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CHEMICAL ACTION. o

nW.]) green coloring matter,-—-—chlnmphy],l‘, and in the ripe X A0 028
tubers, a mealy substance,—starch. None of these sub- %o,
stances are injurious to health; but if the potatoes A ¢ ¥ Laf,
grow in the dark and without sail for instance, in the
cellar, there is produced in their long pale shoots a
very poisonous body, sSlanine. plemim., b ot s,

The potato forms one of our most xmpnrtant articles J=A, m
of food. The starch contained in it is not soluble in
water, but when received into the stomach quickly
undergoes such a change that it can be dissolved or di-
gested, and then introduced as a liquid into the blood.
The blood comes in contact in the lungs with the in-
haled air; the blood changes its color, the air changes
its eonstitution, and the heat which we feel in our bodies
is developed. We must conclude, from these changes,

{ .&at chemical action is going on in our own bodies.

3. Aslong as a plant or an animal lives, the chemical
processes are under the guardianship of a higher mys-
terious power, which is called the wvital force, and by
which they are constrained to furnish the materials for
the structure of the animal or vegetable bodies. The
vital force is, as it were, the architect who plans the
building, and sees that the requisite materials are pro-
cured by the chemical processes, and worked up accord-
ing to his will. Hereupon arise innumerable new bod-
ies, which cannot be artificially imitated, as, for exam-
ple, wood, sugar, starch, fat, gelatine, flesh, &e."" They
are called organic compounds, or animal and vegetable
substances, in opposition to inorganic or mineral bodies,
which may be artificially imitated by putting together
their constituent parts. When life in an animal or veg-
etable ceases, the chemical powers obtain the mastery,
and these, as if they were the grave-diggers of nature,
fulfil the old motto,— ¢ BEarth to earth, and dust to
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14 WEIGHING AND MEASURING.

weight and measure. Its unit is glerived from the size

of our globe. :
In order to define the different localities on this

globe, imaginary circles, as is well known, have been
drawn around it. Those which pass round the earth
from east to west, the largest of which is the equator,
are called parallels of latitude (circles of latitude);
those which pass round the earth lengthwise, intersect-
ing at the poles, meridians (circles of longitude). The
parallels of latitude grad-

Fig. 2. ually become smaller to-

wards the poles; the me-
ridians, on the contrary,
are all of equal size. The
circle, N E S W N repre-
sents a meridian or circle
of longitude. The fourth
part of this circle, or,
what is the same thing,
the fourth part of the cir-
cumference of our earth,
as N E, is the basis of the French system. This
quadrant was divided into ten million parts, one of
which was taken as the unit, under the name of meter.

] r -
]i a9 %ﬂwﬂa meter is about three feet and a quarter in length.
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The smaller measures are produced by dividing by ten,
and are flesignated by Latin terms; the larger ones by
multiplying by ten, and are designated by Greek terms.

Smaller Measures. Larger Measures. .
M?tﬁr. Meter. 3. 2k
]_.)'cclr‘r}u:tcr = }; meter. Decafneter — mlﬁ gljé%-
(,{Enwneter = o) 18 Hectometer = 10079, $y¢H. |
Millimeter = &, « Kilometer = 1,000 :' ;‘ﬂ

Myriameter =10,000 g* ,‘.
A )
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SOLUTION AND CRYSTALLIZATION. 47

small drops, just as a tumbler is covered with vapor
when brought from a cold into a warm room,—dew
forms. If the temperature of the earth sinks in the
night to the freezing point, or below it, the aqueous
vapor is deposited in a solid form, and is called frost.

The radiation of heat from the earth is greatest when
the weather is clear and serene; but it is obstructed by
clonds and wind. Thus the most copious deposit of
dew takes place only in clear and quiet nights. The
clouds serve as a screen in reflecting back to the earth
the rays of heat, so that it can only cool gradually.
The same effect is produced by the mats, straw, and
boards with which the gardener covers his young
plants to protect them from the late frosts of spring, or
from freezing. The annexed figure, in which arrows
denote the direction of heat, will serve to render this
process more intelligible.

Sunbeams. Fig. 20.

122
Mo dew or frost.

59 l e
Daw. Frost.

In clear and serene nights.

Surface of 159
the earth.

Tn the day-time

o
No dew or frost.

Clear nizhts,

Cloudy or windy >
Soil protected.

nights,

SOLUTION AND CRYSTALLIZATION.

45. Solution. — Water can dissolve many bodies, and
unite intimately with them, without losing its transpai-
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172 ACIDS.

This steam, together with the sulphuric acid formed,
condenses on the cold walls, and collects on the floors
of the chambers as an acid liquid. The annexed figure
tends to elucidate this process.

Fig. 95.

SO HO |

By means of this remarkable property of nitric oxide,
it has become possible, with an ounce of nitric acid, to
obtain from 10 ounces of sulphur 30 ounces of concen-
trated common sulphuric acid. If the three atoms of
oxygen released from the nitric acid were all the oxy-
gen that operated, we should require more than 20
ounces of nitric acid to prepare 30 ounces of sulphurie
acid. There are now some laboratories for the manu-
facture of sulphuric acid, of such colossal size, that they
are able to deliver daily several hundred quintals of
prepared acid. The diluted acid formed in the leaden
chambers requires still to be evaporated down neatly
one half, in order to convert it into common concentrated
sulphuric acid. 'This evaporation is commenced in
leaden vessels, and finished in glass or platinum re:
torts. The water, being more volatile, escapes, ﬂ
carries off with it only a small portion of the aei
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2 LOIDS WITH OXYGEN AND HYDROGEN.

Pl
\Er

RETROSPECT. 201

8. If water is present in the haloid salts, they may be
regarded as combinations of the hydrogen acids with
bases, or as hydrogen acid salts, just as the oxygen salts
are regarded as combinations of oxygen acids with
bases.

9. Many metals may combine with the halogens in sev-

~eral, generally in two, proportions. 'When the halogen

*>is in excess, they are called perchlorides, perbromides,

»

_ &c.; but when deficient, they are called protochlorides,
protobromides, &e. The former correspond with the
peroxide salts, the latter with the protoxide salts.

RETROSPECT OF THE COMBINATIONS OF THE METAL-

192. The combinations which hydrogen forms with
the halogens have been here grouped together, because
" they have the greatest similarity to each other. These |
combinations possess the distinctive character of strong
acids. The other metalloids can also combine with
hydrogen, but they do not form acids with it, sulphur
alone being an exception, the combination of which with
hydrogen certainly comports itself like an acid, though petts, & 4,
only as a very feeble one (§ 132). The contrary oc- |
curs with nitrogen ; this forms with hydrogen a base,
ammonia. The combinations of the other metalloids
with hydrogen, some of which have already been treat-
ed of under the separate metalloids, exhibit neither basic
nor acid properties; they are, on this account, called
neutral or indifferent bodies. Oxygen and hydrogen
constitute the indifferent body, water; carbon and hy-

y drogen, the indifferent illuminating and marsh gas;

phosphorus and hydrogen form phosphuretted hydro-
gen, also an indifferent body.






TARTARIC ACID. 203

ties which each of the metalloids possesses for these two
elements. The size of the circles represents the affinity
for oxygen, that of the squares the affinity for hydrogen.
From this it is apparent that the partiality of the met-
alloids for hydrogen increases in proportion as it dimin-
ishes for oxygen, and the reverse.

THIRD GROUP: ORGANIC ACIDS.

193. The oxygen and hydrogen acids are commonly
called inorganic or mineral acids, because they are prin-
cipally found in the mineral kingdom, or prepared artifi-
cially from minerals and earths. But there are, besides,
many other acids, found either already existing in ani-
mals and plants (formic acid, citric acid), or which may, fon -con a-
be artificially prociuced from Srganic substances (lactic «« € .2 oc&
acid, acetic acid). Such acids are called organiec, ore=-Gw=s
vegetable and animal acids. They have the greatest
similarity to the inorganic acids in their properties and
combinations, but not in their constitution. Three of
them only will be treated of at present as examples
of this class of acids, one a volatile, and the other two
non-volatile acids; the others will be considered in the
second and third parts of this work.

TARTARIC ACID (HO, T).

194. Tartaric acid has very much the appearance of
a salt; it crystallizes in colorless oblique prisms, which
are permanent in the air and have a very acid taste.

FExperiment. — Place a small crystal of tartarie acid
upon a piece of platinum foil, and heat it over the flame
of a spirit-lamp; it will first melt, then become brown,
and finally black, and emit at the same time a peculiar






TARTARIC ACID. 205

acid escapes ; the liquid, however, remains clear, because
the neutral tartrate of potassa (K O, T) formed is an
easily soluble salt. But by adding yet more tartaric
acid, the liquid becomes turbid, and deposits a quantity
of small, transparent erystals, which are difficultly solu-
ble in water, have an acid taste, and contain twice as
much acid as the neuntral salt, besides, also, some wa-
ter of crystallization. These crystals are called acid
tartrate of potassa, or bitartrate of potassa (KO, 2 T
-+ H O); commonly, tartar, or when they are pulverized,
cream of tartar. The salts of potassa may accordingly
be used as a fest for tartaric acid.

Tartaric acid is generally prepared from tartar or
argol, which is obtained in large quantities from the
wine countries, where it is deposited from wines in their
fermenting casks, as a white or reddish crust. The po-
tassa might be very easily removed from this salt by
means of sulphuric acid; but then two soluble sub-
stances would be obtained, which could not well be
separated from each other. For this reason, the potassa
is first replaced by another base, namely, by lime, which
forms with sulphuric acid an insoluble, or at least very
difficultly soluble compound. By boiling tartar with
water, and adding chalk to it, then fartrate of lime is
obtained, as a white insoluble powder if this, after being
sufficiently washed, is put by for some time with water
and sulphuric acid in a warm place (digested), the lat-
ter unites with the lime, and forms gypsum, whilst the
tartaric acid, being set free, dissolves in the water, and
erystallizes from the solution after evaporation.

The chemist is often obliged to resort to such cirecui-
tous means in order to separate two bodies from each
other, both of which are equally soluble in water or in
some other liquid.

18
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OXALIC ACID. 207

call it vital power, — is also able to produce chemical
combinations and decompositions more powerful and
manifold than it is possible for the chemist to accom-
plish in his retofts and crucibles. In this sense we re-
gard the organic acids, as in general all organic sub-
stances, as the chemical productions of the vital activily
of plants and animals.

The organic acids are briefly designated by a horizon-
tal line placed above their initials. The Latin name for
tartar is tartarus ; the symbol for tartaric acid is T.

OXATIC ACID (H O, 0,or HO, C203). :;jn-j-fﬁ S

196. Experiment.— Heat with free access of air, in a
porcelain dish, one fourth of an ounce of sug-
ar, mixed with one and a half ounces of con-
?N centrated nitric acid, and one ounce of water.
) In a short time a strong evolution of yellow-
ish-red fumes (N O,) will commence. Con-
tinue boiling until these vapors cease, and
then put the liquid in a cool place; colorless
crystals (right rhombic prisms) will be sepa-
Y rated, which must be purified by reerystalli-
\x zation. They have an intensely strong acid
reaction, and are poisonous; they are called
ozalic acid. 'This acid, like most acids, contains water
chemically combined, without which it cannot exist.
Ezperiment. — Pour into a test-tube twenty grains of
oxalic acid, and one drachm of fuming oil of vitriol, and
carefully heat the mixture; a gas will be evolved. Let
this pass through lime-water contained in another test-
tube. One half of the escaping gas is absorbed by the
lime-water, which thereby hEG«DIﬂEE: turbid ; this is car-
bonic acid (C O,). The other half escapes thrnugh the

Fig. 105.
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OXALIC ACID. 209

the oxygen of the air. Partly burnt sugar (oxalic acid)
consumes completely when we boil it with still more
nitric acid; it is converted into carbonic acid by the
oxygen of the nitric acid.

197. Experiments with Ozxalic Acid.

Ezxperiment a.— Place some crystals of oxalic acid
upon a piece of platinum foil, and hold them in the
flame of a spirit-lamp. They melt, inflame, and burn
without becoming black or leaving any residue. The
product of the combustion is carbonic acid; C, O, and
O (from the air) are converted into 2 C O,.

Experiment b.— Neutralize a hot concentrated solu-
tion of oxalic acid with a hot concentrated solution of
carbonate of potassa; neutral oxalate of potassa (K O,
C, O,), an easily soluble salt, is formed. If you now add
as much more oxalic acid, hard crystals will be depos-
ited on cooling, which have an acid reaction ; they are
called acid oxalate, or binoxalate of potassa. Oneatom
of potassa can thus combine with two atoms of acid.
As has been previously stated, salts with two atoms of
acid are called acid salts. The binoxalate of potassa is
likewise formed in the substance of many plants during
their growth, and it is found abundantly in the leaves
of the wood-sorrel (Oxalis), from which it may be ob-
tained. The acid salt is far less soluble than the neutral.

Ezxperiment c.— Heat some binoxalate of potassa
upon platinum foil ; like the tartar, it will be converted
into carbonate of potassa, but without being charred or
blackened. 'The oxalic acid is thereby converted, as
above, into carbonic acid and carbonic oxide, and a
portion of the former combines with the potassa.

Ezxperiment d.— Agitate a little gypsum with water
\ and let the liquid settle ; the decanted water contains a

small quantity () of gypsum in solution. If a solution

18*
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ACETIC ACID. 211

quioxide of iron, and both are removed by washing.
Upon this is founded the important use of this acid in
calico printing, as likewise its application for the re-
moval of ink-spots from linen or paper. One of the
principal constituents of ink is oxide of iron, which be-
ing dissolved by oxalic acid, the black color of the ink
disappears also. This explains why oxalic acid, or an
oxalate containing a free acid, causes the white spots
on fabrics dyed yellow by peroxide of iron, and also
why it removes ink-spots from garments, paper, &e.

ACETIC ACID (HO, E)-OL Hy G

198. Vinegar is likewise a vegetable acid. It is often
formed spontaneously, producing mischievous conse-
quences. It is formed when sweet or spirituous liquors,
thin syrups, the juice of fruit, wine, beer, &c., remain
exposed to the air. The sugar is converted by degrees
into alcohol, which becomes vinegar when access to the
oxygen of the air is not prevented. But the method by
which this takes place will not be considered until sug-
ar and alcohol are treated of. We shall now merely
describe the method of preparing acetic acid from crude
vinegar,

Our common vinegar contains in every pound only
from half an ounce to two ounces of acetic acid; the
rest is water. If you boil vinegar, the acid smell of the
fumes indicates that the acid contained in it is volatile ;
therefore it cannot, like other acids, be made stronger by
evaporation; but this may be done in the following
manner.

Ezperiment.— Add to one pound of colorless vinegar

A\ from one to one and a half ounces of litharge (oxide of

lead), and let the mixture stand in a vessel for some
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ACETIC ACID. 213

phuric acid with half an ounce of water, and when cold
pour the mixture into a flask containing one ounce of pul-
verized sugar of lead. Now connect a glass tube and
receiver with the flask, and distil the mixture at a mod-
erate heat, on a sand-bath, until about three fourths of
an ounce of the fluid has passed over. This presents
an example of simple elective affinity; the strong sul-
phuric acid unites with the oxide of lead, and forms
with it a white, insoluble compound, which remains in
the flask, while the acetic acid, rendered volatile by
the heat, is converted into steam, which is condensed
in the cold receiver into liquid acetic acid.

The acid thus obtained is colorless, and has an ex-
ceedingly sour taste and smell. The strongest acetic
acid (hydrated acetic acid) crystallizes on cooling; a
somewhat diluted acetic acid is called concentrated
vinegar,

Ezxperiment.— Add to strong acetic acid some drops
of oil of cinnamon and cloves; if the acid was suffi-
ciently strong they will dissolve. This mixture is called
aromatic spirit of vinegar.

Ezperiment. — Pour some acetic acid upon a piece
of lean meat, and it will gradually become soft and
gelatinous. Common vinegar has also the same effect,
but in a less degree; it is indeed well known, that meat
impregnated with vinegar becomes very tender and di-
gestible (soluble) when boiled or roasted.

Acetic acid cannot exist without the presence of wa-
ter; seven ounces of the strongest acid contain one
ounce of water chemically combined. The Latin word
for vinegar is acétum ; the symbol for acetic acid is, ac-
cordingly, H O, A.

To detect the salts of acetic acid, heat them in a test-
tube with concentrated sulphurie acid; when fumes
having a very acid smell will be evolved.
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AMMONIA. 253

by a lighted taper; it is kydrogen. It comes from the
water of the hydrate of potassa, the oxygen of which
combines with the iron.
volatle. Lhe potassa serves to
hold fast the water, un-
sonte.  til a red heat is pro-
duced : water, by itself,
fnsoluble: - 6ould have been heated
only to 100° C.
FExperiment.— 2.) Heat forty grains of iron filings and
two grains of nitre in the same manner as before. You
obtain a gas in which a
lighted taper is extin-
guished; it is nilrogen.
sune. | The same occurs in
o, THE Case of nitric acid
as with the water; the
iron abstracts from it
oxygen ; and its second constituent, nitrogen, is thereby
set free, and escapes. !
Ezxperiment.— 3.) Unite the two former experiments
into one, that is, heat
s eighty grains of iron
KO HO) Bt @l voluile. filings at the same time
b 3 with two grains of po-
e Non. tassa and two grains
of nitre, in an open
e J 21|  VOlitle  test-tube: neither hy-
e drogen nor nitrogen 1s
evolved, but a combination of both in a gaseous form,
having a pungent odor resembling that of ammonia.
A strip of moistened red test-paper held over the test-
tube is turned blue; consequently, this new kind of gas

possesses an alkaline character; we call it ammonia.
. 22

Volatile.

KO,NO, :
fp—— -— —= 4K 0
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