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PREFACE.

AvraoveH the student is already supplied with many excellent Ele-
mentary Treatises on Chemistry, there appears still a want of a sum-
mary such as the present to prepare him for lectures, to serve as a
NOTE-BOOK, and to enable him afterwards easily to recall his know-
ledge, and frequently to recapitulate, as he advances in the study of the
science. The precision of chemical language, and the use of signs
and diagrams, of which I have freely availed myself, assist much both
in condensation and clearness in a work of this description, consisting
chiefly of brief and condensed notices of leading facts and principles.

I am aware, that, in a science every step of which is illustrated by
experiment, books, however valuable in many respects, are very secon-
dary to experimental demonstrations ; the truth of the poet’s observa-
tion, * Segnius irritant animos demissa per aurem, quam qua sunt ocu-
lis subjecta fidelibus,” applies to Chemistry above all other sciences,
But a full exposition of facts and principles must still be valuable to
the student, if properly adapted to his capacity and progress, leading
him step by step from what is simple to what is complex,—taking no-
thing for granted which should be proved,—and putting him in posses-
sion of the materials for judging before a conclusion is drawn, so that
his knowledge becomes real, and rests on a proper foundation.

The changes necessarily arising from the progress of a science which,
in its extraordinary career, now illustrates the whole economy of Na-
ture, and guides or improves almost every process of art, have produced
a revolution in the system of chemical teaching, and imposed new du-
ties on the teacher, which necessarily engross a much larger share of
his time and attention. Indeed, it would be strange if the system of
teaching a science of such recent origin and rapid progress were not
susceptible of improvement, while its methods are becoming daily more
complete, its instruments more perfect, varied, and powerful, and its
practical applications more important. Besides, the juster views that
are now entertained of the nature and objects of education, require the

]



&

¥i PREFACE,

remodelling of a system which had its origin i times of comparative
darkness, and when Chemistry was a very subordinate art.

Increased attention to the practice of Chemistry, and its adaptation
to the progress of society, form perhaps the most important features
this science presents in modern times ; so that even those whose prin-
cipal object is a knowledge of the Theory of Chemistry, can now at-
tain this with most facility by familiarity with practical operations.
From the improvements in the method now adopled for experimenting on
the small scale, every individual who has once learned this branch of
chemical manipulation, is enabled to repeat the greater number of the ex-
periments which he sees in the lecture-room, again and again, at an ex-
pense so extrémely moderate, compared with what is generally supposed
to be necessary, that it may be truly said, that it is now within the reach
of every one to study Chemistry practically at home as well as at the class-
roont.

In endeavouring to promote the means of attaining so desirable an
object, the tube-apparatus, so ably described by Dr Faraday, and the
system of testing on a small scale, for which chemical science is so much
indebted to the late Dr Wollaston, may be adopted. But, for the
greater number of experiments, I have been anxious for some time past
to introduce the use of the fragments of window wlass, which may be
obtained at any glazier's, having found that with these I have been en-
abled to render Practical Chemistry more accessible to all classes of
the community who may wish to operate at home with a simple and
economical apparatus (as well as to introduce this department of science
as an early branch of general education in schools and academies) ; for,
on these fragments of glass, when properly selected, it is easy to boil fluids,
dissolve solids, filter and crystallize solutions, and even to conduct a great
variety of furnace operations on a small scale, with the assistance of a
good lamp. The rapidity with which experiments may be made in
this manner, is another great advantage which this kind of apparatus
presents. It is described under the title of Frar Grass Apparatus®

* # Though a complete and extended course of chemical experiments can be
given only where the proper facilities for operating are to be met with, the intro-
duction of a system of testing and operating upon a small scale, as a means of fa-
cilitating the progress of the student, is of the greatest practical importance. He
who provides himself with a few slips ol’ glass, a few phials with acids and alkalis,
and a small quantity of fifty or sixty ol the more important chemical preparations
—all of which, both apparatus and materials, he can procure for five or six shil-
lings at the utmost—not only provides himself with a small museum to which he
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wm my Rupimests oF CHemistTrRy.  But it is scarcely necessary to add,
that experiments conducted in this manner, however useful and inte-

can continually refer, but can also perform, again and again, with a part of the
materials, several thousand experiments. He can, moreover, renew them at his
own convenience, whenever it may be desirable; he can study them leisurely at
home with his Text-Book before him, and repeat those which may be more com-
plicated, till he becomes familiar with them.

The small museums of tests and specimens, prepared by Mr Macfarlane of
Edinburgh, are arranged in the manner I have recommended. They contain
about sixty specimens of the most important chemical preparations, including a
few phials with acids and alkalis, a test-tube, slips of flat glass, filtering paper, and
test-paper. These alone, independent of the larger and more complete portable
laboratories and chemical test-hoxes, cannot fail to be of the highest value to the
student of chemistry. I do not hesitate to affirm that he who provides himself
with such specimens, and learns the method of operating with flat glass, will ac-
quire, by frequently testing his materials at home, an available knowledge of the
science, and a specific recollection of the leading truths it presents, which he
who contents himself with what he sees in the class-room can never attain. How-
ever important the demonstrations and exercises there may be, still the student
is too often apt to imagine that he is perfectly familiar with the subject, because
he can follow the connected exposition given by the teacher; but when he begins
alone, and is left entirvely to his own resources at home, then he soon finds out
what he does know and what he does not, and is put in the train of mentioning
his difficulties to his teacher, and paying a more close attention to every thing
that is brought before him.

In using these materials, each of the sixty specimens can be exposed on the
flat glass to the action of heat, of water, of acids, of alkalis, and of each other; so
that, before entering upon any complicated mixture, the student can easily try
thousands of experiments. Ifany one contrast the progress of a student who has
been accustomed to operate in this manner, with that of another who has never
availed himself of this means of information, who has only seen a specimen in a
museum or lecture.room, instead of having the opportunity of recurring to it,
and operating with it as often as he may wish, he will at once perceive the bene-
fit that accompanies this frequent repetition of experiments on the small scale,
each of which may present phenomena as palpably to the eve as they are observed
in the demonstrations of the lecture-room. Those who have not witnessed the
amount of instructive and interesting ekperiments which can be performed by all
the pupils in any school or academy, with the most simple means, where hundreds
may be operating at the same moment, cannut appreciate the zeal and enthusiasm
with which the students enter upen the experimental department, the practical
benefit which they derive from such instruction, and the mental training which
necessarily accompanies it. Nor is it a matter of small importance, that the adap-
tation for educational purposes of those modes of operating on a small scale, which
analytical chemists have so successfully cultivated, promises to be equally useful
to the professional student, to those who study science as an intellectual pursuit,
and to the artisan who may require to test the various materials with which he
works., Of late, indeed, I have seen the slips of glass used in a chemical manu-
factory by the workmen in testing the materials which they employed,”"—Sec
“ The Study of Chemistry, ils nature and influcnce on the progress of Seciety.”
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resting, can never supply those resources, and that knowledge of the
practice of this science, which is to be obtained only by operating with
the various kinds of apparatus which the progress of Chemistry has
rendered necessary in an extended Practical Course, the great im-
portance of which has now been so generally admitted by those Public
Bodies who have rendered it imperative for different classes of students
to attend to the Practice of Chemistry.

In the selection of Symbols, T have adopted, as far as I could, the sys-
tem of Berzelius: dots representing oxygen are placed before instead
of above the symbols, being much more convenient in printing. In the
table of Elementary Equivalents, I have stated the more important al-
terations proposed lately, but have not thought it necessary to incor-
porate them in the text, until farther experience shall confirm them,
more especially as nothing has of late proved so embarrassing to the stu-
dent as a frequent change of equivalent numbers. It is to be hoped
that arrangements will soon be concluded in which all the chemists in
this country will join, in regulating the nomenciature and symbols to
be employed, and also in regard to the equivalent numbers it is most
desirable to adopt.
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CHEMICAL EQUIVALENTS AND SYMBOLS.—Hybrocex = 1.
(Fractions are omitted in this Table.)

Symb. Equiv. Discovered by Year, || Symb. Equiv. Discovered by Year-
H. Hydrogén . 1 Cavendish, . 1766 || Cu. Copper . 32 Known to the Ancients.
C. Carbon . 6 Known tothe Ancients. Y. lttrium® . 34 Wohler, : 1828
Priestley, . 1774 || Z. Zine!® | 34 Known to Agricola, 1529
0. ior DErgen - B{Sdme]ﬁ-? . 1775 || As. Arsenic . 38 Brandt, i
B. Boron! . . 1807 || Zr. Zirconium!! 40 Berzelius, . 1824
N. Nitrogen . 14 Rut’herfurd : 1772 || K. Potassium . 40 Davy, ; 1807
S. Sulphur . 16 Known to the Ancients. i Sr. Strontium . 44 Davy 1807
P. Phosphorus 16? Brandt, : 1669 || Sb. Autimony . 44 Basil 'ﬁ-"n.iant.ma, 1490
F. Fluorine . 18? Dr Faraday . 1834 || R. Rhbodium'* 44 Wollaston, . 1803
Cl. Chlorine* . 36 Schecle, - 1774 || Mo. Molybdenum48 Hielm, . 1782

Se. Selenium ., 40 Berzelius 5 1688 ; " Hisinger
Br. Bromine® . 757 Balard, : 4 1827 T Carinin Sox 59{ :E-nrl:ﬁ?u;, } = 1804
1.  Iodine! 124 Courtois, ‘ 1811 || Cd. Cadmium . 56 Stromeyer, . 1818
8i. Silienm . 8 DBerzelius, - 1824 || Pd. Palladiom . 56 Wollaston, . 1503
L. Lithium . 10 Arfwedson, . 1818 | Sn. Tin . . 58 Known to the Ancients.

Al. Alaminum®* 10  Wohler, . 1828 || Th. Thorinum'? 68 Berzelius, _ . 1829

Mg. Magnesium 12 Bussy, . 1829 || Ba. Barium!'® 4 70 Davy, ., . 1807
G. Glucinum . 18 Wobhler, : 1828 | Bi. Bismuth . 72 Known to’Agricola, 1530
Ca. Calcivm . 20 Davy, . 1807 || W. Tungsten . 96 D’Elhuyart, . 1781
Na. Sodium® . 24 Davy, . 1807 || Pt. Platinum'® 96 Wood, - 1741
Co. Cobalt? . 26 Brandt, + 1773 || Ph. Lead « 104 Known to the Ancients.

Ni. Nickel®* . 26 Cronstedt, : 1751 || Ag. Silver'” , 110 Known to the Ancients.
Fe. Iron . . 28 Knownto the Ancients. Ta. Columbium 143 Hatchett, . 1802
Mn. Manganese 28 Gahn and Scheele, 1774 | Hg. Mercury!® 200 Known to the Ancients.
Cr, Chromium . 28 Vauquelin, . 1797 || Au. Gold' | 200 Known to the Ancients,

' 'T L > -
Ir. Iridiom 3":"{]:'““““13’ ! 15803 U. Uranium . 208 Klaproth, . 1789

Tennant, f Os, Osmium . 100 Tennant, ; 1803
Ti. Titanium . 32 Gregor, . 1791 || V. Vanadiuom 67 Sefstrom, ; 1830
Te. Tellurium . 32 Muller, : 1782 || D.  Donium ? Richardson . 1836

Alterations proposed in equivalent numbers.
111, 35.  378. 4126, *14, 9%23. 720, 820, 932, 1033, 1133, 1253, 1345, lgQ,
969, 1699 - 17]08," ‘Bagy. - 19)94.

B

EARTHS discovered before Davy's discovery of the Composition of the Fived Alkalis
and Earths, and not known to the Ancients.

Baryta by Scheele, s 1774 Glucina, by Vaquelin, . 1797
Strontia - Hope, . 1792 Thorina, . Berzelius, . 1828
Zirconia, : Klaproth, . 1789

I. Each dot ( . ) prefixed to a symbol indicates one equivalent of oxygen.

2. Compounids are represented by the symbols of their clements, SFe = sulphuret of iron,

3. A figure prefised to any symbol or symbols, multiplies all that follow, unless a new sign inter-
vene., 2-H:S = 2H42:5 22H:S4+'K = 2-H+2:54+ K.

4. A small figure placed after any symbol indicates that it is to be wmultiplied,—and it does not
refer to any other symbel. Thus: H*C = 2H4C. C:N=2C4+N. NH=N+3H. OQOC*H?
= 042C4+3H. '

5. Brackets are often used’in representing complicated combinations, (2HC'N4CiNFe)+23-K
= Ferroprussic acid + 2 Potassa.

6. A figure prefixed to any symbols placed between brackets, multiplies them all, whether signs
intervene or not.

7. In the Symbalic rmd Dmgr.nmmalu, THustrations, *¢ & " is wsed to signify a substance added to
or separated from another, but + is placed between substances _chemically combined.  Thus {S&'K
signifies that sulphuric acid i to be added to the potassa, but & : S4+-K means sulphate of potassa, or
sulphurie aeid already eombined with potassa.

&. Many vegetable acids and other, substances are represented most conveniently by Italic Capi-
tals, adding some succeeding letter where more than one have the same initial letter,

A. Acetic. ('z. Carbazotic | F. Formie M. Malic | 8. Suecinic

F. Benzoic. ', Citric . Giallic Me, Meconic { T, Tartaric

(", Camphuoric. Cy. Cyanic K. Kinic fi. Racemic :
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EXERCISES ON SYMBOLS.

T'o the left of the sign (=) are placed the materials used ; and o the right, the products
Jrom their reaction.

‘H&Fe = ‘Fe&H 3iN = :iN&2:N
‘H&Fe&kiS = iS5 Fe&kH H&OD = -H
‘H&Z&IS = i3 Z&H ‘H&O = :H
H&'H* = "H&N?
H&'N = ‘H&N

:Hg = Hg&O®
2:Mn = :Mn*&0
Mn&iS = i8:Mn&O
:iICIFK = CIK&O¢

5'NZ&P? = : iP%&10N
4'N?&8Fe = i5-Fe&8N
NH?*&3C] = 3HCl&N

: EN+NH3 = EN&E‘H

4:iN&3Cu = 3: iIN‘Cu&:N

DIN'K&2ZH:S = 2184+ K&2:-H4:IN

:iN = *iN&O
:iN&:N = "iN&:IN
2:iN&:N = 3'iN
2iN = :iN&IN
3iN = 2:IN&:N
EEH == ‘ENEHN

2H&:N = 2H&N

(N&O? = *iIN
=N&.2'N! == 'EH&N*
IN&4NE = “IN&2:N&N*

S&02 = 8
S&iIN = 8&:N

"H&SFe&kiS = i8-Fe&kHS

HS&0? = "H&:S

2:B+-Naki§ = i8-Na&k2:B

: 1P%&5C = P&b6C

C&0? =:C
:(Ca& HCl = HCl+Ca&:C
(C&C = 2C

0+Ca&Fe = ‘C&€ak Fe
OC*H? = ‘H&2ZHC
EC* = ‘C&:C
HC&O® = "H&:C
H*C&O! = 2H&:C




Xiv EXERCISES ON SYMBROLS.

2HCI&:Mn = HCIMn&Cl&H i :8:Ca&dC = SCa&k4-C
2ZHI&:Mn = HI-Mn&I&-H :S-Ba&dC = SBa&d-C
6CI&6-K&DH = S(HCFK)& 11K IN-Br&dC = SSr&d-C
B:ICIFK&4:8 = 2(2iS4+K)&iiCI'K |
&2::C1

o i8&:CCa = i8-Ca&:C

HCl&:CCa = HC1-Ca&:C

HI&C] = ]‘IUI&'.] | :EN&:U'C.R = +iNCa&k:(
HI&S = “Hé S&I A&:CCa = A4-Ca&:C

WO K&E:SCa = 10 CakiS'K

IIH[":F-*;‘TE&C] —= flCI'*"J.‘I‘g&IIT ={'~|+Na&= EN'Hﬂ. o :E'Hﬂ&: EN*N“

FCa& Hi8 = HF&:SCa :S'Na&HClI'Ba = :8'Ba&HCI'Na
.CK&Ca = -K&:CCa 2i§Fe = IS&SLiFe?
S K&4C = SK&4-C ES'FE&'_I{ = iB-Ké& Fe
‘H&SK = HS'K i8-Fe&:C:-Na = {5-Na&:C-Fe
4S&1'K = iS'K&3SK HS+NH?& 8 Fe = iS+NH’& H&STFe

27+ K&:C'K = 2T K&:C

APh&Z = A Z&Pb

‘H&Fe&lI = HI+ TFe ¥ A-Pb&:C'K = A"E&‘:C'_Ph
HI-Fe&:C'K = HI'K&:C-Fe A'Pb&:8-Mg = AMgk:S-Pb

HI'K = -H&IK APb&CINa = A-Na&CIPh
- APb&IK = A'K&IPb
:C-Pb&HS = -H&SPh&:C

.C-NakCa = -Nak:C:Ca |
274 K&:CNa = T'K+7T-Na&:C |

I8 Nakd4C = SNa&kd-C StHg&2le = 25Fe&kHg
‘H&SNa = HS-Na ‘H&CIHg&Ca = HCIH--Ca&-Hg
HCl4+-Na = ‘H&CINa 2 H&CI*Hg&2:Ca = 2HCl-Ca&:Hg
H&CINa = HCl+-Na | AK&:iN-Hg = 4-Hgk:$N-K
IK&::N‘Hg = :iN‘K&IHg
2TK&CI'Hg = 2C1K&I*Hg |
2:S+:Hg&2CINa = 2i8-Na&Cl*Hg
HC4+NH&Ca = ‘H&CICa&NH? | 9:q 1 HokHa) ..

NH&0® = 3-H&N &2CINa  § = 2:§Na&k2ClHg
CCa = "Cak:C : IN-Ag&HCl = : IN&H&ClAg
:C'Ba = -Ba&:C : iN-Ag&HCL :iN'Na&-H&
:C-Sr = *Sré&.:C | +-Na } 3 { ClHg

(Mg = Mg&:( ' ClAg&:C-Na = CINa& Ag&O&:(
-
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TABLE of the Specific Gravity, Symbols, and Equivalent Weights, of the
GGases, and their most important Compounds.
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lst column contains the symbols of the compounds.

2d column contains their names.

3d column contains the weight of an equivalent quantity of each.

4th column contains the bulk or measure of the weight referred to in the pre-
ceding columns, hydrogen being taken as a standard of comparison. The square
figure represents a whole measure, and the others indicate proportional quantities.
Thus, in reading the third line, we say, “-H is termed oxide of hydrogen (water),
its equivalent weight is 9, which corresponds with one measure.’

5th column shews the specific gravity of the gases; hydrogen being taken as a
standard of comparison.

Gith column shews the relation between the equivalent number and the specific
gravity which the same bulk of gas (one measure) must always be taken.

Lastly, the remaining columns indicate the quantity by weight and by measure
of the elements, in the proportion referred to in the preceding columns; the rest
of the third line is therefore read in the following manner,—* being composed of
oxygen 8, or half a measure ; 8 parts of oxygen filling the measure half full, while
1 of hydrogen, which is so mucll':alighter, fills it entirely.” Though the equiva-
lent by weight of a cumguund is found by adding the equivalents of its elements,
the corresponding bulk is often less than the bulk of hoth separately, the particles
packing, as it were, in less space when combined.
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ABBREVIATIONS.

Temp.........temperature. Fahrenheit’s thérmometer is always referred to, if
no other is particularly mentioned.

Bar............barometer.
(] «esesssessnn0ne measure or volume ; the square representing cubic capacity.
B3 sssseesesse-half a measure or volume.
Parts........always sighify parts by weight, where it is not otherwise stated.
W .oieenensenaweight.
V ooiviieesovolume, or measured bulk.
L S S is translated  combined with,"” (see p. xii), and signifies to be add-
ed to, or mixed with.
X swasansesccmultiplied by.
= ..eoneennnna@qual to, or composed of.
¢ & ..ovesssscubic inches.

) A specific gravity.
Par. .........paragraph,
Symb. ......symbol.

Synon. ......synonymes,

Eq. .........equivalent.

The Student is recommended to write frequently Symbols and Diagrams, illustra-
tive of the most important cases of chemical action, after he has become fa-
miliar with the preceding Tables.
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1. Tue properties of matter are Primary and Secondary, .

2. The Primany ProPERTIES, EXTENsION, IMPENETRABILITY, INERTIA, and
INDESTRUCTIBRILITY, are observed in all bodies. Impenetrability signifies that
no portion of matter can occupy the same place at the same time with another ; In-
ertia, that it cannot of itself begin to move or assume a quiescent state after being
put in motion, or that it has no spontaneous motion.

3. The SEcoxpary ProreErTIES of matter include those which are not essen-
tial to the existence of matter ; they are GENERAL or PARTICULAR.

4. ATTRACTION, Or that power by which matter attracts matter, is universal,
and is ranked among the General Secondary properties. The Particular properties,
as colour, texture, form, &c. serve to distinguish one matter from another.

5. No property of matter is more conspicuous than ArTracrron. Operating
between masses of matter, it is termed GraviTaTion ; ConEsiow, or the AT-
TRACTION OF AGGREGATION, when it 8 exerted between particles of the same
kind; CHEMICAL ATTRACTION or AFFINITY *, when it operates between parti-
cles of different kinds of matter. The Mac¥ETIC AND ELECTRIC ATTRACTIONS
are induced by peculiar arrangements.

6. The weight of bodies is estimated by the force with which they are attracted
to the earth. The weight of equal bulks of different substances compared with
some standard of comparison, is termed their DEwsiTY or SpEciFic GravITY.
The annexed table shews the relative weights of equal bulks (the Specific Gravity)
of five different substances, hydrogen being taken as a standard of comparigon, and
air considered 828 times lighter than water. .

Hydrogen, the lightest body known, 1.

Atmospheric Air, . : : s 14.4
Oxygen, F : : ok 16.
Water, - : F . < 11928

Platinum, the heaviest body known, 256345,

7. Atmospheric air is generally taken as a standard of comparison in estimating
the density of gases, and water for liquids and solids. As heat influences the bulk
of all bodies, experiments on specific gravity must be made at a given temperature ;
60 of Fahrenheit is usually taken as a standard temperature in this country. In
stating the specific gravity of gases, the height of the barometer, and their condi-
tion with respect to moisture, must also be particularly noted, as these influence
the result. Y

8. The air presses upon the surface of the globe, in the same manner as the water
upon the earth beneath it. It presses with the same force as a weight of 15 Ib.
laid upon every square inch of surface. A column of mercury 30 inches in height,

* This term was introduced on the supposition, not now entertained, that those substances
only attract cach other chemically which resemble each other.
&
-
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or of water nearly 34 feet high, presses with the same force ; and, accordingly, «
long tube closed at one end, and filled with mercury, still remains full to the height
of 30 inches, as in the common barometer-tube, when inverted in mercury ; the
rest of this liquid escaping, the air and the mercury balance each other ; the space
between the upper portion of the mercury and the tube contains nothing; it is
called the Torricellian vacuum, from Torricelli. In making this experiment, the
height of the mercury is not always the same, varying from about 1 to 3 inches
with the pressure of the atmosphere.

9. The DivisisiLiTy even of very small portions of matter, as a grain, into
many millions of parts, has long been familiar. Matter has been regarded as infi-
nitely divisible, but this opinion is no longer entertained. From recent discove-
ries in Chemistry (see Atomic Theory), it is considered extremely pi:uba.ble that
all masses of matter are composed of particles or aToms, totally indivisible by any
power to which they may be subjected in the ordinary course of nature, but ha-
ving all the essential properties of matter as truly as any masses which they may
compose, They may be divisible in a mathematical point of view, but they are
physically indivisible. The extreme minuteness of these ultimate particles, which
may far exceed even the minutest portions of matter that have been observed, has
hitherto prevented many interesting circumstances connected with their history
from being determined.

10. PorosiTy is a property of all masses of matter, even of those that appear
most dense. The pores are the spaces which exist between the particles of whicl:
the matter is composed, and being often filled with air, water, or other substances,
the action of the included material sometimes affects much the result of numerous
chemical processes. ' ] 5

11. ComprEssiBrniTy by mechanical force is another property of masses of mat-
ter, which proves that their particles are not in the nearest possible contact. Gases
are much more compressible than solids or liquids. Those bodies that recover more
or less their former bulk, when the compressing cause is removed, are said to be
Frasric. Allliquids and gases recover their original bulk when freed from pressure.

12. Air, and all gasses at the surface of the earth, are much compressed by the
pressure of the superincumbent air.  When they are relieved from this pressure,
as in working the common air-pump, they expand to a great degree, so that it is
easy to procure in this manner a vessel containing only 1-1000dth part of the air
or gas originally present.

13. PorLaRrITY, or a disposition in the particles of matter to move in a regular
and determinate manner, and not in a conlused mass, when affected by other
agents, is a property of all kinds of matter.

14. Lastly, Matter is powerfully affected by the action of Hear, LicuT, ELEC-
TRICITY, and MacnETisy. These forces sometimes promote attraction ; on other
occasions they establish a repulsion between the particles of matter, and cause them
to separate,—they communicate a power of RErvLsioN which causes a separation
of the parts affected. By dttraction and Repulsion all changes in matter are re-
gulated.

15. Other secondary properties of matter, as Hardness, Transparency, &e. it
would be superfluous to enumerate here. *

* The reader is requested to examine the gontents generally before proceeding farther,
that he may become familiar with the arrangement adopted in this work.



PART K
GENERAL PRINCIPLES OF CHEMISTRY.

———————

-, I. CHEMICAL ACTION.

16. All bodies in nature, in a chemical point of view, are arranged into ELE-
MENTS and Compounps. All those substances which cannot be resolved into
other kinds of matter, are considered simple and termed ErEsmExTs ; thus lead
is called an element, because nothing but lead can be obtained from it. Com-
rouNDs contain different elements, however simple and uniform they may appear
to the eye, as the sulphuret of lead, the galena of mineralogists, from which both
lead and sulphur can be procured.

17. The smallest particle of an element or compound is termed an INTEGRANT
ParrTicLE; the particles of the different elements of compounds are called their
CompoNeENT or CoNsTITUENT PARTICLES.

1#. When several compounds are associated together, they are frequently term-
ed ProxraaTE PriNcipLEs. UrTimate Prixcirres are merely the elements
of which these proximate principles are composed.

19. CHEMICAL AcTioN consists in Combination or Decomposition, and often
both occur at the same moment. CompiNaTION, or SYNTHESIS, is the union of
particles of different kinds of matter: it is very different from mixTUvRE, the par-
ticles cannot be separated again by any mechanical means—DEcoarrosiTION,
called also Axarysis, is the separation of particles previously united.

20, Before chemical action can take place, the particles between which it is ex-
erted must be brought by mixture into the nearest possible contaet.. .

“» 21. All bedies do not act chemically on each other.: This is not attributed to
a total want of chemical attraction between them, but rather to the attraction be-
ing rendered inefficient by other causes.

22, Compounds can often combine with elements, and also with each other;
and complicated combinations are often subverted without reducing any of the in-
gredients to the elementary form, proximate principles alone appearing.

CHAP. I. PHENOMENA OF CHEMICAL ACTION.

23. The phenomena attending chemical action are extremely various, as the
evolution of heat and light, a change in the form, density, tenacity, power of at-
traction for different bodies, and also in relation to heat, light, and electricity.
Occasionally, however, no phenomena are apparent. The change of properties
accompanying chemical action is often so grest that the eye cannot see the most
distant resemblance in the resulting product to any of the ingredients employed.

24. NEUTRALIZATION is a term employed to denote the complete loss of cha-
racteristie properties that frequently attends combination in particular proportions:
the compound formed is said to be NEuTRAL, and the one ingredient is said to be
NEUTRALIZED O SATURATED by the other. The latter term is also employed in
a different sense, to indicate the largest quantity of one body that can combine
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with a given weight of another, as when water is said to be saTuraTED with salt.
or has taken up as large a quantity of it as it can dissolve,

25. The change of properties attending chemical action is often not so very
marked where the attraction is feeble, or the combining substances resemble each
other much, as the different metals

26. The density is generally increased by combinalion, and diminished by de-
composition. In the combination of gases, when condensation occurs, it bears a
very simple ratio to the bulk of the combining ingredients. Kirwan has remark-
ed, that, in the combination of some liquids, the full amount of condensation does
not take place till many hours after the compound shall have been formed.

27. Precirrrarion is the falling down of a solid from a liquid or gas with
which it may previously have been combined. Errervescewce is the rapid dis-
engagement of a gas from a fluid. Sorurrox indicates the combination of a solid
with a liquid or gas, in which it dissolves in the same manner as sugar in water.

28. Chemical action is said to be DIRECT, or PRIMARY, where it takes place
solely between the substances used, while they are still in the condition in which
they were mixed. It is termed 1xpIRECT Or sEcoNDARY, Where part of the pro-
ducts formed at first begin to react on the materials originally employed.

29. To illustrate complex cases of chemical action, diagrams were introduced by
Dr Black, and have been much employed by succeeding chemists. The following
example illustrates a series of new diagrams which I have constructed, adapted to
the present state of chemical science. The names of substances that react on
each other, and numbers representing the proportions, are placed on the left, one
above the other. When any of these are compounds which are decomposed,
brackets proceeding from them enclose the names of their elements. Lines traced
from these numbers represent the quantities of each, proceeding from the left to
the right. Those that proceed from the different elements or compounds that
combine together terminate in a common point, and opposite these, towards the
right, are placed the names of the products and their quantities. The annexed
figure represents the decomposition that takes place during the preparation of am-
monia from the muriate of ammonia by means of lime.

Before Decomposition. After Decomposition.
54 Muriate of { Ammonia, . AR L I | W T
Ammonia | Mur. Acid. fH_?ﬂmgen e 9 Water.

1 Chlorine '3 Lt
: Ox :_’ E
28 Lime . . . { uﬂmln 56. Chlor. of Cal.

30. The character of the line expresses the different conditions in which the
products of any reaction are obtained. When they are gaseous, the lines are dot.
ted, as in those pointing to ammonia. When they are liquid or retained in solu-
tion, lines composed of many smaller lines are used, as in those pointing to water.
And when any substance is obtained in the solid form, a plain line is drawn. Any

variety of form may be given to the diagram according to the effect which has to
be represented.

CHAP. II. FORCE'OF AFFINITY.

31. The force with which chemical action is exerted is extremely great, the
particles of the most cohesive metals being torn from each other with facility ; but
there is no method by which its absolute force can be ascertained. Nor can the
relative power with which different substances act on each other be precisely
measured, as this is so various under different circumstances; thus lime attracts car-
bonic acid quickly at ordinary temperatures, but when heated, they do not combine.
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32, The different examples where two ingredients in combination are separated
by a third substance attracting one, have been termed by Bergman cases of sis-
PLE ELECTIVE AFFINITY. When two compounds decompose each other, two
new compounds being formed by an exchange of elements, it is said to be a case
of DoUBLE ELECTIVE AFFINITY. It is also called pouBLE DECOMPOSBITION, OF
COMPLEX AFFINITY.

33. QuiescENT APFINITIES Signify those that tend to maintain the elements
of a compound in their present state : by DIVELLENT AFFINITIES are understood
those that tend to arrange the particles of a compound in a new form, preducing
decomposition. - Decomposition necessarily ensues on mixing different compounds,
if the total sum of the divellent be stronger than that of the quiescent affinities.

34. Bergman considered combination and decomposition to depend solely upon
the strength of affinity. Berthollet pointed out that affinity is modified by nu-
merous circumstances.

35. If the decomposition of a compound cannot be effected by the operation of
a single agent, two or more can be brought into play, as in double decomposition,
and these will frequently at once effect the decomposition required.

CHAP. III. CAUSES WHICH MODIFY AFFINITY.

36. The principal circumstances modifying chemical action are the relative
quantities of materials used, cohesion, elasticity, insolubility, specific gravity, state
of combination, light, heat, and electricity. The inflaence of the last three will
be seen on referring to light, &ec.

Secr. I.—Quantity of Matter.

37. 'T'he larger the guantity of any ingredient combined with another, the more
easily is a portion of it separated.

38. The less the quantity of any substance united with another, the more readi-
ly does an additional quantity enter into combination.

39. The larger the quantity of any chemical agent brought into play, if not
excessive, the more speedily will its action be effected. DBut very different pro-
ducts are occasionally obtained, according to the proportions used.

40. The chemical agency of all bodies must necessarily be in the ratio of the
strength of affinity exerted at the moment they are used, however modified that
may be, and the quantity in which they can be brought to act effectually on those
ingredients of a compound which they can separate. DBut the quantity of a de-
composing agent which can be mingled with a compound to be decomposed is
unlimited ; whereas the portion that can be brought into effective action may be
comparatively small at times, and incapable of producing any effect. Berthollet,
from not attending to this distinction, has frequently advanced propositions, in his
valuable remarks on affinity, which are quite untenable.

Secr. 11L.—Cohesion.

41. The attraction of aggregation, or cohesion, as it hinds the particles of bodies
together, opposes chemical action, or any force that may tend to separate them.
Cohesion is occasionally so great, that no chemical action ensues between nume-
rous substances till it has been diminished.

42, The greatest degree of cohesion occurs in solids. Liquids have very little
cohesion, and in gases it is not perceptible; their particles are believed to repel
each other, '

43. Cohesion may be diminished mechanicailly by grinding, rasping, pulverizing,
&ec. 3 chemieally, by the action of solvents, and also by the operation of heat. So.
lids are often procured with great facility, in a very minute state of division, by
solution and subsequent precipitation.
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41. Cohesion is often alluded to by Berthollet, and some modern authors have
adopted his views, as a power which at times determines the union of different in-
gredients to the exclusion of a third, though the cohesive power spoken of cannot
actually exist till the compound whose {urmation it is to promote has been formed.
It is an effect of the combination, not a cause.

SEcr. III I.—State of Combination— Elasticity— Insolubility, Specific Gravity, §c.

45, SraTE or CoMmiNATION.—A body in combination with another may not
combine with a third substance, being retained by a stronger aflinity ; or the re-
verse may take place as it may be brought by combination into such a form that
it now unites readily where it could not previously enter into combination.

46. The tendency of many bodies to enter into combination is often promoted
by presenting to them a third substance, which exerts a strong attraction to the
compound they form, all the substances brought inte action atfecting each other
at the same moment ; but the combination having once been established, the third
substance may then be withdrawn. Cases such as this are termed examples of
DISPOSING AFFINITY.

47. Bodies coming into contact with each other at the instant they may be leav-
ing some previous combination, are peculiarly prone to combine with each other.
They are then said to be in their NASCENT STATE.

48. Erasticity.—Bodies in the gaseous slate are not in general so prone to
enter intv combination as when their elasticity has been reduced by cold, mecha-
nical pressure, or chemical combination.

49. When many gases are associated together in a condénsed form in any com-
bination, the compound formed is in general decomposed with facility by heat ;
the volatile ingredients having their elasticity always increased by heat, their ex-
pulsion is necessarily facilitated by an elevation of temperature.

50. In the same manner, caloric, by increasing elasticity, may be stated gene-
rally to promote the separation of 2 more volatile from a less volatile ingredient.

51, But heat often causes gases to combine, though its first effect must be to
add to their elasticity, as in the explosion of various gaseous mixtures by flame.

52, Specrric GraviTy.—A difference of specitic gravity opposes combination,
by preventing that intimate mixture which is so favourable to chemical action.

53. The ixsoruBiLiTY of bodies in different fluids prevents their cohesion
being so much reduced in various cases, as might be necessary to promote a rapid
chemical action. Any insoluble matter, when precipitated, being removed to a
certain extent from the sphere of action, will not be so apt to imduce fresh
changes, as if it had remained in solution. A liquid decomposing a solid, and
forming an insoluble compound with one of the ingredients, often produces a crust
of insoluble matter round every little mass of the solid, and thus at times com-
pletely arrests the progress of the decompesition. :

CHAP. IV. PROPORTIONS IN WHICH BODIES COMBINE—
ATOMIC THEORY.

54. I. A few substances can unite apparently in any proportion in which they
may be mingled, as alcohol and water.

55, I1. Others combine in any proportion till a certain quantity of one ingre.
dient has been added, and then no farther combination can ensue; any quantity
of salt, for example, however great or small, can be dissolved in a given weight of
water, provided it does not exceed a definite quantity ; any portion beyond this is
not affected by the water.

56. 1II. Some substances can combine only in one, or in a few fixed proper.
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tions ; the laws which have been discovered with respect to these form one of the
most important parts of Chemistry ; they ave the subject of the following remarks.

57. There is a relation between the proportions in which ali bodics combine with each
other. The numbers expressing the proportions in which any two bodies combine with o
given weight of a third substance, express also the proportions in which these bodies are
disposed fo combine with each other. Thus 1 of hydrogen combines with 6 of carbon,
and with 8 of oxygen ; but 6 of carbon combine with 8 of oxygen.

58. The terms EquivanesT or CaEMmical EQuivarLexT, PrororTIOoN or CoM-
BINING PrororTION, PRivcE, ATOM, ComBINING RaT10, are in common use to
indicate these proportions referred to a standard of comparison. Hydrogen is gene-
rally taken in this country as the standard, the number assigned to it is 1, 10, or
100 ; oxygen has been preferred by some chemists.

59. The equivalents of bodies are ascertained by ﬂhservmg the proportion
in which they combine with the standard of comparison, or with an equivalent
weight of any substance, and the ratio in which it increases in each successive
combination, when it ¢an form different compounds with the same substance. The
equivalents of compounds are composed of the added equivalents of their elements ;
thus the equivalent of water is 9 = oxygen 8 + hydrogen 1.

60. The tables of equivalents should be studied by the beginner till he is quite
familiar with them ; they communicate much information. Dr Wollaston con-
structed a sLipiNG scarLkE for facilitating calculations with respect to the propor-
tions of materials in different combinations, and the quantities required in expe-
rimenting. It is much employed by practical chemists ; the method of using it
is detailed in the explanation which accompanies it.

61. When a body combines with another in move than one definite proportion, the quan-
tity of one of them in the different combinations is found to be exactly double, triple, or
some mulliple, by a whole number, of the smallest proportion in which it enters indo com-
bination with the other substance. 'Thus 14 of nitrogen ean combine with 8, 16, 24,
32, or 40, of oxygen, but with no intermediate proportion.

62. When the bulk or volume of gases is compared with their equivalent weights,
Gay Lussac showed that there is a very simple ratio between the volumes of all
the gases. The equivalents, for example, of hydrogen, nitrogen, and chlorine, are,
by weight, 1, 14, and 36 ; but when these different weights are measured, they are

. all found to occupy the same space. The table of equivalents by weight and by
volume shows the correspondence between the equivalents of the most important
gases by weight and by volume, illustrating what is usually referred to under the

. title of the TuEORY oF vorumes. Hydrogen is taken as a standard of comparison.

63. It is to Dalton that science is indebted for the AToMic THEORY, which points
out the law that regulates all these various combinations. Wenzel, Richter, and
Bergman, had noticed several of the facts which are included in his more general
propositions, and Higgins had entertained similar opinions, though they were not
announced in such precise terms, nor in such a form, as to make them generally
known. The labours of Wollaston, Thomson, Berzelius, and Gay Lussac, have
contributed nuch to the extension and illustration of his views.

64. If we admit with Dalton, that masses of matter are composed of AToms or
INDIVISIBLE PARTICLES, differing in weight in different kinds of matter, and that
chemical action takes place between these, then a relation between the proportions
of combination by weight must necessarily exist. Tor if bodies combine particle
to particle, then the whole weight of the masses entering into combination will be
as the weights of their particles, and the relative weights of the masses must ac-
cordingly express the relative weights of the particles. And, thus, when 1 of hy-
drogen combines with 6 of carbon and 8 of oxygen, it is mﬁ:-rmi.l that 6 of carbon
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will combine with 8 of oxygen, for these numbers express the weight of their par-
ticles, and neither of them can be broken down.

65. Where the same substances combine in different proportions, the quantity of
one being fixed, the increase in the other must be a multiple of the smallest quan-
tity that can enter into combination. Thus, if 8 express the combining proportion
or weight of a particle of oxygen, the smallest increase to this that can be made
must be 8 more, as the particle is indivisible, and hence 16 is the guantity of oxy-
gen found in the second combination, 24 in the third, and so on.

66. Many chemists have entertained the idea, that the equivalents of all bodies
are multiples of hydrogen by a whole number, in consequence of some circum-
stances pointed out by Dr Prout. The result of numerous analyses do not justify
us in admitting this to be the case, but several are inclined to attribute this want
of correspondence more to unavoidable errors in manipulation, than to any inaccu-
racy in the opinion itself. Future experiments alone can determine this question.

67. Those cases where bodies combine in apparently unlimited proportions, have
not hitherto been so particularly examined. ‘The compounds produced are perhaps
formed by the union of a few definite compounds. Others, again, have suggested
the idea, that combination in unlimited proportions between different bodies de-.
pends upon some peculiarity or resemblance in the form of their particles.

68. A new field of inquiry has presented itself of late years in the discovery of
1SOMERIC COMPOUNDg, in which different elements are associated together in the
same proportions as in combinations already known, the ditference in properties.
being caused by a difference in the arrangements of the particles ; the term is de-
rived from two Greek words,—.zo;, equal, wsess, a part.

69. The prefixture rana is often applied to distinguish one variety of such com-
binations from others, as in tartaric and paratartaric acids.

70. When the ratio of the elements is the same in different compounds, though
the total number of each is greater in one compound than in the others, they are
termed roLYMERIC compounds.

71. MErameric Comrounps are those where the ultimate elements are the
same as in other well known combinations, but considered to be arranged in a very
different way ; thus, where oxygen, hydrogen, sulphur, and a metal, are associated
together, they may be considered to be combined in the form of sulphureted hy-
drogen and a metallic oxide, or of water (consisting of oxygen and hydrogen) and
a metallic sulphuret.

72. In stating the eguivalent numbers of compounds, the primary numbers
adopted ought carefully to be kept in view, and no deviation from them permit-
ted ; if this were carefully attended to, beginners would not be so often perplexed
by statements apparently contradictory of the very principle on which the atomic
theory is founded. Thus, one of the oxides of manganese is often represented as
a compound of 28 manganese and 12 oxygen, instead of 56 manganese and 24
oxygen. The ratio indeed is the same in both, but in the first case the composi-
tion is not expressed in the terms of the system on which the equivalent numbers .
are founded. So many deviations from the proper system have been made, that
even those who are opposed to them are occasionally compelled, for the sake of
uniformity, to adopt the same expression. The expression of half aloms, and si-
milar contradictory terms, have resulted from this practice. The student who at-
tends to the ratio of the weight in such cases,and the proper equivalent numbers,
will be able to translate them correctly.
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CHAP. V. CHEMICAL NOMENCLATURE.
73. Chemistry has extended so much of late years, and so many anomalies have
-erept into its nomenclature, that the whole subject demands revision, and to be
adapted to the present state of science,

74. The names of elements are usually derived from some of their more cha-
racteristic properties.

75. The terms Bixary, TErNary, QuaTER¥ARY CoMrounDs, &c. refer in
this work to the number of elements or proximate pnnclples in a mmpnund, not
to the number of atoms.

76. In binary compounds of oxygen, chlerine, iodine, bromine, and H'i]ﬂl'.lﬂE,
which are not acid, the name of the compound terminates in 1pE, as in oxide of
zine, chloride of mercury, and iodide of lead.

77. In hinary compounds of all other substances, the name terminates in vrgT,
as in hydruret of carbon, sulphuret of iron, potassiuret of antimony.

78. The number of atoms in the first element or proximate principle mentioned
in any compound, is usually indicated by a Latin numeral, as Bi1s, TER, QUATER,
&c., and the number of atoms in the second by a Greek numeral, as p1s, Tris,
TETRAKIS. No prefixture is made when the compound consists of 1 atom of each
ingredient.

79. To the rules in this paragraph there are many exceptions. Thus protoxide
and deutoxide are familiarly used as substitutes for oxide and binexide.

80. DruTtoxipE is frequently used Lo signify a compound of 3 atoms of oxygen
with 2 of metal, as in the deutoxide of manganese, and deutoxide of lead.

81. The prefixture rER indicates an oxide containing the largest quantity of
oxygen that can exist in any oxide formed of the same materials.

82, Oxacips are acids containing oxygen, and the relative number of atoms of
oxygen, where different acids are produced by the same element with this sub-
stance, are indicated by the prefixtures or the termination of the name.

83. Ic generally indicates the compound with most oxygen, as in sulplurie acid.

84. Ouvs indicates a smaller quantity of oxygen, as in sulphurous acid.

85. Hyro indicates a smaller quantity of oxygen than is found in compounds
to whose name it is prefixed, as in hyposulphuric acid and hyposulphurous acid.

86. Sump is occasionally employed to denote an intermediate degree of oxidation,
as in subsulphurous acid, which contains less than sulphurous, but more than hy-
posulphurous acid, according to Dr Thomson.

87. Per is used where acids have been discovered containing still more oxygen
than those whose names terminate in ic, as perchloric acid.

88. Hyrer where a still larger quantity is observed.

89. Hypracips are acids containing hydrogen ; their names are also made to
terminate in 1c, as hydriodic acid, composed of hydrogen and iodine.

90. Aqueous is a ferm now coming into very general use in designating defi-
nite combinations with water ; the word Hydrate has long been employed for the
same purpose: a prefixture is made when there is more than one atom, as in bin-
aqueous, terhydrate. -

91. Arcoares are definite compounds of alcohol and various saline substances ;
they were discovered by Mr Graham.

92. Sesaui is a prefixture applied to compounds where two atoms of one sub-
stance are united with three of another, as in the sesqui-carbonate of ammonia,
where two of ammonia are united with three atoms of carbonic acid. All such
combinations may be considered as constituted of two compounds, in one of which
the ingredients are combined atom to atom, and in the other in the proportion of
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two to one; in the example quoted, the sesqui-carbonate of ammonia may be re-
garded as a compound of the carbonate and bicarbonate of ammonia. The term
Hemr has been proposed by Mr Lunn as a prefixtuve in similar cases.

93. The term Savrr is applied to a very extensive range of compounds, where
acids are combined with oxides or other compounds having similar properties, as
ammonia. The oxide, ammonia, or other substance united with the acid, is called
4 BASE, O SALIFTABLE BASE. '

94. The wAMES oF saLTs are composed of the names of the acid and base.

95. A7k is the terminating syllable given in such cases to the name of an acid
ending in 1c, as in sulphate of potassa, composed of sulphuric acid and the base
potassa.

96. ITe is the terminating syllable when the name of the acid ends in ous, as
in sulphite of potassa, which consists of sulphurous acid and potassa.

97. A supemsaLt indicates that the properties of the acid predominate, without
reference to the precise composition, as in the supertartrate of potassa.

08. A sumsartT indicates that the qualities of the base predominate, as in the
sub-borate of soda.

99. A NEUTRAL sALT expresses that the compound has none of the characte-
ristic properties either of the acid or base, as in the sulphate of' potassa; the term
neutral is often omitted. '

100. The three last prefixtures being used only in a general sense, other terms
are necessary to express the precise constitution of saline combinations.

101. No pREFIXTURE is in general made when the salt is composed of 1 atom
of acid and 1 of base, the latter being composed of 1 atom of metal and 1 of oxy-
gen, if it be an oxidated metal. The term proto, however, is oceasionally prefixed
to express this more specifically, as in protosulphate of iron for sulphate of iron.

102. In salts of the common metals, the name of the metal is substituted for the
name of the base, where there is but one atom of oxygen united with one of metal,
as in sulphate of iron, which is more correctly termed sulphate of the oxide of iron.

103. Bis, TER, QUATER, &ec. are prefixed where 2, 3, or 4 atoms of acid are com-
bined with 1 of base, as in the bisulphate of soda, and quadrisulphate of potassa.

104. Dirs, TRis, TETRAKIS, &c. are prefixed where 1 atom of acid is united
with 2, 3, 4, or more atoms of base, as in the dichromate of lead, and trisnitrate
of bismuth.

105. A DOUBLE PREFIXTURE is necessary, when there is more than 1 atom of
oxygen in the base, as well as an unequal number of atoms of acid and base, as in
the bipersulphate of mercury, where #i expresses 2 atoms of acid, and per that the
mercury is in the form of a peroxide.

106. DovnLE saLTs are compounds where one salt is combined with another,
as in the tartrate of potassa and soda, regarded as a compound of tartrate of po-
tassa and tartrate of soda. The term Triple Salt is also applied to such combina-
tions, the name being derived™rom the three different ingredients present.

107. Haroip Sanrs differ much in their composition from the preceding sub-
stances ; the term is applied to compounds of the metals with bodies such.as chlo-
rine, iodine, bromine, fluorine, and cyanogen ; but net to compounds containing
oxygen and sulphur. The term is derived from w2, salt, and ds, form, as they
are similar in constitution to common salt.

108, Haloid salts can combine with different 4cids, oxides, common salts, and
also with each other.

109. Surrno Sarrs include a series of compounds which have been particular-
ly attended to only of late years; they consist of compounds, both of which con-
tain sulphur. Compounds of hydrogen, carbon, or metals with sulphur, when
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combined with other compounds formed of metals and sulphur, constitute this
group of salts. In the common salts, a large proportion of which contain oxygen,
this element is found both in the acid and in the base: thus, in the phosphate of
soda, it is associated with phosphorus in phosphorie acid, and with sodium in the
soda ; and hence such combinations are termed Oxv.Sarts. In the Svrnrao
SarTs, sulphur plays the same part, forming with one element an acid, and with
the other a salifiable base.

110. AxmoNruvrers are compounds containing ammonia and salifiable bases,
or other substances not acid. ;

111. The prefixture ammoniaco, or ammonia, is frequently put before salts,
where this substance has been added in sufficient quantity to combine both with
the acid and the base. :

112. These remarks will enable the beginner to see the leading features of the
present system of nomenclature. Lavoisier, Fourcroy, Guyton-Morveau, and
Berthollet, laid the foundation of a system of nomenclature on scientific principles.
The observations of Berzelius, Dalton, and Thomson, have done much to extend
it according to the progress of the science; and in the Eneyclopedia Metropoli-
tana there is an interesting paper on this subject by Mr Lunn. A more rigid ob-
servance of this system would save much trouble and perplexity both to beginners
and professional chemists.

113. Cuemrcar symsoLs are now much emploved, and with very great advan-
tage ; but here also a difference of opinion as to the most advantageous system
has been productive of much inconvenience. While there is no general standard
of reference in this country, I shall continue to employ that explained in the
Table of Symbols (See Tables).

CHAP. VI. CRYSTALLIZATION.

114, In numerous chemical operations, some of the products obtained are sepa-
rated in masses of regular symmetrical forms. These have been denominated
crystals, and the process by which they are procured is termed crYsSTALLIZATION.

115. The formation of crystals depends upon the cohesive attraction of the par-
ticles being exerted in a slow and equal manner, when they have perfect liberty
of motion. To erystallize bodies, therefore, their cohesion, when they are solid,
must be diminished, in the first place, either by heat or by solution.

116. When fluidity is communicated by the action of a solvent, a hot saturated

_solution is generally made, and crystals are deposited as it cools. The dissolving
power of fluids increasing for the most part with the temperature, that part solely
of the substance which is dissolved in consequence of the high temperature, crys-
tallizes as the liquid cools. The rest remains in solution.

117. If the remaining fluid be removed and concentrated by boiling, additional
crystals may be procured ; and this may be repeat®# with the successive drainings
till they are all erystallized. These processes cannot always be resorted to, as
there are several substances which are more soluble in gold than in boiling water,

' 118. When a pellicle or crust forms on the surface of a solution while it is con-
centrated, this shews that it is already saturated ; the formation of the pellicle de-
pends upon part of the water being expelled which was necessary to retain the
matter of the pellicle in solution. .

119. When the solvent is removed by rapid heat, the solid matter falling down
in the boiling fluid, as in the preparation of common salt, the process is termed

BALTING. .
120. When the solvent is removed slowly by spontaneous evaporation, larger
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and more regular crystals are procured than when crystallization is effected by a
sudden reduction of temperature.

121. The stronger the solution, the more rapid is the crystallization, and the
smaller the crystals.

122, When several crystallizable ‘substances having little attraction for each
other are present in the same solution, that which is largest in quantity and least
soluble crystallizes first. Tt does not all separate at once; when a portion has
fallen, the least soluble salt next in quantity begins to appear, and layers of diffe-
rent salts are thus often deposited successively from the same liquid. This is
termed ALTERNATE CRYSTALLIZATION.

123, When water (or other fluids) are employed to dissolve solids for crystalliza-
tion, a portion of the solvent is often found chemically associated with the crystal.
It is termed WATER of CRYSTALLIZATION.

124. Crystallized salts containing water, that melt as they are heated, are said
to undergo the waTERyY FusioN. The pry rusioxis the liquefaction produced
by heat after the water has been expelled.

125. DELIQUESCENCE is the liquefaction of a salt or other substance by the’
action of moisture attracted from the air. Errrorescexce indicates the produe-
tion of a powdery-logking matter produced by the action of a dry atmosphere re-
moving the moisture from a salt.

126. DEcrEPITATION denotes the separation or splitting of the erystals, accom-
panied by a crackling noise, and produced by the action of heat.

127. Air has considerable influence upon crystallization, promoting it by re-
moving a portion of the fluid holding the crystalline matter in solution. A hot
saturated solution of sulphate of soda does not erystallize on cooling, if the air be
excluded ; on admitting the air, crystallization commences. Professor Graham
found that the greater the attraction for water in the air or gas admitted, the
more certain the effect.

128. A NucLEvUs, or crystal of the same kind with the crystalline matter of
any solution, also promotes crystallization. Any solid matter is often used for the
same purpose in manufactories, as wooden spars, iron hoope, and threads suspended
in the erystallizing fluid : they afford numerous points of contact where the crys-
tallization may commence.

129. It is a modern discovery, that some solids, by long continued heat, can
undergo a change in the form of their crystals without being rendered fluid.

130. All bodies tend to ecrystallize in a peculiar form, so that the form of the
crystal is often regarded as one of the best indications of its purity. Tt cannot,
however, in all cases, be implicitly relied on.

131. Some bodies erystallize in the same form, though totally different from
each other as chemical agents. They are said to be 1soMorPHOUS, and this new
branch of inquiry, which was discovered by Mitscherlich, is termed IsomorrH1sM,
from sree, equal, and popgn, form.  The ¢compounds of isomorphous bodies with si-
milar substances form similar groups of crystals. Where the form of bodies is
very similar, though they may not entirely coincide, they are termed Presto-
MORPHOUS, from adnsiee, near. Y

132. Tsomorphous bodies tend to erystallize together, and a portion of one may
replace a portion of another, without affecting the form of the mass in which.it
OCCurs,

133. In every erystal, Hauy has pointed out that there is a rrIMITIVE Form
or nucleus, which may be procured by splitting or cleaving it in the direction of
the layers or laminge of the crystal. The various forms produced in cr ystals by
combination of the primitive for n, are teymed SECON DARY or DERIVATIVE forms
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134. It was considered, till very lately, that the primitive form or nucleus is
always Lthe same in some substances, however various the external form might
be, or by whatever process it might have been procured. Later observations have
thrown doubt upon this, and some substances, as sulphur, have been remarked to
afford two varieties of crystals, when treated in different ways, whose primary
forms are incompatible with each other. Such bodies are said to be Disorrnous,
from 3, twice, and woppm, form. *

II. CALORIC.

135. Caroric is the name given to the cause of all the phenomena attributed
to heat and cold. Its precise nature is unknown. Three opinions have been
brought forward in regard to it: 1st, Bacon considered that heat consists in a pe-
culiar motion or tremor of the particles of matter; Boyle and Newton adopted
his views. 2dly, Many regard it as produced by vibrations in an elastic fAuid uni-
versally diffused. 3dly, It has been supposed to depend upon a peculiar fluid,
invisible, imponderable, and extremely subtle, its particles repelling® each other,
flying off when largely accumulated, and attracting other kinds of matter, which
they penetrate with facility. The second opinion has many advocates at the pre-
sent time ; but the language of the last is more generally adopted, from the
simplicity with which the phenomena of heat can be described according to this
hypothesis.

136. The properties of caloric are known only by its effects on material ohjects.
All known bodies econtain caloric ; none can be procured without it, and were calo-
ric utterly withdrawn from them, they might present themselves in some new
form, at present altogether unknown to us. It must be kept in mind that every
thing in nature is influenced in its appearance and other properties by the heat
associated with it.

137. The term AssoLuTE Caroric is employed to denote the total amount of
heat in bodies. No method is known by which this can be ascertained.

138. The temperature of a body indicates its condition with respect to caloric,
referred to a standard of comparison ; its temperature in general rises when caloric
is communicated to it, and falls when it is withdrawn. The quantity in each con-
tinually fluctuates according as it may be affected by the rays of the sun, and nu-
merous natural and artificial operations going on'in the globe itself; but wherever
any inequality occurs, then the caloric passes from those bodies in which it is ac-
cumulated to those in which it is comparatively deficient, tending to establish a
universal equilibrium of temperature. Were no disturbing causes continually in
operation, the whole globe would at last attain the same temperature. The sen-
sation produced by cold, and all other effects referred to this source, depend upon
the abstraction of caloric.

139. The influence of this great power is conspicuous in the change of the sea-
sons, in the alternations of day and night, in its power over the animal, vegetable,
and mineral kingdoms, and indeed in every operation, natural or artificial, carried
on in the globe.

CHAP. I. EFFECTS OF CALORIC.

140, The most important effects of caloric are,—Expansion, Liquefaction, Va-
porization and Evaporation, Ignition, and its effects on chemical action.

* For information with respect to the forms of crystals, and other circumstances connected
with this subject, the reader is referred to works on Crystullography, which has now be-
come so extended as to form a distinet science,



14 EXPANSION OF SOLIDS, LIQUIDS, GASES—EXCEPTIONS.

Seer. I Eapansion.

141. Caloric communicated to matter almost invariably expands it. The pre-
cise mode in which it produces this effect is unknown ; it is believed to insinuate
itself between the particles of the expanded bodies; separating them more or less
from each other. In general, the less the cohesion the greater the expansion
caused by a given increase of temperature; thus, gases expand most, then liquids,
and solids least of all. Air expands 3-8ths of its volume, alcohol 1-9th, mercury
1-55th, hammered iron 1-273d, and flint-glass 1-416th, when heated from 32 to
212, or 180 degrees. But this does not apply to individual solids compared with
each other, nor to liquids. In solids and liquids the amount of expansion in-
creases in a greater ratio than the temperature, though many of these expand
very uniformly through a considerable range of temperature at a distance from
their fusing or beiling points.

142. The expansion of solids and liquids takes place with great force. Iron
plates and bars are often twisted or broken where no allowance has been made for
expansion, and the strongest buildings have been injured from the same cause.
In constructing furnaces, and in all cases where metals may be subjected to con-
siderable variations of temperature, this requires to be particularly attended to.

143. The expansion of bodies by caloric continues only so long as the caloric is
retained. By a reduction of temperature the original volume is restored.

144. Hence, as bodies contain caloric at natural temperatures, by withdrawing
more or less from them, their volume may be more or less diminished.

145. A body exerting great force during its expansion by heat, contracts with
great power as it cools. Iron bars, while expanded by heat, having been fixed
between the walls of a large building in Paris which had inclined éutwards, re-
stored them again to the perpendicular by the force exerted during their contrac-
tien as they cooled.

146. Expansion is generally accompanied by a diminution of cohesion.

147. Caloric having no sensible weight, a change of specific gravity attends ex-
pansion produced by heat ; as the volume increases, the density diminishes, the
same weight being now expanded through a larger space. All measures accord-
ingly vary with the temperature, which ought to be particularly noted. A mea-
sured ounce of water, alcohol, or ether, at 50° contains more of these fluids than
an ounce by measure taken at the temperature of 100°

148. EXPANSION BY HEAT IN soLIDs.—Different solids are not expanded equal-
ly by the same addition of heat. Each has an expansion peculiar to itself; when
heated from 32° to 212° a rod of lead is elongated 1-351th part; of silver, 1-524th ;
of gold, 1-602d ; of forged iron, 1-819th; of platinum 1-1167th; English flint-
glass, 1-1248th part.

149. Exraxsioy oF Liauins.—These, like solids, have each a degree of expan- -
sion peculiar to themselves. In rising in temperature from 32° to 212°, aleohol
expands 1-9th of its volume, oil of turpentine 1-14th ; water 1-22d ; and mercury
1-55th. The expansion of liquids by caloric is familiarly illustrated by heating
the common thermometer, or any liquid in a flask. The expansion of any liquid
in a glass, or other vessel, always appears less than the actual expansion, the con.
taining vessel being at the same time increased in its capacity.

150. The greater ratio in the increase of expansion as the temperature is aug-
mented, is very marked in several fluids. If the expansion of mercury from 32°
to 1227 (90 degrees) be stated as 14, the expansion from 122° to 212° (90 degrees)
i3 1. The expansion of water from 32° to 122° heing 4.7, its expansion from
122* 40 212° is 15.

151, Exransion or Gases.—Equal increments of temperature produce the
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same amount of expansion in all gases, as proved by Dalton and Gay Lussac. For
every degree of Fahrenheitl’s thermometer, gases expand 1-480th part of their
volume at 32°.  This uniformity in the expansion of gases is attributed to theiv
having no cohesion.

152. Exeerrions.—Water contracts when heated from its freezing point till
it reaches the temperature of 394 (39.38 Halestrom.) Dr Hope found, that in any
quantity of this fluid, the coldest water was always at the top when its tempera-
ture was below this point. At a higher temperature water obeys the usual law—
the hottest is always found at the top.

153. Secondly, Rose’s fusible metal contracts when heated from 110.75 to 155.75.

154. Thirdly, Clays and other substances contract when heated, but they donot
regain their original volume on cooling.

155. Fourthly, Many fluids expand as they pass to the solid form. Water,
iron, bismuth, antimony, and a number of salts, exhibit this in a remarkable man-
ner. Metallic fluids, which have this property, take nice and aceurate impressions
when cast in a mould, insinuating themselves into all its crevices. The force
with which this expansion takes place is very great. DBy the expansive force of
freezing water, the Florentine academicians burst a brass ball ; the cavity filled
with water was only one inch in diameter, and the force exerted was ealculated
by Muschenbroek to have been equal to a weight of 27.820 1b.

156. TuermoMETERS,—Our sensations enable us to judge only of a very li-
mited range of temperature, and even there they often deceive us, in consequence
of the state of the body at the time ; the air of a temperate apartment will feel
warm to any one previously exposed to cold, and cold if he has been exposed to
heat. The thermometer communicates more precise and definite information.
Substances at the same temperature produce no change on it; placed in a warmer
or colder medium, the amount of expansion or contraction that ensues indicates
the difference of temperature.

157. In making the common thermometer, the ball at one extremity of the
glass-tube is heated, and the other end plunged into mercury ; this fluid rises as
the air in the interior cools, and partially fills it; on beiling it, and plunging the
stem as before into mercury, it is entirely filled with this fluid, and the flame of
the blowpipe directed against the open extremity, melts the glass, and thus sears
THE TUBE HERMETICALLY.

158. To erapvaTE the thermometer, place the ball and stem in a mixture of
ice and water, and mark the point where the mereury cuts the stem ; then place
the ball and stem in water boiling in a metallic vessel, the barometer being at 3¢°,
marking the stem as before. Divide the space between these marks into 180°, and
extend degrees above and below the urlgma.l marks, each being of the same size

. with the intermediate divisions.

159. The zero or commencement of Fahl:ﬂnheﬁs scale is 32° below the freez-
ing point of water, that having heen considered by him as the lowest possible tem.
perature; when he discovered that this was an error, a series of descending de-
grees were continued below his zero with the prefixture — fminus).

160. In the CENTIGRADE thermometer, the space between the freezing and
boiling peints is divided into 100°; in REaumuR’s into 80°.

161. Mercury is preferred in making thermometers from the range of tempera-
ture which it commands, and the comparative equality of its expansions from
equal increments of heat, while the increased capacity of the thermometer tube
almost exactly balances its increasing rate of expansion near its boiling point,
Aleohol is employed in thermometers for examining low temperatures.

162. Armn was employed by Sanctorio, who invented the thermometer, instead of
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mercury and aleohol; though more delicate than these in its indications, it is af-
fected by the pressure of the atmosphere, independent of temperature. The n1r-
FERENTIAL THERMOMETER consists of two glass bulbs fixed to the extremities
of a glass tube bent in the form of the letter U, this tube being partly filled with
a coloured fluid. Heat or cold applied to both balls at the same time, produces
no alteration in the level of the fluid, the air expanding or contracting equally in
both. If one ball alone be heated, the liquid descends in its stem, being forced
down by the expanded air ; if it be cooled, the liquid rises as the air contracts.
Thus it indicates only a difference of temperature between the balls, and hence
the name. - ¢

© 163. In Rutherford’s REGISTER THERMOMETER, the highest temperature that
occurs within a given time, however long, is known by a small iron wire or index
within the sfem, w is pushed forward by the mercury as far as it may expand,
and left as it contraets ; the instrument is placed horizontally, and to-arrange it
for a new observation it is merely necessary to shake it gently till the index falls
down to the mercury. The lowest temperature that may have occurred within afiy
given time is indicated by the descent of a small piece of enamel in the stem of a
spirit thermometer, the gpirff rising and pagsing by it as the temiperature is in-
creased ; the enamel Is easily brought to the top of the spirit for a new observa-
tion by inverting the thermometer.

164. For measuring high temperatures, Guyton Morveau, and Professor Da-
niell, each invented a PyroMETER, where the degree of heat is ascertained by the
expansion of a bar of platinum. ,

165. In Daniell’s pyrometer, 1 degree is equal to 7 of Fahrenheit. Many va-
luable results have been obtained with this instrument. o F

166. Wedgwood endeavoured to measure high temperatures by the gontraction
which clay suffers when exposed to heat: but a long continued moderate heat
produces the same amount of contraction as a higher temperature for a shorter
time. It has accordingly fallen into disuse. : 1

167. Metallic thermometers are frequently made for indicaling ordinary tem-
peratures, by soldering together metals of unequal expansibility ; the compound
bar bends as the temperature varies, and a scale being attached, it is graduated by
comparing it with a common thermometer.

168. The thermometer, in indicating temperature, communicates no informa-
tion as to the total quantity of heat in any substance, but merely its disposition to
impart or withdﬁ;_ heat from any substance in contact with it.

Sect, 11, Liquefaction.

169. It is believed that all solids can be melted by heat, excepting those cv_uji'i-
pounds which are easily decomposed By this agent. Bodies that are fluid at na-
tural temperatures are regarded as melted solids. The melting point varies in
different substances. Mercury mells at —39.5 ; ice at 32 ; tallow at 96 ; potassium
at 150 5 silver at 2233 (Daniell); carbon has not hitherto been fused by the high.
est temperature to which it has been exposed. °

170. In a vacuum, a much lowertemperature than usual (—5 ?) is necessary to
commence thé congelation of water, but the temperature rises to 32 whenever it
begins, from the latent caloric evolved—See the succeeding paragraphs.

171. Dr Black pointed out the important fact, that after a solid bas been heated
to its melting point, a large quantity of ealoric is consumed in liquefying it, which
does not increase its temperature 5 this he termed LaTexT Carvonic; the lique-
faction héing completed, more heat ingreases the temperature, as usual. When
the fluil becomes solid again, the heat which it had absorbed during liquefaction
is restored without anv reduction in its temperature.

4
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172. The terms coMBINED 0r INSENSIBLE CALORIC are frequently used instead
of latent caloric, while that which aflects the thermometer is said to be FREE or
SENSIBLE CALORIC.

173. Ditferent solids require different quantities of heat to render them fluid:
ice requires as much as would elevate the temperature of an equal weight of ice-
cold water by 140 degrees.

174. Dr Black considered that caloric enters into chemical combination when
it causes a change of form without any change of temperature. Dr Irvine consi-
dered the absorption of caloric that attends liquefaction (amdd also evaporation) not
to be the cause, but rather the effect of the change of form, in consequence of
which, a larger quantity of heat is required to maintain it at a given temperature.
This view, however, does not explain go satisfactorjly as Dr Black’s the change of
form ; a more extended.series of observations on:the ca.pnﬂtﬂlas oﬁpiulﬁ and li-
fuids is necessary to enable us to form a correct opinion, %,

" Sger. III Faporization and Spontaneous Evaporation.

175. VAPORIZATION is the e rapid conversion of a fluid iuto a vapour by heat,
The agitation m,-{-nmpm:;mg EBULLITION is produced by the escape of the vapour.
176. The vaporific point varies in liquids as the melting point in solids.  Seme
solids pass into vapour when heated, without previously hecoming liquid. Bo-
dies easily converted into vapour are said to be vorLaTiLE ; those thal are not, are
called rixen. Sulphuric ether boils at 96; alechol at 176 ; water at 212; and
mercury at 662. ,

177. Liquids differ much in the amount of expansion: attending vap:mzat.]un-
- according to Gay Lussac, water expands to 1696 times its volume from its point
of greatest density, aleohol Lo 659, and ether to 443, the barometer being 29.92,
and the tmﬂpemture 212; thus, some liquids, llghter than water, and more vola-
tile, give heavier yapours, expanding less during vaporization.

. 178. Varounrs are highly elastic and compressible, expanding when relwved
from pressure, and contracting when subjected to it. They resemble gases, but
are less permanent, being easily condensed into fluids.

179. The process of pisTILLATION depends upon these cireumstances,and con-
sists in the separation of a more volatile from a less volatile substance by vaporis
zation, the product being collected in a receiver. - SuprLiMarTION is the term em-
ployed when the product condenses in the solid form.

180. Gases are regarded as vapours, formed at so low a temperature that it is
difficult to condense any of them, excepl by great cold or pressuge.

'181. Dr Faraday succeeded in condensing many gases in this manner, p’mducingr
them in a tube, hermetically sealed, so that each succeeding portion condensed.
more and more Wha‘t, had already been formeg.

‘."\-. l':'i'

Table shewing the Temperature or Pressure vequired to liquefy the follnwing Gases.
L

Gases, Pressure, Temp. Gases, ' - Pyessure, Temp. -
Sulphurous acid, 2 © " 45 | Sulphureted hy'ﬂmgen, 15 . . 56
Cyanogen, . 3.6 © 456 Carbonie acid, : 36+ 32
Ci]qﬂ_ne, . 4 60 Muyriatic acid, . 40 &0
Ammeonia, . 6.50 50 Nitrous ﬂxide . . B0 45

182, Vapours are expanded by heat acc:urdmg to the same law as gases.

183. Dr Black shewed that a largé quantity of heat is consumed during I;he
production of vapours, as in the melting of solids. Tt becomes LATENT; to use
his language ; it adds nothing to the temperature, it is not sensible’ to the thers
mometer.

- B
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184. The quantity of heat required to convert each liquid into vapour is pect-
lar ; water requires more than any other that has been examined, viz. as much as
would elevate its own temperature by 1000 degrees, supposing it still to retain
the fluid form. The heat consumed during vaporization is restored without any
reduction of temperature when the vapours are condensed.

185. Varorizatiow is much influenced by paessune. The greater the pressure
the more elevated the temperatwre required fo produce vapour, the denser is the vapour
produced, and the greater its elasticity. At 212 (barom. 30) steam has just sufficient
elasticity to overcome the pressure of the air, and rise against it. If water be
heated in a strong metallic beiler, provided with a cover and stop-cocks, the steam
can be prevented from escaping while the heat is still applied.

186, With the stop-cocks open, the temperature of the water never rises above
212, the steam carrying away in a latent form the heat ecommunicated ; but when
they are shut, mere steam is forced into the upper part of the boiler, already filled
with wapeur, rendering it denser, and imparting to it great elastic power: it is now
called H16H PRESSURE sTEAM ; and it presses with more force than formerly upon
the water in the boiler, which, along with the steam, now acquires a higher tem-
perature.

187. Steam is always at the same temperature with the water from which it
rises, and accordingly, high pressure steam, stewm produced at a high temperature, and
steam of great density, may be considered synonymous terms.

188. The elasticity of steam, or force with which it presses, increasesin a greater
ratio than the temperature at which it is produced : thus, if it be—

1* at 212 4 at 208.7 16 at'398.48
it is 2 250.5 8 341.78 24 435.66

189. Or, in other words, steam, at these different temperatures, has 2, 4, 8, I6,
and 24 times the elastic power of steam at 212. Hence the frequent explosions
of boilers not properly provided with safety valves, and the fatal accidents which
ensue.

190. The safety-valve is a metallic plate loaded with wéight.g;an& fitted to an
aperture in the boiler, so as to prevent the steam escaping, but fiot so heavily
loaded as to prevent it from it from being lifted, and permitting any excess of
steam to be discharged, before its elasticity is increased so much that the bursting
of the hoiler is endangered.

191. High-pressure steam allowed to escape from a boiler instantly expands, and
with such rapidity, that it falls much in temperature, and does not scald the hand
as steam at 212 does. Greal expansion attends the escape of the steam, wlnch is
accompanied by a reduction of temperature.—See 259.

192. & REDUCTION OF PRESSURE facilitates the production of vapour. Water
beiling in a flask which is corked tightly, while the upper part is full of steam,
continues to boil though the heat be withdrawn ; the cold heat promotes the ebul-
lition mewe Ly eondensing the superincumbent steam, and thereby relieving the
water from pressure, while the cork excludes the air, than it opposes the reducing
the temperature of the water. By plunging the flask in cold water, the same
phenomena are seen in a still more striking point of view ; but if the flask be put -
into boiling water, the ebullition immedistely ceases, the warm fluid not conden-
sing the steam above the water in the flask.

143, Even the heat of the hand is sufficient to make water boil in a glass tube
partly filled with it, when the air has been expelled by boiling, and the open end
hermetically sealed ; the toy called the Warer Hammer illustrates this well ;

* Equal to the pressure of one atmosphere, according to the common expression.
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its name is derived from the noise the water makes in falling rapidly from one
end to the other, no air being present to resist its progress.

194. According to Professor Robison, fluids boil at 140 degrees below their
usual boiling point, when entirely relieved from pressure. Hot water, with a
thermometer in it, and placed under the receiver of an air-pump, illustrates well
the nature of ebullition under a reduced pressure; as the air is exhausted the wa-
ter boils, falling rapidly in its temperature at the same time. No caloric being sup.
plied to it from without, part of the heat it contains is consumed in effecting the
change of form.

195. The guantity of heat that becomes latent during vaporization varies with the tem-
perature at which it takes place ; the greater the temperature, the less the latent heat.

196. According to numerous experiments, it appears that the tetal quantity of
heat in steam as it'is formed is always the same ; the temperature of vaporization
being 112, the latent heat required is 1100 ; at 212 it is 1000y at-312 it is 900,
&e. &c. Hence there is no economy of fuel in evaporating atra low temperature,
as was once believed, though the processis highly advantageous, by allowing syrupy
solutions to be concentrated, extracts to be made, and many fluids to be distilled
at such a moderate temperature as prevents any risk of decomposition.

197. Mr Howard and Mr Barry have made the mosl important applications of
this principle. Sometimes the vapour is withdrawn from the boiler by a powerful
air-pump worked by a steam-engine. On other occasions, a large receiver is con-
nectedswith the still, filled with steam, which is then" condensed, and a communi-
cation now being opened between the still and the receiver, any air in the still di-
vides itself between the still and the receiver ; by repeating this several times, the
air in the still can be exhausted to any extent, and a sufficient reduction of pres-
sure continually maintained by cooling the receiver.

198. Vaporization is also influenced by the nature of the vessel in which it
takes ; water boils at 212 in metallic vessels, but at 213 or 214 in vessels of glass.
Powder thrown into heated liquids promote much the discharge of vapour.

199. The principal applications of steam are, 1. As a moving power in the
steam-engine; 2. For the communication of heat; 3. As a chemical agent in nu-
merous operations.

200. All vapours obey the same general laws as stenm, though the temperature

at which th-e_j" are formed, the quantity of heat that becomes latent, the amount
of expansion, &c. may vary in each.

201. SPONTANEOUS EVAPORATION is the term emplayed to denote the produc-
tion of vapour by some natural agency, without the direct application of heat.
This evaporation takes place to an enormous extent at the surface of the earth
and of the ocean, a kind of natural distillation continually going on, by which all
the vapour is produced that is returned in thﬁ form of rain, snow, hail, d€, hoar-
frua-t._, &e,

202. Many fluids evaporate spnnl;anenusly as well as water, and even EhmE 50~
lul:s obey the same law, as ice, camphor, and carbonate of ammonia. - - -

* 203, Evaporation, it is obvious, will cease altogether when the power of gravity
between the particles is greater than the action of those forces that facilitate the
production of vapour, Dr Faraday’s experiments and observations have led to the
belief that vapour, even of an exceedingly low tension, is not continually emanat.
ing from all substances, as many had imagined.

204. CavseE oF EvaromaTioy. Caloric must be considered as the cause of
ap:mt-u.nenus evaporation, as well as of Vaporization. Dalton's Expenments have
shewn that the actual quantity of vapour which can exist in a given space is de-
pendent upon temperature alone. The presence of air may affect the rapidity of

» 2
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evaporation, but it neither increases nor diminishes the absolute quantity of water
which can be taken up in a given space.

205. GREAT coLD is produced during sPONTANEOUS EVAFORATION, the quan-
tity of caloric that becomes latent being greater and greater the lower the tem-
perature at which it takes place. See 196. Volatile liquids, as ether and liquid
sulphurous acid, are ut'l:en used to produce intense cold with rapidity, as they
evaporate. -

206. Spontaneous evaporation is much influenced by a number of circumstances,
. The volatility of the evaporating substance ; 2. the temperature ; 3. the prs.s'mm :
4. the air ; 5. the extent of surface presented during evaporaiion.

207. Voratitity. The more volatile the evaporating substance, the more
rapidly does it evaporate, at any given temperature or pressure.

208. TEMPERATURE. The higher the temperature the more rapid is the eva-
poration, and the greater the quantity of vapour which can be formed i a given
space. The TENs1ON, FoRcE, or ELastIcITY of vapour, which signifies its power
of resisting pressure, depends upon the temperature; it is obvious, therefore, that
the higher the temperature the denser and more elastic will the vapour be, in the
same manner as at temperature above 212.° See 189.

209. The following examples from a table by Dalton, shew the elastic force of
the vapour of water at different temperatures, expressed in inches of mercury ; the
#d column shews that each successive increase of temperature from about 20°
to 30° doubles the elasticity of the vapour.” Dr Ure has published a table on the
same subject, and on the elasticity of other vapours. The elasticity of vapour at
temperatures below 2127, is most easily shown by putting a little water into a ba-
rometer-tube, and then heating the tube to the required pumt' the depression of
the mercury indicating the force of the vapour.

Increase of . Inerease of
Temp. Elasticity. Temp. Temye. Elasticity, Temp.
32 0.200 i 145 G.h3 21
52 0.401 20 173 1302, . 2B
T3 0.796 2] 205 C 26,13 g b
a6 1.63 . 23 212 30.00 "
119 $.25 20 ;

210, THE ELASTICITY OF DIFFERENT KINDS OF varoun is not the same, at
equal distances above or below their boiling points.

211. Pressure. The temperature being constant, the quantity of vapour that
can exist in a given space is always the same, according to Dalton, however much
the pressure may vary. Ifthe pressure on any vapour resting o the fluid that
produces it be diminished, it immediately expands, and evaporation proceeds ra-
pidly till each part of the spaee above the fluid be charged with vapour as before ;
if the pressure be increased, part of the vapour is condensed into the liguid form
as it is pressed into a smaller space, leaving the superincumbent space as much
charged as at first. Accordingly, the more any fluid is relieved from the pressure
of superincumbent vapour, the more rapidly does it evaporate.

212, Sir John Leslle shewed that water could be frozen by the culﬂ produced
during its own evaporation, when relieved from pressure; for this purpose it is
put-into a porous cup, over a glass plate containing sulphuric acid, placed in the
teceiver of' an air-pump; the air being exhausted, the acid condenses the watery
vapour so rapidly, that more is continually produced, and ice formed in the cup.
Dr Wollaston’s cryornorus or frost bearer (zgeor, cold, and gipe, to bear), illus-
trates beantifully the same position ; it consists of two hollow glass balls connected
by a bent glass-tube, one of them containing a portion of water, the apparatus
having heen sealed hermetically when the air had been expelled by boiling the
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waler. Ifthe other ball be put into a freezing mixture of salt and snow, the va-
pour it contains is instantly condensed, and the evaporation from the water in the
first ball now proceeds so rapidly, that a pellicle of ice is almost instantly formed
on its surface.

213. Ether placed in the receiver of an air-pump, boils rapidly as it is ex-
hausted ; it is at ordinary temperatures much above its boiling point when freed from
the pressure of the air ; as the pressure diminishes the ebullition increases, which
produces much cold, part of the heat in the ether being consumed in effecting the
change of Torm. Water put in a tube which is placed in the ether is readily
frozen ; mereury also may be frozen on the same principle.

214. EXTENT oF sURFACE. Vapour is formed only at the surface of fluids, and
with greater and greater rapidity the more extensive the surface they present;
there is also less impediment from any accumulation of vapour where the surface
is extensive, than when confined within a smaller space.

215. INFLUENCE oF THE A1r. Evaporation is retarded by the pr-,a&enu, of air.
IF air be loaded with moisture, it is altogether arrested ; if the air be dry, it goes
on comparatively with rapidity. A rapid current of air promotes evaporation,
sweeping away superincumbent moisture. The higher the temperature the more
rapid the evaporation in air.

216. In common language, the air is said to contain the moisture associated with
it, but the quantity present is dependent solely upon the temperature.

217. Air is more charged with meisture in summer than in winter, and in-
fluences numerous operations accordingly ; the deep blue colour which the sky
presents in summer is attributed to the moisture present.

218. HycroMETERS are instruments for determining the condition of the air
with respect to moisture. - DANIELL'S DEW-POINT HYGROMETER, or some modi-
‘fication of it, is mosL generally used at present; the quantity of moisture in the
air is inferred from the reduction of temperature necessary to produce a deposi-
“tion of dew from the air. The less the reduction required, the greater the quan-
tity present. Mr Jones, and also Dr Coldstream, employed a very simple form of
this instrument ; it is made of a delicate mercurial thermometer, with a dark glass
bulb covered with muslin, excepting a small part of its surface, on which the de-
position of dew may be seen as its temperature falls ; the necessary reduction of
temperature is produced by moistening the muslin with ether. The tempentum
‘indicated when the moisture appears is the dew-point. _

219. Many prefer operating in another manner, pouring water into a glass, antl
observing with a thermometer how cold it must be before- any moisture is deps-
sited on the outside.

220, Sir Jonxy LESLIE'S HYGROMETER consists of the differential thermometer
having one of the balls eovered with muslin, so that it can be easily moistened;
the les: moisture in the air the more ra[ud is the evaporation from the muslin,
.and the greater the reduction of temperature. el

221. The quantity of moisture in air has also been examined h_}' uhst-rwug 1ﬁt~
length to which a human hair, or some similar substance; can be stretched at a
given temperature, and also by removing the moisture altogether by chloride of
calcium or sulphurie acid. = But none of these methods are now much resorted to.

222, DEPOSITION OF MOISTURE FROM THE A1i. A reduction of temperature,
or an increase of pressure, causes a deposition of moisture from air previously sa-
turated. The intermixture of strata of air at different temperatures, both pre-
- viously saturated with moisture, is a very frequent cause of the preuplt"ll.mu ol
moisture, Dr Hutton proved this experimentally en the small scale, and pointed
. out its frequent occurrence in nature ; it depends upon this circumstance that the
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power of air to dissolve moisture increases in a higher ratio than the temperature ;
and when a mean temperature is established by the intermixture of such strata,
as when opposing currents meet, a portion of the moisture is necessarily precipi-
tated. Thus, for illustration, if we suppose

The quantity of moisture in airat 32 tobe 200
(ZLETERILEN SRS R] LIL I AN LIRS RIS EL LN TR L] 72 - ?ﬂﬂ
The mean of these is, . 5 . 52 and 450

But when the air has attained the mean temperature of 52, it cannot retain the
mean quantity of moisture 450 parts, part therefore is precipitated.

223. Besides being deposited in the form of ra1n, swow, naiL, DEw, and HoAR-
FROST, moisture is also separated from the air in the form of vEsicrESs, constitut-
ing cLoups and »ise. - The precise nature of these vesicles, the manner in which
they are produced, and in which they form rain, &c. is altogether unknown.

224. Raix occurs most frequently where the currents of air are very irregular.
The nearer the equator, the greater the annual fall of rain, but the less the num-
ber of rainy days. “At Granada, 12° North Lat., the annual fall is 126 inches; in
Great Britain, Dr Thomson caleulates the average fall at 32 inches.

225. The raIN GAUGE, by which the fall of rain is estimated, consists of a ves-
gel intended to contain the rain, connected by a tube with a funnel-shaped opening
of a determinate size, which thus receives the rain that falls upon a measured
surface.

226. When air charged with moisture is heated, and ascends in the atmosphere,
it at last becomes so cold that much of the moisture is deposited ; in this way hoar-
frost accumulates in large quantity on the tops of elevated mountains.

Secr, IV. Ineandescence.

227. Solids and liquids, when heated to 800° or 810°, appear red in the dark; a
temperature of 980° or about 1000° is necessary to produce a similar effect in
day-light. This luminousness has been termed INCANDESCENCE or IGNITION,
and is quite independent of combustion. All bodies which can present this ap-
pearance become luminous at the same temperature.

228. GasEes, according to Wedgwood’s experiments, canmot be rendered inean-
descent unless in a state of combustion, though heated so that solids suspended in
them immediately become so.

229. Incandescent bodies at first give a dull red light, which gradually brightens
till it assumes an orange tint, and ultimately presents a shining white light. The
manner in which heat produces incandescence is unknown. See Light.

Seer. V. Effect of Caloric on Chemical Action.

230. Caloric promotes chemical action when it diminishes echesion, as when
solids are melted by heat. It opposes chemical action when it increases elasticity,
except in the decomposition of compounds containing gases, the elasticity which
it communicates to them being often sufficient to expel them from such combina-
tions. Lastly, caloric is also believed to exert a peculiar gffect in particular cases
in promoting chemical action. See Chemical Action.

CHAY. II. COMMUNICATION OF CALORIC. .

231. Calorie can be communicated in two very different ways from one kind of
matter to another, by Conduction and by Radiation. The greater the difference
of temperature, the more rapidly does the communication of heat proceed.

8ecr. 1. Conduction of Calorie.
232. When caloric passes slowly from one particle of matter to another, as in
an iron rod, one end of which is heated in the fire, it is said to be coNpvcTED

o
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along the particles of the iron, and the process is termed the coxpucrion of ca-
loric. Bodies vary much in their power of conducting caloric. In general, the
densest substances are the best conductors. Solids are better conductors than li-
quids, and liquids than gases. A man can remain for a considerable time in air
heated to near 300° without much inconvenience, but solids and fluids even at a
much lower temperature burn him severely.

233. CoNDUCTION IN SOLIDS. Among solids, metals are the best conductors.
According to Ingenhousz, silver is the best conductor; then copper, gold, tin,
iron, and lastly lead. Despretz has given the following table, but platinum is ge-
nerally considered to have a much less conducting power than he has assigned
toit.

Conducting Power. Conducting Power. Conducting Power.
Gold, . . . 100 Irom, . . . 3741 Marble, -. . . 2.34
Platinum, .« 981 G . Lt BORT Porcelain, . , 1.22
Silver, . . 973 Tin, . . . 30.38 Brick Earth, . 1.13
Copper, . -. 89.82 Lead, . . . 17.96

Stones, glass, and different minerals, come next in order; and lastly, light, spongy,
and porous solids, as charcoal, hair, furs, &e.

234. The following table, by Count Rumford, shows the time a thermometer
took to cool 135° when surrounded by various substances, that being the worst
conductor in which it took lengest time to cool ; in air, the thermometer cooled
thrﬂugh the same range of temperature in 576 seconds.

Na. of Seconds. No. of Secomnds. No. of Seconds.
S un silk, o T Sheep’s wool, . 1118 Eider down, *. 1305
Fine lmt, . w1032 Raw silk, . . 1284 Hare's fur, . . 1315

Cotton wool, . 1046 Beaver's fur, . 1296

235. Imperfect conductors are in daily use for clothing, to prevent the heat of’
the body from being too rapidly withdrawn by the cold air; to build furnaces,
that the heat may not be withdrawn in a similar manner, bricks being employed
for this purpose, and various mixtures of clay with sand and charcoal ; and also
to preserve fce from the heat that would otherwise be communicated lnr the ex-
ternal air.

236. The most perfect conductors produce the sTRoNGEST sExsaTiON when
they are warmer or colder than the body ; when warmer, they communicate heat
more rapidly than bad conductors; when colder, they take it ata¥y ‘more quickly.
Iron, marble, and woollen stuffs, at different temperatures, afford good examples
of this circumstance. R

237. IMPERFECT CONDUCTORS are extremely apt to be broken from sudden
alterations of temperature ; the heat or cold applied expands or contracts rapidly
the portion touched, and the rest remains rigid, no caloric being conducted to it,
—a rent is the consequence.

238. Mr ArTuor TrREVELYAN has discovered a very interesting phenomenon
connected with the communication of heat between metals. In numerous cases
where metals at different temperatures are brought in contact, more particularly
when a bar of hot brass rests upon a hollow eylinder of lead, the superincumbent
metal is thrown into a rapid vibratory motion, which is frequently accompanied
by very powerful musical tones, particularly when there is a- groove in the lead
or in the bar. The cause of the vibrations has not been agreed upon ; many have
attributed it to the sudden expansion and contraction of the lead at the point of
contact. Professor Forbes considers it is produced by a peculmr repulsive action
communicated by the heat.

239, CoNDUCTION OF HEAT 18 Liquing Liquids and gases are very bad con-
ductors of heat, when it is applied in such a manner that no movement is induced
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in their particles by the expansion which takes place at the same time. 5S¢ feeble
is the cmlduptmg power of most liquids, that it is easy to boil a portion away from
the surface in a long tube, while the rest, with the exception of a small pm'tmn nt-
the top, shall not have been at all altered in its temperature,

- 240. But when heat is applied to the lower portion of any vessel conl.ammg i
gas or liquid, it is immediately expanded there, and becomes specifically lighter ;
it rises consequently through the superincumbent portion, while the denser part
descends to the source of heat, rising in its turn as it receives caloric and expands.
Thus ascending and descending currents are established, and go on continually,
till an equilibrium of temperature is established. 1If cold be applied to the upper
portion of any warm liquid or gas, similar phenomena necessarily take place, de-
seending currents commencing the movement, and pushing up the lighter and
more expanded fluid.

241, No current ensues, in general, when heat is applied to the upper portion

~of any fluid, as, by the expansion it produces there, it tends to keep that portion
still mare than before in its first position.

242. The currents induced in liquids and gases by heat e:-:plam many natural
phenomena, and have been taken advantage of in numerous operations of art.
Thus hot-houses and other apartments are often heated advantagecusly by hot
water rising from the upper part of a boiler filled with this fluid, and circulating in
pipes, which terminate in a descending tube that carries the water to the lower
part of the boiler, when it is heated again as at first. The ascent of smoke or
heated air from a conmmon fire or furnace depends vpon a similar cause ; the cold
air which supports the combustion forming the heavy descending current which
pushes up the lighter and warmer air in the chimney. -

243. When air, water, sand, mercury, or various solutions, are heated so that
bodies placed in them are subjected to an equal and regulated temperature, they
are said to be heated by an AIR, WATER, SAND, 0T MERCURIAL BATH.

Secr. 11, Radiation of Caloric.

244. When we stand in the sunshine, or opposite a fire, we feel the heat which
they communicate. But it does not travel slowly, as when it is conducted: it
passes with the greatest rapidity through the air. In this case it is térmed ma-
DIANT caLomic, and is believed to move with the same velocity as light, viz.
192,000 miles per second. - Caloric does not affect the air through which it ra-
diates, nor is it affected during radiation by any current of air ; it does not radiate
through opaque substances, and it is still disputed how far it radiates through
transparent solids or liquids. It appears to pass through the most perfect vacuum
in the same manner as through air; the heated body also, not being cooled in a
vacuum by conduction through the air, may appear from this cause to radiate
more than usual. :

245. Calorie is emitted in ewer.} :hrer:tinn from hot bodies, in the same manner
as the rays of the sune- The effect it' produces diminishes as the ‘syuare of the
Wistance ; if the effeet be reckoned 1 at the distance of 1 foot, it will be 4 times
less at 2 feet, 9 times less at 3 Feet, 16 times less at 4 feet, 25 times less at 5 feet,
and so on. , . g

246. Radiant caloric falling upau solids or llqmda must be REFLECTED, AB-
SORBED, of TRANSMITTED. Sir John Leslie and Count Rumford proved that the
nature of the surface of bodies has a most important influence upon the radiation
of heat, and also upon the effect produced by radiant heat. Rouven and rorous
sunraces radiate powesfully when warm, aud absorb with equal power any caloric
that fatls upon them. Bainriaxt and PoLISHED METALLIC sURFACES reflect
heat powerfully, but radiate very feeblye. Professor Forbes has shewn that heat
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may be POLARIZED, or acquire peculiar properties in the same manner as light by
reflection and refraction.—See Light.

247. The radiating power of a surface coated with lamp-black hemg 100, the ra-
ﬂatmg power of paper is 98, glass 90, and of a polished metallic surface only 12,
© 248. Calorie, like light, falling on a polished metallic surface, is reflected at an
angle equal to the angle of incidence; accordingly, a parabolic reflector gives off’
parallel rays when a heated ohject radiating towards it is placed in its focus; and
if a similar mirror be opposed to the first, it will collect these rays in its focus,
producing a powerful heat. Many of the most interesting facts connected with
this subject were ascertained by experiments made with reflectors: the power of
different surfaces in radiating caloric was determined by opposing to a reflector
with a thermometer in its focus, the different sides of a square tin cannister con.
taining boiling water, after coating them with the substances required.

249. Radiant caloric discharged from any substance at a temperature compara-
tively low, is intercepted in a great measure by a pane of glass : when the tempera- .
ture is higher, a great portion of rays are transmitted through the glass, accord:
ing to De la Roche ; but Leslie and Brewster maintained that the effect supposed
to depend upon the radiation of caloric through the glass, arises from its being ab.
sorbed by one side, conducted towards the other, and then radiated from it.

250. The calorific rays of the sun penetrate glass with facility. They are con:
sidered to be capable of passing through glass without heating it.

- 251. Radiant caleric proceeding from luminous bodies produces a greater effect
on different substances the darker the colour.

252, When any cold substance is placed in the focus of a polished metallic re-
flector, and a thermometer in the focus of another opposed to it, the temperature
immediately falls: this apparent radiation of cold is produced by the thermo:
meter radiating caloric towards the cold object.

253. Ina clear night, all good radiating surfaces fall much in their tempera-
ture, and dew is deposited upon them, as Dr Wells pointed out, in consequence
of their being so cold, and condensing the moisture in the air. Occasionally the
temperature of the air next the ground is many degrees below the temperature
of the air a little higher, from the same cause. In a cloudy night, there is little
or no reduction of temperature from radiation. _

254, Sir John Leslie’s AETnriscorE shows beautifully the power of the clouds
in preventing radiation. It consists of the differential thermometer, having one
of the balls excluded from the light, and the other placed in a polished metallic
cup. Exposed to a clear part of the sky, the heat radiates from. it rapidly, and
the temperature falls; exposed to a clond, the radiation is returned, and there is
no reduction of temperature.

255. Radiation is attributed to the repulsion exerted by the particles of calm*i-:,
and the tendgney of this power to distribute itself till an equilibrium of tempera-
ture is established. PrcreT was of opinion that caloric is radiated solely from the
warmer to the colder substance ; PrEvost maintained that all substances radiate
to each other, according to their temperature, and that an interchange still takes
place even where an equilibrium has been Estnhliaheg this opinion has been more

general]_'f received. : oz
CHAP. III. SPECIFIC CALORIC.

256. All bodies do not contain the same quantity of caloric at the same tempe-
rature, nor can they be elevated in their temperature to the same extent by com-
municating to them the same amount of calorie: For example, if equal quanti-
ties of caloric be added to water, oil and wercury, for every degree that the water



26 SPECIFIC CALORIC—CAPACITY FOR CALORIC,

rises, the vil will rise 2 and the mercury 23. “I'he term sPECI¥IC CALORIC Was
introduced to express the comparative quantity of caloric peculiar to each sub-
stance, which is required to produce a given elevation of temperature. T'he term
CAPACITY FOR cALORIC is frequently employed with the same view, but not so
much as formerly. Boerhaave and Black made the first experiments on this
subject.

257. Dulong and Petit's experiments have led to the conclusion that the atomna
of elementary bodies have the same specific ealorie, or require the same amount
of heat to be elevated in their temperature by the same number of degrees.

258. Bodies are considered to have a greater capacity for caloric in the liquid
than in the solid form ; but additional experiments are required on this subjecl.
The relative capacities of vapours and fluids have not been determined; the
researches on this subject by Crawford, by Berard and De la Roche, and other
experimenters, do not agree.

259. The capacity of bodies for caloric increases in a greater ratio than the
temperature.

260. When gases or vapours are relieved from pressure, they expand, their ca-
pacity for heat increases, their temperature agcordingly falls. Hence the reduc-
tion of temperature observed at the tops of mountains, in the air of the air-pump,
as it is exhausted, and in steam issuing from a boilér where it has been much com-
pressed.

261. When air is compressed, its capacity is diminished, and heat is evolved,
which renders it warm. Thus a change of capacity, without any chqnge in the
quantity of calorie, is accompanied by a change of temperature.

262. By cuemicaLl acTrox the capacities of bodies for caloric are generally al-
tered, and as the evolution or absorption of heat is not always proportional to the
change of eapacity, this circumstance affords an argument in favour of Dr Black’s
views of combined caloric.

263. Dr Irvine, believing the total quantity of heat in bodies to be proportional
to their capacity, endeavoured, on this principle, to ascertain the arsorLuTE ZERo,
or that reduction of temperature at which bodies are entirely destitute of caloric.
The great discordance in the results obtained by different experimenters, have
shown that this method cannot be depended on.

CHAP. 1V. DISTRIBUTION OF CALORIC.

264. Bodies not only ditfer in the quantity of heat they contain at the same
temperature, as has been shown in the preceding chapter, but also to a very great
extent in their actual temperature, according to the position they occupy in the
globe itself. The heat accumulated at the equator by the sun’s rays, produces an
ascending current of air to either polé, while other currents of air with less heat
pass along the surface of the earth from the poles to the equator. Similar cur-
rents take place in the ocean. They all acquire an oblique direction from the ro.
tation of the earth ; their course is also modified by numerous local circumstances.

265. The currents of air that pass towards the poles are not at a high tempera-
ture, as the expansion attending their ascent in the atmosphere is necessarily ac-
companied by an increase of capacity. This does not prevent them, however, as-
sisting in equalizing the temperature of the globe, as their capacity must be di-
minished, and their temperature increased, when they descend in the polar regions.

26i6. The rays of the sun produce little or no direct effect upon the air through
which they pass, but are absorbed at the surface of the earth, and then communi-
cate heat by conduction to the surrounding air. Penetrating less deeply on the
surface of the land than in the water, it is apt to acquire a higher temperature
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than the water by day, but becomes proportionally cold by night, from the loss of
heat by radiation. ‘The air en the land being warmed aceordingly to a greater de-
gree during the day than the air on the water, a sEA BREEZE proceeds towards
the land, the heavier pressing in upon the lighter air; during the night the effect
is reversed, and a LAND BREEZE prevails,

267. In INSULAR SITUATIONS, extreme heat and cold, such as prevails in large
continents, are moderated to a very great degree by the water of the ocean, which
is much more equal in its temperature than the air. All currents of hot and
cold air are rendered milder by passing over an extensive surface of water.

268. The MEAN TEMPERATURE of the air af the surface, in different parts of the
globe, varies probably nearly to the extent of 100° F. At the equator it is 82.5;
at Rome, latitude 41.53, it is 60°; at Edinburgh, latitude 55.57, it is 47°; at Mel-
ville Island, latitude 74.45, it is —1.5; and at the Pole, it has been calculated by
Arago to be —.13.

269. At a certain elevation in the air, varying in different latitudes from the
Equator to the Arctic Seas, the temperature is always 32°. This has been termed
the LINE OF PERPETUAL CONGELATION ; at the Equator it is 14.760 feet ; at the
Alps it is 8220; in Iceland 3084 ; and at the Polar regions perpetual frost reigns
at the surface of the earth.

270. The MEAN TEMPERATURE OF THE SURFACE OF THE OCEAN varies from
324° in the North Sea to 82° at the Equator. But at great depths the mean
temperature of the ocean varies only from 31° to 44°. Between the North Sea
and the Equator, and at the bottom of large lakes, nearly the same variation has
been observed.

271. The varying temperature at the surface affects the soil only to the depth
of a few feet. Irom numerous geological phenomena, and experiments made in
mines, it is believed that the temperature at great depths is very elevated.

CHAP. V. PRODUCTION OF HIGH AND LOW TEMPERATURES.
Seer. 1. High Temperatures.

272, The different sources of heat are, the Rays of the Sun, Mechanical Action,
Electricity, and Chemical Action,

273. Ravs oF THE Sux.—When they are concentrated by a lens, or parabolic
reflectors madeof polished metal, a most intense heat is produced, which can be ap-
plied in a manner often very advantageous in numerous cases of chemiecal action.

274. MecHaN1iCcAL AcTioN.—An elevated temperature may be easily excited
by compressing air in a syringe, rubbing pieces of dry wood, or by striking them
with a hammer. Condensation always takes place, producing a diminished capa-
city for heat ; unless the condensation be increased on each successive trial, or the
material operated on be previously brought back to its original condition by the
application of heat, so that it may be condensed again as al first, there is ne evo-
lution of heat.

275. ELEcTRICITY i8 a powerful agent in pm{lumng a great elevation of tem-
perature. See Electricity.

276, CmEMICcAL AcT10X is the great source of heat for artificial purposes, as in
the combustion of coal and fermentation. During chemical action, an evolution
of heat may proceed from a change of capacity, or from the separation of heat pre-
viously in a state of chemical combination. The various methods of producing
heat by chemical action will be described under the history of individual sub-
stances. ’
3
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Sect. 11, Low Temperatures.

277. Low temperatures may be produced in many ditferent ways.

278. 1. By PROMOTING RADIATTON, as when a substance with a rough porous

surface is exposed to the air in a clear cloudless sky. -

279. II. By DIMINISHING THE PRESSURE ON GASES, a8 when they expand, and
their temperature falls as their capacity increases.

280. 11I. By PROMOTING EVAPORATION, either by diminishing the pressure on
a liquid while evaporating, or passing a rapid current of air over its surface, so as
to remove quickly any superincumbent vapour.

281. 1V. By cHEMICAL AcTION, and more especially by the rapid liquefaction
of solids. When solids are rendered fluid by chemical action, without the appli-
cation of heat, part of their caloric becomes latent, and hence the reduction of
temperature. See Table of Freezing Mixtures.

ITI. LIGHT.

282. Light is regarded by many as a distinet and peculiar matter, emitted in
rays from all luminous and visible objects which are not black, in the same man-
ner as heat. Others consider it more probable that it is produced by vibrations or
undulations in an extremely attenuated and elastic ether, diffused throughout the
universe. 'T'he phenomena which it produces are usually explained in the lan-
guage of the first opinion; but the latter is now gaining ground, and is perhnlw
that which is most generally received at the present moment. wad .

283. Light moves with immense velocity, viz. 192,000 miles each second. It
passes through perfectly TRaNsPARENT coLounrLEss bodies with little or no dimi-
nution : those that are waiTE reflect it ; those that are srack absorb it ; and those
that present various coloured tints retain part and give out the rest.
 284. Light is bent towards the perpendicular, when it passes from a rarer to a
denser medium at an oblique angle, as on entering water after passing through
the air: this is termed REFRACTION.

285, When a ray of light passing threugh any object is divided into two parts
or pencils, each of which produces a distinct image, it is said to suffer pousLE
REFRACTION.

286. When a ray of light acquires peculiar properties by refraction or reflec-
tion, so that it enters transparent bodies at certain angles and not at any others,
it is said to be PoLaRrIZED, and the change is termed roLamzarion.

287. WHITE LienT, according to the analysis of Newton, consists of seven dif-
ferent kinds of rays, viz. red, orange, yellow, green, blue, indigo, and violet. The
decomposition of white light is effected by passing it through a glass prism ; the
‘component rays being refracted unequally, are separated from one another in the
‘order mentioned, the red or least refrangible ray following most closely in the di-
rection the ray would have pursued had it not been refracted at all, and the violet
ray deviating most from its direction. The coloured band produced in this man-
ner is termed the PRISMATIC SPECTRUM.

268. According to a new analysis of light by Sir Dawd Brewster, he mnsulers
‘that, red, yellow, and blue light, exist in every part of the spectrum, and that all
‘the other tints are formed by these primary colours, the red predominating where
the least refrangible rays occur, the yellow in the middle, and the blue where the
‘most refracted rays are seen.

264. When the rays of light as they are separated by a prism are collected again
by a lens, white light is produced.
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290. The greatest illuminating power is found in the brighest yellow or palest
green.

291. The sounrces of light are the Sun’s Rays, Chemical Action, I:.[r:ctnmt.y,
Phosphorescence and Crystallization.

202. In the SunsEaMm, three different kinds of rays have been detected, 1."12:.
CALORIFIC, LUMINOUS, and cuEmIcAL Ravs. The calorific rays were first no-
ticed, altogether apart from those of light, by Sir W. Herschel: he found them
beyond the red or least refrangible ray. Subsequent experiments proved that
their position was considerably influenced by the kind of prism employed, but that
they are least powerful in the violet ray, and increase in general towards the red
ray or beyond it.

293. The chemical rays are met with beyond the vmiet ray, towards the other
extremity of the spectrum, and are therefore the most refrangible rays in the sun
beam: they were noticed by Wollaston and Ritter. The calorific and chemical
effects of the sunbeam are now attributed more to the action of those separate
rays which accompany the luminous rays, than to any direct effect of the luminous
ravs themselves, Morichini, and also Mrs Somerville, have stated that the violet
rays can communicate m*ugnetm pr::-pertles to iron : this subject is st,:lll under ex-
amination.

294. Dark coloured bodies are more powerfully affected by the heat of the sun
than others, though radiant caloric free from light, in the opinion of many philo-
sophérs, does not affect them more than other substances : Dr Stark, however, has
inferred from his late experiments, that the absorption of heat both from nons
luminous and luminous bodies, and also its radiation, is much influenced by colour,
In looking at the sun through glasses of various colours, the eye suffers much
from heat at times, while the light is feeble, according to the coloured glass em-
ployed.

205. The Cuemicar Errect of light, or of the rays which accompany those of
light, is conspicuous in its action upon chlorine and hydrogen, a mixture of which
is instantly detonated by a bright sunshine; chloride of silver, in a few seconds,
passes from a bright white to a dark colour, when exposed in the same manner.
“Its power of promoting chemical action is very trifling compared with that which
heat exerts, but is too important to be overlooked, especially in the chemical ac-
tions that take place in the animal and vegetable kingdom,

296. The evolution of light by cHEMICAL AcTioN is Loo familiar to re:qmre any
particular illustration; it is well seen in the phenomena of combustion. These,
and the ixcaxpescExce of solids and fluids heated to a certain temperature, show

" how intimate a connection subsists between heat and light, though in what that
consists has not been pointed out. Many have adopted the opinion that they are
mutually convertible.

207. ProspHORESCENCE signifies generally the evolution of light from different
bodies called prOSPHORI, Without i'ul;.r chemical action going on, and without that
elevation of temperature necessary for incandescence. Many mineral substances,
native and artificial, acquire this property when heated and exposed to light, as
sulphate of baryta, and also oyster-shells after they have been heated with sul-
phur. Heat increases the light emitted, but renders it of shorter duration. My
Pearsall has shown that some bodies not naturally phosphorescent, or which have
lost this property by heat, acquire it again when subjected to the electric spark.
The glow-worm, and many marine animals, are very phosphorescent. The cause
of phosphorescence is not very apparent; it is independent of chemical action, and
takes place even in vacuo. Several substances, when a change of form is inducedt
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in them; evolve light, more especially some salts and other bodies at the moment
of erystallization.

2898. The rLLumiNaTivg rower of different lights is ascertained h}' comparing
the depth of shadow which they produce, when some ohject is inter between
them and a screen, the deeper the shadow the more powerful the light.

299, Lestie’s PuoroMETER is constructed on the principle that the intensity
of light is proportional to its heating effect when absorbed. 1t consists of his dif-
ferential thermometer with one of the balls blackened. A thin glass cover protects
the balls from being heated by currents of air. The sun’s rays do not affect the
clear ball, but are condensed by the blackened ball, and produce a eorresponding
elevation of temperature. But when this photometer is used with light produced
by combustion, or by ordinary incandescent bodies, its indications are inaccurate ;
the calorific effect of red-hot coke, for example, produces more effect than that of
many kinds of light, which are evidently much more powerfully luminous.

300. Dr Stark has lately made some very important observations on the influ-
ence of colour on the absorption and disengagement of odorous matters. He
found, while engaged in Practical Anatomy, that black clothes absorbed much of-
fensive odorous watter, and retained it powerfully, while a light-coloured dress
was affected by it in a very trifling manner, and lost what it did absorb very
quickly by exposure to the air. Exlending his observations to odorous matter in
general, he has found that white-colonred bodies are the least absorbent, and dark-
coloured the most absorbent, of oedorous matter, and has madé several important
applications of the result of his experiments, in respect to clothing, white-washing,
the retention of noxious effluvia by different coloured bodies, and the consequent -
communication of disease. ILondon Phil. Trans. 1833. :

V. ELECTRICITY.

301. All bodies contain a peculiar power or matter, which has received the name
of Electricity, from sasxvgss, the Greek for amber, the substance in which some of
the phenomena it produces were first noticed. Gilbert, in the 17th century,
having shown that numerous other substances could produce similar appearanf:&&
drew more attention to the subject, and laid the foundation of Electrlclty as
science.

302. Electricity is an agent of great force, and affects all kinds of miafter. It
communicates powers of attraction and repulsion, which are very conspicuous in
the mechanical effects it produces. It influences the chemical relations of all bo-
dies, and has been considered by some of the most distinguished chemists as the
real cause of all chemical phenomena. It is the source of perhaps the most in-
tense heat and light that can be produced by artificial means. Ft is the cause of
magnetism, and it exercises also the most powerful influence over the animal eco-
nomy. The attraction of a small piece of paper by amber, after rubbing it with a
woollen cloth, and the lightning in the thunder storm, are equally produced by
electrical action, as was proved by the celebrated Franklin. -

303. It is usually considered as a fluid whose particles repel each other, but at-
tract those of other bodies. It moves with great velocity ; attempts have lately
been made to measure the rapidity of its progress by Mr Wheatstone.

304. Electricity, like heat, tends to diffuse itself over every kind of matter till
an equilibrium is established. It cannot be collected and kept by itself like hy-
drogen or any erdinary kind of matter, and it is still doubtful how far it ought to
be regarded as a mere property of matter, oras a distinet principle ; the latter opi-
nion has been preferred. Its properties have been ascertained only by observing’
the phenomena it produces, as it passes from one kind of matter to another. -
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305, Electricity, according to the opinion of Franklin, may be regarded as a
simple fluid, electrical phenomena being produced by its being accumulated or
rendered deficient in different bodies; when in excess, the phenomena are pro-
duced by the electricity communicated to surrounding objects ; when deficient,
they arise as the electricity flows in from those which contain a larger quantity to
restore the equilibrium,

306. When a substance has acquired more electricity than its natural share, it
is said to be POSITIVELY ELECTRIFIED. When it has less, it is said to be ¥EGa-
TIVELY ELECTRIFIED ; the terms pos1TIvE and NEGATIVE ELECTRICITY, though
not so correct, are occasionally employed in the same sense.

307. Dufay had previously considered that different bodies contained different
kinds of electricity, which he termed viTreous and REsiNous; the former being
most easily produced from glass, and the latter from resinous matters. Symmer
extending his views, believed that ALL BODIES CONTAIN TWO KINDS OF ELEE-
TRICITY,—that these are separated more or less from each other during electrical
action,—that they neutralize each other as they combine, when all electrical phe-
nomena disappear. This view of the compound nature of electricity is still main-
tained by many, particularly on the Continent.

308. The term vitreous, according to this opinion, corresponds with the pesitive
electricity of Franklin, and the term resinous with negative electricity. Franklin’s
opinion is preferred in this country, as it is equally consistent with the phenomena
presented, admits of their being explained in more simple language, and involves
less hypothesis than Symmer’s extension of Dufay’s opinion.

* © CHAP. I. COMMUNICATION OF ELECTRICITY.

309. The power of different bodies in carrying or conducting elasticity varies
exceedingly. Metals are the best conductors, then follow successively charcoal,
acid liquids, solutions of salts, animal substances, water, and gases rarefied much
by heat or diminution of pressure, or charged with a large quantity of moisture.
These bodies, having so much more power than most other substances in commu-
nicating electricity, are generally termed coxpucToRrs.

310. The term wox.coxpuctTonrs is applied to thuse bodies which have com-
paratively a very feeble conducting power, though they are not perhaps to be re-
garded as entirely destitute of it. The principal xox-coxpucTors are sulphur,
resinous substances, and many earthy compounds, as glass; also air, wood, paper,
hair, silk, and feathers, when they are dry.

311. Dr Faraday has made the very important discovery, that numerous sub-
stances which do not conduct when solid, conduct readily when fused by heat.

312. When electricity is to be communicated from one kind of matter to
another, a connection is made between them by a copper, silver, or other metallic
wire. Plates of metal, tin-foil, and mercury, are of great use in adjusting differ-
ent kinds of apparatus. By amalgamating metals with mercury, a very intimate
degree of contact is insured, so necessary in numerous experiments.

313. The passage which the electricity takes is termed the ErEcTRIC CIRCUIT ;
it is said to move in a current, and always proceeds from the body in which it is
accumulated to that in which it is comparatively deficient.

314. When the line of communication is not maintained continuously by good
conductors, it is said to be BROKEN or INTERRUPTED, and it is there that bodies
are placed which are to be subjected to the influence of this agent, which passes
through them as it proceeds from one part of the metallic communication to the
other, if they be not too far distant.

315. By passing electricity through air or water during part of the circuit, in-
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stead of metal, it is retarded in its progress, and can thus produce many effects
which are not otherwise easily induced. 'This is done by making the metallic
communication imperfect, as in the preceding case, so that the electricity in its
progress through any metallic chain or wire, shall have to pass through a portion
of air or water where the metallic contact is broken.

316. Electricity spreads over the surface of bodies, when it does not produce
any chemical effect ; it does not penetrate into the interior : in perfectly spherical
bodies it is equally distributed over the surface; in others, it accumulates at pnr-
ticular parts.

317. Pointed bodies carry off electricity with much greater rapidity, and from
much greater distances, than those of a g]ohu'lar form ; they are also equally ef-
fectual in discharging electricity when it is accumulated in them. They are con-
tinually used for these purposes in electrical experiments. When the object is
not so much to carry off a continuous stream of electricity, as to discharge a large
quantity at once, then metallic balls are preferred to points.

318. An ELECTRICAL DISCHARGER is commonly made of a brass rod, with a
brass.ball at either end, supported in the middle by a glass handle ; the glass be-
ing a non-conductor, it may be held freely in the hand, while the electricity passes
by the rod, on connecting it with bodies in different electrical conditions to dis-
charge any excess. Various forms ave used.

319. When an electrified body is supported gn glass, or any other very bad
conductor, it is said to be INSULATED.

320. When electricity in great intensity is prnduceﬂ as by the electric ma-
chine, it is much more easily conducted than that from the guh'amr: battery, where
the tension is very feeble.

321. The difference in the conducting power of various bodies for electricity
was discovered by Grey : it is attributed to the different forces with which they
attract electricity.”

CHAP. II. EXCITATION OF ELECTRICITY.

322. A body is electrically excited when a portion of'its electricity is Yemovedy;
or an additional quantity communicated to it from some external source; its ex.
citation depends upon its tendency to communicate electricity to, or withdraw it~
from, surrounding chjects. In general this.effect is produced by Friction, Induc-
tion, the application of Heat, or Chemical Action. Magnetism also can induce
electricity, while electricity can in its turn produce magnetism, so that both these
powers are referred to the same cause, and regarded as modifications of each other.
Whenever the electric equilibrium is restored, all excitation ceases.

Seer. 1. Ewcitation of Electricity by Induction,

323. Any body electrically excited, when opposed to another in its natural
state, causes it immediately to assume an electric condition, exactly opposed to
that in which it is itself. Thus, if one end of a brass cylinder, insulated on glass,
be opposed to a body positively excited, that end will become negative, a portion
of its electricity being expelled to the other end, which becomes thereby positive-
Iy electrified.

324, If electricity be introduced into the interior of a jar, its presence will cause
a portion in the interior to move away ; and if the exterior be surrounded with
very bad conductors, so that little or none can be discharged, electricity mnnnt
then be communicated to the interior.

* For some farther remarks on Electricity, see Faraday's Rnsenrrl;es in tlu- ‘seetipn nn .
the Effect of Electricity on Chemical Aetion,
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325. Changes of this kind, effected merely by proximity to an excited body,
are called cases of the iNpucTION of ELECTRICITY. |

Seer. 11.  Eacitation of Electricity by Mechanical Action.

. 326. Friction is a very common source of electricity. By rubbing glass, seal-
ing-wax, or amber, the rubber assumes one electrical condition, and the glass, or
other substance, passes to a different state.

327. The nature of the surface, and of the substance used as a rubber, influ-
ences the result. Thus, smooth glass is rendered positive by a woollen cloth, but
rough glass becomes negative with the same substance, and sealing-wax is rendered
positive by metallic substances, but negative by hare’s skin.

428. Bad conductors have been called ELecTRICS, from the facility with which
electrical phenomena are induced in them ; while good conductors have been call-
ed NoN-ELEcERICS, because, unless insulated, they are with difficulty rendered
electrical.

329. In the common electrical machine, the electricity is produced by the fric-
tion of a hair-cushion and a piece of silk with a cylinder or plate of glass, which
is made to revolve rapidly ; pointed brass wires (see 317) remove the electricity
to a large cylinder or ball, made of sheet-brass, in which it is accumulated. This
is termed the primE covnucTor; from it all the electricity developed by the
common electrical machine is procuved. It is insulated by a glass support.
Were it not insulated, the electricity communicated to it would pass at once to
the earth. :

330. The rubber miust be connected with the ground by a chain or other good
conductor, to supply electricity to the machine as it is exhausted, otherwise it
will soon cease to be produced ; the rubber and the chain are generally connected
in the cylinder machine by a conduetor, which has been termed the ruUBBER’s
CONDUCTOR, similar in its form to the prime conductor.

331. The L.LeypEN sar, named from Leyden, where it was invented, is a con-
trivance by which elettricity can be accumulated in larger quantity than in the
ptime conductor. It isa glass jar or bottle, coated to within a few inches of the
top widh finfoil, both on the interior and exterior surface, a rod with a ball at the

~top passing through the cork to the interior coating. KEleetricity communicated
from the prime conductor to the ball, is transferred by the rod and metallic coat-
ing to the interior of the jar ; a corresponding quantity leaves the exterior in con-
sequence of induction (324), and when one ball of the discharger (318) touches
the exterior of the jar, and the other is approached to the ball of the brass rod,
the electricity passes as a powerful spark from the interior to the exterior, and the
equilibrium is restored.

332. The LEYDEN BATTERY consists of many jars, connected externally by
placing them on tinfoil, or some other good conductor, and internally by a metal-

“lic connection attached to the internal coating of each jar; the whole of the in-
ternal surfaces thus act together, and also the whole of the external surfaces. By
charging one jar the whole are charged, and by discharging it, the whole are dis-
charged at the same moment.

Secr, 111, Ewecitation of Electricity by Chemical Action.

333. The excitation of electricity by chemical action has been proved in the
most satisfactory manner by Wollaston, Pouillet, Davy, De la Rive, and still
more especially by Dr Faraday, who, in a series of Memoirs of Electricity. has
elucidated, with the greatest sagacity and ingenuity, many of the most intricate

- C
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subjects connected with chemical action, and opened, at the same time, many new
and promising fields of investigation. :

334. Electricity developed by chemical action is usually termed caLvawxism or
VOLTAIC ELECTRICITY, from Galvani and from Volta. Galvani pointed out the
first fact connected with this branch of electricity, viz. that contractions are ex-
cited in the limbs of a frop when a zinc and silver plate are placed, the one upon
the nerve and the other upon the muscles, and then made to touch each other.
Volta, not agreeing with Galvani in the opinion that the electricity was present
in the muscles, and merely conducted by the metals, supposed that the effect was
due to the contact of the metals which produced the electricity, and soon after-
wards constructed the vorTate PILE, which is similar in its general arrangement
to the trough now in use.

335. But the liquids or moistened solids, used to connect each pair of metallic
plates, are not now considered conductors merely, as Volta believed ; they are the
real source of electricity during their action upon the metals. Davy, it is neces-
sary to mention, considered with Volta, that the first action commences by the
contact of the metals, though he admits that it is sustained by the chemical action
of the substances employed. ;

336. The galvanic trough, invented by Cruickshanks, is the apparatus now em.
ployed for producing electricity by chemical action. Plates of zinc and copper,
4 or 6 inches square, are soldered together, and cemented in a woeden trough, so
that a series of cells are formed, in which the liquid is placed which is to act che-
mically, and produce the electricity. The plates are arranged so that all the zine
surfaces shall be placed in the same direction. Copper wires are fixed to the ex-
treme plates at each end of the baltery, so that they can be easily connected by a
good conductor. L

337. The liquid employed usually consists of 1 part of acid to 15 or 25 of wa-
ter, when a very strong charge is required ; and of 1 part of acid to 80 or 100 of
water for a weak charge, Nitric acid is preferred for the evolution of heat and
light, but it is seldom used alone, being mixed commonly with from th to
a-half of sulphuric acid. Saline solutions, and even common water, are sufficient
for some purposes, but they are exceedingly feeble compared with the preceding
mixtures.

338. According to the above arrangements, the electricity developed by the
action of the acid liquid in the first cell and the zinc, the metal most affected,
circulates through the liquid to the copper, which communicates it to the zinc in
contact with it ; as this takes place throughout the whole trough, each succeeding
pair of plates handing over, as it were, to the next pair, what they may have
produced along with what they have received from the preceding pairs, the elec-
tricity becomes accumulated at the last pair, terminating in a copper plate, which
has accordingly received the name of the rosiTIvVE POLE or extremity of the bat-
tery, the other being termed the NEGATIVE PoLE.

339. SIMPLE GALVANIC CIRCLES consist only of a single pair of plates ; in com-
POUND GALVANIC CIRCLES, as in the galvanic trough, there are a number of pairs
of plates.

340. The tern GALVANIC BATTERY is usually applied where a number of
troughs are connected together by copper wires; the same arrangement of the
plates being carefully attended to, so that they may act as a single trough.

341. In compound galvanic circles, where soldered plates are used, there is a
superfluous zine plate at one end, and a superfluons copper plate at the other end
of each trough ; and hence the zine plate, in common language, is aften termed the po-
sitive pole of the battery, though it is so solely in consequence of being next the copper,
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which communicates to it electricity in the same manner that it would give it to the con-
necting wire, or any other good conductor. Similar remarks apply to the superfluous
copper plate at the other extremity.

342. A great variety of arrangements, on the same prineciple as the trough, have
been from time to time employed. The pile originally employed by Volta con-
sisted of the plates of metal arranged in pairs above each other, with a moistened
cloth interposed, the moistened cloth representing the saline solution in the cells
of the trough. X

343. A porcelain trough with cells is often used, the plates being suspended in-
dividually in a frame, and a copper and zinc plate introduced into each cell ; the
zine plate in one cell is always joined by a metallic connection to the copper plate
in the next cell : arrangements of this kind have been known by the name of
COURONNE DE TAssES, having been made originally with a number of cups.

344. Sometimes the copper plate is made twice the usual size, and doubled in
such a manner that each surface of the zinc has a surface of copper opposed to it;
in this way a greater degree of power is obtained, without a corresponding increase
in the quantity of zinc employed. When a single pair of plates is used, the cop-
per plate is frequently made so as to contain the liquid, and the zinc, when im-
mersed, is prevented from coming directly in contact with the copper by pieces of
glass or baked wood; troughs have also been constructed on the same principle
by Mr Hart, which have been found very convenient.

345. Mr Pepys and Dr Hare have employed the metals in coils for some pur-
poses ; the latter has termed a battery made of many different coils a carorimo-
TOR, from its great power in deflagrating metals.

346. For a number of experiments, no arrangement is so well adapted as that
introduced by Mr Kemp, where. instead of a plate of zine, a solution of zine in
mercury is opposed to the plate of copper.

347. Numerous galvanic arrangements may easily be made besides those with
zine, acid, and copper, but these, from their convenience, are preferred. The
zine produces the electrieity by its action with the acid, and by the copper it is
attracted and removed to the pole.

348. De la Rive has shewn that the metal or substance most acted upon be-
comes positive with respect to the other.

349. The electrical action ceases when the chemical action terminates between

the substances employed.

Sect. IV,  Euxcitation of Electricity by Heat, &e.

360. When heat is communicated to different substances, their electric equili-
brium is disturbed ; this has been observed more particularly in various arrange-
ments with the metals. The facts connected with this subject are usvally arranged
under the title of THERMO-ELECTRICITY, a department of science more particu-
larly connected with Natural Philosophy than Chemistry. Electricity can also be
induced by sae¥ETISM ; some remarks on this subject will be made in the next
chapter. Lastly, electricity is not only developed during perhaps almost all che-
mical operations that take place both in the organic and inorganic world, but there
are animals in which a peculiar galvanic apparatus is found, by which it can be
accumulated and discharged at will, as in the Torpedo, and Electrical Eel.

351. Melloni's thermo-multiplier consists of many pairs of small slips of anti-
mony and bismuth, soldered together and arranged so as to have their galvanic
action induced by heat; the effect is indicated and measured by a magnetic
needle placed below, a wire connected with the metallic slips being coiled around
it. Variations of temperature, not appreciable hy the common thermometer, are

c2
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easily observed with this instrument. In experimenting with it, he has found
that radiant heat passes directly in various quantities through some bodies.
These he has termed Drarneryar. Bobies, and he has also been led to entertain
the opinion that there exist different species of rays of heat as well as of light.
This instrument has been much used in Professor Forbes's important experiments
on the Polarization of Heat.

CHAP. TII. EFFECTS OF ELECTRICITY.

352. The principal effects of electricity are the production of mechanical and
chemical action, of heat, light, and magnetism, and lastly, its action on the animal
economy. )

353. The action of the electric power is much influenced by the iNTENsITY,
and also by the @uaxTiTy brought inte play. Trom the electrical machine,
electricity of great intensity is procured, but in quantity farinferior to that which
is produced by the galvanic battery. From the latter again, though the quantity
that may be procured is comparatively great, its tension or intensity is always ex-
ceedingly low ; the greater the number of plates, the greater the tension; the
greater the extent of surface, and the more powerful the chemiesl action, the
greater the quantity of electricity produced in a galvanic battery. For producing
heat and light, plates of a very large size are preferred, though few in number;
but for chemical decomposition a number of plates are necessary.

Sger. 1. Mechanical Effects bf Electricity.

354. Bodies similarly electrified, positively or negatively, repel each other.
Bodies in different electrical conditions attract each other. Electricity produced
by friction, as with the electrical machine, is most powerful in communicating
these properties to small masses of matter, as pith balls, pieces of paper, anid
fragments of thin metallic leaves. The galvanic battery is exceedingly feeble in
this respect.

$55. ELECTROMETERS, or measures of electricity, for ascertaining the inten.
sity with which attractions and repulsions of this kind are exerted, have been con-
trived, the intensity being inferred from the distance to which some substance of
a fixed size and form is repelled, when subjected to the influence under examina-
tion. o gl

356. The nature of the electrical excitement communicated can also be ascer-
tained by means of an electrometer. Thus, if two gold leaves suspended together
be made to diverge to a certain extent, by rendering them positively electrical,
and if any substance electrically excited approach them when they repel each
other, the divergence will be increased if it be positively excited, and diminished
if it be negatively electrified. In Bennet's gold-leaf electrometer, two pieces
of gold-leaf are suspended in a glass case from a metallic plate; slips of tinfoil
are placed on either side to remove the electricity when the gold leaves diverge
so far as to come in contact with them. »

357. Electricity, retarded in its course by bad conductors, operates, if it be in
sufficient quantity, exactly in the same manner as a powerful mechanical agent,
as when lightning is interrupted in its progress towards the earth, by coming in
contact with a building, where there is no metallic rod to conduct it to the ground.

Seer. [1. Production of Heat and Light.

458, Electricity, when it is retarded in its progress by a bad conductor, as in
traversing the air, or when it is in large proportion to a good conductor through
which it is passing, produces light and heat.  An electric spark is procured on ap:
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proaching the hand, or any conducting substance, to the prime conductor of the
electrical machine, and a much more brilliant spark is observed on discharging the
Leyden jar, as the electricity passes to the ball of the discharger.

350. If the wires at the positive and negative poles of the galvanic battery be
brought in contact after charging it with diluted acid, similar appearances are pre-
sented, but the electricity cannot pass through the air to any distance, as in the
preceding case ; if the wires be tipt with dry charcoal, the most intense and bril-
liant light appears as they approach each other; and the air being heated to a
great degree, the electricity still passes from the one to the other, even when
they are separated 1-4th of an inch or more from each other. If extremely thin
iron-wire, or leaves of gold, silver, tin, or Dutch gold, be interposed between the
connecting wires, they are dissipated in vapour, and some of them are oxidated by
the action of the air. : )

360. In experiments of this kind with the galvanic battery, a small number of
very large plates is found more effectual than a great number of small plates, as it
is of importance to excite as much electricity as possible within a given time. Some
batteries have been constructed with plates contuining many square feet of surface.

sSeor. 111, Eacitation of Magnetism.

361. Professor Oersted made the interesting discovery, that the copper-wire
connecting the poles of a galvanic battery affects the magnetic needle; and by the
researches of Ampere, Arago, and Faraday, the connection of these forces has been
distinctly proved. Iron is rendered instantly magnetic by passing electricity from
# galvanic battery through a copper wire wound round it ; and if a piece of iron
round which a copper wire covered with silk thread has been coiled, be made to
touch the poles of a horse-shoe magnet, the copper wire will be found to be elec-
trically excited at the moment the contact is made, and capable of producing an
electric spark at the instant its extremilies are connected together. Recent in-
vestigations have led to the belief, that magnetism may be induced in a much
wider range of substances than had hitherto been anticipated.

362. Dr Faraday, Nobili and Antinori, and Professor Forbes, were the first
who obtained an electric spark from a magnet ; Faraday'’s previous researches in
electro-magnetism facilitated the discovery. Dr Ritchie, and also Pixii of Paris,
have coptrived different pieces of apparatus with which chemical experiments
may be performed by the electric spark procured from a magnet.

363. Instruments have been invented for indicating the nature and degree of
excitement produced in bodies under galvanic action, by their power in deflecting
~ the magnetic needle; they have been termed GALVANOMETERS.

Seer. IV, Imfluence of Electricity on Chemical Action.

364. Electricity promotes combination or decomposition according to the cir-
cumstances under which it is applied. Chemical action induced by electrical ar-
rangements, has been termed ELECTRO-CHEMICAL ACTION.

365. Electricity produced by the electrical machine, and by the galvanic bat-
tery, produce the same effect, but the latter is preferred, and almost solely used
in chemical experiments, from the very large quantity of electricity which can
with eomparative facility be procured; electricity from the machine is extremely
feeble in effecting decomposition. A battery composed of many troughs is also
better suited for this purpose, though the plates do not exceed five or six inches
square, than one where there is a smaller number of large plates. The effect of
electricity in promoting decomposition has hitherto been more particularly stu-
died than its power in promoting combination.
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366. All bodies have a peculiar relation to electricity, so that when they are
separated from their various combinations, they are attracted to the positive or
negative pole. In the following table by Berzelius, the first 21 are called
ELECTRO-NEGATIVES, as, when separated from other substances by electricity,
they are attracted to the positive pole; the others have received the name of
ELECTRO-POSITIVES, being attracted under similar eircumstances to the NEGa-
TIVE PoLE. Bodies are considered to have or acquire during decomposition a dit-
ferent electric condition from that of the pole where they appear, and hence the
terms applied to them.

ELECTRO-IN EGATIVES. ELECTRO-POSITIVES.
Oxygen. Tungsten. Potassinm. Manganese. | Copper.
Sulphur. Boron. Sodium. Zine. Silver.
Nitrogen. Carbon. Lithium. Cadmium. Mercury.
Chlorine. Antimony. Barium. Iron. Falladium.
Todine. Tellurium. Strontium. Nickel. Platinum.
Fluorine. Columbium. Calecium. Cobalt. Rhodium.
Phosphorus. | Titanium. Magnesium. | Cerium. Iridium.
Selenium. Silicium. Glucinum. Leads " ™7 | Gold.
Arsenic. Osmium. Yetrium. Tin.
Chrominm, Hydrogen. Aluminum. Bismuth.
Molybdenum. Zirconium. Uranium.

367. Again, when compounds consisting of bodies arranged in the same list are
decomposed, one of them is found to be electro-positive or electro-negative in re-
gard to the other. Thus oxygen, if previously combined with any substance in
the first list, is always separated at the positive pole ; and potassium, if already in
combination with any other body in the second list, appears always at the nega-
tive pole. - Oxygen is the most electro-negative, and potassium the most electro-
positive of all known bodies.

368. In effecting electro-chemical decomposition, the body subjected to the gal-
vanic influence is placed between the wires connecting the poles of the battery,
and, however imperfectly, must conduct the electricity, otherwise no effect takes
place.

369. An element or other substance, under the influence of electricity, may
have its ordinary power of combination completely suspended, and be passed
through bodies for which it has an affinity without combining with them.

370. The chemical agency of electricity was discovered by Nicholson and
Carlisle. Sir Humphry Davy, entertaining the idea that chemical attraction de-
pends on bodies being in different electrical conditions, and thereby attracting
each other, considered that all compounds could be decomposed by the action of
the electric power; proceeding on this principle, he discovered the composition of
the earths and alkalis, and the power of electricity in suspending and modifying
ordinary chemical attraction. '

371. The influence of electricity on chemical action, has not been so elearly
unfolded as to admit of its precise relation to it being very accurately defined.
But Sir H. Davy’s opinion that chemical and electrical action depend upon the
same primary cause acting on matter, is daily gaining ground. Though numer-
ous valuable communications have appeared since Davy’s discoveries, none are
equal in extent and importance to those of Dr Faraday. The following para-
graphs contain a short summary of the more important circumstances which he
has pointed out. ;

Dr Faraday's Researches.
372 Dr Faraday has confirmed by numerous experiments the views that have
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been generally adopted as to the identity of the electricity of the electrical ma-
chine and of the galvanic battery ; a piece of paper, moistened with a solution of
iodide of potassium and starch, was found of much use as a test of electricity in his
researches, the iodine being set at liberty and rendering the starch blue. The
great difference in the chemical agency of the electricity of the electrical machine
and the galvanic battery, is explained by a comparison of the quantity of electri-
city produced by each. An electric battery of 15 jars, each containing 234 square
inches of glass coated on each side, and charged by 30 turns of a powerful plate electrical
machine, 50 inches in diameter, yields no more electricity than a platina and a zinc wire,
each 1-18th of an inch in diameter, placed 5-8ihs of an inch deep, in a diluted acid com-
posed of 1 drop of sulphuric acid and 4 ounces of water, during 3 seconds. Again, the
quantity of electricity associated with the elements of bodies in their various che-
mical combinations is so greal, that, while electricily sufficient to decompose a grain of
waler can be easily procured during the chemical action of a few grains of zine on a di-
luted acid, Dy Faraday has inferred that no less than 800,000 charges of the electric
battery just mentioned would be necessary to produce the same effect.

373. The conducting power of bodies has long been known to influence much
the manner in which they are affected by electricity. Dr Faraday has added the
following remarks from an extensive series of observations, Water was stated by
Davy to be essential to electro-chemical decomposition; but this opinion can no
longer be maintained. :

374. * All bodies conduct electricity in the same manner from metals to lac and
gases, but in very different degrees.

375, “ Conducting power is, in some bodies, powerfully increased by heat, and
in others diminished, yet without our perceiving any accompanying essential
electrical difference, either in the bodies or in the changes occasioned by the elec-
tricity conducted.

376. * A numerous class of bodies insulating electricity of low intensity when
sulid, conduct it very freely when fluid, and are then decomposed by it.

377. ¢ But there are many fluid bodies which do net sensibly conduct electri-
cily of this low intensity : there are some which conduct it and are not decom.
posed ; nor is fluidity essential to decomposition.

378. “ There is but one body yet discovered which, insulating a voltaic current
when solid, and conducting it when fluid, is not decomposed in the latter case.

379. © In numerous cases, as a solid becomes fluid, it loses almost entirely the
power of conduetion for heat, but gains in a high degree that for electricity,” and
wice Versd.

380. The extremities or poles of an electric circuit are usually spoken of as
having peculiar attractive and repulsive powers, to which the chemical agency of
electricity lias been referred ; and Davy, with other chemists, considered that the
decomposing agency was feebler in other parts of the circuit than at the poles.
But Faraday’s views are different; the force of the electric current is equal, he
considers, throughout all the circuit, and that it is more correct to speak of the par-
ticles acted on by the electricity in relation to the current passing through them,
than to the poles, which are merely the doors through which it passes.

381. The transferring power of electricity, by which the particles are made to
appear at different poles, is much influenced by the attractive power of the sub-
stances associated with them. Thus more sulphuric acid is carried to the positive
pole of a battery, if it be combined previously with soda, which attracts it strong-
ly, than when merely combined with water, which has a weaker affinity for it.

382. Elements, and other bodies not decomposable, are not affected by an elec-
tric current unless in chemical relation to other matter,
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383. Neo determination to a pole has been observed in cases of mere mixtures. -

484. Decomposition is attributed therefore, not to™the agency at the different
poles, but to the electricity as it affects each particle while it passes in a current,

385. Again, among the more remarkable circumstances attending electro-chemi-
cal decomposition, the appearance of the elements at a distance from each other is
to be particularly noticed. 'This does not arise from their being attracted to the
poles, but from the compound being decomposed at each pole, the electricity pro-
ducing a like effect at every part of the compound through which it passes, so
that a series of combinations and decompositions take place throughout the sub.
stance acted upon between the poles. Thus if

ab- ab ab ab ab ab ab
represent seven particles of the compound ab, consisting of a and b, placed between
the poles of a galvanic battery, then the following arrangement is produced :
a. ba ba bha ba ba. ba’ b
This is the only explanation at all satisfactory which has been offered of the ap-
pearance of the elements of a compound at the different poles, often widely sepa-
rated from each other. !

386. Im numerous cases; the substances that appear at the different poles, are
the sSECONDARY, not the priMARY, PRODUCTS of electro-chemical decomposition,
being formed or disengaged by the primary products décomposing or combining
with some of the substances with which they come in contact as they are evolved.

387. Metals which have been connected with the positive pole of the galvanie
battery, have been observed, even when entirely removed from it, to have the
power of promoting combination : this was tried more particularly in reference to
the action of oxygen with hydrogen gas. On a careful examination of the causes
of this supposed electric action, it was found to depend dn the surface being tho.
roughly cleaned in the liquid in which they were immersed, and that similar effects
were produced when platinum, the metal preferred in these experiments, was care-
fully cleaned by sulphuric acid and Wwater. :

388. Bodies directly decomposable by electricity have generally been found to
consist of 1 equivalent of each element ; and in simple binary compounds this has
always been observed to be the case.

389. ¢ The chemical power of a current of electricity is in direct proportion to

" the absolute quantity of electricity which passes.”

390. The electricity which decomposes, and that which is evolved by the de-
composition of a certain quantity of matter, are alike. :

391. The quantity of electricity required for the decomposition of an equivalent
weight of a binary compound, consisting of 1 equivalent of each element, is the
same with that necessary to effect the decomposition of an equivalent quantity of
any similar binary compound.

392, The term ELECTRO-CHEMICAL EQUIVALENTS refers to the quantities of
substances separated from any compound by a given amount of electricity ; and
referred to a standard of comparison, they are found to approximate as nearly as
could be expected to the ordinary equivalent numbers.

393. The definite nature of electro-chemical action, and the correspondence be-
tween the chemical equivalents of bodies ascertained in the usual manner, and
from the quantity separated by a given amount of electricity, are equally novel
and important in the history of chemical science.

394. In pursuing his researches, Dr Faraday found it necessary to employ an
instrument, which he contrived with the view of measuring the quantity of elec-
tricity produced, and employed in different experiments. Having shewn that the
chemical decomposing aetion of a current of electricity is constant for a constant
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quantity, however variable in its course, in its intensity, and in the nature of the
poles and conductors employed, water was chosen to indicate the strength of the
current passing through it by the quantity decomposed, being acidulated with sul-
phuric acid to make it a better conductor. The apparatus employed consists of a
vessel containing the fluid, in which two wires or plates of platinum are intro-
duced, placed at a little distance from each other. The wires heing connected
with the galvanic battery, so as to form part of the circuit, the quantity of water
decomposed at the same time that other effects are produced by passing the elec-
tricity through different substances in another part of the circuit, affords an ex-
cellent standard of comparison. The instrument is termed the VorTa ELEcTRO-
METER.

395. Dr Faraday has introduced the following new terms, to save circumlocu-
tion, and express more specifically than he could with those now in use many of
the circumstances attending electro-chemical decomposition.

$96. ErecrropEs, from sicxrger and 232, a way, used instead of poles, as they
are regarded merely as the doors by which eleetricity passes; they are the boun-
daries of the decomposing matter in the direction of the electrie current.

397. ANODE, &vx, upwards, and e3e;, a way ; that part of the surface of a decom.
posing body which the electric current enters; the part immediately touching the
positive pole. ;

398. CATHODE, zarx, downwards, and +3.; ; that part of the decomposing body
which the current leaves; the part next to the negative pole.

390. ELECTROLYTES, nisxrpor and Ave, [ separate; a body which can be decom-
posed directly by electricity. FErecTroryzep means electro-chemically decom-
posed.

400. AN10N, ey, that Which goes up; a body which passes to the positive pole,
to the anode of the decomposing body, as it is separated by electricity.

401. CaTION, xz7iov, that which goes down; a body that passes to the negative
pole, Lo the cathode of the decomposing body, Ioxs signify anions or cations.

Sger. VI.  Effect of Electricity on Animals.

402. Electricity has a powerful effect upon the animal economy, producing in-
stant death when in great intensity, as a flash of lightning, or acting merely asa
gentle stimulus, when applied in minute quantity.

403. If any individual stand upon a stool supported on glass feet, that he may
be insulated by a non-conductor, and touch the prime conductor of the electrical
machine, electricity will then accumulate in him, and a spark may be obtained
from him by any conducting substance, in the same manner as from the prime
" conductor itself.

404. When an electric shock is to he communicated to any part of the body, it
must be made the medium of communication between the positive and negative
poles of the battery—it must form part of the circuit through which the electrici-
ty passes. Metallic rods, brass chains, and the common electric discharger, are
of much use in making the necessary connections.

405. Galvanic electricity having much less tension than that produced by the
electric machine, will not pass through the dry cuticle ; it must be moistened with
a saline solution, or very dilute acid.

406. When it is necessary to pass a strong galvanic current through any part
of the body, it may be often advantageous, as Mr Kemp suggested, to avoid the
shock which is usu:.l.il'.r communicated on making or breaking the cireuit. For
this purpose, the connection having been made between one pole of the hattery
and one extremity of the part through which the electricity is to be passed, Mr
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Kemp recommends a metallic plate or ball, terminating in two wires, tv be em-
ployed in completing it. The plate or ball being placed on the other extremity
of the part alluded to, one of the terminating wires is made to touch the pair of
plates next to the pole of the battery first connected ; while this connection is
maintained, the other wire is moved beyond it, and then the first lifted past it
again, taking care always to maintain the connection with one wire while the
other is moved forward to include an additional number of plates. In this man-
ner, not only is the first shock avoided, but also the second, if care merely be
taken that the wires shall be moved back in the same manner as they were ad-
vanced.

407. Electricity acting so powerfully on the system, is used with advantage in
numerous diseases of a paralylic nature, and also in cases of suspended animation.

408. Even for some time after death, the muscles are powerfully affected by it,
and thrown into the most violent convulsive movements.

* Professor Daniell has lately constructed a very ingenious and useful galvanic battery,
in which, by a series of syphons, the charge can be continually renewed! without disturbing
the apparatus, a small quantity of fluid dropping constantly into each syphon, and displacing
an equal bulk of the former charge. He has termed it the Coxsraxt BatTERy.



PART 1II.

CHEMICAL HISTORY OF INDIVIDUAL
SUBSTANCES.

DIVISION 1. INORGANIC BODIES.

CLASS I. NON-METALLIC SUBSTANCES.

CHAP. 1. OXYGEN.

409. OxyGEN, from sfes, sour or acid, and yswew, I produce. When this name
was given, all acids were believed to contain this element: numerous exceptions
have since occurred. Old Names.—Vital, Empyreal, and Dephlogisticated Air.

410. Symb. O, or a dot repeated as often as there are atoms of oxygen.—Eg.
8 by W, and = by V.—8p. gr. L.111.— W, of 100 c. i. 33,888 grs.—Water, 100 ¢. i.
absorb 3.7 of oxygen.

411. Gaseous, transparent, colourless, inodorous, uninflammable, supports com-
bustion brilliantly ; its compounds, when nol acid, are termed oxipgs; the in-
gredient combining with oxygen is said to be ox1mizED, or oX1DATED ; the pro-
cess is called oxipaTioN. DEoxIpaTioN signifies the separation of oxygen.

412, Oxygen is the most abundant of the elements, forming upwards of one-
half of the globe ; it exists in air, water, most earthy substances, and in almost
all the products of the vegetable and animal kingdom.

413. The principal 0X1DATING AGENTS are air, water, oxacids, and salts con-
taining them, as nitrates and chlorates. The principal DEoXIDATING AGENTS
most generally used are carbon, hydrogen, phosphorus, and potassium ; other in-
flammable metals are also employed.
 dld. Prepared commonly from oxides, or salts of nitric or chloric acid. Per-
" oxide of manganese, peroxide of mercury, nitrate of potassa, and chlorate of po-
tassa are the compounds generally used.

416. PERroxIDE oF MaNGANESE 44, = oxygen 16 + manganese 28 ; 40 of sul-
phuric acid (49 agqueous acid are used) discharge 8 of oxygen by heat. Bulphate
of manganese, consisting of the acid and 36 oxide, remain in the glass retort used.

Fig. 2.

Materials Products.
: Oxygen | ol 8 Oxygen.
44 Peroxide, Protoxide 36.__
40 Sulphuric Acid,......... 40__""——_76 Sulphate of Manganese.

:Mné&:iS = i85 Mn&O.

Carbonic acid, from carbonate of lime mixed with the peroxide, is often evolved
at first from bad manganese, and a burning taper is extinguished by this gas, but
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burns brilliantly when the oxygen is pure. An excess of acid facilitates the ex-
pulsion of the oxygen.

416. For large quantities of oxygen, the peroxide alone is heated to redness in
iron bottles: 88 (44 x 2) give 8 of oxygen, deutoxide of manganese remaining —
oxide 36 + peroxide 44 = 80.

Fig. &

Materials. Products
o Oxygen... 8................. 8 Oxygen.
3
44 Peroxide Protoxide 36
44 PEmXil]E...u.uu.-uu..... 44 __._....:_‘.__'__- Bﬂ Dfutﬂxidl‘.-

. 2:Mn = : Mn*&0.

417. PErRoxipE oF MERCURY, 216 = oxygen 16 + mercury 200. All the
oxygen is detached by heating it in an iron bottle. The mereury is distilled-
:Hg = Hg& O

418. NrrraTE oF Porassa = acid 54 + potassa 48. Heated in an earthen or
iron bottle, part of the oxygen is expelled after it is melted ; compounds of potas-
sa with various proportions of oxygen and nitrogen remain ; their precise composi-
tion is uncertain. By long continued heat potassa alone is left; corroding in gene-
ral the vessel in which it is heated. The first gas evolved is the purest; much
nitrogen is associated with the oxygen ultimately disengaged.

4]'] CaroraTE oF Portassa = chloric acid 76 + potassa 48 = chlorine 36 +
potassium 40 + oxygen 48. :iCl'K = CIK&O°. By heat all the oxygen is ex-
pelled both from the chloric acid and the potassa: chloride of potassium 76, re-
main. = This salt gives the purest oxygen.

420. If oxygen gas be perfectly pure, 8 by W, = o by V, is enhrei} condensed
by hydrogen 1 by W, = [J by V, on the application of heat or sp:mg} platinum.
See Hydrogen, 439.

421. Oxygen is largely consumed in numerous natural and artificial operations,
as regpiration, combustion, vegetation, and the preparation of oxides, many acids,
salts, and other compounds. There are few processes to which it does not contri-
bute,—during eombustion communicating -the heat required, entering into-thé
new combination, or otherwise taking a part in the action.

422, CompusTioN, or the evolution of heat and light during chemical actmn,
very frequently attends the combination of oxygen, which has hence been called
4 SUPPORTER OF COMBUSTION, a term now used in a very general sense, and.ap-
plied to any substance with which another can evolve heat and light by chemical
action. At one time it was believed that no inflammable could burn without oxy-
gen. This opinion is no longer tenable, but in all ordinary cases, as in the com-
bustion of coal, coal-gas, cil, and other common inflammables, the oxygen of the
air combines with the inflammable body. Formerly Stahl imagined that all com-"
bustible bodies contained a peculiar matter, which he termed rurnocisTox, the
phenomena of combustion being produced as it is disengaged. He overlooked the
influence of the air, which Lavoisier pointed out, who proved that it was in part
consumed, that the inflammable gained as much as the air lost, that oxygen was
the ingredient removed from the air by the burning body, and that it resumed its
original character, and was again inflimmable whep the oxygen was separated
from it.

423. Many inflammables, as phosphorus, coal, and oils, can combine with oxy-
gen at a less elevated temperature than is necessary for a rapid combustion. This
sLow comBUsTION is often attended with the evolution of light visible in the
fdark only ; and when the air has sufficiently free access, and is not carried too ra-
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pidly away, it often terminates in ordinary combustion. Numerous accidents are
attributed to this source.

424. The source of the heat and light produced by combustion during the new
arrangement of the particles of the combining substances, has not been satisfacto-
rily explained.

CHAP. Il. HYDROGEN.

4256. HyprocEN, from udsg, water, and pemew.  Old name—Inflammable Air.

426. Eq. Kby W, O by V.—Sp. gr. 0.0694.—W. of 100 c. i. 2.116 grs.—Water
746 c. i. dissolve about 1 of hydrogen. -

427. Gasegus, transpavent, colourless, the lightest of the Eimnents, inflammable,
does not suppurt cembustion nor respiration. During combustion, hydrogen 1 =
[J, combines with oxygen 8 = o=, and forms water 9 = [J, estimating it in the
state of vapour.

428. Hydrogen burns in contact with oxygen only when heated ; if mixed pre-
viously with the oxygen requiredy or with air containing as much exygen, H=
measures, it takes flxe'with explosion on the a]}pmai.h of flame : an excess of either
ingredient diminishes «the explosive violence; it is most violent with the pure
gases. The electriospark, sudden and pewerful compression, several metals in a
minute state of division, more especially spongy platinum, or a plate of thin metal
extremely clean, explode the mixed gases. At a less elevated temperature than
that produced by flame, with the gaseous mixture rarefied by a diminution of
pressure, or by diluting it with either of the gases in excess, there is no explosion,
a slow combustion ensues.

429. Doebereiner discovered the power of platinum in a minute state of division
of inflaming hydrogen mixed with air; the platinum absorbs a large quantity of
gas, heat is evolved, the metal becomes incandescent, the gas is inflamed.

430. During combustion a pale looking flame appears, but if an explosive mix-
ture be compressed to halfits volume, and then inflamed, a brilliant light is seen.
Much heat is evolved as hydrogen burns: By the combustion of 1 of hydrogen
320 of ice can be melted. (Dalton.)

431. In the OXYHYDROGEN BLOWFIPE, a stream of hydrogen being supplied
with pure oxygen as it escapes from the nozzle of the apparatus, a most intense
heat is maintained with great facility. Dr Hare contrived this powerful instru-
ment : modifications have since been proposed by Newman, Wollaston, Gurney,
and others. In these the gases are mixed in the same vessel. In that by Hem-

‘ming, which is preferred, instead of passing the gas through oil, water, or wire.
gause, it escapes through a safety tube, 6 inches long, filled with fine brass-wire
in length, packed as closely as possible, and fixed in their position by forcing
amengst them a pointed metallic rod. The gases escape between the wires in the
tube. Such precautions are necessary to prevent explosion from the return of the
flame into the reservoir. When the instrument is made on a large scale the gases
are not mixed, but kept in separate vessels until they are introduced into the noz-
zle, from which they escape.

432. Professor Daniell hds latelv recommended a new jet, where a stream of
oxygen is introduced into the interior of a stream of hydrogen ; he has found it
very useful.

433. Hydrogen, though extensively nistrisuTED through the globe, is not
nearly so abundant as oxygen ; it forms 1-9th of the water of the globe, and is
found in almost all the products of the animal and vegetable kingdoms. Water
is the great source of hydrogen for experimental purposes,
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434. Hydrogen is always rrRErARED from water when required in a state of pu-
rity. If watery vapour be transmitted over iron-turnings heated to redness, iron
28 decompose water 9; 1 of hydrogen is disengaged, and 36 oxide of iron formed
as the iron unites with oxygen, the other element of the water. Fe&'H =
‘Fe&H.

435. Hydrogen is more conveniently procured by mixing iron or zine with wa-
ter and sulphuric acid ; 40 of acid + iron 28 + water 9, give 1 of hydrogen and 76
of sulphate of iron, the latter consisting of 40 acid and 36 oxidated metal.

Fig. 4.
Materials. Products.
9 Water gydmgen | R —1 Hydrogen.
xygen... 8.__
BF ID0H s coavsmnnvarinahs 28~

40 Sulphuric Acid .. -111____"“_::-‘—.‘23...?{; Sulphate of Iron,
FedH&:S = 8- Fe&kH.

Much more water must be present than is necessary for decomposition, otherwise
each little mass of metal is soon covered with a crust of sulphate, and the process
stops. The additional water dissolving the sulphate, as it is produced, leaves the
metal brilliant and ready to decompose more water. About 7 or 8 parts of water
by bulk to 1 of acid are generally used.

436. Zinc 34 produce the same effect as 28 of iron, decomposing 9 of water,
taking 8 of oxygen and separating 1 of hydrogen. The same quantity of acid is
also required, and a corresponding quantity of sulphate of zine pmdueed consist-
ing of 42 oxide + 40 acid = 82. :S&'BH&Z = i8-Z&H. ‘-.

337. In both cases a small portion of black matter is separated from the metal, <
and floats undissolved in the excess of fluid : charcoal is the principal ingredient
from the iron. During the preparation of the gas by this process; considerable
heat is produced, both during the mixing of the acidwith the water, and the so-
lution of the metal. The solutions of sulphate of iron and sulphate of zinc give
crystals on cooling when they are concentratéd.

438. The hydrogen, as at first prepared by these pmfesses, and more especially
by the iron, has often a disagreeable smell, from the presence of minute quantities
of sulphur, carbon, or other substances.

439. Pure HyproGEN condenses exactly half its bulk of oxygen, when deto-
nated with it by the electric S-l'lil.l‘l'.i, or subjected to the action of spongy platinum.
In conducting this operation, a given bulk of hydrogen is introduced into a tube
filled with mercury, and resting on the mercurial trough ; an excess of oxygen
being added to it, the platinum ball is introduced ; an excess of one of the gases
is necessary to prevent explosion. Two-thirds of the amount of condensation in-
dicate the bulk of pure hydrogen. '

440. Hydrogen is much emploved in numerous chemical experiments, especial-
ly as a deoxidating agent, and for the production of intense heat in the oxyhydro-
gen blowpipe. From its great levity it is thl: best material for filling balloons.

Seer. 1. Water or {}.m-:fs of Hydrogen.

441, Symb. *H = oxygen 8 + 1 hydrogen.—Eq. 9 by W, ] by V.—8p. gr. 1,
being the standard of comparison in estimating the specific gravities of solids and
liquids. About 828 times heavier than air; W. of 100 c i. at 62, bar. 30 =
252.458 grs., boils at 212° barometer being 30, expanding to 1696 times the vo-
lume it occupies at 39.38°. Compounds termed HYDRATES or AQUEOUS COMBI-
NaTroNs.—For its relations to caloric see 150, 152, 184, &c. Refracts light power-
fully ; conducts electricity imperfectly.
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442. Transparent, colourless, inodorous, tasteless, compressible by great pres-
sure,

443. As a chemical agent, distinguished by extensive range of combination,
power of solution, being the medium of combinations and decompositions, so nu-
merous, as to be connected with the greater number of the phenomena of nature
and art. In these a part is frequently decomposed, its elements forming new
compounds ; it is, on the other hand, formed by numerous compounds as they de-
compose each other.

444, Metallic oxides and compounds of hydrogen, when they decompose each
other, almost invariably produce waler and a new metallic compound, as when
sulphureted hydrogen and oxide of lead form sulphuret of lead and water. Again,
metallic compounds, not oxides, when they decompose water, generally produce
a metallic oxide and a new compound of hydrogen, as when sulphuret of iron de-
composes water, forming oxide of iron and sulphureted hydrogen.

445. Water absorbs a number of gases. The follewing Table has been drawn
up principally from the experiments of Dalton, Henry, and Saussure :—

Water Water
Ciases. 104 c. i. absorh Gases. 100 c. 1. absorb
Sulphureted hydiogen 253 vols Oxygen . . 3.7 vols.
Carbonic oxide . 100 Hydrogen . : 1.56 7
Nitrous oxide . e Nitrogen e T 1567
Olefimtgas . . 125 Carbonic oxide . 1.56 2

The numbers representing the absorption of the last three gases are considered
by some chemists rather low : Saussure-made them as high as 4 and 6, but his es-
- timate was too high. In making experiments of this kind, recently boiled water

must be employed.

446. The quantity of gas absorbed by water is, according to Dr Henry’s expe-
riments, proportional to the pressuré. The bulk of gases being also proportional
to the pressure, the law may be stated in these terms : — Water always absorbs the
same BULK of gas, whether it is subject to the usual or to an inereased pressure ; for ex-
ample, the pressure being doubled, the weight of gas ahsorbed is also doubled ;
but, previously to this, the pressure applied will have diminished its bulk to one.
half, so that the volume absorbed is exactly the same as at the ordinary pressure.

447. Water absorbs oxygen and nitrogen from the air, condensing more oxygen
than nitrogen. Dalton has maintained that water absorbs the same quantity of
gases in a mixed state, which it would do were they separate.

448. Water charged with air becomes turbid when salts are dissolved in it, the
-air escaping in very minute globules, which rise slowly to the top. All common
water contains air. .

449. Water is also found in all air obtained at the surface of the earth. It is
separated most effectually from any given quantity of air, by including it in a jar
over a mercurial trough with chloride of calcium. Sulphuric acid is much used
for the same purpose.

450. Water is never met with absclutely pure in nature, being always charged
more or less with impregnations from the air, or various animal, vegetable, anil
mineral substances, with which it may bave come in contact.

451. Pure water for chemical solutions, tests, &c. must be prepared by distil-
lation ; the first portions are rejected, being frequently mixed with air. Glass
vessels are necessary for distillation only in very delicate experimental investiga.
tions. Distilled water, which does not redden litmus, gives no precipitate with
muriate of baryta, nitrate of silver, or oxalate of ammonia, may be considered fit
for all ordinary purposes where distilled watcr is required, as these tests would
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detect any of those matters usually dissolved in common water, should the distil-
lation have been conducted in an imperfect manner.

452. Rarx-water and syow collected at a distance from town, and where t]:ey
cannot be exposed either to dust or vapours which they might absorb, are the
purest natural waters.- Even these, however, must be boiled, to expel air and car-
bonic acid, before they can be substituted for distilled water in wvarious. experi-
ments; und occasionally, more especially after lightning, they have heen found to
contain minute quantities of nitric acid. \

453. Srrive waTeRr having flowed in contact with various ruf.l-rs ami n:tmerﬁls

more or less soluble, contains in general earthy salts in solution, in addition to a -

variable proportion ‘of gases. These give it a more grateful taste than distilled
water, which is very insipid ; when the impregnation of foreign matter is S0 great
as to prevent it from being used for domestic purposes, it is termeda MINERAL
waTER. RiIvER waTer belongs to the same class as spring water. WEeLL wa-
TER, and the water of lakes, and ponds is generally more contaminated with foreign
matter ; while in marshes it is loaded with putrescent vegetable remains.

454. Harp warer owes its peculiar properties, in general, to earthy salts-
Some kinds are much improved by boiling, as those charged with lime retained in
solution by excess of carbonic acid; the heat expelsthe excess, and the lime with
the rest of the carbonic acid is precipitated. On other occhsions the addition of
carbonate of soda or carbonate of potassa is advantageous, the alkali (foda or po-
tassa) uniting with any acid matter forming part of the saline ingredients of the
water, and preventing them from decomposing soap and other substances.

455. When water has acquired an offensive odour, this may generally be re.
moved by filtering it through sand and charcoal. Casks charred in the inside are
frequently employed for preserving water on long voyages. - Inox Taxnks have
been lately used for the same purpose. Leaden vessels are ‘dangerous, being fre-
quently much corroded, and: communicating an impregnation to the water,—See
Lead. "

Secr, I1. Binoxide of Hydrogen. B

456, Symb. :H = oxygen 16 + hydrogen 1.—Eq. by W. 17.—Sp. gr. 1.462.—
Synon, Peroxide of hydrogen, oxygenated water.

557. Liquid, transparent, colourless, inodorous. Slowly decomposed by lght 5
effervesces from esgape of oxygen, at the temperature of 59°, water being left, and
with explosion at 212°. Many metals in a minute state of division, and metallie
vxides, pmﬂur:e the same EifELt but some metals, and oxides having a great at-
{raction for oxygen, as potassium and oxide of tin, combine with this element as it

w WA

is separated from the water. Oxides which are reduced by a red heat are also res .

duced in contact with it, as those of gold, platlnum, and silver.

458. The addition of water and some acids give more permanency to this com.
pound, and acid compounds were formerly described, similar in many respects to
oxygenated water, but they are now regarded as compounds of oxygenated water
with the aeid.

459. Thenard prepared this interesting compound in the following manner:—
Baryta is charged with oxygen till binoxide of barium is formed, which is dis-
solved by muriatie acid, diluted with 10 parts of water. By sulphuric acid the ba-
ryta is precipitated-as sulphate of baryta, the oxygen combining with a portion of
the water, and forming binoxide of hydrégen, which remains with the rest of the
water and muriatic acid. This is repeated till the water shall have taken up about
25 times its bulk {}F;Il gen.  On adding sulphate of silver to the liguid (which

-
o
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contains water, binoxide of hydrogen, and muriatic ac¢id), the oxide of silver in the
sulphate removes the muriatic acid, which is replaced by the sulphuric acid of the
sulphate. Baryta is then added to precipitate the sulphuric acid ; and the water
still associated with the binoxide, is removed by evaporation in an exhausted re-
ceiver, a plate with sulphuric acid having been introduced to condense the watery
vapour, The minute details necessary to insure the success of the process are
gwen by Thenard in his Traité de Chimie.

CHAP. ITI. NITROGEN.

. 460. Name derived from nitrates, compounds of nitric nfltlgr‘l;?-% it is an
element.—8ynon. Azote, from « privative, and Zws, life

461. 8ymb. N.—FEg. 14 by W. and {J by V.—Sp. gr. .0722._W. of 100 ¢. i.
29.652 grs.—Water 100 c. i. absorb about 2.

462. Gaseous, transparent, colourless, inodorous, uninflammable, incapable of
supporting combustion or respiration.

46i3. Berzelius has entertained the idea that nitrogen is a compound, but no ex-
perimental evidence has supported his ppinion. Mercury subjected to galvnniam
in compounds containing nitrogen, as the muriate of ammonia, increases in size,
appareptly by theaddition of metallic matter ; but minute examination has proved
that the increased bulk depends on its mechanical admixture with ammonia and
hydrogen. ;

464. Nitrogen forms 4-5ths of atmmph&m air by bulk; it is found in two or
three mineral substances, as coal and nitrates, in few vegetable principles, but
abounds in the products of the animal kingdom.

465. PrerareED commenly by burning phosphorus in a jar of air, placed over
water. Air = nitrogen 36 + oxygen §; the phosphorus combining with the oxy-
gen ﬁ;rp'lsmn-ncid which the water removes. The nitrogen retains a very minute
pqrtum of the phosphorus, which may be removed, if required, by a solution of
potassa.

466. A mixture of sulphur 1 + iron-filings 2, when moistened and gently heat-
ed, and water in which lime and sulphur have been boiled, are also used to remove
oxygen from air. Nitrogen may be prepared from fibrine by diluted nitric acid.
= Bee Fibrine. .

Secr. 1. Oxide of Nitrogen. -

467. Symb. *N = nitrogen 14 + oxygen 8.—Eq. 22 by W, [0 by V. —Sp ar.
1.527.—Water 100 c. i. absorh 76.—Condensed into a liquid by a pressure of 50
agmospheres at temp. 45°.—Resolved by a bright red heat in a porcelain tube in-
to oxygen, nitrogen, and nitrous acid.—Synon. Protoxide of Nitrogen, Nitrous
Oxide. .

468. Gaseous, transparent, colourless, odour slight, taste sweet, supports conr-
bustion much more brilliantly tham air; sulphur burns in it with a distinet rese
tint. It detonates with an equal bulk of hydrogen. In these experiments the
nitrogen is separated ; occasionally binoxide of nitrogen and nitrous acid are pro-
duced.

469. Acts powerfully on the animal economy when inhaled from a bag, as Sir
H. Davy discovered. Much excitement is produced, accompanied by a rapid suc-
cession of vivid ideas; a rather agreeable sensation is perceived in the chest, fol-
lowed by an irresistible pmpeﬁaitr to laughter and muscular exertion. The ex-
umnun 1.5 s0 grmt when mur:]l is taken, tlmt assistants ﬂhmlkld always ht* ready in

. arig : .
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case of accident. 'The sensations it produces are highly pleasing in general ; occa-
sionally the reverse is observed ; headach, and even fainting, are sometimes pro-
duced. The effects are very transient, seldom continuing in full force above from
1 to 3 minutes. They are said to be more easily produced each succeeding trial ;
this depends, in many instances at least, on its being inspired in a more perfect
manner. Another peculiarity is, that the excitement is nol accompanied by any
corresponding depression, when there has not been great muscular exertion.

470. PrepareD from nitrate of ammonia by heat. 71 of this salt = 54 nitric
acid 4+ 17 ammonia. But 54 acid = nitrogen 14 + oxygen 40, and 17 ammonia
= nitrogen 14 + hydfogen 3, therefore 71 nitrate of ammonia = 28 nitrogen + 3
hydrogen 4 40 oxygen = 44 oxide of nitrogen and 27 water, or 2 atoms of oxide
of nitrogen and 3 of water.

F [} r.l
Before Diecomposition. S Products,
Ox. 8--oooeoee522 Protoxide of Nitrogen.
Ox.  Bevenmn’22 Protoxide of Nitrogen.
Nitriec ) Ox.. 8. -”'

b8

Acid 54 | Ox. H %

Nitrate of T
71 grains. Nlt' ] 4 e ‘x“uﬁ
- Ammo- ) Hyd. L;"_E»._aq.aﬂl Water.
nia17 ) Hyd. 1-———— 5029 Water.
< Hyd, l-———- ~—af) Water.

Symb. :iIN+NH? = 2-N&3-H.

471. Nitrous oxide is not obtained from the nitrate of ammonia till it has been
freed in a great measure from the water of crystallization by fusion, and heated to
a temperature between 400° and 500°.

Secr, 11, Binowide of Nitrogen.

472. Symb. :N = nitrogen 14 + oxygen 16.—Eq. 30 by W, 1] by V.—Sp.
gr. 1.0416.—W of 100 ¢. i. 31.77 grs.—Synon. Deutoxide of Nitrogen, Nitrous
Gas, Nitric Oxide.—Decomposed by a red heat in porcelain tubes.

473. Gaseous, transparent, colourless; it cannot be respired, producing ruddy
fumes of nitrous acid when mixed with the air, by combining with its oxygen ;
with pure oxygen, still more dense vapours are seen. Few inflammables burn
in it, but phosphorus, at an elevated temperature, burns with great brilliancy.
With an equal bulk of hydrogen, a silent combustion ensues on the application of
heat, and a bluish flame appears. Solutions of sulphate and muriate of iron ab-
sorb it rapidly, and become dark.

474. Nitric, nitrous, and hyponitrous acids, may all be formed by the action of
this gas on air or oxygen ; the nature of the produets is influenced by the size of
the vessel in which they are mixed, the presence of moisture, the proportion of
the gases, and numerous other circumstances, When the experiment is made in
jars over water, all the acid matter is immediately condensed. According to Gay
Lussac, when the binoxide is added in excess to the air, or other gaseous mixtures
containing oxygen in a wide vessel over water, the same products are always
formed, and the amount of condensation, divided by 4, expresses the quantity of
oxygen in the air or mixture under examination.

475. PrEParED from aqueous nitric acid, diluted with from 2 to 3 times its
bulk of water, by the action of copper or mercury, heat being applied, when the
gas is disengaged very slowly. Nitric acid 54 = nitrogen 14 + oxygen 40;
16 of oxygen being left with the 14 of nitrogen produce the gas, the remaining
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oxygen combining with the metal. Kach eq. of metal takes 1 eq. of oxygen, so
that 3 egqs. of metal are required for 1 eq. of acid decomposed. Farther, 3 eqs. of
acid must be employed which are not decomposed, combining with the oxidated
metal, and forming a salt, which remains in solution. 4:iN&3Cu = :N&
3:iN-Cu)

476. Nitric oxide is produced in numerous chemical operations when nitric acid
is decomposed ; it was employed much at one time in eudiometrical experiments.

Secr. 111, Hyponitrous Acid.

477. Symb. iN = nitrogen 14 + oxygen 24.—Eq. 38 by W.—Formed by conl-
ing a mixture of oxygen and nitrogen gases. Its existence was inferred from the
action of a solution of potassa on nitric oxide mixed with oxygen in the requisite
proportions, when they are entirely condensed. If an acid be added to separate
the potassa, the hyponitrous acid is immediately decomposed, one Eq. gains oxy-
gen from another, and is converted into nitrous acid: that which loses oxygen
becomes nitric oxide. Liquid, green, very volatile, colourless, at 0°

Secr. 1V, Nitrous Aeid.

478. Symb. ;N = nitrogen 14 + oxygen 32.—Eq. by W, 46.—Sp. gr. of va-
pour 3.19.—W, of 100 c. i. 97.417 grs.—Rapidly absorbed by water. Liquid,
orange-yellow colour, sp. gr. 1.452, volatile, boils at 82° decomposed by a red
heat; acid taste, pungent odour; vapour transparent, deep orange-red colour;
supports combustion brilliantly.

479. Nitrous acid poured into water is immediately decomposed, nitric oxide is
disengaged, and the fluid acquires a greenish colour; on continuing the addition,
each successive portion undergoes decomposition less and less, till at last no far-
ther change takes place ; binoxide of nitrogen is disengaged during these changes,
while nitric and hyponitrous acids are also produced. The nitrous acid becomes
olive-green, bluish-green, and ultimately transparent and colourless by the a&dl-
t.mn of successive portions of water.

480. Nitrous acid is much uged as an oxidating agent, more especially when
mixed with nitric acid, being often prepared along with it.

481. PrEPARED in the liquid form by distillation from nitrate of lead ; the ni-
tric acid is decomposed, part of its oxygen left with the lead ; the mtruusamd va-
pour must be condensed in a receiver kept very cold.

482. PrEPARED in the gaseous form, by mixing 2 measures of binoxide with 1
of oxygen in an exhausted receiver; jars over water or mercury cannot be used :
‘water promotes the production of nitric aeid, and mercury takes oxygen from ni-
trous acid.

Secr. V. Nitrie Aeid.

483. Symb. :iN = nitrogen 14 + oxygen 40.—Name of compounds, Nitrates.
—Has not hitherto been procured in an insulated form; the various compounds
usually referred to under this title being combinations of the acid with water.

484. S}*mh. of aqueous nitric acid, 2H+:iN = water 18 + acid 54 = 72.—
Sp. gr. 1.48. _Transparent and colourless when pure; often straw or orange-co-
loured, from nitrous acid in combination ; fuming ; very acid and corrosive ; boils

below 240°. Decomposed when passed in vapour through a red-hot tube, being -

resolved into oxygen and nitrogen, or compounds of these gases. Light resolves a
portion slowly into nitrous acid and oxygen.
485. When coloured hy nitrous acid, heat expels it, and the acid becomes co-
lourless.
n 2
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486. The specific gravity of nitric acid varies according to the water combined
with it. 'When 1.5, it contains 79.7 per cent. of acid ; and Dr Thomson has calcu-
lated that, with a specific gravity of 1.55, it would consist of 54 acid + 9 water ;
acid of this strength is procured with much difficulty. The following Table by
Dr Thomson, shews the specific gravity of acid of different strengths :—

Specific Acid in ~ Atoms of Atoms of Specific Acidin  Atoms of Atoms of
gravicy. 100 parts.  Acid. Water. gravity. 100 parts.  Ackl. Water.
1.4856 T5.000 1 2 1.3032 40,000 | 9
1.4546 G6.6G8 1 3 1.2844 $7.500 1 10
1.4237 G0.000 1 4 1.2656 35,204 | 11
1.3928 54.545 1 5 1.2495 32.574 1 12
1.3692 50.000 1 H 1.2334 31.579 1 13
1.3456 46.260 1 7 1.2173 0000 1 14
1.3220 42,857 1 i 1.2012 28,571 1 156

487. Acid of sp. gr. 1.42 boils at 248°, rises in vapour without change, and con-
geals at —41°; ; stronger becomes weaker, and weaker becomes stronger, by boiling.

488. Nitric acid combines in all proportions with water, producing heat. Pour-
ed upon snow it melts it rapidly, producing great cold.

489. Nitric acid is a powerful oxidating agent, communicating large quantities
of this element in numerous cases with great facility. Inflammables, most me-
tals, and numerous animal and vegetable matters, act rapidly with it, more espe-
cially if heated ; nitrous acid, nitrous and nitric oxides, and nitrogen, are often
disengaged in various proportions, sometimes with explosive rapidity. Combus=
tion is also observed at times when the strong ruddy acid 1s puurer.l upon mﬂam
mables.

490. Nitric oxide in contact with colourless nitric acid is qumkhr absurhed, pro-
tlucmg successively a straw, orange, olive, green, and greenish-blue colour. Ni-
trous and hyponitrous acids are produced as the acid is deoxidated.

491. PrEranaTiON.—Nitrate of potassa or nitre, a native compound contain-
ing nitric acid and potassa, is generally used, along with aqueous sulphuric acid,
= water 9 + acid 40. Aqueous sulphurie acid 98 (2 eqs.) decompose completely,
nitre 102, = 54 nitric acid + potassa 48. The uitric acid is distilled from a
glass retort, and condenses in the receiver with the greater portion of the water ;
a small portion remaining in the retort with the bisulphate of potassa, formed by
the combination of the sulphuric acid and potassa.

Materials Decomposed. rioihi Products.
Water e 72 Aqueous Nitric Acid.
98 Aqueous Sulphuric ) Water
Acid ..veeevenen. JDry Acid 4
Dry Acid -10!
. Nitric Aeid 54
192 Nitrate of Fotame {Potassa 4 128 Bisulphate of Potassa.

Symb. :IN-K&2-H:S = 2i854+ K&2-H4::iN. :

492, Less sulphurie acid is sufficient to expel the nitric acid, but a higher tem-
perature being then required, a portion is apt to be resolved into nitrous acid and
oxygen. The London and Dublin Colleges recommend nearly the same propor-
tions, viz. equal or nearly equal weights of aqueous acid and nitre. According to
the Edinburgh College, less acid is used, two parts only being taken with three
of nitre; in this case, the saline matter in the retort consists of sulphate and bi-
sulphate of potassa ; much nitrous is mixed with the nitric acid.

493. The Aava vortis of commerce is prepared from nitre and diluted sul-
phuric acid and is less concentrated.
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4. The diluted acid of the
Edinburgh College consists of equal weights of their acid and water,
London ..c.viviniessneninnsinnan. 1 measure acid + 9 water,
Duhlin st giide i comeamtine Bodii. asrmics b b i

495. Minute quantities of nitric acid have been formed by passing the electric
spark through the air.

496. Tests.—The best test is morphia, as proposed by Dr DShaughnm}',
which produces a yellowish tint, succeeded by a bright orange-red colour, passing
ultimately to a pale yellow. Zincand many other metals, as copper and mercury,
produce reddish fumes on adding a little water. When in the form of a nitrate, a
little sulphuric acid must be added to detach the base before the tests will act.
Gold-leaf mixed with muriatic acid has been much used as a test, the gold being
dissolved on adding a little nitric acid ; but chloric and bromic acids producing the
same effect, it cannot be relied on.

497. Contaminated with sulphuric acid, baryta gives a white precipitate of sul-
phate of baryta. Chlorine is detected by nitrate of silver, chloride of silver being
precipitated. No precipitate occurs in either case, if the acid be pure and di-
luted previously with water. If the precaution of diluting the strong acid be
omitted, it will take the water holding the test in solution, and precipitate the
test itself, even though no impurity be present.

408. Nitric acid is much employed in oxidating processes, in the preparation
of many acids, aqug regia, and as an escharotic. In some cases it acts feebly, un-
less diluted with water. Diluted, it is used medicinally.

499. Nitric acid presents, in a very characteristic form, the properties by which
acips are distinguished. It has a sour taste, is very acrid and corrosive, neutra-
lizes salifiable bases, forming numerous salts. These compounds or nitrates are
soluble in water, erystallizable, have a cool taste, and deflagrate with inflammable

matter.

Secr. V1. Atmospheric Air.

600, Symb. *N* = nitrogen 28 4 oxygen 8.—Eq. 36 by W, = by V.—Sp.
gr. 1, being taken as a standard of comparison for gases.—W. of 100 c. i. 30.5 grs.*
at 60° F. and 30 Bar. It is nearly 828 times lighter than water. Constitution
discovered by Scheele and Lavoisier.

501. Besides oxygen and nitrogen, variable quantities of watery vapour are
found in the air. In hot climates, it amounts at times to 2 per cent. in weight,
and varies from that to 1-300th part in cold countries. Carbonic acid is present
‘in very minute quantities, the mean, according to Saussure, is 1 part in 2000 of
air, an estimate below those generally given ; at the surface of the ocean it is said
to be wanting. Numerous other substances must be present at different times in
the atmosphere, as odoriferous matters and carbureted hydrogen, but in too small
proportion to be detected. Muriatic acid has been detected, it is affirmed, in air
at the sea-shore.

502. T'he atmosphere is believed to extend tu a height of 45 miles, diminishing
in density as the elevation increases, and in temperature by 1 degree for Sty
300 feet it recedes from the surface.

503. Before the great uniformity in the composition of the atmosphere at all
heights and in all situations in the globe was ascertained, the salubrity of the air

i Dﬂltﬂu bas given 31 grs. as a nearer approximation, and Prout states it at 31.0117
" These numbers coincide so nearly, that 31 will probably soon be adupmd by all che-
:mal.!, if confirmed by suceeeding experiments.
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in any situation was considered proportional to the quantity of oxygen present;
the instrument used for ascertaining this was termed a EvnioMeETER. Instru-
ments of this kind are still employed for determining the quantity of oxygen in
various mixtures. -

504. Berthollet considered that the elements of the air are retained together by
chemieal altraction; the proportions being in unison with equivalent numbers
accords with this view.

505. Dalton maintained the opinion that they are merely mechanically mingled,
proved that gases mingle mechanically that have no attraction, and shewed that
even carbonie acid rises through a small tube into a bottle of hydrogen placed
above it, though 22 times heavier than hydrogen, a corresponding quantity of hy-
drogen descending into the carbonic acid bottle. This proves a power of DIFFU-
s1oN among the gases previously unknown. Dalton concluded also that particles
of the same gases repel each other, but that particles of different gases do not re-
pel one another, and that one gas acts as a vacuum to another, though they dif-
fuse themselves more slowly through each other than in a vacuum.

506. Mr Graham, in proseculing this subject, has ascertained that each gas has
a diffusive power or prrrusiveENEss peculiar to itself, which is inversely propor-
tional to the square root of its density, and has drawn up tables representing their
diffusive power, air being taken as a standard of comparison. In making his ex-
periments, he generally used a tube with the gas under examination, open at one
end, and closed with plaster-of-paris at the other, the diffusion taking place rea-
dily through the pores of this substance when moderately dry ; it also takes place
through membranes, small cracks in glass-vessels, and through numerous porous
bodies. From all these considerations, Dalton’s view of the constitution of the
air is now generally adopted.

607, The cuemicar actioN of air depends principally on the oxygen it con-
tains. Deprived of this it can neither support combustion nor respiration. The
manner in which the nitrogen acts, besides diluting the oxygen, has not been so
distinctly traced. The influence of the moisture and carbonic acid is very im-

ortant in numerous operations. .

508. The oxygen of the air is largely consumed in many chemical operations ;
it is believed to be replaced principally by the action of the leaves of plants on
carbonic acid, which in the sunshine absorb that gas and restore oxygen.

- Combustion of Hydrogen with Oxygen and with Compounds of Oxygen and Nitrogen.

a H&O = -‘H 1 eq. hydrogen & 1 eq. oxygen = 1 eq. water.

b H&N?= -H&NZL | 1eq hyd & 1 eq. air =1 eq. water + 2 eqs. nitrogen.
¢e. H&N = ‘H&N. |1 eq. hyd. &1 eq.nitrous ox. = 1 eq. 'water + 1 eq. N.
d. 2H&:N = 2ZH&N. | 2eq. hyd. & 1 eq. nitric ox. = 2 eq. water + 1 eq. N.

CHAP. IV. SULPHUR.

509. Symb. 8.—Eq. 16.—Sp. gr. 1.99. Melts at 216°, very fluid at 250°, viscid
at 450°, rendered a little thinner by more heat, sublimes at 600°; crystallizes on
cooling from the liguid state.

510. Sulid, of a yellow colour passing into an amber when melted, brittle, a
bad conductor of heat. Inthe form of minute crystalline grains, commonly called
FLOWERS OF SULPHUR, when sublimed ; waiTE when precipitated from solution
in water (see 540), a small portion of this fluid being combined with it in this
condition; it is then called Lac suLpHURIS. Insoluble in water, soluble in alco.
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hol when they meet in vapour and are condensed, soluble also in oil of turpentine
and other oils.

511. Poured into water when merely melted, it becomes solid, and presents no
peculiar appearance ; but if poured into water when at a higher temperature, it
remains transparent and elastic for a considerable time after it cools, regaining
eventually its erdinary form.

512. Sulphur takes fire at 300° burning readily in air or oxygen, and forming
sulphurous acid. Combines readily with numerous inflammables and metals,
forming evLrrunETs ; heat and light frequently appear as it combines with me-
tals.

513. Procured principally from volcanic countries, and also by heating iron-
pyrites (bisulphuret of iron).

514. Occasionally it is mixed with earthy matters ; heat expels all the sulphur,
and they are left.

Seet. 1. Compounds of Sulphur and Oxygen.

615, HYrosULPHUROUS ACID.—Symb,. :8% = sulphur 32 + oxygen 16 ?—Eq. 48.
Formed when a sulphite (a compound of sulphurous acid) is boiled with sulphur,
an additional quantity of sulphur combining with it. Produced also when sul-
phurous acid dissolved in water is agitated with metallic iron, the metal being
oxidated by the acid, and hyposulphite of iron formed in solution. It is obtained
with difficulty from its combinations, being generally resolved, according to 8ir
J. Herschel, into sulphur and sulphurous acid, on adding a stronger acid to de-
tach it. DParticularly distinguished by its salts in solution dissolving newly pre-
cipitated chloride of silver, and acquiring an intensely sweet taste. Salts of this
acid have long been termed Sulphureted Sulphites, by Vauquelin, Gay Lussac,
and Dalton.

516. Dr Thomson describes a compound of sulphur 16 4 oxygen 8, eq. 24,
which he has termed surpnuRous Acip 3 and his hyposulphurous acid is regarded
as a compound of 32 sulphur + oxygen 8.

517. Surraurous acip.—Symb. :8 = sulphur 16 + oxygen 16.—Eq. 32by W,
O by V,—Sp. gr. 2.222._W. of 100 c. i. 67.776 grs. Condensed into a liquid by
a pressure of 2 atmospheres, or simply by cooling in a freezing mixture of salt
and snow ; the liquid acid boils rapidly at 14°, producing great cold, and is a good
conductor of electricity, according to Mr Kemp.

518. Gaseous, transparent, colourless, odour pungent and suffocating; water
‘absorbs 33 times its volume, the mercurial trough therefore must be used in col-
lecting it ; the solution has the same odour as the gas. It is not inflammable, nor
does it support combustion. Decolorizes many vegetable and animal colouring
matters, reddening some of the blues previously : the tints may often be recalled
by a stronger acid, or by some salifiable bases.

519. PreErarep by burning sulphur in air or oxygen, 8&0® = :S; by heating
sulphur with peroxide of manganese, when part of the sulphur combines with a
portion of the oxygen ; or by decomposing sulphuric acid by mercury or charcoal.
Both charcoal and mercury take oxygen readily from sulphuric acid on applying
heat ; the charcoal taking oxygen from 2 eqs. of acid forms carbonic acid, which
mixes with the sulphurous acid. The mercury decomposes 1 portion of sulphu-
ric acid, combining with part of its oxygen, and separating sulphurous acid, while
the oxidated metal unites with a portion of undecomposed sulphuric acid. (See
Bipersulphate of mercury.) Mercury is always preferred where pure sulphurous
acid is required. . .
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520. SULPHURIC ACiD.—Symb. 8 = sulphur 16 + oxygen 24.—Eq. 40.—
Melts at 68° boils at 120°. Solid, tough, produces white fumes when in contact
with air, combining with its moisture; unites with water in all proportions.
Called frequently ANHYDROUS SULPRURIC ACID.

521. Prepared by combining aqueous sulphuric acid in excess with oxide of an-
timony, expelling the water and part of the acid by a moderate heat, and then
heating the residue tv dull redness, collecting the distilled anhydrous acid in a
cool receiver. Prepared also from dried sulphate of iron by heat: the product
obtained at first consists of sulphurie acid, sulphurous acid and water ; by heating
this gently, the anhydrous sulphuric acid may be distilled into a receiver; the
sulphurous acid arises from part of the sulphuric acid being decomposed by the
oxide of iron, which becomes peroxide of iron.

522, AQUEOUS SULPHURIC acID.—Symb. ‘HiS = water 9 + sulphuric acid 40.
—Eq. 49.—S8p. gr. 1.8485.—Bcils at 590° ; resolved by a red heat into sulphurous
acid and oxygen.—Synon. oiL or virmion. Liquid, of an oily appearance, co-
lourless, inodorous, intensely acid, corrodes animal and vegetable substances, pro-
duces great heat on combining with water ; 1 acid + 4 water rise in temp. to 300°
when mixed ; condensation accompanies the combination. Freezes at —15° Di-
luted acid, sp. gr. 1.78, congeals readily at 32°, and remains solid even at 44° or
45° Diluted to a greater degree, a more intense cold is required to freeze it.
Exposed to the air, it absorbs watery vapour, and becomes much diluted. Red-

“dens powerfully vegetable blues.

'523. Sulphuric acid has a strong affinity for salifiable bases, from which it can
-displace most other acids. Few agents are so extensively employed. The fol-
tlowing Table shews the quantities of liquid acid, sp. gr. 1.8485, and of dry acid,
.in 100 parts of dilute acid of various specific gravities :—

e Ry R P2 O . S
1.8485 100 81.54 1.3684 50 40.77
1.8115 90 73.39 1.2099 40 32.61
' ELATR0 80 65.28 1.2184 30 24.46
1.6715 70 57.08 - L1410 20 16.31
1.4860 60 48.92 E 1.0682 10 8.15

524. Prepared commonly by the oxygenation of sulphurous acid. This gas, in-
troduced into a large leaden chamber with moisture and nitrous or hyponitrous
acid, forms a erystalline compound, which is resolved into sulphuric acid, nitrous
acid, and binoxide of nitrogen, by a large quantity of water ; the binoxide, attract-
ing more oxygen from the air, produces nitrous acid, which contributes, as at
first, to the production of more sulphuric acid. The weak sulphuric acid is con-
centrated by boiling, the first portions of water being expelled in leaden boilers,
and the last in vessels of platinum or glass. Hyponitrous acid can oxygenate
1 eq. of sulphurous acid.

Fig. 7
Materials Products
Nitrogen 1d=——r—= 30 Nitric Oxide.
Hypo-Nitrous [ Oxygen 8 "
Acid... ...... [ Oxygen 8
Oxygen &——_ _
Sulphurous Acid ............ 32————-=== 41 Sulphuric Acid.

Symb.  IN&:S = IN&IS.
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Nitrous and sulphurous acids were supposed to produce nitric, oxide, and sul-
phuric acid.

Fig. 8.
Materials. Products.
Nitrogen HM--———— = 30 Nitric Oxide.
Oxygen 88— _ :
Nitrous Acid... < Oxygen
Oxygen

Oxygen »\\
Sulphurous Acid ............ sg:%.m Sulphuric Acid.
Sulphurous Acid ............ 32 40 Sulphuric Acid.

Symb. “IN&2:5 = :N&2iS,

But De Cleuchry considers that hyponitrous and sulphuric acids are formed first,
the hyponitrous acid being resolved, when detached, into nitric oxide, and nitrous
acid.

525. From the mode in which it is prepared, it often contains minute portions
of sulphate of lead and sulphate of potassa; if required perfectly free from these,
it must be distilled ; when diluted with water, the sulphate of lead is deposited,
rendering the liquid turbid. By evaporating a portion to dryness in a platinum
capsule, the amount of these impurities may be ascertained.

526. TestTs.—Baryta in solution is preferred, sulphate of baryta being preci-
pitated, which is white, insoluble in water, and in nitric and muriatic acids. If
the precipitate be heated with charcoal at the blowpipe flame, the sulphuric acid
is decomposed, and on moistening it with water, and touching it with a solution
of a salt of lead, the sulphur renders the lead black. See the decomposition of
sulphates by charcoal, in the preliminary remarks on metals, for an explanation
of this process. Sulphuric acid gives a copious white precipitate with soluble
salts of lead. '

527. HyrosurLPHURIC ACID.—Symb. :i8% = sulphur 32 4+ oxygen 40.—Eq. 72.
It is always combined with water, and is resolved into 32 sulphurous acid and 40
sulphuric acid, when it is attempted to remove the water.

528. Formed when sulphurous acid gas is passed into water containing peroxide
of manganese in suspension ; the hyposulphuric acid combines with the oxide left,
part of the oxygen of the peroxide being consumed in producing it. By baryta,
the oxide of manganese is separated, hyposulphate of baryta being formed in so-
lution, and from this the baryta is separated by sulphuric acid, as sulphate of ba-
ryta.

Preparation of Hypoesuiphate of Manganese.—Sulphurous acid 3 eqs. & peroxide
of manganese 2 eqs. = hyposulphate of manganese and sulphate of manganese.
Symb. 3:8&2:Mn = :i 8% Mn&iS-Mn.

Seer. 11, Compounds of Sulphur and Hydrogen.

529. SuLrHURETED HyDRoGEN or HyDRrosuLPHURIC AciD.—Symb. HS =
hydrogen 1 + sulph. 16.—Eq. 17 by W, [ by V.—S8p. gr. 1.180.—W. of 100 c. i.
36.00 grs.

530. Gaseous, transparent, colourless; odour strong and offensive, like that
from eggs in a state of putrefaction ; does not support respiration nor combustion.
Inflammable ; 17 HS consume 24 oxygen, and the produets are 32 sulphurous
acid 4+ 9 water. With air, a feeble and lambent blue flame is observed when this
gas burns, part of the sulphur being generally deposited unconsumed. Mixed
with oxygen in the above proportion, it detonates, and is all consumed. Noxious,
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and even poisonous when inhaled, though mixed with much air. Air containing
1-150th of this gas kills a horse.

Materials s Products.
Sulphureted Hy- _{ Hydrogen ln___--___FH Water.
drogen 17 ...... | Sulphur... ﬁ__,f
f Oxygen.,. B, o,
A SRR B gy 1| Oxygen...16._____._>= =32 Sulphurous Aecid.

Symb. HS&0* = "H&:S.

631. Water 100 c. i. can absorb 253 . i. according to Saussure. The solution
acquires its taste and smell, reddens litmus, as acids 3 the gas is expelled by boiling
or exposure to the air. A solution for ordinary purposes is easily procured by
filling a bottle with water, introducing.gas till it is 1-3d full, and then agitaling
it briskly. It must be carefully stopped;'otherwise much gas will escape.

532, The oxygen of the air slowly decomposes this gas, combining with the
hydrogen, and causing a deposition of sulphur. Some compounds of oxygen, as
fuming nitrous acid, decompose it rapidly in the gaseous state with combustion.
Chlorine, iodine, and bromine, combine with its hydrogen, and precipitate the
sulphur. Three measures of sulphureted hydrogen, mixed with two of sulphu-
rous acid over mercury, condense into a solid ; the hydrosulphurous acid of Dr
‘Thomson.

533. When these gases meet in a nascent state, they frequently demmpme each
other, the hydrogen of the one combining with the oxygen of the other, while the
sulphur of both is precipitated.

534. Sulphureted hydrogen acts powerfully on many metallic oxides and solu-

tions of the metals, a metallic sulphuret and water being formed ; from the colour
of the sulphurets being often very marked, it is much employed in detecting me-
tals. Carbonate of lead is considered the most delicate test of this gas, being ren-
dered brown by air containing 1-20,000dth part; when the quantity is larger, a
black tint is produced. The carbonic acid, one of the ingredients of the carbonate,
is disengaged in the gaseous form.

535. Prepared from sulphuret of iron 44, + water 9 + sulphuric acid 40 {&queq-
ous acid 49 is used), with an additional quantity of water, 4 or 5 times the bulk
of the sulphurie acid used, to prevent the process from heing stopped by the sul-
phuret becoming covered with a crust of sulphate of iron. . The products are sul-
phureted hydrogen and oxide of iron, which, with the sulphurie acid, forms sul-
phate of iron.

Fig. 10.

Materials. Products.
O Wtar Lo { (I)Ii ;'Imgen I o 17 Sulphureted Hydrogen.
Sulphur., IBEH\H

44 Sulphuret of Iron { Lot 2g__
40 Sulphuric Acide.ervessrseienn ..40-.--.--"—::‘:':5- 76 Sulphate of Iron.
Sym-b. -H&SFE&:S = 8- Fe&HS.

336. Sulphuret of antimony and sulphuret of calcium are frequently substituted
for sulphuret of iron, muriatic acid being then used instead of sulphuric.

6537. BisuLPHURETED or PERsuLPHURETED HyvrogeEx. Symb, HS? = hy-
drogen 1 + sulphur 32. Eq. 33.—From Thenard’s researches, it is probable that
there are many compounds of sulphur and hydrogen besides this and sulphureted
hydrogen.

538. Liquid yellow, viseid or oily. Odour pungent, offensive, sulphureous-
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Seon decomposed by heat, or by exposure to the air; sulphureted hydrogen es.
capes, and sulphur is left. Charcoal, ammonia, many metals and metallic oxides,
decompose it with rapidity ; oxides of gold and silver become incandescent, and
are reduced. It thus resembles much binoxide of hydrogen in facility of decom-
position, and the phenomena which accompany it.

539. Prepared from the amber-coloured fluids formed by boiling potassa, soda,
or alkaline earths, with water. Different compounds are produced in solution by
the oxygen and hydrogen of the water uniting with different portions of sulphur.

Fig- 11.
Materials. Products.

Hydrogen 1 33 Bisulphureted Hydrogen.
Water 2 eqgs. Hydrogen 1_433 Bisulphureted Hydrogen.

Oxygen... 8 Wy
Oxygen...

Sulphur 3
Sulphur 6 eqs. < Sulphur 3 :
Sulphur 3 48 Hyposulphurous Acid.
Symb. 68&2°H = 2HS*&:8%

When the liquid is poured inio muriatic acid, diluted with twice its ﬁmght. of
water, the salifiable base employed to promote the action of the sulphur on the
water combines with the muriatic acid, and the bisulphureted hydrogen is slowly
deposited. An excess of acid should always be present, otherwise it is very apt
to be decomposed. Hence, also, the reason why the amber Huid must be poured
into the aeid, and not the acid into it.

540. The prECIPITATED suLrHUR mentioned in the beginning of this chapter,
is prepared from the amber-coloured liquid procured by beiling lime, sulphur, and
water ; muriatic acid is added as long as there is any precipitate. When the solu-
tion is diluted, and the.acid added to it, no bisulphureted hydrogen falls along
with the sulphur. A little sulphureted hydrogen is at the same time either ex-

pelled with effervescence or retained in solution. %
Fig. 12,
Materials. Products.
2 Bisulphureted { Hydrogen 2__ _ e 18 Water, 2 eqs.
Hydrogen Sulphur 64 =

-
Hyposulphurous {Dxtﬁen 16
Acid Sulphur 32 —.96 Sulphur, 6 eqs.

Symb, 2HS%*&:8* = 2-H&GS.

CHAP. V. SELENIUM, BORON.

541, SELENTUM.—Symb. Se.—Eq. 40.—Sp. gr. 43.—Melts at 22!}" —Boils at
600°,

542. Solid, dark-brown colour, semi-metallic lustre, imperfect cunﬂuctﬂr of heat
and electricity, insoluble in water, inodorous, oxidates when exposed to the air
and heated, producing a strong smell of horse-radish.

543. Selenium was discovered a few years ago, by Berzelius, in sulphur pre-
pared from a compound of iron and sulphur, with which it was associated. It has
not hitherto been met with in large quantities.

544. Its most important compounds are those which it forms with oxygen and
hydrogen, as selenious acid, selenic acid, seleniureted hydrogen. They are very
similar in all their general chemical relations to the compounds which sulphur
forms with the same substances.

343 Borox.—Symb. B.—Eq. 8.—Nearly twice as heavy as water.
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546, Solid, tasteless, inodorous, of a dark olive colour, insoluble in water, not
fused by intense heat. Takes fire when heated to 600° in air.
~ 547. Prepared from boracic acid by potassium, which removes the oxygen.

548. Boracic Acin.—Symb. :B = boron 8 + oxygen 16. Eq. 24.—Fused by *
heat, forming a glass as it cools.

549. Soluble in water; a hot saturated solution gives crystals of Aauveovs Bo-
rACIC Acip as it cools. Soluble in aleohol ; the solution burns with a fine green
flame.

550. It reddens feebly the vegetable blues, and turns turmeric brown, like an
alkali. From its fusibility it is much used as a flux.

451. Prepared from the biborate of soda—the borax of commerce. By dissolv-
ing 152 parts in hot water, and adding 40 of sulphuric acid. Borax 152 = boracic
acid 48 + soda 32 + water 72. The boracic acid separates in crystals as the li-
quid cools ; 72 sulphate of soda remain in solution. The erystals must be washed
with eold water, and, if required absolutely free from sulphuric acid, they must
be heated in a platinum erucible till they are fused, and again dissolved and erys-
tallized. Symb. 2:B+'Na&i8 = i5:Na&2:B.

CHAP. VI. PHOSPHORUS.

552. Symb. P.—Eq. 16.—Sp. gr. 1.7.—Melts at 100°.—Boils at 550°.

553. Solid, semi-transparent, colourless, or with a slight tinge of yellow ; enters
into slow combustion with the oxygen of the air at natural temperatures ; gives a
garlic vdour, and becomes luminous in the dark, passing quickly into a state of ra-
pid combustion if it be warm and in small chips ; from the facility with which it
is inflamed by friction, or a very gentle elevation of temperature, great care must
be taken in operating with this element. It is best preserved under water, and
in a dark place. Phosphorus burns brilliantly in air, and with great splendour in
oxygen. :

554. Phosphorus is dissolved in minute quantity by nitrogen gas, and this pro-
perty enables it to act on the oxygen of the air, at a temperature below that (80°)
at which it begins to affect pure oxygen gas. Mr Graham has found that air at
66° is prevented from acting on phosphorus by an admixture of 1-150th of sulphu-
ric ether vapour, of 1-450th of hydruret of carbon, and of 1-4444th part of oil of
turpentine vapour.

565. PrEPARATION.~Bones are burned in an open fire to whiteness, reduced
to powder, mixed with 3-4ths of their weight of sulphuric acid diluted with water,
the mixture being afterwards heated gently for several days. The bhones contain
phosphoric acid and lime; the sulphuric acid unites with the greater part of the
lime, and a solution of superphosphate of lime is separated by filtration ; on eva-
porating it to dryness, mixing it with charcoal, and heating the mixture in a coat-
ed earthen retort, the charcoal takes away the oxygen from the phosphoric acid,
forming carbonic oxide, which is disengaged ; the phosphorus is converted into va-
pour, and condenses in water, into which it is led from the beak of the retort. It
is purified by melting it, pressitig it through shamoy leather under water, or by
distillation.

Secr. . Compounds of Phosphorus and Oxygen.

656. Ox1pE o¥ PnosrHonus >—When a stream of oxygen is directed upon
phosphorus under boiling water, a portion of phosphoric acid is formed, which re-
mains in solution, and an oxide of phosphorus, which has been regarded as a com-
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pound of 3 atoms of phosphorus and 1 of oxygen. It is of a reddish-brown colour,
and often appears in small quantity when phosphorus is inflamed in air.

557. HyrorrosraorRoUs AcIp.— Symb. -P? = phosphorus 32 + oxygen 8.
Eq. 40.—Baryta, phosphorus, and water, being heated together, phosphoric and
hypophosphorous acids are formed by part of the phosphorus taking oxygen from
the water, and phosphureted hydrogen gas by another portion combining with its
hydrogen. The gas escapes, and the acids combine with the baryta, the soluble
hypophosphite of baryta being separated by filtration from the insoluble phos-
phate. Sulphuric acid precipitates the baryta, leaving the hypophosphorous acid
combined with water. The solution is very acid, and becomes viscid and crystal-
lizable by concentration. It is decomposed by heat ; it is a powerful deoxidating
agent, and all its salts are soluble.

558. Pnospuorous Acin.—Symb. : P? = phosphorus 32 + oxygen 24.—Eq. 56 ?

659. Prepared by heating bichloride of mercury with phosphorus, and decom-
posing by water the compound of chlorine and phosphorus distilled from this mix-
ture. The hydrogen of part of the water combining with the chlorine, produces
muriatic acid, which is expelled by heal, while the phosphorus, taking the oxy-.
gen, forms the phosphorous acid, which remains in combination with water.
When evaporated Lo a syrupy consistence, crystals of the hydrated acid are pro-
cured.

560. Phosphorous acid mixed with phosphoric acid, is formed by the slow com-
bustion of phosphorus at natural temperatures, or at a high temperature in rari-
fied air.

561. Phosphorous acid is a powerful deoxidating agent like the hypophospho-
rous acid; heated in air, it burns and acquires more oxygen. The hydrated acid
is decomposed by heat, forming phosphureted hydrogen and phosphoric acid.

562. PuosrHoric Acip.—Symb. :iP? = phosphorus 32 4+ oxygen 40.—Some
modifications of this acid have only of late years been distinguished by the re-
searches of Dr Clarke and Mr Graham. Whenever the acid is strongly heated,
it passes to the condition of PyrornosrHORIC Acip, and still remains in this state
for some days when dissolved by cold water, after which it returns to the condi-
tion of phosphoric acid. By boiling the solution this change is speedily effected.
If the pyrophosphoric acid be combined with a salifiable base, it may be convert-
ed quickly into phosphoric acid by boiling in water to which some sulphuric acid
has been added. ‘ _

563. Mr Graham considers the modifications of phosphoric acid, which have
been usually attributed to isomeric changes, to depend upon the acid combining
with water in!different definite proportions, and dissolving in an additional quan-
tity of this fluid in these proportions. "T'he following are the proportions of water
associated with the common phosphoric acid, with the pyrophosphoric acid of Dr
Clarke, and with the metaphosphoric acid which he has lately discovered.

Phosphoric Acid, Water. Symbol.
Metaphosphoric acid, . 1 equivalent 1 equivalent ‘H :iP*
Pyrophosphoric acid, . 1 BRI 2*H 4 ::P*
Commeon phosphoric acid, 1 3 3H 4+ :iP?

564. Phosphoric acid is prepared by burning phosphorus in air or oxygen, by
oxygenating phosphorus cautiously in nitric acid, and evaporating the solution in
a platinum vessel to expel excess of acid, or by heating the phosphate of ammonia
to redness, the ammonia being expelled. 'When prepared by combustion, it forms
a light powder, falling in small flakes, and resembling snow. Procured by fusion,

it resembles glass on cooling, and has heen called Glacial Phospheric Agid.
3
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565. Phospheric Aeid is soluble, very acid, but not corroesive, volatilized by a
strong heat, and solutions of its salts give a yellow precipitate with nitrate of sil-
ver, consisting of phosphate of silver. When converted into pyrophesphoric acid,
the precipitate with nitrate of silver is white ; metaphosphoric acid also gives a white
precipitate with this substance, and it coagulates albumen, whkich is not done by
the other forms of phosphoric acid.

Sect. I1.  Compounds of Phosphorus and Hydrogen.

566, PnosruvreETED HyproceEN or HyprureT or Puosrmorus.—Symb.
HP = hydrogen 1 + phosphorus 16; but, according to Rose, it consists of hy-
drogen 3 + plmspharus 32

567. This gas is particularly distinguished by taking fire the moment it comes
in contact with atmospheric air or oxygen ; the products of the combustion are
phosphoric acid and watery vapour, which ascend in beautiful wreaths when the
gas is allowed Lo escape into the air through water. Another remarkable property
of phosphureted hydrogen is its power of combining with various acids, and neu-
tml.izing them in the same manner as potassa, soda, or other salifiable bases. It
is absorbed in large quantity by a solution of the common sulphate of cnpper or
chloride of lime.

569. It is prepared by heating phosphorus along with water and potassa, soda,
lime, baryta or strontia, being formed by the hydrogen of the decomposed water
combining with part of the phosphorous ; phosphoric and hypophosphorus acids are
also produced, and combine at the same time with the alkali or earth employed.

569, Procured also by pouring muriatic acid diluted with water upon phos-
phuret of calcium ; a portion of water is decomposed, and the calcium is oxidated
by it as the gas is evolved, the hydrogen of the water and the phosphorus of the
phosphuret combining together ; the same action takes place without muriatic
acid, but not so quickly; the muriatic acid unites with the lime or oxidated cal-
cium as it is formed.

570. Another compound of phosphorus and hydrogen, called frequently siay-.
DRURET OF FHOSPHORUS, on the supposition that it contains 2 egs. of hydrogen
+ 1 of phosphorus, is said by Rose to be composed of the same proportions of ele-
ments as the preceding combination, and, therefore, isomeric with it. It is formed
when aqueous phosphorous acid is decomposed by heat, the oxygen of one portion
of the acid combining with the rest of the acid, and also with oxygen from the
water, to form phosphoric acid ; while its phosphorus, combining with the hydro-
gen of the water, produces the gas. It is not spontaneously inflammable, but
burns brilliantly on the application of heat. .

571. Mr Gffaham has lately shewn that the property of spontaneous inflamma-
bility may be communicated to the last species of gas by nitrous acid vapour, and
that the first loses this propertv by the action of charcoal, phosphorus, and pota-
sium.

Seer. II1.  Compounds of Phosphorus and Sulphur.

* §72. Phosphorus and sulphur, when heated, combine in any proportion. SmalI
guantities, not exceeding a few grains, produce a violent and dungemus reaction
during combination, unless the phosphorus be melted first in a tube, and the sul-

‘phur added in minute fragments at a time, taking care to boil it after each addi-
-tlon ; the presence of a little water, from which the phosphorus and sulphur can-

not easily be entirely freed, is the cause of the violence of the reaction, the phos-
phorus taking oxygen, and the sulphur forming with the hydrogen stlphureted

hydrogen gas. °
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- 573. Compounds of these elements are usually termed PHOSPHURETS OF SUL-
PHUR, Of SULPHURETS OF PHOsPHORUS. They are more inflammable than phos-
phorus, and some of them take fire at natural temperatures when exposed to
the air, more especially when they have been partially oxidated by allowing an
imperfect combustion to go on for a short time.

CHAP. VIL. CARBON.

574. Symb. C. Eq. 6. Carbon is not affected by heat when the air is excluded.
It conducts heat imperfectly, but is a good conductor of electricity.

575. In its purest state it constitutes the p1amoxn; in the form it is usually
met with it is called cuarcoar, and is prepared from wood. Ivomy mLACK isan
dmpure charcoal prepared from bones, and often termed ANIMAL CHARCOAL.
The cinder called coxe is a kind of charcoal prepared from coal. Lamp nrack
is the carbon deposited from oil, resin, and other compounds containing this ele-
ment, when they are imperfectly consumed, causing the black smoke which then
appears during their combustion. Prumsaco is composed of carbon with a very
little iron.

576. Charcoal is solid, black, porous, and brittle. Inflammable, producing car-
bonic acid gas, when heated in air or oxygen. It often takes fire spontaneously
when put into large heaps. It absorbs large quantities of a number of gases,
amounting in some cases to nearly 100 times its bulk. The following table, from
experiments by Saussure, shews the number of volumes of various gases absorbed
in 24 hours by boxwood charcoal.

Ammonia, . ; 90 vols. Carbonic acid, v 35 vols.
Muriatie acid, - 89 Oxygen, E - 9.25
Sulphureted hydmgen, 63 Nitrogen, . - 7.6
Nitrous oxide, 40 Hydrogen, .* . 1.75

577. Charcoal is insoluble in water ; destroys many animal and vegetable colour-
ing matters, and the offensive taste and odour of putrescent vegetable and animal
matter. Tt can also absorb or remove pﬂniﬂns of numerous substances from so-
lutions, as arsenious acid.

578. Charcoal is prepared from wood h;.r heat, excluding the air. Wood is
composed of carbon, oxygen, and hydrogen, and a small portion of earthy and sa-
line matter. By the heat the oxygen and hydrogen are expelled, carrying along
with them part of the carbon, and forming inflammable gases (composed of carbon
with oxvgen, and of carbon with hydrogen), water, acetic acid, tar, pyroxilic spi-
rit, and kreosote. The excess of carbon forms the charcoal which remains. All
animal and vegetable matters afford a portion of charcoal when they are subjected
to a strong heat, air being excluded.

579. Charcoal, in its various forms, is used principally for fuel, producing a
fixed red or white heat, without smoke or flame. Burned in an open fire, the in-
tensity of the heat it produces is never great, being diminished by the influx of
cold air on every side. Surrounded with fire-brick, or other bad conductors, the
air being admitted solely from below by the furnace bars, the combustion is
quicker, and the intensity of heat greater ; if a high chimney be continued above
such a fire-place, the column of heated air in the chimney being very light is un-
able to balance the cold air without, which presses quickly through the furnace
bars, forcing up the air in the l:hlmney, and being forced up in its turn in the
same manner by the influx of more air. Hence, there is in' this way a more ra-
pid combustion, and a still greater intensity of heat produced, than in the pre-
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ceding cases. By using bellows, fanners, or other apparatus to force in air, the
heat may be still farther augmented ; and, to produce the mast intense heat, the
air itself must be warmed in pipes by another furnace before it has access to the.
fuel. 6 parts of carbon require 72 of air (containing 16 of ux_vgen] for complete
combustion, but the air does not act with the charcoal till heated to a certain tem-
perature; therefore if not heated previously, its first effect upon the burning fuel
is, to diminish its temperature by taking away the heat necessary to bring it into
an active condition. By the great improvement of using HEATED AR, introduced
first in the Clyde Irom Works, an intense heat can be maintained with much
greater facility than formerly.

580, In the furnaces in this country coke and coal are generally used instead of
charcoal, except in peculiar operations.

581. Charcoal is used in a great variety of chemical operations besides those for
the production of heat, and more particularly as a deoxidating agent.

Secer. I Compounds of Carben and Oxygen.

582. CarmoNic OxiDE, or Ox1DE oF Carrox.—Symb. *C = carbon 6 + oxy-
gen 8.—Eq. 14 by W, O by V.—Sp. gr. .9722.—W of 100 c. i. 29.652 grs. :

583. Gaseous, travsparent, colourless, inodorous, inflammable ; 14 consume 8 of
oxygen, forming 22 carbonic acid gas. Symb. ‘C&0 = :C. Burns with a pale
blue flame. Does not support respiration or combustion. Water 100 ¢. i. absorb
only 1.5. Does not affect the vegetable blues, nor lime-water ; has no acid pro-
perties.

584. PreErareD from cr. oxalic acid by heating it with aqueous sulphunc acid.
Cr. oxalic contains water, the sulphuric acid removes the water, and 36 oxalic
acid are then resolved into 14 carbonic oxide + 22 carbonic acid. Both gases be-
ing collected together over lime-water, the hmE absorbs the carbonic acid, and
leaves the oxide. -

Fig. 1L
Materials. Products. -
( Carbon 6 -z 14 Carbonic Oxide.
Carbon 6. .-~

Oxygen 8-
Cr. Oxalic Acid Oxygen 8-... ™
Oxygen Buuu------'—'f-“-'ﬂ‘—‘iﬂﬂ Carbonic Acid.
Water 27—_
Aqueous Sulphuric Acid  49—————""==76 Diluted Sulphuric Acid.

Symb. 3 H4+:1C%H:S = C&:C&d-H+ 8.

585. When carbonate of lime, — carbonic acid and lime, is heated with iron-
filings (or charcoal), part of the carbonic acid is decomposed by the iron as it is
tliﬁeng‘hged by the heat ; lime.water removes the remaining carbonic acid.

Iron 28 & carbonate of lime 50 = oxide of iron 36, lime 28, & carbonic ux_i!:l_e 14.
Symb. Fe&:C-Ca = Fe&k-Cak-C. o

Carbon 6 & carbonate of lime 50 = lime 28 & carbonic oxide 28, 2 eqs
Symb. C&:C+Ca = -Ca&2-C.

586. Carbonic acid gas passed repeatedly over charcoal, heated to redness in a
tube, becomes carbonic oxide. Carbon 6 taking oxygen 8 from carbonic acid 22,
forms carbonic oxide 14, while 14 more is left from the decomposed carbonic acid.
The blue flame of a common cinder fire is produced by the combustion of the car-
bonic axide formed in this manner : carbonic acid is formed at first, and this, rising
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through the superincumbent red hot einders, is decomposed. by the car bon, and
resolved lrltu carbonie oxide, which becomes carbonic acid again as it burns.-

1 . Fig. 14, .
Materials. i ' l'mdu-:l._s.
Carbon & .14 Carbonic Oxide.
22 Carbonic Acid < Oxygen 8 = y
' L ﬂxvgen {2 e
6 Carbon...... Mvsransunnvannns B -itrmmemsiosmadd - Carbonie Oxtide.

Symib, Cas:C ="2-C.

afl7. Camrsoxic Acin.—Symb. :C = carbon 6 + dx}'géﬂ 16.—Eq. 22 by W, O
by V.—Sp. gr. L.527.—W of 100 ¢ i, 46.596 grs.—Condensed into a liquid by a
pressure of 36 atmospheres at 52°.—S8ynon. called Fixed Air by Dr Black, who
discovered it. .

388. Gaseous, transparent, colourless, cannot support respiration or combustion.
When air is mixed, even with 1-5th of carbonic acid, a candle is extinguished in
it ; an oil lamp burns in air so loaded with it that a candle cannot.

. 589. Carbonic acid gas is absorbed by an equal bulk of water : common carbo-
* mic acid water (soda-water) is prepared with a much greater quantity of gas by

subjecting it Lo pressure, having an alkali dissvlved in the water. For experimental
purposes, carbonic acid water is easily prepared by agitating equal bulks of carbo-
ni¢ acid and water in a bottle. Tt has an acidulous taste, reddens litmus, and pre-
cipitates lime water ; it loses its carbonic.acid when exposed to the air for some
time, or boiled for a few minutes, and can, therefore, no longer redden litmus or
precipitate lime-water.

590. In many fluids there is much carbonic acid retained by pressure or by a
feeble attraction, and accordingly it escapes rapidly as they are poured from one
vessel to a'lmther, or removed from bottles in which they have been tightly corked.
The pungency of different fermented liquors depends upon the carbonie acid they
contain, and the light and pleasant taste of spring water is owing to the same
cause.

'591. Carbonic acid is found extensively distributed throughout the globe. It
_exists in numerous minerals as a Carbonate, where it is united with salifiable basis,
. most frequently lime, magnesia, and oxide of iron. It oceurs in a number of mi-
neral waters in such quantities as to be the cause of all their peculiarities ; in the
air, it is met with at all heights and situations, excepting, perhaps, very near the
surface of the ocean ; and being a product of respiration, combustion, and other
chemical processes, it often occurs in large quantity in particular situations.

592. The cnoki pamr of miners, the heavy gas which gives rise to so many
fatal aceidents in breweries, the suffocaling air that so frequently collects in old
wells and pits, and which flows out in a stream from some caverns, as the Grotto
del Cane in Italy, all consist of carbonic acid gas. Hence, to prevent accident, a
lighted candle suspended by a string should be introduced into the air of any
place suspected to contain carbonic acid gas, before any individual enters it; if
the candle be extinguished, it would be dangerous and probably fatal to any one
entering it. A certain proportion of carbonic acid mixed with air checks the
combustion of a candle. Less, in general, is necessary than would prove injurious,
at least immediately, to animal life. A larger quantity is required to extinguish
a lamp. But its effects vary in different individuals ; and accordingly, a candle
burning in an atmosphere suspected to contain carbonic acid, cannot in.all. cases
be regarded as a certain indication of its safety.

593. PREPARED in a glass veszel, at the common pneunmtm trongh, hv the ac-
tion of muriatic acid diluted with water on carbonate of lime ; chalk, mﬂ.rhlr o

E
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limestone, are generally employed, which consist principally, and sometimes en-
tirely, of carbonic acid and lime. Carbonate of lime 50, contain carbonie acid 22
and lime 28. Muriatic acid 37 decompose 50 of the carbonate, the carbonic acid
escaping as a gas, while the muriatic acid and the lime combine and produce 65
of the muriate of lime. Symd. :C-Ca&kHCl = HCl:Ca&:C. Prepared also by
the combustion of carbon in air or oxygen. Carbon 6 & oxygen 16 = carbonic
acid 22. Symb. C&O* = :C.

594. Oxavric Acin, another compound of carbon and oxygen, will be described
under Vegetable Substances.

Seer, II.  Compounds of Carbon and Hydrogen.

595. HyprRURET oF CarBox.—Symb. HC = hydrogen 1 +4 carbon 6.—Eq.
7by W, oby V.—Sp. gr. .9722.—W of 100 c. i. 29.652 grs. Decomposed by a
red heat, hydrogen and bihydruret of carbon being formed, while charcoal is de-
posited. Synon. Heavy Carbureted Hydrogen ; olefiant gas, from its forming an
oily compound with chlorine.

596. Gaseous, transparent, colourless, tasteless, inodorous, water 100 ¢. i. ab.
sorb 12.5. Inflammable, does not support combustion. Hydruret of carbon 7
consume 24 of oxygen as they burn, detonating violently if they be mixed pre-
viously in these proportions, the hydrogen 1 uniting with oxygen 8 and forming
water 9, while the carbon 6 combines with oxygen 16 producing carbonic acid 22.
It burns with a very luminous yellowish-white flame, the appearance varying
much according to the manner in which it comes in contact with the air.

Fig. 15. .
Materials, " Products, e
7 Olefiant Gas = {%’;“3‘ fﬁh,ﬂrﬂfa‘ Carbonic Acid.
Oxyg. 8.5
24 Oxygen = 4 Oxyg. 8- "~
Oxyg. 8-~ =9 Water.

597. PrEranep from coal, oil, resin, and substances of a similar nature, by
the action of a red heat: as none of these, however, afford it at all pure, alcohal
(spirit of wine), mixed with aqueous sulphuric acid, is preferred when it is re-
quired for experiment, though even then it is often associated with other gases.
Alcohol 23 = oxygen 8 + carbon 12 + hydrogen 3 ; when heated in a retort with
3 times its bulk of aqueous sulphuric acid, then its oxygen 8 + hydrogen 1 form
water 9, which combines with the acid, the remaining two of hydrogen uniting
with the carbon, and producing 2 eqs. or 14 by weight of hydruret of carbon.

Decomposition of Aleohol so as to produce Hydruret of Carbon and Waler, the Water
combining with Sulphurie Acid not represented.

Fig. 16.
Materials. Products.
Hyd. 1.-:---ee ;---=:-4 Hydruret of Carbon.

Hyd. 1-.-.ooooosi 7 Hydruret of Carbon,

Alcohol 23 ¢ 75 EH"‘-»
Symb, OC*H”* = "H&2HC. .

As the decomposition advances, the elements of the succeeding portions of alcohol

arrange themselves in a different way, part of the carbon being then deposited,

and bihydruret of carbon evolved, composed of the remaining carbon and hydro-
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gen. - But the reaction does not terminate here; the carbon soon acts upen a part
of the sulphuric acid, taking away oxygen and disengaging sulphurous acid.

Materials, { g 47 Products,
Hyd. ke el Bihydruret of Carbon.
. Hyi. l‘ .
H_ﬂl e
3] -
Ai.«[fnhl:}l 23 Carb. ﬁ’_‘n&

Carb. G—-——-——‘Lq—-—-ﬂ Carbon precipitated.
Oxyg: Bomee e =9 Walter.

Symb. OC*? = C&-H&H*C.

598. BinyprURET oF CarBoN.—Symb. H?C = hydrogen 2 + carbon 6.—Eqy.
8 by W, O] by V.—Sp. gr. .5555.—W of 100 c. i. 16.944. Decomposed by a
strong heat. Synon. Light Carbureted Hy drngen, Subcarbureted HJ.I'::'Imgen, the
Fire Damp of Miners.

599. Gaseous, transparent, colourless, tasteless, nmdumus : water absorhbs
1-60th part of its bulk. Does not support respiration or combustion. Inflam.-
mable, burns with a yellow flame less luminous than that of the hydruret of car-
bon ; & parts consume 32 of oxygen, the 2 of hydregen taking 16 and forming 18
of water, while the 6 of carbon also take 16 and become 22 of carbonic acid.—
Symb. H*C&0*' = 2"H&:C. It detonates on applying a light, if the air or oxy-
gen required for its combustion be previously mixed with it.

G00. ForMED in various proportions along with hydruret of carbon, when coal,
oil, and resinous substances, are subjected to heat; and procured most easily by
stirring the mud in stagnant pools, and collecting the gas evolved. Some car-
bonie acid is always associated with it when obtained in the latter way ; agitation
with lime.water removes it. It is also found in large quantity in many coal-
mines.

601. QUADRO-CARBURETED HyDROGEN.—Symb. C*H' = carbon 24 + hydro-
gen 4.—Eq. 26. When oil.gas is condensed at the portable gas-works, a liquid is
obtained at the same time from which this compound may be distilled by the heat
of the hand ; it must be condensed in a receiver reduced to the temperature of
zero by a freezing mixture. It boils at a temperature below the freezing point
of water, and is very mﬂammahle. Its vapour is twice as dense as the hydruret
of carbon.

602. BricansvnreTEnp HybnrosEx.—Symb. C’H —Eq. 13 = carbon 12 + hy-
ﬂragen 1-

"603. PrEPaRED from the same fluid that yields the preceding compound, con-
densing from the vapour that is produced when it boils at the temperature of
180°, Very inflammable, burns with much smoke. It occupies, when in the
gaseous form, 1-9th of the space its elements do when uncombined.

604. Coar and O1r Gasgs are procured from coal and oil, by heating them to
redness while the air has no access to them. In oil-gas, there is more hydruret
of carbon than in coal-gas, and this is the cause of its burning with a more bril-
liant flame. The greater the density of the gas, it is the richer in carbon, and the
more luminous. Besides the hydruret and bihydruret of carbon, various other
compounds, as the oily matters alluded to in the preceding paragraphs, are be-
lieved to be present in small proportion, contributing to the brilliancy of the flame
during combustion.

605. Coal-gas is not only less illuminating than oil.gas, but frequently contains
a portion of sulphureted hydrogen, derived from the sulphur or bisulphuret of

E2
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iron in the coal from which it is prepared ; by the action of lime and water it is
entirely condensed. Qil consisting prineipally of carbon and bydrogen, the gaseous
compounds it affords are comparatively pure ; but coal containing alsoa very large
quantity of oxygen and nitrogen, various other compougds besides the hydruret
and bihydruret are procured at the same time, as water, ammonia, and carbonic
acid, in addition to the tarry matter which is formed.

606. NapuTHa is an oil procured by distillation from coal-tar ; free from oxygen,
and containing hydrogen and carbon alone, when pure. One measure of its vapour
contains 6 equivalents of carbon and 6 of hydrogen condensed together. It is
very inflammable, and is used for preserving potassium, and dissolving caoutchouc.

607. NAPHTHALINE is a white crystalline solid, which is formed when naphtha
is subjected to a moderate heat and slowly distilled. It melts at 180° boils at
410%, and forms with sulphuric acid the compound termed sULPHO-NAPATHALIC
acip.  Dr Thomson regards naphthaline as a compound of hydruret of carbon
and bicarbureted hydrogen.

608. In the coal and oil gases prepared for ordinary combustion, small portions
of several of these combinations are believed to be present, communicating their
peculiar properties, and improving the brilliancy of the light.

609. The rramEe of different coal and oil gases is very variable. The most in. .
tense and perfect light is produced when the gaseous matter is completely con-
sumed, while a separation of charcoal in the solid form is observed in the Hame
itself, which is rendered highly luminous or incandescent as it burns, This effect
is produced most completely in the gas jet or burner, prepared so that two op-
posing currents as they strike upon each other expand into a flat sheet of flame,
spreading in a direction exactly at right angles to the opposing currents.in which
lh’i‘-"}' meet. - B

610. In the argand burner, when gas or oil is used, a similar effect is produced
by allowing the air to enter freely within, as well as on the outside of the inflam-
mable matter. The smoke produced during the imperfect combustion of oil or
gas arises from part of the carbon separated not being consumed.

611. During the combustion of the tallow, wax, or oil, of a candle or lamp, gas
is first produced by the decomposition of a portion upon the hot wick.

612. A most intense heat is produced by flame, and a very great heat is neces-
sary for its production. A platinum wire or plate, if very thin, may be intro-
duced when red hot into an explosive mixture without detonating it, maintaining
however a slow combustion, by which sufficient heat is extracted to keep the
platinum red hot.

613. The heat produced by gﬂﬂemls bodies in a state of combustion, by whmll
flame is formed, is very great. Iron-filings allowed to fall into the ﬂame of a
common lamp or candle immediately take fire.

G14. Flame cannot pass through wire-gauze, the gaseous mixture composing it
being so much cooled during its passage through the net-work, if the apertures be
sufficiently small, that it ceases to be flame; nor ean it set on fire a gaseous
mixture en the other side of the gauze through which it may pass. It was on
this principle that Sir H. Davy constructed his Safety Lamp, which consists of a
common oil lamp having the wick covered with a wire cage ; the oil burning
within cannot set fire to the gaseous inflimmable mixture in which the lamp is
so often placed. It may enter the wire cage through the lamp, and burn there,
but it cannot set fire to the gas without.

615. The flame of a common lamp or candle must be regarded as a mass of
gaseous matter burning only on the outside, where it is in direct contact with the
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air. If one end of an open glass tube be placed in the interior, and the other end
elevated, inflammable gas will pass through it, which may be kindled at the open
extremity of the tube without the flame.

il6. Exprosive srxrures of inflammable gases and air are formed whenever
the quantity of air mixed with the gas is sufficient for its combustion ; the flame
travels rapidly in it, the gas being supplied with all the air necessary.

617. With an excess of air, the action is more or less feeble; and if the quan-
tity of air be large, the gas may burn where it is brought in contact with flame,
but there alone, the particles of inflammable matter being too distant to inflame
each other.

G18. With an excess of the inflammable gas, the combustion is equally pre-
vented from going on with explosive rapidity, as each portion not supplied with
sufficient air must be mixed with a proper quantity before it can burn.

619. The ¥me panmr of miners, which is disengaged from the coal in a number
~of mines, produces an infinite variety of explosive mixtures such as the above, as
it escapes from the coal into the mine. By using the safety-lamp instead of a
common candle, the miners ean work in safety, though an explosive atmosphere
may have been formed in the upper part of the mine, which would be instantly
detonated by a common candle.

620. Sir H. Davy found that fire-damp does not explode unless mixed with
more that 4 times its bulk of air; till 7 times its bulk have been added the ex-
plosion is feeble ; with more than 14 there is no explosion at all.

621. The fire-damp is believed to have been formed in the coal by heat, and to
be disengaged when an outlet is made for it by the miner striking it with his
picks 7

622. To vENTILATE M1¥ES where noxious gases oceur, two shafts or openings
are generally made into each mine, one at each end of the workings ; a fire placed
at the bottom of one of these shafts causes an ascending current, which is supplied
by air descending at the other shaft, traversing the whole of the workings, and
maintaining the air sufficiently pure, all noxious gases being diluted and carried
away in the current. :

623. Browrrires are small conical tubes bent at one end, so as to be easily in-
troduced into the flame of a lamp or candle, directing it in a stream by blowing
through them on any ohject to be heated. With this valuable instrument, nu-
merous investigations are much facilitated, as most furnace vperations ean be imi-
tated with it on a small scale. The greatest heat is at the point of the blue cone
that is seen within the rest of the flame ; the outer part of the flame beyond the

#lue flame is termed the oxipaTine Frame, being mixed abundantly with the
oxygen of the air; the inner portion is called the prEoxIDATING FLAME, being
mixed with an excess of hot inflammable matter, which is a powerful agent in re-
moving oxygen.

Secr. 111, Bisuiphuret of Carbon.

624. Symb. S*C = sulphur 32 4 carbon 6. Fq. 38.—Liquid, transparent, and
colourless. Very volatile ; odour fetid and offensive.  Inflammable. Sulphurous
‘and carbonic acids are the products of its combustion. FPrepared by passing sul-
phur in vapour over charcoal heated to redness in a porcelain tube.
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CHAP. VIII. CHLORINE. *

625. Symb. CL—Kq. 36 by W.— by V.—Sp. gr. nearly 2.5.—W of 100 c. i.
76 grs. and a fraction.—Condensed into a liquid by the pressure of 4 atmospheres
at 50°. Synon. Oxymuriatic acid, or oxygenated muriati¢ acid ; dephlogisticated
marine acid. The first two names were given when chloririe was regarded as a
compound of muriatic acid and oxygen ; an opigion which was defended with much
ingenuity by the late Dr Murray. Sir H. Davwconsidered it an element, and
gave it the name of Chlorine from its colour, derived from zaags, green.

626, Gaseous, transparent, of a greenish-yellow colour ; odour pungent, suffo-
cating, extremely irritating and offensive. Uninflammable ; supports combustion ;
destroys most animal and vegetable colouring matters and vdorous effluvia, and
decomposes a great number of vegetable and animal substances, from which it
generally removes hydrogen, either directly, or by combining with the hydrogen
of any water that may be present, and separating oxygen, which has the sathe
effect.

627. Water absorbs 14 times its volume of chlurme, aciquires its taste, colour,
and smell, and also its bleaching properties. A crystalline compound is produced
when it is introduced into ice-cold water, the BY¥DRATE OF CHLORINE, = water
90 + chlorine 36. Warm water, at temp. 90°, must be employed in collecting chlo-
rine to prevent absorption ; mercury combines with it, so that the mercurial trough
eannot be used.

628. The solution of chlorine in water ought to be kept in dark bottles, and ex-
cluded from the light, otherwise the chlorine decomposes in a short time part.‘*uﬁ
the water, combining with its hydrogen, and forming muriatic acid.

629. Numerous substances take fire when they are introduced into chlorine gas,
as antimony and copper when in a minute state of division, turpentine and phos-
phorus. A candle with the flame blown out, but with the wick still red, is re-
kindled in chlorine, as Mr A. Trevelyan pointed out. In all cases where it sup-
ports the combustion of common inflammnable matter, it combines generally with
the hydrogen alone, separating in the form of a black powder the carbon, for which
it has but a feeble attraction.

630. PreparaTioN.—From the common muriatic acid by heating it with p-ar.
oxide of manganese, diluting it with 1-Gth of its bulk of water, that the action
may not go on too quickly. Muriatic acid 37 decompose peroxide of manganese
44, disengaging 8 of oxygen, combining with the 36 of oxide left, and forming
muriate of manganese. The oxygen detached decomposes 37 of muriatic achi§
from which it takes 1 of hydrogen and disengages 36 of chlorine. Three parts of
the common acid, and one of the oxide, are generally taken.

Chlorine from Muriatic dAewd and Perovide of Manganese, .

Fig. 18- £
Materials. - : Products,
Chlorine....eosee 36 --soueeeeeseencees. 36 Chlorine.
37 Muriatic Acid {Hydmgen ...... Lo o W ater
37 Murintic Acld .uprsesssnspesayas®ases HF - i S,

Dx}'gen EREE T
44 Perox. Mang. { Protox. Mang, 36 e ganans -y

- Symb. 2HCI&:Mn = HCl4+-Mn&-H&CL

631. Another process for preparing chlorine is explained by the following dia-
gram :
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Chlorine from Chioride of Sodium, Peroxide of Manganese, and Sulphuric Ao,

Fig. 19.
Materfals. Products.

60 Chloride of [ Chlorine.....e... B el 36 Chlorine.

Sodium Sodium ..,...... 24

¥ ! Dx,}rgen PEEEEE REE
44 Perox. Mang. Protox. Mang. 36
40 Sulphuric Acid......ocisenienven... 40 72 Sulph. of Soda.
40 Sulphuric Acid.....iveessiinrvensn 40 76 Sulph. of Mang.

Symb., CINad:Mn&2:i8 = {8-Na&kiS-MnaCL

632. Test.—Chlorine, in solution, is distinguished from all other substances by
its power.of discharging the tints of vegetable colouring matter, and by the co-
pious curdy precipitate which it produces in solutions of the nitrate of silver, com-
posed of chlorine and metallic silver, which becomes of a dark colour quickly when
exposed to the direct rays of the sun, and more slowly by diffused day-light.

Compounds of Chlorine.

633. PEroxipE oFr CHLORINE.—Symb. {Cl. = chlorine 36 + oxygen 32.—
Eq. 68 by W, (T3] by V.—Sp. gr. about 2.36.—W. of 100 c. i. nearly 72 grains.
Explodes violently at 212°, and often during its preparation, so that great care is
necessary in operating with it,.

634. Gaseous, transparent, of a very deep greenish-yellow colour; odour aro-
matic ; many substances inflame in it, and phosphorus takes fire when it comes in
contact with it even under water. When decomposed by heat alone, 2 measures
expand to 3, heat and light being evolved as they separate.

635. Prepared from chlorate of potassa by aqueous sulphuric acid. Here it is
supposed that sulphuric acid 4 eqs. decompose 2 eqs. of chlorate of potassa, form-
ing 2 eqs. of bisulphate of potassa, as they detach 2 egs. chloric acid. These lose
each 1 eq. of oxygen, and become peroxide of chlorine. The 2 eqs. of oxvgen
which they give out combine with 1 of chloric acid, still in combination with po-
tassa, and now forming the perchlorate of potassa.

Fig. 20.

Materials. Products.
Perox. ChL 68 -....cccoonvnnee 68 Peroxide of Chlorine.
2 Equivalents of ) Perox. ChL 68 ...................... 68 Peroxide of Chlorine.

Chloric Acid ) Oxygen ... 8

' Oxygen ... BE E
P Chloric Acid ....vevvvsrsvnnnsessenes J6 92 Perchloric Acid.
Symb. 3::1Cl = 2-iCl&-:iCL

When the sulphuric acid and the potassa must be represented, the symbols may

be arranged in the following manner :
3:iClK&4iS = 2(2i84-K)&:iCI'K.

636. The EvcuroriNg of Davy, formerly called Protoxide of Chlorine, is now
regarded as a mixture of chlorine and peroxide of chlorine. It is formed by the
action of muriatic acid on chlorate of potassa. If we suppose 1 eq. of muriatic acid
to take potassa from | eq. of the chlorate, detaching chloric acid which is decom-
posed by another eq. of muriatic acid, the products are chlorine, peroxide of chlo-
rine, water, and muriate of potassa. Symb. : iCI'K&2HCl=HCl-K&Cl&-: Cl&-H.
‘This gaseous mixture is transparent, of a deep greenish-yellow colour ; odour like
burned sugar; water absorbs 10 timeg its volume ; detonates by heat alone, the
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elements separating with a flash of light ; phosphorus, oil of turpentine, and nu.
merous other inflammables, take fire in it. -

637. CaLoric Acip.—Symb. :iCL = chlorine 36 4+ oxygen 40.—Eq. 76.—
Formerly called Hyperoxymuriatic Acid.

638. Chloric acid has been pru-r:ured hitherto only in combination with water.
It reddens the vegetable blues; is decomposed by a number of substances which
have a great affinity for oxygen; inflames paper, and other combustible matters,
when its solution is concentrated ; and, by heat, is resolved into chlorine and oxy-
gen gases, and perchloric acid, which may be condensed as a colourless liguid in a
receiver. 'T'he compounds of chloric acid giving off oxygen with facility by the
application of heat, promote the rapid deflagration of inflammable matter.

639. Preparep from a solution of chlorate of baryta by sulphuric acid, which
separates the baryta in the form of the insoluble sulphate. Chlorate of baryta is
formed by passing chlorine through a solution of baryta; 6 egs. of chlorine de-
compose 5 eqs. of water, as in the following table ; and 6 eqs. of acid are pmduced ;

1 of chloric and 5 of muriatic, each eq. of acid combining with 1 eq. of baryta, in
solution :

Fig. 21, :
Water.  Chlorine. New Compounds.
Hydrogen 1 + 36 = 37 muriatic anig.
o T Hydrogen 1 + 36 = 37 muriatic acid.
= 1’:};" :::::? 8 Hydrogen 1 4+ 36 = 37 muriatic acid.
B 5 i Hydrogen 1| + 36 = 37 muriatic acid.
o g Hydrogen | + 36 = 37 muriatic acid.
Oxygen 40 + 36 = 76 chloric acid.

."l:!,!mlfj. G6CL&S'H = sHCl&::CL

The liquid containing these salts being boiled with phosphate of silver, it affects
the muriate of baryta alone, forming insoluble phosphate of baryta and chloride of
silver, nothing being left in solution except the chlorate of baryta, the compound
required.

640. PErchronic Acip.—Symb. *iiClL = chlorine 36 + oxygen 56.—Egq. 92
—Procured in the manner described in 638 ; or by distilling the perchlorate of po-
tassa with half its weight of sulphuric acid, diluted with 1-3d part of water; it
condenses in combination with water in the receiver. Perchloric acid has been
recommended as a test of potassa, forming with it a very sparingly soluble com-
pound.

641. Hyprocuroric or Muriaric Acip.—Symb. HCL = chlorine 36 + hy-
drogen 1.—Eq. 37 by W, [T7 by V.—Sp. gr. L28.—W. of 100 c. i. 30.1 grs.—=
Condensed into a liquid h} a pressure of 40 1tmuspherea at 50°,

642, Gaseous, transparent, colourless, acrid and suffocating, uninflammable ;
does not support combustion. Condensed with explosive rapidity by water, which
can take up 480 times its volume ; heat is evolved during the combination,

643. Combined with waler it forms common muriatic acid, and is more correct-
ly termed Aqueous Muriatic Acid. Synon, Spirit of Salt, Marine Acid. This
compound has a greater density than water, emits acrid vapours on exposure to
the air; is transparent and colourless when pure, but has usually a straw colour,
from the presence of small quantities of chlorine, nitrous acid, or peroxide of iron.
8p. gr. of acid usually manufactured 1.17, containing about 34 per cent. of real
acid. The annexed table shews the specific gravity of the liquid of various de-
arees of strength, from a more extended table by Dr Ure :—
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i-.pecrﬂr ! Dry acid Specific Diry Acid
gravity. in 1() parts, gravity. in 100 parts.
1.2000 40.777 Loooo 20.388
1.1802 36.202 L.0879 17.941
1.1620 32.621 LOG1Y 12.641
1.1410 28.544 1.0417 563
1.1266 24.466 L0200 4.078
L1082 22.019 1.0020 0.408

G44. The following table is taken from one of Dr Thomson’s, and shews the

specific gravity of the acid when united with water in different atomic propor-
tions :—

Specific Real Atoms of Atoms of | Specific Heal Atomsof Atoms of
gravity. acid, acld. water, gravity. acld, acid, water.
1.203  40.659 1 G L1060 22.700 1 14
1.162 33.945 1 # 10960 20.442 1 16
1.139 20.134 =] 10 1.0860 18. 590 1 13
1.1197  25.517 | 12 1.0780 17.501 | 20

G45. Nitrate of silver is the best test of muriatic acid, producing with its chlo-
rine the insoluble chloride described in 632. The oxygen of the oxide unites with
the hydrogen of the muriatic acid and forms water, which remains with the nitric
acid of the nitrate. .

646. Compounds of muriatic acid and metallic oxides produce water and metal-
lic chlorides, when heated; and metallic chlorides, when they dissolve in water,
are believed by many to decomipose a portion and give muriates of the oxides.

G47. Prepared from chloride of sodium (common salt) by the action of aqueous
sulphuric acid. Chloride of sodium 60 = chlorine 36 + sodium 24. When it de-
composes 9 water, the chlorine combines with the hydrogen of the water, and the
sodium with the oxygen, the products being 37 muriatic acid gas and 32 soda.
The sulphuric acid, which must be present to promote this decomposition, unites
with the soda and forms sulphate of soda ; the muriatic acid is conveyed to a re-
ceiver, and condensed by water kept quite cold ; the sulphate remains in the ap-
paratus in which the materials are heated. In general an excess of sulphuric acid
is employed, so that a portion of bisulphate of soda is produced, and the aqueous
sulphuric acid is diluted with 1-3d of its weight of water, and cooled before mix-
ing with the salt, that the action may go on temperately.

Fig. 22.
Materials. Producis, :
19 Aqueous Sul- Eg;jézgen 1 - 37 Muriatic Acid.
~ phurie Acid Dry Adid 40 H""‘x,-
60 Chloride of § Chlorine 36 - \-‘“xﬂ
Sodium Sodium ... 24 ——=.72 Sulphate of Soda.
. Symb., ‘HiS&CINa = :5-Na& HCL

648. Muriatic acid gas is easily procured from the liquid acid by heat, a large
quantity escaping at a lower temperature than is necessary to boil water. It
must be collected at the mercurial trough.

G49. Muriatic acid gas may be formed on the small scale by applying a light
to equal measures of chlorine and hydrogen: the mixture detonates, but there is
no condensation unless water be present.

660. NiTROMURIATIC ACID, or Auva REGIa, is prepared by heating a mixture
of nitric and muriatic acids. It contains a large quantity of chlorine, on which
its power of dissolving gold or platinum depends, and for which principally it is
used. The chlorine is derived from the muriatic acid, which is decomposed, its
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hydrogen being removed by the oxygen of the nitric acid. Nitrous acid is at the
same time produced, which gives it a very deep ruddy colour. It is generally
prepared at the moment it is required, by mixing various proportions of the acids,
according to the purpose to which it is to be applied.

Fig. 23.

Materials. Products.
37 Muriatic Acia § Chlorine...... 6o 36 Chlorine.
g:drﬂgen ;----—“::._ 9 Water.
2 ) K}'gﬂﬂ IR L] i S
54 Nitric Acid ... {Nitruua Acid 46—-—cua= 46 Nitrous Acid.

.Tymﬁ'. HEl&:ELT —_ 'EN&.’H&-C]!

651. QuaprocHLORIDE OF NiTRoGEN,—Bymb. CI*N = chlorine 144 4 nitro-
gen 14.—Eq. 158.—Sp. gr. 1.654.—Synon. Chloride of Nitrogen.

652. Liquid, of a yellow colour and oily appearance. Odour extremely pene-
trating, and almost insupportable ; volatilizes rapidly at natural temperatures.
Explodes with very great violence when heated to 200° or on touching it with
many oily substances, particularly olive oil and turpentine. Its elements are se-
parated as it explodes, and the chlorine is believed to form muriatic acid gas with
the hydrogen of a number of the inflammables which decompose it.

653, CuroroNi1TROUS Gas.—A compound of chlorine and binoxide of nitrogen
prepared lately by Mr E. Davy, by the action of nitric acid on fused chloride of
sodium.

654, CHLORIDE oF SuLPHUR.—Symb. CIS = chlorine 86 4 sulphur 16.—Eq.
52,—It is formed by the action of chlorine on heated flowers of sulphur, and then
distilled from any uncombined sulphur by a gentle heat. -

655. Liquid, of a reddish colour, emits acrid fumes, boils at 280°; decomposes
water, alcohol, and ether, the sulphur taking the oxygen, and the chlorine com-
bining with hydrogen.

656. Another compound, with a larger quantity of chlorine, has been described.

657. Two compounds of chlorine and phosphorus have been described as the
chloride and bichloride of phosphorus, but their precise composition appears still
to be uncertain.

658. The CuroriDE or ProTocHLORIDE oF PHosrHorvus is formed when
phosphorus is heated with the bichloride of mereury, and is separated by distilla-
tion. The BicurLoripE or PERCHLORIDE is obtained when phosphorus is intro-
duced into chlorine gas, being formed by its spontaneous combustion.

659. CororipE oF CannoN.—Symb. CIC = chlorine 36 + carbon 6.—Eq. 42.
—35p. gr. 1.562.—1It is liquid, colourless, and beils at 170°. Discovered by Fara-
day, who prepared it by decompesing the succeeding compound by heat, a portion
of the chlorine being expelled, and the chloride distilled.

660, PErcuLoripE ofF CarsoxN.—Symb. CI3C? = chlorine 108 4+ carbon 12,—
Solid, colourless, and transparent, fuses at 320°, and distils at 360°. Inflammable
when heated ; burns brilliantly in oxygen. Procured by Faraday from hydrocar-
buret of chlorine, all the hydrogen having been removed by repeated exposure to
chlorine in the rays of the sun.

fifl. Bicarsvner oF CHLORINE, called also SuscELomipE oF Camrnow,isa
peculiar compound, which is procured when impure nitre and sulphate of iron are
heated. 'The origin of the carbon has not been precisely pointed out.

662. Another chloride jof carbon has been described by Liebig; it is formed
when chloral is boiled in a solution of potassa, being converted into vapour and
distilled. Tt is regarded as a compound of 4 eqs. of carbon and 5 of chlorine,
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6id. HypRoCARBURET oF CHLORINE.—Symb. H*C!*Cl = hydrogen 2 + car-
bon 12 4 chlorine 36.—Liguid, of an oily appearance ; boils at 150°, completely
decomposed by a red heat. Formed when chlorine and olefiant gas (hydruret of
carbon) are mingled over water, condensing as an oily fluid which sinks in the
water.

664. CuroraL.—Discovered by Liebig, who regards it as a compound of 9 eqs.
of carbon, 6 eqs. of chlorine, and 4 eqs. of oxygen. Sp.gr. 1.501. Boils at 200°

665. Liquid, transparent, colourless, odour penetrating, almost tasteless, and
has an oily appearance. It combines with water, sulphur, bromine, and iodine ;
and is decomposed when heated with different earths and metals, metallic chlo-
rides being formed. It is prepared by passing chlorine into alcohol for a consider-
able time. The alcohol must be kept cool at first, and heated afterwards to ex-
pel the muriatic acid that is formed. A syrupy fluid is at length obtained, which
becomes a white crystalline solid. Sulphuric acid removes the water it contains
in this condition, when the chloral floats above it ; by distilling it from lime it is
separated from any adhering muriatic acid.

G6t. CuLorocarBoNICc AciD.—A compound of chlorine 36 4 carbonic oxide 14.
Discovered by Dr John Davy. It has also been called

667. PuoscENE Gas, as it is produced solely by the action of light. In the
sunshine the combination of the gases is rapid.

=1

668. In concluding the history of chlorine, it is necessary to mention, that it
was long regarded as a compound of muriatic acid and oxygen, an opinion ably
defended by the late Dr Murray ; the phenomena which it presents in its differ~
ent combinations are all explicable on this supposition, though the view proposed
by Sir H. Davy, and also by Gay-Lussac and Thenard, of its elementary nature,
is considered more in accordance with actual experiment, and now almost univer-
sally adopted. In referring to chemical works published before the present view
was generally entertained, the following memoranda will enable the student to
translate the language formerly employed into the present nomenclature.

Aeccording to the old doctrine— Aecording to Davy—
1. Chlorine is a compound of muriatic | 1. Chlorine is an element.
acid 28 + oxygen 8 = 36.
2. Muriatic acid gas consists of 28 real | 2. Muriatic acid gas is the real acid,
acid + 9 water = 37. and contains no water, consisting of
chlorine 36 + hydrogen 1 = 37.
3. Muriatic acid gas, acting on oxides, | 3. Muriatic acid gas acting on oxides is

gives out its combined water, the decomposed, its hydrogen uniting
real acid 28 combining with the with the oxygen of the oxide, and
oxide. producing the water which is de-

tached, while a compound of chlo-
rine and the metal is left.

CHAP. IX. IODINE.

669. Symb. L.—Eq. 124 by W, ] by V.—S8p. gr. of solid iodine 4.948; accord-
ing to Dr Thomson 3.0844.—Sp. gr. of vapour 8.6.—W. of 100 c. i. 262.9 grs.—
Name derived from Isdzs, purple or violet coloured.

670. Solid, opaque, of a bluish-black colour, and semimetallic lustre, odour pun-
gent, taste acrid. Melts at 227° and is vaporized at 3507, crystallizing as it cools,
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It stains the skin of a yellowish-brown colour, destroys vegetable colours, and
forms numerous compounds analogous to those of chlorine. At natural tempera-
tures it evaporates slowly. Dissolves in 7000 of water, giving a deep brown co-
lour to the lignid. Alcohol dissolves it more abundantly ; the strong sc-luhﬂu is
almost opaque from the depth of colour. e

- 671. Todine is recognised with facility by the fine purple colour of its vapour,
and the deep blue coloured precipitate with stareh mixed with or dissolved in
water. One part of iodine in 450,000 of water may be detected in this manner.
Cold water must be employed in detecting iodine by starch, as the blue compound
is decolorised by hot water.

672. PrepareED from kelp, the ash that remains on incinerating sea-weed.
When a solution of the soluble matter of kelp has been repeatedly crystallized,
the drainings from each successive crystallization being boiled down to afford more
crystals, they at length contain within a small bulk the iodine previously associat-
ed with a large quantity of kelp. The iodine exists there in the form of hydrie-
dic acid (a compound of iodine and hydrogen), which is in combination with soda,
and in solution. Sulphuric acid is added to detach the hydriodic acid, combining
with the soda and forming sulphate of soda (which is separated by erystallization) ;
sulphureted hydrogen, carbonic, and sulphurous acids, are expelled at the same
time. Hydriodic acid is thus procured in an impure form, and in solution; by
heating it with peroxide of manganese, one portion of the acid unites with pro-
toxide of manganese, separating oxygen, which decomposes the rest of the hy-
driodic acid, by umtmg with its hydrogen, and the iodine may be separated by
sublimation. By using an excess of sulphuric acid, sulphate of manganese is

formed, and more of the hydriodic acid decomposed. . - il P
Fig. 24. ok
Materials. Products
Hydrogen ...... oo @ Water.
125 Hydriodic Acid { Totineie. e oiied =7 124 Todine:
125 Hydriodic Acid ...... ..............12&,1‘{
- it : Oxypen ..o B
>

B { Protox. Mang. 36 _____ "7~ 161 Hydriodate of Marig.

-Sjﬂﬂfh EHIﬂJ:‘I“ =T HI+ *Mné&T&-H.

Compounds of Todine.

673. TIopic Aco—Symb. : i1 = iodine 124 + oxygen 40.—Eq. 164.—~Decom-
pused when heated Lo 300°.

674. Solid, semitransparent, soluble, deliquescent, acid and styptic taste, red-
dens and then destroys the vegetable colours. Forms detonating compounds with
many inflammables, to which it communicates oxygen readily when heated. Its
salts, which are called Todates, are decomposed by heat ; iodates of metallic oxides
losing all their oxygen, and a compound of jodine and a metal being left.

675. PrErareDp by digesting iodine in nitric acid, as Mr Connell pointed out,
the iodine being oxygenated by the decomposition of the nitric acid; or by pass-
ing protoxide of chlorine, prepared from muriatic acid and chlorate of potassa,
over iodine in a tube, part of the iodine combining with the oxygen of the oxide
and forming the acid, while the rest attaches itself’ to the chlorine and produces a
compound, which is easily expelled by a moderate heat. When iodine is heated
with water and an alkaline base, as potassa, soda, or lime, 6 eqs. decompose 5 eqs.
of water, forming hydriodic and iodic acids, exactly in the same manner as in the.
reaction with chlorine, described in 639.
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676. Ox1ne or Iopixe, Iovovs Acip, and Hyrerionice Acip, are other com-
pounds of iodine and oxygen, of much less importance, which have been described
lately.

677. Hybrionic Acip.—Symb. HI = iodine 124 + hydrogen 1.—Eq. 125 by
W, (I3 by V.—Sp. gr. 4.3.—W. of 100 c. i. 132.3 grs.

678. Gaseous, transparent, colourless, very acrid, preduces white fumes when
mi%ed with the air, must be collected over mercury, as water absorbs it with ex-
plosive rapidity. Its solution in water is easily concentrated by heat till it ac-
quires a density of 1.5; it then boils at 260°. The solution is transparent and
colourless at first, but acquires the colour of solutions of iodine by long keeping
and exposure to the air and light, oxygen being absorbed and taking a portion of
hydrogen, while the iodine previously united with it communicates colour to the
solution. Tt reddens powerfully the vegetable blues.

679. Decomposed by chlorine, nitric and sulphuric acids, which liberate the io-
Mtine ; the chlorine, and a portion of the oxygen of the acids uniting with the hy-
drogen ; in the gaseous form, combustion ensues when nitrous acid and chlorine
are used.—Chlorine and hydriodic acid = muriatic acid and iodine. Symb. Cl&HIX
= HCl&I.—Sulphuric acid and hydriodic acid = Sulphurous acid, water, and
iodine. Symb. :S&HI = :S& H&I. Does not affect starch; mercury decom-
poses it, combining with the iodine and setting the hydrogen free.

680, Pnr:wmzu in the gaseous form by the action of water on iodide of phos-
phorusl 50 parts’ of ivdine may be mixed with 20 of water and 5 of phosphorus,
and then heated but with these materials, a slight explosion that ensues when
the phosphorus and iodine begin to affect each other must be allowed to take place
before heat is applied. The iodine taking hydrogen from the water produces hy.
driodic acid, and the oxygen unites with the phosphorus; when the process bas
continued for some time, phosphureted hydrogen i= produced; it must then be
stopped, as this gas is apt to explode in the retort, if the air mix with it.

681. A solution of hypophosphorous acid evaporated till it begins to be decom-
posed, and then mixed with an equal weight of iodine, gives very pure hydriodic
acid, according to D'Arcet.

682, Sulphureted hydrogen gas, transmitted through water holding iodine sus-
pended in it, produces quickly a solution of hydriodic acid gas, the iodine uniting
with the hydrogen while the sulphur is deposited. Symb. I&HS = HI&S. Any
excess of sulphureted hydrogen is expelled by heat, and the solution concentrated
at the same time ; the sulphur is removed by filtration.

683. TesTs.—Starch indicates the iodine by the blue colour it produces after
" removing the hydrogen by sulphurie acid or chlorine water. Care must be taken
to add the chlorine or sulphuric acid cautiously, as an excess prevents the blue
compound of iodine and starch from being seen. Solutions of platinum produce
a dark port-wine colour ; salts of lead give the brilliant yellow iodide of lead ; bi-
chloride of mercury gives the bright red biniode of mercury. In all these cases,
while the iodine is precipitated with the metal, the hydrogen of the hydriodic
acid combines with the chlorine, oxygen, or other substance formerly united
with it.

684. TERIODIDE OF NITROGEN.—Symb. I°N = iodine 372 + nitrogen 14.—
Eq. 386.—Called often Iodide of Nitrogen. Solid, black, detonates by heat or
pressure. Prepared by the action of aqueous ammonia with iodine. Ammonia =
hydrogen and nitrogen ; one portion of iodine combines with the nitrogen, forming
. the teriodide ; the other with the hydrogen produces hydriodic acid.
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685. [oDIDE oF Sutraur is obtained by heating iodine and sulphur g-eutly :11
a tube. It has a dark colour and radiated texture.

686. IoninE o¥ PHosrHORUS is procured by the action of iodine on phosphorus.
They combine on being brought in contact, and so much heat is evolved that part
of the phosphorus is inflamed if the air be not excluded. Todine and phuﬂphonls
can combine in various proportions.

687. IobIDE oF Cannox is prepared from the periodide. Serullas procured t’he
Pertoorne by the action of iodine with alcohol. -

686. Carorionic Acip, or CuLoRIDE oF JopiNg, was procured by Davy on
admitting chlorine into a receiver containing iodine, from which the air had been
exhausted.

ke CHAP. X. BROMINE AND FLUORINE.

689. BroMINE.—Symb. Br.—Eq. 78 ?—Becomes solid at 4°, boils at 116°%—
Sp. gr. 3.—1Is a bad conductor of electricity. Its name is derived from _Eeﬂm;, sig-
nifying a strong and disagreeable odour.

670. The only element that is liquid at natural temperatures, with the excej-
tion of mercury. OF a deep hyacinthine red eolour, volatilizes quickly, producing
a ruddy coloured vapour, similar in appearance to nitrous acid. Has a strong
taste and smell, and is very similar to chlorine in all its chemical relations. Co.
rodes animal and vegetable substances, and is very poisonous. Bleaches vegetable
colouring matter; supports the combustion of some inflammables. Soluble in
ether, alcohol, and water ; ether is preferred in extracting it by solution front va-
rious substances. Combined with water, it forms a hydrate, which crystallizes
when cooled to 32°. With starch it forms a yellowish-coloured ¢ompound.

691. PreParED from BirTERN, the drainings from common salt procured by
boiling down sea-water. Tt exists there, united with hydrogen, in the form of
hydrobromic acid, which is combined with magnesia, and retained in solution by
water along with a number of different salts containing sulphuric and muriatic
acids, soda, and magnesia. Chlorine is passed into the bittern so long as it deep-
ens in colour ; muriatie acid is formed by the chlorine combining with the hydro-
gen of the hydrobromie acid, and unites with its magnesia; the disengaged bro-
mine communicates a yellow fint to the bittern.  Symb. HBrMg&Cl —
HCI'Mg&Br. By boiling the bittern the bromine i is expelled, and must be col-
lected in a receiver kept very cold.

692. Sulphuric ether agitated with the bittern dissolves it readily, and pmdunes
a liquid with a fine hyacinthine colour. The bromine is sometimes separated in
this manner from the bittern ; when the solution is agitated with a selution of po-
tassa, its colour disappears; the bromine decomposes a portion of water, in the
same manner as chlorine (see 639), and produces bromic and hydrobromic acids.
These acids combine with the potassa, bromate and hydrobromate of potassa are
formed ; the bromate forms cubical crystals on concentrating the solution, which
are easily separated. ‘T'he bromine is then detached from these by chlorine, and
distilled into a receiver.

693. Numerons combinatjons of bromine have been pointed out, all analogous
in properties to the corresponding cumpnumls of chlorine. Bromic acid = bro-
mine 78 + oxygen 40; eq. 118; symb. : i Br.—Hydrobromic acid = bromine 78
+ hydrogen 1; eq. ¥9 by W, 1] by V ; symb. HBE.

694. Bromine appears to have a we.aker affinity for different bodies than chlo-
rine, but a more energetic power of attraction than iodine. It is found very uni-
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versally ditfused in the waters of the ocean, and in other mineral waters, though
in very small quantity. It is believed to be generally in the form of hydrobro-
mic acid ; in this condition, it gives a white precipitate with solutions of lead and
silver, composed of bromide of lead, or bromide of silver, from which bromine may
be expelled in vapour by chlerine.

695. FrvoriNe.—Dr Faraday has announced that he has procured this ele-
ment¢ but the details of its properties and the mode of preparation have not yet
been published.

696. Hyprorrvoric Acin, commonly called Fruvoric Acin.—Sp. gr. 1.06.—
Transparent, colourless, emits copious and very offensive fumes on exposure to
the air, combining with its moisture. Ias a great atiraction for water, unites
with it in all proportions, a hissing noise being at the same time produced. Red-
dens powerfully the vegetable blues; dissolves silica, forming a gaseous com.
pound (see fluosilicie acid), and cannot therefore be prepared in glass or other vess
sels containing this substance. Very corrosive of animal and vegetable matter ;
a single drop falling on the skin corrodes it immediately, and produces an ulcer,
which is aeeompanied by very great irritation, and healed with difficulty.

697. Hydrofluoric acid acts very energetically with a number of the metals,
hydrogen being disengaged, and a metallic fluoride formed. It is used frequently
for etching on glass, which is covered in the first place with wax, this being re-
moved wherever it is intended-that the fluoric acid should act; it is then covered
with hydrofluoric acid, previously diluted with several times its weight of water,
or exposed to the vapour of the acid.

698. PREPARED from fluoride of caleium (Derbyshire or fluor. spar}, a compound
of fluorine and calcium, by the action of aqueous sulphuric acid. Fluoride of cal-
cium = fluorine and calcium ; the fluorine with the hydrogen of the water forms
the hydrofluoric acid ; the caleium with the oxygen of the water produces lime,
which remains with the sulphuric acid as sulphate of lime. '

Fig. 25.
Materials. Products.

Aqueous Sul- ggdrngen ------ | PP % 19 Hydrofluorie Acid.

. : ¥ eesuessve B
phuxic.Aeld Sulpﬁemt:.ﬁ.md d[lh'"“'u
Fluoride of Fluorine.........18 - E
Calcium -~ | Calcium .........20 68 Sulphate of Lime.

Symd. *HESE:FG& = i8:CakHF.

699. Fruosoric Acin Gas.—Regarded as a compound of fluorine and boron,
or hydrofluoric and boracic acids, when acted upon by water, the fluorine taking
hydrogen, while the boron combines with oxygen. Gaseous, transparent, colour-
less, reddens litmus, has a great attraction for water, producing a dense white
cloud as it comes in contact with air containing moisture, and being absorbed in
large quantity when introduced into this fluid. It is used occasionally to detect
moisture in air or gases, producing dense vapours when there is any present.

700. The solution is acrid and corrosive, fumes on exposure to the air, and con-
tains, when the waler is saturated, 700 times its volume of gas. Potassium in-
flames when heated in it, combining with the fluorine and detaching the boron.

Prepared by heating, in a leaden retort, a mixture of fused boracic acid and
fluor spar ; or by heating a concentrated solution of boracic and hydrofluoric acids.
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CLASS II. METALS.
Bty >

701. METALs are particularly distinguished by their opacity, lustre, and power
of conducting heat and electricity. 'They are distributed in large quantity through-
out the globe, but appear in very various forms, according to the substances with
which they are associated. They are seldom met with in a pure form, but must
be separated chemically from their ores. Oxygen, sulphur, chlorine, and sulphu-
ric, nitrie, carbonie, and phosphoric acids, are the substances usually found in com-
bination with them. They are said to be xaTive when they occur pure, and
MINERALIZED when they are combined with other bodies.

702. A great number of metals present a crystalline texture, and when cooled
slowly on passing from the liquid to the solid form, so that a part in the liquid
state may be poured off from the first portion that consolidates, distinct crystals
can often be obtained with great facility.

703. DExsiTy. Most metals, and also the greater number of thmrcmnpuunds
are very heavy compared with water; some metals, however, as potassium, are
lighter than water.

704. Maxy metals are MALLEABLE (can be beat {:ul: into thm leaves), and
pucTiLE (drawn into fine wires). Those that have a highly crystalline texture,
as antimony, arsenic, and bismuth, have not these properties. Some metals, as iron
and platinum, are malleable and ductile at a high temperature ; in this state two
pieces of the metal can be united by hammering, an operation termed wWELDING.

705. The TExaciTY of metals varies very much ; their relative tenacity is as-
certained, by finding the weight which a rod or wire of a given length and diame-
ter can support. If the tenacity of lead be taken as a standard of comparison,
and reckoned 1, then zinc is represented by 4, gold by 5, silver by €4, platinum
by 10, copper by 11, and iron by 20, omitting small fractions. Guyton Morveau
found that an iren wire, litlle more than 2-3ds of a line in diameter, could sup-
port a weight of 549} lbs,

706. The points at which metals melt are very various. Mercury is fluid at
—39.5°; platinum yields to the oxyhydrogen blowpipe, but resists the hedt of our
strongest furnaces, ;2

707. Metals lose all their lustre, and assume the appeamrrceuf' earths, when
they enter into combination with the greater number of the yox-METALLIC BO-
pres. Hydrogen and carbon form with them few important compounds com-
pared with the other non.metallic substances; no compound of llltmgen mt.h a
metal is known.

708. Acips do not combine with metals, but unite with their compounds with
oxygen or other substances.

709. METaLLic OxipEs are generally formed by the action of metals on air,
water, nitric acid, sulphuric acid, nitrates, chlorates ; pure oxygen is rarely used.
Cavrcivarion was the term used formerly to express the oxidation of a metal ef-
fected by the action of the air, and the oxide formed was denominated a caux,
from its being earthy like lime. The term calcination is now used in a more ge-
neral sense by many chemists, and is applied whenever any solid matter has been

subjected to a strong heat.
o
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710, Merarvic SuLrHURETs may be formed—I. By heating sulpbur with
many of the metals, a great increase of heat generally attending the combination,
and frequently an evolution of light.

711. 11. By the action of sulphureted hydrogen on numerous binary compounds
of the metals, the sulphur combining with the metal, while the hydrogen unites
with the other ingredient. Thus sulphureted hydrogen with oxide of lead pro-
duces sulphuret of lead and water.

712. II1. By the decomposition of metallic oxides heated with sulphur, one
portion of the sulphur combining with the oxygen, and another with the metal of
the oxide. See diagram par. 774, p. 87.

713. IV. By the decomposition of Surrnates of Merarric Oxings heated
with charcoal or hydrogen, the latter being passed over them in a red hot tube.
Each eq. of a sulphate contains 4 eqs. of oxygen, 3 in the sulphuric acid, and 1 in
the oxide. Carbon 4 eqs., remove all the oxygen, each eq. of carbon combining
with 1 of oxygen and forming 1 of carbonic oxide. Sulphates of the oxides of the
fixed alkalis and earths are decomposed in this manner, but the sulphates of the
common metallic oxides lose all their acid when heated to whiteness or a less ele-
vated temperature, either with or without carbon. See diagram par. 773, p. 87-

714. ProsrEURETS and SELENIURETS of the metals may, in many cases, be
procured by processes similar to those for the preparation of the sulphurets, but
they are of much less importance.

715. CHLoriDEs, TopinEs, BroMIDES, and FLuoripEs ? may be prepared in
some cases by the direct combination of their elements, the evolution of heat and
light very frequently attending their union.

716. ‘They may also be obtained by the action of hydrochloric (muriatic), hy-
driedic, hydrobromic, and hydrofluoric acids, upon metallic oxides, the hydrogen
of the acid uniting with the oxygen of the oxide, and forming water.

717. When metallic chlorides, iodides, bromides, or fluorides, decompose water,
the chlorine, iodine, bromine, or fluorine, again acquires hydrogen ; hydrochloric
hydriodie, hydrobromic, hydrofluoric acids are produced, and the metal combining
with the oxygen forms a metallic oxide.

718. Compounds of metals and eyanogen act in a similar manner.

719. When these metallic chlorides, iodides, &e. dissolve in water, it is uncer-
tain whether they merely combine directly with the water, or whether they re-
act on one ejquivalent of water, as stated at 717, the compounds so produced unit-
ing with the rest of the water not decomposed.

720.sCompounds of Curorie, Iopic, and Bromic Acips with MEeTaLrLic
Ox1DEs, lose all their oxygen by exposure to heat, nothing being left but the
imetal in tnion with the chlorine, iodine, or bromine.

721. Metals combine with each other, forming compounds termed arrovs;
these afe termed amarLeams when they contain mercury. :

722. When metals are procured from their ores, or other compounds made arti-
ficially, they are said to be REDUCED, and the process is called REDUCTION. The
term REGULUS is often employed to signify a pure metal. When mercury is re-
duced, it is commonly said to be REvVIVED.

723. Repveriox oF METALs.—I. Some metals may be reduced by heat alone,
as gold, silver, mercury, and platinum, when combined with oxygen or various
ather substances.

724. If the heat given be not sufficient to melt the metal as it is reduced, it
will appear as an earthy powder, having no metallic lustre, as when the muriate
of ammonia and platinum is heated to redness, nothing being left but a gray

F
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coloured powder, which assumes the metallic lustre when welded or melted at an
elevated temperature. 5.

725. IL. When the reduction cannot be effected by heat alone, some substance
must be introduced which shall assist in removing those bodies with which the
metals may be combined. Carbon in different forms is generally employed to re-
move oxygen. Different metals, or compounds containing them, are much em-
Ployed to separate sulphur, chlorine, iodine, &c.  Iron, tin, potassium, lime
which contains the metal caleium, and carbonates of potassa and soda, containing
the metals potassium and sodium, are most in use. It is the metal that is the
active ingredient in reducing the metallic ore, the different substances associated
with the metallic compounds employed to promote the reduction heing usually
disengaged, or entering into new combinations with some of the ingredients of
the metallic ore.

726. II1. Metals are occasionally employed to reduce other metals from their
combinations when dissolved in water. Thus iron precipitates copper from the
sulphate in solution, the iron assuming the place of the copper, and combining
with the sulpburic acid and oxygen previously associated with it. Even where
the metallic compound to be reduced is insoluble in water, a similar decomposition
may often be effected by boiling it in this fluid with the decomposing metal.
Thus, zine boiled in water with the chloride of silver, combines with the chlorine,
and is dissolved, the silver being separated from the insoluble chloride of silver
in a minute state of division.

727. Alkalis and other metallic oxides separate metallic oxides from their salts;
metals are generally required to separate metals in the metallic form.

728. 1V. In a great number of cases, when the reduction of metals is effected
by the action of some decomposing agent at an elevated temperature, it is neces-
sary to add some substance which shall melt easily, and allow all the metallic par-
ticles; as they are evolved, to subside in it and collect together. Bodies of this
description are of great importance in the reduction of many metals, and are
termed FLUXES, as they melt or flow during the operation of reduction. A flux
may act in different ways; 1. merely by melting and allowing the metallic par-
ticles to fall through it ; 2. it may combine as it melts with ingredients mechani-
cally mixed in a minute state of division with the ore, and forming a very fusible
compound with them, allow the reduced metal to fall through it ; 3. it may affect
chemically some of the ingredients combined with the metal in the ore, forming
with them the fluid matter through which the metal is deposited.

729. It is not necessary that the flux shall in all cases be easily fused by itself.
It is often sufficient if it form a fusible compound with the ingredients which it
may come in contact with during the operation of reduction. Thus, no substance
is more extensively employed as a flux than lime, though one of the most infusi-
ble of the earths, as it fuses when combined with the various substances that act
upon il in many processes of reduction. i |

730. The greater the number of earthy or saline metals mixed together, the
more fusible is the flux which they form.

731. A very fusible flux for experiments on a small scale, is made b_v mixing
5 parts of carbonate of potassa with 4 of carbonate of soda.

732. V. Metals may be reduced by electricity, the galvanic battery being pre-
ferred in these cases.—See Galvanism.

733. When reduction is effected in this manner, the metal always appears at
the negative pole.

734. VI. The combined influence of galvanism and chemical attraction may at
times be brought into play with advantage, by placing along with the compound
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subjected to the galvanic current some substance which has a great affinity for
one of its elements.

785. Before metallic ores are reduced, they are frequently subjected to heat for
o considerable time by mixing them with inflammable matter, which is kindled
and slowly burned away ; in such cases they are said to be RoasTED.

736. AnranGgEMENT oF METALS.—The metals are divided into various groups
by different chemists ; and a particular order is often observed in treating of those
described in each successive group, according to their relation to heat, electricity
or power of attraction for other bodies. In this work, they are divided into three
Orders : *

737. L. KaricExous METars, from Kali, the old name for potassa, used in a
general sense to signify an alkali, and yewze, I produce. These in-
clude the metals Potassium, Sodium, and Lithium, which, with
oxygen, form the alkalis Potassa, Soda, and Lithia.

738. 1I. TEnricExous MEeTaLs, from Terra, the Latin for the earth, and
yimaw. This order includes all those metals which, with oxygen,
form the substances called EarTHs by chemists. They are usual-
1y subdivided into Alkaline Terrigenous Metals, and Common Terri-
genous Metals, the earths produced by the former resembling the al-
kalis in many respects.

1. Alkaline Terrigenous Metals.—Calcium, Barium, Strontium, Magne-
sium.

2. Common Terrigenous Metals. —Aluminum, Silicum, Glucinum, Ittrium,
Zirconiumy, Thorinum,

739. III. CarcieExous METALs.—These include the common metals, all of
which can form a calx (see 709), or earthy-looking substance when
combined with oxygen. They may be subdivided into—

1. Common metals whose oxides are not reduced by heat alone, viz.

Iron. Bismuth. Arsenic. Cerium.
Lead. Manganese. Vanadium. Columbium.
Copper. Chrome. Cadmium. Tellurium.
Zinc. Cobalt. Tungsten. Titanium.
Antimony. Nickel Molybdenum. Uranium.
Tin.

2. Common metals whose oxides are reduced by heat alone, viz.

Mercury. Platinum. Rhodium,

Silver. FPalladium. Iridium.

Gold. Osmium. Pluranium.

740. In describing the individual metals contained in each order or subdivision,
they are arranged in the manner in which it is considered the student will acquire
with greatest facility a knowledge of their chemical relations.

ORDER 1. KALIGENOUS METALS.

741. The Kaligenous Metals form alkalis with oxygen, which are very soluble,
acrid, and corrosive ; have a peculiar taste ; turn the vegetable blues to a green,
and turmeric to a brown; neutralize the acids, and form soaps with oils, &ec.
Their salts are more soluble in general than those of the earths or common me-

tals.

* In desiguating the different orders, I have used the terms proposed by Dr Hope.
F 2
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CHAP. 1. POTASSIUM.

742, Symb. K—Eq. 40 —Sp. gr. 0.865.—Solid, hard and brittle at 32° ; soft and
malleable at 50°; perfectly fluid at 150°; volatilized at a temperature below a
red heat.

743. Lustre white and brilliant like mercury, oxidates rapidly in the air, in-
flames when heated in the air or oxygen, or when brought at natural tempera-
tures in contact with water, ice, liquid acids, and numerous other substances con-
taining oxygen. Has a powerful attraction for non-metallic bodies, and can se-
parate a number of other metals from their combinations with oxygen. From its
power of attracting oxygen, it must be kept carefully excluded from air and mois-
ture. It is preserved in naphtha which contains no oxygen; care must be taken
in the selection of the naphtha, as some kinds either contain some oxygen as a
constituent element, or have a portion of water adhering to them, acqhired
during their preparation, so that they oxidate slowly any potassium in contact
with them. :

744. Polassium, in acting on ice or water, produces potassa and potassiureted
hydrogen. The potassa is formed by part of the potassium taking oxygen, and the
hydrogen of the water combines with another portion, producing POTASSIVRETED
HYDROGEN, a gas which is spontaneously inflammable, taking fire in contact with
the air; as it burns, the products are potassa and water, formed by the oxygen of
the air uniting with its potassium and hydrogen. Another compound of potas-
sium and hydrogen has been described by Thenard ; it is solid, not spuntaneuuslr
inflammable, and procured by heating potassium in hydrogen. el

745. If potassium be plunged under water, potassa alone is formed, and hydro-
gen gas escapes.

746. PrEParaTiON.—Discovered by Davy, who obtained it by subjecting hy-
drate of potassa to the galvanic current, after moistening it slightly that it might
be a better conductor. Potassa contains polassium and oxygen; the potassium
appeared in minute quantities at the negative pole.

747. Gay-Lussac and Thenard prepared it more abundantly by melting hydrate
of potassa, and allowing it to flow over iron-turnings at a white heat. Iron 28 &
potassa 48 = oxide of iron 36 & potassivm 40. Symb. Fe&'K = ‘Fe&K. The
iron decomposes both the potassa and the water, the oxygen of both being re-
tained, while the potassium is volatilized, part of it coming away in combination
with the hydrogen, and burning with a purple flame, as it meets with the air.
‘T'he potassium which is distilled must be condensed in naphtha kept very cold.

748. A still more productive process was pointed out by éum{iau, and improved
by Brunner and Wohler ; potassa is prepared intimately mixed with carbon, and
subjected to a strong heat in a malleable iron bottle; the carbon takes away oxy-
gen, forming carbonic oxide gas, which is evolved, while the potassium is distilled
and condensed as mentioned in the preceding paragraph. Carbon 6 & putaasa 48
== carbonic oxide 14 & polassium 40. Symb. C&K =C&K.

749. Potassium prepared by the last processes is not pure at first, bemg conta-
minated with small portions of carbon and other matters, from which it is sepa-
rated by distillation.

750. The mixture of charcoal and potassa employed in Curadau’s process, is
procured commonly by mixing bitartrate of potassa with 1-12th of charcoal, as
Brunner rec-::mrnemleﬂ and heating it to redness in a crucible, taking care to ex-
clude the air. The bitartrate contains tartaric acid, potassa, and water; and tar-
taric acid contains oxygen, hydrogen, and carbon. By the heat, the tartaric acid
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and water are completely decomposed, the oxygen and hydrogen escaping in com.
bination with a portion of carbon in the form of inflammable gases, excepting
some carbonic acid which unites with the potassa, while the rest of the carbon re-
muins mixed with the potassa in a minute state of division.

Comporunds of Polassium.

761. 1. Compounds with Oxygen.—PoTassa, Porasu, or Oxipe oF Porassium.
Symb. 'K = potassium 40 4 oxygen 8.—Eq. 48.—Solid, white, fused at a red
heat, or a little above that temperature ; very deliquescent ; produces great heat
when combining with water ; extremely corrosive. Procured by the slow oxida-
tion of potassium.

752. With water, it forms the HYDRATE oF PoTassa; this substance is very
deliquescent, soluble in water and aleohol, very corrosive, and is commonly known
by the name of potassa, COMMON CAUSTIC, OF POTASSA FUSa, as it is generally
fused during its preparation. Symb. ‘H'K = water 9 4 potassa 48.—Eq. 57.

753. The solution of potassa turns the vegetable-blue of cabbage or violets te a
fine green, but corrodes them quickly if the liquid contain much potassa. The
power of potassa in corroding animal and vegetable substances appears to be con-
nected with the property it has of promoting the union of their elements, so as to
produce carbonic acid and water, with which it combines. Its taste is exceeding-
ly acrid. For the method of ascertaining the quantity of free potassa in any so-
lution or mixture, see Alkalimetry.

764. Potassa neutralizes the acids, and forms a great number of important
salts.

763. When fused and mixed with lime, it forms the milder common caustic.

756. TEsTs.—When potassa in solution is mixed with an excess of tartaric acid,
minute white crystals of bitartrate of potassa are formed and precipitated. Per-
chloric acid precipitates perchlorate of potassa. Bichloride of platinum precipi-
tates a yellow crystalline powder, consisting of chlorine, potassium, and platinum,
or of muriate of potassa and platinum. Potassa gives no orange tint to the flame
of the blowpipe lamp as soda does.

757. PreparaTioN of HypeaTe oF Porassa.—Carbonate of potassa is dis-
solved in 10 parts of hot water, mixed with its own weight of newly slaked lime,
boiled for 15 minutes, and then filtered ; if kept for a day or two before it is fil-
tered, it is unnecessary to boil it. The air must be carefully excluded during
filtration, as it would communicate carbonie acid. The filtered fluid must then
be evaporated to dryness in a silver or bright iron goblet, and fused by an increase
of heat, when it flows like oil, and may be poured into moulds so as toassume any
form that may be required. The lime retains the carbonic acid as insoluble car-
bonate, while the potassa remains in solution, forming the agqua potasse. Carbo-
nate of potassa 70 and lime 28 = carbonate of lime 50 and potassa 48.

768. Liebig states, that if only 4 parts of water be used with 1 of carbonate of
potassa, the lime cannot separate the carbonic acid.

759. A minute quantity of carbonate of potassa is found associated with the
fused potassa ; by digesting it in alcohol, all the pure potassa is dissolved, and
the carbonate left; the alcohol may then be separated from the pure potassa by
heat.

760. Heat cannot expel the water combined with the potassa in the hydrate.

“6l. PEnoxipE ofF Porassivm.—Symb. i K = potassium 40 + oxygen 24.—
Eq. 64.—Solid, of an orange colour; formed when potassium is inflamed in air or
oxygen, or when potassa is heated in air or oxygen. Common potassa generally
contains a small quantity of the peroxide of potassium, formed during its fusion
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by the absorption of oxygen from the air. It is decomposed by water, which dis-
engages the excess of oxygen, and dissolves the potassa left.

762. 11. Compounds with Hydrogen.—The only compounds potassium forms with
hydrogen are those which have been referred to in 744.

763. 111. Compounds of Polassa with Nitric Acid, &e.—N1TRATE OF PoTassa,
called also Nitre, or Salt-Petre.—~Symh. :iN'K = nitric acid 54 + potassa 48.—
Eq. 102.—Sulid, transparent or white, colourless, neutral ; crystallizes in 6-sided
prisms ; contains no water of crystallization; taste cgol and penetrating. Fused
at a temperature a little above 600°, when, any of the watery solution (from which
it has been crystallized) that may have been lodged between the layers of the
crystals is expelled. Soluble in about 3 parts of cold water, and in nearly its own
weight of boiling water. A small portion is carried up mechanically with the va-
pour of boiling water.

764, Fused nitre, when poured into moulds so as to form small balls, is usually
termed SAL-PRUNELLE.

765. Nitre is employed principally as an oxidating agent, and for the prepara-
tion of nitric acid, matches, and deflagrating mixtures.

GUNPOWDER . . . = Nitre 75+ Sulphur 15 4 Charcoal 10.
ARTILLERY PORT-FIRE = Nitre 3 + Sulphur 2 4+ Gunpowder L.
BruE sieNaL LieaT = Nitre 6 + Sulphur 2 + Sulphuret of Antimony 1.

WHaITE si6¥AL LicET = Nitre 6 + Sulphur 2 + Sulphuret of Arsenic 1.

766. In these and all other deflagrating mixtures containing this salt, the oxy-
gen of the nitre is the active ingredient in promoting the rapid combustion of the
inflammable matter. ‘

767. It is also much used in warm climates for producing cold, by solution in
water.—See I'reezing Mixtures. Iis properties as a powerful antiseptic are fa-
miliar to every one.

768. Procured from the soil in many places in India, where it is seen on the
surface ; water dissolves the nitre, and, by evaporation, erystals are formed. Ob-
tained artificially by the action of air with moist animal matters and lime, by
which nitric acid is procured united with lime, carbonate of potassa being added to
precipitate the lime.

769. It may be prepared by neutralizing the base with the ucid, but this is too
expensive a method for common purposes.

770. Contaminated generally with common salt, from which it is separated by
solution in hot water and crystallization, the purer crystals being deposited while
the commnon salt is left in solution. By repeating this process with the erystals so
oblained, they may at last be procured quite pure. Nitre, quite free from com-
mon salt, and dissolved in distilled water, gives no precipitate when a solution of
the nitrate of silver is added ; chloride of silver falls down if common salt be
present.

771. NitriTE oF Potassa.—Symb. :N'K = nitrous acid 46 + potassa 48.—
Eq. 94.—8aid to be formed when a portion of oxygen is expelled from nitre by
heat. Many regard the compound so procured as HYPONITRITE OF POTASSA
mixed or combined with nitre. Sulphurie acid and water poured upon it, cause a
rapid disengagement of nitrous acid and binoxide of nitrogen. When nitre is
heated to a greater degree, a compound of binoxide of nitrogen and potassa is
procured ; and lastly, peroxide of potassium, which gives off a portion of oxygen,
and becomes potassa as it is dissolved in water,
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Compounds of Sulphur, Sulphuric and Sulphurous deids, §c. with Potassium and
o Potassa.

772. SuLPHURET oF Porassivm.—Symb. SK = sulphur 16 + potasssium 40.
—Eq. 56.—Solid, of a dark red colour, erystalline. Dissolves in water, gives a
dark green d solution, having a sulphureous odour ; a portion of the water
is believed to be decomposed, the hydrogen combining with the sulphur, and its
oxygen with the potassium, hydromiphate (hydrosulphuret) of potassa being
formed.

773. Procured, 1. By heating sulphur and potassium in the required propor-
tions ; a grain or two only ought to be employed at a time, as the action is violent,
and much heat and light evolved. Symb. S&K = SK. 2. By decomposing sul-
phate of potassa, as described in 713. 3. By the action of sulphur on potassa or
its carbonate, at a high temperature. 4. By heating potassium in sulphureted
hydrogen gas ; the metal burns brilliantly in it, uniting with the sulphur, and dis-
engaging hydrogen.

Decomposition of Sulphate of Pofassa by Charcoal.

Fig. 26
Materfals. Products.
Carbon ... 6.-eeeeeoeoo. 14 Carbonic Oxide.
: Carbon ... 6o ..14 Carbonic Oxide.

24 Carbon ............ b T ,c.’f:,,a...,ld Carbonic Oxide.
Carbon ... G- ’;.-w iyt qli Carbonic Oxide.

N Oxygen... 8-’ .f el

. . Oxygen... 8- i

40 Sulphuric Acid Dx}geum . r,f-’/ .
Sulphur... 16
nygen.._ 3"\

48 Potassa ....c....o.. { Potassium 40 56 Sulphuret of Potassium
Symb. i3 K&4C = SK&4-C.

774. In the 3d case, 4 eqs. of sulphur decompose 3 egs. of potassa; 3 of sul-
phur take 3 of potassium from the 3 of potassa, and produce 3 of sulphuret of po-
tassium. The other eq. of sulphur, uniting with the 3 eqs. of oxygen from the
8 eqs. of decomposed potassa, produce 1 eq, of sulphuric aeid, which combines with
another eq. of potassa not decomposed, sulphate of potassa being produced. Thus,
there is always a portion of sulphate of potassa formed in the 3d method, and it
remains mixed with the sulphuret of potassium. When carbonate of potassa s
‘used, the carbonic acid is disengaged.

Decomposition of Polassa by Sulphur,

Fig. 27,

Materials, Produets.

Pt}tﬂﬁﬂﬂ EESERE R FRESE S A A man A B 43

88 Sulphate of Potassa.

Sulphur...
Sulphur...
Sulphur...
Sulphur...
Oxygen...
Oxygen...
Oxygen...
Potassium
Potassium
Potassium

Sulphur 4 eqs.

Potassa 3 eqs.

16
16
16
16

8

8

8
40
40
40

56 Sulphuret of Potassium.
56 Sulphuret of Potassium.
56 Sulphuret of Petassium.

Symb, 45&4'K = 8 K&3SK.
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775. It is now much doubted whether any eompound of sulphur and potassa
can exist; until lately, the sulphuret of potassium was always regarded as a syl-
phuret of potassa. Dr Dalton states, that 42 parts of potassa in solution can i
solve 56 of sulphur, and deseribes the compound as a QUADRISULPHURET OF
TAssa. He also mentions a TERSULPHURET OF POTASSA, and a SULPHURETED
CARBONATE OF POTassa, all prepared in solution in water. Itd  now the opi.
nion of a great number of chemists that, whatever may be the qugit}' of sulphur
taken up by potassa, or any other alkali or earth in solution, the compound never
dissolves in water without decomposing a portion of it, and producing various sul-
phureous compounds by combining with its oxygen and hydrogen. All these solu-
tions have an amber colour, absorb oxygen from the air, and eventually become
colourless. They have a strong sulphureous odour, and an acrid bitter taste. DBy
the addition of different acids they are decomposed.—See Hyposulphurous Acid,
Bisulphureted Hydrogen, &ec.

Decomposition of Sulphuret of Potassium by Waler.

Fig. 23,
Materials Products
9 Water Hydrogen l--------==17 Sulphureted Hydrogen.

ettt ) Oxygen "
56 Sulphuret of | Sulphur 16--
Potassium ... | Potassium 40———————==48 Potassa.
Symb. SK&H = HS'K.

776. SuLPHATE oF Porassa.—Symb. {8'K = sulphuric acid 40 + potassa 48.
—Eq. 88.—Decrepitates by a moderate heat, and fused at a red heat. Crystals,
6-sided prisms terminated by G.sided pyramids; small and hard, and without wa-
ter of crystallization. Neutral, soluble in 15 parts of cold, and in 5 of boiling wa-
ter. - Taste saline and bitter.

777. Prepared in different ways from the bisulphate of potassa, which re-
mains after the preparation of nitric acid (491). 1. On expelling the excess of
acid by a strong heat. 2. By removing it with lime, which forms a very sparingly
soluble compound with it. 3. By neutralizing it with potassa. Instead of using
lime and potassa in the two last methods, carbonates of lime and potassa are often
used, the carbonic acid being disengaged with effervescence. It may be formed
by the action of sulphuric acid on potassa: this process is not economical ;. great

heat is produced, and much sulphuric acid volatilized when the acid is strong and
the potassa solid.

Fig. 20,
Materials, Products.
R Potassa ........ e —_.-88 Sulphate of Potassa.
”Ef-lili?;!‘lég:te Sulpburic Acid 40_--——""
** { Sulphuric Acid 40
50 Carbonate of | Carbonic Acid 22... 7. ...22 Carbonic Acid.
Hine ooviess:a Lime ... .. -0 2g=" —.68 Sulphate of Lime.

Symb. 2i84K&:CCa = IS K&ISCak:C.
From Bisulphate of Polassa and Carbonate of Potassa.—Symb, 2i84+ K& :(O'K =

2i8-K&:C. q
778. SurLrHATE oF Porassa witu SurrauR.—The name given by the Edin.
burgh College to a sulphureous preparation prepared by deflagrating a mixture of
equal weights of sulphur and nitre in a red hot crucible. The nitric acid of the
nitre is decomposed during its preparation, and sulphuret of potassium with sul-
phite, hyposulphate, or sulphate of potassa probably formed. It is not a mere
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mixture of sulphate of potassa and sulphur, as the name may be supposed to in-
dicate.

9. SuLrHiTE oF Porassa.—:5'K = sulphurous acid 32 + potassa 48.—
Eq. 80.—Solid, unerystallizable, effervesces from the disengagement of sulphurous
acid by a stronger acid. Formed by the action of sulphurous acid with potassa,
or during the partial deexygenation of sulphate of potassa.

7860, PHOSPE’IE oF Potassa is prepared in the same way as phosphate of soda.
1ts properties are similar to those af phosphate of soda.

© 78l. Compounds of Carbonie deid and Polassa.—~CarBoNATE oF Porassa.—The
subcarbonate of commerce. Symb. :C'K = carbonic acid 22 4 potassa 48.—Eq.
70.—Fused by a red heat. Solid, white, not crystallizable unless with great care,
deliquescent, soluble in less than its weight of water, has an acrid alkaline taste,
turns the vegetable blues to a green, and turmeric to a brown.

782, Prepared from the ashes of burned wood, by pouring water upon them and
boiling the solution to dryness. Inthis form it constitutes the roTasues of com-
merce, 4 very impure carbonate of potassa, containing some caustic potassa, mu-
riate and sulphate of potassa, sulphuret of potassium, siliceous matter, and other
impurities. The PEarr Asu of commerce, so called from its whiter colour, is a
purer carbonate of potassa: to prepare it potashes are dissolved and impurities al-
lowed to subside ; the solution is then evaporated to dryness, and the residue heat-
ed in a reverberatory furnace.

783. When a very pure carbonate of potassa is required, it is procured by de-
composing cream of tartar (bitartrdte of potassa) by heat, assisted by the action
of air or of nitre. "T'he tartaric acid is completely decomposed, Nothing remains
of it but carbonic acid, formed by its carbon. "When nitre is used it promotes the
decomposition of the tartaric acid, and the oxygenation of its carbon, so as to pro-
duce carbonic acid ; the potassa, both of the nitre and cream of tartar, remains as
a carbonate ; all the nitric acid is decomposed as in deflagrating processes. Pure
carbonate of potassa prepared in this manner, and separated by solution and eva-
poration from adhering impurities, is called SavrT oF TarTAR.

784. The WuiTe Frux is a pure carbonate of potassa prepared by deflagrating
equal weights of cream of tartar and nitre. Brack Frux is composed of carbo-
nate of potassa mixed with carbon; and is procured by deflagrating 2 parts of
cream of tartar with one of nitre; the black colour depends upon an excess of car-
bon derived from the tartaric acid, as there is not a sufficient quantity of oxygen
in the nitric acid of the nitre used, to convert it all into carbonic acid.

785. BicanpoNaTE oF Porassa, commonly called Carbonate or Super-carbo-
nate.—Symb. 2:C4+-K, and when Cr. ‘H(2:C4+'K) = water 9 + carbonic acid 44
+ potassa 48.—Eq. 101.— Solid, crystalline, forming 8-sided prisms, less acrid
than the carbonate, dves not deliquesce, loses 1 eq. of carbonic acid by boiling in
water, er by exposure to a red heat. Turns the colouring matter of the cabbage
to a green, but feebly, compared with the carbonate. Tartaric acid 75 grs., or
citric acid 76, decompose 101 of the bicarbonate, disengaging all the carbonic acid ;
30 or 40 grains of tartaric or citric acid, dissolved in a few ounces of water, and
added to a corresponding quantity of bicarbonate of potassa, also in solution, pro-
duce a good "effervescing draught. An excess of acid is generally used, as it is
more palatable than an excess of alkali.

7686. Prepared by exposing the carbonate either dry or in solution to carbonic
acid gas.

T87. Compounds of Potassa with Vegelable Acids. — AceTATE o Porassa—
Eq. 99.—8olid, crystalline, presents a foliaceous appearance, fused by a moderate
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heat, decomposed rapidly by a red heat, neutral, deliquescent, very soluble in

water.

788. Procured by neutralizing potassa in solution with acetic acid and evapo-
rating the solution cautiously till it assume a syrupy consistence. Carbonate of
potassa is commonly used instead of the pure potassa, carbonic acid gas being then
disengaged with effervescence, _

789. TantnraTe or Porassais very soluble in water, and may be made by
neutralizing bitartrate of potassa with potassa or its carbonate, or by removing
the excess of tartaric acid in the bitartrate by chalk. When carbonate of potassa
is used, Symb. 274+ K&:C'K = 2TK&:C. See Tartaric Acid.

790. BitanTRATE oF Forassa, or Cream of Tartar, is obtained from wine
casks, where it has been deposited slowly from the juice of the grape. It is solu-
ble in 70 of cold and 15 of hot water. It is also highly acid.

791. Compounds of Chlorine with Potassium and Chloric Acid with Potassa—CHLO-
RIDE oF Porassivsr.—Symb. CIK = chlorine 36 + potassium 40.—Eq. 76—
May be formed by the action of potassium on chlorine, which burns brilliantly in
this gas. It may also be formed by muriatic acid and potassa, the chlorine com-
bining with the metal, and the hydrogen with the oxygen of the potassa. Il is
usually known in commerce by the name of the MuriaTE oF FoTassa. Itis
prepared principally by indirect processes, and is similar to chloride of sodium.

792. CaLeraTE oF Porassa.—:iCl'K=chloric acid 76 4 potassa 48.—Eq. 124.
It is formed by the action of chlorine on a solution of potassa, in the manner de-
scribed in 639. It is transparent and coloutless, erystallizes in tables with 4 or
6 sides, gives off oxygen by the action of heat, and leaves chloride of potassium ;
phosphorus, sulphur, and a number of inflammable substances detonate when mix-
ed with it on striking them with a hammer. Mixed with half'its weight of sugar,
it forms a very inflammable composition, which inflames rapidly on touching it
with a hot iron rod, or with a drop of cold sulphurie acid, peroxide of chlorine be-
ing evolved in the latter case, which inflames immediately the whole of the mix-
ture.

793. Compounds of Todine, &e. with Potassium and Potassa.—I1oDiDE oF PoTas-
sivM.—Symb. IK = iodine 124 + potassium 40.—Eq. 164.—Solid, erystallizesin
cubes, soluble in water and alcohol. Deliquesces in a moist atmosphere. Pre-
pared by bringing iodine and potassium in contact ; they combine rapidly when
gently heated, with evolution of heat and light, I&K = IK: or by evaporating
to dryness a solution of the hydriodate of potassa, the hydrogen of the acid com-
bining with the oxygen of the potassa, and leaving the iodide of potassium.

Fig. 3.
Materials. Products,
Hydriodic § Hydrogen 1______ ___9 Water.
Acid Todine ... 124 o

Oxygen... BE

Sym&- HI&-'E = .H&IKE

If iodine be treated with a solution of potassa, water is decomposed, as in 639, and
iodate and hydriodate of potassa are procured. Water 5 eqs. & iodine 6egs. & po-
tassa 6 eqs. —iodate of potassa & 5 eqs. hydriodate of potassa.— Symb. 5 H&6 - K&61
= +#I'K&HI'K. By evaporating to dryness, and heating the product, nothing
is left but iodide of potassium.—Symb. ! I'K&5SHI'K = 6IK&5>H&O® This
process was pointed out by Dr W. Gregory.

794. Another process for preparing this compound consists in boiling iodine with



BODIUM—B0DA—PEROXIDE OF SODA—NITRATE OF S0DA. ) |

metallic iron or zine in water, when a compound of a metallic oxide with hydrio-
die acid is procured in solution, part of the water being decomposed. On adding
carbonate of potassa, carbonate of iron or of zine is precipitated, and hydriodate of
potassa is obtained in solution, from which the iodide is to be obtained by evapo-.
ration. Symb. HI'K = ‘H&IK.

Preparationaf the Hydriodate of Tron.
. Fig. 3L
Materials. Products,

Hydrogen 1i________.1256 Hydriodic Acid.
9 w&tﬁ'r waw OI‘}'gEE?_ u -H'.___..-"

]24 Iﬂdlﬂ& BEE BEE g EEE LRSS 124-"" z:
o o R L e A Eﬂkﬂﬂ Oxide of Iron.
Symb. "H&Fe&1 = HI+ Fe.

Decomposition of the Hydriodate of Iron by Carbonate of Potassa.

Fig. 32.
Materials. Products.

Carbonate of { Potassa ...ccuvsn 48-———————_- 173 Hydriodate of Potassa.
Potassa =

Carbonic Acid 22 o
Hydriodate Hydriodic Acid IEE-,E F:
of Iron Oxide of Iron 36 58 Carbonate of Iron.
Symb. :C-K&HI'Fe = HI'K&:C-Fe.

795. Todide of potassium is often much adulterated with carbonate of potassa;
the quantity present may be ascertained by finding the quantity of sulphuric acid
necessary to neutralize it; 40 of sulphuric acid indicate 70 of carbonate of potassa.

&

CHAP. 1I. SODIUM.

796. Symb. Na. from Natron, the old name for carbonate of soda, one of its
most important compounds.—Eq. 24.—Sp. gr. 0.072.—Soft and malleable at 32°,
fused at 200°, and volatilized at a full red heat. Decomposes in water with rapi-
dity, but does not inflame so readily as potassium. When moistened with water
on charcoal, wood, or some other bad conductor, or with a solution of gum in wa-
ter, it always inflames. It resembles potassium much in its appearance, and in
all its chemical relations, but does not attract bodies so powerfully, so that potas-
sium can detach it from all its combinations.

Compounds of Sodium.

797. Compounds with Oxygen,—Soba, or OX1DE oF Sopruy.—Symb. ‘Na = so-
dium 24 4 oxygen §.—Iq. 32.

798. Hyprate oF Sopa.—Symb. ‘H-Na.—May be procured from carbonate
of soda in the same manner as hydrate of potassa from its carbonale. Similar to
hydrate of potassa in appearance and properties. Carbonate of soda 54 and lime
28 — carbonate of lime 50 and soda 32.—Symb. :C-Na&'Ca = :C-Ca&'Na.

799. TEestTs.—Gives an orange tint in the flame of the blowpipe, and is not
precipitated by tartaric acid, perchloric acid, or bichloride of platinum,

800. Peroxipe oF Sopivm.—Symb. iNa® = sodium (2 eqs.) 48 + oxygen
(3 eqs.) 24.—Eq. 72.—Orange colour, decomposed by water in the same manner
as peroxide of potassium, the oxygen in excess escaping and soda being left in so-
lution.

801. Soda and Nitric Acid.—NITRATE oF Sobi.—Symb, :iN'K = nitric acid
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54 + soda 32.—Eq. 86.—Resembles common nitre very much, but is not so valu-
able on account of its deliquescence. It is now largely used in some manufacto-
ries for the preparation of nitric acid. It is imported from South America.

802. Compounds of Sulphur and its combinations with Sodium and Soda.—SULPHU-
RET oF Sopivy, HYDROSULPHURET oF SoDa, are so similar, in general, to the
corresponding compounds of potassium, that it is unnecessary to detail their pro-
perties, unless where some marked difference presentsitself. Preparation of Sul-
phurct of Sodium.—Sulphate of soda 72 and carbon 24 = sulphuret of sodium 40
and carbonic oxide 56. Symb. {8-Na&4C = SNa&4-C.

803. SULPHATE oF Sopa.— Symb. i8-Na = sulphuric acid 40 + soda 32, and
when crystallized the Symb. is 10-H + (i8:Na) = water 90 + sulphate of soda
72. Commonly called Gravser's SarT.—Crystallizes in 6-sided prisms, which
are soluble in 3 parts of cold water, and in 1-3d of their weight of water at 90°;
at a higher temperature the solubility of the salt diminishes. A saturated hot
solution allowed to cool in a calm and still atmosphere, or with the air altogether
excluded, does not in general crystallize on cooling, but whenever it is agitated,
or a small piece of erystal introduced, the whole of it immediately passes to the
solid form in beautiful radiations.

804. Sulphate of soda is efflorescent, soon acquiring a white appearance, and
falling down in powder. It is extremely bitter.

805. It is procured in general by the action of agueous sulphuric acid on com-
mon salt, during the preparation of aqueous muriatic acid. Any excess of sul-
phuric acid may be withdrawn in the same manner as from the supersulphate of
potassa (777). | )

806. Cr. PuosruaTe oF Sopa.—Symb. ‘H + (:iP?+2:Na) = phosphoric acid
72 + soda 64 + water 9.—Fq. 143.—Soluble in 4 parts of cold water, and in near-
Iy 2 parts of boiling water. By heat it is converted into the pyrophosphate of so-
da of Professor Clarke.

807. Prepared by the aetion of superphosphate of lime in solution on carhonate
of soda. The phosphoric acid, uniting with the seda, disengages carbonic acid,
and forms the phosphate of soda ; the phosphate of lime having lost its excess of
phosphoric acid is precipitated. This is separated by filtration, and the solution
of phosphate of soda is crystallized by evaporation. A slight excess of carbonate
of sada favours the erystallization. ‘The solution of superphosphate of lime con-
tains a little sulphate of lime ; this, acting with the carbonate of soda, produces
sulphate of soda and carbonate of lime. The sulphate of soda remains with the
phosphate in solution, and is not easily separated ; the carbonate of lime is preci-
]ﬁtaled.

808. Compounds of Carbonic Acid with Sode.—CARBONATE 0F SobDa.—Symb.
:C'Na; and when crystallized 10-H + (:C+-Na).—The quantity of water, how-
ever, varies according to the temperature at which the carbonate is erystallized.

809. The crystals are efflorescent, and lose their water of erystallization quick-
ly by heat, after which the dry carbonate may be fused. Soluble in about 2 parts
of cold water, and in rather less than their weight of boiling water. Taste acrid
and alkaline ; turns the colouring matter of the cabbage to a green; decomposed
rapidly with effervescence by the stronger acids.

810. Prepared from KeLr or BArinna, the ash that remains after burning sea-
ware. Water is poured upon it to dissolve the carbonate of soda, and the solution
crystallized by evaporation. It is mapufactured also in large quantity by heat-
ing carbonate of lime, charcoal, and sulphate of soda; the charcoal tends to pro-
duce sulphuret of sodium, and the lime to remove sulphur or sulphurie acid. “T'he
carbonic acid of the carbonate of lime, and that frem the tlame of the furnace made
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to pass over the soda, enable it to acquire carbonic acid. By solution and evapo-
ration, it is procured with facility in crystals.

Preparation of Carbonate of Soda by Carbonate of Potassa.—Sulphate of soda 72
and carbonate of potassa 70 = sulphate of potassa 88 and carbonate of suda 54.
The less soluble sulphate of potassa is precipitated. Symb. :S-Na&:C'K =
I8 K&:C-Na.

Bl11. BicarBoNaTE oF Sopa.—Symb. 2:C4+'Na.—When crystallized, it con-
tains, according to some chemists, 1 eq. of water = 9. Its properties are similar
to those of the bicarbonate of potassa, and it is prepared in the same manner.

812. TARTRATE of PoTassa axD Soba, or RocHELLE SawnT, is composed of
1 eq. of tartrate of potassa 114 + 1 eq. of tartrate of soda 98 + 8 eq. water 72 =
284. It is soluble in 5 parts of water, and gives prismatic crystals.

813. Prepared on neutralizing bitartrate of potassa, mixed with boiling water,
by carbonate of soda; the carbonic acid of the carbonate escapes.

Fig. 33
Materials Decomposed. Products.
Carbonate of ( Carbonic Acid 22..................... 22 Carbonic Acid.
Sma Sul]ﬂl'.l"l-lfl-l :iﬂ—.--——'.—:ﬁ;" BB
3 Tartaric Acid 66————"" Tartrate of Potassa
Bl{fﬂ::‘;: of ) Partaric Acid ot E and Soda.
Potassa ...... 48 "m0 114

Symb. 2T K&:CNa = 2T+ K4-Na&:C.

814. Cr. BisoRATE oF Sopa, or Borax, often called Sup-BoraTE. oF Soba, as
the qualities of the alkali predominate, though there are 2 egs. of acid combined
with it. Crystallizable, soluble in 6 parts of boiling and 20 of cold water. By
heat its water of crystallization is expelled, and a transparent glass formed, which
is much used as a flux. Consists of 2 eqs. boracic acid 48, 1 eq. soda 32, and 10
€qs. water 90, = 180.

815.~Compounds with Chlorine, cic.-CHLuntnE oF Sop1um.—Symb. ClNa =
chlorine 36 + sodium 24.—Eq. 60.—Solid, crystallizes in cubes and in hollow py-
ramids with 4 sides; contains no water of crystallization, decrepitates, and then
fuses by heat. 'The decrepitation depends upon the expansion of water lodged
mechanically between the plates cf the erystals. Seluble in 24 parts of cold wa-
ter, and requires nearly the same quantity of boiling water. When it decomposes
water, chloride of water 60 and water 9 = wuriate of soda 69. Symb. CINa&- H

816. Procured in its purest form from Rock Sart, which, when mixed with
earthy matler, may be separated by solution and crystallization. Bay Sarr comes
'next in purity, and is prepared by the spontanecus evaporation of sea-water in

) climates,. Salt obtained by the rapid boiling down of sea-water in a pan or
hnﬂe: is the IEaBI: pure of all the varieties of common salt met with in commerce,
containing usually a notable quantity of magnesian salts, principally muriate of
magnesia, which renders it deliquescent, and prevents it from being employed
with so much advantage as an antiseptic.

817. Carbonate of soda in solution, added to a pure solution of common salt,
gives no precipitate ; where magnesia is in solution, the liquid is immediately ren-
dered turbid, and all the magnesia is precipit.ated in the form of a carbonate by
boiling.

818. CHLORO-CARBONATE oF Sopa is a compound much employed in solution
for removing noxious odours, by decomposing animal and vegetable effluvia. It
is procured by transmitting chlorine gas through a solution of carbonate of soda.
It is familiarly known by the name of Labarraque’s disinfecting fluid. The chlo-

3 ;
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rine does not at first decompose the carbonate of soda, but by long keeping chlo-
rate and muriate of soda are formed, as in 639.

CHAP. 1I1I. LITHIUM.

819. Lithium is the metallic base of lithia, which consists of lithium and oxy-
gen.—Symb. L.—Eq. of lithium 10, of lithia 18, containing 8 of oxygen. It was
discovered by Arfvedson in 1818. Lithia possesses all the qualities of an alkali,
and is distinguished from potassa and soda by the very sparing solubility of its
phosphate and carbonate.

CHAP. IV. AMMONIA.

820. The history of ammonia is inserted here, though it contains no metallic
matter in its composition, as it is very similar to the alkalis in all its properties
and combinations, and as the various reactions connected with it will be better
understood in this place than they could previously have been.

821. Symb. NH? = nitrogen 14 + hydrogen 3.—Eq. 17 by W, 1] by V.—
Sp. gr. 0.59.—W of 100 ¢. i. 18 grs.—Condensed into a liquid by 2 pressure of 6.5
atmospheres at 50°. Decomposed when transmitted through red hot tubes, or
when the electric spark is passed through it for some time, 2 volumes of ammonia-
cal gas being resolved into 3 of hydrogen and 1 of nitrogen.

822, Gaseous, transparent, colourless, very pungent and peculiar odour, cannot
support respiration or combustion. Inflammable, but can scarcely be made to
burn with air; 2 volumes mixed with 1} of oxygen detonate ﬂu'iently on ap-

plying a lighted mateh.

Fig.
Materials. Products.
Nitgugen 14 1 Nitrogen.
. Hydrogen
17 Ammonia Hydrogen ]MH‘"‘H.H
Hydrogen 1 Tt e
Oxygen... 8= "= 9 Water.
24 Oxygen Oxygen... 9 Water.
Oxygen... 8- =9 Water.

Symb. NH3&O0? = N&3-H.

823. Absorbed with explosive rapidity by water, producing the liquid usually
termed Ammonia, or SeiriT oF HarTsHORN, being prepared in general from the
horns of animals, and from other kinds of animal matter. The solution varies in
its density, which is less and less, the larger the quantity of ammonia combined
with the water. Dr Thdmson states that water ean take up 780 times its bulk of
ammoniacal gas. The following table shews the density of agueous ammonia of

different degrees of strength :
Specific Ammonia | Specific Ammonia |° Specific Ammaonia Specific Ammonta

gravity.  in L0 parts. | graviiy. in 100 parts, | Gravity. in 100 parts, | Gravity, in 100 parts.
Ba50 J2.00 L1668 2907 L4345 14.53 S573 10.82

H875 20.25 255 19.54 0476 13.54 D577 10.17
Ho00 206.00 0326 17.62 H513 12.40 619 9.6G0
045 25.37 386 15.68 D545 11.56 H672 09.50

#24. With alcohol it combines readily, forming what is usually termed Arco-
AOL AMMONIATUM, OFf AMMONIATED ALconor. It is prepared by passing am-
moniacal gas into alcohol, which must be kept cool.

4
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825, TEsTs.—Ammonia is easily recognised in solution by the very deep and
brilliant blue colour which it gives to solutions containing copper (see Copper).
When combined with an acid, it may be disengaged by potassa, soda, or lime,
which retain the acid previously combined with it, while a gentle heat causes the
ammonia to be expelled in the gaseous form. In this condition it may be recog-
nised by the white fumes it produces with nitric, carbonie, or muriatic acids, and
by its alkaline reaction on turmeric paper, which it turns to a brown, and on
cabbage paper, which becomes green; a very slight heat is sufficient to restore
the original colour of the test paper, the ammonia being expelled.

826. Ammonia has all the characteristic properties of an alkali, though differing
so widely from the common alkalis in its composition. It has a very acrid alka-
line taste; corrodes animal and vegetable matters; affects the blue colouring
matter of cabbage and violets, and also turmeric, in the same manner as potassa;
neutralizes the acids and forms salts ; these, however, are either decomposed or
volatilized by a red heat. I'rom its volatility it is often termed the vorLaTiLE
ALKALI ; potassa, soda, and lithia, being denominated FIXED ALEALTS.

827. PREPARATION.—Ammonia is procured from animal substances ; these are
subjected to a red heat, and the gas evolved is condensed in water. The proximate
principles of the animal kingdom are almost all compused of carbon, oxygen, hy-
drogen, and nitrogen. Subjected to heat when the air is excluded, their elements
assume a new arrangement, and part of their hydrogen and nitrogen combining
together, ammonia is the product, chiefly in union with carbonic acid. By com-
bining it with muriatic acid, and separating it again by means of potassa. soda, or
lime, it is procured free from any empyreumatic odour, and in the condition in
which it is condensed by water to afford the purest ammonia. In conducting this
part of the process, muriate of ammonia is generally mixed with slaked lime, and
the ammoniacal gas disengaged by the action of heat is condensed in water kept
very cold; the nature of the action is particularly explained in the diagram page 4,
where the proportion of materials that affect each other, and of the products formed,
is pointed out. Symb. HCIH+NH?&Ca = ClCa&-H&NH?,

Compounds of Ammonia.

828. N1TRATE oF AMymoN1a—S8ymb. : iN4+NH?* = nitric acid 54 + ammonia
17. Eq. 71.—Symb. of Cr. NiTRATE oF Ammoyia = ‘H+4 (:iIN+NH? = wa-
ter 9 + nitrate of ammonia 71 =. Fq. 80.

829. Very deliyuescent, produces great cold during solution in water, crystal-
lizes in prisms, when evaporated at a temperature not exceeding 100°; a fibrous
mass is procured if it be evaporated at 212°; and when fused by heat continued
g0 that it acquires a temperature of 300° or upwards, it becomes quite compact
on cooling.

830. Its decomposition, so as to produce nitrous oxide, has been already noticed,
par. 470 ; when subjected suddenly to a red heat, it deflagrates with rapidity, the
hydrogen of the ammonia uniting with part of the oxygen of the nitric acid, and
forming water.

831. SULPHATE oF AMmMoNTA.—Symb. :8S4+NH? = sulphuric acid 40 + ammo-
nia 17. Eq. 57.—Prepared easily by neutralizing dilute sulphuric acid with am-
monia or ils carbonale, carbonic acid being disengaged when the carbonate is used.
It is found in soot, associated with sulphite of ammonia, the sulphur of the acid
being derived from the 1mn-pvr|te3 so frequently met with in coal, and the am-
monia formed by the decomposition of the bituminous matter. Soluble in water,
erystallizes in 6-sided prisms.

832. HyprosuLPHATE ofr HyDROSULPHURET oF AMMoNTA—HS+NH® o=

¥
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hydrosulphuric acid 17 4+ ammonia 17. Eq. 34.—Procured in the solid form when
sulphureted hydrogen and ammoniacal gases are brought in contact. Generally
prepared in solution by passing sulphureted hydrogen gas into a solution contain-
ing ammonia. The solution is much employed as a test for metals, containing a
large quantity of sulphureted hydrogen in a condensed form, and in such a condi-
tion that it acts frecly upon them, the ammonia removing entirely any acid mat-
ter which might otherwise interfere with its operation.

833. PHosPRATE oF AMMoN1A may be prepared in the same manner as phos-
phate of soda, or by directly neutralizing ammonia with phosphoric acid. Ex-
posed to a red heat it is completely decomposed, glacial phosphoric acid remains,
all the ammonia is expelled. _
© 834, PuospHATE oF Sopa AND Ammoxia, Microcossic SAnLT, or SALT oF
Puospnonus, is prepared by dissolving 1 equivalent of the common phosphate of
soda and 1 of muriate of ammonia in no more boiling water than is necessary, and
allowing the liquid to cool. Crystals are deposited containing phosphoric acid,
soda, ammonia, and water. In experiments with the blowpipe, this salt is ex-
tremely useful, as it is easily melted by heat, and the water and ammonia ex-
pelled, so that a very fusible biphosphate of soda remains, which acts powerfully
both as an acid compound and as a flux.

835. CannoNaTE oF Ammoxia may be procured by mixing 2 measures of am-
monia and 1 of carbonic acid at the mercurial trough; they condense immediately
into a solid white powder.

836. BicARBONATE oF AmMoNTA may be prepared by passing a stream of car-
honic acid through a solution of the common carbonate of ammenia, till it ceases
to absorb any more, and evaporating the fluid with great care by a moderate heat.

837. SESQUICARBONATE oF AmMmoNIA.—Symb. ‘H+ (3:C+2NH?) = water 9
+ carbonic acid 66 + ammonia 34, or water 9 4 carbonate of ammonia 39 + bi-
carbonate of ammonia 61 = eq. 109. This is the most important of the carbonates
of ammonia ; it is commonly called surcarBoNATE oF AMmoxia. It is solid, has
a strong and pungent ammoniacal odour, volatilizes slowly at natural tempera-
tures, and is converted rapidly into vapour by heat. By exposure to the air, the
ammonia escapes more rapidly than the carbonic acid, so that it is apt to pass to
the state of bicarbonate of ammonia, losing its penetrating odour, transparency,
and hardness, and becoming a brittle porous mass. It is very soluble in water,
and rises rapidly with its vapour when boiled.

838. Prepared from muriate of ammonia by carbonate of lime, in the same man-
ner that uncombined ammonia is prepared from the muriate by lime; see 29.
The only difference in the nature of the reaction, arises from the circumstance
that there is carbonic acid associated with the lime used to decompose the muriate,
which attaches itself to the ammonia evolved. Were the temperature necessary
for the decomposition less elevated, all the ammonia disengaged would combine
with the carbonic acid, and a simple carbonate of ammonia would be produced ;

Fig. 35.
Materials. Products.
: Ammonia...coeess 17 9 Carbonate of Ammonia,
ok it of  Misiitiey By Tl ~"9 Water.
it Acid Chlo. 36 £

a0 Carbonate

of I.ime oy ged &

Lime { Caleium 20 =56 Chloride of Calcium.
Symb. HCI4+NH%::C-Ca = ClCa& -H&:C+NH?.
instead of this, from the escape of a portion of ammonia, it is only a sesquicar-
bonate that is formed. The diagram explains the preparation of the carbonate.

{Cnrbunic Acid... 22
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#39. Dried carbonate of soda decomposes muriate of ammonia with greater fa-
cility than carbonate of lime.

840. AcETATE oF AMmoN1aA is prepared by saturating acetic acid diluted with
water by carbonate of ammonia, the carbonic acid escaping with effervescence; it
is usually called the Spirit of Mindererus, and is employed medicinally. Itisvery
deliquescent and soluble. Acetic acid 51 and ammonia 17 = acetate of ammo-
nia G8.

841. OXALATE OF AMMONIA is prepared in a similar manner, and is very easily
crystallized. It is much used as a test of lime. Oxalic acid 36 and ammonia 17
= 53 oxalate of ammonia, Symb. (C:&NH?® = iC'*+NH?

842. CuroriNe decomposes ammoniacal gas with the evolution of heat and
light, accompanied by the production of a lambent flame. Chlorine 3 eqs. decom-
pose | eq. of ammonia ; each eq. of chlorine ¢ombines with an eq. of hydrogen,
which it takes from the ammonia, so that 3 eqs. of muriatic acid are formed, and
1 of nitrogen disengaged. Each eq. of muriatic acid then combines with an eq. of
ammonia not decomposed, producing muriate of ammonia. These constitute the
white vapours that always appear when an excess of ammonia comes in contact
with chlorine. If a stream of chlorine gas be passed into a solution of ammoniain
water, similar effects are produced, and pure nitrogen may be collected as it is

evolved.

Fig. 35
Materials. Products,

Nitrogen 14-———————14 Nitrogen.

; Hydrogen 1
Ammonig 17 Hydrogen 1
Hydrogen 1.
R lorInie s s ond is vus wnnaes sus DR —837 Muriatic Acid.

ChlﬂrinEF!'i.lfl!!!lf EHEERE AR AR 36""“'—'— —'-'3? I\‘Iuﬁﬂtit .A.':i{i‘
Chlorine. .1, ciieoeisivrnneeeia 30 37 Muriatic Acid.

Symb, NH&3Cl = 3HCI&N.

843. MuriaTeE oF Amyoxia or Sal-Ammoniac.—Symb. HCI+NH® = mu-
riatic acid 37 + ammonia 17. Eq. 54. Solid, crystalline, presents a fibrous tex-
ture when sublimed, and forms feathery-looking crystals when deposited from its
solution in water. Taste cool, acrid, and penetrating. Soluble in rather less than
3 parts of cold water, and in its own weight of beiling water. Alcchol dissolves a
small quantity of it. At 300” it sublimes slow!ly.

844. Prepared in different ways: I. By saturating the impure carbonate of am-
monia contained in the watery gas liquor procured from coal, when a solution of
muriate of ammunia is obtained, which gives crystals on evaporation. These must
be purified by sublimation. II. By heating animal matters impregnated with a
solution of muriate of magnesia, the muriatic acid unites with ammonia produced
during the decompesition of the animal matter, is slowly sublimed, and the mag-
nesia is left. III. By the mutual decomposition of the sulphate of ammonia in
soot and common salt ; muriate of soda is formed as the common salt acts on a
portion of water, and this decomposing the sulphate of ammonia gives sulphate of
soda and muriate of ammonia. DBy crvstallization and sublimation the muriate is
obtained pure.
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ORDER 11I. TERRIGENOUS METALS,

I. ALKALINE TERRIGENOUS METALS.

45, These metals, united with oxygen, form the alkaline earths, Lime, Baryta,
Strontia, and Magnesia ; which, with the exception of magnesia, corrode animal
‘{“‘1 vegetable substances in the same manner as the alkalis, but much more
fEﬂth- Magnesia, compared with the three preceding earths, is so very bland and
inert, that, unless under particular circumstances, it cannot be said to have any
very caustic properties. All these earths neutralize the acids, turn the cabbage
Plue to a green, and turmeric to a brown, in the same manner as the alkalis.
Their carbonates are very insoluble, but their bicarbonates are dissolved readily
when they are in a minute state of division, and mixed with a large quantity of
water. Their sulphates are either insoluble, or verv sparingly soluble, in water,
excepting the sulphate of magnesia, which is a very soluble salt.

846. The metals which belong to this order have not been so accurately exa-
mined, nor can they be procured with so much facility as those of the preceding
order. Calcium, the base of lime, is procured by the action of the galvanic cur-
rent on carbonate of lime moistened with a little water, placing it on a platinum
tray, and making a little cup or cavity in its surface, that it may hold a globule of
mercury. The platinum tray having been connected with the positive pole of the
battery, and the negative pole introduced into the mercury, a small portion of lime
is decomposed, its oxygen being removed to the positive pole, while the calcium
combines with the mercury. By heat the mercury is distilled, and the calcium
procured by itself Barium, strontium, and magnesium, have been procured in a
similar manner.

847. Peroxides of the greater number of these metals have been described,
which, with the exception of the peroxide of barium, have not been applied to
any important purpose. They may be formed by passing oxygen over the heated
oxide till it ceases to absorb any more ; or, by heating the oxide to dull redness
and adding four parts of chlorate of potassa; it communicates the oxygen required
and leaves chloride of potassium, which may afterwards be removed by cold water.

CHAT: I. CALCIUM.

848. Symb. Ca. KEq. 20.—Has a white colour and metallic lustre, oxidated on
heating in the air, and converted into lime.

849. LinEe, QuickLiME, or OxipE or Carcrum.—Symb. *Ca = calcium 20 +
oxygen 8 Sp. gr. 2.3.—Extremely infusible, but is rendered semivitreous, and
volatilized slowly by the oxyhydrogen blowpipe, condensing and forming minute
crystals, or collecting as a white smoke a little way from the place where it is con-
verted into vapour. Gives out a brilliant light when intensely heated.

850. White, friable ; has a harsh, styptic, and alkaline taste. Combines with
water, and forms HYDRATE OF LIME, commonly called sLAKED LiME, great heat
being evolved ; it is composed of lime 28 + water 9. Eq. 37.

851. Lime WaTeERr.—Lime is sparingly soluble in water ; according to Dalton,
778 of water are required to dissolve 1 of lime, It is less soluble in hot water
than in cold, and hence a cold saturated solution of lime in water always becomes
turbid on heating it, from the deposition of' lime. Tt is prepared merely by agi.
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tating lime iu a bottle with water, and allowing it to stand till the excess of lime
employed shall have subsided. If lime-water be required quickly, it may be fil-
tered to separate undissolved lime, care being taken to exclude the air, which
would communicate carbonic acid and precipitate the lime.

852. Lime-water is perfectly colourless, but has a brilliant transparency, which
is not observed in any other kind of water. Ewaporated in the exhausted receiver
of the air-pump, with the aid of the sulphuric acid (212), the hydrate erystallizes
in hexahedrons. Its taste is similar to that of lime, and it affects the vegetable
colouring matters in the same way.

853. The salts of lime communicate a reddish tint to alcohol and some other
inflammable fluids during combustion, when they have been previously dissolved
or mixed with them.

854. Lime is precipitated from solutions of its salts by the alkalis potassa and
soda, but not by ammonia. Alkaline carbonates give a white earthy precipitate
of carbonate of lime when mixed with solutions of its salts, the alkali of the car-
bonate uniting with the acid previously combined with the lime. Sulphuric acid
and concentrated solutions of sulphates give copious precipitates with strong solu-
tions of salts of lime, but none if they are diluted much with water, sulphate of
lime, the compound precipitated when there is much lime in solution, being more
soluble in water than lime itself. Oxalic acid is the most delicate test of lime,
forming a very insoluble compound with it : when the lime is combined with an
acid, oxalate of ammonia is preferred Lo oxalic acid alone, as the ammonia unites
with the acid, and allows the oxalic acid to act without any impediment upon the
lime. If the salt of lime contain an excess of acid, the excess ought to be care-
fully neutralized by ammonia. ;

855. Lime is distinguished from alkalis by the insolubility of its carbonates.
From bavyla and strontia, by its solution in water giving no precipitate with sul-
phuric acid, which baryta and strontia do. Its soluble salts, also, diluted with as
much water to the lime as exists in lime-water, give no precipitate with this acid.
From magnesia, by its'solubility in water, and the comparative insolubility of its
sulphate. Magnesia is so insoluble in water that it communicates little or no sen-
sible properties to it ; but its sulphate is very soluble in water, while only a small
quantity of sulphate of lime is dissolved by this fluid.

#56. PrEPARATION OF LiME.—From limestone, chalk, marble, or calcareous
spar, all of which consist principally, if not entirely, of carbonate of lime. Cal-
careous spar and white marble are the purest carbonates, containing, in many
cases, only a fraction per cent. of impurities.. From all these the carbonic acid is
expelled by heat, and the limestone or chalk is said to be burned, in common lan-
guage, but the only change which is effected in it is the expulsion of the carbonic
acid. Carbonate of lime 50 = carbonic acid 22 and 28 lime. Symb. :C-Ca =
:C&-Ca. On the large scale, alternate beds of limestone and fuel are placed in the
furnace or lime-kiln ; on the smaller scale, the earbonate to be decomposed may
he put into a cruciblee. When perfectly free from carbonic acid, and diffused
through water, it gives no effervescence on adding muriatic acid.

857. Lime free from carbonic acid absorbs water with rapidity. If not kept
carefullv from the air it soon attracts moisture and carbonie acid, returning to the
state of carbonate.

858. The setting of lime in common mortar depends upon its attracting carbo-
nic acid from the air, through the porous mass composed of lime and sand. When
lime or mortar has been kept for a long time exposed to the air before it is used
for building, it is said to be spENT, as it has already become charged with carbo-
nie acid, and cannot set or act so well as a cement.

o2
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:5:’1. PeroxinE or Cavcivs.—Symb. :Ca.  Eq. 36 = calcium 20 + oxygen 16
—oee 847,

Compounds of Calcium and Lime.

860. Nrrrate oF Lime—Symb. : iN-Ca = nitric acid 54 4 lime 28. Eq. 82.
Deliquescent. Soluble in aleohol, which separates it from nitrates of baryta and
strontia. Formed by neutralizing nitric acid diluted with water by lime. The
carbonate may be employed, which dissolves with effervescence, the carbonic acid
escaping. ' :

861. Compounds with Sulphwr, Sulpluric Acidy, §e.—SvLpHURET oF CALCrumM.—
"%J-'ﬂ"b- SUa = sulphur 16 + caleium 20. Eq. 36.—Soluble in water, and be-
lieved to decompose it (711), at the same time producing hydrosulphuret (hydro-
sulphate) of lime, Kmployed principally for the preparation of sulphureted hy-
drogen. Prepared by decomposing sulphate of lime mixed with charcoal, heating
it in a crucible. Symb. i8-Ca&4C = SCa&4-C.—See Decomposition of Sulphates,
713.  When well prepared, it effervesces rapidly in diluted muriatic acid, pro-
ducing abundance of sulphureted hydrogen gas.

862. QuapRISULPHURET oF LiMeE.—Symb. $*Ca — sulphur 64 + lime 28.
Eq. 92_The compound formed when sulphur, lime, and water, are boiled to-
gether, according to the opinion of Dalton, whether an excess of lime or sulphur
be employed, and communicating to it the amber tint which it presents. Very
different opinions have been entertained as to the manner in which the sulphur
exists in the solution ; it is often termed SULPHURETED HYDROSULPHURET OF
LIME, from the opinion that bisulphureted hydrogen exists in it, and communi-
cates its peculiar properties, though it is obvious, that when this compound is pro-
duced by one portion of sulphur acting on the hydrogen of the water, another
portion must combine at the same moment with the oxygen, as none is disen-
gaged. ‘

#63. This compound has been employed principally in removing oxygen from
the air in eudiometrical experiments ; Dr Hope's endiometer i3 best adapted for
this purpose, and consists of a bottle intended to contain thg liquid, and a gradua.
ted tube for containing the air to be examined, which is fitted to the mouth. As
the absorption of oxygen goes on, the bottle is opened from time to time under
water, by taking out a stopple at the side. It is also employed for the prepara-
tion of precipitated sulphur. The compound prepared with sulphur, potassa, and
water, is often substituted for is. .

864. SuLPHATE oF LinE.—Symb. i8-Ca = sulphuric acid 40 + lime 28. So-
Hd, tasteless, infusible. Soluble in about 500 parts of cold water, and a little more
goluble in boiling water, hard waier being produced. Mixed with water, after it
has been reduced to powder, so as to form a thick eream, it gradually consolidates
into a hard and firm mass, the water combining intimately with it; in this con-
dition it forms PLASTER-0F-PaR1s, so much employed in taking casts. Sulphate
of lime is often precipitated by the action of sulphuric acid or sulpbates on salts
of lime. Sulphuric acid and muriate of lime = sulphate of lime and muriatic acid.
Symb. iS&HCI+Ca = :8-:Ca&HCL Sulphate of soda and muriate of lime —
sulphate of lime and muriate of soda. Symb. iS-Na&HCl'Ca =i58:Ca&HCl-Na.

865, It occurs abundantly in pature, and forms cypsus, SELENITE, and aAra-
pasTER, all of which contain water of erystallization, and this must be expelled
before it can be used for making plaster-of-Paris.

866. ProspuaTE oF LiME~Found in large quantity in the bones of animals,
from which it is procured by burning off’ the animal matter. White, earthy, infu-
sible. Soluble in diluted nitric and muriatic acids, and precipitated again when
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the acid which had dissolved it is neutralized. Tt is used principally for the pre-
paration of phosphorus, phosphoric acid and its salts, and in making cupels.—See
Cupellation. Many sSUPERPHOSPHATES OF LIME have been described, all soluble
in water.

867. PnosprvreET oF Cavcium.—Procured most conveniently when a piece
of phosphorus is thrown upon lime heated to redness in a crucible, a cover being
immediately put upon it, and a quantity of sand thrown upon the cover to prevent
the escape of offensive vapours. ©ne portion of phosphorus unites with the oxy-
gen of the lime, and an acid is produced, which combines with some undecomposed
lime. Another portion uniting with the calcium forms the phosphuret. When
it is acted upon by water, it immediately inflames, phosphureted hydrogen being
produced.—See 568.

868. CarpoxaTE oF LimeE.—Symb. :C*Ca = carbonic acid 22 4 lime 28.—
Eq. 50. Solid, inscluble, heat expels the carbonic acid, muriatic acid and most
other acids decompose it with effervescence. ICELAND 8PAR, CALCAREOUS SPAR,
MARBLE, CHALK, and LIMESTONE, are composed of this compound. Magnesia is
often associated with it in some marbles and limestones in considerable quantity,
besides smaller portions of other matters. Precipitated in a minute state of divi-
sion, when an alkaline carbonate is added to a solution of a salt of lime. Carbo-
nate of soda and muriate of lime = carbonate of lime and muriate of soda. Symb.
:C'Na&HCl++-Ca = :C-Ca&HCl+Na. The acid of the salt of lime used remains
in solution with the alkali. The BrcArBoNaTE is sparingly zoluble in water.

869. Muniate oF Lime.—Symb. HCI4-Ca: Prepared by saturating dilute
muriatic acid with lime; carbonate of lime is generally employed. Symb.
HCl&:C-Ca = HCI-Ca&:C. It is procured also as a residuum from many chemi.-
cal operations. Crystallizes in prisms from a hot saturated solution. Converted
into chloride of calcium when subjected to heat, the hydrogen of the muriatic acid
combining with the oxygen of the lime.

: Fig. 37.
" Materlals Products.

37 Huriatic acid' {H}'dmgen bt Water.

Chlorine 36 —
- Oxygen tl---:" E
%8 Lime.s. cusasers %Calf:lglfm 20 56 Chloride of Calcium.

Symb HCl+Ca = ‘H&CI-Ca.
Decomposition of chloride of calcium by water. Syméb. -H&ClCa = HCl+-Ca.

870. Very deliquescent, and soluble in water. Liquefies snow rapidly, pro-
ducing intense cold ; its erystals contain 6 equivalents of water, and they act more
powerfully than the chloride of calcium ; by melting them, and then stirring them
continually as the liquid cools, it is obtained in a minute state of division, ex-
tremely favourable for its action.

871. CnrorinpE or Limg, commonly called Breacuixe PowneEr.—White,
with a slight shade of greenish-yellow colour; has an odour of chlorine, and a
very strong harsh taste. Destrovs vegetable and animal colouring matters, and
various effluvia, in the same manner as ehlorine. It contains variable quantities
of chlorine, which is merely absorbed, according to some chemists, by the slaked
lime employed in its preparation ; but the more general opinion is, that the chlo-
rine unites chemically with one portion of the lime, forming the chloride, with
which an excess of lime is always mixed, according to the mode of preparation.

872. Muriatic and other acids unite with the lime and disengage chlorine with
effervescence. Water dissolves it, a portion of lime being separated ; it is much

more soluble in water than lime. 'The yuantity of chlorine associated with the
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lime is generally estimated by finding its power of decolorizing a solution of indigo
in sulphuric acid of a known strength.

873. By long keeping, and exposure to air, light, and moisture, muriatic and
chloric acids are believed to be produced. When subjected to heat, part of the
chlorine is evolved, and the rest unites with the calcium, disengaging oxygen.

CHAP. 1I. BARIUM.

874. Symb. Ba. Eq. 70.—Metallic, of a dark grey colour, heavier than water,
attracts oxygen rapidly from air and water. Prepared in the same manner as
caleium. See 846.

875. BaryTa, or OxinE orF Barmivsm.—Symb. *Ba = barium 70 + oxygen 8.
—Eq. 78.—Name from fazgvs, heavy ; its compounds having a high specific gravi-
ty compared with other earthy minerals.

876. Baryta is similar to lime in all its leading properties. It is usually ob-
tained in the form of a grey coloured mass, which slakes with water, and produces
much heat. Tt is much more soluble in water than lime, 3 parts at 212° and 20
at 60°, dissolving the HyDRATE, which consists of 20 eqs. water + 1 baryta. A
saturated hot solution deposits erystals as it cools. Its solution is highly alkaline,
turns blue colouring matter of cabbage and violets to a green, and turmeric to a
brown. Precipitates carbonic acid from water and alkaline carbonates, but is so-
luble in an excess of carbonic acid. Sulphuric acid forms a very insoluble com-
pound with baryta, and is much employed as a test of this substance in solution ;
the sulphate precipitated appears in the form of a white powder. _

877. Baryta and all its compounds, except the insoluble sulphate, are poisonous.
Its salts are usually obtained by the action of diluted acids with baryta, with the
carbonate of baryta, or with the sulphuret of barium. -

878. Baryta is generally procured by decomposing the nitrate in a crucible at a
red heat ; all the nitric acid is expelled.

879. 1t may also be obtained, as Dr Hope shewed, by sulu&chng the carbonate
to an intense heat in a crucible. Carbonic acid has a much_ greater attraction for
baryta than for lime, and hence the higher temperature required for its decompo-
sition. Symb. :C-Ba = :C&-Ba.

880. Bixoxine or Barium, or PERoXIDE oF Bartua.—Symb. :Ba = barium
70 + oxygen 16. Eq. 86.—Employed in preparing oxygenated water. Formed
in the manner described in 847.

Compounds of Barium and Baryla,

881. N1TrAaTE oF BaryTA.—Symb. ::N++Ba = nitric acid 54 + baryta 70.
Eqg. 124.—Crystallizes in octohedrons, which contain no water of erystallization,
decrepitate, fuse, and are ultimately decomposed by heat. Soluble in 11 parts of
cold and in about 3 of boiling water. ,

§82. Prepared by saturating diluted nitric acid with baryta, using the carbonate
or hydrosulphuret ; the latter is procured by the action of water upon the sulphu-
ret of barium. Carbonic acid or sulphureted hydrogen are disengaged as the ni-
tric acid is neutralized.

883. Much employed as a test of sulphurie acid. .

884. SurLrHATE oF BaryTa, or HEAVY Sran.—Symb. {8-Ba = sulphuric
acid 40 + baryta 78, Eq. 118.—Solid, tasteless, insoluble, infusible.—Sp. gr. 4.4.
Occurs native in tabular or prismatic crystals; always formed and precipitated as
& white powder when solutions containing sulphuric acid are mixed with solutions
containing barvta. Kmployed in preparing salts of barvta. When decomposed
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by chareoal (713) it is reduced to SULPHURET oF Barium. Symb. i8:Ba&4C=
SBa&4:C. 'This substance decomposes water, producing sulphureted hydrogen
and baryta, which remain in union, Symb. SBa&'H = HS+-Ba ; the sulphureted
hydrogen is easily expelled by most other acids.

885. CARBONATE oF BaryTa, or WITHERITE.—Symb. :C-Ba = carbonic acid
22 4+ 78 baryta. Eg. 100.—Solid, insoluble, poisonous. Effervesces with acids;
much employed, like the sulphuret of barium, in preparing salts of baryta.

886. Cr. MURIATE oF Barvra.—Symb. -H+(HCl+4 Ba)—By heat it be-
comes CiLoRIDE oF Bamrium, Symb. ClBa; the hydrogen of the acid uniting
with the oxygen of the baryta, and forming water, which is expelled. Scluble in
5 parts of water at 60°. Crystallizes in 4-sided tables.

887. PrepPARED by neutralizing baryta with muriatic acid : the carbonate may
ve used, Symb. HCI&:C-Ba = HCI'Ba&:C ; or the hydrosulphate (hydrosulphu-
ret), HCI&HS'Ba = HCl-Ba&HS.

CHAP. I1I. STRONTIUM.

888. Symb. Sr.—FKq. 44.—It is similar to barium in all its leading characters.

889. STRONTIA, or OXIDE OF STRONTIUM.—Symb. “Sr = strontium 44 + oxy-
gen 8.—Eq. 52.—Tts properties are similar to those of baryta (see 876). A satu-
rated hot solution deposits 4-sided tabular crystals as it cools. These contain 12
eqs. water + 1 eq. of strontia ; they are soluble in 50 parts of water at 60°, and in
2 at 212°. By heat, they fuse and lose all their water of crystallization, except-
ing | eq. The salts of strontia communicate a deep red tint to inflammable mat-
ter in a state of combustion, by which they are easily distinguished from those of
baryta. It is distinguished from lime by the insolubility of the sulphate, which
is much less soluble than sulphate of lime, and generally said to be insoluble,
though water can take up a minute quantity.

890. PreErARED most conveniently by heating the carbonate to whiteness in a
erucible, when the carbenic acid is expelled.

89]. MuniaTE AND N1TRaTE oF STRONTIA are usually prepared by saturating
muriatic and nitric acids with strontia, using for this purpose the carbonate of
strontia, or the hydrosulphate (hydrosulphuret) of strontia, the latter being pro-
cured from the sulphuret of strontium by the decomposition of water. Sulphate
of strontia decomposed by eharcoal gives sulphuret of strontium. See 713.

CHAP. IV. MAGNESIUM.

892. Symb. Mg.—Eq. 12.—Resembles silver in appearance, fuses at a red heat,
and burns then in air or oxygen, producing magnesia. Prepared by passing po-
tassium in vapour over chloride of magnesium. The potassium unites with the
chlorine, which leaves the magnesium; water removes the compound of chlorine
and potassium. :

893. Macx~EsIA, or Ox1DE oF MaeNEsIUM.—Symb. -Mg = magnesium 12 +
oxygen 8.—Eq. 20.

894. Magnesia is white, inodorous, does not slake like lime, and requires up-
wards of 5000 parts of water for solution, according to Dr Fyfe. It is much less
caustic than the preceding earths, has a feeble alkaline taste, and affects vegetable
colouring matters in the same mauner as the alkalis, when they are mixed with
the magnesia in the solid form ; the solution in water scarcely atfects them, the
quantity dissolved being so trifling.
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895. PREPARED usually from the carbonate by heat, which expels the carbonic
acid.

896. Magnesia is distinguished by the great solubility of its sulphate, by its so-
lutions not precipitating the common carbonate of ammonia, and by the decompo-
sition of its soluble salts with lime-water, which separates the magnesia. Oxalate
of ammonia precipitates lime and separates it from magnesia, which is not preci-
pitated if the solution be dilute. Magnesia, quite free from carbonic acid, does
not effervesce with acids.

897. NiTrRATE oF MAGKESIA.—Symb. :iN+-Mg_Snluhle in water and alco-
hol ; deliquescent.

808. Cr. SULPHATE oF MaeNEsta—Symb. 7-H+(i8-Mg) = water 63 + sul.
phate of magnesia 60.—Eq. 123.—Commonly called Ersom Sarrs. Soluble in an
equal weight of cold water, and in 3-4ths of boiling water ; erystallizes in 4-sided
prisms ; its water of erystallization is expelled by heat, the dry sulphate remain-
ing. Decomposed by potassa, soda, and their carbonates.

699. PrErareD from BiTTERN, the drainings from sea-water which has been
evaporated for the preparation of common salt, being purified by repeated solu-
tion and crystallization. Prepared also by communicating sulphuric acid to the
magnesia in magnesian limestone.

900. Distinguished from ovalic acid by its bitter taste, by its not affecting the ve-
getable blues, nor effervescing with alkaline carbonates, and also by not being dis-
sipated by heat.

901. PuospHATE oF AMMONIA AND MaGNEsSIA.—Insoluble in water, dissolved
by diluted nitric, muriatic, and acetic acids, decomposed by heat, the ammonia be-
ing expelled. Precipitated from solutions containing ammonia and magnesia on
the addition of phosphorie acid, or a solution of a phosphate.

902. CarpoNaTE oF MaGNEsIa.—Symb, :C:Mg = carbonic acid 22 + mag-
nesia 20.—Eq. 42.—Solid, white, tasteless, inodorous, insoluble in water. De-
composed rapidly with effervescence by dilutE'su'lphu:ric:, nitrie, and muriatic acids.
Procured by decomposing a solution of sulphate of magnesia by a hot solution of
carbonate of potassa or soda; the carbonate of magnesia is precipitated, and -
an alkaline sulphate remains in solution. Sulphate of magnesia 60 and carbo-
nate of soda 54 = sulphate of seda 72 and carbonate of magnesia 42. Symb.

iS-Mgé:C-Na = i5-Na&:C-Mg.

903. BicarpoNaTE oF MacNEsiA may be prepared in solution by passing a
stream of carbonic acid gas through water containing magnesia auspemled in it.
When a bicarbonate of an alkali is added to a solution of a salt of magnesia in wa-
ter, no precipitate is formed ; but, by boiling, the excess of carbonic acid is ex-
pelled, and then carbonate of magnesia appears.

904, MuriaTe or MaexEsia is procured by evaporating sea-water till the
most of the other salts shall have been separated. It is very deliquescent.

1I. COMMON TERRIGENQUS METALS.

905. The common terrigenous metals produce oxides which are insoluble in
water, and have none of the alkaline reaction which the preceding earths present.

CHAT. I. ALUMINUM.

906. Symb. Al. =Eq. 10 2:—Metallic lustre, resembling platinum. Prepared
from the chloride of aluminum hy potassium, which combines with the chlorine
and detaches the aluminum.
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907. ArLumiNa, or OxipE oF ALusiNum.—It consists of 1 eq. of oxygen and
1 of aluminum ; but many chemists have considered it as a compound of 2 egs. of
aluminum and 3 of oxygen. White, tasteless, inodorous, insoluble in water, but
can unite with it in various proportions, forming hydrates. It combines with
acids and alkalis, and produces with the fixed alkalis compounds which are solu-
ble in water. Alumina does not combine with carbonic acid.

908. Prepared from a solution of alum by adding potassa in solution, the alu-
mina being precipitated ; an excess of alkali must be avoided, as it would redis-
solve the alumina.

909. Alumina is extensively distributed throughout the mineral kingdom ; it
exists in all kinds of clay, and is found nearly pure in the sapphire and ruby.

910. Aruy, or SULPHATE oF ALUMINA AND Porassa—Symb. 3iS-Al+iS'K
+25*H = 3 eqs. of sulphate of alumina + 1 of sulphate of potassa + 25 of water.
Crystallizes in octohedrons. Soluble in 5 of water at 60°, and in little more than
an equal weight of water at 212°. Taste sweet, acid, and astringent. Reddens
litmus powerfully, has little effect on the vegetable blue of cabbage. Decomposed
by alkalis, alkaline carbonates, lime, and many other substances. Exposed to
heat, it undergoes the watery fusion ; when the water has been expelled, a spongy
porous mass is left.

911. Exposed to heat with sugar, flour, or other carbonaceous substances, it is
completely decomposed, and a compound remains, spontaneously inflammable : it
is usually termed HomeEre's PyrorHorus. Sulphurets of aluminum and po-
tassium are formed during the decomposition. DBurns hri]liantl}r in oxygen gas,
and with a dull red light when exposed to the air.

912, Alum of various kinds may be procured by substituting ammeonia, soda,
oxides of chrome, iron, or manganese, for potassa.

CHAP. II. SILICUM.

913. Symb. Si.—Eq. 8 >—Colour dark brown, uninflammable, not oxidated by
sulphuric or nitri¢ acids, has no metallic lustre. Its oxide does not combine with
the acids and form salts, and hence Dr Thomson and many others have regarded
silicum as more analogous to carbon and boron than to the metals; they accord-
ingly term it Silicon.

914. Sivica, Sicicre Acin.—Symb. ‘Si = oxygen 8 4 silicum 8.—FEq. 16.—
Insipid, insoluble, inodorous, infusible, except by the oxyhydrogen blowpipe.
Rough and hard to the touch. Exists in large quanltities in numerous minerals.
‘Rock-crystal, and some kinds of sand, flint, and other minerals, contain silica near-
ly pure.

915. ComrounDs oF SiL1ca.—Silica has little or no attraction for any of the
acids excepting the fluoric. With the fixed alkalis and various metallic com-
pounds, it forms glass and numerous other important vitreous combinations.

916. SrLicateEp HyprorrLvoric Acip, called also Fruosivicic Acin.—Sp.
gr. 3.611.—Gaseous, transparent, colourless, pungent and suffocating, produces
white fumes with air containing moisture. Does not support combustion. Water
condenses 365 times its volume, but 1-3 of the silica is deposited ; it must be col-
lected at the mercurial trough ; corredes glass only when moistened.

917. It is prepared by heating 1 part of fluor-spar with 1 of glass and 2 of sul-
phuric acid ; the sulphuric acid decomposes the fluor-spar, producing hydrofluoric
acid, in the manner described in 698. This acid was supposed till lately merely
to combine with the gilica ; but the more general opinion now is, that the hydro-
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gen of the acid unites with the oxygen of the silica forming water, the Huorine
and silicum alone combining to form the gas. According to this view, the term
fluosilic gas is to be preferred.

918. SivicaTED Porassa.—This compound may be prepared with various pro-
portions of silica and potassa. To effect the combination, silica is generally fused
with the carbonate of potassa, the carbonic acid being expelled during the appli-
cation of the heat. With 3 of carbonate of potassa and 1 of silica, a glass is form-
ed which is soluble in water and deliquescent ; if an excess of silica be used with
the alkaline matters, the glass procured is insoluble in water. Frint Soar isa
compound which is likely to he very generally employed ; it is merely a variety
of silicated alkali, produced by boiling finely powdered flint with potassa or sodu.

919. Commox BorrLe GrLass consists of impure silica, as common sea-sand,
fused with impure alkaline salts or other substances.

920. Wixpow Grass is made with a purer sand and alkali. Soda, from kelp
or barilla, is the alkali generally preferred.

921. Prate Grass is made with the purest alkali (soda) and siliceous matter.

922. Common Frint Grass contains about 50 of silica with 34 of the oxide of
lead and 14 of potassa. The oxide of lead gives density, lustre, and increased {i.-
sibility to the glass. About 1-1200 part of the peroxide of manganese removes
the green colour which a small quantity of oxide of iron contained in the material
used is apt to communicate : it gives oxygen to the oxide of iron.

923. Solutions of silicated potassa are decomposed by nitrie, sulphurie, and
other acids, which neutralize the potassa, and precipitate the silica. When it
meets with the water in its nascent state, this fluid is apt to dissolve it, but by
evaporating Lo dryness, the silica becomes hard, and quite insoluble in water.

924. Muriate of ammonia is often used to precipitate silica instead of the un-
combined acids ; the ammonia is left free, when the acid unites with the alkali
previously combined with the silica.

025, Five parls of carbonate of potassa with four of carbonate of soda, form a
very fusible alkaline mixture, much employed in examining siliceous compounds.

CHAYP. III. GLUCINUM, ITTRIUM, ZIKCONIUM, THORINIUM.

926. These metals are extrédmely rare compared with the other terrigenous

metals.
927. Grucinum with oxygen forms the earth Grucina, found in the beryl

and in the emerald.
928. ITrrivm with oxygen forms the earth Itrria, which exists in the mine-

ral called Gadolinite.
929. Zincoxtum and oxygen form Zircoxia, one of the ingredients of the

Zircon of Ceylon.
930. Tuorinum and oxygen form Tuomixa, an earth discovered by Berzelius

in a Norwegian mineral.
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ORDER 1II. CALCIGENOUS METALS.*

I. COMMON METALS WHOSE OXIDES CANNOT BE REDUCED BY HEAT
ALONE.

CHAT. I. 1RON.

931. Symb. Fe.—Eq. 28.—8p. gr. 7.7.—Fused only by the greatest heat of a
wind or blast furnace. Colour gray, lustre brilliant when polished, malleable and
ductile, but not so much so as gold, silver, and some other metals. In tenacity
it exceeds all metals. When heated, it can be worked into any shape, or joined
to another piece by welding or hammering them together. It is attracted by the
magnet, and can be rendered permanently magnetic.

932, DnsTrisuTioN. Extensively distributed throughout the mineral king-
dom. Small detached masses have been found nearly pure, and probably of me-
teoric origin. The principal ores are the oxipEs of iron, which atford the purest
metal, and the cray 1rox-onEg, which consists of oxide of iron united with carbo-
nic acid, alumina, silica, and other earthy matters.

933. Preranarion or Inox.—The clay iron-ore, after being roasted, is heated
with charcoal, coke, or coal, and lime, in a blast-furnace. The carbon removes
the oxygen from the iron, forming carbonic oxide or carbonic acid, which escapes.
The lime combines with the earthy matter of the ore, forming thereby a fusible
compound, through which the melted iron falls with facility, and collects at the
boltom of the furnace. The sLaG, or compound of the various earthy matters, is
run off from time to time, and the iron is allowed to flow into moulds made in
sand, where it soon consolidates, and forms what is Lermed Pic Inox. The oxide
is heated with charcoal alone.

934. In preparing this metal the hot-blast introduced by Mr Neilson and Mr
Dunlop in the Clyde Iron-Works, has enabled them to prepare the metal with
much less fuel and lime than were formerly necessary. See 579.

935. The presence of charcoal, and small portions of the metals aluminum and
silicum, render the metal procured in this manner more brittle and fusible than
pure iron ; it is usually called casr-1ro¥ ; this fuses at 2786° according to Daniell.
Two varieties have been more particularly noticed,—

936, 1st, WHiTE CasT-1RoN. It is very hard and brittle.

937. 2d, Gray Cast-1ro¥ : which is softer and less brittle.

938. Malleable.iron is prepared from cast-iron by heating it in a furnace, burn-
ing off carbonaceous matter by a strong blast made to play on the surface, and re-
moving the earthy impurities, which rise to the top. As its purity and tenacity
increase, its fusibility diminishes, and, after long continued hammering and pres-
sure between rollers at an elevated temperature, it forms the malleable iron of
commerce ; called also Forged Iron, Wirought Iron, Soft Iron.

939. Oxines oF IroN.—Iron is oxidated by air and water, by a number of acids
and other substances. But air perfectly dry and water perfectly free from air
and acid do not oxidate iron.

940. OxipE oF IroN.—Symb. ‘Fe = iron 28 + oxygen 8.—Eq. 36.—Colour
dark, seldom obtained pure, generally associated with a little peroxide ; separated

Y See 707 and 737.
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from its salts in solution as a white sypraTE by alkalis. Formed when iron
burns in air or oxygen gas. At a white heat iron burns rapidly, even when cold
air is blown upon it, the oxide produced being rapidly melted. Watery vapour
passed over iron-turnings at a red heat produces the protoxide, hydrogen being
evolved. And if the hydrogen be transmitted over the oxide at a similar tempe-
rature, it combines with the oxygen, the metal being restored ; if the oxide be in
a minute state of division, and reduced at a temperature below that of a red heat,
the metal is left in a minute state of division, and inflames on contact with the
air. Exposed to air and moisture, the oxide soon becomes peroxide. Its salts are
generally of a green colour.

941. PEROXI1DE oF ImoN.—Symb. iFe® = iron 56 + oxygen 24.—Kg. 80.—
Colour deep red, not attracted by the magnet. Prepared from sulphate of iron
by heating it in a crucible. All the acid is expelled, and 2 egs. of oxide taking 1
eq. of oxygen from 1 eq. of sulphuric acid, become 1 eq. of peroxide, the sulphu-
rous acid from the decomposed sulphuric acid being disengaged along with some
sulphuric acid and water not decomposed.

Materlals. g i Products.
Sulphuric Acid 40 40 Sulphuric Acid.

] e i e

Sulphurous Acid 32 ____________ 32 SBulphurous Acid.
Oxygen .uciasiss

Oxide of Iron ... 36 E
Oxide of Iron ... 36 80 Peroxide of Iron.
Symb. 2i8-Fe = (Fe?&iS&:S.

942. Irox Rust consists principally of this oxide in union with water. Car-
bonic acid and ammonia are also found in small quantities, the acid being derived
from the air, and the ammonia formed by the combination of the nitrogen of the
air, with the hydrogen of the same decomposed water.

943. The Brack Oxipe or Irox, regarded by many as a distinct oxide, is ge-
nerally considered a mixture of the oxide and peroxide in various proportions.

944. Irox anp NiTric Acip.—Iron decomposes nitric acid rapidly, being oxi-
dated, and combining with a portion of undecomposed acid ; if to a solution of ni-
trate of iron, prepared in the cold with an excess of acid, carbonate of potassa be
added in excess, nitrate of potassa is formed, the oxidated metal is precipitated,
and immediately redissolved in the excess of carbonate of potassa, forming a very
deep coloured liquid. This solution has been used medicinally under the name
of Liquor FERRI ALKALINL

Nitric acid is often used to convert protoxide into peroxide of iron.

945. SuLraur axD Irow, Sulphuret of Tron.—Symb. SFe =iron 28 + sulphur
16.—Eq. 44.—DBrittle, of a dark grey colour, much employed in the preparation
of sulphureted hydrogen. Procured most conveniently for this purpose by bring-
ing sulphur in contact with iron at a red heat ; the compound immediately falls
down in the fluid form, and may be collected in water. If 28 parts of iron filings
be mixed with 16 of sulphur, and the mixture heated in a Florence flask, they
unite, a glow of light attending the combination.

946. Bisvrruurer of Irox, or Irow PymiTEs.—Symb. 8?Fe = iron 28 + 32
sulphur.—Eq. 60.—Hard, yellow, and cubical crystals ; not acted upon by any of
the common acids except the nitric. Occurs in large quantity in nature ; it is
often heated for the preparation of sulphur, part of this element being expelled
from it in this manner.

947. If 1 part of sulphur with 2 of iron-filings be moistened and exposed to the
air, they absorb oxygen and becume warm, frequently taking fire; many native

Sulphate of
Iron 2 egs.
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sulphurets of iron produce the same effect with air and moisture. Sulphate of
iron is formed after long exposure.

948. SurruaTE oF Irox, called also Copperas or Green Vitriol.—Symb. 7-H
+ (i8:Fe) = water 63 + sulphuric acid 40 4+ oxide of iron 36.—Eq. 139.--Melted
by heat, most of the water of crystallization being soon evaporated, and a green-
ish-white sulphate left; by a higher temperature it is resolved into peroxide of
iron, see 941. Soluble in about 2 of cold water, and in less than its weight of
boiling water ; crystallizes in rhomboidal prisms of a bluish-green at first, which
becomes green and ultimately red as they absorb oxygen from the air. Taste
metallic and stiptic.

949. Its solution with water becomes turbid on exposure to the air, oxygen be-
ing absorbed and a terpersulphate left in solution, while a dipersulphate is preci-
pitated.

930. Used in the preparation of ink, peroxide of iron, carbonate of iron, prus-
sian blue, dyeing black, &ec.

951. Prevarep by the action of sulphurie acid, water, and iron (see 435).
Formed also by the oxygenalion of native sulphuret of iron exposed to the action
of air and moisture.

952. TErrERSULPHATE OF IrRoN.—Symb. 3:8+:iFe? = 3 sulphuric acid 120
+ peroxide of iron 80.—Kq. 200.—Formed by heating sulphate of iron with sul-
phuric and nitric acids. Colour red, soluble, not crystallizable.

953. D1PERSULPHATE oF IroN.—Symb. i842iFe? = sulphuric acid 40 + per-
oxide 160.—Eq. 200.—D'recipitated from sulphate of iron in solution when ex-
posed to the air.

954. Compounds with Carbon.—CARBURET oF Inox or STEEL is composed of
pure iron, combined with a very small quantity of carbon; it is procured by heat-
ing malleable iron imbedded in powdered charcoal, and is particularly distinguish-
ed by the hardness which it acquires when heated to redness and suddenly cooled.
The different degrees of temperature to which it is heated before it is cooled, give
rise to those varieties in its state of cohesion, ur temper, as it is technically called,
by which it is so extremely well adapted for different instruments.

955. Prumsaco, Brack LEeap, or GRAPHITE, is the name given to a com-
pound consisting almost entirely of charcoal with a small quantity of iron, vary-
ing from 4 to 10 per cent. The native compound is much used in making pen-
cils.

956. CarBo¥ATE oF TRox.—Symb. :C:-Fe = carbonic acid 22 + oxide of iron
36.—Eq. 58.—Has a greenish-white colour when first precipitated, but soon dark-
ens, and ultimately much of it loses carbonic acid, attracting oxygen when ex.
posed to the air, peroxide of iron being formed. In this condition it has long been
called SuBcarBoNATE oF Irow, but, as Mr Phillips shewed, it consists principal-
ly of peroxide of iron, with a small and variable proportion of the carbonate. It
is similar in composition to rusT oF 1RON. No percarbonate (carbonate of the
peroxide) has been discovered.

957. Iron is frequently met with in mineral waters, where it is retained in so-
lution in the form of a supercarbonate. By boiling, the excess of carbonie acid is
expelled, and an ochry sediment deposited.

958, Carbonate of iron is prepared from sulphate of iron, 76 parts, mixed in so.
lution with 54 of carbonate of soda; 5% of carbonate of iron are precipitated, and
72 of sulphate of soda remain in solution.—Symb. i8-Fe&:C-Na = INNas:C-Fe.
By washing it with water, and preventing it from being exposed to the air, it
may be retained in the form of a carbonate. Dried, in contact with air, it is al-
ways decomposed.
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959. AcETATE oF Imox is procured by digesting carbonate or oxide of iron,
with diluted acetic acid. Acetate of potassa and sulphate of iron, when well mixed
with alcohol, give a tineture of acetate of iron, and sulphate of potassa which is
left undisselved. .

960. TARTRATE oF Porassa axD Inow is formed when bitartrate of potassa is
mixed with iron filings, moistened, and exposed to the action of the air; the iron,
as it is oxidated, uniting with the excess of acid in the bitartrate. It hasa less
offensive metallic taste than any of the other preparations of iron.

961. Caurompe of Imox is proctired when the muriate of iron is decomposed
cautiously by heat, the hydrogen of the acid uniting with the oxygen of the oxide.
The MurtaTeE oF Inow is formed when iron is put into aqueous muriatic acid,
previously diluted with an equal bulk of water; the iron is oxidated by the water,
hydrogen gas is evolved, and the acid combines with the oxide of iron.

962. PErcuLoriDE oF Irox is formed when iron is burned in chlorine gas.
By water it is converted into PErMuRIATE oF Irox, part of the water being de-
composed, while the rest dissolves the new compound. Permuriate of iron is ge-
nerally prepared by dissolving peroxide of iron in muriatic acid. It has a reddish
colour, and is soluble in alcohol. The muriate is not soluble in alcohol. The per-
muriate is usually made with an excess of acid, but the vxide and acid can unite
in many different proportions. Mr Phillips has found that 1 equivalent of mu-
riatic acid can combine even with 10 of peroxide of iron.

963. MunriaTe oF AuMmoNia AND Inow is formed when muriate of ammonia
and muriate of iron are heated together and sublimed.

964. HypriopaTe oF Inox is formed when water, mchne., and iron, are mixed
together and heated. The iron takes oxygen, and the iodine takes hydrogen from
part of the water. The hydriodic acid and oxide of iron thus formed combine and
remain in solution; the liquid is transparent and mlnurless. but soon acquires a
deep tint on exposure to the air.

Tests of Iron. r &

965. Garric Acip precipitates the dark coloured gallate of iron, the colouring
matter of ink, when added to persalts of iron. Tt has no effect on the protoxide.
Acids, alkalis, and chlorine, decompose the colouring matter of ink. It may often,
however, be made to reappear again by the action of an excess of gallic acid, or
the form of letters effaced on paper may be restored by hydrosulphate of ammo-
nia, ferroprussiate of potassa, and sulphocyanate of potassa.

966. FernorrusstaTE oF Porassa gives a white precipitate with the oxide,
and a deep blue with the peroxide; when the solution contains both oxide and
peroxide, the precipitate presents a variety of tints, from a white with a light
shade of blue to a deep blue, according to the quantity of peroxide present.

967. SuLpnecya¥ATE oF Porassa gives a very brilliant red colour to solu-
tions containing peroxide of iron; it does not affect solutions containing the
oxide. s

9G8. Hypnrosvrrnuric Acip (sulphureted hydrogen) does not affect solutions
containing oxide of iron; a milk-white precipitate is formed with solutions con-
taining peroxide. Hydrosulphuret of ammonia gives precipitates of a dark co-
lour with the salts of the oxide and peroxide.

969. Bexzoare and SuccIiNATE oF Ammoxia are much employed to separate
peroxide of iron, forming very insoluble compounds with it.

970. Avkavis and Avkanive Eantus precipitate the oxides of iron from their
solutions as hydrated oxides.

71 Arkarine CarpoNaTeS precipitate carbonates of the oxide; hut when
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they are added to solutions containing the peroxide, it is precipitated without any
carbonic acid, for which it has little or no attraction.

972. Nirric Acip is often employed, in experiments with iron, to convert the
oxide into peroxide ; the iron is then more easily detected. A few drops of nitric
acid, boiled with a small quantity of any solution containing iron, are sufficient
for this purpose.

CHAP. II. LEAD.

973. Symb. Pb.—Sp. gr. 11.55. Melts about 600°. Colour bluish-gray, brilliant
lustre, tarnishes quickly in the air. Malleable, ductile, sectile. Eq. 104,

974. PrePaRED from the sulphuret of lead or GaLENA, by heating it with coal
and lime; the lime assists in removing the sulphur, and any sulphurous or sul-
phuric acid formed during the process. Iron may be used on the small scale.—
Sulphuret of Lead and Iron = Sulphuret of Iron and Lead. Symb. SPb&Fe =
SFe&Pb.

975. PrecreiTATED slowly in crystals, forming the LEAD TREE, when zinc is
introduced into any of its solutions. The zinc takes all the acid and oxygen that
may have been associated with the lead, replacing it in the solution.

Fig. 30.
< Materials, Products.
T B : ===93 Acetate of Zinc.
Acetic Acid....o.m 5l =

163 Acetate of Lead 4 Oxide of { Oxygen 8"
Lead { Leaﬁ.l 04 104 Lead.

Symb. APb&Z = A-Z&Pb.

976, Oxides of Lead.—Air and water charged with carbonic and other acids, oxi-
date lead. If the acid be the phosphorie, arsenic, sulphurie, or hydrindie, an in-
soluble crust is formed on the surface of the lead, which protects it from farther
action, and hence water containing even a minute portion of these acids or their
salts, may be kept with safety in leaden cisterns. But where the water is charged
with carbonic acid, the carbonate not forming any protecting crust, mixes with
the water in a minute state of division, and renders it poisonous.—See Christison
on Poisons.

977. Nitrie acid is used for oxidating and dissolving lead.

978. Dinoxide of Lead.—Symb. -Pb* = lead 208 4 oxygen 8.—Eq. 216.—
Found when the oxalate of lead is heated to dull redness, the air being excluded.

979, Oxipe. Called also Massicor, or YELLow LEAD.—Symb. -Pb = lead
104 + oxygen 8.—Eq. 112.—Insoluble, fusible at a red heat, and combines with
numerous earthy and saline substances, forming very fusible compounds. Decom-
posed when heated with charcoal and other inflammable matters, metallic lead
being obtained. ;

980. Pre ‘leating metallic lead in contact with air. When imperfectly
fused, so M:&n small scales, which are mixed with a little;red oxide of lead,
it is called LivHance, or SEMiviTRIFIED OxipE or LEeap. Precipitated from
solutions of its salts in combination with water, and of a white colour, on the ad.
dition of alkalis. This is the only oxide which exists in the salts of lead.

981. PeroxinE oF LEap.—Symb. :Pb = lead 104 + oxygen 16.—Eq. 120,

982. PrEPARED from red oxide of lead by nitric acid diluted with water, which
dissolves and removes the oxide, leaving the peroxide.

983. Rep OxipE or Leap, called also DEvroxipg, or Mintuar.—Composed
of variable proportions of oxide and peroxide (Phillips).

984. PREPARED hy exposing lead to air at a temperature about 700,
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985. NiTRATE oF LEaD.—Symb. : IN-Pb = oxide of lead 112 + nitric acid 54.
—Eq. 166.—Soluble in water, erystallizes in octohedrons.

986. SurLpHURET oF LEaD.—Symb. SPb = sulphur 16 + lead 104.—Eq. 120.
—The GaLEvA of mineralogists. The most abundant ore of lead ; formed artifi-
cially when sulphur and lead are melted together, or when sulphureted hydrogen
decomposes oxide of lead.—See 711.

987. SuLpnate oF LEaD.—Symb. :8'Pb = sulphuric acid 40 + oxide of lead
112.—Eq. 152.—White, very insoluble, precipitated when sulphuric acid and ox-
ide of lead meet in solution. Symb. : iN-Pb&iS-DMg = : iN-Mg&kiS-Pb.

968. ProspuaTE oF LEAaD.—Very insoluble, precipitated when phosphoric acid
and oxide of lead meet in solution.

989. CarsoNATE ofF LEap, or CERUsSE.—Symb. :C-FPb = carbonic acid 22 4
oxide of lead 112.—Eq. 134 —Insoluble in water, very heavy, precipitated when
an alkaline carhonate is added to a solution of a salt of lead. Symb. : :N-Pb&
#C:-Na = : iN‘Na&:C-Ph.

990. Cr. AcETaTE ofF LEap. Svcar oF Leap.—Crysiallizes in 6-sided
prisms, soluble in water, taste sweet and astringent, gives a slight precipitate with
carbonic acid, which is dissolved by a small excess of acid. Contains 1 eq. of acid,
1 eq. of oxide, and 3 eqs. of water.

991. Prerarep by neutralizing acetic acid with oxide of lead.

992. SUBACETATE oF LEaAD, or GovLArD's ExTracT.—More easily desom-
posed than the acetate. Prepared by boiling oxide of lead in excess in dilute ace-
tic acid ; it is obtained with different proportions of oxides, a ditacetate or tritace-
tate being procured ; the former contains 2 and the latter 3 eqs. of' uxlde, united
with 1 of acid. A T

993, TarTRATE oF LEAD.-~White, insoluble in water, dissolved hydﬂul.e:}
nitric acid.

994. Curoripe oF Lean.—Symb. CIPb = chlorine 36 + lead 104.—Eq. 140.
—Sparingly soluble in water, deposited in erystals from a hot concentrated solu-
tion. >

995. PreErarED when muriatic acid or its salts meet oxide of lead in solution :
the hydrogen of the acid unites with the oxygen of the oxide, forming water, and
the chlorine combines with the metal.

996. IopipE oF LEAD.—Symb. IPb = iodine 124 + lead 104.—Eq. 226.—Co-
lour brilliant yellow, erystalline, formed when hydriodic acid meets with oxide of
lead in solution ; the oxide decomposes the hydriodic acid, the hydrogen of the
acid and the oxygen of the oxide forming water, while the metal and the ivdine
combine.

Fig. 40,
Materlals,

164 Iodide of § Potassium ... 40 - —— -2 09 Acetat

Potassium Iodide......... b

o ¥ ¥ - Al ..-"H

163 Acetate ‘{gg“ Add S

of Lead: | bpead .2 ll104 228 Todide

Symb. A'PH&IK = A-K&IPh.
Tests of Lead,

997. SuLrRURETED HyproceEx and Hyprosurpnare oF Ammonia give a
dark brown or black precipitate.

008, Zixc precipitates metallic lead. o

999. Hyprionic Acip gives a yvellow precipitate of iodide of lead. Sulphurie
acid precipitates white %Ul]]hnlE of lead.
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CHAP. III. COPPER.

1000. Symb. Cu.—Eq. 32.—Colour reddish. Sp. gr. 8.8. Malleable, ductile,
and sonorous; fuses at 1996° Little affected by dry air, but becomes covered
with a green crust of carbonate of copper in a moist atmosphere.

100]1. Prerarep principally from the native sulphuret of copper and irom,
which is heated first by itself, and then with charcoal and siliceous fluxes. In the
first part of the process, part of the sulphur is expelled and the metals oxidated ;
the oxidated iron forms a elag with the flux, and when the remainder of the sul-
phur has been expelled, the charcoal reduces the oxide of copper.

1002. Metallic copper is often prepared in a very pure form, by introducing .
iron into solutions of its salts, the iron uniting with all the substances previously
combined with the copper in solution, and precipitating it in the metallic form.

1003. DixoxipE or CoPPER, formerly called ProToxipE.—Symb. -Cu®.—Co-
lour reddish. Prepared by heating the oxide with metallic copper, or by separat-
ing it from the salts of the dinoxide by alkalis. It is soluble in a solution of am-
monia, producing a colourless solution, which attracts oxygen quickly from the
air, and becomes blue. '

1004. OxipE oF CorrEr.—Symb. "Cu = copper 32 4 oxygen 8.—Eqg. 40.—
Black, insoluble in water ; with acids it forms coloured salts. (Other oxides have
been described, but they are of less importance.)

1005. PrEPaRED by heating nitrate of copper, all the nitric acid being ex-
pelled ; or by adding potassa in excess to sulphate or other salts of copper, when
a blue hydrated oxide is separated, which becomes black by heat. If a small
quantity of potassa be added, disulphate of copper, of a greenish-blue colour, is
precipitated.

1006. N1TRATE oF CoPPER.—Symb. : {N-C = nitric acid 54 + oxide of copper
40.—Eq. 94.—Very soluble, deliyueseent, escharotic, crystallizes in blue coloured
prisms, which become green on exposure to heat, losing part of their acid and wa-
ter of crystallization.

1007. PrErareED hy the action of diluted nitric acid on metallic copper.—See
Nitrie Oxide.

1008. SureaaTE oF CorPER, or BLUE VITRIOL, is soluble in 4 of cold and 2
of hot water ; erystallizable, styptic, escharotic.

1009. PrerareD on oxygenating the sulphuret by heat and air, or by dissolv.
ing the oxide in dilute sulphurie acid.

1010. SurravreT oF CorPER.—Symb. SCu.—Formed in general artificially,
when required pure, by heating a mixture of sulphur and copper filings ; heat and
light are ev. during the combination.

1011. A oF CorPER, may be formed by the action of ammonia in
solution on f copper; it has a very deep blue colour. The pharma-
ceutic prepar monly called AMmoNIURET oF COPPER, OF AMMONIATED
CorPER, contal phuric acid, oxide of copper and ammonia. It is procured
by triturating in a thortar 2 parts of sulphate of copper and 3 parts of the com-
mon carbonate of ammonia. Carbonic acid escapes with effervescence, the mix-
ture slowly becoming moist as the water in the salt of copper is liberated; part
of the ammonia combines with the sulphurie acid, and part with the oxide. Tt
has an intense blue colour, and becomes green when frecly exposed to the air, or
slightly heated, part of the ammonia escaping.

1012. Sulphate of copper, free from water, absorbs ammoniacal gas readily, and

M ;
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becomes of a blue colour. Other sulphates possess a similar property ; the awi-
monia is easily expelled by heat.

1013. DicarpoNaTE oF CorrEr.—Symb. :042:Cu = carbonic acid 22 + ox-
ide of copper 80.—Eq. 102.—Of a green colour, insoluble; found in combination
with water in the mineral called MaracniTe. - Prepared artificially by adding
carbonate of soda or potassa to sulphate of copper in solution. By boiling in wa-
ter it becomes black ; the dicarbonate loses its combined water and acid, the black
oxide being left.

1014. AceTaTE oF CorrER.—Soluble, crystallizes in deep green-coloured oe-
tohedrons, consisting of 40 oxide, 51 acetic acid, combined with water. Prepared
by boiling dicarbonate or ditacetate of copper in diluted acetic acid.

1015. DrraceETAaTE oF CoPPER, containing 1 eq. of acetic acid, and 2 of the
oxide, and TRrITACETATE, composed of 1 eq. of acid and 3 of exide, form two of
the most important subacetates of copper. VErpIGRis contains these salts in xa-
rious proportions, and is prepared by corroding plates of copper with impure ace-
tic acid.

1016. Cnmnmz and DicuroripE or CoprER are formed when this metal, in
a minute state of division, is introduced inte chlorine. Muriatic acid and dicar-
bonate of copper give MuriaTE or Correr of a fine green colour, soluble in wa-
ter and alcohol, and resolved by heat into chloride of copper and water.

g Tests of Cﬂpper s

1017. Irox and Zixc precipitate metallic copper.

1018. AsmoNia in excess gives a deep blue-coloured nmmuﬂimel. :

1019. FErRRoPRUssSIATE OF PoTassa gives a very peculiar mahagany p1e-::p1-
tate.

1020. HyDROSULPHURET OF AMMONTA gives a very dark colonred prem]utuu:-.

1021. Porassa and Sopa precipitate the blue hydrated oxide.

LE .

CHAP. IV. ZINC OR SPELTER.

1022, Symb. Z.——Eq. 34.—8p. gr. 7.—Colour bluish-white, texture crystalline.
Brittle at ordinary temperatlures unless it has been previously annealed. Mallea-
ble and ductile at 300° ; melts at 700° ; converted into vapour at a white heat.

1023. PrErARED from the carbonate of zinc by heating it with charcoal, the -
earbonic acid is expelled, the charcoal removes the oxygen of the oxide, the zine
is converted into vapour and condenses in the fluid form, after which it is allowed
to drop into water. Zine is not much affected by air and moisture at ordinary
temperatures ; but when any acid matter is present, it is quickly oxidated and of-
ten dissolved.

1024. Ox1pE oF Zivc.—Symb. Z = zinc 34 4 oxvg
when cold, yellow when hot, insoluble in water, forms s
many of the acids, and is dissolved by solutions of the alka
and colourless compounds.

1025. PruErareD by heating zinc in contact with the air, the metal buining
with a bluish-green coloured flame; or on precipitating it from solutions of its
salts by the alkalis, taking care to avoid any excess.

1026. Nrrrate oF Zive.—When nitric acid diluted with water is poured upon
zine; part of the acid and of the water are decomposed, and a little ammonia pro-
duced by the union of nitrogen from the acid and hydrogen from the water, as the
metal is oxidated. 'The undecomposed acid nités with the oxide and the ammo-
nia. Zinc acts with great rapidity on nitric acid.

42.—White
ounds with
& transparent

N
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1027. SurrnureT or Zivc, the zivc BLENDE of mineralogists, is found na-
tive of a dark colour ; precipitated from its solutions white and in combination
with water, by hydrosulphuric acid. See 711.

1028. SurrnaTE oF Zivc.—8ymb. :8-Z = sulphuric acid 40 + oxide of zine
42.—FEq. 82.—Soluble, crystallizes easily in prisms from a strong hot solution ;
formed by oxygenating sulphuret of zinc as it is heated in contact with air, or by
the action of sulphuric acid on zinc and water. See the preparation of Hydrogen.

1029. CarpoNATE oF Zinc.—S8ymb. :C:Z = carbonic acid 22 + oxide of zinc
42.—Eq. 64.—Found native, forming the mineral called Calamine.

1030. AceTATE oF Zinc.—Soluble, crystallizable. Formed by the action of
acetic acid on the oxide or carbonate of zinc, hy the action of zine on acetate of
lead in solution, all the lead being precipitated and the zinc replacing it in the
liguid, or by decomposing sulphate of zine, as seen in the diagram.

F’ . -
Materfals. B Products.
% Oxide of Zine 42 93 Acetate of Zinc.
Sulphate of Zinc i Sulphuric Acid -itl><
Acetic Acid ... 51
Acetate of Lead 1 ride of Tead 112 152 Sulphate of Lead.

Symb. i8S Z&APb = iS5 Pb&kd-Z.

1031. CurorIDE oF Zinc.—Formed when zine is introduced into chlorine gas;
or when dilute muriatic acid acts with metallic zine, hydrogen being evolved, the -
solution being afterwards evaporated to dryness.

1032, JopinE or Zixc is prepared by heating jodine with zinc filings in water,

and evapornhng the solution to dryness.

Tests of ch.

1033. HYDROSULPHATE OF AMMONIA gives a white precipitate.
1034. Argaris precipitate oxide of zine, dissolving the oxide if they are added
in excess.

CHATP. V. ANTIMONY.

1035. Symb. 8b; from Stilium, the old name of its most important ore ; called
also REcurus oF Avtimoxny.—Eq. 44.—Sp. gr. 6.8.—White, with a shade of
blue, very brittle, lamellar texture, fuses at a red heat, burns in contact with air
at an elevated temperature, producing much white smoke. Is not affected by a
dry atmosphere, tarnishes slowly when exposed for a long time to the air.

1036. Prepaged from the sulphuret by heating it in a crucible with iron filings ;
sulphuret of #n*%formed, and the metallic antimony is separated.

1037. Oxmy N TIMONY.—Symb. -8b = antimony 44 + oxygen §.—Eq.
52.—PrEPARED BY several different processes :—

1038. I. By puuring muriate of antimony into a large quantity of water, it is
resolved into two salts, a muriate with great excess of acid which remains in solu-
tion, and a submuriate composed of 9 eqs. of oxide and 1 of acid according to
Phillips, which is precipitated. The latter has generally been called Oxide of An.
timony, and has long been known by the name of PowpEr oF Areanorn. All

* the acid may be remayed from i¢ by potassa in solution.

1039. It has a dull white colour, fuses by heat, and is volatilized by an increase
of temperature. Exposed to heat and air when rough and porous, it absorbs oxy-
gen and takes fire.

H 2
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1040. II. By deflagrating equal weights of nitrate of potassa and sulphuret of
antimony. The sulphur and antimony receive oxygen from the nitrate, and on
removing the adhering potassa by water, the oxide appears of a dark brown colour,
from being mixed with some sulphuret of antimony. It is, in this condition, the
Crocus of Antimony of the Edinburgh College.

1041. III. By heating sulphuret of antimony slewly in the air, when most of
the sulphur is burned away and the antimony oxidated. By fusing this oxide in
a crucible it forms a vitreous mass when cold, and is called Grass oF ANTIMONY.
A little undecomposed sulphuret communicates a deep brown tint.

1042. IV. By beiling metallic antimony with aqueous sulphurie acid, it takes
oxygen from part of the acid, disengaging sulphurous acid, and combining with
the remainder. Water added in large quantity removes most of the acid, and
leaves a subsulphate, which may be advantageously employed according to Phil-
lips in the same manner as the preceding oxides.

Fig. 42.
Materials. Products,
Sulphur 16---—-———_. 32 Sulphurous Acid.
oA JOT¥gen Bo-—— "
Sulphuric Acid Oxygen 8-—

Oxygen
ANLiMONY eevsessnssonsnenss 44
Su I'Phuric ﬁcidi"i Sgidnddibian u—__‘__-‘_‘_'_"‘—-_.._._._..._-_ ﬂﬂ Sulph&te Df‘ .&ntimﬂ.’ﬂ}"-

Symb. 2:S&Sb = 5'Sbh&:S.

1043. DEUTOXIDE OF ANTIMONY, of ANrimoNrovs Acip.—Formed by ex-
posing the oxide to heat and air, or by expelling by a red heat a portion of oxy-
gen from the peroxide. White, insoluble in acids, combines with alkalis, not
melted nor volatilized by heat. .

1044. PEROXIDE oF ANTIMONY, or A¥TiMONIC AcID.—FPrepared, in combi-
nation with water, by heating metallic antimony with nitric acid to dryness, and
then washing it with water. At 600°, the water is expelled and it becomes vel-
low.

1045. Ox1DE oF ANTIMONY WITH PHosPHATE oF LiMmE, or ANTIMONIAL
PowniEr.—Usually regarded as a mixture of peroxide (deutoxide #) of antimony
and phosphate of lime. Prepared by heating sulphuret of antimony mixed with
hartshorn shavings in contact with air, the sulphur and all the animal matter in
the hartshorn shavings being burned away, while the antimony is oxidated and
left with the phosphate of lime. The proportion of oxide of antimony found in
it varies, which accounts for the uncertainty of its action.

1046. SULPHURET oF ANTIMONY.—Symb. SSb = sulphur 16 + antimony 44.
Eq. 60.—Colour bluish-grey, texture crystalline and striated. Precipitated of a
bright orange colour by hydrosulphuric acid from solutions of antimony, but be-
comes of the usual ¢olour when the water mixed with it is expelled by heat.

1047. Boiled in a solution of potassa, it is dissolved, and a precipitate appears
of a dark brownish colour as the liquid cools, which is called KErmEs MIXERAL,
consisting of sulphuret of antimony associated with water, and generally with va-
riable proportions of oxide of antimony and a portion of putassa. Dilute sulphu-
ric acid added to the remaining fluid precipitates GoLpEN SULPHURET oF ANTI-
smoxNy, which contains more sulphur than Kermes mingral and no potassa. 1f the
dilute sulphuric acid be added to the solutiog in potassa while hot, the compound
usually termed PrECIPITATED SULPHURET oF ANTinmoNY js formed.

1048. TARTRATE oF ANTIMONY AND Porassa, or TarTar ExETIC.—~Eq.

363 = 1 eq. of bitartrate of potassa 180 + 3 eqs. of oxide of antimony 156 (52x3)
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+ 3 eqs. of water 27. Prepared by boiling the bitartrate and oxide of antimony
in water, afterwards filtering the solution and crystallizing. It generally pre-
sents crystals which are transparent and colourless, but become opaque by keep-
ing ; its primary form is an octohedron with a rhombic base. Soluble in 3 parts of
boiling and in 15 of cold water ; its solution reddens litmus feebly, and is decom-
posed when long kept. Decomposed by heat, potassa and metallic antimony be-
ing left, when the air is admitted, and a pyrophorus formed when it is excluded.
Decomposed also by acids, alkalis, alkaline carbonates, infusion of galls or of Peru-
vian bark, sulphureted hydrogen, and“hydrosulphurets. Astringent vegetable
solutions generally precipitate a compound of tannin and oxide of antimony. A
solution of sulphate of magnesia does not decompose tartar emetic.

1049. Curonipe, or BurtER oF ANTIMONY.—Symb. CISb = chlorine 36 +
animony 44.—Eq. 80. — Formed with combustion when antimony filings are
thrown into chlorine, or by subjecting them to heat with bichloride of mercury,
when it is separated by distillation. It has the consistence of butter at common
temperatures.

1050. MuriaTE or ANTiMoNY is formed when sulphuret of antimony is heat-
ed in common muriatic acid. Part of the water and the sulphuret being decom-
posed, oxide of antimony is formed, which combines with the muriatic acid, and
sulphureted hydrogen gas escapes.

Materials. ; Products.
e Ig ;':::r:'lmgen é:_;.;?l'f Sulphureted Hydrogen.
Sulphuret of { Sulphur... 1 :
~__Antimony | Antimony 44__
BT Keid .. ... e 37—————==.89 Muriate of Antimony.
i Symb. SSh&H&HCI = HCl+-Sh&HS.

10561, Tests of Antimony.—This metal is particularly distinguished by the bright
orange eoloured ‘precipitate which solutions of its oxide give with sulphureted
hydrogen. Dr Turner recommends the precipitate to be collected and decom-
posed by hydrogen gas passed over it in a tube, where it is heated by a spirit-
lamp; the sulphur being removed by the hydrogen, the metal is procured in a
pure form.

CHAP. VI. TIN.

1052, Symb. Sn.—Eq. 58.—Sp. gr. 7.3.—Fuses at 442°. TLustre white, bril.
liant, and little affected by air or moisture. Very malleable and ductile ; produces
a crackling noise when bent. Burns at a white heat, forming peroxide of tin.

1053. When required in a minute state of division it is melted and poured into
a wooden box, previously rubbed over with chalk. By brisk agitation it is re-
duced to a state of powder. On putting it through a sieve, and floating away any
adhering particles of chalk with water, it is obtained in the form of a very fine
powder.

1054. PrErarED from the native oxide, its oxygen being removed by charcoal.
The purer kinds of tin are usually called erarx T1v, and the other BLock TIN.

1055. When tin-plate is heated and washed with a liquid made up of 8 parts of
water, 1 of nitric, and 1 of muriatie acid, by measure, the surface assumes a cry-
stalline appearance, the external layer of particles being dissolved by the acid
fluid. In this state it forms the MOIREE METALLIQUE, or crystallized tin-plate.

1056, Oxipe or Proroxipe of Tin—Symb, ‘Sn = tin 58 + oxygen 8.—
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Eq. 66.—Insoluble in water, dissolved by potassa, burns like tinder when heated
in the air. Has a great attraction for oxygen andechlorine ; its salts precipitate
many metals from their solutions.

1057. BrNoxiDE or Peroxine or Tin.—Symb. :8Sn = tin 58 + oxygen 16.—
Eq. 74.—Insolublé in water, soluble in a solution of potassa. Insoluble in nitrie
acid after it has been heated. Colour yellowish-white. Its salts have no deoxi-
dating properties like those of the oxide.

1058. PrepARED by heating tin or oxide of tin freely in the open air; or by
adding a solution of potassa to permuriate of tin,

1059. Sulphuret of Tin.—Symb. SSn.—Formed by heating tin and sulphur, or
by the action of sulphureted hydrogen on oxide of tin in solution. See 711.

1060. Bisulphuret of tin is prepared by heating equal weights of sulphur and
peroxide of tin; 1 part of muriate of ammonia added to 4 of the mixture, pro-
motes its production. It forms a crystalline scaly mass, uud from its colour and
lustre is often called mosaic gold. 5 %

1061. Muriate or Tix in solution is muchs used as a deoxidating agent.
Prepared b_'.r heating tin in common muriatic acid'so long as hydrogen gas is
evolved. The hydrogen disengaged hasan offensive odour, from impurities which
it derives from the tin.

1062. BrrErRMURIATE oF Tix is.procured by the action of nitric and muriatic
acids on tin ; a violent reaction takes placesunless the' tim be added in small por-
tions at a time. Procured also by exposing a solution of the muriate to the ac-
tion of the air for a length of time.

1063. Bicnromine or Tin or Fuming Lravon or Lisaviws, is obtained by
distillation from 1 part of mercury, 6 of tin, and 33 of bichlaride of meroury.

1064, Tests of Tin in solution.—The oxide precipitates solutions of gold, plati-
num and mercury. Hydrosulphuric acid gives a brown precipitate. Potasa pre-
cipitates the oxide, and an excess dissolves it. The peroxide gives a yellowish-
coloured precipitate with hydrosulphuric acid.

CHAP. VII. BISMUTH.

1065. Symb. Bi—Eq. 72,—Sp. gr. 9.85.—Melts at 496°, and volatilized by
a strong heat. Brittle, highly crystalline; colour white, with a shade of red.

1066. OxipE or Bismurn.—Symb. -Bi = bismuth 72 4 oxygen 8.—Eq. 80.
—Colour yellow ; fusible. Prepared by heating bismuth in contact with air, or
by the action of potassa with the nitrate of bismuth, the nitric acid being removed
by the potassa and the oxide precipitated.

1067, TriNiTRATE oF BismuTi, called also Susp¥I1TRATE or M AGISTERY OoF
Bismura.—Symb. :iN+3'Bi.—White, insipid, insoluble in water.

1068. PrREPARED by pouring a solution of nitrate of bismuth into a large quan-
tity of water, being immediately precipitated; most of the acid, with a little
oxide, remains in solufion.

1069, NiTrate or Bismuru prepared by the action of diluted nitric acid with
bismuth. The metal is oxidated by part of the acid, nitric oxide gas being evolved,
and the oxide combines with the undecomposed acid.

1070. Tests of Bismuth.—Distinguished by the nitrate being sc easily decom-
posed with water, and the dark coloured sulphuret which the oxide gives with hy-
drosulphuric acid (sulphureted hydrogen, see¥j11); the oxide precipitated by po-
tassa is reduced with great facility on eharcoal By heat, when the metal is easily
recognised hy its fusibility and brittleness,

i
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CHAP. VIII. MANGANESE.

1071, Symb. Mn.—Eq. 28.—Similar in appearance to iron, I'!rittlf:, tused with
difficulty, attracts oxygen from air and water. PrEPARED by decomposing the
oxide with charcoal in a crucible lined with charcoal.

1072. Owides of Manganese.—Ox1DE or PrRoTOXIDE.—Symb. "Mn = manganese
28 + oxygen 8.—Eq. 36.—Colour green, attracts oxygen rapidly when heated,
forms colourless salts with the acids. Prepared by transmitting hydrogen gas
over any of the other oxides heated in a tube.

1073. Bixoxing or PEroxinE.—Symb. :Mn = manganese 28 + oxygen 8.—
Eq. 36.—)ound native in abundance. Used principally in the preparation of
oxygen, chlorine, and flint-glass.

1074. Mawcavesious Acip.—Symb. i Mn.

1075. Maxeaxesic Acip.—Symb. i Mn.—When peroxide of manganese and
uitre are heated, a compoundisobtained called the mineral cameLEON. It con-
sists of manganesious acid and potassa, gives a green coloured solution in water,
which gradually becomes purple and red on exposure to the air, after passing
through many intermediate tints; the red eoloured compound is formed by the
manganesious compound attracting oxygen from the air or water.

1076. DEvroxine oF MaxeaveEsg-Symb. i Mn%—Eq. 80.—Formed when
the perexide is exposed to heat, as in the preparation of oxygen gas.

1077. Rep OxipE or MaxcaNEsE—~—Symb, iMn?.

1078, Vanvicrre.==Symb.  Mn’,

1079. Sulphate and muriate of manganese are formed during the |1rn'3|3.|.rauuu of
oxygen and chlerine gases.

1080. Very pure muriate of manganese is procured when muriate of ammonia
is heated with peroxide of manganese, dissolving it afterwards in water.

Tests of Manganese.

1081, FErnorrussiaTE oF Porassa gives a while precipitate, The oxide
precipitated by alkalis gives an amethystine tint to borax heated at the blowpipe.
1082. Hydrosulphuret of Ammonia gives a pale rose-coloured precipitate.

CHAP. IX. CHROMIUAML

1083, Symb. Cr.—Eq. 28 2>—Sp. gr. 6.—Drittle, fused with difliculty. Colour
white, with a slight yellow tint. Preraren by heating intensely oxide of chro-
mium mixed with charcoal.

1084. OxipE oF CHroMiUuM (PROTOXIDE)—Symb. ‘Cr — chromium 28 +
oxygen 8.—Eq. 36.—Colour green ; combines with acids, forming salts, which are
generally of a greenish tint.

1085, PrepareDp by heating CHROMATE OF MERCURY t0 redness in a crucible.
The oxide of mercury is decomposed and expelled, along with part of the oxygen
of the chromic acid, the oxide of chrome being left.  'When salts containing chro-
mic acid are heated with sulphuric acid, and any deoxidating substance, as alcohol
or sugar, a green tint is generally produced, oxide of chrome being formed.
1086, CansonaTE oF Chronmium has a fine greenish-blue colour. 1t is pre-
pared by huiling bichremate of potassa in solution with sugar, separating the brown
matter that is precipitated, inﬁ' boiling # with carbonate of potassa (Mr 'I.
Thomson ).

1087. Curomic Acip.—Symb. iCr = chromium 28 + oxygen 24.—Eq. 52—
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Colour deep red. Deliquescent, soluble in water, crystallizable. Decomposes
muriatic acid, and liberates chlorine ; the resulting fluid dissolves gold in the same
manner as the nitromuriatic acid. :

1088. PrErareD by heating fluor-spar, chromate of lead, and aqueous sulphu-
ric acid, passing the gaseous compound so procured into water, and heating it in
a platinum crucible. The acid and fluor-spar give hydrofluoric (698) and chromic
acids with the water, the hydrofluoric acid being expelled and the chromic left.

Compounds of Chromic Acid.

1089. Cunomate of Porassa—Colour yellow, very soluble, crystallizable.
Prepared by heating chrome iron-ore with nitre, dissolving the resulting soluble
matter, and cryvstallizing. The nitre converts the chrome into chromic acid by
communicating oxygen, and this uniting with the potassa of the nitre produces
the chromate. The iron is left as a peroxide.

1090. BicnroMATE oF Porassa.—Colour ruby red ; soluble i in 10 parts of cold
water, crystallizable. Iormed when the solution of the chromate is mixed with
sulphuric or some other acid, which combines with part of the potassa, crystal-
lizing by spontaneous evaporation.

1091. CaromaTE oF Lean.—Colour brilliant yvellow. Insoluble. PrEcIPI-
TATED when chromate or bichromate of potassa mixes in solution with a salt of
lead.

1092. Drcaromare oF Leap, commonly called SuscnroymaTe oF LEAD.—
Prepared by boiling the chromate of lead in a solution of potassa or lime-water,
which removes one-half of the chromic acid, and leaves the dichromate of a fine
orange colour. :

1093. CuromaTeE oF MERcuRY.—Orange-red colour. PrecreiTaTEp when
a solution containing chromate of potassa is mixed with a solution of nitrate of
mercury (nitrate of the protoxide).

1094, CunomaTe oF Sinver has a purplish tint ; it may bé procured by pre-
cipitation on mixing solutions of chromate of potassa and nitrate of silver.

1085. Curorocuromic Acin.—When aqueous sulphuric acid is mixed with
common salt, muriatic acid gas is evolved (647) and sulphate of soda left; if bi-
chromate of potassa and an additional quantity of sulphuric acid be added to the
mixture for producing muriatic acid, sulphate of potassa is formed, and chromic
acid disengaged. The muriatic and chromic acids produce the chlorochromic acid ;
and as they are believed by some chemists to decompose each other completely,
all the oxygen of the chromic acid being removed by hydrogen from the muriatic
acid, the compound that results may be more correctly termed TERCHLORIDE OF
curomivd. It is very volatile ; fluid ; has a brilliant ruby colour ; decomposes
water, producing chromic and muriatic acids. It acts violently with numerous
substances containing much hydrogen, as aleohol, ether, and ammonia ; the chlo-
rine combines with the hydrogen, forming muriatic acid, and the chromium, tak-
ing oxygen, forms oxide of chrome. Heat and light are evolved during the re-
action. .

1096, Frvocnromic Acip is a similar compound, prepared by the action of
aqueous sulphuric acid with chromate of lead and fluor-spar, the same changes
taking place between the hydrofluoric and chromic acids which are evolved, as
between the muriatic and chromic acids, according to the explanation given in the

preceding paragraph. TERFLUORIDE oF curodivMm may therefore be considered
a4 more appropriate name.
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CHAP. X. COBALT.

1097. Symb. Co.—Eq. 26.—Sp. gr. 8.5.—DBrittle ; colour gray, with a reddish
tint. Melts at a temperature a little lower than is necessary to fuse iron. At-
tracted by the magnet, and may be rendered permanently magnetic like iron.

1098. Preranep by heating the oxalate of cobalt, carbonic acid being disen-
gaged as the oxide and the oxalic acid are decomposed, metallic cobalt being left.
The oxalate is procured by the action of oxalic acid on the carbonate, which is
precipitated when the carbonate of potassa is added to the muriate of cobalt.

1099. Oxipe or CosAaLT.—Symb. *Co = cobalt 26 + oxygen §.—The oxide is
gray when dry, but if it be PRECIPITATED from solutions of its salts by potassa,
it has a bluish ecolour, a portion of water being precipitated along with it. The
salts of cobalt have usually a reddish colour. Other oxides have been described,
but they are of less importance. Zaffre is the impure oxide that remains when
the arseniuret of cobalt has been heated to expel arsenic, the cobalt being, at the
same time, oxidated. When this oxide is fused with siliceous matter, it forms
ihe blue colouréd vitreous compound named smarT, much used in colouring glass
blue.

1100. MuriaTE ofF Comart is soluble, of a reddish colour in solution, but
blue when dry. It is used as a sympathetic ink ; traces, invisible at first, becom-
ing blue by heat. If mixed with common salt, traces drawn with the solution
become of a fine green when heated. The change of colour continues only so long
as the heat is cnntinue;_,'i, and the material kept quite dry. Nitromuriatic acid is
generally used as a solvent of cobalt.

CHAP. XI. ARSENIC.

1101. Symb. As.—Eq. 38.—8p. gr. 5.7. Steel-gray colour, brilliant lustre, but
soon tarnishes on exposure to the air. Voelatilizes at 360° producing a garlic
odour ; inflames when subjected to a high temperature, and freely exposed to the
air, producing arsenious acid.

1102. Prerarep by heating arsenious acid with charcoal ; the carbon takes the
oxygen of the acid, and the metal is converted into vapour, which must be pro-
tected from the air as it is condensed. ©On the small scale, a tube is employed ;
when larger quantities are used, the mixture is put into a crucible, and another
crucible inverted over it to condense the metal.

1103. Ox1pE or Proroxine oF AnrseExic.—The black powder that is formed
when some varieties of arsenic are exposed to the air. Regarded by many as a
mixture of arsenic and the white oxide.

1104. Arsexrous Acip, Waite Oxipg, Biyoxipg, or DEUTOXIDE oF AR-
SENIC.—Symb, :As = arsenic 38 + oxygen 16.—Eq. 54.—Sp. gr. 3.7.—Obtained
in the form of solid, semitransparent masses, which become opaque by keeping,
and exposure to the air. Volatilizes at 380°; produces no garlic odour ; condenses
in small octohedral crystals, which have a brilliant adamantine lustre. At a red
heat it is resolved into metallic arsenic and arsenic acid. Soluble in 16 of water
at 212°, 5-8ths being again deposited in crystals as it cools. Cold water mixed
with arsenious acid takes up only 1-100th part. The presence of organic sub-
stances diminishes its solubility. Has little or no taste, but if kept long on the
tongue it produces an acrid sensation, inducing inflammation. (Dr Christison.)
It acts feebly on the vegetable blues ; but litmus is immediately reddened by it.

1105. Preraren during the roasting of ores of cobalt and other metals, the
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metallic arsenic being volatilized by the heat, oxidating in contact with air, and
condensing into solid masses in flues connected with the furnaces. Arsenious
acid is the poison commonly known by the name of Arsenic. It is recognised in
the following manner :—

1106. I. WuEN soLip.—By the crust of metallic arsenic which it gives when
heated in atube with charcoal, and the various properties deseribed in
1101, which the metallic crust presents. The black flux is often used
instead of charcoal.

1107. 1I. WuEN 15 soLuTioN.—By passing Hyprosvrrauric Acip (sulphu-
reted hydrogen) through the solution, drying the yellow compound of
sulphur and arsenic which is thus precipitated, and heating it with dry
carbonate of soda, when a erust of metallic arsenie is procured, posses-
sing the properties referred to in the preceding paragraph.

1108. In this process the oxygen of the arsenious acid unites with the hydro-
gen of the hydrosulphurie acid, and a yellow sulphuret of arsenie is precipitated ;
the carbonate of soda is decomposed by the sulphuret, carbonic acid and oxygen
escaping, while the sulphur combines with the sodium. The metallic arsenic is
then sublimed ; the whole of the arsenic is not procured, however, as a purtiun of
the metal remains combined with part of the sodium.

1109. Ax excess of HYDROSULPHURIC AciD must be avoided, as it would pre-
vent a portion of the yellow sulphuret from being precipitated. Dy boiling the
liquid any excess is expelled

1110. Any FREE ALKALI in solution must be neutralized ; it would prevent the
precipitation of the yellow sulphuret. Muriatic or acetic acid is generally used,
and added till slightly in excess.

1111, Dr Christison has recommended the process with hydrosulphuric acid as
the best, and pointed out numerous important circumstances to be attended to in
conducting it. He states that the metallic arsenic sublimed in a small tube may
be recognised by its appearance, even when it does not exceed the 280th part of
a grain. %

1112, When the quantity of metal is very minute, and not very distinet, it may
be oxidated by heating it in the tube, when arsenious acid may often be seen in
brilliant erystals ; and after touching them with a drop of water, the followi ing li-
quid tests may be applied.

1113. A drop of AMMoNIACO-NITRATE oF SILVER added to a very small portion,
produces a yellow precipitate of arsenite of silver. A drop of aAmmoNiAco-sUL-
PHATE OF COPPER, added in the same way, produces a grass-green compound, ar-
senite of copper.

1114. These aMMoNIACAL TESTS are prepared by adding ammonia to solutions
of nitrate of silver and sulphate of copper, until the oxide, precipitated at first,
shall have been almost enlirely redissolved. An excess of ammonia must be
avoided, the arsenites of copper and silver being both soluble in an excess of this
alkali. Instead of using the ammoniacal salts, sulphate of copper and nitrate
of silver may be added alone, and a small portion of potassa or seda introduced
afterwards to detach the acid from these salts, and allow the arsenious acid to act
upon the oxides of silver and copper.

1115. Arsenious acid has too feeble an attraction for these oxides to separate
them from any of the stronger acids.

1116, In examining lquids, suspected to mpiam arsenious acid, with ammoniaco-
nitrate of silver, it must be recollected that virosrnaTE o¥ sopa in solution pre-
cipitates phosphate of silver, similar in colour to arsenite of silver ; but the preci-

pitate is smooth and wniform, instead of eurdy like the arsenite of silver.
1i &
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1117. Again, if much muriaric acip, or common salt, be present, along with
arsenious acid, there will be so much chloride of silver precipitated, that it will be
impossible to observe if any arsenite of silver be at the same time formed, without
the aid of another process.

1118. In using the salt of copper, the blue precipitate that appears on the ad-
dition of an alkali, may be rendered green from other causes than the presence of
arsenious acid, as a yellow colour in the fluid under examination, through which
the blue hydrated oxide will appear green like arsenite of copper. Hence, as
none of the silver or copper tests can individually be relied upon, the process with
sulphureted hydrogen is preferved.

1119. Mr E. Davy recommends platinum to be used,in precipitating arsenic,
touching it with zinc. The arsenic adheres to the platinum, but may be separated
by heat.

1120. Many other substances have been recommended as tests of arsenious
acid, Tt thEy are not so delicate in their operation, and they are so liable to fal-
lacy from the numerous substances so frequently found in mixed solutions, that
they can seldom be depended upon in Eu({ileamuring to detect arsenious acid in
such liquids. 3

'1121. LIME-WATER gives a white precipitate with arsenious acid.

- T122. BricaromaTE oF Porassa in solution becomes slowly green, from the de-
oxidation of part of the chromic acid.

1123. NitratE oF Porassa may be used occasionally with advantage where
the suspected matter is evidently mixed with a considerable quantity of animal
or vegetable matter. Equal parts of nitre and the suspected matter are heated
together ; the nitre destroys any organic matter, and, at the same time, converts
any arsenious acid that may be present into arsenic acid, which unites with the
potassa. - The arseniate of potassa thus produced is dissolved readily by water ;
and nitrate of silver added to the solution gives a BRIck RED precipitate of an-
SENIATE OF SILVER.

1124. Astringent solutions, vinegar, sulphureted hydrogen water, alkaline hy-
- ‘firosulphurets, and other substances, have been proposed as ANTIDOTES TO ARSE~
~¥I1¢, but no dependence is placed upon them. Of late, however, the peroxide of
iron has been recommended for this purpose, producing arseniate of iron, which is
inert and insoluble. The hydrated peroxide is prepared for this purpose from a
persalt of iron by ammonia, which immediately precipitates it, uniting with the
acid, and remaining in solution.

1125. ArsEx1TE oF PoTassa in solution is formed when arsenious acid is boil-
ed in water with an equal weight of carbonate of potassa; 4 grains of arsenious
acid are contained in each ounce of fluid ; it is usually called FowLERs SoLuTION,
or Liquon ARSENICALIS.

1126. ArseExic Acip, or PEROXIDE oF ArseExic, may be obtained by heating
arsenious acid with nitric acid, and evaporating till a syrupy fluid is procured,
which must be afterwards heated to redness to expell any excess of acid. If the
arsenious acid be first dissolved in muriatic acid, and then treated as above, arse-
nic acid is procured more readily.

1127. AmsExic combines with Cnmnmr, when thrown in a minute state of
division into this gas. Heat and light are evolved during the combination.

1128. HyproceEx and Arsextc combine in different proportions. The com-
pound that has attracted most attentjon is the ARsENIURETED HyYDROGEN Gas,
evolved when an alloy of tin and arsenic is dissolved in muriatic acid. It is co-
lourless, inflammable, has an offepsive odour, and is exceedingly poisonous.

1120, Svrraur and ARSENIC combine in three or four proportions.
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1130. SurLrHURET oF ARsENI¢ (ProTosULPHURET), or REALGAR, is formed
by heating arsenious acid with 2-5ths of its weight of sulphur, the oxygen of the
arsenious acid being removed by part of the sulphur. It has a reddish colour.

1131, OrrivENT, YELLOW SULPHURET oF ArRsENIC, or Kive's YELLOW, is
formed when equal weights of sulphur and arsenious acid are heated, or by the ac-
tion of hydrosulphuric acid on arsenious acid in solution. The other compounds
are unimportant.

CHAP. XII. NICKEL, VANADIUM, &c.

1132. The remaining metals belonging to this class are very rarely met with,
compared with these which have been already described.

1133. Nicker.—Symb. Ni.—Eq. 26.—Sp. gr. 8.2.—White, malleable, ductile,
attracted by the magnet, and may be rendered magnetic like iron. Fused at an
intense heat, and though placed among the metals whose oxides are reduced by
heat alone, by some chemists, it appears that the propriety of this arrangement is
doubtful, and many have placed it amongst the metals of the preceding class.

1134. The nitric and nitromuriatic acids are the best solvents of nickel. Solu-
tions of its salts have a fine green colour, and give an apple.green precipitate of
the oxide when decomposed by potassa. Ammonia in excess redissolves the ox-
ide, and gives a blue coloured solution, similar, but not so deep, as that produced
by solutions of copper with ammonia. -

1135. Vawaprum is procured from some ores of iron and lead.

1136, Caparrvy is usually obtained from ores of zine.

1137. ToxesTEN or WoLFraM is a very heavy metal, which is prepared from
tungstic acid. ; .

1138. MoLyepENUM is obtained from the native sulphuret, which resembles
plumbago in appearance. :

1139. Cerivy is found in the minerals called Cerite and Allanite.

1140. Corumsiuym or TANTALUM was discovered in the Tantalite, Ittrotan-
talite, and other minerals.

1141, Terrurivs has been extracted principally from some ores of gold and
silver.

1142. Trraxiux has been procured from Titanite, and also from the slag se-
parated during the preparation of iron from some of its ores.

1143. Urantum is prepared from pitch blende, which contains oxides of tita-
nium and of iron.

2., COMMON METALS WHOSE OXIDES ARE REDUCED BY HEAT ALONE.

CHAP. I. MERCURY OR QUICKSILVER.

1144. Symb. Hg.—Eq. 200.—8p. gr. 13.5.—Freezes at —39.5°, contracting
much during congelation ; malleable when solid. Boils at 662° (650° according to
other estimates). Liquid, brilliant white metallic lustre, forms round globules,
which=divide readily and coalesce with facility when brought in contact. Tar-
nishes quickly when exposed to the air if impure, small portions of other metals
dissolved in it being oxidated, and forming a crust at its surface.

1145. PrErArED from CinnaBar, the native bisulphuret of mercury, which,
on the small scale, is heated with lime, iron, or carbonate of potassa or soda; these
remove the sulphur, and the mercury is separated by ;1iati4ﬂaii¢n.
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Materials, Fig. 44, il s
232 Bisulphuret of | Mereury 200 ————————. 200 Mercury.
Mercury......... {Eulphur,,_ 16

Sulphur E ;
Irnn""I-l+lllli|-ll-il-lil-l'li|'-li-ll-l 44 Suiphuret UFI[“"I-

e TR R I Eﬂ,—““‘ﬁhdd Sulphuret of Iron.
Symb. 25+ Hg&aFe — Hg&aSTe.

1146. Perirrep from any metals which may have been dissolved in it, by slow
distillation, pouring over it afterwards sulphate or nitrate of mercury in selution,
previously mixed with an excess of acid. The metals with which it is commonly
adulterated are lead, tin, bismuth, and zine, and a minute portion of any of these
which may have been carried over acmdentall} during the distillation, is oxidated
and separated from the pure mercury by the salt employed.

1147. Ox1pE (or ProToxipe) or MERcURY, commonly called Gray, Asm, or
Brack Corovrep OxipE or MEeRcunry.—Symb. Hg = mercury 200 4+ oxy-
gen 8.—FEq. 208.—Insoluble in water and muriatic acid, dissolved by acetic acid.
Prepared by adding potassa, soda, or lime-water, to salts containing oxide of mer-
cury ; formed also by mixing lime-water with the chloride of mercury. The hy-
drogen of part of the water unites with the chlorine and produces muriatic acid,
which remains in soluticn with the lime, while the oxygen and mercury combine
to form the oxide. By long keeping and exposure to the light, it is apt to pass
into metallic mercury and peroxide of mercury.

Fig. 45.
Materials, Products.
e . . T 28 —————--- 65 Muriate of Lime.
L b 8 Winler- ., jgirdgr:gen EIITF r,,f"f
236 Chloride nf Chlorine 36 ﬁf\\\
‘ Mercury ... | Mercury 200 ___—— 208 Protoxide of Mercury.

Symb. ClHg& - H& Ca = HCl4-Ca&-Hg.

1148. Mercury treated with manna or lard, till the globules disappear, has been
supposed to be oxidated, but many are now of opinion that the mercury is still in
the metallic form, and merely in a minute state of division.

1149. B:xoxipe or PEroxinE oF MEwcuny.—:Hg = mercury 200 4 oxygen
16.—E.. 216.—Red, shining, erystalline, very sparingly soluble in water, and
commonly said to be insoluble; turns feebly to a green some of the vegetable
blues. When precipitated from its agueous solutions, it occasionally presents a
vellow colour from the presence of water in combination.

1150. PreEparED on decomposing bipernitrate of mercury by heat, all the ni-
tric acid, with the exception of a very minute quantity, being decomposed and
expelled. Tt is of a dark colour when hot, but appears in the form of brilliant red
scales as it cools; it is often called ReEp PrecipiraTe when procured in this man-
ner. Prepared also by keeping mercury for some weeks at a temperature about
608", when it is slowly oxidated. A higher temperature decomposes the oxide;
formed by this process it is called PrEciriTaTE PER SE (by itself).

1151. Nirric Acip axp MEercury.—Several compounds of nitric a¢id and
mercury have been described. Mercury is oxidated by nitric acid rapidly, and
then combines with a portion of undecomposed acid. Where the acid is in excess,
not diluted, and the action assisted hy heat, peroxide of mercury is always formed,
united with a large quantity of acid; the compound may be termed BirErxi-
TRATE oF MERCURY, supposing it to contain 2 eqs. of acid aud 1 eq. of peroxide
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of mercury. But if the mercury be in ‘excess, the acid diluted, and the action al-
lowed to proceed at natural temperatures, oxide of mercury is alone obtained in
combination with the acid; and if 1 eq. of acid be combined with the oxide, then
the compound is termed simply NirraTe or MERCURY.

1152. If a solution of bipernitrate of mercury be thrown into a large quantity
of water, a precipitate of a yellowish colour is formed, regarded by many chemists
as a DiPERNITRATE oF MERCURY = 2 eqs. of peroxide 4 1 eq. of acid. There
is at present a considerable difference of opinion as to the composition of various
salts of nitric acid and mercury.

1153. BrrErsuLPHATE ofF MERcURY.—Symb. 2iS+:Hg = 2 eqs. sulphuric
acid 80 + 1 peroxide 216.—Eq. 206.—White, crystalline. Employed principally
in the preparation of bichloride, sulphate, and persulphate of mercury.”

1154. PrEPARED by boiling 2 parts of mercury with 3 of aqueous sulphuric
acid to dryness. 2 eqs. of acid each lose 1 eq. of oxygen, which convert the mer-
cury into peroxide, sulphurous acid being evolved ; other 2 eqs. of acid unite with
the peroxide to form the salt required. Thaeexcess of acid is expelled.

Fig. 46. i -
Materials. Products. 7
Sulphuric Acid { %“:;’h' i‘"m 33‘:-'«-“"7-_-"«12 Sulphurous Acid.
Sulphuric Acid § P c A 5 il A
Sulphuric Aeid.......... Siasany -es 40,
Sulpburic Acid..coomecssiornseanis 1 v
IOTOMATT s wpninisssnagn sayunssinn 200, 296 Bipersulph. of Mercury.
Symb, 4:18&Hg = 2iS4 :Hg&2:#8, - o "

1155. SuLPHATE oF MERCURY.—Symb. !5-Hg = sulphuric acid 40 + oxide
of mercury 208.—Eq. 248.—Formed, according to the statements of many che-
mists, when mercury is heated very gently with sulphuric acid, or bipersulphate
of mercury is mixed intimately with metallic mercury. '

Fig. 47.
Materials, Products.

200 MeETCUTY irenrsrssnssnnssscsnans

248 Sulphate of Mercury.
Oxvgen...... 3?
Sulph. Acid 40

296 Bipersulphate = p .

of Mercury... Elﬁi Apid 40
Mercury... EGQS'HE Sulphate of Mercury.

Symb. 2i8+:Hg&kHg = 2:i8-Hg.

1156, PErsuLrHATE oF MERCURY.—Symb. i8:Hg = sulphuric acid 40 +
peroxide of mercury 216. Commonly called Turpeth Mineral.—Precipitated of
a yellow colour when bipersulphate of mercury is thrown into beiling water. Mr
Phillips states, that it consists of 3 eqs. of acid + 4 egs of peroxide, according to
his experiments,

1167. Bisvrraurer oF MERcunv.—Symb. 8*Hg = sulphur 32 + merecury
200.—Eg. 232.—It constitutes VEraiL10N, when prepared with much care, and
reduced to a minute state of division to present the proper vermilion tint. Called
CINNABAR as it is met with in nature, and Factrrsevs Cixvasar when prepared
artificially. Crystalline, and of a dull vermilion ti#it, when first prepared and su-
blimed. Formed generally by adding mercury to mielted sulphur, and subliming
the dark coloured compound which is produced. Precipitated of a black colour
from solutigns of salts of mereury by sulphurveted _hydrogen.
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Materlals. Products. ‘
Hydrogen 1__________9 Water. .
2 eqs. of Sulphureted ) Hydrogen 1________~7 9 Water.

Hydrogen 34... ] Sulphur...16 i
Sulphur...1 o

1 eq. of Peroxide of {nygen_,_ 8

Oxygen...
SR TCuy SE 0y Mercury 200. $ 232 Bisulphuret of Mercury.

Symb. 2H8&:Hg = 2-H&28+Hg.

1158. Ernrors MINERAL is prepared by triturating equal weights of sulphur
and mercury, till the metallic globules disappear. It is composed of bisulphuret
of mereury and sulphur according to Brande.

1159. Carnoxic Acip has a very feeble attraction for the oxides of mercury ;
some compounds of carbonic acid and the peroxide have been described, but the
oxide and earbenic acid cannot unite according to the opinion now entertained.

1160. AcEraTE or MEercuny is prepared by mixing the nitrate of mercury
with a hot solution of the neetate of'Potassa; it is deposited in small scaly erystals
as the liquid cools.

3 Materials, kg Products.

09 Acetate of { Potasst.....ieesnesses 48 —102 Nitrate of Potassa.
Potassa.,. | Acetic Acid...cc.... 51

262 Nitrate of { Nitric Acid ..eeeees 54><
Mercury | Oxide of Mercury 208 250 Acetate of Mercury.

Symb. AK&:iNHg = AHg&:iN'K,

1161. Curoripe or Mercunry, or CaromEL; formerly called SuvsmuriaTE
‘(or Mirp MuriaTe) o Mercury.—Symb. ClHg = chlorine 36 4 mercury
200.—Eq. 236.—Solid, crystalline, insoluble, tasteless. Converted into vapour at
a temperature below redness, but does not melt when heated. Decomposed by
solutions of alkalis and alkaline earths, producing the oxide of mercury and mu-
riatic acid. :

1162. PrEPaRATION. By precipitation from nitrate of mercury and chloride
of sodium, mixed together in solution, the chloride of mercury being deposited
and nitrate of soda remaining in solution.

Fig. 50.
Materials. . Products.
60 Chloride of g SOAIIN e e bnaeinase 24 B6 Nitrate of Soda.

Sodium... ¢ Chlorine ....ccccaseeesness 30 =
" N.Itriﬂ i!l.ﬂil]. R R E"i
s it (35 Ml 05T
- Y. of Mercury {Mercury 200, 236 Chloride of Mercury

Symb, :iN'Hg&CINa = : iN-Na&ClHg.
1163. In preparing the precipitated chloride, if any bipernitrate of mercury be
present, it produces bichloride of mercury instead of chloride, which remains in
solution with the nitrate of soda, as in the following diagram :—

Fip. 5l.
Materials. I Provducts.

Mercury ... 200-m— e e ——5272 Bichloride of Mercury.

. : Oxvygen ... &
324 Bipernitrate ) : iy
of Mercury... ?,jf;m Acid 6

Nitric Acid 5
Chlorine ... 36~ -3
120 Chloride of ) Chlorine ... 3 %
Sodium...... Sodium .,.... 24 N \Hﬁ Nitrate of Soda.
Sodium......24________ .86 Nitrate of Soda.

Symb. 2::N+4+:Hg&2CINa = 2: IN-Na&2Cl+He.
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1164. By suBLimation from a mixture of 1 eq. of the sulphate of mercury
and 1 eq. of chloride of sodium, the products being 1 eq. of chloride of mercurx
and 1 eq. of sulphate of soda.

Materials, e g ocuCLs,
adn @ 208 Protox. § Mercury 200 HAGULAE C
248 *"-'_"'ill-"]f' of X ot Mercury { Oxygen...
METCULY § gulphuric Acid ooo.n..o. .. 40,

€0 Chloride of § Chlorine ....ceevnesesessana 36
Sodium ) Sodium e ceeiseeeiriosnen24 72 Sulphate of Soda.

Symb, 15 Hg&CINa = i5-Na&ClHg.

1165. By surrLimaTioN from a mixture of 1 eq. of bichloride of men:%gn
1 eq. of mercury, when 2 eqs. of calomel are formed. cl

. » 'l
Fig. 53. i Ly
Materials. Products. i

: " Mercury 200 236 Chloride of Mercury.
272 Bichloride of s :?' g -
Mereury...... {Chl:mne .56 % ;

Chlorine.., 36 i can. . .
ﬂﬂﬂ' rl"[emurfiln sEamsdegnugh lullllll-'l 5 _"- - ":::-“.'.. __ j p_‘fMer':ur}"

Symb. Eﬂlmg # -

bl " 1 y

1166. 1f mercury be brought in contact with chlnnne at n&u‘ﬂ-‘iﬂm’erlgm
the chlorine is absorbed, and a similar compound formed.

1167. Calomel is generally mixed with a little bichloride of mercury when first
prepared, which is removed by water.

1168. BicuLorinE oF MERCURY, of E‘nnmsw}: SusLrsmareE—Symb. Cl?Hg.
—Eq. 272.——Solid, semitransparent, crysi:al!me mverted easily into vapour
by heat, condensing into a cake, or prismatic crys Soluble in_20 of cold, and
in about 3 of boiling water; soluble also in alcohol-and €fier
are decomposed by 1 lg‘pf bichloride, 2 of muriatie: acftl"' .' 1:

w;un

formed, which

2 eqs. of water
of peroxide being

&

ion. But when decomposed by ‘Holutions of fixed al.
kalis, and alkaline earths, peroxide of mercury is precipitated, while compounds
of muriatic acid and the precipitating agent remain in solution.

Fig. 54.
Materials, Products.
Hy:;rngen...l ———————— 73’1 Muriatic Acid.
= Hydrogen lee e - — <237 Muriatic Acid.
9 Water X 2 Oxygen..... - “‘/7’
Oxygen...... i &

Chiorine.. %,f
272 Bichloride < Chlorine... 36~
Mercury ‘203 ' 216 Peroxide of Mercur;-,.

Symb. 2C14+Hg&2'H = 2HCl+:Hg.

1169. The following diagram explains the manner in which the h:permuriate
may be again converted into bichloride and water :—

Fig, 55. |
Materials. Produets,
Hydrogen .1 -———2__ - -9 Water.
2 eqs. of Muriatic ) Hydrogen 12 .}.5 -9 Water.
Acid 37 x 2= 174 | Oxygen...36 “i

Oxygen.. 36
Chlorine... - R
Chlorine... 8~

Mercury 200 . '#72 Bichloride of Mercury.
Symb, 2HCl4+:Hg = 2Cl4+ Hg&2-H. ¢

1 eq. Peroxide of
Mercury = 216
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1170, Albumen precipitates calomel, or binoxide of mercury according to recent
experiments, combining with it, and forming an inert compound ; henece albumen
s used as an antidote to bichloride of mercury.

1171. PreErarED by heating 1 eq. of bipersulphate of mercury with 2 of chlo-
ride of sodium (common salt); 2 eqs. of sulphate of soda are formed, and 1 of bi-
chloride of mercury is sublimed.

Flg. 56
Materials. % Products.

"el'ercur_',r Eﬂﬂ — -~ 272 Bichloride of Mercury.

Oxy
205 Eﬁi‘;‘:;{{'?m Su] uric A(‘Id 4'] x

Umgeu Smiaigs Rer
Sulphuric Acid 40 7

Chlorine ...... 36
120 éh]ﬂl‘ll.ll'.‘ of So- ) Chlorine ...... 36/
dium = 60 x 2 ] Sodivm  ...... 24 72 Sulphate of Soda.
Sodium ...... 24= TE Sulphate of Soda.

Sym.’.a ,ﬁﬁ_

\m t:c nnh:ﬂhma, nn& pemmde of mercury ; but Dr Kane con-
it % a tompound of bichloride of mercury and binamide of mercury,
hE binamide being formed by the decomposition of ammonia, and represented
by 2NH?4+Hg. It is formed when ammonia is added to a solution of the bichlo-
ride of mercury, or when potassa or it.t _garhonate is added to the bichloride pre-
viously dissolved in a sulu.tmn of m'lh'mt& of ammonia. Itis often called sar. ALEM-

11?2 ETE

MRY has been regarded as a com-

T73. Inmnn '._ﬂ' ".j-_-a.r i '::Sjrmb. IHg = iodine 124 + mercury 200.—Eq.
= ATED RS @ ¥ ]'luw powder (with a tint of green) when nitrate of

méreury i is mixefl ¥ .: e solu f'nn of iodide of p;:rtassmmﬂra}mntaua remain-

ing in solution.

1174. Bixiopipe or PERiopinE oF Mercury.—Symb. I*Hg = iodine 248
+ mercury 200.—lkq. 448.—PreciriraTED when bipernitrate or bichloride of
mercury in solution is added to a solution of iodide of potassium. Formed, also,
when iodine and mercury are heated together. It has a fine yellow or erimson
colour ; the yellow periodide often turns of a erimson colour merely on touching

it, and the progress of the erimson tmt through the whole mass may be distinctly
traced. #

Tests of Mercury.

1175. PreciritaTED from solutions in the metallic form by correRr, T1¥, and
other metals; by some deoxidating salts, as MURIATE oF TIx ; and by GoLp and
PLATINUM, when a drop of the solution is placed upon them, and they are touch-
ed at the part where it rests with iron, tin, or some other very oxidable metal.
The precipitated matter gives metallic globules by heat.

1176. HyprosuLpHURIC AciD in excess gives a dark bisulphuret, which may
be converted into vermilion by heat.

1177. Lime-water and potassa precipitate oxide or peroxide of mercury. Po-

“tassa in excess is often used to destroy adhering organic matter, and the metallic

mercury procured by heat. When bichloride of mercury is suspected in solutions
containing merely organic matter, Dr Christison recommends the bichloride to be
remaved by sulphuric ether.

L
. 3
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CHAP. I1I. SILVER.

1178. Symb. Ag.—Eg. 110.—Has a brilliant white colour, and great lustre
when polished. Meltsat a bright red heat, absorbing oxygen when pure, and
evolving it again as it cools. Extremely ductile and malleable.

1179. Silver is procured from its ores by different processes, according to the
condition in which it is found. When combined with lead which has been pre-
pared from galena, the lead is oxidated by the action of heat and air, and the

melted oxide removed, while the silver is left in a pure form. 1f the silver be
~ combined with sulphur, it is separated by the process of amarcamarion. For
this purpose the ore is mixed with common salt, and exposed to air and heat.
Chloride of silver is thus procured, along with sulphate of soda. The mixture is
reduced to powder, and agitated with water, iron, and mercury ; the iron removes
the chlorine, and the mercury unites with the silver. The amalgam procured is
decomposed by heat, after the mercury mechanically mixed with it has been ce-
parated ; the mercury being volatilized and the silver left.

1180. When silver is purchased for experimental purposes, it is usually found
alloyed with copper. The copper may be separated by any of the following me-
thods t—m

1181. I. Dissolve the alloy in nitric acid, and precipitate the silver by common
salt, as chloride of silver; the copper is left in solution. = Wash the chloride with
water, and heat it with carbonate of potassa ; the silver is procured in a pure form,
chloride of potassium being produced, while earbonic acid and oxygen are evolved.

1182, II. Add lead to the alloy, and heat it on a porous cup of bone-ashes ; the
copper oxidates and fuses along with the lead; the fused oxides are absorbed by
the porous cup, and the pure silver is left. The porous cup is usually termed a
cUuPEL, and the operation is termed cupeLnATION. Other metals which are not
oxidated permanently by the united action of heat and air, are purified also in
this manner.

1183. IIL. An acid liquid prepared by mixing 8 parts of sulphuric acid and 1 of
nitre dissolves silver, but not copper.

1184. IV, Silver may be separated from its solutions in a metallic form by
copper, zine, and other metals, when it presents a crystallized appearance, Pre-
cipitated from the nitrate by mercury, it is obtained in an arborescent form,
giving rise to what is commonly termed the Arponr IVran.s, or TREE or Draxa;
in this condition there is mercury associated with it.

1185. Ox1pE oF SILVER.—Symb. ‘Ag — silver 110 -} oxygen 8.—Eq. 118.—
Solid, insoluble in water, of a dark brownish-gray colour. PrerarED from the
nitrate of silver by lime water, nitrate of lime being left in solution, and the oxide
precipitated.

1186. Oxide of silver precipitated from the nitrate of silver by lime-water, and
left in contact with ammonia, produces an ammoniuret which detonates with very
great violence by heat or friction. Another detonating compound of silver will
be deseribed under Cyanogen.

1187. NvrraTe o Sinven, or Lusar Cavstic.—Symb. :iIN'Ag = nitric
acid 54 + oxide of silver 118.—Eq. 172.—Solid, fusible, decomposed when heated
above its fusing point. Soluble in water, erystallizes in plates. Corrodes animal
and vegetable matter, and is much used as an escharotic. It is the basis of mark-
ing ink.

1188. Prerarep by the action of diluted nitric acid and metallic silver. Part
of the acid is decomposed, oxidating the silver ; the rest combines with the oxide,
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1189. Cnrorine or SinvER occurs native; and always presents itself as a
curdy precipitate when muriatic acid or a solution containing chlorine is mixed
with a solution containing silver. Symb. ClAg = chlorine 36 + silver 110.—Eq.
I46.—White, solid, fused by heat, forming a horny looking mass when cold ; it
becomes of a dark violet colour when exposed to light. TInseluble in water, solu-
ble in ammonia.

1190. CyaN1ipE oF S1LvER is formed when prussic acid is added to nitrate of
silver. 2

1191. SurruaTE oF S1LvER is usually procured by mixing sulphate of soda
with nitrate of silver.

1192, CarBONATE oF SiLvER is precipitated on adding an alkaline carbonate
to the nitrate of silver.

Tests of Silver.

1193. A number of metals, as eopper anud zine, precipitate metallic silver from
its solutions ; alkaline hydrosulphurets give a dark coloured preeipitate, and chlo-
rine or muriatic acid precipitates chloride of silver, which is soluble in ammonia.
See 1189. Metallic silver may be easily procured from the chloride by heating
it with an alkaline carbonate.

3 CHAP. 1II. GOLD.

1194, Symb. Au. —Eq 200.—Sp. gr. 19.3.—Fuses at 2016° F. according to
Daniell. Colour yellow, acquires a high lustre when polished ; the most mallea-
ble and ductile of the metals. Dissolved by chlorine and bromine and acid com-
pounds containing them in a free state, as the nitromuriatic acid, and nitrohydro-
bromic acid. Not tamlaheﬂ nor in any way affected by the action of air and
moisture.

1195. Separated from copper and other oxidable metals by the operation of cu-
pellation ; and from some of its ores it is procured by the process of amalgama-
tion ; see silver. From silver it is separated by mnitric or sulphuric acid.

1196. Oxive or Gorp (protoxide).—Precipitated of a green colour when po-
tassa is added to the chloride mixed with water.

1197. PEnoxipe ofF Gorp.—Symb. Au—Precipitated by potassa from the
terchloride of gold. Many consider that it resembles acids more than oxides, and
have termdl it Auric acip. Kept in contact with a strong solution of ammonia,
a detonating compound is procured, the ammoniuret of gold.

"1198. TERcHLORIDE oF GoLp.—Symb. 3CI4+Au = chlorine 108 + gold 200
—Forms ruby-coloured ‘crystals. Decomposed at a red heat. Soluble in water,
alcohol, and sulphuric ether ; the ethereal solution is sometimes used for gilding,
depositing metallic gold on a number of substances, more especially when exposed
to the light. Prepared by the action of nilromuriatic acid with gold, any excess
of acid being expelled by heat. Ifit be heated to a temperature about 400°, part
of its chlorine begins to escape, and cHLorIDE with terchloride of gold remains.
Heated to redness, the chlorine is entirely dissipated, metallic gold being left.

Tests of Gold.

1199. Gold is precipitated from its solutions in the metallic form by many dif-
ferent substances, as green sulphate of iron, and a number of metals. Hydrosul-
phuric acid gives a dark coloured sulphuret. Borax heated with a small quantity
of the solution acquires a brilliant ruby colour, and metallic gold is generally seen
if the heat be long continued. Protomuriate of tin and metallic tin give a pur-

12
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ple coloured precipitate, long known by the name of the PURPLE PRECIFITATE
OF CASSIUS.

CHAP. 1IV. PLATINUM.

1200. Symb. Pt.—Eq. 96.—Sp. gr. 21.5. Resembles silver, but is not so white
and has a less brilliant lustre ; malleable and ductile. Not affected by air or
moisture at any temperature ; infusible in the most powerful furnaces, but melted
in the flame of the oxyhydrogen blowpipe; at an elevated temperature it can be
welded in the same manner as iron. Dissolved by chlorine and nitromuriatic acid.
It is a bad conductor of heat ; a coil of wire may be kept'at a dull red heat by the
slow combustion of coal-gas or spirit of wine, without any flame.

1201, In a minute state of division, it promotes the union of oxygen and hy-
drogen gases, absorbing them in large quantity, and becoming incandescent. See
439. Prerarep in this condition by adding muriate of ammonia to the bichloride
of platinum in solution, and heating to redness the yellow coloured MURIATE OF
AMMONIA AND PLaTINUM which is thus precipitated ; notlving is left but the me-
tallic platinum in a minute state of division.

1202. OxipE oF T'ratTiNnum.—This term has been eommonly applied to the
compound which is more correctly termed the binoxide. It is precipitated when
soda is added to a solution of the bichleride of platinum, and is obtained with diffi-
culty in a pure form. Other oxides have been described, but they have not been
applied to any important purpose. '

1203, Curorine oF PraTiyum is procured when the bichloride is subjected to
a temperature of 450°. A red heat expels all the chlorine.

1204. BrcnLoriDE oF PraTinum is formed when this metal is digested in ni-
tromuriatic acid, and the solution evaporated to drymess with a very gentle heat
to expell excess of aeid. I 48 soluble in water, and is the compound of platinum
generally employed where the metal is required in solution. Bichloride of plati-
num is also soluble in alcohol and ether.

1205, AxMMoNITURET oF PrarTiNuy is a fulminating compound analogous to
the ammoniuret of gold, and is prepared by combining the oxidated metal with
ammonia.

1206. Platinum in solution tends to form many double salts, as chloride of po-
tassium and platinum, which is precipitated when chlorine, potassium, and plati-
num, meet together in a concentrated solution.

Tests of Platinum,

1207. Muriate of ammonia gives a yellow precipitate, which leaves pure plati-
num when heated ; iodide of potassium gives a very dark coloured precipitate,
composed of iodine and platinum. Hydrosulphuric acid gives a dark brown pre-
cipitate, which becomes black when dry. By evaporating its solutions to redness,
metallic platinum may be procured.

iy
8

CHAP. V. PALLADIUM, &c.

1208. Parranivm, Ruontus, Osmioy, and Iriniuar are melals which have
been procured from the ores of platinum, but they have not hitherto been pro-
cured in such quantity as to admit of their being employed extensively for any
very important purpose.

1209. Pruraxivs is another metal which has been announced to exist in sdme
of the ores of platinum, but farther experiments are required to confirm this
statement.
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ALLOYS AND AMALGAMS.

1210. Alloys are compounds of metals, and when mercury forms a part of the
compound it is usually termed an Amalgam. These compounds are generally
prepared by fusing together the different metals which are to be combined. The
composition of some of the most important alloys, &c. is stated below.

1211. Brass = 3 parts of copper and 1 of zine.

1212, Dutcu Gorp and Pixcanick are composed of the same metals as brass,
the praportions being varied.

1213. BroxzE and Gux METaL = 8 or 8 parts of copper and 1 of tin.

1214, Berr. MeTaL =3 parts of copper and 1 of tin.

1215. SpEcuLuM METAL == 2 parts of copper and 1 of tin.

1216. PEwTER is composed principally of tin with small portions of other
metals. ;

1217. PrumBER’s SoLDER = | part of tin and 2 of lead. .

1218. Tiy-Foir is composed principally of tin with a small portion of lead.

1219. FusisLE ALLOY = 8 parts of bismuth with 5 of lead and 3 of tin.

1220. Rose’s 'ésmBLE ALLoy = 2 parts of bismuth with 1 of lead and 1 of tin.

‘1221, Gorp Corx = 11 parts of gold and 1 of copper.

1222, STANDARD SILVER = 12 and 1-3d of silver with 1 of copper.

1223. Tix¥ED Inox or Tm PraTE consists of iron coated on the surface with
tin,

1224, Many metals ate nﬁen ccmte-d with gold or silver, by precipitating the
gold or silver upon thems " % - -

1225. Bmalgams containhrg golll and silverare often used for the same purpose,
being spréad upon the” mel;ula #o be coated ; the Mercury i8 expelled afterwards
by heat. LA

1226. Eight parts of the Iu:-nble alloy with 1 of mercury form an amalgam which
1s fluid at 170°.

1227. Zine 1 part, with 1 of tin and 2 of mercury, form an amalgam much used
for the electrical machine.

1228. Alioys of the alkaline metals are frequently prepared by applying heat
to some of their compounds with the vegetable acids, after mixing with them the
metal with which they are to be combined. Thus bismuth or antimony, heated
with the bitartrate of potassa, gives an alloy of bismuth or antimony with potas-
#ium ; the carbon of the tartaric acid decomposes the potassa.
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PART I1I1.

ORGANIC CHEMISTRY.

1229. Orcanic Cremistry includes the chemical history of all the products
that are met with in the animal and vegetable kingdoms. In composition they
differ widely from mineral substances,all of them being compounds, and, notwith-
standing their number, consisting alnmst. enfirely of carbon, oxygen, hydrogen,
and nitrogen. All of them contain carbon, and most of them hydrogen and oxy-
gen ; few vegetable matters have nitrogen, but it abounds in the animal kingdom.

1230. The particles in organic compounds appear to be grouped together in a
more complicated manner than is observed in the mineral kingdom ; they also
contain associated with them minute and often variable proportions of potassa, so-
da, lime, magnesia, iron, and other mineral substances, formerly considered too
trifling in quantity to affect materially their qualities, though recent researches
have satisfactorily proved that even so minute a quantity as the 10,000dth part of
some bodies, completely changes the character of the compound with which they
may be combined. The remarks already made on isomeric compounds (see par. 68
et seq.) apply peculiarly to the products now under consideration.

1231. All the compounds of the animal and vegetable kingdoms are called
PROXIMATE PRINCIPLES, their ULTIMATE priNcirLEs being the elements of
which they are composed.

1232. They are all decomposed by a red heat ; if previously mixed with potassa,
CARBONATE OF PoTassa is preduced ; and many of them, when subjected to a less
elevated temperature with potassa, soda, or lime, produce oxaric acip, their car-
bon being less highly oxygenated.

1233. Heated in the open air, 't.hen' carbon and hydrogen, uniting with its oxy-
gen, form carbonic acid and water.  The same products may be precured by heat-
ing them with oxide of copper, and from their amount the quantity of carbon
and hydrogen is inferred in cONDUCTING THE ANALYSIS OF ORGANIC BODIES,
9 of water indicating 1 of hydrogen, and 22 of carbonic acid indicating 6 of carbon.
The nitrogen being disengaged in a free state, its quantity is readily calculated
when the carbonic acid has been removed by an alkali. Minute quantities of
lime, potassa, soda, iron, &c. are ascertained by examining the ash that remains
after the incineration of the organic matter. By deducting the weight of the in-
gredients previously estimated from the total amount of matter subjected to ana-
lysis, the amount of oxygen iz determined.

1234. When heated, so as to exclude the action of the air, water and numerouns
inflammable compounds are disengaged, a carbonaceous residue being left, often
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very difficult of incineration. The products obtained in this manner are said to
be furmed by DESTRUCTIVE DISTILLATION.

1235. Most animal, and a few vegetable, substances give out ammonia when
heated, in consequence of part of their nitrogen and hydrogen combining together.

1236. Organic compounds are remarkably prone to decomposition from the re-
action of their elements, and in this circumstance differ widely from most inorga-
nic bodies. The changes produced in this manner are included under the term
FERMENTATION.

1237. The saccharine, vinous, and acetic fermentations, take place only under
peculiar circumstances (see Sugar, Alcohol, and Acetic Acid).

1238. Most organic matters are-subject to the PUTREFACTIVE FERMENTATION.
Some organic principles, more especially oils and inflammable matters containing
much carbon and hydrogen, are not decomposed in this manner.

1239. Air and moisture promote it. Many substances carefully excluded from
these agents may be preserved for years. This is well illustrated by the mode in
which some kinds of provisions are now preserved for long voyages.

1240. A moderate temperature promotes putrefaction. Heat retards it by ex-
pelling moisture, and cold prevents it altogether when the moisture is congealed.

1241. The products of putrefaction are water, bihydruret of carbon, carbonic
acid, phosphureted and sulphureted hydropen, acetic acid, ammonia in large quan-
tities from most animal substances-and vegetable matters containing nitrogen, and
a dark coloured matter, containing a pELulﬁr principle which agriculturists regard
as the basis of the nutritive watter of soils, and which they term HumINE.
Other products are also disengaged, particularly odorous efluvia, and various mi-
asmata, whose influence on the animal economy is well known, though they have
hitherto eluded the mast minute chemical analysis.

.

DIVISIO-N I—-VEGETABLE CHEMISTRY.

GERMINATION AND VEGETATION.

1242. GEryMiNaTION is the process by which a plant begins to grow from its
seed. This process commences with the absorption of oxygen by the seed lobes
or cotyledons, the production of carbonic acid gas, and the formation of saccharine
matter, which is the first nourishment the plant receives as it exists in the seed.
~ Water must be present to enable these changes to take place, and the most fa-
vourable temperature varies from 55° to 80°. Light retards germination.

1243. The cernm then increases, and the mapicLE descends into the earth to
form the roots, while the pLumura ascends to constitute the stem.

1244. Germination cannot take place at a great depth, in consequence of the
absence of oxygen. Chlorine, by facilitating the evolution of oxygen from water,
promotes germination.

1245. VEcETaTION includes all those processes by which the growth of the
plant is carried on after germination. Tl:he;.r are analuguus to those observed in
the animal economy.

1246. By amsorrrion from the soil, the roots of plants take up a large share
of nutritious matter ; they also receive a considerable proportion of nourishment
through the medium of their leaves, and accordingly they can, in many cases, be
supported in this manner alone. In the latter case the carbon seems to be derived
principally, if ot entirely, from the carbonic acid of the atmosphere,
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1247. By circurariox the juices of plants are brought to the leaves, and there,
by a process analogous to REspiRATION, undergo those changes by which they are
more particularly fitted to nourish the plant. '

1248. By secrETioN the different proximate principles are elaborated from the
sap.

1249. Light has a very important influence, not only on the colour of plants
but also on the process of respiration, favouring very much the decomposition of
carbonic acid, the absorption of carbon, and the elimination of oxygen.

1250. In the present state of vegetable chemistry, the products of vegetation
may be considered most conveniently under the following heads :—

I. Vegetable Acids.

2. Vegetable Alkalis.

4. Oily and Resinous Substances.

4. Starch, Sugar, Gum, &c.

5. Colouring Matter.

6. Asparagin, Ulmin, &e. ;

7. Alcohol, and products obtained from it. Saccharine aud Vinous Fer-
mentation.

3

ORDER 1. *-JEGETAE&E ACIDS.
CHAP.I. OXALIC ACID.

1251. Bymb. {C* = oxygen 24 4+ carbon 12.—Eq. 36.—8olid, crystallized, com-
bined with water. Symb. of Cr. oxalic acid, 3H<+:C% Crystals prismatic and
flattened ; fuse at 209°, at 212° they lose 2 eqs. of water ; heated suddenly they are
decomposed. Soluble in about 15 cold, and in their own weight of boiling water.
Heated with sulphuric acid, the water of crystallization is removed, carbonic oxide
and carbonic acid are disengaged. Taste extremely sour. Reddens powerfully
the vegetable blues; is precipitated by lime-water. Much employed as a test for
lime, the oxalate of lime being very insoluble.

1252. Oxalic acid is a powerful poison in the guantity of 2 or 3 drachms, and is
frequently mistaken for epsom salts. They may be distinguished easily in the
following manner : —

TEsTs. = Oxalie Acib. SuLPHATE oF MAGNESIA.
Taste. Acid. Bitter.
Thrown on red-hot cinders.| Completely dissipated. A white mass remains.
Vegetable blue. Reddened. Not affected.
Alkaline carbonates. Effervesce. Give a white precipitate.

1253. AxTipoTEs.—Chalk and magnesia. The oxalates of lime or magnesia
which are formed being inert.

1254. PrEParaTION.~—]. By digesting sugar or waste syrups with nitric acid,
a syrupy fluid is formed ; the crystals deposited ave purified by solution and crys-
tallization.

1255. 1I. By heating potassa with saw-dust, or some other vegetable matters,
to a temperature between 400° and 450°, Lthe potassa being afterwards removed by
a stronger acid.

1266. I11. From the juice of the oXALIs AcETOSELLA, and some other plants,
in which it is found in combination with potassa.

1257. Oxalates are usually prepared by neutralizing oxalic acid with the salifi-
able bases.
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1268. Oxamipe is the name given to a compound of 12 of carbon + 14 nitro-

gen + 16 oxygen + 2 hydrogen, and it is formed by destructive distillation from
oxalate of ammonia.

CHAP. I11I. ACETIC ACID.

1259. Symb. 4 = {H3C! or 27 water + 24 carbon.—Eq. 51.—Liquid and com-
bined with 1 eq. water in its most concentrated form. Crystallizes at 32°. Blis-
ters the skin. Very volatile ; odour pungent and fragrant, vapour inflammable.
Sp. gr. of liquid acid 1.0629. The specific gravity alone does not indicate its
strength, as this increases and then diminishes on adding successive quantities of
water. By neutralizing with carbonate of potassa, or carbonate of lime, its pre-
cise vulue is ascertained, 70 of the first or 50 of the second, indicating 51 of acid.

1260. PrEParaTION.— Vinegar contains acetic acid; by distillation it is sepa-
rated from the vegetable matter in solution, but much water rises along with it.
On neutralizing the distilled acid with potassa, soda, or lime, the water may be
expelled by evaporation. Sulpharic acid, added to the compound thus formed,
unites with the base, concentrated acetic acid being separated by distillation. If
the acetic acid be combined with oxide of copper, it may be separated by heat
alone ; a portion of it is then decomposed, and a peculiar fluid resembling aleohol
in some of its properties is formed=the Pyno-acETic sPIrIT.

1261. The acid fluid precured by the destructive distillation of wood may be
made to vield acetic acid by a similar process. The impure acid procured at first
from wood is usually termed Pygoriaxeous Acib.

1262, Aleohol may also be cenvested into acetic acid by exposing a small quan-
tity for some time to the action of air and spongy platinum in a large glass ves-
sel.

1263, Vinegar is usually prepared by subjecting liquids that have undergone
the vinous fermentation tos the action of the air; much oxygen is then absorbed.
Many solutions of vegetable matter, which have not previcusly passed through
the vinous fermentation, produce acetic acid during fermentation.

CHAP. 1II. TARTARIC ACID.

(RACEMIC AND PARSTARTARIC KC1DS.)

1264. Symb. 7. = oxygen 40 + carbon 24 4+ hiydrogen 2.—kKq. 66.—Crystal-
lizes in prisms = 66 acid + 9 of water; eq. 75 ; soluble in alcohol and water. It
has a great tendency to form double salts. Added in excess to potassa, cream of
tartar is precipitated, a character by which it is distinguished from other acids.
By l;'ligeation in nitric acid it is converted into oxalic acid. Exposed to heat it is
decomposed ; by destructive distillation a new acid is obtained, termed the Pyno-
TARTARIC ACID.

1265. Prerarep from bitartrate of potassa (cream of tartar); 50 parts of car-
bonate of lime (chalk) mixed with 200 of common cream of tartar, and thrown
into boiling water, give a precipitate of 94 of tartrate of lime, carbonic acid being
discharged with effervescence, and tartrate of potassa remaining in solution. By
adding muriate of lime to the solution, 94 parts more of tartrate of lime are pre-
cipitated, and muriate of potassa is left in solution. On adding 40 of real sulphu-
ric acid to 94 of tartrate of lime, 68 of sulphate of lime are produced, and 66 of
tartaric acid separated, which may be removed by water from the greater portion of
the sulphate of lime. ‘The solution of tartaric acid being evaporated, a little sul-
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phate of lime is first ceparated, and erystals of tartaric acid afterwards deposited,
which are purified by repeated solution and erystallization.

1266. Racemic and ParaTarraric Acips are the names which have been
given to a vegetable acid isomeric with tartaric acid, which diifers from it in se-
veral circumstances of minor importance. It is usually obtained from the juice
of some varieties of grape. Dr Thomson considers it a more powerful acid than
tartaric acid, and that 2 eqs. of water are combined with it when crystallized.

CHAP. 1V. CITRIC, MALIC, BENZOIC, GALLIC, SUCCINIC, &e.
ACIDS.

1267. Crrric Acip.—Symb. Cf. = oxygen 32 + carbon 24 + hydrogen 2.—
¥q. 58.—Combined with 1 or more egs. of water according to the manner in
which it is crystallized. Much employed when dissolved in water as a substitute
for lemon juice, as its crystals can be preserved for any length of time. Decom.-
posed by heat. It has a great resemblance to tartaric acid in its general charac-
ters, but does not form a sparingly soluble compound when added in excess to po-
Lassa.

1268. Prepared by adding the juice of limes or lemons to chalk, and decompaos-
ing the citrate of lime which is procured in this manner, according to the process
adopted in the preparation of tartaric acid.

1269. Mavric Acip, called also Sorere Acip, is found in the juice of the ber-
ries of the Pyrus aucuparia, of the apple, and in a number of other vegetable pro-
ductions. 1t has been of late regarded as isomeric with the citric acid.

1270. BeExzoic Acin.—Symb. B.—Iq. 120.— But very different estimates have
been given lately of its composition and chemical equivalent. Liebig and Wohler
regard it as a compound of a peculiar principle, which they have termed Bex-
ZULE, and oxygen. Iis taste is sweet and aromatic. Heat melts it, and then
converts it into vapour; it condenses in crystals. By an elevated temperature
it is decomposed, taking fire if in contact with air. It is very sparingly soluble
in water. Employed principally on account of its fragrant odour, and to precipi-
tate peroxide of iron from its neutral solutions, being used in the form of BEx-
ZOATE OF AMMONIA-

1271. PrErarED by sublimation from Gum BExzoiw, mixed previously with
sand ; or by boiling the gum in water with carbonate of soda, when benzoate of
soda is procured in selution, the benzoic acid being then precipitated from the so-
lution by sulphurie acid. It is made to assume the usual form by sublimation.

1272, Gawiric Acip is obtained principally from gall-nuts, by exposing an in-
fusion of them for some weeks to the air. It is soluble in water and alcohol, does
not precipitate gelatine, and is particularly distinguished by the dark colour which
it produces with persalls of iron, forming with the peroxide the black compound
which is the basis of ink. Krracic Acip constitutes the insoluble matter that is
found at the bottom of the infusion; and Pynrocarric Acip is a peculiar acid
which is formed when the gallic acid is heated. DBy subjecting it to a particular
temperature, another compound is formed, which has been termed METacaLLIC
Acip. '

1273. Succivic Acip is prepared by distillation from amber, condensing in the
neck of the retort. By adding nitric acid and evaporating to dryness, it is pro-
cured in a pure form. It is employed principally for precipitating peroxide of
iron, and is used in the form of succinate of ammonia.

1274. Mucic or Saccuoracric Acip is formed when gum or sugar of milk is
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digestéd in nitric acid. Guerin considers the acid produced by gum and nitrie acid
to be peculiar, and has termed it Oxarmypric Acip. From its composition it
may be regarded as a compound of oxalic acid and hydrogen.

1275. Camruoric Acip is procured by the action of nitrie acid on camphor.

1276. Monoxyric Acib is extracted from the bark of the white mulberry tree.

1277. BoLgTic Acip is found in the Boletus pseude-igniarius.

1278. Ieasuric Acip j see Strychnia. Mecoxic Acip; see Morphia. Kixic
Acin ; see Quina. :

1279. Pecric AcIp (wazmis, coagulum) is found in most plants, and derives its
name from its tendeney to form a gelatinous mass with water.

1280. LacTic Acip is found in the juice of the beet-root, in sour milk, and in
most animal fluids.

1281. Numerous other acids have been described lately, all of which are com-
paratively of very secondary importance. Of these it will be suflicient to men-
tion the names in this place.

1282, Vareriaxie Acip, procured from Valeriana officinalis.

1283. Carsazotic and INpicorie Acips, formed by the action of nitric acid
on indigo. ?

1284. RoceLric Acrp is prepared from the Rocella tinctoria.

1285. Lacrtucic Acip is obtained from the Lactuca virosa.

1286. Superic Acip is formed by the action of nitric acid en cork.

CHAP. V. PRUSSIC OR HYDROCYANIC ACID, CYANOGEN,
AND THEIR COMPOUNDS.

12687. This subject has become so extensive, and at the same time so compli-
cated, that 1 have placed together in the present chapter all the most important
facts connected with it. Though hydrocyanic acid may be obtained from some
plants, it is prepared principally from animal matters, which, when heated with
potassa and iron, form the cyanide of potassium and iron, a compound that, with
water, gives ferroprussiate of potassa, from which prussic acid, eyanogen, and the
greater number of its compounds are commonly procured.—See Hydrocyanic
Acid.

Sect. L. Cyanogen, or Bicarburet of Nitrogen.

1288. Symb. C*N = carbon 12 + nitrogen 14.—Eq. 26 by W, [ by V.—Sp.
gr. 1.8.—W. of 100 c. i. 55 grs.—Condensed into a liquid at 45° by a pressure of
3.6 atmospheres. Gaseous, transparent, colourless, inflammable, burns with a
beautiful purple flame, producing carbonic acid and nitrogen.

Fig. 50.

Materials. Products.
Nitrogen Ideoees - 14 Nitrogen.
Cyonogen 1 eq. 4 Carbon e —-=22 Carbonic Acid.
Carbon € b
Oxygen 4 eqa. 1 UXygER “‘::::q“““‘*-
YEE %l Oxygen 16 —==22 Carbonic Acid.

Symb, C:N&O*' = 2:C&N.

Odour peculiar, pungent, and penetrating. Absorbed by water’ and aleohiol.
Its compounds when not acid are termed cyaxurETs or cyvaxipes; the former
is preferable, as cyanogen resembles inflammables more than oxygen, but the lat-
ter is perhaps in most general use in this country. Termed Cyanogen from
zwave;, purple, being one of the ingredients of prussian blue.
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1289. Prepanep from the bicyanide of mercury by exposing it to heat, colleet-
ing the gas over mercury, as water condenses it. Part of the mercury is vola-
tilized, and a black porous matter remains, regarded formerly as charcoal from
decomposed cyanogen, but now considered as a peculiar compound, containing the
same elements as cyanogen, united in the same proportions. Professor Johnston
has lately shown that it is formed in a great variety of cases from cyanogen and
its compounds. It has been termed PARACYANOGEN. .

Secr. II. Hydrocyanic or Prussic Acid.

1290. Symb. HC*N or P = cyanogen 26 + hydrogen L—Eq.27 by W, T
by V.—8Sp. gr. of liquid acid at 45° 0.705. Volatile, boils at 80°, freezes at zero.
T'ransparent, limpid, colourless; odour strong, pungent, penetrating, inducing
headach, nausea, and even fainting, when much of its vapour is inspired. When
diluted, it has the odour and taste of the peach-blossom and bitter almond. *“The
taste of the strong acid is cool at first, but a sensation of warmth is soon per-
ceived. Being one of the most virulent poisons, and perhaps more rapidly fatal
in its action than any other poison, much care is required in experimenting with
it. A single drop introduced into the throat of a large dog, kills it; after a few
hurried inspirations. Inflammable; water, carbonic acid, and nitrogen, are the
products of its combustion. Symb, HC*N&O® = 2:C&-H&N.

1291. Feebly acid, does not neutralize alkalis, has little action with litinus pa-
per, and does not discharge carbonic acid from carbonates. Begins to be decom-
posed a few hours after it has been prepared, even when excluded from the light ;
much ammonia being formed, and a black carbonaceous matter left. Diluted with
water, it may be kept withoul decomposition for years. Resolved by galvanism
into cyanogen and hydrogen. Potassium heated in its vapour forms cyanide of
potassium and leaves hydrogen. Decomposed rapidly by chlorine, which is used
as an antidote to it.

1292. Method of estimating the Strength of Prussie Acid —The specitic gravity of
the acid, when combined with different proportions of water, not varying sufli-
clently to admit of its strength being ascertained with facility in this manner,
numerous other methods have been proposed. Ir Ure recommended the abso-
lute quantity of prussic acid in any solution te be determined by the quantity of
tinely pounded peroxide of mercury which it can dissolve, when shaken with it in
a phial. Lately, the nitrate of silver has been preferred, cyanide of silver being
precipitated, and nitric acid with water left. The water is produced when the
oxygen of the oxide unites with the hydrogen of the acid, leaving the cyanogen
and the metal in combination. The cyanide of silver appears as a dense curdy
precipitate, very similar in appearance at first to the chloride of silver, but easily
distinguished from it, as it does not darken on exposure to light. When heated,
the cyanogen inflames, and the metallic silver is left. Every 110 grs. of silver
indicate 26 of cyanogen, and consequently 27 of prussic acid.

1293. Detection of Sulphuric and Muriatic Acids.—Sulphuric acid may be de-
tected in the usual manner by a solution of barvta, or of any of its salts. The
presence of muriatic acid is ascertained most easily by adding to a small portion
of the acid a little ammonia, and exposing it to a very gentle heat. If pure,
nothing remains in a short time, hydrocyanate of ammonia alone having been
formed, which is entirely dissipated. But when muriatic acid is present, muriate
of ammonia remains, which may be dissolved in water, chloride of silver being
then precipitated by the addition of the nitrate, which darkens on exposure to
light.

1294. Prevararion. 1. By passing hydrosulphuric actd ever heated bicyanide of
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mercury, till it is rendered black, and expelling the concenivated acid by a gentle heat.—
2 eqs. of hydrosulphuric acid = 34, decompose 1 of the bicyanide of mercury =

2562, producing 2 eqs. of hydrocyanic acid and 1 of bisulphuret of mercury.

Fig. &8,
Materials, Products,
Hydrogen 1—-————-27 Hydrocyanic Acid.
H ydrosulphuric Hydrogen 1_—_—’,,.{727 H ydrocyanic Acid.
Acid, 2 eqs. Sulphur...

Sulphur...
Bicyanide of Mer- gﬁ:ﬁgﬁﬁﬁ 36/
cury 1 eq. Mercury 20 ' 232 Bisulphuret of Mercury.

Symb. 2C*N+Hg&2HS = 2HC'N&SHg.

+-1295. I1. By passing the hydrosulplhuric acid throngh the bicyanide in solution, di-
lute prussio acid is procured, the bisulphurel being precipifated.—Carbonate of lead
must be added so long as it is blackened, to remove any excess of sulphureted hy-
drogen.

1296. 1I1. By distiliation from bicyanide of mercury and muriatic acid.—2 eqs. of
muriatic acid decompose 1 of hicyanide of mercury, 2 of hydrocyanic acid and 1 of
bichloride of mercury are formed, the latter being left in the retort. When the
acid is required highly concentrated, it must be passed over chloride of calcium
and carbonate of lime as prepared by-this process, the carbonate retaining any
muriatic acid, and the chloride taking any water that may have been associated
with it. Symb. 2C*N+Hg&2HCl = 2ZHC*N&Cl*Hg.

1207. The Brevanipe oF MERcuRY is prepared most conveniently by adding
2 egs. of hydrocyanic acid to 1 of peroxide of mercury in fine powder; the 2 eqa.
of oxygen in the peroxide uniting with the 2 egs. of hydrogen in the acid produce
2 of water, and 1 eq. of bicyanide of mercury is deposited in crystals. This pra-

: : Fig. 5.
v Materials. Products.
Hydrogen 1__________0 Water.
2 eqs. derm} anic ) Hydrogen 1.__._____-7 9 Water.
Acid.. «.. |} Cyanogen 26 R

Cyanogen 26 At

Oxygen... H};f’ “‘E
l‘emxjde of Mer- {(]x:,rgel'hu 8-
CUTY ccvvsrnncmes Mercu ry ] 252 Eiﬂ:.'ﬂ.ﬂii]ﬂ' of }IE‘TCUT]'-

cess I was led to propose some time ago, hitving found it a much more convenient
-method of preparing the bicyanide than that generally resorted to. The hydro-
cyanic acid employed may be prepared from the ferroprussiate of potassa by sul-
phuric acid.

1298. The process at present in general use for the preparation of the bicy-
anide consists in precipitating perferrocyanate of iron (prussian blue) from the
ferrocyanite of potassa by a salt of iron, transferring the prussic acid it contains
to peroxide of mercury by boiling them in water, when a compound of 2 eqs. of
acid and 1 of peroxide is procured, which gives 1 of erystallized bicvanide of mer-
cury, and 2 egs. of water on concentrating the solution.

1299, IV. By the action of sulphuric acid diluted with water on the ferrocyanate of
potassa.—Ferrocyanate of potassa may be resolved into potassa, hydrocyanic acid,
and cyanide of iron. Its component parts are 2 eqs. of potassa and 1 of ferrocya-
nic acid, which is composed of 2 egs. of hydrocyanic acid and 1 of eyanide of iron.
By the action of 2 eqs. of sulphuric acid, 2 of sulphate of potassa are formed, with
which the cyanide of iron is left, the prussic acid being separated by distillation.
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Fig, Gik
Materials. FProducls.
Sul])hllﬁl: I‘.‘-:i‘l (LR TR L 4
Sulphuric Acid ..........c.ce. 4
. : Potassa... 4f 88 Sulphate of Potassa.
SR { Potassa... 48 88 Sulphate of Potassa.
Hydrogen 1 27 Hydrocyanic Acig=
Hydrogen l——— 27 Hydrocyanic Acid.
Ferroceyanic S Irom ......2 =
Acid ...... Cyanogen 26~

Cyanogen 26~ : . \
Cyanogen 26 =54 Cyanide of Iron.

Symb. 3CN+Fe+2H4+2 K&2i8 = 218 K&C!NFe&2HC?N.

1300. Professor Everitt has lately given a different view of the changes that
attend the production of hydrocyanic acid from this salt. He recommends 212.5
grains of the crystals to be dissolved in 2 fluid ounces of water, adding 600 grains
of diluted sulphuric acid, containing 20 per cent. of real acid (120 of real acid).
The receiver must be kept very cold, and a portion of water may be put into it;
41 grains of hydrocyanic acid pass off' with the first third of the water.

1301. According to his views, the ferrocyanate has three eqs. of combined water,
and with the preceding proportions, 2 eqs. of the salt are decomposed by 6 of sul-
phuric acid. Three of bisulphate of potassa are formed, three of hydrocyanic acid
are separated by distillation, three of water ave set g liberty, and a new yellow
salt formed, composed of 1 eq. of cyanide of potasstum and 2 of cyanide of iron.

GiS&3 H4+2(2C*NK4+C!NTe) = 3(2i8+ -K}&EH C'N&(C*NEK+2C*NFe)

The yellow coloured salt ultimately produces prussian blue, but the manner in
which this change takes place has not been minutely studied.

1302. From the acid procured in this manner, concentrated hydrocyanic acid is
easily procured by the action of dry chloride of calcium in fine powder. It unites
with the water, and the absolute prussic acid floats upon the solution thus formed.
The chloride must be added in small quantities at a time, otherwise heat will be
evolved so rapidly during its action on the water, that much of the acid will be
converted into vapour with ebullition, to the great danger of the operator. The
phial in which the experiment is made should be long and narrow, and surrounded
with a freezing mixture.

1303. V. By decomposing hydrocyanate of pofassa by tartaric acid—2 eqs. of tarta-
ric acid added to 1 eq. of hydrocyanate of potassa, precipitate 1 eq. of bitartrate of
potassa and leave the prussic acid in solution. A small quantity of bitartrate also
remains in solution. :

Fig. 61.

Materlals. ! Products,
Hydrocyanate { Hydroeyanic Acid 2727 Hydrocyanic Acid.
of Potassa Potassn & ciueiiwevea 480
2 eqs. Tartaric | Tartaric Acid ...... 66._ "~
Acid.c.oeree. | Tartaric Acid ...... 66——__"====.180 Bitartrate of Potassa.

Symb. HON4 K&2T = HC'N&2T+ K.
The hydrocyanate of potassa is procured by decomposing the eyanide of potas-

sium by water, the cyanogen taking the hydrogen, while the potassium combines
with the oxvgen.
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Fig. 62.
Materials. Products.
Water ..., § Hydrogen 1. -—=2] Hydrocyanic Acid.
| Oxygen... & =g
L‘}fanhle uf me:rgcn b
Potassium | Potassium 40, 48 Potassa.

Symb. C'N+K&H = HO'N& 'K = HC*'N+K.

The (:yi;.ﬁidﬂ of potassium is procured by heating the ferrocyanate of potassa to
expel water, and then subjecting what remains to a red heat. The first products
are cyanide of potassium and eyanide of iron; when these are carefully subjected
to a red keat, the cyanide of iton {5 decomposed, and the cyanide of potassium left,
which is separated by water, and converted into hydrocyanate of potassa.

Fig. 6.
Materials. Products.

Oxygen... B-—————— -0 Water.
Oxygen... I.-————r——,r’— 9 Water:

Potassium o
Potassium
by e
(H vdrogen

Ferrocyanic Hydrogen N .

Acid '1 Cyanogen 66 Cyanide of Potassium.

Cya 213- LN 66 Cyanide of Potassium,
Cy a:ﬂc —— 54 Cranide of Iron.
Symb. 3CN+TF e+2H+" K =2 "Ha2C*NK&C*NFe.

1304. The acid known by the name of SciuEELE’s Acip, contains very nearly
1 grain of pure hydrocyanie in 16 grains,

2 eqs. Potassa

Pests of Hydrocyanic Acid.

1305. OxipE ok Iwoxy mixed with PEROXIDE oF 1moN is the best test of prussic
acid, producing with it the deep blue pigment, rrussiax prve. The oxides act
most efliciently when» newly precipitated from any of their soluble salts. The
fullowing is the method of proceeding :—

I. Distil the suslier.-tcd fluid with a water bath, acidulating previously with
acetie acid,

II. Add a portion to a a'lrop or two of sulphate and persulphate of iron in solu-
tion. No apparent effeet is produced.

I11. Add potassa to unite with the sulphurie acid, and precipitate oxides of
iron., Part of the mybrocvaxic acip decomposes the oxide, forming waTER
and cYANIDE of rrow. This eyanide uniting with 2 eqs, of vsDECOMPOSED HY-
DROCYANIC ACID produces FERROCYANIC AciD, which forms the prussian blue
with the peroxide. The oxide is necessary to form the ferrocyanic acid, and the
peroxide is equally necessary to form the prussian blue when this acid has been
produced.

IV. If a blue colour be not observed in the preu:ip1tate add slowly muriatic
acid, as it may perhaps be disguised by an excess of oxides ; if no blue be seen as
the oxides in excess are dissolved, the suspected fluid is free from hydrocyanic
acid,

1306. Oxipe or Correnr has also been proposed as a test of hydrocvanic
acid. Frecipitated from the sulphate by potassa, its oxygen takes hydrogen from
the hydroeyanic acid, while the eyanogen and copper remain, forming a white curdy
precipitate.  Dilute muriatic acid removes any excess of oxide of copper-
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1307. N1TRATE oF SILVER has also been used as a test of this acid, and is also
now employed in estimating its amount in liquids known to contain it ; it is so
delicate in its action, that it can detect hydrocyanic acid in 10,000 parts of water.
Mr Barry recommends the acid to be mixed with a little acetic acid before adding
the nitrate of silver.

Seer. 111, Cyanie and Fulminie Acids.

1308, Symb. ‘C*N.—Very different statements have been made of late years
as to the precise constitution of these compounds, but it is now considered that
there are 2 acids, composed of 1 eq. of oxygen and 1 of cyanogen, isemerie with
each other, and to these the provizional names of Cyanic and Fulminic Acids
have been given.

1309, Cyaxic Acip is formed when eyanogen acts on water containing an alkali,
the water being decomposed, while cvanic and hydrocyanic acids are both pro-
duced, as the cyanegen combines with the elements of the water. It may also be
procured in combination with potassa by heating cyanide of potassium and iron
(prepared by heating ferrocyanate of potassa and expelling water) with peroxide
of manganese, the eyanogen and potassium being oxidated by the peroxide. Al-
cohol dissolves the cyanate, and deposits it in tabular crystals. This acid is not
applied to any important purpose. ‘It is decomposed with extreme facility, and
resolved by the action of water into bicarbonate of ammonia.

1310. Furmwyic Acip is prepared from fulminate of mercury, according to
the process recommended by Professor Ed. Davy. One part of the fulminate is
mixed with 2 of zinc and 18 of water. Fulminate of zine is thus procured, from
which the oxide of zinc is removed by baryta, and sulphuric acid separates the
baryta. It is liquid, volatile, poisonous, has an ntluuq like prussic acid, and is
easily decomposed. s

FurLymiNaTEs oF MErcury and Siiver are the only important compounds
of this acid. They are prepared by the action of 100 parts of the metal, 950 of
diluted nitric acid, sp. gr. 1.35, and 850 of alcohol, sp. gr. 0.835. A pernitrate of
mercury, or nitrate of silver, having been formed by the action of the acid and
the metal, the alcohol is added, when a portion of its carbon uniting with oxygen
and nitrogen produces fulminic acid, which is deposited in combination with the
metallic oxide, forming the fulminating compounds from which the acid has been
named. Heat, friction with saud, or any other hard substance, and the action of
acids, causze the fulminating compounds to explode powerfully ; the fulminating
silver is much more violent in its action than fulminating mercury, and much
more easily detnnateﬂ.

Seer, IV,  Ferrocyanie Acid, Ferrocyanate of Potassa, and Peyferrocyanaie
.3 of Iron.

1311. Fernocvanic Acip.—Symb. 6C4+°N+Fe+2H, or C*NFe+P%—Many
chemists do not concuf with those who have termed this compound an acid ; the
common term, however, has been adopted here, as it is at present so much in use.
It is often called FERROPRUSSIC OFr HYDROFERROCYANIC ACID.

Crystallizes in yellow cubical erystals, reddens vegetable blues, and acts more
powerfully as an acid than the hydrocyanic. Not volatile, nor poisonous in small
doses ; decomposed by light. It is separated frogu its combinations by galvanism,
appearing at the positive pole of the galvanic battery.

1312. Prevarep from the ferroprussiate of potassa by tartaric acid, which pre-
cipitates the potassa as a bitartrate. Another process consists in mixing ferrocyva-

3
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nate of potassa with hydrosulphuret of baryta in solution; ferrocyanate of baryta
is precipitated, from which the baryta is separated by sulphurie acid.

1313. FERROCYANATE oF Porassa.—Symb. C:NFe4+2HC*N+2‘K = ferro-
cyanic acid 108 4+ potassa 96.—Eq. 204.—Solid, gives 4-sided tabular crystals, le-
mon-yellow colour, soluble in less than their weight of boiling water. 1t is often
represented as a compound of 2 eqs. of water, 2 of cyanide of potassium, and 1 of
eyanide of iron = 22-H+2C:NK4 C*NFe.

1314. RED FERROCYANATE oF PoTassa is the name given toa compound pre-
pared by transmitting chlorine through a solution of ferrocyanate of potussa; a
complicated reaction takes place. It is particularly distinguished by precipitating
Prussian blue with salts of the protoxide of iron.

1315, Ferrocyanate of potassa is prepared by heating aniimal matters with car-
bonate of potassa and iron; the solid formed is lixiviated, and from the solution
thus obtained erystals are procured by evaporation.

Much employed in the preparation of prussie acid, and as a test for metals in
solution.

1316. PERFERROCYANATE oF Irow, commonly called Prussiaxy Boue., In-
flammable, employed principally as a pigment. Precipitated when a per-salt of
iron is added to the ferrocyanate of potassa in solution ; or formed by the white
precipitate from a proto-salt absorbing oxygen from the air; it is in this manner
that Prussian blue is procured from the pale blue (see par. 966) precipitate
which green vitriol gives with the ferrocyanate. Usually considered a compound
of ferrocyanic acid and peroxide of irom, but very different opinions are enter-
tained with respect to the manner in which its elements are united.

Seet. V. Sulphocyanic Acid, &c.

1317. Svrrnocyaxic Acip called also HyprosuLPHecYANIC AciD.—Symb.
HC!N+8% = hydrocyanic acid 27 + sulphur 32.—Eq. 59.—Crystallizes from its
aqueous solution in 6.sided prisms. Particularly distinguished by the deep red
colour which it produces with the per.salts of iron.

1318. Preraren by distillation from the sulphocyanate of potassa, sulphurie
acid being added to retain the potassa. Sulphocyanate of potassa is prepared by
heating ferrocyanate of potassa to redness in a crucible with sulphur; sulphocya-
nuret of potassium is thus produced ; by pouring it into water, part of the water
is decomposed, the sulphur and cyanogen combining with the hydrogen to form
the acid, while the oxygen unites with the potassium to form potassa.

1319. Bisurrnuret oF CyaNosEN—Symb: 8*C*N = sulphur 32 + cyanogen
26.—Eq- 58.—The base of sulphocyanic acid, prepared, though not at first in a
state of purity, by the action of chlorine with heated sulphocyanuret of potassium.
Different compounds of cyanogen with less sulphur have been noticed.

1320. The five fullowing compounds have been discovered lately by Liebig :—

I. MELLoX is the name given to the yellow coloured powder which remains
afler heating dry bisulphuret of cyanogen. By a high temperature it is
converted into nitrogen and cyanogen gases.

II. MELam consists of carbon, hydrogen, and nitrogen; it is also a yellow
powder, and is formed by heating sulphocyanate of ammonia.

ITI. Mecamise i composed of 6 eqs. of carbon, 6 of nitrogen, and 6 of hy-
drogen. It is produced when mellon or melam is boiled with a solution
of potassa, being deposited in colourless erystals.

IV. AMMELINE remains in solution in the preceding process as the melamine
is deposited ; acetic acid unites with the potassa and precipitates it

- K
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V. AmMELIDE is formed by the action of strong sulphuric acid on melam orf
melamine ; aleohol added to the solution precipitates the ammelide.

1321. Many other combinations of cyanogen have attracted attention of late,
but they are comparatively of much less consequence than the preceding com-
pounds. P

e,

ORDER 11. VEGETABLE ALKALIS.

1322, The term VEGETABLE ALKALI or ALKaLoID ds applied to all those
proximate vegetable principles which have alkaline properties. Serturner, Dun-
can, Robiquet, Pelletier and Caventou, are the individuals who have made the
most important discoveries in developing this branch of organic chemistry.
~ 1323. All the vegetable alkalis occur in combination with acids ; all of them, ac-
cording to recent observations, contain nitrogen, and their alkalinity has heen at-
tributed to the presence of ammonia, formed by the union of their nitrogen with
a portion of hydrogen; an opinion rendered move probable by their evolving am-
monia, in numerous processes during which they are dmumpusﬁd, as when narco-
tine is subjected to the action of a weak galvanic pile.

1324. Iodine combines with most ofithe vegetable alkalis in amnm pr—::-purl‘.iﬂns.
Hydriodic and iodic acids generally act in the same manner. MorrH1A, however,
is peculiar in its action with iodine, being quickly decompesed and giving hydro-
gen to part of the iodine, while a new compound remains, which unites with the
rest. When iodic acid acts with morphia, it is decomposed, and a red matter is
produced, similar in appearance to what is formed with nitric acid and this vege-
table alkali.

1325, The alkaloids are composed of carben, oxygen, hydrogen, and nitrogen ;
decomposed by heat with the evolution of ammonia, when the air is excluded ;
generally insoluble in water, soluble in hot aleohol ; extremely energetic in their
action on the animal economy. Some affect the vegetable colours very feebly,
and narcotine does not act on them at all: but most of them affect colouring mat-
ter in the same way as the commen alkalis. 'With the acids they form neutral
salts, in which the characteristic properties of the alkaleid on the animal economy
is generally observeds At 212°% they expel ammonia from its salts ; most of them
precipitate iodic acidiggs » - 7 ¢

1326. They are usually proeured. by extracting the vegetable salt in which
threy are found, separating the acid with which they are combined by an alkali or
earth, and purifying them by repeated solution and erystallization.

-

CHAP. 1. um&ma, AND THE OTHER VEGETABLE ALKALIS
N DPI’U"«I _MECONIC ACID. Y

1327. Morrnia.—Eq. 280 = carbon 210 + oxygen 48 + hydrogen 18 + nitro-
gen 14. This is one of the fost important of the vegetable alkalis, and the prin-
ciple on which the narcotic properties of opium depend ; insoluble in water; dis-
solved by boiling aleohol, crystallizing in 6-sided prisms as the solution cools;
tasteless when pure. Extremely bitter when rendered soluble by alcohol or an
acid. Neutralizes acids. Its alcoholic solution affects test-paper in the same
manner as the common alkalis. Decomposes nitric acid, separating nitrous acid,
and producing a deep red colour, which soon fades, as the nitrous acid escapes.
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Decomposes iodie acid, and separates iodine, by which it is distinguished from the
other vegetable alkalis.

1328. Prepararion. Macerate opium in water ; filter ; the solution contains
meconate of morphia. Boil the solution with magnesia ; the morphia is precipi-
tated, the meconic acid combining with the magnesia. On boiling the precipitated
morphia in aleohol with animal charcoal, and filtering the hot solution obtained
in this manner, crystals of morphia are deposited as it cools.  The charcoal de-
stroys adhering f:uiuurmg matter.

Potassa, soda, ammoniag or lime; may be substituted for the magnesia in sepa-
rating meconic acid.

1329. The salts of merphia may be procured by neutralizing morphia with the
different acids diluted with water. The Murrare or Monpuia, much employed
in medicine, and introduced by Dr William Gregory into this country, is prepared
most conveniently by the following process, as modified by Dr Gregory and by
Dr Robertson. Muriate of lime is added to meconate of merphia in solution, pre-
pared by the action of water on opium. Meconate of lime is precipitated ; mu-
riate of morphia remains in solution. It is purified by repeated crystallization,
and pressing between folds of bibulous paper, to remove soluble impurities. Ani-
mal charcoal boiled with the solution removes much of the colouring matter with
which the morphia is associated in the opium. About 10 parts of opium are re-
quired to give 1 of the muriate of morphia.

The muriate of morphia is obtained in small tufts of acicular crystals, a form
very frequently observed in the crystallization of many vegetable salts. Tt is
very soluble in water. It is frequently associated with muriate of codeia and
muriate of narcotines. The narcotine may be detected by adding potassa in excess
to the solution of the salt ; morphia is precipitated and“then dissolved by the ex-
cess of alkali, but the narcotine remains undissolved.

1330. NarcoTINE is another vegetable alkali which was removed from the list
of vegetable alkalis, and again restored, its alkaline properties being now general-
ly admitted: they are Extremelv feeble. It is soluble in aleohol, ethe¥; and oils,
but insoluble in water.

The unpleasant effects which so often attend the exhibition of opium, as head-
ach, &ec. are now very generally attributed, at least in part, to the narcotine.

Extracted by digesting opium in sulphuric ether, which does not dissolve mor-
phia or meconate of morphia. <"The ethet deposits narcotine on evaporation.

1331. AcETaTE oF Morprria may be prepared by a piecess similar to that for
the preparation of the muriate, or by disselving morphia in acetic acid.

1332. CopEia was discovered lately by Robiquet in the eomamon muriate of
morphia. Ammonia added to a solution of this substance fm water precipitates
the morphia alone, the codeia being left in the solution,and separated afterwards
by crystallization. Codeia has a distinct alkaline reactiony #uses when heated to
- 300°, does not render nitric acid red ; is more soluble inater than morphia.

1333. Nanceia is another alkali which has been diseovered hy Pelletier in the
watery infusion of opium. White, erystalline, melts about 200°. Its salts are
blue when dissolved in a particular quantity of wa'ﬂlr, the colour changing to vio-
let and red as it is increased.

1334. THEBA1A is the name of another alkaline principle found in opium, which
is considered the same as the Paramorpmine of Pelletier. White, crystallizes
in rhomboidal prisms ; soluble in ether ; fuses at 266°.

1335. MEcoxN1a, or MEcoONINE, is another constituent of opium, found in very
minute quantity associated with narceia as it is at first procured, being separated
from it by ether, and removed by water from the extract made by evaporating the

K 2
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ethereal solution. It is solid, easily fused ; resembles fat in appearance, and is so-
luble in water, alcohol, and ether. :
1336, ¥rom 40 pounds of opium, Coverba obtained 50 oz. of Morphia.
1}  of Codeia.
1 of Thebaia

1 of Meconia.

i of Narceia.

1337. Colour produced by agitating the preceding substances with sulphuric
acid mixed with a little nitric acid,

Morphia gives a brownish colour.
Codeia ...  green colour.
Thebaia ... yellow rose colour.
Meconia ... turmeric yellow, and then a red colour.
Narceia ... chocolate colour,

1338. Mecox1c Acip.—Solid, erystallizable, soluble in water and alechol, par-
ticularly distinguished by the red tint which it gives to iron, similar to that pro-
duced by the sulphocyanic acid. By boiling with water it is converted into ME-
TAMECONIC ACID, a compound lately discovered, and water. :

1339. PrEparaTION.—Acetate of lead is added to the watery solution of opium,
the meconate of morphia which it cgntains gives a precipitate of meconate of lead,
the acetate of morphia being left dissolved. On washing the precipitate, and
mixing with water, it is decomposed by sulphureted hydrogen ; the products are
sulphuret of lead, water, and meconic acid in solution. From this the meconic
acid is procured by evaporation. It may be purified by repeated solution and
erystallization. ' i

1340. AxTipOTES to Opium. Carbonate of potassa has been recommended in
cases of suspecled poisoning by opium, precipitating carbonate of morphia, which
is less active than the meconate of morphia.

1341, To detect opium, when it has been administered as a poison, Dr Christi-
son recommends the contents of the stomach to be acidulated with acefic acid,
evaporated to a syrup, and digested in strong alcohol. The alevholic solution is
then evaporated, and the residue dissolved in water ; the meconic acid and mor-
phia may be then detected by the test already described in pars. 1327. and 1338.

i

i

CHAP. IL. QUINA AND CINCHONIA.
e

1342. QuiNa.—Eq. 162 = carbon 120 #6%ygen 16 + nitrogen 14 4 hydrogen
12.—Solid, unerystallizable, fusible, insoluble in water, soluble in aleohol.

1343. SuLrHATE oF Quixa, called technically DisurLruaTe, containing 2 eqs.
of quina, and 1 of sulphuric acid ; erystallizable, contains 2 or more eqgs. of water,
according to the temperature to which it may have been subjected after erystal-
lization. Sparingly soluble in cold water, dissolved abundantly by boiling water :
phosphorescent when heated.

Alkalis precipitdte quina, combining with the sulphuric acid.

Alkaline carbonates precipitate carbonate of quina.

Oxalate, tartrate, and gallate of quina are precipitated, when oxalates, tartrates,
and gallates are added to a solution of the sulphate of quina.

1344. PreEranaTion.—Yellow Peruvian bark (Cinchona cordifolia) is boiled
in water acidulated with sulphuric acid. The solution of supersulphate of quina
thus formed is decomposed by lime. Sulphate of lime is formed, and the quina
mixes mechanically with it, as it is precipitated. Alcohol dissolves the quina and
leaves the sulphate of lime. ‘Thealcohel being evaporated, the quina is procured
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by itself; neutralized by diluted sulphuric acid, and boiled with animal charcoal
to destroy colouring matter, a solution is procured, which gives crystals of the sul-
phate on evaporation.

1345. Sulphate of quina is often adulterated. EamrTHY suBsTANCES are de-
tected by heating the sulphate in contact with air, remaining after it has been
dissipated. Svcan is detected by dissolving in water the sulphate suspected to
contain it, precipitating carbonate of quina by carbonate of potassa, sulphate of
potassa remaining in solution along with the sugar, which may be recognised on
tasting the solution after the quina has heen separated; or the solution may be
evaporated to dryness, and the sugar removed by alcohol from the sulphate of po-
tassa. Fatty matters are detected by the action of boiling water, which removes
the sulphate, but leaves them undissolved.

1346, Peruvian bark of good quality gives an infusion which precipitates gallic
acid (the infusion of galls may be used for this purpose); when there is no vege-
table alkali present to combine with the gallic acid, there is no precipitate.

1347. Civ
oxygen &.—Similar in its propertiesto quina; but differs from it in its equivalent
weight and composition, and in erystallizing from its aleoholic solution. It is pre-
pared from the pale Peruvian bark (Cinchona condaminea), by digesting it in di-
lute muriatic acid, precipitating the cinchonia by an alkali or earth, and dissolving
it in alcohol, from which it may be obtained Tn 4-sided prisms. -

1348. Kixic Acip is the substance with which quina and cinchonia are asso-
ciated in Peruvian bark. A watery infusion of the bark evaporated to a syrup,
and treated with alcohol, leaves a viscid mass containing kinate of lime and gum.
By solution and crystallization, kinate of lime may be procured in crystals, from
which the lime may be separated, by dissolving the kinate in water, and adding
sulphuric or oxalic acid. The compounds it forms with the alkalis are very so-
luble in water. =

=TI -

w e, :mir. CHAP. IIL STRYCHNIA, &e.

1349. Szﬂvcﬁfﬂu.—]ﬂq. 234 = carbon 180 + oxygen 24 4+ hydrogen 16 + ni-
trogen 14. Intensely bitter, nearly insoluble in water, very soluble in boiling
alcohol, crystallizes in 4.sided prisms. Exceedingly active in its effects upon
the animal economy 5 half a grain kills small animals, as rabbits, in a few minutes.
PREPARATION.—Nuz Vomiea is mamafgd m water,.,and the solution evaporated
to the consistence of an extract ;.algphbl is added, which dissolves igasurate of
strvchnia ; an alcoholic extract having been made, water is added to dissolve the

“igasurate and separate fatty matter. By lime-water, the strychnia is precipitated
in combination with a portion of brucia. By macerating the precipitate with di-
luted aleohol, the brucia is dissolved and separated ; hulllng alcohol dissolves the
strychnia, and deposits erystals as it cools.

1350. Ieasuric Acip is prepared by precipitating it tmm the watery solution
of Nux vomica by acetate of lead, decomposing the igasurate of lead diffused
through water by hydrosulphuric acid, when insoluble sulphuret of lead is pro-
duced, while the igasuric acid is left in solution.

Brucia resembles strychnia much, and may be procured from the nux vomica
in small quantity, and also from the Brucea antidysenterica. Like mozrphia, it
strikes a deep red tint with nitric acid ; and strychnia, which produces this effect,
is considered to contain a small portion of brucia.

VEgraTRIA is the alkaline principle of Colchicum autumnale {‘Headaw Saffmt:},

and Veratrum album (White Hellebore)e .
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SoLawia is procured from the Solanum duleamara (Woody Nightshade ).

DerruiNia exists in the Delphinium staphysagria {S%avesnﬂre}.

EMETINA is obtained from Ipecacuanha.

Other vegetable alkalis have been described, the existence of some of which has
not been admitted by all chemists; the pnnupal are the following :(—

Names. Sources. S
ATROPIA from the ATrOoPA BELLADONNA.
Ficrofoxid-. = » s Coceulus Indicus.

Daturia Datura Stramonium.

Daphina = ...... Daphne mezereum.

Digitalia S Digitalis.

Conia wasnes s Conium maculatum.

Hyoscyama Hyoscyamus niger. - g

L Tt

ORDER III. OLEAGINOUS AND OTHER C\DMPDU"\?BS .&HGHNDIY
IN HYDROGEN AND CARBON. .

1351. Some of the compounds in this order contain no oxygen, according to the
most recent analysis, as oil of turpentine. Caoutchouc contains scarcely 1 per
cent. In general the proportion of exygen varies from 8 to 14 per cenL., the hy-
drogen from 5 to 15, and the carbon from 70 to 90. The large proportion of their
hydrogen and carbon accounts for their great inflammability. Some of them burn
with a clear and steady light, producing little smoke, but most ﬂf them burn with
much smoke, when particular precautions are not taken te insure the mmbu,stmn
of all the carbon. The unconsumed carbon collected for sale is called LAMP BLACK 3
usually got by the combustion of resinous bodies or tar.

1352. Oiwrs are divided into two classes, Fixed and Volatile Oils,

1353. Fixep Oivs are usually obtained by expression. They are not convert-
ed into vapour without decomposition, and a temperature above 600* is required
for this purpose. Fluid in general at natural temperatures; some are solid, as
palm oil. At a red heat they are resolved into inflammable gases and charcoal.
Absorb oxygen on long exposure to the air, becoming rancid from the decomposi-
tion of mucilaginous matter, and sometimes assuming a waxy consistence. Some,
as linseed oil, absorb oxygen rapidly when heated, and acqulré the property of
drying ; in this condition they are used in the prepamtlm of printers ink and oil
paint.

During the spontaneous absorption of oxygen, ‘more especm.'ll}' when the oil is
diffused over hemp or cotton, so much heat is produced that combustion ensues ;
numerous fires have arisen in this manner. Sulphuric and nitric acids decompose
oils. Water and alcohol have little effect in general upon thein, but castor oil and
aleohol unite in all proportions. By animal charcoal they may be decolorized.
By boiling with water, the offensive odour and taste which they sometimes ac-
quire may be occasionally removed. . 'With sugar or gum they may be suspended
in water, forming an emulsion.

1354. These oils contain two proximate principles, discovered by Chevreul,
LAINE and sTEsrINE. Elaine, called also oleine, is much more fluid than stea-
rine, remaining in this condition when the stearine is separated in the solid form
by a reduction of temperature to 25°

1355. Many varieties of stearine have been discovered, one of which is termed

MARGARINE, predominating in fixed vegetable oils, while the sTEARINE is ob-

served chiefly in animal oils and fats.
3
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1356. Vixed oils are converted inte a peculiar kind of acids and erLyceEmivE,
when heated with the fixed alkalis and water. The acids uniting with the alkalis
constitute soar ; the glycerine remains in solution. It is there associated with a
portion of free alkali, which must be neutralized by sulphuric acid ; on evaporating
the whole to dryness, alcohol may be used to extract the glycerine in solution,
affording a syrupy fluid when concentrated. Glycerine is soluble in water and
alcoliol, has a sweet taste, does not. crystallize, nor does it enter into the vinous
fementation.

1357. MaARGARIC, STEAﬁlﬂ, a‘ﬁil oLEIC acids, are the names applied to these
acids, being formed frum the margarine, stearine, and elaine of the oil. These
acids may be procured l:nr decomposing the different kinds of soap in which they
abound (which may be termed MARGARATES, STEARATES, and oLEATES of the al-
kalis with which the acids may be combined) by sulphuriec acid, an alkaline sul-
phate being lefl in solution, while the insoluble acid is separated.

1358. MarcaRoN, sTEARON, and OLEoN, are the names given by Bussy to the
produets obtained by distilling a mixture of margaric, stearic, and oleie acids with
l-4th of their weight of lime, and purifying the fatty or oily compound obtained
by repeated solution in aleohol. Margaron and stearon can be crystallized, but
aleon is liguid at natural temperatures.

1359. Soar is decomposed by mineral and many vegetable acids, which unite
with the alkali, separating the oleaginous acid. ~Alkaline earths form a white pre-
cipitate with the acid, leaving the alkali in solution. Earthy salts produce a
double decomposition, the oleaginous acid and earth being precipitated, while an
alkaline salt remains in solution ; thus margarate of potassa and sulphate of lime
preclpy,ate margamte of lime, sulphate of potassa remaining in solution. A solu-
tion of sgap in alcohol is much emploved as a test of the presence of earthy salts
in water. With water absolutely pure the transparency is not impaired; the
larger the quantity of earthy salts in ‘solution, the greater the precipitation.

1360. The soaps prepared with potassa are generally soft, but those made with
sodaare usually kard.” Silicated potassa is mixed with common soap, constituting
the more common variety of ﬂmt svap. See 918,

1361, VOLATILE or ESSENTIAL 0ILS rise in vapour at 212° when mixed with
water, and are usually prepared by distillation ; they are volatilized without wa-
ter at a temperature about 300°. Odour pungent, and generally fragrant; taste
acrid ; golyble in lﬂuphu-l, very sparingly soluble in water. By long exposure to
oxygen l;hel,mé canv Erlﬂﬂ intp a resinous matter. They dissolve sulphur and
phosphorus when these are boiled along with them. Sulphuric and nitric acids

_act violently on them ; by nitric acid they are often inflamed.  Alkalis and earths
have little action with the volatile cils. TFixed oils combine with them, and are
often added to adulterate them ; they are detected by heating a little on paper, a
grensy stain being left where a fixed oil is present. Alcohol is detected by water,
which uniting with it leaves a smaller volume of oil.

1362. REsivous sumsTaxcES are procured from the resinous juice that exudes
from different kinds of plants. 'They are highlysinflammable, decomposed in ge-
neral with the same phenomena as the oils, insoluble in water, soluble in alcohol,
ether, volatile oils, and solutions of the fixed alkalis; with the latter they form
soap of different kinds. £

Common resin is procured by expesing common turpentine, the resinous juice
of the fir tree, to heat with water ; oil of turpentine is separated by dmtll'[ntmn
and the resin left,

1363, CanenocEN or CampHENE, called also Essexce or TurRrENTINE, is
procured by distillation from common turpentine, and may be regarded as oil of
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turpentine in its highest state of purity. Its symbol has been very differently
stated ; H®*C' has been considered to represent it correctly. Transparent, co-
lourless, inflammable, burning with a dense smoke. It boils at 312°. Alcohol
ean dissolve a small quantity ; with water it forms a crystalline compound termed
Hyorate or Camenexe. With 1 eq. of oxygen it forms camphor, and with a
larger quantity camphoric acid is produced.

1364. Common oil of turpentine is seldom obtained free from oxygen, which it
absorbs from the air.

1365. Campuonr has been usually regarded as a concrete volatile oil, but may
now be more correctly termed Oxipe or Campuexe. Solid, white, erystalline,
scarcely soluble in water, but suspended in it by means of magnesia it forms an
emulsion. Soluble in alcohol, acetic and nitric acids; precipitated from these so-
lutions by water : very inflammable : melts at 288° boils at 400°. CaMPHORIC
Acip is formed by treating it with nitric acid.

1366. ArtiFicran Campuor is a erystalline compound of camphene and mu.
riatic acid, formed most easily by the action of the acid on camphene at a low
temperature.

1367. BENzULE isthe name applied to a peculiar principle which exists in the
oil obtained by distillation with water from the fixed oil of the bitter almond pre-
pared by expression. It has not hitherto been procured in a free state, but may
be separated from one substance and transferred to another in numerous combi-
nations. Symb. O*C1H?, or Bz, which may be adopted as a provisional symbol.
The fixed oil of the bitter almond is decomposed in the preceding process; the
volatile oil which is collected in the receiver is a HYDRURET OF BENZULE. Itis
separated from hydiocyanic acid by distilling it from a solution of potassa mixed
with muriate of iron, the precipitated oxide of iron retaining the acid. By dis-
tillation from quicklime in powder, it is obtained free from water.

1368. When oxidated, benzule forms Bexzoic acip. Chlorine, iodine, bromine,
sulphur, and cyanogen, form compounds with it. BENzAMIDE is a name given
to another new principle formed during the action of benzule with ehlorine and-
ammonia ; it may be considered a compound of hydruret of benzule and nitrogen.
BexzoixE is the crystalline compound that is deposited from oil of bitter al-
monds and other oils, when kept in contact with potassa for some weeks.

1369. CoumMaRINE is obtained ftom the Tonqua bean, and is analogous to the
essential oils; its properties have not been minutely investigated.

1370. CaourcHouc, the concreted juice of the Ficus elastiea, and some other
trees. Many of its properties are familiarly known, as it constitutes the common
Indian rubber. Insocluble in water and alcohet ; dissolved by turpentine, naphtha,
ether, and in the fluid obtained by heating the caoutchouc itself. Made into the
consistence of paste by naphtha or other solvents, it is used in the preparation of
wATERPROOF cLoTi. The fluid prepared by distillation from caoutchoue is par-
ticularly distinguished by its great volatility, and low specific gravity, not exceed.-
ing 0.64 when highly rectified.

1371. Several specimens of it, for which I have to thank Mr Enderby of Lon.
don, who manufactures large quantities of it, have enabled me to prepare a blow-
pipe lamp of great power. The flame is produced by igniting a stream of air
passed through the volatile liquid, which produces an inflammable vapour from
the large quantity of it which is dissolved.

1372. Wax.—Solid, brittle, white when pure ; melts at 150° ; insoluble in wa-
ter ; dissolved in small quantity by ether. Alcohol dissolves mymiciy, leaving

CERIN; the other principle of which wax is composed. Soluble in fixed and vola-
i ' i



COAL—NAPHTHA—TAR. 153

tile oils,  Little atfected in general by acids ; forms soaps when heated with solu-
tions of the fixed alkalis.

1373, Gum Resixe.—This term is applied to a number of concrete vegetable
Juices, as gamboge, guaiac, aloes, and assafeetida, which contain various proportions
of resin, gum, and other vegetable principles.

1374. Barsams are the viscid liquids or solids produced by different vegetable
Juices containing benzoie acid.

1375. Amper is regarded by Berzelius as a CONCRETED BALSAM § it contains
an vily matter, suceinic acid, and other proximate principles of less importance.

1376. Coar, and the other bituminous substances mentioned in the succeeding
paragraphs, are all regarded as of vegetable origin.

1377. Common Coar contains carbon, oxygen, hydrogen, and nitrogen, with
variable proportions of the alkaline, earthy, and cornmon metallic salts ; sulphuret
of iren is frequently mixed with it. 'The following are the more familiar va-
rieties :— 1

1478, I. Sprint Coar, which derives its name from the splintery fracture it
presents.

1379. 1I. Cakixe Coar, which undergoes a partial fusion, and forms a cake
when heated.

1380. 11I. Cuerry CoaL has a slaty fracture, and is more easily broken than
splint coal.

1381, IV. CaxxerL Coar, or Parror Coar, gives much gas when heated, and
was formerly used as a substitute for candles.

1382. V. Grawce Coar, or ANTHRACITE, contains no bituminous matter, con-
sisting almost entirely of carbon. It gives no gas when heated, but burns with a
fixed light.

1383. VI. Browx Coar, Brrumixouvs Woon, or SurTUurRRaxD, has a brown-
ish colour, and resembles peat in the phenomena produced during its combustion.

1384. VII. JeT, which is so much employed in making black ornaments, is
another variety of coal.

1385. NapaTHa, as it occurs in native springs, is generally purer than the
naphtha prepared from coal tar, and less liable to be contaminated with oxygen.
Some varieties are considered to be very similar to camphene, the pure essence of
turpentine, and others to differ from it. It is generally associated in various pro-
portions with other bituminous matters, and is seldom procured transparent and
colourless. NAPHTHA, PETROLEUM, MINERAL TAR, MINERAL PITCH, and MINE-
RAL cAoUTCHOUC, may all be regarded as varieties of bituminous matter formed
from coal. Aspmarrum is a solid bituminous compound, much employed in ma-
king varnishes. IierivaspuarTumis the name given to a peculiar bituminous
matter, associated with some varieties of brown coal.

Compounds procured from the products oblained by the destructive distillulion of Wood
and other substances.

_ 1386. Tar is the impure resinous juice extragted from the fir tree by heating
it artificially ; it is black from the charcoal mechanically mingled with it. Sub-
Jected to heat without access of air, acetic acid, water, and many inflammable pro-
ducts, are expelled, the resinous matter alone being left blackened by the char-
coal. Coal subjected to heat, besides the gaseous products and water charged with
ammonia, gives a tarry matter, resembling in many of its properties that which is
procured from wood.

1387. Pyroxiric Sririt is the name given to the volatile liquid which is
furmed in considerable quantity along with acetic acid, when wood is subjected to
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-heat, and the air carefully excluded. It has unfortunately received a variety of

names, as PyroLicNeovs ETHER, HyDraTE oF CarBoHYDROGEN, HYDRATE
‘oF METHYLEXE. Its symbol is OCH?, or "H+4+HC ; the term HypraTED Hy-
pRURET oF CarsoN would express its composition in unison with the nomencla-
ture adopted in this work. Eq. 16.

1388, Liquid; sp. gr. .798. Boils at 151°. Burns with a pale lambent flame,
resembling that of alcohol. Its odour is strong and peculiar. It is used prinei-
pally as a substitute for aleohol in spirit lamps.

1389. A number of new compounds have lately been formed by the action of
different acids subjected to distillation along with pyroxilic spirit, in which 1 eq.
of carbohydrogen is united with 1 eq. of acid, as in the sulphate, nitrate, hydro-
chlorate, hydriodate, &c. of carbohydrogen. When 1 part of pyroxilic spirit is dis-
tilled with 4 of aqueous sulphuric acid, a new gas is procured, isomeric with aleo-
hol ; sulphurous and carbonic acids, which are mixed with it at first, are removed
by potassa. This compound is termed DIHYDRATE oF CARBOHYDROGEN.
Symb. "H+2HC.

1390. Pyroaceric SeiriT.—Symb. OC°H?3, or O+3HC.—Eq. 20.—It may he
obtained most easily by heating a number of acetates, the acetic acid being re-
solved entirely in some cases into pyroacetic spirit and carbonic acid. It is a
transparent, colourless, volatile, and inflammable liquid. It enters into combina-
tion in all proportions with water, alcohol, ether, and some volatile oils.

1391. PararFFINE, or PETROLINE, discovered by Dr Reichenbach, and by Dr
Christison, is procured by distillation of the tar from beech-wood, and from the
petroleum of Rangoon, impurities mixed with it being decomposed by heated sul-
phuric acid ; the paraffine is separated in a solid form. White, solid, tasteless,
inodorous, suluhle in alcohol, turpentine, and naphtha; crystallizable; fusesat 111°.
Particularly distinguished by resisting the action of acids, alkalis, and other ener-
getic chemical agents. It burns with great brilliancy, and without smoke. Its
name indicates its feeble tendency to enter into combination, being derived fr{m:
the words parum and affinis.

1392. Evriox, from the Greek v, well, and mw, fatty or greasy. Liquid, hﬂils
at 339°% soluble in aleohol, ether, and oil of turpentine. Obtained by distillation
from the tar of animal matters ; purified by distillation with sulphurie acid ; paraf-
fine is separated in the solid form by reduction of temperature. This principle,
and the four succeeding compounds, were also discovered by Dr Reichenbach.

1303. KreosotrE, from xpies, flesh, sais, I save. Composed of darbon, oxy-
gen, and hydrogen. Liquid, transparent, colourless, inflammable, burning with a
smoky flame. Sp. gr. 1.037. Boils at 397°. Odour very penetrating and re-
sembling that of smoked meat ; very antiseptic, being the prineiple on which the
antiseptic powers of smoke and pyroligneous acid depend. Soluble in alcohol,
ether, naphtha, and acetic acid. Decomposed by nitric and sulphuric acids; eom.
bines with alkalis and earths; coagulates albumen, from which property its anti-
septic virtues are probably derived. It has been employed much in toothache,
being applied in minute quantity where the tooth iz decaved. It has been used
in solution for the purpose of curing meat.

1394. Prepared by repeated distillation from the oil distilled from wood tar.
Carbonate of potassa is added to neutralize acetic acid ; the acetate having been
removed, the distillation is commenced. Phosphoric acid is then employed to se-
parate ammonia, and potassa is subsequently combined with it, that the eupion
assaciated with it may float upon the surface and be removed; the potassa is se-
parated afterwards by sulphuric acid, and the kreosote again distilled when the
sulphate of potassa has been separated.
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1395, Prrvacar is the name given to one of the principles of tar, which gives
a blue colour to baryta in solution ; this term is derived from sizre, pitch, and
xaier, heautiful.

1396. Picasan is the bitter principle of tar. Picamar is derived from pix and
amarus, Obtained from distilled oil of tar, having a great specific gravity.

1397. CapvoMoR, from xzxver, smoke, and gopz, a part. Procured from the
heavy oil of tar by heating it with potassa, which decomposes the picamar, the
pittacal, and the creosote, the captmnmr floating on the surface. On the addition
of sulphuric acid, any eupion is separated, the capnomor combining with the acid.
Carbonate of potassa may be added to neutralize the sulphuric acid, after which
the capnomor is to be purified by distillation. This liquid is transparent and co-
lourless ; its odouris fragrant. Some specimens prepared in the manner described
turn the vegetable blues to a green.

1308. BexziNE is the name applied by Mitscherlich to the bicarburet of hy-
drogen, which is procured by heating benzoic acid with lime. His nitro-benzide
and sulpho-benzide are compounds formed by the action of nitric and sulphuri'::
acids on benzine.

1399. BexzoxE is a volatile fluid which was procured by Peligot by heating
dry benzoate of lime. Its svmbol is OC'3H?,

ORDER 1V. LIGNIN, SUGAR, STARCH, GUM-ARABIC, GLUTEN,
AND TANNIN.

~ 1400. The four first principles included in this order are cousidered to contain
oxygen and hydrogen in the proportions necessary to constitute water. All of
them occur abundantly in the vegetable kingdom.

1401, Liewix, or Woony Fiene.—The most abundant of vegetable principles,
constituting upwards of 90 per cent. of the different kinds of wood. Obtained
pure after saw-dust has been acted on by alcohol, water, and diluted acids. In-
soluble in water. Nitric acid produces with it oxalic and other acids. By strong
sulphuric acid it is decomposed, carbon being deposited, while sulphurous acid
and water are produced ; with weak sulphuric acid a saccharine matter may be
formed. i _

1402. Svaar.—Symb. OCH = oxygen 8 + carbon 6 + hydrogen 1.—Eq. 152
Several consider that 45 (15 x 3) expresses more correctly the equivalent of su-
gar. Solid, white, inodorous, decomposed by heat, producing much flame when
exposed to the air ; does not deliquesce when pure ; soluble in water and alcohol ;
decomposed by sulphuric acid, charcoal being deposited ; nitric acid produces oxa-
lic and other acids. Combines with alkalis, earths, and some metallic oxides.

1403, Prepared from the juice of the sugar-cane by evaporation and crystalliza.
tion ; lime water iz added to neutralize vegetable acids.mixed with it. Albumi-
nous fluids, such as blood, are added to entangle and remove impurities ; charcoal
to destroy colouring matter; and, according to the most approved plan, the syrup
is concentrated for granulating (crystallizing) by evaporation in vacuo.

1404. Morasses are composed principally of sugar, with various vegetable im-
purities, which prevent it from crystallizing.

1405. Tloxey consists of sugar, with a portion of uncrystallizable saccharine
matter probably analogous to molasses.

1406, Liquorice and Maxya ; each contains a peculiar kind of saccharine mat.
ter called crycymrmizine and sax¥iTe, associated with other vegetable prins
ciples.
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1407, Srancu.—White, tasteless, inodorous; insoluble in cold water, alcohol,
and ether; dissolved by builing water, gelatinizing when a small quantity is added;
particularly distinguished by the deep blue coloured compound it forms with iodine
in cold water,—the hydrated jodide of starch; when quite free from water, the
indide is yellow ; in hot water no coloured compound appears; the blue coloured
ivdide disappears in boiling water, but, if cooled quickly, the colour is restored.
I1f the blue coloured compound be boiled for a short time, hydriodic acid is formed,
and the blue colour is not restored on cooling, unless chlorine or some other sub-
stance be added to liberate the iodine. When starch has been gelatinized in wa-
ter, it is converted into amrpive, which is soluble in cold water. The same ef-
fect may be produced by heating dry starch ; subjected to a higher temperature,
s0 as to acquire a reddish-brown tint, it becomes more soluble in cold water,
forming the compound termed Britisa cum. Starch does not precipitate sili-
cated potassa, nor preduce mucic acid with nitric acid,

1408. Starch is converted into sugar during the germination of seeds, as may
be well seen in the operation of malting barley : it is also converted into sugar by
the action of dilute sulphurie acid.

1409. Starch or fecula is procured mechanically from the potato and other roots,
from wheaten flour, and other vegetable products. Porare Frouvn, INDraw
Anrow-rooT, Bri1isn and FOREIGN TAPIOCA, 5AGO, and cassava, are composed
almost entirely of starch.

1410. Gua is a term which now includes several different principles.

1411. Gum-Aranic contains a minute portion of nitrogen, and a little lime, in
addition to the usual elements of vegetable matter. Solid, soluble in water; pre-
cipitated from its aqueous solution by alcohol ; insoluble in alcohol and ether ; de-
compased by sulphuric acid; produces mucic acid with nitric acid; precipitated
by subacetate of lead and silicated potassa. With water a mur:llagmuus fluid is
formed. A strong solution of borax immediately renders 4 times its bulk of a
strong solution of gum vety viscid; sugar added te the viscid mass immediately
renders it liquid.

1412, Coerny-TREE Gun; analogous to gam-arabic in composition, but inso-
luble in cold water. Called cErasiy by Guerin; acquires the same properties as
gum-arabic when heated. The mucilage of linseed resembles the solution of
gum.arabic in water, but differs from it in some less important properties.

1413, GuM-SENEGAL is considered similar to gum-arabic.

1414, Gum-TracacanTH is composed of a compound similar to gum-arabie,
with a large quantity-of BassorixE, and a portion of starch.

1415. Bassoring, from gum-bassora, gum-tragacanth, or-salep. It is convert-
ed by long continued boiling into a substance similar to gum-arabic.

1416. Pecrin is the name given to the gelatinous matter which abounds in
many kinds of fruit, as in the gooseberry. It forms a mucilage with water, not
so adhesive as gum, and is insoluble in alcohol.  Alkalis and alkaline earths con-
vert it into PEcTIC Acin, with which they combine.

1417. GruTEx is the most nutritious part of wheaten flour, and exists also in
most other kinds of grain in smaller quantity ; it resembles animal more than ve-
getable substances, containing nitrogen, besides carbon, oxygen, and hydrogen.
Gluten is a stiff and tenacious solid, possessing ductility and elasticity, so that it
can be spread into a thin membranous sheet. 1t is procured by making wheaten
flour into a paste, and removing the starch, saccharine and other matters, by
washing it with water. Tt ma_'f be resolved into two principles, gliadine and
zimome.

1418. GLIADINE is -aepaml:eﬂ in wlut:u:-n from gluten by alcohol. Zimoxe,
the other compenent part of gluten, is inseluble in alcohol, and is distinguished by
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the bluish-green colour it gives when triturated with powdered gum-guaiae, and
exposed to the air.

1419, Gluten is found in small quantity, or not at all, in inferior kinds of four.
Gum-guaiac has been proposed as a test for ascertaining the quantity of gluten in
different kinds of four.

1420, VEGETABLE ALBUMEN is coagulable by heat, and bears a great resem-
blance to animal albumen. It hds been found in the sweet and bitter almond,
and in a number of different kinds of seed.

1421. Taxxix exists in a great variety of vegetable products, but is found most
abundantly in some vegetable extracts, as catechu and kino, in gall-nuts (the ex-
crescences that grow on the oak), and in the bark of the oak.

1422, It is colourless and inodorous. Taste astringent. Soluble in water, al-
cohol,"and ether i gives a deep bluish-black precipitate with persalts of iron, but
has little action wi salts. - It approaches, therefore, in its characters to
gallic acid, but isg it by precipitating gelatine. When highly
purified, it is ﬁal_Ld to tedden litmus, and decompose carbonates with effervescence,
so that it is now*proposed to place it along with the vegetable acids, under the
name of Taxxrc acip.~gFaposed to the air in solution, oxygen is absorbed, car-
bonic acid evolved, and 1 'is cénwerted ultimately into gallic acid.

1423. Tannin is pred_[ﬁtate'd from the infusion of galls by protomuriate of tin ;
combining with the oxide, and forming an insoluble compound. When the pre-
cipitate is diffused through water; ‘and decomposed by sulphureted hydrogen, sul-
phuret of tin is formred, and tannin remains in solution.

1424, AnrrFicrar Taxxix is produced by the action of nitric acid on charcoal,
or on coal, resin, indigo, and other substances containing much charcoal. Tt re-
sembles tannin much, but is not decomposed like it by nitric acid.

e

ORDER V. COLOURING E'L'I.r"ﬂ‘TEi%.

1425, A very great number of proximate principles may be referred to this or-
der. The following are those most interesting to the student of chemistry.

1426. Colouring matters used for testing the presence of acids and alkalis.

I. By infusing in water the common RED CARBAGE, as it is ﬂarﬂlllarl_'. ter’med
a solution of the colouring malter is procured, which is blue; it is turned to a
bright red by acids, and becomes of a brilliant green by the action of alkalis.
The colouring matter of violets may be used for the same purpose.

IT. Litmus is the blue colouring matter prepared from the Lichen Rocella.
It is more ecasily affected by acids than the colouring matter of cabbage, but is not
turned to a green by alkalis. If previously reddened by acids, it may be used for
deteeting alkalis, the original blue tint of the litmus being restored.

II1. Turmeric is of a yellow colour, and detects alkaline substances by pro-
ducing with them a brown coloured compound. It is not affected by acids. If
previously rendered brown by an alkali, it may be employed for detecting acids,
the alkali being then reutralized, and the yellow colour of the turmeric restored.
Some neutral salts affect turmeric in the same manner as alkalis.

1427. Many colouring matters hdve a great attraction for metallic ﬂxldEﬂtt{:m-
bining with them when they are separated from solutions in which both the co-
louring matter and the oxides have been previously dissolved ; thus, when potassa
is added to a solutivn containing bipermuriate of tin and litmus, the polassa unites
with the muriatic acid, litmus and peroxide of tin falling down in combination.
The precipitates procured in this manner are usually ealled 1Laxes.
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1428. SussTaxTIVE Corounive AMaTTERs include those which have so strong
an attraction for cloth, that they can attach themselves to it permanently, and
without the action of any other substance, as indigo.

1429. Avnsecrive Corovniye MarrTERrs are those which have a fecble attrac-
tion for cloth, and are fixed on it only by the medium of some other matter,
which can combine both with the colouring matter and the cloth ; this is termed
a MorDANT or Basts. The usual mordants are alumina and the oxides of tin and
iron. .7

1430. Celouring matters are nLeAcHED most powerfully by cavoriNEg, which
decomposes them by combining with their hydrogen, or by taking hydrogen from
water, and liberating oxygen, which, in a nascent state, may be equally effectual
in decomposing them. In some of the decolorizing compounds of chlorine, a new
compound, HYPOCHLOROUS ACID, is considered to be in union with a base; and
when they act upon colouring matter, they have been regarded as operating more

especially if not entirely by the oxyvgen of the hypochlorous acid and of the oxide,
a metallic chlnnde being left. The cnroripE oF LIME is the bleaching powder
in common use; 2 eqs. of water are usually combined with it. SvirmUROUS
acin, and some other acids diluted with water, are mm:h employed in decolorizing
different substances.

1431. For Rep Dyes, Brazil wood, bar-wood, lac, archil, madder, and cochi-
neal, are the principal colouring matters in common use. The cochineal is pro-
cured from an insect, which i= believed to derive its colouring matter from a par-
ticular vegetable principle upon which it feeds. Oxide of manganese and catechu
are much used for browns.

1432, YeLrow DyEs are procured principally from saffron, hiccory, quercitron
bark, turmeric, fustic, and annatto. A buif is obtained with peroxide of iron.

1433. Brack DyEs are made with the same materials as writing ink, as gallic
acid, tannin, and perexide of iron; logwood and madder also give a black along
with peroxide of iron.

1434. Bruve DvyvEes are commonly prel]ared w1th Prussian blue or 1NDpIGO.
Three different colouring principles have been detected in indigo, 1NDIGO BLUE,
18D1Go RED, and 1xp16o BrRowN. The first of these is the most important, and
is left in a pure form when indigo has been digested successively with diluted
sulphurie acid, a solution of potassa, and alcohol.

1435. IHnmu Brue sublimes at 550°, pruducmg a reddish vu}let colourad va-
pour, which condenses in erystals. Insoluble in water and alkaline solutions ;
beiling alecohol dissolves a minute quantity. Strong sulphuric acid is its proper
solvent. When the solution is decomposed by diluting it with water, a portion
of the indigo is depesited in combination with water, forming a hydrated com-
pound, called PHENECIX, or 1NDIGo PURPLE. Berzelius has “also described two
new compound acids, INDIGO SULPHURIC AcID, and INDIGO HYPOSULPHURIC
acip, which are formed by the action of sulphuric acid on indigo blue. The
INDIGOTIC AcID already mentioned, is procured by boiling indigo in dilute nitric
acid. The carbazotic acid is prepared by the action of indigo with stronger
nitric acid.

Indigo is deoxidated by a number of substances; it can then unite with lime or
potassa, and the compound forms a yellow solution with water. Sulphate of iron
mixed with lime precipitates oxide of iron, which produces this effect. Sulphuret
of arsenic dissolved in a solution of potassa, acts in the same way. IxpiGocEw
is the name applied to deoxidated indigo. It attracts oxygen quickly on exjo-
sure to the air, and indigo blue is again produced : at first a green appears, from
the mixture of’ the blue and yellow.
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1436. Indigo blue dissolved in sulphurie acid, is employed for ascertaining the
quantity of chlorine in chloride of lime ; the larger the quantity of chlorine in the
chloride the greater the quantity of indigo blue which it can decolorize.

1437. By combining red, yellow, blue, or black colouring matters with each
other, mechanically or chemically, all other tints may be produced ; and by vary-
ing the strength of the colouring matter, or the strength of the mordant, different
shades of the same colour may be had.

CHROMULE is the term applied to the various coloured principles obtained from
the leaves and flowers of plants.

CuLorOPHYLE is the name given to the green colouring matter of vegetables ;
in the autumn it is reddened by the production of acid.

1438. In a paper read lately before the Royal Society by Dr Hope, he adduced
numerous experiments to prove that there are two varieties of vegetable colour-
able matter, or caroMoGEN, as he has designated them, which are acted upon by
acids and alkalis in producing red, yellow, or green tints. The one he has termed
ERYTHROGEN, as it produces a red colour with acids; the other he has denomi-
nated xaxTHoGEN, from its affording a yellow compound with alkalis. These
two principles occur together in red and blue flowers, and in the leaves of a few
plants, presenting the former of these tints. All green leaves, all white and yel-
low flowers, and white fruits, contain xanthogen alone. Litmus abounds in
erythrogen, but has no xanthogen. The chromates having different tints, are re-
garded as peculiar vegetable principles, sometimes intimately blended, or chemi-

cally united with chromogen ; they are also occasionally compounds of chromogen
with acids or alkalis.

ORDER VI. MISCELLANEQOUS VEGETABLE PROXIMATE
- . PRINCIPLES.

1439. The different principles contained in this order being comparatively less
interesting than those alréady described, it will be sufficient in this place to men-
tion their names, and the sources from which they are derived.

AMYGDALINE, from the bitter almond.

AsPaRrAacINE, from asparagus.

Bryaxixg, from bryony root.

CAFFEINE, from coffee.

CATHARTINE, from senna.

CoLocYNTINE, from the colocynth.

CoLuMEBINE, from columbo root.

Evrarixg, from elaterium.

FuxciNg, from mushrooms.

GENTIANINE, from gentian.

Horpery is found in large quantity in barley, and is converted into starch by

the saccharine fermentation, as during the process of malting.

IxvLINg, from Inula Helenium, or Elecampane.

Lurvrixg, from the hop.

MEepuvrriNe forms the pith of the sunflower.

OvriviNg, from olive oil.

PirERINE, from pepper.

PLumpacixNg, from the Plumbago Europeea.

PuroripzINe is deposited in crystals from the solution procured by boiling the
bark of the apple.
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PoLLENINE, from the pollen of tulips.
RuziNe ?, from rhubarb.
REUBARBARINE 7, from rhubarb.
SALICINE, from the willow.
Sarowing, from Saponaria officinalis.

- SarcocoLr, from the Pencea sarcocolla.
ScILLITINE, from Scilla maritima.
SENEGINF, from Polygala Senega.
Sivarisivg, from mustard.

SuBERINE, from cork.
UrmiNE, from the juice of the elm and other trees.

ORDER VII. ALCOHOL AND THE PRODUCTS FORMED FROM IT.
SACCHARINE AND VINOUS FERMENTATION.

1440. SaccuariNe FErMENTATION.—When starch is'moistened with hot wa-
ter and exposed to the air, a portion of sugar is produced. This change also takes
place in sume natural operations, as in the process of germination. 'The produc-
tion of sugar during the ripening of fruit is also considered an instance of saccha-
rine fermentation ; in this case, the sugar is developed by the decomposition of
citric acid and mucilaginous matter, independently of the action of the air,

1441. Vivous FErRMENTATION.—Sugar is the only substance which enters rea-
dily into a state of vinous fermentation. Starch #salso said to be susceptible of
this change, but the more general opinion is that it is converted previously into
sugar. The sugar must be dissolved in a certain amount of water, and the tem-
perature should be between 60° and 70° or between 70° and 80°, if it be required
that fermentation proceed rapidly. At a Figher temperature, vinegar isapt to be
formed instead of a vinous liquor = At a low temperature the fermentation pro-
ceeds more slowly, or is altogether arrested.

1442. YEeast is the viscid, flocculent matter that is formed during vinous fer-
mentation, collecting generally as a froth or scum on the fermenting liquid. It
is composed of oxvgen, hydrogen, carbon, and nitrogen, and may be kept without
change when dried ; it resembles gluten in composition and in some of its proper-
ties. Particularly distinguished by its power of promoting vinous fermentation.
A small quantity is added in general during the preparation of vinous liquors.

1443. Gluten, albumen, gelatine, and other vegetable or animal properties, can
also act as a yeast in forming fermentation.

1444. All vinous liquors, as ale, porter, cider, perry, and wine, contain essen-
tially a portion of alcohol, produced during fermentation by the decomposition of
sugar, independent of the action of the air; 45 parts of sugar contain 24 of oxy-

gen, 18 of carbon, and 3 of hydrogen, and they are resolved into 23 of alcehol and
22 of carbonic acid.

Fig. 64.
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1445. During fermentation, the solution becomes turbid from the production of
yeast, the temperature increases, and carbonic acid gas is disengaged. A small
portion of yeast is decomposed. From the juice of the grape containing tartarie
acid and potassa, these separate in the form of crude tartar (bitartrate of potassa)
as the furmentation proceeds. i

1446, The nature of the alcoholic compound produced is modified much by the
extent to which the fermentation is allowed to proceed, the quantity of mucilagi-
nous, saccharine, and other vegetable principles that may be left in solution, and
the proportion of water originally added to the sugar, or associated with it in the
Juice employed. The stronger wines contain from 18 to 25 per cent. of alcohol ;
the weaker wines from 12 to 18; and ale, porter, cider, and perry, from 4 to 10.

1447. Arconor.—Symb. OC*H® = oxygen 8 + carbon 12 + hydrogen 3.—Eq.
23 by W, [0 by V.—8p. gr. 0.796.—Liquid, transparent, colourless. Odour fra-
grant and penetrating ; taste hot and pungent. Boils at 173.5, when its sp. gr.
is .810. Has been cooled to —91 without freezing. Inflammable, burns with a
pale lambent flame, producing carbonic acid and water ; much used for producing
a small and steady smokeless flame, which gives considerable heat. Dissolves
many vegetable acids, common and vegetable alkalis, resins, eamphor, and vola-
tile oils. 'With water, it combines in all proportions, heat and condensation ac-
companying the combination. The greatest degree of condensation is observed
when 1 eq. of aleohol combines with 3 of water. Proof spirit contains equal
weights of alcohol and water. Sp.gr. 0.917. Most acids decompose it, producing
a particular class of compounds: The value of alcohol is determined by itssp. gr.
the lighter the purer. . Y
Table of the specific gravity of c.rifereﬁ.t miztures of Alcohol and Waler, from the

Records of Science.

Atoms of Weight of Sp. g of
: Mixture.
Alcohal, Water. Alcohol. Waler.
1 0 23 0 .1 9460
4 1 na Hl B1793
3 ! 69 f 82508
2 1 44 9 A3043
1 1 23 H 86726
1 2 23 18 90420
1 3 23 27 H2662
1 4 23 36 94118
1 i} 23 45 H50910
1 i 23 ad H6763
1 7 23 63 S6243
1 8 « 23 12 L6597
1 0 23 a1 J6871
1 10 23 90 7092

1448. PrepareDp by distillation from vinous liquids; it is formed in these
during fermentation, when 45 parts of sugar give 23 of alcohol and 22 of carbonic
acid. The fermented infusion of marT gives waisky by distillation. The fer-
mented solution of morasses produces rum. The fermented juice of the grape
affords prawpy. Whisky, rum, and brandy, contain from 50 to 54 per cent. of
alcohol. By distillation, the alcohol, being more volatile than the water, rises
first, carryving along with it, however, a portion of water.

L
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By a second distillation, aleohol is procured with a less proportion of water,
rorming the common spirit of wine; and by a third distillation it is procured still
stronger, constituling RECTIFIED sPIRIT oF WINE. But alcohol is not produced
absolutely free from water, unless other processes be resorted to. CARBONATE
OF POTAsSzA can remove all the remaining water, forming a heavy solution, on
which the lighter alcohol floats. CarLoripE oF carcium and other substances
retain all the water, when the alcohol is mixed with them ; they are separated by
distillation. Mr Graham has prepared very strong aleohol by placing a cup con-
taining spirit of wine over fragments of quicklime in the receiver of an air-pump
and exhausting it ; little aleohol evaporates, as its vapour is not condensed by
lime, but all the water evaporates, and its vapour is absorbed by the lime.

1449. ETHERs are the volatile and fragrant fluids produced by the action of
acids and aleohol.

1450. Svrenvric ETnER—Symb. OC*H*%—Eq. 37.—By V OJ.—Sp. gr. 0.632.
Liguid ; very volatile, boils at 98°; inflammable. Detonates with great violence
when its vapour is mixed with oxygen, if a lighted match be applied. Combines
sparingly with water; unites with alechol in all propertions, dissolves camphor,
resins, many fatty matters, volatile oils, caoutchoue, narcotine, and other vege-
table principles. Used often to produce great cold by its rapid spontaneous eva-
poration.

1451 PreparED by the action of aqueous sulphuric acid and aleohol. Sulpho-
vinic acid is at first formed, anc then decomposed ; 1 eq. of ether is separated by
distillation from 2 egs. of alcohol ; they lose altogether 1 eq. of oxygen and 1 of
hydrogen, which combine in the form of water with the acid, while the rest of
the elements form the ether. 2 eqs. of aleohol = 1 eq. sulphuric ether and 1 eq.
water. Symb. 20C*H? = OC‘H & H.

1452, Often contaminated, as prepared at first, with a portion of sulphurous
acid and free aleohol. The sulphurous acid is removed by the action of potassa,
which retains it on a second distillation. The alcohol is separated by water, which
forms with it a heavy fluid, while the lighter aml purified ether floats above. A
small quantity of ether combines with the water.

1453. SvrrHOVINIC AciD has been regarded as a compound of sulphurie acid
and 2 eqs. of hydruret of carbon; according to this view its symbol is :84+2HC.
It has been lately stated to be a compound of alcohol and sulphuric acid. Tt is
procured when oil of wine is heated ; or by precipitating baryta from sulphovinate
of baryta by sulphuric acid. A solution of sulphovinate of baryta is procured by
mixing equal weights of alcohol and sulphuric acid, and adding baryta till the li-
quid is neutral. Sulphate of baryta is precipitated, and sulphovinate of baryta
remains in solution. The compounds of this acid are termed sulphovinates.

1454, O1L or WixE is composed of 1 eq. of sulphuric acid and 4 of hydruret of
carbon, according to some analyses. 1t is the oily fluid that appears in the neck
of the retort on the preparation of sulphuric ether.

1455. Nitric ErnEr (NiTRous ETnEer) is produced by the action of equal
weights of nitric acid and alcohol, the acid being added in small successive quantities
to the aleohol, and the mixture cooled after each addition, to prevent the violent
action that would otherwise ensue; oxide of nitrogen, binoxide of nitrogen,
and carbonic acid, are evolved. It collects on the surface of the mixture, and
is cautiously withdrawn. When too freely exposed to the air, it evaporates with
rapidity. .

1456. Another process consists in mixing aqueous sulphuric acid with aleohol,
cooling the mixture, and pouring it upon nitre placed in a retort. The sulphuric
acid decomposes the nitre, uniting with the potassa, and liberating nitrie acid,
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which produces nitric ether as it acts upon the aleohol. The nitric ether is sepa-
rated by distillation.

1457. The precise constitution of this ether is not so generally agreed upon as
that of sulphuric ether. Tt has been regarded as a compound of hyponitrous acid
and ether. Symb. iN+OC'H® It is always acid as prepared at first, but may
be obtained neutral by distillation from lime.

1458. Seimit or Nrrric (or Nitrous) ETnER is prepared with & much larger
quantity of alcohol, one of acid being mixed with three of aleohol. It is a com-
pound of the undecomposed alcohol and the ether, produced by the action of the
nitric acid. From the extent to which the acid is diluted, the mixture may be
made at once, taking care to add the aeid to the aleohol, and distilling till a quan-
tity of liquid is obtained equal to the alcohol employed.

1459. Hyprocuronic or Munriaric ETHER, is a compound of 1 eq. of hydro-
chloric acid and 4 of hydruret of carbon. Symb. HCI4+4HC. Liquid, colourless,
boils at 54°, inflammable, burning with a green flame. Prepared by distillation
from a mixture of strong agueous muriatic acid and alecohol. HypRiopIe and
Hyvorosromic Eruers have been procured by heating the acids required with
aleohol.

1460, Caroric ETHER is prepared by the action of chlorine on olefiant gas,

and is cﬂmmuﬂlj called Hydrocarburet of Chlorine. See 663, and also Chloral,
G64.

1461. AceTic, Oxarie, Tanrtanic, Crrric, and other ETuEns, have been
obtained by distilling aleohol along with the acids required, or with mixtures
by whose reactions the acids are liberated. They are usually regarded as com-
pounds of an equivalent of acid and of sulphuric ether, part of the water of the
aleohol being removed by the acid mixtures employed.

1462, Oxamip, or OXALAMID, is the name given to a compound which may he
obtained by agitating oxalic El;l;:er and agueous ammonia, or by distillation from
oxalate of ammonia, which is dqyum]msed the term is derived from the first syl-
lables of oxalic acid and ammonia. It is insoluble in cold water, and dissolved by
boiling water. Exposed to heat alone it fuses, and is then partly sublimed and
partly decomposed. Its symbol is 22H+C?N. It may be regarded as a binaque-
ous cyanogen, or as a compound of binoxide of nitrogen and 2 of hydruret of car-
bon, as the following diagram shews :—

Fig. 65.
Materials, Products.
{'DJ{}*EE]‘I...- | OCREC RPN .30 Binoxide of Nitrogen.
2 eqs. water -« Hydrogen 1.
Hydrogen 1. ~“-u:"'

Nitrogen 14.-°°
Byanogen... < Carbon ... 6....... 7 .7 Hydruret of Carbon.
Carbon ... 6. 27 Hydruret of Carbon.

Symb. 2-H+ CON — :N4+2HC.

1463. Again, oxamid and water can produce oxalate of ammonia 2-H+C*N&-H
= C*+NH?A

1464. ETHERINE is the name now given to quadrocarbureted hydrogen (see
601) by many chemists, being regarded as the base of most ethereal compounds.

1465. ETnuLE is the name given by Berzelius to a compound of hydrogen and
etherine, which he considers the more immediate principle of ethers. It may be
termed more specifically Hyprurer or Ernemine. Its symbol is H44HC.
Sulphuric ether may be regarded as an oxine of ETnvLE, this compound contain-

ing oxygen, carbon, and hydrogen, in the proportions in which they constitute
Il 2
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1 eq. of water and 4 of hydruret of carbon — HypraTE oF ETHERINE, or sul-
phuric ether. The diagram represents this view more minutely.

Fig. 66.
Materials, Products.
YTy ot i | g ———===—0 Water.
Hydrogen 1-—
Hydrogen 1~
Hydrogen 1-. ™
Hydrogen 1

Fthule ;| Hydrogen 1
Carbon ... ﬁ‘-\-:'“; =7 Hydruret of Carbon

Carbon ... G-=---—-====> 7 Hydruret of Carbon :
Carbon ... 6——— e\:“ ,\“* 7 Hydruret of Carbon Etherine 28
Carhen ... == > 7 Hydruret of Carbon

oF B

E Sulphuric Ether.

ALDEHYDE is a newly discovered colourless liquid, having a peculiar ethereal
smell.—Sp. gr. 790.—Boils at 71°.—Symb. OC*H*.—It is.termed aldehyde from
the first syllables of alcohol and dehydrogenatus. Inflammable, burning with a
blue flame, combines with water, alcohol, and ether.

1466. PrEPARED by passing the vapour of ether through a long glass-tube
heated to redness. The product being introduced intorsulphuric ether, is retain-
ed in combination. Dry ammoniacal gas is then passed into the snlutinn, which
forms a crystalline compound with the aldehyde, termed AMMONIA-ALDEHYDE.
From this compound it is procured as a hydrate by adding an equal weight of wa-
ter, and then diluted sulphuric acid to unite with the @mmonia, heating it after-
wards in a retort. The product of distillation is the hydrated aldehyde, which is
separated from the water by distilling it from chloride of calcium.

1467. Aldehyde may also b&“formed by the action of spongy platinum with air
and alcohol, or by distillation from four parts of water and four. of alcohol, mix-
ed with six of binoxide of manganese and six of aqueous, sulphurie; aeid:

1468. ArpEnypic Acip is prepared from aldehyde, and is composed of oxyvgen,
hydrogen, and carbon, in the proportions represented in the following symbol :
0*4+H*=C% It may be regarded accordingly as acetic acid deprived of an Eqm-
valent of water.

1469. MEercarTany, or HYyDRURET oF MErcarTUM.—Symb. H+S*{‘,‘H5
Liquid, colourless, volatil# dissolves 5pnrtngl;.: m-wat!rdut“ﬁ'&el}' in alcohol and
ether,

1470. Procured by distillation from sulplmvmate of baryta mixed with hydro-
sulphuret of baryta ; it is associated at first with an ethereal fluid, from which it
is separated by distillation. It acts energetically on the peroxide of mercury,
producing 2 eqs. of water and 1 of bimercapturet of mercury. From this sub-
stance it is most easily’ prepared by the action of 2 eqs. of sulphureted hvdrogen.

Fig. 67.

Materials. Products.

Hydrogen... _i2 Mercaptan.

2 eqs. of Sulphu- ) Hydrogen... ~. 62 Mercaptan.
reted Hydrogen Sulphur......
Sulphur......
. Mercaptum
ﬁ:ﬁrizcri!:turet of '«{M ercaptum

g 1 s Ly 232 Bisulphuret of Mercury.

The name of this substance is derived from the powerful attraction which it
exerts towards mercury.
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1471. MEercapTum has not been procured in an insulated form. Its symbol.
calculated from the compositien of mercaptan, is S*C+H5.

1472. Xa¥THOGEN® is the term applied by Zeise to the bisulphuret of carbon,
which, when mixed intimately with alcohol and potassa, produces xanthate of po-
tassa, the Xaxrnre Acrp being composed of alcohol and bisulphuret of carben.
Symbol of xanthic acid, 25:C4+0OC2HS?,

1473. A number of interesting galvanic experiments have lately been made by
Mr Connell on aleohol and ether, from which he concludes that the elements of
water exist as water in alcohol, but not in ether. Hydrogen gas was easily pro-
cured from alcohol after increasing its power of conducting electricity by 1-200dth
part of potassa.

DIVISION 1I.—ANIMAL CHEMISTRY.

1474. The proximate principles of the animal kingdom, along with carbon, oxy-
.gen, and hydrogen, generally contain nitrogen, an element which renders them
much more prone to decomposition than they otherwise could be, and is the cause
of the more important peculiarities which they present when subjected to heat,
or when undergoing putrefaction, a large quantity of ammonia being produced in
both cases. Sulphur and phosphorus are also found in several proximate animal
principles, though the quantity is often extremely small, producing sulphureted
and phosphureted hydrogen during putrefaction. Sewveral proximate animal prin-
ciples have been observed to contain hydrogen in such proportions as to produce
water with the oxygen and ammonia with the nitrogen. Food which has been
cooked, and put into tin cases heated to 2122, filled completely with fluid, so that
no air may remain in the interstices, may be preserved for years without acquir-
ing any offensive taste or odour, putrefaction being entirely prevented.

1475. 'The-primeipal products of PuTREFACTION are carbonic acid, carbureted
hydrogen and ammonia, which are generally mixed with phosphureted and sul-
phureted hydrogen gases and a large quantity of water. The higher the tempera-
ture, if not excessive (beyond 90°), the more rapid the putrefaction ; at a low tem-
perature, it goes on slowly, and is arrested altogether at temperatures below 32°.

Animal matters are converted into a fatty compound called Apirocerg, by
the long continuedsictiag of water, the air being exe Many regard it as an
imperfect soap, composed of ammonia and fatty matter. Alcohol also produces a

_ similar effect with fibrine.

CHAP. I. FIBRIN, ALBUMEN ; GELATINE, OSMAZOME.

1476. These principles occur abundantly in the animal kingdom ; the composi-
tion per cent. of the three first is very nearly the same, and is shewn in the fol-
lowing table—fractions have been omitted :—

Carbon,  Hydrogen.  Nitrogen. Oxygen.

Fisnive, , . 83 L 19 19
ALBUMEN, . . 850 7 15 26
TELATINE, . « 47 i 16 27

1477. FisriN is the principal part of muscular fibre, and is found also in the

* This term is now applied by Dr Hope in the manner doscribed at par, 1438,
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blood of animals.  Solid, tasteless, inodorous ; has a whitish appearance ; has some
elasticity, and is rendered hard and brittle by drying. Soluble in strong acEric
acin, swelling at first, and forming a concentrated jelly. Decomposed by strong
and by diluted N1TRIC ACID, pure nitrogen being evolved from it when the acid
is diluted ; a yellow powder, called YELLow Acip, is formed during the reaction
of the nitric acid. Berzelius has affirmed that it is a compound of nitric acid and
fibrine after it has been atfected by the acid, With sulphuric acid, a solution is
procured, containing a peculiar white matter called Levcing; the sulphuric acid
is separated from it by chalk, the solution of the leucine being then filtered and
evaporated. Diluted muriatic acid has little action on fibrine, and by the strong
acid it is decomposed. Fibrine is also dissolved by concentrated solutions of po-
tassa, suda, and ammonia, being at the same time decomposed. It is insoluble in
waler ; alcohol converts it into a fatty matter.

1478. Procured from muscular fibre by macerating it in water, or by stirring
newly drawn blood with a stick, when it collects in considerable quantity upon it.

1479. Arsumew is found abundantly in the solid form, and in solution in wa-
ter, constituting in the latter case liquid albumen.

1480, Sorip ALpumEey is found in the cellular membrane, and in a great num-
ber of other animal solids.

1481. Liquip Avpuses forms the white of the egg, and almost the whole of
the serum of the blood. It is a thick fluid, distinctly alkaline from the presence
of soda, combines with cold water, and is coagulated at 1G0° by heat; it is also
coagulated by alcohol, by sulphuric, nitrie, muriatic, metaphosphoric, and many
other acids; by ferrocyanate of potassa after the addition of acetic acid ; by bichlo-
ride of mercury, muriates of tin and iron, acetate of lead. and by the infusion of
galls. Phosphoric and pyrophosphoric acids do not precipitate it. The coagu-
lated albumen generally carries along with it a portion of the precipitating agent.
With bichloride of mercury, a precipitate of chloride of mercury and albumen is
formed ; or of the oxide of mercury, according to more recent investigations. Bi-
chloride of mercury detects albumen in 2000 parts of water. An exvess of albu-
men dissolves those precipitates which are compounds of albumen and an oxide.

1482, Albumen coagulated by heat, or by drying successive layers in the open
air, resembles fibrine much, and can scarcely be distinguished from it by the ac-
tion of tests. Derzelius states that it has no action on binoxide of nitrogen, but
that fibrine produces a disengagement of oxygen.

1483, GeELatTing is not found, like the preceding substances, in any animal
fluids. Obtained principally from skin, bones, membranes, ligaments, and ten-
dons. IsiNerass is a purer variety, whieh is prepared from the sounds of the
sturgeon and other fish. Solid, soluble in water, hot or cold; not coagulated by
heat or acids ; forms a solution which gelatinizes when cold, even when 100 parts
of water are used with only 1 of gelatine. Tawxwiw precipitates it copiously ; the
compound is called TaA¥¥0-GELATINE, and is of the same nature with leather,
which is usually prepared by the action of tannin (derived from oak-bark) with
the skins of animals. GrLuE consists of impure gelatine. It is insoluble in wa-
ter; converted into a peculiar saccharine matter by sulphuric acid; not precipi-
tated by bichloride of mercury or subacetate of lead.

1484. Osmazome is found associated with muscular fibre and other animal mat.
ters; it is particularly distinguished by its solubility in water and alcohol at any
temperature, and by not forming a gelatinous solid when its solution is evaporated.
Osmazome is regarded as the matter which gives to broth its peculiar flavour.
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CHAP. 1I. BONE, MUSCLE, &c.

}485. Bowes contain about 33 per cent. cf animal matter, and 67 of earthy sub-
stances. The animal matter is composed principally of gelatine and marrow or
fatty matter. The following are the component parts of the earthy matter in
L0 parts of bones, omitting fractions :—

~ Phosphate of lime, about - -3 3 : 51 parts.
Carbonate of lime, . = . : : : i T
Fluoride of caleiuua, . - . . S
Phosphate of magnesia, . 3 1

Soda, chloride of sodium, and wat,er in anlaller proportion.
" L'::lllm and alumina, with

Oxides of iron and manganese, have also been detected.

1486. Exposed to heat in the open air, the animal matter is consumed, and the
earthy substances alone left. Exposed to heat without access of air, ammonia, in-
tlammable gases, oily matter, water, and other substances, are evelved, much of
the carbon of the decomposed animal matter remaining with the earthy substances
of the bone. 1In this condition it is termed Ivory Brack, which is much em-
ployed as a decolorizing agent, charcoal from animal substances (usually called
Axtmar Cuarcoar) being very powerful in this respect. If the charcoal be re-
quired perfectly free from earthy matter, muriatic acid may be employed to dis-
solve it ; and when it has been removed by solution, the remaining charcoal should
be well washed, and heated to redness, before it is used to destroy animal or ve-
getable colouring mattet.

1487. If bones be kept for some time in diluted muriatic acid, all earthy matter
is removed, and the animal matter which remains retains the original form of the
bone.

1488. Teeth aré composedl of the same materials as bones, but contain less ani-
mal matter,

1489. Horxs, RooFs, ¥a1Ls, TENDONS, the cUTICLE, and the TRUE skiN, are
composed principally of gelatine ; horns contain also coagulated albumen, and a
portion of earthy matter.

1490. The muscrLEs are composed principally of fibrine, with albumen, gelatine,
osmazome, fatty, and saline matter.

1491. Haigr, woor, and FEATHERS, are considered to contain a peculiar animal
matter. Silica, sulphur, iron, manganese, and other substances, more particularly

~salts of lime, have also been detected in them.

1492. In sraixy and the matter of the nerves, 80 per cent. of water are found.
Albumen, fatty matter, and osmazome, constitute the other principal ingredients.
A variable proportion of phosphorus has also been detected, along with minute
qquantities of salts and sulphur.

CHAP. III. BLOOD, RESPIRATION, ANIMAL HEA'T.

1493. The blood is a fluid slightly saline, unctuous, and bas a peculiar odour.
Sp. gr. 105, and temperature above 97° when newly drawn, or while circulating
in the bloodvessels; it appears to be homogeneous, but by the microscope it is
found to consist of a fluid almost without colour, in which numerous red particles
are suspended.

1494. When removed from the bloodvessels, a halitus or vapour arises from the
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surface, composed of water and a little animal matter, and after a few minutes the
whole mass gradually assumes a solid consistence. Shortly afterwards a few drops
of yellowish fluid gather on the top, and, finally, the blood spontaneously separates
into two parts, the cLoT or crassamMENTUM, which is thick and solid, and the se-
rUM or fluid portion. From 2 to 3 parts of crassamentum are 113113]1}7 procured,
with 1 of serum.

1495. The conversion of the fluid mas§into the solid form is cnﬂed the Coacu-
raTioN of the blood, and it commences within two or three minutes after its re-
moval from the bloodvessels; the elot or codgulum, however, often continues to
contract slightly for two or three days; it then assumes the form of a cup, and
floats amidst the serum. The cause of the coagulation is not known ; it has been
attributed to a vital action, the blood being considered to have the preperty of vi-
tality as well as the living solids. It indeed contains organized solids floating in
a transparent medium.

1496. The coagulation is accelerated by exposing the blood to a temperature of
120°, or drawing it from a small orifice into a shallow vessel.

1497. It coagulates quickly if the air be rapidly exhausted from the vessel in
which it is received ; and it has been observed to coagulate speedily in proportion
to the depression of the vital energies, as, for instance, in heemorrhage. Hence
the blood last removed generally coagulates first. Alum, and the sulphates of
zinc and copper, promote this change. The tint of the coagulum is much affected
by the colour of the vessel in which the blood is received, if it be green, as Dr
Newbigging pointed out.

1498. Saturated solutions of muriate of soda, muriate of ammenia, nitrate of
potassa, and potassa, death arrising from violent mental emotions, or preceded by
severe exercise, prevent the process of coagulation. Low temperatures pratuce
a similar effect, or retard il much; thus, blood which coagulates in five minutes
at 60°, requires fully an hour at 40°,

1499. 1t has been stated that the blood does not l:uugulate in cases of death in-
duced by lightning, but this has lately been contradicted. #n animals killed by a
powerful galvanic battery the blood has been found coagulated.

1500. Besides a particular exhalation from the blood, heat is evolved during
coagulation. Carbonic acid gas was supposed to be disengaged ; but it is not now
considered that any of this gas is evolved.

1501. The blood, according to M. Le Canu, consists of the following substances,
in 1000 parts :—

Water, - : . ; . . . 785.500
Fibrin, . . - - - 3 - 3.065
Albumen, . : . . : 2 . 69415
Colouring matter, 3 : 119.626
Crystalline fatty matter, 1ermf::'i hcrulme, (Lhulesicnne 2) 4300
Oily matter, . : : 2,270
Extractive soluble hnth in a]u}hu] an:] water, ; - 1.920
Albumen combined with soda, . 2010
Chlorides of sodium and potassium, with 11]](!::-]_:]1-1“5'&;, sul-
phates, carbonates, of potassa and soda, : 7.304
Carbonates of lime and magnesia ; phosphates of lime, m&g
nesia, and iron ; peroxide of iron, - 3 1414
L.oss, : i : : . ’ J 2.586

1502. Small portions of alumina, silica, and manganese, have been found in the
blood, and even a minute trace of copper, by M. Sarzeau and Dr O‘Shaughnessy.
1503, Baruel maintains that the blood contains, in addition to the preceding
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principles, a volatile matter peculiar in each species, which is disengaged when the
blood is mixed with strong sulphuric acid. .

1504. The proportion of the different substances in blood varies at different
periods of life, in different individuals, and in disease. The proportion also of the
serum to the clot varies much from the shape of the vessel in which the fluid is
received. The fatty matter has been regarded as Cholesterine.

1505. From experiments lately made on the changes produced in the composi-
tion of the blood by repeated bleedings by Mr Andrews, it appears that the albu-
men and salts decrease at each bleeding ; the diminution is, however, very varia-
ble, and, even after the fourth time, does not amount to one and a half per cent.
In the globules the same diminution takes place, but to such a degree that they
are at least reduced to less than one-half their original quantity.

1506. The proportion of solid matter of the serum, and solid matter of the clot,
is variously estimated, but Prevost and Dumas give the following relative quanti-
ties, in 1000 parts of human blood :—

Water, . - : : 784
Solid matter of crassamentum, 2 129
sessasnsanananness  BETUNM, & . A 87

1507. In the CrassamENTUM the principal solids are the fibrine and colouring
matter of the bloed, mixed with albumen derived from the serum. By washing
in a cloth with water, all the colouring matter may be removed, the fibrine being
left. The fibrine is found not only in the red globules, but also in solution in the
serum, as it circulates in the living system.

1508. Corourixe MATTER oF THE Droop.—Regarded formerly as depending
essemmially upon irvon. for its tint, which is attributed now to a peculiar animal
matter resembling albumen, and called HEmaTosive. It differs from albumen
in its colour, and is black when pure; it has a reddish colour when reduced to
powder. It is more easily coagulated by heat than albumen, and is not precipi-
tated by the acetate dr subacetate of lead. It contains carbon, oxygen, hydrogen,
and nitrogen, with a minute quantity of iron. It acts with other agents in the
same manner as albumen.

1509. When chlorine is transmitted through a solution of the colouring matter,
a white flocculent matter is precipitated, and a transparent fluid is cbtained, in
which the iron may be detected by all the usual tests. Iron cannot be detected
by the usual reagents, when dissolved in a solution containing organic matter.

1510. Prepared by diluting a solution of colouring matter in albumen with 10
parts of water, and heating the liquid, when the colouring matter is separated by
~coagulation at the temperature of 149°, while albumen remains in solution till
heated to 160° It is also precipitated by several metallic oxides. A solution of
the colouring matter in excess may be procured by stirring the clot in water, ha-
ving drained it previously en bibulous paper, after cutting it in thin slices. The
solution of colouring matter in albumen is procured hy stirring newly drawn blood,
so as to remove the fibrine.

151 1.- ErtTHROGEN (from tpudpss, ruber) is a term applied by Bizio to a pecu-
liar animal principle obtained by him in a diseased gall-bladder, and which he con-
sidered as the base of the colouring matter of the blood. It is turned red by
nitrogen. See 1438, where this term is used in another sense.

1512. The sernum constitutes the fluid portion of the blood ; it is of a pale yel-
low colour, with a slight tinge of green, and sometimes presents a milky appear-
ance. Sp. gr. 1.030. It contains free alkali (soda).

1513, Coagulated by heat, acids, alcohol, and by galvanism. On cutting and
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pressing the coagulum when produced by heat, a small quantity of colourless lim-
pid fluid exudes, called the serosiTy, containing a considerable portion of the sa-
line matter of the blood, and also a portion of animal matter.

1514. According to Marcet, 1000 parts of the serum consist of—

Water, - . . - 00.
Albumen, . - g 86.8
Muriate of potassa and soda, . 4 6.6
Muco-extractive matter, . . 4.
Carbonate of soda, . . d 1.G5
Sulphate of potassa, .. . = . 0.35
Earthy phosphates, . : . 0.6G0

15615, REsPIRATION consists in the inspiration and expiration of air, during
which the air received into the lungs meets with the blood, when it changes from
the dark purple colour of venous blood to the bright and brilliant red colour which
it presents in the arteries. No difliculty is now entertained with respect to the
air penetrating through the thin membrane of the cells of the lungs, as numerous
experiments, particularly those of Dr Mitchell and Dr Faust, have shewn that
air can pass through membranous matter, and affect chemically the contents
within.

The experiments on the diffusion of gases illustrate the passage of air through
apertures impervious to water ; while the movements that take place in different
fuids separated by a membranous partition, also clearly prove the facility with
which an interchange of principles can ensue with great force where it was not
previously suspected. Dutrochel, who made many interesting experiments on
this subject, found that a bladder filled with a syrupy fluid and placed in witer,
soon absorbed so much of the water that it burst, a portion of the viscid fluid also
escaping through the pores. Expossmosk is the term applied to this peculiar ac-
tion as it is observed in liquids, and ExosmosE to the passage of a portion of fluid
irom the interior to the other portion of liquid with which it may be surrounded ;
this exosmic movement always accompanies the endosmic action. The extensive
surface on which the fluid is spread in the cells of the lungs, must be peculiarly
favourable for the absorption of oxygen from the air by the blood, and the evolu-
tion of carbonic acid. '

1516. Blood agitated with air or oxygen becomes of a florid red in the same
manner as in the lungs ; but with nitrogen and with carbonic acid the colour is
darkened. 'The quantity of air affected appears to correspond with the amount
of colouring matter in the blood. The presence of saline matter, as in the serum
of the blood, is essential to the change of colour ; it does not take place without it,
however freely the air or oxygen may be supplied, as Dr Stevens proved. The
experiments of Dr Gregory and Mr Irvine have shewn that oxygen is necessary
to induce the red tint in the globules diffused through serum, or any similarly
diluted solution of saline matter, though the change may be produced in a strong
saline solution without any oxygen. ArTERriaLizaTIiON is the term applied to
the changes that are produced in the fluid derived from the food, as it is converted
into blood.

157. During respiration, the quantity of oxygen in the air is diminished, and
in man it is replaced by an equal bulk of carbonic acid gas; in other animals, the
quantity of this gas given out is occasionally observed to be greater, and sometimes
less than the vxygen consumed. Every minute, it has been calculated by Messrs
Allen and Pepys, 26 c. i. of carbonic acid are produced, an estimate considered
rather high by many chemists; the air given out from the lungs contains, ac-
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cording to other estimates, 3.6 per cent. of carbonic acid 3 according to them, from
G to 8 per cent. of this gas

1518. According to Dr Thomson, * there are 20 respirations per minute, and
16 cubic inches of air taken in and thrown out at each respiration ; we have, there-
fore, 26.800 respirations in 24 hours, and 460.800 cubic inches of air passing
through the lungs. Of this ;%2 or 17,141.76 cubic inches are converted into car-
bonic acid gas. Now, 100 cubic inches of carbouic acid weigh nearly 50 grains ;
s0 that the weight of carbonic acid formed is 8,570.8 grains, %ths of which, or
2337.5 grains, are carbon. This amounts to nearly nine ounces avoirdupois, or
somewhat more than half a pound.”— Records 6f Science.

1519. Dr Thomson's, Dr Prout’s, and Dr Fyfe's experiments, shew that the
quantity of carbonic acid evolved at different temperatures, varies much under
different cirecumstances, and even at different periods of the day.

1520. ﬂj' a forced expiration, about 200 c. i. of air may, on an average, be ex-
pelled from the lungs.

1521. The nitrogen of the air is little affected, apparently, by respiration; oc-
casionally its quantity appears to be increased, and sometimes it is diminished,
the effect varying with the seasons and other circumstances.

1522. Axiyar Hear.—The discovery of carbonic acid in the air disengaged
from the lungs during respiration, was made by Dr Black. He considered respi-
ration analogous to combustion, and that the carhonic acid is formed in the lungs.
Crawford, adopting his views, believed that the capacity of the blood for ealoric
is increased at the moment the carbonic acid is produced, and hence the reason
why no burning heat is perceived in the lungs; but the capacity of the blood, he
supposed, is diminished as it passes from arterial to venous blood in the extreme
capillaries, when thesheat that had originally been produced (though not rendered
sensible in the lungs) is evolved, diffusing an equal degree of warmth over the
whole body. His experiments, however, as to the relative capacities of oxygen,
carhonie acid, venous and arterial blood, on which the theory rests, have not been
supported by other chemists,

1523. Mr Ellis considered that carbon is separated from the blood as an excret-
ed produet, and then acts on the air inspired.

1524. Hassenfratz and Le Grange proposed another view of the manner in
which the carbonic acid is produced, and it is most generally received at present.
They considered that the oxygen of the air is absorbed by the blood, and a corres-
ponding quantity of carbonic acid evolved, produced during the course of the cir-
culation by the oxygen which had been previously absorbed. Carbonic acid gas
has been detected in venous blood, being evolved when it is transferred directly
from the living body into an atmosphere of hydrogen gas.

1525. The skin affects the air much in the same manner as the lungs, carbonic
acid being produced and oxygen consumed. )

1526. In some animals, respiration is carried on entirely by the skin, and a con-
siderable quantity of carbonic acid evolved.

1527. The production of ANIMAL HEAT was considered by Dr Black to depend
upon the formation of carbonic acid by the oxygen of the air combining with the
carbon of the blood. Numerous experiments have now proved, that the greater
the heat produced in the body, the greater the consumption of oxygen in the
lungs ; it is also supposed that this operation is not the only source of animal heat,
but that it may be developed in part by other operations going on at the same
time.

1528. By disease, blood is much altered in its properties. In cases of cHoOLERA

it is very much affected ; its colour becomes dark, sometimes it acquires the con-
3
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sistence of tar, and is less readily affected by the oxygen of the air. Tt loses
much water, and most of its saline matter, the proportion of albumen and colour-
ing matter being increased. Its density is greater, and it does not coagulate.

1529. Blood occasionally presents a white appearance, owing to the presence of
fatty matter in considerable quantity, which is detected by ether dissolving it, and
giving a solution, from which it may be procured by evaporation.

1530. In cases of inflammatory action, the crassamentum is covered with a coat
of pure fibrine, usually called the surry coar. This arises from the blood being
so altered in its qualities, that the fibrine it contains in solution coagulates more
slowly than the rest of the blood, and part of it is deposited above the red clot.
The red globules of the blood are considered heavier than pure fibrine, consist-
ing of a small portion of colourless fibrine in the centre, which is surrounded by
the colouring matter of the blood. When the bloed is removed from the body,
and the colouring matter escapes from the globule, the fibrine from the centre ad-
heres firmly together.

1531. The blood is affected to a great extent in a number of other diseases,
though this may not in general be so easily recognised as in the preceding cases,
chemical analysis being required to point out the change. ©Occasionally, however,
the change is sufficiently evident, as in jaundice, when the blood acquires a
greenish-yellow tint in consequence of the absorption of bile. The BrLAck voMrT
observed in yellow fever is regavded as a compound of blood and muriatic acid.
Urea is frequently observed in the blood, more especially in those cases when the
secretion of urine is suppressed.

CHAP. IV. SALIVARY, PANCREATIC, AND GASTRIC JUICES—
DIGESTION—BILE. 5 4 -
e AT

1532. The sarLiva contains a small quantity of solids in solution, scarcely
amounting to 1 per cent. 'T'he solid matter is composed of a peculiar animal mat-
ter and saline substances, among which free soda and sulphoeyanate of potassa
have been detected. It varies, however, in its composition, and has been fre-
guently observed acid, neutral, and alkaline.

1533. Pawcrearic JuicE.—Regarded formerly as being of the same nature
with saliva, though now considered very different, containing a little albumen,
curdy matter, osmazome, a free acid (acetic #), but no sulphocyanic acid is pre-
sent.

1534. Gasrric Juice.—This fluid is secreted in its proper form only from the
stimulus of food, when muriatic acid may be distinetly traced in it, to which the
great solving powers which it possesses are attributed ; acetic acid is also asso-
ciated with it. The muriatic acid is probably derived from common salt, and to
the soda produced, as the muriatic acid is removed, the alkaline reaction of the
blood may perhaps be attributed. The stomach itself is supposed to be defended
from the action of the corrosive acid by assuming a peculiar electric condition.
In cases of sudden death, the stomach is often found corroded in consequence of
the action of the acid on its fibres. Gastric Juice acts powerfully in coagulating
milk.

1535. The gastric juice acting on the food produces a pulpy mass, termed
chyme, from which, in the intestines, a milky fluid, THE cnyyLE, is absorbed ;
this contains the nutritious matter derived from the food, and is conveyed to the
heart, and thence to the lungs, where it acts with the air, and is converted into
arterial blood.
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1536. The insipid fluid formerly described by chemists as gastric juice, must be
regarded perhaps as merely a portion of the salivary and pancreatic juices.

1537. Bivre is a greenish-yellow coloured fluid, generally rather viscid, having
a sweetish bitter taste and nauseous odour. Heavier than water, alkaline ; coagu-
lated by acids.

Thenard regards the bile of the ox as a compound of about 7 parts of water and
1 of animal and saline matter, composed of—

Picromel. Muriate of soda.
Resin. Muriate of potassa.
Yellow matter. Sulphate of soda.
Soda. Phosphate of lime,
" Phosphate of soda. Magnesia and oxide of iron.

The saline matter constitutes a small proportion of the ingredients.

Cholesterine, an odoriferous animal matter, and another peculiar animal matter,
osmazome, gluten, cholic acid, and some fatty substances, have also been found in
bile. In human bile, similar ingredients have been detected.

1538. PickomEL.—Solid, crystalline, soluble in alechol and water ; taste sweet.
PrEparED from bile by precipitating sulphuric acid and some other substances
by acetate of lead, then adding subacetate of lead, the oxide falling down with the
picromel and resin. By hydrosulphuric acid acting on the precipitate suspended
in water, sulphuret of lead is formed, being left undissolved along with the resin ;
the picromel remains in solution.

1539. Cuoric Acrp is solid, crystalline, reddens litmus, and has a sweet taste.

1540, Biriary Carcurr are composed principally of cholesterine, and the co-
louring matter of the bile. Sometimes they contain no cholesterine.

1541, CuoLestEmawe.—White, crystalline, with a pearly lustre. Melts at
“278°; does not form a soap with potassa. Insoluble in water ; dissolved abun-
dantly by boiling alcohol ; sparingly soluble in cold alcohol. By the action of
nitric acid, cRoLESTERIC AcID is produced.

CHAP. V. MILK AND CHYLE.

1542. Mirk contains the following substances, of which the first, water, consti-
tutes nearly 929 parts in 1000 :—

Water, Muriate of potassa.
Butter. Acetate of potassa.
Caseous matter. Phosphate of potassa.
Sugar of milk. Phosphate of lime.
Lactic acid. Traces of iron.

1543. CrEAM contains rather more than 3 per cent. of caseous matter, and 4 of
butter, the rest being whey.

1544, WHEY consists principally of water, with small portions of animal mat-
ter, and a large quantity of a peculiar saccharine matter, called Svcanr or MLk,
which may be procured by evaporation.

1545. Buryrixg is the name given to oily matters which constitutes butter.

1546. Caseous MarTER is the curdy substance obtained from milk coagulated
by RENNET, the infusion made by the action of water upon a portion of the sto-
mach of the calf, which is powerful in eoagulating milk. It always contains in
this condition some foreign matter associated with it, being soluble in water when
pure, and forming a mucilaginous solution. Sulphurie, nitrie, muriatic, and other
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acids; aleohol, the infusion of galls, and a variety of other substances, magu.lnte
milk by combining with the caseous matter.

1547. Caseous matter is maintained by some chemists to contain two &mt,inct.
principles, caserc acip, and casgous oxIDE or aPosEPIDINE. Otliers again re-
gard it as approaching very nearly to coagulated albumen in its leading charac-
ters.

1548. CuvLE is the milky looking fluid taken up from the chyme. It ap-
proaches in its characters to blood, but has only a slight pink tint, and contains
less solid matter. It forms a less firm crassamentum during coagulation, and
from its serum a flocculent precipitate is obtained by heat, termed by Prout Ix-
cirIENT ALBUMEN. The chyle of two dogs analyzed by him contained from 89
to 94 of water, the rest being fibrine, incipient albumen, albumen with a slight
pink tint, and minute quantities of sugar, and oily and saline matters.  *

CHAP. VI. OLEAGINOUS AND FATTY SUBSTANCES.

1549. These resemble much in all their leading characters the fixed oils of ve-
getables. STEARINE, a principle analogous to the inargarine of fixed vegetable
oils, is found in most of them associated with variable proportions of oLEINE.
Berard prepared a substance very similar to fat, by passing through a red hot
tube a mixture of carbonic acid, carbureted hydrogen, and hydrogen. Dobereiner
succeeded in producing an analogous compound with coal gas and watery vapour.

1550. STEARINE is obtained with facility in brilliant crystals when deposited
from a hot ethereal solution. It is very soluble in hot ether, sparing, solu-
ble in cold ether. It is also soluble in boiling alcohol. Melés at 129. Pre-
PARED by boiling mutton suet in ether, after melting it to separate any mem-
branous matter, and removing the adhering solution from the crystals by bibulous
paper ; this process is repeated with the crystals several times. Similar prmeuaes
may be adopted in preparing stearine from other fatty matters.

1561. When boiled with a solution of potassa or soda, it is resolved into sTEA-
mic acip and glycerine. The stearic acid may be separated by neutralizing the
alkali with sulphuric acid. See 1354.

15562. MarcarixE is the name given to another ﬁl.l'.t} matter very similar to
stearine, but more soluble in ether, and melting at 117°. It is procured by allow-
ing the matter separated from the stearine (see 1550) to evaporate and crystallize
spontaneously, See 1355.

1553. Olein is obtained by pressing Fard in bibulous paper, to which it adheres.
It is similar to that procured from vegetable substances.

1554. ApirociRe. See 1475.

15565. AmMBERGRTS is considered to be a concretion produced in the stomach of
the spermaceti whale. It is found floating on the sea coast of India and Africa.
It consists principally of a peculiar fatty matter, called Ambreine, which resem.
bles cholesterine.

1556, Buryning is the fatty matter that produces butter.

1557. CHoLESTERINE. See Bile.

1558. DiprEL’s O1L is the name given to a thin limpid oil, the product of the
destructive distillation of animal substances.

1559. Far, Hoesranp, and SveT, are compounds of stearine and oleine in va-
rious proportions ; they melt at various temperatures between 59° and 102°, The
stearine and oleine differ often in the fat obtained from different animals.

1560. Hircine is procured from the fat of the goat and sheep.
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1561, SPERMACETI is prepared from the fatty matter found in the head of the
Spermaceti whale. Solid, white, crystalline, insoluble in water, soluble in ether
and alcohol. Melts at a temperature below 212°. Tt is usually mixed with a lit-
tle fluid oil, and is termed CETNE when purified by solution in boiling alcohol and
erystallization. Ermax is a solid fatty matter which remains after the separation
of margaric and oleic acids; boiling cetine with potassa or soda, so as to produce
Soap.

1562. SPERMACETI O11. is the fluid expressed from the fatty matter from which
the spermaceti is obtained. :

1563. Traxx Orr. is procured by heating blubber to 212°. Tts offensive odour
arises from decomposed animal matters which are mixed with it.

CHAP. VII. MUCUS, PUS, &c. LACTIC AND FORMIC ACIDS.

1564. Mucus.—The existence of a distinct principle to which this name has
been applied is doubtful. The mucus deseribed by Dr Bostock is soluble in hot
and cold water, and does not gelatinize. Tannin and bichloride of mercury do not
precipitate it. The mucus of the nose is rendered transparent by water, but not
dissolved. 1Tt is dissol#ed by nitric acid, dilute sulphuric acid, and potassa.

1565. Pus varies much in its qualities, according to the nature of the source
from which it is produced. Healthy pus is a bland, thick fluid, apparently homo-
geneous, but composed of a thin transparent fluid, with opaque globules floating
in it. Sp.gr. .030. Neutral, but becomes acid by the action of the air. Solu-
ble in sulphurie, nitric, and muriatic acids, and in alkalis. Ammonia produces a
gelatinous mass with it.

The followiflg are the principal tests which have been proposed for distinguish-
“ing pus from_mucus :—

T TresTs. Mucus. l Pus.

Mixed with an equal weight of does not gelatinize, produces a jelly-
water, and then with an equal
weight of a saturated solution
of carbonate of potass,

Diffused through water, from a catarrh, it floats. precipitated.

Dissolved in potassa, and water not affected. precipitated.
added,

Dissolved in sulphuric acid, and remains suspended in precipitated.
water added. the water.

1566. Fruip ofF Serovs Svrraces.—Composed principally of water, with
small portions of albumen, mucus, and saline matter. ‘The Lyaem which lubri-
cates the cellular membrane is considered of analogous composition. Small por-
tions of LacTic Acip are also found in it.

1567. Lactic Acrp has been found in most animal fluids, and in a number of
vegetables ; it was first obtained from sour milk, from which its name is derived.
Its concentrated solution is syrupy, very acid, and can displace acetic acid from
its combinations. It is prepared by evaporating solutions containing it toa syru-
py consistence, extracting the lactic acid by alcohol. By combination with oxide
of zinc, separating it afterwards by baryta, and ultimately removing the baryta
by sulphuric acid, it is obtained in a pure form.
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1568. Foryic Acip.—Symb. HO?C* = hydrogen 1 + oxygen 24 + carbon 12.
—Eq. 37.—The name given to the acid obtained from the acid liquid of ants, It
may be formed artificially by distillation from tartaric acid mixed with diluted
sulphuric acid and peroxide of manganese. It will be seen from the annexed dia-
gram that it may be regarded as a compound of 2 eqs. of carbonic oxide and 1 of
water, into which it is easily resolved by heating it cautiously with strong sulphu-
ric acid.

Fig 6.
Materials. Products,

Hydrogen l--r-wc-——=9 Water.
Carbon ... 6., -7

A ] L] Cﬂ-i'bﬂl'l - ﬂ ’__.r‘i

Formic Acid Oxygen... 8%,
Oxygen... ...,..-.-:»,.. —=.14 Carbonic Oxide.
{:h:} gen... Beoeeeeecseeaainld Carbonic Oxide.

T Symb. O°C*'H = 2-C+-H.

“CHAP. VIII. UREA, URIC ACID, PURPURIC ACID, CYANURIC
ACID, URINE, URINARY CALCULL

1569. UrEa.—Symb. 2H?*0OCN = hydrogen 4 + oxygen 16 + carbon 12 +
nitrogen 28.—Eq. 60.—Solid ; crystallizes in 4-sided prisms. Sp.gr. 1.35. Very
soluble in water and alcohol ; is not acid nor alkaline. Decomposed by heat, pro-
ducing carbonate of ammonia and cyanuric acid. Decomposed quickly as it exists
in urine, but its solution in water, when pure, is not speedily decogaposed.

1570. With nitric acid it forms a sparingly soluble erystalline gompound ; this
acid is accordingly employed to detect urea.

1571. PrEParaTION.—Evaporate urine to the consistence of a syrup. When
cold, add gradually nitric acid (free from nitrous) till a dark crystallized mass is
formed, composed principally of nitric acid and urea. Wash it repeatedly with
cold water, and dry by pressure between folds of bibulous paper. Dissolve car-
bonate of potassa in 3 parts of water ; add the solution till the nitric acid is neu-
tralized ; evaporate the solution that the nitrate of potassa may crystallize on
cooling. Mix the drainings from the erystals which contain urea in solution,
with animal charcoal, so as Lo produce a thick paste. After 6 or 8 hours,add cold
water to extract the urea, L{nus freed from colouring matter ; filter and evaporate
the solution to dryness. Boil the urea in alcohol, then filter and crystallize.

1572. Urea is formed also when waler is heated with cyanate of ammonia ; 1 eq.
of water with 1 of cyanate of apumonia, containing the same elements in the same
pmpurtmn. The dmgram shews the relation that urea and the agueous cyanate
of ammonia bear to each other.

Fig. 69
Materials. Products
: | I S e 17 Ammonia.

4 Hydrogen Lo Giadas ;,._’ 9 Water.

2 Carbon ...... ].2,\\ ,,f'#,-'"
Urea ... ¢ s

2 Nitrogen { 1475 ’h o

2 Oxygen ... n___#.,__i‘*‘_a:u Cyanic Acid.
0 el Symb. 2H*CNO = "H+C*N+NH?,

The agqueous cvanate of ammonia is supposed to be in solution,
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1573. By examining the changes symbolically, and with the aid of a diagram,
the production of carbonate of ammonia by the action of water with urea may be
easily seen. The 2 eqs. of carbonate are supposed to be in solution.

: Fig. 7.
MatE: Products.
( 2 Oxygen ...... 16 --~—---====-22 Carbonic Acid.
4 e
i 2 Carbon ... | §------=--—722 Carbonic Acid.
Twea:§. s cips . L
: } 2 Nitrogen... { 14 . “H'?‘-f-i‘ |
4 Hydrogen ?:':"};:‘\"‘“““ 17 Ammonia.
-"ﬂ'--
IR 0, o R | T
2 Water { 3 H:,,—dmgen e = e T 17 Ammonia.

Symb. 22 H&2H?*CNO = 2(:C+NH?).

1574. Unic or Lituic Acip.—Symb. H*0’C*N? = hydrogen 2 + oxygen 24
+ carbon 36 + nitrogen 28.—Eq. 90.—White when pure,-but generally of a
brownish colour; tasteless, inodorous; insoluble in alcohol; 10,000 parts of cold
water are required for its solution. Reddens litmus feebly ; expelled from its
salts by carbonic acid, but, if boiled with carbonates, it expels carbonie acid. Par-
ticularly distinguished by the crimson tint which it produces when heated with
nitric acid, purpurate of ammonia being formed. Decomposed by heat, eyanuric
acid is produced.

1575. PrEPARED from caleuli of uric acid, or from the uric acid deposited from
acidulated urine, by dissolving it in a solution of potassa, and adding an acid to
precipitate #®%m the urate of potassa.

1576. Purporic Acrp is white when pure, and is particularly distinguished by
the brilliant coloured purple compounds which it forms with several of the salifi-
able bases. Formed in combination with ammonia by the action of nitric and urie
acids. The ammonia may be displaced by potassa, and the purpuric acid precipi-
tated by adding sulphuric acid to combine with the potassa. The ERvTHRIC
acid of Brugnatelli, and the sediment often deposited from urine in fevers, and
called at one time Iosacic Acid, are considered by Prout to be composed of pur-
purate of ammonia.

1577. Cyaxuvric Acrp, called also Pyrouric Acip, is formed when uric acid
is heated, or by the action of chlorine on different compounds containing cyanogen
and water. Urea also may be made to produce this acid.

1578. A peculiar colouring matter, not containing any purpuric acid, has also
" been discovered in the urine.

15679. Urine is a transparent limpid fluid, of an amber colour ; sp. gr. 1.0224,
when recently discharged it has an acid reftction, but after a short time it acquires
decided alkaline properties. The following are the component parts of urine, ac-
cording to Berzelius, in 1000 parts :—

Water, ; 3 . . 933.00
Urea, - : oy : S0.10
Uric Acid, . - . o T00
Free lactic acid, and lactate of ammonia with

animal matter, . A . 15714
Mucus of the bladder, - . 0.32
Sulphate of potassa, ¢ ! 11 3.71
T P . . o
Phosphate of soda, ‘ : : 2.94
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Phosphate of ammonia, : - 1.65
Muriate of soda, - : . 4.45
et ssnsnsnsnaes AIMONIA, i . 1.50
Earthy matters, with a trace of fluate of lime,.  1.00
Siliceous earth, . . y 0.03

Sulphur, phosphorus, and albumen, are also found, but in very small quantities.
In children, and also in graminivorous animals, a considerable amount of benzoic
acid may be detected. Its specific gravity varies very much, both in health and
disease,

1580. Urine is quickly decomposed spﬂntaneuusly ; and as the urea is resolved
into carbonate of ammonia, phosphate of lime and phosphate of ammonia and mag-
nesia are deposited.

1581. From disease the urine is often much changed in its qualities; the follow-
ing are the principal alterations.

1. Depaosition of Caleuli, &e. i,

_ B

1582. The urine often becomes so loaded with different materials, that muech
is deposited in the solid form before it is discharged, giving rise to the produc-
tion of URINARY SAND or CALCULT, according to the cohesion of the precipitated
matter. ;

1583 Unic Acip Carcurr are of a brownish-yellow colour, and generally con-
sist of different layers of acid. They are decomposed by heat, soluble in potassa,
produce purpurate of ammonia by nitric acid ; see 1574. In most caleuli, small
portions of uric acid may be detected. An excess of uric acid, or the decomposi-
tion of urate of ammonia by other acids, are considered the principal causes of the
deposition of uric acid.

1584. UraTe or Ammonra Carcurr have a clay colour; evolve ammonia
when heated with potassa. With the other agents mentioned in the preceﬂmg.
paragraph, the same phenomena are produced as with urie acid caleuli.

1585. OxaraTe or Lime Carcurr are rough and tuberculated on the surface.
Heated to dull redness they produce carbonate of lime. Heated to whiteness
nothing is left but quicklime. With sulphuric acid, sulphate of lime is formed,
and then the oxalic acid may be separated in solution by water.

1586. ProspuATE oF LamE Carncurr.—Not decomposed by heat ; insoluble in
potassa ; soluble in diluted nitric or muriatic acid ; give no ammeonia when heated
with potassa ; not disselved by cold acetic acid.

1587. PnospHATE oF AMmonia aND Masxesia Cavcurnt evolve ammonia
when heated alone, or with potassa. Not dissipated by heat, though the ammonia
is expelled. Soluble in diluted nitric and muriatic acids: soluble also in cold
acetic acid. :

1588. The FusisLe Carcurus is a mixture of phosphate of lime with phos-
phate of ammonia and magnesia. It is melted by heat. Cold acetic acid dissolves
the phosphate of ammonia and magnesia, but does not affect the phosphate of
lime.

1589. The CarpovaTE oF LimE Carcorus is distinguished in the same man-
ner as common carbonate of lime. A portion of animal matter is generally blended
with it. A calculus composed of oxalate and carbonate of lime has lately heen
noticed. Both these varieties, however, are extremely rare.

1590. The ArTERNATING CaLcurus consists of alternate layers of some of the
preceding calculi.

1591. SiLicEoUs GRAVEL has occasionally been noticed in some urinary com-
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plaints. It is not atfected by heat, is insoluble in acids, fuses with alkalis added
in excess, and produces silicated potassa.

1592. Cystic OxinE Carcurr contain a peculiar animal matter, cystic oxide,
which is soluble in acids, alkalis, alkaline carbonates, and lime-water.

1593. XaxTHIc OxipE Carcurr consist of another peculiar animal matter.
With nitric acid it produces a lemon yellow coloured compound.

1594. Fibrinons calculi are composed of fibrine. The last three varieties of
calculi are extremely rare, and are decomposed by heat, in the same manner as
other animal substances.

1595, The uric acid, and the phosphate of ammonia and magnesia caleuli, are
those most frequently observed.

2. Production of Sugar, Allumen, §e.

1596. Svean is found in considerable quantity in the urine of individuals af-
fected with diabetes; 6 per cent. of sugar may often be procured from it. Pro.-
fessor Kane obtained a still larger quantity.

1597. ArsumEx is often found in large quantity in the urine of individuals
affected with some varieties of dropsy, coagulating when exposed to heat like the
serum of the blood. In some cases it has coagulated even within the bladder.

1598. Unka is sometimes found in excess in urine. Dr Prout states, that,
when this is the case, nitric acid added in an equal bulk to a few drops of urine in
a watch-glass, produces a crystalline precipitate of nitrated urea in half an hour.
Healthy urine produces it more slowly. It is not absent in diabetic urine, as was
at one time sapposed.

1599. In some diseases of the liver, the urine becomes tinged with bile, and has

.a deeper vellowish tint than usual. Muriatic acid produces a green tint in urine
charged with bile.

|
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MINERAL WATERS.

1600. Mineral waters are usually divided into four classes, Acidulous; Sulphii- ™ .

reous, Saline, and Chalybeate. The different irigredients may be detected by the
various tests described in the preceding pages.

160k Acipveous MiNvErat WaTeRs owe their peculiar qualities to carbonic :

acid, which escapes by heat, or on exposure to the air for some time. They spar-
kle when poured from one vessel into another, and are generally found with va-
rious proportions of carbonates of lime, iron, and other saline matters in solution.
CanrLspan, SELTZER, Sra, and PyruonT, are the most noted acidulous waters.
The carbonates are retained in solution by excess of acid.

1602. Svrrnvreovs MiNErar WaTers contain sulphureted hydrogen, to
which they owe their offensive taste and odour, as those of HarroweaTe and
Morrat. The water of St Bernard’s Well, in the neighbourhood of Edinburgh,
contains it in small quantity.

1603. Sarine Miverar WaTens generally contain various proportions of
sulphates and muriates of soda, lime, and magnesia. Potassa, hydriedic acid, hy-
drobromic acid, a free alkali, and siliceous matter, are also found in some saline
mineral waters, SEa waTER is usually classed along with the saline mineral wa-
ters; its principal saline ingredient is common salt, of which the water of the
Frith of Forth contains about 1-45th ; sulphate of lime, sulphate of magnesia, and
muriate of magnesia, are present in smaller quantity. Todine, bromine, and po-
tassa have also been detected in it.

1605, CoaryBEATE MiNeErar WATERs contain iron, oxidated and combined
with sulphuric or carbonic acid. By boiling or exposure to the air, carbonic acid
escapes, when the iron is carbonated and oxide of iron is precipitated. An ochry
deposit also takes place from the sulphate as the iron becomes peroxide by the
action of the oxygen of the air. The strongest chalybeate water known is that
which is obtained from Dollar. It has a deep red colour, and contains peroxide
of iron in combination with sulphuric acid and alumina.

1605. In the mineral waters of Porta, Berzelius has discovered two new com-
pounds, the Curexic and ArocaRENIC Acips; they are considered as products
of the decomposition of vegetable matter in the neighbouring marshes.

160G, Tt was formerly believed that the various ingredients in saline mineral
waters, are associated together in the form in which they are deposited by evapo-
ration. The late Dr Murray, however, in his able treatise on mineral waters,
has shewn that, in the water, they are more probably united in the state in which
they produce the most soluble compounds. Thus sulphate of lime and chloride
of sodium may be procured successively from water containing sulphuric and mu-
riatic acids united with soda and lime. But, aceording to Dr Murray, these exist



182 APPENDIX,

in the water before evaporation as sulphate of soda and muriate of lime, more

soluble compounds of these ingredients, and more active in relation to the animal
economy.

ACIDIMETRY AND ALKALIMETRY.

1607, Acidimetry and Alkalimelry are the terms applied to the processes by
which the amount of uncombined or free acid or alkali in various substances is de-
termined. Occasionally this may be done by ascertaining the specific gravity ;
but it is more generally effected, especially in dilute situations, by examining the
neutralizing power of the acid or alkaline matter under examination. If not in
solution, a given weight must be dissolved, or treated with water till all soluble
matter is removed, the solution being tested in the following manner :

1608, If acip, add crystallized aqueous bicarbonate of potassa in fine powder
till it is neutral and no longer affects the vegetable blue : every 101 grains used
contain 48 of potassa, which indicate when neutralized 40 of sulphurie, 37 of mu-
riatic, 54 of nitric, or 51 of acetic acid, the greater number of acids neutralizing
potassa in equivalent quantities. Sy,

1609. 1If alkaline, take any of the above acids previously diluted‘with wgten .

and after having ascertained how much real acid it contains, as described in the
preceding paragraph, add small successive quantities to the alkaline liquid till-it
is neutralized : them, if-sulphuric acid shall have been used, which is generally
preferred, every 40 grains of real acid used indieate 48 of potassa, 32 of soda, or
17 of ammonia inf the alkaline solution.

DONIUM AND AMIDE.

1610. Doxium is the name of a new metal, discovered by Mr Richardson. Dr
Boase also noticed at the same time its oxide in another mineral.

1611. Amine.—This term has been applied to a compound supposed to contain
2 eqs. of hydrogen and 1 of nitrogen. Its composition has not been satisfactorily
demonstrated, and it has not been procured in an insulated form. The term has
also been used in different significations.

1612. Dr Gregory has discovered lately a new liquid, very similar to mercap-

tan, but much more volatile, boiling at 70°. He prepared it by the process for .

procuring mercaptan, substituting, however, pyroxilic spirit for aleohol.
1613. Dir Gregory has also procured, by the reaction of chloride of sulphur and
ammonia, a compound which he considers compoesed of sulphur and nitrogen.

CHEMICAL NOMENCLATURE.

1614. The multiﬁliﬁity of compounds which have of late been discovered, calls
loudly for a revision of the present system of chemical nomenclature. The fol-
lowing view of the nomenclature of several compounds, will shew the system of
nomenclature proposed by Dr Hope, founded upon the suggestion of Dr Thom-
son, that the Greek adverbial numerals should be employed in designating the
number:of eqs. of base, and the Latin in expressing the number of egs. of acid.

Dr Hope has also proposed that the interweaving of the Greek and Latin nu-
merals in the same word should be avoided, and that the prefixtures of proto,
per, sub, and super, should be discontinued, as equally unnecessary, and apt to
lead to a confusien of terms. 'Were these proposals generally adopted, they would
certainly simplify much the present state of chemical nomenclature.

"
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TABLE 1.
Atom of Atom of
Metal. Oxygen. L Oxide.
1 + 1 Oxide of Metal.
1 + 2 Bis Oxide of Metal.
| + 3 Ter Oxide of Metal.
' 1 + 4 Quater Oxide of Metal.
2 + 1 Dis Oxide of Metal.
3 + § T'ris Oxide of Metal.
1 £ 4 1 Tetrakis Oxide of Metal.
2 B 3 Dis Ter Oxide of Metal.
. 2 + 5 Dis Quinguoxide of Metal.
" TABLE II.
- uide, Acid Sulphucke Compound Salt.
g 1 " + 1 Sulphate of’ Metal.
’ - - + 2 Bis Sulphate of Metal.
P e + 3 Ter Sulphate of Metal.
A -+ 4 Quater Sulphate of Metal.
2 L 1 Dis Sulphate of Metal.
3 4 1 Tris Sulphate-of Metal.
1 + 1 Tetrakis Sulphate of Metal.
His Oxide
I + 1 Sulphate of Bis Metal.
1 + 2 Bis Sulphate of Bis Metal.
2 + I Dis Sulphate of Bis Metal. |
Ter Oxide,
1 + 1 Sulphate of Ter Metal.
1 + 2 Bis Sulphate of Ter Metal.
1 s 3 Ter Sulphate of Ter Metal.
2 + 1 Dis Sulphate of Ter Metal.
Dis Oxide.
1 + 1 Sulphate of Dis Metal. ~ -
i + 2 Bis Sulphate of Dis Metal.
2 + ] Dis Sulphate of Dis Metal. #
Tris Oxide, . y
1 + 1 Sulphate of U'ris Metal.
N + 2 Bis Sulphate of Tris Metal.
2 o 1 Dis Sulphate of Tris Metal.
Dis Ter Oxide.
1 + 1 Sulphate of Dis T'er Metal.
1 + 2 Bis Sulphate of Dis Ter Metal.
2 + 1 Dis Sulphate of Dis Ter Metal.
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FRIGORIFIC MIXTURES WITHOUT ICE OR -SNOW.
(The figures before the substances used refer to parts by weight.)

1. 4 Diluted sulphuric acid® and 5 Cr. sulphate of soda, From50to 3
2. 5 Common muriatic acid and 8 Cr. sulphate of soda, e 00 to 0
3. 4 Diluted nitric acid { and 9 phosphate of soda. : e B0 to —12
4. 1 Water and 1 nitrate of ammonia, . : e B0to 4
5. 16 Water, 5 nitrate of potassa, 5 muriate of nmmunia, . e B0 to 10
6. 4 Diluted nitric acid, 2 nitrate of potassa, 4 muriate of am-

monia, and 6 sulphate of soda, : : . : ... Brto —10

FRIGORIFIC MIXTURES WITH ICE OR SNOW.

1. 3.8now and 2 diluted sulphuric acid, ; : . From 32w-—-=28
2. 7 Snow and 4 diluted nitric acid, . : : e B2 TO80
3. 8 Snow and 5 muriatic acid, : - : . . Y AL B2t 2T
4. 2 Snow and 1 chloride of sodium, - ; e N0 M ¥
5. 5 Snow, 2 chloride of sodium, and 1 murmt.e of ammonia, ... 60to —12
6. 2 Snow and 3 erystallized muriate of lime, - - w32 o —50
7. 1 Snow and 3 crystallized muriate of lime, : . e —A40 to —73
8. 8 Snow and 10 diluted sulphuric acid, AR ves =8 to —91

» Composed of equal weights of strong sulphuric acid and water ; allowed to cool before using it.
4 Prepared by mixing one part of water and two of strong nitric acid.
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Aeid, acetic,

aldeydic,
arsenic,
arsenions,
benzoie,
boletie,
boracic,
camphorie,
carbonie,
carbazotie,
ch

ch nmmrbomc
chloriodie,
chlorochremic
cholie,
chromie,
citrie, .
cyanic,
cyanuric,
ferrocyanic,
fluoboric,
fluochromic,
fluarie,
fluesilicic,
formie,
ful:m nie,

ic,

ﬁ_','d rochloric.

hydrocyanic,

hydrofluoric,
silicated,

See Muriatic

h:,rdmaulphurm {or rsulphur-

eted hydrogen}),

hydriodic, .
hyponitrous, .
hypophosphorous,
hyposulphurie, .
h}rpnuulphurws,
igasurie,
indigotic, .
iodie, .

lactic, ~
lactucic

lithie,

malie,
manganesic,
MAanganeseous, .
meconic,
metaphosphoric,
moroxylic,
muele,
muriatic, .
nitrie, .

nitrous, .
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Acid, nitromuriatie, .
oxalie,
paratartaric, .
pectie, Tt
perchlorie,
pi\ﬂsphunc,
phosphorous,
prussie, .
pyrophosphoric,

. Jpurpuric, . .
racemic,
rocellie,
suberic, -
sucecinic,
succholactic,
sulphurie,
sulphurous,
sulphoeyanie,
sulphovinie,
tartaric,

Acidimetry, .

Action, chemical, phenumena, Df'

Aethrioscope,
.&ﬂimtﬁ , simple clcctlve, :
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uble elective or -:-Jmp'lcx,

divellent,
ulescent.,
iagram of,
disposing,
Air, at‘n:tcmpherm._, -
Albumen, veFetable, .
4 tummn 5
Alcoates, . p v
Aleohol, F :
absolute,
ammoniated, .
Aldehyde, . : "
Alkalimetry, .
Alkaline terrigenous metu.]s.
Alkalis, vegetable, * :
Alloys,
Alum, .
Alumum, ;
and potassa, sulphatc nf
Aluminum, .
Amalgams,
Aml}ergris.
Amide
ﬂmmeilde.
Ammeline,
ﬁ.mmnniu,
biearbonate,
carbonate,
sesquicarbonate,
hydrosulphuret,
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Ammonia acelate, .
muriate, u

nitrate, . .

phosphate of soda an d,
oxalate, . i
sulphate,
Ammoniurets,
Analysis, . .
Animal charcoal,
Animal heat, .
substances,
Anion,
Anode, - : :
Antimon l} : -
urnll,

deutnml}e,
glass of, .
golden aulphuret ui
muriate, .
oxide with phnsphatc of ]me,
and potassa, tartrate,
peroxide, -
precipitated aulphuret.,
oxide,
sulphuret,
tests of,
Aquafortis, -
Agua regia, . . .

chloride, .  » -«
sulphurets,
tests of,
Arseniate of potassa, .
Arsenic aeid, % :
Arsenious acid, _— .
Arsenite of ﬂtasm, 7 .
Arsenureted hydrogen,
Atmospheric air,
Atomic theory,
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of aggregation or cnilesmu.
Azote. See I?cﬂl?mgen
Balsams,

Barilla,
l-l'll.l]Il
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peroxide,
sulphuret,
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carhonate,
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nitrate, . .
sulphate,
Hattaiﬂal?mu,
yden,
Benzine,
Benzone,
Benzule
Bichloride of plm&phm us,
Biliary l:a]cull, :
Bile,
H:I.E-Il.'luﬂl
mimte,
oxide,
subnitrate,
tests of, . :
Blaulphurctc—d hydrogen,
Bisulphuret of carbon,
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96
97
95
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171
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41
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117
116
116
116
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116
116
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115
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121
123
124

123
123
121
123
123
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Blood, cﬂagulutmn of, L
colouring matter of,
Blowpipe, .
eoxidating flame of,
oxidating flame of,
oxyhydrogen,
Bone, : : :
Borax, . - - b
Boracice acid, -
Boron, .
Bromine,
Brucia,

C!ahh'l_gl:, colouring matl;er,
Cadminm,
Caleigenous mﬂt‘i,]a.,
Caleination, : -
Caleium, . 5
oxide,
phosphurui
sulphuret, .
Caleuli, biliary, - -
urmary.
‘alomel. S-ee Chloride of Mer-::ur}r
Camphor,
Caoutchoue, . 5
Carbon, ;
blhydrurct J -
bisulphuret .
hydruret {uieﬁﬂnt gas), .
iodide . =
perchloride,
chloride,
Carbonic aecid,
characters of,
chemical relations nrjf'1I
preparation of, - .
Calorie
ﬂ,hal)lute,
effects of,
sensible, - .
latent,
communication l:-l"
radiation of,
distribution ol“,
specific,
Capnomor,
Carbonic oxide,
characters of, ;
modes of prcpurmg.,
Last-lron, :
Cathode,
Cation,

Caustie, lunar. bac Nltl‘ﬂtﬂ‘ uf E:lven

Clerium, ; A

* Charecoal,

animal [Iw:-r_? black:l.
Chemical equivalents,
table of, Eh.mentlr},
Chloral, :
{:hloric m:ul
Chloride ufi:.;].lt.lum, :
carbon,
lime, .

nitrogen, . - 4

phosphorus,
sulphur,
Chlorine,
bicarburet,
peroxide of,
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Chleriodic acid, .
Chlorocarbonie acid [thgene gus]-.
Chlorochromic acid, 2
Chlorophyle, :
Chﬂke-dnmp,
Cholesterine,
Chromium,
oxide,
carbpnate,
Chromate of lead, :
dichromate of]
mercury,
potassa, .
bichromate r,d
Chromic acid, . . :
Chyle, : - -
Cinchonia X . e
Circle, guf-.runu.,
Coal, .
Cohbalt, i
oxide, : -
muriate,
Codeia,
Cohesion,
Coke, .
Colouri ng matter, . .
Columbium,
Combination,
Combustion,
Congelation, perpetnal ]mu of,
Copper,
Ammaon u.ln::t., £
chloride, . e -
acetate,
drta.cetatp {-.nrdq';m}
dicarbonate,
muriate, , .
nitrate, . :
sulphate, . - :
sulphuret, .
oxides,
tests of,
Coumarine,
Crassamentum, : .
Crystallization, : .
Cupel e
'L:upel'iatmn, A
Cyanide of potassium,
Cy unnﬁen,
isu phuret

~ Decomposition or ana]; gis,
Decrepitation,
Deliquescence,

Delphinia,

Density or specific graﬂt__',',
Diagrams, new a:,rgtcm of,
Ihgeu.tmn,

Dimorphous, . .
Donium, :

Dyes,

Effervescence, . LFE .
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Electricity,
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P
Electricity, negative, . . 'ﬁ
positive, ; 4l
resinous, . 3l
vitreous, 3l
excitation of, 32
by in due I;u:m, 32
chemiecal action, b
heat, : o5
Electrical discharge, 33
Emetina, 150
Endosmose, 170
Equivalents, chemmal Xi l, 11
Fnthrugen . 169
Etherine, _ . 163
Ethers, 162
mtnc ether 162
sulphurie ether, 162
I'.rt-hulﬁ‘, £ B 1{;3‘
Euchlorine, : 71
Eupmn : ‘ : 1.'153
Vil nratmn S mnﬂuu
Ex agmme Pﬂ 31 « 170
l:-xp'mswn, 14
in solids, . 14
liquids, 14
E"l.l-ﬂesj - l 'i
exceptions to genuml law, L5
Faraday’s researches, 39, 41
Fatty substances, . - 174
Fecula. See Starch.
Fermentation, 137, 160
Ferrocyanic acid, 144
Fibrine, : : 164
Fire- d1mp . - 69
Flame, oxidating, 69
deoxidating, G4
Fluoboric aeid, 79
Fluochromic umd 120
Fluorine, s - i 19
Flux, black, : £ a9
white, 89
Fluxes, B2
Freezing mixtures, 184
Galena, 112
Galvanic hattf.:n g . a4
poles of, 34
cirele, 34
Gas, coal, 67
oil, » BF
chloronit mua. 74
Gases, diffusion of, : . 54
Gastric juice, - 172
Gelatine, ¥ ’ 166
Germination, ; : 135
Glass, . 106
Gheﬁln S : 156
Glucinum, - . . 106
Gluten, ok - 156
Gold, . - . 131
oxide, ; 131
peroxide, 131
terchloride, ; S 131
tests of, . 2 ol 131
(zauge, rain, . . 22
Gum, . : ; 156
Gunpowder, - - 86
L
Hammer, water, : 18
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Hartshorn, spirit m,

Heat,
animal,

Honey,

Hydracids, .

Hydriodic acid,

I'l}fdl:ﬂcarburet of thurme

Hydroeyanie acid, d

tests of]

Hydrofluoric acid,

Hydrogen,
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bicarburet of,
binoxide of. g
bisulphureted . o
combustion uf,
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from water,
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oxide of, -
carbureted, 2
quudr{marhumted
sulphureted, :
H}rdruret of phosphorus, -~
Hygrometer, :
I-I_'-,rpomtraus acid, .
Eypophmphuruua acid,
yposulphuric acid,
Hyposulphurous mzi:l.,

Incandescence,
Indigo,
Induction, electrmlt}r h_v, -
Todic acid, :
Todine, - :
Iron, . ! g
acetate,
carbonate,

« Ccast, .

chloride,
erchloride,
ydriodate,

gallate,
muriate,
oxide,
peroxide,
persulphates,
sulphate,
sulphuret, -
tartrate,
carburet, :
dipersulphate,
terp-ersuf hate,
bisulphuret,
perfarmc}'anate,,
tests of,
Isomeric compounds,
Isomorphous,
Titria,
Ittrium
Ivory binck

Jar, Leyden,
Kaligenous metals,

Kel :
Kre];;ote,
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. Lac sulphuris, .

Lamp-black,
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acﬂtate,
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CETussEe,
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iodide,
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oxides,
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ﬁuhucetate,
sulphate,
tartrate of,
sulphuret,
tests of,
Leyden jar,

battery,
Light, . ]
polarization of),
refraction of,
white,
chemical eﬁ'ectﬂ of,
Lignin, .
Lime, :
carbonate,
chloride,
hydrate,
muriate,
nitrate,
phosphate,
sulphate,
sulphureted h;,'dmaulphuret
quadrisulphuret, 5
Lime-water, : 3
Liquefaction, :
Liquorice, : Thig
Lithia, ; .
Lithium, i
Litmus, - . 5

Magnesia,

bmnrhnnate,

carbonate,

nitrate of, :

phusphate of ammonia and

magnesia,
. sulphate, . :

muriate, ; -

Magnesium,

Magnetism, excitation nf by elec-

tricity,
Manganese,
oxides, . ;
tests of, . ;
Manganeseous acid, -
Manganesic acid,
Manna,
Matter, Ir.lwmlh:lilt'.f of,
properties of,
Meconic acid,
Meconine,
Melam, : x
Melamine, / :
Mellon,
Mercaptan,
Mercaptum, hydruret of,
Mercury, . SNE
acetale,
hichloride,
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Me:cur}r, bicyanide,
ulphate,
Inperau]phate,
bisulphuret,
purified,
chloride,

. 1odide,
periodide,
nitrates
pemulpﬂate
oxides, : z
tests of,

Metals,

Metamerm cumpuunds,
Metaphosphoric acid,
Milk : :

¥
Mineral waters,
Molybdenum,
Morphia, :
Mucus, pus, &e. .
Muriatic m:ul : 5
Muscle,

Naphtha, .
Naphthaline,
Narceia,
Narcotine, -
Neutralization, . :
Nickel, ‘
Nitrie axule, : =
N 1trug]§n.,
icarburet,
binoxide,
teriodide,
oxide,
quadmch]unde
Nitromuriatic acid,
Nitrous oxide,

Nomenclature, chemical,
MNucleus, ;

Oil-gas,

0il of wine,

Oils, :

fixed or expressud
volatile or essentml,

SIEBEID{E!I]? substances,

rEanic emml;ry,

Osmazome,

Oxacids,

ﬂxamiﬂ

Oxy em,

Oxy jfﬂrngen blnwmpe

Pancreatic and gastric Juu:esu .

Paraffine,

Pearl-ash,

Perchlurin acid,

Perchloride of carbon,

Picamar,

Pmrﬂmef

Pittnml,

Phﬂﬁpharaacence,

Phosphorus, :
bichloride,
iodide, ;

Phosphorie acld

Phosphureted h]’drﬂg&n, .

Phosphuret of aquhur._.

Photometer, Leslie’s,
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Platinum
bich 1ur1de
chloride,
oxide,
ammoniuret,
tests of,
Polarization uf hgh . S
olymeric compounds,
Porosity, :
Potassa,
neetate,
bicarbonate,
carbonate,
chlorate,
nitrate,
ferrocyanate,
fusa, .
hydrate,
“* . sulphate,
with sul phu r
tartrate,
Potassium,
chloride,
iodide,
pemmd e,
sulph urat,
Plumbago, !
Prr:l:rplt&tmn, - .
Prime, :
Prmmplea, proxim ate,
ultimate,
Putrefaction,
Pyrometer,
Pyruﬂcetm spirit,
Pyrophorus
Pyroxalic spirit,

Quadrochloride of mtmglm,
Quicksilver,
Quina, :

wlphﬂte,

Radiation of caloric,
Rain-gauge, 3
Reduetion of metals,
Refraction of lzght
Resins,

Respiration,

Safety-lamp, S:lr He. Dav}f 8,
Saliva,
Salt,
Salt of tartur
Salts, haImd,

sulpho,
Selenium,
Serosity,
Berum,
Riliea,
Rilicated hydrnﬂuurm ucld

potassa, .
SBilicum,
Silver, :
carbonate,
chloride, :
chromate, i
cyanide, .
nitrate,
oxide,

sulphate, .

£

145



190

Silver, tests of,

Soap, . - :
of flints, : it

Soda, . ‘ ,
bhiborate,
hicarbonate,
carbonate, : s
chlorocarbonate,
hidrate, 1

osphate, %
Hulphﬂ,l;u, . .

Sodium

r:iﬂur:de,

Solania, ] .

Sn]utmn, * -

Spectrum, pnsma,tm, J
spelter, -

Starch,

Steam, elasticity l:rf' .

i‘; h pressure,

Htcm‘me. : :

Strontia, :
muriate, -
nitrate, . 2

g:mn!t]mm ; . :

rychnia, _ .

Sublimation,

Sugar, . :

Sulphur, - .
chloride, . '
iodide, X
phosphuret,

Sulphureted dydmgen,

Sulphurie aci
anhy dmua.,

Symbols, chemical, £
table of,
explanation of,
mode of using, .
EXErcises on, =

Synthesis, -

®

Table of specific gravity, symbols,
and equivalents t:rf gﬂseﬂ,

Tannin, s
Tar
Teliunum :
I‘meernturoﬁ, high,

low,
T errigen ous metals,
Test colouring matters,
Thebaia, 5
Thermometers,

differential

register,
Thermomultiplier,
Thorinum, . ;
Tin,
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91 Tungsten, . . :
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9] Uraniom, . g

93 Urea, . ; .

. 150 Urine, E
4 Urinary -:alr:uh. 5

28

114 Vacuo, evaporation in,
. 156 l!rﬂezmg in,

18 Vanadium, . .

18 Vapour, tension of, .
150 Vapours, . ;

. 103 Vaporization, .
108 Varatria, . -
103 Varvicite,
103 Vegetable am-:la-,
149 alkalis, .

17 proximate prmmpl&s
155 substances,

54 ultimate analysis crf

74 Vegetation, : Y

Eg Vinous fermentation,

57 Water, -

56 ulygunutct]

i} pure, .

11 power of absorbing gaa,
x1ii rmn, ; 2
xiii spring,

XV TiVer,

xiv hard,
3 Waters, mineral,
Wax, ;
Wine, oil of,

XY

F5i Y east,
153
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27 acetate, .
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157 iodide,
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15 oxide,

15 sulphate,

15 sulphuret,
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BOOKS | PON CHEMISTTRY sy i 1. . REX 5,

1.
RUDIMENTS OF CHEMISTRY, with Illustrations of the Chemi-

cal Phenomena of Daily Life. By D. B. Remp, M.D., F.R.8.E. Forming
one of the Volumes of CHAMBERS'S EDUCATIONAIL COURSE.

This work has: been adasted as an Introduction to the Study of Chemistry in
Schools and Academies, and for all classes of society. It contains a brief outline
of the elements of which the Globe is composed, and extended explanations of
those chemical phenomena which are daily forced upon the attention in every si-
tuation in life. It is illustrated by one hundred Wood-cuts, and the system of
operating with Flat Glass Apparatus is explained, which enables any one, at the
most trifling cost, to perform thousands of test or illustrative experiments.

Price 1s. sewed in paper cover, and 1s. dd. cloth boards.

Published by W. and R. CEavMBERS, Edinburgh; Ongr and Smrrs, London ; and
sold by all Booksellers, Teachers, and Managers of Mechanics™ Institutions
and Scientific Associations, supplied with quantities for classes on the usual
terms.

II.

WOLLASTON'S SLIDING SCALE OF CHEMICAL E.QUI*
VALENTS, enlarged, and adapted to the present state of Chemistry ; with

Explanation. Second Edition. Price 5. MacLacHErLaxy and STEwaART,
South Bridge; Du~xx, Hanover Street.
II1.

A TEXT-BOOK ror STUDENTS or CHEMISTRY aATTENDING
LECTURES, containing a Condensed View of the Facts and Principles of
the Science. Second Edition. Price 6s. Published by Macracaray and
STEwART, South Bridge, Edinburgh.

IV.

ELEMENTS OF PRACTICAL CHEMISTRY, comprising a Sys-
tematic Series of Experiments, with Directions for performing them, and for
the Preparation and Application of the most important Tests and Reagents.
Price 15s. MacracHLaN and StEwarT, South Bridge, Edinburgh.

o N
Tue STUDY or CHEMISTRY as a Brancu or EDUCATION.

Price 1d. W. and R. CHAMBERS.

e — — —

DR . B. REXID'S CLASSES,
ROXBURGH PLACE, EDINBURGH.

The WINTER LECTURES commence in the beginning of November, and
terminate at the end of April. From One Hundred and Forty to One Hundred
and Fifty Lectures are given. Ticket £ 3, bs.

The SUMMER LECTURES commence early in May, and conclude at the
end of July. This Course includes Sixty Lectures. Ticket £1, bs.

PRACTICAL COURSES commence in the beginning of November, Febru-
ary and May, each continuing Three Months, and including about Sixty Lessons.
Ticket £3, 5s.

INSTRUCTIONS IN ANALYTICAL CHEMISTRY, arranged according
to the Professional Views of the Student. Laboratory I"'I:I'Iil.*; £ 20 per annum.

EXTENDED COURSE OF THEORY AND PRACTICE, with Daily
Superintendance of Chemical Studies. Terms £ 100.

























