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PREFACE.

ArLTHOUGH the student is already supplied with many excellent
Elementary Treatises on Chemistry, ther’ appears still g want of a
summary such as the present to prepare€ him for lectures, to serve as
a NOTE-BOOX, and to enable him afterwardseeasily to recal his know-
ledge, and frequently to reeapitulate, as he advances in the study
of the science. The precision of chemical language, and the use of
signs and diagrams, of which 1 have freely availed myself, assist much
both in condensation and cleagness in a work of this description, eon-
sisting chiefly of brief and condensed notices of leading facts and
Frineiples. .

I am aware, that, in a science every step of which is illustrated by
experiment, books, however valuable in many respegts, are very secon-
dary to experimental demonstrations; the truth of the poet’s observa-
tion, « Segnius irritant animos demissa pet aurem, quam qua sunt

oculis subjecta fidelibus,” applies to Chemistry above all other seiences.
But a full exposition of facts and principles must’sTill be valuable to
the student, if properly adapted to his capucity and progress, leading
him step by step from what is simple to what is csmplex,—taking
nothing' for granted which should be proved,—and putting him in pos-
session of the materials for judging before a conclusion is ‘drawn, so
that his knowledge becomes real, and rests on a proper foundatior.

The changes necessavily ari sw" trom the progress of a science
which, in its extraordinary ca,roer, now illustrates the whole economny
ot Nature, and guides or improves almost every process of art, have
produced a revolution in the system of chemical teaching, and imposed
new duties on the teacher, which necessarily engross & 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 improvemeyt, while its methgds are becoming
daily more complete, its instrumgnts more perfect, varied, and power-
ful, and its practical applications more important. Besides, the juster
views that are now entertained ef the nature and objects of education,
require the remodelling of a system which had its origin in times of
comparative darkness, and when Chenistry was a very subordinate
art. L3
. Increased attention to the pactice of Chemistry, and its adaptation
to the progress of society, SHrm perhaps the most important features
this science présents in modern times; s0 that even those whose prin-
_cipal object is a knowledge of the Theor) of Chemistry, can now at-
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tain this with most facility by familiarity with practical operations.
From the tmprovements in the method now adopted for experimenting on
the smallwscale, every individual who has once learned this branch of
chemical manipulation, is enabled to repeat the greater number of the
experiments which he sees in the lecture-room, again and again, at an
expense so_extremely moderate, compared with what is generally sup-
posed 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 welt as at
the class-room. .
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 great number of experiments, I have been anxious for some time
past to introduce the use of the fragments of window glass, which
may be obtained at any glazier's, having found that with these 1 have
been enabled 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 de-
partment 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 jluids, dissolve solids, filter and crystallize solutions,
and even to conduct a great variety of furnace operations on a small
scale, with the wssistance of a good lamp. The rapidity with which
experiments may be made in this mauner, is another great advantage
which this kind of apparatus presents. It is described under the title
of Frar Grass ArpARATUS* in my Rubpiments ox Cuemistry. But

* « Though « complete and extended course of chemical experiments can be
given only where the proper facilities for operating are to be met with, the in-
troduction of a system of testing and operating upon a small scale, as a means
of facilitating the progress of the student, is of the greatest practical importance.
He who provides himself with a few slips of glass, a few phials with acids and
alkulis, and a small quantity of fifty or sixty of the more important chemical
preparations—all of which, both apparatus and materials, he can procure for five
or six shillings at the utmost—not only provides himself with a small muscum
to which he can continually refer, but can also perform, again and again, with a
part of tho materials, scveral thousand. »xperiments. He can, moreover, renew
them at his own convenience, whenever it muy be desirable; he can study them
leisurely at home with his Text-Book before Lim, and repeat those which nay
be more complicated, till h® becomes familiar with them.

The small museums of tests and speciens, prepared by Mr Macfarlane of
Edinburgh, are arranged in the manncr 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 spaper,
and test-paper. These alone, independent of the larser and more complete por-
table laboratories and chemical test-boxes, cinnot fail to be of the highest value
to the student of chemistry. I do not hesitute to affirm, that he who provides
himself with such specimens, and learns the method of operating with flat glass,
will acquire, by frequently testing his materials at home, an available knowledge

. of the acience, and a specific recollection of the leading truths it presents, which
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EXERCISES ON SYMBOLS,
To be translated in proceeding with the Study of the Elements represented.

' B .
Fosthe Toft of the sign (=) are placed the materials used ; and to the right, the products

Jrom the reaction.

‘H&Fe=-Fo&H 3iN=:N&2N
11& Fe&iS=1S-Fo&H z H&O=H
~H&Z&S=ISZ&H ! ‘H&O0=:H
‘ H&N:=H&2N
H&N="H&N

1lg=Hg&20Q
2:Mn=:Mn2&0

2H&:N=2"H&N

:Mn &3S =S Mn&O * .
#CI'K = CIK&60 N&20="N
‘N&2:No5iN&4N
3:N&4-N==<N&2EN &SN
5" N*&2P=:#P?&10N .
4'N2&SFe=:S'Fe&8N 8&20=:8

NH3&3Cl=3HCI&N
.

#N + NH3=2-N&3-H

S&N=IS&N *
‘H&SFe&iS=iS'Fe&HS
HR&30 =H&:S

2:B + ‘Na&iS=:iS'Na&2:B

4:iN&3Cu=3:N'Cu&:N 2
. :iP2&5C=2P&5°C
#N'K&2-HiS=2i8 + ' K&2'H + :iN o -
- p
- C&20=:C
. . :C+Ca&HCl=HCl + -Ca&:0
. #N=N&O :C&C=2C
#N&:N="N&N :0Ca&Fe="C& Ca&Fe
2iN&:N=3N OC:H*="H&2HC
2N =8N &IV IC*="C&:C
3iN=2:#iN&:N HC&30="H&:0
2iIN=N&:N ¢ HC&40=2"H&:C




xiv
2HCl&:Mn=HCI'Mn&Cl&H
$oHI&:Mn=HI‘-Mn&I&H
6C186'K &5 H=5HCI'K)&::Cl'K
3:iCI K &4i8=2(2i8 + ‘K)&#CI'K
&24C1

.
T

HI&Cl=HCI&I .
HIMS=H&:S&I

-

HBr + ‘Mg&Cl=HCl + Mg&Br

FCa&H:i8=HF&iSCa

:C'K&Ca="K&:C'Ca
IK&IC=FK&4'C
‘H&SK=HS8'K ¢«
48&4° K=" K&3IK
2T+ ‘K&:CK=2]"K&:C

‘H&Fe&I=HI +-Fe
HI'Fe&:C-K=HI'K&:CFe
HI'K=H&IK

:C'Na&'Ca='Na&:C*Ca
27+ K&:C'Na=T"K + T'Na&:C
S'Na&diC=8Na&4'C
‘H&SNa=HS*Na
HCl + ‘Na="H&CINa
" “H&CINa=HC1+Na

HCl+ NH3& ' Ca="H&CICa&NH?
‘"NH?&30=3-H&N

:C-Oa="Ca&:C
:C-Ba="Ba&:C
:C8r=8fr&:C

EXERCISES ON SYMBOLS.

#$-Ca&4C:=SCa&4-C
' Ba&4C=8Ba&4°'C
iS'Sr&4 C=88r&4-C

.

i8&:0-Ca=:8:Ca&:C
HCl&:C-Ca=HCl'Ca&:C .
#N&:CCa=:N'Ca&:C -
A&:CCa=A4-Ca&:C

O K &S Ca=:CCa&iS’K
:C'Na&:N-Ba=:C-Ba&:N-Na

:S*Na&IICl'Ba=:iS'Ba&H C1'Na

2i8-Fe=iS&:S&iF¢?
iS'Fe& K=iS'K&Fe
iS'Fe&:C'Na=:i§'Na&:CFe
HS4+NH3&:S Fe=S+NH*& H&Sl'e

APb&Z=A"Z&Pb
A Pb&:C-K=4K&:C'Tb
APb&iS-Mg=A"Mg&iS-Pb
A Pb&CINa=.4-Na&CIPb
APb&IK=AK&IPb
2 :C-Pb&HS="H&SPb&:C

S*Hg&2Fc=28Fe&Hg
-H&ClHg&-Ca=HCl +-Ca&-Hg
2-H&C1*Hg&2-Ca=2HCl-Ca&:Ilg
AR &:N-Hg=A4-Hg&:N-K
IK&:#N'Hg=:N-K&IHg
, 2IK&CI*Hg=2C1K &I*Hg
2i8 + :Hg&2CINa=2i8-Ng& Cl*Hg

2iS + Heg & Py
S aCiNG & | =21S-Na&2CIHg

o

iN-AGEHCI=#N&H&CIAg
#N-Ag&TIOLH Na== { N Jab &

ClAg&:C-Na=ClNa&kAg&0&:C

:0-Mg="Mg&:C

}
. [}
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TABLE OF GASEOUS SUBSTANCES.

[

Number oll

Equiva- | Equiva- * leqs. which]

.+ GCASES AND VAPOURS. lents by | lents by | Symbol. |expressthe

bulk. weight. sp. gr. Hy-

e - o |2 1
Oxygen (half a neasure), o . 8 (] 2
Sulphur (a third of » measure), . . 3 16.1 S 3
Phosphorus, . « « ¢ « <« + o+ . =] 15.7 P 2
Arsenic, . . . . . . « . =] ®37.7 As 2
Arscnious Acid, (=] 99.4 O2As? 2
Hydruret of Carbon, o 7 b5 (o] 2
Hypdrogen (a whole measure), . . . O 1 H 1
Water, « . « o o o . 4 oo . . (] Y OH 1
Nitrogen, . + - « « + « .« « .| O 14.2 N 1.
Oxide of Nitrogen, . . O |,222 ON 1
Carbon (hypothetical), . . . . . . ] 6.12 C 1
Carbonic Oxide, . . . . . . (] 14.12 |, OC 1
Carbonic Acid, . . . . . . . . ] 22.12 ozC 1
Bihydruret of Carbon, . . . 0O 8.12 2C 1
Cyanogen, . . . « « « « . ] 26.44 | CN 1
Sulphurous .Qcid, . .. ] ° 321 02§ 1
Sulphuric Acid (anhydrous), . . [m] 40.1 (0 ) 1
Hydrosulphuric Acid, . . . . . . ‘D 17.1 Hs 1
Chlorine, . . . . . . . . . . a 35.5 Cl 1
Yodine, . . - « « « « & « .« & O |1263 I 1
Bromine, . . . .« +« « « o . . a 78.4 Br 1
Binoxide of Nitrogen (2 measures), . [mm| 30.2 O:N 3
Ammonia, . . . . . < . . . . [mu} 17.2 H>N 3
Hydrocyanic Acid, . . . . ¢ . . (ww| 27.44 | HON )
Hydrochloric Acid, . . . . . . °| O | 365 ¢ HCI Y
Hydriodic Acid, . . . . . . «. | M |1276 | HI 3
Hydrobromic Acid, . - . . .o .| [T 794 | HBr 3
Arsenureted Hydrogen, . . . . . [mu] 784 | H3As? $°
Mercury, . . . .« « & v o « o » o | 203 Hg 4
Chloride of Mercary, . %~ . . . . o | 2385 ClHg 3
Bichloride of Mereury, . . . o oo | |orme| 4
Atmospheric Ajir, . . . . . . . | OB | 364 Nt 1
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ABBREVIATIONS.

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

Bar..........;.barometer.

2...one measure or volume; the square representing cubic t-npaclty

verserereenehalf & measure or volume.

Parts....... ..always signify perts by eveight, where it is not otherwme st.atcd

«...weight.

....volume, or measured bulk.
is translated “ combined with,” (see p. xii), & signifies to be added
to, or mixed with.
X .eveereeon.multiplied by. ©
= secersernened equal to, or composed of.

€ L ov.eeeee.ocubic inches.

. SRR, %1 . 8
...Specific gravity. D

veveeee..paragraph. R
Symb. .......symbol.
Synon. ...... synonymes.
B O R equivalent.

The Student is recommended to write frequently Symbols and Diagrams, illug-
trative of the'most important cases of chemical action, after he has become
familiar with the preceding Tables.

-

TABLES OF WEIGHTS AND MEASURES?

Imperial Standard Troy Weidht.
24 grains 1 pennyweight.
20 pennyweights 1 ounce.
12 ounces 1 pound.

o

8

Grah:s- Pennyweights. Ounces. Pound
2% 1 o e
480 20 o1 A
5760 240 2
Apothecaries Weight
12 ounces
8 drachms

ot
I

>
-t

ol

5760 grains.
480

1 pound B
1 ounce 3%
1 drachm 3 3 scruples 60
1 scruple B 20 grains 20
* .
Apothecaries’ Msure.
1 gallon C = 84pints.
. 1 pint (o) 16 ounces. L]
1 ounce f%e 8 drachms,
1 drachm f32 60 minims

LI
W

e



INTRODUCTION.

1. Tue properties of matter are Primary and Secondary.

2. The PriMarY PROPERTIES,—EXTENSION, IMPENETRABILITY, INERTIA;
and INLERTRUOTIBILITY, are observed in all bodies. MaTTER essentially occu-
pies space, or is extended. Impenetrability signifies that no portion of matter
can qeeupy the same place at the same time witheanother. Inertia, that matter
has no spontancons motion ; matter of itself cannot begin to move, or assume &
quiescent state after being puy in motion.

3. The SeEcoxnanry PropenrtiEs of matter include those which are not essen.
tial to the existence of matter; they are GENERAL of PARTICULAR.

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

5. No property of matter is more conspicuous than ArrractioN. It is termed
GraviraTion, when operating between masses of matter; Congsion, or the
APIRACTION oF AGGREGATION, when it is exerted between particles of the
samne kind; Cnemican ArtractionN or AvsrNrry,* when it operates between
particles of different kinds of maticr. The MAGNETIC AND ELECTRIC ATTRAC-
T10NS ate induced by peculiar arrangements. hd

&. The weight of bodies is estimated by the force with which they are attracted
te: the earth. The weight of equal bulks of different substances compared with
sume standard of comparison, is termed their DENsITY or SpECIFIC GRAVITY.
The annexed table shews the relative weights of equal bulks (the Specific Gra-
vity) of five different substances, hydrogen being taken as a stdhdard of compa-

rison, and air considered 815 times lighter than water.
[ ]

» Hydrogen, the lightest body known, 1.
Atmospheric Air. - 144
QOxygen, » . 16.
Water, 1173¢.

Platinum, the heaviest body known, 252324,

7. Atmospheric air is generally taken as a standard of comparison in estima-
ting the density of gases, and water for liquids and solids. Aséeat 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 speffic gravity of gases, the height of the baro-
meter, and their condition with respect t8 moisture, must aleo be particularly
noted, as these influence the result. ® °

8. The air presses upon the surface of the globe, in the same manner as the
water upon the earth bencath it. Itepresses with the same force as a weight of
14.6 1. laid upon every square inch of surface. A column of mercury 29.8 inches
in height, or of water 33.72 feet high, presses with the same force; and, ac-
cordingly, a long tube closed at one end, and filled with mercury, still remains
full to the height of 29.8 inches, ag in the common barometer-tube, when in-
vérted in mercury ; the rest of this liquid escaping, the air and the mercury
balance each othgr; the space between the upper portion cf the mercury and

* This term was introduced on the supposition, not qiow entertained, that those substances
,only attract each other chemieally which resemble each other.
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the tube contains nothing; it is called the Torvicellian vacuum, from Torricelli.
In making this experiment, the height of the mercury is not always the same,
varying fram about 1 to 3 inches with the pressure of the atmosphere. The
pressure of the air upon the human frame is considered, on an average, to
amount to about 13 or 14 tons, a pressure of which w¢ are totally unconscious,
under ordinary circumstances, from being always subjected to it; the want of
pressure, therefore, or an undve increase, would prove uncomfortable.

9. The D1visiBiLITY cven of very small portions of matter, as a geain, into
many milligns of parts, lias Jong been familiar. Matter has been regarded as
infinitely divisible, but this optnion is no longer entertained. From recent dis-
coveries in Chemistry (seg Atomic Theory), it is considered 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 having all
the essential properties ofamatter as truly as any masses which they may com-
pose. They may be divisible in a mathematical point of view, but they are phy-
sically indivisible. The extreme minuteness of these ultimate particles, which
may far excecd even the minutest portivns of matter that have been observed,
bas hitherto prevented many interesting circumetances connected with their
history from being deterininel. )

10. PorosITY is a property of all masses of matter, even of those that appéar
most dense.  The pores are the spaces which exist between the particles of which
the matter is composed, and being often filled with air, water, or other sub-
stances, the action of the included material sometimes affects much the result
of numcrous chemical processes. It has long been a favourite opinion that a
subtle invisible ffiid is diffnsed throughout all space, and penetrates equally
masses of matter entering between the particles; it has received the name of
ErHER. 1t is#egarded as susceptible of heing thrown into a vibratory move-
ment, and as poisessing inertia, but having no gravity.

11. ComprEssIBILITY by mechanical foree is nnother property of masses of
matter, 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 ihe compressing cause is removed,
are said to be Brastie.  All liquids and*gases recover their original bulk when
freed from pressure, however often or however much they may be pressed.

12. Air, and all gases at the smrface 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. PorARITY, or a disposition in the parti‘cloa of matter to move in a regular
and determminate fianner, and not in & confused mass, when affected by other
agents, is a property of all kinds of matter.

14. Lastly, Matter is powerfully affected by the action of HraT, LicHT,
EvrecTRICITY, and MaeNkTisM. These forces sometimes promote attraction ;
on other occasions they establish a repulsion betwecn the particles of matter,
and cause them to scparate,—they communicate a power of REPULSION which
causes a separation of the parts affected. By Attraction and Repulsion all changes
in matter are regulated. ¢

15. Other secondary properties of matter, a; Hardness, Transparency, &c. it
would be superfluous to enumerate here.* .

# The reader is requested to in« the ¢ » generally before proceeding farther, that
be may become familiar with the arrangement adopted in this work.
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CHEMICAL EQUIVALENTS AND SYMBOLS.—Hybrocen=1.

Symb. Eyuw. Discovered by Year,  Symb. Egquw., Duscovered by X rm"
. H. Hydrogen . | Cavendish, . 17661/ Zr. Zinonlum . 3367 Berzeli 1824
,C. Cufon . 62 Known tothe Ancents. As. Amenic . %77 Brandt, Y]
s Priestley, . 177¢ ' K. Potanium . 292 Davy, . . 1807
:""°""’ s { 1778 S buootum . 438 Davy, . . 18
Boron B | Davy, . . 1807 | Hasnger,
. N. Nimgm . {2 Rothetord, . Iy C% Cem a6 [pilnt oo
P. Phosphorus 157 Brandt, . . 1669 || Mo. Molybdenum 479 Hielm, . . 1782

8. Sulphur ., 761 Xnown tothe Ancients. R. Rhodum . 522 Wollaston, 180
F. Fluorine . 187 Dr Faraday, 1834 | Pd. Palladium . 053.35 Wollaston, . 1873

ClL Chlorine . 355 Scheele, . . 177¢ || Cd. Cadmivm . 85,8 Stromeyer,. 1814
8e. Selenlum . ’0 Berzclius, " lw So. Tin . . 839 Knownto the Ancients, *
Br. Browmine . 704 Balard, . e ) Th. Thorinum . 5.6 Berselius, . 182)
1.  lodine . 1265 Courtols, . 1811 || Te. Tellumum . 642 Muller, . 1782
, Ls Lhhium . 10  Arfwedson, ( . 418 || Sb.  Anumony . 616  Basil Valentine, 1490
, Mg. Magnestum 127 Bussy, . . 1629 || V. Vauadi 085 Sefsl . 1830
, AL Alminum . 137 Wohla, . 1828 |y Ba. Barlum ot Davy, . . 1807
Cs. Calcum . 205 Davy, . . 1807 U Bl Bimuth . 7L5 Knownto Agncola, 1530
8.  Sillcum .2 Bersellus, ¢ . 1824 ;w. lungstes . 948 D'Elhuyart, 1781
Bodlum .+ 235 Davy, . . 1807 | Descotils,
¥ Tmm  @s crar, Lo | o osse e 1603
G. Gludnum . %5 Wohlr, . 128 Pt Platioum 988t Woud, . . I7H
Mn, Manganese . #.7 Gahnand Scheele, 17", O«  Osmium . 9.7 Tennant, 1803
Fe, Iron . . 28  Known to the Andicnts. Pb. Lead . 1017  Known to the Aucients.
Cr. Chromwm . 2819 Vauquelin, . 1797 Ag. Silver . . 1083 ¥nown to the Ancents.
Co, Cobalt . 295 Brandt, . 1773 'Ta. Columblum . 1648 Hatchtt, . 180>
Ni  Nickel . 295 Cronstedt, . 1731 Au. Gold . .20  Kuown to the Ancents
Cu. Copper . 3170 Known tothe Anclent>. | Hg. Mercury, . 203  Kuown tothe \nuents
Y., Yttdunm . 8225 Wohler, . 1828 ° U. Uranium . 272 kiaproth, 174y

Z, Zloc . 323 Known to Aggicola, 1529

EARTHS discovercd before Devy's discovery of the Composition of the Fiaed Alhalis
and Earths, and not known ty the Aucients.

Baryts, by Schee, . 1774 | Glucl_na., by  Vauwgucm, . 1797
Strontia, . THope, . 1792 'l‘hm:ma, T Berzelus, . 1828
Zirconia, . , Klaproth, . 1789 Yttria, . Gadobm, . 1794

1. Each dot ( * ) prefixed to a symbol indicatus one equivalent of oxygen.
ofg. Compounds are represented by the symbpls of therr clements, SFe = sulphmet

irom.

3. A figure prefixed to any symhol or symbols, multiplies all that follow, unless a new
sign intervene. Thus, 2 11N = 211 42i8,

2N+ K — 211+2i8+ 1.

4. A small figure placed after any symbol indicates that it is to be multiplied,—and
doos not refer to mb{ other symbol.  Thus—H4(' = 2114 (",

C'N = 2C+N. NII’=N43H. OCUI* = 0+2('+3H.

5. Brackeis are often used in representing congplicated combinations. (2L N4+
CtNFe)+2'K = Ferroprussic acid + 2 Pota?n.

8. A figure prefixed t6 brachets incloaing ymbols, multiplies them all, whether sign
intervene or not, within the brackets. *

7. In the Symbolic and Diagrammatic Illnstrations, ¢ &” is used to signify a substance
sdded to or separated from another, but + is plaged betwecn substances chemically com-
bined. Thus i8&K signifies that sulphuric acid (i8) is to be udded to the potas-a
(“K); but 84K means sulphate of potassa, or sulphuric acid already combmed with o-
tasss,

8. Many mtablt: acids and other substunces are represented at present most eon e-
niently by Jtalic Capitals, which are used as provjsional symbols, adding some succeed-

ing letter where more than one have the same initiu] letter. .
A. Acetic (. Carbazotic | F. Formic % | M Malic | R.Racemic
B. Benzoic Ct. Citric . Gallic Me. Mecorle | S. hueeime
(. Camphoric | Cy. Cyanic K Xinic . Prussie TV larie




PREFACE. vii

it is scarcely necessary to add, that experiments conducted in this
manner, howeler useful and.interesting, can never supply those re-
sources, and that knowledge of the practice of this science, which is
to be obtained ounly by operating with the various kinds of apparatus
which the progress of Chemistry has rendered necessary in an ex-
tended Practical Course, the great importance of which has now been
so generally admitted by those Public Bodies who have rendered it
impérative for different classes of gtudents to attend to the Practice
of Chemistry. °

In the selection of Symbols, I have adopted the system of Berze-
lius, with such modifications only as continued practice with my pu-
pils has led me to consider desirable ; nor should I have ventured on any
alterations, had not the almost endless diversity of opinion on this sub-
jeet made it a matter of no great consequence at present to adhere to
the original system ; and a specific explanation of the manner in

whiich they are printed or written is prefixed to the text.
»
1u conelusion, T beg to 1ccommend to the notice of the beginner, a
tittle instrument. the cnemicaL asacus, whieh I have found of great
value i introducing the student to a more Precise and familiar know-
L]
he Who eontents himself with what he sees in the class-roem can never attain.
Tlowever important the demonstrations and excrcises there may be, still the stu-
dent is too apt often to imagine that he is perfectly familiar with the subject, be-
cause he can follow the connected exposition given by the teagher ; but when le
begins alone, and iy lett cntirely 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 Lis difficulties to his teacher, and paying a more closc %ttention to
“vers thing ti’mt is broughe before him.
. In using these materials, <ach of the sintv specimens ¢ be exposed on the
flaf glass to Lthe action of heat, of wgter, of acids, of alk-lis, and of each oth(?r;
so that, before entering upoun any complivated mixture, the student can easily
try thonsands of experiments. If any one contrast the progress of a student
who has been aceustomed 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 musenm or lecture-room, instead of having the apportunity of re-
curring to it, and operating with it as often as he may wish, he will at once per-
ceive the benefit that accompanies this frequent repetition of experiments on
the small scale, each of which gay present phenomena as palpably to the eye as
they ure observed in the demonstrations of the lecture-room. Those who have
not witnessed the amount of instructivd and interesting experiments which can
be performed by all the pypils in a®y school or academy, with the most simple
means, where hundreds may be operating at the same moment, cannot appre-
ciate the zeal and cnthusiasm with which the students enter upon the experi-
mental department, the practical benefit which they derive from such instruc-
tion, and the mental training which necessarily accompanies it. Nor is it a
muatter of small importance, that the adaptation for educational purposes of those
modes of operating on a small scale, which unalytical chemists have so success-
fully cultivated, promises to be gqually useful to the professional student, to
shosc who study science as an intellectual pursuit, and to the artisan who ma
require to test the various m&erials with which he works. Of late, indeed,
have seen the ips of glass used in a chemical manufactory by the workmen in
testing the muaterials which they employedg’ —See  The Study of Chemistry, its
nature and influence on the progress of Society.”
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. ledge of chemical action. It enables him to represent, in a tangible
form, the elements that enter into any combination, and the varied
changes of which they are susceptible. The symbols of elements or
compounds are placed on the margin, as shewn in the figure, where

A A

N |—p 18
3 i 28 4] 8 a7
H rﬂ'-rﬂ-ﬂ-ﬂ—i— - N
c - —— BT
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] : "
P 10
cl - XK
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4

Ca ‘T
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. B B

six beads have been separated to illustrate the manner of using it.
In I, they represent 3 particles of hydrogen, 2 of carboi, and 1 of
oxygen, united together, and forming alcohol. 1In II, the same ele-
ments are arranged so as to produce £ particles of hydruret of carboun
(2 and 3), and 1 of water (4). In III, another arrangement is shewn,
the elements placed as they appear, when resolved into bihydruret of
earbon (5), water (6), and carbon (7). By frequently practisihg the
representation of the more important compounds, such as are repre-
sented on the Abacus, and studying the vaned new arrangements of
which their elements are suscept;ble, the beginner will soon acquire
s0 clear an idea oY their composltlon, that he will trace with compa-
rative facility and satisfaction, the details of rumerous processes that
might otherwise appear obscure and complicated.
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PART 1. |
GENERAL PRINCIPLES OF CHEMISTRY.

[. CHEMICAL ACTION.

16. All bodies in nature, in a chemical point of vitw. are arranged into ELE-
M¥NTs and Comrounps.  All those substances which eannot be resolved into
other kinds of matter, are considered simple, and termed ELEMENTs; thus, lead
is eniled an clement, because nothing but lead can be obtained from it. Com-
Fory D~ contain different clements, however simple and uniform they may ap-
Prar to the oye, as the sulphuret of lead, the galena of mineralogists, from which
both lead :md sulphur can be procared.

17. The smallest particle of zn element or compound is termed an INTEGRANT
Prirens ; the particles of the different clements ofcompounds are called their
Coyrony 1 or CoNsTITUENT T ARTICLES.

*18. When several compounds are associated together, thgy are frequently
trmed ProxmMaTe PriNcipLEs.  UnmimaTe PRINCIPLES are merely the ele-
ments of which these proximate principles are composed.

19, (‘unvicar AcT1ON consists in Combination or Decompogition, and often
soth ocenr at the saine morient.  COMRBINATION, or SYNTHESIS, is the vnion of
particles of different kinds of matter: it is very different from MIXTURE, as the
particles canmotde separate? azain by any nechanical means.—DEcoMPOSITION,
catled sbvi Anarasiscis the - putation of pasiicles previous!: united.

20 fore chemical action can take Dlace, the parlicles between which it is
exested anust be brought by mixture into the nearest possible contact.

21, Al heddies do uot act chemically on each other. This is not attributed to
a total want of chemieal attraction between them, but rather to the attraction
being rendered inefficiont hy other eauses.

22, Compounds can often combine with elements, and glso with each other ;
and complicated combinations are often subverted without any of the ingredients
being excluded in the elementary §rm, proximate principles alone appearing.

CHAP. I. PHENOMENA .Of.CHEMICAL AQTION.

23. Tl phenomena attending chemical action are cxtremely various, as the
evolutiom of heat and light, a change in the form, density, tenacity, power of at-
traction r different bodies, and also in relation to heat, light, and clectricity.
Oceasionally no striking phenomena are apparent, but often the change of pro-
perties accompanying cheraical action is so great that the eye cannot see the
most distant resemblance in the resulting product to any of the ingredients em-
ployed. b

9}1. NEUTRALTZATION is A term®mployed to denote the coinplete loss of cha-
racteristic propertids that frequently uttends combinations in particular propor-
tions; the compound formed is said to be NEUT®RAL, and the one ingredient is
“id to be NEUTRALIZED OF SATURATED by the other. The term saturated is also
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employed in a different sense, to indicato the largest quantity of one body that
can combine with a given weight of another, as when water is said to be saTu-
RATED 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 in the formation of alloys by the union of different metals.

26. The density is generally increased by combination, and diminished by de-
composition. In the combination of gases, when condensation occurs, 1t ‘bears a
very simple%atio to the bulk of the cosnbining ingredients, Kirwan hasremark-
ed, that, in the combination of some liquids, the full amount of condensation
does not take place till many hours zfter the compound shall have been formed.

27. PrrcrerraTion is the falling down of a solid from a liquid or gas with
which it may previously have been combined. EFFERVESCENCE is the rapid dis-
engagement of & gas from %a fluid. SorurroN 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 pImncT or PRIMARY, where it tukes place
solely between the substances used, while they are still in the condition in which
they were mixed. It is termed 1NDIRECT 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 fol-
lowing example illustrates a scries of new diagrams which I have constructed,
adapted to the prescnt state of chemical science. The names of substances thnt
react on each other, and numbers representing the proportions, are placed on the
lefi, one above the other. When any of these are eompounds which are decom-
posed, brackets,proceeding from them cnclose the names of their clements.
Lines traced from these numbers represent the quantities of each, procceding
from the Jeft 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 quanti-
ties. The annexed figure represents the decomposition that takes place during
the preparation of ammonia from the hydrochlorate of ammonia by means of
lime.

Before Decomposition. After Decomporition.

Ammonia e e e 172iieiaac17.2 Ammonia,
88.7 Hydrochlorate tﬂyzlrochléric Hydrogen 1. w9, Watcr,
ci

id. Chlorine 35. =T
. Oxygen. 8. /":
286 Lime . . . . . . . . Lalcium 20.5 56. Chloride of

[ .
Jalcium,
e o

30. The character of the line expresses the different conditions in which the
products of any reaction are obtained. sWhen they are gascous, the lines are
dotted, as in those pointing to ammonia. When they are liquid or retained in
solution, lines composed of many smallexr’lines are used, as in those peinting to
water. And when any substance is obtained in the solid form, a plain line is
drawn, Any variety of form may be givgn to the diagram, according to the
effect which has to be represented. .

CHAP. 1I. FORCE OF AFFINITY.

[ )
31. The force with which chemical action is exerted is extremely great, the
pazticles of the most cohesive metals being torn from each other with facility ;
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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 pre-
cisely measured, as this is so various under different circumstances; thus lime
attracts carbonic acid qmckly at ordinary temperatures, but when hea.ted, they
do not combine.

32. The different examples where two ingredients in combinatioreare separated
by a .hird substance attracting one, have been termed by Bergman cases of sIM-
. PLE ELECTIVE AFFINITY. When two compounds decompose each other, two

new compounds being formed by an cxch!.nge of elements, it is saill to be a case
of DOUBLE ELECTIVE AFFINITY. It is also called pouBLE DECOMPOSITION, Or
COMPLEX AFFINITY. . ¢ .

33. QUIESCENT AFFINITIES 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, produc-
ing decomposition. Deccomposition necessarily ensues on mixing different com-
pounds, if the total sum of the divellent be stronger than that of the quiescent
affinities. *

3%, Bergman considered combination and decomposition to depend solely
upon the strength of affinity. Berthollet pointed out that affinity is modified
by numerous circumstances.

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

CHAP. III. CAUSES WHICH MODIFY AFFINITY.

36. The principal circumstances modifying chemical action are the relative
quantitics of matcrials used, cohesion, elasticity, insolubility@specific gravity,
state of combination, light, heat, and electricity. The influence of thelust three
will be seen or referring to light, &e. .

) 8eer. L—Quantity of Matter.

37. The larger the quantity of any ingredient cowbined with another, the
more easily is a portion of it separated.

38. The less the quantity of any substance united with another, the more
readily docs an additional quantity enter into combination.

39. The larger the quantity of any chemical agent brought into play, if not
exressive, the more speedily will its action be effected. But 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 uffinity exerted at the moment they are used, however modified that
may be, and tho quantity in which they czﬁm be brought to act éffectually on those
ingredicnts of a compound which they®un’separate. But the quantity of a de-
composing agent which can be mingled with a compound to be decomposed is
unlimited ; whereas the portion that ¢an 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.

Skcr. P1.—Cohesion.

41 The attraction of aggregftion, or cohcesion, as it binds the particles of
bodies together, dhposes chemical action, or any force that may tend to separate
them. Cohesion is occasionally so great, that 8o chemical action ensues between
numerous substances till it has been diminished.
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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. Cohcsion may be diminished mechanically by grinding, rasping, pulveriz-
ing, &c.; chemically, by the action of solvents, and also by the operation of heat.
Solids are oftén procured with great facility, in a very minute state of division,
by solution and subsequent precipitation.

44. Cohesion is often alluded to by Berthollet, and some modern authors
have adoptedhis views, as a power wifich at times!determines the union of dif-
ferent ingredients to the exclusion of a third, though the cohesive power spoken
of cannot*actunlly exist till*the compound whose formation it is to promote has
been formed. It is an effect of the combination, not a cause.

Skot. 111.—Stateof Combinafion— Elasticity— Insolubility—Specific Gravity, &c.

45. STaTE oF COMBINATION.—A body in combination with another may not
combine with a third substance, by which it is attracted, being retained by a
stronger affinity; or the reverse may take placo, as it may be brought by com-
bination into such a form that it now unites readily where it could not previ-
ously 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’subsiances brought into action affecting each other
at the same moment ; but the combination having once been established, the
third substance may then be withdrawn by another chemical agent. Cases such
as this are termed examples of DIsPOSING AFFINITY. Farther, some bodies,
especially platinum in a minute swte of division, condense gases, und promote
much their tend8cy to combination with other substances, without in any way
combining with the compounds formed.

47. Bodies coming into contact with each other at the instant they may be
leaving some previous combination, are peculiarly prone to confbine with cach
other. They arc then said to be in & NASCENT STATE.

48. EvasriciTy.—Bodies in the gaseoys state arc not in general so prone to
enter into combination as when their clasticity has been reduced by cold, we-
chanical pressure, or chemical combination. R

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

80. In the same manner, caloric, by increashig elasticity, may be stated genc-
rally to promote she separation of aemore volatile from a less volatile ingre-
dient. ¢ e

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, SpeciFic Gravity,—A difference of specific gravity opposes combina-
tion, by preventing that intimate mixture, which is so favourable to chemicul
action.

53. The 1NsoLUBILITY of bodies in d.nﬂ’eregt fluids prevents their cohosion
being so much reduced in various cases, as might be neces to promote a ra-
pid chemical action.. Any insoluble matter, when precipitated, being removed
to a certain extent from the sphere of action, will not be so apt to induce fresh
changes, as if it had remained in solution. A liquid decomposing a solid, and
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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
completely arrests the progress of the decomposition.

CHAP. IV. PROPORTIONS IN WHICH BODIES COMBINE—
ATOMIC ’l‘iH.EORY. : o

54. 1. LA few substances can unite apparently in any propertion in which they
may be.mingled, as alcohol and water.

55. 11, Others combine in any proporifon 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 u definitc quantity; any portion beyond
this is not affected by the water. .

56. I1I. Some substances can combine only in one, or in a few fixed propor-
tions; the lnws which have been discovered with respect to these form one of
the most important parts of Chemistry; they are the sabject of the follewing
remarks.

87. There is a relation between the proportions in whick all bodies combine with cach

«her.  The numbers expressing the proportions in whick any two bodies combine with «
giren weight of a third substance, capress also the proportions in which these bodies are
disposed to condvine «ith each other. Thus 1 of hydrogen combines with 6.12 of car-
hon, and with 8 of oxygen; but 6.12 of carbon comBine with 8 of oxygen.
, 58 The terms EquivaLENT or CuEmicanL EquivaLexT, PROPORTION or
CoMBINING ProrokrtioN, PrRIME, AToM, CoMBINING RABIO, are in common
use to indicate these proportions referred to a standard of comparison. Hydro-
gen is generally taken in this country as the standard, the number assigned te
it is 1, 10, or 100; oxygen has been preferred by some chimids.

59. The cquivalents of bodies arc ascertained by observing the proportion in
which they combine with the standard of comparison, or with an®equivalent
woight of any”substance, and the ratio in which it increases in each successive
combination, when it can form different compounds with the same substance.
The cquivalents of compounds are @xmposed 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 dy the beginner till he is quite
famniliar with them; they communicate much information. Dr Wollaston con-
stiucted a sLipiNG scALE for facilitating calculations with respect to the propor-
tions of materials in different combinations, and the quantities required in ex-
perimenting. It is much employed by practical chemists; the method of using
it is detailed in the explanation®hich accompanies it.

61. When a body combines with anotheP in wmore thun one definite proportion, the
quantity of one of them in the different cbiflations is found to be exactly double, triple,
or some mulgiple, by a whole number, of the smallest proportion in which it enters into com-
bination with the other substance. Thus" 14.2 of nitrogen can combine with 8, 16,
24, 32, or 40, of oxygen, but with no intermediate proportion.

62. When tho bulk or volume of gases and vapours is compared with their
equivalent weights, Gay Lussac shewed that there is in general a very simple
ratio between the volumos that gombine, though recently several exceptions
Mavebeen pointed out. The eqyivalents, for cxample, of hydrogen, nitrogen, and
chlorine, arc, by, weight, 1, 14.2, and 35.5; but when these different weights are
measured, they are all found to occupy the game space. The table of equiva-
lents by weight and by volume she¥%s the correspondence between the equiva-

" lents of the most important gases and vapours by weight and by volume, illus-
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trating what is usually referred to under the title of the THEORY OF VOLUMES
Hydrogen is taken as a standard of comparison.

63, It is to Dalton that science is indebted for the aTomMic THEORY, Which
points out the law that regulates all these various combinations. Wenzcl,
Richter, and Bergman, had noticed geveral of the facts which are included in his
more general propositions,and Higginl 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 much to the extension and illustration of his
views.

64. If we admit with Dalton, that masses of matter are composed of AToMs
O 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. For if bodies
combine particle by 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 accordingly express the relative weights of the particles.
And, thus, when 1 of hydrogen combines with 6.12 of carbon and 8 of oxygen, it
is inferred that 6.12 of carbon will combine with 8 of oxygen, for these numbe~s
express the weight of their particles, and neither of them can be broken down.

65, Where the same substances vombine in different proportions, the quantity
of one being fixed, the increffse in the other must be a multiple of the smallest
quantity that can enter into combination. Thus, if 8 express the combining pro-
portion or weight of a particle of oxygen, the smallest increase to this that can
be made must be 8 more, as the particle is indivisihle, and hence 16 is the quan-
tity of pxygen found in the second combination, 24 in the third, and sq on.

66. Many cheriists have entertained the idea, that the equivalents of all bodies
are multiples of hydrogen by a whole number, in consequence of some circum-
stances pofnted 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
inaccuracy 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, Qthers, again, have
suggested the idea, that combination in unlimited proportions between different
bodies depends upon some peculiarity or resemblance in the form of their particles.

68. A new field of i mqm.ry has presented itséif of late years in the discovery of
ISOMERIC COMPOUNDS, in which differdht elements are associated together in the
same proportions as in combinations dlrefidy known, the difference in pl'opertl(‘s
being caused by a difference in the arrangements of the particles; the term is
derived from two Greek words,-—ms, equak, xiges, & part.

69. The prefixture pARA is often apphed to distinguish one variety of such
combinations from others, as in tartaric and parataric acids.

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

71. MeTaMErIo CoMPoUNDS are those where the ultimate,elements are the
same a8 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 sul-
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phureted hydrogen and metallic oxide, or of water (consisting of oxygen and
hydrogen) and a metallic sulphuret.

72. In stating the equivalent 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 perplex-
ed by statements apparently contradictory of the very principle an which the
atomic theory is founded. Thus, one of the oxides of manganesc is dften repre-
sented as a compound of 28 manganese and 12 vxygen, instead of 56 manganese
and 24 oxygen. The ratio indeed is the 8ame in both, but in the first case the
composition isnot 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 compellod, for the
sake of uniformity, to adopt the same expression. The expression of kalf atoms,
and similar contradictory terrus, have resulted from'this practice. The student
who attends to the ratio of the weight in such cases, and the proper equivalent
numbers, will be able to translate them correctly.*

. CHAP. V. CHEMICAL NOMENCLATURE.

«/3. Chemistry has extended so much of late years, and so many anomalies
have crept 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 fwom some of their more cha-
racteristic properties.

* 75. The terms BiNaARY, TERNARY, QUATERNARY CoMPOYNDs, &e. refer in
this work to the number of elements or proximate principles in a compound, not
to the number of atoms.

76. In binary compounds of oxygen, chlorine, iodine, brom{ne, and fluorine,
which are not acid, the name of the compound terminates in IDE, as in oxide of
zine, chloride of mercury, and iodide of lead.

77. In binary compounds of all other substances, the name termmates in URET,
as in hydruret of carbon, sulpburet of iron, potassiuret of antimony.

78. The number of atoms in the firs§ element or proximaie principle mentioned
in any compound, is usually indicated by a Latin numeral, as BIS 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 often familiurly used as substitutes for oxide and binoxide.

80. DevToxIpE is also frequéntly used to signify a compound of 3 atoms of
oxygen with 2 of metal, as in the deutoxéde of manganese, angl deutoxide of lead.

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

82. Oxacips are adlds containing,@xygen, 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 an acid with much oxygen, as in sulphuric acid.

84. Ous indicates a smaller quantity of oxygen, as in sulphnrous acid.

« 85. Hyro indicates a smallel" qfantity of oxygen than is found in compounds
to whose name it is prefixed, as in hyposulphuric acid and hyposulphurous acid.

*.In studying the Atomic Theory, Cheggjical Nonfnclature, and Symbols, and the ch
. of which bodies are susceptible by a new arrangement of their alementu. the CHEMICAL Aucus.
» description of which is prefixed to this work, is recommended to the notice of beginners.
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86. Sus is occasionally employed to denote an intermediate degree of oxida-
tion, as in subsulphurous acid, which contains less than sulphurous, but more
than hyposulphurous 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, HypRrACIDS are acids containing hydrogen ; their numes are alse made to
terminate in 10, as hydriodic acid, composed of hydrogen and iodine.

90. Aquebus is a term now comingf 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
binaqueous, terhydrate. -

91. AvcoarEs are definite compounds of alcohol and various saline sub-
stances ; they were discovered by Mr Graham,

92, SEsqQuI is a prefixture applied to compounds where two atoms of one ~ub-
stance arc united with three of another, as in the sesqui-carbonate of ammonia,
where two of ainmonia are united with three atoms of carbonie acid.  All such

combinations may be considered as constituted of two compounds, in o of
which the ingredients are combined atom to atom, and in the other in the py-
purtion of two to one; in the example quoted, the sesqui-carbonate of ammonia
may be regarded as a compound of the carbonate and bicarbonate of ammonia,
The term IIEMI Lias been proposed by Mr Lunn as o prefixture in similar cases.

93. The term Savr 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 & BASE, or SALIFIABLE BASE. Even water, in particular cases, is termed
a salifiable base%

94. The Names of sants are composed of the names of the acid and base.

95. Ic in an acid becomes ATE in the name of the salt into which it enters, 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 surexsart indicates that the propertics of the acid predominate. with-
out reference to the precise composition, as in the superturtrate ot potassa.

98. A sussavrtT indicates that the gqualities of the base predominate, as i the
sub-borate of soda.

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

100. The three dast prefistures being used only in a general sense, other terms
are necessary to express the precise cons#itution of saline combinations.

101. No PREFIXTURE is in general made when the salt is composcd of 1 atom
of acid and 1 of base, the latter being confhosed of 1 atoni of metal and 1 of ox: -
gen, if it be an oxidated metal. The term proto, however, is occasionally 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 ong atom of oxygen united with one of
metal, as in sulphat'.c of iron, which is more cgrrectly termed sulphate of the
oxide of iron. ) .

103. Bi1s, TER, QUATER, &c. are prefixed where 2, 3, or 4 atomns of acid are com-
bined with one of baso, as in the bisulphat#f soda, and quadrisulphate of potassa.

104, Di1s, TR1S, TETRAKIS, &c. are prefixed where 1 atom of ucid is united with'
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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 biper sulphu.w of mercury, where bi expresses 2 atoms of acid, and per that
the mercury is in the form of a peroxide,

106. DpuBLE saLTs are compounds where one salt is combined wx‘th another,
as in the tartrate of potassa and soda, regarded as a compound of tartrate of po-
tassy and tartrate of soda.  The term Trifle Salt is also applied to%uch combi-
nations, the name being derived from the three different ingredients present.

107. Havom Sarrs differ much in their compesition from the preceding
substances : the term is applicd to compounds of the metals with bodies such as
chlorine, iodine, bromine, and fluorine, but not to compounds containing oxygen
and sulphur.  The term is derived from aas, salt, and edss, form, as they are si-
milar in constitution to common salt.

108. Haloid salts can combine with different acids, oxides, common salts, and
also with cach other. .

109. Svuruo Savts include a series of compounds which have been particu-
Lyrly attended to only of late years ; they consist of compounds, both of which
contain sulphur.  Compounds of hydrogen, carbon, or metals with sulphur, when
combined with other compounds formedasf metals and sulphur, constitute this
aroun of salts.  1n the common salts, u large proporsion of which contain oxygen,
this element is found both in the acid and in the base : thus, in the phosphate of
\u(la, it is associated with phosphorus in phosphoric acid, apd with sodiumn in
the soda ; and hence such combinations are termed Oxy-SarTs.  In the Svnpno
Savrs, sulphur plays the same part, forming with one element an acid, and
with the other a salifiable base, i

110. AmmoNitreTs are compounds containing ammonia 'md sulifiable bases,
or other substances not acid.  AMIDE or rather AMINOGEN is applied to a
coruponnd of T nitrogen + 2 hydrogen, which has not hitherto been procured in
an insulated form.  Ammoxsius is apphed tu a similie compound of 1 nitrogen
+ { hydrogen. The prefixture ammgriaco, or ammonia, i~ frequently put before
salts, where this substanco has been added in sufficient quantity to combine both
with the acid and the base.

111. SULPHATOXYGEN is the name given to a supposed compound containing
4 particles of oxygen and 1 of sulphur ; it is considered to be formed by sulpburic
acid acquiring a particle of oxygen from an oxtde; its compounds are termed
SULPIIATOXIDES,

112. These remarks will enfble the beginner to sce the leading features of
the present system of nomenclature. d.avoisier, Fourcroyp Guyton-Moryecau,
and Berthollet, laid the foundation ef a system of nomenclature on scientific
principles.  The observations of Berzelius, Dalton, and Thomson, have done
much to extend it according to the ptogress of the scicnee ; and in the Encyclo-
predia Metropolitana there is an interesting paper on this subject by Mr Lunn,
A more rigid observance of this system would save much trouble and perplexity
both to beginners and professional chemists.

113. CrEMIcAL syMBOLS are now much employed, and with very great advan-
¢age; but here also a dxﬂeruncg of opmlon as to the most advantageous system
has been produgtive of much inconvenience. While there is no general standard

of reference in this country, I shall continug to ewploy that explained in the
Table of Symbols (Sec Tables).
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CHAP. VI. CRYSTALLIZATION.

114. Innumerous chemical operations, some of the products obtained are sepa-
rated in masses of regular symmetrical forms, similar to those that are formed
by natural processes in the mineral kingdom. These have been denominated
orystals, and the process by which they are procured is termed CRYSTALLIZATION.

115. The formation of crystals depends upon the cohesive attractipn of the
particles being exerted in a slow and equal manner, when they have peitect li-
berty of mdtion. To crystallize bodies, therefore, their cohesion, when they are
solid, must be diminished, in the first place, either by heat or by solution. The
form of the ultimate partieles of matter is unknow.

116. When fluidity is communicated by the action of a solvent, a hot satu-
rated solution is gencrally made, and crystals are deposited as it cools. The
dissolving power of fluids Mcreasing for the moxst part with the temperature.
that part solcly of the substance which ix dissulved in consequence of the high
temperature, crystallizes as the liquid cools,  The rest remains in solution,

117. If the remaining fluid be rems . ed and concentrated by boiling, additional
crystals may be procured ; and this may he repeated with the suceessive deain-
ings till they are all erystallized. These processes cannot always be resorted
to, as there are several substances which are more soluble in cold than in boil-
ing water. P

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

119. When the solvent is reroved by rapid heat, the solid matter falling down
in the boiling fluid, as in the preparut.ion of common salt, the process is termed
SALTING.

120. When the solvent is removed slowly by spontancous evaporation, Jarger
and more regular crystals are procured than when crystallizatios is ebected by
a sudden reduction of temperature.

121. The stronger the solution, the more rapid is the ¢rystallization, 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. It does not all separate at once; when a por-
tion has fallen, the least soluble salt next in quantity begins to appear, und
layers of different salts are thus often deposited successively from the sume li-
quid. This is termed ALTERNATE CI¥STALLIZ'TION.

123. When water (or other fluid: } arg eraployced to dissolve solids for crystalli-
zation, a portion of the solvent is uft«.n found chemically associated with the
erystal. It is termed WATER of CRYSTALLIZATION.

124. Crystallized salts containing water, that melt as they are heated, are
said to undergo the WATERY rusioN. The bry Fusion is the liquefaction pro-
duced by beat after the water has been expelled.

125. DELIQUESCENCE is the hquefacuon of a sall or other subut:mce by the
action of moisture attracted from the air. EFFLORESCENCE indicates the pro-
duction of a powdety-looking matter produceti by the action of a dry atmospherg
removing the moisture from a salt.

126. DECREPITATION denotes the separation or splitting of She crystals, ac-
companied by a erackling noise, anfl produced by the action of heat.

127. A1r has considerable influence upon crystallization, promoting it hy re-
moving a portion of the fluid holding the crystalline matter in solution. A hot
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saturated solution of sulphate of soda does not crystallize on cooling, if the air
be excluded ; on admitting the air, crystallization commences. Professor Graham
found that the greater attraction for water in the air or gas admitted, the more
cerfain tho effect.

128. A NucLEUS, or grystal of the same kind with the crystalline matter of «
any sulution, also promotes crystallization. Any solid matter is often used for
the same purpose in manufactories, as wooden spars, iron hoops,®and threads
suspendeldl in the erystallizing fluid: they afford numerods points of contact
where the crywt'm]]m.mou may commence. ,

120. Tt is u modern discovery, that some solids, by long contmued heat, can
undergo a change in the form of their erystals wnthout being rendered fluid.

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

131 Soine bodies erystallize in the samne torm, though totally different from
cach other as chemical agents. They are said to be 1soMorPu0US, and this new
branch of inquiry, which was discovered by Mitscherlich, is termed IsoMorpHIsM,
fron wes, equal, and pappr, form. The compounds of isomorphous budies with si-
milar substances form similar groups of erystals.  Where the form of bodies is
very similar, though they may not entirely coincide, they are termed Prrsio-
MORPHOTS, from #2s0us, near.

132, Tsomorphous bodies tenid to crystiize together, and a portion of one may
replace a portion of another, withont uffecting the form of the mass in which it
ecenrs.

133. In every crystal, Iauy has pointed out that there i»a PRIMITIVE FORM
or nucleus, which may be procured by splitting or cleaving it in the direction of
the Tay ers or laminse of the crystal.  The various forms produced in crystals by
combination of the primitive form, are terined SECONDARY OF PERIVATIVE forms.

134. 1t was considered, till very lately, that the primitive form or nucleus is
always the sagie in sume substances, however various the external form might
be, or by whatever process it might have been procured. Later observations have
thrown doul upon this, aul some substances, as sulphur, have been remarked to
afford two varieties of erysials, whet reated in differens ways, whose primary
founs are iecompitible with each other, Such bodies are < aid to be Dimorruous,
from 35, twice, wnd pogpn, form.*

1I. CALORIC.

135. C'aroric # the name given to the cause of all the phenomena attributed
to heat and cold.  Tts precise gpture is unknown. Three opinions have been
bronght forward in regard to it : 1st, Bycon considered that heat consists in a pe-
culiar motion or tremor of the particles of matter; Boyle shd Newton adopted
his views. 2dly, Many regard it as produced by vibrations in an elastic fluid uni-
versally diffused. 3dly, It has been supposed to depend dpon 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

wimplicity wnth which the phonomenn. of heat can be described according to this
hypothesis,

* For mformatlon with respect to the forms of crystals, and other ci t ted
with this subject, which bas now become so extendc® as to form a distiredt science, the reader
1 referred to works on Crystallography, and particularly to those of Hauy, Muhs, and Weiss.
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186. The properties of caloric are known only by its effects on material objects.
All known bodies contain caloric; none can be procured without it, and were
caloric 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 ferm Ansonute Caroric is employed to denote the total amount
of heat in bodics. No method is known by which this can be ascertaihed.

138. The femperature of a body indjcates its condition with respect to' caloric,
referred to a standard of comparison ; its temperature in general rises when caboric
is communicated to it, and falls when it is withdrawn. The quantity in each
continually fluctuates according as it may be affected by the rays of the sun, and
numerous natural and artificial operations going on in the globe itself; but
wherever any inequality occyrs, then the caloric passes from those bodies in which
it is accumulated to those in which it is comparatively deficient, tending to es-
tablish a universal equilibrium of temperature, Were no disturbing causes con-
tinually in operation, the whole globe would at last attain the same temperature.
The sensation produced by cold, and all other effects referred to this sourceude-
pend upon the abstraction of caloric.

139. The influence of this great power is conspicuous in the change of tlie
seasons, in the alternations of day and night, in its power over the animal, ve-
getable, and mineral kingdoms, and jndeed in every operation, natural or artificial,
carried on in the globe. ¢

GHAP. 1. EFFECTS OF CALORIC.

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

Skcr. 1. Expansion.

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 insinu-
ate itself between the particles of the expanded bodies, separating them more or
less from each other. In general the less ¢he cohesion the greater the expan-
sion 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, 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 compar.d with
each other, nor to liquids. In sclids and liquids the amouny of expansion in-
creases in & 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 boiling points. ¢

142, The expansion of solids and liquid4 takes place with great force. Iron
plates and bars are often twisted or broken where no allowance has heen 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 tje original volume is restored.

144. Hence, as bodies contain caloric at naturel temperatures, by withdraw-*
ing more or less from them, their volume may be more or less diminished.

145. A body exprting great force gluring its expansion by heat, contracts with
great power as it cools,
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146, Expansion is generally accompanied by a diminution of cohesion.

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

148, ExPANRION RY HEAT IN soLips.—Different solids are not expanded
equally by the same addition of heat. Each has an expansion peculiar to itself;
whea heated from 32° to 212°, a rod of ledd is elongated 1-351th paﬂ 5 of sllver,
1-524th ; of gold, 1-602d; of forged irom, 1- Bl!)th ; of platinum, 1-1167th;
English ﬂmt—glass, 1 lmnh part.

149. ExpansioN or riquips.—These, like solids, have each adogree of expan-
sion peculiar to themsclves. In rising in temperatuge from 32°, alcohol 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 com-
mon thermometer, or any liquid in a flask. The expansion of any liquid in a
gluss, or other vessel, always appears less than the actual cxpansion, the con-
t'umug vessel being at the same tine increased in its capacity by the expansion
iteundergoes on the application of heat.

150. The greater ratio in the increase of expansion as the temperature is aug-
mented, is very marked in several fluids.* Tf the expansion of mercury from 32°
to 122° (90 degrees) be stated as 14, the expansion flome122° to 212° (90 degrecs)
ig15. 'The expansion’ of water from 32° to 122° being 4.7, its expansion from

1227 to 212° is 156,

151. ExransroN oF Gasks.—Equal increments of tempemtun‘ produce the
same amount of expansion in all gases, as proved by Dalton and Gay Lussac.
For overy degree of Fahrenheit's thermometer, gases expand® 1-480th part of
their volume at 32°. 'This uniformity in the expansion of gases is attributed to
their having no cohesion. .

152. ExcerTions.— Water contracts when heated from its freezing point till
it reaches the temperature of 39) (39.38 Ialestrom). Drx Hope found, that in
any quantity of this fluid, the coldestew iter was nlw vs at the top when its tem-
perature was below this point. At a higher temperature water obeys the usual
law—the hottest is always found at the top. Sea water does not present this
exception to the law of expansion by heat.

153. Secondly, Rose’s fusible metal contracts when heated from 110.75 5 to
155.75.

154, 'I.‘hlrdly, Clays and other substances contract when lneated, but they do
not regain their original volume®n cooling.

1565. Fourthly, Many fluids expand a® they pass to the selid form. Water,
iron, bismuth, antimony, and a numbemof mlth, cxhibit this in a remarkable man-
ner, Metallje fluids, which have this property, toke nice and accurate impresstons
when cast in a mould, insinuating themselves into all its crevices. The force
with which this expansion takes place is very great. By the expansive force of
freezing water, the Florentine academicians burst a hollow brass ball ; the ca-
vity filled with water was only one inch in diamcter, and the force exerted was
calculated by Muschenbrock to havg been equal to a weight of 27.820 Ib.

*156. TAERMOMETERS.—Our gensations enable ws to judge only of a very li-
mited range of teynperature, and cven there they often deceive us,in consequence
of the state of the hody at the time; the air ¢f a temperate apgrtment will fecl
warm to any onc previously exposed to cold, and cold if he has been exposed to



16 THERMOMETERS—DIFFERENTIAL, REGISTER.

heat. The thermometer communicates more precise and definite information.
Substances at the samo temperature produce no change on it; placed in & warmer
or colder medium, the amount of expansion or contraction that ensues indicates
the difference of temperature.

157. In making the common thermomoter, 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 boiling it,and plunging the
stom 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 sEaLs
THE TUBE HERMETICALLY. .

158. To GRADUATE the thermometer, place the ball and stem in a mixture of
ice and water, and mark the point where the mercury cuts the stem; then place
the ball and stemt in water boiling in a metallic vessel, the barometer being at
30°, marking the stem as before, Divide the space between these marks into
180° and extend the degrees above and below the original marks, each being of
the same size with the intermediate divisions. ’

159. The zER0 or commencement of Fahrenheit’s scale is 32° below the freez-
ing point of water, that having been considered by him as the lowest possible
temperature; when he discovered that-this was an error, o series of descending
degrees were continued below his zero with the prefixture — (minus).

160. In the CENTIGRADE thermometer, the space hetween the freezing and
boiling points is divided into 100°; in REAUMUR’s into 80°.

161. Mercurysis 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 peint.
Alcohol is employed in thermometers for examining low {emperatures.

162. A1ix waswmployed by Sanctorio, who invented the thermometer, instead
of mercury and alcohol ; though more delicato than these in its indications, it is
affected by the pressure of the atmosphere, independent of temperature. The p1r-
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 todoth 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 diffcrence 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 kitown by a small iron wire or index
within the stem, which is pushed forwatd by the mercury as far as it may expand,
and left as it contracts ; the instrument i¢ 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 ocenrred within any
given time is indicated by the descent of a small piece of enamel in the stem of
a spirit thermometer, the spirit rising and passing by it as the temperature is
increased ; the enamel is easily brought to the top of the spirit for a new obser-
vation by inverting the thermometer.

164. For measuring high temperatures, éuyfon Morveau, and Professor Da-
niell, each invented & PYROMETER, where the degree of heat is gscertained by the
expansion of a bar of platinum. * .
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165. In Daniell’s pyrometer, 1 degree is equal to 7 of Fahrenheit. Many va-
luable results have been obtained with this instrumenrt.

166. Wedgwood endeavoured to measure high temperatures hy the contractioh
which clay suffers when cxposed 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.

167. Metallic thermometers are frequently made for indicating ogdinary tem-
peratures, by soldering together metals of unequal expansibility ; the*compound

- bar being fixed at one extremity, the other inclines to the one side, or to the
other as the temperature rises or falls, and a scale being attached,sit is gradu-
ated by comparing its indications with those of a common thermometer.

168. The thermometer, in indicating temperature,communicates no informa-
tion as to the total quantity of heat in any substance, but ma‘v its disposition
to impart or withdraw heat from any substance in contact with it.

L]

Seer. 11. Liquefaction.

169. It is believed that all solids can be melted by heat, excepting those com-
pounds which are easily decomposed by this agent. Bodies that are fluid at na-
turad temperatures are regarded as melted solids. The melting point varies in
different substances. Mercury melts at —39°.5; ice at 32° ; tallow at 96° ; potas-
sium at 150° ; silver at 2233° (Daniell); carbon has not hitherto been fused by the
highest temperature to which it has heen exposed.

170. In a vacuum, s murh lower temperature thaggusual (—5 ?) is necessary to
commence the congelation of water, but the temperature rises to 32° whenever it
Begins. from the latent calorie evolved.—See the succeeding paragraphs.

171. Dr Black pointed out the important fact, that after a solid has been heated
to its melting point, a large quantity of caloric is consumed in liquefying it, which
does not increase its temperature; this he termed LaTent CaLgric; the ligue-
taction being completed, more heat increases the temperature, 3s usual. When
the fluid becomes solid again, the heat which it had absorbed during liguefaction
is restored without any reductfon in its temperature.

172. The terms cOMBINED or INSENSIBLE CALORIC aro frequently used instead
of Jatent caloric, while that which affects the thermometer is said to be FREE or
SENSIBLE CALORIC,. e »

173. Different solids require different quantities of heat to r. nder them fluid :
ice requiros as much as would elevate the temperature of an equal weight of ice-
cold water by 140 degrees. Dr Black considered that caloric enters into chemi-
cal comlynation when it causes a change of form without any change of tempe-
rature, Dr Irvine considered the absorption of caloric that attends liquefaction
(and also evaporation) not to be t§e cause, but rather the effect, of changé of form.,

174. Liquids of different kinds that cgn combine chemicall.y, present peculiar
ENDOSMIC and EX0sMIC movements (inward and outward movements), when
placed on different sides of any porous membrane, unglazed earthen ware, or
other materfial to which they may be permeable. The particles of each mingle
in certain ratios, according to the power with which they attract each other,
and the relative facility with which they penetrate the intetposed medium. The
rescarches of Dutrochet contributed principally to demonstrate the great extent
to which such movements take place.

L]
Sxor. I11. Vaporization and Spontaneous Evaporation.
175. VAPORIZATION is the rapid conversion of a fluid into a vapour by heat.
The agitation accompanying eBuLLITION is preduced by the escape of the vapour,
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176. The vaporific point varies in liquids as the melting point in solids.  Somw:
solids pass into vapour when heated, without previously becoming liquid.  Bo-
dies easily converted into vapour are said to be voraTILE; those that are vot.
are called F1xEp.  Sulphuric ether boils at 96° ; alcohal at 1767 ; water at 2127:
and mercury at 662°.

177. Liquids differ much in the amount of expansion attending vaporization :
according to Gay Lussac, water expands to 1696 times its volume from its poiut
of greatest”density, the barometer being 29.92, and the temperature 212, Some
liquids lighter than water, as alcohol and ether, and more volatile, givé heavier
vapours, expandings less during vaporization.

178. Varours are highly elastic and compressible, expunding when relieved
from pressure, and cont.rnm.ing when subjected to it. Lhey resemble gases, but
are less permanggt, being e: ‘asily condensed into fluids.

179. The process of DISTILLATLON depends upon these civeumstances, and coun
sists in the separation of .{ morc volatile from a less volatile, or from a non-vo-
latile substance by vaporization, the produet betug « Uerted in o receiver.  Ste-
LIMATION is the term employed when the product condenses in the solid form

180. Gases are regarded as vapours, formed 1t vo low a temperature that it is
difficult to condense any of them, cxcept by great cold or pressure.  Gases nave
a remarkable power of diffusing themselves through cach other independent of
chemical action,  (See atmospheric air). .

181. Dr Faraday succeeded in condensing many gases by producing them ma
tube, hermetically sealed, so that each succecding portion condensed move and
more what had already beeu formed.

Lble shewing the Pressure wnd Temperature requived to buguciy the following Goses,

Gases. Preas, Temp, © o Gases Prossures Tengg
Sulphurous agid, 2 45 . Sulplureted hydrogou, 15 a0
Cyanogen, *. RTH 15 Carbonic acid, . 36 32
Chlorine, . 4 (i1} Muriatic acid, . 10 o0
Ammonia, . 6.50 50 " Nitrous oxide. . 50 [

The condensed gases produce intense cold whet they ave expused 1o theair i
a liquid form and allowed to evaporate.  Carbonic acid has been made the prm-
cipal subject of experiment by Thilerier. So great 1s the cold produced. that
part of the liquid carbonie aeid is frozen, and presents the appeatanee of spow.
(See 205).

. Vapours are expanded by heat according to the same Jaw as gases.

183. Dr Black shewed that a lavge quantity of heat is consumed during the
production of vapours, as in the melting of solids. 1t becomes Fovrenr, to use
his Innguage; it adds nothing to the temper:w ey it is not sensible to the ther-
mometer.

184, The quantlty of heat roqmred, to gonvert each liquid info vapoa is pecu-
liar ; water requires more than any other that has been examined, yiz. as much
as would elevate its own temperature by 1000 degrees, supposing it still to ve-
tain the fluid form. The heat consumed during vaporizaticn is restored withoui
any reduction of temperature when the vapours are condensed,

185. VaPorizaTION is much influenced by PREssuns.  The yreater the pressure
the more elevated the temperature required to produce vupour, the denser is the vapour
produced, and. the greater its elasticity. At 212‘(barmn. 30) steam has just safficient
elasticity to overcome the pressure of the air, ahd rise against it. T water be
heated in a strong metallic boiler, provided with a cover and stopeocks, the stean.
can be prevented from escaping While the heat is still applied.
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‘:8‘: With the stopeocks open, the temperature of the water never rises above

', the steam carrymg away in a latent form the heat communicated ; but when

1|u'v are shut, more stean s forced into the upper part of the boxlvr, already

filled with rupour, vondering it denser, and imparting it to great clastic power:

it is now called v1uk rrROCssure sTEAM : and it presses with more force than

formerly upon the waterin the boiler, which, along with the steam, now ae-
quires a lngh('r temperatule, !

187. Steam is always at the same temperature with the water from which it
visen, aitd accordingly. kigh presnre stein, stavn produced al o kigh temperature, and
desim, of great dewsitn, may e COnsidered symonymous terms. .

188, The « Jastiviry of steam, or foree with which it presses, mereases in a
aresdor mtio than the temporature at which it ix produeed : thus, if it bo—

15 ar 212 ! 1 at 298.7 | 16 at 398.48
L2 2005 E 4 340178 . | 24 435.56

18, Or, in othcy words, stequn, at these different temperatures, has 2, 4, 8, 16,
aned 27 Gimes the elastie power of steatn at 212, Hence the frequent explosions
o bodders nat properly provided with safety valves, and ihe fatal aceidents which
chistig,

10 The safery=valve i~ o metadbic plate Joaded with weights, and fitted to an
friuce v the hatler, o as 1o prevent the steam eseaping, but not so heavily
foaded as o preveut it from e ng Liftwd, and permitting any excess of steam
to b discborged, before its elasticty is inereased sv muel that the bursting of
the oot ts endancered, *

ettt High yresonre =teanc aliowed to escape from a boiler instantly expands,
md with sueh rapudity, that it falls much in temperature, and does not scald
the eaud as <team of 212 does. Great expansion attends the escape of the
steam, which s~ accompanicd by a reduction of temperature.—Sge 259,

2, A ki Ciios o rressere facilitates the production of S apour. Wader

Bothng iu bk whiielr is envhed tightly, wlile the upper part is full of steam,

ontinues to bei} thouzh 18 Leat be withdrawn ; the cold promotes *the gbal-
Jenon anore by condensing 2T supovueurieent steam, and thereby relieving
the w oo om pressure, winde the corh exeludes the a’r, than it opposes the
tedacing the temperature of the wate®. . By plunging the flask in cold water,
the sume phénomena are seen in a more striking point of view ; but if the tlask
he put into hoiling water, the cbhudlition inmmediately ceases, tho warm fluid not
condensang the steam above the water in the flask.

193, Exen the heat of the hand is sufficient to make water boil in a glass tube
partly filled with it, when the air has been espelled by boiling, and the open
vnd hermetically sealed; the toygealled the Water Hauser illustrates this
well s its name is derived from the noise the water mahes in fulling rapidly from
me end to the other, no e being pre 'N.‘Ilf to vesist its progresS,

194, Aecording to Professor Robmm, fidids boil at 140 degrees below their
usual hailing point, when eutively relieved from pressure. I:lot water, with a
thermometer in it, and placed under the receiver of an air-punp, illustrates well
the nature of ebullition under a reduced pressure ; as the air is exhausted the
water boils, falling rapidly in its temperature at the sume time.  No ealorie be-
ing rupphed to it from witheut. part of the heat it contains is consumed in effect-
my the change of form. .

195, The quantity of heat that be®omes latent during vaporization ravies with the tem-
peratare at which itetakes plaes : the greater the tenperature, the loss the latent heat.

Faual to the presswre of one atmosphere, accoMling to the common expression.
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196. According to numerous experiments, it appears that the total quantity of
heat in steam as it is formed is always the same ; the temperature of vaporiza-
tion being 112°, the latent heat required is 1100° ; at 212° it is 1000° ; at 312° it is
900°, &c. &c. Hence there is no economy of fuel in evaporating at a low tempe-
rature, as was once believed, though the process is 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 de-
composition.

197. Mr Howard and Mr Barry have made the most important applic itions of
this principhe. Sometimes the vapou. is withdrawn from the boiler by a power-
ful air-pump worked by a steam-engine. On other occasions, & large receiver is
connected with the still, filled with steam, which is then condensed, and a com-
munication now being opened between the still and the receiver, any air in tle
still divides itsclf between the still and the recciver; by repeating this several
times, the air in the still c&n be exhausted to any extent, and a sufficient reduce-
tion of pressure continually maintained by cooling the receiver.

198. Vaporization is also influcnced by the nature of the vessel in which it
takes ; water boils at 212° in metallic vesscls, but at 213° or 214° in vessels of glass.
Powder thrown into heated liqujds 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 heut ; 3. As a chemical agent in nu-
merous operations.

200, All vapours obey the same general laws as steam, though the tempera-
ture at which they are formed. the quantity of heat that becomes latent, the
amount of expansion, &e. may vary in cach.

20}, SroNTANEOUS EVAPORATION is the term employed to denote the produc-
tion of vapour by some natural agency, without the dircet application of heat.
This evaporatisp takes place to an enormous extent at the surface of the earth
and of the ocean, a kind of natural distillation continually going un, by which
all the vgpuur is produced that is returned in the formn of rain, snow, hail, dew,
hoarfrost, &c.

202. Many fluids evaporate spontancously as well as water, and even some
solids obey the same law, as ice, cmnpho{, and carbonate of ammonia,

203. Evaporation, it is obvious, will cease altogether when the power of gra-
vity between the particles is greater than the action of those forces that facili-
tate the production of vapour. Dr Faraday’s cxperiments and cbservations have
led to the belief that vapour, even of an exceedingly low tension, is not con-
tinually emanating from all substances, as many had imagined.

204, CAUSE oF EVAPORATION. Cualoric must be considered as the cause of
spontaneous evaporation, as well as of Vagporization, Dalton’s experinments
have shewn thatghe actual quantity ef vapour which can exist in a given space
is dependent upon temperature along. Jhe prescnce of air may affect the ra-
pidity of evaporation, but it neither incrcases nor diminishes the al)wlutl quan-
tity of water which can be taken up in a given space.

206. GREAT coLD is produced during SPOUNTANEOUS EVAPORATION, the quan-
tity of caloric that becomes latent being groater and greater the lower the tem-
perature at which it takes place. See 196. Volatile liquids, a8 ether and lignid
sulphurous acid, are often used to produce intense cold with rapidity, as they
evaporate.

206. Spontaneous evaporation is much influchced by a number of cnrcumstam'vs
1. The wolatility of the evaporating substance; 2. the temperatuve; 3. the pressure ;
4, the air; 5. the extent of surfuce hesented during evaporation.
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207. Vorariiry. The more volatile the evaporating substance, the more
rapidly does it evaporate, at any given temperaturc 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 in a given
space. The TENSION, FQRCE, or ELASTICITY of vapour, which signifies its power
of resisting pressure, depends upon the temperature; it is obviogs, therefore,
that the Jjigher the temperature the denser and more elastic will the vapour be,

.n the 8 ;me manner as at temperature above 212°.  See 189.

209. The following examples from a taple by Dalton, shew the elastic force
of thie vapour of water at different temperatures, expressed in inches of mercury :
the third column shews that each successive increusg 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 va-
pour at temperatures below 212°, is most easily shewn by putting a little water
into a barometer-tube, and then heating or cooling the tube to theequired point ;
the depression of the mercury indicating the force of the vapour.

Increase of ! Increuse of
Temp. Elasticity. Temp. | Temp. Elasticity. Temp.
32 0.200 ! 145 6.53 26
52 0.401 20 ' 173 13.02 28
73 0.796 21 | 2006 26.13 32
96 1.63 23 i 212 30,00 .
119 3.25 25 ! L]

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

211. Prrssurk. The temperature being constant, the quantity of vapour
that can exist in a given space is alwuys the game, according to Palton, however
much the pressure may vary. If the pressure on any vapour résting on the fluid
that produces ii be diminished, it immediate!y expands, and evaporation pro-
ceeds rapidly ti]l each part of the space above the fluid be charged with vapour
as before ; if the pressure be 'nereased, part of the vapour i - condensed into the
diguid form,us it is pressed mto a smalier space, leavivg the superincumbent
spuco as much charged as at first. Ae€cordingly, the mote any fluid is relieved
from the pressure of superincumbent vapour, the more rapidly does it evaporate.

212. Sir John Leslie shewed that water could be frozen by the cold produced
during its own cvaporation, when relieved from pressure; for this purpose it is
put into a porous cup, over a glass plate containing sulphuric acid, placed in the
receiver of an air-pump; the air being exhausted, the acid condenses the watery
vapour so rapidly, that more is gontinaally produced, and ice formed in the
cup. Dr Wollaston’s cRYOPHORUS, or frost-bearer (xgves, cold, and geew, I bear),
illustrates beautifully the same position 2it consists of two hollow glass balls
connected by a bent glass-tube, one of Yhein containing a portion of water, the
apparatus having been sealed hermetically when the air had been expelled by
boiling the water. If the other ball be put into a freezing mixture of salt and
snow, the vapour 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 ulmost
instantly formed on its surface.

.213. Ether placed in the receivemf an air-pump, boils rapidly as it is ex-
hausted ; it is at ordinary tempesatdres muoh above its boiling point when freed from
the pressure of the aér ; as the pressure diminishes the ebullition increases, which
produces much cold, part of the heat in the ether being consumed in effec®ing
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the change of form. Water put in a tube which is placed in the ether is readily
frozen ; mercury also may be frezen 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 pre-
sent; there is alvo less impediment from any accumulagion of vapour where the
surface is extonsive, than when confined within a smaller space.

215, INFLUENCE oF THE Air. Evaporation is retarded by the pyesence of
air.  If air be loaded with muoisture, it is altogether arrested ; if the aimbe dry,
it goes on c@mparatively with rapiditw A rapid current of air promotes evapo-
ration, sweeping away superincumbent moisture. The higher the temperafure,
the more rapid the evaporation in air.

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

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

218. HyeROMETERS are instruments for determining the condition of the air
with respect to moisture. DANICLL'S DEW-POINT HYGROMETER, or some njodi-
fication of it, is most 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, angd ziso Dr Coldstream, employed & very simple form
of this instrument ; it is mude of n delieate mercurial thermometer, with a dark
glass bulb covered with muslin, excepting a small part of its surface, on which
the deposition of dew may 1.+ seen as its temperature falls; the necessary re-
duction of temperature is produced by moistening the muslin with ether.  The
temperature indécated when the mqisture appears is the dew-point.  In Mason's
hygrometer, two thermometers are usced, one being continually woistencd with
water; the drier the air, the greater is the evaporation from the moistened ther-
mometer, and the lower ws temperature compared with that of ,the other ther-
mometer.

219. Many operate in another manner, pouring water into a glyss, and ob-
serving with a thermometer how cold it faust be befure any moisture is depo-
sited on the outside. *

220. Sir JouN LESLIE’S JIYGROMETER consists of the differential thermome-
ter having one of the balls covered with muslin, so that it can be casily mois-
tened; the less moisturc in the air the more rapid is the cvaporation from the
muslin, and the greater the reduction of temperature.

221. The quantity of moisture in air has alsg been examined by obscerving the
length to which a human hair, or some similar substance, can be strete lwd at a
given temperature, and also by rcmmn.p'tl the moisture altogether by chloride of
calcium or sulphuric acid. But none of theve methods are now much resorted to.

222. DEPOSITION OF MOISTULE FROM THE Alk. A reduction of fomperature,
or an increase of pressure, causes a d(-pontlon of moisture from air previously
saturated. The intermixture of.strata of air at different temperatures, both
Previously saturated with moisture, is o very frequent cause of the precipitation
of moisture, Dr Hutton proved this experimentally on the small scale, and
pointed out its frequent accurrence in natung; it depends upon this circumstanee
t.hat the power of air to dissolve moisture incfeases in a higher ratio than the

erature; and when a mean temperature is established bysthe intermixture
of ch strata, as when opposing urrents mect, a portion of the moisture is ne-
cessarily preeipitated,
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223. Besides being deposited in the form of RAIN, sNow, AIL, DEW, und
M3 AR-FROST, moisture is also separated from the air in tho forin of vEsICLES, or
vosicular vapour, constituting cLoups and MIsT; their nature, the manner in
which they are produced, and in which they form rain, &c. is unknown; they
have been supposed to consist of a thin film of water with included watery va-
pour.

224, RAIN 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 calculates’the average fall at 32 inches.

226. The RAIN GAUGE, by which the fall of rain is estimated, consists of a
vessel intended to contain the rain, connected by a®tube with a funnel-shaped
apening 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 atmo-
sphere, it at last becomes so cold that much of the moisture is deéposited ; in this
way hoar-frost accumulates in large quantity on the tops of clevated mountains.

o Sger. 1V. Imcandescence.

,227. Solids and liquids, when heated to 800° or 810°, appear red in the dark;
a temperature of 980° or about 1000° is neressary to produce a similar effect in
day-light. This luminousncss has beern termed INCANDESCENCE or IGNITION,
and is quite independent of combustion.  All bodigg which can present this ap-
pearancy become luminous at the same temperature.
¢ 228. Gasgs, according to Wedgwood’s cxperiments, cannot be rendered in-
candescent unless in a state of combustion, though heated %o that solids sus-
pended in them immediately become so.

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

®8eor. V. Effect of Calovie on Chemical Action.

230, Ctalorie promotes chomieal action when 1t ditanishes cohesion, as when
solids are melted by heat. 1t opposgs chemical action wl.en it increases elas
ticity, except in the decomposition of compounds containing gases, the elasticity
which it communicates to them being often sufficient to expel them from such
combinations. Lastly, caloric is ulso beljeved to cxert a peculiar gffect in parti-
cular eases in promoting chemical action. See Chemical Action.

CHAP. 1I. COMMUNICATION OF CALORIC.

° .

231. Caloric cun be communicated in two very different wayg from one kind of

matter to another, by Conduction and by.';l{adiution. The gréater the difference
of temperature, the more rapidly does®he communication of heat proceed.

Skotr. I. Conduction of Caloric.

232, When caloric pusses slowly from one particle of matter to another, as in
an iron rod, one end of which is heated in the fire, it ix said to be coNpUCTED
along the purticles of the iron, and the process is termed the coNnpucTiON of ca-
Joric. Bodies vary much in their power of conducting caloric. In general, the
densest substances are the best colMuctors.  Solids are better conductors than
liquids, and liquids than ,r:nm-s.. A man can remain for a considerable time in
air heated to nedr 300° without much inconvenience. but solids and fluids even
at a much lower temperature burn him sever®ly.
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283, CONDUCTION IN SOLIDS. Among solids, metals are the best conductors.
Aocordmg to Ingenhousz, silver is the best conductor; then copper, gold, tin,
iron, and lastly lead. Despretz has given the followmg table, but platinum is
generally considered to have a much less conducting power than he has assigned
to it.

Conducting Power. Conducting Power. ’ Conducting Power.

Gold, . .~ . 100. Iron, . . . 3741 Marble, . . . 234

Platinum, . 98.1 Zine, . . . 38637 Porcelain, . . 122

Silver, . . 973 Tin, -. . . 30.38 Brick Earth, .. 1.13

Copper, « . 80.82 Lead, .. . . 17.96 .
Stones, glass, and different minerals, come next in order; and lastly, light,
spongy, and porous solids, & charcoal, hairs, furs, &c.

234. The following table, by Count Ruinford, shews the time a1 thermometer
took to cool 135° when surrounded by various substancos, that being the worst
conductor in which it took longest time to cool: in air, the thermometer cooled
through the same range of temperature in 576 seconds.

No. of Seconds. No. of Scconds. No. of Seconds.
Spun silk, . . 917 Sheep’s wool, 1118 Eider down, . 1305
Fine lint, . . 1032 Raw silk, . . 1264 | Hare'sfur, . 1315

Cotton wool, . 1046 Beaver’s fur, 1296 |

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

236. Tho most perfect conductors produce the YIRONGEST SENSATION when
they are warmer'or colder than the body ; when warmer, they communicate heat
more rapidly than bad conductors; when colder, they take it away more quickly.
Tron, markle, and woollen stuffs, at difforent temperatures, afford good examples
of this circumstance,

237. IMPERFECT CONDUCTORS are extremely apt to be broken from sudden
alterations of temperature; the heat or cold applicd 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 ArTHUR TREVELYAN 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 cylinder of lead, the superincum-
bent metal is thrown into a rapid vibratory md'ion, which is frequently accom-
panied by very powerful musical tones{ particularly when there is a groove in
the lead or in the bar. The cause of ‘thecvibrations 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 peculiar
repulsive action communicated by the heat.

239. ConpucTioN oF HEAT IN Liquips. Liquids and gases are very bad
conductors of heat, when it is applied in such a manner that no movement is
induced in their particles by the expansion which takes place at the same time.
So feeble 1s the oonduct.mg power of most hqmd;, that it is easy to boil a portioh
away from the surface in a long tube, while the rest, with thg exception of a
small portion at the top, shall nothave been at all altered in its temperature.

240. But when hest is applied to the lower portion of any vesse) containing a
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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 ex-
pands. Thus ascending and descending currents arc established, and go on con-
tinuully, till an equilibrium of temperature is established. 1If cold be applied to
the upper portion of any'warm liquid or gas, similar phenownena necessarily take
place, descending currents commencing the movement, and pushing tip 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 proddces there, it tends to keep that portion
still more than before in its first position.

242. The currents induced. in liquids and gases by*heat explain many natural
phenomena, and have been taken advantage of in numervus operations of art.
Thus hot-houses and other apartments are often heated advantageously 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 atfirst. The ascent of smoke
or heated air from 4 common fire or furnace depends upon a similar cause: the
cold® uir 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 cqual and regulated temperature, they
are suid to be heated by an AIR, WATER, 5AND, 0 ME:RCURIAL BATH.

. 8ecr. II. Radiation of Caloric.

244. When we stand in the sunshine, or opposite a fire, wedfcel 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 termed ra-
DIANT caLoRIC, and is believed to move with the same velolity as light, viz.
192,500 miles per second. Caloric does not affect the air throygh which it ra-
diates, nor is it affected during radiction by any current of air: it ddbs not ra-
diate through opaque substances, and it is still disputed how far it radiates
through transparent solids or liquids. 1t appears to pass through the most per-
fect vacuum in the same manner as shrough 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. Caloric is emitted in every direction from hot bodies, in the same man-
ner as the rays of the sun. The cffect it produces diminishes as the square of
the distance; if the effect be reckoned 1 at the distance of 1 foot, it will be 4
stimes less at 2 feet, 9 times less at 3 feet, 16 times less at 4 feet, 25 times less

at 5 fect, and s0 on. M .

246. Radiant caloric falling upon solifls or liquids, must We REFLECTED, AB-
SORBED, O TRANSMITTED. Sir John Peslie and Count Rumford proved that the
nature of the surface of budies has & most important influence upon the radiation
of heat, and also upon the etfect produced by radiant heat. Rouver and Porous
SURFACES radiate powerfully when warm, and absorb with equal power any ca-
loric that falls upon them. BRILLIANT and POLISHED METALLIC SURFACES re-
floct heat powerfully, but radiate very foebly. Professor Forbes has shewn that
heat may be PoLARIZED, or acquirg peculiar properties, in the same manner as
Bight by reflection and refraction.—See Light.

247. The radipting powor of a surface coated with lamp-black being 100, the

radiating power of paper is 98, glass 90, and¢f a polished metallic surface only
12,
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248, Caloric, 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 hented object radiating towards it is placed in its focus;
and if a similar mirror be opposed to the first, it will correct these rays in ity
focus, producing a powerful heat. Many of the most interesting fucts connccted
with’ this subject were ascertained by experiments mide with reflectors: the
power of difftrent surfaces in radiating caloric was determined by opposing to «
reflector with a thermometer in its focus, the different sides of a sijuare tin
canister cogtaining bhoiling water, after coating them with the substunces re-*
quired, .

249. Radiant caloric discharged from any substan e a’ » temperature compa-
ratively low, is intercepted in a great measure by a pane of glass+ when the
temperature is higher, a great portion of rays are transmitted throngh the glass,
according to De la Roche; Jout Leslie and Brewster maintained that the effeet
supposed to depend upon the radiation of caloric through the glass, avises from
its being absorbed by onc side, conducted towards (ke uther, and then radinted
from it.

250. The calorific rays of the sun penctrate glass with facility.  They are
considered to be capable of passing through glass without heating it ‘

251. Radiant caloric procecding from huninous bodies, produces a greater of
feet on different substances the darker the colour.

252. When any cold substance is placed in the focus of a polished metallie re
flector, and a thermometer ift the fucus of another epposed to it, the temperature
immediately falls: this apparent radintion of cold is praduced by the thermo,
meter radiating caloric towards the cold object.

253. In a clear night, all good wrdinting surfaces fall much in their temperi-
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.  Oceastonally
the temperature of the air next the ground is many degrees below the temperas
ture of the air a little higher, from the same cause.  In a cloudy nisht, there is
hittle or no reduction of temperature from raduwion. !

254, Sir John Leslie’s ArrHriscors shews beautfully the power of the
clouds in preventing radiation. It consists of the uifferential thermomoter, ha-
ving one of the balls excluded from the light, aud the other placed in a polished
metallic cup.  Exposed to a cleur part of the shy, the heat radiates from it ra-
pidly, and the temperature falls; cxposed to a eloud, the radiation is retuned,
and there is no reduction of temperature.

255. Radiation is attributed to the repulsion exerted by the articles of ealoric,
and the tendency of this power to distribute itself till an equilibrium of temipe-,
rature is established. Prererwas of opmion tifat calorie is radiated solely from
the warmer to thecolder substance; PrEvosT maintained that all substanecos
radiate to each other, according to thtir temperature, and that an interchangze
still takes place even where an equilibrium has been established; this opinion
has been more generally reeeived.

CHAP. 111. SPECIFIC CALORIC.

256. All bodies do not contain the same quantity of caloric at the same tem.
peratare, nor can they be elevated in their jemperature to the came extent by
communicating to them the same amount of galoric. For example, if equal
quantities of caloric be added to water, oil and moreury, for oyery degree that
the water rises, the oil will rise @ and the merenry 23, The termn specirie
carorie was introdueed fo express the coruparative quantity of ealorie peentim
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o each substance. which is required to produce a given clevation of temperature.
The term CcAPACLTY FOR CALORIC i8 frequently employed with the same view,
hut not so much as lorerly. Boerhaave and Black made the first experiments
on this subject.

257. Dulong and Petit’s experiments have led to the conclusion that the atoms
of clementary bodies have the samce specific caloric, or require the same amount
of heat tg be elevated ju their temperature by the same number of degrees,

258. Bodies are considered to have a greater eapacity for caloric in the liquid
than in the sclid form; but additional .xgeriments ure required on ¢his subjdet.
The relative capacities of vupours and fluids have not been determined ; the re-
scarches on thes subject by Crawford, by Berard apd De la Roche, and other
expersmentors, do not agree.

259, The capacity of bodies for calorie inercases in a greater ratio than the
temperature. °

260, When gases or vapours are relieved from pressure, they expand, their
capacity for heat increases, their temperature accordingly falls.  Ilence the re-
duction of temperature observed at the tops of mountains, fn the air of the air-
pusgp, ax it is exhausted, and in steam issuihg from a boiler where it has been
nach compressed,

® 261 Whoen air s compressed. .focapacnd is diminished, and heat is cvolved,
which renfers it warni, Thus a elesie of capacity, without any change in the
quantity of calorie, is accompanied 1y ehange of temperature.

2620 BY CHEMICAT A 1T0N the Gipaeitios of hodies for caloric are generally
adtered, and as the evolution or absorption of heat is nut always proportional to
the chwmge of eapacity. this citeumstance atfords an argument in favour of Dr
Blark’s views of combined calorie.

263, Dr Irvine, believmg the total quantity of heat in bodies to be propor-
tioual to their capacity, endeavoured. on this prineiple, to as®ertain the aBso-
1TIE 260, o that reduction of temperature at which bodies are entirely desti-
tute of ealorig  The grest bseont nee 1u the resalts obtained by dlflerent ex-
perieriers, have shewn th d this method cannet be depenaed on.

CHAP. IV, DISTRIBUTION OF CALORIC.

264, Bodies not only differ in the quantity of heat they contain at the same
temperature, as has heen shewn in the preceding chapter, but also to a very
creat oxtent in their actual temperature, avcording to the position they vecupy
m the globe itsell.  The heat accumulated at the equator by the sun's rays,
produces an ascending current of air {o eithor pole, while other currents of air

® with less heat pass along the syeface of the carth from the poles to the equator.
Similar currents take place in the ocean.  They all aequire an obligue direc-
tion from the rotation of the earth: théir course is also nddified by numerous
Toeal errcumstances, *

265, 'Flte currents of aiv that pass towards the poles are not at a high tempe-
ralure, as the expansion attending their ascent in the atmosphere is necessarily
accomprnied by an increase of capacity.  This does not prevent them, however,
ansisting in equalizing the temperature of the globe, as their capacity must be
dininished, and their temperature increased, when they descend in the polar
regions,

266, 'The rays of the sun profluce little or no direet effoct upon the air through
which they pace, but are absorbed ar the surface of the earth, and then commmu-
meate heat by conduction to the surroundimg air. Penctrating less deeply on
the sarface of the Jand than in the water. it is apt to acquire a higher tempera-
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ture than the water by day, but becomes proportionally cold by night, from the
loss of heat by radiation. The air on the land being warmed accordingly to a
greater degree 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 BITUATIONS, extreme heat and cold, such as prevail in large
continentss 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 Lot
and cold aiware rendered milder by presing over an extensive surface of water.

268, The MEAN TEMPERATURE of the air at the surface, in different parts of* the
globe, varies probably nearly to the extent of 100¢ F. At the cquator it is
82°.5; at Rome, latitude 41%'.35, it is 60°; at Edinburgh, latitude 55°.57, it is 47°;
at Melville Island, latitide 74°.45, it is — 1°.5; and at the Pole, it has been cal-
culated by Arago to be —. 18",

269. At a certain elevation in the air, varying in different latitudes from the
Fquator 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 THF OCEAN varies from
323° 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°. , Betwecn the North Sea
and the Equator, and at thé bottom of large lakes, noarly the same variation
has been obscrved.

271. The varying temperature at the surface affects the soil only to the depth
of a few fect. From numeio:s geological phenomena, and experiments made
in mines, it is bglicved that the temperature at great depths is very elevated.

L]

CHAP. V. PRODUCTION OF HIGH AND LOW TEMPERATURES.

Srer. 1. High Temperatures.

272. The different sources of heat are, the Rays of the Sun, Mechanical Ac-
tion, Electricity, and Chemical Action. o

273. Ravs oF THE SuN,—When they are concentrated by a lens, or parabolie
reflectors made of polished metal, a most intense heat is produced, which can be
applied in a manner often very advantageous in numerous cases of chemical
action.

274. MECcHANICAL AcTioN.—An elevated temperature may be casily excited
by compressing sir in a syringe, rubbing pieces of dry wood, or by striking them.
with a hammer. Condensation always takes place, producing a diminished ca-
pacity for heat ; ufless the condensatidh be increased on each successive trial,
or the material operated on be previodsly*brought back to its original condition
by the application of heat, so that it may be condensed again as at fiest, there is
no evolution of beat. .

275. ELECTRICITY is a powerful agent in producing & great elevation of tem-
perature. See Elegtricity.

276. CHEMICAL ACTION is the great source of heat for artificial purposes, as
in the combustion of coal and fermentation., During chemical action, an evo-
Intion of heat may proceed from u change of capacity, or from the separation of
heat previously in a state of chemical combination. The varjous methods of
producing heat by chemical action evill be described- under the history of indi-

vidual substances.
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Skor. II. Low Temperatures.

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

278. I. By PROMOTING EADIATION, as when a substance with a rough porous
surface is exposed to%he air in a cloar cloudless sky. i

279. I1. By DIMINISHENG THE PRESSURE ON GASES, 88 when they expand, and
their temperature falls as their capacity increases.

280. IFI. By PrROMOTING EVAPORATION, either by diminishing the $ressure on
*a liquid while evaporating, or passing a rapid current of air over 1ts surface, go
us fp remove quickly any superincumbent®vapour.

281. TV. By cHEMICAL AcTION, and more especially by the rapid hqnefactxon
of solids. When solids are rendered fluid by chemieal action, without the ap-
plication of heat, part of their caloric becomes latent, and hence the reductjon
of temperature. See Tuble of Freczing Mixtures. . .

IIT. LIGHT.

282. Light is regarded by many as a distinct and peculiar matter, emitted in
ray8 from all luminous and visible objects which are not black, in the same
manner as heat.  Others consider it more probable that it is produced by vibra-
txons or undulations in an extremelv attenuated and elastic ether, diffused
throughout the universe. The phenvmena which it produces are usually ex-
plained in the language of the first opinion; bu§ the latter is now gaining
ground, and is perhaps that which is most generally received at the present
‘fuoment. )

283, Light moves with immense velocity, viz. 192.500 miles each second. It
passes through perfectly TRANSPARENT COLOURLESS bodies with little or no di-
minution: those that are WHITE reflect it; those that are BLA®K absorb it; and
those that present various coloured tints retain part and give out the rest.

284. Light is bent or alters its course when it passes from a rarer jo a denser
medium, as orf entering water at un oblhique angle after passing through the air:
this 1s termed REFRACTION.

285. When a ray of light passing through any object is divided into two parts
or pencils, cach of which produces a distinct imnage, it is said to suffer pouvBLE
REFRACTION.

286. When a ray of light acquires peculiar propertics by rcfraction or reflec-
tion, so that it enters transparent bodies at certain angles and not at any others,
it is said to be POLARIZED, and the change is termed POLARIZATION ; or, as Mr
, Goddard states the question, the polanzatmn of light is simply the sepamtmn
® of the two sots of undulations,8or vibrations, of which ordinary light is com-
posed, thus producing a beam of light gn which the vibragjons ‘of the etherial
molecules are all in one plane. Polgrizgd light is powerful in assisting the eye
in exploring the optical properties of crystals.

287. WHITE L16HT, according to the analysis of Newton, consists of seven
different 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 lenst refrangible ray following most closely in the
dlirection 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
thjs manner is Yermed the @rIsMATIC SPECTRUM.

288. According to a new analysis of light By Sir David Brewster, he considers
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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 lcast refrangible rays occur, the yellow in the middle, and the blue
where the most refracted rays are seen.

289. When the rays of light as they are separated by # prism are collectod

again by a lens, white light is produced. .
290. The greatest illuminating power is found in the brightest yellow or
palest greefi.

291. The sources of light arc the Sun’s Rays, Chemical Action, Electricity,
Phosphorestence and Crystallization.e

292, In the SunseaM, three different kinds of rays have been detected, Viz.
CALORIFIC, LUMINOUS, and. cHEMICAL RAYS. The calorific rays were first no-
ticgd, 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 considerhbly 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 ure met with beyond the violet ray, towards the other
oxtremity of the spectrum, and arc therefore the most refrangible rays in'the run-
beam: they were noticed by Wollaston and Riter. The ealorific and chemiceal
effects of the sunbeam are now attributed more to the action of those separale
rays which accompany the luminous rays, than to any direct effeet of the lumi-
nous rays themselves, Morichini, and also Mrs Semerville, have stated that the
violet rays can communicate magnetic properties to iron, but this question has
been much contested.

294, Dark coloured bodies are more powerfully affected by the heat of the suu
than others, though radiant catoric free from light, in the opinion of many phile-
sophers, does not, affect them more than other substunces: Dr Stark, however,
has inferred from his late experiments, that the absorption of heut both from non-
luminous gnd luminous bodies, and also its radiation, is much influenced by co-
lour. In looking at the xun through glasses of various colourssthe eye suffers
much from heat at times, while the light is feeble, according to the coloured
glass employed.

295. The CreMIcar EFrecT of light, or'of the rays which accompany those of
light, is conspicuous in its action upun 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 ix very trifling compared with that which
heat exerts, but is too important to be overlooked, espeeially in the chemieal
actions that take place in the animal and vegetble kingdom. PuoTogENIC or
Prorooraraic DpawineG consists in producing impressions on paper or other
objects soaked in solutions of nitrate of silyer or bichromate of potassa, or stained
with chloride or phosphate of silver, or with any other preparation affected by
light. The light darkening all those prepared surfaces exposed to it, excepting
those parts that may be protected by a lcaf, a flower, or any other object, the
outline of which it may be reguired to take. Ten or twenty grains of nitrate of
silver in an ounce of water form & solution much cmployed. A solution of hy-
posulphate of soda, prevents the impression being destroyed by the further ac-
tion of light on the paper. A saturated solution of bichromate of potassa does
well, paper steeped in it being well dried before%t is used, and washed in water
after the impression has been made upon it. Daguerre and Td\ibot led the way
in this interesting subject. Dr F¥fe has given mény details in his papers to
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the Society of Arts, and Mr Ponton pointed out the use of the bichromate of
potass.,

296. The evolution of light by cuEMIcAL acTiON is too familiar to require any
particular illustration ; it is woll scen in the plicnomena of combustion. These,
and the iNcaNDESCENCE of solids and fluids heated to a certnin temperature, shew
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 mutuadly convertible, ‘e
o 297, PHosrioRESCENCE signifies generally the evolution of light from different
budics called prosruons, without any chemigal action going on, and wighout that
clevation of temperature necessary for incundescence.  Many mineral substances,
native and artificial, nequire this property when heated and exposed to light, as
sulphate of baryta, and also oyster-shells after they have beon heated with sul-
phur.  Tleat increases the light emittod, but renders it of shorter duration. Mr
Pearsall has shewn that some bodies not naturally phosphorescent, or which have
lost this property by heat, acquire it again when subjected to the electric spark.
*T'he glow-worm, and many marine animals, ave very phosphorescent.  The cause

of phosphorescence is not very apparent ; it is independent of chemical action, and
tukessplace even in vacuo.  Several substances, when a change of form is induced
in ghom, evolve light, more especially some salts and other hodies at the moment
of erystallization.

248, The MLvvryaTiNe powLk of different lights is ascertained by comparing
the depth of shadow which they produce, when some gbject is interposed between
them and a sereen, the deeper the shadow the more powertul the light. Les-
L2 ProToMETER is constructed on the principle that the intensity of light is
proportional to its heating effect when absorbed. It consists of his differential
thermometer with one of the balls blackened. A thin glass cover protects the
nalls from being heated by currents of air. The sun’s rays do notaffect the clear
badl, but ave condensed by the blackened ball, and produce a edbresponding cle-
vetion of temperature,  But when this photometer is used with light produced
by combustion, a by ordinary incandeseent bodies, its indications are infecurate ;
the calorific efteet of red-hot cohe, for exaruple, producc., more effect than that of
many hinds of light, which are evidently much more poweriully luminous.

2949, Light exerts a powerful infludhee upon the animal and vegetable king-
doms, At St Petersburgh, Siv Jumes Wylie pointed out soime very interest-
ing cases where its beneficial influence upon the human frame was very well
marked.

300. Dr Stark has lately made some very important observations on the influ-
ence of colour on the absorption and disengagement of odorous matters. e
found, while engaged in Practicgl Anatomy, that Dlack clothes abrorbed much
offensive odorous matter, and retained it powerfully, while a light-coloured dress
was affected by it in a very trifling mainer, and lost what %t did absorb very
quickly by e¢xposure to the air. Extcn&iug’ his observations to odorous matter in
genera), he has found that white-coloured bodies are the least absorbent, and
dark-coloured the most absorbent, of odorous matter, and has made several im-
portant applications of the result of his experiments, in respect to clothing, white-
washing the retention of noxious efluvia by different coloured bodies, and the
consequent communication of disease. London Phil, Trans. 1833.

* * 1V. ELECTRICITY.

301. All bodicf contain a Jeculiar power or matter, which has received the
name of Electricity, from nacxrgos, the Greek *for amber, the substance in which
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some of the phenomena it produces were first noticed. Gilbert, in the 17th cen-
tury, baving shewn that numerous other substances could produce similar ap-
pearances, drew more attention to the subject, and laid the foundation of Elec-
tricity as a science.

302. Elegtricity is an agent of great force, and affects all kinds of matter. It
communicates powers of attraction and repulsion, which are very conspicuous in
the mechayical effects it produces. It influences the chemical relations of all
bodies, afid has been considered by some of the most distinguished chemists as
:.he real cause of all chemical phenomena. It is the source of perhaps.the moss «
intense heat and light that can be produced by artificial means. It is the cause
of magnetism, and it exercises also the most powerful influence over the animal
economy. 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 cqually pro-
duced by electrical action, as was proved by the cclebrated Franklin.

303. It is usually consfered as a fluid whose particles repel each other, but
attract those of other bodies. It moves with great velocity 3 attenipts have lately
been made to mcasure 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 itseff like
hydrogen or any ordinary kind of matter, and it is still doubtful how fgr it
ought to be regarded as a mere property of matter, or as a distinct prim-iple; the
latter opinion has been preferred. Its properties have been ascertained only by
observing the phenomena jt produces, as it passes from onc kind of matter to
another.

305. Electricity, according to the opinion of Franklin, may be regarded as a
sinfiple fluid, electrical phenomena being produced by its being accumulated or
rendered deficient in different bodies ; when in cxcess, the phenomena are pro-
duced by the elgctricity communicated to surrounding objects; when deficient,
they arise as the electricity flows in from thuse which contain a larger quantity
to restore the equilibrium.

306. When a substance has acquired more cleetricity thun itd natural share, it
is said to be POSITIVELY ELECTRIFIED. When it has lcss, 1t is said to be NEGA-
TIVELY ELECTRIFIED ; the terms PosITIVE and NEGATIVE ELECTRICITY, though
not so correct, are occasionally employed in the same sense.

307. Dufay had previously considered that differemt 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 matter. Symmer
extending his views, belicved "that ALL BODIES CONTAIN TWO KINDS OF ELEC-
TRICITY,—that these are separated more or less from each other during electrical
action,—that they neutralize each other as th@y combine, when all electrical phe-
nomena disappeay. This view of the gompound nature of electricity is still main-
tained by many, particularly on the Continent.

308. The term ritreous, according to this opinion, corresponds with the positive
electricity of Franklin, and the term resinous with megatioe electricity. Franklin’s
opinion is preferred in this country, as it is equally consistent with the pheno- .
mena presented, admits of their being explained in more simple language, and
inYolves less hypothesis than Symmer’s extension of Dufay’s opinion.

CHAP. I. COMMUNICATION OF ELECTRICITY. ¢

309. The power of different bodies in caxrying or conductin{ electricity varies
exceedingly. Metals are the bestconductars, then follow successively charcoal,
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acid liquids, solutions of salts,animal substances, water, and gases ravefied 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 coNpUCTORS.

310. The term NON-CONDUCTORS is applied to those 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 Nox-coNpUCTORS arg sulphur,
resinous sibstances, and many earthy compounds, as glass ; also air, wood, paper,
*hair, silk; and feathers, when they are dry. o o .

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

312. When clectricity is to be communicated froh one kind of matter to
another, a conneetion is made between them by a copper, silver, or other metallic
wire. Plates of metal, tin-foil, and mercury, are of ggeat use in adjusting diffe-
rent kinds of apparatus. By amalgamating motals with mercury, a very intimate
degree of contact is insured, so necessary in numerous experiments.

" 313. The passage which the electricity takes is terme: the ELECTRIC CIRCUIT;
it is spid to move in a current, and always proceeds from the body in which it is
accumulated to that in which it is comparatively deficient.

344. When the line of communication is not maintained continuously by good
conductors, it is siid to he BROKEN OF 1N (LRRUPTED, and it is there that bodies
are plared which are to be subjected to the influence of this agent, which passes
through them ns it proceeds from one part of the met®llic communication to the
oljer, if they be not too far distant.

315, By passing electricity through air or water during part of the circui;g’n-
stead of metal, it is retaxded in its progress, and ean thus produce many effdets
which arc not otherwise casily induced. This is done Ly makipg the metallic
commuuication 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, Bleetrieity spreads over the surface of bodivcs, ven it does not produce
any chemieal effect: it does not penetrate into the interior: in perfectly spheri-
cal bodies it in equ dly distributed overdhe surface ; in others, it accumulates at
particul v parts,

317. Pointed bodies carry off cloctricity with much greater rapidity, and from
much greater distances, than those of a globular form; they are also equally ef-
fectual in discharging electricity when it is accumulated in them. They are con-
tinuully used for these purposes in clectrical experiments.  When the object is
et 50 inuch to carry off a continuoys strenm of electricity, as to discharge a large
quantity at once, then metallic balls arve preferved to points.

318. An ELECTRICAL DISCHARGER is cofimonly made of n brass rod, with a
brass ball at cither end, supported in tfe thiddle by u glass handle; the glass
being a non-conduetor, it may be held freely in the hand, while the electricit
passes Ly the rod, on connecting it with bodies in different electrical conditions
to discharze any excess,  Various forms are used.

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

420. When electricity in great intensity is produced, as by the electric ma-
chine, it is miach more ensily contlucted than that from the galvamic battery,
where the tension és very feeble. .

321, The difference in the conducting powemof various bodies for electricity

¢
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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 removed,
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 objects. In general this effect is produced by Fnct.xon, Induc-
llon, the epplication of Heat, or Chemical Action. Magnetism also ¢an 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.

Skct. 1. Eacitation of Electrieity 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 ]eosx-
tively 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 can-
not then be communicated to the interior.

#425. Changes of this kind, effected merely by proximity to an excited body,
are called cases of the INDUCTION of ELECTRICITY.

L]

Secr. H.  Ewcitation 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 conditibn, and the glass,
or other substance, passes to a different state.

327. The nature of the surface, and 9f 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,

328. Bad conductors have been called ELECTRICS, from the facility with which
electrical phenomena are induced in them; while good conductors have been
called NoN-ELECTRICS, because, unless msula.ted they are with difficulty r¢n-
dered electrical.

329. In the common electrical machine, the electricity is produced by the
friction 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 accu-
maulated. This is termed the PRIME coNDUCTOR; from it all the clectricity de-
veloped by the common electrical machine is procured. It is insulated by a
glass support. Were it not insulated, the electricity excited in it would pass
at once to the earth.

330. The rubber must be connected with the ground by a cham or other good
conductor, to supply electricity to the machine as it is exhgusted, otherwise it

® For some farther remarks on Elfctricity, sec Faraday’s Researches, in the scction on th
Effect of Electricity on Chemical Actiof. * °
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will soon cease to be produced ; the rubber and the chain are generally connect-
ed in the cylinder machine by a conductor, which has been termed the RUBBER'S
CONDUCTOR, similar in its form to the prime conductor.

331. The LEYDEN JaAR, named from Leyden, where it was invented, is a con-
trivance by which electricity can be accumulated in larger quantity than in the
prime conductor. It isa glass jar or bottle, coated to within a few inches of
the top with tinfoil, both on the interior and exterior surface, a roligvith a ball

.at the top passing through the cork to the interior coating. Electricity commu-
nicated from the prime conductor to the Rall, is transferred by the rpd and m®-
tallfc coating to the interior of the jar; a corresponding quantity leaves the ex-
terior in consequence of induction (324), and when Jne 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 me-
tallic connection attached to the internal coating of each jar; the whole of the
intemal surfaces thus act together, and also the whole of the external surfaces.
By charging ong jar the whole are charged, and by discharging it, the whole are
difcharged at the same moment. .

Secr. IIL.  Excitation 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 Ia Rive, and still
more especially by Dr Faraday, who, in a series of Memoirs of Electricity, has
clucidated, with the greatest sagacity and ingenuity, many of the most intricate
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 GaLvanisy
Or YOLTAIC ELECTRICITY, from Galvani and from Volta. Galvani pointed out
the first fact connected with this branch of electricity, viz. that contractions are
excited in the limbs of a frog when a zinc and silver plate are placed, the one
upon the nerve and the other upon te 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 afterwards constructed the vorTalc PILE, which is similar in its general
arrangement to the trough now in use.
® 335. But the liquids or moistermd solids, used to connect each pair of metallie
Pplates, are not now considered conductory merely, as Volta Lelieved; they are
the real source of electricity during thgir getion upon the metals, the electrical
action terminating with the chemical action, that may have taken place be-
tween them. Davy, it is necessary to mention, considercd with Volta, that the
first action commences by the contact of the metals, though be admits that it is

.sustained by the chemical action of the substances employed.

336. The galvanic trough, invented by Cruickshanks, is the apparatus now
employed for producing electricity by chemical action. Plates of zinc and cop-
per, 4 or 6 inches square, are soldered together, and cemented in a wooden
trough, so that a series of cells are formed, in which the liquid is placed which
is to act chemicafly, and produce the electricity. The plates are arranged so
that all the zinc surfaces shall be placed in tRe same direction. Copper wires
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are fixed to the extreme plates at each end of the battery, so that they can be
easily connected by a good conductor.

837. The hqmd employed usun]ly consists of 1 part of acid to 15 or 25 of
water, 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 proferred for the cvolution of
heat and light, but it is seldom used alone being mixed commonly with from
1-10th to a-half of sulphuric acid. Saline solutions, and even commoun water,
are sufficient for some purposes, but they are exccedingly feeble compnmd with
tite preceding mixtures.

338. According to the above nrmngoments, the elert.mclty developed by the
action of the acid liquid in the first cell and the zinc, the metal most eflected,
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 suc-
cceding pair of plates handing over, as it werc, to the next pair, what they may
have produced along with what they have received from the preceding pairs,
the electricity becomes accumulated at the last pair, terminating in a copper
plate, which has accordingly received the name of the POSITIVE POLE or extre-
mity of the battery, the other being termed the NEGATIVE POLE.

339. SIMPLE GALVANIC CIRCLES cousist only of a single pair of pla.uw in
COMPOUND GALVANIC CIRCLES, as in the galvanic trough, there are a number of
pairs of plates.

340. The term GALVANIC BATTERY is usually applied where a number of
troughs are connected togethcr by copper wires; the same mrrangement 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
generally, according to the usual construction, a superfluous zinc plate at one
end, and a supu-ﬂuous copper plate at the other end of each trough; and hence
the zino plate in" common language, is often termed the positive pole of tlw battery,
though it iz so solely in consequence of bmrgm:m the copper, which icates to it
dadrmty in the same manner that it would gire it to the connwmq wire, or any other
good conductor. Similar remarks apply to the superfluous copper plate at the other
extremity. L)

342, A great variety of arrangements,’'on the same principle as the trough,
have been from time to time employed. The pile originally employed by Volta
consisted of the platesr 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.

343. A porcelain trough with cells is often used, the plates being suspended
devxdually in a frame, and a copper and zine plate introduced into each cell;
the zinc pla,te in gne cell is always jqined by a metallic connection to the cop-
per plate in the next cell : arrangemgnty 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 con'esponding
increase in the qua.ntity of zinc employed. "When a single pair of plates is used
the copper plate is frequently made so as to contain the liquid, and the zirc,
when immersed, is prevented from coming difectly in contact with the copper
by pieces of glass or baked wood; troughs have also been constructed on the
same principle by Mr Hart, whicfl have been found very convenient.

345. Mr Pepys and Dr Hare have employed the metals in coils for some pur-
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poscs ; the latter has termed a battery made of many different coils & caLori-
MOTOR, 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 zinc, a solution of
zine in morcury is opposed to the plate of copper.

347. Professor Danicll, some years ago, constracted a very mgen;ous and use-
ful galvanic battery, in which, by a series of syphons, the charge cah be conti-

-nually renewed without disturbing the apparatus, a small quantity of fluid drop-
ping constantly into each syphon, and di#placing an equal bulk of® the former
charge. He termed it the CONSTANT BATTERY. A greatnumber of troughs and
batteries have since been constructed, in which the galvanic energy is sustained
with great precision, compared with what is observed in the common trough.
These are usually termed SUSTAINING BATTERIES, and among the great variety
of charges that have been employed in such cases, nbne perhaps hus been more
frequently used than salts of copper dissolved in water, an excess of the salt
being suspended in the solution that it may always be kept saturated, this being
used along with a diluted acid. Mechanical arrangements arc made in many of
thes® cases, so that the copper alone shall be in direct contact with the cupreous
soJution, while the zinc is exposed to the diluted acid, a membrane being inter-
posed between the copper and the zinc, and the two fluids poured on either side.
Nothing is of more importance_in constructing sustaining electric instruments,
than the prevention of the deposition of impuritiesgipon the metallic plates, of
the adhesion of minute bubbles of hydrogen or other gases, or of the secondary
cHocts produced by their action upon the materials used in charging the bat-
tery.

348. De la Rive has shewn that the metal or substance most acted upon k-

comes positive with respect to the other. o

Sect. IV. Eacitation of Electricity by Heat, 4c.

349, When beat is communicated to different substances. their electric equis
librium is disturbed; this has been observed moro particularly in various ar-
rangements with the metals. The facts connected with this subject are usually
arranged under the title of THERMO-ELECTRICITY, & department of science more
particularly connected with Natural Philosophy than Chemistry. Melloni’s
thermo-multiplier consists of many pairs of small slips of antimony 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. Variatiens of
femperature, not appreciable bygéhe common thermometer, are 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
DiaTHERMAL BobIEs, and he has also-been led to emtertain 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 Polari-
zation of Heat,

350. Electricity can also be induced by MAGNETISM ; and MAGNETO-ELECTRIC
MACHINES have bgen made, in which, by the inductive influence of a horse-shoe
magnet, upon a coil of wire wound round the keeper or bar uniting its opposite
poles, electricity, in sufficient gliantity to perform every variety of cxperiment,
may easily be prdcured. In the 0OIL MACHINE, an electric current is transmitted
through a thick copper wire, arranged so that%he circuit through it may be made
and broken with extreme rapidity, around it a fiper wire (nuch longer than the
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first) makes many convolutions, and an electric current being induced in it by its
proximity to the fivst, it is found to have many peculiar qualities, and, in parti-
cular, to be extremely powerful in affecting the animal economy. The wires
must be covered with thread and well waxed, so as not to be 2 metallic contact.
An iron bar, or a bundle of iron wires passed through the centre of the coil, adds
greatly to the energy of its action.

351. Laskly, clectricity is not only developed durmg perhaps almost all che-
mical operations that take place both in the organic and inorganic world, but
there are afimals in which a peculiat galva.mc apparatus is found, by which it
can be accuinulated and discharged at will, as in the Torpedo, and Electrical Eel.

«~ CIIAD. III. EFFECTS OF ELECTRICITY.

352, The principal effects of electricity are the production of mechanical and
chemical action, of heat, light, and magnetiem, 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 quanTITY brought into play. From the electrical machine,
electricity of great intensity is procured, but in quantity far inferior 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
a.lways exceedingly low; the greater the numbet of plates, the greater the ten-
sion; the greater the extent of surface, and the more powerful the chemical
achon, 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 neces-
sary. .

* 8ecr. 1. Mechanical Effects of Electricity.

354. Bedies 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 &f paper, and
fragments of thin metallic leaves. The ga.'ivnmic battery is exceedingly feeble in
this respect.

355. ELECTROMETERS, or measurers of electricity, for ascertaining the inten-
gity with which attractions and repulsions of this kind are exerted, have been
contrived, the intensity being inferred from the distance to which some substance
of a fixed size and form is repelled, when sub,]ected to the influence under exa-
mination.

356. The nature of the electrical ex~itement oommnmeated can also be ascer-
tained by means of an electrometer. Thug, 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 inm‘enﬁliit be positively excited, and diminished
if it be nogatively electrified. In et’s gold-leaf clectrometer, 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 dwergc
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, enctly in the same manner as & powerful ffochanical agent,
as when lightning is interruptad 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.



PRODUCTION OF HEAT AND LIGHT—EXCITATION OF MAGNETISM. 39

By various mechanical adjustments, and by the conjoined action of electricity
and magnetism, 8 new moving power has been disclosed which is the subject of
daily experiment as a source of mechanism. In this department Jacobi has par-
ticularly distinguished himself. .

8kcr. 11. Production of Heat and Light. -

358. Elgctricity, when it is retarded in its progress by a bad condygtor, as in
traversing the air, or when it is in large proportion to a good conductor through
which it is passing, produces light and hegt. An electric spark is procured on
approaching the liand, 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.

359. If the wires at the positive and negative poles of the galvani¢*battery be
brought in contact after charging it with diluted acid, sémilar 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
greawdegree, the electricity still passes from the one to the other, even when
th(;y 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. In blasting rocks according to Mr Roberts's plan, gal-
vanic electricity is employed to inflame the gunpowder, being conveyed by a thick
wire, which extends into an exceedingly fine iron wire, where it is placed in
the céntre of the gunpowder. The electric spark which cannot render the thick
wire warm, instantly ignites the fine wire. A similar arrangement has been
adopted by Mr Roberts, and also by Colonel Pasley, for blasting by gunpowder
under water. °

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

Sgor. 111, Ewcitation 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 rendereg instantly magnetic by passing electricity from
a galvanic battery through a copper wire wound round it; and if a piece of iron
round which a copper wire covered with &1k thread has been eoiled, be made to
touch the poles of a horse-shoe magnet} th® 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 extremities are connected together. Recent in-
vestigations have led to the belief, that mgjgnetism 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
wjio obtained an electric spark from a magnet ; Faraday’s previous researches in -
electro-magnetism facilitated the discovery. Dr Ritchie, and also Pixii of Paris,
bave contrived different pieces of apparatus with which chemical experiments
may be performed by the electric spark procused from & magnet. )

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

Sgscr. 1V. Influence of Electricity on Chemical Action.

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

365. Electricity produced by the electrical machine and by the galvanic bat-
tery produge 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 comparative facility be procured; eleetricity from the machine is cxtremely
feeble in effocting decomposition. A butsry composed of many troughs is also
better suifll for this purpose, though ti:e plates do not exceed five or six inches
square, than one where there is a smaller nur-ber of large plates. The effect of
electricity in promoting decomposition has hitherto beon more particularly stu-
died than its power in promoting combination. .

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 tuble by Berzclius, the first 21 arc called
ELECTRO-NEGATIVES, as, when separated from other substances by clectriclty,
they are attracted to the positive pule; the others have received the name of
ELECTRO-POSITIVES, being attracted under similar circumstances to the NEGa-
TIvE PoLE. Bodies are considered to have or acquire during decomposition a
different electric condition from that of the pole wherc they appenr, and henee
the terms applied to then. '

ELECTRO-NEGATIVES, LELECTRO-POSITIVES.
Oxygen. * Tungsten. Potassium.  Manganese.  Copper.
S:I{) ur. Boron. Sodium. Zinc. Silver.
Nitro, Carbon. Lithium, Cadmium.  Mercury.
Chlorihe. Antimony. Barium, Iron. « Palladium.
Todine. Tellurium. Strontium.  Nickel. Platinum.
Fluorine. Columbium, Cyleium. Cobalt. Rhodium.
Phosphorus. Titanium, Magnesium.  Cerium. Iridium,
Selenium, Silicium. Glucinum.  Lead. Gold, ®
Arsenic. Osmium., Yitrium. Tin.

Clromium.  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
regard to the other. Thus oxygen, if previowsly combine with any substance
in the first list, is always separated gt the positive pole; and potassium if al-
ready in combination with any other body in the second list, appears always at
the negative pole. ' Oxygen is the most eloctro-negative, and potassium the most
electro-positive, of all known bodies, ‘

368. In effecting eloctro-chemical decomposition, the body subjected to the
galvanic influence is placed betwed® the wires connecting the poles of the bat-
tery, and, however imperfectly, must conduct the electricity, otherwise no effect
takes place.

369, An element or other substance, under the influence of electricity, muy
have its ordinary power of combination completely suspended, and be passed
throughsbodies for which it hus an affinity without combining® with then$

370, The chemical agency of ‘clectricity was discovered by Nicholson and
Carlisle. Sir Humphry Davy, entertaining the idea that chemical attraction
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depends on bodics 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 eartbs and alkalis, and the power of electricity in suspondmg and modi-
fying ordinary cHemical action.

371. The influence of electrlcxty on chemical action, has not been so clearly
unfolded as to admit of its precise relation to it being very weuratdy defined.

. But Sir H. Davy’s opinion that chemical and electrical action depend upon the
same primary cause acting on matter, is daily gmning ground. Thoegh nume-
rous valuable communications have appeared since Davy’s discoveries, none are
equal in extent and importance to those of Dr Faraday, who has here displayed
the same felicity in experimental research that has equally distinggished his
abours in all the other departments of this subject, and of the other provinces
of science in which he has engaged. The following %aragraphs in this section
contain a short summary of the more important circumstances which he has

+ pointed out.

372, Dr Faraday has confirmed by numcrous experiments the views that have
been gencrally adopted as to the identity of the electricity of the electrical ma-
chipe and of the galvanic battery; a picce 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 electricigy of the electrical machine
und the galvanic battery, is explained by a comparison of the quantity of electri-
¢ily produced by each. An eletrio battery of 15 jars,each containirg 234 square
inches of glass ooated on each side, and oharged by 30 turns of & powerful plate electrioal
machine, 50 inches in diameter, yields no more electricity than « platina and a zine wire,
caok 1-18tk of an inoh in diameter, placed 5-8ths of an inch deep, in aqdiluted acid com-
posed of 1 drop of sulphuric acid and 4 ounces of water, during 3 seconds. Again, the
quantity of electricity associnted with the elements of bodies in their vagious che-
mical combinatidns is so great, that, while cleotricity sufficient to decompose & grain of
water can be easily prooured during the chemical astion of a few grains of zinc on a di-
luted acid, Dr Faraday has inferred that no less than 8005000 charges of the eleotric
battery Just menttoned would be mecessary to produw 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 mamta.med.

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

375. « Conducting power is, in some dodies, powerfully m(-roased by heat, and
in others diminished, yet without our perceiving any accompanying essential
electrical differenge, either in the bodies or in the changes occasioned by the elec-
tricity conducted.

876. “ A numerous class,of bodies msulau.ng electricity of low intenisity when .
solid, conduct it very freely when fluid, and are then decomposed by it.

377. “ But there are many fluid bodies which do not sensibly conduct electri-
city of this low intensity: there are some which conduct it and are not decom-

posed ; nor is fluidity essential to decomposition.

378. “ A body been discovered which, il1snlating a voltaic current when
solid, and conducting it when fluid, is nevcrtheless not decomposed in the latter
case. .
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379. “ In numerous cases, as a solid becomes fluid, it loses almost entirely the
power of conduction for heat, but gains in a high degree that for electricity,”
and vice versa.

380, The extremities or poles of an electric circnit are usually spoken of as
having peculiar attractive and repulsive powers, to which the cllemical agency of
electricity has been referred ; and Davy, with other chemists, considered that the
decomposthg 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, , ¢hroughout all the clrcult.,-n.nd that it is more correct to speak of the
particles 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.

j81. transferring power of electricity, by which the particles are made to
appear at t poles, is much influenced by the attractive power of the sub-
stances associated with th&m. Thus more sulphuric acid is carried to the positive
pole of abattery, if it be eombined previously with soda, which attracts it strongly,
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. .

383. No determination to a pole has been observed in cases of mere mixtures.

384, 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.

388. Again, among the mgre 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 clectricity pro-
ducing a like effect at every part of the compound through which it passes, so
that a series of ‘gombinations 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 aand b, placed be-
tween the poles of a galvanic battery, then the following arrangement is produced :
a ba ba ba 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 wjdely se-
parated from each other.

386. In numerous cases, the substances that appear at the different poles, are
the SECONDARY, not the PRIMARY PRODUOTS of electro-chemical decomposition,
being formed or disengaged by the primary products decomposing or combining
with some of the substances with which they céme in cont#¥t as they are evolved.

387, Metals which have been conngcted with the positive pole of the galvanic
battery, have been observed, even when entirely removed from it, to have the
power of promoting combinatiof: 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 on the surface
being thorougiuly cleansed in the himd in which they were 1mmersed, and that
similar effects were produced when platinum, the metal preferred in these ex-
periments, was carefully cleaned by sulphuric acid and water.

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

. “The chemical power of & current of electricity is in direct proportion to
the- absolute quantity of electricity which passes.”



DR FARADAY’S NEW RESEARCHES. 43

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 equiva-
lent 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 guan-
tity of any similar binary compound.

392, The.term ELECTRO-CHEMICAL EQUIVALENTS refers to the qun.ntmes of
substancos separated from any compound by a given amount of electricity : and
roferred to a standard of comparison, they afe found to approximate @s nen.rly
as could be expected to the ordinary equivalent numbers.

393. The definite nature of electro-chemical action,,and the correspondence
between the chemical equivalents of bodies ascertained in the usual er, and
from the qunntlty separated by a given amount of electnclty, 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 chbmical decomposing action of a current of electricity is constant for a
consfant quantity, however variablo in its course, in its intensity, and in the na-

* ture 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 sulphuric acid to make it a better cgnductor. The apparatus
cmployed consists of a vessel containing the fluid, in which two wires or plates
of blatinum are introduced, placed at a little distance from each other. The
wires being cpnnected 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 pro-
duced by passing the electricity through different substances in ghother part of
the circuit, affords an excellent standard of comparison., The instrument is
teamed the Vorra ELECTROMETER.

395, Dr Faraddy has introduced the following new turms, to save clrclunlo—
cution, and express more specifically than he could with those now in use many
of the circumstances attending electro-chemical decomposition.

396. ELECTRODES, from naexrgor and > AP way, used instead of poles, as they
are regarded merely as the doors by which electricity passes ; they are the boun-
daries of the decomposing matter in the direction of the electric current.

397. ANODE, ar«, upwards, and o3e;, a Way ; that part of the surface «f a de-
composing body which the electric current enters; the part immediately touch-
ing the positive pole.

398, CATHODE; xere, downwardh, and s3s ; that part of the decomposing body
which the current leaves ; the part next todhe negative pole.

399, ELEOTROLYTES, nAixrger and Acwel aeparate ; a body which can be decom-
posed directly by electricity. EvgcTROLYZED 'eam electro-chemically decom-
posed.

400. ANION, &we, that which goea up; & body which passes to the positive
pole, to the anode of the decomposing body, as it is separated by electricity.

401. CATION, xarev, that which goes down ; a body that passes to the negative
pole, to the cathode of the decomposing body. Ions signify anions or cations.

L]

Sger. V1. Effect of Electricity on Animals.
402. Electricity®has a powerful effect upon_the animal economy, producing
instant death when in great intensity, as a flash of lightning, or acting merely
as a gentle stimulus, when applied in minute quantity. Its action, however,
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appears to vary considerably upon different constitutions both in respect to their
power of conducting it, the quantity that can be accumulated in them when they
are insulated, and its precise influence upon the nervous system.

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, ¢lectricity will then accumulate in him, and a spark may be obtained
from hirfi by any conducting substance, in the same manner as from the pnmo
conductor itself.

404. When an electric shock is # be communicated to any part of the body,
it must be made the medium of communication between the positive and nega-
tive poles of the battery—it must form psrt of the circuit through which the
electricity passes. Metallic rods, brass chains, and the common electric dis-
chargergqgre of much uso 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 m01stened
with a saline solntxon, or very dilute acid.

406. When it is necessary to pass n strong galvanic current through any part
of the body, it may be often advantageous, as Mr Kemp suggested, to avuid the
shock which is usually communicated on muking or breaking the circuit. A For
this purpose, the ¢onnection having been made between one pole of the battery *
and one extremity of the part through which the electricity is to be passed, Mr
Kemp recommends a me#allic plate or ball, terminating in two wires, to be e¢m-
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 pait of
plates next to the pole of the battery first connected; while this gonnection is
mamtsmed, the other wire is moved beyond it, and then the first lifted past it
again, t.akmg eare always to maintain the connection with one wire while the
other is moved forward to include an additional number of plates. In this m:n-
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 paralytic nature, and also in cases of suspended ani-
mation.

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



, PART IL

.CHEMICAL HISTORY *OF INDIVIDUAL
SUBSTANCES.

DIVISION 1. INORGANIC BODIES.

CLASS I. NON-METALLIC SUBSTANCES.
CHAP. I. OXYGEN.

409, OxYGEN, from efue, sour or acid, and yewew, I produce. When this name
was given, all acids were belicved to contain this element: numerous excep-
tions have since occuwrred. Old Names.—Vitul, Empyreal, and Dephlogisti-
cated Air.

410, Symb. O, or a dot repeated as often as there arve atoms of oxygen.—Eq.
8 by W, and by V—Sp. gr. 1.026, Temp. 60° and Bar. 30°.—W. of 100 c. i.
34.19 grs.— Water, 100 c. i. absorb 3.7 of oxygen.

411. Gaseous, transparent, colourless, inodorous, unmﬂnmma.ble, snpports
combustion brilliuntly its compounds, when not aid, are terméd OXIDES ; the
ingredient combining with oxygen is said to be oxIp1zED, or OXIDATED ; the
process is called exipaTIoN. DEoxIpaTION signifies the separation of oxygen.

412. Oxygen is the most abundant of the ¢lements, form'.z upwards of one-
half of the globe ; it exists in air, water, nost earthy substances, and in almost
all the products of the vegetable and afimal kingdom.

413. The principal OXIDATING 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
inflammable metals are also emaployed.

414. Prepared commonly from oxides, or salts of nitric or chloric acid. Bin-
oXide of manganese, binoxide ofemercury, nitrate of potassa, and chlorate of
potassa are the compounds gencrally used.

415, BINOXIDE OF MANGANESE 43. 7,:: oxygen 16 + mangn.nese 27.7; 40.1
of sulphuric acid (49.1 aqueous acid are used¥discharge § of oxygen by heat.
Sulphate of manganese, consisting of the acid and 35.7 oxide, remain in the glass
retort used.

Fig. 2. »
Materials. Products
43.7 Binoxide, {oﬁ’g" g g 8 Oxygen.

#0.1 Sulphuric Acid,..... ... 40.!:.::.3..75.8 Sulphate of Mangancse.
o Mn& S = iS'Mn&O.

Carbonic acid, from carbonate of lime mixed th the binoxide, is often evolved
at first from bad manganese, and & burning taper is extinguished by this gas,
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but burns brilliantly when the oxygen is pure. An excess of acid facilitates the
expulsion of the oxygen.

416, For large quantities of oxygen, the binoxide alone is heated to redness
in iron bottles: 87.4 (43.7 x 2) give 8 of oxygen, terdinoxide of mangancse re-
maining = oxide 35.7 4 binoxide 43.7 = 79.4.

.

Fig. 8.

© Materials. Products.
437 Binoxide {8§{§*‘" T 8 Oxygen. °
437 Binoxide.................. 43, ;79.4 Terdinoxide.

2 :Mn = iMn2&0.

417. BiNoxIpE oF MERCURY, 219 = oxygen 16 + mercury 203. All the
_oxygen ig detached by heating it in an iron bottle. The mercury is distilled.
:Hg = Mg& 02, o

418. N1TRATE oF Porassa = acid 4.2 + potassa 47.2. Heated in an earthen
or iron bottle, part of the oxygen is vxpelled.after it is melted ; compounds of
potassa with various proportions of oxygen aud nitrogen remain ; their precise
oomposmon isuncertain. By long continued heat potassa alone is lef t, coxyoding
in general the vessel in which it is heated. The first gas evolved is the purost ;
much nitrogen is associated with the oxygen ultimately disengaged.

419. CHLORATE OF Porassa = chloric acid 75.5 4+ potassa 47.2 = chlorine
35.5 + potassium 39.2 + oxygen 40. :#CI'K = CIK&O®¢ By heat all the
oxygen is expelled both from the chloric acid and the potassa: chloride of po-
tassinm 74.7 remain. This salt gives the purest oxygen.

420, If oxygen gas be perfectly pure, 8 by W, = = by V, is entirely condensed
by hydrogen 1 by W, = 0 by V, on the application of heat or spofigy platinum.
See Hydrogen, 439.

421. Oxygen is largely consumed in numerous naturgl and artificial opera-
tions, as respiration, combustion, vegetation, and the preparation of oxides,
many acids, salts, and other compounds. There are few processes to which it
does not contribute,—during combustion communicating the heat required, en-
tering into the new combination, or otherwisc taking a part in the action.

422, CoMBUSTION, or the evolution of heat and light during chemical action,
very frequently attends the combination of oxygen, which has hence becn called
& SUPPORTER OF COMRBUSTION, 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
oxygen. This opinion is no longer tenable, but in all ordinary cascs, as in the
combustion of coal, coal-gas, oil, and other aommon inflammables, the oxygen
of the air combines with the inflammable body. Formerly Stahl imagined that
all combustible bodies contained apeculmr matter, which he termed PHLOG1STON,
the phenomena of combustion being prodnced 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 ingrédient removed from the air by the burning body, and that it re-
sumed ite original character, and was again inflammable when the oxygen was
separated from it.

423, Many inflammables, as phosphorus, coal, and oils, can combine with
oxygen at a less elevated temperature than is necessary for a rapid combustion,
'This sSLOw COMBUSTION is often attended with the evolution of light visible in
the dark only; and when the afr has sufficiently free access, and is not carried
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too rapidly away, it often terminates in ordinary combustion. Numerous acci-
dents 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 satisfac-
torily explained. ] »

CHAP. II. HYDROGEN.

425. HYDROGEN, from udgss, water, and yswaw. Old name.—Inflammable Air.
" 426. Eq. 1by W, O by V.—Sp. gr. 0.0689.—W. of 100 c. i. 2.137 grs.—100
c. i. water dissolve about 1.56 of hydrogen.

427. Guseous, transparent, colourless, the lightest of the elements, inflamma-
ble, does not support combustion nor respirstion. During combustion, hydro-
gen 1 = [J, combines with oxygen 8 = o, and forms water 9 = [J, estimating
it in the state of vapour. L2

428. Hydrogen burns in contact with oxygen only when heated ; if mixed
provieusly with the oxygen required, or with air containing as much oxygen,
[ measures, it takes fire with explosion on the approach of flame: an excess
of either ingredient diminishes the explosive violence; it is ost violent with
the pure guses. The electric spark, sudden and powerful compression, several
metals in a minute state of division, more especially spongy platinum, or a plate
of thin metal extremely ciean, explode the mixed guses. 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 eith® of the gases in excess,
there is no explosion, a slow combustion ensues.

429, Dmeiner discovered the power of platinum in a minute state of divi-
sion of infldming hydrogen mixed with air; the platinum absorbs a large quan- °
tity of gas, heat is evolved, the metal becomes incandescent, the gas is inflamed.

430. During combystion a pale-looking flame appears, but d4f an explosive
mixture be compressed to half its volume, and then inflamed, a brilliant light is
scen.  Much hegt is evolved as hydrogen burns: By the combustior? of 1 of
hydrogen 320 of ice can be melted.  (Dalton.)

431. In the OXYHYDROGEN BLOWPIPE, a stream of hydrogen being supplied
with pure oxygen as it escapes from tie 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,
und 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-
gauze, it escapes through a safety tube, 6 inches long, filled with fine brass-wire
it length, packed as closely as pogsible, and fixed in their position by forcing
ammongst them a pointed metallic rod. The gases escape between the wires in
the tube. Such precautions are necessury.to prevent explosxoh from the return
of the flame into the reservoir. When"th instrument is made on a large scale,
the gases are not mixed, but kept in separate vessels until they are introduced
into the nozzle, from which they escape.

432. Professor Daniell has recommended a jet, where a stream of oxygen is
introduced into the interior of a stream of hydrogen.

433. Hydrogen, though extensively nisTRIBUTED through the globe, is not
nqarly so abundant as oxygen; it forms 1-8th 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.

434. Hydrogen is always PREFPARED from wWater when required in a state of
purity. If watery vapour be transmitted over iron-turnings heated to redness,
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iron 28 decompose water 9; 1 of hydrogen is disengaged, and 36 oxide of iron
f;‘nne]c; as the iron unites with oxygen, the other element of the water. Te& II=
‘Fe&H.

435. Hydrogen is more conveniently procured by mixing iron or zinc with
water and sulphuric acid; 40.1 of acid + iron 28 + wator 9, give 1 of hydrogen
and 76.1 of sulphate of iron, the latter consisting of 40.1 acid and 36 oxidated
metal. .

¢ Fig. 4.
Materials. Products.
FWater {Hydrogen I cieeeieeemeee 1 Hydrogen.

Oxygen . 8. <
28Tron . . . . . 28 . =
40 Sulphuric Acid. . 40,1—-"=====s.7C.1 Sulphate of Iron,

Fe& H&.iS = iSFe&IL

Much more water must be present than is necessary for decomposition, other-
wise 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 metalgrilliant and ready to decompose more water. About 7 or 8
parts of water by bulk to 1 of acid are gencrally used. N

436. Zinc 32.3 produce the same cffect as 28 of iron, decomposing 9 of water,
taking 8 of oxygen and separating 1 of hydrogen. The samne guantity of acid is
also required, and a corresponding quantity of sulphato of zinc produced, con-
sisting of 40.3 oxide + 40al acid = 80.4. iS&H&Z =iS-Z&H.

437, In both cascs 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 acid with the water, and the
golution of the metal. The solutions of sulphate of iron and sulphate of zinc
give erystals on cooling when they are concentrated.

436. Fhe hydrogen, as at first prepared by thesc processcs, and more especially
by the iron, has often a disagrecable smel, from the presence &f minute quanti-
ties of sulphur, carbon, or other substances.

429. Pure HyproarN condenses exagtly half its bulk of oxygen, when deto-
nated with it by the electric spark, or subjected to the action of spongy plati-
num. In conducting this operation, a given bulk of hydrogen is introduced into
a tube filled with mercury, and resting on the mercurial trough; an cxcess of
oxygen being added to it, the platinum ball is introduced ; an excess of onc of
the gases is necessary to prevent cxplosion. Two-thirds of the amount of con-
densation indicate the bulk of pure hydrogen.

440, Hydrogen is much employed in numérous chemical experiments, ospe-
cially as a devxidating agent, and fof the production of intense heat in the oxy-
hydrogen blowpipe. . From its great levity it is the best material for filling
balloons. .

Sxcr. 1. Water or Ouide of Hydrogen.

44L Symb. ‘H = oxygen 8 + 1 hydrogen.—Eq. 9 by W, O by V.—8p. gr. 1,
being the standard of comparison in estimating the specific gravities of solids
and liquids. About 815 times heavier than air; W. of 1 c. i. at 62, bar, 30 =
$52.458 grs., boils at 212°, barometer being 30, expanding to 1696 times the vo-
lwme it oocupies at 39°.38, Compounds termed HYDRATES OF AQUEOUS COMBINA-
rroNs.—For its relations to caloric see 150, 162, 184, &c. The specific gravity
of steam, air at 212° being 1, is ©.625, or 0.484, uir at 60° = 1. Refracts light
powerfully; 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
numerous, as to be connected with the greater number of the phenomena of na-
ture and art. In these a part is frequently decomposed, its plements forming
new compounds; it is, on the other hand, formed by numerous compounds as
they decompose each other.

444. Metallic oxides and compounds of hydrogen, when they decongpose each
othar, almost invariably produce water n.n«f‘; new metallic compound, as when
sulphureted bydrogen and oxide of lead form sulphuret of lead and water.
Again, metallic compounds, not oxides, when they décompose water, generally
produce a metallic oxide and a new compound of hydrogen, as when sulphuret
of iron decomposes water, forming oxide of iron and gplphureted hydrogen.

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

Water Water
100 c. i. absorb Gases. 100 c. i. absorb
Qulphureted hydrogen 253 vols. Oxygen . . . . . 3.7 vols.
« Carbonic oxide . . 100 Hydrogen . . . . L56%
Nitrous oxide . . . 76 Nittogem . . . . 156%
Olefiant gas . . . 1235 Carbonic oxide . . 1.56?

The numhers representing the absorption of the lastethree gases are'considered
by some chemists rather low: Saussure made them as high ak 4 and 6, but his
estimate was too high. In making experiments of this kind, necently boiled
water must be employed.

446. The quantity of gas absorbed by water is, according to Dr Henry’s expe-
riments, proportional to the pressure. The bulk of gases being also proportional
to the pressure, the 18w may be stated in these terms:— Water always absorbs the
saime BULK of gas, whether it is subject to the usual or to an increused pressure ;ofor ex-
atuple, the pressiire being doubled, the weight of gas absorbed is also doubled;
but, previously to this, the pressure applied will have disinished its bulk to one-
half, so that the rolume absorbed is cxactly the same as at the ordinary pressure.

447. Wator abserbs oxygen and nitrogen from the air, condensing more oxy-
gen than nitrogen. Dalton has maintained that water absorbs the sape quan-
tity 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 ta the top. All common
water contains air.

449, Water is also found in all Ar 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 nover met with absolut.ely pure in nature, being always charged
moro or less with impregnations from:the air, or various animal, vegetable, and
mineral substances, with which it may have come in contact.

45k PurE wATER for chemical solutions, tests, &c. must be prepn.red by dis-
tillation ; the first portions are rejected, bemg frequently mixed with air. Glass
vestels are necessary for distillation only in ‘very delicate expenmental investi-
gations. Distilled  water, which does.not redden litmus, and gwes no precipitate
with hydrochlorate 8f baryta, nitrate of silver, or gxalate of ammonia, may be con-
sidered fit for all ordinary purposes where distilled water is required, as these tests

n
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would detect any of those matters usually'dissolved in common water, should
the distillation have been conducted in an imperfect manner.

452. RAIN-waTER and sNow collected at a distance from town, and where
they 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 carbonic acid before they can be substituted for‘distilled water in various
experiments; and occasivnally, more especially after lightning, thoy have been
found to contain minute quantities of nitric acid.

. 453, Sl'm\e WATER having flowed in contact with various rocks and mine-
rals, mor® or less soluble, contains in gencral oarthy salts in solution, in addi-
tion 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
18 80 great as to prevent it from heing used for domestic purposes, it is termed
2 MINERAL WATER. RI\’ER WATER belongs to the same class as spring water.
WELL WATER, and the water of lakes and ponds, is generally more contami-
nated with foreign matter; while in marshes it is loaded with putrescent vege-
table remains.

454. HarD WATER owes its peculiar properties, in general, to earthy salts.
Soine kinds are much improved by boiling, as those charged with lime retained
in solution by excess of carbonic acid; the heat expels the excess, and the lime
with the rest of the carbonic acid is precipitated. On other occasions the ad-
dition of carbonate of soda or carbonate of potassa is advantageous, the alkali
(soda or potassa) uniting avith any acid matter forming part of the saline ingre-
dients of the water, and preventing them from decomposing soap and other
substances.

455, When water has acquired an offensive odour, this may genera.lly be re-
moved by ﬁltermg it through sand and charcoal. Casks charred in the inside
are frequently gmployed for preserving water on long voyages. IRON TANKs
have been lately used for the same pirpose. Leaden vessels are dangerous.
being fwequently much corroded, and communicating an 1mpregnatmn to the
water.—See Lead.

Szor. 11. Binowide of Hydrogen.

456. Symb. :H = oxygen 16 + hydrogen 1.—Eq. by W. 17.—Sp. gv. 1.452.—
Synon. Peroxide of hydrogen, oxygenated water.

457. Liquid, transparent, colourless, inodorous. Slowly decomposed by light ;
effervesces from escape of oxygen, at the temperature of 59°, water being left,
and with explosion at 212°. Many metals in a minute state of division, and
metallic oxides, produce the same effect; but some metals, and oxides having a
great attraction for oxygen, as potassinm anC oxide of tin, combine with this
element as it is geparated from the water. Oxides which are reduced by & red
heat are also reduced in contact with if, as those of gold, platinum, 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 miny respects
to oxygenated water, but they are now regarded as compounds of oxygenated
water with the acid.

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 hydrochloric acid, diluted with 10 parts of water. By sulphuric scid
the baryta is precipitated as sulphate of baryta, the oxygen combining with a por-
tion of the water, and forming binoxide of hydrogen, whicll remains with the
rest of the water and hydrochlorfe acid. This is repeated till the water shall have



NITROGEN—PREPARATION OF——OXIDE OF NITROGEN. 51

taken up about 25 times its bulk of (?Xygen. On adding sulphate of silver to
the liquid (which contains water, binoxide of nitrogen, and hydrochloric acid), the
oxide of silver in the sulphate removes the hydrochloric acid, which is replaced by
the sulphuric acid of the sulphate. Baryta is then added to precipitate the sul-
phuric acid; and the water still associated with the binoxide, is removed by eva-
poration in an exhausted réceiver, a plate with sulphuric acid.having been in-
troduced to condense the watery vapour. The minute details necessary to insure
the success of the process are given by Thenard in his Traité de Chimie.

CHAP. III. NITTROGEN. b

460. Name derivod from nitrates, compounds of nitric acid, of which it is an
element.—Synon. Azote, from « privative, and Zw», life?

461, Symb. N.—Eq. 14.2 by W. and [J by V.—S8p. gr. .9785.—W. of 100. c. i. ;
30.346.—Water 100 c. i, absorb about 1.56. .

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

463, Berzelius has entertained the idca thut nitrogen is a compound, but no ex-
perimental evidence has supported his opinion. Mercury subjected to galvanism
in combounds containing nitrogen, as the hydrochlorate of animonia, increases in
size, gpparently by the addition of metallic matter; but minute examination has
proved that the increased bulk depends on its mechanical admixture with am-
monia and hydrogen, which are liberated by the hydrochlorate of ammonia.

464, Nitrogen forins 4-5ths (79-100dths according # some estimates) of at-
mospherie air by bulk; it is found in two or three mineral substances, as coal
auel nitrates, in few vegetable principles, but abounds in the products of the ani-
mal kingdom.

465. PrrrarED commonly by burning phosphorus in a jar of aix, placed over
water. Air=nitrogen 28.4 + oxygen 8; the phosphorus combiningswith the oxy-
gen forms an acid matter, which the water removes. The nitrogen retuins a very
mirute portion of the phosphorus, which muy be withdrawn, if required, By agi-
tation with a solution of potassa.

4G6. A wmixiure of sulphur 1+ iron-filings 2, when moistened and gently
heaterd, or water in which lime and sulppur have been boiled, are also used to
remove oaygen from air.  Nitrogen may be prepared from fibrine by diluted ni-
tric neid.— See Fibrine. : .

Skcr. 1. Oxide of Nitrogen.

467. Symb. ‘N = nitrogen 14.2 4 oxygen 8.—Eq. 22.2 by W. O by V.—8p. gr.
1.529,—Water 100 c. i. absorb 100.—Condensed into a liquid by a pressure of 50
atngospheres at temp. 45°—Resolveg by a bright red heat in a porcelain tube in-
to osygen, nitrogen, and nitrous acid.—Synon. Protoxide of Nitrogen, Nitrous
Oxide, Intoxicating Gas. ° ' *

468, Gascous, transparent, colonrless, oflout slight, taste sweet, supports com-
bustion, much, more brilliantly than air; sulphur inflamed on a wooden match
burns in it with a distinet rose tint, It detonates with an equal bulk of hLy-
drogen, on applying a lighted match. Water is formed and nitrogen separated.

469. Acts powerfully on the animal economy when inhaled from a bag, as Sir
H. Davy discovered. Much excitoment is produced, accompanied by a rapid
succession of vivid ideas; a rather agreeable sensation is perceived in the chest,
folloWed by an irresistible propensity to laughter and rhuscular exertion. The
excitation is so greg, when much ixé taken, that assistants should always be
ready in case of accident. The sensations it produces are highly pleasing in ge-
neral; occasionally the reverse is observed; headach, and even fainting, are

. .
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sometimes producod. The effects are very transient, scldom continuwing 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 in-
spircd in a more perfect manner. Another pecnliarity is, that the excitement
is not accompanied by any corresponding depresslon, when there has not been
great muscular exertion. 'Warm-blooded animals soon die when immersed in
this gas,ahd fish alse if pladed in water saturated with it. Water charged with
an excess by pressure has lately been used as a refreshing drink, but its qua-
‘lities in &his respect have not been preciscly ascertained.

470. PREPARED from nitrate of ammonia by heat. 71.4 of this salt = 54.2 ni-
tric acid + 17.2 ammmonia. But 54.2 acid = nitrogen 14.2 4 oxygen 40, and 17.2
ammonia = nitrogen 14.2 + hydrogen 3, therefore 71.4 nitrate of ammonia = 28.4
nitrogen + 3 hydrogen + 40 oxygen = 44.4 oxide of nitrogen and 27 water, or 2
atoms of oxide of nitrogsn and 3 of water.

Fig. 5
Before Decomposition. Products.
OX, 8 e 22.2 Oxide of Nitrogen.
Ox. 8§ S 22 2 Oxide of Nmogen..
Nitric ) Ox. 8
Acid 54.2 | Ox. 8
Nitrate of Ox.
Ammonia = Nit, 14-2 /\:\\
71.4 grains. Nit. 14.2" \\\

Anmnra- YHyd. 1 _____\._ 9 Water.
nia 17.2 JHyd. 1 S 29 Water.
Oyd. 1 9 Water.

Sumb. #N+NH?= 2-N&3-H.

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

Szcr. I1. Binoxide of Nitrogen.

472. Symb. :N=nitrogen 14.2 4+ oxygen 16.-—Eq. by W. 30.2, (T by V.—Sp.
gr. 1.0405.—W. of 100 c. i. 32.270 grs.—Synon. Deutoxide of Nitrogen, Ni-
trous Gas, Nitric Oxide.—Decomposeé by a red heat in porcelain tubes.

473. Gaseous, transparent, colourless; 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 scen. Few influnmables 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 or greenish flame appears. Solutions of sulphate and hy-
drochlorate of iron absorb it rapidly, and become- dark.

474, N!tnc, ‘hitrous, and hypomtrous acids, may, all be formed by the action of
this'gas on air or oxygen ; the natirre of the products 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 mix-
tures containing oxygen in a wide vessel over water, the same products are al-
ways formed, and the amount of condensation, divided by 4, expresscs the guan-
tity of oxygen in the air or mixture under examination.

475, PREPARED from uqueous nitric acid, diluted with from 2 to 3 times ity
bulk of water; by the action of°copper or mercury, heat being applied, when the
gas is disengaged very slowly. Nitric acid_54.2=nitrogen 14.2 + oxygen 40 ;
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16 of oxygen being left with the 14.2 of nitrogen produce the gas, the remaining
oxygen combining with the metal. Each eq. of metal takes 1 eg. of oxygen, so
that 3 eqs. of metal are required for 1 eq. of acid’decomposed. Farther, 3 egs. of
acid must he employed which are not decomposed, these combining with the
oxidated metal, and forming a salt, which remains in solution. 4 #IN&3Cu=:N&
3(:iN-Cn.)
476, Nitric oxide is produced in numerous chemical operations whef fitric acid
is decomposed ; it was employed much at one time in cudiometrical expenments.

Skcr. 111. Hyponilrous Acid. *

477, Symb. iN=nitrogen 14.2 + oxygen 24.—Eq. 38.2 by W.—The existence
of this acid was inferred from the action of a solution«f potassa on binoxide of
nitrogen mixed with oxygen in the requisite proportions, when they are entirely
condensed. If an acid be added to separate the potassa, the hypomtrous acid is
immediately decomposed, one Eq. gains oxygen from fnother, and is converted
into nitrous acid: that which loses oxygen becomes binoxide of nitrogen. It is
stated to have becn procured in the liquid form, by cooling a mixture of oxygen
and b1nox1de of nitrogen gases: green, very volatile, colourless, at 0°.

8ror. IV. Nitrous Acid.

478, Symb. iN=nitrogen 14.2 + oxygen 32. -Eq. by W. 46.2.—Sp. gr. of va-
pour 3.183.—W. of 100 c. i. 9¥8.733 grs. Rapidly absorbed by water. Liquid,
orange-yellow colour, sp. gr. 1.452, volatile, boils at 82°, .dccomposed by ared heat;
acid taste, pungent odour; vapour transparent and colourless at 0°, orange at 50°,
:nd of a deep orange-red colour when hot, becoming impervious even to the rays of
the sun as the temperature is increased, supports combustion brilliantly.

479, Nitrous acid poured into water is immediately decomposed, binoxide of
nitrogen is disengaged, and the fluid acquires a greenish colour ; on dontinuing the
addition, each successive portion undergoes docomposition less and’less, till at last
no farther chango takes place; binoxide of pitrugen is disengaged during these
ch: nges, while nitric and hypunitrous acids are also produced. If successive
portions of water be added to mitrous acid, 't becomes olive-grecn, bluish-green, -
and ultimately transparent and colourless by the uddition.

480. Nitrous acid is much used ns ar oxidating ngent, more especially when
mixed with nitric acid, being often prepared along with if.

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 nitrous acid
vapour must be condensed in a receiver kept very cold.

482. PrEPATRED in the gaseous form by mixing 2 measures of binoxide of ni-
tregen with 1 of oxygen in an exhgusted receiver; jars over water or mercury
cannot he used; water promotes the preductjon of nitrie acid, a.nd mercury takes

oxygen from nitrous acid.
Secr. V. N¥%rid Acid.

483. Symb: :{N=nitrogen 14.2 4 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. Symb. of common aqueous nitric acid, 2H + iN==water 18 4 acid §4.2=
72.2.—8p. gr. 1.18.—Transparent and colourless when pure; often straw or
oraygo coloured, from nitrous acid in combination ; t‘ummg very acid and cor-
rosive; boils below 240°. Decomposed when passed in vapour through a red-
hot tube, being resobwed into oxygen and nitrogen, or compounds of these gases.
Light resolves a portion slowly into nitrous acM and oxygen. The s
aqueous acid usually referred to, consists of 3 eqs. of water and 2 of acid. .
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485. When coloured by nitrous acid, heat expels it, and the acid becomes co-
lourless.

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 cal-
culated that, with a specific gravity of 1.55, it would consist of 54 acid 4+ 9 water;
acid of this strength is procu.red with much difficulty. The following Table by
Dr Thomson, shews the spécific gravity of acid of different strengths :—

Specific Acid in Atoms of Atoms of| Specific Acid in  Atoms of Atoms of
gravity. 100 parts.  Acid. Wager. gravity. 100 parts. Acid. Water.

1.4856  75.000 1 2 1.3032 40.000 ] 9
14546  66.668 1 3 1.2844 37.600 1 10
1.4237 6o.000 1 4 1.2656 35.294 1 1

1.3928  54.545 1 b 1.2495 32.574 1 12
L3692  50.000 1 6 ].2334 31.579 1 13
1.3456  46.260 ' 1 7 2173 30.000 1 14
13220  42.857 1 8 l 2012 28.571 1 15

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

488. Nitric acid combines in all proportions with water, producing heat. ]‘oured
upon snow it melts it rapidly, producing great cold.

489. Nitric acid is a powerful oxiduting agent, communicating lurge quantities
of this element in numerous cases with great facility. Inflammables, most nie-
tals, and numerous anims1 and vegetable matters, act rapidly with it, more espe-
cially if heated ; nitrous acid, oxide and binoxide of nitrogen, and nitrogen, are
often disengaged in various proportions, sometimes with explosive rapidity. Com-
bustion is also observed at times when the strong ruddy acid is poured upon in-
flammable substances, especially upon oil of turpentine.

490. Nitric pxide in contact with colourless nitric acid is quwkl y absorbed,
producing successively a straw, orange, olive, green, and greenish-blue colour.
Nitrous and hyponitrous acids are produced as the acid is deoxidated.

491. PrepARATION.—Nitrate of potassa or nitre, a native compound contain-
ing nitric acid and potassa, is gencrally used, along with aqueous sulphuric acid,
=water 9 4 acid 40.1. Aqueous sulphuric acid 98.2 (2 egs.) decompose completely,
nitre 101.4 =54 2 nitric acid + potassa 47.2. The nitric 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.

Fig. 6.
Materin.ln Decomposed. Products.
Water |, 9 > 72.2 Aqueous Nitric
98.2 Aqueous ulphurie Wat.er 9 Acid.
Acid . . . Acnd LN
Dry Actd €40.1

. Nitric Acid 54.2. . .
101.4 Nitrate of Potassa Potassa 47. 27.4 Bisul. of Potas.

Symb, iN-K&2-HiS=2iS 4 ‘K&2'H + :iN.
492. Less sulphuric acid is sufficient to expel the nitric acid, bit a higher
temperature being then required, a portion is resolved into nitrous acid and
. oxygen. All the Colleges reccommend nearly the same proportions, viz. equal
or nearly equal weights of aqueous acid and nitre. Mr Phillips states that when
2 ogs. of nitre, 4 of sulphuric acid, and 8 of water, are carefelly heated, the pro-
ducts are 3'H + 2:iIN and 2°H&- 2i8 4 'K, i. &. 3 of water + 2 of acid, and 2 of
water + 1 of the bisulphate of potassa.
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493. The AquaronrTtis of commerce is prepared from nitre and diluted sul-
phuric acid, and is less concentrated.

494. The diluted acid of the .

Edinburgh College consists of 4 measures acid + 6 water. Sp. gr. 1.290
London . . . ... . . 1 . . .. 49 .. . . . LO8O

495. Minute quantities of nitric acid have been formed by passing the electric
spark through the air, and still more especially whén in contact wfth the solu-
tion of potassa.

496. Trsts.—The best test is morphing as proposed by Dr O’Shgughnessy,
which produces a yellowish tint, succeeded by a bright orange-red colour, pass-
ing ultimately to a pale yellow. Zinc and many other metals, as copper and
mercury, produce reddish fumes on adding a little witer.  '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 hydrochloric acid has been much used as a
test, the gold being dissolved on adding a little nitric acid; but chloric and bro-
mic acids producing the same effect, it cannot be relied on.

497. Contaminated with sulphuric acid, baryta gives a white precipitate of
sulphate of baryta. Chlorine and hydrochloric acid are detected by nitrate of
silver, chloride of silver being precipitated. No precipitate occurs in cither
cafe, if the acid be pure and diluted previously with water. 1f the precaution
of diluting the strong acid be omitted, it takes the water holding the test in
solution, and precipitates the test itself, even though no impurity be present.

498, Nitric acid is much employed in oxidating processes, in the preparation
of many acids, aqua regia, and as an escharotic. In somc cases it acts feebly,
unless diluted with water. Diluted, it is used medicinally.

499. Nitric acid presents, in a very characteristic forn, the properties by which
ACIDS are cﬁ'stinguished. It has a sour taste, is very acrid and ecorrosive, ncu-
tralizes salifiable bases, forming numerous salts. These compdunds or nitrates
are soluble in water, crystallizable, have a cool taste, and deflagrate with in-
hammable matter. *

Seor. V1. Atmaspheric dir,

500, Symb. ‘N2 = nitrogen 28.4 + oxygen 8.—Kq. 36.4 hx W,, [T15 by V.—
Sp. gr. 1, being taken as a standard ef comparison for gases.—W. of 100 c. i.
31.0117 grs. Mean pressure in this country = a column of mercury 29.8 inches
high, of water 33.72 feet, or = a weight of 14.61b. on the square inch. It is
nearly 815 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 climateg, it amounts at times to 2 per cent. in weight,
and varjes from that to 1.300th part in cdld countries. Carbonic acid is present
in very minute quantities; the mean, according to Saussurc, i8 one 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. Hydrochloric acid has been detected, it is
affirmed, in air at the sea-shore.

502. The atmosphere is believed to extend to a height of 45 miles, diminish-
ing in density as the elevation increascs, and in temperature by 1 degree for
every 300 feet it recedes from the surface.

803. Before the great uniformity in the composition of the atmosphere nt all
heights and in all situations in the globe wasascertained, the salubrity of the
air in any situation, was considered proportional to the gpantity of oxygen pre-
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sent; the instrument used for ascertaining this was termed a EUDIOMETER.
Instruments of this kind are still employed for detcrmining the quantity of
oxygen in various mixtures.

504. Berthollet considered that the elements of the air are retained together by
chemical attraction. Their proportions are in unison with equivalent numbers,
and accords with this view; but some affirm that air contains 79 nitrogen + 21
oxygen bysrieasure.

505. Dalton maintained the opinion that they are merely mechanically min-
gled, proved that gases mingle niechanically that have no attraction, and shewed
that even carbonic acid rises through a small tube into a bottle of hydrogen
placed above it, though 22.12 times heavier than hydrogen, a corresponding
quantity of hydrogen desccndmg into the carbonic acid bottle. This proves a
power of DIFFUSION, previously unknown. among gases. Dalton concluded also
that particles of the samesgases repel cach other, but that particles of different
gases do not repel ene another, and that one gas acts, in some respect, as a va-
cuum to another, though they diffuse themselves meore elowly through each other
than in a vacuum.

506. Mr Graham, in prosecuting thisx subject, has ascertained that each gas
has a diffusive power or DIFFUSIVENESs peculiar to itself, which is inversely
proportional to the square root of its density, and has drawn wp tables repre-
senting their diffusive power, air being taken as a standard of comparison. In
making his experiments, hg generally used a tube with the gas under examina-
tion, open at one end, and closed with plaster-of-paris at the other, the diffusion
taking place readily 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.

507. The caeMIcAL acTION of air depends principally on the oxygen it con-
tains. D‘epnved of this it can neither support combustion nor respiration. The
manner m which the nitrogen acts, besides diluting the oxygen, has not been so
dlstmctly traced. The influence of the moisture and carboniceacid is very im-
porta.nt in numerous operations. The carbonic acid is removed by passing the
air through lime water, and the moisture by aqueous sulphuric acid or fragmcnts
of chloride of calcium. .

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 absorh that gas and restore oxygen.

CHAP. IV. SULPHUR.

509. Symb. S.—Eq. 16.1.—8Sp. gr. 1.99, Melts at 216° very fluid at 250%
viscid at 450°, rendered a little thinngr by more heat, sublimes at 600°; grystal-
lizes on cooling ffom the liquid state,

610. Solid, of a yellow colour, puss'ing into an amber when melted, brittle, a
bad conductor of heat. "In the form of minute crystalline grains,’commonly
called FLOWERS OF SULPHUR, when sublimed; whaite when precipitatef], from
solution in water (see 546), a-small portion of this fluid then combining ith it,
and forming rac suLpHURIS. Insoluble in water, insoluble in alcohol, except
when they meet in vapour and are condensed, soluble in il 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 f8r a considerable time after it cools, regaining
eventually its ordinary form.
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512, Sulphur tukes fire at 300°, burning readily in air or oxygen, and forming
sulphurous acid. Combines readily with numerous inflammables and metals,
forming suLPHURETS; heat and light frequently appear as it combines with
metals. .

513. P'rocured principally from volcanic countries, also by heating iron-pyrites
and other sulphurous minerals, and by the decomposition of hydrosu)phates.

514. Occasionally it is mixed with earthy matters; heat expels all’ the sul-
phur, and they are left,

Sect. 1. Compounds of Sulphur and Oxygen. @

5. M rosvLPuUROUS Ac1p.—Symb. :§? = sulphur 32.2 4+ oxygen 16.—Eq.
48.2, Forwed when a sulphite (a compound of sulphurous acid) is boiled with
sulphur, an additional quantity of sulphur combining with it. Produced also
when sulphurous aeid dissolved in water is agitated with metallic iron, the
metal being oxidated by tho acid and hyposulphite of iron formed in solution.
It is obtained with difficulty from its combinations, being generally resolved,
according to Sir J. Herschel, into sulphur and sulphurous acid, on adding a
stronger acid to detach it. Particularly distinguished by its salts in solution
dissolving newly precipitated chleride of silver, and acquiring an intensely sweet
taste.  Salts of this acid have long been termed Sulphureted Sulphites, by Vau-
quelin, Gay Lussae, and Dalton,

516. Dr Thomsun deseribes a compound ot sulphur 16.1 + oxygen 8, eq. 24.1,
which he bas termed svLpncrovs acip; and his hyposulphurous acid is re-
garded a- a compuund of 32.2 sulphur + oxygen 8.

%17, SULPIEROUS AcID—Symb. ;8 = sulphur 16.1 + oxygen 16.—Eq. 32.1 by
W., (J by V.—Sp. gr. 2.213.—W. of 100 c. i. 68.643'grs. Condensed into » liquid
by a pressure of 2 utospheres, or simply by cooling in a freezing mixture of
salt and snow : the liquid acid boils rapidly at 14°, producing graat cold, and is
a good conductor of cleetricity, according to Mr Kemp.

518. Gaseous, transparent, colourless, edour pungent and suffocatings water
absorhs 33 times 1ts volume, the mercurial trough thercfore must be used in col-
leeting it the solution has the same odour as the gas. It is not inflammable,
nor does it support combustion. Decolerizes many $egetable and animal co-
loarmg matters, reddening some of the blue previously : a new tint may often
be produced in hquids decolorized by it on adding a stronger acid, or some sali-
fiable base.

519. Pruprarep by burning sulphur in air or oxygen, S&0* = :8; by heating
sulphur with binuxide of manganese, when part of the sulphur combines with a
portion of the oxygen; or by decomposing sulphuric acid by mercury or char-
c8al.  Both charcoa) and mercury ®ake oxygen readily from sulphuric acid on
applying heat; the charcoal taking oxygers from 2 eqs. of acide forms carbonic
acid, which mixes with the xalphurous aside The mercury decomposes 1 portion
of sulphuric acid, combining with part of its oxygen : and separating sulphurous
acid, while the oxidated mctal unites with a portion of undecomposed sulphuric
acid. (See Bipersulphate of Mercury.) Mercury is always preferred where
pure sulphurous acid is required, any adhering sulphuric acid being removed by
passing it through a small quantity of water.

520. SuLPHURIC AcTD.—Symb. 8 = sulphur 16.1 4 oxygen 24.—Eq. 40.1.
—Melis at 68° boils at 120°.  Solid, tough, produces white fumes when in con-
tact with air, combining with its moisture ; unites with water in all proportions.
Called frequently ANHyDROUS SULPHURIC Acin,

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

522. AQUEOUS SULPHURIC AC1D.—Symb. ‘HiS==water 9 + sulphuric acid 40.1.
+—Eq. 49,1.—8p. gr. 1.8485.—Boils at 590°; resolved by a red heat into sulphu-
rous acid and oxygen.—Synon. o1L%F viTrioL. Liquid, of an oily appearance,
colourless, inodorous, intensely acid, corrodes animal and vegotable substances,
produces great heat on combining with water; 1 acid + 4 water rises in temp.
to 300° when mixed; condensation accompanies the combination. Freczes at
—15° Diluted acid, sp. gr. 1.78, congeals readily at 32°, and remains solid even
at 44° or 456°. Diluted to a greater degree, a more intense cold is required to
freeze it. Exposed to the air, it absorbs watcry vapour, and becomes much dl-
luted. Reddens powerfully vegetable blues, and blackens wood.

523. Sulphuric acid has a strong affiuity for salifiable bases, from which it can
displace most other acids. Few agents arc so extensively employgd. The fol-
Iowmg Table shews the qnanutxes of Jiquid acid, sp. gr. 1.8485, and of dry acid,
in 100 parts of dilute acid of various specific gravities :—

Specific Liquid Dry ) Specifie Liquid Dry

Gravity. Acid. Acid. Gravity. Acid. Acid.
1.8485 100 81.54 1.3884 50 40.77
1.8115 90 73.39 1.2999 40 32.61
1.7120 80 635.23 l 1.2184 30 24.46
1.5715 70 57.08 1.1410 20 16.31
1.4860 60 48,92 | 1,0682 10 8.15

The diluted acid of the Edinburgh Cilleg is prepared by mixing 1 fluid ounce of
aqueous sulphuric acid with 13 of water, sp. gr. about 1390, That of the Lon-
don College is prepared with 13 fluid ounce of acid with 14} of water.

524, Prepared commonly by the oxygenation of sulphurous %eid. 'Thisgas, in-
troduced into a large leaden chumber, and u.chng there with meisture and nitrous
acid, forms a crystalline 8oinpound, which is resolved into sulphuric acid, nitrous
acid, and binoxide of nitrogen, b) a large quantity of water; the binoxide, at-
tracting 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
concentrated by boiling, the first portion of water being expelled in leaden boil-
ers, and the last in vessels of platinum or glass, Hyponitrous acid can oxyge-
nate 1 cg. of sulphurous acid. De Cleuchry considers that hyponitrous and sul-
phuric acids are formed first, 2 egs. of hypChnitrous acid being resolved, when
detached, into kénoxide of nitrogen ¢nd nitrous acid. 2IN=:NC+N.

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 hqmd turbid. By evaporating a portion to dryness in a platinum
capsule, the amount of these impurities may be ascertained.

326, Tesrs.—Baryta in solution, or its salts, sulphate of baryta being preci-
pitated, which is white, insoluble in water, and in nitric and hydrochloric acids. If
the precipitate be heated with charcoal at the blowpipe flame, the sulpharic
acid is decomposed, and on moistening it with water, and touching it with a
solution of a salt of lead, the sylphur renders the lead bladk. See the decom-
position of sulphates by charcoal, in the prelimmary remarks on metals, for an
explanation of this process. Sulphuric acid gives a copions white Precipitate



HYPOSULPHURIC ACID—SULPHURETED HYDROGEN. 59

with soluble salts of lead, which is also insoluble in nitric or hydrochloric
acid.

527. I1yPOSTLPHURIC ACID.—Symb. #S? = sulphur 32.2 4 oxygen 40.—Eq.
72.2. It is usually combined with water, and is resolved into 32.1 sulphurous
acid and 46.1 sulphuric acid, when it is attempted to remove the water.

528. Formed when sulphurous acid gas is passed into water containing bin-
oxide of manganese in suspension ; the hyposulphuric acid combifles with the
oxide left, part of the oxygen of the binoxide being consumed in producing it.
By haryia, the oxide of manganese is sepurated, hyposulphate of bamyta beink
formed in solution, and from this the baryta is sepurated by sulphuric acid,
as sulphate of baryta.

Prepuration of Hyposulphate of Munganese. —Sulphurous acid 3 eqs. & binoxide
of mangunese 2 egs. = byposulphate of manganese and sulphate of mangancse.
Symb, 3:8&2:Mn = :i82.Mn&iS-Mn. .

Srer. 1. Compounds of Sulphur and Hydrogen.

529. SurpaurkTid IIvDROGEN or Hyprosurpnuric Acip.—Symh. HS =
hydrogen 1 + sulph. 16.1.—Eq. 17.1 by W., O by V.—Sp. gr. 1.179.—W". of 100
e i. 86.587 ors.

§39. Gaseous, transparent, colourless; odour strong and offensive, like that
from eggs in a state of putrefuction ; does not support respiration nor combus-
tion. Inflammable; 17.) 118 consume 24 oxygen, and the products are 32.1
sulphurvus acid +9 water. With air, a feeble andedambent blue flame is ob-

served when this gas burns, part of the sulphur being gencrally deposited un-
consumed.  Mixed with oxygen in the above proportion, it detonates, and is all
consumed.  Noxious, and even poisonous when inhaled, though mixed with
mueh air.  Air containing 1-150th of this gas kills a horse. Air containing
from 1-15,000 to 1-5000th part, has been known to exert a deleserious influence
on the Lhuman frame.

R Fig. 7. .
Matcriale,® Products.
Hydrosulpbmric Ivdrogen 1 ==~=eee- ~—->9 Water.
Acid 17.1 ...... Sulphur... l(;.l\)(/ .
Oxygen 24 Oxygen... 880 =7 "~
TEOI 2 wereeees {Oqg«m 16 ——=----223~32.1 Sulphurous Acid.

Symb, HS& 0%="FHI&:S.

531. Water 100 c. i. can absorb 100 c. i. according to Saussure. The solution
acquires its tastc and smell, reddens litmus, as acids; the gas is expelled by
boiling or exposure to the air. A solution for ordinary purposes is easily pro-
eurcd by filling a bottle with water, introducing gas till it is half full, and then
agitating jt briskly. It must be carefully stopped, otherwise much gas will
escape.

532, The oxygen of the air slowly decomposen 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
sulplur. Three measures of sulphureted hydrogen, mixed with two of sulphu-
rous acid over mercury, condense into a solid; the hydrosulphurous acid of Dr

omson.

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

534. Hydrosulphuric acid acts powerfully on many metallic oxides and solu-
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tions of the metals, a metallic sulphuret and water being formed; from the co-
lour of the sulphurets being often very marked, it is much employed in detect-
ing metals. Carbonate of lead is considered the most delicate test of this gas,
being rendered brown by air containing 1-20,000th 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 gascous form.

535. Prepared from sulphuret of iron 44.1, + water 9 + sulphuric acid 40.1 (aque-
ous acid 49.1 is taken), with an additional gnantity of water, 4 or 5 times the
Bulk of the sulphuric acid used, to prevent the process from being stopped by
the sulphuret becoming covered with o crust of sulphate of iron. The products
are hydrosulphuric acid, and oxide of iron, which, with the sulphuric acid, forms
sulphate of iron.

Fig. 8.

Materials. . N Products.
Hydrogen 1 17.1 Hydrosulphuric Acid.
9 Water ........... A OLyrogen ¢ ydrosulp
44 Sulphuret of Tron { %‘;‘n . ;g -1
40.1 Sulphnric Acid..........eeeee d0 76.1 Sulphate of Iron. ¢

Symb. ‘H&SFe&iS=iS-Fea HS.

536. Sulphuret of antimony and sulphuret of calcium are frequently substl-
tuted for sulphuret of iron, hydrochloric acid being then used instead of sulphuric.

637. BISULPHURETED ¢. PERSULPHURETED HYDROGEN. Symb. II8? = hy-
drogen 1 4 sulphur 32.2. Eq. 33.2.—From Thenard’s researches, it ia probable
that there are many compounds of sulphur and bydrogen besides this and sul-
phureted hydrogen.

538. Liquidyellow, viscid or oily. Odour pungent, offensive, sulphureous.
Soon 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 ang silver become incandes-
cent, and are reduced. It thus resembles much binoxide of hydrogen in facility
of decomposition, and the phenomena which accompany it.

539. Prepared from the amber-coloured fluids formed by boiling potassa, soda,
or alkaline earths, with selphur and water. Different compounds are produced
in solution by the ox.ygen and hydrogen of the water uniting with different por-
tions of sulphur. The following diagram illustrates the manner in which bi-

.snlpbmted hydrogen and hyposulphurous acid may be formed.

Fig. 0.
Materials. Products.
. Hydrogen 1 e—._.___333.2 Bisulphureted Hydrogen.
Water 2 egs. < gﬂydrogen | R /33 .2 anulphureted Hydrogen.
. 3 ,‘( 7
’ Sul; ien 32.2 .
Sulphur 6 egs. B0 oo
: Sulphur 32.2, 48.2 Hyposulphurous Acid.

Symb. 68&2-H—2HS*&:5%
When the-liquid is powred into hydrochloric acid, diluted with twice its weight of
water, the salifiable base employed to promote the action of the sulphur on tlle
water eombines with the hydrochloric acid, and the bisulphureted hydrogen is
slowly deposited. An excess of acid should always be present, otherwise the

bisulphurated hydrogen is very apft to be decomposed. Hence, also, the reason
wh; the amber fiuid must be.poured into the acid, and not the acid into it.
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540. The PRECIPITATED SULPRUR mentioned in the beginning of this ehapter,
is prepared from the amber-coloured liquid procured by beiling lime, sulphur,
and water ; hydrochloric acid is added as longlas there is any preeipitate. 'When
the solution is diluted, and the acid added to it, no bisulphnreted hydrogen falls
along with the sulphur. A little hydrosulphuric acid is at the same time either
expelled with effervescencb or retained in solution. The following diagram illus-
trates the reproduction of the water and sulphur,

Materials, Fie 0. Products.
2 Bisulphureted {Hydro 18 Water, 2 eqs.® *

Ilydrogen Sulphur 6 =
Hypuxulplnu-ous Oxygen 16 5
Acid. Sulphur 32. 96.6 Sulphur, 6 egs.
Symb. 2HS&:8*=2-H&6S.

CHAP. V. SELENIUM, BORON.

541. SpLEN1UM.—Symb. Se.—Eq. 40.—Sp. gr.4.5.—Melts at 229°.—Boils at
600°,

542. Solid, dark brown colom- semi-metallic lustre, imperfect conductor of
heat’ and electrlclty, insoluble in water, inodorous, oxidates when exposed to
thg air and heated, producing a strong smell of horse-radish.

543. Selenium was discovered a fow 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 gnost important compounds are those which it forms with oxygen
and liydrogen, as selenious acid, sclenic acid, seleniurcted hydrogen. They are
very similar in all their general chemical relations to the compounds which sul-
phur forms with the same substances.

545. Bonon.—-Syrnb. B.—Egq. 11 '—Nearly twice as heavy a8 water.

546. Solid, tasteless, inodorous, of a durk olive colour, insoluble in water,
not fused by intense heat.  Takes fire when heated to 600° in air. o

547. Prepared from buracic acid by potassium, which removes the oxygen.

548, Boracté Acip.—8ymb, iB=boron 11 + oxygen 24 Eq. 35.—Fused by
heat, forming a gla.ss as it cools.

549. Soluble in water; a hot saturated solution gives crystals of AquEous
Boracic Actp as it cools, Soluble in alcohol; the solution burns with a fine
green flame.

550. It reddens fecbly the vegetable blues, and turns turmeric brown, like an

alkali. From its fusibility it is much used as a flux.
o 851. Prepared from the biburate of soda—the borax of commerce. By dis-
solving 191.5 parts in hot water, %nd adding 40.1 of sulphuric acid. Borax 191.5
=bagacic acid 70 + soda 31.5 + water 90# The boracic acid separates in crystals
as the liquid cools; 71.6 sulphate ofesodn remain in solution. The crystals
must be washed with cold water, and, if required absolutely free from sulphuric
acid, they must be heated in a platinum cruciblo till they are fused, and again
dissolved and crystallized. Symb. 2iB + ‘Na&iS=:i5'Na&2iB.

CHAP. VI. PHOSPHORUS.

552. Symb. P.—Eg. 15.7.—8p. gr. 1.7.—Melis 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 av natural temperatures ;
gives a garlic odour, and becomes luminous ;n the dark, passing quickly into a
state of rapid combustion if it be warm and in small chips; from the facilify
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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 kept under water,
and in adark place. Phosphorus burns brilliantly in air, and with great splen-
dour in oxygen.

554. Phosphorus is dissolved in minute quantity by nitrogen gas, and this pro-
perty cnables it to act on the oxygen of the air, at a tethperature below that (80°)
at which it Regins to affect purc oxygen gas. Mr Graham has found that air at
66° is prevented from acting on phosphorus by an admixture of 1-156th of sul-
phuric ether vapour, of 1-450th of hydruret of carbon, and of 1-4444th part of oil
of turpentine vapour. -

555. 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 wa-
ter, the mixture being afterwards heated gently for several days. The bones
contain phosphoric acid and lime; the sulphuric acid unites with the greater
part of the lime, and a solution of superphosphate of lime is scparated by filtra-
tion ; on evaporating it to dryness, mixing it with charcoal, and heating the mix-
ture in a coated earthen retort, the charcoal tgkes away the oxygen from the
phosphoric acid, forming carbonic oxide, which is disengaged; the phosphorus
is converted into vapour, and condenses in water, into which it is led from the
beak of the retort. It is purified by distillation, or by melting it, and pressing it
through shamoy leather under water.

Sgor. 1. Compounds of Phosphorus and Ozygen.

556. TrITOXIDE OF ProspHoRUSs 1-~—When a stream of oxygen is directed upon
phosphorus under boiling water, 4 portion of acid is formed, whiclf*remains iu
solution, and an oxide of phosphorus, which has been regarded as a compound
of 3 atoms of phosphorus and 1 of oxygen. It is of & reddish-brown colour, and
often appears ift small quantity when phosphorus is inflamed in air,

557. Hyrorudsprorous Acip.—Symb, ‘P = phosphorus 31.4 + oxygen 8.
Eq. 39.4.-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 seprated by filtration from the insoluble
phosphate. Sulphuric acid precipitates the baryta, leaving the hypophosphorous
acid combined with water. The solution is very acid, and becomes viscid and
crystallizable by concentration. It is decompesed by heat; it is a powerful
deoxidating agent, and all its salts are soluble.

558. PHOSPHOROUS Acip.—Symb, {P*=phosphorus3l.4+oxygen 24.—Eq. 55.4.

859. Prepared by heating bichloride of mercury with phosphorus, and decom-
posing by water the compound of chlprine and phosphorus distilled from this
mixture. The bylrogen of part of the water combining with the chlorine, pro-
duces hydrochloric acid, which is expe]lea by heat, while the phosphorus, taking
the oxygen, forms the phosphorous acid, which remains in combination with
water. When evaporated to a syrupy consistence, crystals of the hydrated acid
are procured.

560. Phosphorous acid mixed with phosphoric’ acid, is formed by the slow
combustion of phosphorus at natural temperatures, or at a high temperature in
ravefied air.

561. Phosphorous acid is a powerful deoxidating agent like the hypophospho-
rous aejd ; heated in air, it burns and acquires more oxygen. The hydrated acid
is decomposed by heat, forming phbsphureted hydrogen and phosphoric acid.
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562, PHOSPHORIC Acip.—Symb, :iP* = phosphorus 31.4 + oxygen 40.—Im-
portant modifications of this acid have been pointed out by the researches of
Professor Clarke and Professor Gruham, Whenever a concentrated sclution
of the acid is beated to 415° it passes to the condition of IyropmospHORIC
Acrp, and still remains in this state for some days, when dissolved by cold
water, after which it returns to the condition of phosphoric acid. By beiling
the solution this change is speedily effected.  If the pyrophosphoric agid be com-
bined with a salitiable base, it iay be converted quickly into phosphori€ acid by
boiling in water to which sume sulphuric acid has been added. o

. Professor Graham considers the modffications of phosphoric aci® which
have been usually attributed to isomeric changes, to depend upon the acid combining
with water in different definito proportions, and dissolvigg in an additional quan-
tity of tius fluid in these proportions. The following are the proportions of
water associated with the common phosphorie acid, with the pyrophosphoric acid
of Dr Clarke, and with the metaphosphoric acid which fie has lately discovered.

Phosphoric Acid. Water. Symbol.
Metaphosphoric acid, . 1 equivalent 1 equivalent ‘H: P2
Pyrophosphoric acid, . 1 . 2 2°H +:ip?
Common phosphoric acid, 1 3 3H +:ipt

561 Metaphosphoric acid is prepared by burning phosphorus in air or oxygen,
by oxygenating phosphorus cautiously in nitrie acid, and evaporating the solu-
tion in a platinum vessel to expel excess of acid, or bygheating the phosphate of
ammonia to reducss, the ammonia being expelled.  'When prepared by combus-
tiod, it forms a light powder, falling in small flakes, and resembling snow. Pro-
cured by fusion, it resembles gluss on cooling, and has been called Glacial Phos-
phoric Acid. .

565, Phosphoric Acid is. soluble, very acid, but not corrosive ; if s fused and
then volatilized by a strong heat, if exposed to a current of air, passing into
the condition of pyrophosphoric and metaphosphoric acids. Solutions of its salts
give a ycllow precfpitate with nitrate of silver, consisting of phosphate of silver.
When converted into pyrophosphoric acid, Gie precipitat.. with nitrate of silver is
white ; metaphosphoric aeid also gives a white precipitate with this substance,
and it coagulates albumen, which is not®one by the other forms of phosphoric
acid. . ’

The diluted phosphoric acid of the London College is prepared with acid formed
by the action of phosphorus and nitric acid. ’

Secr. I1. Compounds of Phosphorus and Hydrogen.

%66. Puosruvnetep Hyvrooewor HYDRURET oF PHosPRORUS,—Symb, HS
P? = hydrogen 3 + phosphorus 31.4. °

567. This gas when prepared in the usyal manner is particularry distinguished
by taking firo tho moment it comes in contact with atmospherie air or oxygen ;
an acid and watery vapour are the products of the combustion ; these ascend in
beautiful wreaths when the gas is allowed to escape into the air through water.
Another remarkable property of phosphureted hydrogen is its power of combin-
ing with various acids, and neufralizing them in the same manner as potassa,
soda, or other salifiable bases. It is absorbed in large quantity by a solution of
thescommon sulphate of copper or chloride of lime, A solid matter is some-
times precipitated from the gas prepared by potassa or lime, which has been con-
sidered a dihydruret®of phosphorus. :

568. It is prepared by heating phosphorus alohg with water and potassa, soda,
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lime, baryta or strontia ; it is formed by the hydrogen of the decomposed water
combining with part of the phosphorus ; phosphoric and hypophosphorous acids
are also produced, and combine at the same time with the alkali ar carth em-
ployed.

569, Procured also by pouring hydrochloric acid diluted with water upon ph.a-
phuret of calcium ; a portion of water is decompesed, and the culcium is oxidated
by it as tl;e gas is evolved, the hydrogen of the water and the phosphorus of the
phosphiret combining together ; the same action takes place without hydrochlorie

., acid, but not so quickly ; the hydrochlonc acid unites with the lime or oxidated
ca.lcmﬂ? as it is formed.

570. Other compounds of phosphorus and hydrogen have been described, and
particularly one which is not spontaneously inflammable, but burns brilliantly
on the application of heat. It is now generally regarded as being isomeric with
the phosphureted hydro'gen already described.

571, Professor Gruham hus 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 property by the action of charcoal, phosphorus, and potas-
sium, so that the property of spontaneous inflammability may be a.ecxdental even
in the compdund usually termed phosphureted hydrogen.

Skct. II1. Compounds of Phosphorus and Sulphur.

572. Phosphorus and sulphur, when heated, combine in any proportion.
Small quantities, not exceeding & few grains, produce a violent and dangerous
reaction during combination, unless the pbhosphorus be melted first in a tube,
and the sulphur added in minute fragments at a time, taking care to boil it after
each addition ; the presence of a little water, from which the phosphorus and
sulphur cannot easily be entirely freed, is the cause of the violence of the reac-
tion, the phosphorus taking oxygen, and the sulphur forming with the hydrogen,
hydrosulphuric acid.

573.« Compounds of these elements are usually termed PHOSPHURETS OF SUL-
PHUR, Or SULPHURETS OF PHOSPHORUs. They are more inflalumable thau phos-
phorus, and some of them take fire at natural temperatures when exposed to the
air, more especially when they have bec,n partially oxidated by allowmg an im-
perfect combustion to go on for a short’time. The moisture of the air, render-
ing them damp if they be too freely exposed to it.

CHAP. VIL. CARBON.

574. Symb. C. Eq. 6.12. Carbon is not affected by heat when the air is ex-
cluded. It conducts heat imperfectly, but is a good conductor of electricity.
575. In its purest state it constitutes the 91aMoND ; in the form it is usnally
_met with it is qalled cHARCOAL, am is prepared from wood. All vegetable and
and animal proximate principles conta'n carbon. It is also found in the minc-
ral kingdom, as in coal and other bituminous substances and in all carbonates.
TvoRY BLACK is an impure charcoal ptepsu'ed from bones, and often termed aNi-
MAL CHARCOAL. The cinder called coxk is a kind of charcoal prepared from
coal. LaAmP BLACK is the carbon deposited from oil, resin, and other compounds
containing this element, when they are imperfectly consumed, causing the black
smoke which then appears during their combustion. PrumBaeo is composed
of carbon with a very little iron. ANTHRACITE i a varicty of coal compcsed
almost entirely of carbon. Common CoAavL contains carbon in union with oxy-
gen, hydrogen, and nitrogen, ang is mixed with variable pfoportions of earthy

matters.
4 . .
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576. Charcoal is solid, black, porous, and brittle. Inflammable, producing
carbonic acid gas, when heated in air or oxygen. It often takes fire sponta-
neously when put into largo 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, . $5°vols.
Hydrochloric acid, . 89 Oxygen, . . 9.25
Hydrosulphuric acid, 65 Nitrogen, . . 75
Nitrous oxide, 40 Hydrogen, . . 1.75

577. Charcoal is insoluble in water; destroys mony animal and vegetable
colouring matters, and the offensive taste and odour of putrescent vegetable and
animal matter. It can also absorb or remove portions of numerous substances
tfrom solutions, as arsenious acid. 4

578. Charcoal is prepared from wood by heat, excluding the air. Wood is
composed of carbon, oxygen, and hydrogen, and a small portion of earthy and
saline matter. By the heat the oxygen and hydrogen are expelled, carrying
along with them part of the carbon, and formning inflammable gases (composed
of carbon with oxygen, and of carbon with hydrogen), water, acetic acid, tar,
pyroXilic spirit, 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
tixed red or white heat, without smoke or flame. Burned in an open fire, the
intensity of the heat it produces is mever 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 c8mbustion is
quicker, and the intensity of heat greater ; if a high chimney be cohtinued above
such a fire-place, the column of heated air in the chimney being very light,is un-
abl: to bulance the®old air without, which presses quickly through the furnace
bars, forcing up the air in the chimney, and being forced ap in its turn in the
same manner by the influx of more air. Hence, there is in this way & more ra-
pid combustion, and a still greater intendity of heat produced, than in the pre-
ceding cases. By using bellows, fanners, or other apparatus to force in air, the
heat may be still farther augmented ; and, to produce the most intense heat, the
air itself must be warmed in pipes by another furnace before it has access to the
fuel. 6.12 parts of carbon require 72.8 of air (containing 16 of oxygen) for com-
plete combustion, but the air does not act with the charcoal till heated to a cer-
tuir? temperature ; therefore if not Meated 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 thy great improvement of using HEATED
AIR, introduced first in the Clyde Iron 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.

* 8Secr. I. Compounds of Carbon and Oxygen.

582. CarBonic OfE, or OxiDE oF CarBON.—Symb. *C = carbon 6.12
+ oxygen 8.—Eq. 14.12by W. [ by V.—Sp. gr. 973.—W. of 100 c. i. 30.186 gre.
583. Gaseous, transparent, colourless, inodorous, inflammable ; 14.12 consume

E
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8 of oxygen, forming 22.12 carbonic acid gas. Symb. -C&0 =:C. Buwns with
apale blue flame. Does not support respiration or combustion. Water 100 c. i
.abgorb only 1.56. Does not affect the vegetable blues, nor hme-water has no
acid properties.

584. PrePARED from cr. oxalic acid by heating it with aquedus salphuric acid.
Cr. oxalic contains water, the sulphuric acid removes the water, and 36.24 oxalic
acid are <}fen resolved into 14.12 carbonic oxide 4 22.12 carbonic acid. Both gases
being collected together over lime-watgr, the lime absorbs the carbonic acid, .md

*leaves &he oxide. .

Fig. 138,
Materials. Produets.

Clrbon 612 - - -- 14,12 Carbonic Oxide.
Carbon 612 . .- 7

Cr. Oxalic Acids gFYESR & 7
Oxygen 8 - e eeae 22,12 Carbonice Acid.
Water 27 -

Aqueous Sulphuric Acid 49.1 ---=:-. 76.) Diluted Sulphuric Aad.

Symb. 3H+iC2&HES = -C&:C&4H+38.

385. When carbonate of lime, = carbonic acid and lime, is heated w xth iron-
filings (or charcoal), part of the carbonic acid is decomposed by the iron as it is
disengaged by the heat ; lime-water removes the remaining carbonic acid.

Iron and carbonaw of lime == oxide of iron, lime, and carbonic oxide.
Symb, Fes&:C:Ca = ‘Fe&-Cu&k-C.
Carbon and carbonate of lime — lime and carbonic oxide, 2 egs.
Synd. C&:C+Ca = Ca&2-C.

586. Ca.rlpmc acid gas passed repeatedly over charcoal, heated to redness in a
tube, becomes carbonic oxide. Carbon 6.12 taking oxygen 8 from carbunie acid
22.12 forms carbonic oxide 14.12, while 14.12 more is left from the decomposed
carbotic acid. 'The blue flame of & common cinder fire is produced by the com-
bustion of the carbonic oxide formed in this manner: carbonie acid is formed at
first, and this, rising through the superincumbent red hot cinders, is decompused
by the carbon, and resolved into carbgnic oxide, which becomes carbonic .cid
again as it burns.

Fig. 14.
Materials, . Products.
Carbon 6.12.. 1412 Cuarbonic Oxide.
22,12 Carbonic Acid % Oxygen 8
Oxygen 8
612 Carbon . . . . . . 612 imue14.12 Carbonic Oxide.,
Synz:. C&:C=2C.

587. Cansonic Acip. ~8ymb. :Cz= carbon 6.12 + oxygen 16.—Eq. 22.12 by
W. O by V.—Sp. gr. 1.524.—W. of ]00 ¢. i, 47.283 grs.—Condensed into a liquid
by a pressure of 36 atmospheres at 32°.—Synon. called Fixed Air by Dr Black,
who discovered it.

588. Gaseous, transparent, colourless, cannot support respiration or combustion.
‘When air is mixed with 1-5th, or even a smaller part of carbonic ucid, a candle
is extinguished in it; an oil lamp burning in air requires more carbonic acid to
extinguish it than a candle.

589. Carbonic acid gas is absorbed by an equal bulk of water: soda water is
propared with a much greater quantity of gas by subjecting it to pressure with a
dilute solution of carbonate of'soda. For experimental purposes, pure carbonic
acid water is easily prepared by agitating.equal bulks of carbonic acid and water
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in a bottle. It hasan acidulous taste, ceddens litmus, and precipitates lime water

* if excess of carbonic acid be avoided ; 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. *

390. In many fluids therg is much carbonic acid retained by pressure or by a
fochle attraction, and accordingly it escapes rapidly as they are poured from one
vessel to another, or removed from bottles in which they have béen tightly
('orkod The pungency of different fermented liquors d(.pends upon the carbonie
acid they contain, and the light and pleasant taste of spring water is caring in®
part to the same cause.

591. Carbouic acid is found extensively distributed tlu'oughout the globe. It
exists in numcrous minerals as a Carbonate, where it Is united with salifiable
bases, particularly lime, magnesia, and oxide of iron. It occurs in & number of
wineral waters in such quantities as to be the cause of all heir peculiarities ; in the
air, it is met with at 211 heights and situations, excepting, perhaps, very near the
surface of the occan: auld heing a produet of respiration, contbustion, and other
vlu-mi( -al processes, it is often observed in large quantity in particular situations.

12, ;The cnoke vy.ur of miners, the heavy gas which gives rise to so many
1':\ml accidents in breweries, ti-o suffucatine air that so frequently collects in old
wolls®and pits, and which tlows out i a stream from some caverns, as the Grotto
del Cane in Ttaly, all consist of carbonic acid gas. Hence, to prevent accident, a
lighio.t comdle suspended by a string should be introdgced into the air of any
plicce suspected to contain carbonie acid gas, before any individual enters it; if
the ¢andle be extinguished, it wonld be dangerous and probably fatal to any one
entering it. A certain proportion of carhonic acid mixed with air checks the
combustion of a candle. Luess, in general, is necessary than would prove injurious,
at least imediately, to aniwal life. A larger quantity is required td extinguish
i lorup. But its effeets vary an different individuals; and, accordingly, a candle
hurring in an atinosplivee aspected w contain carbonic acid, cannot in all cuses
be recarded as oo ceman noocation of 1ty safety,

a3 PrErarib ik a glass vessel, at the common preumatic trough, by the
action of hydrodhlonie acid diluted with water on carbonate of lime ; chalk, marble,
or limestone, are generally employed, whech consist principally, and sometimes
entively, of carbonic acid and lime. Carbonate of lime 50,62 contain carbonic acid
22,12 and lime 28.5. 1y deochlorie acid 36.5 decompose 50.62 of the carbonate, the
carhonice acid escaping as a gas, while the hydrochloric acid and the lime combine
and produce 63 of the hydrochlorate of lime.  Symb, :C:Ca&HCl=HC1Ca&:C.
Prepared also by the uunhustum of carbon in air or oxygen. Carbon .12 & oxy-
gen®16 =carbonic acid 22.12.  Symb, €& 0*=:C.

3. Laquip CanBoNte A ¢1p may be formed by mechanically cgndensing car-
bomic acid gas with a foree pump, or by mixing uqueous sulphuric acid with a
cirbonate in large quantity in a strong metallic vessel sgeured with great pres-
xure, the gas as it is extricated within the apparatus producing the requisite pres-
surc. U exposed to the air, it evaporates with great rapidity, producing intense
cold (—185), and part is frozen by the cold produced by its own evaporation. Solid
carbonie is a vory bad conductor of heat, and hence it can be held with impunity
in the hand, notwithstanding its temperature. It evnporntes without becoming
liquid, is of a pure snow-white colour. When put in the mouth, its rapid evapo-
ration and perfect dryness communicate & peculiar sensahon not producéd by any-
other substance. e

(OxaLic Acip, another compound of carbon and oxygen will be desmbed
ander Vegetable Substances.)
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Sgor. II. Compounds of Carbon and Hydrogen.

595. Hyprurer oF CarBoN.—Symb. HC=hydrogen 1 + carbon 6.12.—FEq.
7.12 by W. o by V.—Sp. gr. .982.—W. of 100 c. i. 30.44 grs. Decomposed by
a rod heat, hydrogen and bihydruret of carbon being formed, while charcoal is
deposited. Synon. Heavy Carbureted Hydrogen; alefiant gus, from its forming
an oily copnpound with chlorine. By some its equivalent is doubled, and it be-
comes H?C%

o 596. Gaseous, transparent, colourless, tasteless, inodorous, water 100 c. i. aly-
sorb 13%. Infiammable, does not dupport combustion. Hydruret of carbon 7.12
consume 24 of oxygen as they burn, detonating violently if they be mixed pre-
viously in these proportjons, the hydrogen 1 uniting with oxygen 8 and forming
water 9, while the carbon 6.12 combines with oxygen 16 producing carbonic acid
22.12. Itburns with a very luminous yellowish-white flane, the appearance vary-
ing much according to $he manner in whicli it comes in contact with the air.

597. PrePARED 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, alcohol
(spirit of wine) mixed with aqueouns sulphuric acid, is preferred when it is re-
quired for experiment, though even then it is often associated with othee gases.
Alcohol 23.24—=o0xygen 8 + carbon 12.24 + 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 carbongand producing 2 egs. or 14.24 by weight of hydruret of
carbon.

Decomposition of Aleohol so as to produce Hydruret of Carbon and Walter, the Water
combining wilh Sulphuric Acid not yepresented.
b Fig. 15.

* Materists. Products.
. Hydrogen 1 «ceeceevnenne...,7.12 Hydruret of Carbon.
Hydrogen 1 eyttt 7.12 Hydruzet of Carbon.

Hydrogen1 | "~
Alcohol 23.24 Carbon . 6.12.5€

Carbon . 6.12.-"
Oxygen 8 ... ‘Water.

Symb. OC*H3=-H&2HC.

As the decomposition advances, the elements of the succeeding portions of alco-
hol 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-
gen. But the reaction does not terminate here ; the carbon soon acts upon a part
of the sulphuric acid, taking away oxygen and disengaging sulphurous acid.

598. BinvPrUrer oF CarBoN®—Symb. H}*C=hydrogen 2 + carbon 6.12.—
Eq. 8.12 by ' W. ] by V.—Sp. gr. .65#—W. of 100 c. i. 17.363. Decomposed by a
strong heat. Synon. Light Carbureted Hydrogen, Subcarbureted Hydrogen, the
Firo Damp of Miners.

599. Gaseous, transparent, colourless, tasteless, inodorous; water absorbs
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 ; 8.12 parts consume 32 of oxygen, the 2 of hydrogen taking 16 and forming 18
of water, while the 6.12 of carbon also take 16 and become 22.12 of carbonie acid.
—8ymb. H*C&0*=2"H&:C. Tt detonates.on applying a light, if the air or oxy-
gen required for its combustion be previously mixed with it.

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

601. QuaDRO-CARBURETED HYDROGEN.—Symb. C4H*=curbon 24.48 + hydro-
gen 4.—Eq. 28.48. 'When-vil-gas is condensed at the portable gas-works, a li-
quid 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 tempe-
rature of zero by a freezing mixture. It boils at a temperature below the freez;
ing point of water, and is very inflammable® Its vapour is twice as den® as thé
hydruret of carbon.

602, BicarurETED HYDROGEN.—Symb. C*H.—Eq. 13.24=carbon 12.24 +
hydrogen 1. .

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

604. Coax and O GasEs are procured from coal and oil. by heating them to
rednefs while the air has no access to them. In oil-gas, there is more hydruret
of cqrbon than in coal-gas, and this is the cause of its burning with a more bril-
liant flume.  The greater the density of the gas, it is the richer in carbon, and
the more luminous. Besides the hydruret and bhydruret of carbon, various other
compounds, as the oily matters alluded to in the preseding paragraphs, are be-
lieved to be present in small proportion, contributing to the brilliancy of the
flale during combustion.

605. Conl-gas is not only less illuminating than oil-gas, but frequently contains
a portion of sulphureted Lydrogen, derived from the sulphur or Lisulphuret of
iron in the cosl from which it is prepared; by the action of limegand water it is
entirely condensed. il consisting principally of carbon and hydrogen, the ga-
seous compounds it affords are comparatively pure; but coal containing also a
very large quantity of oxygen and nitrogen, various other compounds 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. NarHTHA is an 0il procured by distillation from coal-tar; free from oxygen,
and conteining hydrogen and carbon alone, when pure. One measure of its vapour
contains 6 equivalents of carbon and 6 of hydrogen condensed together. It isvery
inflammable, and is used for preserving potassium, and dissolving caoutchouc.

607. NAPHTEALINE 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 svLrro-NAPHTHALIC
acip.  Dr Thomson regards naphthaline a® a compound of hydruret of carbon
and bicarbureted hydrogen. LI

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

609. The FLAME of different coal and oil gases is very variable. The most in-
tense and perfect light is produced when the guseous matter is completely con-
sumed, while a separation of charcoal in the solid form is observed in the flame
itself, which is rendered Lighly luminous or incandescent as it burns. This effect
is produced most copapletely 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
they meet.
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610. 1n the argand burner, when gas or oil is used, a similar cffect is producfed
by allowing the air to enter freely within, as well as on the outside of the in-
flammable matter. In the Bupe Liesr, introduced by Mr Gurney, an argand
oil lamp is supplied with a stream of oxygen gas instead of air, and hence f.he
greater brilliancy of the combustion it presents. 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 lamps
gas is fitst produced by the decompdsition of a portion upon the hot wick.

612. A most intense heat is produced by flame, and a very groat heat is ne-
cessary for the production, of ordinary flame.

613. A red hot platinum ggire or plate, if very thin, may be put into an explo-
sive mixture of air and coal-gas without detonating it, maintaining however a
slow combustion, by which sufficient heat is evolved to keep the platinum red
hot. Iron-filings allowed to full into the flame of a common lamp or candle
immediately take fire.

614. Flame cannot pass through wire-gauze, the gaseous mixture composing
it being so much cooled during its passage through the net-work, if the apeftures
be sufficiently small, that it ceases to be flame; nor can it set on fire a gaspous
mixture on the other side of the gauze through which the gas may pass. 1t wus
on this principle that Sir H. Davy constructed his Safety Lamp, which consists
of a common oil lamp hawing the wick covered with a wire cage; the oil burn-
ing within cannot set fire to the gaseous inflanmable 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 conmon lamp or candle must be regarded as a muss of
gaseous matter hurning only on the outside, where it is in direct contact with the
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 cxtremity of the tube without the flare.

616. ExpLoSIVE MIXTURES of inflammable gases and air are formed whenever
the quantity of air mixed with the gas is sufficient for its complete combustion ;
80 that the flame can travel rapidly through the mixture.

617. With an excess of air, the action is more or less feeble; if the quantity
of air be excessive, the gas may burn when in contact with the flame applied,
but there alone, the particles of inflammable matter being too distant to inflame
each other.

618. 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 remain unconsumed till it be mixed with a proper quantity be-
fore it can burn. . b

619. The FIRE-DAMP of miners, which is disengaged from the coal in & num-
ber of mines, produces an infinite variety of explosive or merely inflammable
mixtures such as it escapes from the coal into the mine. By using the safety-
lamp instead of a common candle, the miners can work in safety, though an ex-
plosive atmosphere may have been formed in the upper part of the mine, which
which would be instantly detonated by a common candle.

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

621. The fire-damp is believed to have been formedin the coal by heat, and to
be disengaged when an outlet is made for it by the miner striking it with his pick.
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622. To VENTILATE MINES where noxious cases occur, two shafts or openings
are gencrally made into each mine, one at cach end of the workings; a fire
placed at the bottom of ome of these shafts causes an ascending current, which
is supplied by air descending at the other shaft, traversing the whole of the work-
ings, and mnmtammg the air sufficiently pure, all noxious gases being diluted
a.nd carried away in the cdrrent.

2J. BrowrIpks are small conical tubes bent at one end, 8o 4s to be easily in-
troduccd into the flame of a lamp or candle, directing it in a stream By blowing
*through them on any object to be heated. ‘With this valuable instrument, nu-
merous investigations are much facilitated, as most furnace operatio.® can be
imitated with it on & small scale. The greatest heat is at the point of the blue
cone that is seen within the rest of the flame; the oater part of the flame be-
yond the blue flame is termed the oXIDATING FL4E, being mixed abundantly
with the oxygen of the air; the inner portion is called the DEOXIDATING FLAME,
being mixed with an excess of hot inflammable matter, which is a powerful
agent in removing oxygen.

Szcr. 111, Bisulphuret of Carbon.

62%. Symb. S’C=sulphur 32.2 4 carbon 6.12. Egq. 38.32.—Liquid, transpa-
reng, and colourless. Very volatile; odour fetid and offensive. Influnmable.
Sulphurous and carbonic acids are the produ«is of its combustion. Prepared by
passing sulphur in vapour uver charcoal heated to redness in a porcelain tube.

" OHAP. VIII. CHLORINE.

*626. Symb. CL—Eq. 35.5 by W.— [Jby V.—8p. gr. 2.44.—W. of 100 c. i. 75.8
grs.— Condensed into a liquid by the pressure of 4 atmospheres at 50° Sy-
non. Oxymauriatic acid, or oxygena.tcd muriatic acid; dophologxstlcated marine
acid. The first two names were given when chlormo was reg:mled as a com-
pound of muriatic acid and oxygen; an opinion which was defended with
much ingenuity by the late Dr Murray. Sir H. Davy considered it an ele-
ment, and gave it the name of Chlorine from its colour, derived from xawges,
green.

626, Guseous, transparent, of a grcomsh-ye]low colour; udour pungent, suf-
focating, extremely irritating and offersive. Uninflammable ; supports combus-
tion ; destroys most animal and vegetable colouring matters a.nd odorous effluvia,
and decomposes a great number of vegetable and animal substances, from which
it generally removes hydrogen, cither directly, or by combining with the hydro-
gen of any water that may be present, and separating oxygen, which has the
game effect.

627. Water absorbs 14 times it volume of chlorine, acquires its taste, colour,
and smell, and also its bleaching properti®s. A crystalline gompound is pro-
duced when it is introduced into ice-coll water, the IYDRATE OF CHILORINE,=
water 90 + chlorine 35.5. Warm water, at temp. 90°, must be employed in col-
lecting chlorine to prevent absorption; mercury combines with it, so that mer-
curial trough cannot be used.

628. The solution of chlorine in water ought to be kept in dark bottles, and
excluded from the light, otherwise the chlorine decompuses insa short time part
of the water, combining with its hydrogen, and forming hydrochloric acid.

%29. Numerous substances take fire when they are introduced into chloriue
gas, as antimony apd copper when in a minute state of division, turpentine and
phosphorus. A candle with the flame blown out, but with the wick still red, is
rekindled in chlorinc, as Mr A. Trevelyan pointed out. In all cases where it
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supports the combustion of common inflammable matter, it combines generally
with the hydrogen alone, separating the carbon in the form of a black powder,
for which it has but a feeble attraction.

630. PrepAraTION.—From the common hydrochloric acid by heating it with
binoxide of manganese, diluting it with 1-6th of its bulk of water, that the ac-
tion may not go on too quickly. “Hydrochloric acid 36.5 decompose binoxide of
manganese 43.7, disengaging 8 of oxygen, combining with the 35.7 of oxide left,
and formidg hydrochlorate of manganese. The oxygen detached decomposes 36.5
of hydrochloric acid, from which it takes 1 of hydrogen and disengages 35.5 of
:‘:ll‘orine.“ Three parts of the commén acid, and one of the oxide, are generally

en,
Chlorine from Hydroohlorio Aoid, and Binoside of Manganese.
.' Fig. 16.
Materials. Products.

36.5 Hydrochloric Acid ‘{ Gromne  + 55— 350 Catorine.
36.5 Hydrochloric Acid . . . . . 36.5, =

43.7 Binox. Manganese { <73 Mang. 35.‘;2&72.2 Hydrochlor. M.
Symbd. 2HC1&:Mn=HCI + ‘Mn&-H&Cl '
631. Another process for preparing chlorine is explained by the following
diagram.
Chlorine from Chloride of Sodium, Binozide of Manganese, and Sulphuric Aoid.

Fig. 17.
Materials. Products.
.59 Chloride of Chlorine . . 35.5. 35.5 Chlorine.
odium Sodium . . 23.5
43.7 Binox. Mang. { G188, - - 8,
40.1 Sulphuric Acid . . . . . 40.1 71.6 Sulph. of Soda.
40.1 Sulphuric Acid . . . . 40.1 75.8 Sulph. of Mang.

Symb. C1Na&iMn&iS=iS-Na&iS-Mn&CL

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
copious white curdy precipitate which itproduces in solutions of the nitrate of
silver, composed 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. Hypochlorous Acid. Symb. *Cl.=chlorine 35.5 + oxygen 8.—Eq. by W.
43.5 gaseous of a greenish-yellow colour. Tormed by the action of chlorino
upon binoxide of mercury, mixed wjth distilled water. Part of the chlorine
reacts with the oXygen, and part with the mercury, and a portion of oxide. The
hypochlorous acid remains in solution, and may be liberated from the water by
the action of nitrate of lime. Hypochlorous acid is formed along with other
compounds of chlorine in numerous chemical operations. See Euchlorine.

634. CHLOROUS AcIp or PEROXIDE OF CHLORINE.—Symb. Cl.=chlorine
85.5 + oxygen 32.5—Eq. 67.5 by W. [T] by V.—8p. gr. about 2.36. —W. of 100 c. i.
nearly 72 grains. Explodes violently at 212°, and often during its preparation,
8o that great care is necessary in operating with it. This gas is transparent, of
a very deep greenish-yellow colour; odour aromatic; many substances inflame
in it, and phosphorus takes fire when it comes in contact v.ith it even under
water. When decomposed by heat alone, 2 measures expand to 3, heat and
light being evolved as they separate.
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635. Prepared from chlorate of potassa by aqueous sulphuric acid. Here it is
!jupposed that sulphuric acid 4 eqs. decompose 2 egs. of chlorate of potassa, form-
ing 2 egs. of bisulphate of potassa, as they detach 2 egs. chloric acid. These lose
each 1 eq. of oxygen, and become chlorous acid. The 2 eqs. of oxygen which
they give out combine with 1 of chloric acid,gtill in combination with potassa,
and now forming the perchlorate of potassa. .

Production of Chlorous Acid from Chloric Acid. °.
Fig. 18.
Materials. ® Products.
Chlorous A. 67.5.>..—..__67.5 Chlorous Acid.

2 Equivalents of ) Chlorous A. 67.5 ——en-67.5 Chlorous Acid.
Chloric Acid )Oxygen ... 8

Oxygen ... 8 E E ¢
Chloric Acid . . . ... .... 75. 1.5 Perchiloric Acid.

Symb, 3:iCl = 24Cl&EiCL o

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

may be arranged in the following manner :
3:3CL K &4iS = 2(2i8 + ‘K) &3 iCI-K&2-Cl.

636. The EvcHLORINE of Davy, formerly called Protoxide of Chlorine, is now
regarded as a mixture of chlorine and chlorous acid, and perhaps it also contains
hypochlorous acid. It is formed by the action of hydrochloric acid on chlorate of
potassa. If we supposc 1 eq. of hydrochloric acid to take potassa from 1 eq, of
the chlorate, detaching chloric acid which is decomposed by another eq. of hy-
drochloric ncid, the products are chlorine, chlorous acill, water, and hydrochlorate
of potassa.  Symb. : iCI')K&2J1Cl = HCI'K&Cl&-3Cl&H. This gaseous mix-
ture is transparent, of a deep greenish-yellow colour; odour like burncd sugar;
water absorbs 10 times its volume ; detonates by heat alonc, the elements sepa-
rating with a flash of light ; phosphorus, oil of turpentine, and nfimerous other
mflammables, take fire in it. *

637. Curoric Acip.—Symb. #Cl=chlorine 35.5 + oxygen 40.—kq, 75.5.—
Formerly called Myperoxymuriatic Acid.

638. Chloric acid has been procured hitherto only in combiuation 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
oxygen gases, and perchloric acid, which may be condensed us a colourless liquid
in a receiver. The compounds of chloric acid giving off oxygen with facility by
the application of heat, promote the rapid deflagration of inflammable matter.

639. PrREPARED from a solution of chlorate of baryta by sulphuric acid, which
reparates the baryta in the form oé the insoluble sulphate. Chlorate of baryta
is formed by a complicated reaction, on pagsing chlorine through a solution of
baryta. Hypochlorite, and hydrochloratg being produced, the former is resolved
ultimately on boiling into hydrochlorate and chlorate of baryta. The liquid con-
taining these salts being boiled with phosphate of silver, it affects the bydro-
chlorate 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. PercHLORIC AcID.—Symb. *iiCl.=chlorine 35.5 + oxygen 56.—Eq. 91.5.
—Procured in the manner described in 638; or by distilling the perchlorate of
potassa 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
compound.
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641. HyprocHLORIC or MuriaTic Acip.—Symb, HCL =chlorine 35.5 + hy-
drogen 1.—Eq. 36.56 by W. (1] by V.—8p. gr. 1.256.—W. of 100 c. i. 38.97 grs.
—Condensed into a liquid by a pressure of 40 atmospheres at 50°.

642. Gasoous, transparent, colourless, acrid and suffocating, uninflammable;
does not support combustion. glondensed with explosive rapidity by water,
which can take up 480 times its volume ; heat is evolved during the combination.

643. Combined with water it forms common muriatic acid, and is more cor-
rectly termed Aqueows Muriatic Aecid. Synon. Spirit of Salt, Marine Acid.
Fleavier than water, emits acrid vapours on exposure to the air, is transparent and
colourless when pure, but has usually « straw colour, from the presence of small
quantities of chlorine, nitrous acid, or peroxide of iron. Sp. gr. of acid usually
manufactured 1.17, contairfing nbout 34 per cont. of roal acid.

644. The following table is taken from onc of Dr Thomson’s, and shews the
specific gravity of the acid when united with water in different atomie propor-
tions:—

Specific Real Atowms of Atows of Specific Real  Atoms of Atom
gravity. acid. acid. water. eravity. acid. acid, watc
1.203 41.659 1 G 1.1060  22.700 1 14
1.162 33.945 1 8 1.0960  20.442 1 1¢
1.139 29,134 1 19 1.0860 18.590 1 18
L1197  25.517 1 12 1.0780  17.501 1 20

645. Nitrate of silver is the best test of hydrochloric acid, producing with its
chlorine the insoluble chlo.ide deseribed in 632. The oxygen of the oxide unites
with the hydrogen of the hydrochloric acid and forms water, which remains with
the nitric acid of the nitrate.

646. Compounds of hydrochloric acid and motallic oxides produce water and
metullic chlorides, when heated; and metallic chlorides, when they dissolve in
water, are belicved by many to decompose o portion, and give hydrochlorates of
the oxides.

647. Prepared from chloride of sodium (common salt) by the action of aque-
ous sulphuric acid. Chloride of sodium 59 = chlorine 33.5 4- sodium 23.5.
‘When it decomposes 9 water, the chlorine combines with the hydrogen of the
water, and the sodium with the oxygen, the products being 36.5 hydrochloric acid
gas and 31.5 soda. 'The sulphuric acid, which must be present to promote this
decomposition, unites with the soda and forms sulphate of soda; the hydrochlorie
acid is conveyed to a receiver, and condensel by water kept quite cold; the sul-
phate remains in the apparatus 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 {he aqueous sulpburic acid i in dllut,ed with 1-3d of its weight of
water, and cooled before mixing w xth the salt. that the action may go on temn-

perately. N

Fig. 19
Materials. Products. .
49 Aqueous Sul- gzgrgomglen tli 6.5 Hydrochloric Acid.

phuric Acid | 1 "0 cid 40.1-
59 Chloride of | Chlorine 35.5.-7<~
Sodium Sodium . 23.5_—em—==71.6 Sulphate of Soda.

Symb. ‘HiS&CINa = i8*Na&HCL
648. Hydrochlonc acid gas is easily procured from the liffuidweid by heaf, a
large quantity escaping at a lower temperature than is neceasary to boil water.

1t must be collected at the mercurial trough, or by dxsplwement.
649. Hydrochloric acid gas may be formed on the small scale by applying & light
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to equal measures of chlorine and hydrogen: the mixture detonates, but there
is no condensation unless water be present.

650. NITROHYDROCHLORIC ACID, or AQUA REG14, is prepared by heating a
mixture of nitric and hydrochloric acids. It gpntains a large quantity of chlo-
rine, on which its power of dissolving gold or platinum depends, and for which
principally it is used. The chlorine is derived from the hydrochlorie geid, which
is decomposed, its hydrogen being removed by the oxygen of the nitric acid.

* Nitrous acid is at the same time produced, which gives it a very deg) mddy
colour. 1t is generally prepared at the mo:nent it is required, by mixing various
proportious of the acids, according to the purpose to which it is to be applied.

. Fig. 20. .
Materials. Products.

36.5 Hydrochloric Acid { Chlorine . 35.5--- -35.5 Chlorine.

1Hydrogen . 1 ——_ —— 9 Water.

54.2 Nitrie Acid . . . {Oxvgen . o & ———=" : .

Nitrous Acid 46.2 - —meeee e 46.2 Nitrous Acid.
Synmb. HC1&:N = “N&H&CIL

L

651. QUA\PROCHLORIDE OF N1TkROGEN.—Symb. CI*N = chlorine 142 + nitro-
gen®14.2.—Eq. 156.2.—8p. gr. 1.654. According to some analyses it is termed
a terchloride.

652. Liquid, of a yellow colour and oily appearancg. 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
1any oily substances, particularly olive oil and turpentine. Its elements are
separated as it explodes, and the chlorine is believed to form hydrochlonc acid
gas with the hydrogen of a numbcer of the inflammables which derompo#e it.

653. CuLORONITROUS Gas.—A compound of chlorine and binoxide of nitro-
gen prepared lntely by Mr E. Davy, by the action of nitric acid on fused ghloride
of sodium.

G54, Dxcnume oF SULPRUR.-- Symb. CiN%4 It is foried by the action of
chlorine on heated flowers of sulphur, and then distilled fro n any uncombined
sulphur by « gentle heat. ]

655. Liquid, of a reddish colour, emits acrid fumes, boils at 280° ; decomposes
water, alcohol, and cther, the sulphur taking the oxygen, and the chlorine com-
bining with the 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
elfloride and bichloride of phosphofus, but their precise composition appears still
tu be uncertain. °

658. The CHLORIDE or P)zo'rovm,oupm. oF Puospuorus is formed when
phosphorus is heated with the bichloride of mercury, and is separated: by distil-
lation. The PrrcuLorink is obtained when phosphorus is introduced into chlo-
rine gas, being formed by its spontaneous combustion.

659. CHrortbE oF CARBON.—Symb. CIC.—Sp. gr. 1.552.—It is liquid, co-
lourless, and boils at 170° Discovered by Faraday, who prepared it by decom-
posing the succeeding compound by heat, a portion of the chlorine being expelled,
and, the chloride distilled.

660. PERCHLORIDE oF CaRBON.—Symb. C13C%.—Solid, colourless, and trans-
parent, fuses at 320°, and distils at 360°. Inflammable when heated; burns
brilliantly in oxygen. Procured by Faraday from hydrocarburet of chlorine, all
the hydrogen having been removed by repeated exposure to chlorine in the rays
of the sun.
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661. BicaRBURET OF CHLORINE, called also’ DicHLORIDE oF CARBON, is &
peculiar compound, which is procurel when impure nitre and sulphate of iron
are heated. The origin of the carbon has not been preciscly pointed out.

662, Another chloride of carbon has been described by Liebig; it is formed
when chloral is boiled in a solution of potassa, being tonverted into vapour and
distilled. o} is regarded as a compound of 4 egs. of carbon und 5 of chlorine.

663. HyDROCARBURET oF CuLoriNg. Liquid, of an oily appearance ; boils
#t 150°, gompletely decomposed by a red heat. Formed when chlorine and ole-
fiant gas (hydruret of carbon) are mingled over water, condensing as an oily
fluid which sinks in the water.

664. Curorar.—Discotered by Liebig.—Symb. O¢C®CI%, or, according. to
other analyses, O*C4HC1'%,—Sp. gr. 1.501. Boils at 200°.

665. Liquid, transparegt, colourless, odour penctrating, almost tasteless, and
has an oily appearance. It combines with water, sulpbur, bromine, and iodine ;
and is decomposed when heated with different earths and metals, metallic chlo-
rides being formed. 1t is prepared hy passing chlorine into alcohol for a consi-
derable time. The alcohol must be kept cool at first, and heated afterwards to
expel the hydrochloric acid that is formed. A syrupy fluid is at length obt#ined,
which becomes a white crystalline solid.  Sulphurie 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 hydrochloric acid.

666. CrLOROCARBONIC®AcID,—A compound of chlorine 35.5 + carbonic
oxide 14.12. Discovered by Dr John Davy. It has also been called

667. ProscENE (aw, as it is produced solely by the action of light. In the

sunshine the combination of the gases is rapid.
L

668. In concluding the history of chlorine, it is necossary to mention, that it
was long regarded as a compound of hydrochleric acid and oxygen, an opinion
ably d::énded by the late Dr Mmay; the phenomena which jt presents in its
different combinations are all explicable on this supposition, though the view
proposed by Sir H. Davy, und also by Gay-Lussac and Thenard, of its elemen-
tary nature, is considered more in accordance with actual experiment, and now
almost universally adopted. In referring to chemical works published before
the present view was generally entertained, the following memoranda will ena-
ble the student to translate the language formerly cmployed into the present
nomenclature.

Acoording to the old doctrine— Aesording to Dany—
1. Chlorine is a compound of Lydro- | 1. dxlorine is an clement.
chloric acid®28 + oxygen 8 = 3@ ,
2. Hydrochloric acid gas consists of 89 2. Hydrochloric acid gas is the real acid,
real acid + 9 water = 37. and contains no water, consisting of
chlorine 36 + hydrogen 1 = 387,
3. Hydrochloric acid gas, acting on ox- | 3. Hydrochloric acidgasacting on oxides

ides, gives out its combined water, is decomposed,its hydrogen uniting
the real acid 28 combining with the with the oxygen of the oxide, and
oxide. This real acid, however, producing the water which is de-

has never been seen, and its exist- | _ tached, while a2 compound of cltlo-
ence is not admitted by those who rine and the mgtal is left,
advocate Davy’s opinions.
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CHAP. IX. IODINE.

669. Symb. L.--Eq. 126.5 by W., [J by V.—Sp. gr. of solid iodine 4.948; ac-
cording to Dr Thomson 3.0844.—Sp. gr. of vapour 8.717.—W. of 100 c. i. 262.9
grs.—Name derived from Id3ss, purple or violet colour:d.

670. Solid, opaque, of & bluish-black colour, and semimetallic lustre, odour
pungent, taste acrid. Melts at 227°, and is vaporized at 350° crystplhzmg as it
cools. It stains the skin of a yellowish-brown colour, dcbtroys'vogetable co-
lours, and forms numerous compounds analogous to those of chlorine. At na-
tural temnperatures it evaporates slowly. “Dissolves in 7000 of wator,’giving ‘a
deep brown colour to the liguid. Alcohol dissolves it more abundantly; the
strong solution is almost opaque from the depth of colour.

671. Jodine is recognised with facility by the fine purple colour of its vapour,
and the deep blue coloured precipitate with starch 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 com- -
pound is decolorized by hot water.

672. PrePARED from kelp, the ash that remains on incinerating sea-weed.
‘Whn a solution of the soluble matter of kelp has been repeatedly crystallized,
thq drainings from each successive crystallization being boiled down to afford
more crystals, they at length contain within a small bulk the” iodine previously
associated with a large quantity of kelp. The iodine exists there in the form of
hydriodic acid (a compound of iodine and hydrogend, which is in combination
with soda, and in solution. Sulphuric acid is added to detach the hydriodic acid,
combining with the soda an1 forming sulphate of soda (which is separated by
crystallization) ; carbonic, hydrosulphuric, and sulphurous acids, are expelled at
the same time. Hydriodic acid is thus procured in an impure form, and in so-
lution ; by heating it with binoxide of manganeso, one portion ef the acid unites
with oxide of manganese, separating oxygen, which decomposes the rest of the
hydriodic acid, hy uniting with its hydrogen, and the iodine may be separated by
sublimation. Many other processes have been pointed out.

. Fig. 21.
Materials. ° Products.

127.5 Hydriodic A.{Hydrogen o 1 e § Water,

Iodine . . 126.5~———--~—=>126.5 Iodine. .
127.5 Hydriodic Acid . . . . 127.5 "
43.7 Binox. Mang. { 95ygen + - 8
- 18- Oxide Mang. 35.7 163.2 Hydriodate of Mang,
Symb. ZHIE:Mn = HI+Mn&I&H.

(,ompounda gf Zodine.

673. Iopic Acip.—Symb. I = iodige 126.5 + oxygen 40.2Eq. 166.5.—De-
composed when heated to 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 Iodates, are decomposed by heat; iodates of metallic
oxides losing all their oxygen, and a compound of iodine and a metal being left.

o 675. PrEPARED by digesting iodine in 3 nitric acid, as Mr Connell pointed out
the iodine being oxygenated by the decormposition of the nitric aci; or by passing
protoxide of chlofine, prepared from hydrochloric acid and chlomte of potassa,
over iodine in a tube, part of the iodine combining with the oxygen of the oxide
and farniing the acid, while the rest attaches itself to the chlorine, and produces
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a compound, which is essily expelled by a moderate heat. When iodine 18
heated with water and an alkaline base, ns potassa, soda, and lime, bydriodic
and iodic acids are formed, exactly in the same manner as in the reaction with
chlorine, described in 639,

676. Ox1ipE oF Iop1NE, IonoUs Acip, and HyPERIODIC ACID, are other com-
pounds of iodine and oxygen, of much less importance, Which have been described
lately. c

677. Hypstonic Aciv—Symb. HI = iodine 126.5 + hydrogen 1.— Eq. 127.5
by W. [T by V.—8p. gr. 4.2.—W. of 100 c. i. 136.24 grs. '

678. Gaseous, transparent, colourless, very acrid, produces white fumes when
mixed with the air, must be collected over mercury, as water absorbs it with ex-
plosive rapidity. Its solution in water is casily 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 kecping
ang 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. It reddens powerfully the vegetable biues.

. 679, Decomposed by chlorine, nitric and sulphuric acids, which liberate the
iodine ; the chlorinc, and a portion of the oxygen of the acids uniting with the hy-
drogen ; in the gasgous form, combustion ensucs when nitrous acid and chlor'ne
are used.—Chlorine and hydriedic acid = hydrochloric acid and iodine. Symb.
Cl&HI=HCl&I.—Sulphuric acid and hydriodic acid = Sulplhurous acid, water,
and iodine. Symb. S&HTI= :S& H&I. Does not affect starch ; mercury de-
composes it, combining with the jiodine and setting the hydrogen free.

680. PREPARED in the gascous form by the action of water on iodine of phos-
phorus. 50 parts of iodine 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 @nd iodine begiy to affect cach other must be allowed to take
place before heat is applicd. The iodine taking hydrogen from the water pro-
duces hylriodic acid, aud the oxygen unites with the phosphorws ; when the pro-
cess has continued for somne time, phosphurcied hydrogen is produced ; it must,
then be stopped, as this gas is apt to cxplode in the retort, if the air mix with it.

681. A solution of hiypophosphorous acvig evaporated till it begins to be decom-
posed, and then mixed with an equal weight of iedine, gives very pure hydriodic
acid, according to D’Arcet.

682. Hydrosulphuric acid gus, 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 = 111&S. Any
expess of hydrosulphuric acid is expelled Ly hgat, and the solution concentrateds
at the same time ; the sulphur is removed by filtration.

683. Trsrs.—Starch indicates the iodine by the blue colour it produces after
removing the hydrogen by sulphuric atidor chlorine water.  (ure 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 daxk port-wine colour ; salts of lead give the brilliant yellow jodide of lead;
bichloride of mercury gives the bright red biniodide 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. Solid, hlack, 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. 1oDIDE or SULPHUR is obtained by heating iodine and sulplmr gently in
a tube. It has a dark colour and radiated texture.

686. IopIpE oF PHOSPHORUS is procured by the action of iodine on phospho-
rus. They combine on being brought in contact, and so much heat is evolved
that part of thc phosphorus is inflamed if the air be not excluded. Iodine and
phosphorus can combine in various proportions.

667. TovIDE oF CARBON is prepared from the periodide. Semllns procured
the PER10DIDE by the action of iodine with alcohol.

688. Crroriovic Acrn, or CHLORIDE oF IoDINE, was procured by Davy on
admitting chlorine into a receiver conta.mu& jodine, from which the airhad been
cxhausted.

CHAP. X. BROMINE AND FLUORINE.

689, BnomNE.——Symb. Br.—Eq. 78.4—Becomes suhd at 4°, boils at 116°——
Sp. gr. 2-Ts a bad conductor of electricity. Its nante is derived fiom Bewpmos,
signifying a strong and disagreeable odour.

690. The only element that 7. *iquid at natural temperatures, with tho excep-
tion of mereury.  Of a deep hyacinthine red colour, volatilizes quickly, produc-
ing & ruddy coloured vapour, similar in appearance to nitrous acid. Has a strong
tasge and smell, and is very similar to chlorine in all its chemical relations. Co-
rodes animal and vegetable substances, and is very poisonous. Bleaches vege-
table colouring matter ; supports the combustion of some inflammables. Soluble
in cther, aleohol, and water ; cther is preferred in exgracting it by solution from
various substances.  (fombined with watcr, it forms a hydrate, which crystal-
lizes when cooled to 32°. With starch it forms a yellowish coloured compound.

691. PrePrED from BITTERN, the drainings from common salt procured by
hoiling down sca-water. It exists there, ugited with hydrogen, jn the form of
hydrobromic acid, which is combined with 1mhgnesin, and retained in solution by
water along with a number of different salts containing sulphuric and hydrochlo-
ri¢ acids, soda, apd magnesia.  Chlorine is passod into the bittern so bong as it
deepens in colour ; hydrochlorie acid is formed by the chlorine combining with
the hydrogen of the hydrobromic acid, und unites with its magnesia; the disen-
gaged bromine communicates a yellow tint to the bittern.  Symb. HBr-Mg&Cl
- HCI'Mg&Br. By boiling the bittern the bromine is expelled, and must be
vollected in a receiver kept very cold.

692, Sulphuric ether dissolves “t readily, when agitated with bittern previously
treated with chlorine, and produces a liguid of a fine hyacinthine colour, 'When
the ethercal solution is agitated with v solution of potassa, its colour disappears ;
¢he bromine decomposes a portiog 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 ; ¢he bromate forms
cubical erystals on concentrating the s8luéion, which are easily separated. The
bromine is then detached from these by chlorine, and distilled into a receiver.

693. Numcrous combinations of bromine have been pointed out, all analogous
in properties to the corresponding compounds of chlorine.

694. Bromine appears to have a weaker affinity for different bodies than chlo-
rine, but a more energetic power of attraction than iodine. It isfound very uni-
vorsally diffused 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-
nic acid ; in this gondition, it gives a white precipitate with solutions of lead
and uher, composed of bromide of lead, or bromide of silver, from which bro-
mine may be expelled in vapour by chlorine.
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695. FLuoriNg.—Several processes have been announced for the preparation of
fluorine, but' none have hitherto been described by which it can be obtained with
certainty and purity in an insulated form. Symb. F. Eq. by W. 18.7.

' 696. HyproFLUORIC ACID, commonly called FLuoric Actp.—Symb. HF. Eq.
19.7.—Sp. gr. 1.06.—Transparent, colourless, emits copious and very offensive fumes
on exposure to the air, combining with its moisture. ‘Has a great attraction for
water, umtqs with it in all proportions, a hissing noise being at the same time
produced. © Reddens powerfully the vegetable blues ; dissolves silica, formmg a
gaseous compound (sec fluosilicic acid), and cannot therefore be prepared in glass
or other'vessels containing this substance. Very corrosive of animal and vege-
table matter ; a single drop falling on the skin corrodes it immediately, and pro-
duces an ulcer, which is agrompanied by very great irritation, and healed with
difficulty.

697. Hydrofluoric acid acts very energetically with a number of the metals,
hydrogen being dlsenguged, and a metallic fluoride formed. 1t 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 calcium (Derbyshire or fluor-spar), a compoend
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 alcinm with the oxygen of the water produces lime,

which remains with the sulphuric acid as sulphate of lime. .
Fig. 22.
Materials. Products.
Aqueous Su]- { Ilydrogon e ; e » :?19.7 Hydrofluoric Acid.

phurie Acid Sulpﬁuc Acid 40.1 " .
Flueride of Fluorine 18.7.
Calcium Calcium .........20.5. 8.6 Sulphate of Lime.

Symb, ‘HiS&FCa = {S-Ca&HF.

699. FLuoBorIiCc AcID GAs.—-—Regardeé as a compound of fluorine and boron,
and termed more specifically TERFLUORIDE oF Boron, or hydrofluoric and boracic
acids, when acted upon by water, the fluorine taking hydrogen, while the boron
combines with oxygen. Guseous, transparent, colourless, reddens litmus, has a
great attraction for water, producing a dense white cloud as it comes in contact
with air containing moisture, and being ubsorbgd in large quantity when intro-
duced into this fluid. It is used orcasionn.]ly to detect moisture in air or gases,

ing dense vapours when there fs any present.

The solution is acrid and ‘corrosive, fumes on exporure to the air, and
contams, when the water is saturated, 700 times its volume of gas. Potassium
inflames 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
flnor-spar ; or by heating a concentrated solution of boracic and hydrofluoric acids.
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CLASS II. METALS.

701. METALS are particularly distinguished by their opacity, lustre; and power
of conducting heat and electricity. They are distributed in large quantity
throughout the globe, but appear in very verious forms, according to the sub*
stances 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 sulphuric, nitrie, carbonic, and phosphorit acids, are the substances
usually found in combination with them. They are said to be NaTIVE when
they occur pure, and MINERALIZED when they are combined with other bodies.

702. Some metals present a highly crystalline texture, and when coeled 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 bo obtained. Bismuth is easily crystallized in this manner.

703. DExsiry. Most metals, and also the greater number of their compounds,
are wery heavy compared with water; some metals, hawever, as potassium, are
lighter than water.

704, Maxy metals are LaAMINABLE (can be beat out into thin leaves), and
pucTiLE (drawn into fine wires); they arc called MAYLEABLE metals. Those
thyt have a highly crystalline texture, as antimony, arsenic, and bismuth, have
not thesc propertics,. 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 WELDING. .

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 dia-
meter can suppori, If tho tenacity of lead be taken as a standard of comgarison,
and reckoned 1, then zinc is represented by 4, gold by 54, silver by 6%, platinum
by 10, copper by 11, and iron by 20, omitting small fractions. Gayton Morveau
found that an iron wire, little moré thap 2-3ds of a line in diuneter, could sup-
port a weight of 549} 1b.

706, The points at which metals melt are very various. Mercury is fluid at
—39°5; platinum yields to the oxyhydrogen blowpipe, few furnaces can fuse it.

707. Metals lose all their lustre, and assume the gppearance of earths, when
they enter into combination with the greater number of the NON-METALLIC BO-
piks. Hydrogen and carbon form with them comparatively few important com-
pounds ; no cornpound of nitrogen with a metal is known.

708. Ac1ps do not combine with metals®but unite with the#r compounds of
oxygen or other substances. L

709. MeEeraLLic Ox1pEs are generally farmed by the action of metals on air,
water, nitric acid, sulphuric acid, nitrates, chlorates ; pure oxygen is rarely used.

CALCINATION was the term used formerly to express the oxidation of a metal,
and the oxide formed was-denominated a caLX, from its being earthy like lime.
The term calcination is now used in a more general sense by many chemists,
and is applied whenever any solid matter has been subjected to a strong heat.

¢10. METALLIC SULPHURETS may be formed—. By heating sulphur with
many of the metals, a great increase of heat generally attending ihe combination,
and: frequently an dvolution of light.

¥
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711. IL By the action of hydrosulphuric agid on numerous binary compoundy
of the metals, the sulphur combining with the metal, while the hydrogen unites
with the other ingredient. Hydrosulphuric acid and oxide of lcad produce sul-
phuret of lead and water.

712. II1. By decomposing metallic oxides heated with sulphur, one portion
of the sulphur combining with the oxygen, and another with the motal of the
oxide. See diagram, par. 774, p. 88.

713. TV By the decomposition of SuLrHATES of the fixed alkalis or carths
heated with charcoal or hydrogen, the latter being passed over them in a red hot
%ube. Fach eq. of a sulphate contains 4 egs. of oxygen, 3 in the sulphuric acid,
and 1 in the oxide. Carbon 4 egs., remove all the oxygen, each eq. of carbon
combining with 1 of oxy, %en and forming 1 of carbonic oxide. Sulphates of the
common metallic oxides lose all their acid when heated to whiteness or a less
elevated temperature, cither with or without carbon. Sec diagram par. 773, p. 88.

714, ProspHURETS and SELENTURETS of the metals may, in many cases, be
procured by processes similar to those for the preparation of the sulphurets.

715. CaLorIDES, lopipEs, BuoMines, and FLUORIDES may be prepared in
some cases by the direct combinativn of their elements, an evolution of heat and
light very frequently attending their union.

716. They may also be obtained by the action of hydrochloric, hydnodxc, hy-
drobromic, and hydrofluoric acids, upon metallic oxides, the hydrogen of thesacid
uniting with the oxygen of the oxide, and forming water.

717. When metallic chlorides, iodides, bromides, or fluorides, decompose water,
the chlorine, iodine, broniine, or fluorine, again acquires hydrogen ; hydrochloric,
hydriodic, hydrobromic, hydrofluoric acids are produced, and the metal combining
with the oxygen forms « metallic oxide.

718. Compounds of mnetals and cyanogen act in a similar manner.

719, Wheu these metallic chlorides, iodides, &c. dissolve in water, it is uncer-
tain whether they merely combine dircetly with the water, or whether they re-
act on one equivalent of water, as stated in par. 717, the compounds so produced
uniting with the rest of the water not decornposed. *

720. Compounds of Curoric, Jontc, and Bromrc Acins with METALLIC
Ox1DES, lose all their oxygen by exposure to heat, nothing being left but the
metal in union with the chlorine, ioding. or bromine. Ience chlorates and hy-
drochlorates often leave the same residuum on exposure to heat, oxygen being
expelled from the chlorate and water from the hydrochlorate, and all analogous
compounds dre affeciil in the same way as iodates and hydriodates.

721. Metals combine wigh cach other, forming compounds termed Annovs:
these are termed AMArcams when they contain mercury,

722. When metals arc procured from thoir\ores, or other compounds made ar-
tificially, they are said to be REDUCED, and the process is called nEDUCTION. The
term REGULUS ig often employed to &1gmfy a pure mectal. 'When mercury is re-
duced, it is commonly said to be REvIVGD,

723. RepuctioN oF METALS.—L. Some metals may be reduced by heat alone,
as gold, silver, mercury, and platinum, when combined with- oxygen or various
other substances.

724. If the heat given be not sufficint to melt the metal as it is reduced, it
appears as an earthy powder, having no meotallic lustre, as when the hydrochlomtc
of ammonia and platinum is heated to rodness, nothing being left but a gray
eoloyred powder, which assuames the metallic lustre when welded or melted atan
elevated temperature.

725. II. When the reduction cannot be effected by heat alone, some substance
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®hust 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 bling usually

. disengaged, on entering into new combinations with some of the ingredients o
the metallic ore. . . *

726. 111. Metals arc 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 sulphuric acid and oxygen previously associated with it. Even where
the metallic compound to be reduced is insoluble in watcr, a similar decomposi-
tion may often be effected by boiling it in this fluid with the decomposing metal.
Thus, zinc 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 agninute state of division.

727. Alkalis and other metallic oxides separate metallic oxides from their
salt%; 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 casily, an& allow all the metallic par-
tigles, as they are evolved, to subside in it and collect together. Bodies of this
description arc @f great importance in the reduction of many metals, and are
termed FLUXES, ag 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 ingreflients mechani-
cally mixed in a minuto 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 comnbined with the motal in the ore, forming
with them the fluid matter through which the metal is deposited. In this man-
ner an oxidating or deoxidating flux mgy be used, or one that will remove chlo-
rine, jodine, sulphur, or any other substance.

729. 1t 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 ¥l 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 infu-
sible of the earths, as it fuses whgn combined with the various substances that
act upon it in many processes of reduction.

730. The greater the number of earthy db saline metals mimed together, the
more fugible is the flux which they form® o

731. A very fusible flux for experiments on a small scale, is made by mixing
5 parts of carbonate of potassa with 4 of carbonate of soda.

732. V. Metals may be reduced by eleetricity, tho galvanic battery boing pre-
ferred in these cases.—See Galvanism.

733. When reduction is effected in this manner, the metal, in all ordinary ar-
rangements, appears at the nogative pole of the common galvanic trongh. Y

#34. V1. The combined influence of galvanism and chemical attraction may at%
times be brought ingo 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 o o
one of its elements.

735. Before metallic ores are reduced, they are frequently subjected to heat for
8 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. ARRANGEMENT oF METALS.—The metals are divided inte 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 threc
Oxders ¥ °

737. 1. KarraENous MeTaLs, from Kali, the old name for potassa, used irf a
general sense to signify an alkali, and yswaw, I produce. These in-
clude the metals Potassium, Sodium, and Lithium, which, with
oxygen, form the alkalis DPotassa, Soda, and Lithia.

738. IIL. TerricENouS MgeraLs, from Terra, the Latin for tho earth, and
yswew. This order includes all those metals which, with oxygen,
form the substances called EarTES by chemists. They are usnal-
ly subdivided into Alkaline Terrigenous Metals, and Common Terrige-
nous Metals, the earths produced by the former resembling the alkalis
in many respects.

1. Alkaline Terrigenous Metals.—Calciam, Barium, Strontium, Magne-
sium.

2. Common Terrigenous Metals.—Aluminum, Silicum, Glucinum, Htrium,
Zirconium, Thorinum.

739. IIL CavrcicenNous METaLs.—These include the common metals, all of
which can form a calx (sec 709), or earthy-looking substance when
combined with oxygen. They may be subdivided into—

1. Con‘m{on metals whose oxides arc not reduced by heat alone, viz.

Iron. Bismuth. Arsenic. Cerium.
Lead. Manganese. Vanadium. Columbium.
Copper. Chrome. Cadmium. ‘Tellurium.
Zinc. Cobalt. Tungsten. Titanium.
AlTi;ltimony. Nickel. Molybdenum. Uranium.

2. Common metals whose oxides are reduced by heat alone, viz.
Mercury. Platinum. Rhodium.
Silver. Palladium, Iridium.

Gold. Osmium.

740. In describing the individual metals contained in each order or subdivision,
they are arranged in that sequence or order ir which it is considered the studert
will acquire with greatest facility a gmowledge of their chemical relations.

@

ORDER I ‘KALIGENOUS METALS.

741. The Kaligenous Metals, united in one proportion with oxygen, form oxides
or alkalis, 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, &c. Their salts are generally more soluble than those
of earths or common metals. °

., ® In dosignating the different orders, I have used the terms proposed by Dr Hope.
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CHAP. 1. POTASSIUM.

742, Symb. K.—Eq. 39.2.—8p. gr. 0.865.—Solid, hard and brittle at 32°; soft
and malleable at 50°; perfectly fluid at 1560°; volatilized at a temperature below
a red heat. :

743. Lustre white and brilliant like mercury, oxidates rapidly ip 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 attractioh for non-metallic bodies, anfl can se-
parate a number of other metals from their combinations with oxygen. From its
power of attracting oxygen, it must be kept carefully gxcluded 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 adhe;-ing to them, acquired du-
ring their preparation, so that they oxidate slowly any potassium in contact with
them, .

744. Potassium, in acting on ice or water, produces potassa and potassiureted
hydfogen. The potassa is formed by part of the potassium taking oxygen, and the
hyqrogen of the water combines with another portion, producing POTASSIURETED
HYDROGEN, a gas which is spontancously inflamiiable, 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. Agiother compound of potas-
sium and hydrogen has been described by Thenard ; it is solid, not spontaneously
ifflammable, and procured by heating potassium in hydrogen.

745. If potassium be plunged under water, potassa alone is formed, and hydro-
gen gas escapes. "

746. PreparaTION.—Discovered by Davy, who obtained it Ry subjecting hy-
drate of potassa to the galvanic current, after moistening it slightly that it might
be a better conductor. Potassa contains potassium and oxygen; the petassium
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 47.2=oxide of iron 36 & potadsium 39.2. Symb. Fe&K="Fc&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, es 1t meets with the air.
The potassium which is distilled must be condensed in naphtha kept very cold.

748. A still more productive process was pointed out by Curadau, and improved
By Brunner and Wohler; potass®is prepared intimatoly mixed with carbon, and
subjected to a strong heat in a malleable iren bottle ; the carbon takes away oxy-
gen, carbonic oxide gas is formed along gvith other products (see Croconic Acid),
while the potassium is distilled and condensed as mentioned in the preceding
paragraph.

749. Potassium prepared by the last process is not pure at first, being 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 Curadaw’s process, is
pwcured commonly by mixing bitartrate of potassa with 1-12th of charcoal, as
Brunner recommended, and heating it to redness in a crucible, taking care to ex-
clude the air. Th& 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
remains mixed with the potassa in a minute state of division. Other salts of
potassa, with compound acids containing carbon, have also been employed in the
preparation of potassium. '

o Compounds of Potassium.

751. Porassa, Porass, or OxIDE oF PorassiuMm. Symb. ‘K = potassium
39.2 + exygen 8.—Eq. 47.2.—Solid, white, fused at a red heat, or a little above
that temperature ; very deliquescent ; produces great heat with water ; extremely
corrosive. Formed by the slow oxidation of potassium.

752, 'With water, it forms the FYDRATE OF PoTAssA ; this substance is very
deliquescent, soluble in water and alcohol, very corrosive, and is commonly
known by the name of pbtassa, COMMON CAUSTIC, OF POTASSA FUSA, as it is ge-’
;}era.lly fused during its preparation. Symb. ‘H'K = water 9 + potassa 47.2—

q. 56.2,

753, The solution of potassa turns the vegetable-blue of cabbage or violets to
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
connected with the property it has of promoting the union of their elements; so
a8 to produce carbonic acid and water, with which it combines. Its taste is ex-
ceedingly acrid. For the method of ascertaining the quantity of free potassa in
any solution or mixture, sée Alkalimoetry.

754. Potassa neutralizes the acids, and forms a great number of important
salts.

755. When fused and mixed with lime, it forms the milder common caustio.

756. Trsts:i—When potassa in solution is mixed with an excess of tartaric
acid, minute white crystals of bitartrate of potassa are formed and precipitated.
Perchloric acid precipitates perchlorate of potassa. Bichloride of platinum pre-
cipitates a yellow crystalline powder, consisting of chlorine, pdtassium, and pla-
tinum, or of hydrochlorate of potussa and platinum. Potassa gives no orange
tint to the flame of the blowpipe lamp as soda does.

757. PreParaTION OF PoTassa.—Carhonate of potassa 4 ounces are dissolved
in 38 fluid ounces of water, to which is added in successive portions, 2 ounces
of lime, previously slaked and made into a cream or milk with 7 fluid ounces
of water, after which the mixture is boiled for 15 minutcs, and filiered. The
air must be carefully excluded during. filtration, as it would communicate car-
bonic acid, but lime retains carbonic acid as insoluble carbonate, while the po-

.tassa remains in solution. The filtered fluidis the aqua potassa of the Edin~
burgh College, and about 35 fluid oupces are obtained from the above misture
having a specific gravity of about 1072, 'When evaporated to dryness in a silver

- or bright iron goblet, and fused by ah ificrease of heat, so that it flows like oil,

and poured into moulds so as to assume any form that may be required, it forms

CAUSTIC POTASSA.

758. Liebig states, that if only 4 parts of water be used with 1 of carbonate of
Potasss, the lime cannot separate the carbonic acid.

7569. A minute quantity of carbonate of potassa is found associated with the
fused potassa; by digesting it in alcolol, all the pure potassa is dissolved, and
the carbonate left ; the alcohol may then be separated from the pure potassa by
heat. Common potassa generally contains a small quantity of the peroxide of
potassium, formed during its fusion by the absorption of oxygen from the air.
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It is decomposed by water, which disengages the excess of oxygen, and dissolves
the potassa left. Oxide of iron is scparated at the same time, and a peculiar
compound containing jron often imparts a green colour to the solution, which dis-
appears on exposure to light. Sulphates and hydrochlorates may also be generally
detected in common caustic potassa prepared in this country which is very impure.

760. 1Icat cannot cxpel the water combined with the potassd in the hydrate.

761. PErox1pE oF PorassruMm.—Symb. {K = potassium 39.2 + o'xygen 24.—

* Eq. 63.2.—8olid, of an orange colour ; formed when potassium is inflaed in air
or oxygen, or when potasss is heated in ai®or oxygen. bd ¢

762. The only compounds potassiun forms with hydrogen are those which
have been referred to in 744. .

763. N1TRATE oF PoTassa, called also Nitre, or Saltpetre.—Symb. : iIN'K =
nitric acid 54.2 + potassa47.2.—Eq. 101.4.—Solid, transparcnt or white, colour~
less, neutral : crystallizes in 6-sided prisms ; contains nd water of crystallization ;
taste cool 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 neurly its own weight of boiling water. A small
portion is carried up mechanicully with the vapour of boiling water.

784, Fused nitre, when poured 1nto moulds so as to form small balls, is usually
termed SAT-PRUNELLE. *

765. Nitre is employed principally as an oxidating.agent, and for the prepara-

tion of mitric acid, matches, and deflagrating mixtures.
L)

Gunrowper . . . = Nitre 75 + Sulphur 15 + Charcoal 10.
ABTILLERY PORT-FIRE = Nitre 3 + Sulphur 2 + Gunpo®der 1.
BLyuE 816NAL LIGHT = Nitre 6 + Sulphur 2 + Sulphuret of Antimony 1.

‘WuIE s16NaL Liour = Nitre 6. + Sulphur 2 + Sulphuret of Arsenic I.

766. In these and all other deflagrating mixtures containing this salt, the oxy-
gen of the nitre it the active ingredient in promoting the rapid combustion of the
inflammable matter.

767. It is also much used in wurm climates for produciug cold, by solution in
water.—Sce Freezing Mixturcs. Its properties as a powerful antiseptic are fa~
miliar to every one.

768. Procured from the soil in many places in India, where it is secn on the
surface ; water dissolves tho nitre, and, by evaporation, crystals 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
# precipitate the lime. [}

769. It may be prepared by neutralizing ghe base with the acid, but this is too
expensive a method for common purposes. *

770. Contaminated gencrally with comnfon salt, from which it is scparated by
solution in hot water and crystallization, the purer crystals being deposited while
the common salt is left in solution. By repeating this process with the erystals
so obtained, they may at last be procured quite pure. Nitre, quite free from
common salt, and dissolved in distilled water, gives no precipitate when a solu-
tion of the nitrate of silver is added; chlorido of silver falls down if common
salt be present.

771. NrrrITE oF Porasss,.—S8ymb, « iN'K = nitrous acid + potassa.—Said
to bo formed whenea portion of oxygen is expelled from nitre by heat. Many
regard the compound so procured as HYPONITRITE OF PoTASsA mixed or com-
bined with nitre. Sulphuric acid and water poured upon it, cause a rapid disen-
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gagement 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.

772. SULPHURET OF PoTass1uM.—Symb. SK=sulphur 16.1 + potassium 39.2,
—Eq. 55.3.—8olid, of a dark red colour, crystalline. Dissolves in water, gives a
dark green-coloured solution, having a sulphureous odour ; a portion of the wa-
ter is believed to be decomposed, the hydrogen combining with the sulphur, and
fts oxyren with the potassium, hydresulphate 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 vio-
lent, and much heat and hight evolved. 2. By decomposing sulphate of potassa
by charcoal (713). 3. By the action of sulphur on potassa or its carbonate, at a
high temperature. 4. By heating potassium in hydrosulphuric acid gas; the
metal burns brilliantly in it, uniting with the sulphur, and disengaging hydrogen.

Decomposition of Sulphate of Potassa by Charcoal.
Fig. 26. a
Materials. Products.
Carbon 6.12~—--reenee-. 14,12 Carbonic Oxide.

- Carbon 6.12~-n-eccmmeeye=., 14,12 Carbonic Oxide.
24.48 Carbon . . iCarbon e 612yt ,Z--,-M 12 Carbonic Oxide.

Carbtn . 6.1 14.12 Carbenic Oxide.
Oxygen . 8 /;(/:‘ 7
40.1 Sulphuric %Oxygen . 8 s .

Acid ...# }JOxygen . 8 7.
Sulp ur . 16.1
‘ xygen . 8
47.2 Potassa. ., Potasslum 39.2 55.3 Sulphuret of Potassinm.

. Symb. S K&4C = SK&4-C.

774. In the 3d case, 4 egs. of sulphur decompose 3 eqs. of f:b‘ua.ssa; 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
3 egs. of decomposed potassa, produce 1°eq. of sulphuric acid, which combines
with another eq. of potassa not decomposed, sulpbate of potussa 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 po-
tassa is used, the carbonic acid ic disengaged.

Decomposition of Potassorby Sulphur.
- Fig. 24.
' Materials. ! Products.
Potasss « o « o v oo v 0 v 472 87.3 Sulphate of Potassa.
Sulplh;ur . lg.}
.1
Sulphur 4 egs. {50k | 161
3ulphur . 16.1
xygen . 8
gxyzen . g
x|
Potassa 3 eqs- { poilcsium 39.2 55.3 Sulphurct of Potassium.
Potassium 39.2 55.3 Sulphuget of Potassium.
Potassium 39.2 55.3 Sulphuret of Potassium.

Symb, 48&4'K = :H- K&3SK.
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7%5. It is now much doubted whether any compound of sulphur and potassa
can exist ; until lately, the sulphuret of potassium was always regarded as a sul~
phuret of potassa. Dr Dalton states, that 42 parts of potassa in solution can dis-
solve 56 of sulphur, and describes the compound as 8 QUADRISULPHURET OF PO-
TaSsA. He also méntions .a TERSULPHURET OF POTASBA, and a SULPHURETED
CARBONATE OF POTASSA, all prepared in solution in water. It is now the opi-
nion of a great number of chemists that, whatever may be the quantity % sulphur
tuken up by potassa, or any other alkali or earth in solution, the compound never
dissolves in water without decomposing a pertion of it, and producing warious®
sulphurous compounds by combining with its oxygen and hydrogen. Allthese
solutions have an nmber colour, absorb oxygen from the air, and eventually be-
come colourless. They have a strong sulphureous odour, and an acrid bitter
taste. By the addition of different acids they are decomposed.—See- Hyposul-

phurous Acid, Bisulphureted Hydrogen, &c. .
Decomposition of Sulphuret of Potassium by Water.
Fig, 28.
e Materials. Products.

9 Water. . . .. Hydrogen 1 -—--—-/-717'1 Hydrosulphuric Acid.

* Ox; . 8
55.3 Sulphuret of Sulg ur . 16.1><,~
Potassium | Potassium 39.2 ~—n3=47.2 Potassa.
Symb. SK&H = HSK. o

§76. StLPHATE oF PoTassa,—Symb. i8-K = sulphuric acid 40.1 + potassa
47.2.—Eq. 87.3.—Decrepitates by a moderate heat, and fused at a red heat. Crys-
tals, 6-sided prisms terminated by 6-sided pyramids ; small and hard, and without
water of crystallization. Neutral, soluble in 15 parts of cold, and M 5 of boil-
ing water. Taste saline and bitter. Prepared in different ways from the bisul-
phate of potassa, which remains after the preparation of nitric acid (491). 1. On
expelling the excens 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, car-
bonates of limme and potassa are often uged, 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. 29.
Materials. Products.
127.4 Bisulphate Zgomsn,.. @ A2 e 7.3 Sulphate of Potassa.
of Potassa ulphuric Ac}d 40.1
Sulphuric Acid 40.1 .
50.62 Carbonate of § Carbonic Acid 22.!2......_E_...22.l2 Carbonic Acid.
lime... Lime..... 285 68.6 Sulphate of Lime.
Symb. 2:8 + K&:C-Ca = 1S’ K&:S-Ca&:C.

sF;m gw@lmu of Potassu and Carbonate of Potassa.—Symb. 238 + ' K&:C'K =
2:8-'K&:C.

777. BINAQUEOUS BIsvLPHATE oF Porassa.—2H + 2iS + *K.—Prepared
acgording to the London College by boiling 2 pounds of the bisulphate (obtained
after the preparation of nitric acid) with one of aqueous sulphuric acid and four
pints of water, and erystallizing the solution. A very acid salt remains in the
drainings. The bisulphate dissolved and crystallized without the aqueous acid
gives much sulphate of potassa.
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778. SuLPHATE oF Porassa wiTH SuLPHUR.—The naine given by the Edin-
burgh College to a sulphureous preparation procured 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
sulphite, hyposulphate, or sulphate of potussa probably formed. It is not a
mere mixture of sulphate of potassa and sulphur.

779. SULPHITE oF Porassa.—:S-K:==sulphurous acid 32.2 +potassa 47.2.—
Eq. 79.4.—8o0lid, uncrystallizable, effervesces from the disengagement of sul-

¢ phuroas acid by a stronger acid. Formed by the action of sulphurous acid with
potassa, or during the partial deoxygenation of sulphate of potassa.

780. ProsPHATE OF Porassa is prepared in the same way as phosphate of
soda. Its properties are similar to those of plosphate of soda.

781. CarBoNATE OF Porassa.—The subcarbonate of commerce. Symb.
;0K =carbonic acid 2R.12 +potassa 47.2.—Eq. 69.32.—Fuscd 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 vegctable
blues to a grecn, and turmeric to a brown.

782. Prepared from the ashes of burned wood, by pouring water upon them,
and boiling the solution to dryness. 'In this form it constitutes the porasnEs of
commerce, & very impure carbonate of potassa, containing some eaustic poiassa,
hydrochlorate and sulphate of potassa, sulphuret of potassium, siliceous matter,
and other impuritics. The Praru AsH of commerce, so called from its whiter
colour, is a purer carbondlte of potassa: to prepare it potashes are dissolved and
impurities allowed to subside ; the solution is then evaporated to dryness, £nd
the residue heated in a reverberatory furnace, but not fused.

783. When a very purc carbonate of potassa is required, it is procured by de-
composing cream of tartar (bitartrate of potassa) by heat, assisted by the action
of air or of niwe. The tartaric acid is completely decomposed. Nothing re-
mains of it but carbonic acid, formed by its carbon. When nitre is used it pro-
motes ‘the decomposition of the tartaric acid, and the oxygenation of its carbon,
so as to produce carbonic acid; the potassa, both of the nitre and cream of tar-
tar, remains as & carbonate; all the nitric acid is decomposed as in deflagrating
processes. Pure carbonate of potassa prepared in this manner, and separated
by solution and evaporation from adhering impurities, is called S vt oF TARTAR.

784. The Write FLUX is a pure carbonate of potassa prepared by deflagrating
equal weights of cream of tartar and nitre. Brack FLux is composed of cur-
bonate 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 cxcess of
carbon derived from the tartaric acid, as there-is not a sufficient quantity of ox-
gen in the nitric acid of the nitre uged, to convert it all into carbonic acid.

785. BIcARBUNATE oF Porassa, commonly called Carbonate or Super-carbo-
nate.—Symb. 2iC +°K, and whon ‘Or. “H(2iC + K)=waier 9 + carbonic acid
44.24 + potassa 47.2.—Eq. 100.44.—8olid, crystalline, forming 8-sided prisms,
less acrid than the carbonate, does not deliquesce, loses 1 eq. of carbonic acid by
boiling in water, or by exposure to a red heat. Turns the colouring matter of
the cabbage to a green, but feebly, compared with the carbonate. Tartaric acid
66.48 grs., or citric acid 58.48, decompuose 100.44 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 quéntity of bicarbonate of potassa,
also in solution, produce a good effervescing draught. An excess of acid is ge-
nerally used, as it is more palatable than an excess of alkali.

786. Prepared by exposing the carbonate either dry or in solution to carbonic
acid gas. R
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787. AceTATE OF PoTassA.—Solid, crystulline, presents a foliaceous appear-
ance, fused by a moderate heat, decomposed rapidly by a red heat, neutral, deli-
quescent, very soluble in water.

748. 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. o

789. TARTRATE OF PoTAssa is very soluble in water, and may be made by
neutralizing bitartrate of potassa with potassp or its carbonate, or by remgving
the excess of tartaric acid in the bitartrate by chalk. When carbonate of potassa
ix used, Symb. 27 + ‘K& C-K=2T"K&:C. Sco Tartaric Acid.

790, BITARTRATE or Potassa, or Cream of Tartarp is obtained from wine
casks, where it has been deposited slowly from the juice of the grape. It is so-
luble in 70 of cold and 15 of hot water. It is also highly, acid.

791. CHrORIDE oF PoTasstum.—Symb. CIK.—May be formed by the action
of potassium on chlorine, which burns brilliantly in this gas. It may also be
formed by hydrochloric acid and potassa, the chlorine combining with the metal,
and the hiydrogen with the oxygen of the potassa. It is usually known in com-
merce by the name of the MURIATE or Potassa. It is prepared principally by
indiregt processes, and is similar to chloride of sedium.

792. CHLORATE OF I’oTAssA.- :CIFK=-chloric acid + potassa. It is formed
by the action of chlorine on a solution of potassa, in the manner described in
639, It is transparent and colourless, crystallizes in #bles with 4 or 6 sides,
gives off oxygen by the action of heat, and leaves chloride of pdtassium ; phos-
photus, sulphur, and a number of inflammable substances detonate when mixed
with it on striking them with a hammer. Mixed with half its weight of sugar,
it forms a very inflammable composition, which inflames rapidly onetouching it
with ahot iron rod, or with a drop of sulphuric acid, chlorous acid deing evolved
in the latter case, which inflames immediately the whole of the mixture.

793. Iopipk or Porassiom.—Symb. IK.—Solid, crystallizes in cubes,®solu-
ble in water and aleohol. Deliquesces in a mwvist atmospherr. Prepared by
bringiug iodine and potassium in contact; they combine rapidly when gently
heated, with evolution of heat and light: or by evaporating to dryness a solu-
tion of the hydriodate of potassa, the hylirogen of the acid combining with the
oxygen of the potassa, and leaving the iodide of potassium,

Fig. 80.
Materials. e Products.
127.5 Hydriodic [ Hydrogen lo————__9 Water.
e Acid | Todine . 126.5- ;’
Oxgyen 8~
472 Potassa P:g.yssium 39.2 165.7 Todidc of RBotassium.
Symb, HI& K=H&IK.

If iodine be treated with a solution of potassa, water is decomposed, as in 639,
and iodate and hydriodate of potassa are procured. By evaporating to dryness,
and heating the product, nothing is left but iodide of potassium.—Symb.
HI'K&SHI'K = 6IK&5H&O0S. This procoss was pointed out by Dr W.
Gregory.

734. Another process for preparing this compound consists in boiling iodine
with metallic iron or zinc in water, when a compound of a metallic oxide with
hydriodic acid is profured in solution, part of the water being decomposed. On
adding carbonate of potassa, carhonate of iron or of zinc is precipitated, and hy-
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driodate of potassa is obtained in solution, from which the iodide is to be ob-
tained by evaporation. Symb. HI'K="H&IK.

Preparation of the Hydriodate of Iron.
Fig. 81.
Rl Hydriodic Acid
Hydrogen 1 e _»127.5 Hy ¢ Aci
9 Water . {ozyggﬁ 8 s
1265Todine . ..o 00on 126.5,i:
28Iron .......... 28 6 Oxide of Iron.
© Symb, ‘H&Fe&I=HI+ Fe.
Decomposition of the Hydriodate of Iron by Carbunate of Potassa.
3 Fig. 82.
Materials.
Carbonate of {Potassa . ... 47.2 cemememee 174 7Ilydnodute of Potassa.

Potassa Carbonic Acid 22.12
Hydriodate Hydriodic Acid 127.6 .2:

of Iron Oxide of Iron 36 58.12 Carbonate of Iron.

Symb. :CK&HI-Fe=HI'K&:C-Fe.

Jodide 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; 40.1 of sulphuric acid indicate 69.32 of carborate of
potassa.

795. BrouipE oF PorassiuM may be prepared with bromine, iron, water,
and carbonate of potassa, exactly in the same manner as the iodide of potassium.

-
CHAP. IL. SODIUM. '

796. Symb. Na. from Natron, the old name for carbonate of soda, one of its
most impogtant compounds.—Eq. 23.5—Sp. gr. 0.972.—Soft and malleable at
32°, fused at 200°, and volatilized at a full red heat. Decomposes in water with
rapidity, 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 water, 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 potassium can detach it from all its combinations.

Compounds of Sodium.

797. Sopa, or OxipE oF Sovrum.—Symb ‘Na=sodium 23.5 + oxygen 8.—
Eq. 31.5.

798. HyprATE OF SopA.—Symb. “H-Na.—May be procufed from carbonate
of soda by lime in the same manner as hydratc of potassa from its ca.rbonute.
Similar to hydrate of potassa in appearance\.md properties.

799. Tns'rs.—lees an orange int in the flame of the blowpipe, and is not
precipitated by tartaric acid, perchloric acid, or bichloride of platinum.

800. PEROXIDE OF SODIUM. —Symb. iNa?=sodium (2 egs.) 47 + oxygen (3 egs.)
24.—Egq. 71.—Orange colour, decomposed by water in the same manner as per-
oxide of potassium, the oxygen in excess escaping and soda being left in solu-
tion.

80). Soda and Nitrio Acid.—Ni1TRATE OF SoDA.—S8ymb. :#N-K=nitric acid
54.2 + soda 31.5—Eq. 85.7.—Resembles common nitre very much, but is not so
valuable on account of its deliquescence. It is now largely used in some menu-
factories for the preparation of nitric acid. It is imported from South America.

802. SULPEURET OF SopIUM AND HYDROSULPHATE OF B0ODA, are so similar,
both in properties and mode of preparation, to the corresponding compounds of
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potassium, that it is unnecessary to detail their properties, unless where some
marked difference presents itself. :

803. SULPHATE oF Sopa.—Symb. i§-Na=sulphuric acid 40.1 + soda 31.5, and
when crystallized the Symb. is 10°H + (:S'Na)=water 90 + sulpbate of soda 71.6.
Commonly called GLAUBER’s SavT.—Crystallizes in prisms, which are soluble
in 3 parts of cold water, andsin 1-3d of their weight of water at 90°; at a higher
temperatere the solubility of the salt diminishes. A saturated hot solution al-
lowed to cool in a calm and still atmosphere, or with the air altogether %xcluded,
does not in general erystallize on cooling, but whenever it is agitated, or a small
picee of crystal introduced, the whole of it infmediately passes to the solid*form
in beautiful radixtions.

804. Sulphate of soda is cfflorescent, soon acquiring a white appearance, and
falling down in powder. It is extremely bitter.

805. Tt is procured in general by the action of aqueous sulphurie acid on com-
mon salt, during the preparation of aqueous hydrochlorit acid. Sulphuric acid
in excess is withdrawn in the same manner as from the supersulphate of po-
tassa (777).

806. Cr. ProsPHATE or Sova.—Termed more speeifically erystallized tri-
phosphate of soda and basic water by Professor Graham, who considers one eq.
to act the purt of a base in this salt. Symb. 24°H +#P2? + 2:Na + -H.—Eq. 278.4.
—Soluble in 4 parts of cold water, and in neurly 2 parts of boiling water. By
heat it is converted into the pyrophosphate of soda of Professor Clarke.

807. Prepared by uhe action of superphosphate of lime in solution on carbonatec
of goda. The phosphoric acid, uniting with the soda, aiseng carbonic acid,
andeforms the phosphate of soda; the phosphate of lime having lost its excess
ot phosphoric acid is precipitated. This is separated by filtrution, and the solu-
tion of plhosphate of soda is crystallized by evaporation. A slight excess of
carbonate of soda favours the crystallization. The solution of sup&rphosphate
of lime contains a little sulphate ot 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 ‘carbo-
nate of lime is precipitated.

808. Cumpounds of Carbonic Aeid with Soda.—CARBONATE -F Sopa.—Symb.
:C*Na; and when erystallized 10-I + (:€ + *Na).—The quantity of water, how-
ever, varies according to the temperature at which the carbonato is crystallized.

809, The crystuls are cfflorescent, and lose their water of crystallization,
quickly by heat, after which the dry carbonate may be fused. Soluble in about
2 parts of cold water, and in less than 1 of boiling water ; taste acrid and alka-
line ; renders cabbage green; effervesces rapidly with acids. Its water of cry-
stullization may be expelled by a xgd heat.

810. Prepared from KrLp or BARILLA, the ash that remains after burning sea-
ware. Water is poured upon it to dissolve fhe carbonate of sods, and the solu-
tion crystallized by evaporation. Procurbdelsoinlarge quantity by heating car-
bonate of lime, charcoal, and suiphate of soda; the charcoal tends to produce
sulphuret of sodium, and the lime to remove sulphur or sulphuric acid. It is
carbonated by the carbonic acid of the carbonate of lime, and that from the flame
of the furnace. By solution and evaporation it affords crystals.

Preparation of Carborate of Soda by Carbonate of Potassa.—Sulphate of sods and
carbonate of potassa — sulphate of potassa and carbonate of soda. 'The less so-
luble sulphate of potassa is precipitated. Symb. #8'Na&:C0'K = i§'K&:C-Na.

811. Cr. SESQUICARBONATE OF Sona (still frequently called Bicarbonate).—
Symb. 4-H +3iC + 2"Nn.—Eq. 165.36. Its properties are similar to those of the
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bicarbonate of potassa, and it is prepared in the same manner. Soda Water is
formed by saturating a dilute solution with carbonic acid gas at a strong pres-
sure.

812. TARTRATE oF PoTassa AND Soba, or RocHELLE SALT, is composed of
1 eq. of tartrate of potassa, 1 eq. of tartrate of soda, 8 eqs. of water. It is solu-
ble in 5 parts of water, and gives prismatic crystals.

813. Prepared on meutralizing bitartrate of potassa, mixed with boiling water,
by carbbhate of soda; the carbonic acid of the carbonate escapes.

Fig 88.
Matetials Decomposed. Products.
Carbonate of | Carbonic Acid 22 12— 22,12 Carbonic Acid.
Soda Soda . A. d 31.5 By 97.98 :
. Tartavic Acid 66.48 """ Tartrate of Potassa
B\i‘a:tt.;:,st: of g Tartaric Acid 66.48 Tt and Soda.
Potassa . . 472 - 113.68

Symb. 2T + ‘K &:C-Na = 2T+ ‘K + ‘Nu&:C.

814. CRr. BIBORATE OF SoDA, nr Borax, often called SuB-BORATE OF Sona,
ag the qualities of the alkali predominate, though there are 2 egs. of acid com-
bined with it. 10-H + 2B + *Na.—Eq. 191.5. Soluble in 6 parts of boiling and
20 of cold water. By heat its water of crystallization is expelled, and a trans-
parent glass formed, which is much used as a flux.

815. Compounds with Cllorine, gc.—CHLomDE or Soprum.—Symb. (‘an..—
Eq. 59. Solid, crystallizes in cubes and in hollow pyramids with 4 sides; con-
tains no water of crystir?lization, decrepitates, and then fuses by heat. The de-
crepitation depinds upon the expansion of water lodging mechanically between
“the plates of tho crystals. Soluble in 24 parts of cold water, and requires nearly
the same quantity of hoiling water. "When it decomposes water, chloride of
sodium 59 gnd water 9==hydrochlorate of soda 68. Symb. CINa&H=HCI +-Na.

816. Procured in its purest form from Rock Sart, which, when mixed with
earthy matter, may be separated by solution and crystallization. Bay Sivr
comes next in purity, and is prepared by the spontaneous gvaporation of scu-
water in warm climates. Salt obtained by the rapid boiling down of sca-water
in a pan or boiler is the least pure of all the varicties of common salt met with
in commerce, containing usually a notable quantity of magnesian salts, prin-
cipally hydrochlorate of magnesia, whién renders it deliquescent, and prevents it
from being employed with so much advantage as an antisegtic.

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
rendered turbid, and all the magnesia is precipitated in the form of a carbonate
by boiling, heat promoting the reaction.

818. CHLORO-CARBONATE OF SoDa, the Lfguor Sode Chlorinate of the London
College, is a compound much empl*yed in solution for removing noxious odours,
by decomposmg animal and vegetable effluvia. It is procured by transnitting
chlorine gas through a solution of carbonate of soda. It is familiarly known by
the name of Labarraque’s disinfecting fluid. The chlorine does not at first de-
compose the carbonate of soda, but by long keoping chlorate and hydrochlorate
of soda are formed, as in 639. The Chlorine Agua of the Edinburgh College is
formed by 60 grains of common salt, 300 of red lead, 2 fluid drachms of aqueous
sulphuric acid, and 8 ounces of water. By agitation the red colour disappears,
m]pha.te of lead remaining as a white powder while sulphate of soda and
chlorine rema.m in solution. The sodium is oxidated by pu-t of the oxygen of
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CHAP. III. LITHIUM.

819. Lithium is the metallic base of lithia, which consists of lithium and oxy-
gen.—Symb. Li—Eq. of lithium 10, of lithia 18, containing 8 of oxygen. Itwas
discovered by Arfvedson in 1818. Lithia possesses all the qualities of an al-
kali, and is distinguished from potassa and soda by the very sparing solubility
of its phosphate and carbonate.

’ CHAP. IV. AMMONIA.

L] [ )

820. The history of ammonia is inserted here, though it contains no metsllic
matter in its composition, as it is similar to the alkalis in many of its proper-
ties, forms similar combinations, and as the various reaetions connected with it
will be better understood in this place than they could previously huve been.

821. Symb. NH? = nitrogen 14.2 + hydrogen 3.—Eq. 17.2 by W., (1] by V.—
Sp. gr. 0.59.—W. of 100 c. i. 18.3 grs.—Condensed into a liquid by a 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 am-
moniagal gas being resolved into 3 of hydrogen and 1 of nitrogen.

822, Gaseous, transparent, colourless, very pungent and peculiar odour, can-
not snpport respiration or combustion. Influr mable, but can scarcely be made
to burn with air; 2 volumes mixed with 14 of oxygen detonate violently on ap-
plying a lighted mntrh. Symb. NH3&0% = N &3-H.

Fig. 84. °
Mnterials. Products, &
Nitrogen 14.2 ———ieeeee 14.2 Nitrogen.
17.2 Ammonia %g:gigg:ﬁ i
Hydrogen 1
Oxygen . 8 \3‘\9 Water.
24 Oxygen Oxygen . 8 ————mm 9 Water.

. (Oxygen . 8 -——-—--—--BQ ‘Water.

823. Alworbed with explosive rapidity by water, producing the liquid usually
termed Ammonia or SpIriT oF HARTSHORN, being prepared ii. 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 com-
bined with the water. Dr Thomson states that water can take up 780 times its
bulk of ammoniacal gas. The following table shews the density of aqueous am-
monia of different degrees of strength:

Specific  Ammonia | Speciic  Ammonia | Specific A i Specific A
gewity. in 100 parts.| gravity. in 100 pgts. | gvavity. in 100 parts. gravity in 100 parts.
8350  32.50 0166 !25? 9435 14.53 9573 10.82
8875 29.25 9255 19.54 9496 13.54 9547 10.17
8000 26.00 9326 17.52 JA513 12.40 9619 9.60
9045 2537 9385  15.88 0515 1156 9672 9.50

824. With alcohol it combines readily, forming what is usually termed Axco-
1HOL AMMONIATUM, Or AMMONIATED ALCOHOL. It is prepared by passing am-
moniacal gas into alcohol, which must be kept cool.

825, TesTs.—Ammonia produces a very deep and brilliant blue colour with
small portions of solutions containing copper (see Copper). When combined
withean acid, it may be disengaged by potassa, soda, or lime, which retain the
acid previously c.ombmed with it, while a gentle heat causes the ammonia to be
expelled in the gaseous form. 'In this condition it may be rocognised by the
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white fumes it produces with nitric, carbonié, or hydrochloric 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 ori-
ginal colour of the test paper, the ammonia being expelled. -

826. Ammonia has all the characteristic properties of an alkali, though dif-
fering so widely from the common alkalis in its composition. It has a very
acrid alkaline taste; corrodes animal and vegetable matters; affects the blue
colourin®’ matter of cabbage and violets, and also turmeric, in the same manner
a8 potassa; neutralizes the acids and forms salts; these, however, are either de-

' composed or volatilized by a red eat. From its volatility it is often termed the
VOLATILE ALKALI; potassa, soda, and lithia, being denominated FIXED ALKALIS.

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 thoe animal kingdom are almost all composed of carbon,
oxygen, hydrogen, and- nitrogen. Subjected to heat when the air is excluded,
their elements assume a new arrangement, and part of their hydrogen and nitro-
gen combjning together, ammonia is the product, chiefly in union with carbonic
acid. By combining it with hydrochloric acid, and separating it again by means
of potassa, soda, or lime, it is procured free from any empyreumatic odoursand in
the condition in which it is condensed by water to afford the purest ammonia. In
conducting this part of the process, hydrochlorate of ammonia is generally ixed
with slaked lime, and the evolution of the ammoniacal gas facilitated by the ac-
tion of heat, condensing it in water kept very cold ; the nature of the action is par-
ticularly explained in t#® diagram page 4, where the proportion of materials that
affect each other, and of the products formed, are pointed out. Symb. HQI+
NH?*&:Ca = ClCa& H&NH?

o Compounds of Ammonia.

828. NITRATE OF AMMONIA.—Symb. :N + NH? = nitric acid 54.2 + ammo-
nia 17.2.—Eq. 71.4.—Crystals may be formed with different proportions of water.

829. Very deliquescent, produces great cold during solution in water, crystal-
lizes in prisms, when evaporated at a temperature not exceeding 100°; g fibrous
mmass is procured if it be evaporated at 212°; fused by heat continued so that it
acquires a temperature of 300° or upwards, it becomes quite compact on cooling.

830. Its decomposition, so as to produce oxide of nitrogen, has been already no-
ticed, par. 470 ; when subjected suddenly to a red heat, it deflagrates with rapi-
dity, as the hydrogen of the ammonia reacts with part of the oxygen of the nitric
acid.

831. SULPHATE oF AMMONIA.—Symb. i§+ NH? = sulphuric acid 40.1 + gymn-
monia 17.2.—Eq. 57.3.—Prepared easily by ndutralizing dilute sulphuric acid
with ammonim or its carbonate, cd¥bonic acid being disengaged when the carbo-
nate is used. It is found in soot, asseciated with sulphite of ammonia, the sul-
phur of the acid being derived from the iron-pyrites so frequently met with in
coal, and the ammonia formed by the decomposition of the bituminous matter.
Soluble in water, crygtallizes in six-sided prisms.

832. HyprosULPHATE or HYDROSULPHURET OF AMMONIA.—HS+NH? =
hydrosulphuric acid 17.1 + ammonia 17.2—~Eq: 34.3.—Procured in the solid
form when hydrosulphuric acid and ammoniacal gases are brought in contact.
Generally prepared in solution by passing hydrosulphuric acid gas into a solntion
containing ammonia. The solution is much employed as a test for motals, con-
taining a large quantity of hydrosulphuric acid iA a condenked form, and in such

4 e
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a condition that it acts frecly upon them, the ammonia removing entirely any
acid atter which might otherwise interfcre with its operation.

833. PoospHATE OF AMMON1A may be prepared in the same manner a8 phos-
phate of soda, or by directly neutralizing ammonia with phosphoric acid. Ex-
posed to a red heat, it is cempletely decomposed, glacial phosphoric acid remains,
all the ammonin is expelled. Its composition, according to Professor Graham,
is represented by 8-H +:iP? + “NH* + “H = 8 cqs. water, phosphoric actd, oxide of
-ammonjum (water and ammonia), and basic water.

834. Cr. ProsPHATE oF SoDA AND AMMONIA, M!cnocosmc SaurT, 8r SALY
or PHosPHORUS, is prepared by dissolving 1 equivalent of the common phosphate
of soda and 1 of hydrochlorate of ammonia in no more poiling water than is neces-
sary, and allowing the liquid to cool. Crystals are-deposited containing phosphoric
acid, soda, ammonia, and water. In experiments with the blowpipe, this salt is
extremely useful, as it is casily melted by heat, and the water and ammonia ex-
pelled, so that a very fusible superphosphate of soda remains, which acts power-
fully both as an acid compound and as a flux.

835. CARBONATE OF AMMONTA may be procured by mixing 2 measures of am-
moréa and 1 of carbonic acid at the mercurial trough ; they condense immediate-
ly into a solid white powder.

836. BICARBONATE OF AMMONIA Iuay be prepared by passing a stream of
carbonic acid through a solution of the common carbonate of ammonia, till it
ceases to absorb any more, and evaporating the fluid ith great care by a mode-
rate heat.

°837. SESQUICARBONATE OF AMMONIA.—Symb. *H +(3:C + 2NH?3) = water 9
+ 3 carbonic acid + 2 ammonia, or water 9 + carbonate” of ammonia — -+ bi-
carbonate of ammonia. This is the most important of the carbgnates of am-
monia; it is commonly called SUBCARBONATE OF AMMONIA, und is not now
regarded as a definite compound, but rather as a mixture of carbonate and bi-
carbonate of ammonia. It is solid, has a strong and pungent ammoniacil odour,
volatilizes slowly at natural temperatures, and is converted rapidly into va-
pour by heat. By exposure to the air, the ammonia escape+ more rapidly than
the carbonic acid, so that it is apt to pass to the state of bicarbonate of ammeo-
nia, losing its penetrating odour, tmnsp.n‘omy and hu.rdness, and becoming a
brittle porous mass. It is very soluble in water, and rises rapidly with its va-
pour when boiled. ’

838. Prepared from hydrochlorate of ammonia by carbonate of lime, in the same
manner that uncombined mmmonia is prepared from the hydrochlorate by lime ; see
29. The only difference in the nn.t.!.;l of the reaction, arises frum the circumstance
that there is carbonic acid assbeiated with the lime used to decompose the hydro-
chlorate, which attaches itself to the ammota evolved. Were tis temperature ne-
cessary for the decomposition less elevaiedy all the ammonia disengaged would
combine with the carbonic acid, and a simple carbonate of ammonia would be

Fig. 31.
Materials. Products.
Ammonia . . 17.2 9.32 Carb. of Ammon.
53.7 Hydrochlomte H
ydrochl. f Hyd. .1 ——nesel9 Water.
of Ammonia | "3 id | Chlo. 35.5 -
50.62 qubon&te of { (’?‘rb"mc&:;gm 2§'1 7
Lime 4| Lime { Calcium 20.5 56 Chloride of Caleium

Symb. HCl + NH3&:C+Ca = ClCa&H&:C + NH>
produced ; instead of this, from the escape of a portion of ammonia, it is only a
G
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sesquicarbonate that is formed. The diagram explains the preparation of the
carbonate.

839. Dried carbonate of soda decomposes hydrochlorate of ammonia with
greater facility than carbonate of lime.

840. ACETATE OF AMMONIA, Spirit of Mindererus ; deliquescent ; very soluble ;
prepared by saturating acetic acid diluted with water by carbonate of ammonia,
the carbonic acid escaping with effervescence.

841. OXALATE OF AMMONIA ; prepared in a similar manner; easily crystal-.
lized; fhuch used as a test of lime. ¢

842. CHLORINE decomposes ammoniacal gas with the evolution of heat and
light, accompanied by the production of a iambent flame. Chlorine 8 egs. de-
compose 1 eq. of ammonia; each eq. of chlorine combines with an eq. of hydro-
gen, which it takes from the ammonia, so that 3 egs. of hydrochloric acid are
formed, and 1 of nitrogen disengaged. Each eq. of hydrochloric acid then com-
bines with an eq. of ammonia not decomposed, producing hydrochlorate of am-
monia. 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 ammonia in water, similar eftects are produced, and pur ni-
trogen may be collected as it is evolved.

Fig. 82.
Materials. Products.

Nitrogen 14,2 - 14.2 Nitrogen.

Hydrogen 1 _

Hydrogen 1 ™~ N
Hydrogen )

Ammonia 17.2

Chlorine . . . . . 355 —}—\‘-\\\‘- 36.5 Muriatic Acid.
Chlorjne . . . . . . 35 5 e mSw o2: 36.5 Muriatic Acid.
Chloring, . . . . . . 385 -- —..7 36.56 Muriatic Acid.

Symb. NH3&3Cl = 3HCI&N.

843. HyproonLoRATE OF AMMONIA, or Sal-Ammoniac.—Symb. HCI + NH?3,
Solid, crystalline, presents a fibrous texture 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 boiling water. Alcohal dissolves & small quantity of it. At 300°
it sublimes slowly.

844, Prepared in different ways: I. By saturating the impure carbonate of
ammonia contained in the watery gas liquor procured from coal, crystals being
procured on evaporation, and purified by sublimation. IL By heating animal
matters impregnated with a solution of hydrc-hlorate of magnesia, the hydra-
chloric acid unites with ammonia produced du.nng the decomposition of the ani-
mal matter, is sfowly sublimed, and the magnesla is left. III. By the mutual
decomposition of the sulphate of amfonia in soot and common salt; hydrochlo-
rate 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 hydrochlorate
of ammonia. By crystallization and sublimation the hydrochlorate is separated
from double salts of soda and ammonia.
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ORDER II. TERRIGENOUS METALS.

I. ALKALINE TERRIGENOUS METALS.
%

. 845. These metals, united with oxygen, form the alkaline earths, Lime, Ba-
ryta, Strontia, and Magnesia; which, with ¢he exception of magnesia, gorrode
animal and vegetable substances in the same manner as the alkalis, but much
more fecbly. 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 propertics. All these earths neutralize the acids, turn the
cabbage blue to a green, and turmeric to a brown, in the same manner as the
alkalis. Their carbonates are very insoluble, but their bicarbonates are dissol-
ved readily when they are in a minute state of division, and mixed with a large
quantity of water. Their sulphates are cither insoluble, or very sparingly solu-
ble, jn water, excepting the sulphatc 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,%hat 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 di.st.ﬂled, and the
calcium procured by itself. Barium, strontinmn, and magnesium, have been pro-
cured in a similar manner. o

847. Pcroxides of the greater number of thesc metals have been described,
which, with the exception of the peroxide of barium, have nnt becn applied to
any important purpose. They may bo formed by passing oxyzen over the heated
oxide till it ceases to absorb any more yor, by heating the oxide to dull redness,
and adding four parts of chlorate of potassa, it communicates the oxygen re-
quired, and leaves chloride of potassium, which may afterwards be removed by
cold water.

&
CHAP. I. CALCIUM.

® 848.. Symb. Ca. Eq. 20,5.—H#% a white colour and metallic lustre, oxidated
on heating in the air, and converted into linfe, .

849, LiME, QUIcKLIME, or OxIDE or- CarnciuM.—Symb. *Ca = calcium 20.5
+ oxygen 8. Sp. gr. 2.3.—Extremely infusible, becomes semivitreous, and is vo-
latilized slowly by the oxyhydrogen blowpipe, giving out a brilliant light when
intensely heated, and forming Gurney’s Light, called also the Drummond Light ;
the vapour condenses and forms minute crystals, or collects as a white smoke a
little way from the place where it is converted into vapour.

850. Whitc, 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 ig composed of lime 28.5 + water 9, Eq. 37.5.

851. Live WaTER—Lime is sparingly soluble in water; according to Dal-
ton, 778 of water are required to dissolve 1 of lime. It is lcss soluble in hot
water than in cold; a cold saturated solution of lime in water always becomes
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turbid on heating it, from the deposition of lime; prepared by agitating lime in

a bottle with water, and allowing the excess of lime to subside. If required
quickly, it may be filtered to separate undiszolved lime, excluding the air as
much as possible, as the carbonic acid in it precipitates the lime.

852. Lime-water is colourless, and has a brilliant tzansparency, which is not
observed in any other kind of water. Evaporated in the exhausted receiver of
the air-pump, with the aid of the sulphuric acid (212), the hydrate crystallizes in
hexahedrons. 1Its taste is similar to that of lime, and it affects the vegctable
célouring matters in the same wuy as alkalis.

853. Salts of lime dissolved in alcohol and some other inflammable fluids com-
municate a reddish tint during combustion.

" 854. Lime is precipitated from solutions of its salts, if not greatly diluted, by
the alkalis, potassa, and sodn, but not by ammonia. Alkaline carbonates give
a white earthy precipitate of carbonate of lime, the alkali of the carbonate unit-
ing with the acid previously combined with the lime. Sulphuric acid and con-
centrated solutions of sulphutes give copious precipitates with strong solutions
of salts of lime, but none if they arc much diluted, sulphate of lime, the com-
pound precipitated when there is much lime in solution, boing more soluble in
water than lime itself. Oxalic acid is the most delicate test of lime, forming a
very insoluble compaund with it : when the lime is combined with an acid, oxalate
of ammonia is preferred to oxalie 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 carefully
neutralized by ammonia.

855, Lime is distinguished from alkalis by the insolubility of its carbonates. From
Baryta and strontia, by its solution in water giving no precipitate with sulphuric
acid. Jts soluble salts, also, diluted with as much water to the lime as exists in
lime-water, give no precipitate with this acid.

856. BrREPARATION 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 those the carbonic acid
is expelled by heat, and the limestone or thalk is said to be burned, in common
language, but the only change which is effected in it is the expulsion of the car-
bonic acid. Carbonate of lime 50.62 = carbonic acid 22.12 and 28.5 lime. Symb.
3C:Ca. On the large scale, alternatc beds of limestone and fuel are placed in
the furnace or lime-kiln; on the smaller scule, the cBrbonate to be decomposed
may be put into a crucible, with an aperture below, which facilitates the escape
of the carbonic.acid gas. When free from carbhic acid, and diffused through wa-
ter, it does not effervesce on adding Hydrochloric acid.

857. Lime free from carbonic acid absorbs water rapidly. If not kept care-
fully from the air it soon attracts moisture and carbonic acid.

858. The setting of lime in common mortar depends upon its attracting car-
bonie acid from the air, through the porous mass composed of lime and sand.
‘When mortar has been kept for a long time exposed to the air before it-is used
for building, it is said to be sPENT, having already become charged with carbonic

- geid, and cannot set or act so well as a cement.

859. BrNoxiDE oF CaLciym—~Symb. :Ca. See 847. .

Compounds of Calcium and Lime.

860. N1TRATE oF LiME.~Symb. :iN'Ca. Deliquescent. Soluble in alcohol,
which separates it from nitrates of baryta and strontia. Formed by neutralizing
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mnitric acid diluted with water by lime. The carbonate may be employed, which
dissolves with effervoscence, the carbonic acid cscaping.

861. SuLPHURET oF CaLcruM.—Symb. SCa. Soluble in water, and believed
to decompose it (711), at the same time producing hydrosulphate of lime. Em-
ployed principally for the preparation of hydrosulphuric acid. Prepared by de-
composing sulphate of lithe mixed with charcoal, heating it in a crucible. See
713. 'When well prepared, it effervesces rapidly in diluted hydroghloric acid,
producing abundance of gas.

862. QUADRISULPIURET OF L1ME.—Symb. $¢ Ca = sulphur 64.4 1 limg 28.5.5—
Eq. 92.9.—The compound formed when mﬂphur, lime, and water, are boiled to-
gether according to the opinion of Dalton, whether an cxcess of lime or sulphur
be employed, and communicating to it the amber ting 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
produced by one portion of sulphur acting on the hydrogen of the water, another
porifon must combine at the same moment with the oxygen, as none is disen-

863. This compound was employed principally in removing oxygen from the
air in eudiometrical experiments, as in Dr Hope’s ecudiometér, before the process
with spongy platinum was introduced. It is also employed for the preparation
of precipitated sulphur. The compound prepared wish sulphur, potassa, and wa-
ter, is often substituted for it.

864. SULPHATE OF LiME.—Symb. iS:'Ca. Solid, tasteless, infusible. Soluble
in about 500 parts of cold water, and a little more soluble in boiling water, kard
sater being produced. Mixed with water, after it has been reduced to powder,
80 as to form a thick cream, it gradually consolidates into a harfl und firm*mass,
the water combining intimately with it; in this condition it forms PLASFER-OF-
Par1s, so much employed in taking casts. Sulphate of lime is often precipita-
ted Dy the action of sulphuric acid or sulphates on salts of lime. See 854, Sul-
phuric acid and hydrochlorate of lime = suiphate of lime and hydrochloric
acid. Symb.iS&HCI+°Ca=i8-Ca&}lCl. Sulphate of soda and hydrochlorate
of lime = sulphate of lime and hydrochlorate of soda. Symb. i{S-Na&HCI-Ca
== {§-Ca&HCI'Na.

865. It occurs abundantly in nature, and forms cypsuM, SELENITE, and ALa-

BASTER, all of which contain water of crystallization, and this must be cxpelled
before it can be used for making plaster-of-Paris.
o 866. PrOSPHATE OF LiME.—Fgund in large quantity in the bones of animals,
from which it is procured by burning off thg animal matter. Wliite, earthy, in-
fusible. Soluble in diluted nitric and hydrochloric acids, and Precipitated again
when the acid which had dissolved it is nettralized. Used for the preparation of
phosphorus, phosphoric acid and its salts, and in making cupels.—See Cupellation.
Many sUPERPHOSPHATES OF LIME have been described, all soluble in water.

867. PuosPRURET oF CALcToM.—Procured most conveniently when a piece
of phosphorus is thrown upon lime heated to redness in a crucible, a cover being
immediatcly put upon it, and a quantity of sand thrown upon the cover to pre-
vent the escape of offensive vapours. One portion of phosphorus unites with the
ox¥gen of the lime, and ah acid is produced, which combines with some unde-
composed lime ; anether uniting with the calcium forms phosphuret or biphos-
phuret of calcium ; with water it produces phosphureted hydrogen, which imme-
diately inflames. See 568.
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868. CarBoNATE OF Lime.—Symb. :C-Ca = carbonic acid 22.12 + lime 28.5.
—Eq. 50.62.—Solid, insoluble, heat expels the carbonic acid, hydrochloric acid and
most-other acids decompose it with effervescence. ICELAND SPAR, CALCAREOUS
SPAR, MARBLE, CHALK, and limestone, are composed of this compound. Mag-
nesia is often associated with it in some marbles and limestones in considerable
qunnmy, besides smaller portions of other matters.» Precipitated in a minute
state of division, when an alkaline carbonate is aflded to a solution of a salt of
lime. Catbonate of soda and hydrochlorate of lime = carbonate of lime and hy-
drochlorate of soda. Symb. :C-Na&IHCl++Ca = :C-Ca&HCl+-Na. Theacid of
the salf of lime used remains in solfition with the alkali. The BICARBONATE
is sparingly soluble in water. I have also noticed a soluble sUBCARBONATE.

869. HYDROCHLORATE OF LiME.—Symb. HC1+Ca. Prepared by saturating
dilute hydrochloric acid with lime; carbonate of lime is generally employed.
Symb. HCI1&:C'Ca = HCl‘Ca&:C. It is procumd also as a residuum from
many chemical operations. Crystallizes in prisms from a hot saturated solution.
Converted into chloride of calcium when subjected to heat, the hydrogen of the
acid combining with the oxygen of the lime.

Fig. 38. °
Materials. Products.
36.5 Hydrochlorje n.cid{ Hydrogen ',}, e Water.
. Oxygen i
28.5 Lime. . .. ... Ca.lclum 20.5 56 Chloride of Calcium.

Symb. HCl ++Ca = ‘T1&Cl*Ca.
Decomposition of chloride of calcium by water. Symb. "H&ClCa = HCl+Ca.

870. Very. deliquescent, and soluble in water. Liquefies snow’ rapidly, pro-
ducimg intensecold ; its crystals contain 6 equivalents of water, and they act
more powerfully than the chloride of calcium ; by melting them, and then stir-
ring them continually as the liquid cools, it is obtamed in & minute state of di-
vision, extremely favourable for its action upon snow.

871. CHLORIDE oF LiME, commonly called BrEAcniNé PowDER.—Wlhite,
with a slight shade of groenish-yellow colour; has an odour of chlorine, and a
very strong harsh taste. Destroys vegetable and animal colouring matters, and
various effluvia, in the same manner as chlorine. It contains variable quantities
of chlorine, which is absorbed or rather combined, according to some chemists,
with the slaked lime employed in its preparation ; latterly, however, it has been
regarded as a mixture of chloride of calcium, and hypochlorite of lime, with lime
and hypochlorous acid.

872, Hydrochloric and other acids unite w1th the lime and disengage chlorine
with effervescemce. Water dissolvés it, a portion of lime being separated ; it is
much more soluble in water than limbe. The qguantity of chlorine associated with
the lime is generally estimated by finding its power of decolerizing a solution of
indigo in sulphuric acid of a known strength, .

873. By long keeping, and exposure to air, light and moisture, hydrochloric
and chloric acids are produced. 'When subjected to heat, part of the chlorine is
evolved, and the rest unites with the calcium, disengaging oxygen.

CHAP. II. BARIUM. o

874. Symb. Ba. Eq. 68.6.—Metallic, of a dark grey colour, heavier than wa-
ter, attracts oxygen rapidly from air and water. Prepared in the same manner
as calcium, See 846.
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875. BARYTA, or OXiDE of BARIuM.—Symb, *Ba = barium 68.6 + oxygen8.
—Eq. 76.6.—Name from Beei:, heavy ; its compounds having a high specific gra-
vity 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 & grey coloured mass, which slakes with water, and pro-
duces much heat. It is mtich 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 crystals as it cools. Its solution is‘highly al-
Kaline, turns blue colouring matter of cab and violets to a green, and turme-
ric to a brown. Precipitates carbonic acid ffom water and alkaline carbSnates;
but is soluble in an excess of carbonic acid. Sulphuric acid forms a very in-
soluble white compound with baryta, and is much empjoyed as a test of this sub-
stance in solution ; the sulphuric acid in sulphovinic acid is not precipitated by
baryta.

877. Baryta and all its compounds, except the insoluble sulphate, are poisonous.
Its salts arc usually gbtained 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.

870. 1t may also be obtained, as Dr Hope shewed, by subjecting the carbonate
in powder, mixed with charcoal, to an intense heat in a crucible. Curbonic acid
has a much greater attraction for baryta than for lime, and hence the higher tem-
perature required for its decomposition. Symb. :C'Bg = :C&'Ba.

$80. BrNoxipe oF Barrum (PEROXIDE) — Symb. :Ba.—Employed in prepar-
ing oxygenated water. Formed as described in 847.

Compounds of Baryta. .

881. N1TRATE oF BArYTA.—Symb. ::N + ‘Ba.—Crystallizes §n octobedrons,
free from water ; they decrepitate and fuse by heat ; see 878. Soluble in 11 parts
of cold and in about 3 of boiling water. ’

882, Prepared by saturating diluted nitric acid with baryta, using the carbo-
nate or hydrosulphate ; the latter is procured by the action of water upon the
sulphuret of barium ; carbonic or hydrosulphuric acid is disengaged.

883. Much employed as a test of sulfhuric acid.

884. SULPHATE oF BARYT4, or HEAVY SPAR—Symb. :S-Ba.—Solid, tusteless,
insoluble, infusible.—Sp. gr. 4.4. Occurs native in tabular or prismatic crystals ;
always formed and precipitated as a white powder when solutions containing
sulphuric acid are mixed with solutions containing baryta. Employed in pre-
paring salts of baryta. When d@omposed by charcoal (713) it is reduced to
SuLPHURET OF Barium. Symb. :8'Ba&4C = SBa&4'C. This substance de-
composes water, producing hydrosulphuric®acid and baryta, which remain in
union, Symb, SBa&*H = HS + 'Ba. . '

885. CARBONATE OF BARYTA, or WITHERITE.—Symb, :C:-Ba.—Solid, insolu-
ble, poisonous. Effervesces with acids; much employed, like the sulphuret of
barium, in preparing salts of baryta.

886. Cr. HYDROCHLORATE OF BARYTA.—Symb. *H + (HCI +‘Ba).—By heat
it becomes CrLOBRIDE oF BARrIuM, Symb. C1Ba ; the hydrogen of the acid uniting
with the oxygen of the baryta, and forming water, which is expelled. Soluble
in 2} parts of water at 60°. Crystallizes in 4-sided tables.

887. PREPARED Dy neutralizing baryta with hydrochloric acid : the carbonate
may be used, Symb, HC1&:C-Ba = HCl‘Ba&:C ; or the hydrosnlphate (hydrosul-
phuret), HC1&HS'Ba = HOI'Ba&HS. e
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CHAP. 11I. STRONTIUM.

888, Symb. Sr.—Eq. 43.8.—1It is similar to barium in all its leading characters.

88Y9. STRONTIA, or OXIDE OF STRONTIUM.—Symb. *Sr = strontium 43.8 + oxy-
gen 8.—Eq. 51.8.—Its properties are similar to those of baryta (see 876). A sa-
turated hot solution deposits 4-sided tabular crystals as it cools. These contain
12 egs. 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,
excepting 1 eq.  The salts of strontm communicate a deep red tint to inflamma-
ble matter 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 gencrally said to be in-
soluble, though water can take up a minute quantity.

890. PruPARED most conveniently by heating the carbonate to whiteness in a
crucible, when the carbonic acid is expelled.

891. HYDROCHLORATE AND NITRATE OF STRONTIA are usually prepared by
saturating hydrochloric and nitric acids with strontia, using for this purpose the
carbonate of strontia, or the hydrosulphate of strontia, the latter being procured
from the sulphuret of strontium by the decomposition of water. Sulphate of
strontia decomposed by charcoal gives sulphuret of strontium. See 713. Nitrate
of strontia 400, sulphur 130, and sulphuret of antimony 40, mingled cautiously
on paper with chlorate of potassa 50, all in fine powder, and the nitrate free
from water of crystallization, give a mixture that deflagrates quickly with a
reddish purple tint.

CIIAP. IV. MAGNESIUM.

892. Symb. Mg.—Eq. 12.7.—Resembles silver in appearance, fuses at a red
heat, apd burns then in air or oxygen, producing magnesia. Iropared by pass-
ing potdssium 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. MacNEsIA, or OxIpE oF MaeNESIUM.—Symb. ‘Mg = magnesium 12.7

+ oxygen 8.—Egq. 20.7.

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 loss
caustic than the preceding earths, has a feeble ulkaline taste, and affects vegeta-
ble colouring matters in the sime manncr as the alkalis, when they are mixed
with the magnesia in the solid form ; the solugion in water scarcely affects them,
the quantity dissolved being so trifli

895. PREPARED from the carbonate by heat, which expels the carbonic acid.

896. Magnesia is distinguished by ¢he great solubility of its sulphate, by its
solutions not precipitating the common carbonate of ammonia, and by the decom-
position of its soluble salts with limc-water, which separates the magnesia.
Oxalate of ammonia precipitates lime and separates it from magnesia, which is
not precipitated if the solution be dilute. Magnesia, quito free from carhonic
acid, does not effervesce with acids.

897. N1tnATE oF MAoNESIA.—Symb. :iN + ‘Mg.~Soluble in water and alco-
hol ; deliquescent.

898. Cr. SULPHATE oF MAaNEsIA.—Symb, 7°H + (i8-Mg)= water 63 + sul-
phate of magnesia 60.8.—Eq. 123.8.—Commonly called Epsom Sarts. Soluble
in an equal weight of cold water, and in 3-4ths of boiling water; crystallizes in
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4-gided prisms; its water of crystallization is expelled by heat, the dry sulphate
remaining. Deccomposed by potassa, soda, and their carbonates.

899, PreEPARED 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 linfestone.

900. Distinguished from ozalic acid by its bitter taste, by its not aﬂectpg the ve-
getable blues, nor effervescing with alkaline carbonates, and also by ‘hot being
dissipated by heat. 4

901. PHosPHATE oF AMMONIA AND MaaNEsTa.—Insoluble in water, dlssolved
by diluted nitric, hydrochloric, and acetic acids, decomposed by heat, the ammonia
being expelled. Precipitated from solutions containing ammonia and magnesia
on the addition of phosphoric acid, or a solution of a phosphate.

902. CARBONATE OF MAGNESIA.—Symb. :C-Mg = carbonic acid 22.12 + mag-
noesia 20.7.—Eq. 42.82.—Solid, white, tasteless, inodorous, insoluble in water.
Decomposed rapidly with effervescence by dilute sulphuric, nitric, and hydrochloric
acids. Procured by decomposing a solution of sulphate of magnesia by a hot so-
lutmn of carbonate of potassa or soda ; the carbonate of magnesia is proclpltated,
and ah alkaline sulphate remains in solutlon. Sulphate of magnesia 60.8, and
carbopate of soda 53.62 = sulphate of soda 71.6, and carbonate of magnesia 42.82.
Symb, :{5-Mg&:C-Na == i§-Na&:(-Mg.

903, BIcARBONATE OF MAGNEsIA wmay be prepared in solution by passing a
stream of carbonic acid gas through water containing magnesia suspended in it.
‘When a bicarbonate of an alkali is added to a solution of a salt of magnesia in
water, no precipitate is formed ; but, by boiling, the excess of carbonic acid is ex-
pelled, and then carbonate of magnesia appears.

904. HYDROCHLORATE OF MAGNESIA is procured by evaporating sea-water till
the most of the other salts shall have been separated. It is very*deliquescent.

’
II. COMMON TERRIGENOUS METALS.,

05. The comon terrigenous metals produce oxides which are insoluble in

wator, and haye none of the ulkaline reaction which the precewng earths present.
e

CHIAP. 1. ALUMINUM.

906, Symb. Al.—Eq. 13.7.—Metallic lustre, resembling platinum. repared
from the chloride of aluminum by potassium, which combines with the chlorine
and detaches the aluminum,

«907. ALUMINA (SESQUIOXIDE 0RTERDINOXIDE OF ALUMINUM).—Symb, {Al%
White, tasteless, inodorous, insoluble in watgr, but can unite with it in various
proportions, forming hydrates ; it unites also with animal and vbgetable colour-
ing matters. It combines with acids and sfkalis, and produces with the fixed
alkalis compounds which are soluble 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. By dissolving it in hydrochloricacid, and adding ammonia,
it is precipitated in a purer form.

989, Alumina is extensively distributed throughout the mneral kingdom; it
exists in all kinds o$ clay, and is found nearly pure in the sapphire and ruby.

910. ALuM, SULPHATE OF ALUMINA AND Porassa (SurpHATE oF Porassa
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+ TERSULPHATE OF ALUMINA)—Symb. 24-H +i8'K +3i8 + IAR—Eq, 476.—
Crystallizes in octohedrons. Solublein 5 of water at 60°, and in little more thun
an oqual weight of water at 212° . Taste sweet, acid, and astringent. Reddens
litmus powerfully, has little effect on the vegetable blue of cabbage. Decom-
posed 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
complet.ely decomposed, and a compound remains, spontaneously inflammable : it
is usmully termed Houmnera’s PykorHorUs; sulphurets of aluminum and po-
tassium are formed during the decomposition ; it burns brilliantly in oxygen gas,
and with a dull red light when exposed to the air.

912. Alum of various kinds may be procured by substituting ammonia, soda,
oxides of chrome, iron, or manganese, for potassa.

CHAP. II. SILICUM.

913. Symb. 8i.—Eg. 22.—Colour dark brown, uninflammable, not oxidated by
sulphuric or nitric 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, Brwica, Sivicic @cip.—Symb. iSi=oxygen 24+ silicum 22.—Eq. 46.—
Insipid, insoluble, inodorous, infusible, except by the oxxbydrogen blowpipe.
Rough and hard to the touch. Exists in large quantities in numerous minerals,
Rock-crystal, some kinds of sand, flint, and other minerals, contain silica near-
Iy pure. .

915, Comrc¢uNnDs oF Sirica.—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. SinicaTep HyproFLUoORIC Acip, called slso Fruosinicic Actp. —Sp.
gr. 3.611.—Gaseous, transparent, colourless, pungent and suffocating, produces
white fumes with air containing moxstm'e. Does not support combustion. Water
condenses 365 times its volume, but 1-4d of the silica is deposited; it must be
collected at the mercurial trough; corrodes 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 hydrofluorie
acid, in the manner described in 698. This acid was supposed till lately merely
to combine with tho silica; but the more geperal opinion now is, that the hydro-
gen of the acid unites with the oxygen of the silica forming water, the fluorine
and silicum alone combining to form the gas. According to this view, the term
ftuosilicic gas or terfluoride of silicum is to be preferred.

918, S1LicATED Porassa.~—This compournd 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 by weight, a

_glass is formed which is.sqjuble in water and deliquesoent; if an excess of silica
be used with the alkaline matters, the glass procured is insoluble in water.
Fizwr Boar is a variety of silicated alkali, produced by fysion or by boiling
finely powdered flint with potassa or soda; it mixes W common soap
with aslt water when it is used far waahmg.
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919. Commoxn BorrLE GLASS consists of i 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 barills, is the alkali gencrally preferred.

921. PrLATE GLASS 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 ingpeased fu-
sibility to the glass. About 1-1200 part of the binoxide of manganese removes
the green colour which a small quantity of oxjde 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 nitric, sulphuric, and
other acids, which ncutralize 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 to dryness, the silica becomes hard, and quite insoluble in water.

924. Hydrochlorate of ammonia is often used to precipitate silica instead of
the uncombined acids; the ammonia is left free, when the acid unites with the
alkali previously combined with the silica.

92§. Five parts of carbonate of potassa with four of carbonate of soda, form a
very fusible alkaline mixture, much employed in examining siliceous compounds.

CHAP. III. GLUCINUM, 1TTRIUM, ZIRCONIUM, THORINUM.

926. These metals are extremely rare compared wjith the.other terrigemous
metals.

927. GrLuciNuM with oxygen forms the eurth GLUC!NA, found in the beryl
and the emerald.

928. ItTrrum with oxygen forms the earth ITTrra, which exists in the mine-
ral called Gadolinite.

929. Zirconium and oxygen form ZIRcoNia, one of the mgredwnts of the
Zivcon of Geylon. ’

930. TrORINUM and oxygen from THORINA, an earth discovered by Berzelius
in a Norwegian mineral.

ORDER III. CALCIGENOUS METALS.*

I, COMMON METALS WHOSE OXIDES CANNOT BE REDUCED BY HEAT
ALONE.

v
CHAP. 1. IRON.

981. Symb. Fe.—Eg. 28.—Sp. 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. DisTriBUTION. Extensively distributed throughout the mineral king-
dom. Small detached masses have been found nearly pure, and probably of me-

* Beo 707 and 737,
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teoric origin. The principal ores are the oxipEs of iron, which afford the purest
metal, and the cLAY 1RON-0ORE, Which consists of oxide of iron united with car- *
" bonic acid, alumina, silica, and other earthy matters.

933. PREPARATION OF IRON.—Tle 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 eseapes.
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
bottom 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 termed P1a or CAsT-IRON.
The oxide is heated witk 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 furmerly necessary. Sce 579.

935. The presence of charcoal, und 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 cAsT-1RON ; this fuses at 2786° according to Daniell.
Two varicties have been more particularly noticed,—

036. lst, WHITE CasT-IRON. It is very hard and brittle.

937. 2d, Gray Casrt-1rRON; which is softer and less brittle.

938. Malleable-iron is prepared from cast-iron by heating it in a reverbumtory
or puddling furnace as it ? termed, the fluid iron being stirred assiduously till it is
reduced to a coarse powder, then heated more strongly till it is agglutinated into
balls, and as its purity gnd tenacity increase, its fusibility diminishes; and, after
long continuod hammering or pressure between rollers at an clevated tempera-
ture, it forms the malleable-iron of commerce, the more fluid impurities being
pressed out; if'is called also For gcd Tron, Wrought Iron, Soft Tron.

939, OxipEs 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 at ordinary temperatures.

940. OxIpE or IroN.—Symb. ‘Fe =iron 28 +oxygen 8.—Eq. 36.—Colour
dark, scldom obtained pure, generally associated with a little peroxide ; separated
from its salts in solution as a white AYDRATE by alkalis. Formed when iron
burns in air or oxygen gas. At a white Leat 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 meta® being restored ; if the oxide bg In
a minute state of division, and redu~ed at a temperature below that of a red heat,
the metal is leff in & 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. PERrOXIDE, TERDINOXIDE, or SESQUIOXIDE oF IRON.—Symb. iFe?= iron
56 + oxygen 24.—-Tiq. 80.—Colour deep red, not attracted by the magnet. Pre-
pared from sulphate of iron by heating it in a cracible. All the acid is expelled,
and 2 egs. of oxide taking 1 eq. of vxygen from 1 eq. of sulphuric acid, become
1 og. of peroxide, the sulphurous acid from the decomposed sulphuric acid being
disengaged along with some sulphuric acid and water not decomposed. ‘When
required in a minute state of division as an antidote to arsehious acid, it is com-
monly prepared by adding ammania to a solution of the perhydrechlorate.
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Yig. 55.
Muaterialy. Products

Sulphuric Acid 40.1_ ...40.1 Sulphuric Acid.
Sulphato of | Sulpburous Acid 32.1__ ....32.1 Sulphurous Acid.
Iron 2 eqgs.)

{Oxygen. . . 8

| Oxide of Iron . 36 S

t Oxide of Iron . 36 80 Peroxide of 1ron.
Symh. 2iS Fo=iFe* &S &:S. o

942. Irox Rusr consists principally of this oxide in union with water.: Car-
bonic acid and ammonia are also found in snall quantities, the acid being de-
rived from the air, and the amunmonia formed by the combination of the nitrogen
of the air, with the hydrogen of the same decomposed water.

943, The Brack Oxipr or 1kox, regarded by many 8s a distinct oxide, is ge-
nerally considered a mixture of the oxide and peroxide in various proportions.
The black oxide (Edin. Coll) is preparcd by mixing a solation of the sulphate
of iron with a solution of the persulphate (prepared by boiling the sulphate in
solution with an excess of sulphuric acid mixed with nitric acid) and precipi-
tating the mixed oxides by a solution of ammonia; it is washed and dried at a
tempemture not exceeding 180°

944, IroN AND Nitiic Acip.—Iron decomposes nitric acid rapidly, being oxi-
dated And combining with a portion of undecomposed acid; if to a solution of
nitrate of iron, prepared in the cold with an excess of acid, carbonate of potassa
be added in excess, nitrute 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, and constitutes
Liquor FErrr ALkAaLINT of former editions of the London Pharmacopeeia.

Nitric acid is often used to convert protoxide into peroxide of iron.

945, Surrnukr AND IroxN, Sulphuret of iron.—Symb. SFe=irog 98 + sulphur
16.1.—Eq. 44.1—DBrittle, of a dark grey colour, much employed in the preparation
of hydrosulphuric acid gas. Procured most conveniently for this purpose by Wring-
ing sulphur in contact with iron at a red heat; the compound irnmediately 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 Fiorence flask, they
unite, a glow of light attending the combination.

946, IroxN-Pynitus usually presents hard, ycllow, and cubical crystals; it is
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
clement being thus expelled. -

947. If 1 part of sulphur with 2 of iron-filings be moistened and exposed to the
air) ghey absorb oxygen and becom® warm, frequently taking fire ; many native
sulphurets of iron produce the same effect wth air and moisturg. Sulpbate of
iron is formed after long exposure. .

948. SuLrHATE OF IRON, called also Copperas or Green Vitriol.—Symb. 7.H
+ (i8Fe¢) =~ water 63 + sulphuric acid 40.1 + oxide of iron 36.—Eq. 139.1.—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
irom, sce 941.  Soluble in about 2 of cold water, and in less than its weight of
boiling water ; crystallizes in rhomboidal prisms of a bluish-grecn at first, which
become 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

being absorbed and terpersulphate left in solution, while a dipersulphate is pre-
cipitated.
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950, Used in the preparation of ink, peroxide of iron, carbonate of iron, prus-
sian blue, dyeing black, &c.

951. PrREPARED by the action of sulphuric acid, water, and iron (see 435).
Formed also by the oxygenntlon of some varieties of native sulphuret of iron
exposed to the action of air and moisture.

952. TERPERSULPHATE OF IRoN.—Symb. 38 + fFet.—Formed by heating sul-
phate of ,iron with sulphuric and nitric acids. Colour red, soluble, not crystal-
lizable.

. 953. DiPERsULPHATE oF IroN.—Symb. S+ 2iFe%—Drecipitated from aul-
phate of iron in solution when exposed to the air.

954. CARBURET oF IRON or STEEL is composed of pure irom, combined with
a very small quantity of varbon; it is procured by heating mulleable iron imbed-
ded in powdered charcoal, and is particularly distinguished by the hardness
which it acquires when heated to redness and suddenly cooled. By heating it
afterwards to different degrees of temperature b -fore it is cooled, it acquircs
those varieties in its state of cohesion, or temper, as it is technically called, by
which it is so extremely well adapted for different instruments.

9566. PLuMBAGO, BLACK LEAD, or GRAPHITE, is the name given to @ 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
pencils.

956. CARBONATE OF IRoN.—Symb. :C*Fe=carbonic acid 22.12 + oxide of iron
36.—Eq. 58.12.—Has u Sreenish-white colour when first precipitatcd, but soon
darkens, and ultimately much of it loses carbonic acid, attracting oxygen when
exposed to the air, peragide of iron being formed. In this condition it has long
been called SuBCARBONATE oF IroN, but, as Mr Phillips shewed, it consists
principally &f Jperoxide of iron, with a small and variable proportion of the car-
bonate. It is similar in composition to rusT OF IRON. No percarbonate (car-
bonatg of the peroxide) has been discovered. .

957. 1ron is frequently met with in mintral waters, where it is retained in so-
lution in the form of a supercarbonate. By boiling, the excess of carbonic acid
is expelled, and an ochry sediment deposited.

958. Carbonate of iron is prepared from sulphate of iron 76.1 parts, mixed in
solution with 53.62 of carbonate of soda; 58.12 of carbonate of iron are precipi-
tated, and 71.6 of sulphate of soda remain in polution.—Symb. :8-Fe&:C:Nu
=i8'Na&:C-Fe. By washing it with cold water, and preventing it from being
exposed to the air, it m:%‘bo retained in the form of a carbonate. The FErrr
CARBONAS SACCOHARA of the Edinburgh College is a preparation of this
kind, where it is mixed with sugar. If the Lydrated carbonate be dricd in agn-
tact with air, it ig always decompored.

959. AcETATE oF IRON 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 tincture of scetate of iron, and sulphate of potassa
which is left undissolved.

960. TARTRATE o¥ Potassa AND IroN is formed when bitartrate of potassa
is mixed with iron filings, moistened, and exposed to the action of the air; the
irom, as it is oxidated, uniting with the excess of acid in the bitartrate. It has
& less offensive metallic taste than any of the other preparations of iron. «

961. CHLORIDE oF IRoN is procured when the hydrochlorate of iron is decom-
posed cautiously by heat, the hydrogen of the acid uniting with the oxygen of the
oxide. The HYvROCHLORATE OF IRoN is formed when iron is put into aqueous
hydrochloric acid, previously diluted with an equal bulk of water; the iron is
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oxidated by the water, hydrogen gas is evolved, and the acid combines with the
oxide of iron.

962. PERCHLORIDE OF IRON or SESQUICHLORIDE is formed when irgn is burn-
ed mchlorine gas. By water itis converted into PERHYDROCHLORATE (PERMU-
rrarE) or IRoN, part of the water being decomposed, while the rest dissolves
the new compound. Perhydrochlorate of iron is generally prepared by dissolving
peroxide of iron in hydrochloric acid. It has a reddish colour, and is sgluble in
alcohol.  The hydrochlorate is not soluble in alcohoel. The perhydrochlorate is
usually made with an cxcess of acid, but the gxide and acid can unite in pgany |
different proportions. Mr Phillips has found that 1 equivalent of hydrochlorie
acid can combine even with 10 of peroxide of iron.

963. HlYprocHLORATE OF AMMONIA AND IroN is formed when hydroc¢hlorate
of smnmonia and hydrochlorate of iron are heated together and sublimed.

964. HyYpriopATE or IrON is furmed when water, iodine, 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 comn-
bine and remain in solution ; the liguid is transparent and colourless, but soun
acquirgs a deep tint on exposure to the air. The Ferri fodidi Solutio (Edin. Coll.)
is prepared with 190 grs. iodine, 100 iron wire and 6 fluid ounces of water; it
must Be excluded from the air. The Lerri Jodidum is obtained by placing the
solution in u basin resting upon quicklime, covering it with a shade to exclude
the air. .

Tests of TIron. )

965. (+iLLi1c Acip precipitates the dark coloured gallate of irom, the colour-
ing matter of ink, when added to persalts of iron. It has no effect on the pro-
toxide. Acids, alkalis, and chlorine, decompose the colouring matter of ink. It
may often, however, be made to reappear again by the action of are excess of
gallic acid, or the form of letters effaced on paper may be restored’ by hydrosul-
phatn of anumoniy, ferroprussiate of potassa, and sulphocyanate of potassa. ,

966, FerrorrUSSIATE 0F Porassy 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, fromn a wnite with a light
shade of blue to a deep blue, according togthe quantity of peroxide present.

967. SULPIOCYANATE or Forassa gives a very brilliant red colour to solu-
tions containing peroaide of i irgp s it does not affect solutions containing the

‘oxide.
968. IIvprosuvrpnuric Acip does not affect solutions containing oxide of iron ;

a milk®white precipitate of sulphur is formed with sélutions containing per-
oxtde, part of its oxygen taking hydgogen from the hydrosulphuric acid. Hydro-
sulphate of ammonia gives precipitates of agdark colour with the salts of the
oxide and peroxide.

969. BiNzoATE and SUCCINATE oF AMMONIA are much employed to separate
peroxide of iron, forming very insoluble compounds with it.

970. Arkaris and ALxarLIiNe EArTHS precipitate the oxides of iron from
their solutions as hydrated oxides,

971. ALKALINE CARBONATES precipitate carbonates of the oxide; but when
they are added to solutions containing the peroxide, it is precipitated without
any garbonic acid, for which it has little or no attraction,

972. NiTrIc AcCID is often employea in experiments with iron, to convert the
oxide into peroxide ; %the iron is then more easily detected. A few drops of ni-
tric acid, boiled with a small quantity of any solution containing iron, are suffi-
cient for this purpose.
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CHAP. 1I. LEAD.

L4

973. Symb. Pb.—Egq. 103.7.—Sp. gr. 11.55. Melts about 600°. Colour bluish-
gray, brilliant lustre, tarnishes quickly in the air. Malleable, ductile, sectile.

974. PrepARED from the sulphuret of lead or GALENA, by heating it with coal
and limge the lime assists in removing the sulphur, and any sulphurous or sul-
phutic acid formed during the process. Iron may be used on the small sealey—
Sulphuret of Lead and Iron=S8ulnhuret of Iron and Lead. Symb. SPb&Fe=
SFe&Pb.

975. PrEcIPITATED slowly in crystals, forming the LEAD TREE, when zinc is
introduced into any of ts solutions. The zinc takes all the acid and oxygen
that may have been associated with the lead, replacing it in the solution.

Fig. 36-
Materials. Products.
323 Zinc . . entic Aed " ::"fiﬁ --»91.78 Acetate of Zinc.
cetic Aeid . . 51.48...
163.18 A?;?J: o { Oxide of { Oxygen 8 .-
Lead |Lecad 1037 ____ _____103.7 Lead.
Symb. 4 Pb&Z=A1-Z&Pb. e

976. Owides of Lead.—Air and water charged with carbonic and other acids,
oxidate lend. If the acid be the phosphoric, arsenic, sulphuric, or hydriodic, an
insoluble crust is formel on the surface of the lead, which protects it from far-
ther 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.—Soe
Christison on Poisons.

97%¢. Nitric and acetic acids are much used for oxidating and dissolving lead.

978. Dinoxide of Lead.—Symb. ‘Pb.#=1lead 208 + oxygen 8.—Eq. 216.—
Found when the oxalate of lead is heated to dull redness, the air being ex-
cluded.

979. OxipE. Called also Massicor, or YELLow LEAD.—Symb. ‘Pb = lead
103.7 + oxygen 8.—Eq. 111.7.—Insoluble, fusible at a red heat, and combines
with numerous earthy and saline substances, forming very fusible compounds.
Decomposed when heated with charcoal and other inflammable matters, metallic
lead being obtained.

980. Prepared by heating metallic lead in contact with air. 'Wher® imper-
fectly fused, so as to form small scales, which are mixed with a little red oxide
of lead, it is called LITHARGE, ow SEMIVITRIFIED OXIDE OF LEAD. Precipi-
tated from solltions of its salts in combination with water, and of a white co-
lour, on the addition of alkalis. This is the only oxide which exists in the salts
of lead.

981. BiNoxiDE (PEROXIDE) oF LEAD.—Symb. :Pb = lead 104 + oxygen 16.—
Eq. 119.7. ‘

982. PrepareD from red oxide of lead by nitric acid diluted with water, which
dissolves and removes the oxide, leaving the binoxide,

983. Rep Oxive or Leap {DEUTOXIDE, SESQUIOXIDE, or MINIuM).—{om-
posed of variable proportions of oxide and peroxide (Phillips).

984, PrEPARED by cxposing lead to air at a temnperatufe about 700°.

985, N1TRATE OF LEAD.—Symb. :IN'Pb.—Soluble in water, crystallizes in
octohedrons, containing no water of crystallization,
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986. SULPHURET oF LEAD.—Symb. SPb = sulpbur 16.1+lead 103.7.—Eq.
119.8.—The GALENA of mineralogists. The most abundant ore of lead ; formed
artificially when sulphur and lead are melted together, or when hydrosulphuric
acid decomposes oxide of lead.—See 711.

987. SurpnaTi oF LEap.—Symb. i$-Pb = sulphuric acid 40.1 + oxide of lead
111.7.—KEq. 151.8.—Whité, very soluble, precipitated when sulphuric acid and
oxide of lead meet in solution. Symb. :N-Pb&iS-Mg = :iN-Mg&:$* I’b

988. ProsPHATE oF LEAD.—Very insoluble, precipitated when Phosphoric
iwid and oxide of lead meet in solution. .

989. C\RBONATE oF Liap, or CERUSSE.—~Symb, :C-Pb = carbonic acid 22.12
+oxide of Jead 111.7.—Eq. 133.82.— Insoluble in water, very heavy, precipitated
when an alkaline carbonate is added to a solution pf a salt of lead. Symb.
#N'Pb&:(U:Na = :iN"Na&:C-Pb. Found also by exposing metallic lead in sheets
to carbonic acid gas and vapours of acetic acid.

990, Cr. AcerTaTE oF LEaD. Sucar oF Leap.—Crystallizes 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 cq. of oxide, and 3 egs. of water.

99). Preparen by neutralizing acctic acid with oxide of lead.

992. SuBACETATE oF LEAD, or GouvLarn’s ExrricT.—More easily decom-
posed than the acetate. Preparcd by boiling oxide of lead in excess in dilute
acetic acid; it is obtained with different proportions of oxide, a ditacetate or
tritacetate being procured; the former contains 2 andethe latter 3 eqs. of oxide,
mited with 1 of acid.

993. TARTRATE OoF LEAD .—White, insoluble in water, dissolved by diluted
nitric acid. It affords an excellent pyrophorus if heated to dull redness in a
covered crucible.

994. CHLORIDE oF LEAD.—Symb. CIPb = chlorine 35.5 + lead 103.7.—Eq.
139.2.—Sparingly soluble in water, deposited in crystals from a hot concontrated
solution.

995. PrePARED when hydroc h]om. acid or iws salts meet oxide of lead in so-
lution : the hydrogen of the acid unites with the oxygen of the oxide, forming
water, and the chlorino combines with the metal.

996, Top1pE OF LEAD.—Symb. IPb%= iodine 126.5+lead 103.7. —Eq. 230.2,
—Colour brilliant yecllow, erystalline, formed when hydriodic acid mectswith
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
iodine combine.

. o Fis. 7.
Materialg. . Products.

165.7 Todide of { Potassium  39.2 -—-L-—7 98.68 Acetate of Potassa.

rd

Potassium Todide . 126.5
Acetlc Acid 51,48~

163.18 Acetate Oxy, 8
of Lead Le D 1037 230.2 Todide of Lead.
Symb. APb&IK = A K&IPb.
Tests of Lead.

997. HyprosvrprURIc Acip and HYDROSULPHATE OF AMMONIA give a dark
brown or black precipitate.
998. Zinc precipijates metallic lead.
999. Hyprronic Acip gives a yellow precipitate of mdxde of lead. Sulphuric
acid precipitates white sulphate of lead. FT
' H
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CHAP. 1i1. COPPER.

1000. Symb. Cu.—Eq. 31.7.—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.

1001. PrREPARED principally from the native sulphuret of copper and irom,
which is Ifated 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 oxi:
@ated jethe oxidated iron forms a slag with the flux, and when the remainder of
the sulphur has been expelled the charcoal reduces the oxide of copper.

1002. Metallic copper 1s 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. DiNoxiDE oF CoPPER, formerly called ProTox1pE.—Symb. Cu.—~Co-
lour reddish, Prepared by fusing the oxide with metallic copper, or agitating it
in solution in ammonia with copper filings for a considerable time, or by sepa-
rating it frony, the salts of the dinoxide by alkalis. It is soluble in a selution of
ammoma, producing a colourless solution, which attracts oxygen quickly rom
the air, and becomes blue.

1004. OxIDE oF Corrnn.—Symb *Cu=rcopper 31.7 + oxygen 8.—FEq. 39.7.—
Black, insoluble in water; with acids it forms colourcd salts. Much employed
in the analysis of vegetul{lo substances. Thenard preparcd a BINOXIDE by the
action of binoxide of hydrogen on the hydrated oxide.

1005. PREPARED by heating nitrate of copper, all the nitric acid being -
pelled; or by adding potassa in excess to sulphate or other salts of copper, when
& blue hydrnted oxide is separaled, which bL(‘OHl(‘S black hy heat. If a small
quantity of potwssa be added, disulphate of copper, of a greenish-blue colour, is
precipitated.

1008, N1TRATE of CoPPER.—Symb. :#N'Cu.—Very soluble, deliquescent, es-
charotic, crystallizes in blue coloured prisms, which becomo green on exposure
to hoat, losing part of their acid und water of crystallization.

1007. PrerARrED by diluted nitric acid and metallic copper.—See Binoxide of
Nitrogen. .

1008, SurpuATE oF COPPER, or BLUE ViTRIOL, i8 soluble in 4 of cold and 2
of hot watcr, crystallizable, styptic, escharotic.

1009. PREPARED on oxygenating the sulphuret by heat and air, by dissolving
the oxide in dilute sulphuric acid, or evaporating waters containing it.

1010. SuLPHURET oF CoPPER,—Symb. SCu.—Formed in general artificially,
when required pure, by heating a mixture of flphur and copper filings; heat and
light are evolved. Glance -Copper is% native DisuLPHURET.

1011. AmmoNTURET oF COPPER, igay be formed by the action of ammeonia in
solution on the oxide of copper; it has a very deep blue colour. AMMONIURET
oF CoPPER, or AMMONIATED CoPPER (of the Pharmacopeeia), contains sulphuric
acid, oxide of copper and ammonia. Procured by triturating 2 of sulphate of
copper and 3 of carbonate of ammonia. Carbonic acid escapes, the mixture
slowly becomes moist- as the watér in the salt of copper is liberated; part of
the ammonia combines with the sulphuric acid, and part with the oxide. It
has an intense blue colour, and becomes green when freely exposed to theair,

or slightly heated, part of the ammeonia escaping.

1012, Sulphate of vopper, free from water,’absorbs ammoniacal gas readily, and

“becomes of a blue colour. Other sulphates possess a similer property; the am:
monia is easily expelled by heat.
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1013. DicArBoNATE oF CoPPER.—Symb. :C +2'Cu.—Of a green colour, in-
soluble; found in combination with water in the mineral called MALACHITE-
Prepared artificially by adding carbonate of soda or potassa to sulphate of cop-
per in solution. By boiling in water it becomes black ; the dicarbonate loses its
combined water and acid. Blue Verditer is a compound of carbonic acid, oxide
of copper and water (Symb. “H + 2:C + 3-Cu), it is often very impure.

1014, AcETATE oF CorrrR.—Soluble, crystallizes in deep green-eploured oc-
tohedrons, combined with water. Prepared by boiling dicarbonate or ditacetate
of copper in diluted acetic acid. . . .

1015, DitaceTaTE 0r CopPPER (Verdigris), contains 1 eq. of acetic acid, 2 of
the oxide, and 6 of water. Prepared by corroding plates of copper with impure
acetic acid. By digesting it in water, it may be resodved into a soluble sesqui-
acetate, and an insoluble tritacetate.

10}6. CurLoripE and DicALORIDE oF CoPPER are formed when this metal, in
a minute state of division, is introduced into chlorine. Hydrochloric acid and
dicarbonate of copper give HYDROCHLORATE oF CoPPER of a fine green colour,
soluble in water and alcohol, and resolved by heat into chloride 21‘ copper and
watgr.

1017, Tests of Copper.—IRoN and Zixc precipitate metallic copper.

1648, AMmoNIA in excess gives a deep bluv-coloured ammoniuret,

1019, FERROPRUSSIATE OF Potass\ gives a peculiar mahogany precipitate.

1020, HYDROSULPHATE oF AMMONIA gives a very dark colourcd precipitate.

1021, Porassa and Sopa precipitate the blue hydfated oxide.

CHAP. IV. ZINC OR SPELTER.

1022, Symb. Z.—Eq. 32.3.—8p. gr. 7.1.—Colour bluish-white, texture crys-
talline. DBrittle at ordinary temperaturcs unless it has been prtviously an-
nealed. Malleable and ductile at 300°; meclts at 700°; converted into vapour at
a white heat. »

1023. PrepARED from the carbonate of zine by heating it to redness with char-
coal in a distillatory apparatus, carbonic acid is cxpelled, the charcoal removes
the oxygen of the oxide, the zine is converted into vapour aud condenses in the
fluid form, after which it is allowed tg drop into water. Zing is not much af-
fected by air and moisture at ordinary temperatures; acids cause it to oxidate
quickly.

1624, Ox1pE of ZixXc,—Symb. ‘Z.—White when cold, yellow when hot, in-
soluble in water, forms soluble and colourless compounds with many of the
acids, and the alkalis used in excess.

*1025. PREPARED by heating zi#c in contact with the air, the metal burning
with a bluish-green coloured flame ; or on recipitating it from solutions of its
salts by the alkalis, taking care to nvold any excess.

1026, NITRATE oF Z1Nc.— When nitric acid diluted with water is poured upon
zinc, part of the acid and of the water are decomposcd, and a little ammonia
produced by the union of nitrogen from the acid and hydrogen from the water,
as the metal is oxidated. The undecomposed acid unites with the oxide and the
ammonia. Zinc acts with great rapidity and turbulence on diluted nitric acid.

1027. SULPHURET oF ZINc, the zINo BLENDE of mineralogists, is found na-
tive, of a dark colour; precipitated from its solutions white and in combination
with watcr, by hydrosulphuric acid. See 711. .

1028. SurepraTE %F ch.—-Symb. i$-Z.—Boluble, crystallizes in prisms,
formed by oxygenating sulphuret of zinc as it is heated in contact with air, or
hy the action of sulphuric acid on zinc and water. See Hydrogen.
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1029. CARBONATE OF Z1iNc.—Symb. :C-Z.—Found native, forming the mineral
called Calamine. Precipitated from the sulphate by alkaline carbonates.

1030, AcE?ATE oF ZINc.—Soluble, crystallizable. Formed by the action of
acetic acid on the oxide or carbonate of zinc, by the action of zinc on acetate of
load in solution, all the load being precipitated and the zinc replacing it in solu-
tion, or by decomposing sulphate of zinc, as seen in the diagram.

L Tig. 38.
Materials. Products.
. Oxide of Zine 403 ___ _ _____ 93.78 Acctate of Zinc. '
* Sulphate of Zine Sulpluric Acid0.1 P

Acetic Acid . 51.48
Acotate of Lead | Gidy of Lead 1117 ﬁm.a Sulphate of Lead.
Symb, iSZ& A Pb=3SPb&dZ.

1031. CaLoring oF Zinc.—Formed when zine is introduced into chlorine gas;
or when dilute hydrochloric acid acts with wmetallic zinc, hydrogen being cvolved,
the solution being afterwards evaporated to dryness.

1032. IopIDE or ZiNc is prepared by heating iodine with zinc filings in water
and evaporaf¥ng the solution to dryness. ”

1033. Tests of Zine.—H YDROSULPHATE oF AMMONIA gives a white procipitate.

1034. Anxawis precipitate oxide of zine, dissolving the oxide if they are added
in excess.

. CHAP. V. ANTIMONY.

1035. Symb. Sb; from guibium, the old name of its most important ore: ealled
also REcuLus oF ANTiMONY.—Eq. 64.6.-—Sp. gr. 6.8.—White, with a shade of
blue, very brittle, lamellar texture, fuses at a red heat, burns in contact with ajr
at an elevatéd tgmperature, producing much white smoke.  Is not affected by a
dry atmosphere, tarnishes slowly when exposed for a long time to the air.

1036. Prepared from the sulphuret by heating it in a crucible with iron filings
sulphuret of iron is formed, and the metallic antimony is separated.

. 1037. TErRpINOXIDYL or SEsQUIOXIDE commonly called Ox1pE~—Symb iSb'=
antimony 129.2 + oxygen 24.—Eq. 163.2—PrerareD by several different pro-
cessos i— . .

1038, 1. By pouring hydrochlorate of antimony into a large quantity of water,
it is resolved into two salts, a hydrochlorate with great excess of acid which re-
mains in solution, and  subhydrochlorate compesed of 9 egs.,of oxide and 1 of
acid according to Phillips, which is precipitated. The latter has generally been
called Oxide of Antimony, and has long becen known by the name of PownEer
OF ALGAROTH ; it is also termed OXYCHLORIDE, some regarding it as a compound
of the sesquioxide with a little sesfuichloride. All the acid may be removed
from it by a solution of potassa.

3039. 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
oxygen and takes fire, ’

1040. II. By deflagrating equal Wweights of nitrate of -potassa and sulphuret of

) antimony. The sulphur and antimony receive oxygen from the nitrate; potassa

? ig\ removed by water, the oxide has a dark brown colour, from being mixed with

~sbiaé sulphuret of antimony. It is, in this condition employed in the process of
thé Edinburgh College for the proparation of tartar emetig; and was formerly
called Crocus of Antimony.

1041. IIIL. By heating sulphuret of antimony slowly in the air, when most of
the sulphur is burned away and the antimony oxidated. By fusing this oxide in
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a crucible it forms a vitreous mass when cold, and is called GLASS oF ANTIMONY.
A little undecomposed sulphuret communicates a deep brownish-olive tint.

1042. IV. By boiling metallic antimony with aqueous sulphuric 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, whith may be advantageously employed according to Phil-
lips in the same manner as the preceding oxides.

1043. ANTrMoNIOUS ACID (DEUTOXIDE OF ANTIMONY). —Formed by exposing
the oxide to heat and air, or by expelling by ared beat aportion of oxyggn frog
the peroxide. White, insoluble in acids, combines with alkalis, not melted nor
volatilized by heat.

1044, ANTIMONIC Acip (PEROXIDE OF ANTIMONY).—Symb. £Sb2.—Prepared,
in combination with water, by heating metallic antimony with nitric acid to
dryness, then washing it with water. At 600°, the water is expelled and it be-
tomes yellow.

1045. OxipE o ANTIMONY wiTH PHOSPIATE of LIME, or ANTIMONIAL
PowpER.—Usually regarded as a mixture of peroxide of antimony and phos-
pha.t.e of lime. Prepared by houtmg sulphuret of antimony mixéd with harts-
horn shavings in contact with air, the sulphur and all the animal matter in the
hartshorn shavings being burned away, while the untunony is oxidated and left
with the phosphate of lime. A variable proportion of sesquioxide is found in
it, and hence a variety of its action.

1046. SESQUISULPHURET OF ANTIMONY.—Symb. 9¥8b%—Coleur bluish-grey,
texture crystalline and striated.  Precipitated of a bright orange colour by hy-
e osulphuric acid from solutions of antimony, but becomes of the usual colour
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 liguid cools, which is ¢alled K¥rMEs MINERAL)
consisting of sulphuret of antimony associated with water, and generally with va-
riahle proportions of oxide of antimony and a portion of potassa. Dilute sulphu-
ri¢ acid added to the remaining fluid precipitates GoLDEN SULFHUKET OF ANTI-
moNY, which contains more sulpbur than Kermes mineral and no potassa. If the
dilute sulphuric acid be added to the solution in potassa while hot, the compound
usually termed PRECIPITATED SULPHURET OF ANTIMONY is formed.

1048. TARTRATE o¥ ANTIMONY AND Potassa, or TarrEr Emeric.—Eq.
360.36 = 1 cq. of bitartrate of potassa 180.16 + sesquioxide of antimony 153.2
+ 3 eqgs. of water 27. Prepared by boiling the bitartrate of potassa and sesqui-
oxide of antimony in water, afterwards filtering the solution and crystallizing.
& he crystals are transparent and colourless, but become opaque by kecping ; its
primary form is an octohedron wiﬁ a rhombic base. Soluble in 3 parts of boil-
ing and in 15 of cold water ; its solution roddens litmus feeblyy 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
Peruvian bark, hydrosulphuric acid, and hydrosulphurets. Astringent vegeta-
ble solutions generally precipitate a compound of tannin and oxide of antimony.
A solution of sulphate of magnesia does not decompose tartar emetic.

1049. SESQUICHLORIDE, or BUTTER oF ANTIMONY.—Symb, Cl138b2.—Formed
witl combustion when antimony filings are thrown into chlorine, or by sub-
jecting them to heafywith bichloride of mercury, when it is separated by distilla-
tion. It has the consistence of butter at common temperatures. Rose prepared
a bichloride by the action of hydrochloric acid with the peroxide. :
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1050. HYDROCHLORATE OF ANTIMONY is formed when the sesquisulphuret of
antimony is heated in common hydrochloric acid. Part of the water and the
sesquisulphuret being decomposed, sesquioxide of antimony is formed, which
combines with the hydrochloric acid, and hydrosulphuric acid gas escapes.

1051. Tests of Antimony.—This metal is particularly dlshngmshed by the bright
orange coloured precipitate which solutions of its oxide give with hydrosul-
phuric acide Dr Turner recommends the precipitate to be collected and decom-
poscd by heating it in a glass tube, and passing hydrogen gas over it; the sul-
phur hging removed by the hydrogen, the metal is procured in a pure form.

CHAP. VI. TIN.

1052. Symb. Sn.—Eg. 53.9.—Sp. gr. 7.3.—Fuses at 442°. Lustre 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 & minute state of division it is melted and poured into
& 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, PREPARED from the native oxide, its oxygen being removed by chatcoal.
The purer kinds of tin are usually called GrAIN TIN, and the other RLOCK 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 hydrochlorie acid, by measure, the surface as-
sumes a crystalline 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. Ox1DE or ProTOXIDE OF TiN.—Symb. *Sn.—Eq. 66.9.—Insoluble in wa-
ter, dissolved by potassa, burns like tinder when heated in the air. Has a great
attraction for oxygen and chlorine ; its salts precipitatc many metals from their
solutions. Prepared by heating the carhonate to redness, excluding air.

1057. BiNoxipe or PErROXIDE oF TIN.—Symb. :Sn.—Eq. 74.9.—Insoluble in
water, soluble in a solution of potassa. Inmsoluble in nitric acid after it has been
heated. Colour yellowish-white. Its salts have no deoxidating propertics like
those of the oxide.

1058, PrREPARED by heating tin or oxide of tin freely in the open air; or by
adding a solution of potassa to permuriate of tin. A sesquioxide, composed of
the two preceding oxides has been described.

1059. SvrLPHURET oF TiN.—Symb. SSn.—Formed by heating tin and sulphm-,
or by the action of hydrosulphuric acid on oxjde of tin in solution. Sec 711. .

1060. BisuLPHURET oF TiN is prgpared by heating cqual weights of sulphur
and peroxide of tin ; 1 part of hydrochlorate of ammonia added to 4 of the mixture,
promotes its production. It forms a®crystalline scaly mass, a.ud from its colour
and lustre is often called mosaic gold.

1061. HYDROCHLORATE or MURIATE OF TIN in solution is much used as a deoxi-
dating agent. Prepared by heating tin in common hydrochloric acid so long as
hydrogen gas is evolved. The hydrogen disengaged has an offensive odour, from
the presence of arsenic, sulphur, or other impurities which it derives from ordi-
nary tin.

1062, BIPERHYDROCHLORATE Or BIPERMURIATE oF TIN is procured by the
action of nitric and hydrochloric acids on tin ; a violent reaction takes plu.ce un-
less the tin be added in small portions at a time. Procured also by exposing a
solution of the hydrochlorate to the action of the air for a length of time.
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1063. BicuLorIDE oF TIN or FuMmine Liquor oF Lisavivus, is obtained by
distillation from 1 part of mercury, 6 of tin, and 33 of bichloride of mercury. It
becomes biperhydrochlorate by the action of water.

1064, Tests of Tin in solution.—The oxide precipitates solutions of gold, plati-
num, and mercury. Hydrosulphuric acid gives a brown precipitate. Potassa pre-
cipitates the oxide, and an® excess dissolves it. The peroxide gives a yellowish-
coloured precipitate with hydrosulphuric acid.

- CHAP. VII. BJSMUTIL

1065. Symb. Bi.—Eq. 71.5.—Sp. gr. 9.85.—Melts at 496°, and volatilized by a
strong heat. Brittle, highly crystalline ; colour whitg, with a shade of red.

1066. OxipE oF BismutH.—Symb. ‘Bi.—Colour yellow; fusible. Prepared
by heating bismuth in contact with air, or by the action of potassa with the ni-
trate of bismuth, the nitric acid being removed by the potassa and the oxide pre-
cipitated. -

1067. TrRINITRATE oF BismurH, called also SUuBNITRATE or MaGisTery of
Bismura.—Symb. N + 3°Bi.—White, insipid, insoluble in water.

1088. PrePARED by pouring a solution of nitrate of ggismuth into a large quan-
tity of water, being immediately precipitated: mosf of the acid, with a little
oxide, remains in solution. .

1069. N1TRATE oF BIsMUTH is preparcd by the action of diluted nitric acid
with bismuth. The metal is oxidated by part of the agid, binoxide of nitrogen
being cvolved, and the oxide combines with the undecomposed acid.

1070. Tests of Bismuth.—Distinguished by the nitrate being so easily decom-
posed with water, and the dark coloured sulphuret which the oxide gives with
hydrosulphuric acid ; the oxide precipitated by potassa is reduced wjth great fa-
cility on charcoal by heat, when the metal is easily recognised by its fusibility
and brittleness.

CHAP. VIII. MANGANESE.

1071. Symb. Mn.—Egq. 27.7.—Similar in appearance to iren. Brittle, fused
with difficulty, attracts oxygen from air and water. PREPARED by decomposing
the oxide with charcoal in a crucible lifed with charcoal.

1072. Oxides of Manganese.—Ox1DE or ProTox1DE.—Symb. ‘Mn.—Colour green,
attracts oxygen rapidly when heated, forms colourless salts with the acids. Pre-
pared by transmitting hydrogen gas over any of the other oxides heated in a tube.

1073. BiNoxiDE or PEROXIDE.—Symb. :Mn.—Found native in abundance,
Used principally in the preparation of oxygen, chlorine, and flint-glass.

1074. MANGANESIOUS AcIp,—&ymb. $Mn,

1075. MaNGaNgsic Acin.—Symb. “iMn.~*When binoxide ofemanganese and
nitre are heated, a compound is obtained callgd the mineral caAMELEON. 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 coloured compound is formed b the
manganesious compound attracting oxygen from the air or water.

1076. SEsquUIOXIDE or DEUTOXIDE 0F MANG ANESE.—Symb. iMnt.—Eg. 79.4.—
Formed when the peroxide is exposed to heat, as in the preparation of oxygen gas.

1077. Rep OXIDE oF MaNGANEse.—8ymb, -iMnS,

1078. VARVICITE.—~Symb. iMn?,

1079. Sulphate and hydrochlorate of manganese are formed during the prepa-
ration of oxygen and chlorine gases.
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1080, Very pure hydrochlorate of manganese s procured when hydrochlorate of
ammonia is’heated with peroxide of mangancse, dissolving it afterwards in water.

. Tests of Manganese.
1081. FERROPRUSSIATE OF JoTAssA gives a white precipitate. The oxide

precipitated by alkalis gives an amethystine tint to borax lLecated at the blowpipe.
1082. H‘ydrosu]phate of Ammonia gives a pale rose-coloured precipitate.

“ ° CHAP. IX. CHROMIUM.

1083. Symb. Cr.—Eq. 28.19.—Sp. gr. 5.9.—Brittle, fused with difficulty.
Colour white, with a slight yellow tint. PrepareD by heating intensely oxide
of chromium with charcoal.

1084. TERDINOXIDE or SESQUIOXIDE often called OxipE or CHROMIUM (PRO-
ToXIDE).—Symb. iCr®.—Colour green ; combines with acids, forming salts, which
are generully of a greenish tint.

1085. PREPARED by heating CHROMATE OF MERCURY to redness in a crucible.
The oxide of mercury is decomposed and expelled, along with part of the oxygen
of the chromic acid, the ’xide of clirome being left. When salts coutdining
chromic acid arc heated with sulphuric acid and any deoxidating substange, as
alcohol or sugar, a green tintis generally produced, oxide of chrome being formed.

1086. CarBoNATE oF CuroMIUM has a finc greenish-blue colour. It is pre-
pared by boiling bichromgte of potassa in solution with sugar, separating the
brown matter that is precipitated, and boiling it with carbonate of potassa (Mr
T. Thomson). N

1087. Curomic Acip.—Symb. iCr.—Eq. 52.19.—Colour deep red. Deliques-
cent, solublg in water, crystallizable. Docomposes hydrochloric acid, and libe-
rates chlorine y the resulting fluid dissolves gold in the same manner as the ni-
tro-hydrochloric acid.

1088. PrEPARED by heating fluor-spar, chromate of lead, and aqueous sulphu-
ric acid, passing the gascous compound so procured into water, and heating it in
a platinum cracible.  The acid and fluor-spar give hydrofluoric (696) and chromic
acids with the water, the hydrofluoric acid being expelled and the chromic acid left.

1089. CHroMATE oF Potassa.—Coldar yellow, very soluble, crystallizable.
Prepared by heating chrome iron-ore with nitre, dissolving the resulting soluble
matter, and crystallizing. The nitre converts the oxide of 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. BicEROMATE OF Porassa.—Colour ruby red; soluble in 10 parts of
cold water, crystallizable. Formed when th® solution of the chromate is mixed
with sulphuric qr some other acid, %hich combines with part of the potassa, cry-
stallizing by spontaneous evaporation. Its solution is much employed, accord-

“ing to Mr Ponton’s process for staining paper for photogenic drawings, this paper
being darkened by the action of light.

108l. CaroMATE oF LEAD.—Colour brilliant yellow. Insoluble. Preciei-
TATED when chromate or bichromate of potassa mixes in solution with a salt of
lead.

1092. DicHROMATE oF LEAD, commonly called SuBcaroMaTE oF LEAD.—
Prepared by boiling the chromate of lefll in & solution of potassa or lime-water,
which removes one-half of the chromic acid, and leaves the dichromate of a fine
orange oolour. . ¢

1093. CHROMATE OF MERCURY.—Orange-red colour, PRECIPITATED when
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a solution containing chromate of potassa is mixed with a solution of nitrate of
mercury (nitrate of the protoxide).

1094. CHROMATE OF SILVER has a purplish-red tint; it may be procured by
precipitation on mixing solutions of chromate of potassa and nitrate of silver.

1095. CavorocHroMIc Acip.—When agueous sulphuric acid is mixed with
common salt, hydrochloriv ucid gus is evolved (647) and sulphate of soda left ; if
bichromate of potassa and an additional quantity of sulphuric acid be added to the
mixture for producing hydrochloric acid, sulphate of potassa is Yormed, and
ehromic acid disengaged. The hydrochloric and chromic acids produce the (,hlo-
rochromic acid; and as they are believed By some chemists to decompse eath
other completely, all the oxygen of the chromic acid being removed by hydrogen
fromn the hydrochloric acid, the compound that results may be more correctly term-
¢d TERCHLORIDE oF CHROMIUM. It is very volatile; fluid; has a brilliant ruby
colour ; decomposes water, producing chromic and hydrochloric acids. It acts
violently with numecrous substances containing much hydrogen, as alcohol, ether,
and ammonia ; the chlorine combines with hydrogen, forming hydrochloric acid,
and the chromium, taking oxygen, forms oxide of chrome. ,Heat and light are
evolved during the reaction. A similar compound has lately been procured by
Mr*Giraud, iodide of potassium having been substignted in the above mixture
for ghloride of sodium. It has been considered a tériodide of chromium,

1096. FrvocHROoMIC AcIb 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 hydroftuoric and chromic agids which are evolved, as
between the hydrochloric and chromic acids, according to the explanation given
i the preceding paragraph.  TERFLUORIDE oF ¢HROMIUM may therefore be con-
sidered a more appropriate name.

CHAP. X. COBALT. °

1097. Symb. Co.—Eq. 29.5.—Sp. gr. 8.5. Brittle; colour grey, 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. Prerarep by heating the oxalate of cobalt, carbonic acid being disen-
gaged as the oxide and the oxalic aci®l are decomposed, metallic cobalt being
left. The oxalate is procured by the action of oxalic acid on the carbonate,
which is precipitated when the carbenate of potassa is added to the hydrochlorate
of cobalt.

1099. OxIpE oF CoBALT.—Symb. ‘Co. The oxide is grey when dry, but if it
b(, PRECIPITATED from solutions of its salts by potassa, it has a bluish colour, &
portlon of water being precipitdted along with it. The salts of cobalt bave
usually a reddish colour. Other oxides have been described, but they are of
less importance. Zaffre is the impure oxjde 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 the vitreons
blue compound named sMaLT, much used in colouring glass. .

1100. HYDROCHLORATE oF CoOBALT is soluble, of a reddish colour in solution,
but blue when dry. It is used as a sympathetic ink; traces, invisible at first, be-
coming blue by heat. If mixed with common salt, traces drawn with the solu-
tion become of a fine green when heatéd. The change of culour centinucs only
50 long as the heat is continued, and the material kept quite dry; if heated tog’
much, they become permanently dark. Nitro-hydrochloric acid is generally used
as a solvent of cohalt.
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CHAP. XI. ARSENIC.

1101, Symb. As.—Eq. 37.7.—8p. gr. 5.7. Steel-grey colour, brilliant lustre,
but soon tarnished by the air. Volatilizes at 360°, producing a garlic odour;
inflames at a high temperature, if freely exposed toair, producing arsenious
acid,

1102. PREPARED by heating arsenious acid with charcoal; the carbon takes
the oxygen of the acid, and the metal is converted into vapour, which must be
protected from the air as it is condcnsed. On the small scale, a tube is em-
ployed; when larger quantities are used, the mixture is put into a crucible, and
another crucible inverted gver it to condense the metal.

1103. Oxipg or ProToxipE oF ARrsENIC.—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. ArsEN1ovus Acip (WHITE OxipE, BiNoxIDE, or DEUTOXIDE or AR-
8ENIC).—Symb. ;As? = arsenic 75.4 + oxygen 24.—Lq. 99.4.—Sp. gr. 3.72. Ob-
tained in the form of solid, semitransparent masses, which become opaque by
keeping, and exposure to the air. Volatilizes at 380°; produces no garlic odBur ;
condenses in small octohedral erystals, which have a brilliant adamantine lustre.
At a red heat it is resolved iuto metallic arsenic and arsenic acid. Solublg in
13 of water at 212°, 5-8ths being again deposited in crystals as it cools. Cold
water mixed with arseniogs acid takes up only 1-100th part. The presence of
organic substances 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 fecbly on many vegetable blues, but reddens litmus.

1105. PRERARED during the roasting of ores of cobalt and other metals, the
metallic arsenictbeing 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 Arscnic. It is recognised
in the following manner :—

1106. I. WHEN SoL1p.—By the crust of metallic arscnic which it gives when
heated in a tube with charcoal, and the various properties described in 1101,
which the metallic crust presents. The Black flux is often used instead of char-
coal, but charcoal, as Dr Christison remarked, is preferable; metallic arsenic
sublimed in a small tube may be recognised by its appearance, even when it
does not exceed the 300th part of a grain,

1107. ILWHEN 1N soLUTION.—HYDROSULPHURIC ACIp PROCESS.—By passing
hydrosulphuric acid through the solution, drying the yellow compound of sul-

phur and arsenic which is thus ipitated, and heating it with dry carbonate of
soda, a crust of meetallic arsenic is procured, possessing 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 hydrosulphuric acid, and a yellow sesquisulphuret of arsenic is pre-
cipitated; the carbonate of soda is decomposed by the sulphuret, carbonic acid
and oxygen escaping, while the sulphur combines with the sodium. The metal-
fic arsenic is then sublimed; the whole of the arsenic is not procured, however,
s4's portion of the metal remains combined with part of the sodium.

1109, AN EXOESS of HYDROYULPHURIO ACID must be avoided, as it would pre-
vent a portion of the yellow cqgipaund from being precipitatpd. By boiling the

liquid any exceés is ?mllﬂ?.:..%b
1110, Any Fimg"aLEALI il*Solution must be neutralized; it would prevent



TESTS OF ARSENIOUS ACID. 123

the precipitation of the yellow sulphuret. Hydrochloric or acetic acid is gene-
rally used, and added till slightly in excess.

1111. ArsENURETED HYDROGEN ProcEss.—A new and very valuable test has
been successfully introduced by Mr Marsh. It consists in producing hydrogen by
zine, water, and sulphuric, acid, in any solution suspected to contain arsenic:
whatever it may be associated wlth in solution, the nascent hydrogen dissolves
the metallic arsenic, producing arsenureted hydrogen. If this gas hg inflamed
as it issucs from a small orifice into the air, it deposits arsenious acid or me-
tallic arsenic upon any cold object brought in contact with the flame, ag glass
or porcelain.

1112, When the quantity of metal is very mmutc, and not very distinct, it
may bo oxidated by heating it, when arsenious acid mmy often be seen in bril-
liant crystals; and after boiling them with a drop of water, the liquid tests may
be applied.

1113. By liquid tests, none of which singly are now relied upon, unless the ar-
senious acid has been removed by preceding processes from all substances that
might have been present, and which would have interfered with their reaction.
A dgop of AMMONTACO-NTTRATE oF sILVER added to a very small portion, pro-
duces a yellow precipitate of arsenito of silver. A drgp of AMMONTACO-SULPHATE
oF ceppPER, added in the same way, produces a grass-green compound, arsenite
of copper.

1114. These AMMoN1ACAL TESTS are prepared by adding ammonia to solutions
of nitrate of silver and sulphate of copper, until the ®kide, precipitated at first,
«hall have been almost entirely redissolved. An excess of ammonia must be
avoided, the arsenites of copper and silver being both soluble in an cxcess 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 sodn introduced
afterwards to detach the acid from these salts, and allow the arsenious acid to
act upon the oxides of silver and copper.

1115, Arscnious acid has too fueble an attraction for these oxides to separate
them from any of the stronger acids.

1116. In examining liquids, suspected to contain arsenious acids, with ammo-
niaco-nitrate of silver, it must bo recoll‘ected that PHOSPHATE OF sopA in solu-
tion precipitates phosphate of silver, similar in colour to arsenite of silver; but
the precipitate is smooth and uniform, that of the arscnite of silver is curdy.

1117. Again, if much hydrochloric acid or common salt be also present, much

chloride of silver is precipitated, and any arsenite of silver is not then observed
witbout the aid of another process.
« 1118, In using the salt of coppes, the precipitate induced by an alkali, may be
rendercd green from other causes than the yresence of arsenious acid, as a yel-
low colour in the fluid under examination, ‘through which th% blue hydrated
oxide will appear green like arsenito of cofper.

1119. Mr E. Davy uses platinum in precipitating arsenic, touching it with
zinc. The arsenic adheres to the platinum, but may be separated by heat.

1120. Many othor substances have been recommended as tests of arsenious
acid, but 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 endeavouring to detect. arsenious acid in
such liquids.

1121. LIME-WATBR gives & white preclpxtnte with arsenious acid.

1122, BicHROMATE oF PoTassa in solution becomes slowly green, from the
deoxidation of part of the chromic acid.
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1123. NrtrATE oF PoTassa 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 any frge alkali neutralized by nitric acid; and nitrate of silver added to the
solution gives a BRICK RED precipitate of ARSENIATE OF SRILVER.
.. 1124, Astringent solutions, vincgar, hydrosulphuric acid water, alkaline hy-
drosulphurets, and other substances, have been proposed as ANTIDOTES TO ARSE-
NIc, but no dependence is placed upon them. Of late, however, the newly pre-
cipitated and hydrated pegoxide of iron has been recommended for this purpose,
producing arseniate of iron, which is comparatively inert and insoluble; it has
been found to be more successful than any antidote previously noticed.

1125. ArSENITE OF Porassa in solution is formed when arsenious acid is
boiled in water with an equal weight of carbonate of potassa; 4 grains of arse-
nious acid are contained in each ounce of fluid; it is usually called FowLER’S
SoLuTION, or LIQUOR ARSENICALIS.

1126. ArsENIc Acrp.—Symb. :iAs%.—Eq. 115.4 Obtained by heating arsenious
acid with nitric acid, and cvz'xporating till a syrupy fluid is procured, which.must
be afterwards heated to redness to expel any excess of acid. If the arsenious
acid be first dissolved in hydrochloric acid, and then treated as above, arsenic
acid is procured more reac'ily. .

1127. ArseENIc combines with CHLORINE, when thrown in a minute state of
division into this gas. Heat and light are evolved during the combination.

1128. HyproaeN and ArskNic combine in different proportions. The com-
pound that has attracted most attention is the ARSENURETED HYDROGEN Gas,
which is quickly evolved when an alloy of tin and arsenic is dissolved in hydro-
chloric acid. It is colourless, inflammable, has an offensive odour, and is exceed-
ingly poisonouns. Two fatal accidents have occurred from small portions having
been received into the lungs. No gas requires more caution in its preparation,
50 a8 to prevent accident. Symb. H3As?% The HYDRURET is solid.

1129, Surraur and ARSENIC combine in three or four proportions.

1130. SULPHURET OF ARSENIC (RED SULPHURET, or REALGAR). Symb. SAs.
Formed by heating arsenious acid with 2-5ths of its weight of sulphur, the oxy-
gen of the arsenious acid being removed by part of the sulphur. ORPIMENT
(YELLOW SULPHURET OF ARSENIC, or KiNg’s YELLOW). S3As?. Formed when
equal weights of sulphur and arsenious acid are heated, or by the action of hy-
drosulphuric acid on arsenious acid in solution. s

1131. A PERSULPHURET has also been described, and different compounds of
arsenic and chlosine, but they are less important. The butt# or fuming liguor of
arsenic is a sesquichloride, and may be formed by throwing metallic arsenic into
chlorine, combustion taking place as they come in contact; or it may be pro-
cured by distillation from a mixture of arsenic and bichloride of mercury.

CHAP. XII. NICKEL, VANADIUM, ¢&e.

1182. The remaining metals belonging to this class are not so frequently me¢
with as those which have been already described.

1183, Nicker.—8ymb. Ni—Eq. 29.5.—8p. gr. 8.8. 'Whjte, malleable, duc-
tile, 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 re-
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duced by heat alone, by some chemists, it appears that the propriety of this ar-
rangement is doubtful, and inany have placed it amongst the metals of the pre-
ceding class. n

1134, The nitric and nitro-hydrochloric acids are the best solvents of nickel. So-
lutions of its salts have a fine green colour, and give an apple-green precipitate
of the oxide when decomposed by putassi. Ammonia in excess redissolves the
oxide, and gives 4 blue coloured svlution, similar, but not so deep agethat pro-
duced by solutions of copper with ammonia.

1135. Vanapiuym is procured from some oves of ivon and lead. SymbsV.—s
Eq. 68.5.

1136, C'apmivy is usually obtained from ores of zinc. Symb. Cd.—Egq. 55.8.

1137, TunesTiEN or WoLKFrAM is a very heavy metdl, which is prep:ired from
tungstic acid. Symb. W.—Eq. 94.8.

1138. MoLYBDENUM is obtained from the mative sulphuret, which resembles
plumbago in appearance. Symb. Mo.—1iq. 47.9.

1139, Cerrum is found in the mincrals called Cerite and Allanite. Symb.

te.—Jq. 46.

1140. Cornumpium or TaNTALUM was discovered in the Tantalite, Ittrotanta-
lite, and other minerals. Symb. Ta.—FEq. 1848 .

1141, Trrnuriom has been extracsed prineipally from some ores of gold and
silver.  Symb. Te.—Eq. 64.2.

1142, TrraNtuv has been procured from Titanite, and also from the slag se-
parated during the preparation of iron from some of s orcs. Symb. Ti—Eg.
2365,

1143, Urantum is prepared from pitch-blende, which contains oxides of tita-

ninm and of iron. Symb. U.—Eq. 217.2.
L]
L

2. COMMON METALS WHOSE OXIDES ARE REDUCED BY HEAT ALONE.
CTIAP. I. MERCURY OR QUICKSILVELQ.

1144, Symb. TIg~ Fq. 203.— Sp.gr 13.5.—Frcezes at— 39,5, contracting much
during congelation ; malleable when solid.  Boils at 650°, Liquid, brilliant
white meotallic lustre, forms round glo‘ml(-s, which divide readily and coalesce
with facility when brought in contact. Tarnishes quickly when cxposed to
the air if impure, small portions of other metals dissolved in it being oxidated,
and forming a crust at its surface.

1145, PrREPARED from CINNAD \R, the native of bisulpliuret of mercury, which,
en the small scale, is heated with,lime, iron, or carbonate of potassa or soda;
these remove the s\gphur, and the mercury iy separated by distillation.

Fig. 39. ¢ -
Materials. .

Products.
235.2 Bisulphuret of {Mcrcury 203

203 Mercury.
Sulphur 16.1

Mereury . . Sulplhur 16.1
Iron . . . .. . ... 28 44.1 Sulphuret of Iron.
Irom . . . . ... . 28 44.1 Sulphuret of Iron.

Symb. 28 + Hg&2Fe=Hg&2SFe.

1146 Puririeo from any metals which may have been dissolved in it, by
slow distillation ; legving afterwards in contact with it sulphate or nitrate of
mercury in solution, previously mixing with an excess of acid, and frequently
agitating them together. The metals with which it is commonly adulterated
are lead, tin, bismuth, and zinc, and u minute portion of any of these which may
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have been carried over accidentally during the distillation, is oxidated and se-
parated from the pure mercury by the salt employed.

1147. Ox1pr (or ProToXIDE) oF MERCURY, commonly called GREY, AsH, or
Brack CoLovRED Oxipk oF MERCURY.—Symb. ‘Hg = mercury 203 + oxygen
8.—Eq. 211.—Insoluble in water and hydochloric acid, dissolved by acetic acid.
Prepared by adding potassa, soda, or lime-water, to salts containing oxide of
mercury ; formed also by mixing lime-water, with the chloride of mercury. Tho
hydrogen of part of the water unites with tho chlorine and produces hydrochlorje
«cid, which remains in solution 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 binoxide of mercury.

¢ Fig 40.
Materials. Products.
28.5 Lime . . . . . . 28.8 -~~~ ~--—_,66 Hydrochlorate of Lime,
9 Water Hydrogen 1 P

. Oxygen . 8 _><T-~
238.5 Chloride of { Chloride 35.5.-”
Mercury . | Mercury 203 _____ \211 Oxide of Mercury.

Symb. C1Hg& H&* Ca = HCl+-Ca& Hg.

\d

1148. Mercury treated with manna or lard, till the globules disappea?, 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. BiNoxinE or P#roxine oF MErcURY.—iHg = mercury 203 + oxygen
16.—Eq. 219.—Red, shining, crystalline, very sparingly soluble in water, and
commonly said to be insoluble; twins feebly to a green .some of the vegetable
blues, When precipitated from its aqueous solutions, it occasionally presents
a yellow coleur from the presence of water in combination.

1150, PREPARED on decomposing bipernitrate of mercury by heat, all the ni-
tric acid, with the exception of a very minute quantity, being decomposed and
expelled. It is of a dark colour when hot, but appears in the form of brilliant
red scales as it cools; it ix often called REp PRECIPITATE when procured in this
manner. 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 8E (by itself).

1151. N1TRIc Acip AND MERCURY.—Several compounds of nitric acid 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 ex-
cess, not diluted, and the action assisted by heat, peroxide of mercury is always
formed, united with a large quantity of acid ;ethe comnpound may be termed B
PERNITRATE OF MERCURY, Supposing it to contain 2 egs. of geid and 1 eq. of per-
oxide of mercury. But if the mercury be in excess, the aciﬁilute’ﬁ, and the ac-
tion allowed to proceed at natural tdmperatures, oxide of mercury is alone ob-
tained in combination with the acid; and if 1 eq. of acid be combined with the
oxide, then the compound is termed simply N17RATE oF 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 che-
mists a8 & DIPERNITRATE oF MERCURY = 2 egs. of peroxide + 1 cq. of acid.
There is at present a considerable difference of opinion as to the composition of
various salts of nitric acid and mercury.

1153. BIPERSULPHATE OF MERCURY.—Symb. 2iS+:H¢ = 2 egs. sulphuric
acid 80.2 + 1 peroxide 219.—Eq. 299.2.—White, crystalline. Employed prin-
cipally in the preparation of bichloride, sulphate, and persulphate of mercury.
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1154. PRePARED by boiling 2 parts of mercury with 3 of aqueous sulpharic
acid to dryness. 2 egs. of acid each lose 1 eq. of oxygen, which convert the mer-
cury into peroxide, sulphurous acid being cvolved; other 2 egs. of acid unite
with the peroxide to form the salt required. The oxcess of acid is expelled.

Tig. 41.

Muterials. * Products.
Sulphuric Acid 31;1)1;;0 nA(:-ld 3'2}.1......................32.1 Sulphurois Acide
Silphuric Acid ?)l;(l}?éle I:&m:d 3:.1.. ........._....32.1 Sulphurous Acid.
Sulphuric Acid . . . . 40.1
Sulphuric Acid . . . . 40.1

Mercary . . . . . . 203 299.2 Bipersulph. of Mercury.
Symb. 4:S&Hg = 2iS + Hg&2:8.
1155. SULPHATE oF MERCURY.—Symb. iS‘Hg = sulphuric acid 40.1 + oxide of
mercury 211.—Eq. 251.1.—Formed, according to the statements of many chemists,

when murcury is heated very gently with sulphuric acid, or bipersulphate of
mercury is mixed intimately with metallic mercury.
L]

Fig. 42.
Materials. 4 Products.
203 Mercury . . . . . . . 203 251.1 Sulphate of Mercury.
Oxygen . 8 7
. Sulph. Acid 40.1
209.2 Bipersulphate 0‘;}? cnl c.x 8 .

of Mercury Sul .
ph. Acid 40.1
* Mercury . 203 __———>>_951.1 Sulphate of Mercury.

Symb, 2i8 + :Hg&Ilg = 2iS-Hg.

1156. PersonPa\TE oF MERCURY.—Symb, iS:Hg = sulphuric acid 40.1 +
" peroxide of mercury 219.—Eq. 259.1. Commonly called Turpeth Mineral.—
Precipitated of a yellow colour when bipersulphate of mercury is thrown into
boiling water. Mr Phillips states, that it consists of 3 egs. of acid + 4 egs. of
peroxide, according to his experiments.

1157. Brsuvnrnuker or MErcURY.—Symb. S?Hg = sulphur 32.2 + mercury
203 —Eq. 235.2.—It constitutes VERmiLION, 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 Facritiovs CINNABAR when
prepared artificially.  Crystalline, and of a dull vermilion tint, when first pre-
pared and sublimed. Formed gencrally by adding mercury to melted sulphur,
and subliming the dark coloured compound which is produced. Precipitated of
a'black eolour from solutions of saits of mercury by hydrosulphuric acid; but if
too small a qgantityef the gas be used, thc’precipitate is oftep thrown down
white, double salts being produced. .

Fig. 43.
Materials. Products.
Hydrogen 1 ——————; 9 Water.
2 eqs. Hydrosulphuric ) Hydrogen 1 ~9 Water.
Acid . . . . Sulphur 16.1
Sulphur 16.1

1 eq. Binoxide of % Oxygen 8

Ox 8
Mercury . . Megcg::y 203 235.2 Bisulphuret of Mercury.

* Symb. 2HE&:Hg = 2-H&2S + H.
1158. ETHIOPS MINERAL is prepared by triturating equal weights of sulphur
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and mercury, till the metallic globules disappear. It is composed of bisulphuret
of mercury and sulphur according to Brande.

1169. CarBonic Acip has a very feeble attraction for the oxides of morcury ;.
some compounds of carbonic acid and the binoxide have been described, but the
oxide and carbonic acid cannot unite according to the opinion now entertained.

1160. AcETATE oF MERCURY is prepared by mixihg the nitrate of mercury
with a ho{solution of the acetate of potassa; it is deposited in small scaly crys-
tals as the liquid cools.

d Fig. 14.

“ M’ateria.ls. & Products.

98.68 Acetate of { Potassa . . . 47.2 —— e 1014 Nitrate of Potassa.
Potassa . . | Acetic Acid . 5148 "

265.2 Nitrate of [ Nitric'Acid .  54.2
Mercury . . | Oxide of Mercury 211 262.48 Acetate of Mer.
Symb, A-K&:#N-Hg. = 4-Hg&:iNK.

1161. CHLORIDE OF MERCURY. or (arLoMEL; formerly called SusmuniaTe
(or MiLp MuRrIATE) or MERCURY. —Symb. (‘IHg = chlorine 35.5 + mercury
203.—Eq. 238.5.—Solid, crystalline, insoluble, tasteless. Converted into vapour
at a temperaturc below reduess, but does not melt when heated. Decomposed
by solutions of alkalis and alkaline earths, produeing the oxide of mercury and
bydrochloric acid. -

1162. PREPARATION. By precipitation from nitrate of mercury and chloride
of sodium, mixed fogethdr in solution, the chloride of mercury being deposited
and nitrate of soda remaining in solution. ;

Fig. 45.
Materials. Products,
59 Chloride Of Sodium e e e 2 __._,8 7.7 Nitrate of Soda
Sodium Chlorirx,x P 1 S
Nitric Acid . . 542 -7
265.2MN1tmte of {211 Protox. { Oxygen 8 _
ercury - {of Mercury | Mer. 203 . 938.5 Chlor. of Moy,

Symb. :iN-Hg&CINa = N-Na& ClHg.

1163. In preparing the precipitated clidoride, if auy bipernitrate of mercury be
present, it produces bichloride of mercury instead of chloride, in the same man-
ner as the bipersulphate.

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 mercury
and 1 eq. of sulphate of soda.

Fig. 46. ©
Materials. @ . Products.
211 Protox. { Mercury 203 238 5 Chlor. of Mer.
251 %&ﬂp“‘ of ) of Mercury { Oxygen 8
erewry | Sulphuric Acid . .  40.1

59 Chloride of {Chlotine v e o . 355,
Sodium Sodium . . . . 235 71.6 Sulph. of Soda.

Symb. 18- Hg&CINa = i$-Na&ClHg.
1165. By suBLIMATION from a mixture of 1 eq. of bichloride of mercury and

1 eq. of mercury, when 2 egs. of calome} are formed. Symb.2Cl+Hg&Hg =

2C1Hg.
1166. If mercury be brought in contact with chlorinc at natural temperatures,

the chlorine is absotbed, and a similar compound formed.
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1167. Calomel is generally mixed with a little bichloride of mercury when
first prepared, which is removed by water.

1168. BicHLORIDE oF MERCURY, or CORROSIVE SUBLIMATE.—Symb. CI?Hg.
—Egq. 274.—Solid, semitransparent, crystalline; converted easily into vapour by
heat, condensing in a cake formed of prismatic crystals. Soluble in 20 of cold,
and in about 3 of boiling water ; soluble also In alcohol and ether. 2 egs. of water
are decomposed by 1 eq. of bichloride, 2 of hydrochloric acid and 1 .gf binoxide
being formed, which remain in union. But when decomposed by solutions of
fixed alkalis, and alkaline earths, binoxide o.f mercury is precipitated, while com-
pounds of hydrochloric acid and the precipitating agent remain in solutioR.

Fig. 47.
Materials. » Products.
Hydrogen 1 _-______;,36.5 Hydrochloric Acid.
9 Water x 2 {léli'grggien | R—— ><-536.8 Hydrochloric Acid.
Oxygen 8 o

Chlorine 35.5.7°
274 Bichloride { Chlorine 36,5~
Mercury 203 219 Binoxide of Mercury.

Symb, 2C1 + Hg&2-H = 2HCl +:Hg.

1169. The following diagram explains the manxer in which the biperhydro-
chlorate may be again converted in bichloride and water :—

Fig. 48. -
Materials, Products.
Hydrogen 1 »9 Water.
2 egs. of Hydrochloric YHydrogen 1 —____,27,9 Water.
Acid Chlorine 35.5 e
Chlorine 35.5 9l ?

L)

1 eq. Binoxide of ,8:;5:2 g i
-

Mercury ( Mercury203 274 Bichloride of Mercury.
Symb. ZHCI + :Hg = 2C1 + Hg&2-H. '

1170. Albumen precipitates calomel, or binoxide of m.reury according to re-
cent experiments, combining with it,%ind forming an inert compound; hence
albumen is used as an antidote to bichloride of mercury.

1171. Prrrarep by heating 1 eq. of bipersulphate of mercury with 2 of chlo-
ride of sodium (common salt); 2 egs. of sulphate of soda arc formed, and 1 of
bichloride of mercury is sublimed.

Fig. 49.
. Materials. N Products.
a gercury .« . 203 hd 274 Bighloride of Mer.
299.2 Bi xygen . .
B P benphiate J gulphuric Acid 40.]

Ox; . . 8
Sulphuric Acid 40.1
Chlorine . . 35.5
118 Chloride of So-
dium = 59 x 2

Chlorine . . 35.5.
Sodium . . 23. 71.6 Sulphate of Soda.
Sodium . . 23.5 71.6 Sulphate of Soda.

Symb. 218 + :Hg&2CQINa = 2iS-Na&2Cl + Hg.
*172. HYDROCHLORATE OF AMMONIA AND MERCURY has been regarded as a
vompound of hydrochloric acid, ammonia, and binoxide of mercury ; but Dr Kane

conjectures that it is a compound of bichloride of mercury and binamide of mer-
1
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cury, the binamide being formed by the deoomposmon of ammonia, and repre-
gented by 2NH?+ Hg. It is formed when ammonia is added to a solution of
the bichloride of mercury, or when potassa or its carbonate is added to the bi-
chloride previous]y dissolved in a solution of hydrochlorate of ammonia. It is
often called SAL ALEMBROTH, or the WHITE PRECIPITATE of MERCURY.

1173. IopIDE OF MERCURY.—Symb. IHg.— PRECIPITATED agn yellow powder
(with a tin{.of green) when nitratc of mercury is mixed with a solution of iodide
of potassium, nitrate of potassa remaining in solution. It may also be procured
by tritprating mercury and iodine in, equivalent proportions, adding a little spirit
of wine.

1174. BiN1oDIDE or PerIopiDE oF MERCURY.—Symb. I*Hg.—PrECIPI-
TATED when bipernitrate qr bichloride of mercury in solution is added to a solu-
tion of iedide of potassium.  Formed, also, when iodine and mercury are heated

wiogether. It has a fine yellow or crimson colour; the yellow biniodide often
turns of a crimson colour merely ou touching it, and the progress of the crimson
tint through the whole mass may be distinctly traced. The addition of a little
alcohol facilitates the trituration, and it may then be dissolved in a boiling so-
lution of common salt to afford crystals on cooling.

-

4 Tests of Meroury.

1175. PRECIPITATED from: solutions in the metallic form by eorrER, 'rm, and
other metals; by some deoxidating salts, a8 HYDROCHLORATE OF TIN; and by
aoLD and PLATINUM, whep a drop of the solution is placed upon them, and they
are touched at the part where it rests with iron, tin, or some other very oxidable
metal. The precipitated matter gives metallic globules by heat.

1176. HYpRroSULPHURIC AcCID in excess gives a dark bisulphuret, which may
be converted, into vermilion by heat.

1177. Lime-w ater and potassa precipitate vxide or binexide of mercury. Po-
tassa in excess is often used to destroy adhering organic matter, and the metal-
lic mercury procured by beat. 'When bichloride of mercury is suspected in so-
lutions containing merely organic matter, Dr Christison recommends the bichlo-
ride to be removed hy sulphuric ether.

CHAP. II. SILVER.

"1178. Symb. Ag.—Eq. 108.3.—Sp. gr. 10.5.—Has o brilliant white colour,
and great lustre when polished. Melts at 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. 'W.cn combined with lead, which has been pre-
pared from galeria, the lead is oxidated by the action of heat and air, see Cupel-
lation, par. 1182, and the melted oxide removed, while the silver is left in a pure
form. Mr Pattinson has introduced a great improvement in this operation, re-
moving a large portion of the lead by crystallization, before he subjects the re-
mainder to the process of cupellation. If the silver be combined with sulphur,
it is separated by the process of AMaraaMATION. 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 sode. The mixture is reduced to powder,
and agitated with water, iron, and mercury ; the iron removes the chlorine, and
the mercory unites with the silver. The amalgam procured is decomposed by
heat, after the mercury mechsnically mixed with it has been separated; the
mercury being volatilised and the silver left.
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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 :—

1181. I. Dissolve the alloy in nitric acid, and precipitate the silver by com-
mon salt, as chloride of silver; the copper is left in solution. 'Wash the chlo-
ride with water, and heat’it with carbonate of potassa; the silver is procured in
a pure form, chloride of potassium being produced, while cdrbonic acid and oxy-
gen are evolved.

<1182, IL. Add lead to the alloy, and heat it on a porous cup of bone-uhes-
the copper oxidates and fuses along with ®the lead; the fused oxides Sre
sorbed by the porous cup, and the pure silver is left. The porous cup is usun.ur
termed a cUPEL, und the operation is termed cUPELLAJION. Other metals which
are not oxidated permanently by the united action of heat and air, are purified
also in this manner.

1183. II1. An acid liquid prepared by mixing 8 parts of sulphuric acid and 1
of nitre dissolves silver, but not copper.

1184. I'V. Silver may bo separated from its solutions in a metallic form by
copper, zinc, and other metals, when it presents 8 crystullized appearance. Pre-
upxtated from the nitrate by mercury, it is obtained in an arborescent form,
glvmg risc to what is commonly termed the ArBoR D1aNE, or TREE oF D1aANA ;
in this condition there is mercury associated with 1t. .

1185. Oxipr oF SILVER.—Symb. -Ag.—Solid, insoluble in water, of a dark
brownish-grey colour. PREPARED from the nitrate of silver by lime-water, ni-
trate 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 detonatmg.eompound of
silver will be described under Cyanogen.

1187. NITRATE OF SILVER, or LUNAR CausTIC.—Symb. :iN"Ag.—8olid, fusi-
ble, decomposed when heated above its fusing point. Soluble in water, crystal-
lizes in plates. Corrodes animal and vegetable matter, and is much used as an
escharotic. Tts solution in water forms marking ink.

1188. PREPARED by the action of diluted nitric acid aud metallic silver. Part
of the acid is decomposed, oxidating the silver; the rest combines with the
oxide.

1189. CHLORIDE oF SILVER occurs native; and always presents itself as a
curdy precipitate when hydrochloric acid or a solution containing chlorine is
mixed with a solution containing silver. Symb. ClAg = chlerine 35.6 + silver

«108.3.—Eq. 143.8.—White, solid, fused by heat, forming a horny looking mass
when cold; it becomes of a dark violet cojpur when exposed to light. Insolu-
ble in water, soluble in ammonia.

1190. CYANIDE oF SILVER is formed when prussic acid is added to nitrate of

silver.
1191. SvLPHATE OF SILVER 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 Silwer.
1193. A number of metgls, as copper and zinc, precipitate metallic silver from
ite solutions ; hydrosulphuric acid gives a dark coloured precipitate, and hydro-
chloric acid precipitates chloride of silver, which 1s soluble in ammonia. See
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1189, Motallic silver may be easily procured from the chloride by heating it
with an alkaline carbonate. :C-K&ClAg =:C&0&CIK&Ag.

CHAP. III. GOLD.

1194. Symb. Au.—Eg. 200.—Sp. gr. 19.3.—-Fuses at 2016° F. according to
Danicll. &olour yellow, acquires a high lustre when polished ; the most mal-
leable and ductile of the metals. Dissolved by chlorine and bromine and acid
compounds containing them in a fuee state, as the nitrohydrochloric and ni-
trohydrobromic acids. Not tarnished, nor in any way affected by the action of
air and moisture.

1195. Separated from cépper and other oxidable metals by the operation of
cupellation ; and from some of its ores it is procured by the process of amalga-
mation ; see silver. From silver it is separated by nitric or sulphuric acid.

1196. Ox1pE oF GoLp (protoxide).—Obtained of a green colour when po-
tassa is added to the ciloride mixed with water.

1197.—PeRox1DE OF GoLp.—Symb. iAu.—Precipitated by potassa from the
terchloride of gold. Many consider that it resembles acids more than oxiles,
and have termed it AurIc AciDp. Kept in contact with a strong solution of am-
monia, a detonating compound is procured, the ammoniuret of gold.

1198. TERCHLORIDE oF GorLp.—Symb. 3C1 + Au = chlorine 108 + gold 200.
—TForms ruby-coloured crystals. Decomposed at a red heat. Soluble in water,
alcohol, and sulphuric ether; the ethereal solution is sometimes used for gild-
ing, depositing metallic gold on a number of substances, more especially whea
exposed to the light. Prepared by the action of nitrohydrochloric acid with
gold, any excess of acid heing expelled cautiously by a moderate heat; at 400°
pa.rt of its cllorjne begins to escape, and cHLORIDE with terchloride of gold re-
mains. 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
different substances, as 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. Hydrochlorate of tin and metallic tin give
a purple coloured precipitate, long known by the name of the PURPLE PRECI-
PITATE OF CABSIUS.

< CHAP. IV. PLATINUM.

1200. Symb. Pt.—Eq. 98.84.—Sp. gr. 21.5. Resembles silver, but is not se
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 tempera-
ture it can be welded in the same manner as iron. Dissolved by chlorine and
nitrohydrochloric 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
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439. PRrEPARED in this condition by adding hydrochlorate of ammonia to the
bichloride of platinum in solution, and heating to redness the yellow coloured
HYDROCHLORATE OF AMMONIA AND PLATINUM which is thus precipitated; no-
thing is left but the metallic platinum in a minute state of division.

1202. The Ox1BEs oF PLATINUM are procured easily in a pure form, as this
metal is prone to form triple compounds when precipitated by alkalis from its
solutions. The binoxide has been procured by converting the bichloride into a
bisulphate by boiling it with sulphuric acid, decomposing it by nitrate of baryta,
Wwhen sulphate of baryta falls while the binoxide remains in combination with
nitric acid, part of it being ultimately soparated from the nitric acid by sdda.

1203. CaLORIDE OoF PraTINUM is procured when the bichloride is subjected
to a temperaturc of 450° A red heat expels all the ghlorine.

1204. BrcHLORIDE OF PLATINUM is formed when this metal is digested in ni-
trohydrochloric acid, and the solution evaporated to dryness with a very gentle
heat to expel excess of acid. It is soluble in water, and is the compound of
platinum generally employed where the metal is required in solution. Bichlo-
ride of platinum 18 also soluble in alcohol and ether.

1205. AMMONTURET OF PLATINUM is a fulminating compound analogous to
the ammoniuret of gold, and is prepared by combin.ing the oxidated metal with
2mIONIK.

1206. Platinum in solution tends to form man} double salts, as chloride of
potassium and platinum, which is precipitated when chlorine, potassium, and
platinumn, meet together in a concentrated solution. e

* Tests of Platinum.

1207. Hydrochlorate of ammonia gives a yellow precipitate, which leaves pure
platinum when heated; iodide of potassium gives a very dark coloured precipi-
tate, composed of iodine and platinum. Hydrosulphuric acid gives a dark brown
precipitate, which becomes dark when dry. By evaporating its solutions to
dryness, and heating the residuum to redness, metallic platinum may in general
be procured.

CHAP. V. EALLADIUM, &c.

1208. Parravivm, RHopiuM, OsMiuM, and IrRIDIUM, are metals 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, Palladium resembles platinum, but is harder and more fusible. Rho-
dium is extremely hard and extremely brigtle; its salts have gencrally a red
colour. Osmium forms with oxygen the volatile osmic acid, which may be vola-
tilized by heat, and is particularly distinguished by its odour. Iridium forms
with oxygen four different oxides, which present a great variety of tints, as they
pass into each other, by acquiring or loosing oxygen.

ALLOYS AND AMALGAMS.

1210. Alloys are compounds of metals, and when mercury forms a part of the
compound, it is usyally 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.
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1211. Brass = 3 parts of copper and 1 of zinc.

1212. Durcr Gonp and PiNcHBECK are composed of the same metals as
brass, the proportions being varied.

1213. BroNzE and GuN METAL = 8 or 9 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, PLuMBERS’ SoLDER = 1 papt of tin and 2 of lead.

1218. TiIN-FoIL 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 FusisLE ALLoY == 2 parts of bismuth with 1 of lead and 1 of
tin.

1221. GoLp CoiN = 11 parts of gold and 1 of copper.

1222, STANDARD SiLver = 12 and 1-3d of silver with 1 of copper.

1223. TiNNED IroN or TiN PLATE consists of iron coated on the surface with
tin,

1224, Many metals are often coated with gold and silver, by precipitating the
gold and silver upon them. .

1225. Amalgams conta.mmg gold and silver are often used for the same <pur-
pose, being spread upon the metals to be coated; the mercury is expelled after-
wards by heat.

1226. Eight parts of the fusible alloy with 1 of mercury form an amalgam
which is fluid at 170°.

1227. Zinc 1 part, with 1 of tin and 2 of mercury, form an amalgam much
used for the electrical machine.

1228. Alloys 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
potassium ; the carbon of the tartaric acid decomposes the potassa.
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PART IIL
ORGANIC CHEMISTRY.

1229. OraaNIc CHEMISTRY 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, not-
withstanding their number, consisting almost entirely of carbon, oxygen, hydro-
gen, and nitrogen. Carbon is found in all, and hydrogen and oxygen in much
the greater number; few vegetable matters contmn nitrogen, but it abounds in
the animal klngdom

1230. The particles in organic compounds appear to be grouped together in a
more complicated manner than is observed in the mimeral kingdom ; there is also
agsociated with thein minute and often variable proportions of potassa, soda,
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 )0,000th part
of some bodies, completely changes the character of the comp8und with which
they may be combined. The remarks already made on isomeric compounds (see
par. 68, ¢t 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 PRINCIPLES being the clements of
which they arc composed.

1232. They are all decomposed by% red heat; if previously mixed with po-
tassa, CARBONATE OF POTASSA is produced; and many of them, when subjected
to a less elevated temperature with potassa, soda, or lime, produce oxaLIC ACID,
their carbon being less highly oxygenated. The decomposition of vegetable sub-
stances by the applieation of a moderate heat, cantiously regulated so as to sus-
tain any fixed temperature that may be required, has been accompanied by very
interesting results, more especially in the hgnds of Pelouze, who has shewn that
many decompositions can thus be effected without the exclusien of carbon; and
hence the term WHITE DISTILLATION, as #he volatile products are not accompa-
nied by any dark tarry-looking matter, such as is usually observed when vege-~
table matters are decomposed by a sharp heat.

1233. Heated in the open air, their carbon and hydrogen, uniting with its
oxygen, form carbonic acid and water. The same products may be procured by
heating them with oxide of copper or chromate of lead, 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 22.12 of carbonic
acid indicating 6.18 of carbon. The nitrogen being disengaged in a free state,
its quantity is readily calcnlated when the carbonic acid has been removed by
an alkali. Minute quantities of lime, potassa, soda, iron, &c. are ascertained



136 ORGANIC CHEMISTRY-—VEGETABLE CHEMISTRY.

by examining the ash that remains after the incineration of the organic matter.
By deducting the weight of the ingredients previously estimated from the total
ampunt of matter subjected to analysie, the amount of oxygen # detcrmined.

1234. When heated, so as to exclude the action of the air, water and nume-
rous inflammable compounds are disengaged, a carbonaceous residue being left,
often very difficult of incineration. The products obfained in this manner are
said to be formed 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 toge-
ther.

1236. Organic compounds are remaarkably prone to decomposition from the
reaction of their elements, and in this circumstance differ widely from most in-
organic 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 FERMENTA-
TION. 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 érom
these agents may he preservéd for years. This is well illustrated by the mode
in which sowne kinds of provisions are now preserved for long voyages, in air-
tight packages, in which they are usually boiled for some time, so that any mi-
nute quantity of air mingled with thom may be absorbed. ,

1240. A moderate tempcerature 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 hydrogen, acetic acid, ammonia in large
quantity from most snimal and vegetable substances containing nitrogen, and a
dark coloured matter, containing a peculiar principle which agriculturists regard
as the basis of the nutritive matter of soils, and which they term Huming.
Other products are also disengaged, particularly odorous effluvia, and various
miasmata, whose influence on the animal economy is well known, though they
have hitherto eluded the most minute chémical analysis.

DIVISION I.—VEGETABLE CHEMISTRY.

GERMINATION AND VEGETATION.
11

1242. GERMINATION is the process‘by which a plant Legins 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 saccha-
rine 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 favourable temperature varies from 55° to 80°. Light retards germination.

1243, The cErM then increases, and the RADICLE descends into the carth to P
form the roots, while the PLuMULA ascends to constitute the stem.

1244. Germination cannot take place at a great depth, in vonsequence of the
sbsence of oxygen. Chlorine, by facilitating the evolution of oxygen from wa-
ter, promotes germination.
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1245. VeoeraTioN includes all those processes by which the growth of the
plant is carried on after germination. They are analogous to those observed in
the animal economy.

1246. By aABsorpTION from the soil, the roots of plants take up a large share
of nutritious matter; t.hey also receive a considerable proportion of nourishment
through the medmm of their leaves, and accordingly they can, in many cases, be
supported in this manner alone. In the latter case the carbon seemg to be de-
rived principally, if not entlrely, from the carbonic acid of the atmosphere.

“1247. By circuLATION the juices of plapts are brought to the leavgs, apd
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 pringiples are claborated from
the sap.

1249. Light hos 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
msy be considered most conveniently under the following heads.

1. Vegetable Acids.

2. Vegetable Alkalis.

3. Oily and Resinous Substances.

4. Starch, Sugar, Gum, &c.

5. Colouring Matter. ,

G. Asparagin, Uhnin, &c

7. Alcohol, and products obtained from it. Saccharine and Vinous
Fermentation.

ORDER 1. VEGETABLE ACIDS.
CHAP. I. OXALIC ACID.

1251, Symb. iC? = oxygen 24 + carbon 12.24,—Tiq. 36.24.— Solid, crystallized,
combined with water. Symb. of Cr. oxalic acid, 3-H + :C% Crystals prismatic
and flattened ; fuse at 209°, at 212° they lose 2 egs. of water, and are then sub-
limed ; 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 if the quantity of 2 or 3 drachms, and
is frequently mistaken for epsom salts. TLey may be distibguished easily in
the following manner :—

TesTs. OxALIC ACTD, 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. ANTIDOTES.—Chalk and magnesia. The oxalates of lime or magnesia
which are formed being inert.

1254, PreraramoN.—L By digesting sugar or waste, ayrups with nitrie acid,
a syrupy fluid is formed; the ¢rystals deposited are punﬁed by solution and
crystallization.
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1255. II. By henting potassa with saw-dust, or some other vegetable matters,
to a temperature between 400° and 450°, the potassa being afterwards removed
by a stronger acid. :

1256. II1. 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 sali-
fiable

1258. OxaMIDE is the name given to a compound formed by destructive dis-
tillatign from oxalate of ammonia, snd many other processes, Symb. 0*C*H?N.

CHAP. II. ACETIC ACID.

1259, Symb. 4= TH3C4 or 27 water + 24.48 carbon.—Eq,-51.48.—Liquid and
combined with 1 eq. water in its most concentrated form.—Symb.-HA.—Eq. 60.48,
—Crystallizes at 32°. Blisters 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 theun diminishes on
adding successive quantities of water. By neutmlmng with carbonate of_po-
tassa, or carbonate of lime, 1ts precise value is ascertained, 69,32 of the first or
50.62 of the second, indicatihg 51 of acid. It is often adulterated with sulphuric
and sulphurous acids, and also with copper, which may be detected in the usual
manner.

1260, PrepanraTION.— Vinegar contains acetic acid ; by distillation it is sepa-
rated from the vegetable matter in solution, but much water rises along with if.
On neutralizing the distilled acid with potassa, soda, or lime, the water may be
expelled by evaporation. Sulphuric acid, added to the compound thus formed,
unites with the baso, concentrated acetic acid being separated by distillation, If
the agetic acid bt combined with oxide of copper, it may be separated by heat

one; a portion of it is then decomposed, and a peculiar fluid resembling alcohol
in some of its properties is formed—the PyYRo-ACETIC SPIRIT.

1261. The acid fluid procured by the destructive distillation of wood may be
made to yield acetic acid hy a similar process. The impure acid procured at first
from wood is usually termed PyroLIGNEOUS AcID.

1262. Alcohol may also be converted ‘into acetic acid by exposing & small
quantity for some time to the action of air and spongy platinum in a large glass
vessel.

1263. Vinegar is usunally prepared by subjecting liquids that have undergone
the vinous fermentation to the action of the air, much oxygen is then absorbed.
Many solutions of vegetable matter, which have not previously passed through
the vinous fermentation, produce acgtic acid during fermentation.

L]

CHAP. III. TARTARIC ACID.

(RACEMIC AND PARATARTARIC AQIDS.)

1264. Symb. T. or OCH*.—Eq. 66.48.—Crystallises in prisms=66.48 acid +
9 of water; eg. 75.48; soluble in nlcohol and water. It has a great tendency to
fofim double salts. Added in excess to potassa, cream of tartar is precipitated,
unless the solution be very dilute, a character by which it is distinguished from
other acids. By digestion in nitric acid it is converted into oxalic acid. Ex-
posed to heat it is decomposed; by destructive distillations a8 new acid is ob-
tained termed the PymroTARTARIO ACID. »

1265. PreParED from bitartrate of potassa (cream of"iutu) ; carbonate of
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lime (chalk) 1 eg. mixed with 1 eq. of common cream of tartar, and thrown into
boiling water, gives a precipitate of 1 eq. of tartrate of lime, 1 eq. carbonic acid
being discharged with effervescence, and Meq. of tartrate of potassa remaining in
solution. By adding hydrochlorate of lime to the solution, another eq. of tar-
trate of lime is precipitated, and hydrochlorate of potassa is left in solution. On
adding 1 eq. of aqueous sulphuric acid to 1 eq. of tartrate of lime, 1 eq. of sulphate of
lime is produced, and 1 eq. of tartaric acid separated, which may be semoved by
water from the greater portion of the sulphate of lime. The solution of tartaric
acid being cvaporated, a little sulphate of lige is first separated, and crysjals of
tartaric acid afterwards deposited, which are purified by repeated solution and
crystallization.

1266. RaceMic and PARATARTARIC AcIDs are the names which have been
given to a vegetable acid generally considered to be isomeric with tartaric acid,
but which differs from it essentially in several circumstances of minor import-
ance. 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 eqgs. of
water are combined with it when crystallizod.

L]

CHAP. IV. CITRIC, MALIC, BENZOIC, FALLIC, SUCCINIC, &,
ACIDS. ¢

1267. Crrric Acip.—Symb. Ct. or O4C4H2—Eq. 58.48.—Combined with 1 or
1pore 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. Decomposed by heat; resembles tar-
taric acid in its general characters, but does not form a sparingly.soluble com-
pound whon added in excess to potassa. By heating it, a ne¥ acid, the Pyro-
citric, can be formed. *

1268, Prepared by adding the juice of limes or lemons to chalk, and decom-
posing the citrate of lime which is procured in this manner, according to the
process adopted in the preparation of tartaric acid.

1269, Maxric Acip, called also SorBIc Acip,isfound in the juice of the ber-
ries of the Pyrus aucuparia, of the afiple, and in a number of other vegetable
productions. Some analyses represent it as isomeric with the citric acid.

1270. BEnzoic Acip.—Symb. B. or O*C“H*—Eq. 114.68.—Licbig and
‘Wohler regard it as a compound of BEnxzULE and oxygen. Its taste is sweet
and aromatic. Heat melts it, and then converts it into vapour; it condenses in

o 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 ac-

.count of its frugrant odour, and to precipitate peroxide of iron from its neutral
solutions, being used in the form of BENZOATE OF AMMONTA.

1271. PrREPARED by sublimation from Gum BENZoIN, mixed previously with
sand; or by boiling the gum in water with carbonate of soda, when benzoate of
soda is procured in solution, the benzoic acid being then precipitated from the so-
lution by sulphuric acid. By sublimation it assumes the usual form.

1272. GaLric Acip.—Symb. G. or O*C7H3—Obtained principally from gall-
nuts, by exposing an infusion of them for some weeks to the air. It is soluble"
in water and alcohol, does not precipitate gelatine, and is particulaxly distinguished
by the dark colouravhich it produces with persalts of iron, forming with the per-
oxide the black compound which is the bagis of ink. Erniaic AcIp constitutes
the insoluble matter that is found at the bottom of the infusion ; and PYroaarL-
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Lic Aoctp is formed when the gallic acid is heated to o temperature between 416°
and 420°; METacaLLIC AcIp is produced at 264°

1278. SucciNie Acip.—Symb 8. or £>C*H?.—Prepared by distillation from
amber condensing in the neck of the retort. By adding nitric acid, and evapo-
rating to dryness, it is procured in a pure form. It is employed principally for
precipitating peroxide of iron, and is used in the form of succinate of ammonia.

1274, Mzcic or S8accHoLAcTIic AcIp is formed when gum or sugar of milk is
digested in nitric acid. Another acid produced by gum or other vegetable sub-
stances and nitric acid, has been termed OxarLBYDRIC ACID.

1275. CaMPHORIC AcID is procured by the action of nitric acid on camphor.

1276. Moroxvyric Acip is extracted from the bark of the white mulberry tree.

1277. BorETic Acp is found in the Boletus pseudo-igniarius.

1278. Teasuric Acip ; see Stryclnia. MrcoNic Acip; see Morphia. Kinic
Acip; see Quina.

1279. Pxrctic Acip (waxzi, coagulum) is found in' most plants, and derives its
name from its tendency to form a gelatinous mass with water.

1280. Lactic Acib 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 a.re im-
portant principally in referenw to the peculiar substances from which they are
obtained. Of these it will bé sufficient to mention the following in this chapter,
that we may be enabled to enter more fully into the history of Prussic Acid.

1282. VALER1ANIC Aci%), procured from Valeriana officinalis.

1283. CarsazoTic and INp1a0TIC Acips, formned by the action of nitric acigl
on indigo.

1284, RockLLic Acip is prepured from the Rocella tinctoria.

1285. Lacaucic Acip is vbtained from the Lactuca virosa.

» 12086 SusEeriC Acip is formed by the uction of nitric acid on cork.

CHAP. V. CYANOGEN, PRUSSIC OR HYDROCYANIC ACID,
AND THEIR COMPOUNDS.

1287. This subject has become so extensive, and at the same time so compli-
cated, that I have placed together in thé€ present chapter the most important
facts connected with it. Though hydrocyanic acid may be obtaiued 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, cyanogen, and
the greater number of its compounds are commonly procured.—See Hydxocyamc
Acid.

Szor. 1. Cyanogm, or Bicarburet of Nitrogen.

1288, Symb. C?N:=carbon 12.24 + nitrogen 14.2.—Eq. 26.44. by W. O by V.—
Sp. gr. 1.82,.—W. of 100 ¢. i. 56.5 grs.—Condensed into a liquid at 46°, by a pres-
sure of 3.6 atmospheres. Gaseous, transparent, colourless, inflammable, burns
with a beautiful purple flame, producing carbonic acid and nitrogen.

Fig. 50,
Materials. Pmdncu.
. 1 {%ﬂz&gen L — 142 Nitroge
an . arbon S 2,12
yanogen % eq. Gorbon 612 —72 1 Carbomc Acid.

. Oxygen 16 -
Oxygen 4 eqs. { Oxygen 16 Sﬂ.m Carbonic Acid.

Nymb. C*N&Q*=2:0&N.
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Odour peculiar, pungent, and penetrating.  Absorbed by water and alcohol.
Its compounds when not acid are termed cYANURETS or CYANIDES; the former
is preferable, as cyanogen resembles inflammables more than oxygen, but the l.:t-
ter is perhaps in most general use in this country. Termed Cyanogen from
xvaves, purple, being one of the ingredients of prussian blue.

1289. PrerakED from the bicyanide of mercury by exposing it to heat, collect-
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 consideied aga peculiar compound, containing the
same elements as cyanogen, united in the same proportions. Professor Johnston
has lately shewn that it is formed in a great variety of cases from cyanugen and
its compounds. It has been termed PARACYANOGEN.,

»
Seor. II. Hydrocyanic or Prussic Acid.

1290. Symb. HC®N or P=cyanogen 26.44 + hydrogen 1.—Egq. 27.44 by W.[TJ
by V.—S8p. gr. of liquid acid at 45°,0.7508. Volatile, boils at 80°, frcezes at zero.
Transparent, limpid, colourless; odour strong, pungent, penetrating, inducing
heaglache, nauses, and even fainting, when much of its vapour is inspired. When
diluted, it has the odour and taste of the po:wh-blos.som and bitter almond. The
tasto of the strong acid is cool at first, but a sensation of warmth is soon per-
ceived. Being one of the most virulent poisons, akd 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 luwge dog, kills it, after a few
Rurried inspirations. Inflammable; water, carbonic acid, and nitrogen, are the
products of.its combustion. Symb. HC*N&0*=2:C& I1&N.

1291. Feebly acid, does not neutralize alkalis, has little action with litmus pa-
per, and does not discharge carbonic acid from carbonates. Begins to be decom-~
posed a few hours after it has becn prepared, even when excluddd from the light
much ammonia being formed, and & black carbonaceous matter left. Diluted with
water, it may be kept without 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 antidotc to it.

1292. Method of estimating the Strengfh of Prussio Acid—The specific gravity of
the acid, when combined with different proportions of water, not varying suffi-
ciently to admit of its strength being ascertained with facility in this manner,
numerous other methods have been proposed. At one time binoxide of mercury
was used, but latterly 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 hpdrogen of the acid, leaving the cya-
nogen and the metal in combination. The c¢yanide of silver sppeurs 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 108.3 grs.
of silver indicate'26.44 of cyanogen, and consequently 27.44 of prussic acid.

1293. Detestion of Sulphurio and Hydrockloric Acids.—Sulphuric acid may be de-
tected in the usual manner by a solution of baryta M of any of it salts. The
presence of hydrochloric acid is asccrtained 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 hydrochloric acid is pre-
sent, hydrochlorate of ammonia remains, which may be dissolved in water, chlo-
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ride of silver being then precipitated by the addition of the nitrate, which darkens

on exposure to light.
A294. PrePARaTION. L. By passing hydrosulphurio acid over heated bioyanide of
mercury, till it is rendered black, and expelling the concentrated acid by a gentle heat.

Fig. 51. .
Materials. Products.
. Hydrogen 1 ———--—- > 27.44 Hydrocyanic Acid.
Hydrosulphuric ) Hydrogen 1  ————_ ", 27.44 Hydrocyanic Acid.
Acid, 2 egs. Sulphur . 164 i
< Sulphur . 16."
Cyanogen 26.44~ >

N .

Bicyanide of Mer- c -
. yanogen 26.44
cury Leg: . . . Mercury 203 235.2 Bisulphuretof Mercury.
¢ Symb. 2C°N -+ Hg&2HS = 2HC’N&S?Hg.

1295. IL. By passing the hydrosulphuric acid through the bicyanide in solution, dilute
prussic acid is procured, the bisulphuret being precipitated.—Carbonate of lead must be
added so long as it is blackened, to remove any excess of hydrosulphuric acid.

1296. III. By distillation from bicyanide of merewry and hydrockloric acid.—2 eqs. of
hydrochloric acid decompose 1 of bicyanide of mercury, 2 of hydrocyanic acid and
1 of bichloride of mercury d@ve formed, the latter being left in the retort. "When
the acid is required highly ccncentrated, it must be passed over chloride of cal-
cium and carbonate .of lime as prepared by this process, the carbonate retaining
any hydrochlotic acid, and, the chloride taking any water that may have been
associated withit. Symb. 202°N+Hg&2HCl1 = 2HC*N&CIEHg.

1297. The BicyaNipk or MERCURY is prepared most conveniently by addifg
2 egs. of hydrocyanic acid to L of binoxide of mercury in fine powder ; the 2 eqgs.
of oxygen in the binoxide uniting with the 2 egs. of hydrogen in the acid produce
2 of water, and 2 eq. of bicyanide of mercury is deposited in crystals. This pro-

Fig. 52.

Materials. Products.

* Hydrogen 1 —eoomee ~ 9 Water.

2 eqs. Hydrocyanic ) Hydrogen 1 w—e___<T 9 Water.
Acid...... ) Cyanogen 2644, -~ .~

Peroxide of Mer- 8;;3: . : 7
255.88 Bicyahideof Mercury.

cury 1 eg. - - . Mercury 203
cess I was led to propose some time ago, having found it & much more convenient
method of preparing the bicyanide than that gencrally resorted to. The hydro-
cyanic acid employed may be prepared by distillation from the ferroprussiate of
potassa, and diluted sulphuric acid. «

1298. The prodess at present in general use for the preparation of the bicy-
anide consists in precipitating perferrbcyanate of iron (prussian blue) from the
. ferrocyanate of potassa by a salt of iron, transferring the prussic acid it contains
to binoxide of mercury by boiling them in water, when a compound of 2 egs. of
acid and 1 of binoxide is procured, which gives 1 of crystallized bicyanide of mer-
cury, and 2 egs. of water op concentrating the solution.
1299. IV.' By the action I sulphurio aoid diluted with water on the forrocyemate of
—Ferrocyanate of potassa may beresolved into potassa, hydrocyanic acid,
and cyanide qfgiron. Its component parts are 2 egs. of potassa and 1 of ferrocya-
nie acid, which is composed of 2 egs. of hydrocyanic acid and ¢ of cyanide of iron.
Professor Everitt has lately examined minutely into the changes that attend
' the production of hydrocyanic acid from thissalt. He recommends 212.5 grains
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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, gnd a portion of water may be put into it;
41°grains of hydrocyanic acid puss off with the first third of the water. Accord-
ing to his views, the ferrocyanate has three egs. of combined water, and with the:
preceding proportions, 2 eqs. of the salt are decomposed by 6 of sulphuric acid.
Three of bisulphate of potassa are formed, three of hydrocyanic acid are sepa-
rated by distillation, threo of water are set at liberty, and a new yellow salt
formed, composed of 1 eq. of cyanide of potasgium and 2 of cyanide of iron. | The

6:S&3-H+2(C'NK+ C*NFe) = 3(2iS+ K)&3HC!N&(C*NK +2C*NFe).

yellow coloured salt ultimately produces prussian blue., but the manner in which
this change takes place has not been particularly detailed.

1300. 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
operabor. The phial in which the experiment is made should be long and nar-
row, and surrounded with a freezing mixturc, and td obtain the acid quite pure,
it must subsequently be distilled.

1301, The proportions recommended by the Edinbusgh College for their di-
luted acid arc 3 ounces of ferroprussiate of potassa dissolved in 11 of water, and
6 fluid ounces of aqueous sulphuric acid previously mixed with 8 ounces of water
and cooled ; 14 ounces are distilled from the mixture, and to these 2 ounces of
water arc added. This diluted acid contains nearly 1 part of real acid in 30.

1302. V. By deccomposing hydrocyanate of potassa by tartaric acid>—2 egs. of tar-
taric 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.

. 58.
Materials. ¥ Products.
Hydrocyanate { Hydrocyan. Acid 27.44°- - 27,44 Hydrocyanic Acid.
of Potussa. | Potassa « . . . 47.2 ~__

2 eqs, Tartaric [ Tartaric Acid., 66,48 ~—- "S>~
cid ... | Tartaric Acid. 66.48 -—————==3=18(,16 Bitartrate of Potassa.

Symb, HC®N + K&21' = HC*N&2T + ‘K.
The hydrocyanate of potassa is procured Ry decomposing the cyanide of po-

tassium by water, the cyanogen taking the hydrogen, while the,potassium com-
bines with the oxygen. o

. Do
Materials. g Products.
Hydrogen 1 7.44 Hydrocyanic Acid.
Water . oz ge : ___.__72 y

X ygen

Cyanide of [ Cyanogen 26.

Potassium | Potassium 39.2 Z&«tm Potassa.
Symb. C'N + K&H = HO'N&K = HC:N + K.

The cyaniﬁe of podassium is procured by heating the ferrocyanu:e of potassa
to expel water, and then subjecting what remains to a red heat. The first pro-
ducts are cyanide of potassium and cyanide of iron; when these are carefully
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subjected to a red heat, the cyanide of iron is decompored, and the cyanide of po-
tassium left, which is separated by water, and converted into hydrocyanate of

potassa.

Fig. 55.
Materials. Products.
gxygen . 8 —--—----79 gam .
xygen . 8 ————e <59 Water
2 egs. Botassa ) p T8 30,2 7
Potassium 39.2 e
C . Iron . .28, {
Hydrogen 1 ),
Ferrocyanic Hydrogen 1 7
Acid . . 9 Cyanogen 26.44 65.64 Cyanide of Potassium.
(Cyanogen 26.44 65.64 Cyanide of Potassium.
Cyanogen 2(G.44 ————— 54.44 Cyanide of Tron.

Symb. 3C*°N + Fe +2H +2°K = 2H&2C*'NK & C*NFe.

1303. By oyanide of silver and kydrochloric acid.—Another process for procuring
quickly the hydrocyanic acid consists in agitating cyanide of silver with hydro-
chloric acid diluted with water ; the products are chloride of silver and Lvdro-
cyanic acid. Symb. C*NAg&HC] = ClAg&HC®N.

1304. The acid known by the name of ScHEELE’S AcIp, contains very ncarly
1 grain of pure hydrocyanic in 16 grains.

Tests of Hydrocyanic Acid.

1305. Oxip® oF IroN mixed with PEROXIDE oF IRON is the best test of prrs-
sic acid, producing with it the deep blue pigment, PrussiaN BLUE. The oxides
act most efficiently when newly precipitated from any of their soluble salts.
The following is the method of proceeding :—

L Distil the suspected fluid with a water bath, acidulating previously with
acetic acid.

II. Add a portion to a drop or two of sulphate and persulphate of iron in so-
lution. No apparent effect is produced.

IIL. Add potassa to unite with the sulphuric acid, and precipitate oxides of
iron. Parr of the mYDROCYANIC AcIR decomposes the oxide, forming waTER
and cvaNIDE of 1RoN. This cyanide uniting with 2 egs. of UNDECOMPOSED 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

ced.

IV. Xf a blue colour be not observed in the precipitate, add slowly hydrochloric
acid, as it may gerhaps be disguisek by an excess of oxides; if no blue be seen
as the oxides in excess are dissolvedg the suspected fluid is free from hydrocyanic
acid.

1306. Ox1pE oF CoPPER has also been proposed as a test of hydrocyanic acid,
Precipitated from the sulphate by potassa, its oxygen takes hydrogen from the
hydrocyanic acid, while the cyanogen and copper remain, forming a white curdy
precipitate. Dilute hydrochloric acid removes any excess of oxide of copper.

1307. NITRATE 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 ita action, that it can detect hydrocysnie in 10,000 parts of water.
Mr Barry recommends the acid to be mixed with a little adbtic acid before add-
ing the nitrate of silver.
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Sgor. 111, Cyanic and Fulminic Acids.

.1308. Cyanic Acip.—Symb. -C:N.—Is formed when cyanogen acts on water
conta.mmg an alkali, the water being decomposed, while cyanic and hydrocyanic
acids arc both produced, as the cyanogen combines with the elements of the wa-
ter. It may also be procured in combination with potassa by heating cyanide of
potassium and iron (prepared by heating ferrocyanate of potassa ande expelling
wyter) with binoxide of manganese, the cyanogen and potassium being oxidated
by the binoxide. Alcohol dissolves the cyamate, and deposits it in tabnlamcrys-
tals. 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.

1309. FrLmiNic Acip is considered to be isomeric *with cyanic acid, but its
equivalent is double.—Symb. 0% + 202N.—Prepared from fulminate of mercury,
according to the process recommmended by Professor Ed. Davy. One part of the
fulminate is mixed with 2 of zinc and 18 of water. Fulminate of zinc is thus
procured, from which the oxide of zinc is removed by baryta, and sulphuric acid
scparates the baryta. It is liquid, volatile, poisonous, has an odour like prussic
acidpand is easily degomposed.

1310. FuLMINATES oF MErcury and Srnver are the only 1mp0rtlmt com-
pounds of this acid. They arc prepured by the actign of 100 parts of the metal,
950 of diluted nitric acid, sp. gr. 1.35, and 850 of aleohol, sp. gr. 0.835. A per-
nitrate of mercury, or nitrate of silver, having been formed by the action of the
acid and the metal, the alcohol is added, when & port¥n of its carbon uniting
with oxygen and nitrogen produces fulminic acid, which is deposited in combi-
nation with the metallic oxide, forming the fulmminating compounds from which
the acid has been named. Heat, friction with sand, or any other hard substance,
and the action of acids, cause the fulminating compounds to explgde powerfully s
the fulminating silver is much more violent in its action than fulminating mer-
cury, and much more easily detonated.

Skcr. 1V, Ferrocyanic Acid, Ferrocyunate of” Polussu, and Perferrocyanate
of Iron.

1311. ¥FsrrocYANIC Acip.—Symb. 60 + 3N+Fe+2H, or O*NFe+P5—Many
chemists do not concur 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 O HYDROFERROGYANIC ACID.

Crystallizes in yellow cubical crysﬁls, reddens vegetable blues, and acts more

wpowerfully as an acid than the . y}.gocyamo Not volatile, nor poisonous in
small doses : decomposed by llght. It is separated from its combinations by gal-
vanism, appearing at the positive pole of the galvanic battery. *®

1312. PrEPARED from the forroprussiate 8f potassa by tartaric acid, which pre-
cipitates the potassa as a bitartrate. Another process consists in mixing ferrocya-
nate of potagsa with hyd:osulphate of baryta in solution ; ferrocyanate of baryta
is precipitated, from which the baryta is separated by sulphuric acid.

1313. FERROCYANATE OF PoTassa.—Symb. C2NFe +2HC?N +2-K.—Solid,
gives 4-sided tabular lemnn-yellmw crystals, soluble in less than their weight of
boiling water. Itis oMn represented as a compound of 2 eqgs. of water, 2 of
cyanide of potassium, ghd 1 of cysnide of iron =2"H + 2C2NK + C2NFe.

1314, Fonoqysna.u%ﬂ potasea is prepared by heating animal matters with
carbonate of potassa and iron; the solid formed is lixiviated, and from the so-

lution thus obtained crystals are procured by evaporation.
K
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Much employed in the preparation of prussic acid, and as a test for metals 1n
solution.

1316, Rep FERROOYANATE oF Porassa is the name given to a compound
prepared by transmitting chlorine through a solution of ferrocyanate of potassa.
It is particularly distinguished by precipitating Prassian blue with salts of the
protoxide of iron.

1316. RvRFERROCYANATE oF IRON, commonly called Prussian Brue., In-
flammable, employed principally as o pigment. Precipitated whon a per-salt of
ivon js added to the ferrocyanate of potassa in solution (see par. 966). Usually
considered a compound of ferrocyanic acid and peroxide of iron, but very differ-
ent opinions are entertained with respect to the manner in which its elements
ave united. The Prussiar. blue of commerce contains much alumina, which may
be removed by hydrochloric acid. Any cyanide of potassium mixed with it is
separated by acidulated water.

8ror. V. Sulphocyanic Acid, &e.

1317. SurPnocYANIC Actp, called also HYDROSULPHOCYANIC ACID,~Symb.
HBS82C?N = 1 hydrocyanic acid + 2 sulphur. Crystallizes from its aqueous golu-
tion in 6-sided prisms. Particularly distinguished by the #leep red colour which
it produces with the per-salts of iron. .

1318, PrerarED by distillation from the sulphocyanate of potassa, sulphuric
acid being added to retain the potassa. Sulphocyanate of potassa is prepared hy
heating ferrocyanate of putasem mixed with an equal weight of sulphur, to dull
redness in & crucible; sulphocyanuret of potassium is thus produced; by pour-
ing it into water, part of the water is decomposed by the sulphur and cyanogen
combining with the hydrogen to form the acid, whilg the oxygen unites with the
potassium to form potassa.

1319. BrsuLPHURET OF CYANOGEN.—Symb. 83CyN = sulphur 522 + cyano-
gen 26.44.—Eq. 58.64.—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 following compounds have been discovered lately by Liebig :—

I MeLLoN is the name given to thé yellow coloured powder which remaing
after heating dry bisulphurct of cyanogen. By a high temperature it is
converted into nitrogen and cyanogen gases.

I1. MezaM consists of carbon, hydrogen, and nitrogen; it is also a yellow
powder, and is formed by heating sulphocyanate of ammonia.

III. Meramine js composed of 6 egs. of carbon, 6 of nitrogen, and 6 of hydro;

gen. It is prodnced whea mellon or melam is boiled with & solution
- of pothssa, being deposited in colourless crystals.
IV. AMMELINE remains in solutivn in the preceding process as the melamine
is deposited ; acetic acid unites with the potassa, and precipitates it.
V. AuMELIDE is formed by the action of strong sulphuric acid on melam or
melamine; alcohol added to the solution precipitates the ammelide.

1321, Cyanogen combines with chlorine, iodine, bromine, and many other sub-
stances, but the compounds produced are much less important than those al-
ready described. CT
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ORDER Il. VEGETABLE ALKALIS.

1322, The term VEGETABLE ALKALI or ALKALOID is applied to all those
proximate vegetable principles which have alkaline properties. Secrturner, Dun-
can, Robiquet, Pelletier, and Caventon, are the individuals who made the first
series of important discoveries in this branch of organic chemistry. =

323 All the vegetable alkalis oceur in combination with acids; all of them,
aceording to recent observations, contain nitmogen, and their alkalinity hasédbeen
attributed hy some chemists to the presence of ammonia, formed by the union of
their nitrogen with a portion of hydrogen.

1324, Todine combines with most of the vegetable #lkalis in atomie propor«
tions. Hydriodic and iodic acids generally act in the same manner. MorpHIA,
however, is peculiar in its action with iodine, being quickly decomposed and
wiving hydrogen to part of the iodine, while & new compound remains, which
unites with the rest. 'When iodic acid acts with morphis, it is decomposed, and
a red matter is produced, similar in appearance to what is formed with nitric
acidemd this vegetable alkali.

1325, The alkaloids are compased of carbon, oxygan, hydrogen. and nitrogen ;
deconfposed by heat with the evolution of ammonia, when the air is excluded;
generally insoluble in water, soluble in hot alcohol; given in solution, they are
extremely energetic in their action on the animal economy. Some affect the
vegetable colours very foebly, and narcotino doed not %ict on them at all: but
west of them affect colouring matter in the smmne way as the common alkalis.
With the acids they form neutral salts, in which the characteristic properties of
the atkuloid on the animal veonowmy is generally observed. At 212°, they expel
amwonia from its salts: most of them precipitate iodic acid.

1326. They are usually procured by extracting the vegetable salt in which
they arc found, separating the acid with which they are combined by an alkali
or carth, and purifying them by repoated solation and erystallization.

CHAP. 1. MORPHIA, AND THE OTHER VEGETABLE ALKALIS
IN OPIUM.-MECONIC ACID.

1327. MogrHTA.—Symb. OSCHMH'¥N,—Eq. 288.2. Thig is one of the most
important of the vogetable ulkalis, and the principle on which the narcotic pro-
perties of opium depend; insoluble in water; dissolved by boiling aleohol, crys-

wditllizing in G-sided prisms as the solution cools; tasteless when pure. Extreme-
Iy bitter when rendered soluble by alcohol orgun acid. Neutralizes seids.  Its
alcoholic solution affocts test-paper in the swne manner as the @ommon alkalis,
Decomposes nitric acid, separating nitrous acid, and producing a deep red co-
lour, which soon fades as the nitrous acid escapes. Dcecomposes iodic acid, and
separates iodine, by which it is distinguished from the other vegetable alkalis.

1328. PrrerARATION.—Macerate opium in water; filter; the solution contains

meconato of morph:& Boil the solution with magnesia, taking 60 grams for
every 1200 of opium employed; the morphia is precipitated, the meconic acid
combining with the magnesia. On boiling the precipitated morphia in alcohol
with animal charcoal, and filtering the hot solution obtained in this manner,
crysials of morphia gre deposited as it cools. The charcoal destroys adhering
colouring matter,
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Potassu, soda, ammonia, or lime, may be substituted for the magnesia in se-
parating meconic acid. If prepared from the hydrochlorate, it may be precipi-
tated from its solution by ammonia.

1329. The salts of morphia may be procured by neutralizing morphia with tne
different acids diluted with water. The HyprocnLorATE oF MorrHia, much
employed in medicine, and introduced by Dr William Gregory into this country,
is preparer. by the following process, as modified by Dr Gregory and by Dr Ro-
bertson. Hydrochlorate of lime is added to a concentrated solution of meconate
¢«f morphia, prepared by the actiop of water on opium. Meconate of lime is
precipitated ; hydrochlorate of morphia remains in solution. It is purified by
repeated crystallization, and pressing between folds of bibulous paper, to remove
soluble impurities. Aniwnal 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 required to give 1 of the hydrochlorate of morphia. The
process of the Fdinburgh College is similar ; but, according to the London Col-
lege, hydrochlorate of lead is substituted fur hydrochlorate of lime, meconate of
lead being deposited, and hydrochlorate of morphia left in solution.

The hydrochlorate of morphia is obtained in small tufts of acicular crystals, a
form very frequently obsexved in the crystallization of many vegetable salts. It
is very soluble in water. It is frequently associated with hydrochlorate sof co-
deia and hydrochlorate of narcotine. The narcotine may be detected by adding
potassa in excess to the solution of the salt; morphia is precipitated and then
dissolved by the excess df alkali, but the narcotine remains undissolved.

1330. AceTaTE o MokPHTA Tuay be prepared by a process similar to that for
the preparation of the hydrochlorate, or by dissolving morphia in acetic acid.

1331. NaRcoTINE is another vegetable alkali which was removed from the
list of vegetable alkalis, and again restored, its alkaline propertics being now
generally admitted ; they are extremely fecble. It is soluble in alcohol, ether,
and oils, but lmoluble in water.

The unpleasant effeets which so often attend the exhibition of opium, as head-
ache, &c. are now very gencrally attributed, at least in part, to the narcotine.

Extracted by digesting opium in sulphuric cther, which does not dissolve mor-
phia or meconate of morphin. The other deposits narcotine on evaporation.

1332. CopEra was discovered lately by Robiquet in the common hydrochlo-
rate of morphia. Ammonia added to a solution of this substance in water pre-
cipitates the morphid alone, the codcia being left in the solutiom, and separated
afterwards by crystollization. Codeia has a distinct alkaline reaction; fuses
when heated to 300°, does not render mtnc acid red; is more soluble in water
than morphia. -

1333, Nuwzu is another alk4ii which has heen discovered by Pelletier in
the watery infusion of opium. 'White, erystalline, melts about 200° Its salts
are blue when dissolved in a particiilar quantity of water, the colour changing
to violet and red as it is increased.

1834, THEBAIA is the name of another alkaline principle found in opium,
which is considered the same as the PARAMORPHINE of Pelletier. Wlute, erys-
tallizes in thomboidal prisms; soluble in ether; fuses at 266°.

1335. MecoN1A, or MECONINE, is another constituent of opiifin, 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 ethereal solution. It is solid, easily fused; resembles fat in appearance,
and is soluble in water, alcohol, and ether.
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1336. From 40 pounds of opium, Coverba obtained 50 oz. of Morphia.
14 of Codeia.
. 1 of Thebaia.
: 1 of Meconia.
. i of Narceia.
1387. Colour produced by agitating the preceding substances with sulphurie
acid mixed with « little nitric acid,
Morphia gives a brownish colour.

Codeia ... green colour.

Thoebaia ... yellow rose cdlour.

Meconia ... turmeric yellow, and then a red colour.
Narceia ... chocolate colour.

1338. Mecon1c Acip.—Solid, erystallizable, soluble in water and alcobol,
particularly distinguished by the red tint which it gives to iron, similar to that
produced by the sulphocyanic acid. By boiling with water it is converted into
METAMECONIC ACID, a compound lately discovered, and water.

1339. PREPARATION.—Acctato of Jead is added to the watery solution of
opigm, the meconate of morphia which it contains gives a precipitate of meco-
nate of lead, the acetate of morphia being left dissolved. On washing the preci-
pitate, and mixing with water, it is decomposed by'}'nydrosulphuric acid, the pro-
ducts 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 solu-
tion and crystallization. The MEcoNATE and BiMEgONATE of MoRPHIA have
lately attracted some attention, espocially the latter, which has been employed
wnedicinally; it is prepared by combining directly morphia and meconic acid.

1340. ANTiv0TES to Opium. Carbonate of potassa has been recormmended
in cases of suspected poisoning by opium, precipitating carbonate of morphia,
which is less active thun the meeonate of morphia, .

1341. To detect opium, when it has been administered as a poison, Dr Chris-
tison recommends the contents of the stomach to be acidulated with acetic 8cid,
evaporated to a syrup, and digested in strong alcolol. The alcoholic solution is
then evaporaied, and the residue dissolved in water ; the meconic acid and mor-
phia may be then detected by the tests already described in pars. 1327 and 1338.

. [ )

CIIAP. II. QUINA AND CINCHONIA.

1342. QuiNa.—Symb. O?C*WHYN.—Eq. 164.6.~Solid, uncrystallizable, fusi-
ble, insoluble in water, soluble in alcohol. Quina, or any of its salts, dissolved
in strong chlorine wuter, and acted upon by ammonin, gives a fine green coloured
liquid. (Dr Meeson.) °

1343. SULPHATE oF QuUINa, called technically DisuLPHATS, contains 2 egs.
of quina, and 1 of sulphuric acid; crystallizable, contains 2 or more egs. of wa-
ter, according to the temperature to which it may have been subjected after crys-
tallization. Sparingly soluble in cold water, dissolved abundantly by boiling
water: phosphorescent when heated.

Alkalis precipitate quina, combining with the sulphuric acid.

Alkaline carbonates precipitate carbonate of quina.

Oxalate, tartrate, and gallate of quina are precipitated, when oxalates, tar-
trates, and gallates are added to a solution of the sulphate of quina.

1344, PrePARATSON.—Yoéllow 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 forrlned, and the quina
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mixes mechanically with it, as it is precipitated. Alcohol dissolves the quina and
leaves the sulphate of lime. The alcohol being evaporated, the quina is procured
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
disulphate on evaporation. According to the Edinburgh College, the bark is
boiled, in the first place, with a dilute solution of carbonate of soda, after which
the quina js extracted by boiling with water, acidulated with sulphuric acid.
From this acid solution, the quina is precipitated by carbonate of soda, and the
impure quina is then washed and neutralized with diluted sulphuric acid for the
preparation of the disnlphate.

1345. Disulphate of quina is often adulerated. EARTHY SUBSTANCES are de-
tected by heating the sulghate in contact with air, remaining after it bas been
dissipated. Suvear is detected by dissolving in water the disulphate suspected
to contnin 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 been separated; or the solution may
be evaporated to dryness, and the sugar removed by alcohol from the sulphate
of potassa. Fatty matters are detected by the action of boiling water, which re-
moves the disulphate, but leaves them undissolved.

1346. Peruvian bark of g0od quality gives an infusion which precipitates gallic
acid (the infusion of galls nfay be used for this purpose); when there is no ve-
getable alkali present to combine with the gallic acid, there is no precipitate.

1347. CiNcHONIA.—O G#*H"N.—Eq. 156.6.—Similur in its properties to quina,
but differs from it in its equivalent weight and compositign, and in erystallizing
from its alcoholic solution. It is prepared fromn the pale Peruvian bark (Cin-
chona condamines), by digedting it in dilute hydrochloric acid, precipitating the
cinchonia by an alkali or eurth, and dissolving it in alcohol, from which it may be
obtained in 4-sifled prisms.

1348, Kin1c Acip is the substance with which guina and cinchonia are asso-
ciafed in Peruvian bark, A watcry infusion of the bark evaporated to a syrup,
and treated with alcohol, leaves a viscid mass containing kinate of lime and guin,
By solution and crystallization, kinate of lime may bo procured in crystals, from
which the lime may be separated, by dissolving the kinate in water, and adding
sulphuric or oxalic acid. The compound® it forms with the alkalis are very so-
luble in water.

#  CHAP. III. STRYCHNIA, VERATRIA, &c

1349. STRYOHNIA.—Symb. O3C3°H16N.—Eq, 237.8.—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 ; half a grain kills
small animals, & rabbits, in a fow minutes. PREPARATION.—Nuz Vomica is
macerated in water, and the solutiqr? evaporated to the consistence of an ex-
tract; alcohol is added, which dissolves igasurate of strychnia; an alcoholic ex-
tract 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 diluted alcohol, the
brucia is dissolved and separated; boiling alcohol dissolves the strychnia, and
deposits crystals as it cools. '

1350. Iaasuric Acip is prepared by precipitating it from the watery solution
of Nux vomica by acetate of lead, decomposing the igusumgate of lead diffused
through water by hydrosulphuric acid, when insoluble sulphuret, of lead is pro--
duced, while the igasuric acid is left in solution.
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Brucia resembles strychnia much, and may be procared from the nux vomica
in small quantity, and also from the Brucea antidysenierica. Like morphia, it
strikes a deep red tint with nitric acid ; and strychnia, which produces this effect,
Is considered to contain a small portion of brucia.

VERATRIA.—Symb, OSC3H®N.. -Eq. 292.28.—I: is the alkaline principle of
the Veratrum album (White Iellebore), and is now procured from levadilla,
(the sced of the Helonias officinalis). The bruised seed is boiled in alcohol, and
the decoctions on evaporation afford gallate of veratria. The gallit acid is dis-
placed by diluted sulphuric acid, and the veratria precipitated from the sulphate
of magnesia. ° ¢

SonaN1A is procured from the Solanum dulcamara (Woody Nightshade).

DzLpHINIA exists in the Delphinium staphysagria (Stuvesacre).

EmeTINA is obtained from Ipccacuanha.

Many other vegetable alkalis have been described; the following are the prin-
cipal :—

Nanmes. Sources.
ATROPIA from the ATROPA BELLADONA.
- Picrotoxia ... Cocculus Indicus.

Daturia ... Datura Stramonium.
. Daphina . Daple mezercum.

Digitalia ... Digit8lis.

Conia ... Conium maculatam:

Hyoscyama ... Hyoscysmus niger.

-
ORDER III. OLEAGINOUS AND OTHER COMPOUNDS
ABOUNDING IN HYDROGEN A.ND CARBON.

1351. Some of the compounds in this order contain no oxygen, according fo the
most recent analysis, as oil of tarpent.ne. Cuaoutchouc contains scarcely 1 per
cent. In general the proportion of oxygen varics from 8 to 14 per cent., the hy-
drogen from 5 to 15, and the carbon from 70 to 90. The large proportion of their
hydrogen and carbon accounts for thefk great inflammability. Some of them burn
with a clear and steady light, producing little smoke, but most of them burn with
much smoke, when particular precautions are not taken to insure the bustion
of all the carbon. The unconsumed carbon collected for sale is called Lamp
BLACK ; usually got by the combustion of resinous bodies or tar.

1352. Oius are divided into two classes, Fixed and Volatile Oils.

1353. Fixep O1us are usually obtained #y 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 decomiposi-
tion of mucilaginous matter, and sometimes assuming a waxy consistence. Some,
a8 linseed oil, absorb oxygen rapidly when heated, and acquire the property of
drying; in this condition they are used in the preparation of printers’ ink and
oil paint.

During the spontaneous absorption of oxygen, more especially when the oil is
diffused over hempp 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 effoct in general upon them, but oastor 0il and
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alcohol unite in all proportions. By animal charcoal they may be decolorized.
By boiling with watcr, 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,
ELAINE and STEARINE. Elaine, called also oleine, is much more fluid than stea-
rine, remammg in this condition when the stemne is separated in the solid form
by a reduction of temperature to 25°

[1355. Many varieties of stearine have becn discovered, one of which is terméd
MARG ARINE, predominating in fixed vogetable oils, while the STEARINE is ob-
served chiefly in animal oils and fats.

1356. Fixed oils are converted into a peculiar kind of acids and GLYCERINE,
when heated with the fixed alkalis and water. The acids uniting with the alkalis
constitute s0AP ; the glycerine remains in solution. It is there associated with
& portion of frec alkali, which must be neutralized by sulphuric acid; on evapo-
rating the whole to dryness, alcohol may be uscd to extract the glycetine in so-
lution, affording a syrupy fluid when concentrated. Glycerine is solable in water
and alcohol, has a sweet taste, does not crystallize, nor docs it enter into fhe
vinous fermentation.

1357. MARGARIC, STEARIC, and oLeIc acids, are the names applied to these
acids, being formed from the *margarine, stearine, and elaine of the oil. These
acids may bo procured by 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 sulphuric acid, an ulkaline sul-
phate being left in solution, while the insoluble acid is scparated.

1358. MARGARON, STEAROR, and OLEON, arc the names given by Bussy to the
products obtained by distilling a mixture of margaric, stearic, and oleic acids with
1-4th of their weight of hmo, and purifying the fatty or oily compound obtained
by repen.ted solution in aldohol. Margaron and stearon can be crystallized, but
oleoh is liquid at natural temperatures.

1359. Soar is decomposed by mincral and many vegetable acids, which unite
with the alkali, separating the olesginous acid. Alkaline earths form a white
precipitate with the acid, leaving the alkali inolution. Earthy salts produce a
double decomposition, the oleaginous aciti and earth being ‘precipitated, while
an alkaline salt remains in solution; thus margarate of potasss and sulphate
of lime g‘ecipitate margarate of Jime, sulphate of potassa remaining in solution.
A solution of soap in aleohol is much employed as a test of the presence of
earthy salts in water. With water absolutely pure, the transparency is not ime
paired ; the larger the quantity of em-thy salts in solution, the greater the pre-
cipitation.

1360. The soaps prepared with potasna are generally soft, but those made with
sodn are usally hard. Silicated potasss. is mixed with common soap, constituting
the more common variety of flint soap. See 918.

1361. VOLATILE or ESSENTIAL OILS rise in vapour at 212° when mxxed 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; soluble in alcoliol ; very sparingly soluble in water. By long exposure to
oxygen they are converted into 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 oils. Fixed oils combine with them, and are
" often added to adulterate them ; they are detected by heating a little on paper, s
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greasy 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. RESINOUS SUBSTANCES are procured from the resinous juice that exudes
from different kinds of plants. They are highly inflammable, decomposed in ge-
neral with the same phenomena as the oils, insoluble in water, soluble in alco-
hol, cther, volatile oils, and solutions of the fixed alkalis; with the latter they
form soap of different kinds. - ' -

Common resin is procured by exposing common turpentine, the resinous juice
of the fir tree, to hgat with water; oil of t\;rpentino is separated by distil.la,tign,
and the resin loft.

1363. CAMPHOGEN or CAMPHENE, called also IssENCE oF TURPENTINE, is
procured by distillation from common turpentine, and may be regarded as oil of
turpentine in its higlest state of purity. Its symbol has been very differently
stated ; H®C' or C'"H* has been considered to represent it correctly. Transpa-
rent, colourless, inflammable, burning with a dcnse smoke. It boils- at 312°
Alcohol can dissolve a small quantity ; with water it forms a crystalline com-
pound termed IIyprarE oF CamprENE. With 1 eq. of oxygen it forms cam-
phor, and with a larger quantity camphoric acid is produced. Common oil of
turpentine is seldom obtained free from oxygen, which it absorbs from the air,
andsit generally presents an acid reaction.

1364. CrrrENE is the name given to the volatile 8il of lemons, which resembles
camphene much both in properties and composition. :

1365. CaMPHOR has been usually regarded as a cancrete volatile oil, but may
HOoW be more correctly termed Oxink oF CAMPRENE. Solid, white, crystalline,
searcely 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
solutions by water ; very inflammable ; melts at 288°, boils at 400°. CAMPHORIC
Acip is formed by treating it with nitric acid. *

1366. ArTIFICcIAL CAMPHOR is o crystalline compound of camphene and hy-
drochloric acid, formed most easily by the action of the acid on camphene at a
low temperature.

1367. BenzuLk is the nume applied to a peculiar principle which exists in the
oil obtained by distillation with&ater from the fixed oil of the bitter amond pre-
pared by expression. It has not hitierto been procured in a free state, but may
be separated from one substance and transferred to another in numerous ¢ombi-
nations. Symb. O*C“H?, or Bz, which may be adopted as a provisional symbol.
Tie fixed oil of the bitter almond s decomposed in the preceding process; the
volatile oil which is collected in the receiver is a HYDRURET OF BEN2zULE. It is
scparated from hydrocyanic acid by distilling it from a solution of potassa mixed
with hydrochlorate of iron, the precipitates oxide of iron retaining the acid. By
distillation from quicklime in powder, it is obtained free from water. .

1368. When oxidated, benzule forms s#Nzo1c acip. Chlorine, iodine, bromine,
sulphur, and cyanogen, form compounds with it. BENZAMIDE is & name given
to another new principle formed during the action of benzule with chlorine and
ammonia; it may be considered a compound of hydruret of benzule and nitrogen.
BENZOINE 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. Amva-
DALIN is a peculiar principle procured from the residuum of the bitter almond
by the action of aleohol, the fixed oil having previously been expressed. EMULsIN
is another substaneo found in the almond and resembling albumen, and the vo-
latile oil is supposed to be produced by a reaction taking place between it and
the amygdalin, ‘
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1369. CouMARINE is obtained from the Tonqua bean, and is analogous to the
essential oils; its properties have not minutely been investigated.

1370. CaourcHouc, the concreted juice of the Ficus elastica, and some other
trees. Many of its properties are familiarly known, as it constitutes the cdinmon
Indian rubber. Imsoluble in waterand alcohol ; dissolved by turpentine, naphtha,
ether, and in the fluid obtained by heating the caoutchéuc itself, Made into the
consistence of paste by naphtha or other solvents, it is used in the preparation of
WATERPROOF cLoTH. The fluid prepared by distillation from caoutchouc is par-
ticularly distinguished by its greut volatility, and low specific gravity, not exceell;
ing .65 when highly rectified. In this condition it is termed CAOUTCHEENE.
Another oil, heavier and less volatile, is called Heveene. Eupion and quadro-
carbureted hydrogen are algo combined with it as it is procured at first.

1371. Several specimens of it, for which I have to thank Mr Enderby of Lon-
don, who manufuctures large quantities of it, have enabled me to prepare a blow-
pipe lamp of great péwer. 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
water ; dissolved in small quantity by ether. Alcohol dissolves MyRICIN, leav-
ing crmriN, the other principle of which wax is composed. Soluble in fixed and
volatile.oils. Little affected In general by acids ; forms soaps when heated with
solutions of the fixed alkalis.

1373. Guxm Resins,—Tlr's term is applied to a number of concrete vegetable
Jjuices, as gumboge, guainc, aloes, assafwtida, which contain various proportiong
of resin, gum, and other vegetable principles.

1374. BavLsams arc the viseid hqmds or solids produced by different vegetable
juives containing benzoic acid.

1375. AmBLg is regarded by Berzelius as & CONCRETED BALSAM; it contains
an oily matter, succinic acid, and other proximate principles of less importance.

1376. Coaw, and the other bituminous substances mentioned in the succeed-
ing paragraphs, are all regarded as of vegetable origin.

1377. CommoN CoaL contains carbon, oxygen, hydrogen, and nitrogen, with
variable proportions of the alkaline, earthy, #88d common metallic salts; sul-
phuret of iron is frequently mixed with il. The following are the more famx-
liar varieties:—

1378. 1. SpLINT CoAL, which derives its name from the splintery fracture it
presents.

1379. IL CaxiNe Coar, which undergoes a partial fusion, and forms a cake
when heated.

1380. III. CHERRY CoAL has aeslaty fracture, and is more easily broken
than splint coal.

1381. IV. CaNNEL CoaL, or PARROT CoAL, gives much gas when heated,
was formerly used as a substitute for candles.

1382. V. GLaNcE CoAL, or ANTHRACITE, contains Do bituminons matter,
consisting almost entirely of carbon. It gives no gas when heated, but burns
with a fixed light.

' 1883. VI. Brown Cosr, Brruminous WooD, or SURTURBRAND, has a brown-
ish colour, and resembles peat in the phenomena produced during its combus-
tion.

1384. VIL JET, which is so much employed in making black ornaments, is
another variety of coal.

1385. NAPATHA, 88 it occurs in some native sprmgs, is generally purer than
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the naphtha prepared from coal tar, and less liable to be contaminated with oxy-
gen. Some varieties are considered to be very similar to camphene, the pure
essence of turpentine, and others to differ from it. In its common state, it is
genetKlly composed of various proportions of different volatile oils and other
bituminous matters, and is seldom procured transparent and colourless. Napu-
THA, PETROLEUM, MINERAL TAR, MINERAL PITCH, and MINERAL CAOUTCHOUC,
may all be regarded us varieties of bituminous matter formed from coal. As-
PHALTUM i8 & solid bituminous compound, much employed in makiffy varnishes.
JMIETINASPHALTUM i the nuwe given to » peculiar bituminous matter, associated
with some varietics of brown coal. * . °

(.’omgounds procured from the products obtained by t.he destructive distillution of
Wood and other substances.

1386. Tar is the impure resinous juice extracted from the fir tree by heating
it artificially ; it is black from the charcoal mechanically mingled with it. Sub-
Jjected to heat without access of air, acetic acid, water, and many inflammable
products, are expelled, the resinous matter alone being left blackencd by the
effarcoal.  Coal subjected to heat, besides the gaseous products und water
chagged with ammonis, gives o tarry mutter, resembling in many of' ity proper-
ties that which is procured from wood. .

1387. Pyroxinic Seicer is the name given to the volatile liquid which is
formed in considerable quantity along with acetic acid, when wood is subjected
to heat, and the air carefully excluded. It has unfortunately received a variety

*of nunes, 18 Pyroriankovs Erner, Hyprare or CARBOHYDROGEN, HYDRATE
o METRYLENE (from wsfy wood, and wan spirit). Its symbol is OCHZ, or
‘M +XIC; the term HypraTeEp Hyprurer or CarBoN would express its com-
position in unison witii the nomenclature adopted in this work.

1388, Liquid; sp. gr..798. DBoils at 151°. DBurns with a palc lambent flame,
resembling that of alcobol.  Its odour is strong and peculiur, It is uscd prinei-
pally as » substitute for aleobol in spirit lamps.

1385, A number of new compounds have lately been forined by the action of
different acids subccted to distifdation along with pyroxilic spirit, in whicl 1 eq.
of carbohydrogen is united with 1 eg of acid, as in the sulphate, nitrate, hydro-
chlorate, bydriodate, &c. of carbohydrogen. When 1 part of pyroxilic spirit is
distilled with 4 of aqucous sulphuric acid, » new gas is procurcd, isomeric with
alcohol ; sulphurous and carbonic acids, which are mixed with it at first, are re-
moved by potassa. This compound is termed D1EYDRATE 01 CARBOHYDROGEN.
Symb. ‘H + 2HC.

1390. PyroaceTICc SPIRIT, Or ACETONE.—Symb., OC’H3, or O +3HC.—It
may be obtained most easily by heating a number of acetafes, the acetic acid
being resolved entirely in some cases intq pyroacetic spirit and carbonic acid. It
is u transparent, colourless, volatile, and inflammable liquid. It enters into
combation in all proportions with water, alcohol, ether, und some volatile oils.
MEeTACETONE is formd by the action of heat on dry lime mixed with sugar.

1391, PARAFFINE, or, PETROLINE, discovered by Dr Reichenbach, and by Dr
Cliristison, is procured by distillation from the tar of beech-wood, and from
the petroleum of Rangoon, impurities mixed with it being deconiposed by heated
sulphuric acid ; the paraffine is separated in a solid form. White, solid, taste-
less, inodorous, gpluble in alcohol, turpentine, and naphtha; crystallizable;
fuses at 111°.  Particularly distinguished by resisting the action of acids, nlka-
lis, and other energetic chemical agents. It burns with great brilliancy, and
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without smoke. Its name indicates its feeble tendency to enter into combina-
tion, being derived from the words parwin and affinis.

1392. Eurion, from the Greek sy, well, and miwy, fatty or greasy. Liquid,
boils at 339°, soluble in slcohol, ether, and oil of turpentine. Obtained ¥ dis-
tillation from the tar of animnal matters ; purified by distillation with sulphuric
acid; paraffine is separated in the solid form by reduction of temperature. This
principle, a.nd the four succecding compounds, were also discovered by Dr
Reichenbacit;

1393, KREOSOTE, from xgizs, flesh, sww, I save. Composed of (,a.rbon, oxyy
gen, and hydrogen. Liquid, transparent, colourless, inflammable, burning w xth
a smoky flame. Sp. gr. 1.037. Boils at 397°. Odour very penetrating and re-
sembling that of smoked meut very antiseptic, being the principle on which the
antireptic powers of smoke and pyroligneous acid depend. Soluble in al®hol,
ether, naphtha, and acetic acid. Decomposed by nitric and sulphuric acids ;
combines with alkalis and earths; coagulates albumen, from which property its
antiseptic virtues arc probably derived. It has been cmployed much in tooth-
ach, being applied in minute quantity where the tooth is decayed. 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 addedl to neutralize acetic acid ; the acetate having heen
removed, the distillation is cémmenced. Phosphoric acid is then employed to
separate ammonia, and potassa is subsequently combined with it, that the eupion
associated with it may float upon the surface and be removed; the potassa is
separated afterwards by sulphuric acid, and the kreosote agairt distilled when the
sulphate of potassa has been separated.

1395. Prrracar is the name given to one of the principles of tar, which gives
& blue colour to baryta in solution; this term is derived from sirsa, pitch, and
»aroe, beautiful, ©

1396. PrcaMAR 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. CaPNOMOR, from xaxver, smoke, and uepz, a part. Procured from the
heavy oil of tar by heating it with potassa, which decomposes the picamar, the
pittacal, and the kreosote, the capnomor floating on the surface. On the addi-
tion of sulphuric acid, any eupion is sepasated, the capnomor combining with
the acid. Carbonate of potassa may be added to meutralize the sulphuric acid,
after which the capnomor is to be purified by distillation. This liquid is trans-
pavent and colourless ; its odour is fragrant. Some specimens prepared in the
manner described turn the vegetable blues to a green.

1398, BENZINE is the name applied by Mitscherlich to the bicarburet of hy-
drogen, which is procured by heating henzoic acid with lime. His nitro-benzide
and sulpho-benzide are compounds formed by the action of nitric and sulphuric
acids on benzine.

1399, BENZONE is a volatile fluid whxch was procured by Peligot by heating
dry benzoate of lime. Its symbol is OC*HS.

-

ORDER IV. LIGNIN, SUGAR, STARCH, GUM-ARABIC,
GLUTEN, AND TANNIN.
1400, The four first prlnclples mcluded in this order are gogsidered to contain
oxygen and hydrogen in the proportions necessary to constitute water. All of
them occur abundantly in the vegetable kingdom.
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1401, LiaNiN, or Woopy F1BrRE.—The most abundant of vegetable princi-
ples, constituting upwards of 90 per cent. of the different kinds of wood. Ob-
tained pure after saw-dust has becn acted on by alcohol, water, and diluted acids.
‘Insoltible in water. Nitric acid produces with it oxalic and other acids. By
strong sulphuric acid it is decomposed, carbon being deposited with sulphurous
acid and water are produced ; with weak sulphuric acid a saccharine matter may
be formed.

. 1402: Suear.—Symb. Dry, O'°C!?H!?; common, O!C?H!0; Starch sugar,
+O"C**H = oxygen 8 + carbon 6 + hydrogen 1.—Eg. 151 Solid, white, ingdo-
rous, decomposed by heat, producing much flame whon exposed to the aif ; does
not deligpesce when pure ; soluble in water and alcohol; decomposed by sul-
phuric acid, charcoal being .deposited ; nitric wid.p'roduces oxalic and other
acids. Combines with alkalis, earths, and some metallic oxides.

1403. Prepared from the juice of the sugar-cane by evaporation and crystalli-
zation; lime-water is added to neutralize vegetable acids mixed with it. Al-
buminous fluids, such as blood, are added to entangle and remove impurities ;
charcoal to destroy colouring matter ; and, according to the most improved plan,
the syrup is concentrated for granulating (crystallizing) by evaporation in vacuo.

1404. Mornassks are composed principally of sugar, with various vegetable
impuritics, which prevent it from crystallizirg,

1405. HoNEY consists of sugar, with a portior®of uncrystallizable saccharine
matter probably analogous to molasses.

1406. Liquorick and MaNNa; each contains s poculiar kind of saccharine

o« matter called 6LYCYRRHEIZINE and MANNITE, associated with other vegetable
principles.

1407. Starca.—White, tasteless, inodorous ; insoluble in cold water, alcohol,
and cther; dissolved by boiling water, gelatinizing when a small quantity is
added ; particularly distinguished by the deep bluc coloured fompound it forms
with iodine in cold water,—the hydrated iodide of starch ; wheén quite free from
water, the iodide is yellow: in hot water-no coloured compound appears; the
blue coloured iodide disappears in boiling water, bat. if cculed yuickly, the co-
lour is restored. If the blue coloured compound be boiles for a short time, hy-
driodic acid is formed, and the blue colour is not restored on cooling, unless
chlorine or some other substance be®added to liberate the iodine. When starch
has been gelatinized in water, it is converted into AmipINE, Which is soluble in
cold water ; but according to Raspail, starch consists of a vesicle which he terms
AMIDINE, and of a soluble matter contained within the vesicle which he has
named Amidin. The same effect may be produced by heating dry starch ; sub-
jected to a higher temperature, so as to acquire a reddish-brown tint, it becomes
more soluble in cold water, forming the campound termed BrrTrsi aum. Starch
does not precipitate silicated potassa, nor produce mucic acid with nitric acid.

1408. Starch is converted into sugar during the germination of seods, as may
be well seen in the operation of malting barley : it is also converted into sugar
by the action of dilute sulphuric acid. HORDEIN, on the other hand, is a vege-
table principle found in barley more particularly, which passes into starch in
the process of malting,

1409. Starch or fecula is procured mechanically from the potato and other
roots, from wheaten flour, and other vegetable products. Porato FLOUR, IN-
DIAN ARROW-ROOT, Brrristr and FOREIGN TATIOCA, SAGO, and CASSAVA, are
composed almosteentirely of starch.

» 1410. D1asrasE is precipitated from its watery solution by the action of al-
cohol. The watery solution is obtained by the action of cold water upon malt,
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heating it afterwards to 150°, and filtering. At 160°, it scparates amidine from
amidin, DEXTRINE is a gelatinous substance prepared by the action of water
on flour mixed with 1-10th of malt.

1411. Guu is a term which now includes several different principles. Gum-
ARraBIc contains a minute portion of nitrogen, and a little lime, in addition to
the usual elements of vegetable matter. Solid, soluble in water ; precipitated
from its aqueous solution by aleohol; insoluble in alcohol and ether; decom-
posed by sulphuric acid: produces mucic acid with nitric acid; precipitated by
subncetato of lead and silicated potassa. With water a mucilaginous fluid is
formed. A strong solution of borax immediately renders 4 times its bulk of a
strong solution of gum very viscid; sugar added to the viscid mass immediately
renders it liquid. -

1412. CHERRY-TREE Guu, analogous to gum-arabic in composition, but in-
soluble in cold water. Called cerasIN by Guerin; acquires the same proper-
ties as gum-arabic, when heated. The mucilage of linsced resembles the solu-
tion of gum-arabic in water, but differs from it in some less importaut pro-
perties.

1413, Gum-SENEGAL is considered similar to gum-arabic.

1414. GuM-TrAGACANTH is composed of a compound similar to gum-a.mbw,
with a large quantity of BASSORINE, and a portion of starch.

1415, Bassoring, from gum-bassora, gum-tragacanth, or salep. It is cou-
verted by long continued boiling into a substance similar to gum-arabic.

1416. PeoTIn is the namé given to the gelatinous matter which abounds in
many kinds of fruit, as in the gooseberry. It forms a mucilage with water, not
80 adhesive as gum, and is insoluble in alcohol. Alkalis and alkaline earths
eonvert it into PEcTIC ACID, with which they combine.

1417. GLUTEN 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
vegetable substances, containing nitrogen, besides carbon, oxygen, and hydrogen.
Gluten is a stiff and tenacious solid, possessing ductility and clasticity, so that it
can.be spread into a thin membranous sheet. It is procured by making wheaten
flour into a paste, and removing the starch, saccharine and other matters, by
washing it with water. It may be resolvesl into two principles, gliadine and
zimome.

1418. GLIADINE is separated in solution from gluten by alcohol., Zimowme,
the other component part of gluten, is insoluble in alcohol, and is distinguished
by the bluish-green colour it gives when triturated with powdered gum-guaiac,
and exposed to the air.

1419. Gluten is fonnd in small quantity, or not at all, in inferior kinds of
flour. Gum-guaiac has been propose€ as a test for ascertaining the quantity of
gluten in different Rinds of flour.

1420, VEGETABLE ALBUMEN is coagiilable by heat, and bears a great resem-
blance to animal albumen. It has been found in the sweet and bitter almond,
and in a number of different kinds of seed.

1421. TANNIN 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
excrescences 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 ; gives » deep bluish-black precipitate with persalts of iron, but
has little action with the protosalts. It approaches, therefors; in its characters
to gallic acid, but is distinguished from it hy precipitating gelatine. When
highly purified, it is said to redden litmus, und decompose carbonates with effer-
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vescence, so that it is now proposed to place it along with the vegetable acids,
under the naine of TANNIC Acip. Exposed to the air in solution, oxygen is ab-
sorbed, carbonic acid evolved, and it is converted ultimately into gallic acid.
* 1423. Tannin is precipitated from the infusion of galls by hydrochlorate of
tin ; combining with the oxide, and forming an insoluble compound. 'When the
precipitate is diffused through”water, and decomposed by hydrosulphuric acid,
sulphuret of tin is formed, and tannin remains in solution. .

1424, ArtrricrarL TANNIN is produced by the action of nitric acid on char-
coal, or on coal, resin, indigo, and other substances containing much charcaal.
It resembles tannin much, but is not decomposed like it by nitric acid.

ORDER V. COLOURING MATTER.

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 matiers used for testing the presence of acids and alkalis.

1. By infusing in water the common RED CABBAGE, as it is familiarly termed,
a solution of the colouring matter 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.

II. Lirnus is the blue colouring matter prepared from the Lichen Rocella.
It is more easily affected by acids than the colouring matter of cabbage, but is
not turned to a green by alkalis. If previously reCdened by acids, it may be
awsed for detecting alkalis, the original blue tint of the litmus being restored.

III. TurMERIC i8 of a yellow colour, and detects alkalinc substances by pro-
ducing with them a brown coloured compound. It is not affected by acids, unless
highly concentrated and corrosive, as the strong sulphuric acid. If previously
rendered brown by an alkali, it may be employed for detecting acids, the alkali
being then neutralized, and the yellow colour of the turmeric restored. Some
ncutral salts affect turmeric in the same manner as alkalis.

1427. Many colouring matters have a great attraction for metallic oxides,
combining with thern when they are separated from solutiurs in which both the
colouring matter and the oxides have been previously dissolved ; this, when po-
tassa is added to a solution containing biperhydrochlorato of tin and litmus, the
potassa unites with the hydrochlorie acid, litmus and peroxide of tin falling down
in combination. The precipitates procured in this manncr are usually called
LAKES,

1428. SuBsTANTIVE CoLoURrING MATTERS 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. AvpsecTIive CoLouriNG MATTERS are those which hdve a feeble 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 BasIS. The usual mordants are slumina and the oxides of tin
and iron.

1430. Colouring matiers are BLEACHED most powerfully by cELORINE, which
decomposes them by combining with their hydrogen, or by taking hydrogen from
water, and liberating oxygen, which, in & nascent state, may be equally effectual
in decomposing them. In some of the decolorizing eompounds 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 oxygen of the hypochlorous acid and of the
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oxide, a metallic chloride being left. The cHLORIDE oF LIME is the bleaching
powder in common use; 2 egs. of water are usually combined with it. Suw-
PHUROUS ACID, and some other acids diluted with water, are much employed i in
decolorizing different substances.

'1431. For Rev Dyes, Brazil wood, bar-wood, lac, archil, madder, and cochi-
neal, are the principul colouring matters in comifion use. The cochineal is pro-
cured froman insect, which is believed to derive its colouring matter from a par-
ticular vegetable principle upon which it feeds. Oxide of manganese and catechu
arg much used for browns.

1432, YErLLow Dyes are procum& principally from saffron, hiccory, quercitron
bark, turmeric, fustic, and annatto. A buff is obtained with peroxide of iron.

1433. Brack DyEs arc jnade with the same materials as writing ink, as gallic
acid, tannin, and peroxide of iron ; logwood and madder also give a black along
with peroxide of iron.

1434. BLue DyEs are commonly prepared with I’russian blue or 1xbpigo.
Three different colouring principles have been detected in indigo, INDIGO BLUE,
IND1GO RED, and INDIGo BROWN. The first of these is the most important, and
is left in a pure form when indigo has ‘been digested successively with dilujed
sulphuric acid, a solution of potassa, and n.lcohol

1435. Inp1Go BLuk sublimes at 550°, producing a reddish violcet-colource va-
pour, which condenses in crystals. Insoluble in water and alkaline solutions;
boiling alcohol dissolves a minute quantity. Strong sulphuric acid is its proper
solvent. When the solutién is decomposed by diluting it with water, a portion
of the indigo is depesited in combination with water, forming a hydrated com;
pound, called PHENECIN, or INDIGO PURPLE. Berzelius has also described two
new compound acids, INDIGO SULPHURIC ACID, and INDIGO HYPOSULPHURIC
Ac1p, which are formed by the action of sulphuric acid on indigo blue. The
INDIGOTIO AcCID ‘already mentioned, is procured by builing indigo in dilute nitric
acid. The carBazoTIC AcCTD 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. Sulphatc of
fron mixed¥vith lime precipitates oxide of iron, which produces this effect. Sul-
phuret of arsenic dissolved in a solution of potassa, acts in thc same way. In-
DIGOGEN is the name applied to deoxidated indigo. It attracts oxygen quickly
on exposure to the air, and indigo blue is again produced : at first a green appears,
from the mixture of the blue and yellow.

1436. Indigo blue dissolved in sulphuric acid, is employed for ascertaining the
quantity of chlorine in chloride of limo ; the larger the quantity of chlorine in
the chloride the greater the quantitywof indigo blue whicl: it can decolorize.

1437. By combtning red, yellow, blue, or black colouring matters with each
other, mechanically or chemically, all bther 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.

CuroMyLE is the term applied to the various coloured principles obtained
from the leaves and flowers of plants.

CHLOROPHYLE is the name given to the green colouring matter of vegetables ;
in the antump it is reddened by the production of acid.

1438, In a paper read lutely before the Royal Society by Dr Hope, he adduced
numerous experiments to prove that there are two varieties of vegetable colour-
able matter, or CHROMOGEN, as he hus designated them, which are acted upon
by acids and alkalis in producing red, yellow, or green tints. The one he has

. 4
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termed ERYTHROGEN, as it produces a red colour with acids; the other he has
denominated xANTHOGEN, 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 yellow flowers, and white fruits, contain xanthogen alone. Litmus abounds
in erythrogen, but has no*xanthogen. The chromates having different tints, are
regarded as peculiar vegetable principles, sometimes intimately blended, or che-
mically united with chromogen ; they are also occasionally compourflis of chro-
maogen with acids or alkalis.

. - =
ORDER V1. MISCELLANEOUS VEGETABLE PROXIMATE
PRINCIPLES.

1439. The different principles contained in this order being comparatively less
interesting than those already described, it will be sufficient in this placo to men-
tion their names, and the sources from which they are derived.
AMYGDALINE, from the bitter almond.

ASPARAGINE, from asparagus.

BryaNing, from bryony root.

C4FFEINE, from coffee.

CATHARTINE, from senna.

('0L0CYNTINE, from the colocynth.

CoLuMBINE, from columbo root.

ELATINE, from elaterium.

FUNGINE, from mushrooms.

GENTIANINE, from gentian.

INuLINg, from Inula Helenium, or Elecampane.

LurPuLINg, from the hop.

MEepuLLINE forms the pith of the sunflower.

OLrvINE, from olive oil.

PrrEnINE, from pepper.

PLuMBaGINE, from the Plumbago Europwea. .

PuvroripzIng is deposited in crystals from the solution procured.by boiling
the bark of the apple. .

PorLeEN1NE, from the pollen of tulips.

RurIng ?, from rhubarb.

RuuBarBARINE % from rhubarb.

SALICINE, from the willow. :

SAPONINE, from Saponaria officinalis.

SarcocoLy, from the Pencea sarcocolla.

SciLLITINE, from Scilla maritima.

SENEGINE, from Pp]ygnla Senega. " |

SINAPISINE, from mustard.

SuBERINE, from- gork.

UrLMiNg, f#8m.the juice of the elm and other trees.

ORDER VII. SACCHARINE AND VINOUS FERMENTATION.
ALCOHOL AND THE PRODUCTS FORMED FRQM IT.

1440. SaccHARING 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 sority natural operations, as in the process of germination. The produc-
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tion of sugar during the ripening of fruit is also considered an instance of sac-
charine fermentation ; in this case, the sugar is déveloped by the decomposition
of citric acid and mucilaginous matter, independently of the action of the air.

144). ViNous FERMENTATION.—Sugar is the only substance which enters
roadily into a state of vinous fermentation. Starch is also said to be susceptible
of this change, but the more general opinion is that tt is converted previously
into sugar. The sugar must be dissolved in a certain amount of water, and the
temperatur® should be between 60° and 70°, or between 70° and 80°, if it be re-
quired that fermentation proceed rapidly. At a higher temperature, vinegar is
apt 16 be formed instead of a vinous liquor. At a low temperature the fermen-
tation proceeds more slowly, or is altogether arrested.

1442, YEasrT is the viscid, flocculent matter that is formed during vinous fer-
mentation, collecting gencrally as a froth or scum on the fermenting liquid. 1t
is composed of oxygen, 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 Pl'lllcl]ﬁt'b,

can also act as a yeast in forming fermentation.

1444. All vinous liquorsf 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. The following diagram represents
the action that is considexed to take place between the elements of the sugar, 1

©q. of common sugar + 1 of water producing 4 times the products represented
there.

Fig. be.
Materials. Products.
: Oxygen 8 ... .- 22,12 Carbonic Acid.
Oxygen 8 .-

Oxygen 8 .
Carbon . 6.12 X
Sugar + ‘H =4 . / Carbon . 6.12

IC:[argron . 612

ydrogen 1

Hydrogen 1 ~.§’\

Hydrogen 1 —TTTE93.24 Alcohol.

Symb. 30CH = :C&OC*H3.

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 tartaric
acid and potassa, these separate in the form of crude tartar (bitartrate of potassa)
as the fermentation proceeds.

1446. The nature of the alcoholic eompound produced is modified much by the
extent to which the fermentation is allowed to proceed, the quantity of mucila-
ginous, 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 have been said to 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, But mcozdmg to the more recent experiments
of Dr Christison, the proportion of alcohol in wines'is smajler.

1447. ArconoL.—Symb. OC*H? = oxygen 8 + carbon 12.24 + hydrogen 3.—
Eq. 23.24 by W., O by V.—8p. gr. 0.796.—Liquid, transparent, colourless.
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Odour fragrant and penetrating; taste hot and pungent. Boils at 173.5, when
its sp. gr. is .810. Has been cooled to -—185° without froezing. Inflammable,
burns with a pale lambent flame, producing carbonic acid and water; much used
for producing a small and steady smokeless flame, vhich gives eonsidersble
heat. Dissolves many vegetable acids, common and vegetable alkalis, resins,
camphor, and volatile oild. 'With water, it combines in all proportions, heat
and condensation accompanying the combination. The greatest degree of con-
densation is observed when 1 eq. of alcohol combines with 3 of wafer. Proof
spirit contains equal weights of alcohol and water. Sp. gr. 0.917. Most acids
decompose it, producing a particular class of *ompounds, very fragrant and %Yofa-
tile, and named Ethers. The value of alcohol is determined by its sp. gr. the
lighter the purer.

Table of the specific gravity of different mixtures of Aleokol and Water, from the

Records of Soience.
Atoms of ‘Weight of Sp. gr. of
Mixture.
Alcohol. | Water. | Alcohol. Water. d

1 0 23 0 ° .79460
4 1 2 9 81793
3 1 69 9 82598
2 1 46 9 |®.83843
1 1 23 9 86726
1 2 23 18 90420
1 3 23 27 92662
1 4 23 36 94118
1 5 23 45 95090
1 6 23 54 95763
1 7 23 63 96243
1 8 23 2 46597
1 9 23 81 96871
1 10 23 9n 97092

1448. PrEPARED by distillation from vinous liquids, in which it is formed du-
ring fermentation. The fermented infusion of MALT gives wHIskY by distilla-
tion. The fermented solution of MorAssEs produces RuM. The fermented juice
of the grape affords BRANDY. Whisky, rum, and brandy, contain from 50 to 54

Jper cent of alcohol. By distillation, the alcohol, being more volatile than the
water, rises first, carrying along with it, howgyer, a portion of water.  _

By a second distillation, alcohol is procured with a less propprtion of water,

* forming the common spirit of wine; and py a third distillation it is procured
still stronger, constituting RECTIFIED SPIRIT OF WINE. But alcohol is not pro-
duced absolutely free from water, unless other processes be regorted to. Cag-
BONATE OF POTASBA can remove all the remaining water, forming a heavy solu-
tion, on which the lighter alcohol floats; it is purified subsequently by distilla-
tion. CHLORIDE OF canciuM 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 alcohol by placing a cup containing spirit of wine over
fragments of quicklime in the receiver of an air-pump and exhausting it; little

walcohol evaporates, as its vapour is not condensed by lime; but all the water
evaporates, and its vapour is absorbed by the lime.
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1449, ETHERS are the volatile and fragrant fluids produced by the action of
acids and alcohol.

1450. SvrrrURic ETRER—Symb. OC*H.—Eq. 37.48.—By V 0O.—Sp. gr
0.720.—Liquid ; very volatile, boils at 98°, and in vacuo at —40°; inflammable.
Detonates with great violence when its vapour is mixed with oxygen, if a lighted
match be applied. Combines sparingly with water ; ‘unites with alcohol in all
proportions, dissolves camphor, resins, many fatty matters, volatile oils, caout-
chouc, narcotine, and other vegetable principles. Used often to produce gre'nt
cold by its rapid spontaneous avnporanon.

“1431. Preraren by the action ¢f aqueous sulphuric acid and alcohol. Sul-
phovinic acid is at first formed, and then decomposed; 1 eq. of cther is sepa-
rated by distillation from 2 eqgs. of alcohol; they lose altogether 1 eq. of oxygen
and 1 of hydrogen, which ‘combine in the form of wator with the acid, while the
rest of the clements form the ether. 2 egs. of alcohol =1 eq. sulphuric ether
and 1 eq. water. Symb. 20C2I13 = OC‘H’&H. In conducting this process,
Mitscherlich pointed out the important fact, that indefinite quantities of alcohol
might be resolved into ether and water, if the spirit were slowly and continu-
ously added to the acid in a slender stream, so that it should boil at the tempe-
rature of 280°.

1452. It is associated, as prepared at first, with water, sulphurous acid, and
free aleohol, and is freed ffom them by a sccond distillation, after mixing it
with chloride of calcium, te which some potassa or free lime has been added.

1433. SULPHOVINIC, or ALTRIONIC ACID, has been regarded of late as a com-
pound of sulphuric acid and alcohol. 1t is procured when oil of wine is heated ;
or by pretipitating baryta from sulphovinate of baryta by sulphuric acid. A so-
lution of sulphovinate of baryta is procured by mixing equal weights of aleohol
and sulphuric acid, and adding baryta till the lignid is neutral. Sulphate of
baryta is precipitated, and sulphovinate of baryta remains-in solution. The
compounds of this acid are termed sulphovinates.

1434, O1L or WINE is composed of 1 eq. of sulphuric acid and of sulphuric
ether. It is the oily fluid that appears in the neck of the retort on the prepara-
tion of sulphuric ether. Tt is prepared, according to the London College, by
distillatign from a mixture of 2 pounds of alcohol with 4 of aqueous sulphburic
acid. It is purified from ether by exposure to the air, and from sulphurous acid
by potassa.

14556. HyproNrtrous ETHER (N1TROUS or NiTRIC ETHER) is produced by the
action of equal weights of nitric acid and alcohol, the acid being added in small suo-
cessive quantities to the alcokol, and the mixture cooled after each addition, to pro-
vent the violent action that would otherwise ensue ; oxide of nitrogen, binoxide
of nitrogen, and carbonic acid, are ovolved. It collects on the surface of the
mixture, and is cautiously withdrawn. When too freely exposed to the air, it
evaporates with rapidity. o

1456. Another process consists in mixing aqucous 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 nitric acid,
which produces nitric ether as it acts upon the alcohol. The nitric ether is sc-
parated by distillation.

1457. Hypomtraus cther is rogarded as a eompound of hypomtrons acid and
ether. Symb. N+ OC*H% It is always acid as prepared at first, but may be
obtained neutral by distillation from lime.

1458, SpiriT or HyroxNiTROUS (0¥ Nr1ROUS) ETHER i8 prepared with a much
larger quantity of alcohol, one of acid being mixed with three of alcohol. It is
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a compound of the dndecomposed alcohol and the ethor, 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 acid to the alcohol, and distilling
till a quantity of liquid is obtained oqual to the alcohol employed.

1459. Acgtic, Oxaric, TArTARIC, C1TRIC, and other ETnERs, have been ob-
tained by distilling alcohol 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 mixtureseemployed. -

1460. Great additions have been made to the class of cthers of late years, as
the hydrochloric, hydriodic, and hydrobromic, but their practical applications
have as yct been comparatively unimportant. D

1461. EraoERINE is the name now given to quadrocarbureted hydrogen (see
601) by many chemists, being regarded as the base of most ethercal compounds.

1462. ETHULE 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 HYDRURET oF ETHERINE. Iis symbol is H+4HC.
Sutphuric cther may be regarded as an oxipk of ETHULE, this compound con-
taining oxygen, carbon, and hydrogen, in the propogtions in which they consti-
tute 1 eq. of water and 4 of hydrurct of carbon =HYDRATE oF ETHERINE, or
sulphuric ether. The diagram represents this view more minutely.

Materials. Vi 37 Pr(:luctb
Oxygen . . . 8 9 Water. .
Hydrogen 1 ——""
Hydrogen 1 -

Iydrogen 1
Hydrogen 1 .
Ethule | Hydrogen 1 \\
Carbon 61252 .‘::AF 7.12 Hydruret og Carbon
Carbon  G.12-— % 7s0n 7.)2 Hydruret of Carbon :
Carbon 612 22 7.12 Hydruret of (arbon Etherine 28.48
Carbon 612 . - 7.12 Hydruret of Carbon

3% Sulphuric Ether.

1463. ALDEHYDE is a nowly discovered colourless liquid, having a peculiar
ethereal smell.—Sp. gr. 790.—Boils at 71°.—Symb. OC2H2.—1It is termed alde-
hyde from the first syllables of alcohol and dehydrogenatus. Inflammable, burn-

« ing with a blue flame, combines with water, alcohol, and ether.

1464, PREPARED by passing the vapour & ether through a long glass-tube
heated to redness. The product being introduced into sulphblric ether, is re-
tained in combination. Dry ammoniacal %gas is then passed into the solution,
which forms a crystalline compound with the aldehyde, termed AMMONIA-ALDE-
nyYDE. From this compound it is procured as a hydrate by adding an equal
weight of water, and then diluted sulphuric acid to unite with the ammonia,
heating it afterwards in a retort. The product of distillation is the hydrated
aldehyde, which is separated from the water by distilling it from chloride of
calcium.

1465. Aldehyde may also be 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 sulphuric acid.

1466. ALpEHYDIC ACID is prepared from aldehyde, and is composed of oxy-
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gen, hydrogen, and carbon, in the proportions sented in the following sym-
bol:~O + Hs + C% It may be regarded wox:gly as acetic acid deprived of
an equivalent of water.

1467. ALDERYDEN is a term applied by Liebig, to a supposed compound
which has not hitherto been insulated. .

1468. Res1N of ALDEHYDE is a resinous looking matter which is formed when
aqueous adlehyde is heated with potassa. .

1469. MeroarTAN, or HYDRURET OF MERCAPTUM~Symb. H + S2C'H
Ligeid, colourluss, volatile; dissolres sparingly in water, but freely in alcohol
and ether.

1470. Procured by distillation from sulphovinate of baryta mixed with hydro-
sulphuret of baryta; it ir associated at first with an ethereal fluid, from which
it is separated by distillation. It acts encrgetically on the binoxide of mercury.
producing 2 egs. of water and 1 of bimercapturet of mercury. From this sub-
stance it is most easily prepared by the action of 2 egs. of hydrosulphuric acid.

’ Fig. 58.
Materials. Products.
Hydrogen 1 e 62.68 Mercaptan.
2 egs. of Hydrosul- YHydrogen | I —>62.68 Mercaptan.
phuric Acid . Sulphur . 16.1 .
Sulpaur . 16.1

Mercaptum 61.68-”
Morcaptum 61.6
Meércury . 203 235.2 Bisulphuret of Mer.

The ngrae of this substance is derived from the powerful attraction which t

exerts towards mercury. ¢
. 1471. MErcAPTUM has not been procured in an insulated form. Its symbol,
calculated from the composition of mercaptan, is S2C*H?,

1472. XANTHOGEN¥ is the term applied by Zeise to the bisulphuret of carbon,
which, when mixed intimately with alcohol and potassa, produces xanthate of
potassa, the XaNTHIC AcCID being composed of alcohol and bisulphuret of car-
bon. Symbol of xanthic acid 2(8*C) + OC?HS3.

1473. A number of interesting galvanic experiments have lately been made
by Mx Connell on alcohol and ether, from which he concludes that the clements
of water exist as water in alcohol, but not in ether. Hydrogen gas was easily
procured from alcohol, after increasing its powgr of conducting electricity by
1-200th part of potassa. *

1 eq. of Bimercaptu-
rot of Mercury {

DIVISION II. ANIMAL CHEMISTRY.

$-

1474. The prgximate principles of the animal kingdom, along with carbon,
oxygen, 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 quanti%¥ 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, pro-
ducing sulphureted and phosphureted hydrogen during putrefaction. Several
proximate mnimal principles have been observed to contain hydrogen in such
proportions as to produce water with the oxygen and ammonia with the nitro-
gen. Food which has been cooked, and put into tin cases heated to 212°, filled

® This term is now applied by Dr Hopo in the manner described at par. 1488,
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completely with fluld, so that no air muy remain in the interstioes, may be pre-
served for years without acquiring any offensive taste or odour, putrefaction
being entirely provented.
* 1475. The principal products of PUTREFACTION are carbonic acid, carbureted
liydrogen and ammonia, which are generally mixed with phosphureted and sul-
plureted hydrogen gases and a large quantity of water. The'higher the tempe-
rature, if not excessive (beyond 90°), the more rapid the putrefactien; at a low
temperature, it goes on slowly, and is arrested altogether at temperatures be-
low 32°. . -
Animal matters are converted into o fatty compound called Aprrocirg, by the
long continucd action ef water, the air being excluded. Many regard it as an
imperfect soap, composed of ammonia aud fatty master. Alcohol also produces
a similur effect with fibrine.

CHAP. I. FIBRINE, ALBUMEN; GELATINE, OSMAZOME.
L

1476. These principles occur abundantly in the animal kingdom ; the compo-
sttion per cent. of the three first is very nearly the same, and is shewn in the
follpwing table—fractions have been omitted :— *

Carbon.  Hydvogen. Nitrogen. Oxygen.

FisrINE, . . 53 7 19 19
ALBUMEN, . . 50 7 ® 15 26
GELATINE, . . 47 7 16 27

1477. F1BRINE is the principal part of muscular fibre, and is found also in the
blood of animals. Solid, tasteless, inodorous; has a whitish appearance; has
some clasticity, and is rendered hard and brittle by drying. Soluble in strong
ACETIC AcID, swelling at first, and forming a concentrated jelly. Decomposed
by strong and by diluted NITRIC ACID, pure nitrogen being evolved from it when
the acid is diluted; a yellow powder, called YELLOW Acyp, is formed during
the reaction of the nitric acid. Berzelius has affirmed that it is & compound of
nitric acid and fibrino after it has been affected by the acid. With sulphuric
acid, a solution is procured, containing a peculiar white matter called LEUCINE ;
the sulphuric acid is sepafted from it by chalk, the solution of the leucine being
then filtored and evaporated. Diluted hydrochloric acid has little action on
fibring, and by the strong acid it is decomposed. Fibrine is also dissolved by con-
centrated solutions of potassa, soda, and ammonia, being at the same time de-
composed. It is insoluble in water; alcohol converts it into a fatty matter.

1478. Procured from muscular fibre by mgacerating it in water, or by stirring
newly drawn blood with a stick, when it collects in considerable quantity upon it.

1479. ALBUMEN is found abundantly in, the solid form, and in solution in wa-
ter, constituting in the latter case liquid albumen.

1480. Sovrip ALBUMEN is found in the cellular membrane, and in a great nam-
ber of other ani solids.

1481, Liquip ArsumeN 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 160° by heat; it is also
coagulated by aleohol, by sulphuric, nitrie, hydrochloric, metaphbsphoric, and
many other acids; by ferrocyanate of potassa after the addition of acetic acid;
by bichloride of mercury, hydrochlorates of tin and iron, acetate of lead, and by
f.he infusion of galls. Phosphoric and pyrophosphoric acids do not precipitate
it. The coagulated albumen generally carries along with it a portion of the pre-
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cipitating agent. 'With bichloride of mercury, a precipitate of chloride of mer-
cury and albumen is formed; or of the oxide of mercury, according to more re-
cent investigations. Bichloride of mercury detects albumen in 2000 parts of
water. An excess of albumen dissolves those precipitates which are compounds
of albumen and an oxide. Sea-water also, as Sir W. Burnet has shewn, dis-
solves the precipitate formed by albumen and bichloride of mercury, while hy-
drochlorate oof zinc again restores the precipitated albumen.

1482. Albumen coagulated by heat, or by drying successive layers in the open
airyresembles fibrine much, and can scarcely be distinguished from it by the
action of tests. Berzelius states that it has no action on binoxide of nitrogen,
but that fibrine prodnces a disengagement of oxygen. «

1483. GELATINE is not found, like the preceding substances, in any ammal
fluids. Obtained principally from skin, bones, membranes, ligaments, and ten-
dons. IsINGLASs is a'purer variety, which is prepared from the sounds of the
stargeon and other fish. Solid, soluble in water, hot or ¢old; 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. TaNNIN precipitates it copious-

1y ; the compound is called TANNO-GELATINE, and is of the same nature with
lenther, which is usually propared by the action of tannin (derived from oak-
bark) with the skins of animpls. GLUE consists of impure gelatine. It is inso-
luble in water; converted into a peculiar saccharine matter by sulphuric acid;
not precipitated by bichloride of mercury or subacetate of lead.

1484. OsmazomE is foulid associated with muscular fibre and other animal
matters; 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 eva-
porated. Osmazome is regarded as the matter which gives to broth its peculiar
flavour.

l

CHAP. II. BONE, MUSCLE, &c.

1485. BoNEs contain about 33 per cent. of animal matter, and 67 of earthy
substances. The animal matter is composed principally of gelatine and marrow
or fatty matter. The following are the component parts of the earthy matter in
100 parts of bones, omitting fractions :—

Phosphate of lime, about . . . . 51 parts.
Qaxbonate of lime, . . . . 11
Fluoride of calcium, . . . . . 2
Phosphate of magnesia, . 1

Soda, chloride of sodium, and wuter in smallet ptoportwn.
filica and alumina, with €
‘Oxides of iron and ma.nganese, 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, ammo-
nia, inflammable gases, oily matter, water, and other subst@iaces, are evolved,
much of the carbon of the decomposed animal matter remaining with the earthy
substances of the bone. In this condition it is termed Ivomt Buacxk, which
is much employed as a decolorizing agent, charcoal from animal substances
(usually called AN1MAL CHARCOAL) being very powerful in thie respect. If the

- charcoal be required perfectly free from earthy matter, hydrochloric acid may
be employed to dissolve it; and when it has been removed ‘by solution, the re-
maining chakcoal should be well washed, and heated to redness, before it is used
to destroy animal or vegetable colouring matter.
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1487. 1f bones be kept for some time in dilated hydrochloric acid, all earthy
matter is removed, and the animal matter which remains retains the original
form of the bone. D’Arcet has lately extracted the animal matter from bones
‘by the action of high-pressurc steam, leaving the earthy matter almost as free
from animal matter as if it had been burned in an open fire.

1488, TEETH are composed of the same materials as bones; but. contain less
animal matter.

1489. Horns, HOOFS, NAILS, TENDONS, the cUTICLE, and the TRUE SKIN, are
wmposed principally of gelatine; horns cqutain also coagulated albumen,gnd a
portion of carthy matter.

1490. The MuscLEs are composed principally of fibrine, with albumen, gela-
tine, osmazoine, fatty, and saline matter.

1491. HaIr, wooL, and FEATIERS, are consniered to contain a peculiar ani-
mal matter. Silica, sulphur, iron, manganese, und other substances, more par-
ticularly salts of lime, have also been detected in them.

1492. In BraIN and the matter of the nerves, 80 per cent. of water are found.
Albumen, fatty matter, and osmazome, constitute the Sther principal ingre-
dients. A variable proportion of phosphorus has also been detected, along with

minute quantitios of salts and sulphur. N
L]

.
CHAP. II1. BLOOD, RESPIRATION, ANIMAL HEAT.

1493. The blood is a fluid slightly saline, unctuots, and has a peculiar odour.
Np. gr. 105, and temperature above 97° when newly drawn, or while circulating
in the bloodvessels; in appears to be homogencous, but by the microscope it is
found to consist of a fluid almost without colour, in which numerous red parti-
c¢les are suspended.

1494, When removed fromn the bloodvesscls, a halitus or vapour arises from
the surface, composed of water and a little animal matter, and after a few mi-
nutes the whole mnass gradually assumes a solid consistence. Shortly after-
wards a few drops of yellowish fluid gather on the top, and, finally, the blood
spontancously separates into two parts, the cror or crassamrNruM, which is
thick and solid, and the sErUM or fluid portion. From 2 to 3 parts of crassa-
mentum are usually procured with ¥ of serum.

1495. The conversion of the fluid mass into the solid form is called the Coa-
<ULATION of the blood, and it commences within two or three minutes after its
removal from the bloodvessels; the clot or coagulum, however, often continues
to contract slightly for two or threc 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 bein# considered to have the property of
vitality as well us the living solids. It mdeed contains orgaflized Solids floating
in a transparent medium.

1496. The coagulation is accelerated by exposing the blood to a temperature
of 120°, or drawigg 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 propor-
tion to the depression of the vital energies, as, for instance, in hemorrhage.
Hence the blood last removed generally congulates first. Alum, and the sul-
phates of zinc and copper, promote this change. The tiut of the coagulum is
much affected bysthe colour of the vessel in which the blood is received, if it be
green, as Dr Newbigging pointed out, the reaction probably depending upon the
suline matter in the flux used where the cup is tinged with green.
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- 1498, Saturated solutions of hydrochlorate of soda, hydrochlorate of ammonia,

nitrate of potassa, and potassa, death arising from violent mental emotions, or

preceded by severe exercise, prevent the process of coagulation. Low tempera-
tm'es produoe & similar eﬂ'ect, or retard it much; thus, bleod which coagulat.es
“in five mmntes at 60°, requires fully an hour at 40° .

1499, It hus been stated that the blood does not coagulate in cases of death
induced by ljghtning, but this has lately been contradicted. In animals killed
by a powerful galvanic battery, the blood has been found cougulatod.

1500, Besides a particular exhalatjon from the blood, heat is evolved durm,,
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, accordipg to M. Le Canu, consists of the following sub-
stances, in 1000 parts :—

‘Water, . . . . . . . 785.590
Fibrin, . . . . . . 3.565
Albumen, ., . . . . . . 69415
Colouring matter, . . 119.626
Crystulline fatty matter, tcnned Serolme, (Cholestenne 7 4300 v
Oily matter, .ot . 2.270
Extractive soluble in both nlcohol and wa.ter, . 1.920
Albumen combined with soda, . 2.010
Chlorides of sodium and potassium, w1th phosphn.tes, sul-

phates, carbonatés of potassa and soda, 7.304
Carbonates of lime and magnesia ; phosphates of hme, mng-

nesia, and iron ; peroxide of iron, . . 1.414
Loss, . . . . . . . 2.586

1502. Small portions of aluinina, silica, and manganese have been found in the
blood, and even a minute trace of copper, by M. Sarzcau and Dr O’Shaughnessy.

1503. Baruel maintains that the blood contains, in addition to the preceding
principles, a volatile matter peculiar in cach species, which is disengaged when
the blood is mixed with strong sulphuric acid.

1504, The proportion of the differcnt substances in blood varies at different
periods of life, in different individuals, and In disease. The proportion dlso of the
serum to the clot varies much from the shapo 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 appcars that the albu-
men and salts decrease at cach bleeding; the diminution is, however, very vari-
able, and, even after the fourth timetloes 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 serumn, and solid matter of the clot,
is variously estimated, but Prevost and Dumas give the following relative quan-
tities in 1000 parts of human blood :—

‘Water, . . . . . 784
Solid matter of crassamentnm, . . . 129
A sesiemiees..  BETUID, . . . . 87

1507. In the CrassaMENTUM the prmupnl solids are the fibsine and colouring
matter of the blood, mixed with albumen derived from the serum. By washing
in a cloth with water, all the colouring matter may be removed, the fibrinc being
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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. CoLOURING MATTER OF THE BLooD.—Regarded formerly as depending
* essentially upon iron for its tint, which is attributed now to a peculiar animal
matier, resembling albumen, and called Hemarosing., 1t differs from albumen
in its colour, and is black when pure; it has a reddish colour whén reduced to
powder. It is more easily coagulated by heat than albumen, n.n'd is not preci-
Ditated by the acctate or subacetate of lead. It contains carbon, oxygen, hydro-
‘gen, and nitrogen, with 4 minute quanutx of iron. It acts with other agents in
the sgame 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 obt.amed 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. Propared by diluting a solution of colouring matter in albumen with 10
parts of watcr, and hesating the liquid, when the colouring matter is separated by
coagulation at the temperature of 149°, while albumen femains in solution till

Jeated to 160°. It is alse precipitated by several metallic oxides. A solution of
the colouring matter in excess may be procured b) stirving the clot in water, ha-
ving drained it previously on bibulous paper, aftér cutting it in thin slices. The
solution of colouring matter in albumen is pr8cured by stirring newly drawn
blood, so as to remove the fibrine.

1511. ERITHROGEN (from sgufgss, ruber) is a term applied by Bizio to a pocu-
liar animal principle obtained by him in a diseased gall-bladder, and which he
considered as the base of the colouring matter of the blood. It has the pecu-*
liarity of being turned red by nitrogen. See 1438, where this term is used in
unother scuse.

1512. The sxrum constitutes the fluid portion of the blood$ it is of a pale yel-
low colour, with a slight tinge of grecn, and sometimes presents a milky appearx-
ance. Sp. gr. 1.030. It contains frec alkali (soda).

* 1513, Coagulated by heat, acids, alcohol, and by galvanism. On cutting and
pressing the coagulum when produced by heat, a small quantity of colourless lim-
pud fluid exudes, called the SEROsITY, containing s considerable portion of the
salino matter of the blood, and als® u portion of animal matter.

1514, According to Marcet, 1000 parts of the serum consist of—

‘Water, . . . . . . . 900.
Albumen, . . 86.8°
Hydrochlorate of potassa and soda, . . 66
Muco-cxtractive matter, . . . 4.

Carbonatc of soda, . . . . -, L6
Sulphate of potassa, ; . . . . 035
Earthy phosphates, . . . . . 0.60

1515. 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 colour which
it presents in the arteries. No difficulty is now entertained with respect to the
air pengtrating 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 thyough membranous matter, and affect chemically the contents
within.

The experiments on the diffusion of gases illustrate the pmage of air through
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apertures impervious to water; while the movements that take place in different
fluids separated by a membranous partition, ulso clearly prove the facility with
which an interchange of principles can ensue with great force where it was not
previously suspected. Dutrochet, who made many interesting experiments on
this subject, found that  bladder filled with a syrupy fluid and placed in water,
soon absorbed so much of the water that it burst, a portion of the viscid fluid also
escaping through the pores. ENDosMosE 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
from the interior to the other partion 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 ix the blood. The presence of saline matter, as 1n the serum
of the blood, is eSsential to the change of colour ; it does not take placc without it,
however frecly 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 giobules diffused through scrum, or any similarly
diluted solution of saline matter, though the change may be produced in a strong
saline solution without any ¢<xygen. ARTERIALIZATION is the term applied to
the changes that are produced in the fluid derived from the food, as it is converted
into blood.

1517. 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 oxygen consumed, IKvery minute, it has been calculated by Messrs
Allen and Pepys, 26 c. i. of carbonic acid arc produced, an estimate considered
rather high by many chemists; the air given out from the lungs, contains, ac-
cording to other estimates, 3.6 per cent. of carbonic acid; according to them,
from 6 to 8 per cent. of this gus.

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, 28,800 respirations in 24 hours, and 460,800 cubic inches of air passing
through the Jungs. Of this :’675’ or 17,141.76 cubic inches are converted into car-
bonic acid gas. Now, 100 cubic inches of carbonic acid weigh nearly 50 grains ;
80 that the weight of carbonic acid formed is 8,5670.8 grains, ;% ths of which, or
2337.5 grains, are carbon. This amodats to nearly nine ounces avoirdupois, or
somewhat more thaii half a pound.”— Records of Science.

1519. Dr Thomson’s, Dr Prout’s, and‘ Dy Fyfe’s experiments, shew that the
quantity of carbonic acid evolved at different temperatures, varies much under
different circumstances, and even at different periods of the day. The nitrogen of
the air is little affected, apparently, by respiration ; occasionally its quantity ap-
pears to be increased, and sometimes it is diminished, the effect varying with the
seasons and other circumstances.

1520. By a forced expiration, about 200 c. i, of air may, on an average, bo ex-
pelled from the lungs.

1521. The amount of air consumed in its action upon the lungs, is far inferior
to that which is necessary tv sustain the frame in health and comfort. From 2
to 4 cubic feet of air have usually been recommended ; but a much larger quan-
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tity is desirable, as 10 cubic feet per minute, and in warm weather 60 cubic feet
per minute, have been found desirable in the experiments I conducted at the House
of Commons. The supply, however, demanded by different individuals is ex-
ceedingly various, and is much influenced by the state of the atmosphere, the
Mhoisture or dryness of the air, and the habits or diet of indiwiduals. Light also
exerts a considerable influence on respiration. Excessive moisture or dryness
of the air are equally injurious. Moisture is communicated often: by steam, or
by evaporating water in an open pan ; it is withdrawn by lime or the chloride of
calcium.

1522. ANtMaL HEAT.—The discovery 8f carbonic acid in the air diséi'gagcd
from the lungs during respiration, was made by Dr Black. He cons!dered respi-
ration analogous to combustlon, and that the carbanic acid is formed fh the lungs.
Crawford, adopting his views, believed that the capacity of the blood for caloric
iy 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 the heat that had originally been produced (though not rendered

sensible in the Jungs) is evolved, diffasing an cqual degree of #varmth over the
Whole body. His experiments, however, as to the relative capacitics of oxygen,
casbonic acid, venous and arterial blood, on whmh‘the theory rests, have not been
supported by other chemists.
1323, Mr Iillis considered that carbon 1< sep.mned from the blood as an ex-
creted product, and then acts on the air inspired. o

1524. Hassenfratz and Le Grange proposed another view of the manmer in
which thie 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 corre-
sponding quantity of carbonic acid evolved, produced during the course of the cir-
culation by the oxygen which had been previously absorbed. ® Carbonic acid gus
has been detected in venous blood, being evolved when it is transferved directly
from the living body into an atmosphere of hydrogen gus.

1525. The skin affects the air muchin the same manner as the lungs, carbonic
acid being produced and oxygen consumed.

1526. In some animals, respiration i+ cariied on entirciy by the skin, and a
considerable quantity of carbonic aeid 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. Numecrous experiments have now proved, that the greater
the heat procured 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 pagt by other operations going un at the
same time. .

1528. By disease, blood is much altered in its properties. In cases of CHOLERA
it is very much affected; its colour becomes dark, sometimes it acquires the con-
sistence of tar, and is less readily affected by the oxygen of the air. It 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 casos pf inflammatory action, the crassamentum is covered with a coat
of pure fibrine usually called the Bur¥y coar. This arises from the bloed being
so ultered in its qualities, that the fibrine it contains in solution congulates more
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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 blood is removed from the body,
and the colonring matter escapes from the globule, the ﬁbrme from the centré
adheres firmly together.

1531. The blood is affected to a great extent in a number of othet diseases,
though this m%y not in general be so easily recognised as in the preceding cases,
chemical analysls being required to pomt out the change. Occasionally, bowever,
the clitinge is suﬂiclently evident, as in jaundice, when the blood acquires a
greenish-yellow tint in conscquence of the absorption of bile. The BLACK vomiT
observed inyellow fever is regarded as a compound of blood and hydrochloric
acid. Urea is frequently observed in the blood, morc especially in thosc ecases
‘when the secretion of urine is suppressed. In diseases of the kidney, generally
the blood is much affected ; Dr Christison’s experiments have shewn that in gra-
nular diseases of the kidney, the amount of dry serum, hematosine, fibrine, and
water, are subject to great variations, and has recommended accordingly the mi-
nute analysis of¥he blood in such cases.

CHAP. IV. SALIVARY, PANCREATIC, AND GASTRIC JUICES -
DIGESTION—BILE.

1532, The saLIvA contains a small quantity of solids in solution, scarcely

. amounting to 1 per cent. The solid matter is composed of a peculiar animal

matter and saline substances, among which free soda and sulpbocyanate of po-

tassa have been detected. It varies, howcver, in its composition, and has been
frequéntly observed acid, neutral, and alkaline.

1533, PaNcreATIC JUurce.—Regarded formerly as being of the same nature
with saliva, though now considered very different, contiining a little albumen,
curdy matter, osmazome, a free acid (acetic ), but no sulphocyanic acid is present.

15634. Gastric Juice.—This fluid is secreted in its proper form only from the
stimulus of food, when hydrochloric acid may be distinctly traced in it, to which
the great solving powers which it possesses.are attributed; acetic acid is also
associated with it. The hydrochloric acid is probably derived from common salt,
and to the soda produced, as the hydrochloric acid is removed, the alkaline re-
‘aption of the blood may perhaps be attributed. Of late, it has been considered that

-:the hydrochloric acid is associated in the gastric juice with a peculiar animal prin-
eiple, the compound being termed PrrsiN, and this has been irritated artificially
by the action of diluted hydrochloric agid upon mucous membranes. The stomach
itself is supposed to, be defended from the action of the corrosive acid by as-
suming a peculiar electric condition. Ip cases of sudden death, the stomach is
‘often found corroded in consequence of the action of the acid on its fibres. Gas-
Aric 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, & milky fluid, THE cEYLE, is absorbed;
this contains the nutritious matter derived from the food, and is conveyed to
the heart, and thence to t.ge lungs, where it acts with the air, and is converted
into arterial bleod.

1536, The insipid flaid formerly described by chemists as gastnc Jmoe, must
be regaxded perhn.ps as merely a portion of the salivary and panm'eatw Jjuices.

1537, BILE is a greenish-yellow coloured fluid, generally rather viscid, having
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a sweetish bitter taste and nauseous odour. Heavier than water, alkaline ; co-
agulated 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. Hydrochlorate of soda.
Resin. * Hydrochlorate 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 aftimal mat-
ter, osmazome, gluten, cholic acid, and some fatty #ubstances, have also been
found in bile. In human ‘bile, similar ingredients have been detected.

1538AP1crROMEL. — Solid, crystalline, soluble in alcohol and water; taste
sweet. PrEPARED from bile by precipitating sulphuric acid and some other
substances by acetate of lead, then adding subacetate of lqpd, the oxide falling
down with the picromel and resin. By hydrosulpluric acid actihg on the pre-
cfbitate suspended in water, sulphuret of lead is formed, being left undissolved
alogg with the resin ; the picromel remains in solution.

1539, Croric Acip is solid, crystalline, reddenslitmus, and has a sweot taste.

1540, Bruiary Cavrcuvrl are composed principally of cholesterine, and the
colouring matter of the bile. Sometines they contyin no cholesterine.

154). CronesTERINE.—White, crystalline, with a pearly lustre. Melts at

*278%; docs not form a soap with potassa. Insoluble in water; dissolved abun-

dantly by boiling alcohol ; sparingly soluble in cold aleohol. By the action of
nitric acid, CHOLESTERIC ACID is produced.

CHAP. V. MILK AND CHYLE.

1542. MiLk contains the following substances, of which the first, water, con-
stitutes nearly 929 parts in 1000 :—

‘Water. Ilydroclilorate of potassa.
Butter. Acetate of potassa.
Cascous 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 cascous matter, and 4
of butter, the rest being whey. »

1544, WHEY consists principally of water, with small portions of animal
matter, and a large quantity of a peculigr saccharine matter, called §vear or
MiLk, which may be procured by evaporation. ’

1545. BuTYRINE is the name given to oily matters which constitutes butter.

1546, CasEous MATTER 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 coagulating milk. It always contains in
this condition some foreign matter associated with i ing soluble in water
when pure, and forming a mucilaginous solution. Sa¥Phuric, niteic, hydrochlo-
ric, and other acids; alcohol, the infusion of galls, and a variety of other sub-
stances, coagulate milk by combining with the caseous matter.

1547. Cascous matter is maintained by some chemists to contain twdMlistinet
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principles, cask1c Acp, and CASEOUS OXIDE or APOSEPIDINE. Others aguin re-
gard it as approaching very nearly to coagulated albumen in its leading charac-
ters. "

‘1548. CuYLE 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-
CIPIENT ALGUMEN. 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-*int, 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 margarine of fixed vegetable
oils, is found in most of them associated with variable proportions of oLkivE.
Berurd prepared a substance very similar to fat, by passing through a red hot
tube u mixture of carbonic acid, carbureted hydrogen, and hydrogen. Dobereiner
succeeded in producing an analogous (~ompound with coal gas and watery vapow.

1560. STEARINE is obtaingd with facility in brilliant crystals when deposited
from a hot ethereal solutwn‘ It is very soluble in hot ether, sparingly solu-
ble in cold ether. It is also soluble in boiting alcohol. Melts at 129°. Pre-
PARED by boiling mutton suct in ether, after melting it to scparate any mem-
branous matter, and removidy the adhering solution from the erystals by bibulous
paper ; this process is repeated with the crystals several times.  Similar processes -
may be adopted in preparing stearine from other fatty matters.

1551. When boiled with a solution of potassa or soda, it is resolved *into
STEARIC AcID ang glycerine. The stearie acid may be separated by neutralizing
the alkali with sulphuric acid. See 1354.

1552, MARGARINE is the name given to another fatty matter very similar 1
stearine, but more soluble in ether, and melting at £17°. It is procured by al-
lowing the matter separated from the stearine (see 1550) to evaporate aud crys-
tallize spontancously, Sec 1355.

1653. Oleine is obtained by pressing lard i in bibulous paper, to which it adheres.
It iy similar to that procured from vegotabli: substances.

1554. ApIPocIrE. See 1475.

1555. AMBERGRIS is considered to be a concretion produced in the stomach of

« the spermuceti whale. It is found floating un the sea coast of India and Africa.
It consists principally of a peculiar fatty matter, called Ambreine, which resem-
bles cholesterine.

1556. BuTrYyRrINE., See Milk.
 1557. OHOLESTERINE. See Bile.

1588. Dipprr’s O1n is the name given to a thin limpid eil, the product of the
destructive distillation of animal substances.

15659. FaT, HoasLARD, and SukT, are compounds of stearine and oleinc in
various proportions; they melt at various temperaturcs between 59° and 102°.
The stearine and oleine differ often in the fat obtained from different animals.

1560. HrrcIng is procured from tho fat of the goat and sheep.

1561. SPERNMACKTI is *pnred from the fatty inatter found in the head of the

ti whale. Solid, white, crystalline, insoluble in water, soluble in ether
and alcohol. Melts at a temperature below 212°. It is usudlly mixed with a
little flujd oil, and is termed CE11xE when purified by solution in boiling alcohol

9
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and crystallization. ETHAL is a solid fatty matter which remains after the se-
pamtion of margaric and oleic acids by boiling cetine with potassa or soda, so as

to produce soap.

which the spermaceti is obtained.

1563. TraiN O1v is procured by heating blubber to 212°

1562, SperMacETI O1r is the fluid expressed from the fatty matter from

Its offensive odour

arises from decomposed animal matters which are mixed with it. .

4

CHAPY. VIL. MUCUS, PUR, &c. LACTIC AND FORMIC ACIDS.

1564, Mucus. --The existence of a distinct principle to which this name has
been applied is doubtful. The mucus described by Dr Bostock is soluble in hot

and cold water, and dues not gelatinize.

Tannin atd bichloride of mercury do

not precipitate it.  ‘I'e mncus of the noso is rendered transparent by water, but
not dissolved. It is dissolved by nitrie acid, dilute sulphuric acid, and potassa.

1565. Pus varies much in its qualities, ac

cording to the nature of the source

fiom which it is produced.  Healthy pus is a bland, thick dluid, apparently ho-
niogencouy, but composed of a thin transparent fluid, with opaque globules float-
ing in it.  Sp. gr. 1.030. Neutral, but becomes acil by the action of the air.
Suluble in sulphuriv, nitrie, and hydrochlorie acids, and in alkalis. Ammonis

produces a gelatinous mass with it.

The following are the prineipal tests which have been proposed for distinguish-

mg pus from muens :—
TEsrs.

Mixed with am equal weight of
witter. and then with an equal
weight of a saturated solution
of carbonate of potassa,

Diffused through water,

Dissolved in potassa, amd water
addd, i

. . S }
Dissolved in sulphuric acid, and
]

water added

»
Mucvus.
dves not gelatinize,

from a catarrh. it Hoats.
not affecued
o

remams suspended in
the water.

Pus.
; produces a jelly.

! preapitated.

precipitated.

precipitated.

1566. Frurp or SErRovs Surracks.—Composed principally of water, with

small portions of albumen, mucus, and saline matter.

The vympu which lubri-

cates the cellular membranc is eonsidered® of analogous composition. Small
portions of Liactic Acip are also found ju it.
1567. Liacric Acip has been found inemost 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 cvaporating solutions containing it to

syrupy consistence, extracting the lactic acid by alcohol.

By combination with;

oxide of zine, separating it afterwards by baryta, and ultimately removing the
baryta by sulphuric acid, it is ehtained in a pure form. |

1568, Formic Acin.—Symb. HO*C%.—Eq. 37.36,—The name ‘given to the
acid obtained fromethe ucid liquid of suts. Tt may be formed artificially by dis-
tillation from tartaric acid mixed with diluted sulphuric acid and binoxide of
mangancse. It may be regarded as a compound of 2 cgs. of carbonic oxide and

M
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1 of water, into which it is eusily resolved by heating it cautiously with strong
mlpburic acid. Symb. O*C*H = 2:C +"H.

~CHAP. VIIE. UREA, URIC ACID, PURPURIC ACID, CYANURIC
ACID, URINE, URINARY CALCULL»

1569. Umu ~—S8ymb. 2H}*CNO.—Eq. 60.64.—Solid; mvysta.lhzes in 4-sided
prisms. Sphgr. 1.35. Very soluble in water and alcohol; is not acid nor al-
kaline. Decomposed by heat, prodncmg carbonate of ammonia and cyanuric

" acid. ~Decomposed quickly as it exfsts in urine, but its solution in water, when
pure, is not speedily decomposed.

1570. With nitric acid it forms a sparingly soluble crystalline compoand ; this
acid is accordingly” employéd to detect urea.

1571. PrerParaTiON.—Evaporate urine to the consistence of a syrup. "When
cold, sdd gradually nitric acid (frec from nitrous) till a'dark crystallized mass is
formed, composed principally of nitric acid and urea. 'Wash it repeatedly with
cold water, and dry &y pressure between folds of bibulous paper. Dissolve car-
borate of potussa in 3 parts of water ; altd the solution till the nitric geid is neu-
tralized ; evaporate the solution that the nitrate of potassa may crystallize on
cooling. Mix the drainings’from the crystals which contain urea in solu‘ion,
with animal charcoal, so as tv produce a thick paste. After 6 or 8 hours, add
cold water to extract the urea, thus freed from colouring matter ; filter and eva-~
porate the solution to dryness. Boil the urea in alcohol, then filter and crystal-
lize.

1572. Urea is formed artificially when water is heated with cyanate of ammo-
nia; 1 eq. of water with 1 of cyanate of ammonia, containing the same elements

in the same proportlon. The diagram shews the relation that urea and the aque-
ous cyanate of anumonia bear to each other. Symb. 2ZH*CNO="H +*C*N + NH?.

. Fig. 59.
Materials. Producte.
3 e _-,17.2 Ammonia.
4 Hydrogen |} “TTTTTT07 " \ater,

2 Carbon . 12.24, i

/ ’

Urea . . 2 Nit 14.2 \..2< \//

142
8 ANY
2 Oxygen 8 “\34.44 Cyanic Acid

The aqueous cyanate of ammonia is supposed to be in solution.

1673. By cxamining the changes symbolically, and with the aid of a diagran,
~the production of carbonate of amnfvnis by the action of water with urea may
be easily seen. The 2 eqs. of carbonate are supposed to be in solution.

a

Fig. 60.
Materials. Products.
. 2 Oxygen 16 . _ .22 Carbonic Acid.
- 6 ’
R 2 Carbon 6 ... .., 22 Carbonic Acid.
Urea . 99 Nitrogen {:;\\
| 4Bydrogen ?i:./.,f..:::.ﬁ 17.2 Ammonia.
, 2 Oxygen . 167" .
2 Water {2 Hylrogen 2.3, 17.2 Ammonia.

Symb. 2 H&2H!CNO = 2(:C + NHY).
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1574. Uric or Lrrarc Acio.—8ymb. 03CSH;Nz—Eq. 91.12.—Symb. accord-
ing to Liebig OSC!°H*N*‘—White when pure, but generally of a brownish co-
lour; tastcless, inodorous; insoluble in alcohol; 10,000 parts of cold water are'
reqmred for its soltion, more soluble in a solutxon of carbonate of potassa, pro-
ducing urate and bicarbonate of potassa. Reddens litmus feebly; expelled .
from its salts by carbonic acid, but, if boiled with carbonates, it expels car- _
bonic acid. Particularly distinguished by the crimson tint which it produces
when cautiously heated with nitric acid, the solution produced’ by fheir mutual
action, being previously evaporated to ess. Decomposed by heat, urea,
cyanuric acid and insoluble eyanuric amdr%:yanuhde) aro procured, along “with
hydrocyanic acid, carbonate and cyanate of ammonia, and a carhonaceous residue.

1575., PREPARED from caleuli of uric acid, or from the uric acid deposited
from acidulated urine, by dissolving it in & solution of potassa, and adding an
acid to precipitate it from the urate of potassa.

1576. Purpurio Acip, called also MUREXANE, is white when pure, and is
particularly distinguished by the brilliant coloured purple compounds which it
forms with several of the salifinble Formed in cotnbination with am-
mynia by the action of nitric and uric ds; scveral other processes have lutely
been pointed out; the purpurate of ammonia has been termed MUREXIDE by
Licuig The ammonia may be displaced by potassa, and the purpuric acid pre-
cipitated by adding sulphuric acid to combine with’the potassa. The ERYTHRIC
acid of Brugnatelli, and the sediment often deposited from urine in fevers, and
called at onc time Rosucic Acid, were considered lay Prout to be composed of -

epurpurate of ammonia; Wohler and Liebig now term the erythric acid Ar-
J.OXANE,

1577. Cvawvuric Acip, called also Pyrouric Acip,is formed when uric acid
is heated, or by the action of chlorine on different compounds oonta.ining cyano-
gen and water. Urea also may be made to produce this acid. *

1578. A number of new compounds have beon produeed lately by Wohler and
Liebig, in an elaborate series of investigations upon uricacid. Of these the prin-
cipal are ALLANTOINE, ALLOXANE, URAMIL, ALLOXANTINE, and OXALURIC, PA-
RABANI(, ALLOXANIC, DIALURIC, MESOXALIC, MYCOMELIC, and URAMILIC acids.

15679. Urine is a transparent limpid fluid, of an amber colour; sp. gr. 1.0224, °
when recently discharged it has an actd reaction, but after a short time it acquires
decided alkaline propertics. The following are the component parts of. npne,
according to Berzelius, in 1000 parts :— -#5’

4!’:

Water, . . . . 933.00 ,:3}.;"‘ :
Urea, . . . . . 30.10
Uric Acid, . .- 1.00
Free lactic acid, and la,cmtc oi’ammomu

with animal matter, . . 17.14
Mucus of the bladder, A . . 0.32
Sulphate of potussa, . . . 3.71
............... soda, . . . 3.16
Phosphate of soda, . . . 2.94

.o AMMONIR, . . . 1.65
}Iydrochlorate of soda, . . 4.45
teeeee WMMONin, 150 ,
Earthy ma.tters, with a trace of ﬁuaw of lxme 1.00
Silicedus earth, . . 0.03 .
s

A peculiar colouring matter has heen dobecwd in urine; also sulplmr, Pbon-
phorus, and albumen, but in very finall quantities. In children, and also®in
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graminivorous animals, a considerable amount of benzoic acid may be detected.
'Its specific gravity varies very much, both in health and diseasc.

1580. Urine is quickly decomposed spontaneously ; and as the urea is resolved
into carbonate of ammoniaphosphate of lime and phosphfte of ammonia and
magnesia aro deposited. s

1681. From disease the urine is often much changed in its qualities ; the fol-
lowing are‘{.he principal alterations.

- 1. Depuosition of Calouli, &e.

1582. The urine often becomes so loaded with different materials, that much
is deposxted in the solid forrn before it is discharged, giving rise to the, produc-
tion of URINARY SAND or (ALCULI, according to the cohesion of the precipitated
matter.

1583. Uric Acip Cavcurt ave of a brownish-yellow colour, and generally con-
sist of different layers of acid. They are decomposed by heat, soluble in po-
tassa, produce purplirate of ammonia by nitric acid; see 1574. In most caleuli,
small portions of uric acid may be det&ted. An oxcess of uric acid, or the ge-
composition of urate of ammoma by other acids, are considered the principal
causes of the deposition of ¥ric acid. r

1584. Unrare oF AMmonia Carcurt have a clay colour; evolve ammonia
when heated with potassa.  With the other agents mentioned in the preceding
paragraph, the same phenomena are produced as with uric acid calculi.

1585. OXALATE or LiME CALcULI 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. PuospHATE oF LiMk CarctLr—Not decomposed by heat; insoluble
in potassa ; soluble in diluted nitric or hydmchlonc acid ; give no ammonia when
heated with potassa; not dissolved by cold acetic acid.

1587. ProsroaATE OoF AMMONIA AND MaeNEs1A CALCULI evolve ammonia
when heated alone, or with potassa. Not dissipated by heat, though the ammo-
nia is expelled. Soluble in diluted nitric and hydrochloric acids ; soluble also
in cold acetic acid. (%

1588. The FusiBLe CALcULUS is u mixture of phosphate of lime with phos-
phate of ammonia and magnesia. It is melted by heat. Cold acetic acid dis-
solves the plosphate of ammonin and magnesia, but does not affect the phos-
phate of lime.

1589, The CArBONATE oF LuME CaLcULUS i is distinguished in the same man-
ner as common carbonate of lime. A portion of animal matter is generally
blended with it. eA calculus composed of oxalate and carbonate of lime has
lately been noticed. Both these varieties, however, are extremely rare.

1590. The ALTERNATING CaLcuLUs consists of alternate layers of some of
the preceding calculi.

1591. StLiceous GRAVEL has occasionally been noticed in some urinary com-
plaints. It is not affected by heat, is insoluble in acids, fuses with alkalis added

and produces silicated potassa.
3 m‘zwmc Ox1pE CavcuLr contain a peculiar animal matter, cystic oxide,
whlc.h is soluble in acids, alkalis, alkaline carbonates, and lime-water.

16¢3. XanTtHIc OXINE CALCULI consist of another peculiar animal matter.
With nitric acid it produces a lemon- yellow coloured compound.

1594. Fibrinous calculi are composed of fibrine. The last three varieties of
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calculi are extremely rare, and are décomposed by heat, in the same mgnner as
other animal substances.

. 1595. The uric acid, and the phosphate of ammonia and magnesia calculi, are
those most frequently observed. 7

2. Production of Sugar, Albumen, &o.

1596. Sucar 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 obt.unod a still larger quantity. |

1597. ALBUMEN is often found in large quantity in the urine of individuals
aftected with some varieties of dropsy, coagulating when exposed to hept like the
serum of the blood. Insome cases it has coagulated even within the bladder.

1598. URk\ 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, producos a crystalline precipitate of nitrated urea in half an
hour. Healthy urine produces it more blO“]V 1t is not absent in diabetic
urine, as was at one time supposed.

1599, In some diseases of the liver, the urine beconies tinged with bile, and
has a deeper yellowish tint than usual. Hydroohlonc acid produces a green
tint M urine charged with bile. Urine has also, ln some cases, been observed
to be luminous in the dark, presenting a species of phosphorescence-
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- MINERAL WATERS.

« 1600. Minernl waters are usually divided into four classes, Acidulous, Sul-
phureous, Saline, and Chalybeate. The different ingredients may Be detected
by the various tests described in the preceding pages.

1601. Acrpurous MINERAL WATERS owe their peculiar qualities to carbonic
acid, which escapes by Lieat, or on cxposure to the air for some time. They spar-
kle when poured fr8m one vessel into another, and are gencrally found with va-
rious proportions of carbonates of lime, iron, and other saline matters in so}u-
tion. CARLSBAD, SELTZER, Spa, and PYRMONT, are the most noted acidulous
waters. The carbonates are retained in solution by excess of acid. .

1602. SuLPHUREOUS MINERAL WATERS contain hydrosulphuric acid, to which
they owe their offensive tasto and odour, as those of HarRrRowa ATE und Mo¥FaT.
The water of St Bernard’s*Well, in the neighbourhood of Edinburgh, contains it
in small quantity. i

‘1603. SALINE MINERAL WATERS generally contain various proportions of
sulphates and hydrochlorates of soda, lime, and magnesia. Potassa, hydriodic
acid, hydrobromic acid, a free alkali, and siliceous matter, are also found in some
saline mineral waters. SEA-WATER is usually classed along with the saline mi-
neral waters; its principal saline ingredicnt is common salt, of which the water
of the Frith of Forth contains about 1-45th ; sulphate of lime, sulphate of mag-
nesia, and hydrochlorate of magnesia, are present in smaller quantity. Todine,
bromine, and potassa have also been detected in it.

1604. CHALYBEATE MINERAL 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 ¥ orta, Berzelius has discovered two new com-
pounds, the CHrENIc and APocHRENIC AcIDs ; they are considered as products
of the decomposition of vegetable matter in the neighbouring marshes.

1606. It was formerly believed that the various ingredicnts in saline mineral
waters, are associated together in the form in which they are deposited by eva-
poration. 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
hydrochloric acids united with soda and lime. But, according to Dr Murray,
these exist in the water before evaporation as sulphate of soda and hydrochlorate
of lime, more soluble compounds of these ingredients, and more active in rela-
tion to the animal economy. It must be considered extremely difficult in nume-
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rous cases to tell the precise condition of various bodies in solution, apd doubts
have long been entertained as to the possibility of proving numerous questions
_connected with this subject in the present state of the science. Dr George
‘Wilson has lately endeavoured to shew that certaia haloid salts do not decom-
posc water when dissolved in it, in an ingenious YOmmunication lately, presented
to the British Association.

ACIDIMETRY AND ALKALIMETRY.

1607. Acidimetry and Alkalimetry are t'he terms applicd to the processes by
which the amount of uncombined or free acid or alkali in various supstances is
determined. Oeccasionally thi¢ may be done by ascertaining the specific gmwty..,
but it is more generally effected, especially in dilufe 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 acrp, udd crystallized aqueous bicarbonate of pdlassa in fine powder
til it is neutral and no longer affects the vegetable blue: every 91.44 grains
used contain 47.2 of potassa, which indicate when neutralized 40.1 of sulphuric,
36.5 of hydrochloric, 54.2 of nitric, or 51.48 of acetic acid, the greater number of
acids neutralizing potassa in equivalent quantities.

1609. If alkaline, take any of the above acids previously diluted with water,
and after having ascertained how much real acid it vntains, as described in the

» preceding paragraph, add small successive quantities to the alkaline liquid till it
is neutralized : then, if sulphuric acid shall have been used, which is generally
vreferred, every 40.1 grains of real acid used indicate 47.2 of potassa, 31.5 of
soda, or 17.2 of ammonia in the alkaline solution.

CHEMICAL NOMENCLATURE.

1610. The multiplicity of compounds which have of late been discovered, calls
loudly for a revision of the present system of chemical nomeuclature. The fol-
lowing view of the nomenclature of several compounds, shews the system of
nomenclature proposed by Dr Hope, founded upon the suggestion of Dr Thom-
son, that the Greck adverbial numerals should be employed in designating the
number of egs. of base, and the Latin in expressing the number of eqs. 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 confusion of terms.

TABLE 1.

Atom of Metal. Atom of Oxygen. Oxide. .
1 + 1 ‘Oxide of Metal.
1 4 2 Bis Oxide of Metal.
1 + 3 Ter Oxide of Metal.
1 + 4 ‘Quater Oxide of Metal.
2 + 1 Dis Oxide of Metal. |,
3 + 1 Tris Oxide of Metal.
4 * 4 1 Tetrakis Oxide of Metal.
2 + 3 Dis Ter Oxide of Metal.
2 + 5 Dis Quinquoxide of Metal
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4 TABLE IL
Oxide. Acid Sulphuric. Compound Salt.
1 + \ 1 Sulphate of Metal.
1 + 2 Bis Sulphate of Metal.
1 + 3 Ter Sulphate of Metal.
l', + 4 Quater Sulphate of Metal.
2 + 1 Dis Sulphate of Metal.
3 4 1 . Tris Sulphate of Metal.
4 + 1 Tetrakis Sulphato of Metal.
Bis Dxide.
1 + ¢ 1 Sulphate of Bis Metal.
1 + Bis Sulphate of Bis Metal.
2 + 1 Dis Sulphate of Bis Metal.
Ter Oxide «
1 + 1 Sulphate of Ter Metal.
1 + 2 Bis Sulphate of Ter Mctal.
1 + . 3 Ter Sulphate of Ter Metal.
2 [ ¢ 1 Dis Sulphate of Ter Mctal.
Dis Oxide. "
1 e 1 Sulphate of Dis Metal.
1 + 2 Bis Sulphate of I)is Metal.
2 + 1 Dis Sulphate of Dis Metal.
Tris Oxide.
1 . + 1 Sulphate of Tris Metal.
1 + Bis Sulphate of Tris Mectal.
2 + 1 Dis Sulphate of Tris Metal.
Dis Ter Oxide.
1 + i Sulphate of Dis Ter Metal.
1 + 2 Bis Sulphate of Dis Ter Mctal.
2 + 1 Ois Sulphate of Dis Ter Metal.

ON TIIE THEORY OF THE VOLTAIC CIRCLE.

From the Report of the Proceedings gf the British Assvciation at Birmingham, in
o ) the Atheneum.

“ Professor Graham first explained the views now received of the propagation
of electrical induction through the fluid and solid elcments of the voltaic circle,
by the formation of chains of polar molecules, each of which has a positive and
negative side, and in which no circulation of the electricities is supposed, but
merely their displacement and separation from each other in the polar molecule.
These electricities in the polar molecule of hydrochloric acid, for instance, are
displaced, when the acid acts as an exciting fluid, and the positive electricity lo-
cated in the chlorine atom, and the negative electricity in the hydrogen atom.
These electricities are, at the same time, made the depositories of the chemical
affinities of the chlorine and hydrogen respectively. Mr Graham proposed to
modify this theory so far as to abandon the idea of electricities being actually
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possessed hy these bodies, and to refer the phenomens at once to the proper che-
mical affinities of these hodies. He assigned similar polur molecles to the
exciting fluid and metals; wnd taking hydrochloric acid as a type of exciting
fluids, he gave to each molecule a pole, having {x affinity resembling that of
chlorine, or chlorous uﬂimty,-——oi negative electridity, and another pole, having an
affinity resembling that’of zine or hydrogon, or zincous affinity, instead of positive
clectricity. Poles in the decomposing cell of the voltaic circle haye, from their
importance, always received peculiar appellations, which, wnth two other terms,
Mr Graham changes as follows :—

Synunymus.
Chlorous . . Negative. e
Zincons . . . DPositive
Chloroid . . 'The negative pole, the cathode, the platinode,

Zincoid . . . The positive pole, the anode, the zincode.

The term chloreid means, what possesses the properties of chlorine, quasi-chlo-
rine; zincoid, what possesses the properties of zine, quagi-zine. Mr Graham
afterwards endeavoured to shew, that electrolytes were bodies which, like hy-
Arochlorie acid, possessed a salt radical und basyle element, which might be the
seqt of the chlorous and zincous affinities, and which might, indced, be called the
chlorous and zincous elements of the electrolyt®; so*that the same view was
applicable to electrolytes in general.

DAGUERRE’S PHOTOGRAPHIC PROCESS.

The following is a brief outline of Daguerre’s process, referyed to under Light.
Mons. Nicpee and Daguerre worked conjointly, and the French government has
allowed them an annual pension of 10,000 franes for the discovery, whwh was
perfected ultimately by Dagzuerre,

The designs are executed by the action of the rays of light from natural or
other objects upon thin plates of silver plated upon copper. The thickness of
hoth plates need not exceed that of o common card. The plate being cleaned
and pelished, a coating is applied t8 it extremely sensitive to the action of light.
This is cffected by exposing it to the vapour of iodine, such as rises from this
substance at natural temperatures, adjusting it in a box made for this purpose,
and continuing the operation till the surface of the silver acquires a golden-yel-
low colour. It may now be adjusted in the frame of the camera, avoiding as
much as possible, by previous i ldjustmentﬂ, any unnecessary exposure to light
till the image to be depicted shall be allowed to fall upop it. Little or no
change is perceptible to the eyo when tlus stage of the operation has been com-
pleted, but on subjecting the plate, at an angle of 45°, to the thin and attenugted
vapour arising from mercury heated to 140° Fahrenhcit, the imprint effected by
the rays of light prescnts itself, being slowly evolved by the invisible agency of
the mercury upon the plate, where previously any thing in the shape of an out-
line was equally invisible, and with a delicacy and truth in the outlines, such as
the touch of the painter never could impart, the work being executed in reality
by the rays of light leaving their own impress upon the surface on which they
had impinged. The plate is withdrawn from the action of the vapour of mer-
cury when its tenfperature falls to 113°. Lastly, the plate is prevegted from
farther change by dipping it in the purest water, placing it afterwards In a solu-

‘tion of common salt or hyposulphite of soda, and then washing it in the purest
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water. Numerous minute manipulations require extreme attention in the va-
rious stugés of the process, a full uccount of which is given in the description
written by Daguorre, and published under the direction of the French govern-
ment. \ '

A
FRIGORIFIC MIXTURES' WITHOUT ICE OR SNOW.
( The figures before the substanccs used refer to parts by weight. )

1. 4 Dilutedsulphuric acid* and 5 Cr. sulphate of soda, From 50 to 3
2. 5 Common hydrochloric aeid and 8 Cr. sulphate of soda, .. 50to 0
3. 4 Diluted nitric acidt and 9 phosphate of soda, . .. 50to—12
4. 1 Water and 1 nitrate of ammonia, . ... B0to 4
5. 16 Water, 5 nitrate of potassa, 5 hydrochlorabe of ammomu., . 50to 10
6. 4 Diluted nitric acig, 2 nitrate of potasss, 4 hydrochlorate of

ammonia, and 6 sulphate of soda, . . . . 50to—10

f

FRIGORIFIC MIXTURES WITH ICE OR SNOW. .
3 Snow and 2 diluted sulphuric acid, . . . . From 32 to —

2. 7 Snow and 4 diluted nitric acid, . . . . . 32 to—30
3. 8 Snow and 5 hydrochloric acid, . . . . . .. 32to—27
4. 2 Snow and 1 chloride of sodium, . ... 60to— 9
5. 5 Snow, 2 chloride of sodium, and 1 hydrochlorabe of am-

monia, . .. 60to—12
6, 2 Snow and 3 (mystulhzed hydrochlorate of lmne, . .. 32 to—50
7. 1 Snow and 3 crystallized hydrochlorate of lime, . ... 40to—73
8. Snow and 10 diluted sulphuric acid, . . . . ... 68to—91

+ Composed of equal weights of strong sulphuric acid and water; allowed to cool before
using it.
t Prepared by mixing one part of water and two of strong nitric acid.
<
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