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PREFACE.

In preparing the following Elementary Treatise of
Chemistry, it has been the author’s particular study to
form a proper scientific arrangement, which shall enable
the learner to see the connexions which exist between
the different branches of the natural sciences, and to
conduct him gradually from a knowledge of the sim-
ple bodies, or elements of nature, to a correct under-
standing of their more complex combinations.

The divisions of the work, it is believed, will be found
natural, and such as will prove a strong assistance to
the memory.

The Introduction contains the outlines of General
Chemistry, treating separately, {
I. Of the definition and object of Chemistry.-

1. Of Chemieal action.

III. Of the Chemical apparatus, and

Of the Chemical composition of bodies.

The first four chapters may be considered as contain-
ng the elements of inorganic chemistry. The first treats
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v PREFACE.

of the gaseous elements and their binary combinations ;
the second, of the thirteen non-metallic elements and
their binary combinations ; the third chapter treats sep-
arately of the metals, and the fourth of the salts.

To the description of each element is annexed a short
table, exhibiting its principal combinations with other
substances, and each chapter is followed by questions
for recapitulation, which are numbered to correspond
with the sections of the book.

The fifth and sixth chapters treat respectively of
vegetable and organic chemistry, and the seventh chap-
ter explains the three principal processes of fermentation,
or the spontaneous decomposition of organized matter.
Each of these chapters is again followed by questions
for review, numbered to correspond with the sections
of the text. The appendix contains a brief description
of the steam engine, with questions for the learner. Nu-
merous engravings are introduced for illustrating the ex-
periments, and indeed no expense and labor spared to
render the work intelligible even to ordinary capacities.

It is hardly necessary to add that on his tour to
Europe the author has had an opportunity to embody
in his work the latest discoveries in chemistry, and that
it may therefore be reasonable in him to hope that in
this respect his book is not inferior to any similar work
published in this country. '

Boston, OcroBer Ist, 1833.
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CHEMISTRY.

INTRODUCTION.

I. DeriniTioN AND OBIiECT oF CHEMISTRY.

I. Air natural sciences, that is, all human knowledge
about created nature, may be divided into two great classes
— Natural History, and Natural Philosophy.

II. Natural History has for its object the systematic
description of animate and inanimate (living and lifeless)
bodies, and is again divided into Zoology, Botany, and
Mineralogy ; ‘ according as the bodies described are Jni-
mals, Plants,or Minerals.

III. The object of Natural Philosophy is to explain
the various phenomena which occur in the material world,
by finding out their mutual relation and connection with
certain invariable principles, called Laws of Nature.
The phenomena, themselves, may have their origin in the
general properties of matter ; such as gravity, attraction,
elasticity, &c,* and consist, then, principally in motion ;
or they may be occasioned also by certain powers which
are inherent in bodies, by virtue of which one body changes
the form and properties of another with which it comes in
contact.  On this account Natural Philosophy has been
divided into two great branches ; one which treats of the
Mechanical propertics of matter — Natural Philosophy

* See Grund’s Elements of Natural Philosophy.
1 .



4 CHEMICAL ACTION.

This double composition is exhibited by the following
table.

Saltpetre.
~ A b 1
nitric acid, alkali.
nitrogen, oxygen, potassium,  oxygen.

Query. — Which, in this example, are the nearer, and which
the more remote ingredients of saltpetre ? Ans. —In this ex-
ample nitric acid and alkali are the nearer ; nitrogen, potassium,
and oxygen, the more remote ingredients of saltpetre.

VIII. Those substances which have not as yet been
decomposed by any means in our power are called Ele-
ments ; but it does not follow that all substances which are
now considered as elements, are really incapable of chem-
ical analysis.

Query. — What then does the word Element express in
chemistry ? Ans.— The word Element indicates only the
degree of our knowledge with regard to a certain substance,
and shows that we have not, as yet, been capable to decom-
pose this substance.

II. CuemicaL Acrion.

IX. It has been observed that each chemical composi-
tion or decomposition, in other words, all chemical action,
is effected by a peculiar kind of attraction, called affinity.
This, therefore must be considered as the principal cause of
all chemical phenomena.

The changes produced on bodies which are subjected to
it, are principally the following.

a. A change in temperature.

Examere. — Oil of vitriol and water suddenly mixed, pro-
duce a temperature of 212° Fahrenheit: — Again, Salammo-
niac and snow mixed together, produce a cold equal to zero of
Fahrenheit’s thermometer. .

Hence chemical affinity changes the capacity for heat,
or the specific caloric of bodies. (Nat. Phil. Chap. VI.)
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b. A change in the physical properties of bodzes.

Exampre. — Sulphur and oxygen are both destitute of smell,
taste, or action on vegetable color; but when combined to-
gether they form a powerful acid, of a strong smell, which
changes blue vegetable colors into red.

AxoTneEr ExampLE. — Quicksilver, which is of a bright tin-
color, unites with sulphur, which is yellow, and forms a sub-
stance called cinnaber, distinguished by its beautiful red color.

c. Change in the aggregate form of bodies*

ExampLE. — Oxygen and hydrogen are both aeriform,} or
gaseous, but when combined in the ratio of about 1 to 8, form
the well-known liquid, water.

It is not unfrequent to see chemical action accompanied by
light. The intensity of this light increases with the degree
of affinity which exists between the two combining hodies, and
the circumstances which favor their combination. This phe-
nomenon will be explained in Chap. I, when treating of oxy-
gen.

X. It becomes us to speak separately of the great influ-
ence which keat has upon all chemical phenomena. And
this is not only so far true, that no chemical action takes
place without a change of temperature; but is founded also
on the fact that some combinations or decompositions are
effected only through the influence of higher degrees of tem-
perature (when one or the other body has previously been
heated.) Heat, therefore is a powerful chemical agent,
which, in most cases, favors the chemical affinity of one
body for another ; although there are instances in which
heat seems to produce a different effect.

ExamprE. — The process of fermentation and putrefaction
(see Chapter VII) requires at least 32 degrees Fahrenheit.

Again — Quicksilver combines with oxygen only when
heated to 212 degrees; and the result of this combination,
which is the oxide of quicksilver, separates again into quicksil~
ver and oxygen, when submitted to a red heat. .

AnxoTHER ExampLE. — The Chlorales, a class of salts with
which we shall hereafter become acquainted, are decomposed

* See Natural Philosophy, Chapter I,
t See Natural Philosophy,
1*



6 CHEMICAL ACTION.

and give off the oxygen which they contain, when thrown
upon live coals.

XI. The greatest obstacle to chemical action is the co-
hesive attraction of bodies ; — that is, (as has been ex-
plained in Natural Philosophy) the attraction by which their
particles are kept together and in their relative positions.*
This is the reason why bodies combine readiest with each
other, when one or the other has been reduced to the fluid
state ; because the cohesive attraction is less in liquids
than in solid substances. It also explains why heat in-
creases the action of chemical affinity ; because heat, by
expanding all bodies (Natural® Philosophy, Chap. VI,)
lessens their cohesive attraction, and predisposes them for
the fluid state. From this the general inference has been
drawn, that no chemical action takes place, except one of the
two bodies is in the fluid state. 'This rule, however, is not
without exceptions.

Query — What would take place if there were no cohesive
attraction to counteract the chemical affinities of bodies?
Ans. — Without the cohesive attraction of the particles of
bodies, all substances would combine and unite with each oth-
er to one huge mass.

Query — How, then, must chemical affinity and cohesive at-
traction be considered in reference to each other? .ns.—
They must be counsidered as two opposite powers in nature
whose effects, by a wise distribution of Providence, are won-
derfully balanced.

XII. Bodies frequently combine with each other in
such a way that each of them loses its physical properties
in the combination. They are then said to be neuiralized.

In the above example, the ozygen and the sulplur are
neutralized in sulphuric acid.

ANOTHER EXAMPLE.— Jlkali (potash) and sulphuric acid
are each distinguished by a peculiar taste ; potash changes
blue vegetable colors into green, and sulphuric acid turns
them into red. By mixing these substances in the proper
proportion, we obtain a salt destitute of either acid or alka-
line qualities ; its taste being bitter, and the salt itself be-
ing without any effect on vegetable colors.

* See Natural Philosophy, Chapter I,
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Query — In what state are the potash and the sulphuric
acid, in this case, contained in the salt? ns.—They are
neutralized in it. :

It may be well to observe here, that in order to effect a
complete neutralization, the two bodies must combine ina
certain fixed proportion, before or beyond which no such phe-
nomenon takes place.

XIII. Some bodies combine with each other in all pro-
portions, and preserve still a portion of their original
properties. Such a combination is more properly called a
mixlure.

ExamprLe. — If wine and water be poured together, a mix-
ture is obtained in which the fluidity of both liquids, as well
as some of the taste and color of the wine is preserved. The
same is the case when vinegar and water, alcchol and water,
alcohol and wine, &c, are poured together.

XIV. Whenever we wish to decompose a chemical com-
pound into its constituent parts, we must have recourse to
a third substance, with which one of these parts is to com-
bine, by which means the other becomes disengaged or free.
This kind of chemical attraction, in consequence of which
a body quits a combination already existing, for the sake of
forming a new one, is called Elective affinity; because
the body seems, as it were, to elect one combination in
preference to another, which it has already formed.

ExampLE. — Muriate of lime is a compound of muriatic acid
and lime ; but when potash is added to the solution the muri-
atic acid combines with the potash, and the lime being now
disengaged falls to the bottom, and forms what is called a
precipitate. This process may be represented to the eye by
the following figure.

Muriate of Potash,

A

Muriati’c acid. Potash,

Muriate of Lime.g
Lime,

The original compound (Muriate of Lime) is composed of
Muriatic acid and lime.” As soon as potash is added, the mu-
riatic acid combines with the potash, and forms muriate of pot-
ash; and the lime becomes free,



8 CHEMICAL AGTION.

Query — What substance, in this example, shows an elect-
ive affinity for Potash? .Ins. — The muriatic acid. Query —
Why ? /ns.— Because it quits its combination with lime,
and unites, as it were, in preference with the potash.

XV. When a solid body combines with a fluid, the
product is called a solution. In this case the affinity be-
tween the two substances continues to act only to a certain
point, that is, the liquid is only capable to dissolve a cer-
tain portion of the solid — so that if we wished to have a
greater quantity of the solid dissolved, we should have to
add more of the liquid. The point beyond which the affin-
ity of the liquid ceases to act upon the solid, is called the
point of saturation; and the solution itself, when arrived
at this point, is said to be saturated.

Exampre — Water will dissolve only a certain quantity of
sugar or salt, until it becomes saturated. A fresh quantity
of sugar or salt being then added will remain unchanged at
the bottom of the vessel. But if a new quantity of water be
added to the solution, then a new quantity of sugar or salt
will be dissolved.

‘XVI. The saturation of liquids depends principally —

1. Upon the temperature of the liquid.

2. Upon the degree of affinity which exists between the
liquid and the solid ; and

3. Upon the purity of the liquid.

The warmer the liquid is, the more can it generally dis.
solve of a given solid. To this rule, however, there are
several exceptions.

Exampre. — Water of the temperature of 212° Fahrenheit,
will dissolve no more common salt, than water of the tempera-
ture near the freezing point. Water of the temperature of
212° dissolves even less magnesia, than water of the common
temperature of the atmosphere. But with regard to most
salts the solving power of water increases with the tempera-
ture.

XVIL. It frequently occurs that a compound of two
substances cannot be decomposed without the assistance
of a third and fourth substance. The affinity of the
third substance for any one of the constituent parts of the
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compound, is then, of itself, not sufficient to produce a sep-
aration. This kind of affinity is called Double or Complex
affinity. It will be best understood from the following
EXAMPLE.

Zinc decomposes water (which isa compound of oxygen
and hydrogen) only when an acid is added. The hydro-
gen of the water then becomes free, while the zinc and
oxygen combine together with the acid to form a salt. —
The zinc, of itself; is not capable of separating the oxygen
from the hydrogen; but the acid having a strong affinity
for a combination of zinc and oxygen, predisposes the 0xy-
gen to quit its combination with water and to combine with
the zinc. For an illustration, see the following table :

hydrogen,
Water, {
oxygen,
} oxide of zinc,
zine, } salt.
acid

Zinc alone does not separate the oxygen from the hy-
drogen; but when the acid is added, which has a strong
affinity for the oxide of zinc, this latter substance (oxide of
zinc) is formed, and combines with the acid to salt.

Some philosophers ascribe these phenomena to a predispos-
ing affinity ; because the acid, in our first example, seems to
predispose the oxygen for a combination with the zinc.

Query — What substance, in this example, has exercised
a predisposing affinity upon oxygen? .Ins.— The acid.
Query — Why ? - /ns.— Becaase it has disposed it for a
combination with the zinc, Query — But by what means does
the acid predispose the oxygen for a combination with the
zinc? /Ans.—— By the strong affinity which it has for the
oxide of zinc, which is a combination of the oxygen with
zine.

XVIII. If two compounds be brought together in a
state of solution, it frequently happens that a double de-
composition, and two new compositions take place. Both
the original compounds are then decomposed, and two new
compositions are formed by a mutual interchange of in-
gredients. Such a compound action is said to be caused
by double elective affinity.
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ExampLE. —The well known substance, sugar of lead,
(which is used as a paint) is composed of acetic acid (vinegar)
and lead. White vitriol is a compound of sulphuric acid and
zinc. Now if asolution of sugar of lead be mixed with a so-
lution of white vitriol, the acetic acid will quit its combination
with lead, and unite with the zine; while, at the same time,
the sulphuric acid which is set free, unites with the lead and
forms an insoluble hard powder (sulphate of lead) which
is precipitated. For an illustration see the following dia-
gram. J

Acetate of zinc,

Acertic acid, Zi;c,
Sugar of Lead, White Vitriol,

Lead, Sulphuric acid,

Sulphate of lead.

The original compounds, sugar of lead and white vitriol, are
placed at the extremities of the two brackets ; their respective
ingredients, acetic acid and lead, and zinc and sulphuric acid,
are placed inside of the brackets; the new compounds, ace-
tate of zinc, which is formed by the combination of the acetic
acid with the zinc is placed above the upper, and the second
compound, sulphate of lead, formed by the combination of the
lead with the sulphuric acid, is placed under the lower bracket.

Query — Which substance does the acetic acid, in this ex-
ample elect in preference to the lead with which it was com-
bined? Ans.— The zine, with which it combines, setting
lead free. Query — And which substance does the sulphuric
acid elect in preference to the zinc ? Ans. —The Lead, giv-
ing off the zinc with which it was united. Query — And
why is this action called double elective affinity ?  Ans. — Be-
cause two distinct elections took place, viz. the acetic acid
elects the zinc, and the sulphuric acid the lead, for a new
combination.

This kind of affinity often effects the decomposition of
a substance which would have resisted the action of single
elective or predisposing affinity.

XIX. Ithas been said that while some bodies combine
with each other in all proportions and form mixtures, others
have a limit to their combination, which is the point of
sATURATION. But there are substances which combine
with each other only in certain fized proportions, that is,
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so many parts or weights of one substance, with a definite
number of parts or weights of another. The product of
such a combination is always a compound in which the
properties of the constituent parts are completely neutral-
1zed. (See XIIL.) ;

ExamprE. — Sulphur and oxygen are apparently heteroge-
neous substances; oxygen is a gas, and sulphur a solid body.
These two substances however unite with each other in the
proportion of 16 weights of sulphur with 24 weights of oxygen,
in which case they forma compound which is known by the
name of sulphuric acid ; and whose properties are totally dif-
ferent from those ofthe sulphur or oxygen ; these are therefore
neutralized by the combination.

Some bodies combine with each other only in one pro-
portion ; others combine in two, three, four and more fix-
ed ratios.

ExampLE.— Zine and oxygen combine with each other only
in one proportion, forming what is called oxide of zinc ; but the
two gases, known by the name of oxygen and nitrogen, com-
bine with each other in five distinct ratios, viz.

1 volume of nitrogen with 1 volume of oxygen,
143

1 @ 11 “ 14 9 “ 3
1 “ “ 13 “ 3 ¢ 13 <
1 “ 13 [ 133 4 13 3 113
and 1 13 “® (13 11 5 113 43 [3

the five resulting combinations being two oxides and three
acids of nitrogen, and there are no other combinations of these
two substances known.

Similar fized ratios have been discovered in the com-
bination' of other bodies to definite compounds, and it has
been observed that in these combinations the original prop-
erties of the ingredients are always completely neutralized,
so that we are able to lay down the general principle : No
two bodies combine wilh each other to neutralization, except
in a fized determined proportion, which remains always the
same, for the same two substances.

Now it has been remarked and proved by numerous ex-
periments, that if a body, A, combines with another body,
B, for instance, in the ratio of 1 weight of A with 2
weights of B ; and the same body A, combines with a third
body, C, in the ratio, say of 1 weight of A, to 8 of C, then
the body, B, will, if it have any neutralizing affinity for
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the body C, combine with itin the ratio of 2 to 3, or at
least in @ multiple of this ratio by a whole number; that
isin 2, 3,4, 5 or 6 iimes this ratio ; so that the ratio in
which one and the same body, A, combines to neutralization
with different bodies, B, C, D, &c, being once known, the
neutralizing ratio in which these bodies combine with each
other are also determined This will be better understood
by the following ExamPLE,

. {2 1bs. of B,

Supposing 1 Ib. of a substance A, combines with lei H:: :ff g’

51bs.of E;
then the relation of the substance, A, to the bodies, B, C,
D, E, determines also that of the bodies B, C, D, and E
to each other; viz. if the body, B, has a neutralizing
affinity for C, D, and E, it will combine with them in the
ratio of :
with 3 1bs. of C,
21bs of B {with 4 lbs. of D,
with 5 lbs. of E.

Further, if C, has any neutralizing affinity for C, D,

and E, it will combine with them in the ratio of
_ 2 1bs. of B,
3 Ibs. of C with{ 4 1bs. of D,
5 1bs. of E.

If D have any such affinity for B, C, and E, it will

combine with them in the ratio of
2 1bs. of B,
4 1bs. of D with ¢ 3lbs. of C,
51bs. of E,

And lastly if E have this affinity for B, C, and D, it

will combine with them in the ratio of
2 Ibs. of B,
5 1bs. of E with {3 Ibs. of C,
4 lbs. of D.

Thus a single table expressing the fixed proportions in
which the body A, combines respectively with B, C, D and
E, has given us at once the fixed proportions in which B,
C, D, and E combine with each other.
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The learner will now be able to understand the follow-
ing example, which is taken from nature:
We know from experience that
37 weights of Muriatic acid combine with 28 of Lime,
40 « “ Sulphuric acid ¢ - 48 ¢ Potass,
54 « ¢ Nitric acid & ¢ 32 ¢ Soda,
28 « ¢ Phosphoric acid “ 17 * Ammonia.
These ratios give not only the proportions in which each
of these substances combines with that which is placed on
the same line with it; but also the proportion in which
each of these substances combines with all others. Thus,

. b
37 weights of muri- Zg welg‘txts ?‘f I‘,‘::;z;

atic aqid combine to ; with 39 « < Soda
saturation 17 i) 4o Ay
2
40 weights of Sul- 23 weights.of.Jde;
¢ 2 a . 48 Potass,
phuric acid combine } with 39 «  « Soda
to saturation 17 R 708 Amn';onia
td
54 weights of Nitric ig welg‘I:ts ?‘f %:)Taz’s
acid combine to sat- ) with 39 e
uration 17 g ¢

&c

Or we could also take any of the four substances, Lime,
Potass, Soda, or Ammonia; say soda, and write the four
acid substances afier it, viz.

¢ : 37 weights of Muriatic acid,
(et | (G otk K
saturation ( pg oo | BRI,
y 28 ¢ ¢ Phosphoric acid,
and so on.

Now as 37 weights of muriatic acid combine in the
same proportions with Lime, Potass, Soda, and Ammonia,
in which 40 weights of sulphuric acid combine with
these substances, 37 weights of the first acid are said to be
equivalent to 40 weights of the second ; and accordingly,
also to 54 weights of Nitric, and to 28 weights of Phospho-
ric acid. In like manner are 28 weights of lime equiva-

2

‘“ Ammonia.



14 CHEMICAL ACTION.

lent to 48 weights of potass, 32 of Soda, 17 of ammonia.
Or we may also say that 37 weights of muriatic acid are
equivalent to 28 weights of lime, 48 of potass, 32 of soda,
&c, or that 28 weights of lime are equivalent to 37 weights
of muriatic, 40 of sulphuric, 54 of nitric, and 28 of phos-
phoric acid, and so on.

We shall show in the body of the following work that
similar equivalent numbers have been found for a great
many substances in the chemical catalogue ; and it is by
these numbers that we are able to express the definite pro-
portions in which one substance combines wilh all others,
Sor which it has a strong chemical cffinity. — The smallest
number of weights of one substance which in this manner
combines with other substances,is said lo be a CUEMICAL
EQUIVALENT for all other substances with which it is ca-
pable of entering info combination.

Now it has been found by experiments that in all cases
where a hody is composed of two elements, the sum of
the equivalents of the elements is equal to the equivalent
of the body itself. Knowing therefore the equivalent of
the elements of a body, we also know that of the com-
pound ; and the reverse, if the equivalent of the compound
and the elements of its composition are known, the equiv-
alents of its elements may be inferred from it. This will
be better understood from the following

ExampLE. — 1 weight of hydrogen combines with about
8 weights of oxygen to water. Consequently if 1 weight
of hydrogen gas is taken for unity of comparison, the
equivalent of oxygen will be 8; whence that of water will be
1 added to 8, equal to 9. And the reverse ; suppose we
know that the chemical equivalent of water is 9 ; and that
it is composed of 1 equivalent of water and 1 of oxygen.
Knowing the equivalent of water to be =9, we should at
once infer thatof the oxygen, which must be equal to 8.

ANoTHER EXAMPLE. — One weight of hydrogen com-
bines with 16 weights of sulphur, to sulphuretied hydrogen ;
consequently the weight of hydrogen taken for unity, the
chemical equivalent of sulphur is 16. Now the chemical
equivalent of oxygen being 8, it is known that 2 equiva-
lents of oxygen combine with 1 equivalent of sulphur to
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sulphurous acid. Query — What is the equivalent num-
ber of sulphurous acid? Ans. — 32. Query — Why?
Ans. — Because it is composed of 1 equivalent of
sulphur = 16
and of 2 equivalents of oxygen (each equal to 8) = 16

Consequently, Chemical equivalent of sulphurous
acid =32
Again — Supposing we know the chemical equivalents
of sulphurous acid =32, and also that it is composed of
1 equivalent of sulphur, and 2 equivalents of oxygen,
(each equal to 8.) Required the chemical equivalent of
sulphur. Ans. — The equivalent of sulphurous
acid being =32
Subtract from it 2 equivalents of oxygen (each
equal to 8) = 16

The remainder will be the equivalent of sulphur = 16.

These few examples will be sufficient to show the beau-
ty and harmony of the theory of chemical equivalents ;
as well as the advantages which the practical chemist may
derive from it.

Were the chemical equivalents of all bodies unchangeable,
and as correctly determined as those we have mentioned in
our last examples, then it would indeed be possible to intro-
duce mathematical precision and certainty into the science of
chemistry, which would then in no respect yield to any of the
exact sciences. A single experiment which should show the
relation of an unknown substance to one with whose proper-
ties we are already acquainted, would suffice to determine the
relation of that substance to all other bodies ; which relation
would, in most cases, be found by a mere addition or subtrac-
tion, as has been shown in the last two examples. But this is
far from being universally true. The same limits with which
the human understanding invariably meets in all sciences,
await us also in chemistry. For the proportion in which
bodies combine are not always as definitely pronounced as we
could wish them to be. In some bodies they are less percep-
tible than in others, and there are substances whose composi-
tion is so vague and indefinite that thus far, it has been impos-
sible, even by the nicest experiments, to fix upon any of their
supposed definite equivalents. We know farther, from expe-
rience, that 1 equivalent of one body, does not always combine
again with 1 equivalent of another; on the contrary it has
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been found that 1 equivalent of one body frequently combines
with 1, 13, 2, 3, or 5 equivalents of another; and there are ex-
periments and facts, which have induced some of the best
chemists now living to suppose that one equivalent of one sub-
stance may also combine with 4, 4, %, 4, &, and even }
equivalent of another substance. Hence the universal advan-
tage which it was hoped would be obtained from a numerical
computation of chemical equivalents has, thus far, not been
realized. For although we may be able to investigate by
experiment the proportion of matter or weight in which two
substances combine with each other, yet will this investigation
not always lead us to a precise result as regards the chemical
equivalent of the compound ; because we do not always know
whether 1,4, 2, or one fourth, one third, two thirds, one eighth,
or one sixth equivalent of either substance is combined with
one equivalent of the other. But as far as the whole theory of
Chemical proportions is supported by actual experiments, it not
only serves to facilitate the labors and to assist the memory of
the practical chemist; but deserves also, on account of its
harmony with other laws of nature, to be ranked among the
most brilliant discoveries of the human mind.

The chemical equivalents of a great number of substan-
ces, as far as we have been able to determine them by ac-
tual experiments (but in most cases unfortunately only by
arithmetical computation), have been arranged in tables,
of which one is attached to the end of the book. From
what we have said it will easily be seen that they are not
in all cases to be relied upon with mathematical certainty,
although many authors speak of them as established facts,
or consider the whole theory established beyond any rea-
sonable doubt. In most of these tables the weight of 1
equivalent of hydrogen gas is taken for unity of compar-
ison. The same is done in our table, for reasons which
we shall explain hereafter when treating of hydrogen gas.
The full development of the theory of chemical equiva-
lent cannot be given here (in the introduction to chemis-
try) ; nor can it be expected that the pupil shall have an
adequate idea of it from the few statements of facts which
we have made in this section. But we shall revert to this
subject again, and give a more complete exposition of  it,
as we go along, treating separately of the most important
substances of the chemical catalogue.
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III. CHEMicAL APPARATUS.

1

%It is to be understood that only the most useful and essen-
tial apparatus, which may be easily procured, can find a place
in an elementary treatise for schools. A complete description
of it is found in Berzelius’s Chemistry, Vol. 1.]

XX. a. Apparatus for dividing bodies.
Fig. L

These consist of mortars
and pestle, (Fig. I.)

knives, (Figs. IIL
IVand V.)
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Fig. XL Fig XII-

funnels, (Fig. X,
XI, and XIL);
&e.

Fig. XIIL.  Fig. XIV.

The decanting jar is repre-
sented in Figs. XIIT and XIV.
Its shape is sufficiently plain
from the figure, and its applica-
tion in the pouring of liquids,
easily understood.

A spherical or common glass
bottle, (Figs. XV and XVI,)
with a small cylindrical tube,
fixed airtight in the cork,
serves to separate a liquid from a
solid by the process of evapora-
tion (explained in Natural Phi-
losophy).

To separate a lighter fluid from a specific
heavier one, the separatory funnel (Fig. .
XVII) is used which opens upwards and
downwards. When the lighter fluid is de- -
canted through the upper aperture the spe-
cific heavier descends through the lower.
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Fig. XVIIL

The operations of the syphon has already been described
in Natural Philosophy, Chapter V.

¢. Apparatus for the lLiquefaction of solids.
Fig. XIX. Fig. XX.

These consist of melting
pots, (Fig. XIX,) or cru-
cibles, (Fig. XX,) made
of earthen ware, silver or
platinum ;

of glass vessels called matrasses, of
which one is represented in Fig. XXI.

= of porcelain saucers and spoons,
< (Figs. XXII,) for stirring acids
which would effect metal or
glass, &e.
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d. JApparatus for evaporation and crystalization.
Both processes have been described in Natural Philosophy.

XXI. For this purpose we make use of what are called

Fig. XXIII. evaporating’ dishes, made of
porcelain, glass, or silver. (See
Fig. XXIII.) Their form must
be flat, to present the greatest
possible surface to the atmos-
phere.  When the process of
evaporation takes place under
the influence of heat it is
called a steam-bath. For
this purpose a flat vessel,
made of wedgewood ware, is
bedded in hot sand or ashes.
(See Fig. XXIV.)

e. Apparatus for distillation.

XXII, This is a contrivance for collecting the volatile
Fig. XXV. portion of a body which es-
. g - capes through the process of
I\ evaporation. The most com-
il mon is an alembic, (Fig.
| XXV,) composed of a flask,
iy (Which may be bedded in
sand) the head of which fits
air-tight in the neck of the
pipe, which is destined to carry
the rising gas from the flask
into the receiver.

N
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Fig. XXVI.

d : |

The common still, (Fig. XXVI,) an instrument sim-
ilar in its construction to an alembic, is made of cop-
per. It is shaped like a kettle, A, and has a hollow mov-
able head, B, to which a pipe, C, is attached, leading to a
spirally formed tube, commonly called the worm, which
for the purpose of cooling, may be immersed in water.
The vapours then contained in it are, by this means, con-
densed, and descend in drops when the cock, E, is opened.

Fig. XXVII.

The instrument more gen-
erally employed for distillation
is a retort. It may be made
of glass, porcelain, or metal ;
and is either as shaped in Fig.

! % XXVII, or as represented in
Fig. XXVIIL Fig. XXVIIL There is al-
ways a receiver, R, con-
nected with it, which in
some instances is again
provided with a pipe and
stop-cock, to let off the
distilled liquid at differ-
ent periods. The ope-
ration of this apparatus is easily understood. When the
liquid which is heated in the retort, A, evaporates, the
volatile parts are collected by the receiver, R.
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Fig. XXIX.

e A Florence flask (Fig. XXTX,) with
S [ ) a pipe fixed air-tight through its)cork,
is a cheap apparatus, answering most
purposes for which retorts are used.
/ The pipe, A, may be connected with
| a receiver,as in Figs. XXVII, and

| L XXVIL

=5

f. Apparatus for heating Chemical substances.
X XIII. 'These consist in lamps and furnaces.
Fig. XXX. Fig. XXXI.

The latter are either portable air furnaces with crucible
stands (Figs. XXX, and XXX1) ; or they are fixed wind-
furnaces of which one is represented in Fig. XXXII.

Fig- XXXII.
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Both kinds of furnaces are so constructed that the air
has free access to the fire from below. By this meansa
continued draught is created, which, as we shall see here-
after, is necessary for a brisk flame or free combustion.
For the heated air in the furnace becomes specifically
lighter and escapes through the upper opening, while the
outer air rushes from below in its place. (See Natural
Philosophy, Chap. V.)

Fig. XXXIIIL.

Figs. XXXI1I, XXXIV, and XXXV,

represent the three principal kinds of

i lamps used for chemical purposes. Fig.
)/ XXXIII represents the common lamp.
A combustible substance, usually made
of cotton, called the wick, is immersed
in oil, with which the whole apparatus
is filled, and is then lighted. The
flame, nourished by the oil, which as-

cends through the wick and is gradually consumed, throws
out heat and light at the same time.
Fig. XXXIV.

Fig. XXXIV representsa spirit
lamp. The main difference be-
tween this lamp and the one just
described, consists in spirit of wine
being employed instead of oil, —
the heat of the flame of this sub-

; : stance being much more intense
than that produced by the flame of a common oil lamp.
Fig. XXXV.

i PR N AR VAT

Fig. XXXV represents an Argand
lamp, with its stand. This is as great
an improvement upon common lamps
as the wind-furnace upon a commnion
fire-place.. Itsprincipal advantage over
a common lamp consists in a round
hollow wick through which the air is
admitted by an opening from below,
causing thereby a much more perfect

=

SESS==SmEEE combustion, and throwing out much
more light and heat than is done by a common lamp,
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where the air comes only in contact with the exterior
part of the flame. The flame of the Argand lamp is
moreover covered by a round open glass, which serves it
in the office of a chimney, through which the heated air
ascends and is replaced by the air which enters from be-
low ; the draft thereby created ténding nota little to in-
crease the intensity and heat of the flame.
Fig. XXXVI.

A convenient contrivance
for heating bodies in aretort,
is *Guiton’s Lamp-furnace.
It consists of an iron or brass
rod, O P, with several slid-
ing sockets, which serve to
N\F support the lamp, A, and the
) arms, LF, OG, of which

there may be as many as

may be thought expedient.

The arms terminate in iron

or brass rings for the sake

of supporting retorts and

receivers, (see the figure)

Jror in small forceps to hold

the body which is to be ex-

posed to the heat of the

5 lamp. These arms may, by

means of sockets, be moved

up and down the rod, O P, or turned sideways, and then

screwed fast to any particular part of it, as the experiment

may require ; and the same may be done with the lamp,

in order to regulate the heat. The whole apparatus is

best fastened to a table, T, by means of a screw, B, in or-

der to give more steadiness and security to the experiment.
Fig. XXXVII. s

For the sake of producing a very intense heat

with a common oil or spirit-lamp, an instrument is

used which is called a common blow-pipe. It con-

sists of a bent brass tube, whose upper end is from

one third to one half inch in diameter ; but is grad-

ually tapering to a point, as is represented in figure

XXXVII. When the lower (bent) end is placed

in the flame of the lamp and the upper is applied

3
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to the mouth or nostrils, a stream of air may be applied
to the jet of the flame for the double purpose of giv-
ing it a horizontal direction, and making it gradually
taper to a point, to which the body that is to be heat-
ed must then be exposed. The body must be placed upon
a piece of charcoal, which may be held by small forceps.
(See fig. L. page 32.)
Fig. XXXVIII.
) An improvement upon the
common blow-pipe, is Gahn’s
blow-pipe, (Fig. XXXVIII.)
which instead of the bent tube is
provided with the chamber A, to
which the smaller orificed pipe,
B, is attached. The advantage
of this apparatus consists in the
chamber, A, retaining the mois-
ture from the breath, which,
when the common blow-pipe is
“\ B ~—=-_ used, oftenstops the process, or
diminishes the flame.

Fig. XXXIX.

L 3 11 LG R ET T OHITTET RN L
A more convenient contrivance than either is that rep-
resented in Fig. XXXIX. where the blow pipe C, commu-
nicates with a bellows A, which may be moved with the
foot by placing it upon the board, B, and by which means
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a constant stream of air is sent through the jet of the flame,
D. This apparatus is particularly used for closing the
tubes of barometers and thermometers, and such similar
purposes.

g. Apparatus for compressing bodies, or extracting liquids
Jrom bodies in which they are contained.
Fig. XL.

XXIV. For the purpose of extract-
ing liquids from solids in which they
are contained, two kinds of presses
are used; one with one screw only,
(Fig. XL.) and the other with two,
(Fig. XLL) The press with one screw
consists chiefly of an iron arch, A, fas-
J tened to a block of wood, B, and con-
taining in C the nut through which the
screw, D, moves up and down. The
substances contained in the basin, E, are by this screw
compressed, and the liquid descends through the nose, F.
Fig. XLI.

The press with two screws (Fig. XLI.) consists of two
boards, A and B, which are brought together by the two
screws, C, C, and by this means compress the substances
which are placed between them. The remainder of the
construction is similar to the press with one screw.
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Fig. XLIL
H
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When a solid substance is to be dis-
solved in a liquid, an instrument is often
used, which is called the hydrostatic, or,
from its inventor, Count Real’s press.
It consists of a strong tin barrel, A B,
which in C is provided with a fine sieve,
and in D, with a discharging spout. The
upper. part screws into a metallic cover
E, which terminates in a long narrow
tube, and is, in I, provided with a stop-
cock. The solid substance from which
an extract is to be made, 1s first put in the
barrel and placed upon the sieve C; on
top of it is placed a tin plate, K, which
like the sieve, C, is provided with a great
many fine holes ; the cover is then screw-
ed upon the barrel, and the narrow tube,
G H, filled with the liquid which is to
be employed for the solution of the solid.
The solving power of the liquid is pro-
digiously increased by the hydrostatic
pressure of the liquid, (see Natural
Philosophy, Chapter VI) which by this
means forces its way through the solid
substance between K and C, and collects
in the lower part, B, of the barrel, whence
it may be drawn off by the discharging

s spout, D.
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Fig. XLIIL

The pressure of liquids is also taken advantage of in
the construction of Brahma’s hydraulic press. It consists
of alarge pump barrel, A, B, C, D, which communicates
with a small forcing pump, M N. The two pistons, P, P,
work water tight in their respective barrels. The whole
space between the two pistons is filled with water. The
substance to be pressed is placed upon the top, A B, of
the large piston, above which a strong fixed surface, F G,
is made to meet the pressure. When the small piston is
forced down by means of the lever, E, the water exercises
a pressure upon the lower end, C D, of the large piston,
P, which will be as many times greater than the force with
which the-small piston is worked down, as the surface of
the larger piston is larger than the surface of the smaller
one. Thus, if the surface of the smaller piston be one
square inch, and that of the larger one square foot, then
the pressure on the upper piston will be 144 times greater
than the force which pressed the smaller piston down.
Hence one man working on the lever, E, may exercise
pressure upon the piston, P, equal to that which it would
take 144 men of the same strength to produce, if directly
working upon C D. If the surface of the smaller piston
were only one fourth of a square inch, then the pressure
upon C D upwards would be 4 times 144, or 576 times
greater ; and so on. Now it is easily seen that the greater
the power is, which presses the piston P, upwards, the

3*
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greater will be the pressure exercised upon the body
which is placed between the two surfaces, A B, and F G;
whence the utility of this apparatus follows of course.

k. Apparatus for collecting gases.

XXV. For collecting gases an apparatus called the
Pneumatic tub, water, or quicksilver bath, is employ-
ed. It consists of atub A, (see the ﬁgure) in which a

Fig. XLIV.

shelf is fixed in such a manner, that the liquid, common-
ly water or quicksilver, may rise two or three inches above
it. A jaror receiver, B, filled with the same liquid is placed
upon this shelf, (whlch for this purpose must be provided
with several holes) with its mouth downward. The pipe,
C, conducts the gas which is forming in the retort, D, to
the jar, B, in which it rises in little bubbles, expelling
thereby the liquid of which it takes the place.
Fig. XLV.
0) Another apparatus for collecting gases is
Priestley’s bell-glass. (Fig. XLV.) This
useful apparatus consists of a bell glass; A, the
neck, B, of which may be closed or opened
A by means of the stop-cock, C. This con-
trivance is very convenient for the collect-
ing of gases, because in order to fill it with
water or quicksilver, it is only necessary to
! open the stop-cock, C, and immerse the
glass perpendncularly in the hqu1d As the glass fills
with the liquid, the air escapes through the neck, B D.
Its principal use however consists in transfemng gases
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from one vessel to another; for which purpose the gas
which escapes through the neck, B D, need only be col-
lected by a receiver.

Fig. XLVL

i /

P

Another application of this apparatus is
made by filling a bladder (Fig. XLVI.)
with a particular gas that may be contained
in the bell-glass. This, as we shall see
hereafter, is very desirable for the sake of
certain experiments. ‘The bladder, L,
(Fig. XLVL.) must for this purpose be
tied air-tight to a brass tube, G H, which
by means of the stop-cock, F', may be clos-
ed oropened at pleasure, and in G is made
to screw to the extremity, D, of the neck
of the bell-glass. When this is done,

and the two cocks, G and I, are opened, the bell-glass
(Fig. XL\V.) needs only be perpendicularly immersed in
quicksilver or water, and the gas will escape through the
neck into the bladder. When the bladder is filled, the stop-
cock F, is closed, and the barrel G H, unscrewed from

the bell-glass.

It is also common to provide the bell, A,

with a scale S, (see the last figure) in order to estimate
the volume of gas which escapes by the rise of the quick-

silver or water

in the bell-glass.

i. Apparatus necessary for various chemical purposes.
Fig. XLVII.

XXVI. To these we reckon
stands, (Fig. XLVIL)
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bellows, (Fig. LV.)

Fig. LVIIIL.

and especially accurate beams and scales (Figs. LVI,
LVII, and LVIIL)

The principle of the common balance, (Fig. LVIIL.)
has already been described in Natural Philosophy. It
remains for usto say a few words on the construction of
beams, or portable balances (Figs. LVI and LVIIL.) These
are insturments of great utility to the practical chemist,
and serve either for the determination of the specific gravi-
ty of substances, or to show at once the proportion of their
chemical compositions. In the latter case they are called
per-cent -balances. Fig, LVI represents Nicholson’s porta-
ble balance. It consists of a hollow body, @, made of silver
or tinned iron, to which is fastened a piece of thin wire, b,
which at its upper extremity supports a small plate or cup,
d. To the lower extremity of the body, a, is attached an-
other piece of wire, f, stronger than the one above, carry-
ing a metallic cone, g, the lower point of which is filled out
with lead to give the apparatus a perpendicular direction,
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when immersed in water. The weight of the whole must
be less than the water which it displaces, in order that it
may swim, (see Natural Philosophy, Hydrostatics,) and
be able to bear a small additional weight upon the cup, d,
before it sinks to the point, ¢, marked upon the upper wire.
The use of this apparatus in determining the specific
gravities of bodies is exceedingly simple. When the body
whose specific gravity is to be determined is a liquid, then
immerse the apparatus first in water, and then in the pro-
posed liquid ; placing in each case as many weights in the
cup, d, as is necessary to make it sink to the point, e. The
weight of the apparatus added to the weight placed in the
cup, d, will in each case give the weight of equal volumes
of both liquids, which, divided by one another, will give
the specific gravity of the liquid in question. To give an

ExampLe :  Suppose the weight of the apparatus is 180
grains, and the weight required to make it sink in water
to the point, e, equal to 42 grains more. Suppose 80 grains
were necessary to make it sink to the point, e, in the oth-
er fluid ; then 42 added to 180 gives 222 grains for the
weight of the water ; and 80 added to 180 gives 260 grains
for the weight of the liquid ; and dividing 260 by 222, we
obtain I, 17 for the specific gravity of the liquid.

If the body whose specific gravity we wish to
know is a solid, then place it in the cup, d, and add to
it as many weights as will sink the apparatus to the point,
e. By this means you find the absolute weight of the body.
For if the apparatus requires 42 grains of itself to sink to
the point e, and now that the body is in the cup, d, it re-
quires but 30 grains, the body itself must evidently weigh
12 grains. Hence the absolute weight of a body is found
by subtracting the weights added to it when in the cup, d,
from the weight which is required to sink the balance alone
to the pointe. Remove the body now fromthe cup, d, to the
hollow cone, g, and the apparatus will immediately rise ; for
it will lose as much of its weight as the water weighs, which
the body now displaces. (Natural Philosophy.) Adding
therefore as many weights to the cup, d, as will make the
apparatus again sink to the point ¢, we determine the abso-
lute weight of an equal volume of water ; and dividing the
absolute weight of the body by the weight of an equal vol-
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ume of water, we obtain its specific gravity. 'To give an
ExampLE: Suppose the balance requires of itself 42
grains to sink to the point ¢, but when the body isin the cup
it requires but 12 grains; and if the body be now removed
from the cup, d, to the cone, g, 5 further grains are necessa-
ry to sink the apparatus to the point, ¢; required the spe-
cific gravity of the body ? Ans. — By the first supposition
it is evident that the body must weigh 30 grains ; and by
the second it is plain that an equal volume of water weighs
5 grains ; hence 30 divided by 5, equal to 6, is the specific
gravity of the body. (See Natural Philosophy, Chap. IV.)

The per cent balance Fig. LVII, is an instrument by
which the degree of mixture of two liquids, or of a liquid
with a solid substance is ascertained. It consists of a hol-
low body, @, made of silver or tinned iron, bearing upon
its upper extremity a scale, a b, and on its lower end some
heavy substance to give the apparatus a perpendicular di-
rection when immersed in the liquid. The scale is gen-
erally divided into 100 degrees, each degree marking the
existence of 1 portion of one liquid in another, or of a solid
substance in a liquid. But such a scale will only serve for
one particular kind of mixture, and must be altered or
changed if applied to another. Such are the beer, bran-
dy or spirit scales, which by the degree of their immersion
in these respective liquids, show the quantity of alcohol
contained in them. The deeper they immerse, the less
water, and consequently the more alcohol is contained in
these liquids ; alcohol being specifically lighter than water.
(See Natural Philosophy, Chap. IV.) = But the scale used
for brandy would not answer for beer or wine, and vice
versa.

k. Lutes.

XXVII. These are employed to join together the parts
of vessels which are used in distillation, to prevent the es-
cape of vapors. A mixture of China clay with a solu-
tion of borax will do for metallic vessels. When the liquid
which is to be distilled is not corrosive, slips of bladder or
paper spread with gum arabic or flour-paste will answer
the purpose; 8 parts of yellow wax mixed with one part
of turpentine oil, forms a very good resinous lute.
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IV. Cuemican CoMPOSITION OF BODIES.

XXVIIL All bodies in nature are either animate or in-
animate. The former, to which belong the plants and an-
imals, are composed of a variety of exceedingly delicate
vessels, filled with liquids, of which each has a particular
office, and the assemblage of which forms what is called
their organization. Hence it is also customary to call
plants and animals organized or organic bodies, in opposi-
tion to dead or inanimate substances, which being merely
composed of particles kept together by the power of cohe-
sion, are said to be unorganized or inorganic.

XXIX. Withregard to chemistry, all unorganized or
inorganic bodies are,

L. Either simple or compound ; that is, either as yet
not known to contain other ingredients, or composed of
two or more heterogeneous substances.

2. The compounds of unorganized bodies are most al-
ways formed by a binary combination (combinations of two
and two substances). Thus water is composed of #wo el-
ements, oxygen and hydrogen ; Salépetre of two substan-
ces, nitric acid and alkali, of which each is again a com-
pound of two other substances : (nitric acid is a compound
of nitrogen and oxygen, and alkali a compound of Potas-
sium and oxygen.) See introduction, VIL

3. The compounds of unorganized bodies can, in most
cases, be produced by the combination of their elements.
Thus, water may be produced, as we shall see hereafter,
by combining oxygen and hydrogen in the proper propor-
tions; saltpetre may be produced by a combination of
nitric acid and alkali, &c.

Organized bodies, on the contrary, are

1. Generally composed of more than two elements.

2. They cannot be produced by art, through a combi-
nation of their chemical ingredients ; because they all con-
tain a certain vivifying principle, totally unknown to us ;
and which will probably forever escape all our anatomical
and chemical researches.

XXX. A vast number of organized and unorgan-
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ized bodies have been subjected to chemical analysis, and,
by means of art, been decomposed into their ingredients ;
but there are fiftyfour substances, which, thus far, have
resisted all attempts to decompose them, and, on that
account, are called elements. Of these, 4 are gaseous or
aeriform bodies; 9 are solid, non-metallic substances;
and 41 are metals. We shall here annex their names,
and propose to treat separately of the properties and com-
binations of each in the course of this book.

NOMENCLATURE OF ELEMENTS.

a. Gaseous Elements,

I. Oxygen, 3. Nitrogen,
2. Hydrogen, 4. Chlorine.
b. Solid Substances.

5. Carbon, 10. Todine,

6. Sulphur, 11. Bromine,
7. Selenium, 12. Silicon,
8. Phosphorus, 13. Fluorine.
9. Boron,

c. Metals.

14. Potassium, 32. Hridium,
15. Sodium, 33. Osmium,
16. Lithium, 34. Nickel,
17. Calcium, 35. Iron,

18. Barium, 36. Lead,

19. Strontium, 37. Tin,

20. Magnesium, 38. Copper,
21. Glacinum, or Berillium, 39. Zinc,

22. Yutrium, _ 40. Bismuth,
23. Allumium, 41. Cobalt,
24. Zirconium, 42, Antimony,
25. Thorium, 43. Arsenic,
26. Mercury, 441. Manganese,
27. Silver, 45. Tellurium,
28. Gold, 46. Titanium,
29. Platinum, 47. Cerium,
30. Palladium, 48. Uranium,
31. Rhodium, 49. Columbium,

4
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50. Tungsten, (Wolfram,) 53. Molybdenum,
51. Cadmium, - 54. Vanadium.
52. Chromium,

And of these 54 elements the whole infinite variety of
bodies is composed ! !

XXXI. The various chemical compositions arising from
the combination of these elements may again be arranged
under six different heads :

1. Ozides. This name is applied to all combinations
of oxygen with another element. Thus, the combination
of oxygen with iron is called ozide of iron ; that of oxygen
with manganese, ozride of manganese, &c.

Q. JAcids. These are combinations of certain substan-
ces with acidifying (acid-producing) principles, common-
ly oxygen or hydrogen, and distinguish themselves by the
following properties :

a. They have generally (not always) a sour taste.

b. Most of them are soluble in water ; and change blue
vegetable colors into red.

c. They are all negatively electric; (Natural Philoso-
phy, Chap. I1X.) that is, they adhere to the positive or zinc
pole of the voltaic pile. (To understand this more com-
pletely see the remark on the following page.)

d. Combined with solid substances they form salts, or
at least substances which bear a great resemblance to salls.
The last mentioned properties are, by modern chemists,
considered the most characterizing and essential qualities
of acids.

3. Bases. 'To this class belong all substances remark-
able for the following two properties :

a. When combined with acids they form salts; and

b. When separated from a combination with an acid by
the action of a voltaic battery, they adhere to the negative
pole. They are consequently positively electric.

* Not all acids have a sour taste ; neither do all acids.necessarily
contain oxygen, as it wasonce believed. Prussic acid, for instance,
. has a bitter taste, and contains no oxygen.in its comnposition.
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The learner ought to direct his attention particularly to the
distinguishing characteristic between acids and salts; viz.
that the acids are negatively, and the bases positively electric.

4. Salts. So are termed the almost innumerable com-
binations of the bases with the acids.

5. Sulphides and Chlorides. These are combinations
of sulphar or chlorine with an element, commonly a metal.

6. Alloys of Metals. These are combinations of one
metal with another. The combinations of quicksilver
with other metals have received the special name of Amal-
gams.

The theory of Galvanic electricity, as well as that of the
voltaic pile or battery, has already been given in the ninth
chapter of Natural Philosophy. It has there been stated, that
the most important experiments which can be made with the
galvanic battery belong to chemistry. This is so far true that
it may well be said that the theory of Galvanic electricity has
changed the face of the science of Chemistry. Its influence
upon the chemical decomposition of bodies stands unrivalled
by any other agent in nature, and is truly universal. There is
hardly a substance in nature, upon which galvanic electricity
does not more orless exercise its influence ; and by its agency
the most difficult chemical decompositions have been effected
with comparative ease and facility.

ExampLe. — The fixed alkalies,a class of bodies with whose
properties we shall become acquainted in the 3d chapter, were
believed to be elements, and resisted every attempt to decom-
pose them, until the brilliant discoveries of Davy and Berze-
lius, who dissolved them into their elements by means of pow-
_ erful Galvanic Batteries. Nor is this decomposing power of
Galvanic electricity confined to a few chemical compounds;
for nearly all the acids, and the class of bodies we have dis-
tinguished by the name of salts, yield their elements when ex-
posed to the action of this universal agent. It is on this ac-
count, Galvanic Electricity has become a criterion (and indeed,
as we have said before, the best criterion we have) of the
basic or acid nature of a chemical substance. For whenever
a salt is decomposed into its two principal constituents, the
acid and the basis, the acid adheres invariably to the positive,
and the basis to the negative pole of the galvanic battery. Now
as the positive or zinc pole of the battery attracts only nega-
tive electric bodies, (see Natural Philosophy, Chap. IX.) and
the negative or copper pole attracts positively electric sub-
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stances, we conclude that all acids are in reference to the
class of bodies which are called bases, negatively, and all
bases in reference to the acids, positively electric substances.
But it does not follow from this that a basis cannot of itself be
attracted by either of the two poles, or that an acid cannot be
composed of two elements, which evince again opposite elec-
tricities to each other. This as we shall soon see, occurs
frequently enough; butit is sufficient for us at present, to
understand the difference between an acid and a basis, as we
shall revert to this subject again in the fourth Chapter.

We shall now describe the manner in which the combina-
tions of the almost innumerable class of bodies which are
characterized by the names of salis and acids, is effected by
galvanic electricity. (See Natural Philosophy, Chapter IX.)

; ‘ Fig. LIX.

-

If the trough apparatus (Fig. LIX.) is used, then the cells,
A,are filled with water, which contains in solution a quan-
tity of common salt, or which is mixed with a small portion
of muriatic or sulphuric acid. The plates, B, which are fit-
ted to these cells and connected by a slip of wood, are then
let down into the cells, and the twe conducting wires, Z
and C, (of which Z is connected with the positive, orzinc
pole, and C with the negative or copper pole) are brought
in contact with the substance, S, which is to be submitted to
the agency of the battery. Now if  this happens to be a salt,
it has been found that the acid of which it is composed ad-
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heres invariably to the positive or zinc pole, Z, and the basis
to the negative, or copper pole, C, of the battery.
A very convenient apparatus of this kind, which may be at
pleasure increased or diminished, is Count Stadion’s Couronne
Fig. LX.

des Tasses, or cup-battery. It consists of a number of cups
of glass or wedgewood, (see Fig. LX.) In eachcup isplaced
a plate of zinc, and another of copper, in such a manner that
the metals do not touch each other in the cups ; but are without
connected with each other by slips of metal. The same order
of plates zinc, copper, zinc, copper, &c, is of course preserved
throughout the ‘apparatus. When the cups are filled with a
solution of salt or muriatic acid, then the effect is the same as
that produced by the trough-battery. It is easily perceived
that the strength of such an apparatus may be increased or di-
minished by employing a greater or smaller number of cups.

To account for the chemical decomposition of bodies
by Galvanic Electricity, several ingenious theories have
been invented, among which that of Sir Humphrey Davy
deserves decidedly the preference. He supposes the ele-
ments of all chemical compounds to be originally possess-
ed of opposite electricities. These opposite electricities
are, by the chemical affinity which these elements have for
one another, kept in a perfect state of equilibrium. But
when such a compound is exposed to the agency of a gal-
vanic battery, then the attractive and repulsive force of the
two opposite poles, effect a separation of its elements ; the
negatively electric element flies to the positive or zine pole,
and the positively electric ingredient, to the negative pole
of the battery. I'hose substances which adhere to the neg-
ative pole are then said to be positively electric; and
those which adhere to the positive pole of the battery are
called negatively electric bodies. Thus according to what

4%
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we have said all acids are, in reference lo those substances
which we call bases, negatively electric ; and all bases
are, in reference to the acids, positively clectric substances.

This theory, although there are several objections to it,
is strongly corroborated by some very prominent phenom-
ena, which accompany the decomposition of salts by gal-
vanic Electricity ; and of which we shall have an oppor-
tunity to speak hereafter when treating of salts.

RECAPITULATION.

[The preceding Introduction, contains the outlines of Gene-
ral Chemistry. It will therefore be well for the teacher to go
over it a number of times — until he is perfectly satisfied that
his pupils have understood the definition of chemistry, and can
give a tolerably good account of the laws of affinity and chem-
ical action. Not until then ought they to commence the study
of the first chapter.]

I. QuesTions oN DEFINITIONS.

I.] Into how many classes are all natural sciences di-
vided? What are these ?

[IL.] What is the object.of Natural History ? Which
are the three great branches of Natural History ?

[IIL.] What is the object of Natural Philosophy ? Into
what two branches has Natural Philosophy been divided ?
How do you define Chemistry ?

[IV.] What do you call the peculiar kind of attraction
which 1s only manifest in contact, and which is the cause
of a change in the properties of bodies ?

Give an example.

[V.] In how many different ways does the chemical
affinity which one body has for another manifest itself?
‘What are these two ways? What is the first of these
processes called?  What the second ?

Giive an example of chemical composition or synthesis,
Give an example of chemical analysis.
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What is the difference between mechanical and chemical
separation ? Give instances of mechanical and chemical di-
vision.

[VI.] What are the parts obtained by a chemical sep-
aration or analysis called? What is the body called from
which they are derived ?

Give an example.

[VIL.] When do you call a body composed of nearer
and more remote ingredients ?
Give an example.

Which, in your example are the nearer, and which the
more remote ingredients ?

[VIIL.] What are those substances called which are
not, as yet, decomposed by any means in our power? Does
it follow from this that all substances which are now con-
sidered as elements are really incapable of analysis?

What then does the word element express in chemistry ?

II. .QuzsTtions on CHEMICAL AcTION,

[IX.] What kind of attraction must be considered as
the principal cause of all* chemical phenomena? What
changes does chemical affinity produce on bodles which
are subjected to its action ?

[In the answer-to this question the pupil ought only to enu-
merate the three principal changes, a, b, ¢, printed in italics.]

Give examples of changes produced in the temperature ;
of changes produced in the physical properties of bodxes,
and of changes produced in aggregate form of bodies.

[X.] Does chemical action ever take place without a
change of temperature? What important fact do you
know respecting it? Does heat generally favor or coun-
teract chemical affinity ?

Give examples.

[XI.] What is the greatest obstacle to chemical affin-
ity ? Why do bodies combine readiest with each other,
when one or the other has been reduced to the fluid state ’!
Why does heat increase the action of chemical affinity ?
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What general inference has been drawn from this? Is
this rule without exception ?

What would take place if there were no cohesive attraction
to counteract the chemical affinities of bodies ? How must
chemical affinity and cohesive attraction be considered in ref-
erence to each other?

[XIL.] When are two bodies said to be neutralized ?

Give examples of neutralization.

In what state are potash and sulphuric acid contained in the
salt which is formed by their combination? What is neces-
sary in order to effect a complete neutralization ?

[XIII.] What are those combinations called, in which
the ingredients still preserve a portion of their original
properties ?

Giive an example of such a combination.

[XIV.] To what must we have recourse in order to
decompose a chemical compound into its constituent parts ?
What is that kind of chemical attraction called, in con-
sequence of which a body quits a combination already ex-
isting, for the sake of forming a new one? Why is this
attraction called elective affinity ?

Give an example of the action of elective affinity. (Ex-
plain the figure, page 7.)

What substance, in your example, showsan elective affinity
for potash? Why?

[XV.] Whatis the product of the combination of a solid
body with a flujd called ? Does the affinity between a solid
and a liquid substance continue forever, or is it limited to
a certain point? How is that point called, beyond which
the solving power of the liquid ceases to operate upon the
solid 7 What is the solution itself said to be, when arrived
at this point ?

Glive an example.

[XVI.] Upon what three things does the saturation of
liquids principally depend ? Is there no exception to the
general rule, that heat increases the solving power of
liquids?

Give examples.
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[XVIL.] What do some compounds of two substances
require for their decomposition? When is this the case?
What do you call this kind of affinity ?

Giive an example. (Explain the table on page 9.)

To what do some philosophers ascribe these phenomena ?
Why ?

What substance in your example (page 9) exercises a pre-
disposing affinity upon oxygen? Why? By what means
dlcl;)es _thepacid predispose the oxygen for a combination with
the zinc ¢

[XVIII.] What does frequently happen when two
compounds are brought together in a state of solution ?
What is this compound action said to be caused by ?

Giive an example. (Explain the table on page 10.)

Which substance, in your example, does the acetic acid
elect in preference to the lead, with which it was combined ?
Which substance does the sulphuric acid elect in preference
to the zinc? And why is this action called double elective
affinity ? -

[XIX.] In what other manner do bodies combine, be-
sides forming mixtures, or dissolving others to saturation ?
What sort of compound do we always obtain from a com-
bination in fixed proportions?

Give an example. -

Do bodies always combine with each other in only one
fixed proportion ?  Give an example where one substance
combines with another in several fixed proportions !

Have similar fixed substances been discovered in the
combinations of other bodies? And what has been ob-
served in reference to these combinations 1 What general
principle are we enabled to lay down, from these observa-
tions ? X

If the remainder of this section should be found too diffi-
cult for the beginner, it may be omitted until reviewing the
first four chapters of the book. But it would be better for
him if he could explain the example on page 12. 1If he has
understood it well, let him take the substance B, in reference
to A, C, D, E, and F, and determine from that the relation of
Ato C,to D, E, and F, &c. The better he understands this
example, the better will he be able to comprehend the one
whicli is taken from nature, and which consists of larger pro-
portions.
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Let the pupils now explain the table on page 18. — The
teacher may also let them copy that table, and then ask the
following questions: Ques. — Why are 37 weights of mu-
riatic acid said to be an equivalent to 40 weights of sulphuric
acid? Why are 40 weights of sulphuric acid an equivalent to
54 of nitric acid, or to 28 of phosphoric acid? Why are 23
weights of lime equivalent to 48 weights of Potass, or to 32
of soda ?

What is the smallest number of weights of one sub-
stance called which combines to saturation with all other
substances for which it has a strong chemical affinity ?
By what means is the chemical equivalent of a compound
substance found, when the chemical equivalents of its
elements are known ?

Ezplain ezample I. Ezplain example 11. Explain
example I11.

III. Questions oN CHEMICAL APPARATUS.

[XX.] @ What instruments are principally used for
dividing bodies ?

b. What instruments are used for separating liquids
from solids. Explain the separatory funnel, (Fig. XVII,
page 19) and its operation. 4

¢. What apparatus is used for the liquefaction of solids.

[XXI] d. What apparatus is used for evaporation and
crystallization? Why must the form of evaporating dish-
es be flat? What is the process of evaporation called,
when it takes place under the influence of heat? What
apparatus is used for this purpose?

[XXIL] e. What is the most common apparatus used
for collecting the volatile portion of a body which escapes
through the process of evaporation ? Describe Fig. XXV.
Describe the common still, (Fig. XXVI.) What is the
name of the instrument most commonly employed in distil-
lation ? Explain Figs. XX VII and XXVIII. What other
apparatus answers most purposes for which retorts are used ?

f- In what consists the apparatus for heating chemical
substances ? On what principle are both, the portable air-
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furnace with crucible stands, and the fixed wind-furnace
constructed ? What is the construction of the common
lamp? What is the difference between a common lamp
and a spirit lamp? In what consists the principal advan-
tage of an Argand’s lamp over a common lamp? For
what purpose is the flame of ‘an Argand’s lamp covered
with a cylindrical open glass?

How is Guiton’s lamp furnace constructed? (Explain
Fig. XXXVI, page 25.)

What is the name of the instrument which is used for
producing a very intense heat with a common oil or spirit
lamp? Of what does it consist? Explain its operation
and the manner in which it is used.

What is the difference between Gahn’s blow-pipe and
the common blow-pipe ?  Explain Fig. XXXVIII. 1In
what does the advantage of this apparatus consist?

What other still more convenient contrivance is there,

than either the common or Gahn’s blow-pipe. Explain
Fig. XXXIX.

[XXIIL] Tlow many different kinds of presses are
used for extracting liquids from solid substances. Explain
Fig. XL. Explamn Fig. XLIL

What apparatus is frequently used when a solid sub-
stance is to be dissolved in a liquid? Describe Fig.
XLII

How is Brahma’s I[lydraulic press constructed? Ex-
plain Fig. XLIIL

[XX1V.] What apparatus is used for collecting gases?
Describe Fig. XLIV. What other apparatus is used for
collecting gases? Explain Fig. XLV. What applica-
t}i(on is made of Priestley’s bell glass? Explain Fig.

LVI. .

[XXV.] What other apparatus is used for various other
chemical purposes ? Explain Nicholson’s portable balance
Fig LVII. How is the specific gravity of aliquid deter-
mined by means of Nicholson’s portable balance? (Ex-
plain the example, page 34.) How is Nicholson’s balance
to be used when the body whose specific gravity we wish to
determine is a solid ? (Explain the example on page 35.)



48 RECAPITULATION.

What sort of an instrument is the per-cent balance ?
How is it constructed ? (explain Fig. LVIL) Can the
scale which is used for one mixture of liquids be employ-
ed also for another ?

[XXVL] For what purpose are lutes employed ?
What kind of Inte will answer for metallic vessels? What
sort of lute will answer for liquids which are not corrosive ?
What composition makes a good resinous lute ?

IV. QuesTioNs oN THE CuemicaL CoMPOSITION OF
Bobiks.

[XXVIIL.] To what class of bodies belong plants and
animals? Of what are plants and animals composed ?
‘What are all inanimate substances merely composed of ?

[XXVIII.] What characterizing properties have all
inanimate bodies in reference to chemistry ? ('The answer
to this question consists in the recitation of the three heads,
1, 2, 3, printed in italics.) Give an example of binary
combinations of bodies. What characteristics, on the
contrary, distingaish all organized bodies? How many
different substances are there, which have thus far resisted
all attempts to decompose them? What are they there-
fore called? How many of these elements are gaseous ?
How many are non-metallic solid substances? How many
are metals ?

If the teacher thinks fit, the pupils might now commit their
names to memory, or they may also omit this, until the review-
ing of the book.

[XXIX.] Under how many different heads may the va-
rious chemical compositions, arising from the combination
of these elements be arranged ?  What are they ? (The
answer to this question consists in the enumeration of the
six heads, Oxides, Acids, Bases, &c.

What substances are called oxides?

Give examples.

What substances are called acids? What are the char-
acterizing properties of the Acids?

By what properties are those bodies distinguished which
are called Bases ?
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What are salts?

What are sulphides and chlorides ?

What do you understand by alloys of metals?

[Upon the remainder of this section the teacher need
ask but a few questions, as the same subject occurs again
in the 4th chapter.]

What becomes of all salts when exposed to the action
of Galvanic Electricity? Why is galvanic electricity the
best criterion of a salt or an acid? Describe the manner
in which salts are decomposed by galvanic electricity ?
(Explain Fig. LIX.)

Of what does Count Stadion’s Cup-battery (Couronne
des Tasses) consist? (Explain Fig. 1.X.)

What is Sir Humphrey Davy’s theory with regard to the
electrical phenomena exhibited by all chemical com-
pounds? What, according ta this theory, are all those
substances called which adhere to the negative pole of the
galvanic pile? What, those which adhere to the positive

ole ?
P What are all acids in reference to that class of bodies,
which are called bases? What, all bases with regard to
those substances called acids ?



CHAPTER 1.

Or THE PROPERTIES AND COMBINATIONS OF THE FOUR
Gasevus Evements, Oxveen, HYDROGEN,
Nirrogen, AND CHLORINE.

A. Ozygen*

§ 1. Properties of orygen. By the name of ozygen
we distinguish a gas contamned in our atmosphere, of which
it constitutes about 21 per cent; (being the 2% part of
the whole atmosphere). Itis also a component part of
water, forming nearly 88; of its whole weight. It is
colorless, a litule heavier than atmospheric air, and insol-
uble in water, and is destitute of either smell or taste.
Its presence is absolutely necessary to the continuance of
animal life ; but breathed in its pure state it is injurious,
because it affects the lungs.

§ 2. Mode of obtaining oxygen. Oxygen is obtained
in a variety of ways, of which it will suffice to mention
the following four:

1. From a substance called Chlorate of potash; by
heating it in a retort and collecting the gas which is giv-
en off by means of the pneumatic tub.

Fig. LXI.

* From a Greek word, signifyirg formation of acid.



ODXYGEN. 51

When the Chlorate of Potash is heated it fuses, and
gives off the oxygen in a very pure state, which is then,
through the pipe, conveyed to the receiver, in the manner
explained in the Introduction, page 30, Fig. XLIV.

2. From a substance called Red Oxide of quicksil-
ver. The process is nearly the same as that just de-
scribed.

3. From a substance called Black Oxide of manga-
nese.

4. From a variety of growing vegetables when exposed
to solar light, and from the green matter formed in stag-
nant pools, when immersed in water. T'his is an experi-
ment requiring no other apparatus than a tumbler filled
with water ; if at hand, Priestley’s bell-glass is best adapt-
ed for it, having a contrivance at the neck, by which
means the gas may be introduced into another vessel or a
bladder. (See Fig. XLV, page 30.)

§ 8. Combinations of oxygen. Ozygen combines with
nearly all simple and compound bodies. The process by
which this combination is effected is called the ozygena-
tion of bodies. This oxygenation is sometimes accompani-
ed by the phenomenon of fire, (by light and heat) in which
caseit is termed combustion. 'The products of the differ-
ent combinations of oxygen with other elements are either
ozides or acids ; according to the different proportions in
which the oxygen combines with them.

ExampLe. — Carbon combined with oxygen gives 1 oxide
and 3 different acids. Sulphur combined with oxygen gives 4
different acids. Iron forms with it 2 different oxides, &c.

§ 4. The different oxides and acids arising from the va-
rious combinations of oxygen with other substances, have
each received a particular namne, indicative of the proportion
of oxygen contained in the combination. The oxides are
termed Protoxides, Deutozides and Perozides. 'The name
of Protoxide is given to the smallest quantity of oxygen com-
bined with another substance; that of Deutoxide denotes
the next greater quantity of oxygen combined with it ; and
the name of Perozide is applied to the greatest proportion
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of oxygen which an oxide is capable of holding. With
regard to the acids, we are in the habit of distinguishing
them by their terminations, in ic or ous; or by putting
the Greek preposition kypo (signifying under) before the
name of the acid. The name of the acid ending in ic in-
dicates the highest degree of oxygenation ; that termin-
ating in ous indicates the next lower degree ; a still lower
degree, if there be any, is expressed by the preposition
hypo.

Exampre. — The gas called nitrogen forms with oxgyen
three different acids, which, according to the degree of oxygen-
ation (the quantity of oxygen contained in their composition)
are called nitric acid ; nitrous acid,and hypo-nitrous acid. Ni-
tric acid indicates the highest degree of oxygenation ; nitrous
acid the next lower, and hypo-nitrous acid the lowest degree.

Theory of Combustion.

§ 5. It has been said before (§ 3) that the combination
of some bodies with oxygen is accompanied by fire — in
which case it is called the combustion, or burning of bodies.
The combustion or burning of bodies, therefore consists in
their sudden combination with oxygen.* Every body capa-
ble of such a combination is called a combustible sub-
stance.

Phlogisten of the ancients. — The ancient chemists ascribed
the process of combustion, or the phenomenon of fire, to a par-
ticular substance which they called phlogiston. But this the-
ory has long ago been exploded ; and it 1s now generally taken
as an established fact that this phenomenonis produced, as we
have said before, by the sudden union of oxygen with a com-
bustible body.

6. Digree of temperature necessary for combustion.
There are bodies which combine with oxygen to combus-
tion without being previously heated (as is, for instance,
the case with a substance called sulphuretted hydrogen) ;
most budics, however, require for this purpose a certain high
degree of temperature.

* We shall see hercafter that the gas termed chlorine is in a cer-
tain measure capable of producing similar phenomena.
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ExampiLe. — Sulphur, wood, coal, phosphorus, &c, must first
be heated to a certain degree of temperature before they ex-
hibit the phenomenon of fire. But when these hodies are
once heated, they generally give out sufficient heat to keep up
the degree of temperature necessary for their combustion.

Fig. LXII. Fig. LXIIL.

The chemical process of a burn-
ing candle (Fig. LXIL) or lamp,
(Fig. LXIIL) is this: The wick a,
is lighted by a piece of burning
paper or wood. By this means the
surrounding particles of fat or oil
are heated to the boiling point,
(Natural Philosophy, Chap. VI,)
and thereby decomposed ag all an-
imal substances, into inflammable
gases. These combine with the
oxygen of the atmosphere and pro-

—_— = = commonly called the flame of the
candle. This flame gives out sufficient heat to keep the
degree of temperature necessary for the decomposition of
another portion of the fat or oil; and so does this process
continue until the whole candle or oil is exhausted.

§ 7. Light given out by the combustion of budies, 'The
Tight which is given out by different substances during the
process of combustion is subject to variation in intensity
and color.

ExampLes. — Phosphorus, zine, and arsenic give out a white
nght; the flame of sulphur is blue ; that of selenium azure;

c.

The color of the flame does not only depend on the
burning substance, but also upon the degree of heat pro-
duced by its combustion. Most combustible bodies when
moderately heated burn with a yellow or blue flame ; par-
ticularly if there be no draft to supply the flame with fresh
quantities of oxygen.

§ 8. Combustionin oxygen. Al combustible bodies busn
in oxygen with increased splendor.

5*
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Fig. LX1V.

ExampLe. — A small piece of wax
taper with its flame blown out, but
its snuff still red hot, when immers-
ed into a vessel filled with oxygen,
is instantly rekindled, and throws
out a most vivid llght -(See Fig.
LXIV.)

A piece of sulphur or phosphorus, let
down into a jar filled with the same gas
will burn with indescribable brilliancy.
(See Fig. LXV.)

In order to perform these experiments a
common bottle or jar may be filled with
the gas by means of the pneumatic tub.
{Intr. page 30.) Through the cork of the
—tt bottle a piece of wire may be made to pass,
contmnmu at its lower end the body which is to be immmersed.
(See the next figure.)

ANOTHER EXAMPLE. — Iron, which only burns at very ele-
vated temperatures, needs but a red heat to burn in oxygen
~ gas with a light which is almost as dazzling and insufferable
to the eye as the sun itself.

Fig. LXVI.

A faint representation of it is
given in Fig. LXIV. A piece of
piano-wire spirally twisted, is in-
troduced air-tight through the
cork, a, of a bell-glass or receiv-
er filled with oxygen gas. To
the lower end of this wire is at- -
tached a piece of thread, touch-
ed with sulphur or wax, to 1gmte
the wire in the first instance.
As the gasis a little heavief than
atmospheric air, its :escape or
mixing with the atmosphere is
prevented by placing the receiv-
er in a basin filled with water. If we were to employ a com-
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mon jar for the same experiment, then the little globule of
melted wire which drop during the process of combustion,
would melt the glass, or if the bottom of the vessel be thin,
fuse a hole through it, without breaking the glass.

Query — What do all these examples prove, in reference to
the heat produced by the burning of substances in oxygen gas ?
Ans. —These examples prove that the heat given out by the
combustion in oxygen gas is incomparably more intense than
that thrown out by combustion of the same substances in atmos-
pheric air. Query — And what would become of our grates,
stoves, or iron forges, in short, of all the labors of the black-
smith, if our globe was surronnded by pure oxygen? Jns.—
Our grates and stoves would burn and melt the moment they
would get red hot; and as to the labors of the black smith,
they would be entirely out of the question ;— for in order to
shape iron, it must first be made red hot (it being exceedingly
hard in its natural state); and the moment it would get red
hot it would begin to burn and melt into balls.

§ 9. If the whole product of combustion is weighed it is
always found to be heavier than the substance was before
the combustion. Thus, when a piece of wire is_burnt in
oxygen its weight is found to increase by 40 per cent, —
that is, 100 grains of iron before the combustion, weigh
140 graivs after it. 'T'he reason of this change in the
weightofiron, is because 40 grains of oxygen gas combined
with it during the combustion. A similar increase of
weight is noticed in all bodies which are burnt in oxygen
gas, and corresponding changes take place at every com-
bustion in atmospheric air. To this general rule it can-
not be objected that the ashes obtained from burning
wood, straw or other substances weigh generally much
less than these substances did before they were burned ;
because when'these bodies are burnt in the open air, we do
not obtain the whole product of their combustion. A great
quantity of inflammable gas which is always given off dur-
ing their combustion, escapes through the chimney or in
the air. But when these are collected and their weight
added to that of the ashes, then the sum of these united
weights is always greater than that of the wood, straw, or
other substance before the combustion.

§ 10. No combustion can take place without the pres-



56 OXYGEN.

ence of oxygen ;* the process of combustion, therefore, can
only be continued as long as there is a sufficient quantity of
oxygen to support it. 'This follows immediately from what
we have said in § 5. For if every combustion consists in
the combination of oxygen with a combustible substance,
it is self-evident that no such process can take place un-
less a sufficient quantity of oxygen is present. Moreover
we can mark the actual consumption of oxygen gas during
combustion by a very easy

Fig. LXVII. ExperiMENT. — T'ake a common
bell-glass or receiver, through the
cork of which introduce a piece of
bent wire, supporting at its lower end
a small lighted candle, a, and place
the whole over a basin of water. As
the candle is burning, the water of
the basin will rise in the receiver, so
that if a small scale be introduced
into the latter, the rising of the
water will indicate the quantity of
—— oxygen consumed.

Query — What does the rising of the water in the receiver
prove ?  Ans.— It proves that a portion of the gas in the re-
ceiveris consumed by the flame of the candle. Query —-Why?
Ans. — Because without such a consumption of the gas no
vacunm could be created in the receiver, into which the water
could be forced by the external air.

AnxotraeEr Expreriment. — Instead of oxygen, fill the re-
ceiver (in the last figure) only with common atmospheric
air. The burning of the candle, although less vivid, will
still consume a portion of air ; the water will still rise in the
receiver, although not so rapidly nor so high as when pure
oxygen isemployed; and the caudle, afier burning more and
more faint, will finally become extinguished. When the
quantity of air then remaining in the receiver is examined,
it is found to have lost just &% of its volume, which is ex-
actly the proportion in which oxygen is contained in atmos.

* We shall see in future that a few substances burn faintly in
chlorine ; but this can hardly be counsidered an exception to the
general rule.
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pheric air. (See § 1.) A burning candle now introduced
into this air Is instantly extinguished ; small animals, birds,
frogs, &c, introduced into it speedily die; in short, the
remainder of the air in the receiver is totally unfit either
to support combustion or the process of respiration of liv-
ing animals.

Query — What does the slower burning of the candle in
common atmospheric air prove? ./ns. — It proves that the
vividness and splendor of the combustion depend on the great-
er or less quantity of oxygen which is consumed ? Ques. —
But why does not the water rise as high in the receiver as
when pure oxygen is employed? .Ans.— Because the whole
quantity of air in the receiver is not consumed by the burning
of the candle; but only that portion of it which is pure
oxygen. Ques.— And why does the candle become extin-
guished, when -2, of the whole air originally contained in the
receiver are consumed ? Ans. — Because the air which then
remains in the receiver is destitute of oxygen gas, and is on
that account incapable of supporting either combustion or res-
piration.  Ques. — What, therefore, is necessary in order
that a complete combustion of bodies shell take place in at-
mospheric air or oxygen? /ns.— It is necessary that a fresh
quantity of atmospheric air or oxygen should be supplied,
while the process of combustion is geing on.

Fig. LXVIIL

AnxorHER ExampPLE, — A
burning candle introduced
into the receiver of an air-
pump (Fig. LXVIIL) burns
slower and slower as the air
inthe receiver becomes more
and more exhausted, (Natural
Philosophy, Chap. V,) until
finally it becomes wholly ex-
tinguished. A small animal
or a bird introduced instead
of the candle will be thrown
into convulsions and expire.
Gunpowder, phosphorus, and
sulphur will cease to burn in
the vacuum. An improper
mixture of gases, in which
the oxygen is not contained in a sufficient proportion, produces
the same effect; because it is then unfit to support the pro-
cess of combustion or respiration.
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Query — What remarkable coincidence do you here observe
between the process of respiration and combustion? Ans. —
That oxygen is alike indispensable to the one and the oth-
er; for whenever the process of combustion discontinues from
want of oxygen, that of respiration ceases also.  Ques.--
What mode, therefore, may be devised for finding out wheth-
er a certain mixture of gases is respirable or not? JAns.—
A burning candle may be introduced in it; when it continues
to burn the gas will be respirable ; when it is extinguished, or
burns but dimly, then the gas will not be fit for respiration.

This is a convenient way for trying the air in old wells
or in caverns, aud cannot be too urgently recommended ;
many lives having been lost by omitting this caution.

§ 11. The quantity of air or oxygen necessary for the
continuance of the process of combustion is supplied ei-
ther by a draft or by means of bellows. We know from
Natural Philosophy, (Chap. V,) that when a body is
burning, the heated air which surrounds it becomes spe-
cific, lighter, and ascends, while a fresh portion of exter-
nal air rushes in its place. This is called a draft. To
facilitate it we build fire-places and chimneys. The high-
er the chimney is, or the greater the difference between
the temperature of the air ascending in the chimney, and
that of the surrounding atmosphere, the greater is the
draft, and the better therefore will the fire burn.

Query — Could you now devise a means for improving smok-
ing fire-places? JAns.— Yes. Smoking fire-places might be
improved by heightening the chimneys. Ques.— Why?
JAns. — Because this would create a better draft, adding there-
by continually a new quantity of oxygen to the fire, and caus-
ing by that means a more perfect combustion. Query — And
can you now explain the reason why an Argand’s lamp (see
Fig. XXXV, page 24,) burns brighter when the glass is put on,
than without it? .Ins. — Because the glass serves in this in-
stance as a sort of chimney, which increases the draft,

§ 12.  Extinguishing of fire. Fire is extinguished, as
we have seen, by abstracting the oxygen from the burning
substance, or, which amounts to the same thing, by ex-
cluding the atmosphere from the burning substance.  This
is effected by covering the combustible substance with an-
other substance, through which the oxygen of the atmos-
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phere cannot penetrate. For this purpose we commonly
employ water, merely because it is readiest procured ; but
then it is necessary to use a sufficient quantity to cover
the whole surface of the burning body.

Small quantities of water are of little or no use in confla-
grations ; but, on the contrary, rather contribute to increase
them; because red hot coal, as we shall see hereafter, decom-
poses water into hydrogen and oxygen; the latter of which
substances adds necessarily to the rapidity of the flames.
(§ 7.) Itis for this reason blacksmiths are iu the habit of wet-
ting their coal before using it.

§ 13. It has already been observed that some sub-
stances combined with oxygen without the phenomenon
of fire. 'T'his is the case when the combination takes
place very slowly.

It is in this manner many of the metals combine with oxy-
gen at the mean temperature of the atmosphere. Sodium,
potassium, iron, lead, tin and manganese are oxidized with-
out giving out any observable degree of heat or light.
Another substance, (which we shall “become acquainted with
in the course of this work) termed nitric oxid, combines with
oxygen at the greatest cold ; while carbon unites with it at
a temperature exceeding 656 degrees Fahrenheit, without
the phenomenon of fire.

§ 14. 1t remains for us to speak of the process of
desoxidation, which consists in separating the oxygen from
a body with which it is combined. It is effected two
wa)s.

1. By heat. This is the case with the oxides of the
precious metals, silver, gold, platinum, &ec.

2. By the admixture of a third substance, commonly
potassium, for which oxygen has a great affinity. (See
Art. Potassium, Chap. II1.)

The different combinations of oxygen with other substances
will be spoken of when treating of these substances.

B. Hydrogen.

§ 15.  When water is subjected to the aetion of Gal-
vanic Electricity, it is, as we have had occasion to remark
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before, decomposed into two distinct gases, whose proper-
ties are in every respect directly opposite to each other.
These two gases are Hydrogen* and Ozygen.

Fig. LXIX.

The erperiment may be made
either by means of a voltaic pile,
My (Fig. LXIX,) or by a trough bat-

tery (see Fig. LIX, page 40).
When the voltaic pile 1s employ-
ed, the apparatus represented in
Fig. LXIX, in which the two poles
A, B, are introduced into a cylin-
drical tube filled with water, is
very convenient.

When the trough-battery is used,
the two poles ofthe battery are
introduced into a bent glass tube,
shaped like a V (see Fig. LXX.)
This tube is first filled with water
and then inverted and held over
; a basin filled with the same liquid,
which in this case answers the purpose asa pneumatic
tub. The two gases, hydrogen and oxygen, into which the
water is decomposed, rise in little bubbles to the top, but
are in both instances obtained in a state of mixture.

Fig. LXXI.

To obviate this we make use of an ap-.
paratus represented in Fig. LXXI1. The.
two poles of the galvanic battery are
brought- in contact with two brass knobs,
A and B, which by means of thin platina
wires melt into the glass, communicate
‘with the water in the bent tube. Each

¥ g of the extremities of the tube is fitted to a
&L % small jar, closed with a stopper, and the
whole apparatus is filled with water. When the battery is
set in motion, the water in the tube becomes decomposed,

* From a Gieek word, signifying formation of water.
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and forms two distinct gases; but by a fixed law of elec-
trical attraction (mentioned before in Intr. page 41,) one of
these gases, the hydrogen, always collects about the nega-
tive or copper pole, and on that account rises in little bub-
bles in the jar which is connected with that pole; while
the oxygen follows the electric attraction of the positive or
zinc pole, and collects in the other jar. By the aid of this
apparatus the two gases are obtained separately, and may
be examined for the sake of various chemical purposes.
What is most remarkable about this decomposition of wa-
ter is, that the volume of hydrogen gas thence obtained, is
always exactly double that of the oxygen, from which we
infer that in water two volumes of hydrogen are combined
with one volume of oxygen. But about this we shall soon
have occasion to say more.

Properties of Hydrogen Gas.

§ 16. When hydrogen gas is examined in its pure
state (as obtained from the decomposition of water by gal-
vanic electricity), it is found 1o be destitute of color, taste,
or smell. It is much lighter than atmospheric air, only
one sixteenth as heavy as oxygen — and indeed the light-
est ponderable substance in nature.* Tt is highly com-
bustible (§ 5), and when ignited (kindled) by a burning
substance, or an electric spark, burns with a yellowish
flame and gives out great heat. It is unfit for respiration,
although it'may be breathed for a short time with impuni-
ty. It is equally unfit to support the process of combus-
tion, although it is, itself, a highly combustible substance.
A burning substance immersed in it, is instantly extin-
guished.

N

* In speaking of the specific gravity of bodies, we always suppose
the pressure of the atmosphere equal to 30 inches of quicksilver, and
its temperature equal to 60 degrees of Fahrenheit’s thermometer.—
(See Grund’s Natural Philosophy, article Gravity.)

6
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Fig. LXXII.

‘ ExpermENT. — If 2 lighted candle or
wax taper is brought near the mouth of
a bottle or jar filled with hydrogen gas,
the gas will instantly ignite at the mouth
of the bottle ; but the taper itself, when
deeper immersed, will be extinguished.
When the taper is drawn out, it will again
be ignited by the burning hydrogen at
the mouth of the bottle. This experi-
ment may be repeated a number of times,
until the gas is entirely exhausted.

Query — What does the inflammation
{ignition) of the gas at the mouth of the
bottleprove ? Ans. — It proves that hydrogen is a highly com-
bustible substance. Query — And what does the extinguish-
ing of the candle when immersed in hydrogen, show ? Jns. —
It shows that although hydrogen is, itself, a highly inflamma-
ble gas, it is not capable to support the combustion of other
substances.

Fig. LXXIIL

ANOTHER EXPERIMENT, which shows that the
specific gravity of hydrogen is much less than
g that of atmospleeric air, may be performed by
I\ A filling two common beer or wine glasses (Fig.
LXXIII,) with this gas, and placing them, one
with its open mouth up, and the other down.
In a few minutes the gas will have entirely es-
caped from the glass B, which is placed with
its mouth up — but it will still be found in the
S one; A, which has its mouth turned downwards.
This may be easily ascertained by applying the flame of a can-
dle to the mouth of each glass. The hydrogen contained in
the glass, A, will burn ; but in B there will be nothing but at-
mospheric air, which of course will not ignite.

Quiery — Why has the gas escaped from the glass which
has its mouth up? Jns.— Because hydrogen being much
lighter than atmospheric air, would naturally ascend asa
piece of wood does, when placed under water. Query — But
why does the gas remain in the glass with its mouth down?
Ans. — Because a vessel filled with hydrogen, having its
mouth turned downwards, may be considered as closed; for
the escape of the gasis prevented from above, and the pressure
of the heavier atmosphere does not permit it to descend below.
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Fig. LXXIV.

R Query — In what manner then can you transfer
hydrogen gas from one vessel to another ? Ans, —
Itis only necessary to place the mouth of an open
vessel or receiver, B, (Fig. LXXIV,) over the open
neck or mouth of another vessel or jar, A, filled
with the gas. The gas will, on account of its levity,
escape thrrough the neck of the vessel, A (through
which, for convenience sake, an open tube may be
made to pass), and ascend in the receiver B, from
which it will expel the atmospheric air.

Anorser ExpErIMENT, Which shows the levity of hydrogen
gas, and at the same time enables us to find its specific grav-
ity is the following.

Fig. LXXYV.

Take an open jar or phial, C,
which attach to one scale of a
common balance with its mouth
downwards, and set the whole
apparatus in equilibrium by add-
ing as much weight to the scale
B, s is necessary for that pur-
pose. Conduct hydrogen from a
Florence flask, F, into the jar.
> In proportion as the hydrogen
- ascends through the pipe, P,
and expels the atmospheric air
from C, the scale B will sink;
and by marking the weight which

; it is finally necessary fo place
upon A, in order to restore the equilibrium, we determine the
difference between the weight of atmospheric air : previously
contained in it, and that of an equal volume of hydrogen gas.”

This will enable us-to find the specific gravity of hydro-
gen.' For when the weight of the atmospheric air in-the
jar A is known, (which may be easily obtained by finding
what the jar weighs when the air is exhausted from it) it
is only necessary to find the weight of an equal volume
of hydrogen ; which we obtain by subtracting the loss of
the jar when filled with that gas, from the weight of the
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atmospheric air contained in it. The weight of the gas
thus found, divided by that of atmospheric air, gives the
specific gravity of hydrogen. 'This you will probably bet-
ter understand from an

ExampLE. — Supposing the jar, when the air is exhausted
from it, loses 1444 grains ; supposing further, that by intro-
ducing the hydrogen, instead of the atmospheric air, the jar
loses 134, grains. Query. — What is the specific gravity of
hydrogen? Ans. — By the first supposition it is evident that
the atmospheric air which is contained in the jar weighs 144
grains ; by the second it is plain that the weight of an equal
volume of hydrogen is only 1 grain ; because 1 grainand 13;
grains (the difference) make 14% grains; consequently the
specific gravity of atmospheric airis to that of hydrogen as
14{5is to 1; orin other words,atmospheric air is more than
14 times heavier than hydrogen.

Dividing I by 144%, or, which is the same, 1§ by X4%, we
obtain % == 0,069 for the specific gravity of hydrogen ex-
pressed in decimals.

Fig. LXXVI.

AnoTHER ExpErRIMENT, which shows the
levity, and at the same time the combustiblity
of hydrogen gas, is represented in Fiig. LXXVI.
A jar with a narrow tube passed air-tight
through its cork, is filled with hydrogen, and
the flame of a candle applied to the open
end of the tube. The gas, which by its lev-
ity escapes through the tube, will instantly be
kindled and throw out great light. As the gas
is gradually ascending, it nourishes the flame,
which will continue to burn until the whole
quantity of hydrogen is consumed.

17. The decomposition of water by galvanic elec-
tricity is not the only means of obtaining hydrogen gas,
for in this manner it is only obtained in small quantities ;
although in its purest state. 'T'here are yet two principal
ways of ' procuring this gas, which we shall now ex-

lain.
A The first is by suffering the hot vapors from boiling water
to pass through an iron gun-barrel ; by which means the
steam becomes decomposed into hydrogen and oxygen gas;
the oxygen combines with the iron and the: hydrogen is
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Fig. LXXVIL.
i A

given off. Thls is the commonest way of obtaining it.
Fig. LXXVII represents the apparatus used for this pur-
pose. B C represents the gun-barrel, which contains in
its centre a piece of coiled iron-wire, and is placed across
a portable wind-furnace, for the purpose of heating it red
hot. The retort, G, the neck B, of which fits air-tight into
the barrel, B C, is partly filled with water which is heated
and converted into steam by means of an Argand’s or spir-
it lamp, L. 'The steam thus formed is conducted into the
barrel Where by the affinity of the red hot iron for oxygen,
it is decomposed into its gaseous elements, oxygen and
hydrogen ; the former combining with the iron, and the
hydrogen passing through the pipe P, and the pneumatic
tub, into the receiver, R.
Fig. LXXVIIL
R A still more convenient way of
/ obtaining hydrogen gas in great
quantities is the second, repre-
\F' sented in the adjoining figure
i LXXVIII. Itconsistsindecom-
it posing water by means of zinc*
 and sulphuric acid. . For this pur-
Qi > pose afew small piecesof zinc, and
about a g)ll of water with nearly one fifth as much sulphuric
acid, are placed in a common Florence flask F, through
the neck of which a small pipe, P, leads to the receiver, R.
The hydrogen is in this case formed by the decomposmon
of water by the joint. actlon of the zinc and the sulphuric

* Iron filings, nails, or tacks, are also frequently used for the same
experiment, instead of the zine.

6*
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acid. This is effected by a predisposing affinity of the
acid for a combination of oxygen and zinc, in the manner
explained in the Introduction, page 9. The metal attracts
the oxygen of the water ; and is in this state dissolved by
the acid, setting the hydrogen free, which will escape
through the pipe P, into the receiver. This is one of
the cheapest and quickest ways of obtaining hydrogen in
large quantities.

Query — Which of the substances here enumerated exer-
cises a predisposing affinity for the oxygen? ns.— The
acid; because it predisposes it for a combination with the
zine.

§ 18, Application of hydrogen gas to Aerostotics.
The great levity of hydrogen gas has given rise to one
of the boldest undertakings which ever characterized hu-
man intrepidity — that of attempting to navigate the atmos-
phere. A small ball filled with hydrogen, provided it be
not made of too heavy a material, will be lighter than
the atmospheric air which surrounds it, and will therefore
be forced upwards by the pressure of the atmosphere. This
you may see from the following

Fig. LXXIX. ExperimeEnT. — Fill 2
: bladder with: hydrogen
gas (how this is done by
means of Priestley’s bell-
glass, has already been
explained in the Intro-
duction, page 31); in-
sert a narrow pipe into
the neck of the blad-
. der, and dip its mouth
in a solution of soap and water; you may then open the stop-
cock and by squeezing the bladder gently, in order to force
the gas into the solution, small bubbles will be formed, which
will rapidly ascend in the air.

Upon this experiment is founded the construction pf
balloons for ascending in the air. The whole consists in
confining hydrogen gas in a spherical cover, which must
be sufficiently thin and light, in order that with the hy-
drogen gas, which it contains, it shall weigh less than the
quantity of atmospheric air which it displaces (Natural
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Philosophy, Chap. IV)." For small experiments, a bal-
loon may be made of thin letter-paper ; but then it must
at least have from 6 to 7 inches diameter, otherwise it will
not rise. Such a balloon may weigh from 35 to 36 grains,
and contain about 5 grains of hydrogen.” This will be
sufficient for its ascent, because its whole weight will only
be little over 40 grains, whereas the quantity of atmos-
pheric air which it displaces is more than 50 grains. If
the balloon is destined to draw up other heavy bodies, then
it requires, of course, a much larger diameter. The cover
is then made of varnished silk, in order that the exterior
air may be completely excluded from it. A balloon of 20
Fig. LXXX, feet in diameter may contain 4190 cubic
feet of hydrogen gas, and will be capable,
in addition to its own tegument, to carry
with it 255 1bs. of other substances, such
as ropes, and a small boat in which a man
may be seated without inconvenience. If
the balloon is 30 feet in diameter then
it may contain 14,142 cubic feet of hy-
drogen gas, and carry a burthen of near-
ly 1000 Ibs. Several persons may then
be seated in the boat, or basket, attached
to the balloon, and ascend several thou-
sand feet in the aunosphere with astonishing rapidity.

The hydrogen gas. prepared for this purpose, is generally
obtained from a mixture of iron or zinc (commonly the former)
with sulphuric acid and water — 12 oz, of iron and as much
sulphuric acid, with 2 lbs. of water are supposed to yield 1
cubic foot of the gas. y

Mizture of Hydrogen with Oxygen — Inflammable gas.

§ 19. Hydrogen mixes with oxygen in all proportions ;
and such is the affinity between these two substances that
although hydrogen is 16 times lighter than oxygen, it re-
mains throughout equally diffused in oxygen, contrary to
the laws of aerostatics (see Natural Philosophy, Chap.
IV). This may easily be shown by the following
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3 ExpERIMENT. — Take two glass phials, a, b
ok ol into the corks of which insert a nalI')row glass,
tube, several inches long. Fill one of these
phials with oxygen and the other with hydro-
gen. Place that which is filled with oxygen
with its mouth upwards and insert in it the
cork with the tube; the second cork at the
other end of the tube, fit to the mouth of the
phial filled with hydrogen gas, which must be
placed with its mouth downward. Now ae-
cording to the laws of gravity, the oxygen,
which is the specific heavier body, ought to
remain in the lower phial, and the hydrogen
ought to remain in the upper ; but quite the
reverse takes place. The hydrogen decends,
and the oxygen ascends, although oxygen is 16 times heavier
than hydrogen. After several hours the two gases will be
equally diffused in both phials ; and when a light is applied to
either of them an explosion will take place, which will be
strongest and londest when the two gases are mixed in the
proportion of two volumes of hydrogen with one of oxygen.
Such a mixture of hydrogen and oxygen is called inflammable
gas. The product of its combustion, when ignited by an
electric spark, or the flame of a candle, is water. Hence it is
not only in our power to decompose water into oxygen and hy-
drogen, but we can also reproduce it by the combination of
hydrogen with oxygen in a proper proportion.

Several chemists have attempted to account for the explo-
sion which accompanies the combustion of inflammable air.
A very plausiblereason onthis subjectis given by Mr Schubert,
Professor of Chemistry in Berlin. He attributes the explo-
sion to the steam which, in his opinion, is forming during the
combustion. For the heat which is given off when the gas is
ignited is so great that the water which is formed is instantly
converted into steam ; this expands itself suddenly ; but upen
being brought in contact with the colder air is suddenly con-
densed and creates a vacuum, into which the surrounding air
rushes with great violence.

§ 20. When one volume of hydrogen gas is mixed with
two volumes of atmospheric air, another inflammable gas s
formed, whose effects, however are much inferior to those
of the mixture we have just spoken of,
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Fig. LXXXIL

[= ExperimeEnT. — Take a hollow tin
i vessel, shaped as represented in figure
LXXXII, and fill it with hydrogen gas.
Fit a cork to its mouth, and provide it in
T with a touch-hole. When the flame
of a candle or an electric spark is appli-
ed to the touch-hole T, the cork will be
driven out with considerable force and
with a loud report. This apparatus
has received the name of the Hydrogen-
gun.

Query. — What is the probable reason of the cork being
80 violently thrown out, by the combustion of the inflamma-
ble gas in the gan? Ans. — Because by the combustion of
the %ydrogen gas, water is formed ; which, owing to the great
heat given out, is instantly converted into steam ; and proba-
bly expanded to such a degree as not only to make up for the
condensation of the gases, (which have been consolidated into
water) but also to exercise a considerable pressure upon the
cork, which is by that means expelled.

From what we have said of the combustibility of hydrogen
gas, and its inflammable mixture with atmospheric air— we
may perhaps be able to explain the following

Fig. LXXXIII.

Experiment, — Take a common Florence
flask (see Fig. LXXXIII,) which either fill with
hydrogen gas, or with zinc, sulphuric acid and
water, in order to produce hydrogen gas in it.
“Through the cork of this phial pass a small, nar-
row tube, through which the gas is allowed to es-
cape ; light the gas at the mouth of the pipe, and
introduce the flame in a glass tube of sufficient
diameter. As the hydrogen is burning in the
tube musical sounds will be produced which will
be grave or acute, according as the tube is long
or short,or as the flame is deeper immersed in
it. Some philosophers consider these sounds
as a continued series of explosions in the tube ;
others consider them occasioned by currents of
atmospheric air which are partly produced by the consump-
tion of oxygen, and partly by the expansion and contraction of
the heated air and steam in the tube.

Great caution must be used not to light the gas too soon,
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but to wait until the ascending hydrogen has expelled all the
atmospheric air in the tube, otherwise inflammable air would
be formed which would explode and burst the tube, and per-
haps injure the experimenter.

When soap bubbles are blown with inflammable air (a
mixture of hydrogen and oxygen) instead of hydrogen,
(see fig. LXXIX, page 66,) and when floating in the air
are touched by the flame of a candle, they give a report
as loud -as a gun, and sometimes even more loud and
stunning.

Fig. LXXXIV.

» § 21. A mostimpor-
| tant application of the
i properties of inflamma-
¢ ble air to chemical pur-
il poses is Hare's* oxy-hy-
drogen blow-pipe. It
consists of two airor gas-
holders, A, B, of which
one is filled with oxy-
272 gen, and the other with
hydrogen.  The two
% tubes, L. and 1, commu-
nicate with these gas-
i i holders, have a common
\iH ) . opening, and are each
S =" provided with a turn-
cock, G, g, to regulate the discharge of the gases, either
jointly or separately, and in any proportion we please. The
substance, which is to be exposed to the action of this appa-
ratus, is commonly placed upon a piece of charcoal directly
under the common opening. 'The way of using this appa-

* Dr R. Hare, of Philadelphia, was the first who suggested the idea
of constructing a blow-pipe with a mixture of hydrogen and oxygen.
Long after him, in 1816, (Hare published his discovery in 1802,
Newman, an English chemist, constructed the compound blow-pipe,
described on page 72, Fig. LXXXYV. But Prof. Hare’s apparatus
has the vast advantage of being safe, convenient, and much less lia-
able to the dreadful accidents which have already but too frequently
occurred with Newman’s apparatus,
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ratus is this. When the two gas-holders, A and B,
are filled with hydrogen and oxygen respectively, (for which
purpose both gas-holders may be fitted to a wooden tub or
cistern, filled with water) the funnels, F' f, are filled with
water, which, when the stop-cocks, m, n, are opened,
is suffered to descend through the tubes, T and ¢, to the
bottom of the gas-holders ; thereby forcing the gas upwards
into the pipes, L, and . (The two stop-cocks, P, p,
serve for no other purpose than to confine the gas in the
holder when the pipe is not used.) The turn-cocks,
G and g, being now opened, the gas is ignited at their com-
mon opening, and the jet directed to the substance which
is to be exposed to its heat.

The effects of this apparatus surpass really the most
sanguine imagination — the heat produced by it being in
some instances even superior to that produced by galvanic
electricity. Common iron wire exposed to the flame does
not only instantaneously melt, but actually boils like liquid
water ; platinum wire melts so fast that it runs down in
drops from 3 to 5 grains in weight! Incombustible sub-
stances, such as flint, crystal, opal, jaspis, sapphire, eme-
rald, &c, are almost instantaneously converted into a
glassy mass. Gold is totally vaporised — and even dia-
monds, which require for their ignition the most power-
ful galvanic batteries, are in a very short time wholly
evaporated, when exposed to the burning jet of the com-
pound blow-pipe. In short, the results obtained by this
apparatus are so brilliant, and of so much importance to
chemical investigation, that it must be classed among the
most important and beautiful inventions, that have been
made in the science of chemistry.

§ 22. The Blow-pipe with condensed ozygen and hy-
drogen gases, although not an original invention of John
Newman (see the note on page 70,) is yet a highly useful
and powerful apparatus, and one for whose improved con.
struction we are indebted to this distinguished philosopher.



2 HYDROGEN.

Fig. LXXXV. It consists of a strong
gas-holder, A, commonly
made of copper, which
communicates by means
of a turn-cock E, with a
strong copper barrel, F,

\\ pression pump. To the

¥ gas-holder, A, is fitted an
) extremely narrow pipe
(about three inches long,
and only one eighteenth of
an inch bore), which, in II, is provided with a discharging-
cock. The compression pump F, communicates by the
turn-cock G, with a bladder filled with inflammable air —
(1 volume of hydrogen mixed with two volumes of oxygen,
see § 19).

When the apparatusis to be used, the two cocks, E and
G, are opened, and the piston of the compression pump
moved upwards. - By this means the air from the bladder
rushes into the barrel and thence into the gas-holder, from
which the atmospheric air must previously be exhausted.
The cock E is now closed and the piston of the compres-
sion pump moved down to compress the air in the gas-
holder. When this is done, the cock E is closed, and G
opened, when by raising the piston d@hothér portion of
inflammable air rushes into the vacuum created in the
barrel, which by a fresh stroke downwards is again forced
into the gas-holder ; and so can this operation be contin-
ued until the inflammable air in the gas-holder is suffi-
ciently condensed for the purpose in view. The cocks,
E and G are now closed, and the discharging-cock open-
ed, and the gas, which rushes with great violence through
the orifice of the pipe B C, ignited.

The effect of this apparatus on various substances which
have been submitted to the heat produced by the burning jet,
is in every respect equal, if not superior, to those produced by
Hare’s oxy-hydrogen blow-pipe ; but the apparatus is an ex-
ceedingly dangerousone. For should the flame at the mouth
of the pipe, C D, be by sume means or other propagated to the
gas-holder, then a dreadful explosion would take place, which
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would shatter the whole apparatus into fragments, and may be
connected with the most distressing consequences to the ex-
perimenter. Prof. Hare’s apparatus, on the contrary, is per-
fectly safe, produces nearly the same effects, and may be made
equally powertul, if not more so, by providing each of the gas-
holders with a compression pump, similar to that employcd in
Newman’s blow-pipe.

Combination of Hydrogen with Oxygen — Water.

§ 23. Exeeriment. — Take a glass bottle filled with hydro-
gen, or in which introduce some zinc,
with a proper quantity of sulphuric
acid and water (as in experiment, page
65, Fig. LXXVIII); ignite the hydro-
gen which is then evolved at the mouth
of the pipe,and conduct it into a bell-
glass, which, instead of being open at
the bottom, must be shaped as represen-
ted in the adjoining figure (LXXXVI,)
having but a small opening for the
mouth of the conducting tube. The
product of the combustion will be the
well-known liquid water, which will
first appear as vapor, and finally run
K down the sides of the glass, and collect
in small quantities in the cavities at the bottom of the beil-
glass. (Compare the experiment described page 63, Fig.
LXXIV.)

Query.— What do you infer from this experiment? Ans. —
That the water is a compound of hydrogen and oxygen.
Query — Why 2 /ns. — Because it is formed by the com-
bustion of hydrogen: and every combustion is a combination
of oxygen with the combustible substance, which in this case
1s the hydrogen. .

Fig.

§ 24. We have had occasion to remark before that
hydrogen and oxygen are evolved by the decomposition of
water (§ 15) ; we have now seen that water is re-produced
from hydrogen and oxygen. It remains for us therefore
only to ascertain in what proporiion hydrogen and oxygen
combine to water, We have stated in the Introduction,
(page 11) that all definite compounds are formed by the
combination in definite proportions of their elements —

7

’
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and we have already observed from the experiment descri-
bed on page 60, fic. LXXI, that a definite proportion of
hydrogen and oxygen is obtained from the decomposition
of water, which is one volume of oxygen to two volumes
of hydrogen. Ifwe are now able to show that the same
proportion (two volumes of hydregen to one volume of
oxygen) is also preserved in the combination of these
gases to water, then the chemical equivalent of water
would be established beyond any doubt or controversy.
This we are actually enabled to show by the following

Fig. LXXXVIL ExpEriMENT. — Procure a very strong
glass tube, abed, fitted to a brass cap,
cdef, and provided in G with a stop-
cock. Two small holes must be drilled
in the upper part of this tube, into which
two small wircs, w, w, must be cemented
in such a manner that their points nearly
touch each other on the inside. Provide
a mixture of pure hydrogen and oxygen in
the proportion of two volumes of the
former to one volume of the latter, with
which fill a jar, I, fitted with a stop-cock,
H, to which the cock of the tube may be
screwed, in a manner similar to Priest-
ley’s bell glass and bladder (Introduction,
pages 30 and 31). Extract the air from
the tube by an exhausting syringe or an
air-pump, and screw it tight to the jar.
When the two cocks are opened a portion
of the mixed gases will rush jinto the
tube ; this it is best to extract again from
the tube to make sure of the' exhaustion
of any remaining air. Place the tube
again upon the jar, and by opening again
both cocks, fill it another time with the mixture of the gases;
and take great care to close both stop-cocks. Now pass an
electric spark through the wires, and the gases in the tube will
explode (2 0, page, 69). Allow the tubes to cool; after
which let in a fresh portion of the mixture, which, when the
cocks are closed may again be inflamed —and continue this
process until a strong dew is seen upon the interior of the tube
This upon examination you will find to be pure water.
If the two gases are mixed in the exact proportion of two
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volumes of hydrogento one volume of oxygen, then the whole
mixture will be consumed; but if the mixture be made in
any other proportion, the excess of either gas will be left;
because they combine in no other.

- Query — Why must the glass tube in this experiment be
stronger than in others ? J/Ins. — Because it must resist the
explosion of the gases when an electric spark is applied to
them. Query —Why must the two stop-cocks be carefully
closed before the electric spark is passed through the wire ?
Ans. — Because one volume of oxygen and two volumes of hy-
drogen forin a highly explosive mixture (§ 20, page 69);
consequently if the cocks were not closed the inflammation of
the gases in the tube would communicate itself to the jar, and
cause an explosion which would destroy the jar,and endanger
the safety of the experimenter. Query— And what fact does
this experiment tend to establish? rs. — It establishes the
indisputable fact that water consists of two volumes of hydrogen
combined with one volume of oxygen, and that these gases com-
bine in no other proportion to water than in that of two vol-
ames of hydrogen with one volume of oxygen.

§ 25. The law which we have just found respecting
the combination of hydrogen and oxygen corroborates
what we have stated in the Introduction {page 11) in ref-
erence to the composition of all definite compounds. Now
as hydrogen is the lightest ponderable substance in nature,
it will combine in the smallest proportien by weight with
all other substances; consequently, if the weight of hy-
drogen which combines with oxygen is taken for unity of
comparison, the chemical equivalent of oxygen is 8; be-
cause I volume of oxygen weighs 8 times as much as the
two volumes of hydrogen with which it combines; hydro-
gen being 16 times lighter than oxygen.* But the chem-
ical equivalent of oxygen and hydrogen being known, that
of water follows of course. This is composed of
1 equivalent of hydrogen equal to S
and 1 equivalent of oxygen,equal to 8

consequently chemical equivalent of water equal to 9.

* Two sixteenths is the same as one eighth; consequently the
weight of the two volumes of hydrogen is only one eighth of the
weight of oae volume of oxygen; or, which is the same, the weight
of the hydrogen employed is to that of the oxygenas 1 to 8.



76 HYDROGEN.

In a similar manner have the chemical equivalents of oth-
er substances been determined in reference to hydrogen ;
and we shall make it a rule for the remainder of this trea-
tise, to write at the head of each substance, its equiva-
lent number ; and if the body we treat of is a compound,
then we shall besides this, affix the chemical equivalents
of its elements.

Some philosophers have assumed oxygen as the standard
of comparison, which being supposed equal to 100, the chem-
ical equivalent of hydrogen is one eighth part of 100, or 12,5.
Most English and American chemists however prefer the for-
mer method, on which account we have adopted it throughout
this treatise.

§ 26. The composition and decomposition of gases
follow a still more simple law, which is that of combining
in definite volumes, instead of dcfinite weights. 'I'hus, when
one gas combines with another, 1 volume of the one,
combines always with 1,2, 3, 4, &c, volumes of the oth-
er, and in no intermediate proportions.

§ 27.  Properties of water. 'Water, in its pure state,
is destitate of color, taste, or smell, and is on this ae-
count most admirably fit to be the natural drink of man.
It is the mest universal solvent in nature, (dissolves most
solid substances) and absorbs many of the gases, such as
hydrogen, oxygen, nitrogen, &c. A cubic inch of dis-
tilled (purified) water weighs about 2524 grains. Its great-
est density is at the temperature of 40 degrees ; it freezes
at 320, and becomes converted into steam at the tempera-
ture of 212° Fahrenheit. According to the nicest exper-
iments, it is composed of 28,84 grains of hydrogen, and
22448 of oxygen ; the volume of hydrogeu is 1325 eubie
inches, and that of oxygen G62 ; so that the condensation
of these gases in the act of forming water, is nearly 2000
volumes into one!

Query — From what has just been observed respecting the
enormous condensation of the volumes of the gases which
‘are employed in the formation of water, can you now account
for the great heat given off during the combustion of hydro-
gen? Jns.— When hydrogen is burnt nearly 200 volumes
of gas (hydrogen and oxygen) are condensed into one ; by
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which means the heat which was hidden in the gas becomes
sensible, and produces the astonishing effects of the compound
blow-pipe, and the explosive mixture of hydrogen and oxygen.

We have said that the greatest density of water is at about
40° of Fahrenheit’s thermometer. In this respect it makes
an exception to all other liquids, which are known to contract
as they cool down to their {reezing points. (Natural Philoso-
phy, Chap. VI.) This peculiarity of water is of the greatest
influence upon the economy of nature. The water which
nearly covers one third of the earth, becomes a most efficient
means of equalizing its temperature, making those parts hab-
itable which would otherwise be buried in perpetual frost, or
scorched with insufferable heat. The cold air from the polar
regions absotbs the heat from the great waters or lakes until
they are cooled down to 40 degrees Fahrenheit. At this point
the refrigerating influence of the atmosphere nearly ceases;
because the uppermost stratum of water, by further cooling,
becomes lighter (loses its density) and instead of sinking to
the bottom, remains in a cake of ice suspended at the surface,
preventing thereby the water below from being further expos-
ed to the influence of the colder air. Without this peculiar
ﬁroperty of water, the cold air would continue to rob it of its

eat until the whole should be cooled down to 32 degrees,
when it would at once settle into a solid mass. Every living
creature in it would perish; the ice in the northern regions
;vould never be liquefied, and navigation finally made impossi-
le* :

§ 28. Jece. Water in the act of freezing or congeal-
ing (see Natural Philosophy, Chap. V1,) expands by
nearly § of-its volume, and so great and violent is this
expansion, that it bursts tubs, casks, water-pipes, &c, in
which water is suffered to freeze. It also explains why
trees and plants are destroyed in hard frosts, and such
similar phenomena. The specific gravity of ice is less
than that of water, viz, only £2;, or 0.92, that of water"
being 1. This is the reason why the ice remains at the
surface of the water, and explains the phenomena alluded
to in the preceding paragraph.

* Library of Useful Knowledge, treatise on Chemistry.
%
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§ 29. Rain, River, and Pump-water. We distin-
guish yet between Rain, River, and Pump water. The
purest of these is rain-water, because descending through
the atmosphere, it is least exposed to the influence of other
substances. Next to it comes River water, which however
is often known to contain certain salts of soda, line, and
magnesia, of which we shall speak in the 4th Chapter.
These two kinds of water are called soft water, in oppo-
sition to the herd pump-water, which contains always a
greater or less quantity of carbonic acid. Mineral waters
contain gases and salts in such propartions that they are
only used as physics in medicine. Sea water contains a
variety of salts. Among these are common salt, Glau-
ber’s salt, muriate of lime and of magnesia. The two
last-mentioned ingredients give it that disagreeable taste
and smell, which causes nausea and vomiting when taken
into the stomach.

30. All kinds of water contain atmospheric air
(generally from 3 to 4 per cent), notindeed as a chemical
ingredient, but mechanically mingled with their particles.
From this water may be freed either by the air-pump,
or by boiling. The latter method is preferable.

When water is brought under the recciver of an air-pump
and the air is exhausted in the receiver, the particles of atmos-
pheric air which are mechanically intangled in the water, rise in
little bubbles to the surface and expand themselves in the vacu-
um created over the water, according to the laws of elastic
fluids (Natural Philosophy, Chap. IV). The boiling of water
consiats in heating it until it becomes converted into steam.
Just before this takes place the water is thrown into a violent
agitation, partly occasioned by the expansion of the atmospheric
air contained in it ; little bubbles of air rise to the surface and
escape along with the steam which is forming during the pro-
cess of ebullition.

81. Water, although a tolerably good canducter of
Electricity, (Natural Philosophy, Chap. VILI), is a very
bad conductor of heat. Of this we can easily convince
oyrselves by the following

-
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.

Fig, LXXXVI{I.

ExreriveNT. — Place a small air-thermometer
capable of showing very minute alteration of tem-
perature,ina jar filled with water, so that the bulb
of the thermometer may be a little below the sur-
face. Upon this pour a small quantity of etber,
which being specifically lighter than water, will
remain on top and may be inflamed. The ether
will burn for a considerable time without affecting
the thermometer in any sensible degree,

It will indeed be quite a different case when the heat is
applied to the water from below. In this case the ther-
mometer is soon affected. But then it is not the conduct-
ing power of water which transfers the heat from the bot-
tom of the jar to the surface and the thermometer; it is
because the heated particles of water themselves are ex-
Fig, LXXXIX.
panded and rise to the surface, while another por-
tion of colder water sinks from the surface to the
hottom and occupies their place. This motion
can actually be observed by boiling water in which
some particles of amber or of some other light sub-
stance are diffused, in a glass tute applying the
heat from below. ‘The particles of amber will be
seen to rise from the bottom of the tube, being car-
ried along by the particles of water to which they
adhere, while those near the surface will be ob-
served to descend with the colder particles of
water. T'he same experiment may be made with
other liquids, all of them being bad conducters of
heat, and capable of being heated only in conse-
quence of the mobility of their particles, (See
Natural Philosophy, Chap. VI.) .

Query — Could water be very well heated without the
mobility of its particles, which enables those which are
heated to ascend, making thereby room for the colder ones to
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descend and become heated? Ans. — No ; because the con-
ducting power of water in itself is very bad, as we have seen
from the experiment described in Fig. LXXXVIII. Ques.—
And what is the reason that the burning ether on the surface
of the water in that experiment, does not materially affect the
thermometer ? JAns.— Because the heated particles on the
surface of water, becoming specifically lighter, inust of course,
from hydrostatic principles, remain on top, and prevent thereby
the next lower particles from ascending. And in this consists
the whole difference between heating a liquid from below and
above —— (applying the heat at the bottom or at the surface).

§ 82. It has been stated in Natural Philosophy, Chap.
VI, that the pressure of the atmosphere, or of steam, is an
obstacle to the boiling of liquids and consequently also to
the boiling of water. This has been stated as a reason
why water boils sooner under the receiver of an air-pump,
from which the air has been exhausted, or on the top of
high mountains, where the pressure of the atmosphere is less
than on the plain, &c; but we can illustrate this law still
more strikingly and satisfactorily by the following

Fig. XC. ExperiMENT — Adapt a cork covered with a

thick coating of sealing wax, to a glass flask,
into which put water to the depth of about one
inch. Place it over a lamp until it boils, and
suffer the boiling to continue for a short time,
after which introduce the cork air-tight and re-
move the flask from the Jamp. The water will
id boil a little while after the heat ceases to be ap-
plied; but on plunging the flask into ajar filled
with cold water or ice, the boiling recommences
with great violence and continues until the wa-
ter in the flusk is nearly cold. If the flaskis ta-
ken out before the boiling ceases, and is plunged
into hot water, the boiling immediately stops ;
but upon being again introduced into cold water the boiling
recommences with violence.

Query.— Why is the cork in this experiment introduced
during the boiling of the water in the flask? Jns.—Itis
done in order to exclude the atmospheric air, and to prevent
the escape of the steam with which the flask becomes filled
when the water boilsin it. Ques.— Why does the water con
tinue to hoil for a little while after the heat. ceases ta be ap-
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plied to it? /ns. — Because when the flask is removed from
the lamp, its sides come in contact with the cold atmospheric
air, which condenses part of the steam, and by this means
lessens the pressure on the surface of the water ; this enables the
water to boil for a short time, although its temperature is re-
duced. Ques.— But why does the water recommence boiling
when the flask is plunged into cold water or ice ? /Ins. — Be-
cause the steam in the flask becomes then suddenly conden-
sed, removing thereby the whole pressure from the water, and by
that means throws itinto a state of violent ebullition. Ques.—
And why does the boiling cease when the flask is introduced
into hot water? JIns. — Because this leads to the formation
of a fresh quantity of steamn in the flask, whose pressure pre-
vents the boiling of the water. Ques.— And what inference
should you draw from the experiment you have just explained ?
Ans. — That water (and all other liquids) require higher degrees
of temperature to boil under a heavy pressure of air or steam ;
and considerably lower degrees of temperature to botl when this
pressure 1is removed from them.

§ 33. Water absorbs constantly a portion of heat, with
which it either combines, or through the medium of
which it becomes converted into vapor. 'The quantities
of heat or caloric thus absorbed by the large waters on
our globe, tend in no small degree to moderate the tem-
perature of the torrid regions, and to create an agrceable
freshness near the banks of rivers and on the seacoast.
This continued formation of vapors from the surface of wa-
ter is called the process of evaporation, and it serves some
of the most important purposes of nature. T'he vapors of
water contained in the atmosphere form mists or clouds,
which when brought in contact with the higher, and
consequently colder strata of air, are condensed and de-
scend again as dew, rain, or snow, to moisten our fields in
summer, or to protect them during the winter ; assisting_
thereby the vegetation of trees and plants, without which
animal life itself would soon become extinct. (Sce Natu-
ral Philosophy, Chap. VI.)

The refrigerating influence of forming vapors of liquids may
be illustrated on a small scale by the following
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ExpeEriMENT. — Pro-
vide a watch-glass filled
with water and place it
over a shallow vessel filled
with sulphuaric acid, and
bring the whole under the
receiver of an air-pump.
As the air is exhausted
from the receiver vapors
will abundantly rise from
the water, which being
speedily absorbed by the
sulphuric acid (which has
a great affinity for water)
creates such a degree of
cold as to freeze the water
y Y in a very short time. If
instead of sulphuric acid we employ ether, the same effect
will be produced ; but in this case the ether becomes vaporized,
andla_bsorbs such a quantity of heat from the water as to con-
geal 1t,

A still better illustration of the cold produced by the
rapid process of evaporation may be given by means of
an instrument invented by Dr ‘Wollaston, and which has
received the name of Cryophorus or Frost-bearer.

Fig XCIIL. It consists of a narrow
- - , glass tube of from 18
inches to 2 feet in length,
bent towards the end at
right angles (see Fig.
XCII,) and terminating
on both sides in bulbs. One of these bulbs is about half
filled with water ; this being made to boil expels the at-
mospheric air from the tube and the other bulb which re-
mains filled with steam. The open bulbis then closed by
means of a blow-pipe (see Fig. XX XIX, page 26). When
the empty bulb of the instrument is now immersed in a
mixture of salt and snow, the vapors coutained in it are
suddenly condensed, by which means a vacuum is created,
which removing the pressure upon the surface of the water
in the other bulb, produces such a rapid evaporation
as to freeze the water in it although at a distance of 24
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inches from the ice, and notwithstanding the slow con-
ducting power of water.

The effects of evaporation are also happily illustrated in the
process of perspiration. The natural temperature of the human
body is from 96 to 98 degrees Fahrenheit ; but when taking ac-
tive exercise, or exposed to a fire, or the heat of a hot summer’s
day, this temperature would naturally be heightened to a de-
gree which would be injurious to health. This, however, is pre-
vented by the appearance of a watery fluid on the skin, which
by its evaporation exercises a cooling effect on the body and
reduces it to its healthy temperature.

Query — But why is it dangerous to be exposed to a current
of cold air after the clothes have become moist with perspira-
tion? JIns. — Because the rapid process of evaporation may
then reduce the temperature of the body to a degree which
may be equally injurious to health.

§ 34 Distillation of water. Inorder to obtain water
in its pure state it is necessary to distill it. For this pur-
pose we make use of a common still (see Fig. XXVI,

Fig. XClII.

AT T O T T T
page 22). Small quantities may be obtained by heating
water in a flask A, over an Argand’s lamp, and convey-
ing the steam which is formed, through a pipe, P, fitted
air-tight to the neck of the flask, into a receiver C, which
for this purpose must be surrounded by water or other
means of reducing its temperature. The steam formed
by the boiling of the water in the flask is, in the receiver,
again condensed, and descends as liquid water through
the discharging cock, D, where it may be collected in a
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vessel. T'he water thus obtained is free from all impuri-
ties, salts, &c, which remain at the bottom of the flask
A, after the water has been converted into steam, and is
used for chemical and medicinal purposes.

§ 85. We have learned in Natural Philosophy (Chap.
V1), that when water boils it ceases to assume a higher
degree of temperature ; all the heat further added becom-
ing then hidden or employed in the formation of steam.
But if the vessel is closed in such a manner as to prevent
the steam from passing off, then the sieam may be heated
to a much higher degree, and being concentrated in a
small space Is capable of exercising an immense pressure
This is taken advantage of in the construction of steam
engines. Water may in this manner be expanded to near-
ly 1760 times its volume ; 1 cubic inch of water giving
nearly 1 cubic foot (1728 cubic inches) of steam.

The principal properiies of steam may be exhibited by
the following

Fig. XCIV. ExprriMENT. — Provide a glass tube of about
three fourths of an inch bore, and from 7 to 8
inches long. Close it at one end, and enlarge
it a little by blowing into it when softened by
the heat of a blow-pipe (see Introduction, Fig.
XXXVIII, page 26). Take a wooden rod about
10 incheslong, and wrap a piece of wash-leath-
er about one end of it, just enough to form a
piston which will meve freely up and down in
the tube. The glass tube may be passed
through a piece of cork wood, into which a fork
or some other sharp instrument may be stuck
for a handle, to hold the whole apparatus over
the flame of a lamp. 'The piston must not be
introduced in the tnbe until the air is expelled
fromit, by the boiling for some time of the wa-
ter. The remainder of the tube being now fill-
ed with steam, introduce the piston a little way,
and plunge the tube into water. The piston will
instantly be driven down; but by holding the
tube again over the flame of the lamp, the piston
is again driven upwards, and so may the piston
be alternately driven upwards and downwards
by repeatedly heating and eoocling the water
in the bulb of the tube.
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Query — Why is the piston in this experiment driven down
when the tube is plunged into cold water? ./Ins. — Because
by plunging the tube into cold water the steam is suddenly
condensed and a vacuum created, into which the piston is forced
by the pressure of the atmosphere. Ques.-- But why is the
piston moved up again when the bulb of the tube isagain held
over the flame of the lamp? .Ins. —Because the water in
the bulb resuming the process of boiling, is again converted
into steam which expands itself in the tube and forces the
piston upwards. Ques.— What then is the principal cause of
the prodigious power of the steam-engine ? J/ns.— The pro-
duction and sudden annihilation of the steam formed in the
boiler. (For the description of the steam engine, see the Ap«
pendix).

With regard to the other applications of water to the pur-
poses of common life, we can only say that they are innu-
merable, as there is none of the arts which can dispense
with it, and its presence is absolutely indispensable to the
continuance of all animal and vegetable life on our globe.

§ 86.  Modes of ascertaining the purity of water.
Pure water being a great object to the physician, the
chemist, and the manufacturer, it may perhaps be desira-
ble to acquaint ourselves with some of the means of as-
certaining its purity. Chemically pure water must

1. Not redden Litmus paper, — otherwise it is a sign
of its containing an acid ;

2. It must not form a precipitate when mixed with a
solution of acetate of lead ; for in this case it would con-
tain sulphuric acid ;

3. Mixed with lime-water it must not become turbid ;
otherwise it would contain carbonic acid.

4. With a solution of potash it must not form a pre-
cipitate, because in this case it would contain earthy salts,
(See Chap. 1V, Introd. to salts.)

5. 1t must not become turbid with a solution of Prus-
siate of iron and potash; otherwise it contains metallic
salts, and especially iron, if the precipitate is blue, and
copper if the precipitate is brown. ;

In many cases it is only necessary to know what pro-
portion the solid substances mechanically contained or

8
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entangled in the particles of water, bear to the whole
volume of the liquid. For this purpose it is sufficient to
suffer a measured quantity of water to evaporate slowly
over a moderate fire, or from an evaporating dish made
of porcelain (see Fig. XXIV, page 21) and bedded in
sand. The dry residue, which is generally of a white
color, may then be weighed and compared to the volame
of water.

Deutoride of Hydrogen — or Ozygenized water.

Composition: 1 equivalent of hydrogen = 1
2 equivalents of oxygen = 16

Chemical equivalent of oxyg. water = 17.

§ 87. Water was for a long time supposed to be the
only compound of hydrogen and oxygen. Another combi-
nation of the same elements has, however, been recently
discovered, which consists of egual volumes of hydrogen
and oxygen (water being a combination of 2 volumes of
hydrogen with 1 volume of oxygen). It is obtained by an
exceedingly tedious and expensive process, from a sub-
stance called Deutoride of Barytium, but is nevertheless
used in Paris for divers processes in bleaching cambric
and calicos. It was discovered by Thénard, a celebra-
ted French Chemist, and consists, as we have stated, of

2 volumes of hydrogen = 1
2 volumes of oxygen (each=8) = 16

consequently its chemical equivalentis 17.

§ 38.  Properties of oxygenized water.— It is a color-
less liquid, of a metallic bitter taste, a highly disagreeable
nauseous smell, bleaches and dries the skin, destroys all
vegetable colors (on which account it is used in bleaching)
and may be mixed with water in all proportions without
being decomposed.

Metals brought in contact with it are speedily oxidized ;
but silver and platinum thrown into it cause an explosion,
without suffering any visible change or oxidation — a phe.
nomenon which has not as yet been satisfactorily ex-
plained.
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Recapitulation of the Binary Combinations of Hydrogen
and Ozygen.

water, or protoxide of
hydrogen,
Hydrogen combines with oxygen to .
Ozygenized water, or
deutoxide of hydrogen.

C. Nitrogen, or Azote.

Chemical eqdivalent =14,

§ 39. This is an inodorous gas, which is destitute of
color or taste, and constitutes about 79 per cent of the
whole weight of our atmosphere. It is but sparingly ab-
sorbed by water, enters largely into the composition of all
animal substances, but is of itself incapable to support
animal life. It is not inflammable and extinguishes all
burning bodies the moment they are introduced into it.
When separated from its combination with oxygen by the
influence of galvanic electricity, it adheres to the negative
pole, wherefore it is called a positively electric substance.
(See introduction, page 41.)

This gas has formerly been called azote, from a Greek word
signifying destroyer of life. This expression however is not
correct, for the gas is no poison — it is merely incapable of
supporting life, or the process of respiration without the pres-
ence of oxygen. Itis nevertheless taken into the lungs, as
we shall see hereafter, and is probably destined to reduce the
injurious effects which would be produced by the respiration
of pure oxygen.

§ 40. Moade of obtaining Nitrogen. Nitrogen is prin-
cipally and easiest obtained, by separating it from atmos-
pheric air. This is done by burning phosphorus under a
bell-glass or receiver (see lig LXV, page 54). During
the combustion the oxygen of the air in the bell-glass com-
bines with the phosphorus to phosphoric acid, which is
rapidly absorbed by the water over which the glass must
be placed. The residue of air, after all the oxygen is
consumed by the process of combustion, is nitrogen, which
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may be collected by means of a pneumatic tub, an appa-
ratus already frequently described in the preceding sec-
tions (see Introduction, Fig. XL1X, page 30). Nitrogen
may also be obtained from a variety of animal substances
particularly from meat, as we shall see in the 7th Chapter.

Mizture of Nitrogen with Oxygen — Atmospheric Air.

§ 41. Nitrogen and oxygen may be mixed in all pro-
portions, but four volumes of nitrogen with one volume of
ozygen form a mizturce vesembling in all essential proper-
ties our atmospheric air.

That nitrogen and oxygen are actually contained in the at-
mosphere in the proportion of 4 volumes of the former with 1
volume of the latter, is evident from the fact, that when a
candle is burnt under a receiver provided with a scale to indi-
cate the diminution of air during the process of combustion,
one fifth of the whole volume of air is always consumed by
the loss of oxygen, which agrees perfectly with the state-
ment we have just made.* This experiment has already been
described in Fig. LXVII, page 56.

§ 42. Atmospheric air. 'The atmosphere of the globe,
whose mechanical properties have already been described
in Natural Philosophy (Chap. V), contains in addition to
pitrogen and oxygen which form its principal ingredients,
a greater or less portion of vapors of water and carbonic
acid gas — a substance with whose properties we shall be-
come acquainted in the next chapter. The quantity of va-
por is continually varying, and depends upon the tempera-
ture and situation of the place, whether it is in the neigh-
borhood of large basins of water — or removed from the sea-
coast and the shores of rivers — upon the season of the year,
and upon the particular hour of the day. We know that
in the spring and fall of the year the atmosphere is more
damp than in summer or winter ; and that the morn-
ings and evenings are generally misty or fogey during
those seasons. . As regards the proportion of carbonic

* 1f 4 volumes of nitrogen and 1 volume of oxygen constitute at-
mospheric air, then the oxygen must be one fifth of the whole
volume.
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acid gas, it is greater in summer than in winter, and dur-
ing the night than in day-time.

If we abstract for a moment from the variable portion of
vapor of water contained in our atmosphere, we may suppose
it to be composed as follows:

21 per cent oxygen,

785%% do. nitrogen,

Tolss do. of carbonic acid gas.

§ 43. The proportion of the principal ingredients of
our atmosphere, nitrogen and oxygen, is invariably the
same, viz: 21 weights of oxygen to 79 weights of nitro-
gen, whether we examine the air on top of the highest
mountains, or at the level of the sea, under the equator or
in the polar region, in winter or in summer.

Gay Lussac, a celebrated French chemist, found no percep-
tible difference with regard to this ratio (21 weights of oxygen
to 79 of nitrogen) between the air at the height of 24 600 feet
above the level of the sea, and that of the most crowded thea-
tre in Paris, What is most wonderful and inexplicable in this
ratio, is its permanency, notwithstanding the prodigious con-
sumption of oxygen during combustion and in the various
processes of animal and vegetable life.

Many trials have been made to see whether no other mix-
ture of gases can support respiration and animal life as well
as our atmosphere ; but none has succeeded. If the proportion
of its mixture were changed, by an addition of nitrogen or a
diminution of oxygen, it is highly probable all animal and
vegetable life would cease ; while, on the contrary, by an addi-
tional quantity of oxygen or a diminution of nitrogen, all vital
energies, and consequently life itself would be exhausted too
rapidly.

§ 44. Accidental ingredients of our atmosphere. Be-
sides the gases already enumerated, our atmosphere con-
tains at different times and places, a variety of other sub-
stances — such, as carburelted hydrogen, in marshy coun-
tries and in the vicinity of coal mines; sulphuretted
hydrogen, in the neighborhood of sulphur baths ; sulphu-
ric acid gas in the immediate vicinity and at the eraters
of volcanoes, &ec. :

All bodies on our globe are continually exposed to the in-
fluence of the atmosphere. Most chemical phenomena take

8#
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placein it. The processes of respiration, combustion, fermen-
tation, and putrefaction (see Chap. VII, on the spontaneous
decomposition of vegetable matter), are instances of its con-
tinual operation upon all animate and inanimate nature. It
has therefore become a matter of great importance to find
means of ascertaining its chemical composition at various times
and places, and so much has this become a subject of chemical
speculation that some chemists treat of it as a separate branch
of the science, which they call Eudiometry, signifying measure
of the quality of the atmosphere. We shall now proceed to
describe some of the apparatus used or suggested for this
purpose.

§ 45. The object of Eudiometry in most cases is to
ascertain the quantity of nitrogen or oxygen contained in
the atmosphere. Any substance which will absorb or
consume all the oxygen from a confincd portion of air, will
setrve this purpose, provided this substance does not itself
mix with, or alter the volume of the nitrogen. An appa-
ratus constructed for this purpose is called a Eudiometer.
A great variety of them have been suggested, but the fol-
lowing three are the most useful, and commonly employed
by practical chemists.

Fiz. XCV 1. Achard’s Eudiometer by the slow

2. . - 5

combustion of phosphorus. It consists of

v a glass tube (see Fig. XCV), closed at
W€ one end b, where it is blown into a bulb
¢. In this small sticks of phosphorus
are to be placed, about one third grain to
one cubic inch of atmospheric air ; the
remainder of the tube is then filled with
quicksilver, and with its open end down-
wards, placed into a jar filled with the
same metal. Atmospheric air is now
allowed to pass through the pneumatic
apparatus into the tube (quicksilver being
throughout employed instead of water),
and the oxidation of the phosphorus,
which has a great affinity for oxygen, increased by heat-
ing the bulb ¢, by the flame of a candle. The oxygen of
the atmospheric air in the tube will unite with the phos-
phorus, leaving a residue of nitrogen in the gradated tube
a b, from which, and the whole volume of atmospheric air
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employed in the experiment, we are able to judge of the
quantity of oxygen consumed ; or, which is the same, of
the proportion in which oxygen entered in the composi-
tion of the atmospheric air employed in the experiment.
Thus, if one fifth of the whole volume of atmospheric air
should combine with the phosphorus, the remaining nitro-
gen would be four fifihs of the whole volume employed ;
consequently the proportion of oxygen to nitrogen would
be as 1 to 4.

Fig. XCVI.

3 2. The Eudiometer by d-tonaling Orygen and
Hydrogen gas (see Fig. XCVI)is an invention of
Volta, and is founded on the principle that one
volume of oxygen combines with two volumes of
hydrogen to water (see § 15, page 61). It con-
sists of a strong glass tube a, (see the figure) fitted
at one end to a brass box, which terminates on the
outside in a knob ¢, of the same metal, and is con-
nected with a piece of bent wire in the tube.
When the apparatus is to be used, the tube is fill-
ed with a mixture of two volumes of hydrogen and
one volume of atmospheric air, (which is easily done by
means of the pneumatic tub) and an electric spark ap-
plied to the knob c. 'The mixture of the gasesin the tube
will explode (§ 20, page 69) and the hydrogen combine
-with the oxygen of the atmospheric air to water; the
quicksilver or water of the pneumatic tub, over which the
experiment must be made, will instantly rise in the tube
and show the volume of gas consumed ; one third of
which is always the oxygen contained in the atmosphenc
air examined,

Instead of the Endiometer just described, we may use the
apparatus Fig. LXXXVII, page 74. The experiment is
nearly the same as that described on that page, with the
only difference, that atmospheric air is employed instead
of the oxygen.

Query — By what means, in the last experiment, are you
able to find the volume of oxygen contained in the atmospher-
ic air. Jns. — By the combustion of the hydrogen, which,
with the oxygen of the atmospheric air combines to water.
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Ques. — But what reason have you to infer that exactly one
third of the whole volume of gases consumed, is the quantity
of oxygen which was contained in the atmospheric air?
Jns.— Because two volumes of hydrogen combine with ex-
actly one volume of oxygen to water, consequently of the
three volumes consumed, the oxygen constitutes necessarily
one third.

Fig. XCVIL
Gay Lussac’s Eudiometer, which we are now
- about to describe, is founded on the property of
some liquids to absorb certain gases, contained at
different times and places in our atmosphere. It
consists of a cylindrical jar, which is fitted to a
brass box, terminating in a neck, shaped like
that of a bottle, and provided with a cork, through
which a gradated tube may be made to com-
municate with the jar. When the apparatus is
to be used the gradated tube is first filled with
b air, and then fitted to the jar, which must be
i filled with such liquids as are capable to absorb
liilf the gases which we suppose to be contained in

WA the atmospheric air under examination. The
whole apparatus is then inverted for some time, so that
the air from the tube may ascend into the jar — and after-
wards, in its proper position, placed under water or quick-
silver ; the rise of the liquid in the tube will indicate the
quantity of gas absorbed, and thereby enable us to judge
of the ingredients contained in the atmosphere.

The various experiments which have been made with these
Eudiometers have convinced us that the oxygen contained in
the atmosphere is absolutely invariable, at all times of the day
andyear. The great difference therefore which exists between
the air of certain places, and the great influence which the
atmosphere, at different times, has upon our state of health,
cannot be explained from the greater or less quantity of oxygen
which it contains, but is owing to certain principles which it
is impossible for us to determine with any degree of precision.
The different miasmas which at times are contained in the at-
mosphere, and are supposed to be the cause of the existence
or spreading of contagious diseases, escape likewise wholly
our observations ; their nature being entirely differcnt from
any known element in chemistry.




NITROGEN. 93

Combinations of Nitrogen with Ozygen.

§ 46. Nitrogen combines with oxygen in five different
proportions, forming with it 2 oxides and 3 acids. (See the
nomenclature of oxides and acids, § 4, page 51.) Their
names, according to their composition, arc Protozride of
nitrogen, Deutozide of nilrogen, or nitric oxide, hypo-
nitrous acid, nitrous acid, and nitric acid.

Protoxide of Nitrogen.

Chemical Composition. : 1 Equiv. Nitrogen =14
1 do. Oxygen= 8

Chemical equiv. of Protoxide of Nitrogen == 22.

§ 47. Protoxide of nitrogen'is never found in its sim-
ple state. It is altogether a product of art, and is best ob-
tained by the following

Fig. XCVIIL ExpermmenT. — Fuse a salt called V-
trate of ammonia in a retort over an Ar-
gand’s or spirit lamp ; or as this salt is not
always readily obtained, prepare it from
a solution of carbonate of ammonia (the
principal ingredient of cominon smelling
salts)in diluted nitric acid. Evaporate the
solution until its consistency is such thata
drop taken out with a glassrod coucretes
oncooling. When this is done, liquefy
the salt thus obtained, and keep it simmering by a gentle heat.
The gas will be given off in abundance, and may be collected
by the pneumatic tub. For this purpose however it is neces-
sary to conduct the pipe to the top of the receiver, as is shown
in the figure ; because the pas has a strong affinity for water,
and would otherwise be absorbed by it in a great proportion.

§ 48. Properties of Protozide of Nitrogen, The.
Protoxide of nitrogen is a coloiless gas of a sweetish taste,
and faint, agreeable smell. [t becomes liquid by pressare :
is not inflammable, but supports combustion with more
splendor than common atmospheric air. Animals die in
it speedily. When breathed in small quantities it pro-
duces an exhilarating effect, similar to that produced by
spirituous liquors. It mostly occasions an irresistible
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propensity to laughter and muscular exertion ; but taken
In greater quantities produces swoon and apoplexy.

For the purpose of taking this gas into the lungs, we may
take Priestley’s bell-glass instead of a receiver, and transfer
the gas which is collected in it to a bladder, from which it may
be breathed. Sir Humphry Davy is said to have inhaled 12
quarts of this gas. But thisis rather a dangerous experiment ;
the greatest quantity of it inhaled at any one time ought not
to exceed 3 or 4 quarts, and even these are known to have
produced the most distressing consequences on the particular
constitution of individuals.

Protoxide of nitrogen may by electricity be again decom-
posed into its elements, nitrogen and oxygen. When mix-
ed with hydrogen it becomes inflammable, and on the ap-
plication of an electric spark detonates with great violence.

Its composition by volumes is one volume of nitrogen
with one volume of oxygen. Its chemical proportion or
equivalent by weights have been stated in the introduction.

It will however be well to say here a few words on the mode
of reasoning, or the species of chemical analysis by which
the equivalents of this gas have been determined. T'wo vol-
umes of hydrogen have been mixed with two volumes of Pro-
toxide of nitrogen, and detonated by means of an electric
spark in the apparatus described on fig. LXXXVII, page 74.
By this means the protoxide of nitrogen has become completely
neutralized, its oxygen combining with the hydrogen to water,
and the residue being exactly two volumes of nitrogen.

But we know that two volumes of hydrogen can nentralize
neither more nor less than one volume of oxygen, we infer
therefore that in protoxide of nitrogen there could not be ei-
ther more or less than one volume of oxygen, combined with
two volumes of nitrogen. If now we wished to determine the
proportion in which these substances are combined by weight,
1t would only be necessary toknow the weight of a given vol-
ume of both gases.

Taking therefore any given volume, say 50 cubic inches, for
the standard of comparison, we say,

50 cubic inches of oxygen weigh 16.8 grains
double this volume, or 100 cubic inches of nitrogen weigh 29.7*

* This has been found by experiment; or the weight of 50 cubic
inches of either gas may also be calculated from its specific gravity
when compared to the weight of a cubic inch of water (see § 27,
page 76.)
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consequently the chemical equivalent, or proportion by weight
of nitrogen, is to the chemical equivalent of oxygen (which we
know is 8 —see page 75) as 29.7 is to 16.8 — or which is the
same, we have-the proportion.

168 : 207 :: 8 : Answer=14,nearly; which

0.7 is therefore the chemical equiv-
8 alent of nitrogen, or the propor-
537 6 tion in which it combines by
]6'8)?27'6(]3'9 weight with all other substan-
ey ces.
656
504
1520
1512
8

Now knowing the chemical equivalent of nitrogen and also
that of the oxygen, with which it combines to protoxide of
nitrogen, it is only required to add them together to obtain the
chemical equivalent of that substance, viz.

2 volumes or 1 equivalent of nitrogen = 14

and 1 volume or 1 equivalent of oxygen = 8

hence the chemical equivalent of deutoxide of nitrogen = 22,
which was to be proved.

Deutoxide of Nitrogen.

Chemical composition. — 1 Equivalent of Nitrogen = 14
2 Equivalents of Oxygen, (each being 8) =16

Chemical equivalent of Deutoxide of Nitrogen =230.

§ 49. The deutozide of nitrogen, like the protoxide of
the same gas is not to be found in nature. It isa product
of art, and may be obtained by the action of nitric acid
(aqua-fortis) on some oxidable metal, commouly copper or
quicksilver ‘(the latter is to be preferred). The metal.
ought to be put into a retort, and the acid poured upon it,
when an effervescence will take place, and the gas which
is given off may be collected through the pneumatic tub.
To understand this process it is necessary to state that
nitric acid is a combination of nitrogen with a greater
quantity of oxygen than is contained in the deutoxide,
and that by pouring it upon copper or mercury, for which
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oxygen has a strong affinity, part of its oxygen combines
with the metal, leaving just enough with the nitrogen to
form the deutoxide.

§ 50. Properties of Deutoxide of nitrogen. We have
already stated at the head of this article that the deutox-
ide of nitrogen is a combination of nitrogen with a far-
ther portion of oxygen. This compound is a colorless
gas, whose smell and taste are not known, because as soon
as it comes in contact with the atmosphere it combines
with a fresh portion of oxygen, and becomes converted in-
to vapors of nitrous acid. It is wholly irrespirable, perma-
nently elastic, sparingly solable in water, and does not, in
its pure state, act upon vegetable colors. It is not inflam-
mable, and a burning body immersed in it, is instantly ex-
tinguished ; but pieces of charcoal or phosphorus intro-
duced in a state of vivid inflammation burn in it with great
splendor, by virtue of the oxygen which it contains.
With hydrogen it may be mixed in any proportion without
exploding, but when barnt with it in atmospheric air, it
changes the yellow flame of the hydrogen into green.

‘When deutoxide or nitric oxide is mixed with oxygen
deep red fumes are generated, which, when the experiment
is made over the pneumatic tub, are speedily absorbed
by the water, so that if the gases are entirely pure, and
mixed in the proper proportion, they will wholly disappear.
If instead of pure oxygen common atmospheric air be
employed, the effect will be apparently the same; the
nitric oxide will combine with the oxygen of the air, and
be absorbed by the water over which the mixture is made,
the diminution in the volume of the gases being proportion-
ate to the quantity of ozxygen contained in lhe jar.

Upon this property of the deutoxide of nitrogen, to combine
with the oxygen in atmospheric air, and in this state to be
absorbed by water, is founded Gay Lussac’s Eudiometer, de-
scribed on fig. XCVII, page 92. To a measured quantity of
atmospheric air in the tube (see that figure) is added a suffi-
cient quantity of deutoxide of nitrogen to combine with all
the oxygen contained in the air. The tube is then screwed to
the glass jar, filled with water, and the apparatus inverted to
allow the gas to ascend in the liquid, and to be absorbed by it.
When the apparatus is afterwards placed in its proper posi-
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tion, the diminution of oxygen will be perceived by the rise of
the water and its higher stand in the gradated tube.

§ 561. Deutoxide of nitrogen may be decomposed by
suffering it to stand over iron-filings. A portion of its oxy-
gen will combine with the filings, and the gas will by this
means be converted into a protoxide (see § 47). Its
composition (at the head of this article) has been inferred
from the fact that burning charcoal absorbs exactly one
half of its volume, leaving the other half pure nitrogen. Tt
must therefore consist of equal volumes of nitrogen and
oxygen ; or, which is the same, of

1 equivalent or proportion by weight of nitrogen = 14
and of 2 equivalents of oxygen (each being 8) = 16

whence Equiv. of Deutoxide of Nitrogen = 30.

Hyponitrous Acid.

Chemical composition : 1 equiv. of Nitrogen = 14
3 do. Oxygen = 28

Chemical equivalent of Hyponitrous acid —=42.

§ 52.  Hyponitrous acid is a conjectural or hypothet-
ical substance, which it is supposed is formed from a com-
bination of the deutoxide of nitrogen, with a further por-
tion of oxygen. It is said to be produced when 4 volumes
of that gas are mixed with one volume of oxygen, making
the experiment over mercury, on top of which a few drops
of a solution of potash must float. The deutoxide of nitro-
gen is then supposed to combine with the oxygen to an acid,
which immediately unites with the potash, but which after-
wards cannot be separated from it without decomposition.

Some chemists* pretend that at the common tempera-
ture of the atmosphere it appears as an orange colored
vapor, which is exceedingly injurious to the lungs.

¥ Prof. Schubert, of Berlin, and Ginehlen, in Heidelberg.
9
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Nitrous Acid.

Chemical composition : 1 equivalent of Nitrogen = 14
4 equivalents of Oxygen (each =8) =32

Chemical equivalent of Nitrous acid =46

§ 53. This gas may be produced like the hyponitrous
acid, by adding oxygen to the deutoxide of nitrogen. For
this purpose conduct two measures of the deutoxide and
one measure of oxygen into a glass retort fitted with a
stop-cock, and from which the atmospheric air has pre-
viously been extracted, either by an air-pump or an ex-
hausting syringe. (The experiment cannot be made over
water or mercury; because these liquids have too great
an affinity for the compound, which would thus be genera-
ted). The two measures of the deutoxide and one measure
of the oxygen will be condensed into half their volume,
and form a deep orange colored gas, which is the nitrous
acid.

§ 54. The combinations of nitrogen and oxygen
afford striking instances of the direct proportions in
which gases combine with each other by volumes. We
have seen that the protoxide of nitrogen was composed
of 2 volumes of nitrogen with 1 volume of oxygen ; the
deutoxide of nitrogen of 2 volumes of nitrogen with 2
volumes of oxygen ; and the hyponitrous acid, being form-
ed by adding 1 volume of oxygen to the deutoxide, is
equivalent to 2 volumes of nitrogen with 3 volumes of ox-
ygen ; finally the nitrous acid which is formed by adding
2 volumes of oxygen to 2 volumes of the deutoxide is ev-
idently equal to 2 volumes of nitrogen with 4 of oxygen ;
or, which is the same, to 1 volume of nitrogen with 2 vol-
umes of oxygen.

This verifies what we have stated in § 26, page 76,
in reference to the combination of the gases, which is
always in the proportion of whole numbers by volume,
and in no intermediate ratio, affording a striking illustra-
tion of the harmony and simplicity of the laws of nature.

§ 55. Properties of Nitrous acid. It is, as we have
said, a deep orange-colored gas, which is capable, by vir-
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tue of its oxygen, to support the process of combustion,
and is readily dissolved by water, which acquires by it
first a green, then a blue, and finally a yellow tint. ‘The
solution tastes sour, reddens litmus-paper, and stains an-
imal substances yellow. No great application has been
made of this acid in the arts.

Nitric Actd.

Chemical composition: | equivalent of Nitrogen == 14
5 equivalents of Oxygen (each 8) =40

Chemical equivalent of nitric acid = 54.

§ 536. Nitric acid (aqua-fortis) is found (in an engaged
state) combined with a number of mineral and vegetable
bases (Intr. page 38). It is easily obtained by art, when
deutoxide of nitrogen is passed very slowly into pure oxy-
gen gas, standing over water. By this operation 4 vol-
umes of the deutoxide combine with 3 volumes of oxygen ;
consequently, as the deutoxide itself consists of 1 vol-
ume of nitrogen and 2 of oxygen, nitric acid will by the
addition of 3 volumes of oxygen, be composed of 1 volume
of nitrogen and 5 of oxygen ; or by weight, of 1 equivalent
of nitrogen and 5 of oxygen, as stated at the head of this
article. Nitric acid may also be procured from a mizture
of nitrogen and oxygen placed over water by passing
through it a number of electric sparks, (see the appara-
tus, fig. LXXXVII, page 74).

In a similar manner is nitric acid formed in the atmosphere
during a thunder storm ; indices of it having been discovered
in rain-water collected immediately after a storm.

§ 57. Nitric acid formed by art in either manner we
have just described, is absorbed by the water over which it is
made, by which means it is reduced to the liquid state; and
so great is the affinity of this acid for water, that it is doubt-
ful whether it can ever be exhibited in an insolated state.

§ 58. Ligquid nitric acid is an important article of
commerce, large quantities of it being used in the arts.
For this particular purpose nitric acid is frequently distilled
with concentrated salphuric acid, by which means a most
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powerful acid is obtained, containing only little more than
twentyfive per cent of water ; this being the smallest quan-
tity of water with which it is known to exist. The liquid
acid is called Hydro-nitric acid, from a Greek word,
signifying water. But when this acid combines again
with those substances called bases, then the water is given
off, and is then said to be in an an-hydrous state.

§ 59. Properties of Nitric Acid. Nitric acid, or
aqua-fortis is a highly corrosive fluid, which oxidates most
metals, and, with the exception of tin and antimony, dis-
solves them at a gentle heat. Its specific gravity, when
most concentrated, is 1.5, that is, it is about half as heavy
again as water. It acts as a powerful caustic on the skin,
and destroys instantaneously all organized matter. It is
decomposed by all substances which have a great affinity
for oxygen. When heated, or brought in contact with hy-
drogen, it detonates with great violence ; but the experi-
ment is somewhat dangerous. When poured upon warm
powdered charcoal a combustion takes place, at which the
deutoxide of nitrogen is given off in copious fumes. Spir-
it of turpentine may likewise be inflamed by it, which
may be shown by the following pleasing

ExperiMENT. — Place some spirit l;)f turpentine, or any
other essential oil,in a

Fig. XCIX. warm saucer, and,pour

suddenly some nitric acid
upon it. The carbon
and hydrogen of which
turpentine, and in gene-
al all these oils are prin-
cipally composed, will
unite to combustion with

== the oxygen of the nitric
acid ; and so rapid is the inflammation that it is necessary to pour
the nitric acid from a vessel attached to a long stick, in order
to avoid the danger to which the eyes of the experimenter
would inevitably be exposed if standing too near.

§ 60. Jdpplication of Nitric acid to the arts. Nitric
acid 1s one of the most powerful means of attaining the
various ends proposed in chemical investigations, or in the
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arts. Its great application is founded partly upon its capa-
city in union with water to dissolve most solid substances
and partly upon the small cohesive attraction between
its particles, in consequence of which it is easily decom-
posed and yields its oxygen to other substances with
which it is brought in contact. To the gold and silver-
smith it is a mecans of separating one metal from an-
other. The dyer and coéton printer use it in the prepa-
ration of various metallic salts, for the purpose of produc-
ing different shades of colors. The artificer in bronze
employs its solving power to cleanse the products of his
art from various oxides and other impurities ; the engraver
uses it in the process of etching ; the turner finds it useful
in dying ivory and wood ; and so might we continue to
transcribe a long catalogue of the useful applications
which are made of this acid in the arts, were it not incon-
sistent with the limits proposed in this treatise.

Combination of Nitrogen with Hydrogen — Ammonia.

Chemical composition: 1 equivalent of Nitrogen = 14
3 equivalents of hydrogen (each being 1) = 3

Consequently, Equivalent of Ammonia = 17.

§ 61. Ammonia, the compound of nitrogen with hy-
drogen, is not'found in nature in its free state ; but occurs
combined with acids from the mineral and vegetable
kingdoms. It is best obtained from a mixture of equal
volumes of powdered sal-ammoniac and quicklime, gently
heated in a retort. The gas will be given off in great
quantities, but must be collected over quicksilver, water
absorbing it too fast. When the experiment is made over
water, which takes up more than 500 times its own bulk, an
aqueous solution gf ammoniais formed, which is an article of
great use, and possesses all the essential qualities of the gas.

This solution of ammonia has received the several appella-
tions of spirits of sal-ammoniac, spirits of hartshorn, or liqguid
ammonia, and is extensively employed by druggists. The
salt contained in smelling bottles is a carbonate of ammonia
which will be described in the 4th Chapter.

9*

,
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§ 62. _Properties of Ammonia. Ammonia is a color-
less gas of an extremely pungent smell, and a sharp, burn-
ing taste, It changes blue vegetable colors into green,
and yellow into brown, and is very much lighter than at-
mospheric air, 100 cubic inches of it weighing only 18
grains. It is totally irrespirable, and when accidentally
taken into the lungs causes cramp and suffocation. An
animal plunged into it immediately dies. Neither is it fit
to support the process of combustion ; nor is it itself com-
bustible in atmospheric air, but in pure oxygen it burns
with a yellow flame. It loses its elasticity and becomes
liquid at a pressure equal to 195 perpendicular inches of
quicksilver, or by a temperature of 40 degrees below
zero of Fahrenheit’s thermometer.

From the manner in which we have just stated that ammo-
nia affects vegetable colors, and from the remarkable property
which it possesses to combine with the acids to salts, it is evi-
dent that ammonia belongs to that class of bodies which are
called bases (see Intr. page 38). It is therefore called the
volatile alkal?, to designate its basic nature, and at the same
time to distinguish it from the vegetable and mineral alkalis,
which are likewise capable of neutralizing the acids and form
salts with them. (See Chapter VI.)

§ 63. When ammonia is passed through narrow red-
hot tubes, especially if some iron wire be coiled up in
them, it is again decomposed into its elements, nitrogen
and hydrogen ; yielding by volume, three times as much
hydrogen gas as nitrogen, which proves the correctness of
its chemical composition as before stated. It is also de-
composed by a series of electric sparks, and when mixed
with oxygen may be ignited like a mixture of oxygen and
hydrogen.

Recapitulation of the most important binary combinations
of Nitrogen.

Protoride of nitrogen.

Deutorxide of nitrogen.
Ozygen to < Hypo nitrous

Nitrous acid.

Nitrie %
Hydrogen to Ammonia.

Nitrogen combines with
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D. Chlorine.

Chemical Equivalent = 36.

§ 64. This is the fourth and last of the gaseous ele-
ments which, although not found in its simple state in na-
ture, is easily procured in the manner we are about to de-
scribe. It is found combined with most of the metals, or
united with hydrogen. By art it may either be produced
by the action of muriatic acid upon a substance called
black oxide of manganese; or it may also be obtained in a
cheaper way, by adding 3 parts of finely powdered sea-
salt to one part of the same oxide, and pouring upon them
in a retort two parts of diluted sulphuric acid. By the
application of a gentle heat, chlorine will be given off in
great quantities, which may be collected by the pneumatic
tub, employing kot water or quicksilver for this purpose ;
because cold water absorbs the gas too rapidly. The gas
obtained in this manner may be preserved in glass-bottles
with greased stoppers, taking great care to expel all water
from them.

§ 65. Properties of Chlorine. Chlorine is a gas of a
yellowish green color (whence its name, from a Greek
word signifying green), which has an astringent (not acid)
taste, and a disagreeable, suffocating smell. 'When inhal-
ed it is exceedingly injurious to the lungs, and may pro-
duce instant death. An animal confined in it is almost
instantaneously killed. It is not inflammable, but it is
capable of supporting the combustion of some substances,
such as phosphorus, arsenic, bismuth, antimony, &ec.
Mixed with vapors of water it becomes liquid, but concen-
trates again into a yellow solid substance when surrounded
by snow or ice. Its specific gravity is 2.5, that of atmos-’
pheric air being 1; 1t is consequently two and a half
times as heavy as atmospheric air; 100 cubic inches
weighing 76} grains, while the same quantity of air weighs
only 304 grains.,  Combined with lime it forms chloride
of lime, a substance also known by the name of bleaching
powder, on account of its possessing the remarkable prop-
erty of destroying all animal and vegetable colors. Of
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this substance we shall speak more fully inthe 4th
chapter, in treating of the salts.

Chlorine being specifically heavier than atmospheric air, is
one of those gases which may be transferred from onevessel to
another without the assistance of the pneumatic tub. Indeed,
suppose we had been preparing
chlorine in the retort A. It
would only be necessary to in-
troduce a pipe through the cork
of this retort to conductthe gas
into an open vessel, into which
it would descendin consequence
of its specific gravity. But chlo-
rine collected in this manner
combines always with a portion
= of vapor of water contained in

S 322 the atmospheric air ; it is there-
fore better to collect it over hot water or quicksilver.

The property of chlorine to support the combustion or to
ignite some, of the metals, may be illustrated by the following
pleasing
" ExpermEexsT. — Fill a long bottle or tube with chlorine, and
cover its mouth by a plate of glass. Provide some powdered
antimony, which, upon sliding off the cover, pour into the glass.
The metal will igrite before it reaches the bottom, and affords
a beautiful shower of white flames. Tin, copper, zinc, arse-
nic, or even gold introduced in a state of minute division, af-
ford the same experiment.

Fig. C.

Combinations of Chlorine with Ozygen.

§ 66. Chlorine combines with oxygen in four different
proportions, forming with it two oxides and two acids,
viz : Protozide of Chlorine, Perozide of Chlorine, Chlo-
ric acid, and Perchloric acid. Neither of these com-
pounds has ever been found in nature, nor has any appli-
cation been made of them in the arts.

Protoxide of Chlorine

is comvposed of I equivalent of Chlorine = 36
¢ 1 do. Oxygen = 8

Consequently, chemical equiv. of Prot. of Chlorine = 44.

It is a deeper colored gas than chlorine ; its smell is
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somewhat like burnt sugar. It is obtained from heated
chlorine of potash mixed with very dilute muriatic acid,
and consists, by volume, of 2 volumes of chlorine with 1
volume of oxygen.

Perozide of Chlorine

consists of 1 equivalent of chlorine =36
and of 4 equivalents of oxygen (each = 8) =32

Chemical equivalent of Peroxide of Chlorine =68,

Properties. It is of a yellow color, smells like chlorine,
has a very disagreeable astringent taste, and is speedily
absorbed by water. It is obtained by the action of sul-
phuric acid on chlorate of potash, and is composed, by
volume, of 2 volumes of chlorine with 4 volumes of oxygen.

Chloric acid

is composed of | equivalent of chlorine == 36
5 equivalents of oxygen (each ==8) =40

Chemical equivalent of Chloric acid =76.

Propertics. It is colorless, always mixed with a small
portion of water, consequently liquid, has an astringent
taste, and reddens blue vegetable colors. [t is obtained
from the decomposition of a salt called Chloride of Baryta
by means of diluted sulphuric acid, and consists of two
volumes of chlorine with 5 volumes of oxygen.

Per-chloric Acid

consists probably of 1 equivalent of chlorine= 36
8 equivalents of oxygen (each=8)= 64

Chemical equivalent of Per-chloric acid = 100. -

It is the fourth and last of the combinatians of chlorine
with oxygen, and its chemical composition is not precisely
known. It is colorless, inodorous, and has a pure sour
taste. It consists of 2 volumes of chlorine with 8 volumes
of oxygen.

Rewark, —There exists a difference in the opinions of
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distinguished chemists with regard to the composition of the
two compounds, peroxide of chlorine and per-chloric acid. We
have stated that the peroxide consists of two volumes of chlo-
rine and four volumes of oxygen. This however is doubted,
and the composition of this compound stated by some chemists
as two volumes of chlorine and three volumes of oxygen. If
this be true, its composition is

1 equivalent of chlorine = 36

3  do.  of oxygen=124

Chemical equivalent of peroxide of chlorine = 60.
and not 68 as before stated.
Again, we have stated the chemical equivalent of per-
chloric acid to be 100. This substance however, is by some
chemists believed to be compounded of
1 equivalent of chlorine =36
7 equivalents of oxygen = 56
consequently, chemical equivalent of per-chloric acid =92.
Compare this with the remark on page 15.

Combinations of Chlorine with Hydrogen — Muriatic
Acid.

Chemical cemposition : 1 equivalent of chlorine = 36
1 do of hydrogen = 1

Consequently, Chemical equiv. of muriatic acid = 37.

§ 67. Chlorine and hydrogen combine together to
muriatic acid. 'This compound 1s found in nature in form
of vapors, or also in a liquid state, particularly in the
neighborhood of volcanos, as for instance in the vicinity
of Rio Vinagre, in South Awmerica. But it may also be
obtained by the .mysterious influence of solar light. A
mixture of hydrogen and oxygen, well secluded from the
light, will remain unchanged for any length of time. But
if the mixture is made of equal volumes of these gases and
exposed to the light of day (in the shade), they gradually
combine without change of volume to a powerful acid, in
which the peculiar smell and odor of chlorine will no
longer be perceptible. If the mixture be directly exposed
to the light of the sun, then the combination takes place
suddenly and is attended by an explosion. (The mixture
may also be exploded by an electric spark or the flame of
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a candle). Muriatic acid gas may also be procured in a
much cheaper way by the action of strong sulphuric acid
on sea-salt. The gas obtained in either way must be
collected over mercury, (by the pneumatic tub filled with
mercury instead of water) its affinity for water being so
great that an unstopped vessel filled with it and placed un-
der water, will in a few moments be entirely filled with
the ]iquid, the gas being wholly absorbed.

§ 68. Properties of Muriatic Acid. It is a colorless
gas, of a very pungent smell and strong acid taste. It
turns blue vegetable colors into red, and in contact with
the atmosphere forms dense white clouds (in consequence
of its combining with the steam or vapor contained in at-
mospheric air). By a pressure of about 1120 perpendicu-
lar inches of quicksilver (equal to about 40 times the
pressure of our atmosphere) it becomes liquid, but it is
neither combustible nor respirable, nor is it capable of
supporting the process of combustion. In contact with
the oxides it loses its hydrogen, which combines with the
oxygen of the oxide to water, setting the chlorine free.
This explains the process by which chlorine is obtained
from the operation of muriatic acid on black oxide of man-
ganese. (See § 64, page 103).

§ 69, When muriatic gas is conducted into water, it
is rapidly absorbed by this liquid, by which means liquid
murialic acid is obtained ; a substance similar in prop-

erties to the muriatic acid gas, and of great usefulness and
application'in chemistry and the arts. For this purpose
Woulf’s apparatus is generally employed. It consists of

Tig. CIL.
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a number of glass bottles shaped as in figure CI. The
bottles A and B, of which there may be any number
we please, are each provided with three necks, and con-
tain a quantity of water, which is to be impregnated with
the gas. 'When liquid muriatic acid, or as it is sometimes
called, hydro-muriatic acid, is to be formed, common salt
is put into the retort R, and a small quantity of dilute
sulphuric acid poured upon it. When a gentle heat is
applied to the retort muriatic acid gas is given off, which
passes into the globe G, destined to condense such por-
tions of vapor as would render the gas impure. From
the globe the gas passes through the bent tube P, into
the first bottle A. The water in this bottle will ab-
sorb a portion of the gas, and the remainder will pass
through the tube Q, into the next bottle, and so on. The
bent tubes P, Q, &c, (see the figure), are a little above
the surface of the preceding bottle, and dip below the sur-
face of the liquid in the other, in order to allow the gas to
escape from one bottle, and to impregnate the water in the
other. The process must be carried on until the water
in all the bottles is completely saturated. (See Intr. page
8). To promote the absorption of the gas, the bottles
may be placed in ice. The last bottle must be provided
with an open tube to allow the escape of atmospheric air,
or such other gas as the water will not absorb. 'The per-
pendicular tubes a, b, are safety tubes, to admit atmos-
pheric air into each bottle when the gas ceases to come
over from the retort ; for in this case a vacuum would be
created in the globe G, (from which the gas is absorbed by
the water in the first bottle), into which the pressure of
atmospheric air, acting through the open tube S, would
force the saturated liquid, which would then be rendered
impure, by mixing with the impurities and vapors deposit-
ed in G. The liquid muriatic acid thus obtained, possesses
all the essential qualities of the gas.

When prepared on a large scale vessels of iron are
usually employed instead of glass. This is probably the
reason why the liquid muriatic acid of commerce contains
usually a little iron, which gives it a faint yellow tint.

The applications of muriatic acid are almost as numer-
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ous as those of nitric acid. It is used in the art of bleach-
ing, and is able to dissolve most solid substances, particu-
larly metals. It operates very powerfully on metallic ox-
ides and forms with some of them (such as oxides of lead
or silver) insoluble compounds. Mixed with nitric acid it
forms the well known aqua regia* the only liquid which
dissolves gold, and is on that account useful to the gold-
smith. Combinéd with oxide of tin it is used in the
processes of dying and calico-printing. It is also employ-
ed in the extraction of animal gluten from the bones, for
various medicinal purposes.

Combination of Chlorine with Nitrogen.— Chloride of
Nitrogen.

Chemical composition : 4 equivalents Chlorine
(each 36) = 144
1 equivalent Nitrogen — 14

Chemical equivalent of Chloride of Nitrogen = 158.

§ 70. This compound of chlorine was discovered by
Dulong, a celebrated French chemist. Chlorine and ni-
trogen have but a feeble affinity for each other ; but when
chlorine is passed through a solation of nitrate of ammo-
nia at a temperature of about 90 degrees Fahrenheit, then
the chlorine is rapidly absorbed, and an oily film first ap-
pears on the surface of the solution, and fiunally sinks to
the bottom of the vessel. This oily liquid is chloride of
nitrogen.

T'o understand what we have just said, it is necessary to
state that nitrate of ammonia is a compouad of nitric acid and
ammonia, ni‘ric acid being composed of nitrogen and oxygen.
The oily globule which sink to the bottom are formed by the
decomposition of the nitrate of ammonia, the nitrogen combin-
ing with the chlorine. If a flat vessel be placed at the bottom
of the solation, the compound may be collected in it.

§ 7. Properties of Chloride of Nitrogen. Chloride
of nitrogen in a yellowish oily liquid, which does not be-

* Signifying king’s water, because it dissolves gold, which by the
alchemist was called the king of metals.

10
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come solid by great degrees of artificial cold. Tts specific
gravity is 1.653 that of water being 1; and it is the most
powerfully explosive substance known. It should there-
fore be handled with great caution, and not be experiment-
ed upon in quantities larger than a grain of mustard seed,
and even then with great caution.* It explodes at a tem-
perature of about 200 degrees Fahrenheit, but detonates
in contact with a combustible substance at the common
temperature of the atmosphere. A single drop of it
thrown into turpentine or olive oil causes so violent an ex-
plosion as to burst the phial.

This phenomenon is explained by the great volume of the
two gases, nitrogen and chlorine, which are engaged in the
formation of chloride of nitrogen, and which become suddenly
free ,and by the expansion of their volume cause the explosion
when brought in contact with a combustible substance.

Recapitulation of the principal binary Combinations of
Chlorine.t

Protoride of Chlorine.
Peroxide of Chlorine.

1 orygen to . 4
Chlortne combines with Ic;ﬁf'?:;:;o./riiccuf.ﬂci 4.

Hydrogen to Muriatic Acid.
Nutrogen to Chloride of Nitrogen.

RECAPITULATION.

Questions for reviewing some of the most important Prin-
ciples contained in the 1st Chapler.

A. QuesTions oN OxYGEN.
[§ 1.] What are the principal properties of oxygen ?

Is the presence of oxygen absolutely indispensable to an-
imal life ? .

* See Library of Useful Knowledge.
t See article Chlorides, in Chap. IV.



OF CHAPTER j. 111

[§ 2.] Describe some of the ways in which oxygen is
obtained.

[§ 3.] What is that process called, by which oxygen
combines with other simple and compound bodies?

[§ 4] How many different names are given to the ox-
ides? To what substance is the name of Protozide given?
What is a Deutozide? What a Perozide? By what
means do we distinguish between the names of the differ-
ent acids ? What does the name of the acid in ic indicate ?
What that, terminating in ous ? What does the name of
hypo signify when put before the name of an acid?

Grive examples.

[§ 51 In what consists the combustion or burning of
bodies? What is every body called which is capable of
such a combination with oxygen?

What was the phlogiston of the ancients ?

[§ 6.] What do most bodies require for their combus-
tion?  Give examples.
Explain the process of a burning lamp or candle.

[§ 7.1 TIs thelight which is given out during the pro-
cess of combustion always the same, or is it subject to va-
riation in intensity and color?

Give examples.

{§ 8] How do all bodies burn in oxygen ?
Give examples. (Explain Figs. LXIV, LXV, LXVI.)

What do these examples prove with regard to the heat pro-:
duced by combustions in pure oxygen ? '

[§ 9] When the whole product of combustion is
weighed, is it found heavier or lighter than the substance
was before the combustion ?  Give an cxample. ‘

But why do the ashes produced by burning wood or straw
weigh less than the wood or straw before the combustion ?
When the inflammable gas which is given off during the
combustion of these substancesis collected, and its weight
added to that of the ashes, is the sum of their weight
greater or less than that of the wood or straw before the
combustion ?
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[§ 10.] Can any combustion take place without the
presence of oxygen? How long therefore can the com-
bustion of oxygen only be continued ?

What experiment can you describe to prove your assertion ?
(Explain Fig. LXVIl). What alteration will take place, if in
your experiment, you employ atmospheric air instead of pure
oxygen? Wkhat does the slower burning of the candle in
common atmospheric air prove? Why does the water rise
higherin the receiver when pure oxygen isused? Why does
the candle become extinguished when 21 per cent of the
whole air contained in the receiver, are consumed? What is
required for a complete combustion of bodies in oxygen or at-
mospheric air? (Explain Fig. LXVIII). What remarkable
coincidence is there between the processes of respiration
and combustion ?

[§ 11.] By what is the quantity of air necessary for
combustion, supplied ?  What do you call a draft? For
what purpose are fire-places and chimneys built ?

How are smoking fire-places improved ? Why is the flame
of an Argand’s lamp brighter than that of a common lamp ?

[§ 12]] How is fire extinguished ? By what means is
this effected ?

‘Why are small quantities of water of little use in the extin-
guishing of conflagrations?

[§ 13.] Isthe combination of oxygen with other sub-
stances always accompanied by the phenomenon of fire?
In what cases is it not?

Give instances of such combinations.

[§ 14.] In what does the process of desoxidation
consist ? [n how many different ways is iteffected ? What
are they ?

B. QuEesTions o Hyprogen.

[§ 15.] What becomes of water when subjected to
the action of galvanic electricity 7 Explain Figs. LXIX,
LXX, and LXXI. What is most remarkable about this
decomposition of water ?
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[§ 16.] What are the characterizing properties of
hydrogen ?

Explain the two experiments represented in Figs. LXXII,
and LXXIII (page 62). In what manner can hydrogen gas be
transferred from one vessel to another? Explain the experi-
ment represented in Fig. LXXIV.

By what experiment can you show the levity of hydrogen
gas? Explain Fig. LXXV. How does the experiment you
have just described enable us to find the specific gravity of
hydrogen ?* Describe the experiment represented in fig.
LXXVI, whichshows the levity and combustibility of hydrogen.

[§ 17.] Is galvanic electricity the only means of ob-
taining hydrogen gas? What other means have we for
procuring this gas? (Explain Figs. LXXVII, and
LXXVIIL)

[§ 18.] How is the great levity of hydrogen gas taken
advantage of? (Explain Fig. LXXIX). In what con-
sists the construction of balloons for ascending in the air ?
(Explain Fig. LXXX).

[§ 19.] In what proportions may oxygen be mixed
with hydrogen? Is there a strong affinity between the
substances ?

By what experiment can you prove this? Explain the ex-
periment represented in Fig. LXXXI. In what manner does
Prof. Schubert account for the explosion accompanying the
combustion of inflammable air ?

[§ 20.] What is formed when one volume of hydro-
gen gas 1s mixed with two volumes of atmospheric air ?

Explain Fig. LXXXII. Explain the experiment represented
in Fig. LXXXIII.

[§ 21.] What is the most important application made
of the properties of inflammable air to various chemical
purposes 1 Explain Fig. LXXXIV. What are the effects
of Dr Hare’s compound blow-pipe ?

[§ 221 Whatis the construction of the blow-pipe

* This question need not be put to very young pupils.

10%
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with condensed oxygen and hydrogen? Explain Fig.
LXXXV. How is the apparatus used ?

§ 23.] Describe the experiment (represented in Fig.
LXXXYVI) by which water is formed by the combustion
of hydrogen? What inference do you draw from this
experiment with regard to the nature of water ?

[§ 24.] In what proportion do hydrogen and oxygen
combine to water? By what experiment can you prove
that water consists of two volumes of hydrogen combined
with one volume of oxygen? Explain Fig. LXXXVIL
What does this experiment serve to establish?

[§ 25.] Of how many equivalents of hydrogen and
oxygen does water consist? What is the equivalent num-
ber of oxygen? What, that of hydrogen? What, there-
fore that of water ?

[§ 26.] What remarkable law has been discovered in
reference to the combinations of the gases?

[§ 27.] What are the most essential properties of wa-
ter? What is the weight of a cubic inch of distilled wa-
ter 7 At what degree of Fahrenheit’s scale is the greatest
density of water? What is the condensation of oxygen
and hydrogen in the act of forming water.

How does the sudden diminution in the volume of the
two gases account for the heat given out during the combus-
tion of hydrogen ?

What influence has this peculiarity of water — te be most
dense at 40 degrees Fahrenheit — have upon the economy of
nature? What would become of the waters in the northern
regions, if water did not possess this property ?

[§ 28.] - Does water in the act of freezing or congeal-
ing expand or contract in volume? What phenomena
does this explain? What is the specific gravity of ice!?
What is this the reason of?

[§ 29.] Which of the three kinds of water, rain, riv-
er, or pump water, is the purest? Why? Which comes
next to it?  What are the first two kinds called in oppo-
sition to pump water ? What does -pump water always
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contain? What are the ingredients of mineral waters?
What are the principal salts contained in sea-water?

[§ 80.] What do all kinds of water contain? Do
they contain atmospheric air as a chemical ingredient, or
merely mechanically entangled? By what means may
water be freed from it?

[§ 31.] Is water a good conducter of heat? What
experiment convinces us that water is a bad conductor of
heat ?

Describe the experiment represented in Fig, LXXXVIIL
Explain the experiment repiesented in Fig. LXXXIX.

Could water be heated without the mobility of its particles?
Why not? What then, is the reason why burning ether on
the surface of water does not affect a small thermometer im-
mersed in the water?

[§ 82.] Does the pressure of the atmosphere or of
steam promote or hinder the boiling of water and other
liquids? What is this the reason of? How can this be
illustrated 1 (Describe the experiment represented in the
XCth figure).

What does this experiment prove? What inference can

you draw from the experiment just described, with regard to
the boiling of water or other liquids ?

§ 33.] What does water constantly absorb? Into
what does it thereby become converted ? Of what use is
the absorption of heat or caloric by the large waters on
the surface of our globe? What is the continued forma-
tion of vapors from the surface of water called? What do
the vapors of water contained in the atmosphere, form?
what becomes of these, when brought in contact with cold-
er strata of air?

By what experiment may the refrigerating influence of
forming vapors of liquids be illustrated ? Describe the exper-
iment represented in Fig. XCI.

What other illustration is there of the cold produced by
the rapid process of evaporation ?

Describe Dr Wallaston’s Cryopborus or Frost-bearer, and
its operation. By what other natural processes are the effects
of evaporation happily illustrated ? How does the process of
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evaporation operate upon the human body? Why is it dan-
gerous to be exposed to a current of cold air when the clothes
have become moist with perspiration ?

[§-84.] What is necessary to obtain water in its pure
state ? By what process may small quantities of water
be distilled? (Explain Fig. XCIII). What properties
does the water thus obtained possess ?

35.] What becomes of all the heat or caloric that
is added to boiling water ?  What is steam which is shut
up in a vessel capable of exercising? To how many
times its volume may water thus be expanded ?

By what experiment may the principal properties of steam
be illustrated ? Describe the experiment represented in fig.
XCIV. Why is the piston in your experiment driven down
when the tube is plunged into cold water? and why is the
piston moved up again, when the bulb of the tube is again
held over the flame of the lamp? What is the cause of the
power and operation of the steam-engine ?

[§ 36.] What properties must chemically pure water
possess? When it is only necessary to know the propor-
tion which the solid substances, dissolved or contained in
water, bear to the whole volume of the liquid, by what
means may this be ascertained ?

[§ 37.] Is water the only compound of oxygen and
hydrogen? ‘What other combination is there of the same
elements? What is the name of this compound?

[§ 88.] What are the principal properties of oxygen-
ized water?
Recapitulate the binary combinations of hydrogen and

oxygen.
C. QuzsTions oN NITROGEN.

(§ 39.] What sort of gasis Nitrogen, and what are
its principal properties ?

Why has this gas been called Azote ? Is. this expression
correct? Why not?
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[§ 40.] By what means may nitrogen be easiest ob-
tained ? ~ How is nitrogen separated from oxygen !

[§ 41.] What particular mizture of Nitrogen and
Ozxygen resembles, or constitutes our atmosphere ?

How do we know that nitrogen and oxygen are actually
contained in the atmosphere In the proportion of 4 volumes
of nitrogen to 1 volume of oxygen.

[§ 42.] Are nitrogen and oxygen the only ingredients
of atmospheric air? What other substances are yet con-
tained in it? Upon what does the quantity of vapor de-
pend ? Is the proportion of carbonic acid greater in sum-
mer or in winter ? in the night or in day-time.

What are the exact proportions, by weight, of nitrogen,
oxygen, and carbonic acid gas contained in our atmosphere,
abstracting for a moment from the variable quantity of vapor?

[§ 48.] Is the proportion of the principal ingredients
of our atmosphere, nitrogea and orygen, variable ?

At what result did Gay Lussac arrive from examining the
air at a height of 24,600 feet above the level of the sea, and
that of crowded theatres in Paris?

Has any other mixture of gases been found capable to sup-
port the process of respiration and animal life as well as at-
mospheric air? What would be the probable consequence if
the air did contain more nitrogen or less oxygen? What, on
the contrary, would take place if the quantity of nitrogen be
diminished, or that of oxygen increased ?

[§ 44.] - What accidental ingredients are yet contained
in the atmosphere, besides those you have already enumer-
ated ?

[§ 451 What is the object of Eudiometry? What
substance will answer this purpose ? What is an appara-
tus constructed for this purpose called ? Euxplain the con-
struction of Achard’s Eudiometer (Fig. XCV.) Of what
consists Volta’s Eudiometer for detonating oxygen and hy-
drogen gas? (Explain Fig. XCVI). What other Eudi-
ometer may be used for this purpose instead of the one
you have just described ?

By what means, in the experiment you have now described,
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are you able to find the volume of oxygen contained in atmos-
pheric air?

Upon what principle is Gay Lussac’s eudiometer con-
straucted ?  Of what does it consist? How is it to be
used ?

What fact has been established by the various experiments
which have been made with Eudiometers? Can the great
difference which exists between the air of certain places, and
at different times, be explained fromn the greater or less quan-
tity of oxygen contained in it? Do we know anything about

the different miasmas which, at times, are contained in the at-
mosphere ?

[§ 46.] In how many different proportions does nitro-
gen combine with oxygen? What are the products of
these combinations ?

[§ 47.] What is the chemical composition of protox-
ide of nitrogen? Is it a product of nature or of art?
How is it best and easiest obtained ? (Explain the exper-
iment represented in Fig. XCVIII).

[§ 48.] What are the characterizing properties of
protoxide of nitrogen.

What is the average quantity of this gas that can be inhaled
without being injurious to the lungs ?

What influence has electricity upon the Protoxide of
nitrogen ? What becomes of this gas when mixed with
hydrogen, and an electric spark is applied to it ?

(The remainder of this section it is sufficient for the pupil to
understand. More advanced pupils may repeat the reasoning.)

(§ 49.] Whatisthe chemical composition of Deutozide
of Nitrogen ? By what means is it obtained? How is
this process explained ?

[§ 50.] What are the principal properties of deutoxide
of nitrogen 7  What takes place when deutoxide of nitro-
gen is mixed with oxygen and the experiment is made over
water 7 What takes place if], instead of oxygen, atmos-.
pheric air is employed ?

What instrument is founded upon the property of the deu-
toxide of nitrogen to absorb the oxygen from atmospheric air ?
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How then do you use the apparatus described on page92, Fig.
XCvII?

[§ 51.] By what means may deutoxide of nitrogen be
decomposed ?

{§ 82.] What is the supposed chemical composition of
Hypo-nitrous acid? In what manner is it generated?
What do some chemists pretend, as regards its appearance
at common temperatures ?

[§ 53.] What is the chemical composition of nitrous
acid? 1In what way may it be produced ?

[§ 54.] What, remark can you make respecting the
different combinati¥ns of oxygen and nitrogen by volumes?
What general law does this verify ?

[§ 55.] What are the properties of nitrous acid ?

[§ 56.] What is the chemical composition of nitric
acid? Where is nitric acid found in nature? In what
way is it obtained by art? By what other means may it
be procured ?

How is nitric acid produced in the atmosphere ?

[§ 57.) Is nitric acid, found in either way you have
just described, obtained in a gaseous or liquid state ?

[§ 58.] In what manner is liquid nitric acid prepared
for commerce ! What is the smallest quantity of water
with which*it is known to exist? What is the liquid
nitric acid sometimes called ? 'When is nitric acid said to
be in an an-hydrous state ?

[§ 59.] What are the characterizing properties of
nitric acid? What is its specific gravity? How does it
act upon the skin and all organized matter? What takes
place when nitric acid is brought in contact with hydro-
gen? What when poured upon warm powdered charcoal ?
How does it affect spirit of turpentine or any other essential
0il? (Explain the experiment represented in Fig. XCIX.)

{§ 60.] What applications are made of this acid in
the arts 1
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[§ 61.]  What is the chemical composition of Ammo-
nia? Where does ammonia occur? How is it best ob-
tained? What is formed when the experiment is made
over water ?

What is the aqueous solution of ammonia called? What
does the salt contained in smelling-bottles consist of ?

[§ 62.] Whatare the principal properties of ammonia ?
To what class of bodies does ammonia belong ? What is it
therefore called ?

[§ 63.] What takes place when ammonia is passed
through red-hot tubes (particularly if some iron wire be
colled up in them)?

What are the most important binary combinations of
nitrogen ?

D. QuestioNs oN CHLORINE.

[§ 64.] In what state is chlorine found in nature?
How may it be produced by art ?

[§ 65] What are the characterizing properties of
chlorine ?

In what manner can chlorine be transferred from one vessel
to another ? (Explain Fig. C.) What other experiment can
be made to show the property of chlorine to support combus-
tion and to ignite some of the metals?

[§ 66.] Inhow many different proportions does chlo-
rine combine with oxygen? What are the compounds?
Has any of these compounds been found in nature in its
simple state? What is the composition of protoxide of
chlorine? What sort of gas isit?

What is the composition of the peroxide of chlorine ?
What are its properties?

What is the composition of chloric acid?  What are its
properties?

What is the composition of per-chloric acid ? Whatare
its properties ?

[§ 67.] What is the name of the compound formed by
the combination of chlorine with hydrogen? Where is
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this compound found? What is the composition of mu-
riatic acid ? By what influence is it obtained ? In what
other way may muriatic acid gas be obtained ?

[§ 63.] What are the principal properties of muriatic
acid? What does muriatic acid lose in contact with the
oxides of metals?

[§ 69.] What takes place when muriatic acid gas is
conducted into water ? What apparatus is generally em-
ployed for this purpose? (Describe the apparatus repre-
sented in Fig. CL.)

What sort of vessels are employed when liquid muriatic
acid is prepared on a large scale? What is this the
cause of

Are any applications of this acid made in the arts?
What are they?

[§ 70.] To what compound does chlorine combine
with nitrogen? What is the composition of this com-
pound? By what process is it formed ?

[§ 71.] What are the properties of chloride of nitro-
gen? How is its great explosive power explained ?

What are the principal binary combinations of Chlorine ?

11
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CHAPTER 1II.

OF THE REMAINING NINE NON-METALLIC ELEMENTS, AND
THEIR COMBINATIONS.

§ 72. Besides the four gases, Oxygen, Hydrogen,
Nitrogen and Chlorine, there are yet nine other non-me-
tallic elements which, with the exception of Boron, are all
solid at the mean temperature of the atmosphere. Their
names are Carbon, Sulphur, Selenium, Phosphorus, Boron,
Iodine, Bromine, Silicon, and Fluor. They are, like the
gases, bad conductors of electricity and heat,* and become
all converted into vapor by the application of a gentle
heat.

A. Carbon.

Chemical Equivalent = 6.

§ 78. Propertics of Carbon. Carbon occurs innature
as the principal ingredient of coal. It is either found in
its pure state — as diamond ; or mixed with earthy mass-
es — in graphit, anthracite coal, turf, &c, and enters
largely into the composition of all animal and vegetable
substances.

Diamonds are chiefly found in the East Indies, (in the mines
of Golconda) and in Brazil, (in the Province of Serro do Frio).
They are generally disseminated in sand or gravel, and fre-
quently mixed with gold. They are considered gems of the
highest value. They are found either crystallized (in form of

* Carbon is a pretty good conductor of both,
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octahedrons*) or in grains. They are either colorless, (and are
then said to be of the first water) or of a light red, green, blue,
and even black color. Diamond is the hardest substance
known. Its specific gravity is 3.52. When submitted to the
action of heat in close vessels its properties do not change;
but in the focus of a large burning-glass, or in pure oxygen it
is entirely consumed. The product of the combustion, car-
bonic acid gas, is precisely the same as that obtained from
burning charcoal.

Graphit or Plumbago is of a grayish black color (like iron or
steel). It is opaque, and has a black, metallic lustre. It re-
sists the action of a common fire, but is consumed by higher
degrees of heat, or by the effect of a voltaic battery. 1ltisa
compound of carbon and about 4 per cent of iron. Extensive
use is made of plumbago in the manufacture of lead-pencils.
It is also used in the making of crucibles for the use of gold
and silver-smiths. Mixed with fat it a most excellent means
to prevent friction in wagons, mills, and other machines.

Anthracite Coal. — Anthracite Coal{glance-coal of the Eng-
lish) occurs in irregular forms. Great quantities of it are
found in Pennsylvania, and will probably be discovered in oth-
er parts of the United States. It is opaque, of a greyish-
black color, is rather difficult to kindle, burns without much
flame or smoke, and leaves for ashes a mixture of silicious
earth, mixed with clay and oxide of iron.

Lehigh Coal. — Lehigh Coal has a strong, metallic lustre,
and leaves when burnt 13} per cent white ashes, Although
difficult to kindle, it is extensively used in America.

Black and Brown Coal. — Black and Brown Coal is found
in England Scotland,t and Germany.l! When burnt it oc-
casions a dijsagreeable smell, owing to the oily substances
which it contains, and which are given off during combustion.
It leaves, however, but 3 per cent of ashes.~

Turf.— Turf is a tissue of vegetable substances, reduced
to a compact solid, by a peculiar process of decomposition.
When slowly burnt it produces from 26 to 28 per cent of coal,
but leaves a great deal of ashes. \

Vegetable Charcoal is obtained by burning wood, which pro-

#* See Grund’s Solid Geometry, Appendix.

t New-Castle, Whitehaven, Dumfrieshire, Derbyshire, Sheffield,
Clydesdale, &ec.

} Silesia, Westphalia, Saxony, Wurtemberg, and Bavaria.
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cess, however, must be carefully conducted. Itis used as
fuel in cupelling furnaces; as a principal ingredient in the
manufactory of powder (see Chap. IV), and as a dyeing
stuff in the manufactory of blacking. It has the peculiar
property of resisting the putrefaction of animal substances,
(and may therefore be used for the preservation of meat); but
it destroys their color and smell. It isalso a great purifyer of
water, and is on this account used extensively in the refining
of sugar. But the most remarkable property of charcoal con-
sists in its power of resisting destruction. This property
of charcoal was even known to the ancients, who were in
the habit of charring their piles and posts (burning their sur-
faces to coal) before driving them into the ground; and so
well has this preserved them from decay, that when the piles
upon which the foundation of the temple of Ephesus rested,
were but of late taken from the ground, the charcoal upon
their surface appeared perfectly fresh, and the wood under-
neath free from rot or putrefaction. Charcoal is also unalter-
able by heat, if excluded from atmospheric air; but in contact
with other substances exercises a powerful influence upon
them by combining with the oxygen which enters into their
chemical composition. Its mechanical structure (its inter-
stices, or pores) enable it to absorb large quantities of gases,
and it is known in one instance to retain more than 90 times
its own volume.

Animal Charcoal (bone-black) is obtained from burning an-
imal substances, commonly bones, horns, &c¢. It is of a deep
black color, and is used in the manufactory of printers’ ink.

Remark. — Although carbon abounds in all the three king-
doms of nature, it is rarely found in its pure state — as diamond.
All attempts to procure diamonds by art, or, in other words, to
extract pure solid carbon from other substances, have hitherto
proved ineffectual.

Query —Why is charcoal so different in appearance from
diamond, one being black and opaque, the other transparent,
brilliant, and the hardest substance known ? /ns. — Because
diamond is Carbon in its pure, crystallized state, and the other
is mixed with various impurities, ard other constituents, adding
sometimes more than 10 or 20 per cent to its amount of pure
carbon. Ques. — Bnt why has it thus far been impossible for
us to crystallize carbon, or to make diamonds, as we are able
to produce water from the union of its ingredients, hydrogen
and oxygen? Jns.—The probable reason is that diamond
is of organic formation as the similarity of its chemical com-
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position to charcoal plainly indicates ; and that if this be true,
we might as well wish to create plants and animals, because
we know their chemical composition, which would evidently
be impossible.

Combinations of Carbon with Ozygen.

§ 74. Carbon combines with oxygen in 5 different
proportions ; but of the compounds thus formed there are
but two which deserve special notice, or which are of any
application in common life. These are carbonic oxide,
and carbonic acid.

Carbonic Oxide

consists of 1 equivalent of Carbon —= 6
and 1 equivalent of Oxygen = 8

Consequently, chem. equiv. of Carbonic Oxide = 14

§ 75. 'This compound does not occur in nature ; but
is easily produced by art, by applying heat to a mixture of
charcoal and lime, or by heating two parts of chalk and
one of iron-filings in a gun-barrel, and collecting the gas
which is given off in the usual manner.

Both processes are easily explained. In the first instance,
the vapors of carbon produced by the charcoal, combine with
the oxygen of the lime (which, as we shall see, is a combination
of oxygen with calcium). In the second case, when lime
or chalk are heated, carbonic acid is formed (see the next
section), which, when the iron is heated, yields again a portion
of it fo this metal by which means it becomes reduced to car-
bonic oxide.

§ 76. Properties of Carbonic Ozide. It is a gaseous,
colorless substance, which in its pure state is without taste
or smell. Itis mcapable of supporting the process of com-
bustion, but is itself inflammable and burns with a blue
flame. When taken into the lungs it causes giddiness,
stupor, and fainting, even when mixed with 25 per cent
of atmospheric air. A

11*
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Carbonic Acid— (Fized Air.)

Chemical composition: 1 equivalent Carbon—= 6
2 equivalents Oxygen (each 8) = 16

Consequently, chem. equivalent of Carbonic acid =22.

§ 77. Carbonic acid gas is always contained in small
quantities in the atmosphere; particularly in the neigh-
borhood of volcanos; (near mount Vesuvius, in the cave
of Pausilippo, near Puzzuoli, in Pyrmont, &c). It is
continually produced by the burning of wood or coal, by
the respiration of men and animals (see chapter VI1I), and
by every process of fermentation and putrefaction which
takes place in nature. It is also found in coal mines,
where it occasions the chalk dempness of the miners, which
in many instances has proved fatal to them. By art it may
be produced by dropping fragments of marble or chalk
inito dilute muriatic or sulphuric acid.

Marble and chaltk are compounds of carbonic acid with
an oxide of a metal called oxide of calcium, and are com-
posed of about 22 parts of carbonic acid with 28 parts of
lime. When exposed to the action of sulphuric or mu-
riatic acid, which have a strong affinity for the lime, this
substance combines by elective affinity with the acid, set-
ting the carbonic acid free.

Fig. CIL

For the purpose of
making the experi-
ment, introduce .some
pure white marble in
small fragments into
a two-necked bottle b,
shaped like that repre-
sented in the adjoining
fignre, CIL  Upon
these, through the fun-
= nel o, pour some dilute
~ sulphuric acid ; when
a quick effervescence will take place, by which carbonic
acid is given off in abundance, which may be conducted

il

=
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through the pipe P, through the pneumatic tub into the
receiver R.

Query — By what kind of affinity is the carbonic acid, in
this experiment, formed ?- J/ns. — By single elective affinity.
Ques. — Why ? sns. — Because marble is a carbonate of
lime, consisting of a combination of carbonic acid with oxide of
calcium (see the last section); but when sulphuric acid is
added, for which the oxide of calcium has.a stronger affinity
than for carbonic acid, then the oxide quits its combination
with the carbonic acid and elects as it were, in preference, a
combination with the sulphuric acid, setting the carbonic acid
free. This is the cause of the effervescence which takes place
when dilute sulphuric acid is poured upon fragments of marble
or chalk.

. § 78.  Properties of Carbonic Acid. ~Carbonic acid
or as it is commonly called, fized air, is a combination
of equal volumes of carbon and oxygen. It is a perfectly
colorless gas, which has a pungent, half acid taste, and is
not inflammable. A burning taper immersed in it is
instantly extinguished. ~When taken into the lungs it
proves speedily fatal to life. It is so extremely poisonous
that but a small quantity of it, even mixed with atinos-
pheric air is sufficient to produce dimness, difficulty of
respiration, swoon, apoplexy, and death. Hence the dan-
ger arising from burning charcoal in a room that is not
well ventilated ; because during combustion a considera-
ble quantity of this gas is given off.

The danger of burning charcoal in a confined room is two-
fold. 1st. ‘From the fact that during the process of combus-
tion a considerable quantily of oxygen is consumed, which,
if no draft be created to supply fresh quantities of it, must
finally terminate in a complete exhaustion of that principle
which alone can support animal life. 2d. By the combination
of oxygen with charcoal a considerable quantity of carbonic
acid is formed, which from the stupor and swoon which it
causes, deprives the person thus exposed to its injurjous influ-
ence, soon of the means of rescuing himself from this deadly
poison. Itis needless to dwell on the many fatal accidents

that have occurred either from ignorance, or from a disregard
of this property of carbonic acid.



128 CARBON.

§ 79. Carbonic acid gas is quickly absorbed by water
and other liquids. In this manner (mechanically entan-
gled between the particles of liquids) it is contained in a
variety of mineral waters, and in all sparkling, ferment-
ing liquors, such as beer, cider, champaigne, &c, causing
that agreeable pungent taste, which these liquids lose
after being for some time exposed to the atmosphere.
Our common Soda and Seltzer waters are charged with
carbonic acid by means of forcing pumps. The pleasant
fresh taste of common pump water isin a great meas-
ure owing to the carbonic acid which collects at the bottom
of the wells. From river water the carbonic acid is con-
tinually absorbed by the atmosphere. This constitutes
the principal difference between hard and soft water (see
Chapter I, § 29, page 71).

This is a striking instance of the various properties of gases
and their several adaptations to our convenience and comfort,
Thus carbonic acid, though perfectly irrespirable, and poison-
ous and destructive to life when taken into the lungs, may
with impunity be taken into the stomach, and is one of the
most efficient and agreeable means of refreshing ourselves
when overcome by the heat of summer. But what is still
more interesting in this gas, is the contrast between its prop-
erties, and those of the elements from which it is derived.
Carbon, which in the form of charcoal may be taken into
the stomach in a considerable quantity without being in-
jurious, and whose presence in a dormitory 1s no more dan-
gerous than atmospheric air itself; when combined with oxy-
gen, an element without which life would instantly cease, and
which may therefore be considered the very supporter of it,
forms a poison which may destroy life in a very few minutes !
And this very poison, when taken into the mouth and stomach,
produces no other effect than anagreeable, gentle coolness —
which is perfectly healthy and palatable !
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Fig. CIIL

Before Seltzer and soda watersbecame as
common as they are now, Nooth’s apparatus
was used for impregnating water orany other
liquid with carbonic acid. Fig. CIII shows
its construction and use. It consists of a
vessel A, destined to hold some pulverized
marble or chalk, upon which, through the
opening b, may be poured some dilute sul-
phuric acid. The carbonic acid gas which is
thus generated ascends through the valve a,
_into the second vessel B, filled with the

liquid, which is to be impregnated with it.
The valve a, is so constructed that it admits
the carbonic acid into the vessel B, but pre-
vents the liquid in that vessel from descend-
bing into A. The uppermost vessel C, is
C destined to receive the water which is dis-
i) placed from the vessel B, by the rise of the
gas. When the liquid in B, is sufficiently
charged with the gas, it may be drawn off by means of the
discharging cock D.

§ 80. It has been mentioned in § 36, page 85, as one
of the criterions of pure water, that mixed with lime-wa-
ter it must not becorne turbid, otherwise it contains car-
bonic acid. The reason of this is now easily understood.
When lime-water is poured into water which contains
carbonic acid, this substance combines immediately with
the lime to an insoluble compound, called carbonate of
lime, which is at first seen in form of white clouds and
afterwards sinks to the bottom.

Combination of Carbon with Hydrogen.

§ 81. Carbon unites in two different proportions with
hydrogen. The products of these combinations are two
permanently elastic gases — Sub-carburetted Hydrogen,
and Carburetted Hydrogen.
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Sub-carburetted Ilydrogen

is composed of 1 equivalent of Carbon = 6
and 2 equivalents of Hydrogen (each being 1) = 2

Consequently, chemical equivalent of sub-carbu-
retted Hydrogen = 8.

§ 82. This gas, which is also called light Carburetted
hydrogen,or heavy inflammable air, is formed wherever or-
ganic matter putrefies, in pools, swamps, and stagnant wa-
ters. It isalso found in coal mines (the fire-damp of the
miners), where by its dreadful explosion it proved frequent-
ly fatal to the workmen. (Disasters of this kind have
since been obviated by Sir Humphrey Davy’s safety lamp,
for the description of which see the next section.)

Fig. CIV.

It may be readily procured
by stirring the bottom of pools
or stagnant water, and collect-
ing the gas which rises in little
bubbles with an inverted bottle,
which for this purpose ought
to be provided with a funnel,
(see the adjoining figure, C1V).

=

§ 83. Properties of sub-carburetted hydrogen. 1t is
a colorless gas which is highly inflammable, and burns
with a yellowish blue flame, giving out considerably more
light than pure hydrogen alone. But it does not support
combustion, and is speedily fatal to animal life. Mixed with
atmospheric air it forms a powerful explosive compound,
which, on the application of the flame of a candle, detonates
with great violence. When burnt in oxygen it is decom-
posed, its hydrogen combining partly with the oxygen to
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water, and its carbon forming with the remaining oxygen
carbonic acid.

We have mentioned in § 82 that light carburetted hydrogen
is spontaneously formed in coal mines, where by its explo-
sions it proved frequently destructive to the workmen. This
is so much more the case as the miners have no warning of its
presence ; it being lighter than atmospheric air, and on that
account collects above the ground on which they work. To
this must be added the necessity under which miners are to
work by the light of lamps, in the immediate neighborhood of
such an explosive compound, which frequently covers whole
acres of surface, and extends several hundred perpendicular
feet in height. :

Now it has been observed that a high degree of temper-
ature is mecessary to ignite all inflammable mixtures of
gases; and that metallic wire, even when red hot, is insuf-
ficient for this purpose ; but that the flame of a candle will set
fire to them ; because the heat whichis given out by it,is much
greater than that of any red-hot metal.  This observation, to-
gether with the discovery of Dr Wollaston, that explosive miz-
tures cease to burn in very narrow tubes, led Sir Humphrey Davy
to suppose that if the flame of a candle or lamp were com-
pletely surrounded by wire-gauze, consisting of very fine
meshes, it would perhaps protect the gas from being ignited,
and yet afford, through the small apertures of the gauze, suffi-
cient light for the miners to work by. This idea was most
completely realized by the invention of his safely lamp ; which
is now generally used by miners, and by which thousands of
lives are annually protected against the consequences which
might attend explosions in coal mines.

Fig. CV.

It consists of a cistern C, containing
all that is necessary for a common lamp,
and having a spout D, on its side for the
purpose of feeding it with oil. The
flame of the lamp is covered by a cylin-
der of wire-gauze, which is supported °
by three brass rods, to which is fixed the
cover, and a ring or handle by which the
whole is carried. A represents a piece
~of wire which moves up and down ina
tube, and by which the lamp is trimmed
without establishing a direct communi-
cation between it and the external air.
This lamp, upon experiment, has been
found to answer all the purposes for
which it was intended, and may be car-
ried with perfect safety into the most
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explosive mixtures of gases, even when the wire-gauze has
become red-hot by heat — for the gas will not be ignited by it.

Query — What is the reason the flame does not pass
through the wire-gauze of Sir Humphrey Davy’s safety-
lamp? Jns. — Because the meshes of which it consists act
as so many narrow tubes through which (according to Dr
Wollaston’s experiments) the flame of the lamp does not pass ;
and the red-hot wire, of itself, is not sufficient to ignite it.
Ques. — But whatis the reason the flame does not pass through
the wire-gauze ? Jns. — Because the flame coming in con-
tact with the wire, which is a good conductor, its heat becomes
latent or hidden (Natural Philosophy, Chap. VI), which reduces
its temperature below that which 1s necessary to ignite gas.*

That wire-gauze does completely intercept the flame of any
burning substance, may yet be shown by the following easy

Exper1MENT. — Provide a bottle filled with hydrogen gas ;
Fig. CVI.

through its neck introduce a narrow pipe, and ignite the gas
which will escape through the mouth of the pipe (see experi-
ment, Fig. LXXXIII, page 69). If a piece of wire-gauze is
held over the flame, as representedin A, the flame will be flat-
tened down, but it will not pass through the gauze ; if on the
contrary the gas is ignited above the gauze, as represented in
Fig. B, then it will indeed burn freely ; but the flame will not
be communicated to the pipe. This serves to explain the op-
eration and usefulness of the safety-lamp.

* The learner ought to recollect that the flame of a lamp or candle
consists of burning gas or vapors (see Fig. LXII and LXIII, Chap.
1, page 53). .
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Carburetted Hydrogen — Olefiant gas.

Chemical Composition : 2 equivalents of carbon,
(each = 6) = 12
2 equivalents of Hydrogen (each = 1)= 2

Chemical equivalent of Carburetted Hydrogen = 14.

§ 84. This compound is altogether a product of art. It
may be obtained by dry distillation of animal or vegetable
substances, or from a mixture of one volume of alcohol and
four volumes of strong sulphuric acid, gently heated in a
retort. The mixture will soon turn black, and emit the gas,
which may be collected over water as in the usual way.

Alcohol is a compound of carbon, hydrogen, and oxygen,
as we shall see in the 7th Chapter, when treating on vege-
table chemistry ; but when sulphuric acid is added, which has
a great affinity for water, (contained in the alcohol), it sets the
carbon and part of the hydrogen free, which combine with
each other, to olefiant gas.

§ 85. Properties of Carburetted Hydrogen, or Olefi-
ant Gas. It is a perfectly colorless, elastic fluid, of a disa-
greeable smell, (but no taste) which is easily inflammable
and burns with a yellowish white flame, much brighter
than the common flame of a taper. When mixed with
oxygen and ignited, it detonates with great violence. By
passing it through a red-hot porcelain tube, it parts with a
portion of its carbon, by which means it becomes con-
verted into sub-carburetted hydrogen (see § 82).

§ 86. Applications of the Olefiant Gas. The flame
of pure carburetted hydrogen gas gives, as we have
said before, a most brilliant light, and is on that account
extensively used for illuminating shops and streets instead
of lamps and candles.

The brilliancy of the flames of other gases depends on the
quantity of olefiant gas which enters into their composition,
or,in general, uponthe quantity of carbon which they contain ;
the light which they give out being always in proportion to that
substance. Diamond, which is pure carbon, when burnt in
oxygen gas or by the agency of a powerful galvanic battery,
throws out so vivid a light, that if the experiment be made by

12
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candle-light, the very flame of the candles will yet appear
casting a shadow on the wall.

Gas-light was employed for illumination, as Jong as a
century ago, by Dr Clayton ; but for its general introduc-
tion we are indebted to Mr Murdock who first intro-
duced it into England, from which it gradually spread all
over the continent of Europe, and is now successfully em-

ployed in some of the large cities of America. That used

in Europe for illuminating shops and streets, is generally
prepared from bituminous coal distilled in close vessels at
a red heat. Oil and resin have lately been employed with
the same good effect. In America olefiant gas is prepar-
ed principally from the distillation of whale oil. This is
done in large retorts, half filled with pieces of brick to
increase the heated surface. The oil is by this means de-
composed and yields a large quantity of gas, which is
much purer, and contains a greater proportion of carburet-
ted hydrogen than that which is prepared from coal. Itis
on that account better adapted to the purposes of illumin-
ation than coal-gas ; but its preparation is much more ex-
pensive. Resin, by a peculiar treatment has been dis-
covered to yield the same gas at only one fourth of the
expense of the gas prepared from oil, and is now much
employed in the shops of London and Paris. The gas
which is thus obtained is conducted in pipes to the place
where it is to be burned.

The reason why carburetted hydrogen has also been called
olefiant gas, i3 because it readily combines with chlorine to a
yellowish liquid resembling oil.

Besides carburetted and sub-carburetted hydrogen, there
exist yet a number of other combinations between hydrogen
and carbon, the precise composition of which has not as yet
been ascertained.

Combination of Carbon with Nitrogen — Cyanogen.
Chemical composition of Cyanogen.

2 equivalents of Carbon (each = 6) =12
1 equivalent of nitrogen = 14

Consequently, chemical equivalent of Cyanogen = 26.

§ 87. Carbon combines with nitrogen and forms with
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it a gas, which is called carburet of nitrogen or cyanogen
This gas does not occur in nature ; but may be obtained
by art, by boiling a substance called Prussian blue with red
oxide of quicksilver in a sufficient quantity of water. By
this means a compound is obtained, which upon cool-
ing shoots into crystals, and is called cyanuret of mercury.
This substance when dried at a temperature a little below
the boiling point, and afterwards in a retort exposed to a
gentle heat, becomes dark and liquid, and gives off a gas
which may be collected over quicksilver. This gas is the
carburet of nitrogen, or cyanogen.

§ 88. Properties of Cyanogen. Itis a colorless, in-
flammable gas, which has a pungent smell and affects the
eyes. Its most remarkable property consists in its capa-
city to combine with other substances in a manner similar
to oxygen, although it is a compound, and oxygen is an
element. On this account it has been called cyanogen, an
appellation resembling that of other elements (hydrogen,
oxygen, nitrogen, &c.) from two Greek words signifying
¢ formation of blue,’ because it is a principal ingredient of
Prussian blue. On this account we shall make an exception
to the general principle laid down in the plan of this trea-
tise, — to treat in the first three chapters only of the ele-
ments and their binary compounds — and proceed imme-
diately with the

Combinations of Cyanogen with Ozugen.

§ 89. Cyanogen combines with oxygen in three dif-
ferent proportions, forming with it three different com-
pounds, viz : Cyanous acid, fulminic acid, and cyanic acid.
All these substances are products of art (the latter has
only been discovered in 1828) and may be obtained indi-
rectly from the action of alcohol on some of the salts called
nitrates. (See Chap. IV). Their chemical composition
is not yet satisfactorily determined.

Combination of Cyanogenwith Hydrogen — Prussic Acid.

Chemical composition: 1 equivalent of Cyanogen =26
1 do. Hydrogen = 1

Chemical equivalent of Prussic acid = 27
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90. A combination of Cyanogen with hydrogen is
called kydro-cyanic or Prussic acid. 'This acid is contain-
ed, and may be extracted from many vegetables, particular-
ly from bitter almonds, from the stones of peaches, prunes,
cherries, &c ; in short from all vegetable substances which
smell like bitter almonds. But it may also be obtained
from Prussian blue, by the following complicated process :
Mix together 4 ounces of powdered Prussian blue, 2}
ounces of red oxide of mercury, and about 12 ounces of
water ;- boil the mixture half an hour, and stir it frequently
during that time. When the blue color of the mixture has
disappeared and changed into a yellowish green, filter the
solution, and add to the residue a sufficient quantity of boil-
ing water to make up for the loss by the first boiling. When
this solution is again filtered, put it into a tubulated retort 7,

; ; (see the figure), containing
< O 2 ounces ogf iro% filings, and
pour upon it, through the
opening b, 3 or 4 ounces of
dilute sulphuric acid. Con-
IS 2, nect the retort nowlwith a
gk = receiver a, and a to it
I‘Fmpl \ the flame of a largx;)).y Va-
¢ pors of Prussic acid will
be formed in the retort r,
which may be condensed in
the receiver @, by covering
it with a wet cloth, for the
purpose of keeping it cool
and secluding it from the
light. The distillation may
be continued until about
three ounces of Prussic acid
are obtained.

The generation of Prussic acid by the process we have
just described is accounted for in the following manner.
Prussian blue is a combination of Prussic acid with iron ;
but when the red oxide of mercury is added, for which
the Prussic acid has a stronger affinity than for iron, it
quits its combination with this substance and unites with
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the oxide of mercury to a salt called Prussiate of Mercu-
ry, which is immediately dissolved by the boiling water.
When the iron-filings and the sulphuric acid are added to
this solution, the iron combines with the oxygen of the
oxide of mercury, setting the mercury free, which is pre-
cipitated to the bottom, while the oxide of iron which is
thus formed, combines with the sulphuric acid to another
salt, which is called Sulphate of Iron. 'The Prussic acid,
which by this means becomes completely disengaged from
its new combination with mercury, is by the heat of the
lamp volatilized, and passes in form of vapors into the re-
ceiver, where, in contact with the cold glass, it is again
condensed into the liquid form.

§ 91. Properties of Prussic, or hydro-cyanicacid. It is
a clear, colorless liquid ; has a strong (somewhat penetra-
ting) smell, resembling that of peach blossoms, and when
strongly diluted with water, has a cooling, pungent taste,
like bitter almonds. In its pure state it is the most pow-
erful poison in nature. A few drops placed on the tongue
of a small animal causes its death in a very few seconds.
An elephant was killed by a hundred drops of it, and Prof.
Wihring, of Vienna, died by diffusing a small quantity of
it on his naked arm. The vapors of this gas are inflam-
mable, and when mixed with oxygen, detonate on the ap-
plication of an electric spark. It boils at a temperature
of about 80 degrees Fahrenheit, and congeals a little be-
low zero. Diluted with water it is employed in medicine ;
— and it is also used in the dyeing of broadcloths.

It is liable to spontaneous decomposition into its ele-
ments, which seem to have but a feeble affinity for each
other, and is on this account difficult to preserve, even in
close vessels and secluded from the light of day.

The first stage of its decomposition is marked by the
liquid assuming a brown color, which soon turns into
black and deposites a dark sediment. When arrived at
this stage it loses its peculiar smell and emits that of am-
monia (see § 62, page 102). It is then no longer a poison
and has lost all its characterising properties.

§ 92. Prussic acid differs from the acids we have thus
far become acquainted with, in the following properties :

12%
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Ist. In its chemical composition ; it being a combina-
tion of three elements, (nitrogen, carbon, and hydrogen)
without oxygen, and

2d. By its possessing the acid qualities in a very feeble
degree ; for it has neither a sour taste, nor does it redden
litmus paper ;

But in combination with those substances called bases
it forms, as we shall see, salts like the rest of the acids
(see Introduction, page 38); and when separated from
these again by the agency of galvanic electricity, it ad-
heres to the positive pole — showing thereby that it is a
negative electric. (Compare what we have said in the
Introduction, page 38, with regard to the nature of acids).

When a quantity of potassium sufficient to absorb 50
measures of cyanogen is heated with 100 measures of vapors
of Prussic acid, the 50 measures of cyanogen are wholly ab-
sorbed, and nothing but 50 measures of pure hydrogen remain ;
which proves that Prussic acid is composed of equal volumes of
cyanogen and hydrogen. But as the cyanogen is about 20
times heavier than hydrogen (its specific gravity being nearly
26 times that of hydrogen), it follows that its composition, by
weight is 1 equivalent of hydrogen to 26 of cyanogen, as sta-

ed at the head of the 87th section.

Other Combinations of Cyanogen.

§ 93. Cyanogen combines yet with Chlorine in two
proportions, forming with it Proto-chloride.and per-chlo-
ride of Cyanogen. In a similar manner does it combine
with the two elements Jodine and Bromine. All these
substances have similar properties; they are possessed of
a peculiar, irritating odor, and are active poisons.

A compound of cyanogen and sulphur is called sulphu-
retted cyanogen. It is colorless, hasa pungent smell, and
reddens litmus paper.

Combinations of Carbon with Chlorine.

§ 94. Carbon and chlorine combine with each other
in three different proportions, forming sub-chloride, chlo-
ride, and per-chloride of carbor. All these combinations
are mere products of art, and are as yet little employed in
the arts.
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Combination of Carbon with Sulphur — Sulphuret of
Carbon.

Chemical composition : 1 equivalent of Carbon = 6
2 equivalents of sulphur (each being 16) = 32

Consequently, chem. equiv, of Sulphuret of Carbon = 38.

95. Carbon and sulphur may be made to combine
by the following process, described in the Library of Use-
ful Knowledge. Place an earthen tube of about an inch

Fig. CVIIIL

and a half in diameter, a little inclined across a chafing
dish, and fill it nearly with small pieces of charcoal, well
burnt and quite free from moisture. 'I'o the higher end of
this tube adapt a glass tube filled with small pieces of sul-
phur, which may be pushed forward by means of a wire
passing air-tight through a cork. To the other end of the
earthen tube, a bent glass tube must be adjusted, which
must pass below the surface of some water contained in a
bottle. When the fire in the chafing dish has been light-
ed, and the centre of the tube become red-hot, the sul-
phur in the glass tube must be pushed forward to come
in contact with the ignited charcoal, and immediately bub-
bles of gas will escape from under the water into the bottle,
and a vapor will appear, which will condense under the
water into a liquid. This is sulphuret of carbon — mixed
however with a portion of water, from which, and other
impurities, it may be freed by distilling it over at a gentle
heat (not exceeding 110 degrees Fahrenheit), in a retort
containing a little-chloride of calcium, a substance which
absorbs water very rapidly. .

§ 96. Properties of Sulphurct of Carbon. It is a
colorless, transparent liquid, has a strong acid (not acrid)
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taste, a nauseous, fetid smell, and is so exceedingly volatile
as to boil already at a temperature of 110 degrees Fahren-
heit. Tts boiling point, therefore, is 102 degrees below that
of water. 'This is the reason why in distilling it over, the
heat applied to it must not exceed 110 degrees Fahrenheit.
No degree of artificial cold has ever made it congeal ; but
it is highly inflammable, and emits during its combustion
copious fumes of sulphuric acid (owing to its decomposition,
in consequence of which the sulphur combines with the
oxygen -of the atmosphere to sulphuric acid). It is
heavier than water, its specific gravity being 1.27, that of
water being 1; whichis the reason why it falls to the bot-
tom when poured into water. Owing to its great volatility
it is a highly refrigerating substance. A thermometer
whose bulb is covered with lint that has been moistened
with sulphuret of carbon, will rapidly fall to zero. Under
the receiver of an air-pump-(when the pressure of atmos-
pheric air is removed) it is capable of causing even quick-
silver to freeze.

Recapitulation of the principal binary and ternary Com-
binations of Carbon.

Carbonic oxide.
Ouxygen to g Carbonic acid.
Hydrogen to g 'g';?_;)zlr'g;;‘gued E hydrogen.
cyanous 4
Nitrogen to orygen to {ZZ:;?:W acid.
Carbon Cyanogen SRACT
combines / which com-{ Mdrogen to Prussic acid.
with bines again) ., - . fz de %‘0f Cyan-
prish per-chloride Yy 08N
sulphur to sulphuretted cyanogen.
sub-chloride
Chlorine to < chloride of Carbon.
per-chloride

Sulphur to sulphuret of carbon.
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B. Sulphur.
Chemical Equivalent = 16.

§ 97. Sulphur is one of the few elements which occur
in their simple form, and abound in all the three kingdoms
of nature, but it is particularly found in the vicinity of vol-
canos, and in mountains of quartz and gypsum.

It hasbeen discovered in the sulphur mountains of Ticsan
near Quito ; in the valley of Noto and Mazzara ; on the banks
of the Salso in Sicily ; in Spain; inPoland (near Krakau); in
Auvergne, near Mount Vesuvius, and in a crystallized state
(sofatora) near Puzuoli in the kingdom of Naples and in the
neighborhood of Mount Atna, in Iceland, in Teneriffe, Guada-
loupe, Java, and the Island of Bourbon. The volcano Puracé,
in South America, covers its immediate vicinity with crusts
of sulphur.

Sulphur is also contained in many plants, especially in
mustard, onions, and garlic, and in many animal sub-
stances, especially in the eggs of fowls.

Fig. CIX.

To purify it from stones and oth-
er earthy substances, it is melted
and distilled (sublimed). For this
purpose a heat of about 500 de-
grees Fahrenheit may be applied
to some sulphur in a retort. It
will first melt and then be changed
into vapors, which when coming
in contact with the colder receiver
are condensed again and adhere to
the sides of the glass in form of a
fine powder called flour of sulphur..
The properties of this powder are
yet the same as that of sulphur.
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§ 98.  Propertieso f Sulphur. Sulphur is a greenish-yel-
low, tasteless mineral ; which is highly inflammable, burns
with a faint blue light, and emits when rubbed, or during
combustion, a peculiar suffocating odor. 'T'he heat which
it throws out is so small that it may be burnt out of gun-
powder, of which it is a principal ingredient, without ignit-
ing it. Its specific gravity is 1.92 (water being 1), and it
is therefore nearly twice as heavy as water. At the tem-
perature a little above the boiling point of water it be-
comes liquid, and is then cast into moulds and sold in
commerce under the name of roll-brimstone. When in a
state of fusion it is poured into water it becomes of a
consistency like wax, and is then used for taking impres-
sions of coins, medals, cameos, &c, for which purpose it
is particularly adapted ; because its color, when fused,
changes into brown, and resembles that of bronze. The
applications of sulphur are numerous. It is used for
matches ; in the manufactory of gun-powder (of which it
forms a principal ingredient), in the preparation of sul-
phuric acid, of cinnabar, of blue vitriol, &c. and it is also
extensively employed in medicine.

Combination of Sulphur with Ozygen.

§ 99. Sulphur combines with oxygen in four differ-
ent proportions ; in the proportionof 1 to 1, 1t0 2,2 to
5, and 1 to 3 equivalents, forming with it hypo-sulphurous
acid, sulphurous ccid, hypo-sulphuric acid, and sulplhuric
acid. 'The first and third of these combinations are pro-
ducts of art, and of little use in common life; but the
second and fourth are highly important to the manufac-
turer and the physician. We shall therefore treat only
of sulphurous and sulphuric acid.

Sulphurous Acid

is composed of 1 equivalent of sulphur = 16
and 2 equivalents of oxygen (each 8) == 16

Consequently, chem. equiv. of sulphurous acid = 32.

§ 100. Thiscompound is, in’a gaseous form, contained
in the atmosphere in the vicinity of voleanos. It is also
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found (absorbed) in water ; but may be obtained also by
burning sulphur in atmospheric air. It may also be pro-
duced in a state of great purity by the action of sulphuric
acid (for the preparation of which see the following sec-
tion) on mercury. A mixture of these two substances
may be gently heated in a retort, and the gas which will
be given off collected over mercury — water having too
great an affinity for it. !

This process is easily explained in the following manner:
sulphuric acid is a compound of 1 equivalent of sulphur with
three of oxygen. When this is heated with mercury for which
its oxygen has a great affinity, one equivalent of oxygen com-
bines with the metal, and the two equivalents of oxygen which
remain united with the sulphur, form sulphurous acid gas.

§ 101.  Properties of Sulphurous Acid. It is a col-
orless, transparent_gas, which possesses a peculiar smell
and extinguishes all burning bodies. It is itself incom-
bustible, and when taken into the lungs causes coughing
and suffocation. By a pressure of 30 pounds to the square
inch, it becomes liquefied. It is speedily absorbed by water,
which is capable of absorbing more than 33 times its own
bulk of it, and forms with it what is properly called Lquid
sulphurous acid ; but it cannot in this state be preserved
for any length of time. .

All vegetable colors, with the exception of cochineal,
are destroyed by it. (Blue vegetable colors are first turn-
ed into red and then wholly discharged; cochineal is
only turned lighter, and changes into a yellowish red.) It
is extensively used in bleaching, especially for silk and
straw ware.

Sulphuric Acid— (Oil of Vitriol).
Chemical composition : 1 equivalent of Sulphur =16
3 equivalents of Oxygen (each =8) =24
Chemical equivalent of sulphuric acid = 40.

§ 102. Sulphuric acid is the highest degree of oxy-
genation of which sulphur is capable. Itoccurs in nature
diluted with water in the Rio Vinagre, in South America;
in the Indian Lake at Java, and in Italy, and is of all the
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acids the most important to the arts. It is therefore man-
ufactured in great quantities, and forms an important arti-
cle of commerce.

In commerce there are two sorts of sulphuric acid,
Hydro-sulphuric acid, or oil of vitriol, and sulphuric acid
properly speaking. The first is obtained from a substance
called green viiriol of iron, and the second from burning
saltpetre with sulphur.

The process by which the oil of vitriol is procured is the
following : Green vitriol, copperas, or as it is properly called,
sulphate of iron (because it 13 composed of sulphuric acid and
protoxide of iron) is distilled at a high heat, by which means it
becomes decomposed, and a dense, oily, colorless liquid is ob-
tained, which in contact with the atmosphere emits copious
white vapors. This liquid is afterwards again distilled at a
lower temperature, and made to pass into areceiver surrounded
with ice, where it forms transparent, colorless vapors, which
condense into a white, crystalline solid. This is supposed to
be the sulphuric acid in an an-hydrous state (without water),
and the residue in the retort, which is now no longer fuming,
is the common oil of vitriol as it occurs in commerce. The
solid substance liquefies again at a temperature a little above
60 degrees Fahrenheit, and has so strong an affinity for water,
that it absorbs it from the atmosphere as soon as it is brought
in contact with it.

Hydro-sulphuric acid (sulphuric acid dissolved in water)
which is the sulphuric acid of commerce, is manufactured in
large quantities by burning a mixture of 8 parts of sulphur
and 1 of nitre in close leaden chambers, containing at the bot-
tom a small sheet of water. During combustion fumes of
sulphuric acid rise and are absorbed by the water ; from which
the acid is afterwards obtained in a concentrated state by
evaporating the solution. The theory of this process is some-
what complicated, and will be best understood from the fol-
lowing table.






146 SULPHUR.

Nitre is a compound of oxide of potassium with nitric aeid,
which, as we know, is composed of nitrogen and oxygen (§ 56,
page 99). Now when sulphur is burnt with nitre in chambers
containing atmospheric air, the product of the combustion are
sulphurous acid (a combination of sulphur with the oxygen of
the atmosphere) and sulphuric acid, (a combination of the oxy-
gen of the nitre, with the sulphur). The sulphuric acid thus
generated, combines with the oxide of potassium to sulphate
of potash, setting nitrous oxide, or deutoxide of nitrogen free.
But the heat given out during the process of combustion ex-
pands this gas and makes it rise to the top of the chambers,
where, by an aperture, it is made to eommunicate with the
atmosphere, from which it absorbs another portion of oxygen,
and is thereby converted into nitrous acid vapor. These va-
pors being specifically heavier than air, sink down upon the
sulphurous acid, and yield to it another equivalent of oxygen,
converting it thereby into sulphuric acid ; which being rapidly
absorbed by the water, is immediately obtained in the liguid
(hydrous) state. The nitrous acid vapors which have now
lost a portion of their oxygen, are again transformed into
nitrous gas, which does then reascend to the roof of the
chamber, where by the aperture it is as before brought in
contact with atmospheric air, from which it absorbs a fresh
portion of oxygen and is converted into nitrous acid vapor.
These sink again upon the sulphurous acid, and convert
another portion into sulphuric acid; and so is this process
continued until all the sulphurous acid formed, is converted
into liquid sulphuric acid. Eight parts of sulphur and one
part of nitre will in this manner produce 20 parts of sulphuric
acid.

§ 103. Properties of the Oil of Vitriol, and of Liquid
Sulphuric Acid.  The oil of vitriol, in its pure state, is a
colorless, oily liquid, which destroys rapidly all animal and
vegetable substances, but may be mixed with water in any
proportion. (The yellowish brown tinge which the oil of
vitriol of commerce generally has, is derived from organic
substances, such as cork, wood, straw, &c, accidentally
dropped into it). The Hydro-sulphuric Acid, when
pure, is a colorless, oily liquid. It isinodorous, and dilute
with water (without water it is an active poison) has a strong
acid taste. It may be mixed with water in any propor-
tion, and reddens litmus paper even when largely diluted
with it. Its specific gravity when most concentrated, is
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1.85, that of water being 1. If it is much heavier, it is
a sign that it contains some foreign heavy substances
(commonly sulphate of soda or lead, from the manner in
which it is manufactured in leaden chambers), and if it is
much lighter it shows that it has been diluted with water.
Owing to its great affinity for water, it rapidly destroys all
organic substances of whose composition water forms a
large ingredient, and converts them (by absorption) into
charcoal. Its boiling point is about 620 degrees Fahren-
heit, and it crystallizes at about 15° below zero.

§ 104. Ofthe numerous applications of sulphuric acid
to the arts we will only mention a few highly important
ones. To those belong the use which is made of it in the
manufacture of Glauber’s salts, so extensively used in med-
icine (see Chap. 1V — Sulphate of Soda); in the bleach-
ing of linen and cotton, in the cleansing of rags for the
manufactory of paper; in the dyeing and printing of cali-
cos, &c. The annual consumption of sulphuric acid, in
England alone, amounts to 3000 tons !!

Combination of Sulphur with Hydrogen.

§ 105. Sulphur combines in two different proportions
with hydrogen, viz : In the proportion of 1 equivalent of
sulphur with 1 equivalent of hydrogen, and in the pro-
portion of 2 equivalents of sulphur with 1 equivalent of
hydrogen, the products being sulphuretted hydrogen, and
bi-sulphuretted hydrogen. ('The syllable ¢ b2’ signifying
double ; because sulphur is combined with a double pro-
portion of hydrogen).

Sulphuretted Hydrogen

is composed of 1.equivalent of sulphur = 16
1 do. of hydrogen = 1
Chemical eqvivalent of Sulphuretted hydrogen = 17.
§ 106. Sulphuretted hydrogen occurs in nature, combin-
ed with water or alkalies. Itis also given off during the

putrefaction of a variety of animal substances; and may
be easily obtained for the sake of experiment, by subliming
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sulphur in hydrogen gas (see the experiment represented
in Fig. CIX, page 141). The two elements, hydrogen
and sulphur, combine during this process without a
change of volume. It may also be produced in abundance
by the action of sulphuric acid on sulphurct of iron, a
substance obtained by melting together sulphur and iron
filings. Sulphuretted hydrogen is by this means ob-
tained by elective affinity ; the oxygen contained in the
water of the hydro-sulphuric acid unites with the metal
which remains dissolved in the acid, setting hydrogen and
sulphur free, which unite with each other to sulphuretted
hydrogen.

§ 107.  Properties of Sulphuretted Hydrogen. Sul-
phuretted hydrogen is a colorless, inflammable gas, which
smells and tastes after foul eggs, and burns with a light
blue flame. It is incapable of supporting combustion and
totally irrespirable ; when taken into the lungs it causes
cramp and suffocation. It is so exceedingly fatal to an-
imal life that a dog dies in an atmosphere containing only
s ; and a horse in one, which contains only 545 part of
this gas. When dissolved in water, it acts like an acid,
and reddens litmus paper (see Introduction, page 38). By
cold and pressure it may be reduced to the liquid state;
but it is immediately transformed again into gas, when
brought in contact with the atmosphere.

It is also remarkable for its action upon almost all me-
tallic oxides; when gently heated, and brought in contact
with sulphuretted hydrogen, they form sulphurous metals
and water (the hydrogen combining with the oxygen of
the oxide, and the sulphur with the metal). It is easily
decomposed by sulphuric acid ; but more especially by
chlorine. Hence the use of chloride of lime in purifying
the air from the exhalations of putrefying organic matter.

§ 108. Sulphur combines also with chlorine (wherefore
sulphuretted hydrogen is decomposed by chlorine), Bro-
mine, and Iodine. Neither of these combinations is of
much use in the arts. But sulphur is not known to com-
bine with nitrogen.
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Recapitulation of the principal Binary Combinations of
Sulphur.

hypo-sulphurous
oxygen to < sulphurous acid.
Sulphur hypo-sulphuric
combines with sulphuretted

bi-sulphuretted 2 Bydrogea:

hydrogen to §

C.  Selenium.

Chemical Equivalent = 40.

§ 109. This substance has but lately (in 1817) been
discovered by Berzelius, a celebrated Swedish chemist.
It occurs in very minute quantities, combined with some of
the metals, such as lead, copper, cobalt, quicksilver, silver,
gold, &c, and isonly separated from them by an extremely
tedious process. After fusion it has a greyish color, and a
metallic lustre. "When rapidly cooling its color is reddish
brown — as a powder it has a deep red color. It is brittle,
boils at about 12 degrees above the boiling point of water,
and when warm is very ductile.

Selenium combines in three different proportions with oxy-
gen. The compounds are oxide of selenium, selenious acid, and
silentc acid. With hydrogen it is only known to combine in
one ratio, forming with it selenietted hydrogen. With sulphur
it unites in all proportions, the various products being known
by the name of sulphuretted selenium.

D. Phosphorus.

Chemical Equivalent == 12, (doubtful).

§ 110. Phosphorus is a light yellow, soft solid, which
at the mean temperature of the atmosphere is of the con-
sistency of wax, and exposed to the atmosphere emits
white luminous vapors. It is chiefly contained in the
bones of animals, and has not as yet been found in its

13*
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simple form. It may, however, be easily procured by the
following process.

Reduce a quantity of bones, which have been burnt in an
open fire to a fine powder ; and digest them for several days
with half their weight of concentrated sulphuric acid, adding
enough water to give the mixture the consistency of a thin
paste. The solution is then mixed with twice its bulk of hot
water, and after being well stirred, filtered through a straining
cloth. (See Fig. IX, page 18).

This solution is again evaporated to the consistency of syrup;
then mixed with one fourth its weight of powdered charcoal,
and strongly heated in an earthen retort. A large quantity
of gas will be formed during this process, which, when the
mouth of the retort is conducted into a receiver filled with
water, will distil overin drops, which will congeal in contact
with the water. The solid thus obtained is pure phosphorus.

To understand this process it is necessary to state that all
bones are composed of a particular salt called phosphate of
lime, mixed, however, with a variety of animal substances.
By burning bones in an open fire (which process is also called
calcination) the phosphate of lime is separated from these sub-
stances, and when subsequently digested with concentrated
sulphuric acid, decomposed into its constituent principles,
phosphoric acid and lime. The lime unites by elective affini-
ty with the sulphuric acid to an insoluble compound (sulphate
of lime) and the phosphoric acid remains dissolved in the solu-
tion ; consequently, when the solution is filtered, nothing but
pure sulphuric acid will pass through the straining cloth.
‘When the solution is afterwards evaporated and distilled with
charcoal at a strong heat, the charcoal unites with the oxygen of
the acid and sets the phosphorus free. This passes in form of
gas from the retort into the receiver, and congeals in contact
with the water.

111.  Properties of Phosphorus. Pure phosphorus,
obtained in the manner we have just described, is a soft,
yelolw solid, which by exposition to solar light, espe-
cially to the violet rays of the spectrum, changes into
red, but may be rendered perfectly colorless by a second
distillation. It is so exceedingly inflammable that it may
be ignited by mere friction, or by the natural heat of the
palm of the hand. Owing to its great affinity for oxygen
it combines with it at the common temperature of the at-
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mosphere, so that in order to preserve it, it is necessary to
keep it under water. In contact with air it emits a light
smoke (owing to its slow combustion with oxygen) and
a smell somewhat like garlic; but in the dark it throws
qut a beautiful greenish light. Its specific gravity is 1.7,
that of water being 1. It is perfectly tasteless, but when
taken into the stomach proves a very active poison.

It is insoluble in water, but readily combines with oil
or ether, to which substances it communicates the proper-
ty of throwing out light in the dark.

Its affinity for oxygen is so great that it will take up of
this gas more than 1} times its own weight, and so easily
does it ignite by friction that it is used in the construction
of phosphoric match boxes. :

Combinations of Phosphorus with Ozxygen.

§ 112. Phosphorus combines with oxygen in five dif-
ferent proportions, forming with it two oxides and three
acids, viz: White ozide of Phosphorus, Red oxide
of Phosphorus, hypo-phosphorus acid, Phosphorous acid,
and Phosphoric acid. 'The exact proportions in which
phosphorus combines with oxygen being not known, and
these compounds being of little application to the arts, we
will only describe the most remarkable of them,

Phosphoric Acid,

which is composed of I equivalent of Phosphorus = 12
and 2 equivalents of Oxygen (each=8) =16

Consequently, chemical equiv. of Phosphoric acid =28.
§.113. This compound of phosphorus occurs in na-

ture, combined with lime, clay, oxide of iron, lead, cop-
perand manganese, &c ; but it may be obtained by art, by
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burning phosphorus in atmospher-
ic air, or better in pure oxygen
gas, (see the adjoining figure).
('The phosphorus may be ignited
by a red-hot wire, and must be in-
troduced into the jar from under
the water, to prevent spontaneous
combustion by friction or the heat
of the hand). During combustion
dense white vapors will be form-
-ed, which, like snow, fall to the
bottom of the jar, and consti-
tute what is called the pure, an-
hydreus, phosphoric acid.  This
unites afterwards with the water to hydro-phosphoric acid,
and may be evaporated to dryness. It may also be obtain-
ed from the action of phosphorus or nitric acid, or by di-
gesting calcined bones with sulphuric acid, as we have
seen in the process of procuring phosphorus. (§107.)

§ 114. Properties. Phosphoric acid is a colorless,
inodorous, transparent liquid, which easily absorbs water
from the atmosphere, and has all the essential qualities of
a powerful acid (Introduction, page 38). It has, however,
thus far, no technical application.

Combinations of Phosphorus with Hydrogen.

§ 115. Phosphorus combines with hydrogen in two
different proportions ; the products are Proto-phosphuret-
ted hydrogen, and Per-phosphurctted hydrogen.

Proto-phosphurctted Hydrogen

is composed of 1 equivalent of Phosphorus =12
and 2 equivalents of Hydrogen (each 1)== 2

Consequently, chemical equiv. of Proto-phosphu-
retted hydrogen = 14.
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Per-phosphuretied Hydrogen,

on the contrary, is composed of 1 equivalent of
phosphorus = 12
1 equivalent of Hydrogen = 1
Chemical equiv. of per-phosphuretted hydrogen = 13.

Both compounds consist of phosphorus dissolved in hy-
drogen.

§ 116. Per-phosphuretted hydrogen is obtained, by
boiling Phosphorus in a small retort with a hot solution of
potash, which must entirely fill the vessel. The gas thus

Fig. CXI.

generated must be collected by the pneumatic tub, employ-
ing a hot solution of potash instead of water. During the
boiling of the liquid, the oxygen of the water unites with
part of the phosphorus to phosphorus acid, which combin-
ing with the potash, sets the hydrogen of the water free.
This, under the influence of heat, combines with the re-
maining portion of phosphorus to phosphuretted hydrogen.

When the gas,as it is extricated, is allowed to escape
from under the surface of the alkaline solution into the air,
each bubble as it rises will spontaneously take fire and ex-
plode, leaving after the explosion an horizontal ring (see the -
figure) of white smoke, which preserves its form for a consid-
erable time, and becomes larger as it ascends.

§ 117.  Properties of per-phosphurctted hydrogen.
Per-phosphuretted hydrogen is a colorless gas of a highly
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offensive smell (resembling garlic, or foul fish), which in
contact with atmospheric air, or pure oxygen, becomes
spontaneously inflamed, and explodes, as we have seen
from the last experiment (Fig. CX1I). It is more than 13
times heavier than hydrogen gas, and but slightly soluble
in water. When suffered to stand for some time in a
glass receiver, it becomes spontaneously decomposed, and
deposits phosphorus. A series of clectric sparks pass
through it, produces a similar effect, and precipitates phos-
phorus.

Proto-phosphuretted hydrogen is produced by heating phos-
phorus acid in close vessels, secluded from contact with air.
It is a_colorless gas, resembling per-sulphuretted hydrogen
in nearly all essential properties. It does not, however, in-
flame spontaneously when brought in contact with atmospheric
air ; but when mixed with it, or pure oxygen, it detonates vio-
lently on the application of an electric spark.

A beautiful Exrperiment may be made by mixing 10 parts
of water with 1 part of phosphorus, 2 parts of granulated
zine, and 6 parts of concentrated sulphuric acid. Owing to
the decomposition of the water, and a subsequent combination
of its hydrogen with the phosphorus, per-phosphuretted hydro-
gen, will be generated and rise in little bubbles. These, in
contact with atmospheric air, become spontaneously inflamed,
and burn with a bright flame like phosphorus.

Other Cymbinations of Phosphorus.

§ 118. Phosphorus combines also with carbon, sul-
phur, selenium, chlorine, iodine, boron, and the metals.
These combinations have thus far been little examined,
and are of little or no application in the arts.

Recapitulation of the most important Binary Combinalions
of Phosphorus.

S ;‘;’:;to‘;:?;;de 2 of phosphorus.

AT [oxygen to / hypo-phosphorous
P E acid.

combines with | phosphorus

phosphoric
- proto-phosphuretted
thydl ogen to §P er-phosphuretted hydrogen.
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E. Boron.
Chemical Equivalent = 6, (doubtful).

§ 119. This element is not found in its simple state ;
but is extracted from boracic acid, a substance we are
about to describe in the next section.

For this purpose potassium (a metal) may be heated with
boracic acid,in a copper tube to about 3020 Fahrenheit.
When hey become red-hot, the oxygen of the acid combines
with the metal, and sets the boron, which is the basis of boracic
acid, free.

Properties. It appears as a dark green powder, which
is inodorous, tasteless, and but sparingly soluble in water.
Heated in close vessels it undergoes no change, but when
heated in the open air to about 600> Fahrenheit, it burns
with a pale green flame, the product being boracic acid.

Boracic Acid

is probably composed of 1 equivalent of boron = 6
and 2 equivalents of oxygen (each =8)=16

Whence, chemical equivalent of boracic acid = 22.

§ 120. This is the only combination of boron with
oxygen. It is a substance which is generally obtained in
form of crystals, and is found mixed with a little sulphur
on the walls of cellars and caves, and at the craters of vol-
canos. It is also contained in some of the springs. It
may be obtained by art, by dissolving borax (a substance
resembling alum, and which is imported from India under
the name of Tincal), in boiling water, adding to it half its
weight of dilute sulphuric acid. When the solution is
evaporated and cooled, boracic acid is precipitated in form
of scaly, shining crystals.

Borax is a combination of boracic acid with soda. When it
is dissolved in ho! water, and sulphuric acid is added, the sbda
combines by elective affinity with the sulphuric acid, and the
boracic acid sinks to the bottom.

§ 121, Propertics. It is inodorous, possesses but very
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little taste, and is sparingly soluble in water, with which it
forms a solution which reddens litmus paper. It is also
dissolved by alcohol, to whose flame it gives a beautiful
green color. Boracic acid is used in the manufac-
tory of artificial borax, which is much employed in medi-
cine. It is also used in calico printing, especially in
France, and in coloring gold.

Boron combines yet with sulphur, chlorine, fluorine,
and the Metals.

F. Iodine*
Chemical Equivalent = 124.

§ 122. This element does not oceur in its simple form
in nature ; but is often found combined with some of the
metals, particularly with sodium, a substance of which
we shall speak in the next chapter. It has lately been dis-
covered also in the Mexican silver mines, and in many of
the lead ores of South America. It is commonly extract-
ed from the ashes of sea-weeds, or from a substance call-
ed kelp, generated during the manufacture of soda.

The process is simply this: The ashes of sea-weeds, or
kelp, are dissolved in water, which upon evaporation, leaves a
salt called carbonate of soda, in form of crystals. These be-
ing removed, the remaining liquid is put into a tubulated retort,
(see Fig. CVII, page 136), and sulphuric acid is poured upon
it. As soon as this is done beautiful violet vapors appear,
which become condensed in the receiver in crystalline plates,
resembling plumbago (see page 123), and may afterwards be
dried between folds of blotting paper. A small guantity of
oxide of manganese, added to the liquid in the retort, facili-
tates the process.

§ 123. Properties of Iodine. Todine is a substance
which at the common temperature of the atmosphere is
of a greyish-black color, and possesses a metallic lustre.
Its other properties resemble chlorine (see § 65, page
103), and it is a strong poison when used in large quan-

* From aGreek word signifying violet colored, because its vapors
have abeautiful violet color.
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tities. In small quantities it is used for medicinal purposes.
Its taste is sharp and acrid, and continues for a long time
upon the tongue. It destroys vegetable colors and gives
the skina yellow stain, which however, soon disappears.
It fuses at about 225 degrees, and becomes converted into
beautiful purple vapors when heated to 350 degrees Fah-
renheit. It is (like chlorine) a non-conductor of electri-
city, and but sparingly soluble in water ; but is easily dis-
solved by ether, alcohol, or oil of turpentine. With
starch it forms a compound of a beauntiful indigo color,
which affords a means of detecting its presence even in
very minute quantities. .

It is principally used in medicine, and in the manufac-
tory of Jodide of quicksilver, which is a red pigment, em-
ployed in cotton-printing and painting.

Combination of Iodine with Ozygen — Iodic Acid.

Chemical composition : 1 equivalent of Todine —= 124
5 equivalents of Oxygen (each=8)= 40

Consequently, chemical equivalent of Todic acid = 164.

§ 124. Todine combines in only one proportion with
oxygen. The product is iodic acid, a white, half-transpa-
rent solid, which is perfectly inodorous, and has a sharp,
sour, astringent taste. It is obtained by bringing protoxide
of chlorine (see § 66, page 144) in contact with iodine,
and applying a gentle heat to the orange-colored vapors
which are thus formed. By this means vapors of iodine
and chlorine are given off, and a compound of iodine and
oxygen remains. No particular application is made of this
compound in the arts.

Combination of Todine with Hydrogen — Hydriodic Acid.

Chemical composition : 1 equivalent of Todine — 124
1 do. of Hydrogen = 1

Consequently, chemical equiv. of Hydriodic acid = 125,

§ 125. lodine combines with hydrogen to hydriodic
acid.  This combination is effected by the action of

14
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moistened jodine on phosphorus. It is effected by
double elective affinity (see Intro. page 9). The oxygen
of the water combines with the phosphorus, and the hy-
drogen with the iodine.

Properties. It is a colorless gas, of a very pungent
and an intensely sour taste; which reddens blue veg-
etable colors without bleaching them. Combined with
those substances called bases (see Intro. page 38) it forms
salts, of which some are now used in medicine.

§ 126. Iodine combines yet with carbon, and in seve-
ral proportions with sulphur and phosphorus. It has like-
wise a strong affinity for boron, nitrogen, silicon, and the
metals,

Recapitulation of the Principal Binary Combinations of
Iodine.

oxygen to todic actd.
Iodine combines with
hydrogen to hydriodic acid.

G. Bromine*

Chemical Equivalent = 75.

§ 127. This is an element but recently discovered (in
1826) by Balard, a French chemist. It may, like iodine,
(to which it bears a strong analogy), be obtained from the
ashes of sea-weeds, or also from sea-water.

The washings of sea-weeds, or the liquor which remains in
salt-pans after sea water has been evaporated for the purpose
of obtaining common table salt, is mixed with a solution of
chlorine. This mixture being distilled by the application of a
gentle heat, the vapors must be made to pass over chloride of
lime. This salt, after absorbing the watery parts, will leave a
few drops of a blackish-red, volatile liquid, which is then the
pure bromine,

§ 128. Properties of Bromine. At the common tem-
perature of the atmosphere it is a dark red fluid; thin

* From a Greek word, signifying ¢ a strong, disagreeable smell.’
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strata of it viewed through the light appear of a beautiful
hyacinth color. Its smell is exceedingly disagreeable,
and its taste sharp and nauseous. At a few degrees below
zero of Fahrenheit’s thermometer, it congeals, and becomes
a grey, crystalline mass. It does not corrode the skin
permanently, is exceedingly volatile, boils at a tempera-
ture of 116° Fahrenheit, and gives off red vapors. It is
sparingly soluble in water ; but is readily dissolved in
ether, alcohol, and many of the fat oils.

Combinations of Bromine.

§ 129. Bromine combines with oxygen to bromic acid,
a colorless, inodorous, sour liquid, which reddens litmus
paper ; and is composed of
1 equivalent of bromine= 75
and 5 equivalents of oxygen (each =8)= 40

Consequently, chemical equiv. of bromic acid = 115.

With hydrogen it combines in 2 proportions, forming
hydrobromous and hydrobromic acid. 'The latter (the
most remarkable of the two), is a colorless gas, which
tastes and smells sour, is rapidly absorbed by water, and
emits white vapors. A solution of it in water has nearly
the same properties.

Bromine unites yet with chlorine, carbon, sulphur and
phosphorus. Through the intermission of hydrobromic
acid it unites with the metals potassium, tin, zinc, and
iron.

Recapitulation of the Principal Binary Combinations of
Bromine.

X oxygen to bromic acid.
hydrobromous gaci d

Bromine combines with
hydrobromic

hydrogen to g

H. Silicon (Silicium).

Chemical Equivalent = 8.

§ 130. This substance, (discovered by Berzelius in
1823) was formerly known only in combination with the
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fixed alkalies, potash, soda, lithia, lime, &c. (see Chap.
IIT). From these combinations, silicon, or silicium itself
is obtained by the action of heated potash. It is a dark
brown powder, without metallic lustre, which adheres easily
to other substances, and is a non-conductor of electricity.
It may be exposed to the most powerful heat without
fusing, and with the exception of fluor (of which we
shall soon speak), is not acted upon by any of the mineral
acids.

Combination of Silicon with Ozygen— Silezx.

Chemical composition : 1 equivalent of Silicon = 8
) 1 do. ofOxygen—=— 8

Consequently, chemical equivalent of Silicon = 16.

§ 131. Silicon combines with oxygen only in one pro-
portion. The product of this combination, which is an
ozide of silicon, is called silez, silica, or silicious earth,
is the principal ingredient of all fossils in the mineral
kingdom. It is found almost in its simple form in rock-
crystal, flint and agate. 1n many other fossils it is found
combined with clay, lime, magnesia, &c. It has also
been discovered in plants, and animal matter, viz. : in the
enamel of the teeth, in bones, &ec.

Silex is obtained by art in the following manner: One part
powdered quartz is melted in a crucible with three or four
parts of pure carbonate of potash (a salt hereafter to be de-
scribed) and when cooled, dissolved in dilute muriatic acid.
The precipitate which will be thus formed must be thoroughly
washed and dried until it is perfectly tasteless.

§ 132.  Propertics of Silex. Silex obtained in the
manner just described, is a white, inodorous, tasteless pow-
der, which feels harsh when rubbed between the fingers,
and melts only in the highest degree of heat produced by
the most powerful galvanic batteries. It is perfectly in-
soluble in water, and, with the exception of fluoric acid,
in all the mineral acids. Combined with hydrogen it
forms a hydrate, which in nature occurs as a precious
stone, known by the name of opal. Silex is of inestima-
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ble application in the manufactory of glass, earthen ware
and porcelain.

Silictous earth (silicn) occurs as principal ingredient in the
following fossils :

1. In Rock, or Mountain Crystal. — Properties. Itis color-
less, sometimes yellow, brown or black (as topaz) ; has a strong
glassy lustre, is perfectly transparent, and gives sparks on
steel, Itabounds particularly in Madagascar, and the island
of Ceylon. )

2. In Amathyst. — Properties. It has a violet color, glassy
lustre, and is transparent. The finest amathysts are found in
Siberia, at the foot of the Ural mountains, and in Brazil.

3. In Common Quartz. — Its color is a mixed white (milk-
quartz), gray, red (rose-quartz),brown (iron or flint quartz),
or blue (sapphire quartz). It forms a principal part of most all
mountainous masses, particularly of granife. It is used most
extensively in the manufactory of glass, porcelain and china-
ware. It is also a common building material, and is used in
the paving of streets and roads. (In France it is also employ-
ed for mill-stones).

4. In Flint. — This is generally found in round masses, of a
grey, yellow, brown, or dark color, in layers of chalk or lime-
stone. It is used in the manufactory of English china (flint-
ware), and glass (flinf-glass). To the same species of stone
belong also Jgate, Chalcedon, Jaspis, Carnelion, and Chryso-
prase.

5. In Pumice, a spungy, glassy stone, with a lustre like
mother of pearl, and a yellowish, sometimes green, color. It
is a wolcanic product, forming great masses in the neighbor-
hood of volcanos, particularly in Ialy, Iceland, Quito, and
Mexico. It is used for polishing tvory, marble, alabaster, parch-
ment, and leather.

6. In Sund. — This is a product of the decomposition of
various kinds of stones and rocks, especially of stones which
abound in quartz, glimmer, and granite. Itis found in all low
countries, in the beds of rivers, and on the sea-shore. It is of
almost universal application in the arts ; and is used in the
manufactory of glass, in the preparation of mortar, in the
grinding, polishing, and cleansing of articles ; in the manufac-
tory of bricks, in the casting of metals, &c.

Silicious earth is also contained in fripoli or rotten stone, a
yellowish white earthy substance, which is found in many

14*
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countries, especially in the neighborhood of coal mines. It is
used for polishing metals, particularly brass.

Recapitulation.

Silicon combines with oxygen to Silez, or Siliceous earth.
I. Fluorine (?)

Chemical Equivalent (not ascertained).

§ 133. Fluorine is a substance whose existence is not
yet satisfactorily proved. It was first (by Thenard, a
French chemist) supposed to exist in all three kingdoms
of nature, combined with the metals calcium, alumium,
sodium, and yttrium (see Chap. IIT). It is believed to be
analogous to bromine, iodine, and chlorine, and to form
with hydrogen fluoric acid, like chloric acid, iodic acid,
bromic acid, which are products of chlorine, iodine, and
bromine combined with hydrogen.

Fluoric Acid.
Chemical Equivalent = 10.

§ 134, Fluoric Acid (hydro-fluoric acid), is obtained
by the action of strong sulphuric acid on the well-known
substance fluor-spar. For this purpose the retort and re-
ceiver must be made of platinum or lead, glass vessels
being instantly corroded and destroyed by this acid,
which easily combines with silicon, the principal ingredi-
ent of glass.

Fluor-spar is found crystallized in various colors, green, red,
yellow, &c. It assists the fusion of earthy minerals in metal-
lurgical operation. If fluorine is a substance analogous to
chlorine, iodine, and bromine, then fluor-spar may be sup-
posed to be a fluoride of calcium.

135.  Properties of Fluoric acid. It isa colorless
Iiquid of an exceedingly sharp, sour taste, a pungent,
penetrating smell, and a strong caustive power, which
when exposed to the atmosphere, emits white fumes. Tt
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absorbs water largely, is exceedingly volatile, boils at about
60° Fahrenheit, and does not congeal at 40 degrees below
zero of the same thermometer. Its vapors are very ob-
noxious to animals and all organic formations, which are
speedily destroyed by them. (This is the reason why the
investigation of its properties, and probably also its de-
composition into fluorine and hydrogen is so difficult, and
indeed, almost impracticable.) It may be mixed with wa-
ter in any proportion, the mixture giving off great heat.
If lime is thrown into it, heat and water are given off, and
a substance similar to floor-spar (probably fluoride of cal-
cium) is produced.

Owing to its affinity for silicon (the principal ingredient
of glass) it has the peculiar power of operating on glass.
Plates of glass, covered with a composition of bees-wax
and oil of turpentine may be etched with it (or its vapors)
like a copper-plate.

Other Combinations of Fluorine.

§ 136. There are but two more combinations of flu-
orine with other substances known — viz. : with boron,
the product of which is fluoboric acid; and with silicon,
the product of which is fluoride of silicon. The former
is a colorless gas, of a pungent, suffocating smell, and a
strong, sour taste. It absorbs water, and produces white
fumes in contact with the atmosphere. The properties of
the latter are similar to those we have just mentioned.

Recapitulatiom of the most important Binary Combina-
tions of Fluorine.

Hydrogen to fluoric acid.
Fluorine combines with < Boron to flucboric acid,
Stlicon to fluoride of stlicon.
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RECAPITULATION.

»

Questions for reviewing the most importani Principles
contained in Chapter 1I.

A. Questions oN CARBON.

§ 72.] What other non-metallic elements are there,
besides the four gases, oxygen, hydrogen, nitrogen, and
chlorine? What characterizing properties have these in
common with the gases.

E)§ 73.] .What is the chemical equivalent of carbon.
f what substance does carbon form the principal in-
gredient ?

Where are diamonds principally found? What is the spe-
cific gravity of diamond. What becomes of diamonds when
submitted to the heat produced in the focus ofa burning-glass,
or when burnt in pure oxygen? What are the products of
the combustion of diamond ?

Describe the principal properties of plumbago. For what
is it used?

What are the principal properties of Anthracite coal ?
Where is it chiefly found ?

What are the properties of Lehigh coal ?

‘What are the properties of black and brown coal ?

What does turf consist of ?

How is vegetable charcoal obtained ? For what purpose is
charcoal used ? What is its most remarkable property ? Is
charcoal affected by heat, when submitted to its action in close
vessels? What influence does charcoal exercise on other
bodies ? What does its mechanical structure enable it to do?
How is animal charcoal obtained ?

Why has charcoal so different an appearance from diamond,
both substances being composed of the same element? What
is the probable reason that diamond has not as yet been gen-
erated, or, in other words, why has not carbon been obtained
inits pure, crystallized state ?

[§ 74.] In how many different proportions does carbon
combine with oxygen? What two products of these com-
binations deserve our special notice ?

‘What is the chemical composition of carbonic oxide ?
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[§ 75.] Does carbonic acid occur in nature? How
then is it procured by art?
How do you explain both processes ?

[§ 76.] What are the principal properties of carbonic
oxide ?

$ 77.‘] What is the chemical composition of carbonic
acid? Where is carbonic acid found ? By what other
processes is it continually produced ?

By what process may it be obtained by art? (Explain
the experiment represented in Fig. CII).

Explain this process.

[§ 78] What are the principal properties of carbonic
acid ?

Why is there danger from burning charcoal in a confined
room ?

[§ 79.] What is the cause of the agreeable pungent
taste, common to all sparkling, fermenting liquors?
‘What is the pleasant, fresh taste of pump-water owing to?
‘What then constitutes the principal difference between
river and pump water ?

What apparatus was formerly used for impregnating water
or any other liquid, with carbonic acid ? (Describe Fig. CIII).

[§ 80.] Why must pure water not become turbid when
mixed with lime water ?

[§ 81.] In how many different proportions does car-
bon combine with hydrogen? What are the products?

[§ 82.] What is the chemical composition of sub-car-
bureltted hydrogen ?

Where 1s this gas found? Where else is it to be found?
By what means may it be procured for examination ?

[§ 83.] What are the characterizing properties of sub-
carburetted hydrogen 7 .

What has been observed respecting the temperature which
is necessary to ignite an inflammable mixture of gases?
What discovery did Dr Wollaston make? To what idea was
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Sir Humphrey Davy led by this discovery? How was this
idea realized ?

Describe Davy’s safety lamp (Fig. CV).

Explain its operation.

By what experiment can you show that wire-gauze complete-
ly intercepts the flame of any burning substance ? What does
this serve to explain ?

[§ 84.] What is the chemical composition of carbu-
retted hydrogen ? Is this compound found in nature, or
1s it merely a product of art? How is it obtained ?

Explain this process ?

85.] What are the properties of carburetted hydro-
X _ prop y
gen:

[§ 86.] What application is made of carburetted hy-
drogen, or olefiant gas!

On what does the brilliancy of other gases depend? How
does diamond burn in pure oxygen gas ?

By whom was gas light first employed for illumination?
Who introduced it first into England ? From what was the
gas used in Europe first prepared? How is the olefiant
gas used in America prepared? By what process is the
oil decomposed and yields the gas? Is the gas procured
from resin cheaper or dearer than that prepared from oil ?

Why has carburetted hydrogen been called olefiant gas ?

Are there any other combinations between hydrogen and
carbon, besides those you have mentioned ?

[§ 87.] What is the chemical composition of cyano-
gen? Does this gas occur in nature? By what means
then may it be obtained ?

[§ 88.] What are the principal properties of cyano-
gen? What is its most remarkable property ?

[§ €9.] In how many different proportions does cyan-
ogen combine with oxygen? What are the products?

[§ 90.] What is the chemical composition of Prussic
acid? In what substances is this acid principally con-
tained ? By what process may it be obtained ?

How is this process explained ?
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[ § 91.] What are the properties of Prussic, or hydro-
cyanic acid ?

Can this acid be wvery well preserved for any length of
time? Why not? By what is its first stage of decompo-
sition marked ? What properties does it then lose ?

[§ 92.] In what respect does Prussic acid differ from
other acids you have thus far become acquainted with ?

What does it form in combination with those substances
called bases ? To what pole does it adhere, when it is
separated again from these substances by the agency of
galvanic electricity ?

By what experiment is it proved that Prussic acid is com-
posed of equal volumes of hydrogen and cyanogen? What
follows from it, with regard to its composition by weight 2

[§ 93.] With what other substances does cyanogen
yet combine? ‘What properties have all these compounds?
What is a compound of cyanogen and sulphur called?
‘What properties has it ?

[§ 94.]1 In how many different proportions does carbon
combine with chlorine? What are the compounds called ?

[§ 95.] What is the chemical composition of sulphu-
ret of carbon? By what process can carbon and sulphur
be made to combine ? (Explain the process represented
in Fig. CVIIL).

[§ 96.] What are the leading properties of sulphuret
of carbon ? Why must sulphuret of carbon be distilled at
so low a heat as 110 degrees Fahrenheit? What is the
specific gravity of sulphuret of carbon? What is its great
volatility, the cause of ?

What are the principal binary and ternary combina-
tions of Carbon? :

B. QuEesTioNs oN SULPHUR.
[§ 97. What is the chemical equivalent of sulphur?

Where does sulphur occur?  Where does it abound ?
In what countries particularly has it been discovered ?
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Where is sulphur yet contained ?
By what process can sulphur be purified from stones
and other earthy substances with which it is mixed ?

[§ 98.] What are the principal properties of sulphur?
What is its’ specific gravity? How is roll-brimstone,
obtained, which occurs in commerce ? What becomes
of sulphur, when in a state of fusion it is poured into wa-
ter? For what is it then used? What are the principal
applications of sulphur?
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