why should lime water be
closely stopped from the air? Why does lime water become cloudy
when air from the lungs is blown into it? What is the chemical name
for bleaching powder? Does the bleaching property exist in the lime
or in the chlorine? What are the advantages of combining the chlo-
rine with the lime for this purpose 7 Why must new lead be used for
retorts in making chlorine ? - .
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since old lead generally contains a portion of this metal, ow-
ing to its having formerly been soldered, it is soon destroyed.
These retorts are placed in'iron vessels of water, to which the
heat isapplied. In large manufactories, each retort is capa-
ble of containing 10 cwt. of common salt, ground with from 10
to 14 cwt. of black oxide of manganese, in proportion as the
latter contains more or less oxygen. This being introduced,
there is added from 16 to 18 cwt. of sulphuric acid of the spe-
cific gravity of 1650. The lime recently slacked, is com.
tained in trays, or shallow boxes of wood, placed in a large
chamber, built of granite, or siliceous sandstone, or lined on
the inside with lead. This chamber has two windows of glass
opposite to each other, through which the workmen are ena-
bled to see how the process goes on. Every part of this
chamber is made air tight, the door being secured by fat lute,
and strips of cloth.

In order to get rid of the remaining gas, after the absorp-
tion, by the lime is completed, there are three trap doors, one
in the roof, and two in the floor, or sides of the chamber.
These are opened by means of ropes and pullies, so that the
workmen may avoid the vapor that passes out.

The lime being placed in the boxes, the gas is let into the
chamber from the retorts, under which a fire is afterwards
kindled, in order to hasten the process, and obtain more chlo-
rine. The gas, being heavier than air, is let in at the upper
part of the room, and gradually descends, while the airin part
mixes with it, and in part rises above it.

The lime absorbs the chlorine with great avidity, its con-
densation causing the evolution of a large quantity of caloric ;
the latter circumstance is, however, to be avoided, as too high
a heat decomposes the chloride of lime, by expelling the oxy-
gen, and thus a muriate, instead of a chloride is formed. The
gas is therefore admitted slowly, in order to avoid this conse-
quence.

The process continues four days, before the absorption is
considered sufficient to make the best bleaching powder, for
its quality depends entirely on the quantity of chlorine which
the lime contains.

Describe the chamber in which the lime, for making the chloride of
lime, is placed. What contains the lime, when placed in the chamber ?
Into what part of the room ir the chiorine admitted? Why must the
chlorine be admitted slowly ? If the'heat rises too high, why is there a
' ‘muriate, instead of a chloride of lime formed? How long a time is re-
quired for making the best bleaching powder ? .

’
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- In some manufactories, the lime is stirred, by means of

rakes, with long handles passing through the .sides of the
' room, the passages being made close, by means of milk of
lime, or lime moistened, so as to be about the consistence of
cream, and contained in boxes, through which the handle
passes. In others, the traps above described are opened at
the end of two days from the beginning of the process, and
‘when the gas has subsided, the workmen enter, and rake
over the lime, so as to present a new surface to the action of
the gas, The doors and traps are then closed, and the
admitted for two days more, at the end of which time the
process is finished, and the doors are again opened, and the
chloride of lime removed, and put into close casks for use.

In general a ton and a half of good bleaching powder is -
considered the average product of each ton of the salt em-
ployed.

It is said that the principal difficulty in the manufacture of
this article, is the production of muriate of lime by decompo-
sition, instead of the chloride of lime. To understand the
nature of this decomposition, it must be remembered that
chlorine is a simple body, and that lime is a compound of
calcium and oxygen ; but that dry muriate of lime is a com-
pound of calcium and muriatic acid. Its chemical name,
therefore, is chloride of calcium. Muriatic acid gas is com-
posed of chlorine of hydrogen. Muriate of lime therefore,
* eontains no oxygen, but chloride of lime contains 8 parts ef

oxygen to 20 of lime, since the composition of lime before
its combination with the chlorine was 20 parts calcium and
8 oxygen. .

Now when chloride of lime, or bleaching powder is ex-
posed to the.temperature of about 600°, the oxygen which
the lime or base contains, is expelled, and consequently chlo-
ride of calcium, or muriate of lime is formed, which pos-
sesses little or no bleaching properties. The only mode of
avoiding this decomposition, appears to consist in admitting
the gas slowly, so thatthe combination may take place with..
out too much heat.

.

In what manner is the lime stirred, in order to hasten its absorption
of the chlorine ?© What proportion does the bleaching powder formed
bear to the quantity of salt employed ? What is said to be the princi-
pal difficulty in the manufacture of bleaching powder? What is the
difference in composition between muriate of lime and chloride of lime ?
Explain the chemical changes which take place when chloride of lime
is decomposed by heat, and converted into muriate of limo.
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This salt is also subject to decomposition from other
‘causes. When mixed with water and exposed to the action
. of the atmosphere, carbonic acid unites with the lime, while -
the chlorine is expelled, and thus a carbonate instead of a
chloride remains. The same effect is produced by keeping
this salt for any considerable time, in wooden casks.

As the goodness of bleaching powder depends’ entirely
on the quantity of chlorine it contains, it is a matter of
great consequence to the purchaser to ascertain its qual-
ity in this respect, by actual experiment. According to the
experiments of Dr. Ure, lime under a slight pressure, is capa-
ble of condensihg nearly its own weight of chlorine ; but
according to the same author, the bleaching powder of com-
merce always contains a considerable proportion of the mu-
riate of lime, while the chloride itself often does not contain
more than one half or one third the quantity of chlorine
which the lime is capable of absorbing. Hence the con-
sumers of this article are often cheated out of one half or
two thirds of the price they pay for it, besides the delay and
vexation, incident upon the failure of the process in which it
is used. The manufactures of paper and cotton goods are
often sensible of this fact, by experience.

It appears, on experiment, that when bleaching powder is
kept for a considerable time, even in properly secured ves-
sels, such as glass bottles well corked, that it still slowly
undergoes the same change, which is immediately effected by
heat, as described above. This seems to be in consequence
of the superior affinity of chlorine for the calcium, or the
metallic basis of the lime, by which the, oxygen is slowly
disengaged, and a chloride of calcium, or muriate of lime is
formed, and thus the bleaching power is in process of time
entirely destroyed. '

The principal expense of manufacturing chloride of lime,
being that of the chlorine itself, and there being no method
of ascertaining its quantity, except by experiment, the pur-
chaser generally has to depend chiefly on the honesty of the
manufacturer, for the goodness of the article, even when re.

’

In what manner is chloride of lime decomposed, when it is exposed to
the atmosphere > On what does the bleaching property of the chloride
depend? What quantity of chlorine is lime capable of absorbing?
According to Dr. Ure, what does the bleaching powder of commerce
contain besides the chloride of lime? What kind of decomposition
do]es, bleaching powder slowly undergo, when confined in close ves-
sels?
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cently made. But as there are several causes of decompo-
‘sition, even when it is honestly and carefully made, the buyer
is still liable to be deceived unless he makes his experiment
before the purchase. :

Under such circumstances, the English chemists have de-
vised several simple methods of testing the quality of bleach-
ing powder, in order that the buyer might judge of its good.
ness without actual trial at home. :

One of these methods is to expose the salt to a sufficient

degree of heat to expel the oxygen from the lime, and by
measuring its quantity to judge of the quantity of the chlo.
ride of lime. The quantity of oxygen thus expelled indicates
the quality of the bleaching powder, so far only as regards
the quantity of muriate of lime with which it is mixed ; for
“as above stated, the base of the chloride contains oxygen,
while the muriate contains none. But in addition to the im-
perfection of this method in not indicating the actual quan-
tity of chlorine present, there is much difficulty in ascertain-
ing the quantity of oxygen by it, since various proportions of
chlorine might also be disengaged by the heat along with
the oxygen. This method cannot therefore be readily or
generally employed.
- It has also been proposed to analyze the powder by nitrate
of silver. But this test only indicates the quantity of muriate
of lime by forming with the muriatic acid an insoluble muri.
ate of silver. This test is therefore useless.

-Several other methods have been tried, and among them,
that of destroying the colour of a certain quantity of indigo
has been most employed. .
"~ A known quantity of indigo being in solution, a certain
number of grains of the powder is added, and the strength of
the latter ascertained by the amount of colouring matter
destroyed, or by the number of grains required to discharge
entirely, the colour of a certain quantity of indigo.

This method has the advantage of simplicity, but is defec-
tive in other respects, and particularly so in regard to the

. difference in the quantity of colouring matter in different
kinds or specimens of indigo.

On what principle has it been proposed to ascertain the goodness of

bleaching powder by the quantity of oxygen it contains? How is the

odness of bleaching powder tested by means of a solution of indiga?
at is the defect in this method ?
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The most accurate method is to decompose the ehloride
of lime confined in a glass tube, over mercury by means of
muriatic acid. The chloride by this means, would only be
decomposed and converted into the muriate of lime, while
the muriate already formed, would remain as before. By
this process the chlorine of the chloride is set. fres, unmixed,
and its quantity readily measured by the tube in which the
experiment is made. :

There being no standard g¢f the quantity of chlorine which
the best bleaching powder ought to contain, it is by the com.
parison of different specimens only, that the purchaser can .
be guided.

Besides the consumption of chloride of lime for bleaching
purposes, considerable quantities are used as a disinfecting
agent.

Experiments have long since shown, that chlorine has the
power of combining with, or in some other manner, neutral.
izing, or destroying the fetid exhalations arising from putri-
fying substances, and of preventing their deleterious effects,
In cases of infectious disease, therefore, it is highly useful.
For this purpose a table spoonful or two of the powder is
mixed with a pint of water, and placed in the sick room, and
in the rooms adjoining. The. fetid effluvia from putrid
water, from sink drains, or from any other source, is imme-
dj;tely destroyed by the application of a quantity of the chla.
ride.

Phosphuret of Lime. This compound is formed by pass-
ing the vapor of phosphorus over fragments of quicklime,
at a red heat. The experiment may %e performed in the
following manner.

Having procured a tube of green glass about a foot and a
half loug, and half an inch in diameter, stop one end with a
cork, or otherwise, and place in it a drachm of phosphorus,
letting it occupy the closed end. Then holding the tube in
a horizontal position, push into it with a wire, or rod, pieces
of fresh burned quicklime about the size of peas, until they
fill the middle part of the tube, taking care that the lime does
not reach the phosphorus by two inches. Then stop the

" What issaid tobethe most accurate method of ascertaining the qumﬁz
of chlorine in bleaching powder ? Is there any standard of the

of bleaching powder? What is said of the disinfecting power of
chlorine ? What is phosphuret of lime? Describe the process of
making the phosphuret of lime. ,
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mouth of the tube loosely to prevent the free access of the
air, but leaving room for that in the tube to pass out as it
expands.

Next heat that part of the tabe containing the lime, red
hot by means of a chafing dish of coals, at the same time
keeping the phosphorus cool by a wet rag passed round the
end of the tube. When the lime is seen to be at a red heat,
bring a hot iron or lamp under the phosphorus, which will
soon be turned into vapor, and passing over the lime the two
substances combine, and form the phosphiret of lime.

When phosphuret of lime is thrown into water, mutual
decomposition cnsues, and there rises bubbles of phosphu-
retted hydrogen through the fluid, which take fire on reach-
ing the air. The phosphorus absorbs the oxygen from the
water, thus liberating the hydrogen, which combines with
a portivn of phosphorus, forming the gas ebove named.

Order 2.—Metals which are supposed to be analgous to
order 1st, but whose properties are but little known. 'These
* are
Magnesium - Ittrium Zirconium
Glucinum Aluminum

Magnesia, Glucina, Ittria, Alumina, and Zirconia, before
. the galvanic experiments of Sir H. Davy, have been known
under the general name of earths, and were considered pure
elementary substances. When these earths are submitted
to the action of a powerful galvanic battery, they all give
more or less evidence that their bases are metals combined
with oxygen. Magnesia, for instance when exposed for a
- long time to the action of a powerful battery, in contact with
mercury, appears to be decomposed ; for the mercury be-
comes enlarged in bulk, and losing its ﬂundity, shows signs
of having formed an amalgam with the met.alllc basge of the
magnesia. When this amalgam is heated in a close vessel
out of contact with the air, the mércury is driven off, and
there remains a dark gréy film of a metallic appearance,
which when exposed to the action of oxygen, is converted

‘When phosphuret of lime is thrown into water, what are the chemi-
cal changes produced ? ‘What is the definition of order 2d? What
are the names of the substances ba’long:;gmo order 2d. ?  Under what
hames were these substances known before the experiments of Sir H,
Davy? Were they fbrmorz considered compound, or elemen
bodies? What is the reason for supposing that magnesia has a metai.
lic base? )



into a white powder, having the properties of magnesia. It.
is therefore concluded, that magnesia has a metallic base,
though the metal itself has never been separated in such
quantities as to allow any further examination of its proper-
ties than those above stated.

. When the earth alumina, which is the base of alum, is
brought into contact with the vapor of potassium at a white
heat, and in a close vessel, the potassium is converted into
potash. Now as potassiuin is converted into potash only by
the absorption of oxygen, ard as the oxygen could have been
derived from no other source except the alumina, such an ex.
periment shows-that alumina contains oxygen, and therefore
by anology, there is reason to suppose that alumina is com-
posed of the metal aluminum and oxygen.

The other earths’ above named, when submitted to similar
experiments, have each shown that they contained oxygen ;
and as potash, soda, and lime, are known to be metallic ox.
ides, thatis, to consist of a metal combined with oxygen, it is
inferred that the earths, possessing similar properties, are also
composed of a metal united to oxygen. Itis therefore agreed
among writers on chemistry, that the basis of those earths
should be arranged as metals, under the name above specifi-
ed ; though their existence, with perhaps the exception of
magnesium, has never been directly proved.

n consequence of the discovery, or the inference, that the
earths possess metallic basis, their names, in conformity with
the language of chemistry, are changed from words denoting
simple bodies, to such as denote compounds. Thus the earth
formerly called magnesia, is now known under the name of
axide of magnesium, and the simple term alumina, is changed
to oxide of aluminum, the same language being adopted with
respect to all the other earths above named.

Properties of the Earths.

Magnesia, or Ozide Magnesium. Pure magnesia is well
known as a medicine under the name of calcined magnesia.
This is obtained by exposing the carbonate of magnesia to a
red heat. It is white, tasteless, and inodorous, but possesses

_ What is the reason for supposing that alumina has a metallic base?

On what grounds is it believed that the other earths belongmf’ to this

order have metallic bases? What are the scientific names of magne-

sia and alumina, supposing them to be the oxides of metals? Howis

gluro mllgnem_ ’ obtained? What effect does magnesia have on vegeta-
es colours ? v
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slight alkaline properties, being capable of ¢hanging the blue
colours of vegetables to green, and of neutralizing the acids,
with which it forms various saline compounds. One of these,
the sulphate of magnesia, or Epsom salt, is a well known med-
icine.

Magnesia, in a few instances has been found in the native
state, but always in small quantities only. That sold by
apothecaries is obtained from certain springs, as that of Ep-
som, where it exists in combination with sulphuric acid, form-
ing Epsom salt, which is dissolved in the water.

Calcined, or pure magnesia, if exposed to the air, absorbs
carbonic acid, and is converted into a carbonate. Hence a
large proportion of that used in medicine, and sold for calci-
ned, is in truth the carbonate, the change being effected by

- carelessness, in exposing the calcined to the air. This ac-
counts for the uncertainty of the effects of magnesia as a
medicine, the carbonate being nearly inert.

Alumina, or Ozide of Aluminum. The earth alumina is one
of the most abundant productions of nature, every description
of clay, being an aluminous earth, of a greater or less de.
gree of purity. The clay of which bricks, pipes, and earth-
ern ware, are made tonsists chiefly of this earth. The ru-
by and the sapphire, two of the hardest, and most beautiful
of gems, are also composed of alumine. Pure alumina for
experiment, is most easily obtained from alum, which is a
sulphate of alumina and potassa. 'To obtain the earth, dis-
solve one part of alum, in six parts of boiling water, and
when the solution is cold, add one part of carbonate of pot.
ash. By this process the sulphate of alumina is decompesed,
in consequence of the strong affinity existing between the
potash and sulphuric acid, and two new salts are formed, viz.
sulphate of potash and carbonate of alumina, the latter be-
ing precipitated to the bottom of the vessel. This precipitate
being washed, and then exposed to a red heat, to expel the
carbonic acid, is pure alumina.

The substance thus procured is white, inodorous, soft to

What is the most commeon salt of which magnesia is the base ? How is
pure magnesia converted into a carbonate > How is the uncertainty of
magnesia as a medicine accounted for ? What is the earth of which
. ‘clay is chiefly composed? What common articles and what precious
stones are composed of alumina? How may pure alumina be obtain-
ed? What chemical changestake place whon alum in solution, is
mixed with corbonate of potash? What is the appearance of pure
alumina ?
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the touch, and tasteless. Mixed with water, it forms a mass
which is exceedingly plastic, and may be worked into all
shapes. The tenacity of every kind of clay is owing to the
alumina it contains. R

Alumina being insoluble in water, does effect the colours
of vegetables. It however performs the p’&n of an alkali in
neutralizing the acids and forming with them saline com-
pounds.

Glucina, or Oxide of Glucinum. The earth called glucina
has been discovered only in small quantities, being known to
exist only in the minerals, emerald, beryl, and euclase. Its
name comes from a Greek work signifying sweet, because
some of its combinations are sweet to the taste. In some of
its properties it resembles alumina, and in others it differs
from all the other earths. One of its distinctive properties
is that above mentioned, of forming a compound when dis-
solved in sulphuric acid, which is sweet to the taste. _

Ittria, or Owide of Ittrium. Ittria resembles alumina and
glucina in its chemical properties, but differs from them both,
in being insoluble in a solution of pure potash. This- earth
hasbeen found only in a single rare mineral, in Sweden. It
forms peculiar salts, when combineéd with the acids, and is
thus known to differ from all the other earths.

Zirconia, or Oride of Zirconium. This earth is also exceed-
ingly rare, having been detected only-in the zircon, a pre.
cious stone found in Ceylon, and the hyacinth of France.
It resembles alumina and the other earths in being a white
soft powder. 1Its salts are distinguished by being precipita-
ted from their solutions by all the pure alkalies.

Zirconium, the base of this earth was separated from its
oxygen, by the Swedish chemist, Berzelius, in 1824. It was
in the form of a black powder, which took fire in the open
air at a temperature far below a red heat, and burned with a
bright flame. The product of the combustion was zirconia.
But whether this base is of a metallic nature, has not
been decided. It is wanting in one property common to all
metals, being a non-conductor of electricity.

Silica, or Oxide of Silicium. Sir H. Davy’s experiments

In what minerals does the oxide of glucina exist? What is the
meaning of the word glucina and why is this earth so named ? How
does ittria differ from alumina and glucina? In what minerals has the
earth zirconia been found ? How are the salts of zirconia distinguished ?
What is said of the metallic base of zirconia ? What is said of the
metallic base of silica ?

‘\
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on silica led him to suppose, that in common with the earths
above described it had a metallic base, and it was -arranged
with them, in conformity to this opinion. But more recently,
Berzelius has succeeded in decomposing this earth, and has.
given an account of the properties of its base. From this
we learn that silicium is of a dark brown colour without the
least trace of metallic lustre. That it is incombustible in the
open air, or in oxygen gas, and that it may even be exposed
to the flame.of the blowpipe without fusion, and without suf-
fering the least change. It is not dissolved by any of the
acids, except a mixture of the nitric and fluoric, with which
it readily enters into solution. It is not a conductor of elec-
tricity. These properties, and particularly its want of metal-
lic lustre, and of power to conduct electricity, proves that the
base of silica is not of a metallic nature,

Silica, or silex, is a very abundant, natural product. It
forms a large part of all granitic, or primitive rocks, and
mountains, and is the chief ingredient in sand stones, and
earthy formations. Rock crystal, or quartz, flint, chalcedony,
agate, carnelian, and all other substances of this kind ar
composed almost entirely of silex.

Silica may be obtained in sufficient purity for most purpo-
ses by heating transparent rock crystal to redness, and plung.
ing it into water while hot, and then reducing it to powiler.

In this state, silex is a white powder, which feels harsh
when rubbed between the fingers, and has neither taste nor
smell. It is exceedingly infusible, but may be melted with
the compound blowpipe. It resists the action of all the acids,
except the fluoric, which dissolves it with considerable facili-
ty. It is dissolved by the fixed alkalies, and hence it would
appear that its properties are rather of an acid, than of an
alkaline nature. On this account several chemists have call-
ed silica an acid, and the compounds which it forms with
the alkalies, have been termed silicates.

From what has been said, the student will infer that there
is yet considerable doubt, and uncertainty in respect to the
real nature of silica.

Dr. Thompson, being convinced of its non-metallic nature,
arranges it with the simple bodies carbon, and boron. There
is no doubt, however, from the experiments of Davy and Ber-

Is the base of silica of a metallic nature ? What substances are

" mentioned of which silicia forms the principal part? How may

pure silica be obtained ? What are the properties of silica? What
is said of the compound nature of silica ?
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zelius, of its compound nature, and that it consists of a base
combined with oxygen, has been proved by direct experi.
ment. Butthat its base is not a metal is proved from its want
of lustre, and poyer, to conduct the electric fluid, these two
properties being essential to all metallic bodies.

Silex, in the form of sand, isa principal article in the man-
ufacture of glass. The common dark coloured, or green
glass, is composed of impure sand which contains oxide of
iron, melted with kelp, wood ashes, or impure potashes.
Crown glass, for windows, is composed of white sand, fused
with a purer alkali. Plate glass, for looking glasses, is made
of still purer materials ; and what is known by the name of
flint glass, of which decanters and other ornamental, or cut
glass ware is made, is composed of the purest sand and alka-
li, with the addition of a considerable portion of lead, which
is added in the form of litharge, or red lead. This is the
softest, and heaviest kind of glass. It cuts more easily, and
withstands the changes of temperature much better than glass
containing no lead.

Order 3d.—Metals which decompose water at a red heat.
These are

Manganese, Iron, and
Zinc, Tin, Cadmium.

The power of a metal to decompose water, depends on its
affinity for oxygen. In some instances, as in those of pot-
assium, and sodium, already given, the metals have so strong
an affinity for oxygen, as to absorb it from water, at common
temperatures. Other metals do not decompose this fluid at
any temperature, such being the 4th order of the present class.
Those now to be examined, have an affinity for oxygen,
which they slowly absorb from the atmosphere, and a part of
which they retain at high degrees of heat. But their attrac-
tion for oxygen is not in sufficient force to decompose water,
except when heated to redness, when the combination is ef-
fected with considerable rapidity.

What use is made of silex in the arts> Explain the difference be-
tween green glass, crown glass, and plate glass? W hat is the campa-
sition of cut glass > What is the definition of order 3d? What me-
tals belong to order 3d? On what property of a metal docs its powor
to decompose water depend ?
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MANGANESE—28,

This metal always occurs in nature in combination with
oxygen, and which it holds with such force as to require the
most intense heat for its decomposition. The metal may,
however, be obtained in a pure state, by exposing the black,
or peroxide, mixed with a combustible, to the highest heat of
a smith’s forge. The combustible, which may be pitch, or
powdered charcoal, with which the oxide is mixed, is thus
made to absorb the oxygen, and the metal is found at the
bottom of the crucible. ‘

Manganese is of a dusky white colour, with a specific gra-
vity of 8. When exposed to the air, it absorbs oxygen, and
soon falls into powder, which afierwards changes its colour
from grey to brown, and from brown to black, according to
its grade of oxidation. When this metal is exposed to a red
heat, and the steam of water is passed over it, decomposition
takes place, the oxygen of the water combines with the man.
ganese, and the hydrogen is disengaged.

'"MANGANESE AND OXYGEN.

Peroxide of Mangansse—44.
1 p. Manganese 28+-2 p. Oxygen 16..
Black Ogzxide of Manganese.

This compound occurs abundantly in nature, and is known
under the name of black oxide of manganese. It is found in
amorphous masses, of a dark grey or nearly black colour,
and is commonly mixed with various proportions of sand, ox-
ide of iron, carbonate of lime, or other impurities. In its
pure state, it occurs in the form of prismatic crystals of a dark
colour, and slightly metallic lustre.

In this state the metal contains its full proportion of oxygen,
and undergoes no change on exposure to the air, or to a
moderate heat. When heated to redness, it parts with one
proportion of oxygen, and is converted into a deutoxide. In
this manner oxygen gas may be obtained. The peroxide of
manganese is of considerable consequence in the arts, and

In what state does manganese occur in nature? By what process
may metallic manganese be obtained from the oxide? What is the
appearance and specific gravity of manganese ? Under what circum-
stances does manganese decompose water? What is the scientific
name for black oxide of manganese ? W hen peroxide of manganese is
heated to redness, what chemical change does it undergo? Of what
use is peroxide of msnga.ne;e i: the arts ?

21
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particularly in yielding oxygen to form chlorine for the manu.
facture of bleaching powders, and also in furnishing oxygen
gas for chemical uses. The methods for obtaining these
gases have already been described.

The peroxide of manganese is composed of

1 proportion of manganese, 28
2 proportions of oxygen, 16
44

There are two othér oxides of manganese, viz. the protoz.
tde, and the deutoride. There is also reason to believe that
manganese is capable of combining with such proportions of
oxygen as to form acids, but the subject has not been suffi-
ciently investigated to determjne the composition or nature of
these compounds.

Manganese combines with the acids, and forms a variety
of salts, which are either colourless, or of a reddish, or pink
hue. These salts are found only in the laboratory of the
“chemist, and are of no use in the arts.

IRON—28.

This well known metal has a grey colour, and a strong
metallic lustre, which is much improved by burnishing. Iron
is at once the most useful, the most abundant, and the most
universally diffused of all the metals. It is found in the
mineral, the vegetable, and the animal kingdoms, and in
some countries exists in such quantities as to form mountains
of considerable size.

When heated, it becomes soft and malleable, and in this
state two pieces may be incorporated, or welded together, by
hammering. Its specific gravity is about 8. It is attracted
by the magnet, and may itself be made permanently magnetic.
This property is of vast consequence to the world, being pos-
gessed by no other metals except nickel, and cobalt, and by
these in a much inferior degree.

Iron has a strong affinity for oxygen, and whén exposed to
air and moisture soon rusts or oxidates on its surface. Ina
perfectly dry atmosphere, however, it undergoes little or no
change, a proof that it absorbs oxygen with more facility

What is the composition of the peroxide of manganese 2 What is
said of the acids of manganese? hat is the combining number for
iron? What is said of the abyndance and usefulness of iron ? What
is said of the affinity of iron for oxygen?
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from water than from the air. When heated, it attracts oxy-
gen both from air and water, with great rapidity. When
the steam of water is passed over iron at a red heat, the wa.
ter is' decomposed, its oxygen combining with the metal,
while the hydrogen is set at liberty. When heated to red-
ness in oxygen gas, iron burns with the most iatense brillian-
cy. Iron is exceedingly ductile, and may be drawn into
wire not exceeding the thousandth part of an inch in diame-
er; but it cannot, like gold and silver, be hammered into thin
seaves, and therefore is not highly malleable.

The ores of this metal are very numerous, and some of
them highly beautiful and interesting. They are chiefly sul-
phurets and oxides, but the oxides are the only ores from
which the metal is obtained.

Iron has, in a few instances, been found in its native state,
mixed with lead and copper, or with some earthy substance.
It has also been found in large masses, alloyed with five or
six other metals, and called meteoric iron, from an opinion that
these masses-fell from the clouds. Native iron is soft, and
malleable, as it occurs, and does not differ from that which
has been reduced from its ores, and purified.

Cast iron contains variable proportions of carbon and oxy-
gen, and in this state it is hard and brittle. These impurities
are detached by the process of refining, and then the iren
‘becomes soft and malleable.

Steel is made by heating pure iron with carbon, or charcoal,
by which it is rendered exceedingly hard and brittle. This
change is produced in consequence of the absorption of a por-
tion of carbon by the iron. Steel, therefore, is composed of
iron and carbon, or diamond, and its scientific name is carbu-
ret of iron.

" IRON AND OXYGEN,
Ozides of Iron.
Rust of Iron.

Iron combines with oxygen in two proportions, forming the
blue and red oxides of this metal.

Under what circumstances does iron decompose water? In what
does this decomposition consist? What is said of the ductility and
malleability of iron ? In what states does iron occur as a natural pro-
duct? What is the ore from which iron is extracted? What is me-
teoric iron? What are the impurities contained in castiron? How is
steel made? What is the composition of steel 7 What is the scien-
tific name of steel ?

-
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Protoxide of Iron.—The blue, or protoxide of this metal,
is formed by passing dry hydrogen over the red oxide, at a
temperature a little below redness. This oxide is composed
of 1 equivalent of iron 28, and 1 equivalent of oxygen, 8. Its
combining number, therefore, is 36.

The Black Ozide of Iron which occurs in the form of scales,
when iron is heated and hammered in the open air, is nota
definite compound, but a mixture of the blue and red oxides.

Peroxide of Iron. This is the red oxide, and is known to
mineralogists as a native compound, under the name of red
hematite. 'The same article is known to button.makers and
other artists under the name of blood-store, and is employed
to polish their work. The peroxide may be prepared by art, -
by dissolving iron in nitric acid, then precipitating it with
ammonia, and heating the precipitate to a little below red.
ness, to drive off the acid. Its colour, and other properties,
are like those of the native red oxide. The peroxide of iron
is composed of iron 28, and oxygen 12.

The Brown Oxide of Iron is composed of precisely the
same proportions of the metal and oxygen as the red oxide,
but in addition to these ingredients, it contains one proportion,
or 9 parts of water.

The other oxides of iron are either mixtures of the red and
blue oxides, or one or both of these oxides containing various
impurities. The great number of oxides of this metal, de-
scribed in books of mineralogy, and differing from each other
in colour, hardness, and form, arise from such mixtures.
Thus the magnetic oxide of iron, or native magnet, is com-
posed of peroxide of iron 71, and protoxide 29 to the 100.
The brown oxides of iron all contain water, and are therefore
called hydrates. The ochres are of this kind.

Iron combines with carbon, sulphur, iodine, phosphorus,
and the different acids. Its compounds are therefore exceed-
ingly various, in respect to form, colour, and properties. We
shall, however, examine only two or three of these com-
pounds here, the salts being reserved for another place.

Carburet of Iron.—Steel, we have already said, is a car-
buret of iron. This important metal is manufactured from

In ‘now many proportions does oxygen combine with iron ? What
are the names of these oxides? What is the composition of the prot-
oxide? What is the composition of the peroxide of iron? How does
the brown, differ from thered oxide of iron? W hat is the composition
of the native magnet? What substances are mentioned with which
iron combines ?
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the iron, by exposing the latter to a long continued red heat,
in contact with charcoal. For this purpose, the purest mal.
leable iron, in bars, is employed, and is found to gain in
weight, one pound in 150 by the process. Steel, therefore,
consists of iron combined with a 150th part of its weight of
carbon, or diamond, which it absorbs from the fire. When
iron is perfectly enclosed, and heated with a fragment of dia-
mond, it is' converted into steel, in the same manner as when
heated with charcoal. This experiment shows the identity of
carbon and diamond, the only difference being the colour and
crystalline form of the latter. It also proves that the hard-
ness of steel is owing to the particles of diamond which it
contains.

The native carburet of iron, commonly known under the
name of black lead, or plumbago, contains 95 parts of carbon
and 5 of iron, This substance is infusible at the highest heat
of a furnace, and hence is employed in making crucibles and
melting pots. It is also used in making black lead pencils.

Sulphuret of Iron.—This compound occurs as a natural
product, and 1s known to mineralogists and others, under the
name of iron pyrites. It is a yellow brittle substance, often
crystallized in the form of cubes, or octohedrons, with their
surfaces highly polished. These specimens are generally
taken for gold, by those who are ignorant of such matters,
and the places where they are found, are sometimes kept a
profound secret for years, for fear the owner of the soil should
claim a part of the wealth. Every mineralogist, on pronoun-
cing such specimens of no value, has occasionally witnessed
the fallen countenance of the applicant, whose hopes and ex-
pectations he had thus blasted. Sulphuret of iron may also
be formed by touching a bar of iron, at a glowing red heat,
with a roll of brimstone. The compound will fall down in
drops. The natural and artificial sulphurets are composed
of precisely the same definite proportions, viz. Iron 28, and
Sulphur 16. :

In what proportion is the weight of iron increased by being converted
into steel? What is said of converting iron into steel by means of the
diamond? What does this experiment prove? Whatis the composi-
tion, and the proper name of black lead? W hat are the uses of black
lead? Is sulphuret of iron a natural, or artificial compound? What
is u}e appoarance of the nativa sulphuret of iron ? W hat preciouﬂ me-
tal is this compound sometimes taken fur? How may sulphuret of
iron be formed artificially? What is the composition of sulphuret of

iron ?
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ZINC—34.

Zinc, when pure, is of a bluish white colour, and of a stria-
ted fracture, presenting the result of a confused crystallization.
When rubbed with the fingers, it imparts to them a peculiar
metallic taste and smell. When cold, this metal is not malle-
able, but when heated to between 200° and 300°, it becomes
both malleable and ductile. If its temperature be raised to
400°, it becomes go brittle as to be readily reduced to powder,
in a mortar.

Zinc melts at 680 degrees, and if this temperature be in.
creased, it burns with a bluish flame in the open air. When
melted with copper it forms the alloy, well known under the
name of brass. .

This metal never occurs in the native, or pure state, but
is always found combined either with sulphur, carbonic acid,
or oxygen. The sulphuret of this metal, called zinc blende,
and the carbonate, called calamine, are the ores from which
zinc is obtained. The sulphuret being roasted, that is, sub-
mitted to a low red heat in the open air, to drive off the sul-
phur, and oxidize the metal, is then melted with charcoal, by
which the oxygen is absorbed, and the metal reduced. The
calamine is first roasted to drive off the carbonic acid, and is
then distilled in iron retorts, by which means the pure metal
is obtained. 'This latter process is said to have been learned
of the Chinese, and that a man was sent from Europe to Chi.
na on purpose to obtain the secret. Pure zinc, when exposed
to a white heat in & close vessel, will, in the same manner
sublime, and again condense, unchanged.

ZINC AND OXYGEN.
Oxzide of Zinc—42.
1 p. Zinc 3441 p. Oxygen 8.
Flowers of Zinc.

When zinc is exposed to a red heat in the open air it burns
with a white flame, and at the same time an oxide of the
metal is formed, which rising by the heat, falls around the

What is the colour of pure zinc? .Under what circumstunce is zinc
malleable? In what temperature does zinc melt ? What is the com-
position of brass? Is zinc ever found ip seomativevtuto- —¥Virac Ao
the names of the_oresof-sinoyan@ 0T what are they composed? How
s giicYeduced from its sulphuret? How is calamine reduced? How
is the oxide of zinc formed? '
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place of combustion in the form of white flakes. This sub-
stance was formerly called flowers of zinc, and sometimes
philosophical wool. It is an oxide of the metal, and the only
one known. When this oxide is collected and again submit-
tt;d tothe fire, it does not rise, as before, but melts into a clear

ass.

g When the vapor of water is brought into contact with me.
tallic zinc at a red heat, the water is decomposed, the zinc
combining with its oxygen, and forming an oxide, in the same
manner as is done in the open air. Both these oxideg are
composed by weight of

1 atom, or equivalent of zinc = 34

1 do. do. oxygen 8

Combining number for oxide of zinc 42

cADMIUM—56.

Cadmium is one of the new metals, having been discovered
in certain ores of zinc, in 1817, This metal in color and
lustre resembles tin, but is harder and more tenacious. It is
both ductile and malleable to a considerable degree. Its
specific gravity is nearly 8.5. It fuses at a temperature some
what less than 500 degrees, and at a little higher degree it

“rises in vapor, and condenses in globules like mercury.

When cadmium is heated in the open air, like many other
metals, it absorbs oxygen, and is convertted into an oxide.
It is readily dissolved by the nitric acid. When heated in.
contact with the vapor of water, the fluid is decomposed and
an oxide of the metal is formed.

Cadmiumn combines, so far as is known, with only one pro-
portion of oxygen. This oxide is composed of

Cadmium, 1 equivalent 56
Oxygen, 1 do. 8
64

‘Cadmium, like the other metals, forms salts by combination

with the acids. Butthese compounds are little known and
- of no value.

What was this oxide formerly called? How may zinc be made to
decompose water 2 What is the composition of oxide of zinc, and what
its combining number ? What is cadmium ? What other metals does
cadmium resemble? Is this a brittle or a malleable metal? What
is the specific gravity of cadmium? What is the composition of ox-
ide of eadmium ?
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TIN—59.

Tin must be examined in the state of grain, or block tin ;
what is commonly called tin, being sheets of iron, merely
covered with this meta!.

Tin is procured from its native oxides, by heat and charcoal,
on the: same principle that has already been described for
iron and several other metals. The ores of tin are only two,
viz., an oxide and a sulphuret. This metal is not readily ox-
idized by exposure to the atmosphere, though the briliancy of
its surface is soon tarnished. It is highly malleable, but not
equally ductile, its tenacity not being sufficient to allow its
being drawn into fine wire. Itsspecific gravity is 8. When
heated to whiteness, it takes fire in the open air,'and burns
with a white flame, being at the same time converted into
an oxide.

Tinis a highly useful metal, being employed for many val-
uable purposes in the arts and conveniences of life. Thin
sheets of iron, being dipped into melted tin, receive a coat of
the metal, and are thus prevented from rusting. This is call.
ed sheet tin, and is the article of which the common tin ware
is made. Tin foil, that is, tin rolled into thin sheets, is used
for many purposes. Electrical jars are coated with it, and
the backs of looking-glasses are formed of an amalgam of
tin foil, and mercury. Block tin forms a part of Brittania
ware, of princes metdl, of pewter, speculum metal, &c.

TIN AND OXYGEN.

Tin combines with oxygen in two proportions : The first,
or the protoxide is formed when the metal is kept for some
time in fusion in the open air. At this temperature it absorbs
oxygen from the atmosphere and is converted into a grey pow-
der. ‘This powder is the protoxide, and is composed of

1 equivalent, or atom of tin 59
1 do. do. of oxygen 8
67

This oxide is soluble in acids and in ammonia. The se-

Of what metal is the sheet tin chiefly composed ? How is tin procar-
ed from its oxide ? What are the only ores of tin ? Is tin readily ox-
idized by exposure to the air or not?  What is said of the malleabili-
ty and ductility of tin? What is the specific gravity of tin? Into
what is this metal converted when burned in the open air? How is
sheet tin made? What are the principal uses ef tin? In how many
proportions does tin combine with oxygen ? How is the protoxide of
tin formed ?



_ ARSENIC. 249

cond, or perdxide of tin is prepared by dissolving the metal
in nitric acid, slightly diluted with water. It is a powder of
a yellow colour, and is composed of

1 equivalent of tin 59
2 do. of oxygen 16

7

This oxide, when melted with glass forms white enamel.

Tin combines with sulphur, chlorine, and the acids, form.
ing a variety of compounds, some of which are occasionally
used in the arts.

Order 4.—Metals which do not decompose water at any
temperature. 'These are

* Arsenic Uranium Titanium
Molybdenum Columbium  Bismuth
Chromium  Nickel Copper
Tungsten Cobalt Tellurium
Antimony  Cerium Lead.

The last order includes all such metals, as attract oxygen
with sufficient force, when heated to redness, to decompose
water. The present division absorb and retain oxygen at
high temperatures, but none of them attract that principle,
even at the highest temperatures with sufficient force to de-
compose water.

G 7
AmsENIC, ¢,

There are no mines worked merely for the purpose of ob.
taining arsenic, the oxide of this metal, the only form in
which it is used, being procured by the. process of roasting
the ores of cobalt. The ores of the latter metal, being heat-
ed in furnaces with long chimnies, the oxide of arsenic rises
and attaches itself to the sides of the chimney, in layers, or
cakes. After a considerable quantity has accumulated in
this manner, it is scraped off, and purified by a second sub-

“ What is the composition of the protoxide of tin? 'How is the per-
oxide of this metal prepared? What is the quantity of oxygen con-
tained in the peroxide of tin? What is the definition of order 4th?
What are the names of the metals arranged under the 4th order? Are
any mines worked merely to obtain arsemic? How is the ozide of
arsenic procured ? 22
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limation, when it forms the well known poison, called whits
arsenic, or oxide of arsenic. . .

From the white oxide, the metallic arsenic is procured by
heating it with a combustible.

In legal investigations where there is a suspicion of pois-
oning with arsenic, it sometimes happens that justice will de-
pend on the decision of the chemist, whether arsenic might
not have been the cause of death. In such cases, very mi.
nute portions of arsenic may be detected by means of a com-
bustible and a glass tube in the following manner.. Let
the matter suspected to contain the poison, be well dried at
a low heat; then mix it with five or six times its weight of
powdered charcoal, and put the mixture into a thin glass
tube closed at one end. If now heat be gradually applied

. to the tube until it becomes red, the metal, if arsenic be pre-.
.. “sent, will rise and coat its inside, showing a brilliant metallic
lustre, similar to that of steel. If it is found, that on heating
a small piece of this metal, it rises in white vapour and gives
the smell of garlic, it is arsenic beyond doubt. .

The structure of arsenic is crystalline, and its specific
gravity about 8. When heated to about 360° it subliches,
without fusion, its melting point being far above that at
which it becomes volatile. If the metal is heated in the
open air, it is converted into the white oxide, and again be.
comes poisonous as before ; but while in the metallic form,
arsenic has no action on the system, and therefore is not a
poison. :

ARSENIC AND OXYGEN.
Arsénious Acid—54.
1 p. Arsenic 3842 p. Oxygen 16.
White Arsenic. Ouzide of Arsenic.

We have stated above that when metallic arsenic is heat- -
ed in the open air, it is converted into a white substance,
called ozide of arsenic. This is the arsenious acid of chem.

. ists. It differs from the oxides of metals in possessing acid

properties. 1t is slightly soluble in water, reddens vegeta-
ble blue colours, and combines with alkalies, forming salts,

How may arsenic be reduced from its oxide to the metallic state ?
‘What is the appearance of pure arsenic? What is the specific gravity
of u:;nic? Is metallic arsenic a poison? How is arsenious aeid
formed ?
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called arsenites. ‘The arsenite of potash, usualy called
Fowler’s solution of arsenic, has been long employed in med.
icine as a remedy for eruptive, and other diseases.

_ARSENIC AND SULPHUR.
Sulphurets of Arsenic.

Sulphur combines with arsenic in two proportions, form.
ing compounds which are known by the names of orpiment,
and realger. These compounds are both of them natural
products, and may also be formed by art. Realger is of a
red, or scarlet colour, with a shining semi-metallic lustre, and
is composed of 38 parts of metallic arsenic, and 16 parts, or
one proportion of sulphur.

Orpiment has a rich yellow colour, and a foliated struc.
ture. Its lustre is shining, and somewhat metallic, and it is
readily separated into layers, like mica. This is .composed
of 38 parts, or one atom of metallic arsenic, and 24 parts, or
an atom and a half of sulphur. .

e%rpiment is employed as a paint under the name of King’s

ow.

CHROMIUM—28.

The metal, chromium, has been detected only in the two
native compounds, ckromate of lead, and chromate of iron.
In these two salts, the metal chrome, exists in combination
with so much oxygen as to constitute an acid, which is united
¢o the oxides of lead and iron, forming the compounds above
named. Arsenic, as shown above, forms an acid with oxy-
gen in the same manner, and we shall see presently that
several other metals when combined with oxygen perform
the office of acids.

Chromium has been . procured only in very small quanti-
ties, by exposing its acid mixed with charcoal, to the high-
est temperature of a smith’s forge. It is a brittle metal of

What is the common name of this acid? What is the form of ar-
senious acid? What are the salts called which arsenious acid forms
with the salifiable bagses? What use is made of arsenite of potash ?
In how many proportions does sulphur combine with arsenic? What
is realger? What is its composition ? How does orpiment differ
from realger? What use is made of orpiment? What is chromium ?
In what native compound is chromium found? In what state does

chro:;:i’um exist in these compounds? How has chromium been pro-
cured ?
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‘a greyish white colour, and very infusible. Its specific
gravity is 6. '

Chromium combines with oxygen in three proportions,
forming the following compounds.

Chrome.—Oxygen.
Protoxide, composed of 28 and 8
Deutoxide 0. 28 do. 16
/Chromic acid do. 28 do. 24

The oxides of  chrome are of no importance in the arts,
but the chromic acid forms coloured salts with the oxides of
the metals, which are extensively employed in painting and
colouring.

The chromic acid may be obtained in a separate state, by
boiling the native chromate of lead in powder, with twice
its weight of carbonate of potash, and afterwards saturating
the alkali with dilute sulphuric acid. The sulphate of potash
thus formed, will subside, leaving the chromic acid in solu-
tion, which on evaporation, will yield crystals of chromic
acid.

These crystals are of a ruby red colour, and when dis-
solved in water, possess all the properties of an acid.

The useful compounds formed by combining chromic acid
with salifiable bases, are prepared from chromate of potash
in solution. The latter salt is made by heating to redness
the native chromate of iron with an equal weight of nitrate
of potash. By this process the chromate which was in the
state of an oxide, is converted into chromic acid, by the
oxygen of the nitre, the acid at the same time combining
with the potash of the nitre. The ignited mass is then dis.
solved in water, neutralized by nitric acid, and the solution
concentrated by evaporation, when the chromate of potash
shoots into crystals, of a yellow colour. )

The chromate of lead, a beautiful paint at present largely
employed under the name of chrome yellow, is made by mix-
ing acetate, or sugar of lead, dissolved in a large quantity
of water, with solution of chromate of potash. A double.
decomposition of these two salts is thus effected, and acetate

‘What is the colour and what the properties of chromium ? In how
many proportions does chromium combine with oxygen? What are
the names of these compounds? Of what use is the chromic acid 2
How may pure chromic acid be obtained? What is the colour and
form of this acid ? How is chromate of potash prepared? How is the
chromate of lead made from the chromate of potash 2 What is the
colour and use of chromate of lead ?
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of potash and chromate of lead are formed. The acetate
remains in solution, while the chromate being insoluble in
water, falls down in form of an orange coloured, or yellow
powder. This powder being separated from the liquid, and

dried, forms the beautiful pigment in question. . :

MOLYBDENUM—48.

The native sulphuret of molybdenum is a ponderous min-
eral, which occurs in masses, or is disseminated in other
minerals. Its structure is foliated and its lustre like that of
lead recently cut. When this compound is reduced to fine
powder and digested in nitro-muriatic acid, the sulphur and
metal are both acidified by the oxygen imparted to them by
the nitro-muriatic acid. On heating the solution, the sulphu-
ric acid thus formed is expelled, while the molybdic acid
remains in the form of a heavy white powder. From this
powder the metallic molybdenum may be obtained by ex-
posing it, mixed with charcoal, to the strongest heat of a
smith’s forge. ~

This metal has never been obtained, except in very small
quantities, and in the form of brilliant white globules, contain-
ed in a blackish mass. When heated in the open air, it is
soon converted into molybdic acid.

Molybdic acidis in the form of a white powder, which has
a sharp metallic taste, reddens vegetable blues, and forms
salts with the alkalies, called molybdates.

This acid is composed of 1 proportion of molybdenum 48,
and 3 proportions of oxygen 24.

TUNGSTEN—36.

The tungstate of iron, is a brownish black mineral, which
is found both massive and crystallized. Its specific gravity
is upwards of 7, and when broken it presents a foliated struc-
ture, and a lustre somewhat metallic.

This mineral, by the miners is called wolfram, and is com-
posed of tungstic acid and oxide of iron, with a portion of
the oxide of manganese. :

How is the native sulphuret of molybdenum described? By what
process is molybdic acid procured? How is the metal obtained from
this acid ? W hat is the appearance of molybdenum? What are the
galts called which molybdic acid forms with the salifiable bases?
What is the appearance of tuugstate of iron? How is tungstic acid
precured ?

2
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From this mineral the tungstic acid may-be procured by
the action of muriatic acid in the form of a yellow powder.

When tungstic acid is mixed with charcoal and exposed
to an intense heat, the metal is deprived of its oxygen by the
charcoal, and appears in its pure form. ‘

Tungsten has a specific gravity of 17.4 being next to pla.
tina and gold, the most dense body known. It is nearly
equal to steel in hardness, and is one of the most infusible
of the metals. When heated in the open air, it is reconvert-
ed into tungstic acid. This acid is composed of 96 parts of
tungsten and 24 parts of oxygen, consequently 96 is the
atomic weight of this metal, and 120 the equivalent number

" for tungstic acid. No use has been made of this metal, or

any of its compounds.

CcoLUMBIUM—]144.

This metal was discovered by Mr. Hatchett of Londen,
in a black mineral, which was sent to the British Museum by
Gov. Winthrop, of Connecticut. 'Phe mineral came from
New London, and is said to have been found near the resi.
denee of the Governor.

Columbium, like tungsten, exists in its natural state, com-
bined with so much oxygen as to perform the part of an acid,
and is found united to the oxides of iron, or manganese.

" This metal is of an iron grey colour, and considerable
metallic lustre. Its specific gravity is 5.5. '

Columbic acid is composed of columbium 144, and oxygen
8. Its equivalent number, threfore, is 152,

ANTIMONY—44,

The only ore from which the antimony of commerce is
obtained, is the sulphuret. From this native compound the
pure metal is separated, by heating it with half its weight of
iron filings in a covered vessel. By this process the sulphur
unites with the iron, while the fused antimony is drawn off
at the bottom of the vessel.

What is the process for procuring tungsten from tungstic acid?
What is the specific gravity of tungsten? What are the properties of
tungsten? What is the composition of tungsticacid? Whence came
the mineral in which columbium was first discovered? In what state
does columbium exist combined with iron? What is the specific
gravity of columbium? What is the ore from which antimony is ob-
tained? In what manner is this metal obtained from its ore?
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Antimony is a brittle metal of a bluish white colour, and
considerable lustre, Its structure is lamellated, or it consists
of layers, which are the result of an imperfect crystallization.
It fuses at about 800°, and when slowly cooled, may be
crystallized in octohedrons. By exposure to the air it tar-
nishes, though not so readily as several other metals. Its
specific gravity is about 6.8.

/ ANTIMONY AND OXYGEN.

Oxygen combines with antimony in three proportions,
forming the protoxide, composed of antimony 44, and oxygen
* 8—the deutoxide consisting of antimony 44, and oxygen 12,
and the per-oxide, composed of antimony 44, and oxygen
16. :

The deutoxide combines with alkalies, and forms salts ; it
is therefore called antimonious acid, and the salts so formed
are anlimonites. -

* The .peroxide also performs the office of an acid, and
combines with alkalies forming salts, called antimoniates,
the acid itself being the antimonic. N

Formerly there were at least forty different preparations
of antimony known, and used in medicine. At present this
number is reduced to three or four, and of these, only one
is in general use, viz. the tartrate of antimony and potassa,
or tartar emetic.  ’

ANTIMONY AND SULPHUR.

The native sulphuret of antimony, as stated above, is the
only ore from which the metal is extracted. This is gener-
ally found in compact masses, though it sometimes occurs
in long crystals, interlacing each other. It is of a leaden
gray colour, with a metallic lustre.  /

The same compound may be formed by fusing antimony
and sulphur together, or by transmitting sulphuretted hydro-
gen through a solution of tartar emetic.

Sulphuret of antimony is compoged of

Antimony 1 proportion 44
Sulphur 1 proportion 16

‘What is the colour and what the specific gravity of anumony? In
how many proportions does oxygen combine with antimony > W hat are
the oxides called> What is the composition of sulphuret of antimony ?
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UrANRUM—208.

This metal was first detected in & mineral found in Saxony,
which, from its black colour, was called pitchblende. This
ore, now called black ozide of uranium, contains uranium in
the state of an oxide, mixed with the oxides of iron and lead.

The metal is reduced from its oxide to the metallic state,
with great difficulty, even in the laboratory of the chemist.
According to Klaproth, who discovered it, uranium is of a
dark grey colour, with a metallic lustre, and granular texture.
It is soluble in nitric acid, fuses only at the highest tempera.
ture, and affords a deep orange colour to enamel. Its spe.
cific gravity is about 8. .

Chemists are acquainted with two oxides of this metal.
The protoxide is composed of uranium 208, and oxygen 8.
The combining number of the protoxide is therefore 216.

The peroxide consists of 1 proportion of uranium 208, and
2 proportions of oxygen 16 ; so that the equivalent nuwmber
for the peroxide is 224.

The protoxide occurs as a natural product, of a dark eme.
rald green colour, and shining lustre. It is often found at:
tached to other minerals, in the form of scales, or in bundles
of crystals, variously grouped, or interlacing each other, af.
fording one of the most beautiful products of the mineral king.
dom. This oxide is also formed by art, and is employed to
give a black colour to porcelain, the change from green to
black, being produced by the heat of the porcelain furnace.

cerroM—50.

The chemists haye proved'that a metal called cerium exists
in a reddish brown mineral, found in Sweden, and called
cerite, or siliceous ozide of cerium ; and also in a mineral
found in West Greenland, and called Allanite.

The properties of this metal are.little known, it having
never been obtained, except in minute quantities, not larger
than a pin’s head.

It has however been ascertained that cerium combines
with oxygen in two proportions, and that its combining or

‘W hat s the ore of uranium called? What is the appearance of urs-
pium? What is its specific gravity 2 How many oxides of this metal
are known? What is said of the native protoxide of this metal?
‘What use is made of this oxide? What is said of the existence of the
metal cerium ?
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equivalent number is 50. These oxides are composed of ce-

rium 50, and oxygen 8, forming the protoxide, whose equiva.

lent, therefore, is 58. The deutoxide contains the same

?uantity of metal, with one and a half proportions of oxygen.
. Its equivalent is therefore 62:

COBALT.

The ore from which this metal is extracted, is called arseni-
cal cobalt. It is found in primitive rocks, both disseminated
and in veins, associated with nickel, silver, bismuth, arsenic,
and copper.

‘When this ore of cobalt is heated in contact with the air,
the arsenic is expelled in the form of arsenious acid, and the
sulphur which this ore also contains is converted into sulphu-
reous acid gas, and escapes. By this process, the ore com-
monly loses more than half its weight, and there remains in
the furnace, an impure oxide of cobalt, called zaffree.

When zaffree is heated with sand and potash, there is form-
ed a glass of a beautiful blue colour which when pulverized,
is extensively known, and used under the name of smalt. The
blue colour of porcelain, and earthen ware is produced en-
tirely by this oxide of cobalt. Paper and linen, also, receive
their bluish tinge from this oxide.

From the oxide of cobalt, or zaffree, the metal may be ob-
tained by heating that substance in contact with some carbon-
aceous matter. If itis intended to obtain the metal in its
pure state, the zaffree must first be purified from the iron, or
other metals which it may contain.

Cobalt is a brittle metal of a reddish brown colour and
slightly metallic lustre. It is fused with difficulty. Its spe-
cific gravity is 8.5, Itis attracted by the magnet, and is ca-
pable of being permanently magnetic. Muriatic, or sulphu.
ric acid acts but slightly on this metal, but it is readily soluble
in nitric acid. :

Cobalt does not attract oxygen by exposure to the air, but
by a long continued and strong heat, it is converted into an
oxide of a deep blue, or nearly black colour. The atomic
weight of cobalt has not been determined. -

What is said of the oxides of cerium? From what ore is the metal
cobalt obtained ? What is zaffree? What is smalt? Whatis the use
of oxide of cobalt? How may metallic cobalt be procured from the
oxide? What is the appearance of cobalt? What is the specific gra-
vity of cobalt ? What is said of the magnetic property of cobalt? What
acid is the proper solvent of cobalt? .
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This metal is the base of that curious liquid, called sym.
pathetic ink, and which may be prepared in the following
manner. .

Dissolve one part of cobalt, or zaffree, in four parts of
nitric acid, and assist the solution by heat. To this solution
add one part muriate of soda, and four times as much water
as there was acid.

Characters written on paper with this ink, are illegible
when the paper is cold, but become plain, and of a beautiful
green colour when the paper is warmed. This experiment
1s rendered still more pleasant by drawing the trunk and
branches of a tree in the ordinary manner, and then tracing
the leaves with the solution of cobalt. In winter, such atree
will appear without leaves, except when warmed, but in the
summer, particularly if placed in the sun, it will be covered
with beautiful green foliage. Screens painted with this solu-
tion, will show their green, when in use, but will immediately
begin to fade when carried away from the fire.

NICKEL—40. '

Nickel is generally found mineralized by the acids of arse-
nic. The Saxon ores, among which this metal is found, are
mixtures of lead, copper, iron, cobalt, and arsenic, combined
with sulphur and oxygen. In-nearly every instance, where
meteoric iron, or other meteoric products have been analyzed,
they have been found to contain this metal. ‘

Nickel, being of no use in the arts, is never reduced to its
metallic state, except in the laboratories of chemists, as speci-
mens or curiosities.

Nickel has a strong metallic lustre, and is nearly the colour
of tin, and silver. It is both ductile and malleable, and like
iron and cobalt, is attracted by the magnet, and may be made
permanently magnetic. Its specific gravity, after being
hammered, is 9. It is exceedingly infusible, and soffers
no change at common temperatiires, when exposed to the air ;
but is slowly oxidized at a red heat. The muriatic and sul-
phuric acids do not act on nickel, but it is readily oxidized,
and dissolved in nitric acid.

What is the method of preparing sympathetic ink ? What are the
peculiar properties of this ink > With what is nickel combined, in the
natural state? What is said” of the existence of nickel in ‘meteoric
products > Is this metal of any use in the arts? What is the appear-
ance of nickel? What is said of its magnetic property ? W hat is its
specific gravity ? In what acid does nickel dissolve ?
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Nickel combines with two proportions of oxygen. The
protoxide is composed of nickel 40, and oxygen 8. The per-
' oxide of nickel 40, and oxygen 16.

BISMUTH—72.

Bismuth occurs native, and in combination with sulphur,
oxygen, and arsenic. That which is employed in the arts.
and in commerce, is derived chiefly from the native metal.
Bismuth has a reddish white colour, a brilliant lustre, and a
foliated structure. It fuses at 476°, being, with the exceptian
of tin, the most fusible of the solid metals. When slowly-
cooled, this metal may be obtained in octohedral crystals. Its
specific gravity is 10.

Bismuth enters into the composition of printing type ; and
its oxides are employed as paints, and in medicine,

BISMUTH AND OXYGEN.
Oxzide of Bismuth—S80.
1 p. Bismuth 7241 p. Oxygen 8.
Flowers of Bismuth.

Bismuth combines with oxygen in only one proportion,
forming a yellowish white oxide. This may readily be form.
ed by submitting the metal to a strong heat in the open air.
It takes fire and burns with a blue flame, while the oxide falls
down in the form of powder.

Bismuth is not readily soluble in the muriatic or sulphurie
acids, but the nitric ucid dissolves it with facility, forming
nitrate of bismuth.

When nitrate of bismuth, either in crystals or in solution, is
thrown into water, a copious precipitate subsides, in the form
of a beautifully white powder. This is the subnitrate of bis. -
muth, and was formerly known under the name of mag:

bismuth. This is employed as a cosmetic powder for
whitening the complexion, but it is a dangerous substance for
such a purpose, since, if it happens to be exposed to sulphu.
retted hydrogen, it turns black, thus exposing the wearer to
mortification and detection.

What are the states in which bismuth is found? What is the colour
of bismuth? What are the uses of bismuth > In how many propor-
tlons does this metal combine with oxygen? How may this oxide be
formed? What use is made of the subnitrate of bismuth ?
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TITANIUM.

Titanium has hardly been seen in its pure metallic state,
' but the analysis of its oxides proves that such a metal exists.

The ores of this metal are considerably numerous, and are
widely disseminated. The native oxides of titanium some.
times occur in long striated, acicular crystals, of a reddish
brown colour, and shining metallic lustre. Such crystals
are sometimes contained in transparent pieces of quartz,
forming specimens of singular beauty. )

The artificial oxides of this metal are white, and are ob.
tained by difficult processes. They hold their oxygen with
such tenacity that all attempts to reduce them, by means of
heat and a combustible, in the usual manner, have failed.

The equivalent numbers of these acids have not been de-
termined with certainty.

TELLURIUM—32.

This is an exceedingly rare metal, being hitherto found
only in the gold mines of Transylvania, and at Huntington,
in Connecticut, It occurs in the metallic state, associated
with gold, and silver, lead, irgn and sulphur. The colour of
tellurium is between those of zinc and lead ; texture lamina.
ted, like that of antimony, which it also resembles in some of
its properties. It melts at about 600° ; has a specific gravity
of 6.11; is brittle, and easily reduced to powder. When
heated before the blowpipe, it takes fire, burns rapidly witha
blue flame, and is dissipated in grey fumes, which are an oxide
of the metal.

This oxide, which is the only one tellurium forms, is com-
posed of 32 parts of the metul and 8 parts of oxygen ; so that
32is t:lle atomic weight of tellurium, and 40 the equivalent of
its oxide. -

- coPPER—O64.

Copper is found native, also combined with sulphur, with
oxygen, with carbonic acid, arsenic acid, sulphuric acid, mu.
riatic acid, and with several of the metals. Its ores are very
numerous, and some of them highly beautiful and interesting.

What is said of the existence of titanium? What is said of the na-
tive oxide of titanium ? Where have the ores of tellurium been found ?
In what state does tellurium occur? What is the colour of tellurium ?
What is the composition of the oxide of tellurium ? What are the sub-
stances with which copper is found combined ?
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The uses of this metal are numerous, and well known. In
the metallic state, it forms a part of brass, of pinchbeck, of
Dutch gold, and many other alloys.

When dissolved in various acids, it forms compounds which
are employed for a great variety of useful purposes.

The green pigment, verditer, is a nitrate of copper, precipi-
tated by carbonate of lime. Verdigris is an acetate of cop-
per. Mineral green is a sulphate of copper, precipitated by
caustic potash.

Copper receives a considerable lustre by polishing, but
soon tarnishes when exposed to the open air. lts specific
gravity is 8.78, and isincreased by hammering. It is malle-
able and ductile, and its tenacity is inferior only to iron. It
hardens when heated and suddenly cooled. At a red heat,
with access of air, it absorbs oxygen, and is converted into
the peroxide, which appears in the form of black scales.

Nitric acid acts on this metal with vehemence, and it is
dissolved. slowly in the muriatic and sulphuric acids. ‘The
vegetable acids, as vinegar, also dissolve copper when ex-
posed to the air, but not otherwige, the oxygen of the atmos.
phere assisting in the oxidation of the metal.

COPPER AND OXYGEN.
Protoxide of Copper—T72.
1 p. Copper 6441 p. Oxygen 8.
Red Oxide of Copper.

The red, or protoxide of copper is found native, in the form
of regular octohedral crystals, variouvsly truncated, and form-
ing specimens of great beauty. It may also be prepared ar-
tificially, by mixing 64 parts of copper filings with 80 parts
of the peroxide in powder, and heating the mixture to redness
in a close vessel. By this process the copper filings attract.
onec proportion of oxygen from the peroxide, which contains
twice the quantity of oxygem contained in the protoxide.
Thus the quantity of oxygen is equalized, and the whole is
converted into the protoxide.

This experiment affords a very simple illustration of the
law of definite proportions. Eighty parts of the peroxide of

’

What are the principal uses of copper ? What is the specific grayity
of copper? How may copper be converted into a peroxide? W hat
acids dissolve this metal? 1n what form does the protoxide of copper
occur? How may the protoxid26 of copper be prepared by art ?

3
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copper contain 64 parts of the metal and 16 of oxygen.
‘When this quantity is heated with 64 parts of copper, 1 pro-
portion, or 8 parts of oxygen leaves the peroxide, and unites
with the copper, thus making, in the whole, 144 parts of the
protoxide, the copper gaining 8, and the peroxide losing 8,
the number for each becomes 72, the equivalent for the
peroxide.

Peroxide of Copper—80.
1 p. Copper 644-2 p. Oxygen 16.

" This oxide is said to be found in the native state. By art,
it may be formed by keeping thin pieces of copper at a red
heat exposed to the dir, or by heating the nitrate of copper to
redness.

This oxide is dark brown, or nearly black. When heated
alone, it undergoes no change, but if heated in a close vessel,

“with charcoal, or other combustible, it parts with the whole of
its oxygen, and is reduced to the metallic state. It combines
with most of the acids, and produces salts of a green or blue
colour. '

Copper combines with* sulphur, and forms a sulphuret of
the metal. This compound occurs native, and may be formed
by heating a mixture of copper filings and sulphur. It is
composed of 64 parts of the metal and 16 of sulphur.

LEAD—104,

In a few instances lead has been found in the native state ;
but it most commonly occurs combined with sulphur, forming
the sulphuret, of a bluish grey colour and strong metallic lus.
tre. This compound is known under the name of galena, and
is the ore from which the lead of commerce is exclusively ob-
tained.

The colour and common properties of lead are well known.
Its specific gravity is 11. In tenacity, it is inferior to all the
ductile metals. It fuses at about 600°, and when slowly cool-
ed, may be obtained in octohedral crystals. When newly

Explain how the process for forming the protoxide of copper illus-
trates the law of definite proportions. How may-the peroxide of cop-
per be formed? Iow may the peroxide of copper be reduced to the
metallic state? What is the composition of the sulphuret of copper?
In what state is ledd chiefly found? What is the common name for
sulphuret of lead ? What is the specific gravity of lead ?
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cut, it has a brilliant metallic lustre, but is soon tarnished by
exposure to the air.

Lead is not oxidized by moisture without the contact of air,
and hence it may be kept under pure water for any length of
time without change. But if water be placed in an open vessel
of lead, the metal is slowly oxidized, and a white crust is form-
ed, at the points of contact between the lead, water, and air,
which is a carbonate of the protoxide of lead. Hence, as the
salts of this metal are poisonous, leaden vessels open to the
air, should never be employed to contain water for culinary
purposes. . .

The sulphuricand muriatic acids act slowly upon this metal.
Concentrated sulphuric acid produces so little action on it,
that the acid is made in chambers lined with lead. Nitric
acid is the proper solvent of this metal. ' The solution, when
evaporated, deposits whitish opake crystals of nitrate of lead.

LEAD AND OXYGEN.

There are three oxides of lead, which are thus constituted :
Lead. Ozygen.

Protoxide, -104 4+~ 8 = 112
Deutoxide, 104 4 12 = 116
Peroxide, 104 4- 16 = 122

Protoxide of Lead.—This oxide is procured in purity,
when a solution of the metal in nitric acid is precipi-
tated by potash, and the précipitate dried. It is of a yellow
colour ; is insoluble in water, and fuses at a red heat. The

- same oxide is formed by heating lead in the open air, and is
known in commerce by the name of massicot. When massi-
cot is partially fused, in contact with the air, it becomes of a
reddish colour, and is known by the name of litharge. This
appears to be a mixture of the protoxide and deutoxide of lead.
Litharge is mixed with oil used in painting, in order to make
it dry more rapidly. 1ltis probable that this effect is produced
by the oxygen, which the litharge imparts to the oil.

The well known pigment called white lead, is a carbonate
of the protoxide. This substance is prepared by placing rolls
of thin sheet lead in pots containing vinegar. The vinegar

.~ What is said of the oxidation of lead when kept under water > Un-
der what circumstances does water become poisonous, when kept in
leaden vessels? W hat is said of the action of different acids on lead ?
How many oxides of lead are there, and what is the composition of
each? What is massicot? How is litharge prepared? W hat is the
use of litharge ? .



204 METALS.

imparts its oxygen to the metal gradually, and probably pre-
pares it for the absorption of carbonic acid from the atmos-
phere. Or possibly the lead may be dissolved by the acetic
acid, and this acetate, in its forming state decomposed by the
carbonic acid of the atmosphere, in the same manner that the
chloride of lime is decomposed, and changed into a carbonate
by exposure to the air. White lead was formerly considered
a peculiar oxide, but analysis shows that it is a corapound of
the yellow oxide, and carbonic acid. ,

Deutoxide of Lead.—This is the red lead of commerce, and
is extensively used as a pigment, and in the manufaeture of
flint glass. It is formed by heating litharge in a furnace so
constructed that a current of air constantly passes over its
surface. Inthis manner, the litharge which is chiefly a prot-
oxide, is converted into a deutoxide, by absorbing another
proportion of oxygen from the air.

When red lead is heated to redness, it gives off pure oxy-
gen, and is reconverted into the deutoxide.

Peroxide of Lead. This is formed by the action of nitric
acid on red lead. The red lead, or deutoxide is decom-
posed by the acid, and resolved in the protoxide which it dis-
solves, and converts into the peroxide, which being insoluble,
falls down in the form of a pucejg#coloured powder. This
oxide is insoluble in any of the acids. When heated it gives
off large quantities of oxygen gas, and is resolved into the
- protoxide. ’ :

Sulphuret of Lead. 'This compound occurs very abun-
dantly as a natural product, and may be formed by fusing a
mixture of lead and sulphur.

The lead of commerce, as above stated, is obtained exclu-
sively from this ore, which is generally known under the
name of galena. The metallic lead is easily obtained from
the sulphnuret. The ore being placed in the furnace, is grad-.
ually heated with small wood or.faggots, to drive off the sul-
phur. Afterwards, charcoal and lime are thrown in, and
the heat is increased. As some portions of the lead become
oxidated by exposure to the air and heat, the charcoal redu.
ces these portions by the absorption of their oxygen, and at
the same time increases the heat. The lime combines with

What is the composition of white lead? How is white lead prepar-
ed? What is the deutoxide of lead? How is red lead prepared, and
what is its use ? What proportion of oxygen does the deutoxide con-
tain? How is the peroxide of lead formed? What are the properties
of the peroxide of lead 2 How islead reduced from the sulphuret ?
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the sulphurie acid, which is formed by the union of the sul-’
phbur of the metal, the oxygen of the air, and the 'water of
the wood, and forms a sulphate of lime. Meantime the
metallic lead, thus reduced, runs down into the lower part
of the furnace, where it is drawn off into proper vessels.

All the salts of lead act as poisonous, with the exception
of the sulpbate, which Orfila has proved is not deleterious.
‘The same author has shown that the acetate, or sugar of
lead, is decomposed in the stomach, by sulphate of magnesia,
or Epsom salt, and that the inert sulphate is thus formed.
Hence Epsom salf, or Glauber’s salt, which is a sulphate of
soda, becomes an antidote to the poisonous effects of sugar
of lead, when taken soon after.it.

SALTS.

The compound resulting from the union of any acid with
an alkali, an earth, or a metallic oxide, in definite propor-
tions, is called a salt.

The substance which combines with the acid to form the
salt, is called the base. Thus lime is the base of carbonate
of lime. Any substance capable of combiuing with an acid
to form a salt, is called a salifiable base. The salifiable
bases therefore, are the alkalies, the earths, and metallic
oxides.

Any compound which is capable of uniting in definite pro-
portioiis with a salifiable base, or which in solution, is gour
to the taste, or reddens vegetable blues,isanacid. - ' . - .-

From this definition, it will be observed, that acids are not
necessarily sour to the taste. Thisin many instances arises
. from their insolubility, for an insoluble acid neither tustes

sour, nor changes’the colour of vegetable blues. Other
acids, which though soluble do not taste sour, and have
little if any action on colours, still have the property of neu-
tralizing alkalies, and combining. with salifiable bases in
definite proportions ; such is the prussic acid.

What are the uses of the charcoal and lime in the reduction of lead ?
W hat compound of lead is said not to be poisonous? W hat antidote is
mentioned to the poisonous effects of sugar of lead? How does Epsom
salt act to neutralize the poisonous effects of the salts of lead? What
is asalt? What is the base of asalt? What is a salifiable base ?
What is an acid? Are all w2:i3d: sour to the taste?



266 | BALTS,

It was formerly supposed that all the acids contained oxy-
gen, as the acidifying principle, bot we have atready had
occasion to remark, that there are several known exceptions
to this truth. Since the discovery of the compound nature
of the alkalies, and the simple nature of chlorine, it is found
that some compounds in which oxygen exists, as an element,
are alkalies, and that others containing no oxygen, are acids.
Thus the metal potassium, combined with oxygen, forms the
alkali, potassa, and chlorine united to hydrogen, forms mu-
riatic acid. .

The alkalies, are supposed to possess characters exactly
opposite to those of the acids. Their tastes are pungent ;
they neutralize the acids, and change vegetable blue colours
to green. There are however many compounds capable of
forming salts, and of neutralizing acids, which do not pos.
sess the latter characters. Thus magnesia, though a pow.
erful neutralizing substance, oxcites no taste, and prod!:lces
little change on vegetable colours. This want of action
obviously depends on its insolubility in water.

Thus a salifiable base does not necessarily contain sensi-
ble alkaline properties, but is any substance which forms a
definite ¢ompound with acids, or which being soluble, has
the alkaline taste, and changes vegetable blues to green.
All the metallic oxides are salifiable bases.

In speaking of the solution of a metel in an acid, it must
always be understood, that it is the oxide of the metal which
is soluble, for no metal combines with an acid in its metallic
state. The action of the acid is first to oxidate the metal;
which it does, either by imparting to it a portion of its own
oxygen, or by assisting it to obtain this principle from the
water with which the acid is mixed. When copper dissolves
in nitric acid, the metal is first oxidated at the expense of
one proportion of the oxygen which the acid contains, and
hence the fumes of nitrous gas which escape, But when
zinc dissolves in dilute sulphuric acid, the metal is oxidated
by the decomposition of the water, and then dissolved by thé
acid, and hence the escape of hydrogen during this process.

Do all the acids contain oxygen? Do the alkalies contain oxygen?
Give an instance where oxygen combined with a metal forms an alka-
ti> Give an instance in which chlorine and another simple substance
united, form an acid? Why is magnesia tasteless? Are the metallic
oxides salifiable bases? What change do the metals undergo before
they are soluble in the acids? In what manner do the wmetals become
oxides before they are dissolved? When zinc is thrown into dilate
sulphuric acid, why does hydrogen escape ?
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It is said that at least 2000 salts are known, but this is a
small pumber when colnpared with those which might be
formed ; for supposing that each acid to be capable of form.
ing a dnﬂ'crent compound with each salifiable base, and each
base a distinct compound with every known acid, the salts
would be numberless.

It may be supposed, from the variety of propertigs pos.
sessed by the acids, and the salifiable bases, with which
they are known to combine, that the resulting compounds
must present a great variety of different qualities, colours
and shapes, and in this we are not disappointed. Some of
the salts are corrosive poisons, others are perfectly inactive
on the animal system ; some are used as medicines, others
as paints, others in colouring, &c.

It is obvious that in this epitome of the science, only a
limited number of these compounds can be described.
These we shall arrange in groups, or classes, each group
(l:)onmstmg of the same acid, united to different salifiable

ases.

Most of the salts are capable of being crystallized, that is,
of forming dry solid figures of determinate shapes. During
the act of crystallization, many of them combine ehemically
with a definite portion of water, which therefore is called the
water of crystallization.

Some salts contain more than half their weight of water ; ;
this is the case of sulphate of soda, or Glauber’s salt, which
consists of 72 parts of the dry sulphate, and 90 parts of
water.

Other salts, as muriate of soda, or common salt, contain
no water of crystallization. But these salts always contain
particles of water included mechanically within their sub.
stance, and hence when heated they decrepitate, or fly in
pieces in consequence of the conversion of this water into
steam. From this cause, common salt decrepitates violent.
ly when thrown on the fire.

* Salts®containing u large quantity of the water of crystal.
lization, when heated, undergo the aqueous Sfusion, that is,
they dissolve in the water they contain. Anhydrous salts,
or such as are not chemically united with water, when heat.

. What number of salts are said to be known? On what principle
are the salts thrown into groups? What is the water of crystalliza-
tion? Do all the salts contain water of crystallization ? hy does
common salt decrepitate when heated? W hat is meant by aqueous
fusion?, What is meant by igneous fusion?

D
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ed, undergo the ingenous fusion. A salt is said to )
when its water of crystallization evaporates, and it falls into
a dry powder. .

Most of the salts are soluble in water ; and with a few ex-
ceptions, the solvent power of this fluid is in proportion to its
temperature. One of these exceptions is common salt, which
is equally soluble in cold and hot water. Some of the salts
require 500, or 600 times their own weight of water for so.
lution. This is the case with carbonate of lime, and sulphate
of lime. In a few instances, as in the sulphate of baryta,
the salts are entirely insoluble in water. On the contrary,
some of these compounds have such an affinity for water as
to enter into solution with that which they attract from the
atmosphere. In these instances, the salt is said to deliguesce.
Muriate of lime is an example. It cannot be kept in the
solid state, unless closely excluded from the atmosphere.

All the salts are composed of definite proportions of their
ingredients, and these ingredients are compounded of defi-
nite proportions of elementary bodies. Thus sulphate of
potash is composed of 40 parts of sulphuric acid, and 48
parts of potash. The acid is composed of 16 parts or 1 atom
of sulphur, and 24 parts, or 3 atoms of oxygen. Potash is
comosed of 40 parts, or 1 atom of potassium, and 8 parts
or ] atom of oxygen.

Thus the salts are formed by the union of compound sub-
stances, and their ‘equivalent numbers are the sums of the
atomic weights of these substances. Thus, the equivalent
number for the sulphate of potash is 88, being composed of
the equivalent for sulphuric acid 40, and the equivalent
for potash, 48. How these latter numbers are obtained
has just been explained, and indeed the whole of the above,
so far as regards definite proportions, is only a recapit-
ulation of what has already been stated more in de-
tail, in its proper place ; but is repeated here because the
doctrine of proportions applies especially to the composition
of the class of ¢compounds which we are now about to de-
scribe.

Some salts combine with each other and form compounds,
which were formerly known under the name of triple salts.

When is a salt said to efloresce 2 What salt is equally soluble in
cold and hot water> What salts require a large portion of water for
solution? When is a salt said to deliquesce? What is said of the
definite proportions of the ingredients and elements of the salts?
What is the composition of sulphate of potash ? How is the equiva-
lent number for sulphate of potash obtained ?
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But as, in these instanees, only two bases combine with one
acid, or two acids with one base, this kind of union is more
properly indigated by the term double than triple; and this
change being proposed by Berzelius, is now employed by
recent writers. ' '

In describing the salts, we shall follow the method already
observed in respect to other compounds, the equivalent num-
bers being placed at the head of each description.

SULPHATES.

The sulphates, when heated to redness with charcoal are
decomposed and changed into sulphurets. The oxygen, both
of the oxide and the acid of which the salt is composed,
unites with the carbon, forming carbonic acid, while the sul-
phur and metal combine to form the new compound, the sul-
phuret. :

The sulphates in solution, are readily detected by muriate
of baryta; the muriate being decomposed by the sulphuric
acid, an insoluble sulphate of baryta is formed, which falls
to the bottom of the vessel in the form of a white powder.

Several sulphates exist in nature, the most abundant of
which are those of lime and baryta. The sulphate of lime is
very abundant in some countries, and is employed as a ma-
nure, and in the erts, under the name of gypsum, or plaister
of Paris.

Sulphate of Potassa—88.
1 p. S. Acid 4041 p. Potassa 48.
Vitriolated Tartar.

This salt is prepared by neutralizing the carbonate of po-
tash with sulphuric acid. Its crystals are in the form six-
sided prisms terminating in six-sided pyramids. Its taste is
saline and bitter. This salt suffers no change on exposure |
to the air. Its crystals contain no water of crystallization,
and when thrown on the fire, decrepitate for the reason for-
merly explained. These crystals are soluble in 16 times
their weight of water at 60 degrees.

bThe composition and equivalent number of this salt are seen
above.

What is meant by a double salt> How are the sulphates changed
into sulphurets? In what manner does the charceal and heat change
sulphates to sulphurets> How does muriate of barytes show the pre-
sence of sulphuric acid? How is sulphate of potash formed? whatis
the composition and equivalent number of this salt ?
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Sulphate of Soda—172.
1 p. 8. Acid 4041 p. Soda 32.
Glaubers’ Salt.

Sulphate of soda sometimes occurs as « native compound,
and may be readily formed by saturating common carbonate
of soda by dilute sulphuric acid. 'That sold by apothecaries
is chiefly prepared from the contents of the retort after the
distillation of muriatic acid.

This acid is obtained by distilling a mixture of common
salt, and sulphuric acid. The latter acid, combining with
the soda of the muriate, the muriatic a¢id is evolved and sul.
phate of soda formed. This being purified, forms the Glau.
bers salt of commerce. :

Sulphate of soda crystallizes in four and six sided prisms.
These crystals when exposed to the air part with their wa-
ter of crystallization, or effloresce, leaving the salt in the
state of a dry powder. By this process the salt loses about
half its weight.

According to the analysis of Berzelius, this salt contains
72 parts of the neutral sulphate, and 90 parts, or ten atoms
of water. ’

The combining proportions, or equivalents, of the salts,
refer only to the acids and bases which they contain, and
not to their water of crystallization. It is found, however,
thatthe water of crystallization is always combined in definite
proportions, as we?as the other ingredients. The combining
number for water, as already explained, is 9, and in the pres-
ent instance the doctrine of multiple proportions by a whole
number, is found to be precisely true, there being 10 atoms,
" or proportions, of water in this salt.

Sulphate of Baryta—118.
1p. 8. Acid 4041 p. Baryta 78.
Heavy Spar.

The native sulphate of baryta is widely disseminated,
though not often found in very large quantities at any one lo-

What is the composition of sulphate of soda? What is the com-
mon name of this salt ? How is Glauber’s salt prepared ? W hat pro-
portion of water does sulphate of soda contain? What is said of the
definite quantity of the water of crystallization? What is the compo-
* sition and equivalent number of sulpLate of baryta? What is the com-
'.nicr)n name of this salt? Is sulphate of baryta a native, or an artificial
-sllt?
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cality, It occurs both massive and in anhydrous crystals
which are generally flattened, or tabular. This substance is
known under the name of heavy spar, having a specific
gravity of nearly 4}, being the most ponderous of earthy
minerals.

It is formed artificially by mixing the earth baryta with sul-
phuric acid.

It is the most insoluble of all the salts, and bears a strong
heat without suffering any change.

This substance is sometimes employed to form the solar
phosphori, a compound, which shines in the dark, after hav.
in% been exposed to the light of the sun.

t is prepared by first igniting the native sulphate, after
which it is powdered, and sifted. It is then mixed with mu-
cilage of gum arabic and formed into cylinders about the
fourth of an inch in thickness. These being dried in the sun,
are exposed to the heat of a wind furnace supplied with char-
coal, for about one hour, and the fire suffered to burn out.
The cylinders will be found among the ashes retaining their
ori%inal shapes, and must be preserved in a well stopped
vial,

When this substance is exposed for a while to the sun, and
then carried into the dark, it will emit so much light as to
show the hour by a watch dial.

Sulphate of Lime.
1 p. S. Acid 4041 p. Lime 28.
Gypsum. Plaister of Paris.

This salt occurs abundantly as a natural production. It is
composed of 68 parts of the pure-sulphate, and 18 parts or
two proportions of water. This salt is found crystallized in
broad foliated plates, and also in compact masses. Itis

round, and spread on certain kinds of land as a manure.
fn this state it is called ground plaster. The compact variety
is called alabaster, and is cut, or turned into various orni.
mental articles, such as candlesticks, vases, and boxes.
Some of these speciméns are perfectly white, and being

How is solar phosphori prepared from sulphate of baryta? What
curious property has the solar phosphorus? What is the composition
of sulphate of lime? What quantity of water does this salt contain ?
‘W hat is the common name for sulphate of lime? What are the uses
of sulphate of lime? What is the compact variety of this salt called?
How is gypsum prepared to form stucco work ?
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<
translucent, are among the most beautiful productions of the
mineral kingdom. Other varieties of this mineral are color-
ed with metallic oxides, and present the appearance of clouds,
stripes, or spots of red, blue, or brown, interspersed, or alter-
nating with each other.

Sulphate of lime is largoly employed in forming the orna-
mental, or stucco work, for churches and houses. For this
purpose it is first heated nearly to redness, or as the work-
men term it, boiled, in order to expel the water of chrystalli.
zation, and then ground in a mill. In this state it is a fine
white powder, which being mixed with water and cast into
moulds of various figures, forms the ornamental work seen
on the walls of churches and rooms.

After being mixed with the water, it must be immediately
poured into the mould, for however thin the paste may be, it
grows hard, or as the workmen call it, sets, in a few minutes,
and no addition of water will again make it thin as before.
This is owing to the chemical corgbination which takes place
between the anhydrous sulphate and the water, and by which
the latter is made solid. :

Sulphate of lime is soluble in about 500 parts of cold wa.
ter, and as it exists abundantly in the earth, it is more fre-
quently found ‘dissolved in the water of wells and springs,
than perhaps any other salt. When it exists in considerable
quantity, it gives that quality to the water called hardness.
Such water decomposes sorp, by neutralizing its alkali, and
therefore is not fit for washing,

* Sulphate of Magnesia—60.
1 p. 8. Acid 404-1 p. Magnesia 20.
Epsom Salt.

Epsom salt is sometimes obtained by evaporating the wa.
ter of springs which contain it in solution, and sometimes it
is made artificially, by first dissolving magnesian limestone
in vinegar, which takes up the lime and leaves the magnesia.
The magnesia is then purified by calcination, and afterwards
dissolved in dilute sulphuric acid, and crystallized by evapo-
ration.

What chemical change is produced when the anhydrous sulphate is
mixed with water ? hat is meant by anhydrous? What effect
does .uulphate of lime have on the water of wells? What is the com-
position of sulphate of magnesia ? What is the common name of
sulphate of magnesia ? What is the use of this salt? How is sul-
phate of magnesia prepared ? What is the common name of sul-
phate of alumina and potash? What is the composition of alum ?
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This salt appears in minute quadrangular, shining crystals.
These auﬂ'e:glittle change v?hen exposed to thegairrz—un.
dergo the watery fusion when heated, and are soluble in three
fourths of their own weight of boiling water. Itsuse asa
medicine is well known.

Sulphate of magnesia is composed of 60 parts of the dry
sulphate, and 63 parts or 7 atoms of water.

Sulphate of Alumina and Potassa—262.
3 p. Sulph. Alumina 17441 p. Sulph. Potassa—88.
Alum.

Alum is a substance so well known, that its external appear-
ance requires no description. Its taste, is at once astringent
and sweetish. It is soluble in about its own weight of boiling
water. It crystallizes in octohedrons, or eight sided figures,
and by peculiar management these crystals may be obtained
of great size and beauty. It is a double salt.

Sometimes alum is found ready formed in earth or friable
rocks, and is extracted by collecting such earth, into proper
vessels, and pouring on water, which passing through, dis.
solves the salt and holdsit in solution. The water being then
evaporated, the alum shoots into crystals.

When the mineral which furnishes this salt is aluminous
clay, mixed with sulphur and iron, which is more often the
case, another method is taken. The mineral being exposed
to heat, or merely to the action of the air, the sulphur attracts
oxygen and is converted into sulphuric acid, which then com-
bines with the alumine and forms a sulphate.  If no potash
be present in the earth, this is added, and the whols is treated
by lixiviation, (that is, pouring on water until the salt is dis.
solved,) and the liquid afterwards evaporated to obtain the
alum.

Alum is used in medicine and in the arts. Its composition
is stated at the head of this section. Alum is the base of a
curious composition called Homberg’s pyrophorus, which ig-.
nites on exposure to the air. It is prepared in the following
manner.

Reduce an ounce or two of alum to powder, and mix jt
with an equal weightof brown sugar. Put the mixture into

What is the process by which alum is obtained ? What is the use 'of
dlum? How is Homberg’s pyrophorus prepared? What singular .
and curious property does this compound possess ?

24 v
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an earthen dish, or ladle, and keep it stirring over the fire
until all the moisture is expelled. Then having pulverized it
finely, introduce the powder into a common vial, coated with
a mixture of clay and sand. 'To the mouth of the vial, lutea
small glass tube, or the stem of a tobacco pipe, in order to
allow the moisture and gases to escape. The vial .thus pre.
pared, is set in a crucible surrounded with sand, And the-
whole placed in a coal fire, and gradually heated to redness.
At first, steam will issue from the tube, but afterwards a gas,
which being set on fire, burns with a blue flame.

After the flame goes out, keep up the heat for about fifteen
minutes, and then remove the crucible from the fire, and im-
mediately stop the orifice of the tube witha piece of wet clay.
When the vial is cool, pour its contents hastily into other
vials, which are perfectly dry, and then cork them so as en-
tirely to exclude the air.

This compound resembles powdered charcoal in appear-
ance; but if a few grains be poured out, and exposed to the
air, it soon glows with a red heat, and will set paper, or wood
on fire. If poured from the vial, at the distance of a few feet
from the ground, it forms a shower of fire. When introdu.
ced into oxygen gas, it spontaneously explodes, giving out
intense heat and light, and affording a very brilliant expe-
riment.

Small vials of this pyrophorus may be preserved for years,
and may be made highly convenient, especially for itinerant
smokers, and to those who are travelling through a wilderness.

The ignition of this substance is caused by its strong at-
traction for the oxygen of the atmosphere.

Sulphate of Iron—176.
1 p. 8. Acid 4041 p. Oxide Iron, 36.
Copperas. Green Vitriol.

This well known salt is the sulphate of the protoxide of iron,
and may readily be formed by tge action of dilute sulphuric
acid on metallic iron. The green vitriol of commerce is
however, manufactured directly from the sulphuret of iron,
which nature furnishes in abundancé. For this purpose, the
ore, being raised from the earth, is exposed to the air, and

For what useful purpose may this pyrophorus be employed ? What
is the composition of sulphate of iron? What is the common name of
sulphate of iron? How is green vitriol manufactured on a large scale
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occasionally sprinkled with water. By a natural process, the
sulphur absorbs oxygen from the atmosphere, and is converted
into sulphuric acid, which is retained by the water. The acid
thus formed, combines with the iron, forming a sulphate of the
metal, which ‘appears on the decomposition of the ore in a
greenish crust. The mass is then lixiviated, or washed by
pouring water through it, by which the salt is dissolved, and
afterwards obtained in crystals, by evaporating the water.

Sulphate of iron is of a greenish colour ; has an astringent
‘metallic taste, and is soluble in three fourths of its weight of
boiling water. According to the analysis of Berzelius, it
contains 76 parts, or 1 equivalent of the sulphate, and 63
parts, or 7 atoms of water. ‘

Large quantities of this salt are employed in the arts, chiefly
for colouriug black, and making ink.

Sulphate Zinc—82.
1 p. S. Acid 40+4-1 p. Ox. Zinc 42.
White Vitriol.

When diluted sulphuric acid is poured on zinc, for the pur-
pose of obtaining hydrogen, the residue, if allowed to stand,
forms small white crystals. This is the sulphate of zinc,
For the purposes of commerce, it is made by roasting the
. native sulphuret of this metal, and then throwing it into water.
The sulphate is formed by the decomposition of the sulphuret,
on the same principle as above described for the manufacture
of green vitriol, and being dissolved by the water, is obtained
by evaporation.

Sulphate of zinc has a strongly stiptic taste, is soluble in
about two and a half parts of cold water, and reddens vegeta-
. ble blue colours, though strictly a neutral salt.

This salt consists of 82 parts of the sulphate, and 7 atoms,
or 63 parts of water, ‘

It is employed in medicine, as a tonic and emetic.

NITRATES.

The nitrates, when thrown on bﬁming charcoal deflagrate,
or produce a vivid combustion of the charcoal. This is in

Explain the chemical changes by which the sulphuret of iron is con-
werted into copperas. W hat are the uses of sulphate ofiron? Of what -
is sulphate of zinc composed? What is the common name of sulphate
of zinc? How is sulphate of zinc of commerce prepared ? What prog
portion of water does this salt contain? What are the uses of white
witriol ? .
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consequence of the oxygen gas which they yield when heated,
and which unites with the combustible as it is expelled.

All the nitrates, without exception, are decomposed at high
temperatures, or by heat alone. Some of them, as the nitrate
of potash, or nitre, yield oxygen gas in a state of considerable
purity when heated, and hence are employed for the purpose
of obtaining oxygen.

As all the nitrates deflagrate when thrown on burning char-
coal, this simple test is sufficient to distinguish them from
other salts. Another test of these salts, is their power of dis-
solving gold leaf, when mixed with muriatic acid.

The only native nitrates are these of potash, lime, soda,
and magnesia.

Nitrate of Potash—102.
1 p. N. Acid 54--1 p. Potash 48.
Saltpetre. Nitre.

This salt may be prepared by saturating the common car-
bonate of potash, with diluted nitric acid, and evaporating the
solution until erystals are formed.

That used in commerce, and for the manufacture of gun-
powder, is prepared by throwing into heaps, under cover, the
remains of detayed vegetable, and animal matter found about
old buildings. Heaps of such earth, when exposed to the air
under sheds, graduelly generate nitric aeid, in consequence
of the combination of the nitrogen, which is always contained
in animal remains, with the oxygen of the atmosphere. The
earth from such situations also contains lime, magnesia, and
commonly considerable propertions of potash, from the ashes
of burned wood. Thus there appears to be formed in these
nitre beds, the nitrates of lime, potash, and magnesia. After
the earth has remained in this situation for several months,
being now and then sprinkled with water, it is lixiviatedg and
to the solution of these salts there is added a quantity‘of pot-
ash, which decomposes the nitrates of lime and magnesia, thus
leaving the nitrate of potash in solution. The nitre is them
crystallized by evaporating the water, and afterwards further
purified for use.

Why do the nitrates deflagrate when thrown on burning charcoal ?
What gas do the nitrates yield when heated? How may the nitrates
be readily distinguished from all other salts? What nitrates are tound
in the native state? What is the composition of nitrate of potash?
What is the common name of nitrate of potash? What is the process
of preparing the nitre of cammerce 2

\
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In the East Indies, this salt is formed spontaneously in the
soil, and is found in small crystals on its surface. It isthere-
fore obtained wijth great facility, nothing more being necessa-
ry than to lixiviate the earth and purify the nitre.

Nitrate of potassa is a colourless salt, of a cool saline taste,
which crystallizes in six sided prisms. It contains no water
of crystallization, but its crystals always contain more or less
water mechanically retained in them. When heated, it un-
dergoes the igneous fusion, and at a red heat is decomposed,
first giving out oxygen, and afterwards both oxygen and ni-
trogen, and if the heat be continued, there will remain only
pure potassa. . )

In chemistry, this salt is employed in the manufacturing of
nitric and sulphuric acids, and for the purpose of obtaining
oxygen gas. In the arts, it ischiefly used in the manufacture
of gun-powder and fire-works.

Gun-powder is composed by weight, of six parts nitre, one
part sulphur, and one of charcoal. - These ingredients being
first finely powdered separately, are then mixed into the form
of a paste, with water, and beaten together with a wooden
pestle, until they become very intimately incorporated. This
paste is then granulated, by passing it through sieves, and
carefully dried in the sun.

Fulminating powder is made by mixing in a mortar three
parts of nitre finely powdered, two parts of carbonate of pot-
ash, and one part of sulphur. The whole being thoroughly
mixed by grmding, forms the powder in question.

When a quantity of this mixture is placed on a shovel, and
heated gradually, until the sulphur begins to inflame, it ex-
plodes, giving a loud and stunning report, and leaving the
ears hardly in a state to bear any thing more for hours, or if
the quantity be considerable, even for days. Not more than
15 or 20 grains of this powder should be exploded at once,
unless in the open air.

Nitrate of ammonia.—The mode of preparing this salt was
described under the article nitrous oxide. This salt is com-
posed of one proportion of nitric acid 54, and one proportion
of ammonia, 17=71. It also contains one proportion of wa-

ter=—9.

In what country is nitre formed spontancously? When nitre is
heated, what gases are expelled, and what substance remains in the
fire? What are the uses of nitre? What is the composition of gun-
powder? How is fulminating powder prepared? How s this powder

used ?
U*
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Nitrate of Silver—I12.
1 p. Nitric Acid 5441 p. Silver I18.
Lunar Caustic.

When silver is thrown into nitrie acid, the metal is dissolv-
ed, with a copious disengagement of red fumes which eonsist
of the deutoxide of nitrogen, formerly described.

The solution, if allowed to evaporate, will form large regu-
lar crystals in the shape of flat rhombs. These, if the metal
is unalloyed, are pure nmitrate of silver. They contaim no wa~
ter of crystallization, They undergo the igneous fusion ata
very moderate heat, and in thi# state, being cast into smal}
cylindrical moulds, form the substance so well known, and
so universally employed in surgery, and for other purposes
under the name of furar caustic.

A solution of this salt in water, being applied to animal or
vegetable substanees, stains them, after exposure to light, of
a permanent black colour. The skin or hair, may be made
black in this manner, and there is no doubt but persons have
coloured their faces and hands with this substance, as prepa-
ratory to the commission of the worst of crimes. No washing,
or any other means, will whiten the skin, once stained with
this solution, until the scarf skin itself wears off, or is removed,
whichrequires several weeks. The solution itselfis perfectly
transparent, and in appearance cannot be distinguished from
pure water.

Indelible Ink is a solution of nitrate of silver in water, and
is well known as the only substance in use, with which cotton
and linen may be marked in a permanent manner.

Nitrate of silver, in_solution, is decomposed by a variety
of substances, having a stronger attraction for oxygen thar
the silver has. By the action of such substances, the silver
is revived, and appears in its metallic form. Thus a stick of
phosphorus placed in this solution, is soon covered with me-
tallic silver; and if the solution be heated to the temperature
of boiling water, with a little charcoal in it, the metal will be
reduced,and may be obtained in the form of crystals.

The composition of the nitrate of silver is seen at the head:
of this section, ’

-

‘When silver is thrown into nitric acid what gas escapes> What is
the composition of nitrate of silver? What is the common name of
nitrate of silver? What is lunar caustic? What effect does a solution
of nitrate of silver have on the skin, or hair? What is indelible ink ?
‘What substances are mentioned, which decompose nitrate of silver?
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There are many other nitrates, but none of them are of
sufficient use, or interest, to require a description in this book.

» CHLORATES.

The chlorates resemble the nitrates in many of their char-
acters. These salts were formerly called ozymuriates. Most
of them are decomposed at a red heat, with the evolution of
pure oxygen gas, and are converted into metallic chlorides.

The pupil may find some difficulty in pointing out the dis-
tinction between the chlorates and ¢éhlorides. 'The chlorites .
are composed of chlorine, united to oxygen, forming chloric
aicid, which acid being combined with the metallic oxides,
forms chlorates. The chlorides are composed of uncombined
chlorine, either united to the metals themselves, or their ox-
ides. Thus chloride of lime is composed of lime, or oxide of
calcium, and chlorine. But chloride of calcium is composed
of the two simple bodies, chlorine, and the metal calcium, and
consequently contains no oxygen.

When the chlorates are decomposed by heat, as above sta-
ted, and converted into chlorides, the change is produced by
the expulsion of the oxygen, which the compound contained,
and the subsequent union between the chlorine and the base -
.of the alkali. Thus when chlorate of potassa is heated, its
oxygen escapes, while the chlorine remains, and combines
with the base of the alkali, forming chloride of potassium.

In producing the chlorates, itis not necessary that the chlo-
ric acid should first be formed, and then combined with the
salifiable base, since the same result is produced by merely
passing the chlorine through a solution of the alkali, This _
will be explained under chlorate of potassa.

The chlorates are all of them artificial compounds, none
of them having been discovered . in the native state. . Most
of them yield their oxygen to combustibles with such facility
as to produce explosion. Thus when chlorate of potash is
rubbed in a mortar with phosphorus, or struck in contact
with sulphur, violent detonations are produced.

‘What were the chlorates formerly called? What is said of the de-
composition of the chlorates by heat > W hat is the difference between
the chlorates and the chlorides? What are the chemical changes by
which the chlorates are converted into the chlorides? In producing
the chlorates, is the chloric acid first formed, or is it only necessary to
pass the chlorine through the alkaline solution? Do any of the chlo-

‘rates occur in nature? What is said of the facility with which the
chlorates yicld their oxygen to combustibles ?



280 CHLORATES.

Chlorate of Potash—124.
1 p. C. Acid 76+1 p. Potash 48,
Ozxymuriate of Potash.

The chlorate of potash is formed by passing chlorine gas
through a solution of the pure caustic alkali in water.

The pure potash is readily prepared in the following
manner. Make a solution of the carbonate of potash in its

. own weight of hot water, in an iron vessel, and add to this as
much quicklime by weight, as there was potash, and let the
mixture boil for about ten minutes. Then strain the solu-
tion through a linen cloth, and it will be fit for use.

The lime absorbs the carbonic acid from the potash, form.
ing with it an insoluble compound, thus leaving the alkali in
its pure, or caustic state. :

The caustic potash being placed in a proper vessel, the
chlorine is passed into it as long as any of the gas is ab-
sorbed.

"The apparatus for this purpose is represented at fig. 64.

Fig. 64 The solution is contained
in the three necked bottle.
The chlorine may be evol-
ved by first introducing into
the retort two ounces of
finely powdered black oxide
of manganese, and after eve-
; ry thing is arranged as in
. the figure, pouring on this, through the safety tube, four
ounces of muriatic acid, and then applying a gentle heat.
When the solution is saturated, the gas will pass off by the
. bent tube into the open air.

To obtain the salt, the solution is evaporated with a gentle
heat, and on cooling, small shining crystals of chlorate of
potash will be deposited. The first product only must be
reserved for use, as the solution will afterwards form crys-
tale of muriate, instead of chlorate of potash.

In the production of this salt by the above process, the
chloric acid is formed by the decomposition of the water,
the oxygen of which unites with one portion of the chlorine

What is the composition of chlorate of .potash? How is caustic
potash prepared ? What is the use of the lime in preparing caustic
potash > Explain the process by which chlorate of potash is formed.
How is the chloric acid formed by this process?
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to form the acid, while the hydrogen thus disengaged, unites
with another portion of the chlorine, forming muriatic acid.
Hence the solution as above intimated, contains both muriate
and chlorate of potash. .

When this salt is heated it gives off oxygen nearly pure,
and chloride of potassium remains.

If two grains of this salt are mixed with one grain of sul.
phur, and the mixture is struck, or pressed suddenly, a
loud detonation is produced. When. struck in contact with
powdered charcoal a similar effect is produced. If a grain
of the chlorate and half a grain of phosphorus be rubbed
together in a mortar, very violent detonations will be pro-
duced. In making this experiment the hand should be cov-
ered with a glove, and the face protected by a mask, or
averted, as the inflamed phosphorus is sometimes projected
several feet by the explosion.

If a little of this salt be mixed with twice its weight of
white sugar, and on the mixture a few drops of stron} sul-
phuric acid be poured, a sudden and vehement inflammation
will be produced. .

These phenomena are owing to the facility with which the
chlorate of potash parts with its oxygen to combustible sub.
stances.

This salt forms the base of the red French matches, by
which a light is instantly obtained. The chlorate being
finely pulverized by itself, is then mixed with twice its
weight of white sugar, moistened so as to prevent explosion,
and afterwards made into a paste with mucilage of gum ara-
bic. A little of this paste is fixed on the ends of brimstone
matches, so that when it is inflamed, first the sulphur and
then the wood is set on fire. These matches require only
to be touched with a drop of sulphuric acid, when they in.
stantly burst into flame. The acid for convenience, is con-
tained in a small vial, and is prevented from escaping by some
fibres of asbestos. ~

Attempts are said to have been made in France, on a
large scale, to substitute the chlorate of potash for nitre in the
manufacture of gun powder. But it was found that the
workmen could not mix the ingredients, under any circum-

‘Whence comes the muriate of potash which the solution contains ?.
Mention some of the experiments which may be made with this salt,
and a combustible? How are the red matches prepared from this salt ?
What is said of the attempts made to substitute the chlorate of potash
for nitre, in the preparation of gun powder ?
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stances without the greatest danger, and that in many in-
stances explosions took place after the powder was prepared ;
the attempt was therefore abandoned. Attempts have also
been made to use mixtures of this salt for percussion priming,
but it was found that the chlorine acted so readily on the
irom, as soon to injure the gun, and it was therefore laid
aside, for the fulminating mercury, which is now generally
used for this purpose.

PHOSPHATES.

The phosphates of the metals are converted into phosphu-
rets by heat and charcoal. Some of the alkaline and earthy
phosphurets undergo a partial decomposition by the same
means, while others are not changed. A number of phos-
phates are found in the native state, such as those of iron,
lime, copper and lead. :

Phosphate of Soda—=60.
1 p. P. Acid 2841 p. Soda 32.

This salt is prepared on a large scale in chemical manu-
factories, by neutralizing with carbonate of -soda, the super-
phosphate of lime, procured by the action of sulphuric acid
on burned bones. The phosphate of lime which the solution
contains, is separated by filtration, and the liquid containing
the phosphate of soda is then evaporated until crystals of
the salt are deposited.

The phosphate of soda is composed of one proportion of
the acid 28 ; one proportion of soda 32, and twelve pro-
portions of water 108. It is employed in medicine, and in
chemistry as a re-agent. '

BORATES.

The borates are few in number, and being most of them
of no use, are little known. They are distinguished by
imparting a green colour to the flame of alcohol,
when dissolved in it. Any borate, being first digested in
sulphuric acid, then evaporated to dryness and the residue

What are the phosphates which occur in the native state? What is
the composition of phosphate of soda ? How is the phosphate of soda
repared on a large scale? What is the use of phosphate of soda?
ow are the borates distinguished ?
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boiled in alcohol, produces this effect. Hence, this is the
test for these salts.

Bi-borate of Soda—80.
2 p. B. Acid 4841 p. Soda 32.
Boraz.

This is the only borate of any consequence, either in
chemistry, or the arts. It occurs native in certain lakes in
Persia and Thibet, which are said to be supplied by springs.
The edges and shallow parts of these lakes are covered with
a crust of borax, which being removed, another deposition
is formed. It is imported into Europe and America in its
rough or impure state, under the name of Tincal, and which
being purified, forms the refined borax of commerce.

This salt is capable of being crystallized in six sided
risms, though more commonly seen in amorphous pieces.
t is soluble in six times its weight of boiling water. When

exposed to heat it enters into the watery fusion, and at the
same time swells to several times its former bulk. When the
water of crystallization is expelled it passes silently into the
igneous fusion and forms a vitreous transparent globule called
glass of borax. Borax isused as a flux, by braziers, and min-
eralogists, and is employed in medicine in cases of sore -
mouth. !

Besides the constituents of this salt placed at the head of
this section, borax contains 8 atoms, or 72 parts of water of
crystallization.

FLUATES.

The nature of the fluates, owing to the uncertainty which
exists concerning the base of the fluoricacid, are little known.
These salts may, however, be readily identified by first redu-
cing them to powder, and pouring on sulphuric acid, when,
with the aid of a gentle heat, fluoric acid will be disengaged,
and may be recognized by its property of corroding glass.

Several fluates.are found in the native state, and it is from
these only, or rather from one of them, the fluate of lime,

‘What is the composition of the bi-borate of soda? What is the
common name of thissalt? Where is borax found? What is glsss
of borax? What are the uses of borax> What proportion of water
does borax contain? How may the fluates be known? From what
natural substance is the fluoric acid obtained ?
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that the fluoric acid is obtained. The topaz is a compound of
fluoric acid, alumine, and silex. Its chemical name is fluo-
silicate of alumina.
Fluate of Lime—38.
1 p. F. Acid 1041 p. Lime—28.
Derbyshire Spar:

'This salt is found in its native state in many parts of the
world. It is often seen as an article of luxury, cut into the
form of vases, candlesticks, or boxes, under the name of
Derbyshire spar. 1ts colours are purple, green, red, blue,
.and white, often mixed in the same specimen, and- forming
one of the most beautiful of mineral substances, This sub-
stance crystallizes in a great variety of forms, the cube being
the most common.

Some varieties of this salt phosphoresce when thrown dpon
bot iron, emitting light of various colours, as green, red,
blue, &c. : ¢

When fluate of lime is exposed to the united action of sul.
phuric acid and heat, it is decomposed, the fluoric acid be-
ing liberated in the form of gas, while a sulphate of lime is
formed. By this method the fluoric acid is obtained.

CARBONATES,

Some of the carbonates exist in great abundance in the
native state. The carbonate of lime forms entire mountains.
These salts may generally be distinguished from all others by
their effervescence when exﬁosed to the action of the strong-.
eracids. This is owing to the escape of carbonic acid during
the decomposition of the salt. Thus when sulphuric acid is

ured on carbonate of lime, the lime and acid combine,
while the carbonic acid being thus liberated escapes through
the solution, and occasions the effervescence.

The carbonates, with the exception of those of potash,
soda, and ammonia, are very sparingly soluble in water.
The carbonate of lime is entirely insoluble in pure water, but
is soluble in water containing carbonic acid.

What is the chemical name of topaz? What is the composition,
and what the combining number of fluate of lime ? What is the com-
mon name of fluate of lime? How is the fluonc acid obtained ? What
carbonate forms entire mountains? How may the carbonates be dis-
tinguished from all other salts? What occasions tho effervescence
when carbonate of lime is acted on by a strong acid ?



CARBONATES. 285

Many carbonates of the metals as well as of the earths are
found native. The carbonates of lime, of soda, barytes,
strontian, magnesia, manganese, of iron, copper, and lead,
are all native salts. .

Carbonate of Potash—70.
1p. C. Acid 2241 p. Potash—48,

Potash. Pearlash.

The well known substance pearlash, is the potash of com.
merce deprived of its impurities, and saturated with carbonic
acid. The potash of commerce is obtained by lixiviating
the ashes of land plants, or common wood, and evaporating
the solution to dryness. In this state it is of a dark reddish
colour, and when recently prepared, is exceedingly caustic to
the taste, and touch. By age its caustic property is gradually
lost, in consequence of the absorption of carbonic acid from
the atmosphere. Potash is chiefly employed in making soft
soap and glass. N

The bi-carbonate of potash is prepared by transmitting a
current of carbonic acid gas through a solution of the carbo-
nate. ‘This salt contains 44 parts of carbonic acid and 48
parts of potash, making its equivalent92. It also contains9
parts, or one proportion of water of crystallization. This is
far milder, both to the touch and taste, than the carbonate. At
ared heat it parts with one proportion of its acid and is redu-
ced to a carbonate. ‘

This salt is in common use under the name sal-@ratis. It
is employed for culinary purposes ; in many of the arts, and
in medicine.

The bi-carbonate of potash may be obtained in regular
prismatic crystals, by evaporating its solution gradually.

Carbonale of Soda—54.
1p. C. Acid 2241 p. Soda—32.
Soda.
The carbonate of soda is prepared by burning plants which

W hat carbonates are found native ? What is the composition of
carbonate of potash ? What is the common name of carbonate of
otash? How is potash obtained ? What are the uses of potash ?
ow is the bi-carbonate of potash prepared? What is the common
names of bi-carbonate of potash 2 How is the carbonate of soda pre-

d ?
pae 25
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row in the sea, and lixivating their ashes. The impure so.
ga of commerce is known under the name of barilla, and is
obtained by burning certain sea plants expressly for the pur.
pose. Aninferior kind is called kelp, and is prepared with
less care and from different plants.

The carbonate of soda of commerce is prepared by dis-
solving barilla in water, filtering the solution, and then evap-
orating the water. If the evaporation is conducted slowly
the salt shoots into regular crystals. By continued gentle
heat these crystals part with their water, and are rendered
anhydrous without loss of carbonic acid. Thissalt dissolves
in about its own weight of hot water.

Carbonate of soda is composed of one proportion of the
acid 22 ; one proportion of soda 32, and 10 proportions or
90 parts of water. )

Hard soap is prepared entirely from soda. Bi-carbonate of
sodais made by transmitting carbonic acid through a solution
of the carbonate in water. It may also be prepared by pla-
cing vessels containing the carbonate in the vatsof a distille-
ry or brewery, where the process of fermentation is carried
on. By either process the carbonate is made to absorb an
additional proportion of the acid, and is thus converted into
the bi-carbonate.

. This salt contains two proportions of the acid 44 ; one
proportion of soda 32 and 9 parts of water.

‘The bi-carbonate is in general use as a medicine, and forms
the alkaline portion of soda powders. It also forms the ba-
ses of that agreeable beverage soda water.

MURIATES.

The muriates may be distinguished by the emission of mu-
riatic acid fumes when tested with strong sulphuric acid.
And also when in solution, by forming a white insoluble chlo-
ride, when tested with nitrate of silver.

Muriate of Ammonia—54.
1 p. M. Acid 3741 p. Ammoma—17.
. . Sal-ammoniac.
Sal-ammoniac was formerly ,imported from the East, and

What is the name of the impure soda of commerce > What is kelp?
What is the composition of carbonate of soda? What kind of soap
is made from soda? By what process is bi-carbonate of soda made ?
How does the bi-carbonate differ from the carbonate of soda? W
are the uses of bicarbonate of soda? What is the composition of mu-
riate of ammonia ? '
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particularly from Egypt; but has for many years been man-
ufactured in large quantities, in several parts of Europe.
Several processes are used at the different manufactories.
The following is the method employed at a principal manu.-
factory in Paris.

Two kilns are constructed of brick, in which are placed
proper vessels for containing the materials employed. Into
one of these vessels is placed a quantity of common salt, on
which is poured sulphuric acid, and into the other are thrown
animal matters, such as horns, bones, pearings of hides, &ec.
On the application of heat there is extricated from one vessel,
muriatic acid gas, and from the other, ammonia. These gases
are conducted by flues into a chamber, lined with lead, where
they combine, and form solid muriate of ammonia, which
encrusts the roof, and sides of the room, and enters into so-
lution with a stratum of water on the floor.

Muriate of ammonia, as seen above, is composed of mu.
riatic acid and ammonia. Both these constituents exist in
the state of a gas, but when combined they form the solid
compound in question.

‘The elements of ammonia, (nitrogen and hydrogen) exist
in all animal substances, and the muriatic acid, is a consti-
tuent of common salt. In the above process the ammonia is
extricated by the heat, while the muriatic acid is evolved by
the decomposition of the common sat.

This mode of preparing sal ammoniac may be illustrated in
the following manner, and affords a very instructive and
satisfactory experiment.

Fig. 65. Provide two flasks, each furnished with
a tube as represented at fig. 65. Into one
of these put a handful of common salt,
and a little sulphuric acid, and into
the other put equal parts of powdered
quicklime and salammoniac, ground togeth-
er. Then invert over the ends of the tubes
a tall bell gluss, or a tubulated receivet, as
X5 seen in the figure, and apply a gentle heat
& to the bottom of each flask. The two
(-

gases will be disengaged, and combining,
will form a white cloud within the receiver,
which will gradually condense and cover
its surface with solid sal ammoniac. If-
hat is the common name of muriate of ammonia? What is the
process for making muriate of ammonia > How may the process of

" making the muriate of ammonia be illustrated by the apparatus repre-
sented at fig. 65,
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_one of the gases be introduced into the receiver without the

other, it will remain transparent and unseen until it meets
the other, when a dense white cloud will instantly be
formed.

In this experiment the ammonia is set free in consequence
of the decomposition of the muriate, by the quicklime, which
combines with its muriatic acid.

The article used in smelling bottles, and called volatile
salts, hartshorn, &c. is a carbonate of ammonmia.

Muriate of Barytes—115.
1 p. M. Acid 3741 p. Barytes 78,

This salt is formed by saturating muriatic acid with car.
bonate of barytes. For this purpose, either the native or
artificial carbonate may be employed.

Muriate of barytes crystallizes in four sided tables, and
contains nine parts, or one proportion of water, It is
soluble in about two and a half times its weight of water;
and is much employed as a reagent in chemistry.

HYDROSULPHURETS.

Sulphuretted hydrogen is formed by the action of muriatic
acid on sulphuret of &ntimony, or some other metallic sul-
phuret.

This-gas is capable of forming salts with the alkalies, or
alkaline earths, when passed into their aqueous solutions.
It thus performs the office of an acid, and the compounds so
formed are called hydrosulphurets.

The hydrosulphurets are all of them easily decomposed,
with the disengagement of sulphuretted hydrogen ; the fetid
odor of which, seldom leaves the experimenter in any doubt
concerning the character of the compound.

Hydrosulphuret of Potash.

The best method of making this salt, or of impregnating
water with any other gas, is by means of the apparatus rep-
resented by fig. 66.

What is the composition, and what the combining proportion of
muriate of barytes? How is the muriate of barytes prepared ? What
- are the hydrosulphurets> How are the hydrosulphurets formed ?
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The solution of pure potash
'in water, is placed in the lower
vessel, while the materials for
extricating the sulphuretted hy.
drogen are contained in the re-
tort. The influx of the sulphu.
retted hydrogen into the lower
vessel, drives the fluid into the
upper one, the juncture between
the two, being made close by
grinding. Thus, the fluid press-
ing on the gas, the absorption
of the latter is greatly facilita-
ted. In this manner soda#vater
may be made, the tube in the
upper vessel being convenient for the introduction of an ad.
ditional quantity of soda, when required, or for a similar pur-
pose when experimenting on other substances. These ves.
sels being made of glass, the changes in the height of the:
fluid, and consequently its degree of pressure on the gas, are
mmade obvious. ,

This salt forms large transparent crystals, in the shape of
six sided prisms. Its taste is bitter, and it is soluble in water
and alcohol.

~

PART IIL

ORGANIC CHEMISTRY.

Organic chemistry comprehends the history of all those
different substances or elements, which form vegetable and
animal bodies. :

In many respects this department of chemistry differs
very materially from that of the mineral kingdom. The an-
alysis of inorganic bodies show, that each substance which
differs materially from another substance, contains some '
principle peculiar to itself, or that the difference arises from
the multiplied proportion of some one constituent, while the
other remains the same. Numerous instances of both these

Explain fig. 66, and describe in what manner the water presses on a
gas generated in ‘the retort.and forced into the lower vessel. What
does the third part of this volume treat of ? What does organic chem-
istry eomgrehend? In what respect does organic chemistry differ from
mineral chemistry 2 o5+
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cases will be found on referring to the composition of various
substances, and to such compounds as are formed by the
union of different, but definite proportions of the same ele-
ments. Thus sulphur united to oxygen, and carbon united
to the same element, form two compounds differing from
each other in every respect, with the exception that they
both combine with salifiable bases and form salts. And
mercury, with one proportion of chlorine forms a compound,
which may be taken in large doses, and is in general use, as
a medicine, while with another proportion of the same
element, it becomes one of the most corrosive poisons
known.

On the contrary, the elements of organized bodies are
comparatively few in number, and although the different
products, df which there is a great variety, must be com-
posed of different proportions of these few elements, yet the
resulting compounds of the same elements never present
qualities differing widely from each other, like those of the
mineral kingdom. .

There is another wide difference between organic and in-
organic chemistry. The latter presents us only with com.
pounds formed in consequence of affinity, or the attraction of
the heterogeneous particles of matter for each other. But
organic substances are formed by the action of peculiar or-
gans, each organ being endowed with the power of produ-
cing different results from similar elements.

Thus the several organs of the same tree produce wood,
bark, flowers, fruit, gum, honey, &c. from the same ele-
ments. While the organs of secretion, and growth in ani-
mals, produce bone, marrow, flesh, bile, fat, hair, nails, &c.
from the same food.

In general the chemist finds little difficulty in decompo-
sing, and afterwards imitating the products of the mineral
kingdom, by again joining the same elements to each other.

But although he can decompose the products of organic
action, and find the proportions of their elements, he never
has been able to recompose, or imitate these compounds.
Thus sugar and gum, are found to be composed of hydro-

W hat is said of the number of elements in organized bodies ? What
is the difference in the mode in which inorganic and organic substances
are formed ? What substances does the different organs of a tree
forlm, from the same elements? What are the different substances
mentioned, which the several organs of an animal produces from the
same food? What is said of the power of the chemist to.ithitate in~
organic and organic substances ? ‘



VEGETABLE CHEMISTRY. 201

gen, oxygen and carbon, and the exact proportions of these
elements which they contain, are known, but no chemist
has yet found the means of combining these elements, so as
again to form sugar and gum. .

Organic substances differ also, from inorganic, in their
tendency to decomposition. Thus all animal and vegetable
bodies, without exception, when exposed to the agenrcies of
air ‘and moisture, undergo spontaneous changes, their ele-
ments entering into new combinations, and forming new
compounds, to the entire destruction of the old ones. The
compounds of the mineral kingdom, on the contrary, are
generally permardent, many of them having probably not
suffered the least change since their creation.

The changes which result from the decomposition of an-
imal and vegetable substances are often exceedingly com-
plicated, and particularly when this is produced by heat, and
in a close vessel. A compound consisting of carben, hy.
drogen, and oxygen, when thus treated, will produce water,
carbonic acid, carbonic oxide, and carburetted hydrogen,
and if the substance contains nitrogen, in addition to these,
there will also be formed ammonia, and cyanogen.

VEGETABLE CHEMISTRY.

Before proceeding to describe particular substances, or
the means by which the composition of vegetable products
are ascertained, and to show the elements of which they are
composed, we shall give a short account of the process of
vegetation, and point out the chemical changes which take
place during the growth of plants, . . ,

We have already stated, that the elements of which vege-

tables are composed, are few in number, and that the great
variety which we observe in plants, and their different parts,
must therefore arise from the different proportions in which
these few elements unite.
. The constituents of vegetables are carbon, hydrogen and
oxygen, to which is occasionally added small proportions of
nytrogen. The nitrogen, however, occurs only in such plants
as emit the animal odor during their decomposition, as cab-
bage, and some of the mushrooms.

What is the difference between inorganic and organic bodies with
respect to ¢he tendency to decomposition ? W hat is said with respect
to the complicated changes which organic bodies undergo, by decompo-
sition ? What are the elements or constituents of which all vegetables
are composed? How is the great variety under which vegetables
appear, accounted for, when their elements are so few in number?
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Notwithstanding the great variety which we observe in the
_texture, colour, taste, smell, hardness, and other properties of
different plants, as well as their several parts, such as flowers,
seeds, and fruits, it is certain that their compositions differ
only in respect to different proportions of these elements.

The essential organs of .plants are the root, the stem, the
leaves, the flowers, and the seeds. The root serves to attach
the plant to the soil, and is one of its organs of nutriment.
The stem, which is usually erect, serves to elevate the leaves,
the flower and the fruit, from the ground, by which they are
exposed to air and light. The leaves are the respiratory or-
gans of the plant, and the flower performs the important
office of giving rise and nourishment to the seeds, by which
the plant is reproduced.

When a seed.is exposed in a situation which favours its
growth, it soon undergoes a change. It swells, grows soft,
bursts its membrane, or shell, and at the same time, from
being insipid and farinaceous, it becomes sweet, and muci.
lagingus, thus becoming fit nourishment for the new plant.
The stem and leaves are soon after elevated above the
earth, in search of air, warmth, and light, while the root
sinks into the ground in search of moisture and nourish.
ment.

‘The seed, however various in‘form, consists essentially of
the colytedon, the plumula and the radicle. The cotyledon
contains the matter necessary for the early nourishment of
the young plant. Sometimes this is single, sometimes dou.
ble, and sometimes it is divided into lobes. The plumula is
enveloped within the cotyledon, and is the part which produ.
ces the stem and leaves. The radicle shoots downwards, -
and becomes the root. .

Fig. 67. The garden bean, having been
a few days in the ground, shows
all these parts in perfection, and
is represented by fig. 67. The
cotyledons form the bulk of the
seed and are marked a a@. The
plumula b, and the radicle c, are
represented as beginning to shoot,
while d d mark the membrane by

which the wnote nas peen enclosed.

What are the essential organs of plants? What purposes do each
of these organs serve? When a seed is placed in circumstances favora-
ble to its growth, what changes does it undergo ? What is said of the
stem and roots? Of what does a seed essentially consist? What is
the cotyledon ?
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The circumstances necessary for healthy germination, are
a temperature above the freezing point, and below 100 de-
grees ; moisture in a certain proportion, depending on the
kind of seed ; and a proper access of air. ‘

The joint operation of these several agents seem absolutely
requisite, for seeds exposed to the action of air and moisture
at a temperature below 32°, will not grow, though they may
not be absolutely destroyed by the frost. Nor will seeds ve-
getate without the contact of some air, though both heat and
moisture be present. This is shown by burying seeds deep
in the ground, where they are known to lie in a torpid state
for years, and in some instances it is supposed, even for cen-
turies, Thus when alluvial soils are exposed to the sun,
though taken from many feet below the surface, they afford
grass from the seeds they already contain, and which had
before remained torpid an unknown length of time, for want
of the germinating power of oxygen. ,

This curious fact is confirmed by the experiment of Mr.
Ray, who found that seeds exposed to heat and moisture, but
confined in the exhausted receiver of an air pump, showed no
signs of germination.

Other experiments have proved that seeds will not grow
under any circumstance, without the presence of oxygen.
Healthy seeds, supplied with abundance of heat and mois-
ture, but confined to an atmosphere of nitrogeh, carbonic
acid, or hydrogen, showed no signs of germination.

It appears, however, that only a very small quantity of
oxygen is required for this purpose, for Mr. Ray found that
when the receiver of his air pump was not completely ex-
hausted, the seeds would sprout. In this respect several ex-
perimenters have been deceived, and in consequence of not
producing a complete vacuum, have concluded that air was
not necessary for the process of germination.

It being thus certain that seeds will not germinate without
the aid of oxygen, it hardly need to be stated that the future
growth of the plant must require the presence of the same
principle,

The immediate source from which plants draw their nour-.

What is the plumula? What is the radicle? What are the cir-
cumstances necessary to healthy germination? Will seeds grow
when exposed to air and moisture under 32 degrees? How is itshown
that seeds will not vegetate withoutair? What was Mr. Ray’s expe-
riment on the growth of seeds? What gas is absolutely necessary to
the growth of seeds ?

LY
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ishment, has heen a matter of doubt and controversy. It is
certain, however,. that they will not grow without the pres-
ence of heat, air, and moisture. It also seems necessary for
their vigorous growth, that their roots should be placed in the
earth, but whether this is requisite for their nourishment, or
whether the ground serves merely to give them support, was
a question long in dispute. .

Van Helmont planted a willow which weighed 5 pounds, in
a pot containing 200 pounds of earth. This he watered for
the space of five years, and at the end of that time, the tree
was found to weigh 169} pounds, while the earth in which it
had stood, being dried as at first, was found to have lost only
two ounces. Here then was an increase of 164 pounds
weight, and yet the food of the plant had been water only.
This experiment was supposed to settle all controversy, and
to decide that the sole food of plants was water. But Mr.

. Boyle afterwards showed, that the water with which the tree
was moistened, containéd earth, from which the willow de.
rived at least a part of its nourishment.

After a great variety of curious, and many elaborate ex-
periments on this subject, it has been ascertained, that plants
will germinate in pure water, and that the young plant, for a
time, will grow with no other aliment ; but that it finally grows
sickly, and does not come to maturity and produce seed, with-
out other nourishment. :

A proof that plants do not thrive on water alone, is drawn
from the well known fact, that soils become sterile by a long
-succession. of crops, but are again made productive by the
addition of new ingredients.

Nor does it appear that the simple earths, or clay, without
some additional ingredients, are sufficient to support the growth
of vegetables. On making an experiment, by planting seeds
in pure silica, alumina, or magnesia, moistened with pure
water, and exposed to proper degrees of heat, it was found,
that although germination was effected, the young plants did
not grow, until supplied with water, which contained vegeta- .
ble or animal remains in solution. '

What are the agents necessary for the vigorous growth of a plant?
What was the experiment of Van Helmont, and what was it supposed
to decide? How did Mr. Boyle shaw that the willow did not live on
water alone? What has been ascertained with respect to the growth of
plantsin pure water? What common fact concerning soils shows that
plants will not thrive on water alone? What is said of the growth of
vegetables in the pure earths?

f
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It ie for this reason, that earth taken from a depth below the
surface, never forms a productive soil. The soils best adap-
ted to the growth of plants, always contain a proportion of
vegetable mould, that is, the remains of decayed vegetables.
This mould contains a quantity of matter which is soluble in
water, and it is probable that the fertility of a soil depends in
a degree on the quantity of soluble matter it contains, and that
in this manner the aliment of plants is prepared for absorption
by the roots. ’

The sap which is prepared from the fluid absorbed by the
roots, is constantly ascending up the vessels of the plant du-
ring its growth, until it arrives at the léaves. Here it under-
goes a considerable change, the watery parts being thrown
off by the perspiration of the leaves, while that which re-
mains is converted into a peculiar juice, called the true sap,
which, like the blood of animals, is afterwards employed in
forming the various substances found in plants.

The leaves of plants are not only their perspiratory organs,
but they also serve the purpose of respiration, that is, they"
alternately absorb carbonic acid and emit oxygen at their
surfaces. i

Plants constantly. throw off moisture from their surfaces
by perspiration, but the quantity is much larger during the
day than during the night. Dr. Hales found that a cabbage
. transmitted daily a quantity of water nearly equal to half its

. weight. The office of transpiration is performed entirely by
the under side of the leaf, and may be almost entirely stop-
ped by spreading varnish on that surface. '

The fact that plants absorb carbonic acid was first observed
by Dr. Priestly. Having suffered a sprig of mint to vegetate
for ten days in a quantity of this gas, which would instantly
extinguish a candle, he found at the end of that time, that
the candle was not extinguished by it as before, but that the
flame continued for a whifle. Subsequent experiments have
shown, that pure carbonic acid stops the growth of plants,

‘Why does not the earth, taken from a considerable depth below the
furface, form a productive soil > On what does the fertility of’a soil
appear to depend ! What changes does the sap undergo in the leaves?
What is the true sap, and what its use ? What office do the leaves
perform beside that of perspiration? What proportion of water did
Dr. Hales find a cabbage to transmit? What part of the leaf throws
off moisture? What was Dr, Priestly’s experiment with a sprig of
mint and carbonic acid ? - ..
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but that a small quantity is absolutely necessary to healthful
vegetation.

In Dr. Priestly’s experiment the sprig of mint could not
have qualified the air in which it was confined, for the sup.
port of combustion merely by the absorption of the carbonic
acid. It must be inferred therefore from this experiment, that
the plant not only absorbed carbonic acid, but that it gave out
oxygen, or that it converted the carbonic acid into oxygen
gas, and this inference has been confirmed by experiment.

- Plants while growing in the light absorb carbonic acid from
the atmosphere, which they decompose ; the oxygen, of
which this acid is in part composed, being emitted, while the
carbon is retained by the plant.

If a growing plant, as a sprig of mint, be exposed to the
sun, in a glass vessel filled with water, it constantly emits
from its leaves small bubbles of air, which on examination
are found to be oxygen gas. Now water, under ordinary cir-
cumstances always contains a quantity of atmospheric air,
and the atmosphere always contains a proportion of carbonic
acid, and hence it may be inferred that the water furnishes
the air which the plant decomposes in this experiment ; that
this is the case, is proved directly by making the experiment
, with water, deprived of its air by the air pump, or by boiling,

when not a particle of oxygen is obtained.

That it is the carbonic acid which the plant decomposes,
and from which the oxygen is derived, is proved by two facts.
The first is, that vegetables are found not to emit oxygen, un-
less carbonic acid be present. The other is, that if the plant
be confined in a mixture of carbonic acid and oxygen, the
quantities of which are known, the proportion of oxygen will
be increased, while that of the acid will be diminished.

From these facts we arrive at the wonderful conclusion,
that plants'absorb carbonic acid from the atmosphere, and
that they retain the carbon for their own nourishment, but
return the oxygen to purify the air. And from all that is
known, it is most probable that a great proportion, if not all

In Dr. Priestly’s experiment, what change did the mint produce on
the carbonic acid? When = plant is exposed to the sun in a vessel o
water whence comes the carbonic acid which it decomposes? What
two facts prove that plants emit oxygen in consequence of the decom-
position of carbonic acid? When plants decoinpose carbonic acid,
what becomes of the carbon? From what source is it probable that
plants derive most of their carbon ?
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the carbon which wood contains is derived from the atmos.
phere in this manner.

On the contrary, during the night, or when the light of the
sun is withdrawn, plants absorb oxygen and form with it car-
bonic acid, a part of which they emit, and a part is retained.

It appears from experiment, that vegetables not only cease
to thrive, but that they actually die, if deprived of this night.
ly inspiration of oxygén. Thus if a plant be confined du-
ring the day in a portion of carbonic acid, it decomposes a
part of this gas, which is replaced by the emission of an
equal volume of oxygen. But at night a part of thisoxygen
is absorbed and converted into carbonic acid, which is agnin
. emitted. Thus ultimately, the plant decomposes all the car-
bonic acid, because it emits more oxygen during the day than
it absorbs during the night. But if the oxygen which is
formed during the day is withdrawn at evening, that is, if the
plant has a new supply of pure carbonic acid every day, it
soon droops, and dies for the want of its oxygen.

The leaves of plants absorb water, as well as carbonic acid
and oxygen. The great effect which the dew of night, or
sprinkling with water, has on a drooping flower, is a proof
that the leaves imbibe moisture. o

Experiments also prove, that detached leaves often live
for weeks whem swimming on the water, and that a plant
which is dying for want of moisture at the root, will revive
and grow, when a branch with its leaves are placed in a ves.
sel of water.

It is most probable, therefore, that during dry seasons, and
when there is a defect of moisture at the root, that the plant
is in part sustained by the absorption of water from the air,
and particularly from the dew as it falls at night.

In addition to heat, moisture, oxygen, and carbonic acid,
healthy vegetation requires a certain quantity of light. It is
well known that plants which grow in the dark are always
nearly colourless, and that they appear weak and unhealthy.
The disposition of plants to enjoy the light is expressed by
their inclination towards it, when it is stronger in one direc-
tion than in another.

When do plants absorb oxygen from the atmosphere? How is it
shown that plants droop and die, when deprived of oxygen? How is
it shown that the leaves of plants absorb water? What agent does
healthy vegetation require in additionto heat, oxygen, water, and car-
bonic acid? How do plants sh;av their disposition to enjoy the light?
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Thus bean, or potatoe vipes, growing in a dark cellar, wil}
always run towards the light, and if possible, will creep out
into the open air. And flowers, growing in pots placed near
a window, will always lean towards the light, so that to keep
them in a vertical position the pots must often be turned. In
thick forests the trees grow tall for the same reason : they
stretch upward to enjoy the light and heat of the sun.

Plants which grow in the dark contain more water, and
less carbon than those which grow in the sun. A plant which
grew in the dark, on analysis of one of its branches, was
found to contain only one-ninetieth part of carbon; but on
allowing the same plant to stand for thirty days in the sun, it
was found to contain one-twenty-fourth part of carbon.

This is readily accounted for, by the fact, that plants grow-
ing in the dark, emit no oxygen, but give out carbonic acid,
and hence the defect of carbonaceous matter which they con-
tain. This also accounts for the circumstance, that when a
healthy plant is placed in' the dark, it not only ceases to form
carbon, but actually loses a part of that which it before con-
tained, by the constant emission of carbonic acid.

Recapitulation.

1. Vegetable substances are chiefly composed of carbon,
hydrogen, and ozygen, but sometimes contain portions of ni-
trogen.

2. During the process of germination, the farinaceous sub-
stance of the seeds become sweet, and affords nourishment
to the young plant.

3. Healthy germination does not proceed without the com-
bined presence of heat, water, and oxygen.

4. Seeds will not germinate in a vacuum, or in any gas
which does not contain oxygen, though heat and moisture be
present. _

5. Plants receive nourishment from the air, as well as from
the earth. . ) .

6. Plants nourished by pure water, and having access to
the air, grow for a time, but do not produce seeds.

7. The nourishment which plants receive by the roots, is
probably in a state of solution in water,

Why do the trees in thick forests grow tall . What is the difference
in composition between plants growing in the dark, and in the light ?
How is the small quantity of carbon contained in plants growing in the
dark accounted for? The student should be able to answer all the
questions involved in this recapitulation.
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8. The sap undergoes a change in the leaves, where it
parts with a portion of water, and is thus fitted to form the vari-
ous substances found in vegetables.

9. In the day time, plants absorb carhonic acid, retain the
carbon, and emit the oxygen.

10. In the night, they absorb oxygen, and give out carbo-
nic acid.

11. Plants do not live unless they are permitted to absorb
oxygen during the night; nor will they live unless they ab.
sorb a portion of carbonic acid during the day.

12. Vegetation will continue for some time in either car.
bonic acid, or oxygen gas ; because when confined in carbo-
nic acid, plants emit a quantity of oxygen during the day,
which they absorb at night, and when confined in ozygen,
they give out a quantity of carbonic acid at night, which again
serves them during the day.

: }13. Healthy vegetation absolutely requires the agency of
ight.

14. Plants which grow in the dark, are white. They show
their propensity to enjoy the light by leaning, or creeping to-
wards it.

15. Plants, growing in the dark, do not absorb, and de-
compose, but emit carbonic acid, and hence they contain a
deficiency of carbon.

'
VEGETABLE ACIDS.

The vegetable acids are generally less liable to spontane.
ous decomposition than other vegetable products. They
form salts when combined with the salifiable bases. Most
of them are decomposed by hot nitric acid being con-
verted into carbonic acid and water. All of them suffer de-
composition when exposed to a red heat. These acids are
numerous, but a large proportion of them are of little conse-
tgulence, and therefore we shall describe only the most use-

ul.

Acetic Acid—50.

4 p. Carbon 24. 3 p. Oxygen 24. 2 p. Hydrogen. 2.
Vinegar. .
The acetic acid, or vinegar, exists ready formed in the sap

: ]
What is said of the tendency of vegetable acids to decomposition? *
How may the vegetable acids be decomposed? W hat is the composi-
tion of acetic acid? What is the common name of acetic acid ?
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of some plants, either in a free state, or combined with lime,
or potash. It may be formed artificially ‘either by the ace.
tous'fermentation, or by the destructive distillation of wood.

In the first case, it is made by exposing wine, cider, beer,
or any other liquid capable of passing through the acetic fer-
mentation, to the action of theair. This last condition is ab-
solutely requisite, for no liquid will form vinegar if prevented
from the access of air, that is from the presence of oxygen.
The liquid must also be exposed to certain degrees of tem-
perature, for the acetic fermentation does not proceed, when
the thermometer is at 32 degrees, and but very slowly when
it is near this point.

In this process, little or no gas is evolved, but on the con-
trary the oxygen of the atmosphere is absorbed, so thatthe
liquid undergoes a slow oxidation.

The vinegar obtajned by the distillation of wood is called
pyroligneous acid, that is, the acid of burned wood. When
first made, it is very impure, and of a dark colour, holding

_in solution, carbon, soot, tar, and volatile oil, which give it
a strong smell of smoke. It is purified by a second distilla-
tion, and is largely employed for manufacturing purposes,
and particularly in the preparation of white lead.

The acetic acid is distinguished from all other acids by its
peculiar flavor, odor, and volatility. Its salts are called
acetates. These salts are all of them decomposed at a red
heat, or by the action of sulphuric acid.

Acetate of Lead—172.
1 p. A. Acid 5041 p. Oxide Lead 112.
Sugar of Lead.

This salt is prepared by dissolving either litharge, or white
lead in distilled vinegar. The solution is sweet to the taste,
and hence its common name. It occurs in small shining
crystals, which contain 27 parts, or 3 atoms of water.
This salt is partially decomposed when abandoned to the ac-

Is vinegar ever found ready form?d in plants? How may this
acid be formed by art > What liquids form this acid by fermentation ?
‘What conditions are necessary to the production of vinegar by fermen-
tation? What gasis absorbed from the air by the forming vinegar?
What is the vinegar from distilled wood called ? How is the acetic
acid distinguished from all other acids? What is the composition of
acetate of lead ? What is the common name for acetate of lead ¢
How is this salt prepared? In what manner is this salt decomposed
when exposed to the air,and what new salt is formed ?
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tion of the atmosphere. It parts with its water of crystalli-
zation, and absorbs carbonic acid from the atmosphere, thus
being changed into a carbonate, or into white lead. We
have stated in another place, that in the manufacture of white
lead, the same change is effected ; the lead being first dis-
solved by the acetic acid, and afierwards changed into a car-
bonate by the action of the atmosphere.

The acetate of lead is largely employed in the processes ot
colouring, and as a sedative and astringent in surgery.

Acetate of Copper—130.
1 p. Acetic Acid 501 p. Oxide of Copper 80.
Verdigris.

This salt may be prepared by exposing metallic copper to
the vapor of vinegar. The process appears to consist in the
absorption of oxygen from the atmosphere by the metal, after
which it is dissolved in the acetic acid.

Verdigris is manufactured largely in the south of France
by placing plates of copper between the refuse of grapes af.
ter the juice is pressed out, for the making of wine. The flu-
ids which the grapes still contain, pass through the acetic
fermentation, by exposure to the atmosphere, and after seve-
ral weeks, the plates acquire a coat of the acetate, which
being scraped off, they are again exposed to the same pro-
cess. The acegate is afterwards purified by solution, and
crystallization. * '

Ozalic Acid—36.
2 p. Carbon 1243 p. Oxygen 24.
Acid of Sorrel.

The oxalic acid exists ready formed in several plants, and
particularly in the ozalis acetosella or wood sorrel, and also in
common sorrel. It is readily prepared artificially, by digest-
ing white sugar in five or six times its weight of nitric acid,
and evaporating the solution to the consistence of syrup. On
cooling, crystals of oxalic acid will be deposited ; but they
should be purified by solutign in water, and again crystallized
by evaporation.

What are the uses of acetate of lead ? What is the comporitidn of
acetate of copper? What is the common name of this salt? By what
chemioal process is this salt formed? How is verdigris made in the -
large way? What is the oxalic acid composed of ? what plants is
this acid ready formed ? 26'

.
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Oxalic acid crystallizes in slender, flat prisms, which have-
anexceedingly sour taste, and which in solutionc ombine with
the salifiable bases, and form a class of salts called oxalates.
These crystals contain half their weight of water of crystalli-
zation.

This acid is easily distinguished from all others, by the
form of its crystals, and by its solution giving, with lime water,
a white precipitate, which is not dissolved by adding an ex-
cess of the same acid. Oxalic acid is one of the most prompt
and fatal poisons known, when taken in large doses. Fatal
accidents have many times happened, in consequence of mis-
taking this acid for Epsom salts.

This acid is employed by calico printers, for the purpose
of discharging certain colours. It is also used in families,
for taking out spots of iron mould, and other stains.

The oxalates are none of them of much importance. The
oxalate of potash, like the acid itself, is sold under the name
of essential salt of lemons, for removing stains from linen.

Tartaric Acid—66.
4 p. Carbon 2445 p. Oxygen 4042 p. Hydrogen 2.

/ " Tartaric Acid.

Cream of tartar is the purified lees, or deposites of wine
casks. From cream: of tartar the tartaric acid is procured,
by mixing the former with chalk in fine powdgr, and throwing
the mixture into boiling water, by which the cream of tartar,
which is a tartrate of potash, is decomposed, and a tartrate of
lime is formed. The tartrate of lime is then washed, and de.
composed by dilute sulphuric acid, which, combining with the
lime, sets the tartaric acid at liberty, where it remains in so-
lution. This solution being evaporated, the tartaric acid is
obtained in white crystals.

This acid is employed by calico printers, to discharge false
prints, and by tallow chandlers to whiten their goods. It is
also used, when dissolved in a large quantity of water, as a
cooling beverage in the hot season. When mixed with car-

How is this acid formed by art? What are the salts called, which
the salifiable bases form with oxalic acid? How is this acid distin-
guished from others? What is said of its poisonous effects? What
are the uses of oxalic acid? What is the tartaric acid composed of ?
What is the substance from which tartaric acidis obtained? By what
process is this acid obtained? What are the uses of tartaric acid ?
What occasions the effervescence of soda powders ?
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bonate of soda in solutlon, it forms the effervescing draught
called soda powder, of which large quantities are prepared
and sold during the summer season.

The effervescence, the only property which makes this
drink agreeable, is occasioned by the union of the tartaric
acid with the soda, in consequence of which the carbouic acid
is liberated, and in escaping through ths water causes the
effervescence.

This acid is remarkable for its power of combining with two
bases at the same time, and forming double salts. The most
important of these salts is well known under the name of tar-
tar emetic.

Tartrate of Antimony and Potash—354.

2 p. Tartaric Acid 13243 p. Protoxide of Antimony 156.
1 p. Potash 48--2 p. Water 18.

Tartar Emetic.

This compound, so singular from the number of contituents
it contains, is made by boxhng the oxide of antimony called
crocus metallorum, with tartrate of potash, or cream of
tartar.

This salt crystallizes in transparent prisms, which after.
wards grow white and opake by exposure to the air. It is
soluble in aboy} fifteen parts of cold, and three parts of hot
water.

When dissolved in water, the solution gradually undergoes
spontaneous decomposition, and becomes inert as a medicine.
This may be prevented by the addition of about one third al.
cohol to the aqueous solution. This salt is also decomposed
by many re.agents, as by all the stronger acids, and several
of the alkalies and alkaline earths, and even by vegetable
substances., Infusion of nutgalls causes with it a whitish
precipitate, which is considered a compound of tannin and
oxide of antimony. This compound is inert, and hence the
decoction of cinchona bark, as it contains tannin, has been
given as an antidote to an over dose of tartar emeiic.

What is the chemical name of tartar emetic? What is the compo-
sition of tartar emetic? How is tartar emetic prepared? What is
said of the decomposition of the aqueous solution of tartar emetic ?
How may this decomposition be prevented ? Explain the principle on
which cinchona, or Peruvian bark, has been given as an antidote to
tartar emetic.
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Citric Acid—b8. .
4 p. Carbon 2444 p. Oxygen 3242 p. Hydrogen 2.
" Salt of Lemons.

This acid is obtained from the juice of lemons by the same
process as that described for tartaric acid. Finely powdered
chalk is added to the juice, as long as any effervescence en-
sues. The citrate of lime thus formed, is insoluble in water,
and sinks to the bottom of the vessel. This being washed,
is digested in dilute sulphuric acid, by which an insoluble
sulphate of lime is formed, while the citric acid, being thus
set at liberty, remajns in the solution, and on evaporation, is
obtained in crystals? .

These crystals are large, transparent and beautiful. They
undergo no change by exposure to the air, are exceedingly
sour to the taste, but when dissolved in a large proportion of
water, make an agreeable drink, in consequence of retaining
the flavour of the lemon.

This acid forms salts with the salifiable bases, but none ot
them are of importance. There is a variety of other vegeta-
ble acids, most of which are of no importance in any respect.
Some of these have been analyzed, while the composition
of others are unknown. We may however conclude by
analogy, that they are all composed of oxygen, carbon,
hydrogen in different proportions.

‘Composition and Analysis of Vegetable Substances.

When vegetable substances are submitted to destructive
distillation, the carbon, oxygen and hydrogen of which they
are composed, enter into new combinations, and there is ob-
tained a variety of products, which differ from each other,
according to the nature of the vegetables, and the mode of
distillation. In general, these products are water, pyroligne-
ous acid, empyreumatic, or burnt oil, carbonic acid, and car-
buretted hydrogen. If the vegetable contains nitrogen, a
quantity of ammonia will be formed, and in either case, there
will remain in the retort, a quantity of charcoal, with a small
portion of earthy and saline matter.

~ What is citric acid composed of ? What is the common name of

. this acid > How is citric acid obtained ? W hat is the use of citric'acid ?
What are the new products into which vegetables are resolved, by de-
structive distillation ? How may these new arrangements of the ele-
ments of vegetables be accounted for ?
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These several products are all composed of the same ulti-
timate principles, but are newly arranged and combined in‘
different proportions. The new arrangements may readily
be accounted for, from the circumstance, that the several
elements being in contact with each other in the retort, are
at full liberty to exercise their affinities, and to combine ac-
cordingly.

The composition of the new products named above, will
show that they consist only of the old elements differently
combined. Thus water is composed of ozygen and hydrogen.
Pyroligneous acid consists of hydrogen, carbon and oxygen ;
empyreumatic oil of carbon, hydrogen and. oxygen ; carbonic
acid of carbon and ozygen ; carburetted hydrogen of carbon
and hydrogen, and ammonia consists of nitrogen and hydrogen.
With the exception of ammonia, therefore, these several pro-
ducts are constituted of only three elements, their difference
being the result of the diflerent proportions in which they
combine, or in two instances, of the absence of an element.

On subjecting different vegetables to ultimate analysis, by
destructive distillation, it has been found that the products
which result from the different combinations of oxygen and
hydrogen are as follows.

A vegetable substance is always acid, when the oxygen
which it contains is to the hydrogen in a proportion greater
than is necessary to form water, or where there is an excess
of oxygen.

A vegetable substance is resinous, oily, or alcoholic, when
the oxygen is to the hydrogen in a less proportion, than in
water, or where there is an excess of hydrogen.

A vegetable substance is neither acid, nor resinous, but
saccharine, or mucilaginous, when the oxygen and hydrogen
are in the same relative proportions as in water, or where
there is no excess of either oxygen or hydrogen.

In oil, resin, alcohol, sugar, and mucilage, there is a quan-
tity of carbon, in addition to the oxygen and hydrogen.

What are the elements of the several compounds obtained by the
destructive distillation of vegetables? In a vegetable acid, is the pro-
ortion of oxygen greater or less than is necessary to form water?
that vpgetable substances are formed when there is an excess of hy-
drogen? In what proportions are the hydrogen and oxygen in sac-
charine, and mucilaginous substances?
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Ingredients of Plants.

The ingredients of plants are distinct substances, formed
by their secreting organs, and separable from each other with.
out destructive distillation. They are separated by certain
solvents, which have the power of dissolving some, but not
others. Thus water dissolves the gum, but not the resin,
while alcohol takes up'the resin and leaves the gum. The
solvents employed for these purposes, are hot, and cold wa-
ter, ether, alcohol, and some of the acids. .

The following are the principal ingredients, or what are
called the proximate principles of plants ; viz.

Gum Fixed oil

Sugar Volatile oil

Starch Camphor

Gluten Resins

Extractive Narcotine

Lignum Bitumen

Tannin Vegetable Alkalies
Colouring matter Vegetable Acids.
Wax.

We shall examine the properties of only the most important
of these principles. -

Gum.

Gum Arabic may be taken as an example of pure gum.
It dissolves in water, with which it forms a viscid solution, or
mucilage, from which it may be obtained in its original state,
by spontaneous evaporation. It is insoluble in alcohol, ‘or
ether, the former precipitating it from the watery solution in
the form of white flakes. Gum is decomposed by sulphuric
and nitric acids. By the former, it is resolved into water,
acetous acid and charcoal ; the latter produces with it oxalic
and malic acid. When gum is submitted to destructive distil-
lation, it affords water, carbonic acid, carburetted hydrogen,
empyreumatic oil, and acetic acid.

What are the ingredients of plants? How are the ingredients of
plants separated from each other? What are the principal ingredients
or proximate principles of plants > In what liquid is gum soluble? In-
to what substances is gum resolved by sulphuric acid? What are the
products of gum, when submitted to destructive distillation ?
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Sugar.

Sugaris chiefly obtained from the sugar cane, a plant which
grows in hot climates, and which yields it in a larger propor-
tion, than any other substance. It is alsc procured from the
sugar maple, by boiling down the sap which flows from inci-
sions made in the tree; and from several roots, particularly
the beet, from which large quantities are made in France. -

In the manufacture of sugar from the cane, the first process
consists in obtaining the juice, which is done by grinding and
pressure. ‘This is then evaporated by a gentle heat, during
which a quantity of lime is added, partly for the purpose of
neutralizing any free acid, and partly for the purpose of
separating extractive matter, which unites with the lime, and
forms a scum on the surface of the liquid. The evaporation
is continued until it acquires the consistence of syrup, when
it is transferred into wooden coolers, where a portion con-
cretes into a crystalline mass, and in this state forms what is
called muscovado or raw sugar. It is then placed in vessels
with apertures in the bottoms, where the more fluid parts
drain off, and form the well known sweet syrup, molasses.

Raw sugar is refined by the following process. The su-
gar being dissolved in water, is mixed with the whites of
eggs, or the serum of blood, and boiled. The albumen or
serum is thus coagulated by the heat, and rising to the surface,
brings with it such impurities_ as the sugar contained, which
are removed by a skimmer. When the syrup is judged to
be sufficiently clear, it is placed in smaller pans, and further
concentrated by boiling, and then transferred into coolers,
where it is agitated with wooden oars, until it appears thick
and granulated. It now becomes white, and the crystals
being broken by the agitation, facilitates the draining off of
the coloured matter which remains.

It is next placed in conical cups of earthen ware, of the
well known form called sugar loaf. These, having aper-
tures at the bottom, a portion of molasses drains off, leaving
the sugar much whiter than before. Lastly, a quantity of
pipe clay is mixed with water to the consistence of cream,

What are the principal vegetables from which sugar is obtained ?
What is the process by which sugar is extracted from sugar cane ?
Why is lime added to the juice of the cane whon boiling? What is
muscovado sugar? How is molasses obtained? How is raw sugar
refined 2 What is the uge of the albumen and serum used in this pro-
cess?
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and poured on the loaves to the thickness of an inch. The
water from this slowly percolates through the loaves, and
washes all remains of the colouring matter from the sugar.
The loaves are then dried by heat, and put up in papers for
sale.

Refined sugar undergoes no change when exposed to the
air, the dampness of raw sugar being caused by impurities.

Sugar is decomposed by the sulphuric and nitric acids.
By analysis it is resolved into the usual constituents of vege.
tables, oxygen, carbon and hydrogen.

Starch.

Starch is an abundant principle in the.vegetable kingdom,
being one of the chief ingredients in most sorts of grain, and
in many roots and seeds. The process for obtaining starch
consists in diffusing the powdered grain or rasped root in
pure cold water, by which the water is rendered white and
turbid. After some hours, the grosser parts, which in wheat
consist chiefly of gluten, are separated by straining, and the
water which passes through, being placed in shallow vessels,
deposites the starch, on standing. It is afterwards washed
and dried with a gentle heat. :

If starch be boiled for a considerable time in water con.
taining about a twelfth of its weight of sulphuric acid, it is
converted into sugar. By careful analysis, it has been found,
that the only difference between the composition of starch
and sugar, is that the starch contains less hydrogen and oxy-
- gen, in proportion to the carbon, than sugar. How the acid
acts to convert the starch into sugar, has not been satisfactori-
ly explained. During the germination of seeds, a similar
change is effected, the starch being in part converted into
sugar. . ,
gI‘he princpal varieties of starch, are arrow-root, potatoe
starch, sago, tapioca, cassava, salop, and the starch of
wheat.

Gluten.
Gluten may be obtained from wheat flour, by forming it
into a paste, with cold water, and continuing to wash this

How is the sugar purified and whitened after it is placed in the con-
ieal cups? What is said of the abundance of starch in the vegetable
kingdom ? What is the process for obtaining starch? How may starch
be converted into sugar? What is the difference between the compo-
gition of starch and sugar? What are the principal varieties of starch?
How may gluten be obtained ?
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paste under a stream of the same fluid, as long as any thing
is carried away. The starch being thus removed, a tough
eiastic substance, of a grey colour, will remain, which is
gluten.

‘This substance has no taste, and is insoluble in water,
alcohol, or ether, but is soluble in alkalies and acids. If
left to undergo the putrefactive fermentation it emits an
offensive odor similar to animal substances, and from this
circumstance it is apparent that it contains nitrogen, which
indeed is proved by its yielding ammonia at a red heat.

Of all substances, wheat contains the greatest proportion
of gluten, and it is owing to this circumstance that wheat
flour is more nourishing than that of other grain, gluten be-
ing the most nutritive of all vegetable substances. It is also
owing to the presence of this substance in the flour, that the
dough is tenacious, and the bread spongy, or light, the car-
bonic acid formed during the fermentation of the dough,
being ‘detained by the gluten, in consequence of which, the
whole mass is distended, with bubbles of air.

Wheat contains from 18 to 24 per cent. of gluten, the
remainder being principully starch.

Extractive Matter.

Most vegetables, when infused for a time in hot water,
impart to it a brown colour. When such solutions are
evaporated, there remains a solid substance of a brownish, or
sometimes of a yellowish colour, which is extractive matter.

Extracts are prepared by apothecaries as a means of
concentrating the virtues of plants for medicinal purposes.
These extracts not only contain the proper extractive matter,
but several foreign substances also, such as resin, colouring
matter, oil, &c.

Colouring Matter.

The colouring matter of vegetables is chiefly red, blue,
green, yellow, or mixtures of these colours. Nearly all
vegetable colours are discharged by the continued action of

What is the appearance of gluten? What are some of the proper.
ties of gluten? y is wheat flour said to be more nourishing than
that of other grain? In what manner does the gluten in the dough
produce the sponginess of the bread? What is extractive matter ?
What are the princigd tints of the colouring matter of vegetables ?
What effect does light have on the colouring principle of vegétables?

7
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ght, and without exception they are all destroyed by the
action of chlorine.

Acids and alkalies either destroy, or change the tints of
vegetable colours. ‘

The extraction of the coleuring principles, and the trans-
fer of them to different substances, constitutes the art of
dyeing, an art which, in the succession of ages, has been
carried to a high degree of perfection. This art has been
practised from the remotest antiquity ; for the history of man
informs us, that from the king on the throne, to the savage
in the wilderness, all have ever been fond of decorating
themselves in a variety of colours.

Colours have been divided into substantive and adjective.
Substantive colours are such as do not require the interven-
tion of any other substance to fix them permanently, their
attraction for the cloth being sufficient for this purpose.
Adjective colours require the intervention of some substance,
which has an affinity both for the colouring matter and the
stuff to be dyed. This intervening substance is called a
mordant. The mordant generally consists of a metallic salt
dissolved in water with which the cloth is impregnated, after
. which it is passed through the solution of colouring matter.
The mordants most commonly employed, are muriate of tin,
sulphate of iron, acetate of iron, and sulphate of alumine.

Different mordants arc used for different colours, and dif-
ferent kinds of cloth. Thus black is made with sulphate of
iron, nut galls, and logwood.  Yellow, with alum, fustic and
saffron ; red, of cochineal, madder, red wood, or archil, with
muriate of tin, or sulphate of alumine for a mordant. Blue
is made with indigo, &c.

Tannin. .

Tannin is the substance, by the absorption ot which, the
skins of animals are converted into leather. This substance
is contained abundantly.in nut galls, in the bark of many
trees, particularly the oak, hemlock, and birch, and in most
vegetable substances which are astringent to the taste.

Tannin may be obtained from any of these substances,
by first bruising the article, and then digesting it in a small

What are the effects of chlorine on these colours? What constitutes
the art of dyeing? How are colours divided ? What are substantive
colours? What are adjective colours? What are mordants in col-
ouring ? What are the principal substances used as mordants? What
is tannin? W hat are the principal substances which contaim tannin ?
How may tannin be obtained ? ‘
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quantity of cold water, and afterwards evaporating the -
water. This substance is of a yellowish brown colour, ex-
tremely astringent to the taste, and soluble in water, and
diluted alcohol. '

Tannin is distinguished by its affording an insoluble pre.
cipitate with isinglass, or any other animal jelly. It is on
this principle that the art of tanning leather is founded. The
hides are laid in vats, and between them there is thrown a
layer of oak, or other bark, which contains tannin, in coarse
powder. The tannin of the bark, is first dissolved by the
water, and afterwards combines with the leather, by which
it is rendered hard, and nearly impervious to water.

Vegetable Oils.

The vegetable oils are of two kinds, Fized and Volatile.

Fized Onls. These are found only in the seeds of plants,
and chiefly in such as have two cotyledons, such as almonds,
linseed, walnuts, and rapeseed. The oil of olives, however,
is extracted from the pulp, which surrounds the kernel.

The fixed oils are obtained by crushing, or bruising the
seed, and subsequent pressure. They are viscid, nearly in-
sipid, and inodorous, and generally congeal at a temperature
considerably higher than 32 degrees.

The fixed oils, with a few exceptions, undergo little other
change by exposure to the air, than those of growing more
viscid and acquiring a degree of rancidity. The latter
change is owing to the absorption of oxygen, for rancid oils
redden vegetable blues, showing that they contain a quantity
of free acid. :

The absorption of oxgyen, by some of the fixed oils, and
particularly by those of linseed and rapeseed is sometimes
so abundant, and rapid, as to set fire to light porous substan-
ces on which they are spread. ’

These are called cases of spontaneous combustion, and in
many instances where these oils have been suffered, either
by accident or otherwise, to come in contact with cotton wool,
or cotton cloth, destructive fires have been the consequence.

The alkalies combine with the fixed oils, and form soap

How is tannin distinguished ? On what principle is the tanning of
leather founded ? What are the two kinds of vegetable oils? In what
parts of plants are the fixed oils found ? How are the fixed oils ob-
tained ? What changes do these oils undergo by exposure to the air?
What causes oils to become rancid? In what manner do these oils
sometimes produce spontaneous combustion ?
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The composition of all these oils is carbon, and hydrogen,
and oxvgen.

Volatile Oils. Plauts and flowers owe their odor and fla-
vor to volatile, or essential oils. These oils are obtained by
distilling the plants which contain them with water. The wa.
ter prevents the plant from being burned. Both pass into
the receiver from the still, where the oil is fourid either at the
bottom, or on the surface, as its density is greater or less than
water. Some fruits, however, yield essential oil by pressure ;
such are the orange, the lemon, and the bergamot, which
contain it in vesicles in the rind of the fruit.

The odor of the essential oils is aromatic, and their taste
penetrating. They consist of the odoriferous principle by
which plants are distinguished from each other in a concen.
trated state. These oils are soluble in alcohol, and very
sparingly so in water. When dissolved in the former, they
constitute essences, a great variety of which are manufactur-
ed, particularly in Paris, and sold as perfumes in most parts of
the world.

All the volatile oils when pure, pass away by evaporation.
Hence a good test of the purity of these oils is to let a drop
fall on paper, and if an oily spot is left after warming the
p:per, the essential oil has been adulterated by some fixed
oil.
The essential oils burn with a clear, white light, and the
only products of their combustion is water and carbonic acid.
Hence these oils are composed solely of carbon and hydro-
gen, the water and carbonic acid being formed by the ab-
sorption of oxygen to support the combustion.

Resins.

The resins are peculiar substances which exude from cer-
tain trees, orplants, or are contained in their juices. They
commonly contain a portion of the essential oil of the plant.
They are solid at common temperatures, and when rubbed,
show signs of electrical excitement. Their colours are yel-
low, reddish, and white, and most of them are translucent, or
transparent.

The resins are soluble in alcohol, ether, and the essential

What are the resins > In what liquids are the resins soluble >
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oils, but ere precipitated by water in which they are entirely
insoluble. They ate dissolved and at the same time decom-
_ posed by the sulphuric acid, with evolution of sulphurous acid
gas, and the deposition of charcoal.

The principal resins are, common resin, gum copal, lac,
mastick, elemi, and dragons blood. Common resin called
rosin, is what remains after the distillation of spirit of turpen-
tine. The turpentine itself is obtained by making incisions
in the fir tree, from which it exudes. This consists of. resin,
and the oil of turpentine, which are separated by distillation.

The uses of many of the resins are well known. Sealing
wax is made of lac, turpentine, and common resin. Copal
and elemi, when dissolved in spirit of turpentine, or alcohol
form varnishes.

Fermentation.

Fermentation consistsin a spontaneous exercise of chemi-
cal affinity, in a vegetable substance, or solution, in conse.
quence of which its properties are materially, or totally
changed.

There-are several kinds of fermentation, the names of which
" indicate the products formed. These are the saccharine,
the vinous, the acetic, and the putrefactive.

The product of the first, is sugar, that of the second, wine,
that of the third, vinegar, while the fourth results in the total
decomposition of all vegetable matter, and the destruction of
every useful product.

Saccharine Fermentation. 'The germination of seeds, and
the malting of barley are instances of the saccharine fer-
mentation, the farinaceous, being converted into saccharine
matter, or sugar. )

Vinous Fermentation. This, by the generality of mankind,
is considered the most important of all fermentations, since
from the days of Noah and Alexander to the present time, its
producthas been employed, either to heighten the pleasures—
or as an antidote to the cares, of this poor life.

Wine, as well as all other intoxicating liquors are produced
only by the vinous fermentation ; a process by which alcohol

Why are the resins precipitated by water? What are the names of the
principal resins? In what manner is common resin, or rosm_obtuned?
What are the uses of some of the principal resins 2 What is fermen-
tation ? What-are the different kinds of fermentation? What is the
product of the saccharine fermentation > What the product of the
vinous?

Dyid
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is formed. There are four conditions necessary to the success
of this process. These are the presence of water, sugar, and
yeast, in mixture, and a temperature between 60 and 70 de-
grees. Or, instead of yeast and sugar, saccharine matter, and
starch, or the sweet juices of fruits. These conditions being
united, there succeeds a brisk, intestine motion, attended with
the escape of carbonic acid gas in abundance, and at the same
time the transparency of the fluid is diminished by the rising
of opaque filaments, the whole being attended with an eleva-
tion of temperature. When these phenomena cease, the
liquor is found to have lost its sweet, mucilaginous taste, and
to have acquired some degree of acidity, with a brisk penetra-
ting flavor, and the power of producing intoxication.

In respect to the chemical changes which take place du.
ring this process, it is found that after the fermentation the
sugar has entirely disappeared, and that it is replaced by a
quantity of alcohol, none of which existed in the liquid before
the process. Hence sugar is converted into alcohol by the
vinous fermentation. But the weight of the alcohol is never
equal to the weight of sugar employed, by nearly one half.
This loss is accounted for by the escape of the carbon and
oxygen of the sugar, in the form of carbonic acid. When
the process is conducted in such a manner that'the quantity
of carbonic acid can be retained and weighed, it is found to
correspond precisely with the loss of the alcohol, that is, the
combined weight of the acid and alcohol are equal to that of
the sugar. This may be made apparent thus. Sugar and
alcohol are composed of

Sugar. Alcohol.
3 proportions of carbon 18 2 prop. carbon 12
3  do. ofhydrogen 3 3 do. hydrogen 3
3 do. ofoxygen 24 1 do. oxygen 8
45 23

This shows a loss of one proportion of carbon and two

proportions of oxygen from the sugar, the.alcohol contain.

What the product of the acetic’ What are the results of the pu-
trefactive fermentation? What changes do seeds and barley undergo
by germination and malting? What are the four conditions necessary
to induce the vinous fermentation ? What gas escapes during this fer-
mentation? What becomes of the sugar during the vinous formenta-
tion? Isthe weight of alcohol formed, equal to the weight of sugar
employed ? What becomes of the deficiency? W hat is the composi-
tion of sugar? What is the composition of alcohol? How does it ap-
pear that the loss from the sugar escapes in the form of carbonic acid ?
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ing only two parts of carbon and one of oxygen, while the
sugar contained three of carbon and three of oxygen, the
proportion of hydrogen being the same in both. The differ-
ence between the number for sugar and that for alcohol is
therefore 22. Now we have seen that carbonic acid is com.
posed of one proportion or atom of carbon 6, and two pro.
portions or atoms of oxygen 16, and these two numbers
make the precise quantity of carbon and oxygen lost by the
sugar, and which is not contained in the alcohol. There-
fore, 45 parts of sugar produce by fermentation, 23 parts of
alcohol, which is found in the fermented liquor, and 22
parts of carbonic acid gas which escapes.

This investigation, while it affords a beautiful illustration
of the doctrine of definite proportions, demonstrates that
nothing is lost by a new arrangement, or interchange of ele-
ments. .

It is believed that the vinous fermentation never takes
place without the presence of sugar, the elements of this
ingredient, as shown above, furnishing by decomposition
those of the alcohol. In cases where substances which con-
tain no sugar are known to produce alcohol without the ad-
dition of this ingredient, the process is explained by the sup-
position that the starch which these substances contain, is
converted into sugar by the saccharine fermentation. It is
well known that potatoes, which contain little, or no sugar,
yield a large quantity of alcohol by fermentation. But po-
tatoes contain a large proportion of starch, which entirely
disappears during the process, being first converted into su-
gar and then into alcohol.

Alcohol.

When a liquor which has passed through the vinous fer-
mentation is distilled, there rises from it a fluid having much
more highly intoxicating powers than the fermented liquor
from which it is obtained. This liquor has a sharp penetra-
ting taste, and getains the flavor and odor of the fermenteu
liquor, from which it is distilled. The fluid so obtained is
alcohol mixed with water, and containing a portion of the
essential oil peculiar to the vegetable which formed the fer-

Does the vinous fermentation ever take place, without the presence
of sugar? How is the process explained in cases where alcohol is
formed by substances containing no sugar, as in potatoes? How are
spiritous liquors obtained ?
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mentative solution, and which gives it flavor. Thus, brandy,
rum and whiskey, have each a flavor of their own, which
arises from this circumstance. These are called spiritous
liquors. '

When a spiritous liquor is distilled, the alcohol is obtain.
ed in a state of much greater purity, the oil which it con-
tained and most of the water being left in the retort, or still.
In this state it is colourless, highly inflammable,—produces
cold by evaporation, and occasions a considerable augmen-
tation of temperature by admixture with water.

Common algbhol contains a portion of water, and has a
specific of from 850, to 875, water being 1000. It may be
further purified, or freed from water, by adding to it warm
carbonate of potash, or muriate of lime, which combines
with the water, and sinks to the bottom of the¢ vessel, after
which the alcohol may be poured off. Very pure alcohol
may also be procured, by putting it into a bladder, which
being suspended in a warm place, the water will slowly pass
through the coats, while the pure alcohol is retained. The
strongest alcohol which can be procured by either of these
methods, has a specific gravity of 800, or 796, at the tem.
" perature of 60°.

Pure alcohol has never been frozen, though exposed to
the lowest temperatures which art has ever produced. It is
a powerful solvent, being capable of dissolving camphor,
‘resins, soap, volatile oils, sugar, balsam, &c.

Pure alcohol has precisely the same properties, from what-
ever substances it is obtained.

Ether.

The name ether was originally applied to a highly fragrant
and volatile liquid, obtained by the distillation of alcohol
with sulphuric acid. But it has been found that the same
substance when distilled with other acids, affords a liquid
possecssing in some respects similar properties, and therefore
these compounds are now distinguished by prefixing the
name of the acid employed.

What gives the peculiar flavor to distilled liquors, as brandy, rum,
and whiskey? How is alcohol obtained? Do spiritous liquors yield
pure alcohol on distillation? What is the specific gravity of common
alcohol? How may pure alcohol be obtained? What is the specific
gravity of the purest alcohol? What is said of the freezing of pure
alcohol? What is said of the solvent powers of alcohol? How is
ether obtained ?
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Sulphuric Ether. To make sulphuric ether, pour into a
tubulated retort a certain quantity of alcohol by weight, and -
add, in small portions at a time, the same weight of
sulphuric acid, allowing the mixture to cool after each addi-
tion. Then connect the retort with a receiver, and by means
of a lamp make the mixture boil. The receiver must be kept
cold by the application of ice, or wet cloths. The ether
will pass over and be condensed in the receiver. The ether
thus obtained, contains a portion of alcohol, and commonly a
little sulphuric acid, from which it is purified by agitation
with potash, and re.distillation.

In respect to the chemical changes which take place be.
tween the alcohol and acid to form the new product ether,
it is found on analysis, that the latter substance is composed
of two. proportions of olefiant gas, and one proportion of
water. The number for olefiant gas being 14, and that for
water being 9, the equivalent number for ether is 37.

Now olefiant gas consists of 2 atoms of carbon 12, and 2
atoms of hydrogen 2=14, to which 1 atom of water 9, be-
ing added, makes the composition of ether.

Alcohol is composed of, or contains the elements of 1
atom of olefiant gas, and 1 atom of water, and therefore al-
cohol contains double the proportion of water that ether
does. Now if 1 proportion or atom of water be abstracted
from two of alcohol, the exact proportions constituting ether
will remain, Thus the number for alcohel being 23, double
this number is 46, from which one atom of water 9, beinf
taken, there remains 37, the number representing ether. It
will be seen on comparing these several numbers, that they
exactly correspond with the constituents above named, and
it is supposed that this is the precise mode in which sulphuric
acid operates to convert alcohol into ether. In consequence
of its affinity for water, it abstracts one atom of'that fluid from
the alcohol, and thus the elements of ether remain.

Sulphuric ether is a light, odorous transparent fluid, of a
hot, and pungent taste. Its specific gravity when most pure,
is about 700, water being 1000 ; but that of the shops is 740,
or 750, owing to the presence of alcohol. When exposed to
the open air, it evaporates with great rapidity, and occasions

What is the process of obtaining sulphuric ether? What is the
composition of sulphuric ether? Explain the difference between alco-
hol and ether, and describe the change by which the former is con-
verted into the latter. What is the specific gravity of ether, when
most pure? How does ether occasion an intense degree of cold ?
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an intense degree of cold. This is in consequence of the
principle already explained, that when a substance passes
from a denser to a rarer state, caloric is absorbed.

Ether is exceedingly combustible, and burns with a blue
flame, the product of its combustion being water and carbon.
ic acid.

Ether is employed as a medicine in nervous fevers, and as
a solvent in the arts. ‘When pure, or when that of the shops
is agitated with water, and after standing awhile, is poured
off, it is a solvent of India rubber, one of the most insolable
of vegetable products.

Nitrous Ether is prepared by distilling alcohol with nitric
acid, in a manner similar to that described for sulphuric
ether, to which its leading properties are similar. It is
however, still more volatile, and is subject to decomposition
by keeping.

Vegetable Alkalies.

Potash'and soda were formerly called vegetable alkalies,
in order to mark their origin and to distinguish them from
the other alkaline substances. Thesa alkalies, as stated in
their proper places, are obtained chiefly by the incineration
of land and sea plants, though they both exist ready formed
by nature. They are found to be metallic oxides, and have
been described under the names of oxidg of potassium and
oxide of sodium. The vegetable alkalies now to be de-
scribed, are strictly vegetable produets, and are obtained, not
by incineration, but by the digestion, or maceration of cer.
tain vegetable substances in water.

The following is an outline of the method by which they
are obtained. In the first place, the substance containing
the alkali is digested in a large quantity of very pure water,
which dissolves the salt, the base of which is the alkali.
On adding some salifiable base, such as potash, or ammonia,
which has a strong affinity for the acid of the vegetable salt,
in the watery solution, this salt is decomposed, its acid com-
bining with the potash, or ammonia, and thus leaving the
vegetable alkali in the solution. This being insoluble, while

Why does the evaporation of ether occasion cold ? What are the
uses of sulphuric ether? How is nitrous cther procured? How does
the nitrous differ from the sulphuric ether? How do the oxides of po-
tassium and sodium differ from the vegetable alkalies? How are the
vegetable alkalies obtained ?  Give an outline of the process by which
these substances are procured,
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the new salt is solyble in water, is collected and washed on
a fiter. The vegetable alkali thus obtained, is however im.
pure, and requires to be dissolved in alcohol, with the addi-
tion of some animal charcoal, which deprives it of its colour,
—then filtered, and the alcohol evaporated, when the pure
alkali will be obtained. :

The most important vegetable alkalies are Morphia, Cin-
chonia, and Quinia.

Morphia. :

Morphia is the narcotic principle of opium. Opium, be.
sides morphia, contains meconic acid, narcotive, gum, resin-
ous, extractive, and colouring maiter, and a small quantity
of caoutchouc, or India rubber.

Morphia exists in the opium, combined with meconic acid,
forming meconate of morphia. To obtain it, therefore, it
is necessary ta decompose this salt, by which the morphia is
liberated, and afterwards obtained by the evaporation of
some fluid in which it is soluble. -

This is done by boiling a solution of opium in water, with
magnesia, by which the meconute of morphia is decomposed,
and a meconate of magnesia is formed. The morphia being
thus precipitated, is obtained in an impure state by filtration,
and afterwards purified by solution in alcohol. On evapo-.
rating the alcohol, the pure alkali is deposited in crystals.

Pure morphia occurs in small rectangular, white prisms,
of considerable lustre. It is insoluble in water, but alcohol,
especially by the aid of heat, dissolves it freely. In its
pure state, this substance is nearly tasteless, owing to its
insolubility in water, but when it is rendered soluble by com-
bining with an acid, or when dissolved in alcohol, it is in-
tensely bitter. From the same cause, in its pure and solid
state, morphia is nearly inert on the living system, Orfila
having. given twelve grains to a dog, without any sensible
effects.  On the contrury, when in a state of solution it acts
on the system with great energy, Orfila having seen alarm-
ing effects from half a grain.

he best method of using morphia in medicine, is to form

‘What are the most important vegetable alkalies> What is morphia ?
What are the ingredients in opium besides morphia? In what state
does morphia exist in the opium ? What is the process for obtaining
‘morphia ? What is the use of the magnesia in this process? What
are t!:o solvents of morphia? In what state is morphia used in medi-
cine?
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with it an acetate, or a citrate, both of which are soluble in
water, and alcohol. In either of these states, it is given in
those cases where opiates are required, and it produces all
the soothing effects of opium, without the disagreeable con-
;equencea which often follow the administration of that
rug.

. Narcotive. This substance, though not an alkali, is con-
tained in opium, and is therefore properly noticed here.

Narcotive is obtained by digesting opium in water, and
evaporating the solution to the consistence of extract, and
then digesting this with sulphuric ether. The water, as
shown above, will hold in solution meconate of morphia, as
well as narcotive, but the meconate is insoluble in ether,
which only takes up the narcotive. On evaporation, the
ether so treated will deposite small particles of narcaotive.

This substance is little soluble in water, either cold or hot,
but dissolves in il and alcohol.

The unpleasant properties of opium as a medicine, are
attributed to this substance, and perhaps the different effects
of the salts of marphia from opium, are only owing to their
not containing narcotive. 1

Cinchonia and Quinia.

It has been fully established, that the efficacy of cinchonia,
or Peruvian bark, in the cure of fevers, resides in two alka-
lies, called cinchonia and quinia. These two principles,
though quite analogous in many respects, are distinct substan.
ces, and appear to bear the same relation to each other as
potash and soda. Cinchonia exists in the pale bark, quinia
in the yellow, and both arc present in the red bark.

They are obtained from these substances by a process
similar to that already described for separating morphia from
opium. _

PCinchonia appears in white crystalline grains, which are
nearly insoluble in water, but which are readily taken up by

Why is it not used in its pure state? What advantage has morphia
over opium as a medicine? How is narcotive obtained ? Is narco-
tive soluble in water ? What are the solvents of narcotive? What
effects of opium are imputed to narcotive ? What is said of the effi-
cacy of cinchonia and quinia in the cure of fevers? What relation
do cinchonia and quinia appear tobear to each other? In what spe-
cies of bark do these alkalies exist? By what process are these sub-
stances obtained 2 What is the appearance of cinchonia ?

4
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boiling aleohol. Its alkaline properties are well marked by
its power of neutralizing acids. It forms nitrates, muriates,
sulphates, acetates, &c., all of which are soluble in water.

Quinia is a white, porous substance, of a flocculent ap-
pearance. It does not, like cinchonia, form crystals. It is
.also nearly insoluble in water, but dissolves freely in alcohol,
affording an intensely bitter solution. Like cinchonia, it has
strong alkaline powers, and forms salts with the several
agids. Its febrifuge effects are much mere decisive than -
those of cinchonia, and it is now extensively employed in the
gractice of medicine, in the form of the sulphate of quinia.

his salt crystalizes in delicate white needles. It contains
90 parts of the quinia combined with 10 of the acid.

The composition of cinchonia and quinia is thus stated by
Pelletier and Dumas.

Cinchonia. Quinia.
Carbon  76.97 Carbon  74.14
Oxygen  7.97 - Oxygen  6.77
Hydrogen 6.22 Hydrogen 8.80
Nitrogen  9.02 Nitrogen 10.76

100.18 100.47

The composition of these alkalies, therefore consist of the
same elements, and nearly in the same proportions.

* ANIMAL CHEMISTRY.

In relation to chemistry, the circumstances which distin.
.guish animal from vegetable substances, is the large quantity
of nitrogen which the former always contain, their stron
tendency to putrefaction, and the offensive products which

they exhale during decomposition.

Animal substances are essentially composed of carbon,
bydrogen, oxygen, and nitrogen ; and in addition to these,
they sometimes contain sulphur, phosphorus, iron, and small
quantities of saline matter.

Fibrin.—The lean parts of animals consist chiefly of fibrin,

How do the alkaline properties of cinchonia appear? What salts
does it form with acids? What is the appearance of quinia? What
is the solvent of quinia? In what form is quinia employed in medicine ?
W hat is the appearance of sulphate of quinia, and what its compositien’
In relation to chemistry, what are the circumstances which distinguish
animal from vegetable substances? What is the essential composition
of animal substances?

28
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This may be separated and observed in its pure state, by re-
moving the soluble parts of lean beef, cut into small pieces,
by repeated washing, and digestion in cold water.

Fibrin thus obtained, is nearly white, and is insipid and in-
odorous. It readily passes into the putrefactive fermenta-
tion, but in thin pieces, suspended in a dry place, its fluid
parts evaporate, and it becomes hard, brittle, and translucent.

Alcohol converts fibrin into a fatty substance, which is
soluble in the same fluid and in ether, but is precipitated by
the addition of water. This substance is decomposed by all
the strong acids, and is dissolved by caustic potash.

Fibrin is composed of 18 parts of carbon, 14 of hydrogen,
5 of oxygen, and 3 of nitrogen. -

Albumen.—Albumen enters largely into the composition of
animals. Their solid, as well as fluid parts, contain it in great-
er or less proportion. Liquid albumen is nearly pure in the
whites of eggs. Its appearance, and many of its properties
in this state are well known. It is coagulated, and converted
into a soft solid, by heat, by alcohol, and the stronger acids.
The character of being coagulated by heat, distinguishes al-
bumen from all other animal fluids. It is completely soluble
in cold water, and it is said that when this fluid contains only

355 part of albumen, it becomes opaque by boiling. On
ﬁlis property is founded the clarifying effects of albumen.
As it coagulates, by the heat of the water, it entangles any
insoluble particles the fluid contains, and rises with them to
the surface. ,

Gelatine.—This substance forms a proportion of all the
solid parts of animals, and is particularly abundant in the skin,
tendons, membranes and bones. -It is soluble in boiling water,
and forms a bulky, semi-transparent, tremulous mass when
cold. By evaporation, it becomes a solid, brittle, hard, and
transparent substance, known in commerce and the arts, un.
der the name of glue. This is chiefly prepared from the
cuttings of skins, and the ears and hoofs of animals. Isin.
glass, which is the purest variety of gelatine, is prepared from
certain, parts of fish, and especially the sturgeon. The gela-

What is fibrin? How may fibrin be obtained ? What are the pro-
perties of fibrin? What is the composition of fibrin?> Where is alba-
men found nearly in a pure state/ By what-agents is albumen coagu-
lated? By what property is albumen distinguished from all other ani-
mﬁ. fluids ?l How does ;.lbt:lmenaclaaify liquids? In what parts of ani-
mals is gelatine most abundant? Under what name is i
known.’g What is 1singlass 2 dry golatine
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tine called calves foot jelly is prepared by boiling the feet of
that animal in water. :

Gelatine is precipitated by tannin. . This is so delicate a
test for gelatine, that it is said, an infusion of nut galls, which
contains a large quantity of tannin, will shew the presence
of gelatine when mixed with 5000 times its weight of water.

The three .ingredients fibrin, albumen and gelatine, form
the most bulky parts of all animals, that is the flesh, tendons,
cartilages, and skin. ' : '

Oleaginous Substances.

The fat of animals is very analogous, in its composition,
and proportions to the fixed, vegetable oils, its ultimate prin-
ciples being carbon, hydrogen, and oxygen.

There is a considerable variety in the appearance and

qualities of the fatty principle contained in different animals.
The solid fat of land animals is called tallow, while the cor-
responding substance from fish, which is fluid at common
temperatures, is called oil.
~ All these substances agree very nearly in respect to com.
position, the principal difference being in respect to form and
appearance. Their uses, for making soap, giving light, &c.
are well known.

Blood.

The blood of animals consists® of two parts, called serum
and crassamentum. In healthy blood, these two parts sepa-
rate spontaneously on standing. The crassamentum coagu.
lates, afid forms a red, solid mass, while the serum surrounds
it, in form of a yellowish fluid.

- The serum contains a small quantity of soda in a free state,
and is 29 parts in 1000 heavier than water. It consists, in
part, of albumen, and is coagulated by heat, acids, and alco-
hol. The crassamentum consists of two parts, the fibrin and
the colouring matter. The fibrin does not differ, except in
form from that obtained from lean flesh, which has already
been described.

By what substance is gelatine precipitated from its solutions ? What
parts of animals are formed by fibrin, albumen, and gelatine? What
are the ultimate principles of animal fats? What difference is. there
between animal fats and animal oils? In blood what is the serum and
what the crassamentum? What is serum composed of? W hat does
crassamentum consist of?

1
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The colouring matter of the blood consists of distinct par-
ticles, which in birds and cold blooded animals, are eliptical
in form, but in man and other mamiferous animals, they are
globular. These facts have been ascertained by means of
the microscope. The globules are insoluble in the serum,
but their colour is dissolved by water, acids, and alcohol.

It has been supposed that the crassamentum contained a
sortion of iron, but recent analysis has shown that this metal

oes not belong to the crassamentum as a whole, but only to
the colouring matter ; for when the fibrin is carefully sepa-
rated from t%xe colouring principle, it does not contain a
:)ralce of iron, while iron is always found in the red glo-

ules.

- From the presence of iron in the globules, and its total
absence in the other parts of the blood, it is inferred that the
red colour of the globules depend on the presence of this
mietal, though its quantity is found to be only half a grain to
a hundred grains of the globules.

It is found that during the coagulation of blood, heat is
evolved, and consequently its temperature is raised.. This
is owing to its passage from a rarer to a denser state, in con.
sequence of which its capacity for caloric is diminished.
We have had frequent occasions to refer to this principle.
The increase of temperature from this cause, is however
very slight, perhaps not more than two or three degrees, but
itsdcooling is considerably retarded by the caloric thus evol.
vad. . :

The blood presents several phenomena, which neither the
principles of chemistry nor physiology have been able to ex-
plain. The cause of its coagulation, for instance, has never
been satisfactorily accounted for.. It does not arise for want
of heat or motion, for if blood be drawn when the tempe.
rature of the air is equal to that of the animal from which it is
taken, and then kept constantly in motion, its coagulation
is not prevented, or even retarded. Indeed, neither mod.
erate heat, nor cold, a vacuum, nor pressure, nor even di.
lution with water, seem to have any influence on the coagu.
lation of the blood. On the contrary, its coagulation is pre.

What does the colouring matter of blood consist of ? On what metal
does the colouring matter depend ? W hat proportion of iron is con-
tained in the red globules of the blood? What is said concerning the
heat evolved by the coagulation of the blood ? W hat is said cencern-
ing the cause of the blood’s coagulation? What circumstances are
said not to effeet the coagulation of the blood? .
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vented by certain causes, the effects of which could not be
supposed to influence this circumstance. Thus, the blood
of persons who have been destroyed by some kinds of poison,
and by mental emotions, has been found uncoagulated, and in
a fluid state. How causes so unlike, should produce the
same effects, or why either of them should effect the blood
at all, are equally unknown.
Respiration.

Respiration is the act of breathing, and consists in the
alternate drawing into, and throwing out of the lungs, a
quantity of atmospheric air. And it appears that this pro.
cess, or an equivalent one, is necessary to support the lives
of all animals.

The atmosphere, as formerly shown, is composed of 80
parts of nitrogen, and 20 parts of oxygen, and it is found by
experiment, that no other gaseous compound can be substi.
tuted for this, nor can these proportions be varied without
injury to its qualities.

The immediate effect of respiration, is to produce a
change in the colour of the blood as it passes through the
lungs, thus indicating that it suffers some change in its pro-
perties at the same time.

The necessity of respiration to all warm blooded animals
requires no proof; and the necessity that the blood should
be brought into contact with the air inspired, is equally ob-
vious from their organization. )

Such apimals are provided with two kinds or classes of
blood vessels, called veins and arteries.

The arteries, particularly the large onés, are deeply seat.
ed within the animal, and convey the blood to all parts of the
living system. The veins, on the contrary, especially the
small ones, are situated near the surface, and are destined
to convey the blood back to the heart, which had been thrown
out by the arteries.

‘What circumstances are said to prevent the coagulation of the blood ?
What is respiration? What is the composition of the atmosphere ?
What effect does a change in the composition or proportion of the ele-
ments of the atmosphere produce on respiration ? What is the imme-
diate effect of respiration on the colour of the blood ? What is said of
the necessity of respiration ? What are the two kinds of blood vessels
called? Where are the veins and arteries situated with respect to
each other? What is the use of the arteries? What part of the cir-
culation do the veins perform ?

28*
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" But besides these two great systems of blood vessels,
there is another system called the pulmonary, which is des.
tined expressly to convey the blood to the lungs, where it
undergoes the change above mentioned, and then back
again to the heart.

The entire circulation will now be readily understood.
The blood being thrown to all parts of the body, is returned
to the right side of the heart by the great system of veins.
From the right side of the heart it is sent to the lungs, by
the pulmonary artery, and being there changed into arterial
blood, is returned by the pulmonary veins to the left side of
the heart. From the left side of the heart, it is thrown to
all parts of the body by the great system of arteries, to be
returned to the right side by the veins, as before.

When venous blood, fresh drawn, is suffered to standa
few minutes in a confined portion of atmospheric air, it is
found that the air loses a part of its oxygen, which is re-
placed by the same volume of carbonic acid gas, and at the
same time the colour of the blood, from being of a dark pur-
ple, becomes florid red. This is the same change of colour
which the blood undergoes in its passage through the lungs.
The cause of the change in the lungs might therefore be
inferred to be the absorbtion of oxygen by the blood and the
subsequent emission of carbonic acid.

That this change of colour in venous blood, when out of
the lungs, is owing to the contact of oxygen, is shown by
the more immediate production of the same effect when
oxygen is substituted for atmospheric air, and also, by the
fact, that no change of colour is produced when the oxygen
is entirely excluded. Hence the inevitable conclusion, that
fresh drawn venous blood emits a quantity of carbon, in con-
sequence of its coming in contact with oxygen, and that its
change of colour is caused by this emission.

The same change thus proved to take place in the atmos.
phere, is constantly going on in the lungs. The venous
blood, which, as above explained, is sent to the lungs through
the pulmonary artery, is charged with carbon, to which it

What is the office of the pulmonary system ? Explain the entire
circulation. From which side of the heart do the great arteries con-
vey the blood to all parts of the body? Ilow is the blood conveyed
from the right to the left side of the heart? W hat effects do the con-
tact of atmospheric air apd venous blood produce on each ? How is it
proved that the change of colour in the blood is producéd by the oxy-
gon gf the air? What is the cause of the change of colour in venous
blood?
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owes its dark colour. The oxygen of the atmosphere, by
inspiration, fills all the air vessels of the lungs, and is thus
brought nearly into contact with the blood, being separated
from it only by the thinnest membrane.

It appears that through this membrane, the oxygen of the
atmosphere is absorbed, and having combined with a portion
of the carbon of the blood, it is again emitted in the form of
carbonic acid gas, and to this process is owing the change
from venous to arterial blood.

In proof of this, experiment shows that when any living
animal is confined in a portion of air containing a known
quantity of oxygeun gas, the oxygen gradually disappears,
and is replaced by the same quantity of carbonic acid. In
ordinary respiration, the air from our lungs always contains
a portion of carbonic acid. This is proved by merely blow-
ing into a glass vessel containing a solution of lime in water,
or what is commonly called lime water, when the clear water
will instantly become turbid, because the carbonic acid from
the lungs, unites with the lime of the water, and forms an in-
soluble carbonate.

It does not appear that the oxygen is absorbed, and retain-
ed by the blood, for the absolute quantity of air, though ma-
ny times respired by a confined animal, remains the same.
This also proves that the nitrogen of the atmosphere is not
absorbed. It is well known by experiment, that the conver-
sion of oxygen gas, into carbonic acid, does not in the least
change its volume, but only adds to its weight. This ac-
counts for the reason why the volume of air is not changed
by respiration, or by conversion into carbonic acid, provided
no absorption take place. -

Thus the change from venous to arterial blood, seems to
be produced entirely by the loss of carbon which the former
suffers while passing through the lungs.

It appears also, from numerous experiments, that not only
warm blooded animals, but also fish, and cold blooded rep-
tiles of the lowest order, absolutely require the presence of

To what is the dark colour of venous blood owing? What
change does the blood undergo in the lungs? How is it proved that
oxygen is converted into carbonic acid in the lungs? How is it pro-
ved that we emit carbonic acid at every expiration? In respiration, is
the oxygen absorbed and retained by the blood, or not? How does it
appear that neither the nitrogen nor the oxygen of the atmosphere is
retained in the process of respiration? In wgat does the change from
venous to arterial blood consist? What is said of the necessity of oxy-
gen to support the lives of cold blooded reptiles ?
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oxygen in order to sustain life. Water, it has already been
stated, always contains a portion of this gas in a free state, and
although the quantity is small, it is sufficient to sustain the lives
of its inhabitants. That fish, frogs, and other animals of this
kind, cannot sustain life without oxygen gas, is proved by the
fact, that they die in a short time, if the water in which they
are placed i3 covered with a film of oil, so that no oxygen is
admitted. Frogs, though capable of suspending their respira-
tion for a long time, die in less than an hour if the small
quantity of water in which they are confined is covered with
oil: Aquatic insects and worms exhibit the same phenome-
na when treated in the same manner. In these cases, ex-
Jperiment has shown that oxygen is converted into carbonic
acid, the effect being the same as that produced by the re.
spiration of warm blooded animals.

Indeed, the experiments of Spallanzani prove that ani-
mals produce this change by the action of their skin. Thus,
serpents, lizards, and frogs, during their torpid state, and
when their respiration is suspended, still require small por.
tions of oxygen, which they constantly convert into carbonic
acid by means of their skin, and it is probable, that in this
manner, the blood of these animals part with a little car-
bon.

Animal Heat.

* During combustion there is an' absorption of oxygen, and
a subsequent emission of carbonic acid gas, and in the act of
respiration, oxygen disappears, and is replaced by the same
acid gas. Combustion and respiration are therefore sup-
ported by the same principle, and yield the same product.
This analogy led Dr. Black to conclude that the changes
which take place on the air, and on the blood in the lungs,
was the cause of animal temperature ; and several circum.
stances relative to the structure of animals and the quantity
of oxygen they consume by respiration, seem to show that
the heat of their blood depends, in a measure at least, on the
quantity of this principle thus consumed. Animals having
the power to maintain their temperatures above the media
in which they live, are provided with capacious lungs, and
consume large quantities of oxygen.  Birds, the temperature

How is it proved that fish and frogs require oxygen ? What effect
does the skin of torpid animals have upon oxygen? What analogy
is there between combustion and respiration ? bat is said conoern-
ing the quantity of oxygen conswmed by warm blooded animals ?
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of whose blood is higher than that of man, end quadrupeds,
have lungs still more capacious, according to their size, and
consequently, most probably consume more vital air. On
the contrary, fish, frogs, and other animals of this tribe,
which consume only very minute portions of oxygen, do not
sustain their temperature above the medium in which they
live.

It appears also, that the temperature of an animal, when
made to respire pure oxygen gas, is raised above the natural
standard, but when the quantity of this gas consumed ie
small, the temperature of the animal falls, and the circula.
tion of the blood is sluggish and languid.

From these considerations, it would appear that the heat
of the animal is sustained by its respiration, and that its
temperature is proportionate, in some degree, to the quantity
of oxygen it consumes, or converts into carbonic acid.

Dr. Crawford, pursuing this idea, supposed that the car.
bonic acid discharged by the breath, being generated in the
lungs, and accompanied with the loss of oxygen, extricated
heat during its formation, and that the temperature of the
animal might thus be explained. But as the heat of the
lungs was found to be no greater than that of other internal
parts, there must be some mode of accounting for its dis.
tribution to other parts of the system, otherwise this
theory could not for a moment be supported. It is ob-
vious that in whatever manner this distribution is effected,
the heat must be latent, or insensible, for supposing it to be
in a free state, the lungs or part where it is generated,
would still be at a higher temperature than the parts to
-which it is distributed.

Accordingly, on comparing the capacities of venous and
arterial blood for heat, Dr. Crawford found, that arterial
blood had the greatest capacity, and therefore, that at the
same temperature, it contained a quantity of latent heat,
which the venous blood did not. He therefore supposed
that this latent heat was conveyed by the arterial blood, to
all parts of the system, and as the arterial is gradually con.
verted into venous blood, so the latent heat gradually be.

What is said of the quantity of oxygen consumed by fish and frogs ?
Does it appear that there is any proportion between the heat of the
animal and the quantity of oxygen it consumes by respiration? How
did Dr. Crawford explain the cause of animal temperature ? Suppose
arterial blood to have a greater capacity for heat, than venous blood,
on what circumstance could aunimal temperature be explained ? '
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came sensible, in all parts of the system, and that in this
manner, animal temperature is maintained.

- This beautiful theory was supposed to be founded on the
true principles of chemistry and physiology, and being so
received, it accounts very satisfactorily for animal tempera.
ture. But Dr. Davy has since shown that the principal fact,
on which it is founded, the difference of the capacities of ve-
nous and arterial blood for heat, is not true, but that in this
respect there is little or no difference between the two kinds
“of blood.

If Dr. Davy has maintained the truth, it is obvious that Dr.
Crawford’s theory must fall to the ground.

Although the facts stated above, in respect to the capacity
of the lungs, in warm blooded animals, and the quantity of
oxygen which they consume, when compared with cold
- blooded animals, would seem to show almost beyond a doubt,
that animal temperature is connected with the quantity of
oxygen consumed, and the changes which the blood under-
goes in the lungs; still some physiologists deny the agency
of either of these causes in producing such effects, and as.
cribe the evolution of animal Eeat entirely to the influence of
the nervous system.

. The foundation of this doctrine, is an experiment of Mr.
Brodie, who found that on keeping up an artificial respira-
tion in the lungs of a decapitated animal, the colour of the
blood was changed from purple to red, and carbonic acid emit-
ted as usual ; but that this animal grew cold more rapidly than
another decapitated animal of the same kind which lay un.
touched. It 18 obvious that this result would follow unless
heat was evolved by the artificial respiration, because the
airlforced into the lungs would abstract the heat of the ani.
mal.

« Were these experiments rigidly exact, says Dr. Turner,
they would lead to the opinion that no caloric is evolved by
the mere process of arterialization. This inference cannot,
however, be admitted, for two reasons:—First, because
other physiologists, in repeating the experiments of Brodie,
have found that the process of cooling is retarded by artifi-

How did Dr. Davy show that Dr. Crawford’s theory was untenable ?
What is the foundation of the theory that animal heat is evolved by
the nervous system ? If heat were not evolved by artificial respira~
tion, why should this process cool the animal rapidly ? What are Dr.
Turner’s two reasons for supposing that Mr. Brodie’s experiments are
not conclusive, that heat is not evolved by respiration ?
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cial respiration ; and secondly, because it is diffioult to con-
ceive why the formation of carbonic acid, which uniformly
gives rise to increase of temperature in other cases, should
not be attended within the animal body with similar results.
It may hence be inferred, that this is one of the sources of
animal heat.”

In respect to the influence of the nervous system over the
developement of animal temperature, there is no doubt but
considerable effects may be safely attributed to this cause.
But in what manner the heat is evolved, is perhaps uncer-
tain.

In conclusion, we may remark, that the subject of animal
temperature has excited the attention, and has been made an
object of experiment and research among philosophers and
physiologists in all ages, and that many ingenious and some
plausible theories have been invented and detailed in order
to give a satisfactory explanation of its cause. The theory
of Dr. Crawford, among these, was perhaps the most plausi-
ble, and certainly the most philosophical and beautiful. But
we have seen, that the leading facts on which it was found.-
ed, have been proved by his successors not to be true, and
therefore the theory itself cannot be maintained. That the
oxygen of the atmosphere is one of the causes of animal heat,
cannot be doubted from the facts, that no animal can live
without it, and that the heat of animals is in some propor-
tion to the quantity of this principle consumed.

But as this principle can have no effect, except through
the lungs, if it is admitted that heat is evolved by its action
there, there is still much difficulty in explaining either why
the lungs are not constantly at a higher temperature than
the other parts of the system, or if they were, how the heat
could be conveyed to the other parts, from its fountain.

On the whole, it appears that the cause of animal heat is
one of the arcana of nature, into which man has not yet
been permitted to look, and therefore, we must be con-
tented at present to attribute it to the vital principle.

Is it probable that the nerves affect the temperature of the agimal ?
What is said in conclusion on this subject? Has there b any
theory proposed which accounts satisfactorily for the cause of animal
heat? To whatis it said must we at present attribute the cause of
animal heat?
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PART IV.

ANALYTICAL CHEMISTRY.

To enter into a detailed account of experimental and ana-
Iytical chemistry, is altogether inconsistent with the design
and limits of the present work. My sole object in this de.
partmentis to give a few concise directions for conducting
‘some of the more common analytical processes ; and in or.
der to render them more generally useful, I shall give exam.
ples of the analysis of mixed gases, of minerals, and of min.

. eral waters,

ANALYSIS OF MIXED GASES.

Analysis of air or of gaseous mixtures containing oxygen.
Of the various processes by which oxygen gas may be with.
drawn from gaseous mixtures, and its quantity determined,
none are so convenient and precise as the method by means
of hydrogen gas. In performing this analysis, a portion of
atmospheric air is carefully measured in a graduated tube,
and mixed with a quantity of hydrogen which is rather more
than sufficient for uniting with all the oxygen present. The
mixture is then introduced into a strong glass tube called Vol
ta’s Eudiometer, and is inflamed by the electric spark, the
aperture of the tube being closed by the thumb at the mo.
ment of detonation. The total diminution in volume, divided
by three, indicates the quantity of oxygen originally contain.
ed in the mixture. This operation may be performed in a
trough either of water or mercury.

Instead of electricity, spongy platinum (page 126) may be
employed for causing the union of oxygen and hydrogen
gases ; and, while its indications are very precise, it has the
advantage of producing the effect gradually and without de.
tonation. The most convenient mode of employing it with
this intention is the following. A mixture of spongy pla-
tinum and pipe-clay, in the proportion of about three parts
of the former to one of the latter, is made into a paste with
water, ond then rolled between the fingers into a globular
form. In order to preserve the spongy texture of the plati.
num, a little muriate of ammonia is mixed with the paste;
and when the ball has become dry, it is cautiously ignited at
the flame of a spirit-lamp. The sal-ammoniac, escaping from
all parts of the mass, gives it a degree of porosity which is
peculiarly favorable to its action. ~The ball, thus prepared,
should be protected from dust and be heated to redness just
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befere being used. To insure aceuracy, the hydrogen em.
ployed should be kept over mercury for a few hours in con-
tact with a spongy platinum ball and a piece of caustic po-
tash. The first deprives it of traces of oxygen which it
commonly contains, and the second of moisture and sulphu-
retted hrydrogen. The analysis must be performed in a mer.
eurial trough. The time required for completely removing
tise oxygen depends on the diameter of the tube. If the
mixture i8 contained in a very narrow tube, the diminution
does not arrive at its full extent in less than twenty minutes
or half an nour; while in a vessel of an inch in diameter,
the effect is complete in the course of five minutes.

Mode of determining the quantity of nitrogen in gaseous miz.-

tures.

As atmospheric air, which has been deprived of moisture

,and carbonic acid, consists of oxygen and nitrogen only, the

proportion of the latter is of course.known as soon as that of
the former is determined. The only method, indeed, by
which chemists are enabled to estimate the quantity of this
gas, is by withdrawing the other gaseous substances with
which the nitrogen is mixed.

Mode of determining the quantity of carbonic arid in gaseous
miztures.—When carbonic acid is the only acid gas which
is present, as happens in atmospheric air, in the ultimate
analysis of organic compounds, and in most other analogous
researches, the process for determining the quantity of car-
bonic acid is exceedingly simple ; for it consists merely in
absorbing that gas by lime water or a solution of caustic po-
tash. Thisis easily done in the course of a few minutes in
an ordinary graduated tube ; or it may be effected almost in-
stantancously by agitating the gaseous mixture with the alka.
line solution in Hope’s eudiometer. This apparatus is form.-
ed of two parts ; a bottle capable of containing about twenty
drachms of fluid, and furnished with a well.ground stopper
and a tube of the capacity of one cabic inch, divided into
100 equal parts, and accurately fitted by grinding to the neck
of the bottle. The tube, full of gas, is fixed into the bottle
previously filled with lime water, and its contents are briskly
agitated. The stopper is then withdrawn under water, when
a portion of liquid rushes into the tube, supplying the place
of the gas which has disappeared ; and the process is after-
wards repeated, as long as any absorption ensues.

The eudiometer of Dr. Hope was originally designed for
analyzing air or other similar mixtures, the bottle being filled

29
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with a solution of the hydro-sulphuret of potassa or lime, or
some liquid capable of absorbing oxygen. To the employ-
ment of this apparatus it has been objected, that the absorp-
tion is rendered slow by the partial vacuum which is continu-
ally taking place within it, an inconvenience particularly felt
towards the close of the process, in consequence of the eudi-
ometric liquor being diluted by the admission of water. To
remedy this defect, Dr. Henry has substituted a bottle of elas-
tic gum for that of glass, by which contrivance no vacuum
can occur. From the improved method of analyzing air,
however, this instrument is now rarely employed in eudiome-
try ; butit may be used with advantage for absorbing carbo-
nic acid or similar gases, and is particularly useful for the
purpose of demonstration.

Mode of analyzing mixtures of Hydrogen and other inflam.
mable gases.—When hydrogen is mixed with nitrogen, air, or
other similar gaseous mixtures, its quantity is easily ascer.
tained by causing it to combine with oxygen either by means
of platinum sponge or the electric spark. If, instead of hy-
drogen, any other combustible substance, such as carbonic
oxide, light carburetted hydrogen, or olefiant gas, is mixed
with nitrogen, the analysis is easily effected by adding a suf-
ficient quantity of oxygen, and detonating the mixture by
electricity. The diminution in volume indicates the quanti
of hydrogen contained in the gas, and from the carbonic aciz
which may then be removed by an alkali, the quantity of car-
bon is inferred.

When olefiant gas is mixed with other inflammable gases,
its quantity is easily determined by an elegant and simple
process proposed by Dr. Henry. (Page 165.) It consistsin
mixing 100 measures, or any convenient quantity of the gas-
eous mixture, with an equal volume of chlorine in a vessel
covered with a piece of cloth or paper, so as to protect it
from light ; and after an interval of about ten minutes, the
excess of chlorine is removed by lime water or potassa. The
loss experienced by the gas to be analyzed, indicates the ex-
act quantity of olefiant gas which it had contained.

In mixtures of hydrogen, carburetted hydrogen, ard car-
bonic oxide, the analytic process is exceedingly difficult and
complicated, and requires all the resources of the most re-
fined chemical knowledge, and all the address of an experi-
enced analyst. The most recent information on this subject
will be found in Dr. Henry’s Essay in the Philosophical
Transactions for 1824.
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A ANALYSIS OF MINERALS.

As the very extensive nature of this department of analyti-
cal chemistry renders a selection necessary, I shall confine
my remarks solely to the analysis of those earthy minerals
with which the beginner usually commences his labors. The
most common constituents of these compounds are silica,
alumina, iron, manganese, lime, maguesia, potassa, soda, and
the carbonic and sulphuric acids ; and I shall, therefore, en-
deavor to give short directions for determining the quantity of
each of these substances. \

In attempting to separate two or more fixed principles from
each other, the first object of the analytical chemist is to
bring them into a state of snlution. If they are soluble in
water, this fluid is preferred to every other menstruum ; but
if not, an acid or any convenient solvent may be employed.
In many instances, however, the substance to be analyzed
resists the action even of the acids, and in that case the fol-
lowing method is adopted :—The compound is first crushed
by means of a hammer or a steel mortar, and is afterwards
reduced to an impalpable powder in a mortar of agate ; it is
then intimately mixed with three, four, or more times its
weight of potassa, soda, baryta, or their carbonates ; and,
lastly, the mixture is exposed in a crucible of silver or plati-
num to a strong heat. During the operation, the alkali com.
bines with one or more of the constituents of the mineral ;
and, consequently, its elements being disunited, it no longer
resists the action of the acids.

Analysis of Marble or Carbonate of Lime.—This analysis
is easily made by exposing a known quantity of marble for
about half an hour to a full white heat, by which means the
carbonic acid gas is entirely expelled, so that by the loss in
weight the quantity of each ingredient, supposing the marble
to have been pure, is at once determined. In order to as-
certain that the whole lossis owing to the escape of carbonic
acid, the quality of this gas may be determined by a compar-
ative analysis. Into a small flask containing muriatic acid
diluted with two or three parts of water, a known quantity of
marble is gradually added, the flask being inclined to one
side in order to prevent the fluid from being flung out of the
vessel during the effervescence. The diminution in weight
expericnced by the flask and its contents, indicates the quan-
tity of carbonic acid which has been expelled.

Should the carbonate suffer a greater loss in the fire than
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when decomposed by an acid, it will most probably be found
to contain water. This may be ascertained by heating a
piece of it to redness in a glass tube, the sides of which will
be bedewed with moisture, if water is present. [Its quantity
may be determined by causing the watery vapor to pass
through a weighed tube filled with fragments of the chloride
of calcium, (muriate of lime,) by which the moisture is ab-
sorbed.

Separation of Lime and Magnesia.—The more common
kinds of carbonate of lime frequently contain traces of sili-
ceous and alumincus earths, in consequence of which they
are not completely dissolved in dilute muriatic acid. A very
frequent source of impurity is the carbonate of magnesia,
which is often present in such quantity that it forms a pecu.-
liar compound called magnesian limestone. The analysis of
this substance, so far as respects carbonic acid, is the same as
that of marble. The separation of the two earths may be
conveniently effectedinthe following manner. The solution of
the mineral in muriatic acid is evaporated to perfect dryness
in a flat dish or capsule of porcelain, and after redissolving
the residum, in a moderate quantity of distilled water, a solu-
tion of the oxalate of ammonia is added as long as a precipi-
tate ensues. The oxalate of lime isthen allowed to subside,
collected on a filter, converted into quicklime by a white heat,
and weighed ; or the oxalate may be decomposed by a red
heat, the carbonate resolved into the sulphate of lime by sul-
phuric acid, and the excess of acid expelled by a tempera.
ture of ignition. To the filtered liquid, containing the mag-
nesia, an excess of carbonate of ammonia, and then phos-
phate of soda is added, when the magnesia in the form of the
ammoniaco-phosphate is precipitated. Of this precipitate,
heated to redness, 100 parts correspond to 40 of pure magne-
sia. (Murray.zat

Earthy Sulphates.—The most abundant of the earthy sul-
phates is that of lime. The analysis of this compound is
easily effected. By boiling it for fifteen or twenty minutes
with a solution of twice its weight of the carbonate of soda,
double decompusition ensues ; and the carbonate of lime,
after being collected on a filter and washed with hot water, is
either heated to low redness to expel the water, and weighed,
or at once reduced to quicklime by a white heat. Of thq dry
carbonate, fifty parts correspond to twenty-eight of lime.
The alkaline solution is acidulated with muriatic acid, and
the sulphuric acid thrown down by the muriate of baryta.
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From the sulphate of this earth, collected and dried at a.red
heat, the quantity of acid may easily be estimated.

The method of analyzing the sulphates of strontia and ba.
ryta is somewhat different. Asthese salts are difficult of de:
composition in the moist way, the following process is adopt.
ed. The sulphate, in fine powder, is mixed with three times
its weight of the carbonate of soda, and the mixture is heat:
ed to redness in a platinum crucible for the space of half an
hour. The ignited mass is then digested in hot water, and
the insoluble earthy carbonate collected on a filter. 'T'he oth-
er parts of the process are the same as the foregoing.

ode of analyzing compounds of Silica, Alumina, and Iron.
Minerals, thus constituted, are decomposed by an alkaline
carbonate, potash or soda, at a red heat, in the same manner
asthe sulphate of baryta. The mixture isafterwards digest-
ed in dilute muriatic acid, by which means all the ingredi.
ents of the mineral, if the decomposition is complete, are
dissolved. The solution is next evaporated to dryness, the
heat being carefully regulated towards the close of the pro.
cess, in order to prevent any of the chloride of iron, the vol-
atility of which is considerable, from being dissipated in va.
por. By this operation, the silica, though previously held in
solution by the acid, is entirely deprived of its solubility ; so
that on digesting the dry mass in water acidulated with mu-
riatic acid, the alumina and iron are taken up, and the silica
is left in a state of purity. The siliceous earth, after subsi.
ding, is coliected on a filter, carefully edulcorated, heated to
redness, and weighed.

To the clear liquid containing iron and alumina, a consid-
erable excess of a solution of pure potassa is added; so as
not only to throw down these oxides, but to dissolve the alum-
ina. The peroxide of iron is then collected on a filter, edul-
corated carefully until the washings cease to have an alkaline
reaction, and is well duied on a sand bath., Of this hydrated
peroxide, forty-nine parts contain forty of the anhydrous pe-
roxide of iron. But the most accurate mode of determining
its quantity is by expelling the water by a red heat. 'This
operation, however, should be done with care ; since any ad.
hering particles of paper, or other combustible matter, would
bring the iron into the state of black oxide, a change which
is known to have occurred by the iron being attracted by a
magnet. ' :

To procure the alumina, the liquid in which it is dissolved
is boiled with sal-ammoniac, when the muriatic acid unites

. 9g*
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with the potassa, the volatile alkali is dissipated in vapor, and
the alumina subsides. As soon as the solution is thus render-
ed neutral, the hydrous alumina is collected on a filter, dried
by exposure to a white heat, and quickly weighed after re-
moval from the fire.

Separation of iron and manganese.—A compound of these
metals or their oxide may be dissolved in muriatic acid. If
the iron is in a large proportion compared with the manga-
nese, the following process may be adopted with advantage.
To the cold solution, considerably diluted with water, and
acidulated with muriatic acid, carbonate of soda is gradually
added, and the liquid is briskly stirred with a glass rod during
the effervescence, in order that it may become highly charged
with carbonic acid. By neutralizing the solution in this
manuer, it at length attains a point at which the peroxide of
iron is entirely deposited, leaving the liquid colorless ; while
the manganese, by aid of the free carbonic acid, is kept in
solution. The iron, after subsiding, is collected on a filter,
and its quantity determined in the usual manner. The filter-
ed liquid is then boiled with an excess of the carbonate of
soda; and the precipitated carbonate of manganese is col-
lected, heated to low redness in an open crucible, by whichit
is converted into the brown oxide, and weighed. This meth-
od is one of some delicacy; butin skilful hands it affords a
very accurateresult. It may also be employed for separating
iron from magnesia and lime as well as from manganese.

But if the proportion of iron is small compared with that of
manganese, the best mode of separating it is by the sucei-
nate of ammonia or soda, prepared by neutralizing a solution
of succinic acid with either of those alkalies. That this pro.
cess should succeed, it is necessary that the iron be wholly
in the state of peroxide, that the solution be exactly neutral,
which may easily be insured by the cautious use of ammonia,
and that the reddish-brown coloured succinate of iron be
washed with cold water. Of this succinate, well dried at a
temperature of 2J2° F., 90 parts correspond to 40 of the per-
oxide. From the filtered liquid the manganese may be pre-
oipitated at_a boiling temperature by carbonate of soda, and
its quantity determined in the way above mentioned. The
benzoate may be substituted for the succinate .of ammonia in
the preceding process.

It may be stated as a general rule, that whenever it is in-
tended to precipitate iron by means of the alkalies, the succi-
mates, or benzoates, it is essential that this metal be in the
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maximum of oxidation. It is easily brought into this state by
digestion with a little nitric acid.

Separation of manganese from lime and magnesia.—If the
quantity of the former be proportionally small, it is precipita-
ted as a sulphurct by the hydrosulphuret of ammonia or pots
.assa. This sulphuret is then dissolved in muriatic acid, and
the manganese thrown down as usual by means of an alkali.
But if the manganese be the chief ingredient, the best method
is to precipitate it at once, together with the two earths, by a
fixed alkaline carbonate at a boiling temperature. The pre-
cipitate, after being exposed to a low red heat and weighed,
is put into cold water, acidulated with a drop or two of nitric
acid, when the lime and magnesia will be slowly dissolved
with effervescence. Should a trace of the manganese be
likewise taken up, it may easily be thrown down by the hy-
drosulphuret of ammonia.

Mode of analyzing an earthy mineral containing silica, iron,
alumina, manganese, lime, and magnesia.—The mineral, re.
duced to a fine powder, is ignited with three or four times its
weight of the carbonate of potassa or soda, the mass is taken
up in dilute muriatic acid, and the silica separated in the way
already described. To the solution, thus freed from silica
and duly acidulated, carbonate of soda is gradually added, so
as to charge the liquid with carbonic acid, as in the analysis
ofiron and manganese. In this manner the iron and alumina
are alone precipitated, substances which may be separated
from each other by means of pure potassa. The manganese,
lime, and magnesia, may be determined by the processes al.
ready described.

Analysis of minerals containing a fixed alkali.—When the
object is to determine the quantity of fixed alkali, such as pot-
assa or soda, it is necessary to abstain from the employment
of these reagents in the analysis itself; and the beginner will
do well to devote his attention to the alkaline ingredients
only. On this supposition, he will proceed in the following .
manner. The mineral is reduced to a very fine powder, mixed
intimately with six times its weight ofthe artificial carbonate
of baryta, and exposed for an hour to a white heat. The
ignited mass is dissolved in dilute muriatic acid, and. the so-
lution evaporated to perfect dryness. The soluble parts are
taken up in hot water ; an excess of the carbonate of ammo.
nia is added ; and the insoluble matters, consisting of silica,
carbonate of baryta, and all the constituents of the mineral,
excepting the fixed alkali, are collected on a filter. The

\
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clear solution is evaporated to dryness in a pércelain capsule,
and the dry mass is heated to redness in a crucible of plati.
num, in order to expel the salts of ammonia. The residue is
the chloride of potassium or sodium.

In this analysis, it generally happens that traces of manga-
nese, and sometimes of iron, escape precipitation in the first
part of the process; and, in that case, they should be thrown
down by the hydrosulphuret of ammonia. If neither lime
nor magnesia is present, the alumina, iron, and manganese,
may be separated by pure ammonia, and the baryta subse.
quently removed by the carbonate of that alkali. By this
method the carbonate of baryta is recovered in a pure state,
and may be reserved for another analysis. The baryta may
also be thrown down as a sulphate by sulphuric acid, in which
~ case, the soda or potassa is procured in combination with that
acid.

The analysis is attended with considerable inconvenience,
when magnesia happens to be present, because this earth is
not completely precipitated, either by ammonia or its carbo.
nate ; and, therefore, some of it remains with the fixed alkali.
The best mode with which I am acquainted for effecting its
separation, is the following. The carbonate of ammonia is
first added, and the phosphoric acid is dropped into the liquid,
until all the magnesia is thrown down in the form of the am.
moniaco-magnesian phosphate. The excess of phosphoric
acid is afterwards removed by the acetate of lead, and that
of lead by sulphuretted hydrogen. The acetate of the alkali
is then brought to dryness, ignited, and by the addition of sul-
phate of ammonia is converted into a sulphate.

In the preceding account, several operations have been al.
luded to, which, from their importance, deserve more particu-
lar mention. 'The process of filtering, for example, is one on
which the success of analyses materially depends. Filtration
is effected by means of a glass funnel, intq.which a filter, made
of white bibulous paper, is inserted. For researches of deli.
cacy, the filter, before being used, is macerated for a day or
two in water, acidulated with nitric acid, in order to dissolve
lime and other substances contained in common paper, and it
is afterwards washed with hot water, till every trace of acid
is removed. Itisnext dried at 212°, or any fixed temperature
insufficient to decompose it, and then carefully weighed, the
weight being marked upon it with a pencil. As dry paper
absorbs hygrometic moisture rapidly from the atmosphere,’
the filter, while being weighed, should be inclosed in a light
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box made for the purpose. When a precipitate is collected
on 1 filter, it is washed with pure water until every trace of
the original liquid is removed. It is subsequently dried and
weighed as before, and the weight of the paper subtracted
from the combined weight of the filter and precipitate. The
trouble of weighing the filter may sometimes be dispensed
with. Some substances, such as silica, alumina, and lime,
which are not decomposed when heated with combustible
matter, may be put into a crucible while yet contained in the
filter, the paper being set on fire before it is placed in the
furnace. In these instances, the ash from, the paper, the
average weight of which is determined by previous experi-
ments, must be subtracted from the wcight of the heated
mass.

The tests commonly employed in ascertaining the acidity
or alkalinity of liquids are litmus and turmeric paper. The
former is made by digesting litmus, reduced to a fine powder,
in a small quantity of water, and painting with it white paper
which is free from alum. The turmeric paper is made in a
similar manner ; but the most convenient test of alkalinity is
litmus paper reddened by a dilute acid.

ANALYSIS OF MINERAL WATERS.

Rain water collected in clean vessels in the country, or
freshly fallen snow, when melted, affords the purest kind of
water which can be procured without having recourse to dis-
tillation. The water obtained from these sources, however,
is not absolutely pure, but containsa portion of carbonic acid
and air, absorbed from the atmosphere. It is remarkable
that this air is very rich in oxygen. That procured from
snow.water by boiling, was found by Gay-Lussac and Hum-
boldt to contain 34.8 and that from rain water 32 per cent. of
oxygen gas. From the powerfully solvent properties of
water, this fluid no sooner reaches the ground and percolates
through the soil, than it dissolves some of the substances
which it meets with'in its passage. Under common circum-
stances, it takes up so small a portion of foreign matter that
its sensible properties are not materially affected, and in this
state it gives rise to spring, well, and river water. Sometimes,
on the contrary, it becomes so strongly impregnated with sa-
line and other substances, that it acquires a peculiar flavour,
and is thus rendered unfit for domestic uses. Itis then known
by the name of mineral waters.
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The composition of spring wateris dependent on the nature
‘of the soil through which it flows. If it has filtered through
primitive strata, such as quartz rock, granite, and the like, it
1sin general very pure ; but if it meets with limestone or gyp-
sum in its passage, a portion of these salts is dissolved, and
communicates the property called hardness. Hard water is
characterized by decomposing soap, the lime of the former
yielding an insoluble compound with the oil of the latter. If
this defect is owing to the presence of the carbonate of lime,
it is easily remedied by boiling, when free carbonic acid is
expelled, and the insoluble carbonate of lime subsides. If
sulphate of lime is present, the addition of a little carbonate
of soda, by precipitating the lime, converts the hard into soft
water. Besides these ingredients, the muriates of lime and
soda are frequently contained in spring water.

~ Spring water, in consequence of its saline impregnation, is
frequently unfit for chemical purposes, and on these occasions
distilled water is employed. Distillation may be performed
on a small scale by means of a retort, in the body of which
water is made to boil, while the condensed vapour is received
in a glass flask, called a recipient, which is adapted to its beak
or open extremity. This process is more conveniently con-
ducted, however, by means of a still.

The different kinds of mineral water may be conveniently
arranged for the purpose of description in the four divisions of
carbonated, chalybeate, sulphurous, and saline springs.

The carbonated springs, of which those of Seltzer, Spa,
Pyrmont, Ballston and Carsbad are the most celebrated, are
distinguished by containing a considerable quantity of free
carbonic acid, owing to the escape of which they sparkle
when poured from one vessel into another. They communi-
cate a red tint to litmus paper before, but not after being
boiled, and the redness disappears on exposure to the air.
Mixed with a sufficient quantity of lime water, they become
turbid from the deposition of carbonate of lime. They fre-
quently contain the carbonate of lime, magnesia, and iron, ia
consequence of the facility with which these salts are dissol-
ved by water charged with carbonic acid.

The best mode of determining the quantity of carbonic acid
is by heating a portion of the water in a flask, and receiving
the carbonic acid by means of a bent tube, in a graduated jar
filled with mercury. -

The chalybeate waters are characterized by a strong styp-
tic, inky taste, and by striking a black colour with the infu.
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sion of gallnuts. The iron is sometimes combined with the
muriatic or svlphuric acid ; but most frequently it is in the
form of a carbonate of the protoxide, held in solution by free
carbonic acid. On exposure to the air, the protoxide is oxi-
dized, and the hydrated peroxide subsides, causing the ochre-
ous deposit, so commonly observed in the vicinity of chaly-
beate springs.

To ascertain the quantity of iron contained in .a mineral
water, a known weight of it is concentrated by evaporation,
and the iron brought to the state of peroxide by means of ni-
tricacid. The peroxide is then precipitated by an alkali and
weighed ; and if lime and magnesia are present, it may be
separated from those earths by the process described in the
last section. .

Chalybeate waters are by no means uncommon ; but the
most noted in Britain are those of Tunbridge, Cheltenham,
and Brighton. The Bath water also contains a small quantity
of iron.

The sulphurous waters, of which the springs of Aixla Cha.

lle, Harrowgate, and Moffat afford examples, contain sul-
phuretted hydrogen, and are easily recognized by their odor,
and by causing a brown precipitate with a salt of lead or sil-
ver. The gasis readily expelled by boiling, and its quantity
may be inferred by transmitting it through a solution of the
acetate of lead, and weighing the sulphuret which is gene.
rated.

Those mineral springs are called saline which do not be.
long to either of the preceding divisions. The salts which
are most frequently contained in these waters, are the sul-
¥hates, muriates, and carbonates of lime, magnesia, and soda.

otassa sometimes exists in them, and Berzelius has found
lithia in the spring at Carlsbad. It has lately been discovered
that the presence of hydriodic acid in small quantity is not
unfrequent. As examples of saline water may be enumera-
ted the springs of Epsom, Cheltenham, Bath, Bristol, Bareges,
Buxton, Pitcaithly, and Toeplitz.

The first object in examining a saline spring is to determine
the nature of its ingredients. Muriatic acid is detected by
the nitrate of silver, and the sulphuric acid by muriate of
baryta; and if an alkaline carbonate be present, the precipi.
tate occasioned by either of these tests will contain a carbon.
ate of silver or baryta. The presence of lime and magnesia
may be discovered, the former by the oxalate of lime, and the
latter by carbonate of ammonia and phosphoric acid. Pot
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assa is known by the action of the muriate of platinum. To
detect soda, the water should be evaporated to dryness, the
deliquescent salts removed by alcohol, and the matter insolu-
blein that menstruum taken up by a small quantity of water,
and be allowed to crystallize by spontaneous evaporation.
The salt of soda may then be recognized by the rich yellow
colour which it communicates to flame. If the presence of
hydriodic acid is suspected, the solution is brought to dry-
ness, the soluble parts dissolved m two or three drachms of
a cold solution of starch, and strong sulphuric acid gradually
added.

Having thus ascertained the nature of the saline ingredi-
ents, their qnantity may be determined by evaporating a pint
of water to dryness, heating to low redness, and weighing
the residue. In order to make an exact anaiysis, a given
quantity of the mineral water is concentrated in an evapora-
ting basin as far as can be done without causing either pre-
cipitation or crystallization, and the residual liquid is divided
into two equal parts. From one portion the sulphuric and
carbonic acids are thrown down by the nitrate of baryta,
and after collecting the precipitate on a filter, the muriatic
acid is precipitated by the nitrate of silver. The mixed sul-
phate and carbonate is exposed to a low red heat, and weigh-
ed ; and the latter is then dissolved by dilute muriatic acid,
and its quantity determined by weighing the sulphate. The
chloride of silver, of which 146 parts correspond to 37 of
muriatic acid, is fused in a platinum spoon or crucible, in
order to render it quite free from moisture. To the other
half of the concentrated mineral water, oxalate of lime is add-
ed for the purpose of precipitating the lime ; and the magne-
sia is afterwards thrown down as the ammoniaco-phosphate,
by means of the carbonate of ammonia and phosphoric acid.
Having thus determined the weight of each of the fixed in-
gredients, excepting the soda, the loss of course gives the
quantity of that alkali ; or it may be procured in a separate
state by the process: described in the foregoing section.

The individual constituent of the water being known, it
remains to determine the state in which they were originally
combined.” {n a mineral water containing sulphuric and mu-
riatic acids, lime, and soda, it is obvious that three cases are
possible. The liquid may contain sulphate of lime and mu.
riate of soda, muriate of lime and sulphate of soda, or each
acid may be distributed between both the bases. It was at
one time supposed that the lime must be in combination with

: \
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sulphuric acid, because the sulphate of that earth is left when
the water is evaporated to dryness. This, however, by no
means follows. In whatever state the lime may exist in the
original spring, gypsum will be generated as soon as the con-
centration reaches that degree at which sulphate of lime
cannot be held in solution. The late Dr. Murray,* who
treated this question with much sagacity, observes that some
* mineral waters, which contain the four principles above men.
tioned, possess higher medicinal virtues than can be justly
ascribed to the presence of sulphate of lime and muriate of
soda. He advances the opinion that alkaline bases are uni-
ted in mineral waters with those acids with which they form
the most soluble compounds, and that the insoluble salts ob-
tained by evaporation are merely products. He therefore
proposes to arrange the substances determined by analysis
according to this supposition. To this practice there is no
objection ; butit is probable that each acid is rather distribu-
ted between several bases than combined exclusively with
one of them.

Sea water may be regarded as one of the saline mineral
waters. Its taste is disagreeably bitter and saline, and jts
fixed constituents amount to about three per cent. Its speci-
fic gravity varies from 1,0269 to 1.0285 ; and it freezes at
about 28.5° F. According to the analysis of Dr. Murray,
10,000 parts of water from the Firth of Forth contain 220,01
parts of common salt, 33.16 of sulphate of soda, 42.08 of
muriate .of magnesia, and 7.64 of muriate of lime, Dr.
Wollaston has detected possa in sea water, and it like-
wise contains small quantities of the hydriodic and hydro-
dic and hydro-bromic acids. )

* The water of the Dead Sea has a far stronger saline im-
pregnation than sea water, containing one-fourth of its weight
of solid matter. It has a peculiarly bitter, saline, and pun-
gent taste, and its specific gravity is 1.211. Accordinﬁ to
the analysis of Dr. Marcet, 100 parts of it are composed of
muriate of magnesia 10.246, muriate of soda 10.36, muriate
of lime 3.92, and sulphate of lime 0.054. In the river Jor-
dan, which flows into the Dead Sea, Dr. Marcet discovered
the same principles as in the lake itself.— Turner’s Chemistry.

* Philosophical Transactions of Edinburgh, vol. vii,
30



EQUIVALENTS.

' Tuble of Chemical Equivalents, Atomic Weights, or Proportional
Numbers, Hydrogen being taken as Unity.*

- In preparing the following tabular view of the atomic weights, [
have chiefly consulted the table published by Dr. Thompson in his
First Principles of Chemistry, and by Mr. Phillips in the new series,
10th volume, of the Annals of Philosophy. From the full account
already given of the Laws of Combination and of the Atomic Theory,
it will be superfluous to describe the uses of the table. The only ex-
planation required on this subject, relates to the ingenious contrivance
of Dr. Wollaston, called the Scale of Chemical Equivalents. This
useful instrument is a table of atomic weights, comprehending all those
substances which are most frequently employed by chemists in the lab-
oratory ; and it only differs from other tabular arrangements of the
same kind, in the numbers being attached to a sliding rule, which is
divided according to the principle of that of Gunter. From the math-
ematical construction of the scale, it not only serves the same purpose
8s other tables of atomic weights, but in many instances supersedes
the necessity of calculation. Thus, by inspecting the common table
of atomic weights, we learn that 88 parts, or one atom, of the sulphate
of potassa contain 40 parts of sulpluric acid and 48 of potassa ; but
recourse must be had to calculation when it is wished to determine the
quantity of acid or alkaliin any other quantity of the salt. This know-
ledge, on the contrary, is obtained directly by means of the scale of
chemical equivalents. For example, on pushing up the slide until 100
marked upon it, is in a line with the name sulphate of potassa on the
fixed part of the scale, the numbers opposite to the terms sulphuric
acid and potassa, will give the.precise quantity of each contained in
100 parts of the compound. In the original scale of Dr. Wollaston,
for a particular account of which I may refer to the Philosophical
Transactions for 1814, oxygen is taken as the standard of comparison ;
but hydrogen may be selected for that purpose with equal propriety.

Acid, acetic, . . 50 Acid, c. 2 w. . . 42
. e lwt . . 59 carbonic, (c. 6 - o. 16) 22
arsenic, (a 38 -} o. 24) 62 chloric, (chl. 36 - o. 40) 76
arsenious, (a. 38 - o. 16) 54 chloriodic, (chl. 72 - iod. 124) 196
benzoic, . . 120 chloro-carbonic, (chl. 36 -
boracic, (b 8 +0.16) . 24 carb. axide 14) . 50

* From Turner’s Chemistry.

1 C means crystallized, w, water ; and the numeral before w, expresses the num-
ber of atoms of water which the crystals contain. O means oxygen.
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Acid, chlorocyamc (chl. 36 +}- cyan.

chromlc, (chr. 2 + o. 24) 52
citric, R 68
c.2w. . . 76
columbic, 152
ﬂuoborlc, (bor a24 -]-ﬂ a. 10) 34
fluoric, 10
formic, 37

fluosilicic, (fl. a. 10 + sil. 16) 26
gallic ? 62
hydriodic, (iod. 124+h d. 1.) 126
hydrocyamc, (cyan. 26+ hyd.
7
hyposulphuroua, (s 16-|—o 8) 24
hyposutphuric, (s. 32 + o. 40) 72

iodic, (iod. 124 + o 40) 164
malic, 70
manganeseous 1 . 52
manganesic ? 60
molybdous, . 64
molydbic, . 72
muriatic, (chl. 36 4~ hyd 1) 37
nitric, dry (nit. 14 -~ o. 40) 64
nitric, liquid (sp. gr. 1. 5) 2 w. 72
nitrous (nit. 14 —|—- o. 32) 46
oxalic, 36
c.4w. 72
perchloric, (chl. 36+ o. 56) 92
phosphorous, (p. 12 o. 8) 20
phosphoric, (p. 12 -} o. 16) 28
saccholactic, . 104
selenic, (sel. 40 4 o. 16) 66
succinic, 50
sulphuric, dry (s 16 + 0.24) 40
liquid, (sp. gr. 1. 8438.) 1 w. 49
sulphurous (s, 16 -|- o 16) 32
tartaric, 66
c lw . . 76
titanic, 48
tungstic, (t. 96 + o. 24) 120
uric, 72 .
Alcohol, (olef. gas l4+ ag. vap 9) 23
Alum, anhydrous, . 262
c. 25w 487
Alumina, . . 18
sulphate, Ce 58
Aluminufn, 10
Ammonia, (nit 14 + hyd. 3) 17
Antimony, 44
chloride, (ant. m -+ chl. 36) 80
iodide, (ant. 44 - iod. 124) 168
oxide, (ant. 44-4-0.8) . 52
deutoxide, . . 56

347
Antimony, peroxide, 60
sulppuret, . 60
Arsenic, . 38
sulphuret, (realger) 54
phuret’, (orpiment) 62
Barlum, 70
chloride, (b 70+ chl. 36) 106
iodide, (b. 70 -} iod. 124) 194
oxide, (baryta) 78
peroxide ? . . 86
phosphuret, 82
sulphuret, 86
Bismuth, 72
chloride, (b. 72 + chl. 36) 108
oxide, 80
iodide, (b. 724 fod. 124 196
phosphuret, (b. 72 4~ p. 12) 84
sulphuret, (b. 72 -]- s. 16) 88
Boron, 8
Cadmium, . 56
chloride, (cad. 56 + chl, 36. ) 92
oxide, . 64
iodide, . 144
phosphuret, . 68
sulphuret, 72
Calcium, 20
chloride, (cal. 20. + chl. 36) 56
iodide, 144
oxide, (lime) 28
phosphuret, 32
sulphuret, . . 36
Carbon, 6
b\sulphuret, (c. 6 -]- 8, 32) 38
chloride, 42
perchlonde, 120
oxide, . 14
phosphuret, . 18
Cerium, . . . 50
oxide, . . &8
peroxide, . 62
Chlorine, 36
hydrocarburet, (cm 36 + olef.
gas 14) . 50
oxide, (chL 36 + 0.8) . 44
peroxide, . . 68
Chromium, . . 28
oxide, 36
deutoxide, 44
Cobalt, . . . 26
chloride, (cob. 26 - chl. 36) €2
iodide, . . 150
oxide, . 34
peroxide, . 38
phosphuret, 38

* 1 Proportion of arsenic, and 1 1.2 sulphur.
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Cobalt, sulphuret, 42 esium, . .
Columbium, . . 144 chloride, (m. 12 -}~ chl. 36)
Copper, 64 oxide (magnesia,) .
chlonde, (cop. 64 chl 36. 100 sulphuret,
bi-chloride, (c. 64 -4~ chL 72) 136 Manganese,
iodide, (c. 64 4~ iod. 124) 188 chloride, (m. 28 + chl. 36)
oxide, (c. 64 4-0.8) . 72 oxide, (m. 28 4-0.8) .
peroxide, (c. 64 —- o. 16) 80 deutoxide, (m. 28 - o. 12)
phosphuret, . . 76 peroxide, m. 28 - o. 16)
sulpburet, . 80 . sulphuret,
bi-sulphuret, 96 Mercury,
Cyanogen, (carb. 12 |- nit. 14) 26 chloride, (calomel) (m. 200 +
Cyanuret of sulphur, (cy. 26 + 8. chl. 36)
32) 58 bichloride, (corros. subl )(m
Ether, (olef. gas. 28 + wat. vap 9) 37 200 - chl. 72) .
Fluorine, 18 idoide, (m. 200 - iod. 124)
Glucinum, 18 biniodide, (m. 200 -} iod. 248)
Glucina, 26 oxide, (m. 200 4-o0.8) .
Gold, 200 peroxide, (m. 200 -} o. 16)
chlonde, @. 200 —-chl. 36) 236 sulphuret,
bichloride, (g. 200 -4~ 72) 272 bisulphuret,
iodide, (g. 200 -}~ iod 124) 324 Molybdenum,
oxide, (g. 200 -}-o. 8.) 208 oxide, (m. 48 + 0.8) .
peroxide, (g. 200 }- 0. 24) 224 deutoxide, (m. 48 -} o. 16)
sulphuret, (g. 200 - 8. 48) 248 Molybdic acid, (m. 48 - 0. 24)
Hydrogen, 1 Nickel, (Lassaigne) .
arseniuretted, (a. 38 +h 1) 39 chloride, (n. 40 -|- chl, 36)
carburetted, (c. 6 + h. 2) 8 iodide,
blcarburewed (olefiant gas) (c. oxide, (n. 40 4 o. 8 .
12+ h. 2) 14 peroxide, (n. 40 -~ o. 16)
seleniuretted, (s. 40 - h. l) 41 phosphuret,
sulphuretted, (s. 164~ h. 1) 17 sulphuret, . .
bisulpuretted, (s. 32 4 h.1) 33 Nitrogen,
Hydruret of phosphorus, 13 bibcarburet, (cynnogen)
Bihydruret of phosphorus, 14 chloride, (n. 14 4+ chl 144)
- Iodine, 124 iodide, (n. 14 -}- iod. 372)
Iridium, 30 oxide, (n. 1440.8) .
Iron, 28 deutoxide, (n. 14 -|- o. 16)
cl\londe, @ 28 + chl. 36) 64 Oxygen,
perchloride, (i. 28 -~ chl. 54) 82 Palladium,
iodide, (i. 28 - iod. 124) 152 oxide,
oxide, (i. 28 4 0. 3) 36 Phosphorus,
peroxide, (i. 28 - 0. 12) 40 chloride, (p. 12 -|- chl. 36)
sulphuret, (i. 28 + s. 16) 44 bichloride, .
bisulphuret, (i. 28 | 8. 32) 60 carburet,
Lead, . . . 104 Sulphuret,
chloride, (1. 104 +-chl. 36) 140 Platinium,
oxide, (1. 1044 0. 8) . 112 chloride, (p. 96 -|- chl 36)
deutoxide, (1. 104 +-0. 12) 116 bichloride, .
peroxide, (. 104 -~ o. 16) 120 Platinum, oxide, . .
phosphuret, (. 104 4-p. 12 116 deutoxide, . ..
sulphuret, (1. 104 4 8. 16) 120 sulphuret,
Lithium, . 10 bisulphuret,
chloride (1. 10 + ch. 36) 46 Potassium,
iodide, . 134 chloride, (p. 40 + chl. 36)
oxide, (lithia) . 18 iodide,
sulphuret, . 26 oxide, (potassa)

324
448

216
216
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Ponmum, peronde, p-40 +o. 24) 64 Orxide, (Yttria) 42
phosphuret, . 52 Zinc, . . 34
?\ﬂphureg . 56 chlonde, . . 70
Rhodium, . 44 oxide, . . 42
oxide, 62 phosphuret, . . 46
peroxide, . 60 sulphuret, . 50
Selenium, . 40 Zinconium, . . 40
guﬂ;ca, . 16 Zirconia, . . 48
icium, . 8
Silver, 110 Salts.
chloride, (s. 110 -|- chl. 86 ) 146 Acetate of alumina, (ac. a. 50 + al
iodide, . 234 18.) . 68
oxide, (s. 110-|- 0.8) 118 ciw . . 77
phosphuret, . . 122 ammonia, (ac. a. 50 ~+am. 17.) 67
sulphuret, . 126 c.7.w 130
Sodium, 24 baryta, (ac. a. 50 +b. 78) 128
chloride, (s. 24 + chl 36) 60 c. 3w . 155
iodide, . 148 . cadmium, (c. 2 w.) . 132
oxide, (soda) . 32 copper, (ac. a. 50 - perox. 80.) 130
peroxdie, (s- 24 - o. 12) 36 c. 6 w. (com. verdigris,) 184
phosphuret, . 36 binacetate, 180
sulphuret, 40 c. 3 w. (distilled verdi ns,) 207
Strontmm, 44 subacetate, (ac. a. 50 -~ perox.
chloride, 80 160 . . 210
iodide. . 140 lead, B . 162
oxide, (strontia), 56 c. 3w . . 189
phosphuret, 52 lime, 78
sulphuret, 66 magnesia, 70
Sulphur, 10 mercury, (prow:ude) c. 4 w. 294
chloride, (s. 16 -|- chl. 36) 56 potassa, . 98
iodide, (s. 16 - iod. 124) 142 silver, . 168
phosphuret, 28 strontia, ¢. 1 w. 111
Sulphuretted hydrogen, 17 zinc, . 92
Bisulphuretted hydrogen, 33 c 7w . B 156
Tellurium, (Berzelius) 32 Arseniate of lead, . . 174
chloride, 68 lime, . . . 90
oxide, 40 magnesia, 82
Tin, 58 potassa, 110
chlonde, (t. 58 + chl. 36) 94 Binarseniate of ponssa, el w 181
bichloride, . 130 Arseniate of soda, i . 94
oxide, . 66 Binarseniate of soda, c. 56 w. 201
deutoxide, . 74 Arseniate of strontia, 114
phosphuret, - 70 silver, . . 180
sulphuret, . 74 Arsenite of lime, 82
bisulphuret, 90 potassa, 102
Titanium, 32 Arsenite of soda, 86
Titanium, oxide, 40 silver, 172
Titanic acid, 48 Carbonate of’ a.m'momn, (carb a.22 :
Tungsten, 96 - am. 17.) 39
oxide, (brown), (t. 96 + 0.16) 112 Sesquicarbonate of ammonis, (carb
Tungstic acid, (¢ 96 - 0. 24) 120 a 33.+4am. 17.+w.9) 59
Uranium, . 208 Bicarbonate of do. 1 w. . 70
oxide, . 216 Carbonate of baryta, 100
peroxide, . 224 copper, . 102
Water, . . . iron, (pfotonde) . 68
Yttrium, . . . lead, . 34
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Carbonate of lime, .
magnesia, . .
manganese, .. .

potassa,
Bicarbonate of potasu,

c.lw. .
Carbonate of soda, :

c 10w .
Bicarbonate of soda, c. l w.
Carbonate of strontia,

zine, . . .
Chlorate of baryta, (ch. a. 76 + b.
8) . . .

lead,
mercury,

potassa, .
hramate of baryta,
lead, . .
mercury,
potassa, (chr. a. 52+ p- 48)

Bichromate of potassa,

Fluate of baryta, .
lead, .
lime,

Muriate of ammonia, (nmr a. 37
-+ am. 17) .
baryta, c. 1 w.
lime, c. 6 w.
magnesia,
strontia, c. 8 W.

Nitrate of ammonia, (mL a 54 +

am. 17)
baryta, .
bismuth, c. 3. w.
lead, .
lime,

Nitate of magueem, .
ineroury (ptotonde,) e2w.
potassa,
silver,
soda,
strontia,

Oxalate of ammonia, (Ox.2.36 +

am. 17) .
c. 2. w.
baryta,

Binoxalate of baryta.

Oxalate of cobalt,
lime,

60
42
58
70
92
101
54
144
85
74
64

154
188
284
124
130
164

100
152

88
122

54
124
119

67
161

71
132
161
166

82

74
280
102
172

86
106

53
71
114
160
70
64

Oxalate of nickel, .

potassa, . .
c. 12 w. . .

Binoxalate of potassa,
c.2w

Quadroxalate of potasaa,
7w .

Oxalate of stiontia,

Binoxalate of mnna,

Phosphate of ammonia, c. 2 W.
baryts,

lead,
lime, . . o
magnesia, . .
c. 12 w. .
Sulphate of alumina, .
ammonia, ¢. 1 w.

baryta, . .
Sulphate of oopper, (sulph. a. 40 +

Bisulphate of do
¢. 10 w. (blue vitriol,)
Sulphate of iron, (protoxide)

¢. 7 w. (green vitriol)
lead, . .
lime,

c.2w.
lithig, c. 1 w.

magnesia, c. 7 W.
mercury, (sulph. a. 40 + perox.
216)

Bisulphate of mercury, (peroxlde)
Sulphate of potassa, .
Bisulphate of potassa, ¢. 2 w.
Sulphate of soda, . -
c. 10 w. .
strontia,
zinc,
c.7w

Sulphate of alumina and polaan,
c. 25 w. (alum)

Nitrate of lead, . .
lime, . .
potassa, . .

Bitartrate of potassa, .
c. 2 w. (cream of tartar)

Tartrate of antimony and potassa,

¢. 3 w. (tartar emetic,)

28see

118

120
160
250

76
139
152
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Acetates, 300
Acetate of copper, 301
of lead, 300
Acid, acetic, 299
antimonious, 255
arsenic, 250
boracic, 163
carbonic, 149
chloric, 167
chromic, 252
citric, 304
fluoric, 173
hydrocyanic, 191
iodic, 170
meconic, 319
molybdic, 353
muriatic, 166
nitric, 144
nitrous, 143
nitro-muriatic, 126
oxalic, 301
oxymuriatic, 163
phosphoric, 161
phosphorous, 162
prussic, 191
pyroligneous, 300
sulphurous, 155
sulphuric, 157
tartaric, 302
tungslic, 254
vegetable, 299
Agents, imponderable, 10
Air, atmospheric, 135
thermometer, 36
Affinity, 71
chemical, 70
double elective, 73
elective, 73
simple, 72
Albumen, 322

Alcohol, 315
Alembic, 101
Alkali, volatile, 147
vegetable, 318
Allanite, 256
Alloys, 202,
Alum, 273
Alumina, 237
Amalgams, 204
Ammonia, 146
liquid, 147
muriate of], 286
Analysis of vegetables, 209
of minerals, 335
of waters, 341
Animal chemistry, 321
oils, 323
heat, 328
Antimony, 254
oxides of, 255
sulphuret of, 255
tartrate of, 302
Aqua fortis, 144
regia, 211
Aqueous fusion, 267
Arrow root, 308
Arsenic, 249
oxide of} 250
sulphurets of, 251
test of, 250
white, 250
Arsenites, 251
Atmospheric air, 135
composition of, 135
Atomic theory, 98
Attraction, 69
of cohesion, 70
chemical, 70
Azote, 138
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Balance, portable, 107
Balloons, 124
Barium, 225
protoxide of, 225
Barytes, 225
Barley, malting of| 313
Barometer, 105
thermometric, 18
Bell glass, 106
Bismuth, 259
oxide of] 259
1 flowers of, 259
magistery of, 259
Black lead, 245

Black oxide of manganese, 241

Bleaching powder, 229

Blende, 246

Blood, 323 -

Blowpipe, common, 102
Gahn’s 103
compound, 129

Blue, Prussian, 191

Bodies, elementary, 112
ponderable, 112

Boiling of liquids, 17, 24

Borates, 282

Borax, 283

Boron, 163

Bruss, 246

Cadmium, 247
Calamine, 246
Calcium, 227

oxide of, 228
Calomel, 206
Caloric, 11

conductors of, 22

combined, 13

free, 13

equilibrium of, 12

expansion of, 25

radiation, 29

specific, 32

sources of, 41

of fluidity, 13

capacity for, 32
Canton’s phosphorus, 46
Caoutchouc, 319
Carbon, 147

sulphuret of, 195
Carbon and oxygen, 149
Carbonic acid, 149

oxide, 154

-

INDEX.

Carbenates, 284
Carbonate of potash, 285
of soda, 285
of lead, 263
Carburetted hydrogen, 175
Caustic, lunar, 278
Cerium, 256
Cistern, pneumatic, 131
Chemical affinity, 70
force of, 83
combinations, 79
apparatus, 100
equivalents, 93
Chemistry, definition of, 9
Chlorates, 279
Chlorate of potash, 280
Chlorides, 279

) * Chloride of nitrogen, 168

of calcium, 231

of lime, 229
Chlorine, 163

oxides of, 167
Chlorine and oxygen, 167
Chromium, 251
Chromate of lead, 252

of iron, 252
Chrome yellow, 252
Cinchonia, 320
Cinnabar, 204
Coal gas, 304
Cobalt, 257

oxides of, 256

arsenical, 257
Cohesive attraction, 70
Cold, artificial, 39
Colouring matter, 309

of the blood, 324

art of, 309
Colours, primary, 45
Columbium, 254
Combination, 79

by volume, 91
Common salt, 223
Combining proportions, 86
Combined caloric, 13
Combustion, 118

in oxygen, 119

spontaneous, 311
Conductors of caloric, 22
Concave mirrors, 29
Copper, 260

protoxide of, 261

peroxide of, 262

sulphuret of, 262



Copperas, 274"
Corrosive sublimate, 207
Cream of tartar, 302
Cryophorus, 20
Crucible, 100
Crystallization, 267

water of|, 267
Cups, galvanic, 60
Cyanogen, 191 :
Cyanuret of mercury, 190

Decomposition, double, 76
Definite proportions, 86
Decrepitation, 267

Double salts, 269
Destructive distillation, 304
Diamond, 147

Differential thermometer, 36
Dropping tube, 103

Diana’s silver tree, 208
Dolomite, 46

Earths, 236
Efflorescence, 268
Elasticity, effects affinity, 78
Elective affinity, 73
double, 74

Electricity, 48

conductors of, 52

theory of, 51

Electrics, 49
Electro-chemical theory, 66
Elements, 9, 112

their number, 113
Emetic tartar, 303
Epsom salt, 272
Equivalents, 93

scale of, 96
Essential oils, 312
Ether, 316

evaporation of, 21
Etching on glass, 174
Eudiometry, 142
Extractive matter, 309
Expansion by heat, 25

of solids, 25

of liquids, 27

of gases, 28
Evaporation, 18
Evaporating dish, 102

Fermentation, 313
saccharine, 313
vinous, 313

Felling colliery, 178

INDEX.

Fibrin, 321

Fire damp, 177

Fixed air, 149

Fixed oils, 311

Florence flask, 102

Friction, 43

Flowers of sulphur, 155
of zinc, 246

Fluidity, caloric of, 13

Fluoric acid, 173

Fulminating powder, 277

" Food of plants, 294

Freezing mixtures, 41
Fluate of lime, 173
Fowler’s solution, 251
Fusible alloy, 202

* Furnace, lamp, 106

Galena, 262
Galvanic, battery, 61
circle, 56
trough, 59
poles, 58
cups, 65
pile, 57
Galvanism, 54
chemical effects of, 61
heating effects of, 68
theory of, 55
discovery of, 48
Gases, combine by volume, 91
expand equally, 27
their weight, 109
Gas, oxygen, 115
hydrogen, 122
carbonic acid, 149
carbonic oxide, 154
chlorine, 163
muriatic acid, 166
fluoric acid, 173
lights, 183
olefiant, 182
nitrogen, 134
nitrous oxide, 138
Gas apparatus, 104
Gelatine, 322
Germination, 290
Gilding, 211
Glass, 240
Glauber’s salt, 270
Glucina, 238
Gold, 210
etherial solution of, 211
Gravitation, 70
Gravity, 79
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Growth of plants, 204
Gun powder, 277
Gypsum, 271

Hartshorn, 146
Heat, 11
animal, 328
latent, 131
matter of, 11
radiation of, 28
Hydriodate of potash, 171
Hydriodic acid, 171
Hydro-nitric acid, 145
Hydrogen, 122
carburetted, 175
sulphuretted, 187
phosphuretted, 189
Hydrosulphurets, 288 °
Hydrosulphuret of potash, 288

Ice cream, 40
Imponderable agents, 10
Ink, indelible, 278
sympathetic, 258"
Inorganic chemistry, 115
Iodiges, 170
Iodine, 169
Todic acid, 170
Todine and hydrogen, 171
Iridiam, 216
Iron, 242
meteoric, 243
oxides of, 243
rust of, 243
carburet of, 244
sulphate of, 274
sulphuret of, 245
tinned, 248
Isinglass, 322
Ittria, 238

Kelp, 286
King’s yellow, 251

Lamp, furnace, 106
flameless, 213
safety, 181

Latent heat, 13

T.aws of combination, 86
of proportion, 88

Lead, 262 :
oxides of] 263
white, 263
sulphuret of| 264
poisonous, 265

INDEX.

.

Lemons, salt of, 304

Liquid ammonia, 147
phosphorus, 161

Light, 44
decomposition of, 44
without heat, 45
effects of, on colours, 47

effects of, on crystallization, 47

Light catburetted hydrogen, 175
Lime, 229
chloride of, 229
phosphuret of, 234
water 229
carbonate of, 284
Liquids, expand by heat, 27
conducting powers of, 24
Litharge, 263
Lithium, 224
Lunar caustic, 278

Magistery of bismuth, 259
Magnesia, 236
sulphate of, 272
Manganese, 241
oxides of, 241
Massicot, 263
Matrass, 100
Molasses, 307
Melting pot, 100
Mercury, 204
peroxide of, 206
protochloride of, 206
sulphuret of, 207
Metallic ecompounds, 201
salts, 201
alloys, 202
Metals, 196
general properties of, 197
how reduced, 199
arrangement of, 203
combustible, 198
meteoric iron, 243
Mineral green, 261
Mineral waters, 340
Mirrors, concave, 29
Mixtures, 85
Molybdic acid, 253
Molybdenum, 253
Mordant, 310
Morphia, 319, .
Multiple proportions, 88
Muriates, 286
Muriatic acid, 166
Musical tones, 125



Narcotine, 320
Nickel, 258
Nitrates, 275
Nitric acid, 144 *
anhydrous, 145
Nitric oxide, 141
Nitre, 276
Nitrous acid, 143
oxide, 138
Nitrogen, 134
chloride of, 168
and hydrogen, 146
Nomenclature, 110
Non-metallic bodies, 115.

Oil 184

0il g:'s\"itriol, 157

Oils, vegetable, 311

Olefiant gas, 182

Opium, 319

Organic chemistry, 289

Orpiment, 251

Osmium, 216

Oxalates, 301

Oxides, metallic, 198

-Oxidation, 112, 118, 198

Oxygen gas, 115
y%zmﬁusﬁon in, 119

Oxymuriatic acid, 163

Oxymuriate of potash, 280

Oxygenized water, 133

Palladium, 215
Pearlash, 285
Phosphates, 282 ’
Phosphate of soda, 262
Phosphoric acid, 161
Phosphorus, 160
Phosphorescence, 45
Phosphuretted hydrogen, 189
Pile of Volta, 57
Plants, growth of, 294
Plants, food of, 294
Plaster of Paris, 271
Platinum, 212 -
sponge, 12¢ )
protoxide of 215
peroxide of, 215
Pneumatic cistern, 131
Plumbago, 245
Ponderable bodies, 112
Potassa, 220
Potassium, 217
oxide of, 220

INDEX.
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Potato starch, 308

. Potash carbonate of, 285

Precipitate, red, 206
Proportions, definite, 86
by volume, 91
how ascertained, 95
Prussic acid, 191
Pyrites, 2456
Pyrometer, 25

Quantity of matter, 77
Quicklime, 228
Quicksilver, 204
Quinia, 321

sulphate of, 321

Radiant heat, 28

Realger, 251

Red oxide of copper, 261

Red lead, 264
precipitate, 266

Reduction of metals, 199

Reflectors, 29

Resins, 312 -

Respiration, 325

Receiver, 101

Retort, 101

Rhodium, 215

Rust of iron, 243

Saccharine fermentation, 313
Safety lamp, 181
Sal-ammoniac, 286
Salifiable base, 265
Salt, common, 223
of sorrel, 301
of lemons, 302
Salts, 265
remarks on, 265
nomenclature of, 110
Sap of plants, 296
Scale of equivalents, 96, 346
Sealing wax, 318
Serum, 323
Silica, 239
Silicium, 238
Silver, 208
solvent of, 208
Silver tree, 209
Silvering powder, 209
Smalt, 257

Soda, 223

muriate of, 223
carbonate of, 285
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Sodium, 221
protoxide of, 222
chloride of, 223
Solar spectrum, 45
Solids expand by heat, 25
Solution, 77
Sources of caloric, 43
Spar, Derbyshire, 284
heavy, 270
Specific gravity, 106
of solids, 107
of liquids, 108
of gases, 109 ,
Spirituous liquors, 316
Sponge, platina, 126 !
Starch, 308
Steam, 15
latent heat of, 16
Steel, 244 ’
Strontia, 227
Sugar, how made, 307
of lead, 300
Sulphates, 269
Sulphate of potash, 269
of soda, 270
of baryta, 270
oflime, 271
of magnesia, 272
of alumina, 273
of iron, 274
of zine, 275
Sulphur, 154
Sulphurets, 201
Sulphuret of lead, 264
of arsenic, 251
of antimony, 255
of iron, 245
of copper, 262
of carbon, 195
Sulphurous acid, 155
Sulphuric acid, 157
" Sulphuretted hydrodgen, 187
Supporters of combustion, 1 13
Synthesis, 9, 127

Tannin, 310
Tapioca, 308
Tartar emetic 303
Tartar, cream of, 302
Tartaric acid, 302 :
Tellurium, 260
Temperature, animal, 22,328
Theory of atoms, 98
Thermometer, 35

differential, 36

INDEX.

Thermometer, air, 36
construction of, 37

Tin, 248

Titanium, 260

Tones, musical, 125

Trough, galvanic, 59

Tungsten, 253

Tungstic acid, 254

" Turpentine, oil of, 313

Uranium, 256

Vacuum, boiling in, 17

Vapour, 19

Van Helmont’s willow, 294

Vegetation, 291

Vegetable acids, 299
alkalies, 318
chemistry, 291
analysis, 291
ingredients of, 306

Verdigris, 301

Verditer, 261

Vermillion, 208

Vinegar, 299

Vinous fermentation, 313

Vitriol, green, 274
white, 275

Volumes, theory of, 91

Volta’s pile, 57

Volatile salt 147

W ater, decomposition of 63, 122
composition of 128
properties of, 131
oxygenized, 133
weight of 132
expands in freezing, 132
of crystallization, 267
boiling temperature of, 17
analysis of, 63, 335
synthesis of, 127

Wheat flour, 309

‘White arsenic, 250
Wollaston’s scale, 96,346
‘Wolfram, 253 :

Zinc, 246
oxide of, 246
flowers of, 246
alloy of, 246
Zaffree, 257
Zirconia, 238
Zero, 38.
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ERRATA.

Page 9, line 11 from bottom, read hot iron tube.

31

41
116
120
134
135
143
180
238
249
264
273

316

12

14
4
1

14

8
13
9
13
9
13
2
13

«“ do. read kot water.

“ % for 22° read 32°.

“ ¢ read sulphuric acid.

“ “  for 100, read 28.

“ “  for sulphuric acid, read sulphur.
“ top, read mushroom.

“ bottom for nitrous, read nitric.

“ top, for make, read made.

% % for does effect, read does not effact.
“ bottom, after arsenic, add 38.

“ *  read puce coloured.

“ top, for a little, read little.

“ ¢ read specific gravity.
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