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PREFACE.

Sooxn after my appointment to the Chair of Chemistry at
St. Mary’s Hospital in 1854, I noticed that the chief part
of the lecture-time was occupied by the most diligent
students in taking notes of the various formule and re-
actions which were from time to time stated; and that
they were thereby prevented from paying continuous
attention to the course of the Lecture, and its illustrative
experiments.

To remedy this evil, T published in 1855 the first edition
of my ““ Notes for Students,” in which I endeavoured to
supply all the information necessary to form a connecting
basis for the teaching in the lectures.

In the present edition, the * Analytical Notes for
Students ” have been omitted, in order to allow of in-
creased space: these Analytical Notes will be published
separately.

ALBERT J. BERNAYS.

Chemical Laboratory,
St. Thomas's Hospital Medical College.
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BERNAYS’'S NOTES

STUDENTS IN CHEMISTRY.

MaNtFOLD as are the substances which we meet with on every
hand, there are but few bodies which cannot be resolved by
lieat or otherwise into simpler forms. Such as resist all
attempts at decomposition are called Elements or simple bodies.

The quantities of one element which can unite with a con-
stant quantity of another, increase by suceessive steps, accord-
ing to simple numerical ratios. Thus, two parts by weight of
Hydrogen can unite with sixteen parts by weight of oxygen,
and further with thirty-two parts by weight of the same element
Oxygen. This fact has led to the idea that the elementary
bodies are made up of indivisible particles called Atoms, each
having a constant weight peculiar to itself. A collection of
elementary atoms united together to form a compound, con-
stitutes o Molecule, the weight of which is equal to the weight of
the sum of its component atoms. Thus an atom of Oxygen
weighing 16 unites with 2 atoms of Hydvogen, each atom
weighing 1, to form a molecule of hydrogen oxide or Water,
weighing 16 4+ 2 = 8.

These combinations are represented by symbols, the initial
letter of the element denoting the atom  Thus Todine is repre-
sented by I; it unites with Hydrogen II, to form a compound,
the molecule of which is expressed by the letters HI, A group
of two or more atoms is expressed by a numeral either before the
symbol. or by a small numeral to the richt of the symbol. Thus
2l or I, denote 2 utoms of Todine; but 1,0, indicates a com-
pound of 2 atoms of iodine with 5 atoms of oxygen,

When one element takes the place of another in combination,
the substitution always oceurs in proportions which are fixed,
definite and invariable. The relative quantities of different
elements wlich thus replace one another, are ealled Equivalents
or Chemical Equivalents: thev are either identical with the
ntomic weights, or simple multiples or snbmultiples of them.
When Zine tukes the place of Hydrogen, the quantity of Zine is

B
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- ATOMIC AXD MOLECULAR WEIGHTS.

only one-half its atomic weight; buf, when pofassium docs so the
equivalents are in the same proportion as their atomie weights.

Chemical reactions muy be represented symbolically in the
form of equations, the symbols of the reagents being placed to
tle left. and those of the results on the same line to the right,
only separated by =. Thus: K,+ OH,=0K,+ H,. In
this case. the molecule of KAaLIUM (potassium) decomposes the
molecule of WATER, into the molecule of roTassoxIDE, and the
moleeule of HMYDroGEN. Multivalent elements often exhibit
varving degrees of equivalency. Thus Carbon is quadrivalent
in CII, and bivalent in CO. Nitrcgen is univalent in N.,O,
trivalent in N,0O, and quinquivalent in N.O,. The variation
mostly talkes place by two units of equivaleney.

The atomic weights of those elements which are known to
exist a8 gas or vapor, are, as a rule. proportional to their spe-
cific gravities. Taking the specific gravity of hydrogen as 1,
then are the gp. grs. of Oxygen, Nitrogen, ('hlorine and Fluorine,
and of the vapors of Bromine, Iodine, Sulphur, Selenium and
Tellurium (compared under the samé conditions of temperature
and pressure), identical with their atomic weights. Iixceptions
io this rule are exhibited by arsenicum'and phosphorus. whose
vapor-densities are twice their atomic weights, and by Cad-
mium and Mereury, whose vapor-densitics equal only half their
respeetive atomic weights. With these exceptions, the com-
bining volumes of all elementary gases are equal. The mole-
cules of compound bodies in the gaseous state occupy the space
of two volumes of hydrogen. As the molecule of an elementary
oas is made up of two atoms, it may be sail that equal volumes
of all gases contain equal pumbers of molecules, or. that the
moleenles of all gases occupy equal volumes (Law of Avogadro).
Thus is afforded a sure mode of fixing the molecular constitu-
{ion of all compounds obtainable as gases, and of ascertaining
the atomic weights of the elements,

When it is said that the sp. gr. of any compound gas or
vapor, referred to hydrogen as unity, is equal to half its atomie
or molecular weight, it must be remembered that a few excep-
tions are known. Thus AMMONIUM CHLORIDE CIH, N, occupies, as
vapor, four times the space of an atom of hydrogen. The same
exceplions we have in the cases of rrospHORIC CHI.ORIDE Cl.P;
o1, OF viTRIOL SO,(OH),; MERCURCUS CHLORIDE Hg,Cl,; AddO-
NIUM HYDROGEN suLpHipE SH(HN), &e. &e. And, to a certain
extent. the explanation may lie in the supposition, that the high
temperature to which they are subjected biings about a partial
decomposition or ¢ dissociation.”

If one or more of the atoms of a fully saturated molecule be
removed. it is obvious that the residue will be no longer satu-
rated - such residues are called Radicles. In the casc of the




RADICLES. TARLE OF ATOMIC WEIGHTS. 3

tetrad Curbon, the saturated hydrogen compound is known as
METHANE CH,; the removal of one atom of hydrogen, leaves a
residue known as merayL CH, A further removal of an atom
of hydrogen, leaves a hl‘l.nﬂeutrulwlﬂ mETHENE CH,. If we take
away three atoms of hydrozen from METHANE CH,, we obtain
the trivalent radicle smermexyn CH. Lastly, when all the
~hydrogen is removed, we have the tetrad Carbon remaining. So
likewise with the saturated molecule hydrogen oxide or water
OH,; take away an atom of hydrogen, and we have a monad
radicle HYDROXYL OH, mmluﬂ'nus to chlorine 3, &e.

The atomic weight of an element is, then, in some cases
identieal with its equivalent; in other cases equal to ftwo,
three, four, five times, &c., its equivalent weight. In other
words, one atom of an element may {llqplam or be substi-
tuted for 1, 2, 3, 4, 5, 6 atoms of hydum’@n This difference in

=1 ,‘H
combining or saturating power is called Atomicity or Quanti-

valenue

The elements are 64 in number, and may be arranged ac-
cording to their quantivalence. They are either monads, dyads,
triads, tetrads, pentads, or hexads; cither univalent, bivalent,
trivalent, quadrivalent, qmnqmmlent or sexvalent. Elements
of even equnal{ ney are called artiads; of uneven, perissads.

ALPHABETICAL TaBLE oF THE EremenTts, SyMpoLs, and
ATomic WEIGHTS.

Aluminum Al = 27.5 Gallium Ga = 68
Argentum Ag = 108 Glucinum G = 9.5
Arsenicum As = 16 Hydrargyrum Hg = 200
Aurum Au = 196.6 Hydrogenium = =
Barium Ba = 137 Iodine 1 =127
Bismuth Bi = 210 Indium In =113.4
Boron B '= 1l Iridinm Ir = 198
Bromine Br = 80 Kalium K = 39.1
Cadmium Cid =112 Lanthanum La = 139
Caesium Cs =133 Lithinm L = %
Calcium Ca = 40 Magnes um Mg = 24
Carbon 0 = 18 Manganesium Mn = 55
Cerium Ce =138 Molybdenum Mo — 96
Chlorine 01 = 36.9 Natrium Na = 23
Chrominm Cr = b2.2 Nickel Ni = 58.8
Cobalt Co = b5H8.8 Niobium Nb = 94
Cuprum Cu = 63.4 Osmium 0s =199
Didymium D =144.75 Oxygenium 0 = 16
Erbium E =168.9 Palladium Pd = 106.5
Ferrum Fe = b6 Phosphorus P = 31
Fluorine F = 19 Platinum Pt =197.1

)

—
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4 TABLE OF ATOMIC WEIGHTS. I. OXYGEN.

ALPHABETICAL TABLE OF THE ISLEMENTS, &o.—econtinued.

Plumbum Pbh = 207 Tellurinum Te = 129
Rhodium R =104.3 Thallium Tl = 203.6
Rubidium Bb = 85H.4 Thorinm Th = 231.9
Ruthenium Ru = 104.2 Titanium = b
Selenium Be = T9.0 Tungsten W =184
Silieium 8 = 28 Uranium T =120
Stannum gn = 118 Vanadium v = 51.3
Stibium gh = 122 Yttrium Y = 9
Strontium Sr = 87.6 Zincum Zn = 65.2
Sulphur g = 82 Zirconium Zr = 89.0
Tantalum Ta = 182

A. The Non-Metallic Elements.

1. Oxygen 0 = 16 9, Sulphur 8§ = 32

2, Hydrogen H = 1 10, Selenium Se = 79.5]
3. Nitrogen N =1 11. Tellurium Te = 128]
4, Carbon C = 12 12. Boron B = A1

5. Chlorine Cl = 3b6.5 13, Silicon B = %38

6. Bromine Br = 80 14. Phosphorus P = 31

7. Iodine I =13 15. Arsenicum As = 79

8. Fluorine F =. 3y

Selenjum and Tellurium, which are bracketed, are of no im-
portance except to students of Chemistry. Hydrogen is, properly
speaking, a metal ; but this division of the elements is only re-
tained because of the requirements of certain Universities.

i Oxygen0=16. :0, =3 ¥

A dyad element, Colorless, tasteless and inodorous gas;:
uninflammable. A great supporter of combustion. Necessary
to respiration, decay, oermination, and the commencement of
putrefaction. The most macnetic of gases: the dinrnal variations
of the needle referable to the effects of heat upon it. Oxygen is
16 % heavier than its own volume of hydrogen. One litre weighs
r.437 grammes; tr.19 litres weigh 16 grammes (one gramme 1s
equal to 15.432 grains, and one litre to 1.76 pints). Compared
with dry air it has a relutive weight or specific gravity of 1.1056:
one hundred cubic inehes weigh 34.29 grains at 13°.5 C. and
30" bar. In water 1t is very little soluble; 100 vols. dissolve
2.99 vols, at 15°C,, and 4. 11 vols. at 0°C. In the free state,
or native, oxygen constitutes 21 per cent. by measure, and 23
per cent. by weight of dry air. Combined with Hydrogen, in
the form of Water OLI,. it forms § of the weight of the latter.




PREPARATION OF OXYGEN AND OZONE. II. HYDROGEN, D .

It is a constituent of most minerals, and of a great number of
oroanie compounds.

When bodies are burnt in oxygen, they oxydize, and increase
in weight. Thus at a temperature of 315% Mercury (Hydrar-
eyrum Hg) slowly oxydizes and becomes red in colour, and
when further heated gives off oxygen again. Priestley in 1774
first prepared oxygen from mercuric oxive. Prep. 1. From
mercuric oxide HgO, by heat: 2HgO = 2Hg 4+ 0,. 2. From
manganese dioxide MnQO,, by heat: MANGANOUS-MANGANIC OXIDE
Mn,O, remains., 3MnO, = Mn,0, 4+ 0,. One kilogramme
(2.2 Ibs., ench pound of 7000 grains) of the ore will yield about
50 litres of oxygen. 3. From barium dioxide BaO,, by heat;
BARIUM oOXIDE BaO remains. 2Ba0, = 2BaO + 0,. 4. From
hydrogen oxide OH, by electrolysis ; oxygen separates, because
the electro-negative element, at the positive pole or platinode.
4. From potassinm (kalium) chlorate KCIO; by heat: poTAs-
srust CHLORIDE K Cl remains, 2KCl0, = 2KCI 4 30, (the chemi-
cal action is more correctly : 1. 2C10,0K = CIK + ClO,0K +
0,. 2. CI0,0K = CIK'+ 20,). [122.6 parts by weight of
potassium chlorate will yield 48 parts by weight of oxygen. One
hundred parts therefore: 122.6:100::48:2=39.15.] Forother
methods, see also HYDROGEN SULPHATE SO,(OH),; MANGANESE
DIOXIDE MnO,; poTassium DICHROMATE Cr,0,K, ; and PoTASSIUM
cHLORATE ClO,(OK), p. 20,

Ozone 0,0 = 2 vols. An allotropie modification of oxygen, or
oxygen under different physical and chemical aspects. By
Schonbein. Best pre chh}' Siemens’ induetion coil, in action,
upon oxygen. Also by moist phosphorus upon air or oxygen.
Gas of peculiar metallic odor, ingoluble in water, in alkaline
and acid solutions, Absorbed by solution of potassium iodide
KI. Irritatesrespiratory organs. Instantly decomposed at 290°
into oxygen gas; two volumes into three. Iscontained in minute
quantities in pure air, but is instantly removed by putrescent
matter. A grand oxydizing agent: bleaches also and disinfects,
Iron, mercury, copper and iodine are oxydized by it, and so is
also silver leaf if ozone moist. Best test for ozone is a paper
soaked in solution of potassium iodide and starch : the liberated
iodine blues the paper. Thus: 0,0 4 2KI 4 OH, = 2zHOK
+ 0, + L,

v

II. Hydrogen H=1. H, =2,

A monad element: the standard of atomic weights. Color-
less, tasteless and inodorous gas, at least when pure. Inflam-
mable when heated in air or in oxygen, burning into Hydrogen
oxide or water OH,. The lightest of all gases. Its density as
compared with air 0.0691. One litre weighs only 0.0896 of a



(i HYDROGENIUM, ITS DIFFUSION, ETC. WATER.

oramme: 11. 19 lifres weigh one gramme at 0°C., and 760 milli-
metres bar. r1oo c. ii. weigh 2.14 grains. [The weiclhit of one
Litre 0.08g6, or say g Centivrammes, is called a Crith by Hofi-
mann. In these * Notes," preference is given to Dr. Williamson’s
standard, the weight of one Gramme of Hydrogen = 11.19
litres.] Hydrogen, like oxygen, hus never been liguefied, Water
dissalves only 1.93 per cent. at 15° C.

Meteoric iron generally contains Hydrogen, and indeed the
latter constitutes the clief element in the atmosphere of a
numetons class of stars. H penetrates iron and platinum tubes
at a red-heat. Palladium foil condensts 643 times its volume of
hydrogen below 10c® €., and Palladium-sponge 9o vols. This
absorption called Occlusion.

The diffusive power of Hydrogen is very high. The diffusive
power varies inversely as the square root of the density of the
zas, Thus the respective densities of hydrogen and oxygen are
ns 1to 16: their relative rates of diffusion are as the square roots
of these numbers. The rates of Effusion of gases, or the rate of
passage through a minute aperture in a thin plate of metal or
other substance into vacuum, follow the same law as their rates
of diffusion.

Hydrogen is found chiefly in combination with oxygen in
water and in nearly all organic compounds. It is separated from
ryproGuN oxive OH,, either by electrolysis, or by the action of

Iem*tuin other metals possessed of a stronger affinity. Prep. of
liydrogen. 1. From OH, by electrolysis : as a metal or the
¢lectro-positive element, H, separates at the zincode or negative
pole. 2. From WATER in the form of steam, when passed over
red-hot iron: FERROUS-FERRIC OXIDE Fe, O, remains. Fe, +
4OH, = O,Fe, + 4H,. 3. F'rom WATER by the action of NATRIUM
(sodium) Na. soprvm HYDROXIDE NaOH is found in solution.
Nu, + 20H, = 2NaOH -+ H,, 4 By action of zine wupon
HYDROGEN cHLORIDE ClH : zixc cHLorRDE ZnCl, is found in
solution. Zn +2C1H = ZnCl, 4 H,. 5. Also by the action of
ZINC Upon HYDROGEN SULPHATE SO,H, diluted with water: zZINC
SULPHATE SO,7n remains. Zn + SO,H, + water = S0,Zn +
water + H,.

Compounds of H with 0.—1., HYDROGEN OXIDE 0E, = 18,
Water is a clear fransparent fluid, colorless, but of a blue tint
in mass. Below ¢© C. it freezes and crystallizes in rhombohedra
aud in six-sided prisms. At r00® C., and Bar. 30”1t boils, having
a vapor possessed of the same elasticity as the air. Vapor-
density compared with airo. 625, compared with H=9. Increased
pressure raises the boiling-point, and so does also the presence
of a solid, &c. Maximum density at 4°C. Sp. gr. of ice 0.94.
One litre of water at 4° C,, weighs 1000 gramimes. [One c.i. of
water at 16°.6 C., weighs 252.456 grs, and a cubic foot 997

_ e




WATER OR HYDROGEN OXIDE, PEROXIDE OF HYDROGEXN. 7

oz. avoirdupois. N.B. 437.5 grs. to one oz. and 7000 grs.
to one lb. avoirdupois.] One imperial Gallon weighs 70,000 grs.
or 1o lbs. avoirdupois. Water is 825 times heavier than air,
Latent heat of water 79° C.; latent heat of steam at 100° C,,
537° C. In the state of vapor, water consists of two vols. of
H and one vol, of O condensed into two vols. Walter is a great
solvent of solids, liquids and gases, especially of the latter. As
the air is a mixture, and the oxygen is more soluble than nitrogen,
at 10° C. the ratio of admixture is 35 vols. of 0 to 69 of N, Many
oxides unite with water to Hydroxides with great lLeat: thus,
POTASSIUM HYDROXIDE or HYDRATE KOH., Many salts (anhy-
drous) unite with water without alteration of atomic arrangement :
Water of Crystallization which is easily removed by heat.
Cryohydrates exist only below o° C.; eq. NH,ClL,j20H,. Loss
of water by a salt, Efflorescence; attraction of waler, Deli-
quescence, Substances of great diffusibility called by Graham
Crystalloids; of low, Colleids. Separation, by Dialysis. 2. Hy-
DROGEN PEROXIDE O,H, or pr-HyproxyL. A liguid of sp. gr.
1.45 3 discovered by Thénard in 1814, Resembles ehlorine feebly.
Begins to give off 0 at 20° C., and the whole at 100° C., being
reduced to water. Bleaches litmus. Oxydizes black SPb to
white SO,Pb. Oxides of silver, gold and platinum, reduced
to metals. SiLVER 0X1DE Ag,0 4 nyproceN reroximoe O,H, =
Ag, + OH, 4+ 0,. One molecule of ench is separated. Peroxides
similarly evolve 0 and are reduced to lower oxides. This 1s well
seen in the ease of 0zoNE and HyYproGeEN rEROXIDE: 0,0 + O,H,
= OH, + 20,. Prep. From BARIUM PEROXIDE BaO, in presence
of wATER and hydrogzen chloride. BaO, 4+ OH, + zClH=sanivym
ciLoriuE Cl,Ba 4+ OH, + 0,H,.

III. Nitrogen N = 14, N, = 28,

Also called Azote, Triad element in ammonia H,N : pentad
in N,O;: monad in N,0. Colorless, tasteless, inodorous gas:
uninflimmable ; incombustible in air, and not a supporter of
combustion. Discovered by Rutherford in 1772. [Lighter than
air : 0.972. One hundred c.ii. at o° C, weigh 30.935 grs.]
t1.1g litres weigh 14 grammes. 100 vols, of water dissolve 2.03
vols. at 0° C., and .48 vols. at 15° C. Practically, N is one-lialf
as soluble as 0,

Atmospheric air is a MIXTURE of nitrogen with oxygen, in the
ratio, when dry, of 79 vols, of N with 21 vols. of 0. Prep.
Dependent upon the easy removal of oxygen from air by combus-
tion of phosphorus ; or by passing air over red-hot copper, when
copper oxide CuO remains, 2. Dy heating AMMONIUM NITRITE
NO(ONH,), when water and nitrogen alone result: NO(ONH, )=
20H, + N,. 3. Also by passing Chlorine gus through solution
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of aymonia H,N. Thus: 3Cl, + 2NH; = 6C1H + N,. 4. An
allzaline solution of pyrogarLic acip C;H,0,, may also be em-
ployed for removing oxygen from the air ; see “Organic Chemistry.’
5. By mixing air with hydrogen, and detonating with electric
spark: EUDIOMETER.

Compounds, Nitrogen with hydrogen. AMMONIA H.N or NH,
= 17. Colorless, irrespirable gas, of pungent odor, exciting to
tears. Feebly combustible owing to the hydrogen with pale
orcenish flame. Alkaline reaction. Sp.gr.of gas compared with
air 0.589. 11.7y litres weigh 8.5 grammes. Under pressure of 6.5
atmospheres at 15° C., info a_colorless liquid. Very soluble in
water and in aleohol. Water dissolves r18o timesits vol. at o® C. ;
898 times at 10° C,, and 727 vols. at 15° (. Its solution in water
is a valnable re-ngent; the strongest has sp. gr. 0.6¢, contains 36
per eent. by weight, and boils at 54° C. Sueh solution, colorless,
completely volatile, does not precipitate caleium hydroxide, nor
arcentum nifrate when super-suturated with hydrogen nitrate
(absence of ehloride), nor barium chloride (absence of sulphate).
H,N is produced in respiration, as well as in the decay and eom-
bustion of all nitrogenized bodies. Prep. From equal weights of
asvonton carorine CIH,N, and cavncion ox1pE OCa: cALCIUM
erLorivE C1L,Ca, waTer OH,and adyoxia H;N result. :H NI
+ 0Ca = Cl,Ca 4+ OH, + 2H,N. BSlaked lime or caleium hy-
droxide Ca0,0H, or CaH,0, may also be used. [Students should
aceustom themselves to various modes of writing symbols.]

AMMONTA may unite directly with certain salts of hydrogen,
as with pyproeey caLoripe HCI, to asoNtum carowipe NH, Cl,
or to AMMONIA HYDROCHLORIDE NH,HCI (4 vols.). In water it
behaves like a myproxipe NH,0H, in which hypothetical
asyontum NH, is united with myproxyn OH. [Hydroxylamine
NH,0H or NH,O isintermediate. It may be formed by the direct
union of ¥rrroceEN oxipe NO with H, and also by the action of
H upon ~Nrrric scip NO,0OH. Thus: NO,OH + 3H, = 20H,
+ NH,0H. Very volatile, decomposuble base. Gives grass-
oreen precipitate with eupric sulphate, and decolorizes ammon-
incal cuprie sulphate.]

Nitrogen with oxygen. 5 compounds: N,0, N,O,, N.O,, N.O,,
N,O,. [Nrrric ANHYDRIDE N,0,. Right rhombie prisms,
brilliant, colorless. Iuse at 85° C., boil at 113° C.,, and de-
compose. With OH, into hydrogen nitrateor nitricacid : N, O,
+ OH, = 2NO,0OH. Prep. by CHLORINE uUpON ARGENTUM
NITRATE NO,0Ag. Thus: zCl, + 4NO,OAg = 4ClAg + O,
+ 2N,0,.] Nitric acid or hydrogen nitrate NO,0H or HNO,
= 63. 1'he agua fortis of the alehemists. Fuming, corrosive
liquid of sp. gr. 1.52 at 15° C,, boils at 85° C. By Cavendish in
r=85. May be called a salt of hydrogen or of the radicle
hydroxyl, as is the case with all acids. Freezes at —40° C,
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Stains the skin yellow. An escharotic. Cannot be distilled
without partial decomposition. Yellow color due to N,O, in
solution. Movopasic Acip, as it conlains only one atom of
displaceable Hydrogen H, or Hydroxyl OH. All its salis
soluble in water, except trisnitrate of bismuth. When the
acid of t1.52 is boiled, oxygen and nitrous anhydrile are
evolved, the boiling-point rises to 12:° C, and an acid distils
of composition approaching to 2N0,0H,30H,: not a true
hydrate, but stable under ordinary pressures. Silver, copper,
mercury, are changed into nitrates, with evolution of orange
fumes, when heated with nitrie acid. It bleaches solution of
indigo in hydrogen sulphate, and in a free state browns solution
of ferrous sulphate. Prep. trom sopruym NITRATE NO,ONa by
distillation with svLeaURIc Acip SO,(OH),. Thus: NO,ONa +
S0,(0H), = 80,0HONa + NO,0H. Better from sodium than
potassium nitrate, because at. weight of sodium is 23, and that
of potassium is 39.1. Porassiom NiTRATE NO,0K is saltpetre.
Soproy NITRATE NO,ONa is cubic nitre. AMMONIUM NITRATE,
NO,ONH, is used in making nitrous oxide ON,. 2. NiTROUS
oxme, ON, or N,0 = 44. Also moNoxipe or laughing gas.
Colorless inodorous gas, of sp. gr. 1.527. Swecfish smell
and taste. 100 vols. of water at o° C. dissolve 130 vols. of
the gas. Under pressure of 5o atmospheres at 7° C,, reducible
to a colorless liquid, which freezes at — 99° C., and boils
at — 92° 0. The gas supports combustion. Mueh used as
angesthetic in dentistry. By repeated heating into 2 vols. of
N. and 1 vol. of O. When potassinm heated in it, rorass-
oxipe OK, and N, result. Prep. of the gas: 1. By heating
AMMoNTUM NITRATE NO,ONH, above 2306° C., it breaks up into
water and nitrous oxide: NO,ONH, = 20H, + ON,. 2. By
dilute nitrie acid upon zine; zinc nitrate, water, and nitrous
oxide result, 1cNO,OH 4 4Zn + nOH, = 4[(NO,); 0,Zn]
+ ON, 4 nOH, 4+ sOH,. 3. NITRIC OXIDE oOr NITROSYL
NO = 30. A colorless gas of sp. gr. 1,039. Irrespirable,
suffoeating. Very stable. Supports burning of lighted phos-
phorns. Absorbed by Ferrous sulphate S0,0,Fe to olive-
brown compound 2[80,(0,Fe)],NO. Neither acid nor alkaline.
A test for free oxygen, with which it unites to NrrroGeN
TRIOXIDE N,0,, or NITROGEN PEROXIDE NO,, according to the
amount of oxygzen employed, with production of orange-colored
gas. Prep. of NO. Dy the action of Cu upon hydrogen
nitrate : ecopper nitrate, water, and nitrosyl result. 3Cu +
8NO,OH = 3 [(NO,),0,Cu] + 40H, 4+ 2NO. 4. NITROGEN
TRIOXIDE, or NITROUS ANHYDRIDE N,0,. At — 18% a thin,
mobile blue liquid, whieh gives oftf orange vapors, At ordi-
nary temperatures a vapor, prepared by mixing four volumes
of Nitrosyl NO with one volume of oxygen 2NO + 0 = N,0,.
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Mixed with little water, into Nrrrovs acip NO(OH). Thus:
N,O, + OH, = 2NO(0H). But, with more water, into nitric
oxide or mitrosyl and nitric acid. 3N,0, + OH, = 4NO +
:NO,OH., Prep. as above. [Also by nitriec acid upon arse-
nivus anhydride As,0,. Thus: As,0, + 2NO,OH + 20H,
= :[AsO(OH),] +N,0,]. Ammonia becomes nitrous acid
in contact with heated platinum or platinum black. Copper
also effects the change in presence of air,  Acidulated solutions
of nitrites bleach permanganates. Nitrites detected by added
hydrogen ehloride with starch and potassium iodide. Dilute
hydrogen sulphate, together with ferrous sulphate may be em-
ployed : immediate browning. 5. NITroGEN PEROXIDE NO,
= 26. In prismatic crystals, which melt at — ¢° C, o a
mobile liquid of greenish-yellow tint; boils at 22° C. Vapor
red-brown, deepening with rise of temperature. Indeed, at
low temperatures it is a Terroxipe N,0,; at higher, above
154° ., a DIOXIDE or PEROXIDE NO,. Largely contained iu
the nitrons acid of commerce. Decomposed by little water, so
as to yield nitric and nitrous acids, 2NO, + OH, = NO,OH
+ NOOH. By excess of water, into hydrogen nitrate and
nitrosyl : 3 NO, 4+ OH, = zNO,OH + NO. Prep. 1. By
mixing 2 vols. nitric oxide with 1 vol, of oxygen NO + U
= NO,. 2. By heating LEAD NITRATE (NO,),0,Pb to strong
redness in a retort 2[(N0O,),0,Pb] = 20Pb 4+ O, + 4NO..

IV, Carbon C =12,

A tetrad element, whose natural condition is that of a solid
body. Native in two dissimilar, allotropic modifications. 1. Ax
Diamond, sp. gr. 3.33 to 3.55. Iu forws belonging to the
regular system. Imsoluble in all media and infusible. The
hardest of all bodies, cut and polished by its own powder.
Lustrous and of high refractive power. A non-conductor of
electricity. Heated in voltaic are, it swells up, resembles coke
in appearance, and becomes a conductor of Electricity. 2. As
Graphite or Plumbago of sp. gr. from 2.35 to 2.15. In powder
known as black lead. Either massive, or in six-sided plates
belonging to rhomhohedral system : hence is Carbon dimorphous,
as it erystallizes in twoirreconcilable geometrical forms. Metallic
lustre, friable, unetuous to the touch, and leaves black mark upon
paper. Veryhard. An excellent conductor of electricity. Used
for protecting iron from rusting, and for lubricating machinery.
When acted upon by nitric acid and potassium chlorate, into
Graruic Acip C,,H,0,; diamond, similarly treated, not acted
upon. As amorphous Carbon or lamp-black, a third artificial
variety of earbon must be mentioned. It is the basis of print-
ing-inks, and is readily produced by the incomplete combustion
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of resinous bodies, rich in ecarbon and hydrogen. It may also
be considered the light-giving principle in flames. W oodl-
charecoal, coke and soot, are also impure vuarieties of carbon.
Strongly antiseptic: Cataplasma carbonis. Decolorizing. All
amorphous varieties of carbon, when heated with nitrie acid
and potassium chlorate, are digsolved to brown solutions.
Compounds, Carbon with Hydrogen. f. ACETYLENE, or INrHINE
C.H, = 26. Colorless gas of peculiar odor, burning -:1'1!;]1
smoky flame to carbonic anhydride CO, and water OH,. Two
vols., C,H,, requiring five vols. of O for complete combustion,
Prep. A constituent of coal-gas, and always produced in the
incompleie combustion of meTHANE CH, and wrueNe C.H,.
Also, by synthesis of its elements. 2. MerHaNe CH, = 16. Also
called marsh-zas, light carbonetted hydrogen and fire-damp.
Colorless, inodorous, tasteless gas, scarcely soluble in water,
Inflammable, burning into OH, and CO,, requiring twice its
volume of oxygen and 10 x its volume of air. Is the first of the
paraffins, see * Org. Chemistry. As to quantity, is most largely
presentin coal-gas. Prep. by heating soprom aceraTe CH,COONa,
with soprvar ayproxipE HONa: soprom cAareoNATE CO(ONa),
and meTHANE CH, are alone produced. [Excess of Cl, in ex-
posed light converts CH, into CCl, and aHCl. Moist CH, and
4Cl,(420H,) in diffused light into CO, + HCL] 3. ETHeNE
C.H, = 28. Also ethylene, and olefiant gas. Colorless, trans-
parent, of faint alliaceous odor. Liquefied under great pres-
sure. Burns with white flame into CO, and OH,. One vol.
requires three vols. of 0 for complete combustion. C,H, + 30,
= 200, + 20H,. Soluble in twelve times its bulk of water.
Contained in coal-gas. Prep. a. From erniNe C,H, by naseent
hydrogen. C,H,+ H, = C,H,. b. From ETHYLIC ALCOHOL
C,H.OH, by a desiccator or dehydrant. C,H,OH — OH, = C,H,.
[Ernese C,H, unites direetly with Cl, to ETHENE DICHLORIDE
C,H,Cl, or Dutch liquid. Colorless, aromatie liquid, of sp. gr.
1.28 atc® C.] 4. BuryLeENe CH, = 56. Also, Oil-gas. Color-
less gas, liquid at o® C. Polymeric with ethene; the same per-
centage composition, with different condensation in the molecule.
—~Carbon with Oxygen. 1. CARBON OXIDE or CARBUNIC OXIDE
CO0 = 28. Transparent colorless gas, of sp. gr. 0.967. 100 vols.
of water dissolve 3.28 vols. at o®C., and 2.43 vols. at 15°C.
Irrespirable ; uninflammable. Burns with blue flame into CO,.
[Absorbed by K, at #c° C., and forms IX,C,0,. Solution of Cu,Cl,
also absorbs it, and {forms CO, Cu,Cl,, 20H, in scales, As the
residue of CO, after abstraction of O, it constitutes an impor-
tant dyad radicle, carponyr €O, in organie bodies,] Contained
in ecoal-gas, &e. Prep. «. By heating CO, with C = 200.
b. By heating zine or ferrum in CO,. Zn 4+ CO, = Zn0O + CO.
e. By heating CO, and I, together: = OH, +C0. d. By

I
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heating oxavic acmn C,0,(0OH), with a desiceator: = OH, +
0, + C0. 2. CARBONIC ANHYDRIDE, Or CARBON DIOXIDE CO,; = 44.
Colorless, transparent gas, of faint acidulous taste and smell.
Sp. gr. 1.52. One bundred c.ii. weigh 47,445 grs. at 15°.5 C,
and 30" bar. Very injurious to life, but less so than carbon
oxide. At 5.5 C. water dissolves its own measure of the gas,
and an additional volume for each additional atmosphere. As
it is fully burnt, it is of course uninflummable; employed as an
extinguisher of combustion. Under a pressure of 38.5 atmo-
spheres at o C. into a colorless, limpid liquid, lighter than
water : then into a snow-white solid by its own evaporation. 1t
is contained in the air to the extent of o.c35 per cent.; In
respired air to 35 per cent. Product of combustion of all
bodies containing carbon, and a result of decay, germination,
fermentation, and putrefaction. Its salts are called CARBONATES.
No known combination with water, but hypothetical CARBONIC
actp CO(OH), is a dibasie acid, containing two atoms of hy-
droxyl. Most carbonates are insoluble in water, and they all
effervesce on the addition of most acids. Prep. a. By heating
CALCIUM CARBONATE CO(0,Ca) or CaCO, to redness, it breaks up
into cancrom oxipg CaQ and CARBONIC ANHYDRIDE €0,. b. By
burning C in 0, = €0,. e¢. By adding hydrogen nitrate to cal-
cium carbonate : cancrom NrTraTE [(NO,),0,Ca], waTer OH,
and CARBONIC ANHYDRIDE CO, result. Thus: zHNO,; + CaCOy
= (Ca2NO, + OH, 4+ CO,. (CARBONIC ANHYDRIDE combines
readily, and is therefore quickly absorbed by potassoxide or
caleium oxide, or their hydroxides : e.g. OK, 4+ CO,= CO(OK),.
KOH + €0, = CO(OK)(OH). CaO + CO, = 'a0,C0..
Carbon and Nitrogen. Cvasocex C,N, = 52. Cyanogen is
a colorless gas, of odor resembling peach-blossoms, Sp. gr. 1.8,
or 26 when referred to H. Inflammable with color of peach-
blossoms into CO, and N,. One vol. requires 2 vols. of O for
complete combustion, At 7°.2 C., under pressure ot 3 .6 atmo-
spheres into colorless liquid. Water dissolves 4 X its volume,
Always produced as a cyanide when various metallic oxides are
presented at a red-heat to N or to nitrogenized compounds.
Prep. a. Heating mercuric oyaNipe HgC,N, 1 into Hg, cYaxo-
geN (,N, and PARA-CYANOGEN, & polymeric modification of
cyanogen. . Passing air over potassium carbonate mixed with
chareoal and contained in a red-hot tube: CO(OK), + N, +
4C = 300 4 2CNK. Then POTASSIUM CYANIDE CNK, with water
and mercuric oxide OHg, gives potass-hydroxide and mercurie
cyanide. Cyanogen, a good illustration of a radicle, or an un-
saturated earbon residue. CarBox, a tetrad, united with triad
NITROGEN, as Cyanogen, is o monad radicle. HYDROGEN CYANIDE
CNH, is prussic acid, a mono-basic acid. A colorless, trans-
parent liquid, very volatile, intensely poisonous: oppression and




PRUSSIC ACID. V. SULPHUR. SULPHIDFR, 15

constriction of fauees. Ammonia and water, best antidotes,
Vapor inflammable. One vol. CN and one vol. of H .um:t(-.fl to
2 vols. in prussic acid. Potassium burns when heated in it, and
displaces H. Prep. From porassitm CYANIDE CNK by dilute
sulphuric acid 80,(0OH),. Thus: CNK 4 SO,(OH), = CNH +
POTASSTUM HYDROGEN suLpHATE SO,0HOK. BSee ‘Organic
Clhemistry.’

W Sulphur 8 = 32. 52 —

A dyad element, found native in Siecily and on the coasts of
the Mediterranean, Pale-yellow, brittle, solid, of sp. gr. 2.043.
Melts at 114°,5 C. into pale amber-colored liquid. Insoluble
in water. Crystallizes from solution in Carbonic sulphide CS,,
as octahedron with rhombic base: the form of native sulphur.
[It is also very soluble in SULPHUR DICHLORIDE 3,Cl,. in BENZENE
C,H,. and boiling TureeNxTINE C,; H,;; little in ethyl alcohol
C,H,OH, and still less in ether C,H,,0, and in chloroform
CHC,.] Heated beyond melting-point, darkens, thickens, and
at 240° (., or so, is 80 tenacious that vessel may be upturned
without loss. Then thin fluid again. and boils at 446° C.
Sulphur sublimed ; flowers of sulphur. Heated inair to 260° C.
it burns with violet flame to suLrPHUROUS ANHYDRIDE SO,. Both
allotropic and dimorphous. 1f native sulphur be melted and
erystallized it separates in oblique prisms. Sp.gr.1.94. Soluble
in the same agents as the native. If either the native or pris-
matic variety (electro-negative) be heated to 250° C., or so,
and poured into water, a third modification, the amorphous or
ductile variety is obtained. Sp. gr. 1.957. Insoluble in all
agents : electro-positive. Also a red and a black variety ; the
more frequently heated to 314° C,, and cooled, the more of the
black is obtained. Sulphur forms sulphides with the metals.
IroN-pYRITES is Ferrous di-sulphide FeS8,. MAGNETIC PYRITES
Fe.8,, CoparT-GLANCE CoSAs. NICKEL-GLANCE NiSAs. Zino-
BLENDE Zn8. GreeNockrTe CdS. GavuNa PbS. SILVER-GLANCE
Ag. 8. CinnaBar HgB. Correr-ryvrirTes FeCuS,. GREY ANTI-
MONY ORE OF ANTIMONY-GLANCE §b,S,. ORrrIMENT As,8,. Rpar-
GAr As,8,. Prep. a. Native by simple fusion from blue clay.
Cast in moulds, as Tablund or prismatic Sulphur. . Heating
iron-pyrites in absence of air. 3FeS, = Fe,5; 4 8,

N.B.— Vapor of sulphur anomalous. Molecular volume
below 816° C., 8;; above 1040° C., 8,; a8 compared with air,
its vapor-volume is respectively 6.617 and 2,214,

Compounds. Of 8 with H. 1. HyproceN surraine 8H, = 34.
Also sulphuretted hydrogen and rotten egg gas. Colorless
gas, of offensive odor. Not irritant ; narcotic. Sp. gr. r.17.
Water at o° C,, dissvlves 4.3 7 times its volume; at 15°C,, 3.23
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vols. Solution feebly acid, reddens litmus, and is an important
test. When SH, lLeated with tin, same volume of hydrogen re-
mains as of gas. Burns with blue flame into water OH, and
sulphurous anhydride SO,. Three vols. of O required for eom-
plete combustion of SH,. Blackens lead-paper. Under pressure
of 17 atmospheres a liquid. Solid at —#6° C., boils at —62° C.
A econstituent of Harroeate water. IEmanates from sewers,

In acid solutions 8H, precipitates Pb, Cu, Cd, Hg, Ag, An,
Pt. Pd, Sb, As, Sn, and Bi, as sulphides. Thus: 80,0,Cd +
SH, 4+ OH, = 8S0,(OH), 4+ Cd8,0H,. Prep. of 8H,. a. From
rertovs suLpHIDE SFe by dilute sulphurie acid SO,(OH),.
FeS + S0,(0H), + nOH,=80,0,Fe) + 8H, +#0H,. b. From
ANTIMONOUS SULPHIDE S,8b, and uyDrocEN cnrorive CIH,
we obtain ANTIMONOUs cHLORIDE Cl1,Sb and S8H, Thus:
8,8h, + (CIH = 201,8b 4 38H,. [Hydrogen persulphide S.H.
— 66. An oily liquid, of yellow color, analogous to O.H..
Very unstable.] Sulphur and Oxygen. r. Sulphurous anhydride
or SULPHUR DIOXIDE 80, = 64, Colorless gas, pungent, irre-
spirable, suffocating ; ever formed when 8 is burnt in wir. Em-
ployed in bleaching flannel and straw, and as a disinfectant.
Sp.ar.2.21. 100 c.ii. weigh 68.69 grains. At —17°.8C, liquid.
Unites with OH, to suLprUR0US Acip S0(0H), or H.80,. Forms
a hydrate SO(0H)..70H,. Soluble in water. 100 nieasures take
up 8.8 measures at o°, and 43 .5 measures at 15°. 5 C. Can be
colleeted over mercury or by displacement. Decomposes SH,.
Thus: 1080, + 108H, = 2H,8,0, + 58, 4+ ¢OH,. [Decom-
poses KMnO,. Thus: 2KMn0O, + 580, + :0H, = K,S0, +
:MnS80, + 2H,80,.] Prep. a. Burning 8§ in air or in O,.
b. Also by roasting iron-pyrites in air. 4FeS, + 1 10, = 2Fe,0,
+ #80,. ¢. By boiling copper or mercury with sulphuric
acid : mereuric sulphate, water, and sulphurous anhydride
result. Cu + 280,(0H), = 80,0,Cu + OH, + 80,. d. By
heating charcoal with sulphuric acid. C+ 2| S0,(0OH).] =
CO, + 20H, + 280,.  Sulphites. Sulphurous acid dibasic.
Allkaline sulphites soluble. Ordinary acids decompose them.
Redueing agents. 2. Sulphuric anhydride 80, = #o. In white,
silken needles. Sp. gr. 1.946. . Melts at 18°.3 C., and boils at
35° C. Great aflinity for water. Soluble in all-proportions in
SO,(OH),. It is contained in Nordhausen sulphurie acid, a
brown fuming liquid of sp. gr. 1°9. 80, can be prepared by
passing SO, + O through red-hot tube filled with spongy plati-
num. Generally by heating almost dry ferrous sulphate, which
gives Nordhausen sulphurie acid SO0,S0,(OH),, from which 80,
by gentle heat. Thus: 4(80,Fe) 4 H,0 = 2Fe, 0, 4+ 280, 4+
§0,,80.(0H),. 3. Sulphuric acid or Hydrogen sulphate 11,80,
= 48 or OH,,S0, or 80,(0H),; the Iatter preferred, as it 1s a
di-basic acid of first importance, and contains the dyad radicle
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80,. “0il of vitriol.” Teavy liquid of sp. gr. 1. 848, BSolid at
—26° C. Boils and distils at 338° C. Chars organic bodies ;
oreat desiceator and dehydrant.  Great aflinity for water, imm-
ing two hydrates. 80, (UI—I )o;H,0 of 8p. gr, 1. 78, freezes at #°.3C,,
hence elaciul aulplnmr- acid. EO,,{UH},.EH 0 o further lwdmh:-,
of .62 sp. gr.  Used in muking 80,; NO, OH: CIH; (,D,, &e.
Sulphates ; all soluble except of Barium, E:tmutmm and Lead.
SopIva SULMHATE SO Nay,100H,, is “ Gilauber salf. " BARIUM
SULVHATE S0,Ba is “Huwv spar.”  STRONTIUM SULPHATE
50,8 s Celestine.” MAGNESIUM SULPHATE 80,Mg,70H, is
“Lp-,nm salt.”” Zmvo SvrremareE 80,Zn,;0H, is “ch vitriol,”
Cuepric sunpHATE SO, Cu,sOH, is « Blue vitriol” LEAD SUL-
PHATE SO, Pb is *“ L ead vitriol.’ Prep. of oil of vitriol Si‘iﬁtz,({llH)2
In leaden chambers. At the Felling works these are 280" long
by 20" wide and 18' high. The essentials in the manufacture
are : S0, : NO,OH : H,0 and O, from the air. Simnlest intel-
ligible thmn'm may be thus stated. a. 80, + 2(NO,OH) =
EUH{DH) -+ H\Uq b. 80, + NO, 4+ H,0 = NO + 80,(0H),.
e. NO 4+ O = NO,. Thus a limited supply of nitric acid
changes an almost unlimited amount of SO, into SO,(OH),.
The ncid on the floor is the second hydrate somewhat diluted.
By evaporation in leaden pans, it becomes first hydrate ; heyond
this point the concentration is conduected in vessels of glass or
platinum, till, by the further loss of water, we obtain oil of
vitriol, boiling at 333° when tlm operation is stopped. 4. Thio-
sulphune acid 880(0H), = H.,S.,0, = 114. Unknown in free
state, as on addition of an acid to one of its salts, it brealks up
into UII?-i-“aU + 8, which is precipitated. Formation of its
sodium salt, by digesting solution of sodium sulphite SO(ONa),
with S=88SO(ONu),. Soprvm THIOSULPHATE SSO(ONa),.s H,O
is the common hyposulphite of soda used in photography, and as
antichlore for removing traces of chlorine from bleached gm}d&
Dry salt, heated in r]u&-u vessels ; 4Na,S,0,=Na,5; 4+ 3Na,S0,,
{5, HYPOSULPHUROUS ACID E(UH)., or H,S0,. Omngn-j,illuw.
rapidly decomposing. Zn dissolves in mlutmu of sulphurous
acid, and affords a yellow solution of zine hyposulphite. 6, Di-
thionic acid 8 IL(GH)T or H,8,0; = 162, Is more stable. Its
Imanganous q.rlt by passing 50, through MnO, suspended in
water = 8,0,0,Mn, If te mpmntm{ allowe ] tn rise, we obtain
S0,0,Mn. Dithionates all soluble. When heated with an
nmd “:JJ evolved, but no 8 is deposited.  On conrentration
of the ur[ri_ it hreaks up into HH{HII) and SO,(OH)..
7. TrrruroNic Acio 8,0,(0H), or F,S,0,. in prismatic erystals,
-'mti_‘,r decomposing l1!tu~f"~ O, and H{} OH),. Potassinm salt,
h:,r potassinm  hydrogen Hnl}rhit:‘ with flowers of sulphur,
Tk TRATHIONIC ACID 8,0,(0H),. readily breaks up, by hoiling,
mtn Mgy 80O, and h{J:{U[[,, 9. PENTATHIONIC ACID 8,0,(0H),.
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Unstable acid, prepared by passing a current of SH, throngh a
solution of sulphurous acid 80(0H),. Thus: 108H, + 1cSO(0OH),
=58, + 180H, + 28,0,(0H),.]

So then we have: Hyposulphurous acid S/0H),. Sulphurous
acid SO(0H),. Sulphuric acid 80,(0H),. Thicsulphuric acid
SS0(0H),, or sulphurie acid in whieh 8 displaces O. Dithionie
acid 8,0,(0H),. Trithionic acid 8,0 S(0H),. Tetrathionic acid
8,0,8,(0H),. Pentathionic acid 8,0,8,(0H),. All dibasic, and
containing two atoms of nyproxyr OH.

Sulphur and Nitrogen. S,N,. Golden-yellow rhombs, insoluble
in water. Explodes when heated to 157° C. Of faint odor
and irritating.  Obtained by passing dry NH, through solution
of 8,Cl, in carbonic sulphide US,.

Sulphur and Carbon. «. Carbonous sulphide C8 = 44. A
brown powder, of sp. gr. r.66. Insoluble in water, benzene,
aleohol and ether, slightly in carbonic sulphide. b. Carbonie
sulphide CS,=76. Transparent colorless liquid, of sp. gr. 1.272,
of great refractive power. Boils at 83° C.  Very inflammable,
burns to CO, and 8O,. When pure (after long agitation with
mereury) of ethereal odor: generally repulsive like cabbage
water.  Great solvent of sulphur, phosphorus, iodine, caout-
choue, oils, &e. Unites with metallic sulphides to Sulphocar-
bonates. [Prep. of CS,. By passing the vapour of S over red-hot
charcoal contained in porcelain tube.

Sulphocarbonic acid CS(HS), or H,C8,, answers to the presence
of sulphoxyl instead of hydroxyl: from the ammonium salt by
dilute ancid. When CS8, is heated with water in a sealed tube,
into CO, and H,S. With nascent H, into CSH, and SH.,.
Exposed to light into CS and 8 which dissolves in US..
[Carbon oxysulphide COS is a gas of sp. gr. 2.104, soluble in its
own volume of water. Absorbed by potasshydroxide as readily
as C0,, and liberated by weak acids. Prep. a. by direct com-
bination of CO with S in vapor, in passage through red-hot
tube. b. gently heating 8O, with CS, = 8 4 S0, + C08,
e. from hydrogen sulphocyanate by water: CNSH + OH, =
NH, + C08.] :

[VI. Selenium Se = 79.5. Se, = 159.]

Selenium is a dyad element in hydrogen selenide, SeH..
By Berzelius in 1817. Never native. Greatest analogy to
sulphur. A reddish-brown solid, of imperfect metallic lustre,
gomewhat translucent. Sp. gr. 4.3. Melts above r0o0® G, and
boils at 343° C. Insoluble in water and in aleohol ; slightly in
CS,. Soluble in sulphuric acid, Many allotropic varieties ;
odor, as of deeayed horseradish when heated in air, Selenium
and Hydrogen. Hydrogen selenide SeH, = 81.5. Colorless,
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inflammable eas, of very offensive odor. Soluble in water,
and precipitates Selenides of metals. Se and 0. HE'BlemDus
anhydride Se0, = t11.5. In snow-white ncedles. Either by
burning Se in O or by nitrie acid upon selenium. SELENIOUS
ACID Se0(0H),, is readily reduced by SO(OH),, depositing Se.
Also by Zn or Fe, Alkaline selenites soluble. SELENIC ACID
Se0,(OH), = 145.5. Resembles sulphuric acid. Prepared
from lead selenate by SH,. Carbonic selenide CSe,. A pungent
liquid resembling C8,.]

[VIL. Tellurium Te = 128. Te, = 256.

Rarely native in Hungary. Discovered by Mueller in 1782,
and by Klaproth, in 1794, named Tellurium. Chiefly as telluride
of silver, gold, copper, bismuth and lead. Analogous to sul-
phur and selenimin. Lustrous like silver; brittle. Rhombo-
hedral erystals. Sp. gr. 6.26. Melts below red-heat. Bad
conductor of heat and electricity. Burns when heated in O,
with blue flame edged with green to TELLUROUS ANHYDRIDE
Te(O,. Hydrogen telluride TeH, = 130. Gas, of sp. gr. 4.53.
Burns with blue flame. Soluble in water; reddens litmus,
and oxydizes slowly depositing tellurium. Two sulphides.
TeS, and TeS,. Tellurous anhydride Te0, = 160, Fuses easily.
Yellow whilst hot. When tellurium is boiled withh NO,OH,
and then the solution poured into water, TELLUROUS ACID
TeO(0H),, is deposited as a bulky powder. By heat into OH,
and TeO,. TeLLuric Acip Te0,(0H),,20H, in strizted, 6-sided
prisms. By oxydation of tellurium with potas-ium nitrate,
potassinm tellurate is obtained. Whether as tellurite or tellu-
rate, tellurium is thrown down from its solutions by Zn or Fe,
Tellurates of alkaline metals reduced by Charcoal at a red-heat
to tellurides.]

VIII. Chlorine Cl = 35.5. Cl, = 71,

Not native. Discovered by Schecle in 1774. Oeccurring in
various chlorides. As potassium, sodinm, ealcium and magne-
sinm chlorides in sea-water. Monad element, discovered by
Seheele in 1774. Yellowish-green, xAwpds, gas, unintlaimmable,
irrespirable, suffocating. (Antidotes: weak ammonia, and
dilute alcohol.) Sp. gr. 2.47. 100 cii. weigh 76.3 grains,
Under pressure of 4 atmosphercs at 15°.5 C,, a yellow liquid of
sp. gr. 1.33. Water dissolves 2,37 times its vol. at 15° C.
Aqua chlorata, It also unites with water at o® to a solid
hydrate Cl,icOH,. In presence of light, Chlorine decomposes
water, with separation of oxygen. Its aflinity for H and other

C
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metals is very great. Many metals take fire in Cl gas: nearly
all are tarnished, therefore Cl cannot be collected over mercury.
Chlorides formed. Cl bleaches and disinfects: it decomposes
at once many Hydrogen compounds. Thus: 201, + k.=
¢HCl +8,. ~Again, in light: 20H, + 2C], = 4ClH + 0.,.
Hence also an oxydizing agent. Thus: Cl, 4+ SO, + 20H, =
2C1H + 80,/0H),. All curokives soluble in water, except of
siLVER ClAg, und LEAD CLLPb. Prep. of Chlorine. a. by action
of etloride of hydrogen CIH, upon manganese dioxide MnO.,.
Thus: MnO, + 4CIH = MANGANOUS CHLORIDE Cl,Mn 4+ WATER
2OH, + curoriNe Cl,. b. by Weldon's process. MANGANOUS
cHLORIDE MnCl,, is precipitated by hot milk of lime or mag-
nesia, and a stream of hot air blown through. First, munganous
hydroxide is precipitated, and this with O from hot air econverts
mangunous hydroxide into MANGANESE DIOXIDE MnO,, united
with the caLciom oxipe CaQ, or MAGNESIUM OXIDE Mg() as
Ca0,Mn0, or Mg0,Mn0,. When heated with hydrogen chloride,
MAGNESIUM CHLORIDE MgCl,, or carcium cuLoripE Call, to-
gether with waTeg, are formed, and the further action as de-
ceribed above between MnO, + 4C1H = Cl,Mn + 20H, + CL,
¢. Deacon’s process. DBy passing a mixture of hydrogen
chloride and air over cupric sulphate heated to 370°-340° C.
The action of the metallic salt one of contact-actions. d. From
sopiuM cHLoriveE NaCl, MANGANESE DIoXiDE MnO, and suL-
pHURIC ACID SO,(0H),. Maxcanous suLPHATE SO0,0,Mn,
sodium sulphate SO,(ONa),, warer OH,, and CHLORINE Cl,
result.. Thus: MnO, + 2NaCl + 280,0H), = $0,(0,Mn) +
SO,(ONa), + 20H, + Cl,. Compounds. Cl with H. Hydrogen
chloride CIH. Hydrochlorie acid or muriatie acid. CIH = 36.5.
Colorless, pungent, incombustible gas, of sp. gr. 1.2069. 100
c.ii. weigh 39.23 grains at 15°.5 C. Intensely acid taste.
Under pressure of 40 atmospheres at 10° C., a colorless liquid.
By condensing moisture, fumes in air.  Very soluble in water,
which at o® C. takes up so09, and at to® C. 472 times its vol.
The solution in water long known. Sp. gr. of solution 1.22, is
colorless, fuming, with 44 per cent. of the gns, answering to
ClH, 30H,. No real hydrate. When heated, ClH is given off,
sp. gr. sinks to 1,11, contains about 20 per cent. of the gas and
may be distilled. This acid corresponds to ClH, 80H,, but is
no true hydrate. The only true hydrate CIH,20H,, obtainable
in crystals at low temperatures. Common muriatic acid is
yellow from the presence of ferric chloride, and also contains
sulphurie acid.  The pure solution leaves no residue upon
Jlatinum.  Silver nitrate NO,0Ag gives with Cl, CIH and
other soluble ehlorides a white curd-like precipitate of STLVER
curoripE AgCl, insoluble in NO,OH, soluble in NH,. Prep. of
CIH., i. By union of Cland H, in equal volumes, in sunlight
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or by u light. Cl, + H, = :CIH. 2. From sODIUM CHLORIDE
CINa by svreuvric acip SO,(OH),: CINa + SO,(OH), =
SO,0HONa + CIH.  Action of CIH upon METALS. Upon
monads, K, + 2C1H = 2CIK + H,. Upon a dyad. Mg 4 2CIH
— Cl,Mg + H,. Upon monad-oxides. K,O + 2C1H = 2 KCl
+ H,O0. Upon dyad-oxides. #nO + 2ClH = ZnCl, + H..
Upon trind-oxides. Fe,0, + 6HCI = Fe,Cl; + 3H,0. Upon
tetrad-oxides. Sn0, 4+ 4CIH =8nCl, + 2H,0. Action of HCl
upon HyYDrATES., KOH 4+ HCl=KCIl 4+ H,0. BaO,0H, +
2HCl = BaCl, 4+ 20H,. Fe,0,,30H, + 6CIH = Fe,Cl; +60H,.
Upon pEroxIDES like MnO,; PbO,—not basic. 4CIH + MnO,
= 20H, 4+ MnCl, + €l,. Aqua regia or nitro-muriatic acid is
a mixture of HCl with NO,OH, evolving Cl,, a great solvent of
cold, platinum, &e., chlorides of which are thus obtained.
Chloro-nitric gas NOCI,, formed same time. 6CIH + 2NO,0H
— 2NOCl, + 40H, + Cl,. Only } of the Cl obtained. In
chloro-nitric gas, Cl, takes the place of O in NO, Lemon-
vellow gas, forming red, fuming fluid below —7°C. Chloro-
nitrous gas NOCI, by mixing NO with Cl, eondensed into two
vols. Compounds of Cl with 0. «.  Hypochlorous anhydride
0CL, = 47. Gas of pale-yellow color, analogous to OH,.
Condensable into deep-red liquid. Prep. from mercuric oxide,
by action of Cl,, Mercvric oxy-cHrorme HgO,HgCl, and
OCL, result. Thus: 20Hg + :Cl, = OHg,Cl,Hg + 0Cl,. One
vol. of water absorbs 200 vols. of OCl,, and forms Hypochlorous
acid CI0H. Yellow color, acid, and sweetish smell. Great
bleaching agent. Decomposed by CIH. Thus: CIOH + CIH
= OH, + Cl,. Hypochlorites. Prep. a. by passing CL, through
hydroxides at low temperatures. 2HOK + Cl, = CIK + CIOK
+ OH,. b. by saturating CIOH with the respective metallic
oxide.  e. by distilling cavoiom myrocuroriTE Ca(OCI),, with
dilute sulphuric acid. 2Ca(OCl), + SO,(OH), = Cl,Cu +
S0,0,Ca 4 2C10H. d. passing Cl, into water in which, say,
calcium carbonate CO(0,Ca) is diffused. 2Cl, 4+ OH, 4 CO,Ua,
= (0, +Cl,Ca + 2C10H. CHLORIDE OF LIME is bleaching powder.
Consists mainly of cavcium oxy-ceLoribE C1,0Ca mixed with
unaltered carcivm nyproxipe (OH),Ca. According to Kolb,
it consists of Ca,H,0,Cl,, and is decomposed by water into"
CALCIUM HYPocHLORITE C1,0Ca, cancium cHLoripe Cl,Ca, cAL-
crom Hyproxioe (OH,Ca 4+ 20H,. The dry chloride of lime
gives up no cancrom cHLORIDE Cl,Ca to aleohol: hence not
contained, but produced by water. HCl can be changed into
HOC1 by nascent oxygen, derivable from IKKMnO,. [b. Chlorous
anhydride CL0,= r19. Or 0(0Cl),. Gas of deep greenish-
yellow color, condensable to deep-brown mobile liquid.  Water
dissolves 10 % its volume. Dangerous compound. Prep.
action of HyprogeN NiTRITE NO(OH) upon POTASSIUM CHLORATL
c 2
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Cl00(0K). Thus: :2NOOH 4+ 2CI00(0K) = 2NO,OK + OH,
+ 0(0Cl),. With water forms cuLorots actp OCI(OH) or HCIO,.
Addition of As,0,+ NO,0H to chlorites does not destroy
their bleaching powers, as it does those of hypochlorites.
¢. Chlorine peroxide, or dioxide C10, = 67.5. Gas, of very deep
yellowish-green color ; at —20% C. a red fluid. Water dissolves
26 times its bulk. Bxplodes above 60° C. Must be collected by
displacement. Prep. by action of SULPHURIC ACID (3) Upon POTAS-
STUM CHLORATE (2) = 2010, 4+ KC10, 4+ OH, + 2(S80,0KO0OH).
d. CrLorio Acip C10,0H = 84.5. Anhydride unknown. Syrupy
liquid of faint chlorous odor. Very acid. Decomposed by
organic matters. Monobasic. Easily prepared from BARIUM
CHLORATE Ba:2Cl0,, by dilute sulphuric acid. All chlorates
goluble in water. When Cl, ispassed into potassinm hydroxide,
and the temperature allowed to rise, water, chloride and chlorate
of potassium result. 6HOK +3Cl, = ;0H, + ;CIK + ClO,0K.
When chlorate of potassium is heated to 370° C,, it fuses, and
is converted into potassinm chloride 1XCl and O, by sufficient
heat. S0,(OH), evolves ClO, with its peculiar odor. ClH
evolves ECCHLORINE, a yellow explosive gas consisting of 201,05,
Cl,0,. [e. Percuroric acm Cl0,0H = r1oo.5. Colorless
volatile liquid, and most powerful oxydizing agent. A hydrute
HC10,,0H, in white crystals. Perchlorates. Mostly deliques-
cent: all soluble. Potassium perchlorate with difficulty. All
decomposed by heat into chlorides and oxygen. Cl0.0K easily
prepared from C10,0K by stopping the evolution of 0O, when }
has passed over in the making of that gas. 2010,0K = CIK
+ 0, + C10,0K. As ClO,0K readily separated by crystalliza-
tion from the very soluble chloride, pErcLORIC AcID CIO;OH is
made by distilling the potassium salt with sulphuric aeid.]
[Cl with N. Nitrogen chloride NCI,? Obtained indirectly.
Oily liquid of sp. gr. 1.653. Most dangeious compound.
Explodes spontaneously below 100" C. Prep. by action of Cl
upon ammoenium chloride NH,Cl 4 3Cl, = 4ClH 4 NCl,.] Cl
with €. C,Cl,, C,Cl,, C,Clg and CCl,. ‘¢ Organic Chemistry.'
Carbonic oxy-chloride COCl,, is the phosgene gas of Davy.
Carbon monoxide €O, unites in sunlight directly with Clg,
‘volume for volume. Pungent, suffocating gas. Liquid at o® C.
Very interesting compound. [Cland 8. Sulphur chloride 8.Cl,
= 135. Yellow, volatile liquid of sp. gr. 1.68. Disagreeable,
pungent odor. By passing dry Cl, into welted sulphur, and
digestion upon sulphur. Slowly decompused by water. Sulphur
dichloride SCl, = 103. Deep red, fuming liquid, boiling at
164° C. Produced by saturating S,Cl, with Cl,. Sulphur
tetrachloride 8C1, by saturating the chloride with Cl, at — 207 C,
Oxychlorides. S0CI, and 80,CL,.]
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IX. Bromine Br = 80. Br, = 160,

Monad element, never native. Discovered by Balard in
1826, Closely allied to chlorine. Contained as magnesinm
and sodium bromide in sea-water, and largely in a spring at
Kreuznach. Intensely red liguid, very volatile; freezes at
—124°: (., and boils at 63°C. Sp. gr. 2.976. Vapor intensely
irritating, reminding of chlorine. Little soluble in water, more
in aleoliol, very soluble in ether. Hydrate Br,,100H,. NO,OH
does not dissolve BrAg, and the latter, of yellowish eolor, is
with ditieulty soluble in NH; Otherwise bromides resemble
chlorides. Prep. of Br,, MgBr, + Cl, = MgCl, + Br.. The
bromine dissolved in ether, and treated with KOH. 3Br,+ 6KOH
— s KBr + KBrO, + 30H,. By heat :KBr0, = 2K Br 4 30,.
Then : 2KBr+Mn0,+380,(0H),=80,(0,Mn)+ 2(S0,0K0IH)
+2:0H,+Br,. Compounds, Br with H. Hydrogen bromide, or
hydro-bromie acid BrH = 1. Colorless gas. Its solution in
water is a true hydrate BeH,50H,, a colorless fuming liquid of
sp. gr. 1.486. Boils at 126°C,, and distils. Oxydizes only in
part on exposure to air. Solution decomposed by Cl,. 2HDBr
+ Cl, = 2CIH + Br,. TForms bromides and water, by contact
with metallic oxides and hydroxides. Prep. a. By passing a
stream of SH, through Br, diffused through water. 2Br, 4 28H,
=8, +4BrH, b. Bringing phosphorous bromide into contact
with water, and distilling. PBr,+30H, = PHO(OH), + 3BrH.
e. Decomposing potassium bromide KBr with hydrogen ortho-
phosphate PO(OH);. 3KBr 4+ PO(OH), = PO(OK), + 3BrH.
Br with 0. [Hyrosroyous acip BrOH, Unstable. Formed by
agitating HgO with Br, and water.] Broxic Acip Br0,0H = 129,
Resembles Liydrogen chlorate. Best prepared from silver bromate
by Br. Bromates: when heated, into O, and bromides. PER-
BrRoMIC ActD BrO,0H. An oily liquid, made by the action of
Br, upon hydrogen perchlorate. 1t resists the reducing action
of SH, and 80,. [Brand N. Nitrogen bromide NBr,, oily liquid.
Carbonic oxy-bromide COBr,. Br and 8. 8 Br, and SBr,, are
brown-red liquids.]

X. Iodine I =127, I, =254.

Monad element, not found native., Discovered by Courtois
in 1411 in kelp, the ash of sea-weeds.  Oceurs as sodium iodide
in sea-water : also in various springs. Silver iodide Agl is one
of the rarer silver ores. Iodine obtained by sublimation re-
sembles bluck lead, and erystallizes as octahedron with rhombic
base. Sp. gr. of vapour 8,716. Melts at 107° C., and boils at
175° (., the vapor possessing a deep violet, i@dys, color. Sp. gr.
of jodine 4.95. Very little soluble in water, but easily in alcohol :
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tincture of iodine, Stains the skin yellow. An energetic medi-
cine. Cl, sets 1, free from its soluble salts, and I, imparts a
rich amethyst color to OS,: a test. Free iodine forms blue
compound with starch : also a test. Topipes. Potassium iodide
KI, much used in medicine. 2KI 4 4NO,0H =2N0O,0K + 2NO,
+20H,+1,. Prep. from soprvm 1opipe Nal, in kelp, by
SO,H, and MnO,, as in the making of Cl,. Thus: 2Nal 4 MnO,
+ 380,(0H), = 2[SO,(OH)ONa)] + [SO,(0,Mn)]+20H,+L,.
Compounds. H with I. [Hydrogen iodide IH = 128. Colorless
gas, fuming. in air, of sp. gr. 4.44. Very acid and irritating.
Compressible to a liquid, and even solid at —5:1°C. Very
soluble in water : hydriodic acid. 2I1H,110H, is the hydrate.
Browns rapidly owing to oxydation of H, Deeomposed by
Cl,,.Br,,NO,0OH. Dissolves Zn and Fe, evolving H,. Irep.
a. By heating I, in H,. b. By passing SH, into H,0, admixed
with I,, Thus: 28H, + 21, =5, 4 4IH. ec. By phosphorous
iodide and H,0. PI, + 3H,0 = PHO(OH), + ;HI. d. K1
+ P, + 101, 4+ 160H, = 4[PO(0OBH)(OK),] + 28HL] I with 0.
[Two anhydrides and two acids, I,0,and I,0,: with OH, I0,,0H
and I0,0H, «. Iodic acid I0,0H. Colorless, 6-sided tables, very
soluble in water. Decomposed by morphia, iodine set free: a
test for morphia. Heated to 107°C. into OH,, and anhydride
1,0.. 210,H = OH, + 1,0,. Iodates: by heat into iodides and
oxygen. Prep. of 10,0H. @. By excess of Cl, upon I diffused
through water: I, + 5Cl, + 60H, = 10CIH 4 210,0H. b. 51Cl,
+ sopiuM CARBONATE 9] CO(ONa),] = 15NaCl 4- 9CO, + 1, +
310,Na. A mixture of hydriodic and iodic acids instantly de-
compose one another: sTH + 10,0H=30H, + 31,. b. Per-iodic
acid 10,1 or I0,0H. In deliguescent oblique prisms containing
OM,. Melts at r30° then into OH, and per-iodic anhydride
I,0,: then evolves O, and changed into 1,0, and finally into
1,40, Prrioparns. Prep. 10,0Na 4 Cl; 4+ 3NaOH = 2NaCl
+ NaO,I,NaOH,0H,, the latter a sparingly soluble com-
pound.] I and N. [Nitrogen iodide NHI, and NI, Black
insoluble powder, explosive, dangerous, Prep. Precipitation of
alcoholic solution of jodine by ammonia. 3NH, + 21, = :NH,I
+ NHI,. Decomposed by SH, NHI, 4 28H, = NH,I+ 8,
4+ IH.] Iand 8. 8,1, crystalline, brittle, steel-grey solid.

XI. Fluorine F = 19, F, = 38,

Monad element, never native. Supposed to be a colorless gas,
when prepared by the action of 10DINE upon SILVER FLUORIDE
AgF. Two chief fluorides found native are: Calcium fluoride
CaF,, or Fluorspar, and Sodium aluminum fluoride 3NaF,AlF,
or Cryolite. Compounds. F with H, HYDROGEN FLUORIDE OT
HYDROFLUORIC ACID FH = 20. Cdlorless, mobile liquid of
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sp. gr. 0,988, which boils at 19°4C. Fuming, highly corrosive.
Dangerous. The acid of sp. gr. 1.15 is a hydrate FH,20H,.
boils at 120°C. Etches glass, owing to Fluorine forming with
Silicon a volatile gaseous c ympound, silicon fluoride SiF,. Thus:
Si0, 4 4FH = 20H, + SiF,. Prep. of HF, (*ALCIUM FLUORIDE
is distilled with SULPHURIC ACID in vessels of lead or silver, and
the acid is received and preserved in vessels of lead, silver,
platinum, or gutta-percha. F.Ca + SO,(0H), = 80,(0,Ca) +
2FH.

XI1I. Boron B = 11. B, = Q2.

A triad element, never native. Contained in Borax. Alway:
in combination with oxygen. By Gay-Lussac and Thénard in -
(do8. Amorphous boron, a dull-ereenish powder, which soils
the fingers, and is slightly soluble in water. NO,OH attacks
and dissolves it as boracic acid. It burns vividly into BORACIC
ANHYDRIDE B,0,, when heated in oxygen. Prep. by heating
potassium boro-fiuoride KF,BF; w ith the metal potassium in o
small iron vessel, and removal of the soluble POTASSIUM FLUORIDE
by water. 2[KF,BF;]+ 3K, = ¢KF 4+ B,. There is also a
erystalline variety of boron. Nearly colorless or brown, sp. v,
2.63. Always contains ALUMINUM BORIDE B,Al.  Very hard:
scratches the ruby. Acids have no action upon it. Infusible, and
only partially combustible in oxy-hydrogen. Prep. by dissolving
amorphous boron in fused aluminum at a high temperature, and
removal of aluminum by hydrogen chloride. Compounds. B and
0. Boracic anhydride B,0,, = 70. Issues as boracic acid
BO(OH).H,0 with jets of steam in the maremma of Tuscany,
Fuses to transparent glass, which remains clear on eooling.
Prep. by heating boracic acid to redness. Volatilized with great
difficulty, hence it drives out many salt-radicles when heated
with their salts. Boracie acid BO(OL),OH, or HBO,,OH,,.
In pearly scales, soluble in 25 parts of water at 18° C., and in
3 parts of boiling water. Turns turmeric paper brown.  Seluble
in aleohol and gzives green color to flame. Borates are its sults:
all soluble in NO,OH. Chief salt: BORAX Or SODIUM BI-BORATE
Nu,0,2B,0, or Na,B,0,,100H,, which is found native. Dis-
solved in water, it is decomposed by dilute sulphurie acid, and
furnishes boracic acid. B and N. [Boron nitride BN = 2g.
White amorphous powder, insoluble in water. In current of
gteam, vields NH; + B,0O,;. Obtained by heating B in N, or
better, borax with ammonium chloride. Na,0,2B,0, + 2NH,Cl

B,0, + 2NaCl 4+ 4H,0 + 2BN.J B and CL. [ Boron chloride
BCl, - 117.5. Colorless, mobile liquid, of sp. gr. 1.35, boiling
at 122 ¢, Decomposed by water into boracic and hydrochlorie
acids : hence fumes in air, Prep. by heating mixture of 13,0,
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and charcoal to bright redness, and passing a stream of dry
Chlorine over it.] B and F. [Boron fluoride BF, = 6s. A
colorless gas, irritating, fuming. Water dissolves joo times
its volume, producing a fuming liquid of sp. gr. 1.77. The
elements of water make it into B,0,6HF, really the character
of the solution. Prep. of BF,. By igniting a mixture of
calcium fluoride with boracic anhydride. ;CalF, 4+ 4B,0; =
3Ca2B0, + 2BF,. When BF,, dissolved in much water, fluo-
borie acid HF,BF,, is obtained with free borucic acid. #BF; +
60H, = 2(BO,H,0H,) 4 (HF,BF,). Boron made from POTAS-
sieM BuROFLUORIDE KF,BF,, by heating with K.]

XIII. Silicon Si — 28,

Tetrad element, never native, Discovered by Berzelius in
1823. Combined with oxygen, silicon fornms silica or silicic an-
hydride, one of the most abundant minerals. Like boron, two
distinet modifieations of silicon are known, «. Amorphous silicon.
Brown powder, insoluble in, and denser than, water. A non-
conductor of electricity. Soils the fingers. Intact in nifric or
sulphurie acids : readily removed as gaseous Silicon fluoride by
Hydrogen fluoride. Burns brilliantly when heated in air. Prep. by
heating Potassium with Potassium silico-fluoride: 2(KF,Sil¥, +
4K, = 10KF 4 8i,. b. Crystalline silicon. Stvel-grey, metalline,
and a conductor of electricity. Sp. gr. 2.49. Not attacked when
fused with NO,OK or C10,0K. Heated in Cl,, into SiCl, ; in a
streamn of C1H into Silicon-chloroform SiHCI; and hydrogen,
Prep. by heating in a red-hot crucible a mixture of potassinm
silico-fluoride, sodium aund granulated zine: the liberated Si
dissolves in the zine. The latterisremoved by C1H. Compounds.
8i and H. [Silicon hydride SiH, = 32. Colorless gas, which
only takes fire spontaneously in air when free H is present.
Passed through a red-hot tube. it is decomposed into 8i and 2H.,.
Impure it is obtained from magn:sium silicide and C1H ; always
accompanied by fiee H.] 8iand 0. Silicic anhydride or Silica
Si0, = 6o. In two modifications, erystalline and amorphous.
As “rock-erystal,” in 6-sided, transversely striated prisms, ter-
minated by G-sided pyramids. Sp. gr. 2.69. Insoluble in water,
and in all acids, except hydrogen fluoride, which volatilizes the
silicon as fluoride  Amethyst. cairngorm, agate, flint, carnelian,
onyx, chalecdony. are varietics more or less pure of quartz, or
silica. Opal contains abont 10 per cent. of water. Fusible in oxy-
Lydrogin.  Aworphous siliea is a fine, white, tasteless powder,
obtainable from either of the hydrogen silicates by a gentle Leat.
When once heated to redness, FH is its only solvent, by de-
composition. Composition of the hydrates of silica doubtful.
0H,,;8i0, and OH,,48i0,. Silicates. Clay, felspar, mica, &e.,
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are silicates. Metasilicates represented by formula H,SiO; or
Si0(0H),; orthosilicates, by H8i0, or Si(0H),. Hydrates of
silica are soluble in water. At ared-heatS10, is one of the most
powerful of the acids, as it isnot volatile, and takes the place of
the volatile salt-radicles in their respective salts. Potassium
sulphate and silica strongly beated give potassium silicate as the
residue. (GLAss is generally a mixture of certain silicates (see
GLAss). Siand N. |[Silicon nitride formed by heating 8i in N.
A light bluish fibrous compound.] 8i and 8. | Silicon sulphide
8i8,. White, earthy, solid; deliquescent. Decomposed by water
into 28H, and 8i0,. By heating Si in 8 vapor, 818, is formed.]
Si and Cl. Silicon chloride SiCl, = 170. Transparent, color-
less liquid, pungent, irritating. Sp. gr. 1.523. Decomposed by
water into omrHosiLicic Acip Si(OH), and 4HCL  Prep. by
strougly heating a mixture of silica and charcoal, and passing a
stream of Cl,over it: 8i0, 4 2CL, + C, = 2C0 + 8iCl,. Silicon-
chloroform SiHC1, mixed with SiCl, constitutes CHLORO-LEUKON
Si,H,Cl,,. Si and Br. [Silicon bromide SiBr,. A liquid of
sp. gr. 2.4r3. Similarly prepared and of similar behavior to
SiCl,.] 8i and I. [Silicon iodide Sil,. In eolorless, frans-
parent octahedra, which melt at 120%; C. From 8i and I
at high temperatures. Also Silicon sesqui-iodide Si,I.] 8iand
F. Silicon fluoride SiF, = 104. Colorless gas of sp. gr. 3.6,
fuming strongly in moist air. Uninflammable. Condensable to
a liquid. which is solid at — r40° C. Must be eollected over water,
as it is in part decomposed by the Jatter. Prep. heating CALCIUM
rruorine Cal,, together with siLica Si0, and SULPHURIC ACID
in a dry flask, and collecting over mercury. 2Cal, + 250,(0H),
= 250,0,Ca 4+ 4HF. Then: sHF 4+ 8i0, = 20H, + SiF,.
Hydrogen silico-fluoride 2HI,SiF, = 144. A sour, fuming
liquid. If it attacks glass, it is because SiF, volatilizes from
it, and leaves HF. Action of water upon SILICON FLUORIDE
SiF,. 3 SiF, 4+ 40H, =8i(OH), 4+ 2[2HF,8iF,] Orthosilicie
acid can be removed by filtration, and is thus easily obtained
pure.

XIV. Phosphorus P = 31, P, =124,

A triad element, never native. A econstituent of the bones of
vertebrata, of blood and urine, &. In primitive and voleanic
rocks, in an oxydized form. Discovered by Brandt in 1669.
(alled Phosphorus from its luminosity in air (from ¢as light,
¢opds bearer). Phosphorus is a translueent body, resembling
wax, and, from oxydation, with a garlic smell. Brittle at low
temperatures, it may be cut with a knife. Sp. gr. 1.83. Melts
al 44° C., to a transparent liquid; boils at 208° C. 100 e.ii, of
the vapor weigh 135 grains, It is insoluble in water, slightly
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soluble in ether, but more so in benzene, turpentine and other
oils. In CS,, in 8,Cl, and in PCl, it is freely soluble and may
be obtained crystallized in rhombic dodecabedra. It 1s a non-
conduetor of electricity. When slowly oxydized, it gives rise to
PHOSPHOROUS ANHYDRIDE P,0,: in active, full combustion, to
PHOSPHORIC ANHYDRIDE P,0,. ~If one volume of H encloses one
atom, one volume of phospliorus in vapor encloses two atoms :
the molecules, of two volumes, thercfore, four atoms. 11,19 lifres
weigh 62 grammes,  Phosphorus affords one of the most
interesting illustrations of allotropism.—If common or vitreous
phospliorus be exposed to light under water, it becomes white,
opuke, less fusible and of sp. gr. 1.515 ; it is re-converted into
the vitreous at a temperature below 50° C.—A third variety is
obtained by suddenly cooling melted phosphorus. This is
black and opulke, but beeomes vitreous by simple fusion and slow
cooling.—A fourth, or viscous variety, by heating very pure
phosphorus to near its boiling-point and suddenly cooling.—The
fitth is the most important variety, as it is not poisonous, and
need not be kept under water, as it does not inflame below
260° (.. First obtained by sublimation of Phosphorus in the
Torricellian vacuum by exposure to sunlight. It is now largely
prepared by heating vitreous phosphorus in an atmosphere of
carbonic anhydride for 30 or 40 Lioursat a temperature of 230°C.
to 240° C. A red powder of sp. gr. 2.14. Insoluble in all media.
Crystallizes in rhombohedra. At 260° C.inflames and burns to
P,0,. In Cl, it burns, as does the vitreous, and it detonates
when rubbed with Cl0,0K. Used in Bryant and May’s, and
Bell and Blaek's matches. Prep. of common phosphorus. Car-
cruM orTHO-PHOSPHATE (PO,),Ca, is changed by SOH, into
Cavcrum strerrHOSPHATE [(PO,),H,Ca] and CALCIUM SULPHATE
SO,Ca. Thus: (PO,),Ca, + 2850,H, = 280,Ca + (P0,).H,Ca.
The superphosphate is filtered oft from the mearly insoluble
SO,Ca, is mixed with charcoal, dried, and heated to redness.
The surerpHOSPHATE (PO, ,H,Ca by loss of 20H, becomes
carcrvm METAPHOSPHATE (PO,),Ca. And this metaphosphate
heated to whiteness in an earthen retort with charcoal, gives
calcium pyrophosphate, carbon oxide and Phosphorus. Thus:
4[(PO,),Ca] + 10C=2[P,0.Ca,]+10CO 4 P,. The phosphorus
is received in water. Compounds. P with H. Three compounds
H,P;: H,P, and H.P,, a gas, a liquid, and a solid, a. Phos-
phorus hydride or Phosphine H.P = 34. Colorless gas of strong
garlic odor. Very inflammable, burning into water and phos-
phoric anhydride. 4 vols. Tequire 8 vols. of O for complete
combustion. Very little soluble in water. Behaves like am-
monia and unites with IH to 1opipe or ruosrHoNiUM I PL
Prep. a. distilling ruosrmorovs acip PHO(OH),. Thus:
4PHO(OM), = 3PO(OH), + H,P.—D. boiling pliosphorus with
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a solution of potassium hydroxide. P, +3KOH 4 30H, =
;PH,0(0K) + H,P. N.B.—In this process, the presence of
liquid H,P,, renders phosphine spontancously inflammable. Can
he separated by a freezing mixture. CALCIUM HYDROXIDE may
also be used, and ealeinm hypophosphite obtained at same fime
2P, + 3Ca(OH), + 60H,=3P,0,H,0,Ca 4 2H,P. [H,P reduces
silver-salts, H,P 4+ 4aOH, + 8NO,Ag = 4Ag, + 8NO,OH +PO
(OH),. Precipitates cupric phosphide 2H,P+350,Cu= 380,H,
+ Cun,P,.] With IH, H,P unites to form a crystalline com-
pound PH,I. an topme or pHospHONIUM. P and 0. Two
anhydrides: P,0, and P,Oy, forming phosphites and phosphates
of hiydrogen and other metals. 1. [Hypophosphorous acid PH,0
(0H), a syrupy liquid, apt to absorb oxygen, and therefore
a deoxydizing agent. Immediately reduces potassium perman-
ganate. Hypophosphites all soluble. By heat into orthophos-
phorie acid PO(OH), and phosphine H,P. From barium hypo-
phosphite by dilute sulphuric acid, we obtain the acid or hy-
droxyl salt.] 2. Phosphorous anhydride P,0; = rr1o. White
powder, volatile, deliqueseent, inflammable. By slow combus-
tion of phosphorus in dry air. Phosphorous acid or hydrogen
phosphite PHO(OH),.  Crystalline deliquescent substance
prone to further oxydution. Phosphites, neutral and acid, as
di-basic. [In a free state does not immediately reduce potassium
permanganate. Reduces sulphurous acid fo hydrogen sulphide
with deposit of S by reaction upon the SO(OH),, and raises
itself to orthophosphorie acid.] Prep. by adding water to phos-
phorous chloride, and removal of hydrogen chloride by heat.
Thus: PCl, + 30H, = 3C1H + PHO(OH),. 3. Phosphoric
anhydride P,0, = r42. Snow-white, flocculent, deliquescent
powder, fusible and volatile at a white heat. Great aflinity for
water ; powerful desiceator, surpassing all others. Forms with
water three acids or salts of hydrogen, mono-, tri-, and tetra-basic.
a. Ortho-phosphoric acid PO(OH),, or tri-hydrogen phosphate, is
the common phosphoric acid H,PO, as it is often written.
Crystalline. Tri-basic, Obtained by beiling P,0O, with water,
or by boiling meta-phosphoric acid PO,0H with OH,. * Done-
earth,” from which phosphorus is made, is Calcium ortho-phos-
phate (PO,),Ca,. Phosphates: all insoluble but those of alkaline
metals. PO(OAg), is yellow, and soluble in NO,OTI, as well as
in H,N. SH, readily separates orthophosphoric acid from lead
or silver ortho-phosphate. 2PO,Ag, + 35H, =3Ag,S + 2P0 H,.
h. Pyrophosphoric acid or hydrogen pyrophosphate P,0,(0H), or
P,0.H,. Can be obtained in crystals, Silver pyro-phosphate is .
white. Prep. When orthophosphoric acid is heated to over 213°C,,
it loses OH, and becomes pyrophosphoric acid. 2PO(0OH), =
OH, + P,0,(0H),. Also, when di-sodium hydroxyl ortho-
phosphate is heated to low redness, it loses OH, and on r¢-dis-
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solving, gives sodium pyrophosphate. 2[PO(OH) ONa),]—-OH,
= P,0,(ONu),. A pyro-phosphate,decomposed by sulphurie acid,
yiclls orthoplosphorie acid on hoiling.  Ordinary phosphorie
acid is precipitated as MAGNESIUM-AMMONIUM ORTHOPHOSPHATE,
calcined and weighed as magnesium pyrophosphate P.0,0,Mg.,
100 parts of whiel contain 63.96 per cent. of P,O,. ;. Metaphos-
phoric acid, glacial, or hydrogen metaphosphate PO,OH or PO, H
=#0. Resultsfromheating either ortho- or pyro-phosphoricacid to
redness. Prep. PO(OH;) by heat = OH, 4+ PO,H. A substance
resembling ice, very deliquescent and sour. DMonobasie. Pre-
cipitates albumen. Metaphosphates. Silver metaphosphate,
white. When boiled with water, meta-phosphoric acil gives ortho-
phosphoric acid. Phosphorus oxide P,0 = r40. A red powder,
always formed in the incomplete combustion of phosphorus.
P and N. [Phospham HN,P contains H in addition. Yellow-
ish-white, bulky powder. Obtained by heating PCl;,5 H;N in a
current of carbonie anhydride.] P and 8. [Six compounds
are known. P,8, and P,S. are the analogues of the respective
oxygen compounds, The compounds P,S, P,S, and P,S; form
sulphur salts with metallie sulphides.] P and 8e. [Three sele-
nides known P,Se, P,Se; and P,Se,] Pand Cl. 1. Phosphorous
chloride PCl, = 137.5. Colorless, fuming liquid, very volatile.
Sp. gr. 1.45. Boilsat 73°.8 C. Greatsolvent of phosphorus. Im-
mediately decomposed by much water into hydrogen chloride
and phospliorus acid. PCl; + 30H, = 6CIH 4+ POH(OH),,
Prep. by passing dry Chlorine into melted phosphorus in excess.
2. Phosphoric chloride PCl, = 238.5. White, crystalline solid,
volatile below 10c° C.  Very deliquescent.,  Easily prepared
by saturating PCl; with Cl,. By a large excess of water, it
is instantly decomposed into hydrogen chloride and ortho-
phosphoriec acid. Thus: PCl; 4+ 40H, = 5C1H 4 PO(OH),.
Phosphoric oxy-chloride or phosphoryl chloride POCl; = 153.5.
Limpid. volatile, fuming liquid, much used in chemieal research.
Boils at 110° C. Prep. a. from phosphorie chloride with little
water. PCl, 4+ OH, = 2CIH + POCl,.  b. By heating phos-
phorie chloride with phosphoric anhydride. P,0;+ 3PClg =
cPOCl,. e¢. By heating phosphoric chloride with erystallized
boracie acid. 3PCl, + 2(BOOH,0H,) =6CIH + B,0;+3PUCL,.
d. By passing O into boiling PCl;. [Phosphoric sulpho-tri-
chloride P=Cl, = 169.5. Fuming, colorless liquid. Boils at
267° 0. Prep by decomposing phosphoric chloride PCl; with
SH,. PCl, + SH, = 2C1H + PSCl,. Or, by adding antimonous
sulphide to phosphoric chloride.  8b,8; 4 3PCl, = 28bUl; +
3P8Cl,. When heated with sodium hydroxide, sulphoxyphos-
phate is formed; PSCl,+6NaOH = 3NaCl430H,+ PS(ONa),. ]
Pand Br. [Phosphorous bromide PBr,. Liquid, boilsat 175°.3 C.
Phosphoric bromide PBr,. Oxy-bromide POBr,] P and I, [Din-
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iodide of phosphorus, PI, = 285. In prismatic erystals of orange
color. Meltsat r10°C. By dissolving Pin C8,, and adding iodine.
Phosphorous iodide PI; Dark red, 6-sided plates. Fuses at
50° C.]

XV. Arsenicum As =75, As, = 300,

A triad element, sometimes found in a free state, but chiefly
‘1 combination. Mispicker FeSAs; TIN-WHITE COBALT CoAs,;
COBALT-GLANCE CoSAs; NICKEL-GLANCE NiSAS; KUPFERNICKEL
NiAs: ARSENICAL NICKEL NiAs,; REALGAR As,8,; ORPIMENT
As.S,.

The vapor-density of arsenicum, compared with that of H, is
155, which is twice its atomic weight, so that its molecule (like
that of PP) occupies as vapur ouly half’ the volume of a
wolecule of H. 11.19 litres of arsenicum weigh 150 grammes,
Steel-orey, metallic; erystallizes in rhombohedra. Very brittle.
Turnishes and loses all its lustre. Sp. gr. 5.7 to 5.y. Heated
to 140° in close vessels, it volatilizes without fusion. The
vapor, slightly oxydizcd, has u garlic odor. Burns in air
with bluish flame. Arsenicum-crust readily soluble in chloride
of lime solution, and as powder, burns in Chlorine. NO,0OH
readily oxydizes it to arsenic acid AsO(OH),. Prep. from arse-
nious  anhydride by charcoal. 245,05 430 = 300, + As,.
Compounds. As with H. Arsine H;As = 78. Or arsenietted
hydrogen. Colorless gas of strong garlic odor. Fearfully
poisonous. At —30° €., a colorless liquid. Heated to redness
in abseuce of air, into steel-grey crust of As and H. Culorine
deposits a solid brown hydiide. Presence of NO,OH most
objectionable in presence of AsH,, as solid hydride deposited.
To be remembered in Marsh’s test.  Solution of SO,Cu absorbs
the gas, whilst CuzAs, is deposited. Passed into NO,OAg,
silver is deposited, and arsenic acid found in solution. H,As +
ENO,(OAg) + 40H, =2NO,(OH) + aAg, + AsO(0H),. Reinsch’s
test consists in deposit of CuzAs, upon a clean strip of copper
in ClH solution eontaining arsenical compound. DBurns in air
with bluish flame, depositing white vapors of As,O;. Incom-
pletely burnt, deposits arsenicum on cold surfaces, instantly dis-
solved by C1,0Ca. Prep. of HyAs. From zine arsenide by dilute
sulphuric acid.  As with Cl.  Arsenious chloride AsCl; = 181
Heavy, colorless, oily liquid, fuming. By water iuto CIH and
As,0,. Arsenicum burns in Ol into AsCl, Fasily made by
passing dry Chlorine over heated As,O,. LAs with Br. Arse-
nious bromide AsBr,. Deliquescent, colorless prisms.  As
awith I, Arsenious iodide AsI,. DBrick-red solid of sp. gr. 4.39.
As with F. Arsenious fluoride AsF;. Fuming colorless liquid,
of sp. gr. 2.73. Boils at 63° C.] As and 0. 1. Arsenious
anhydride As,0, = 1yd. Also arsenic trioxide, and white



o0 ARSENITES, ARSENIC ACID. SULPH-ARSENITES.

arsenic. Two modifications: vitreous and ecrystalline. The
vitreous of sp. gr. 3.74, most soluble in water. The latter, at
100° only retains rr per cent., and not more than 3 per cent.
when eold. Very soluble in hot ClH. Poisonous: antidotes
magnesia and precipitated ferric hydroxide Fe, (OH), Crys-
tallizes in octaliedra; rarely in prisms. Volatile without fusion
at 193°.3 C. Ifs vapor contains one vol. of As and 3 vols. of
O condensed into 2 vols. Aursenites. Arsenious acid As(OH),,
is fri-basic and feebly acid. Prep. of As,0,. DBy roasling
arsenical ores : the As oxydizes and sublimes. PoTAssiun
ARSENITE As(OK);, in Fowler's solutivn, used in medicine.
ARGENTUM ARSENITE As(OAg),;, is canary-yellow, soluble in
H,N and in NO,OH. Curric HYDROXYL ARSENITE As(OH)(0,Cu)
or GHHAEG_-“ is Schecle’s Green, soluble in H,N and in NO,H.
2. Arsenic anhydride As,0, = 230. Arsenic puutmuh White
powder, somewhat deliqueseent. Arsenie acid AsO(OH), or
H,As0O,, is o tribasic acid liké orthophosphoric acid. The only
well-defined hydrate answers to Pyr-arsenic acid As,OyOH),.
By oxydation of As,0; by means of NO,OH, arsenic “acid is
obtained. Affurds an easy method of preparing nitrous acid.
As,0; + 30H, + 2NO,0H =2As0(0OH);+2:NOOH. Arsenates.
Many isomorphous with phosphates. Isomorphism : similarity
in form with analogy of composition., SILVER ARSENATE
As0(0Ag),. liver-brown, soluble in H,N and in NO,OH. Ctpric
ARSENATE AsQ(OH)(0,Cu) is blue, As and 8. «. Di-arsenicum
disulphide As.S, = 214. * Realgar™ Native, in ruby-red prisms.
Insoluble in water, and in CIH. Prepared .utlﬁ:,mllv 4As,0; +
78, = 4A8,5, 4+ 680,. White Indian fire is a mixture of 2 I}"I..'lta
realgar, 7 of sulphur and 24 of saltpetre. 0. Arsenious sulphide
As 8, = 246. “ Orpiment”: aurum pigmentum. Oblique rhom-
bi: prisms of yellow color and brilliant lustre. Insoluble in
water and in CIH. Very soluble in H N, in ammonium car-
bonate, and sulphide. Also in KOH. Thus: As,S, 4+ 4KOH
= UH, 4+ AsOH(K), + AsSH(SK),. Salts : Sulpharsenites.
¢. Avsenic sulphide As,S, = 3r0. Yellow substance, by fusion
of 8, with As,S, Not preeipitated from acid solutions of
arsenie acid by 81l 2A80(0H), + 58H, = ;0H, + As,§; +5,
Sulpharsenates. |In sulpharsenites and ::11]1]11115(}!]"1&3 Sul-
pbur takes thé place of Oxygen in the corresponding salts.]
SUDIUM SULPHARSENATE AsS(SNa),.

End of the non-metallic elements.

Remarks.

The reader will have observed that all the oxides of noun-
metallic compounds which are called anhydrides, are capable of
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forminz acids. They one and all contain certain Radieles or
unsaturated residues see p. 2). Nitric acid, for example, may
be looked upon as a molecule of water, in which nitrie oxide
N O, has taken the place of an atom of Hydrogen. Now nifro-
wen is a triad element, and in the radicle NO,, three out ot the
four bonds possessed by tue dyad element oxygen are united
with it : one bond is frce or unsaturated, and therefore NO, is a
compound monad radicle. Nitric acid contains OH, or water,
minus one atom of hydrogen—the monad radicle which has
received the name of hydroxyl. All the compound radicl. s
among the non-metallie elements called acids, contain, according
1o their basicity, one, two, three or four afoms of hydroxyl.
The acids are either monobasic (like NO.OH; NO,OH; CLOH ;
ClO.0H: Cl0,0H, &e. &e.): dibasic like (SO,(OH),); tri-
basie, like As(OH), or tetrabasic like AsO(OH),.

There are also radicles, both simple and compound, whici
form salts of hydrogen. These are distinguished from acids or
salts of hydroxl by the prefix hydrogen. Thus we have hydro-
oen chloride, hydrogen sulphide, hydrogen cyanide. Cl is a
monad radicle, therefore C1H is a saturated eompound, a salt of
the monad metal hydrogen, 8 is a dyad, and therefore SH,
is hydrogen sulphide, the dyad united by its two combining
powers with 2 atoms of the monad hydrogen. In hydrogen
cyanide CNH, carbon having 4 combining powers, is united by
3 to nitrogen, and the monad radicle thus produced, is satu-
rated by its union with H in CNH or prussic acid. :

An acid, whether a compound of hydroxyl or of hydrogen.
refleets the union of an electro-negative (radicle) with an
electro-positive element or quasi-element. 'L'he Hydrogen or
the Hydrogen of the hydroxyl may be exchanged for any other
Metal, and form so-called metallic salts.

The difference in the combining powers of the elements must
now be comprehended. But it must also have been noticed that
the same element may vary in its quantivalence. Thus nitrogen
is a monad in N,0; a trind in H,N, and a pentad in N,0,
Kven in the case of cYANoGEY there 1s reason to believe that the
carbon is sometimes attached by its four combining powers to
pentad N, leaving one of the honds of the nitrogen free, instead
of, as is generally the case, three of the carbon bonds uniting
with the triad N, and € forming the connecting link of the
radicle.

As the basicity of the acids is of great importance, the fol-
lowing Table will be found usetul. 1t will also serve to fami-
liarize the student with common methods of symbolism, and
will prevent a slavish adherence to one modwml expression.
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1, a. Monobasic acids.

Hydrogen chloride . CIH  Hydrogen fluoride . FH
lemgeu bromide . BrH Hydrogen eyanide . (CN)H
Hydrogen iodide . . IH Hydrogen Huo- humta BF, FH

1. b. Monobasic acids as salts of (0H) or H,

Nitrousacid . . . . NO.OH = NOH = HNO,
Nitric acid. . . . . NO,,OH = NOH = HNO,
Hypochlorous acid ., . CIOH — CIOH = HCIO
Chlorousacid . . . . Cl0O.O0H = ClIO,H = HCIO,
Chloricaeid . . . . ClO,0H = U.l'_lal{ = HCIO,
Perchloricacid . . . CIOOH = CiOH = HCIO,
Bromicaeid . . . . DBrO,0H = BiOH = HBrO,
Iodicacid . . . . . I0,0H =I0H = HI{y
Periodicacid . . . . I10,0H = 10 . H = HIO,
Boraeie acid . . « BO.OH =BOH = HBU,
Metaphosphoric acid . . POOH =FO:H = HFO;
Metantimonie acid . . SbO,0H = SbO,H = HSbO,
Hypophosphorous acid . POH,0H = PH,0,H = HPH,0,
Hyposulphurous ueid . . SOHOH = SHO,H = H5dO,

2. a. Dibasic acids.

Hydrogen snlphide . 8H, Hydrogen titano-fluoride TiFgH,
Hydrogen selenate . SeH, 1!3111*;;5.:,11 silico-fluoride SiFg H,
Hydrogen telluride . TeH,

9. b, Dibasic acids as salts of 0H or H.

Carbonic acid. . . CO(OH), = CO,H, = H,CO,

Metasilicic ucid . . SiOOH), = 8SiO;H, = II,SLU
Metatitanic acid . . TiO OH), = TiO;H, = H, llU
Metastanuic acid. . SnO(OH), = SnO,H, = H, ‘-nU
Sulphurous acid . . SO(OH), — BiLH,  — 1-1._.E‘~~D3
Sulphuric acid . . 80,0H), =8O0H, = H,S0,

Thiosulphuiic acid . SSO(OH), =8 {J by = HiS U
Dithionic acid . . 8S,0(0H), = S, Cl' H, = H,F nﬂ
Trithionic neid . . S,0(0H), = 8, 0H, = H.,S,0,
Tetrathionic acid. . 8,0(0H), =& U iI = HS, l’.]
Pentathionic acid . 8, U (OH), =8 0 1lﬁ = H,S U
Selenious acid . . Seﬂ(OH) = "‘u‘:U H, = H, “wU
Selenic acid . L. . 8SeOy(OH), = SeO, lI = lL,hLU
Tellurousacid . . TeO(OH), = TDU H, = HTk (}

Telluricacid . . . TeO,(OH), TeO, H = H,T :&0
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2. b. Dibasic acids as salts of OH or H.—confinued.
Manganic acid . . MuO,(OH), MnO H, = H.MnO,

Permanganic acid . Mno,0(0H), = Mu,O,H, = H,Mn,0,
Chromicacid . . Cr0O,O0H), = CrOH, = H,CrU,
Perchromic acid. . Cr,0,(0H), = Cr,0,H, = H,CrO,
Phosphorous acid . POH(OH), = PO,HH, = H,PHO,
Molybdic acid . . MoO,OH), = MoO,H, = H,Mo0,
Fervicacid . . . FeO(0H), = FeOH, = H,Ful,
3. Tribasic acids of OH or H.
Orthophosphoric acid. PO(OH);, = POH; = H,PO,
Arsenious acid . . As(OH); = AsO;H; = H,A-0,
Arsenicacid . . . AsO(OH), = AsO,H; = H,As0,

4, Tetrabasic acids of OH or H,

Pyrophosphorie acid P,0,(0H), = P,0,H, = H,P,0.
Pyrantimonic acid . Sb,0,(0OH), = Sb,0.H, = H,Sb.O
Pyrarsenicacid . . AsO0,(OH), = As,O,H, = H,A35,0
Orthosilicic acid. . Si(OH), = HOH, = H#0u,

B. The Metallic Elements.

As the elements are at least 64 in number, and only 15 have
been considered among the non-metallies, the greater number is
comprised in this group. Many of the metals are of small im-
portance, and indeed but little known.

All the metals oxydize. Bome have so great an affinity for O
that they ean only be preserved under maphtha, or in perfect
exclusion from the air. They may be represented as oxides of
hydrogenium, in which the latter metal is displaced by an
equivalent of another metal. In the oxides the whole of the H
is displaced ; in the hydroxides only a portion. E.g K,0:KOH,
The basic oxides may unite directly with the anhydrides to
form metallic salts. Thus: CO, 4 K,0= CO(OK), PoTASSIUM
CARBONATE. With an acid or a salt of hydroxyl, the ehange to
a metallic salt is simultaneous with the production of water.
Thus: K,0 4 CO(OH), = OH, 4+ CO(OK),. Again, if a hy-
droxide is brought to a salt of hyvdroxyl (a so-called acid), water
is formed together with a metallic salt. E.g. HOK + CO(OH),
= OH,; + CO(OH)OK) or KHCO,. Frequently the basylous
metal simply displaces H'in OH. Thus: K, 4+ SO(OH), = H,
+ BO(OK), or K,80,. In salts of hydrogen, the behaviour is
very similar. ‘Thus: K,O + 20l = O, 4 2CIK. Again:
KUEIE ClH = OH, 4+ ClK. Andoncemore: K, 4 2C1H = H,
+ 201K, ”

D
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In the case of peroxides, they can only become basic by a loss
of oxygen. This is well seen in the manulacture of Chlorine.
There is no manganous salt corresponding with MnO,; there-
fore, on addition of hydrogen chloride, one atom of Oxygen
forms water with two atoms of H and sets Cl, free, the peroxide
MnO, becoming Manganous oxide MnO, a base which imme-
diately reacts upon further 2C1H to form OH,, and MnCl,.

Some few metals form anhydrides or acid oxides, but these
are more akin to the non-metals,

Most oxides are insoluble in water, and so also are most salts.
The oxides of the alkaline metals and their salts are notable
exceptions. The chlorides, nitrates and sulphates ot the metals
are nearly all soluble in water.

‘Ihe metals themselves are GoOD CONDUCTORS OF HEAT. Ac-
cording to Wiedemann and Franz they rank as follows :(—

Silver. . . 1000 Cadmimm. . 5§77 Sodium . . 365
Gold . . . 98r Tron(bar) . 436 Iron(east) . 359
Copper (rolled) 845 Tin . . . 422 Lead . - - 207
Jopper (cast) 8ir Steel . . . 397 Antimony . 215
Aluminum . 665 Platinum. . 380 Bismuth . . 61

Zine, rolled . 641

The metals are also GOOD CONDUCTORS OF ELECTRICITY. AS
rule, good conductors of heat are also good eonductors of elec-
tricity. The conducting power of metals is inversely propor-
tioned to their resistance to the passage of the eleetric current.
According to Matthiessen the clectrie conductivity of pure
metals is as follows :(— .

Silver . . 10o.0o0 Caleium . 22.I4 Palladium . 12.64
Copper. . 77.43 Potassium . 20.85 Platinum . 10.53
Sodium . 37.43 Lithium . 19.00 Strontium . 6.7t
Aluminum  33.76 Iron . . 1I4.44 Mercury . 1.63
Magnesinm = 25.47

With reference to the sprcrric HEATS of metals in the solid
state, experiment has proved that, it we tale the atomic weights
of the metals instead of equal weights for determining the
specific heats, the numbers expressing the capacity for heat ot
the atoms are all equal. THE METALS ALL POSSESS THE SAME
arosic mpar. This will be at once understood by multiplying
the sp. heats of the metals (see Table below) by their respective
atomic weights.

Sp. heat. Atomic weight. Atomic heat.
Zinc. . . 0.0950 X 65 .2 = 6.390
Tead . . o.0310 X 205k = 6.410

Platioum . o0.0324 X 197.5 6.399
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The slight differences arise from errors of experiment, and we
may accept 6.4 as the common atomic heat of the metals. In
the determination of the sp. heat, we have a means of ascertain-
ing the atomic weight of a metal. For, if we divide the sp. heat
of the metal into 6.4, we obtain the atomic weight.

The elements in the solid state possess the same atomice heats
as in their compounds. Henee is the molecular heat the sum of
the atomic heats of the combined elements. [N, As, Cl, Br, I,
Se and Te, have the same atomic heats as the metals, The
atomic heats of P and 8 are found to be 5.40; of ¥ 5.0; of
0 4,0; of Big.7; of B 2.75;: of H 2.3 and of C 1.76.]

The following Table of the srrciric HEATs of the elements
contrasted with water and ice is from Regnault and others :(—

Sulphur

Phosphorus o.1d87 Selenium

Silicon . .1774 Arsenicum .

Phosphorus Palladium .
(red). . o.1700 8ilver

.0827 Platinum. o0.0324
0814 Lead . . 0.0310
.0593 DBismuth . 0,0308
.05 70

Water . r.oocco Potassium . 0.1696 Indium . o.0570
Lithium 0.y408 Diamond . o0.1469 Cadmium. 0.0567
Ice. . . o.5050 Manganesiumo.1217 Tin . . 0.0562
Sodium @.2934 Jrom . . . o,1138. Iodine . o0.0541
Magnesium o.2499 DBromine. .1129 Antimony o,0508
Charcoal . o.2414 Nickel .1c86  Tellurium o0.0474
Boron . 0.2352 Cobalt .1070 Thallium o0.033%
Aluminum o0.2143 Zine. .0955 Mercury . 0.0333

o

o

o

o
o
o
« O
.2026 Copper . . o.0952 Gold . . 0.0324
O
o
0
0

METALLIC LUSTRE, a feature of polished metals: wanting when
in pulverulent state. Oracrry important: gold-leaf trans=mits
green light. Coror varies from the whitencss of silver to the
yellow of gold, the pale yellow of harium ; the red of copper, the
bluish-white of lead, &e. Without opor. INSOLUBLE in
wuter, HARDNESS varies greatly; from softness of butter, fo
hardness of steel. [Molis® scale of bardness in minerals.
I. Tale (23 specimens of minerals). I, Gypsum or rocksalt (90).
III. Calc-spar cleavable (71). IV. Fluorspar (53). V. Apatite
erystallized (43). VI, Felspar cleavable (26). VII, Limpid
quartz (26). VIII. Topaz (5). IX. Sapphire or corundum (1).
X, Diamond (1).] Drirrievess atfected by temperature. Bi,
Sh and As may be pounded. TeNAcITY measured by force re-
quired to break. 1If Pb s, then Cd 1.28n 1.3 Au 5.6 Zn 8 Ag
d.g Pt 13 Pd 15 Cu 17 Fe 26. MavLLEABiLITY the power of ex-
tension under rollers: Au first. Ag, Cu, Pt, Pd, Fe, Al, Sn, Zn,
Pb, Cd, Ni, Co. Gold-leaf 5! 55 of an ineh thick. Duvcriviry in-
volves tenacity, or power of resisting tension. Au, Ag, Pt, Fe

D 2
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VOLATILITY.

SPECIFIC GRAVITY.

and Cu much alike: then Pd, €d, Co, Ni, Al, Zn, Sn, Pb, Tl, Mg,

L. As to FusiBiLiry the metals rank thus :—

Mercury .
Gallium .
Rubidium .
Potassium .
Sodium

Indium :
Lithinum .
Tin ;
Cadmium .
Bismuth .
Thallium .

Pure iron .
Nickel . .
Cobalt
Manganesium
Palladium

Chromium . )

Molybdenum
Tungsten
Uranium

- =

. —38°.8'C.
30°.1 ,,
38°%.5 ,,

. 627.5 5,
{)?G'ﬁ' 1

TI0Y | cqy
8ot .,
7
7 i Y
264° ),

o EaeE N

wind-furnace.

TImperfect

fusion in

wind-furnace.

Lead.
Tellurium
Zine .
Antimony
Caleium .
Aluminum .
Silver
Copper . .
|. Gold. &
Cast Iron .

"

| Cerium
| Iridinm -
| Osmium

| Platinum .
Rhodium .
Tauntalum .
Titanium

3269 0%
34670
o
; 12
gn" e
" L |
.1 above red-
9 heat.
. 1023° ,,
STRgTY | ey
. 5 1[
= o
« 1530 11

| Fusible in oxy-

hydrogen.

G

VorATiniTy very various. As, Hg, Te, Cd, Zn, K, Na and Eu
can be sublimed. B o
As to SPECIFIC GRAVITY, the metals exhibit great variations.

Lithium
Potassium.
Sodium .
Rubidium.
Caleium
Magnesium
Glucinum .
Strontinm .
Aluminum
Barium . .
Arsenicum
(zallium
Tellurium.
Antimony
Chromium
Zine
Tin
Indium
Tron . . .
Manganesium

. Q3503
. 0.865

. 0.974

i 1890

. 1.578

» 1.743
2,100
2.540
2.560-2.67
., 4.000 .

. §.700-5.96
.* §.900
6.250
% (]

. b.810

. 7.146

o iage

o AT

. 7.844

. 5.0I3

Cadmium .

Nickel
Copper.
Cobalt .
Bismuth
Silver .

Lead
Ruthenium
Palladium
Thallium .
Rhodium .
Mercury .
Tungsten .
Uraninm .
Gold
Iridium
Osmium .
Platinum .

Molybdenum

8.604-8.694
8.620
8.820
8.920-8.950
8.950
9.800

. I0.530
. IT.3060
. 1I.400
. II,Bo0O
. II.BIO-II.9I
. 12.100

13.596
17.6c0

. 18.400
. 19.340
. 21.I50
. 21,400

21.530



CRYSTALLIZATION. CLEAVAGE OF CRYSTALS. a7

The metuls often oceur crRYSTALLIZED; crystals are regular
geometrical solids, [Iu certain positions crystals split regu-
lurly; cLeavace. The flat surfaces developed by cleavage
called faces or planes. The lines of junction of two planes, its
edges ; junction of two edgzes, a plane angle; the point where
three or more edges meet, a solid angle. Planes similar, when
corresponding angles equal, and edges proportional ; edges simi-
lar when produced by the meeting of planes respectively similar
at equal angles; angles similar when equal, and contained
within edges respectively similar. In erystals extra faces often
formed by the replacement of an edge or the fruncation of an
angle. When faces quite equal and similar, called simple forms ;
those resulting from a combination of two or more simple ones,
secondary or compound forms. Great variations in the angles
of erystals; instruments of measurement called Goniometers,
SIX cLasses oF cRYsTALS. I. The regular, tessular, or cubical
system : three equal axes around which the erystal symmetri-
cally arranged, crossing each other at right angles. In cubes;
salt, fluor, iron-pyrites, alum, garnet, diamond, gold, silver,
copper, lead, iron, mercury, &c.; inoctahedra; alum, magnetite,
chirome-iron ore, white arsenie, diamond and many metals : in
tetrahedra ; copper pyrites, grey copper ore or tahlerz, blende :
in rhombic dodecahedra ; cobalt-glance, garnet, diamond, fluor,
and many metals. Crystals possessing the completest symme-
try, called homohedral forms: those derived from the former,
lemihedral.—II, The right square prismatie, or pyramidal system.
Three axes at right angles to each other, two only equal,—the
third axis longer or shorter. Includes the long square prism ;
tinstone, zircon, apophyllite, idocrase : the short square prism ;
zireon, &e. : the octahedral square prism : apophyllite, zircon, &e.;
and the long square octahedron ; anatase, tinstone, zircon, &e.
—III. The rhombic system. Four axes; three of equal lengths
in the same plaue, crossing each other at angles of 60% the
fourth, perpendicular to these, may vary in length. The chief
forms are : the obtuse rhombohedron ; leeland spar, tourmaline :
the acute rhombohedron; Iceland spar: the hexagonal prism ;
emerald, quartz, tourmaline : the bi-pyramidal dodecahedron ;
quartz, apatite; and the scalene dodecahedron; ealeite or dog-
tooth spar.—IV. The right rectangular prismatic system. Three
axes, all unequal and all at right angles to each other. Ineludes
the right rectangular prism; heavy spar, prelinite, nitre :—the
right rhombic prism: topaz, sulphur, prehnite, heavy spar ; the
octahedral rhombic prism; topaz, sulphur:—and the rhombic
octahedron; harmatome, sulplur, topaz, &c.—V. The oblique
system. The three axes may all be of unequal length ; two
cross obliquely, the third is perpendicular to the others. In-
cludes: the oblique rectangulur prism; felspar, epidote, mica:—
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the oblique rhombic prism; selenite, augite, sphene :—and the
oblique rhombic octahedron; felspar, selenite, &e.—VI. The
doubly obligne or anorthic system. All the axes of uneqnal
length and all cross obliquely. Includes: the doubly oblique
prism ; axinite, blue vitriol, &c.:—aud the doubly obligue octa-
hedron; albite, axinite.]

When a body erystallizes in two irreconcilable forms, it is
said to be pmorprovs; when in three, TeniorPiovs, Pulveru-
lent bodies, without any regular form, are called AMORPHOUS.
Crystallized bodies, with similarity in form and analogy of
composition, are called 1somoreHOUS. L.g. KCl KI KF. K(CN).

The metals eombine tozether to form alloys : they are not so
well-defined as those of the metals with O, 8, Se, Cl, Br, I,
F, &c. The melting-point is often below that of the constituent
metals., Alloys of mercury called amalgams.

Metals of the alkalies,

Symbol, At. weight. Sp. gr.
Potassium . . K 5. T  T. 0.86E
Sodium . . Na - [ T < % L
Lithinm . . L T

[ L T |

Caesium . . Os 133
Rubidium . . Rb 85 il 5 "o TG0
(Ammonium) . HN 18

I. Group. Metals of the alkalies. They displace one atom
of H from the H of the hydroxyl, or the H of the acids: hence
monovalent. Their basic oxides and hydroxides are very soluhle
in water, and strongly alkaline to test-paper. Their carbonates
are also soluble and alkaline.

1. Potassium or Kalium K = 39.1. K, =78.2.

Discovered by Davy in 1807. Never native. Brilliantly-
white metal, volatile at a red-heat. with green vapor. Sp. gr.
0.865. Melts 62°.5 C. Oxydizes so rapidly that it must be
kept under naphtha, or hermetically sealed. Decomposes OH.,,
the H burning with rose-colored flame in air, and dissolves as
hydroxide KOH. Absorbs CO, and yields potassium rhodizonate
C,0,H,(0K),,0H,. Drep. 1. By electrolysis of moist KOH :
K, at the zincode. 2. By strongly heating CO(OL), with C,
= 300 4+ K,. 3. By heating KOH to whiteness with iron-
filings. 4KOH + 3Fe = Fe,0, + 2H, + 2K.. Only one basic
oxide. Three oxides. K,0. K,0,. K,0,. 1. Potassoxide K.O
— g4.2. White, deliquescent caustic. Fuses at red-heat. By
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oxydizing K, in dry air. Contained as silicate in felspar, mica,
&o. With water: Hydroxide HOK =56.1. Hard, greyish-
white, deliquescent solid. Sp. gr. 2.2. Fuses without change
of composition, but volatile at a white-leat. Very soluble in
water, and leats greatly; from which in acute rhomboids
HOK, 20H,. Rose-color to flame. Next to caesium and
rubidium hydroxides, potassium hydroxide the most powertul
base. Preeipitates nearly all metallic hydroxides from their solu-
tions. Thus: CLBa + 2HOK = 2CIK + Ba(OH),. NO,OAg
4+ HOIk = NOEGE - ]..['U'Ag. UIEFE._. 4+ 6HOK = CCIK +
Fe,(OH),. Liquor potasse of Pharmuey contains about 6 per
cent. of HOK. Prep. From dissolved CO(OK), in about 10
parts of water, adding calcium hydroxide (OH),Ca boiling, de-
canting, evaporating and fusing in silver or w ought irom.
CO(OK), + (OH),Ca = CO(0,Ca) + 2HOK. HOK is soluble in
aleohol : carbonate not, and they are thus separated. [Porasstun
reTROXIDE K,0,. Chrome-yellow powder, formed in heating
K, in dry air or oxygen. In water gives off 0,, and furnishes
solution of the pErox1DE K,0,.] Sulphides: 5 sulphides. SK,.
S,K,. 8,K,. 8,K,. 8,K,. Porassien suLemipe SK,.  Doubtful.
Mixed with charcoal, pyrophoric. 80,(0K), 4+ 4C = 400
+ SK,. Porassium suLPH-BYDRATE HSK, by passing SH, into
HOK = OH, + HSK. :HSKinto8,K, 4+ OH, by O of air: then
yellow. Porassiom TRISULPHIDE S;K,, by passing vapor of
S, over heated CO(OK),. Thus: 3C8, 4-2[CO(OK),] = 4CO
+ CO, + 28,K,. Also contained in liver of sulphur. PoTas-
stvm TETRASULPHIDE S,K,, by reduetion of SO,(0K), in CS,
vapor. PextasuLpHIDE 8,K, is sulphate, in which B, substi-
tutes O,. By fusing any sulphide with 8. Hepar sulphuris 1s
a mixture of higher sulphides with sulphate and thiosulphate of
potassinm. Again: 6HOK 4 68, = ;0H, + 28K, + 8,0(0K),.
SuLPHATE 80,(0K), in hard 6-sided prisms, terminated in G-
sided pyramids. Solublein 16 of OH,. Decrepitates when heated.
HyproxyL suLpHATE S0,0HOK in flattened rhomboidal prisms,
soluble in 2 of water. Theresidunm in the manufactureof NO,OLL
from NO,0K by SO,(OH), = NO,OH + 50,0HOK.—Potassium
carbonate CO(OK),: the pearlash of commerce, obtained by in-
cinerating plants, as a white, granular, deliquescent salt; when re-
erystallized is CO(0K),,20H,. HyproxvL carsoNaTE CO(OH )(0K)
in right rhombic prisms, soluble in 4 of water. By solution in
ot water into sesqui-carbonate 2[CO(OK),],CO(OH), : by heat
into carbonate. — OrTHO-SILICATE Si(OK),. META-SILICATE
SiO(0K),. See Glass.—NiTtraTe NO,OK, nitre or saltpetre. In
f-sided striated prisms, with dihedral summits. Soluble in 34
of cold and ! of boiling water. Cooling, saline taste. Insoluble
in aleohol, Fuses at 339° C. : sal prunelle. By continued heat
into porasstum NrrriTE NOOK; finally into OK, and OK,,
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with evolution of O, N, NO, &e.; HOK now prepared from pure
nitre by heating to redness one part of NO,OK, with two parts of
copper foil, and solution in water. Gunpowder a mixture of
74 .8 parts of nitre, 11.9 of sulphur, and 13.3 parts of charcoal.
In detonation: aNO,OK + 8, 4 6C = 6€0, 4+ 2N, 4 28K,. In
the residue,chiefly SO,(0K), + CO(OK),; in fact, 111:0 all changes,
not so simple as they look. CuroraTe Cl0,0K, rhomboidal
scales of pearly lustre, soluble in 16 of cold and 2 of boiling
water. Melts at 400° C, and at higher temperature: into
PERCHLORATE, chloride and O,, and the perchlorate into chiloride
and O,., Thus: 2010,0K = CIK + [_,IU OK 4+ O,. Then
C10,0K = CIK 4 20,, By B80H, 280 JHs + -,01021’11{
= (JH' + R0, HK + L]Daﬂl{ + :(_'.‘-102. Prep. By passing Cl,
in excess into a thin paste of caleium hydroxide and potassium
chloride, and Re]mmtmg tlie salts by erystallization. 2C1K
+Cl, ()4([} Ca) = CLCa + 2C10,0K. Also: 3Cl,+ 6HOK =
5(,]11 = Cl10.0K + gUH PLmuLﬂH ATE QIO OK, in needles,
requiring 6 parts of water. CuroripE CIK in LL'I]JE"‘ volatile at
high temperatures. Soluble in 3 parts of water. Tweut}'-ﬁre
per cent. of kelp. DBromipe BrK, also in cubes. Used in medi-
cine and in making Bromine. 2BrK + MnO, 4-380.,(0H),
— 280,0HOK + 80,t,Mn + 20H, + Br,. Iopme IK cubes,
very soluble in water, IEEE in alcoliol. Does not brown with
ClH (absence of iodate). Frvommne FK, in deliquescent cubes,
L YaNiDE CNK in deliquescent cubes, Insoluble salts. PoTas-
S1UM PLATINIC cHLORIDE 2C1K,Cl1,Pt, a yellow salt, insoluble in
mixed aleohol and ether. 1co parts contain 15,98 parts of K,
ur 19,26 parts caleulated as OK,. Siuico-rrroripeE 2FK F Si.
Used in making 8BiF,.

The spectrum of potassium flames is distinguished by the
presence of two bright lines ; one in the red and another in the
violet.

II. Sodium or Natrium Na = 23. Na, = 46.

A beautiful reddish-tinted metal, erystalline. Sp. gr. 0.972.
TFuses at g7°.6 C. Volatile. Burns with yellow flame. Decom-
poses water. Na, + 20H, = H, + :HONa. Must be kept in
hermetieally-sealed tubes, or under naphtha. Prep. of Na.
('O ONa), + 20 = 3C0 4 Na,. Two oxides: only one basic,
ONa, and D.,Hn,,. the latter, or PEROXIDE by burning Na, in O,.
Soprvm ox1pE ONa, = 62. Resembles OK,. By water ‘into
HYDROXTDE HONa. White, fusible, deliquescent solid. Prep.
from curbonate: CO(ONa), + :‘ OH),Ca = CO0,Ca + 2HONa.
[SBodium sulphides. SNa, 8,Na,. S;Na, S,Na,. S.Na..]
Sodium salts soluble in water, Eumrm cHLORIDE C1Na. * Com-
mon salt,” the commonest salt of sodium. Cubes, soluble in 23
purts of water at 15°.5 C. Fuses at red-heat, and volatilizes.
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Antiseptie. Source of CIH. CINa + 8O,(OH), = SQ._,OH(UNEI},,
+ CIH p. 18. Then, by greater heat: CINa + S0,0H(ONa)
= S0,(ONa), + CIH. Bromme BrNa, in sea~-water. LoDIDE
in sea-water and in kelp. In cubes. Source of iodine (p. 21).
2INa 4+ MnO, + 380,(0H), = 2[(S0,0H(ONa))] + S0,0,Mn
+ 20H, + I,. SuLpHATE SO,Na,100H, In 4-sided prisms
soluble in 2 of water. Iffloresces and loses all its water.
Aperient: © Glauber’s salt.” HyproxyL suLPHATE SO,0H(ONu).
Very acid ; non-deliquescent. By heat: a. 280,0H(ONa) =
OH, 4 S0,(ON«),,50,; then, b. 80,(ONa), 80, = SO,Na, 4
$0,. SuurHITE SO(ONa),,100OH,. Oblique, efflorescent prisms,
soluble in 4 of water. THiosuLPHATE SSO(ONa),sOH, is
the sodium hyposulphite of commerce, Used in photography.
SODIUM CARBONATE CO(ONa),, or 100H, or Na,CO,,100H,, in
oblique rhombic prisms, soluble in 2 of water. Kffloresces,
tusible. Prep. a. Of “salt cake” : 2C1Na 4 SO,(OH), = 2CIH
+ S0O,(ONa),. b. of “black-ash,” or *ball-soda.” S0,(ONa),
+ 40 = 4C0 + SNa,. 58Na, + 7[CO(0,Cu)] = 58Ca,2Ca0 +
200, + 5C0(ONa),, and this carbonate loses much of its CO,
and becomes ONa, at the high temperature. The black-ash
therefore contains from 20-27 per cent. of sodium oxide: the
black-ash dissolved in water, evaporated and erystallized as
CO(ONa),,100H,, and the mother-liquor containing HONa,
evaporated, mixed with saw-dust, roasted in a reverberatory
furnace, and residue is the soda-ash of commerce. Re-dis-
solved and erystallized as CO(ONa),,100H,. SESQUI-CARBONATE
200(0Na),,C0(0H),,20H, is * Trona salt,” or Natron,” found
native in rhombic prisms terminated by g4-sided pyramids.
SoDIUM HYDROXYL CARBONATE CO(OH)(ONa), is *bi-carbonate
of soda.” A white powder, soluble in ten parts of water. Its
solution, made in the cold, does not precipitate solution of
magnesium sulphate, which distinguishes it from the carbonate
of sodium. ORrTHO-SILICATE Si(ONa),. Glass is a mixture of
various silicates, chiefly sodium and ealcium silicates. Soda-
zlass is more brilliant than potash-glass, but has a greenish
tint. See Calcium for glass (p. 46). Sopivm DI-BORATE ONa,,
2B,0,,100H, is “Borax.” Native in Thibet; in flattened 6-sided
prisms with tri-hedral summits, Soluble in r2 of cold, and half
their weight of boiling-water. *Tincal” in commerce. By
heat intumesces, loses its water and melts into a clear bead. A
aood flux, and solvent of metallie oxides. Source of Boracic
Acip BO(OH),0H,. Sopivm NirRATE NO,(ONa), nativein Atacama,
[quique, &e. Tu obtuse rhomboids, soluble in 2 of water,
Somewhat deliquescent.  #5 parts NO,ONa yield as much
NO,OH as 1o1-1 parts of NO,OK. Phosphates, a. orthophos-
phates, ORTHOPHOSIHATE OF sopium PO(OH)(ONa),,120H,, is
the rhombic phosphate, or DI-SODIUM HYDROXYL FPHOSPHATE.
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» Oblique-rhombic prismsof saline taste, solublein 4 of water. [Solu-
tion alkaline, added to neutral silver nitrate, vellow ]thﬂipit'ltt_.
of silver ortlio-phosphate and free nitric acid : PO(OH)(ONa), +
3NO,(OAg) = 2NOL(ONn) + NO,0H + PO(0OAg),.] By add-
ing HONu, we obtain OH, and TRI-SODIUM PHOSPHATE PO(0Na),,
NﬂH_ in 6-sided prisms. DBut, by adding ORTHO-PHOSPHORIC
acid PO(OH), to di-sodimm hj,*dlu-*u;n phu:.plmte we obtain
two . moleeules of: sodium DI-HYDROXYL ORTHO - PHOSPHATE
PO(OH),ONa. SoDIUM-AMMONIUM-HYDROXYL-ORTHOPHOSPHATE
P{I(DHa)(UHHﬂ(UH} 40H, is * microcosmic salt.”” Transparent,
Lﬂ:iurﬁm,nt prisms. Pr ep. CIH,N 4+ POOH(ONa), = CINa

+ PO(ONa)(OH)YOH,N),4OH.,. ». pyruphusphates SODITM
PYROPHOSPHATE P,0,(ONa),,100H,. In prisms. By heating
POOH(ONa), to low redness, and crystallizing from water.
Thus. zPOOH(ONa), = OH, + P,0,(0ONa),. e. metaphos-
phates. Sopivm meETArHOSPHATE PO,0Na.  Transparent glass.
By igniting PO(OH),0Na = OH, 4 PO,ONa). Or, by 1rrmhn=r
microcosmic salt. PD()W.LUIIINUH = OH, 4+ H,N 4 PO,ONa.
Sopiust PLATINIC CcHLORIDE 20INa,CLPt, in ﬁtrl.ltad yellow
prisms, very soluble in water. Insoluble salt. DI-HYDRIC PYR-
ANTIMONATE OF sopIvM Shy0,(OH),(ONa),,6 OH,,.

The spectrum of Sodium is distinguished by one fine bright
double line of yellow color, identical in position with the dark
solar line ealled D,

[III. LithinmL="7 L, = 14

A white, lustrous metal, fusible at 180°C. Sp. gr. o*309.
The lightest solid known. From Aifos, a stone. Very oxydiz-
able. Volatile at a red-heat. Prep. from fused CIL by elee-
trolysis. One basic oxide. Lirurum oxipe OL,. Discovered by
Arfwedson in 1818, Liraros nypraTe HOL, far less soluble
than HOK and HONa. TFuses below red-lheat, and destroys
platinum vessels. Lithium salts in various mineral waters and
in the ashes of plants. CurLoriDE Cl1L,20H,, most deliquescent.
Purple color to flame. Very soluble in mixed aleohol-ether, in
which C1K and CINa insoluble. Carsoxare CO(OL),, Slmrmﬂ'iy
soluble in water. Litnrvm suvrruate SO,(0OL),OH,, in flat

tables, very soluble. Addition of solution of barium-hydroxide,

removes the radicle, and gives lithium hydroxide. LirrHrum
ORTHO-PHOSPHATE PU{(JL)E, insoluble in alkaline phosphates
and in alkaline solutions, but very soluble in dilute acids.

Sources of lithium, besides springs, are : LEPIDOLITE F(LIC),
0,A1,,28i0,. SPoDUMENE or TRIPHANE 30(LNa),,40;Al,,158i10,.
PeranLiTE 30(LNa),,40,A1,,30810,. Pounded, and ignited with
twice their weight of Grﬂcmm oxide. The mass is first treated
with ClH, then with SO, ,(OH),, and the SO,(OL), separated by
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water from the little soluble SO,(0,Ca). Solution of barium

hydroxide will change S0,(OL), into :(HOL) 4 80,(0,Ba).
By the spectroscope, traces of Lithium discoverable by a

brilliant erimson band, which has a refrangibility between that

of the lines B and C of the solar spectrum.]

[IV. Caesium Cs = 133. Cs, = 266.

Discovered by Bumsen and Kirchoft in 1860 in a spring at
Diitkheim, More electro-positive than potassium. The name
from cwesius, lavender-blue, in allusion fo the two brilliant
bands produced by it in the spectrum of a gas-flame. Traces of
the chiloride in the ash of tobacco, beet-root, coffee and grapes.
A rare mineral “Pollux,” from Elba, contains 32 per cent.
Forms a crystalline amalgam with mercury. Very oxydizable.
Two oxides : one basic. Carsiva oxXipE 0Cs,. CAESIUM HYDROXIDE
HOCs, very deliquescent and caustie. The most poweriul base.
Salts. Cl0s in cubes. 80,(00s),, very soluble. NO,0Cs, iso-
morphous with NO,0OK. €0(0Cs),, deliquescent. CO0HOCs, in
brilliant prisms. CAESIUM PLATINIC CHLORIDE 2C1Cs,C1,Pt ; the
least snlu%le of the platinic salts.]

[V. Rubidium Rb = 85.4. Rb, =170.8.

Discovered by Bunsen and Kirchoff. More electro-positive
than potassium. Brilliant silver-white metal of sp. gr. r.52.
Melts at 38°.5 C. The name from rubidus, dark-red, because
the spectrum of its salts exhibits a remarkable pair of red lines,
less refrangible than Fraunhofer's line A. Most oxydizable.
Like caesium it is contained in certain springs;: in the ashes of
some plants, and in a variety of Lepidolite. Two oxides: one basie.
Rupipiom oxioe ORb,. Hyprare HORD is deliquescent, ClRb,
in eubes; very deliguescent. SO,(ORDb), in hard, brilliant
prisms, Forms alums like sulphates of K,, Na,, Cs, and (NH,)..
CarpoNATE CO(ORD),, deliquescent, RUBIDIUM  PLATINIC
curormE 2CIRb,CLPt, only less soluble than the respective
Caesium compound. ]

Ammoninm (HN) = 18.(?)

The =alts of the hypothetical metal Ammonium are best con-
gidered in this place, as they closely resemble those of potassium.
Many indeed are isomorphous (similar in form, and analogous in
composition). So-called ammoninm-amalgam is formed by addi-
tion of a solution of C1H,N to amalgam of sodium. Breaks up
spontaneously into H and H;N.

Ammonium must not be mistaken for nitrogen hydride, or
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ammonia H,N. p. 8. H,N unites with many metallic salts. Thus
with CIAu:,?II N. Cl,Ca,6H,N. Cl,Ca8H,N. 50,(0,Cu),4H,N,

OH,. NUQ(OA z)3H, N, W l:mn k. \I a.ud dry CO, are hruuwht
together. we obtain AxyoNTUM LAHIH‘&I-!.TL LO\’H LOH,N). Cax-
Bamic Acip CONH,(OH), has not been isol ted. One ‘atom of
amidogen H,N displuces 1 atom of OH. So-cilled CARBAMIDE
CD(NII % would be formed by substituting NH, for OH, and
this happens when ammonia and Lﬂ.ll_){lll-[}\}{jllurldb C U’U are
brought together. AmmoNTuM suLPHAMATE SO,NH,0H,N, rwults,
when S0, “and 2H N are brought together.” With ;LLH]?, it is
different : we ]mv{, salts of ammonium. AMMONIUM HYDROGEN
suvLpHIDE SH(H,N) is the common test for the metals, preeipi-
tating in neutral solutions, black sulphides of ferrous, cobalt and
nickel, white zine sulphide and aluminum hydroxide, flesh-
colored manganous sulphide, and greenish ehromium hydroxide.
Frep. by saturating H,N with SH,. Absorbs O and becomes
yellow disulphide S, H N, Thus: 8SH(H,N) + 50, = 40H,

+ 2[S,(H,N),] + 1[520(01‘1 N),]. Dissolves as aulphur salts
the electronegative sulphides; with evolution of SH,. Ax-
MONIUM CHLORIDE CIHN = 53.5 = 4 vols. Or H,NCIH. Semi-
transparent, tough, fibrous. In cubes, octahedra or fern-shaped.
Soluble in less than 3 parts of water. Iopme I(HN). NITRATE
NO,O(H,N), source of N,O at 250° C. and of z{JH_ Striated
prisms. NITRITE }IU{DH N); by heat into 2:0H, and N,

SvrLrrATE SO,(OH,N),, in prisms, soluble in two of cold water
CarpoNaTeE CO(OH,N),. SESQUICARBONATE OF AMMONIUM
2[CO(OH,N),],CO,. “Hme]ling-salts.” By lossof AamnoNTUM CAR-
BAMATE COH,N(OH,N), into AMMONIUM HYDROGEN CARBONATE
CO(OH)OH,N) (two molecules). Prep, by subliming am-
monium chloride with caleium carbonate : 6CIH ‘~T+3CD(U Ca)
= 3CL,Ca + OH, 4+ 2H,;N 4 bL“:t]lllLﬂlbﬁIldtB Ammonium
sodium hydroxyl phusphu.ta PO(OH)(OH, N ) ONa),4OH, is mi-
erocosmic salt. Insoluble salt. AMMONIUM PLATINIC CHLORIDE
2C1H,N,Cl1,Pt, yellow powder ; contaius 7.62 per cent. of HyN,

Metals of the alkaline earths.
Symbaol. At. weight. Sp. gr.
Barium . . Ba i ORI 7o T
Strontiom . Sr B7.§ + & 2540
Caleium . . Ca 40 o ReTEaa

Dyad metals which decompose water at ordinary temperatures,
Their oxides are strongly basie, alkaline, soluble as hydroxides.
Carbonates insoluble in water; bi-carbonates are soluble. Most
of their salis are insoluble in water. In solution, they can be
separated from the alkalies by boiling with ammonium carbonate,

1
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VI, Barium Ba = 137.

Dyad metal of silver-white color. It is malleable, melts
below red-heat, and oxydizes readily. Name from Bapis, heavy.
From fused Cl,Ba by electrolysis. Two oxides. Ba0 and Ba0,.
One basic: parivm oXime Ba0, Grey and fusible. Barrom
myproxipE (OH ,Ba, crystallizes with 80H,; soluble in 20 of
cold and 2 of boiling water. Solution strongly alkaline : test for
CO,. Also used for making cerfain hydroxides from their
sulphiates. Thus : SO,(OK), 4+ (OH),Ba = 50,0,Ba + 2HOK.
Very poisonous: antidotes, Sodium or Magnesium sulphate,
Prep. a. by heating (NO,),0,Ba to redness. b. by boiling
solution of barium sulphide with Cupric oxide. 6SBa + sOH,
+ 5000 = 48Cu, + 8,0(0,Ba) + 5(0H),Ba. DBARIUM DIOXIDE
or PEROXIDE BaO,. Grey. Hyprate Ba0,60H, Used for
making O,H,, p. 7. Also a source of Oxygzen. Prep. BauO
heated in a stream of dry air = BaO,. Also by fusing ClO,0K
with BaO. Cl0,0K + 3BaO = CIK + 3Ba0,. Dissolve in water
and Ba0,,60H, separates, SuLPHIDE OF BARIUM BaS. By
strongly heating SO,Ba with churcoal = 4CO + Ba8. HyDRrRATED
suLpHibE BaS,60H,, in colorless crystals. When dissolved in
water : 2BaS + 20H, = (OH),Ba 4+ BaS,SH,. Barium sulphide
used for making soluble Barium salts, Soluble salts. Barrud
cHLORIDE CLBa,20H,, in flat 4-sided tables, soluble in 25 parts
of water. Yellowish-green color to flame. Test for soluble
carbonates, phosphates, sulphates, &ec., as these salts are insoluble
in water, but soluble in CIH except SO,Ba. Insoluble in
aleohol. Bartosm N1rrraTE (NO,),(0,Ba). Octahedral. Soluble
in 8 parts of cold and 3 of boiling water, Less soluble in CiH
and in NO,OH. Green-fire is a mixture of 45 parts of dry
nitrate, with 15 of 8, 10 of ClO,0K, 2} of lamp-black and 13
of 8,8b,. Requires great care in mixing. BARIUM CHLORATE
(Cl0,),0,Ba. Beautiful green color to flame. ACETATE, ;0H,,
in flattened prisms. Bariom THIOSULPHATE 8,0(0,Ba)0H,, in
small, brilliant crysials. Insoluble salts. DBARIUM SULIHATE
S0,Ba. Native as “ heavy spar” in right rhombic prisms and
massive. Sp. gr. 4.59. Source of Barinm salts by ignition
with charcoal : into sulphide. Used for adulterating white lead.
Insoluble in C1H or NO,OH. Carpoxare or paAritm C0(0,Ba).
Native as * Witherite” in 6-sided prisms, terminated by 6-sided
pyramids, White powder, soluble as Cl,Ba or (NO,),0,Bua in
the respective acids: (0O, evolved. Barivm SILICOFLUORIDE
F,Ba,F Si. Curomate Cr0,Ba, yellowish powder. Barium is
weighed as 80,Ba, containing 65.66 per cent. of Ba0.

The spectrum of barium contains a number of characteristic
green lines, by which it is easily dctected.



40 VII. STRONTIUM, VIII. CALCIUM. CALCIUM OXIDE.

VII. Strontium Sr = 87.5.

A dyad metal of yellow color. Sp. gr. 2.54. Harder than lead.
Decomposes cold water. The name from Strontian in Argyle-
shire, where Hope discovered * Strontianite,” the carbonate of
strontinm. Prep. from fused caLoribE, Cl, Sr. Two oxides, Sr0
and 8r0,. Only one basic; STRONTIUM m:mE sSr0, White. From
(NO,)(0,8r) at a red-heat. With water, nyoroxioe Sr(OH),.
Its aypraTe Sr(OH),faq. requires 5o ]nlts of eold and 24 of
boiling water for solution. Strongly alkaline: u test for CO,.
| STroNTIUM PEROXIDE Sr0,. By 0, over heated f‘:'stl'unr.ium
oxide.] SuvrrHipE 88r. From SO,Sr 4+ 40 = 4C0 4 88r. Salts
of strontium: soluble in water. ‘Curoron CLSr,60H,. Deli-
quescent needles, very soluble in alenhol and thus separable
from Cl,Ba. DBurns with crimson flame. Nirrare (NO,),0,87,
50H.,, octabedra soluble in 5 of water., (“Red-fire” a mixture
of do parts of dry nitrate, 22 parts of S, 20 parts of C10,0K and
s parts of lamp-black, Great care 1r~quired in mixing: no
pounding in mortar.) CrroMATE CrO,Sr. SILICO-FLUORIDE
F.8rF 8i. Insoluble salts. SuLrHaTe or sTroNTIUM S0 Sr,
native ss * Celestine” in right-rhombie prisms of bluish hue.
Often accompanies 8 in Sicily. CamrsoxaTeE C00,8r, native as
Strontianite. PuospaaTe POOHO,8r, white powder. Strontium
estimated as 80,8r, containing 56.52 per cent. of Sr0. The
speetrum is most characteristie,

VIII. Calcium Ca = 40.

A dyad metal, never native. Light-vellow color. Sp. 1.578.
As hard as gold, malleable and duetile. Tarnishes slowly in
dry air. Decomposes OH, immediately. Burns magnificently
when heated in O into CaO : in Cl, into Cl,Ca. Prepared from
fused mixture of 201,Ca with CLSr, by electrolysis. Also from
I,Ca by Na, = 2Nal 4 Ca. Two oxides: Ca0 and CaQ,. One
basic axlde Calcium oxide Ca0 = 56. The well-known * Quick-
lime.” White, caustic, infusible. In oxy-hydrogen an intense
light : Iimﬁ-ﬁghﬁ. With water it combines, heats and slakes:
into Carcius HYDROXIDE (OH).Ca or “ slaked lime,” soluble in
700 parts of cold and 1280 parts of boiling water, Allaline.
Absorbs CO, : a test. Absorbs SH, as DH and SCa, Excess
of (OH),Ca in lime-water, called “ milk of lime.” Caleium
hydroxide in mortars, ccmcnih &e.  Prep. by heating cavorvm
CARBONATE C0(0,0a) to redness: CO(0,Ca)=C0, + Ca0. [CaL-
CIUM PEROXIDE Ca0,,80H, is precipitated by adding lime-water
to somuM PEROXIDE Nu,0,] Cavciom sunpaine 8Ca.  White,
insoluble in water. Phosphorescent. Prep. SO,Ca + 40 =
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4C0 + 8Ca. Chief constituent of soda-waste., When moist,
absorbs O, and supplies CALCIUM THIOSULPHATE, S,0(0,Ca).
Thus : 28Ca + OH, + 20, = Ca(OH), + 8,0(0.Ca). LCaLcIvm
pENTA-SULPHIDE S,Ca. By boiling S, with (OH),Ca, we obtain
thiosulphate as well.  Thus: 3[(OH),Ca] + 68, = 30H,+
8,0(0,Ca) + 28,Ca. CALCIUM PHOSPHIDE P,Ca,? By distilling
P, with CaO. 7P, 4+ 14Ca0= 1[P,0,0,Ca,] + 5P, Ca,.—CaLoium
siLicipe SiCa, in lead-grey scules. By ClH into SILICONE or
crrysEoy 8i,0,H,] Salts of calcium: soluble in water. Curo-
riDE CL,Ca,n0H,, in striated, deliquescent prisms.  Saturated
solution boils at 179°.5 C. By heat at 150° C. into C1,Ca,20H, ;
orous, used for desiccating gases. Found in sca-water. Arti-
ficially : C00,Ca + 2C1H = OH, + €O, + Cl,Ca.  Absorbs
H,N. [Bromme Br,Ca. lovine [.Ca.] Oxy-curoribE Cl,0Ca,
see p. 19. ‘*Chloride of lime.” Evolves CL, in air. Made
from calcium hydroxide by absorption of Cl,. According
to Kolb, C1,0,H,Ca, by solution in water into: 20H, + C1,Ca
+ (OH),Ca + (OUCI),Ca.— CALCIUM  CHLORATE (C10,),0,Ca,
deliquescent. NiTraTE (NO,),0,Ca in deliquescent prisms.
CALCITM  BI-CARBONATE €0(0,Ca).CO(0H),, in Calcareous waters.
Deposited as CO0,Ca in so-called “stalactites ” and “ stalag-
mites.” * Temporarily hard ™ waters confain it: softened by
boiling or addition of Calcium hydroxide ;—Clark’s process.
SvLpHaTE 80,0,0a,20H,.  Transparent, flattened prisms as
“ Selenite.” Rectangular prisms as “ Anhydrite ” S0,(0,Ca).
Massive, found as alabaster, Soluble in 400. Heated below
260° C., loses its water and forms “gypsum” or * Plaster of
Paris.” Contained in all spring-waters. CALCIUM TETRA-
HYDROXYL ORTHO-PHOSPHATE P,0,(0H),(0,Ca) is so-called “super-
phosphate ” when yet mixed with S0,(0,Ca) in manure. Used
in making P,. Insoluble calcium salts. Calecium carbonate
C0(0,Ca) = CaCO, = roo, As marble, limestone, oolite, chall,
&c. In coral, shells, &e.  Dimorphous, rhombohedral m ** Ice-
land spar” and in 6-sided right rhombic prisms in * Aragonite.”
(1,Ca + CO(ONa), = 2CINa 4+ C00,Ca. Caleium fluoride F,Ca.
In eubes, octahedra and massive in ** fluorspar.” Used for orna-
ments, and for making FH and 2FH,8iF, (pp. 23, 25). Cal-
cium orthophosphate I’,0,(0,Ca), in bone-earth. Native as
Apatite F,Ca,3|P,0,(0,Ca),.] 1Is precipitated by phosphates
from soluble ecalcinm salis with 20H,. [Sopium-carcium
;ffmn'r_ll; [1()f-}DJ(:}Nu,t_}ngu.);;BszlmIEU'I'I.:], native at Iquique,
‘eru,

Caleium is preeipitated quanti tatively as oxalate (C.0,0,Ca,
and weighed as carbonate CO(0,Ca), which contains 50 iuﬁ- cent.
of CaO.

The speetrum of Ca is peculiar, confaining a number of
distinct bright lines.
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The Magnesian Group.

Symbols. At. weight. Sp. Gr.  Melting-point,
Magnesium . Mg = 24 . . 1,743 .
e . . ol = 6L, 2046 . 413° 0,
Cadmium , . Cd = 112 oo beg: o 228905
Glucinum, . Be = 9¢9.3. . 2.100 . 900°C.(7)

The metals belong to the dyad group and are volatile and
eombustible. Only one oxide. Their carbonates are soluble in
ammonium carbonate,

IX. Magnesium Mg = 24,

A dyad metal, never native. Silver-white, malleable and
ductile. Sp. or. 1.743.  Very slowly oxydizes in damp air, to
magnesia. Nearly as volatile as zine. Burus brilliantly when
heated in O, in Cl, Br, I, Svapor, &c. Its combustion in air, a
substitute for aunlnrrht in photography. Unites directly with N.
Dissolves in HCL Lwﬂﬂntr H, Precipitates Zn, Fe, Co and Ni
from solutions of their salts. “With As and Sb salts, acidul: ited,
Mg gives rise to H;As and H,Sb. Prep, of Mg. From Cl Mg‘
-+ Nu., = 20CINa + Hg Also from fused chloride by electrolysis.
One oxide: basic. MaaNEstusm oxipe Mg0 = go0.  White, infu-
sible, alkaline. As nyproxipe (OH),Mg requiring 5142 parts
of water at o° C. for solution, and over 36,000 parts at 100 °C,
Is precipitated as sueh, from all its soluble salts by any of the
preceding hydroxides. Thus: (OH),Ca 4 Cl,Mg = Cl,Ca +
(OH),Mg. Prep. by heating magnesia alba : then called magnesia
usta. Sulphide EMg *a]mrm-f]v roluble. By 8,C in vapor over
red-hot MgO 4+ C. Nitride N, Mg, 1s FI}‘-:.f.-llllllE' Salts of mag-
nesium : soluble in water. CrvoripE CL,Mg, white, deliquescent.
Used in making Mg. In prismsas Cl Hg,ﬁDH OXY-CHLORIDE
MgCl,,MgO0, sets with water like plasterof Paris. Broymine Br,My,
in sea-water., MacxNestum SvieHAaTE 80,(0,Mg),70H,, * ]..p:,mn
salt.” Right rhombic prisms soluble in 3 of cold and 1§ of
boiling water. Nauseous taste. In sea and other waters,
Spllnn‘a at Epsom. Prep. from mother-liquor of sea by caleium
hydroxide and the hydroxide of magnesium by SO,(OH), into
sulphate. Or, from dolomite by SO,(OH),, and ﬂepnmtmn of
resulting sulphates by water. NritraTe (NO,),0,Mg 6OH,,
deliquescent prisms. Insuluhle salts. Magnesium carbonate
C00,Mg = 84. Native as “ magnesite,” white, hard, amorplions,
The most abundant magnesian mineral is “Dolomite,” a ear-
bonate of caleium and magnesium €0(0,Ca), CO(0,Mg), valuable as
building-stone (Houses of Parliament). From a solution in C0, as
Co(0, Mg] 30H,. Magnesia alba of Pharmacy is a basic carbonate,
a varying mixture of the carbonate with (OH),Mg. Magnasmm
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hydroxyl ortho-phesphate PO(OH)(O,Mg), 70H,, in minute
needles, Ammonium magnesium orthophosphate PO(OH N)
(0.Mg)60H,, known as * triple phosphate.” Quite insoluble in
H,N. By heat into: Magnesium pyrophosphate I’,0,(0,Mg),,
(H;N and OH,) containing 36.21 per cent. of Mg0. Magnesinm
estimated as such. [Silicates are very important minerals, MnO
and FeO often substitute, in part, or entirely, MgO and CaO.
Chrysolite Si(O,Mg),. Meerschaum 2[SiO0,Mg], SiO,, 40H,.
Tale 4[Si00,Mg], 8i0,,40H,. Steatite or soapstone ;[SiO0,Mg],
Si0,. Serpentine 2[8100,Mg}(0H),Mg,0H,. Augiteis magnesium
and caleium silicate, in which Fe and Mn interchange, Horn-
blende is also a silicate of Mg, Ca, Al and Fe, with FK and
F,Ca. Asbestos is a variety of hornblende.

X. Zine Zn = 65.2.

A dyad metal, never native. Bluish-white, hard and lustrous,
Sp. gr. 7.146. Melts at 412°C.; boils at 1040° C. Tt is brittle,
but between 100°C. and 150° C., it is malleable and duectile.

Oxydizes very slowly, hence used for coating sheet-iron, Readily
attacked by Cl, Br and I. Dissolved by the acids. Zn +
S0,(0H),,20H, = 80,0,Zn + 20H, + H,. Zn+ 2C1H=Cl,Zn
+ H,. 3Zn+4 ¢NO,0H=3[(NO,),0,Zn] + 40H, + 2NO. Also
by PoTASSIUM HYDROXIDE: Zn + 2HOK = H,+O0K,, OZn. Zine,
the electropositive element in most batteries : the wire attached
to it is the zincode or negative pole. Precipitutes most ‘metals,
but is precipitated by all the preceding. Burns with luminous
greenish light into its one oxide, ZnO. One basic oxide: Zine
oxidg Zn0 = 8r.2. White amorphous powder, insoluble in
water. Canary-yellow whilst red-hot. “Tutty’ is impure ZnO.
Isomorphous with Mg0O. Zine hydroxide (0H),Zn, is white,
gelatinous, insoluble m water, soluble in H,N and in HOK.
ZiNe sULPHIDE SZn. Native as Blende, the common ore of zine :
in rhombie dodecahedra. Its HYDROSULPHIDE 0H,,82n is white and
insoluble in HOK. Not precipitated in acid solutions of zine-
salts by SH,, but in neutral by SHH,N. Metallurgy : when
ronsted, SZn, into Zn0 + 8O, : then ZnO is reduced by chareoal
27n0 + C=CO0, + 2Zn. Baltssolublein water. Curoripr C1,Zn,
White, deliquescent, fusible at 100°C. An esclarotic. Also
forms * Burnett's disinfecting liquid.” Suvirrate 80.0.Zn
70H,, in colorless 4-sided prisms; efflorescent, “ White ?i?tl'i.ﬂl.’?’
Soluble in 2% parts of eold water. Used in medicine and by
ealico-printers, Insoluble salts. Zine earbonate C00,Zn, native as
Calamine the best ore of zine. White, when pure. H,Etallﬂrgj;

3y roasting = Zn0 4 C0,. Then the oxide reduced by char-
conl, and distilled., Precipitated as a basic carbonate 3€00,Zn
s[(OH),Zn],0H,. Silicate Si(0,Zn,),0H, is also a minsral

I
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called electric ealamine, Zine is best weighed as Zn0; 1co parts
contain go. 24 of Zine.

XI. Cadmium Cd = 112.

A dyad metal, never native. Tin-white, malleable and duc-
tile. Melts at 228°0C; boils at 860°C. Sp. gr. 8.6. More
volatile than zine, the ores of which it accompanies. Tarnishes
but little in air. Burns when strongly heated in air, depositing
brownish fumes of the oxide. Readily dissolved by CIH, by
S0,(0H),,20H, and by NO,OH. Only one oxide : basic. CaD-
MIuM oxipe €d0 = 128. Brown. Hyproxipe (0H),Cd is white,
insoluble in HOK, soluble in H,N. Capmrom sunraIDE SOd,
yellow, Native as * Greenockite,” in 6-sided prisms. Its
nyYpRATE (OH),8Cd, yellow, is precipitated by SH, from solutions
of cadmium salts, and may thus be separated from zine-salts. The
metal Cd, obtained by roasting SCd, and reducing the CAO with
charcoal. In Zinc-ores containing Cadmium, the latfer, being
more volatile, may be received apart as long as brown fumes are
deposited. Soluble salts. CuvroripeCl,Cd,20H,, 4-sided prisms.
Lope I,Cd, in pearly scales. NrrraTe (N0,),0,Cd. SULPHATE
$0,0,0d,40H, very soluble, Insoluble salts. Carbonate of cad-
mium, €00,Cd, white, and insoluble in ammonium earbonate :
tlins separated from zineas carbonate. Estimated as oxide CdO,
which contains 87.5 per cent. of metal.

[XII. Glucinum or Beryllium Be = 9.3.

A dyad metal, never native. White, lustrous, malleable and
ductile. Sp. gr. 2.1. Fusible at goo®C.? Does not decompose
water. CIH and SO,(OH),20H,, dissolve it as chloride and
sulphate : H, evolved. NO,OH only a feeble action. IPrep. from
Cl,Be + Na, = 2CINa 4 Be. Only one oxide : basie. Beryllium
oxide BeO = 25.3. White, insoluble in water. Hydroxide(OH),Be,
wvelatinous, white, and soluble in ammonium carbonate, and
so, easily separated from aluminum hydroxide. Absorbs CO,
from the air, and displaces H,N from its salts, lucinum
aluminate Al,0,,Be0 occurs native in the gem “ ehryso-beryl.”
Soluble salts. Sweet : henee yAvieds sweet. GLUCINUM CHLORIDE
C1,Be, sublimes in white needles. Crystallizes Cl,Be,4OH,.
SurenaTe 80,0,Be,40H,, in octahedra. No alum, S0,(0K),,
$0,0,Be,>aq. Insoluble salts. Ortho-silicate Si(U,Be,), native
as Phenalite. The * emerald” or “beryl” (sometimes so clear
as to have been used in Brillen, spectacles) is double silicate of
aluminum and beryllium 3;Be0,Al,0,6810,. After removal of
the Si0,, as F,Si, by treatment with F,Ca and SO,H,, the re-
sulting sulphates can be easily, in part, separated by ammonium
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sulphate which forms an “alum " with the aluminum. Au reste,
beryl-hydroxide is solublein ammonium carhonate, Estimated
as beryllium oxide Be0.]

Metals of the earths.
Symbol. At. weight.

Aluminum . . Al = 27.50
Thiciom . . + X =  G63.00
~ Erhinm .. . weoe gl =" 76890
Lanthenum ., . La = 139.c0
Didymium . . D — s PO TS
Cerimm ., . .0Os = 138.00

These are triads, or pseudo-triads. Their oxides are of an earthy
character, and have the most powerful affinity for oxygen.
They are precipitated as hydroxides by ammonium sulphide.

XIII. Aluminum Al = 27.35.

Tetrad in aluminum ethide (C,H,),Al; as pseudo-triad in
chloride (Cl,Al),, Never native. Discovered by Woehler in
1825. White metal with bluish tint, malleable, ductile. Sp. gr.
2.6. Fuses at about 450°C. Burns with bluish-white light in
oxygen. Inalterable in air: used for weights. Not attacked
by NO,OH ; easily by CIH. 6CIH + Al, = 3H, 4 Cl;Al,. Dis-
solved by potassium hydroxide. Alloys. Aluminum bronze Cu,Al.
Prep. of Al. a. by electrolysis of fused 2CINa,Cl;AlL,. b, 2CINa,
Cl,Al, + 3Na, = 8CINa + 241 ec. from Cryolite with sodinm ;
6FNa,F,Al, + 3Na, = 12FNa + Al,. Only one oxide: basic.
Aluminum oxide O,Al, = Al,0, = 103. Native as * corun-
dum ” in G-sided prisms; emery is pounded corundum. *Sap-
phire” and “ruby” are tinted Al,0;. Pure aluminum oxide
is white, and fusible in oxy-hydrogen. After strong ignition,
insoluble in acids. United with various bases to aluminates.
Chryso-beryl Al,0,BeO. Spinelle ruby is Al,0,Mg0. Gah-
nite Al,0;Zn0. Sodium aluminate (ONa,y),Al,O; is made
from DBauxite, a hydrated aluminum ferric-oxide. Aluminum
hydroxide (OH),Al,, yellowish, translucent mass, * Diaspore ™
is a natural hydroxide (0H),0,AL, or OH,Al,0,. Soluble in
HOK ; insoluble in H,N. The basis of ¢ elay.” Sulphide S,AL,:
by burning Al in the vapor of sulphur. Balts soluble in water.
Arvmisum coLORIDE Cl Al, = 268, Crystalline, translucent ;
sublimes at a dull red-heat. Deligquescent. Cl Al,,120H, in
6-sided prisms. Al,0, + 30 + 3Cl, = 300 4 Cl,Al,, Avv-
MINUM SULPHATE (80,),(0,);Al;,180H, in thin scales, soluble
in two parts of water. DPrepared by decomposing  clay with

E 2
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SO,(0H),. Porassium avvm (80,),K,Al,240H,, in octahedra
and in eubes, soluble in 18 of cold and 2 of boiling water. Loses
10 of OH, at 100° C., and other 100H, at 120° and the rest at
200° C. : alumen ustum. AMMONIUM ALUM containing (NH,), in
place of K,, is prepared from the H,N of gas-works, mixed
with acid aluminum sulphate. All true monad metals may sub-
stitute K,. Thus Na, Cs,, Rb,, L,, Tl,, Ag,. Isomorphous
salts, e.g. [(80,),Na,AL,240H,] [(S0,)@VH,),,Al,,240H,.]
[(80,),L,Al,,240H,,.]

Insoluble salts, Aluminum fluoride F;Al,. As* Cryolite,” in
Greenland. 3FNa, F Al,. Contains 13 per cent. of aluminum.
Ortho-phosphate PO(O,Al). The “turquoise” is a hydrated
phosphate P,0,,2A1,0,,50H,. Clay is a hydrated aluminum
silicate 28i0,,A1,0,,20H,. Felspars. “ Orthoclase” or *“adu-
laria” is potassium felspar. 8i0,AlK,28i0, or 68i0,,A1,0;K,0.
« Albite ” is sodium felspar, and * Labradorite” calcium felspar.
“ Pumice” is altered felspar. ¢ Obsidian” is fused pumice.
¢« Granite ” is a mixture of quartz, felspar and mica—the latter
consisting of magnesium and aluminum silicate. “Syenite ™
containg Hornblende instead of miea. “Garnets” are basic
double silicates of caleium and aluminum. Glass is a mixture
of various insoluble silicates with excess of silica. Bohemian
glass is 8i0,(0OK),,810(0,Ca),4810,. [K,0,38i0,,Ca0,38i0,.]
Crown-glass SiO(0K),,8i0(0,Ca),2810,. Flintglass. SIO(OK),,
Si0(0,Ph)48i0,. Inthis glass, lead replaces calecium. Bottle-
glass contains aluminum and iron silicates, besides caleium
and potassium silicates. It contains more basyl than the
other varieties. ][See Miller’s ¢ Inorganic Chemistry,’ revised by
McLeod, p. 420.

[XI‘F Yitrium Y = 92.

Is a triad metal, never native. Burns brilliantly in O,. The
name, from Ytterby in Sweden, where ¢ Gadolinite,” a silicate of .
yttrium, glucinum, cerium and iron, is met with. Prep. trom the
ehloride, by sodium. One basic oxide: Yttria Y,0,, nearly white
powder, of sp. gr. 4.842. Salts colorless. Sulphate (S0,),Y,,
80H,. Colorless solution which does not exhibit an absorption
spectrum.]

[XV. Erbium E = 168.9.

The metal probably a triad. Not isolated. One basic oxide.
Erbium oxide 1,0, Faint rose-red color. Infusible, but glows
with intense green light, exhibiting in spectroscope a continuous
spectrum intersected by a number of bright bands, Sulphate
(80,),E,, 80OH,, in rose-colored crystals.]
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[XVI. Lanthanum La = 139.

Discovered by Mosander in 1841 ““ hidden,” Aavfdvew Tlic hLid,
in Cerium. A triad metal never native. Only one basic oxide.
La,0, buff-colored. Hydroxide (OH),La.  Chloride LaCl,.
Sulphate (SO,),La,. Salts colorless, precipitated by soluble
oxalates. No absorption spectrum.]

[XVII. Didymium D = 144.75.

A triad metal, so named because of its close association (from
8(duuos twin) with Lanthanum. Discovered by Mosander. One
basic oxide: Didymium oxide D,0;. White. Peroxide DO,
brown. Salts rose-colored. Sulphate (50,),D,,80H,, isomor-
phous with erbium and yttrium sulphates, Salts exhibit a
well-marked absorption-spectrum, containing two black lines
inclosing a very bright space.]

[XVIIIL Cerium Ce = 138,

A triad metal never native. Discovered by Klaproth in r8o3.
The metal little known. Forms two basic oxides. Cerous oxide
Ce,0, and Ceric oxide CeO,. Crrous ox1DE Ce,0,, greyish-blue
powder, easily changed into CeO, by air. Salts colorless.
Oxalate used in medicine, Ceri¢ oxipe CeO, is formed when
Ce,0, or (OH),Ce are ignited in an open crucible. Yellowish-
white ; orange-red whilst red-hot. Hyproxme 3(0H,),2Ce0,
is of bright-yellow color. Salts yellow, and brown-red. No
ceric c:,]hlﬂride, as Ce0, behaves like MnO, towards CIH, yielding
CeCl,.

Metals more or less allied to iron.

Symbol. At, weight. Sp. gr.
Ferram . . Fe 6 . v %3
Manganesium Mn EE & = S0

Chromium . Cr = E2T o0 a0 LB
Deballs. "% o lde = EBaR e oy B0k
e Y Il - 1) R Y
Uranium . . U = 120 . .'1B.40

This group includes the magnetic metals, as well as the dia-
magnetic Uranium. They decompose water at a red-heat. SIH,
in acid solutions, does not precipitate salts of these basyls.

XIX, Ferrum Fe = 56.

Very rarely native, except in meteorites, and in mica-slate at
Canaan in Connecticut. Almost silver-white: of sp. gr. 7.844.
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The most tenacious of metals, also the most magnetic. Un-
changed in dry air, and in pure water free from O and CO,.
Rusts in damp air. Burns when heated in O into magunetic
oxide. Dilute sulphurie acid and hydrogen chloride dissolve it
freely. Thus: 80,H,,20H, + Fe = 80,Fe + 20, + H,. 2ClH
+ Fe = C,Fe + H,. Strong nitric acid renders it passive;
dilute, dissolves e as (NO,),0,Fe. TFe decomposes steam at a
red-heat: Fe, + 40H, = 4H, + Fe,O,. * Meteorites” contain
in addition to iron, nickel and cobalt, together with traces
of copper, manganesium, chromium, tin, magnesium, carbon,
sulphur and phosphorus, Bar-iron contains from 0.2 to 0.4 per
cent. of carbon. When strongly heated it softens, and can be
“welded” by hammering. Prep. by strongly heating filings
of bar-iron mixed with ! of pure Ferrie oxide: thus are all
traces of C and Si oxydized at the expense of the oxide, and a
fusible slag formed. Melts at 1530° C. Iron is dyad, as well as
pseudo-triad, or hexad, in its chief combinations. Ores of iron,
Ferroso-ferric oxide or “ magnetite” Fe,0,, both massive and in
octahedra. Gives, by reduction with charcoal, the purest iron.
“ Specular iron-ore ” Fe,0,, in rhomboids from Elba and Formosa,
“ Red hwematite” 3(0H,),2Fe,0,, both fibrous and compact :
soluble in CIH as Cl,;Fe,. When roasted, it loses its water and
is casily reduced by coal or charcoal. *Bpathic iron-ore”
C0(0,Fe), in yellowish, lenticular erystals, as well as massive.
By roasting it oxydizes, and loses CO, ; resulting Fe,0; is re-
duced by fuel. “Clay iron-stone” is an impure ferrous car-
bonate, mixed with clay, limestone, &e. : it is the chief iron-ore
of Great Britain, and is reduced in the blast-furnace. Ore
roasted : thus Fe,O, obtained. Lime CaO is admixed, in order
to prevent the SiO, of the ore from uniting with FeO; the Si0,
forms a fusible cArcruM ORTHOSILICATE 8i0,Ca, or “slag,” and
coal is added to reduce the ferric oxide. The *cast-iron™ or
¢ pig-iron” contains both carbide and silicide. Three kinds of
cast-iron ; grey, mottled and white. In white cast-iron, all the
carbon is combined. “ Spicgeleisen’ contains about 5. 08 per cent.
of carbon, answering to CFe,. It isthe most fusible. The mottled
cast-iron is coarse-grained and contains visible points of un-
combined carbon or graphite. The grey cast-iron contains more
uncombined earbon than the mottled : it is soft and more fusible
than the mottled : when heated, and suddenly cooled, used for
making chilled shot. Cast-iron, into wrought. * Refining:”
carbon burnt out and Si got rid of as FERROUS SILICATE Si(O,Fe),.
¢. Puddling”’ removes yet more C and Si. By SiemENs’ process,
malleable iron direct from the ore, previously mixed with lime
and 25 per cent. of small coal, heated in a horizontal rotatory
furnace by means of a regenerative gas furnace. Alloys. * Red
ghort iron” is tough at ordinary temperatures, but brittle at
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red-heat. Contains S, As and Cu. * Cold short iron ” 18 brittle
at common temperatures: made from finery cinder Si (O,Fe),
and always contains Phosphide of iron. Steel contains [rom
0.7 to 1.7 per cent. of carbon. In the cementation process,
iron unites with 1.5 per cent. of carbon. In “ Bessemer ' steel,
wrought-iron is worked up with a sufficient quantity ol
“ gpiegel-eisen” to give at once the necessary amount of carbon.
By means of a blast of air under pressure of 12 to 25 lbs. per
square inch, the melted pig-iron has its carbon burnt into CO,
and when thus de-carbonized, it is mixed with the right propor-
tion of spiegel-cisen. Oxides. Two basic oxides, besides an in-
termediate one. 1. Ferrous oxide Fe0. 2. Ferric oxide Fe,0..
r. Ferrous oxipE FeO = 72. Very unstable per se. Iis
nyproxioe (OH),Fe is white, unstable, passing by oxydation
through light-green, bluish-green, black and red-brown, to
ferric hydrate. 2. Fegric oxioe Fe,Oy = 160. Red-brown.
Red haematite and specular iron-ore are varieties. “Rouge h
is ferric oxide. Its hydroxide 3(OH),2Fe,0, is red-brown and
bulky. Precipitated, and. dried at 1co® C., (OH,),Fe, .
3. FErroUs-FERRIC OXIDE FeO,Fe,0; is black; hydroxide also.
Forms no specific salts. 8 and Fe. FERROUS SULPHIDE SFe = 88.
Reddish-brown. Either by. direct union of the elements or by
beating FeS, with Fe. FeS is used in making SH,. Thus:
2C1H + SFe = SH, + CL,Fe. Ferrous salts are precipitated as
black hydrated sulphide by S(H,N)H. Thus: Cl,Fe + OH,
+ S(H,N)H = SFe,0H, + CIH + CIH,N. FERRIC DISULPHIDE
FeS, = 120. “Iron-pyrites” or “ Mundie,” in cubes of brassy
lustre or massive. Sp. gr. 4.98. Also as “ marcasite ” in right
rhomboidal prisms. When roasted in air, gives 30, and Fe,O, :
chief source of SO, in making sulphuric acid (p. 15). Heated
in absence of air, -yields Sulphur: 38,Ke = 5Fe; + g
% Argenical pyrites” or mispickel SAsFe. MAGNETIC SULPHIDE
8. Fe., is soluble in HCI (8,Fe not).—PHOSPHIDE PFe, hard and
brittle : in “cold shortiron.”” 1. Soluble ferrous salts. ERROUS
cuLoripe ClL,Fe white and volatile. In crystals Cl,Fe,40H,,
green and very soluble Ferrous topine I,Fe,40H, in green
crystals. I, 4+ Fe = I,Fe. NITRATE (NO,),0,Fe,60H, in pale-
green rhomboids ; very unstable. FERROUS SULPHATE 80, Fe,70H,.
In rhomboids of sea-green color, soluble in 2 of water. * Green
vitriol.” Its solution absorbs O and deposits BASIC FERRIC
suLPHATE S0,,2Fe,0,,30H,., Thus: 2080,Fe + 50, + 60H,
= 6(380,F¢,) + 2 of basic salt. Becomes red-brown on ex-
posure: hence copperas or “ Couperose.” It loses water, and
by further heat: 280,Fe = Fe,0; + 50, + 50, See p. 14,
Nordhausen Sulphurie acid. A good reducing agent. See Gold.
Frrrovs pr-cArsoNATE C0(0,Fe),C0,, in chalybeate waters:
absorbs O and deposits Ferric hydrate. 2, Insoluble ferrous



D0  FERROUS AND FERRIC SALTS. XX. MANGANESIUM.

salts: Ferrous carbonate CO(0,Fe)=116. White. “Spathiciron-
ore.” Precipitated as greenish hydrated carbonate by soluble
carbonates. Ferrous hydrogen ortho-phosphate PO(OH)(0,Fe),
white : becomes blue. Ferrous ortho-silicate S8i(0,Fe),, is
“finery slag.” Ferric salts. Soluble. Ferric curoripe Cl Fe,
= 325, in_brown scales, ClFe,60H, in red, deliquescent
crystals. Reduced by SH, Cl,Fe, + CIH + SH, = 2(CLFe)
+ 3CIH + 8. Fereric Iobe I,Fe,. FErric suLraaTe (80,),Fe,,
yellowish-white, deliquescent.  * Coquimbite " with ¢OH,,
sillky-white mineral. Alums, in which Fe,0, takes the place of
Al,Oy4in the common alums. Isomorphous. Thus: (S0,),K,Fe.,
240H,. Feriic Nrrrate (NO,) Fe,,120H,. Insoluble ferric salts.
Basic ferric sulphate already mentioned. Ferric phosphate
P00,Fe, 20H,, is white, and insoluble in acetic acid. * Vivianite ”
PO(OH)(0,Fe),2P0(0,Fe),20H,.

Ferric acid Fe0,(0H), is scarcely separable, so immediately
does it evolve O, and deposit ferrie hydrate. Potassium ferrate
FeO,(OK), is very soluble in water, to amethystine solution,
Thus : (OH);Fe, + 3Cl, + 10KOH = 6CIK + 2Fe0,K, + 80H,,.
Iron is estimated as rEiric oxipE Fe,0,, containing 70 per cent.
of the metal. A ferrous, easily changed into a ferric salt by
NO,0OH. Thus: 680,Fe 4 2NO,OH + 380,H, = 2NO + 40H,
+ 3(80,);Fe,.

XX, Manganesium Mn = 55,

Diseovered by Gahn in 1774. Never native. Dvad and
tetrad ; also a pseudo-triad in manganic oxide Mn,0,. Greyish-
white, brittle metal. Sp. gr. 8.01. Oxydizes speedily in air;
decomposes water slowly, and must be preserved under naphtha,
Its alloy with iron, harder and more elastic than iron. Prep.
by heating manganous carbonate to whiteness, with charcoal,
in a smith’s forge. - Oxides. T'wo basie, two indifferent and two
acids. 1. Manganous oxide MnO = j51. A powerful base.
Olive-green, Absorbs O when ignited and changes into brown
Mn,O,. By heating COO,Mn in a stream of H to keep off the
air = CO, + Mn0. Hydroxide (OH,)MnO is white, scluble in
H,N, espeeially in presence of salts of H N. Salts. Pink or rose-
red.  MnO is isomorphous with MgO, Zn0O, FeO. 2. Manganic
oxide Mn,0, = r58. In acute, square-based octahedra as
“ Braunite.”” Also as “manganite” OH,Mn,0,, in brilliant,
right-rhombic prisms. Very feeble base. Isomorphous with
Fe,O, and ALO,. Substitutes these bases in “alums.” Gives
a violet color to glass, and a red color to the amethyst,
3. Manganous-manganie oxide Mn,0, = MnO,Mn,0,, native in
* Hausmannite.” Obtained by igniting MnO, CO(O,Mn) or
Mn,0O,. Not basic. 4. Manganese dioxide or peroxide MnO,
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= 87, The chief ore; * pyrolusite,” in stecl-grey, rhombie
prisms, © Varvicite ” Mn,0;,2Mn0,,0H,. Wad” isa hydrate.
Much used in the arts. Not basic. Ignited, gives 0. 3MnO,
— Mn,0, + O,. Alsowhen heated with sulphuric acid: 2Mn0O,
+ 280,H,=280,(0,Mn) + 20H, 4+ 0,. With hydrogen chloride
aives Cl. 4CIH + MnO, = 20H, + MnCl, + Cl,. Decomposed
in presence of SO,H, by oxalic acid C,0,(OH), = 200, + 20H,
+ 80,0,Mn, Gives its own weight of CO, nearly. 5. Manganie
acid MnO,(OH),. Green, unstable. Isomorphous with SO,(OH),,
FeO,(OH).,, and CrO,(OH),. Manganates. Mn0 K, is “ mineral
chamelion.” Condy’s disinfectant is principally MnO,Na,. De-
composed by water into permanganate, sodium hydroxide and
manganese dioxide. A little free acid, thus: 480,H, +
sMnO,K, = 40H, + 380,K, + 2Mn,0,K, + SO,Mn. By sul-
phurous acid: 280(0H), + MnO,K, = SO,K, 4+ 8O,Mn + 20H,.
6. Permanganic anhydride, Mn,O.. Deep-green unstable liquid.
Permanganic acid Mn,0,(OH),, a brown crystalline mass best
known in its salts. Violet and amethystine. PorassiuM
PERMANGANATE Mn,0,(0K), =316.2. In needles. Prep.
3MnO,(0K), 4+ 2C0, =Mn0O, + 200(0K), + Mn,0,0K),. Or:
2MnO,K, + Cl, = 2KC1 + Mn,0,(0K),. Sulphides. Manganous
sulphide SMn, native as “ manganese blende.” As hydrated
sulphide SMn,0OH,, when a manganous salt is precipitated by
ammoninm sulphide; flesh-color but oxydizing and browning
on exposure, Manganous salts. Soluble in water. CHLORIDE
Cl,Mn,40H,, in tablets of pink hue, very deliquescent. May be
purified from Cl,Fe, in the residues of Cl, manufacture, by’
boiling with CO(O,Mn) or with 8Mn,0OH,; Mn takes the place
of Fe in solution, MaNcaNous suLruATE 80,Mn,70H, in prisms
at 5° C. Otherwise with 50H,. Insoluble salts. Manganous
carbonate CO(0,Mn), native as * manganese spar” of pink hue,
isomorphous with C0O(0,Ca), CO(0O,Fe), &e. Precipitated as:
2[C0(0,Mn)],0H,. Phosphate PO(OH)O,Mn, white powder.
Borate B,0,(0,Mn), white. Manganic salts. MANGANIC
cuLoripE Cl,Mn,; dark-brown. By heat into 2C1,Mn + Cl,.
MANGANIC SULPHATE (S0O,),Mn,, with SOK,, forms MANGANIC
ALvm (80,),MnK,,240H,,.

XXI. Cobaltum Co = 58.8,

Never native. Dyad in its chief oxide. Trivalent in its
cobaltic salts which are very unstable. Discovered by Brandt
in 1733. Reddish-white, brittle metal fusible in wind-furnace.
Sp. gr. 8.95. Very tenacious. Magnetic. Slowly dissolved
by CIH and dilute SO,H,,20H,. Readily by NO,OH. Prep.
from oxalate by white heat. Arsenide As,Co, is “tin-white
cobalt” or ‘ speiss-cobalt,” the best ore. Arsenio-sulphide
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SCoAs, is “ Cobalt glance,” in cubes, dodecahedra, and octahedra.,
Oxides: two basic, and one intermediate. 1. Cobaltous oxide
CoO = 74.8. Greenish-grey. Strong, base. By roasting, it
absorbs O and becomes Co,0,. Used as a pigment. Hydroxide
Co0,0H,, is rose-colored, readily soluble in ammonium earbonate.
Salts blue or pink, *Zaffre” is an impure oxide. * Smalt”
is a glass colored blue by cobaltous silicate. The ore is roasted,
80 as to oxydize the cobalt, but to leave the associated Nickel,
Iron and Copper combined with arsenicum and sulphur, as
arsenides and sulphides: it is then slowly fused with potassium
carbonate and silica. A glass of potassium and cobalt silicate
results, called “Smalt.,” The so-called ** speiss™ at the bottom
of the erucible consists mainly of sulphides and arsenides of
Ni, Fe and Cu. 2. Cobaltic oxide Co,0, is black. Its hydroxide
(0H),Co, also black. Prep. by passing Cl, through cobaltous
hydroxide suspended in solution of potassinm hydroxide.
3[CoO(OH,)] + Cl, = Cl,Co 4 (OH);Co,. By gentle heat into
Co,0,. Very feeble base. Cobaltous sulphide SCo is black.
Hydrate OH,CoS also black, and precipitated thus from solu-
tions of cobaltous salts by SEI(I,N). Cobaltous salts; seoluble.
Curoripg C1,Co,60H, in ruby-red oetahedra, Nirtrate (NO),0.Co,
60H,, deliquescent, red mass, Insoluble salts. Cobaltous car-
bonate 3[CO(0,C0)],20H,. Always precipitated as basie
carbonate. Cobaltous arsenate As,0.(0Co0),Z0H, is “cobalt
bloom,” Cobalt imparts a deep blue tint to borax fused on a loop
of platinum wire. |

" Co is estimated in the metallie form, and as Co,0,, corre-
sponding to 73.34 per cent. of cobalt.

XXII. Nickel Ni = 58.8.

Never native, Dyad. Discovered by Cronstedt in 17571,
Analogous to, and almost always associated with, Cobalt. Hard,
lustrous, white, tenacious metal. Sp. gr. 8.8, Fused in wind-
furnace. Magnetic, but loses its property at 350° C. Not
easily attacked by acids, except by NO,OH. Prep. from NICKEL
0xALATE C,0,(O,Ni) in a wind-furnace = 200, + Ni. Nickel
is now deposited by electrolysis upon articles of iron, steel,
copper, brass, &e. The alloy of German silver C_u_;ZnENl._.' imn-
portant. Chief ores of nickel are: Nickel arsenide As,Ni, or
“ Kupfer-nickel.” Nickel di-arsenide As,Ni: by heat in close
vessels into As and As,Ni,. Nickel arsenio-sulphide AsNiS or
nickel-glance. * Speiss,” obtained as a fused produet in making
“ smalt ” (see Cobalt) is mainly, fused Kupfer-nickel as far as
Nickel is concerned. The separation, roughly, of the Co from the
Ni, in the chlorides, is accomplished by C1,0Ca, which converts
Co0 into Co,0, and precipitates it, and then of the Ni as (0H),Ni
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by (OH),Ca. The reduction of the oxide by carbon is sufficiently
simple. The separation is also effected by converting Co into
potassium cobalti-cyanide and precipitating NICKEL CYANIDE
(ON),Ni by CIH. One basic oxide. Nickel oxide NiO = 74.8.
Olive-green. By igniting the carbonate out of contact of air.
Hydroxide (0H),Ni, bulky light-green. Forms insoluble com-
pounds with HOK, HONa, (HO),Ba, (HO),Sr. H;N dissolves
it to a blue solution. Salts are green. Nickel peroxide Ni O,
is black. Hydrate (0H),Ni,. Not basic. Thus: 2(0OH),Ni
+ Cl, + 2:HOK = 2KCl 4 (OH),Ni,. — Nickel sulphide SNi
— 0.8, native as “ Millerite.”” As black hydrated sulphide
(OH,)SNi, from solutions of nickel salts by SHH,N. Sub-
sulphide SNi,. Disulphide S8,Ni. Soluble salts of nickel.
CuvormE Cl,Ni,gOH, is green. Suvrpuate SO,Ni,7OH,, green
rliombic prisms, isomorphous with 8OMg,70H,, 8O,%n,70H,,
SO,Mun,70H,, and SO,Fe,70H,. Soluble in 3 parts of water.
NrreaTe (NO,),0,Ni. Insoluble salts. Carbonate of nickel
3[CO(0,Ni)],20H,. Basic carbonate always precipitated. Nickel
eyanide C,N,Ni, apple-green.

The nickel salts impart a reddish-yellow color to the borax
bead.

Nickel is estimated as Ni0, containing 78.67 per cent. of Ni.

XXIII. Chromium Cr = 52.2.

A pseudo-triad metal in its ehromic salts. Never nafive.
Discovered by Vauquelin in 1797. Steel-grey. More intract-
able than Platinum. Sp. gr. 6.81. Insoluble, even in aqua
regia. Prep. By strong ignition of Cr,0; with Charcoal, in a
wind-furnace. Or, by passing the vapor of sodium over red-
hot chromium chloride: Cl,Cr, + 3Na, = 6CINa 4 Cr,. Two
basic oxides, and one intermediate. 1. Chromous oxide CrO,
only known as hydroxide (OH),Cr. Brown, which absorbs O
and becomes hydrate of Chromous-chromie oxide Cr0,Cr,0, aq.
Powerful base : forms ehromous salts of pale-blue eolor, which
absorb O. 2., Chromic oxzide, Cr,0, = 152.4. Green, iso-
., morphous with Al,0,, Mn,0,, Fe,O, and substitutes Al,O; in
alums, Coloring-matter of the emerald, chlorite, pyrope, ser-
pentine, &c. Employed as a green color for poreelnin and
olass, As lhydroxide (OH),Cr,4aq. of light-blue color.
Balts green and uncrystallizable; violet and crystallizable.
Prep. By heating ammontum cHromATE CrO,(NH,),. Or,
crystalline, by heating potassium dichromate. “ Chrome iron-
ore” or Ferrous-chromic oxide I'e¢O,Cr,0,, is the chief ore of
chromium, corresponding to magnetic oxide of iron, Cr,0,
digplacing Fe,0,. In octahedra and massive. 3. Chromie
anhydride CrO,, in brilliant, dark-crimson, deliquescent prisims,
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Fuses at 200° C., and looks black. By further heat into 2(CrO,,
Cr,0,) + 30,, and then into Cr,0; and 30, From F,Cr+
30H, = 6FH + Cr0O,. Chromic acid CrO,(OH), in solution.
Chromates.—Allaline chromates soluble in water. l’oTassiUM
DICHROMATE CrO,(OK),,CrO, in 4-sided tables of red colour.
Porassiom curoMaTE CrO,(OK), in yellow prisms, isomor-
phous with SO,(OK),. Leap caromaTe CrO,(0O,P'b) forms
“chrome-yellow.,” Disasic LEAD cHrROMATE CrO,(0,Pb).PbO
is almost scarlet. SiLveR curoMATE CrO,(OAg), is dark-red.
So that the name, Chromium, from Xpaua, color, is well-
deserved. When chrome-iron-ore is calcined with mixed
CO(OK), and NO,OK, the product when treated with water
gives up potassium chromate, the starting-point of all the pre-
parations. 4. Perchromic acid Cr,0.,0H, or Cr,0 (OH),.
Blue and unstable. Formed by addition of O,H, to solution of
CrO,(OH),. Chromic sulphide S;Cr,, black, shiny scales. Dy
8,0 ‘over ignited Cr,0,. Chromic hydrate is precipitated by
ammonium sulphide from solutions of chromic salts, soluble
with green eolor in HOK. Chromium nitride Cr,N,, chocolate-
brown. By heating Cl,Cr, in dry H,N. Salts of chromie.
Curonic caHLORIDE Cl,Cr;, pale-violet scales. Volatile. Frep.
20r,0, + 6C + 6Cl, =6CO 4 201,Cr,. [Chloro-chromic acid
Cr0,Cl,, a dark-red, fuming liquid, of sp. gr. 1.92. DBoils at
(16°. 6 C. By distilling ClNa with CrO,(OK),,CrO; and
SO,(OH),. 1t is chromic anhydride in which Cl, substitutes
0. Decomposed by 20H,.into CrO,(OH), + 2C1H. As
neither Br nor I forms a similar compound, it is also a test for
a chloride.] Chromic fluoride F,Cr,. Blood-red liquid. Chromic
sulphates. Insoluble, red: (80,),Cr,. Soluble, green, uncrys-
tallizable (80,),Cr,,5s0H,. Soluble, violet, ecrystallizable
(80,),Cr,, 150H,. Porassium-cHROME-ALUM (S0,),K,Cry,240H,.
Amethystine. Crromic NITRATE (NO,),Cr,. Green. Chromium
oxide ‘imparts deep-green color to fused borax. If is esti-
mated as Cr,0, which contains 68.63 per cent. of Chromium.

[XXIV. Uranium U = 120.

Never native. Discovered by Klaproth in ¢ Pitehblende,”
which consists mainly of uranous-uranic oxide, UO,U,0,; It
is steel-grey, slightly malleable, and not oxydized at ordinary
temperatures ; but burns beautifully when strongly heated.
Sp. gr. 18.4. Diamagnetic. Analogous in its chemical rela-
tions with Fe and Mn. Prep. by heating uranous chloride
with potassium : CLU + K, = 2C1K + U, Two basic and two
intermediate oxides. 1. Uranous oxide UO = 136. Forms
oreen sults with a tendency to oxydize. Uranous chloride,
C1,U, green, deliquescent octahedra: volatile. Prep. by
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heating the oxide with charcoal in a stream of Chlorine.
- Di-uranous-uranic oxide 2UO0,U,0,; by igniting uranie
nitrate, or heating UO to redness in air. Black : used in
painting china. 3. Uranous-uranic oxide UO,U,O,, by beating
ihe di-uranous-uranic oxide moderately in a current of air,
No salts. Chief constituent of Pitchblende. Sp. gr. 7.3T1.
4. Uranic oxide U,O,, as a brick-red powder, by heating U,0,,
20H, to 300°C. Behaves like a base and a radicle. Salis of
yellow color. Imparts yellow color to glass, 2N0,7,0,60H,
in long, striated prisms of yellow color is the nitrate, perfectly
soluble in ether. UO, or uranyl behaves like a metal. On
addition of an alkali, uranate of the metal 27,0,,0K,30H, 18
precipitated of yellow color. Uranyl chloride, Cl,U,0,, by
passing Cl, over uranous oxide. Sulphides. SH, gives no
precipitates. Buf ammonium sulphide gives a black precipitate
with uranous, and a yellowish-brown with uranic salts. * Uran-
ite” is Caleium di-uranyl phosphate 2 PO,,2U,0,,Ca,80H,.
« Chaleolite,” is 2P0,,2U,0,Cu,80H,.]

Metals more or less allied to Tin,

Symbol. At. weight,
Stannpum. . Sn = 118.0
Titaninm . Ti = 50.0
Zirconium . Zr = 89.5
Thorinum . Th = 231.9

XXV. Stannum or Tin Sn = 118,

Tetrad metal, not found native. Very white and lustrous;

alleable, but little ductile. Sp. gr. 7.292. Emits a peculiar
crackling sound when bent. Melts at 228° C. Tarnishes
slowly and quite superficially. Crystalline tin in “ moirée
métallique”  When strongly heated in air, burns into Stannie
oxide Sn0,, its only ore. CIH dissolves it slowly as Stannous
chloride; hoiled with sulphuric acid, into Stannic sulphate, and
tin is changed into Metastannie acid by NO,OH. Alloys.
Britannia metal, of equal parts of Sn, Brass, Sb and Bi. Pewter,
of 4 parts of Sn, and 1 part of lead. Fine solder, 2 parts of Sn
to 1 of Pb. Common solder of equal parts of Sn and Pb.
Coturse solder of 2 of Pb to 1 of Sn. Amalgams.—see Hg, p. 74.
Two oxides. 1. Stannous oxide SnO = 134. Black, crystal-
line needles. By boiling Hydroxide OH,,28n0 with HOK
insufficient to re-dissolve it. Powerful base. Rapidly absorbs
0, and becomes 8n0, Hydroxide is white, and very soluble
in HOK and HONa. 2. Stannic oxide Sn0O, = 150. White.
Native ag *tin-stone.” As alluvial deposit, known as ** stream
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tin;” as constituent of granite and slate rocks, as * mine tin.”
In Cornwall, Saxony, Bohemia, New Zealand and Malacea.
Metallurgy. ¥rom Tin-stone SnO, by charcoal or anthracite,
Mine-tin contains SAsFe as well as 5,FeCu and much 810,.
By careful roasting, much of the As is volatilized as As,O,,
and S as 8O, Lime CaO, is added to form a slag with $10,.
Further submitted to liquation process, pure tin melts first,
and may Dbe removed: the impure or * block tin” contains
certain alloys in small quantities. Stannic acid SnO(OH), or
H,Sn0,, white, gelatinous precipitate, obtained by adding
H.N to solution of Cl,8n, or a quantity of chalk insufficient
for its entire decomposition. Stannates. SnO(OK),,3;0H,,
SnO(ONa),,3;0H,, So then stannic hydroxide behaves also
like anacid. It is insoluble in H,N. Heated to 140° C.into
meta-stannic aeid 58n0,H,0,40H, or H,Sn,0,,4aq., which is
however most easily prepared by action of nitric acid upon the
metal : it forms insoluble compounds with ClH. Meta-stannates
are not crystallizable, Sulphides. Stannous sulphide SSn =
150. Bluish-grey. Fusing Sn and 8 together. As brown
hydrate by SH, into solution of Cl,Sn. Soluble as 8,8n in
So(NH,),. Stannic sulphide S,Sn = 182. Known as * Mosaie
Gold,” in bright yellow flakes. As yellow hydrate by SH,
into C1,Sn in solution; soluble in SHH,N. Stannous chloride
C1,5n,2H,0 in prisms. Soluble in CIH. By water into 2C1H
and STANNOUS OXY-CHLORIDE Cl,Sn,Sn0,20H,. By boiling
Cl,8n with ferric hydrate, ferrous chloride is obtained in solu-
tion, and stannous stannate SnO,Sn0, as a grey bhydrate,
2C1,8n + Fe,0, = 2CL,Fe + 8n0,8n0,. Reduces mercuric
chloride into mercurous chloride and mercury. a. 2CLHg
+ CL,8n = C1,8n + Cl,Hg,. b. Cl,Hg, + Cl,8n= Cl,3n + Hg,.
Stannic chloride Cl,Sn,50H,, in rhomboids. By adding aqua
regia to stannous chloride: practically Cl,Sn+-Cl,=Cl,Sn. Also:
2CL,Hg + Sn=C18n + 2Hg. Purple of Cassius. See Gold, p. 75.
Stannous fluoride I,Sn, in shining prisms. Stannic fluoride F,Sn,
only known in fluo-stannates. Thus: F,Sn,2FK,OH, is iso-
morphous with silico-fluoride, titano-fluoride, zircon-fluoride of
potassium. Tin ecompounds easily reduced on charcoal in blow-
pipe-flame. It is estimated as sranxic oxIDE.Sn0, which
contains 78.66 per cent. of tin,

[XXVI. Titanium Ti = 50.

Tetrad element, never native. Discovered by Gregor in 1797,
Prismatic crystals and a dark-green powder. Sp. gr. 5.3.
Burns magnificently in oxygen. Irep. of Ti. CILTi+ 2Na,
— 4CINa + Ti. Great affinity for nitrogen. TizN, resembles

/
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copper in color. C,N,Ti,3N,Ti; in cnppcr:mlmred cubes in
certain slags from blast-furnaces. Three oxides. r. Titanous
oxide Ti0, black powder, but little known. 2. Titanie anhy-
dride TiO. = 82. Constitutes the chief ore. * Rutile,” * Brook-
ite,” and * Anatase” are TiQ,. * Menaccanite,” and * Iserine,”
consist of ferrous titanate. Yellowish-white, and after ignition
only dissolved by FH. Like 8i0,, soluble and insoluble
modifications, Solution of titanic acid in CIH digested with
Zn, gives a violet solution, which on addition of H,N in excess
deposits: 3. Titanous Titanite, Ti0,TiO,, or Ti,0,. TiO, after
fusion with SO,(OH)(OK), soluble. Ti8, in green scales, Titanie
chloride Cl,1i, fuming, volatile liquid, resembling SnCl,.
Titanie fluoride ¥,Ti, colorless, fuming liquid, by water into
oxy-fluoride and hydrogen fluo-titanate :FH,F,Ti. Titanium
is estimated as Ti0,.]

[XXVII. Zirconium Zr = 89.5.

Tetrad metal, never native, Resembling Siand Ti. A black
amorphous powder, assuming some polish under the burnisher.
Burns brilliantly when heated into Zircon-oxide ZrQ, = 121.5.
Crystalline Zr resembles antimony in appearance, and only
burns in oxyhydrogen. Dissolved with ease by FH, evolving H,
and forming hydrogen fluo-zirconide :¥H,F Zr. Prep. of Zr:
from POTASSIUM FLUO-ZIRCONIDE 2FK,F Zr 4+ 2K, = 6FK + Zr.
8,Zr, brown. Zirconium oxide ZrO, = r2r1.5. White, infusible.
After ignition insoluble in acids. O0H,Zr0,, gelatinous bulky-
white, insoluble in caustic alkalies. When neutral solutionsof
its salts are boiled with one of potassium sulphate, a sparingly
soluble Zirconium subsulphate separates. 8i0,Zr is found as
“Zircon” and “hyacinth.” Cl,Zr, in needles, soluble in water
and in aleohol.]

[ XXVIII. Thorinum Th = 231.5,

Tetrad metal, never native. Discovered by Berzelins in 1828
in “ Thorite,” a silicate. Grey powder acquiring lustre under
the burnisher. Sp. gr.7.7t0 7.9. Dissolves easily in NO,OH ;
slowly in CIH. Burns brilliantly when heated to ThO,.
Prep. from Cl,Th by 2K, = 4C1K+4 Th. THORINUM CHLORIDE,
Cl,Th in white, shining erystals. Prep. ThO, + 2C 4- 20l, =
Cl,Th + 2C00. One oxide: TuoriNum oxmpe Th0,, white
and very heavy. Sp. gr. 9.402, THORINUM AND POTASSIUM
sULPHATE (80,),K,Th,20H, separates as a erystalline powder
from mixed sulphates, and the hydroxide of thorinum is pre-
cipitated by HOK, and then ignited.]
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Symbol. At. weight. Sp. gr.
Molybdenum . . Mo 9% . . 8.62

Wolframium . . W 18¢ ., . 17.60

[XXIX. Molybdenum Mo = 96.

Dyad, tetrad and pseudo-triad, never native. White, brittle,
very infusible metal. Sp. gr. 8.62. Name from poAiBdawva
t g piece of lead.” which its ore  Molybdenite ™ resembles. By
ronsting in air, S,Mo or Molybdic sulphide, becomes Molybdie
anhydride MoO,, and this is reduced by charcoal in a smith’s
forge in a cruciblelined with charcoal. Three oxides : two basie.
Molybdous oxide MoO, black. Byaction of H, (4n and 2CIH,
and CIH) upon a molybdate : reduced to MoCl, and precipitated
as hydroxide by HOK. When heated in air, burns to Molybdie
oxide Mo0O,. Is deep-brown, and insolublein acids. 1ts hydrox-
ide dissolves readily to red solutions. From MoO; by reducing
agents, By NO,OH into Molybdic anhydride MoO, = 144.
White crystalline powder, slightly soluble in water. Asucid, not
known in free state, MOLYBDATE oF LEAD MoO,Pb, native, in yel-
low quadratic plates. MoO,(OH,N),,in colorless, square prisms.
Solution used to detect traces of ortho-phosphorie acid ; suspected
liquid acidulated with NO,OH, and molybdate added. The
liquid becomes yellow, and on boiling, deposits yellow crystalline
precipitate of phosphoric and molybdic acids, combined with
H,N(3 per cent. P,O,). Sulphides. MoS,. MoS;. MoS,. Chlorides.
MoCl,. Mo,Cl;. MoCl,. MoClL,. Mo,Cl; heated in absence of
air into yellow MoCl, and brown MoCl,. MoClg by heating
Mo in a stream of Chlorine, and this in a stream of H into
Mo, (Cl,.

Imic:lybdeuum is estimated as S,Mo: contains 6o per cent. of
Mo.]

I

[XXX. Wolfram, or Tungsten W = 184,

Tetrad and hexad metal, never native. Iron-grey metal of
sp. gr. 17.6. Burns, when heated, into WO, From WO, by
charcoal in a smith’s forge. Oxides. Tungstic dioxide WO,,
not basic. As a brown powder by heating WO, with H..
Tungstic anhydride WO, = 232. Forms Tungstic acid
WO,(OH),,0H, and Metatungstic acid W,0,(OH),, WO,
straw-yellow powder. From * Scheelite” WO,Ca by NO,OH.
The common mineral, * Wolfram,” is WO,Mn,3 WO, Fe. - So-
DIUM TUNGSTATE is sometimes added to starch to render stiffened
fabries incombustible. Chlorides. WCl, and WCI; are volatile.
Sulphides 8,W, bluish-black needles. 8, W a powerful sulphur-
acid. Sulpho-tungstates. Thus: S, WIK,.

Tungsten is weighed as WO, : contains 79.31 per cent. of W.]
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Symbaol, At, weight.
Stibium . . Sb — 122.0
Arsenicum . As = 756.0
Bismuth . ., Bi = 210.0
Vanadiom .V = 51.3
Niobium . . Nb = 94.0
Tantalum . Ta = 182.0

XXXI, Stibium or Antimony 8b — 122.

A triad and pentad element. Brilliant, bluish-white metal :
flaky, erystalline (in rhombohedra, isomorphous with As), and
so brittle that it may be pounded. Sp. gr. 6.7 to 6.8. Melis
at 450° C,  DBurns brilliantly with formation of anTmioNous
oxipE 8b,0;. By strong CIH, dissolves slowly as CI,Sb,
NO,OH into seranTIMONIC Acip SbO,H. Takes fire in Cl;
burns to CL,Sh. Chief ore « Grey antimony ore ” 8,8h,. Prep.
of 8b. 28b,0, 4+ 3C = 3CO, 4 28b,. Alloys. * Type-metal”
consists of 2 parts of Pb, one part of Snand 1 of 8h. * Britanniu
metal ” sometimes of r part of Sb and g parts of Sn.  Antimonide
of Zine Sh,Zn, may be used for making Stibine. Antimonous
hydride or Stibine H,Sb = 125. Colorless gas, burning with
greenish flame to water, and antimonous oxide. With limited
supply of air, burns into water, and 8b. Heated in a tube, into
H, and a brilliant crust of 8b. The crust is easily soluble in
(H,N),S,, and separates on evaporation as S,Sb,. Puassed into
3NO,OAg, into 3NO,OH + SbAg,. Prep. from any com-
pound in presence of nascent H: Cl;8h 4 3H, = 3CIH + H,Sb.
Sh,Zn; + 6CIH =3Cl,Zn + 2H,8b. Sb with Chlorine. AnNTI-
MoNous CHLORIDE Cl,8b = 228.5. Deliquescent mass, fuses
at 72° C., and boils at 223° C. Decomposed by water into
ANTIMONOUS OXY-CHLORIDE ClOSb. Cl,Sb + OH, = :01H +
CIOSb.  Prep. of Cl,8b. «.8,8h,+ 6ClH = 3SH, + 2C1,8b.
b. 8,Sb, + 3CL,Hg = 38Hg + 2C1,8b. * Butter of antimony.”
ANTDIONTC cHLORIDE C1,8b = 299.5.  Volatile, colorless liquid.
solid below o° C. By OH, into 2 C1H 4 antimonic oxychloride
C1,08b. By excess of wafer into CIH and oORTH-ANTIMONIC
Aci SbO(OH),. Thus: CLSb 4+ 40H, = 5CIH + SbO(OH),,
In the same manner by SH, into SULPHANTIMONIC CHLORIDE
SCl;8b.  Prep. of Cl,8b. From Cl,8b 4 Cl, = CL8b, [AnTI-
MONOUS BROMIDE Br,;Sb.  Fuses at 9o® C., and boils at 270° C.
I.8b in red tables. By OH, = 2IH + I0Sb. F Sb.] Sb and
Bulphur. «a. ANTiMONOUS sULPHIDE 8,8b, = j340. In oranite
or slate rocks. 1In g4-sided, transversely-striated prisms, as
*Stibnite.” Blue or Bengal lights consist of NO,0OK 3 parts,
8 2 parts and S,Sb, 1 part. When roasted in air, into a mixture
of S.8b, with O,8b,. In making antimony, after roasting,
CO(ONa), has to be added as well as charcoal for the reduction

r
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of 8b,0,. Thus: §;8b, + 3C00(0ONa), = 38Na, + 8h,0;+3C0,.
Then : 28h,0, + 3C=3CO0, + 28b,. §,8b,, of a beautiful orange
color, may be obtained by precipitation: 38H,+201,8b=6CIH+
§,8b,. Thus, too, may SH, be manufactured. S,8h, is insoluble
i ammonium carbonate: S;As, is soluble. Sulph-antimonites.
Mineral kermes is 28,8b,, 8b;0;. Action of CO(OK), on
S,8b, : 6[CO(0OK),] + 30H, + 35,5b, = 6[CO(OH)OK)] +
38K, + 285;8b,,8b,0;. ANTIMONOUS OXY-DISULPHIDE S,085b,,
is found as red antimony ore in oblique rhombic prisms.
bh. ANTIMONIC SULPHIDE S,Sb, = 404. Orange-red. Forms
SULPH-ANTIMONATES with positive sulphides. Prep. 2C1,Sb,
+ ;8H, = 8;8b, + 1oCIH. Also called * Sulphantimonic
anhydride.”—8b and Oxygen. 1. AxTiMONOUS OXIDE Sb,Oj
— 292. “ White antimony ore”’ in prisms. Grey-white powder,
yellow on heating, soluble in CIH and in TARTARIC ACID
C,H,(OH),(COOH),. Basic properties. As hydroxide by
pouring CLSb into a boiling solution of sodium carbonate.
Very soluble in HOK. Burns when heated in air into ANTI-
MONOUS ANTIMONATE 5b,0;, 8b,0; = 5b,0,. [METANTIMONOTUS
acIp ShO(OH), is prepared by pouring Cl;Sbinto a cold solufion
of sodium carbonate : 2C1;Sb + OH, + 3CO(ONa), = 6C1Na
4+ 3C0, 4+ 28bO(OH). Motantimonites. By beat at 100°:
5 ShO(OH) = OH, + §b,0;.] 2. ANTIMONIC ANHYDRIDE Sb,0;
= 334. Pale-yellow, tasteless, insoluble powder. Obtained
by oxydizing Sb with NO,OH, washing and heating below
rodness. Loses oxygen at bright red-heat, and changed into
antimonous antimonate Sb,0,,58b,0;. ANTIMONIC ACID Sb0.H,
can be obtained by fusing CO(OK), with Sb,0, = CO, +
28b0, K, and decomposing by ClH. By heat (2) ANTIMONIC
Acip SbO,H info antimonic anhydride and water. Antimonie
acid also called met-antimonic qeid from its analogy to meta-
phosphoric acid. Pyr-axTivMox1c Acip Sb,0,(0H), = H,8b,0.,
is Frémy's met-antimonic acid. From Sb,0,(0K),(OH), by
»CIH = 201K + 8b,0,{0OH),. DI-POTASSIUM HYDROGEN-PYRAN-
risoNATE precipitates Na, <nlts as insoluble Sb,04( OH),(ONa),.

Antimony compounds yield 8b in brittle globules when heated
on chareoal in blowpipe-flame, white vapors clouding the
chareoal. Reinsch’s test applicable : solution acidulated with
JIH and boiled, gives a metallic deposit oxydized and dissolved
by Mn,0,0K),, and precipitated in acidulated solution by SH,

as orange-coloured S;Sby.
Arsenicum As = T5 (see p. 29).

XXXII. Bismuthum Bi = 210.

A trind and pentad element, chiefly native in quartz: extracted
by fusion. Crystalline, and of exceeding beauty. Reddish-
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white hue. Sp. gr. 9.79. Melts at 264°C. Most diamagnetic
of all metals. Burns in Cl to Cl,Bi, and when strongly heated,
with bluish flame. Easily dissolved by NO,OH, somewhat
diluted. Alloys. ** Fusible metal” consists of 8 parts of Bi,
5 parts of Pb and 3 of tin ; it melts at 98° C. Bismuthous chloride
CL,Bi = 316.5. Fusible, volatile, deliquescent. By water, into
OXY-CHLORIDE ClOBi. Thus: Cl;Bi 4 OH, = 2C1H 4 ClOBi.
* Pearl-white ” is 2C10Bi,0H, ; insoluble in tartaric acid. Prep.
of Cl;B1. Also, by distilling Bi with mercuric chloride: Bi, +
6Cl,Hg = 3Cl,Hg, + 2C1,Bi. [BismurHOUS BrRoMIDE Br,Di.
Iopipe I;Bi.] Oxides: one basic. 1. Bismura oxme Bi,0,:
velvet-black. Burns into Bi,O, when heated in the air, 2. Bis-
muthous oxide Bi,O; = 468. Yellow powder, fusible at a red-
heat. By heating nitrate to redness. Hyproxme BiO,H or
Bi,0,,0H,. insoluble in KOH and in H,N. BismurHots
NITRATE (NO,),0,Bi,;0H,, transparent prisms obtained by dis-
solving Bi in NO,OH. Poured into water, mainly into NO,OH,
and BAsic BISMUTH N1TRATE (NO,),0,Bi,Bi,0,30H,. Known as
* magistery of bismuth.” Sometimes a larger proportion of Bi,
NO,0H,Bi,0,. BiswurHous pHOSPHATE POO,Bi, insoluble in
dilute nitric and acetic acids. 100 parts contain 23.28 parts of
P,O,. 3. BismurHic ANBYDRIDE Bi,0,. Brown powder, obtained
by heating bismuthic aecid BiO,0H to 132° C. BIsMUTHIC ACID
BiO,0H or HBi0, red powder. Obtained by passing Cl through
solution of HOK containing suspended Bi,O,. Thus: Bi,0O, +
2Cl, + 4KOH = 4CIK + OH, + 2HBi0,. Bismuth and S.
BismuTHOUS SULPHIDE 8;Bi, = 516. Native as* Bismuth-glance *
in needles isomorphous with 8, Sh,. Sp.gr. 6.4. Precipitated
as 8,Bi, of brown color by SH, in acid solutions, insoluble in
SHH,N.

Bi is estimated as Bi,0,, containing 88. 74 per cent. of metal.
The metal easily obtained as a brittle bead, on charcoal, in
blowpipe-flame.

[XXXIII. Vanadium V =51.3.

Pentad and triad metal, never native. Discovered in 1830
by Sefstrom. The metal, as obtained by Roscoe by prolonged
ignition of CL,V in H, gas, is crystalline and of silvery lustre.
It burns vividly in flame, forming V,0.. Insoluble in ClH.
Burns in Cl gas to VCI,. Analogous to N, it forms five oxides.
V.0, V,0,, V.0, V,0,, V,0,, VANADIUM DIOXIDE V,0, is ob-
tained by action of K, upon the higher oxides. V,0, by
igniting V,0, in a stream of H. V,0, by oxydizing V,0,
or V,0,. Vanadic anhydride V,0. = 182.6. Reddish-yellow
color, soluble in 1000 parts of water to light-yellow solution.
Vanadates. Meta-Pyro- and Ortho-vanadates. Easily prepared

¥ 2



(i) VANADIUM. XXXV. TANTALUM. XXXVI, LEAD.

from AMMONTUM META-VANADATE VO,0H,N by heat. Vanadi-
nite” 3(V0,),Pb,,Cl,Pb is isomorphous with “ Pyromorphite ”
1(PO,),Pb, PbCl,. Vand Cl. CLV,in shining tables, of peach-
blossom color. By CLV, Cl is evolved, and Cl,V is ob-
tained. CLV from 2C1,V + H, through red-hot tube. V and N.
VN. VN,. By heating VN to redness in a current of Cl, C1,V
is obtained.]

[XXXIV. Niobium or Columbium Nb = 94.

Tetrad element, never native. Found by Hatchett in 1801
in Columbite. In its affinities, resembles Phosphorus. N10BIC
ANHYDRIDE Nb,O,. Curoripe CI;Nb., Fruorme F;Nb. Oxx-
rrLuoripe F,OND.]

[XXXV. Tantalum Ta = 182.

Pentad metal, not native. In * Tantalite” and “ Yttro-tan-
talite " by Ekeberg. TaNTALIC ANHYDRIDE Ta,0;. Porassiuy
ranTALIC FLUORIDE 2FK,F Ta.]

Symbol.  At. weight. Sp. gr. Fusing-point,
Plumbum . Pb 207.0 . IL38d . 3250, G
Thallium . TI ge3.6 . IrBby o« ' 204% G
Cuprum . Ou 63.4-. 8453 « zogi. G
Galliom . G 8.0 - .00 . 30%1 O
Indium ;I I13:4 « 1486 . 765 C.%

nnnii

XXXVI. Plumbum or lead Pb = 207,

Dyad and tetrad metal, never native. Bluish, soft, malle-
able, ductile, but little tenacious. Sp. gr. 11.38. Fuses at
3259 0. Tarnishes slightly in damp air. Acted upon by
soft water in presence of air and carbonie acid, crystals of
COO,Ph,(OH),P’b being precipitated. Chlorides and nitrites
in water nlso attack lead. Presence of sulphates in water best
defence against lead-poisoning by water. Acidulated, no water
6t to drink whieh darkens in the least degree on addition
of SH,. Lead oxydizes when melted. Dilute SO,H,. and
CIH scarcely act. NO,OH best solvent: 3Pb + sNO,OH =
3[(N0,),0,Pb] + 40H, 4 2NO. Alloys, sce Stannum, p. 61.
Oxides : 4 known. One basic. 1. SusoxipE Pb,O, black. 2. LEAD
oxive or plumbic oxide PbO = 223. Powerful basic oxide.
Yellow color. “ Litharge " is fused oxide, “ Massicot ” unfused
oxide. By the oxydation of lead in a current of air. HYDRATE
2PLO,0H,, is white, alkaline to test-paper, as slightly soluble,
and soluble in HOK : good test for Sulphur. 3. Mintva or
RED LEAD, a compound of 2Pb0,PbO, is found native. Used as
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a paint in ¢ priming.” Prepared by carefully heating laevigated
lead oxide in a reverberatory furnace at 320° C. Decomposed by
NO,OH into lead nitrate and lead peroxide PbO,. 4. Plumbic
peroxide PbO, = 239. Native as * heavy lead ore,” in iron-
black, lustrous, 6-sided prisms. Absorbs 80, and changed into
S50,0,Pb : testfor 80,. Prep. of Pb0O,. 2PhO,Ph0,+4NO,OH
= 2[(NO,),0,Pb] 4 Pb0, + 20H,. Also: (_UEI-IS{_])E(}EPL +
CO(ONa), + Cl, + 20H, = 2CINa + 2(C,H,0,0H) 4+ OH, +
CO, + Pb0,. LEAD sULPHIDE or plumbic sulphide SPb = 239,
black. Precipitated in acid solutions by SH,. As ‘“galena”
it is found both massive, asin cubes and dodecahedra, of leaden
hue, very lustrous and very brittle. Chief ore of lead. Metal-
lurgy. SPb is first roasted. One portion remains unchanged
SPb.  Another portion oxydizes into LEaD stLrraTE S0,0,Pb,
and yet another into SO, and vLEap oxme PbO. Now, when
the furnace doors are shut, the lead sulphate and the lead oxide
react upon the unchanged lead sulphide, and give lead with
sulphurous anhydride. Thus: SI’b 4+ 2PbO = 80, 4+ 3Pb.
Again: SO,Pb 4+ SPb = 280, + Pb,. Soluble salts of PbO.
Pruasuy cuvorinpE CL,Pb, brilliant needles soluble in 135 parts
of cold and 33 of boiling water. CIH precipitates soluble lead
salts, when solution not too dilute. NirraTe (NO,),0,Pb, in
white octahedra, soluble in 8 parts of cold water. Heated tored-
ness into: PbO 4 2NO, 4+ O (p. 10). Acerare (C,H,;0),0,Pb,
30H, is the “sugar of lead” of commerce. Right rliombic
prisms, soluble in 2 of water. Basic acetate contains 2°bO,0H,.
Insoluble lead-salts. Oxy-chloride 2Pb0,C1,Pb, native as
“ Menaipite.” Turner's Yellow 7Pb0,C1,Pb. Chlorosulphide
38Pb,2C1,Ph, is precipitated white by insufficient SH, from
CL,Pb. Bromide Br,Pb, white, sparingly soluble. Iodide I,Pb,
yellow, soluble in boiling water, separating on cooling in golden
scales. Cyanide C,N,Pb, white. Sulphate SO, Pb = 303. White.
Native as “lead vitriol ” in colorless prisms and octahedra.
Soluble in sulphuric acid : contained in *oil of vitriol”’ and
precipitated white by water. Chromate Cr0,Fb yellow. Nutive
as * Lehmannite” in oblique prisms. Di-plumbic chromate
PbO,CrOP’b is vermilion-colored. Sulphite 800,Pb, white.
Carbonate CO0,Pb, native as “ Cerussite ” in needles. *“ White
lead ™ (OH),Pb,2€00,Pb. Dissolves in NO,OH as lead-nitrate.
Water must be added to ascertain whether residue of SO,Ba.
Bilicate B8i(0,Pb),. Frinr-crLass 68i0,K,0,Pb0, SiLicaTE
and BORATE 3(8100,Pb),2B,0,,3Pb0. Paste or Strass for imi-
tating gems #8i0,,K,0,3Pb0,

Lead-salts are poisonous. Antidote is Glauber salt, or Epsom
salt, which precipitates SO,Pb. Lead is weighed ns lead sul-
phate 80,Pb containing 68.31 per cent. of metal.
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XXXVII, Thallium Tl = 203.6,

A monad metal, never pative. Discovered by Crookes in
1861, by the spectroscope ; a single brilliant green line nearly
coineident with one of the inconspicuous lines of the Barium
spectrum.  faArds, a budding twig. Between lead and silver
in color, very heavy; of sp. gr. 11.862. Soft and malleable.
Crystalline. Melts at 294° C, Tarnishes in air. Takes fire
at 315° C. in oxygen and burns with green light. Combines
also directly with Cl, Br, I, Sand P. As chloride, but little
soluble. HO1 little action. With SO,H, into H, and sulphate.
Basily dissolved by NO,OH. Forms alloys. Prep. of Tl, from
sulphate by Zn, or electrolysis. Three oxides. T1,0. THALLIUM
oxipE TLO, the only base. Is very soluble in water as THALLIUM
wyproxipe HOTL obtainable in pale-yellow prisms. Solution
alkaline and absorbs CO,. Precipitates Mg, Mn, &c. FPER-
oxipt T10,, brown. THALLIUM SULPHIDE STI,, brownish-black,
by SHH,N. Salts. cucoripe CITL Little soluble in water,
yellowish-white in color. Cl;Fe,,6CITI, red crystalline. 2C1TI,
clPt. C1,Tl, CLTL Cl,TL CarsoNate CO(OTI),, in flattened
prisms, soluble in 23 parts of water. NitraTe NO,OTI, in
prisms. SuLPHATE SO,(OTI),, 6-sided prisms. Forms an
alum, isomorphous with K, Na, Cs, Rb, L and Ag. (80,),T1,Al,,
240H,. Salts poisonous.

XXXVIIL Cuprum or Copper Cu = 63.4.

This metal is a dyad in its ehief compounds, and is frequently
found native. It has been long known, and derives its name
from Cyprus. TFound nafive in cubes, octalhedra, dendritic
crystals and massive. Lustrous, malleable, ductile and tena-
cious. Itis of a rich red color. Next fo silver, the best con-
ductor of heat and electricity. Sp.gr.8.952. Meltsat 1091° C,
Corrodes but slowly in air and quite superficially ; rapidly in
sea-water. Heated to redness, black cupric oxide and red
cuprous oxide formed. Dilute CIH and SO,H,.20H, scarcely
any action. NO,0H attacks it immediately : sNO,OH + 3Cu =
3[(N0,),0,Cu]+40H,+:NO. Boiled with SO, H,: Cu+280,H,
— 20H, + 80, +80,Cu. Leaf copper takes fire in Cl. Burns
with green color in oxy-hydrogen: salts impart green color
to flame. Alloys. DBrass Cu,Zn. MUNTZ METAL Cu,Zn,.
SPEOULUM METAL CuSn. BELL-METAL CuSn. Bronze contains
less tin. Copper and Hydrogen. CUPROUS HYDRIDE H.Cu,, by
2CIH into cuprous chloride Cl,Cu, Thus: H,Cu, + 2Cl1H
— 2H, + C1,Cu,. Remarkable illustration of the union of two
atoms of the same element to form a molecule. At 70° C. into
H, 4+ Cu,. Two basic oxides and ome peroxide. 1. Cuprous
oxide Cu,0 = 142.8. Native as “ruby copper ore.” Ruby



CUPRIC OXIDE AND SULPHIDE. SCHEELE'S GREEN. vl

color to glass. As yellow hydrate 4Cn,0,0H,. Reducing
cupric salts, we obtain cuprous salts. Solutions colorless.
2. Cuprie oxide Cu0 =79.4. Black: by heating the nitrate
to redness. Only important oxide. Hyproxipe (0H),Cu or
CuH,0.,, light-blue. Precipitated by HOK from soluble eupric
salts. Becomes black, whén boiled, through loss of water. Forms
salts blue or green. Is soluble in oils and fats, which may
become poisonous. Cu0 gives a green color to glass. In
presence of sugar, on boiling a cupric salt with potassinm
hydroxide, cuprous oxide Cu, O is precipitated.—Tri-cupric
nitride Cu,N, as dark-green powder. Sulphides. T. Currous
suLPHIDE SCu, = 158.8. As' copper elance” in 6-sided prisms.
Tt is the * fine metal” of copper-smelters. 2. CUPRIC SUL-
piIDE SCu = 95.4. A rare mineral “Indigo copper,” in flexible
blue plates. As a dark-brown hydrate from cupric salts by SH,
in acid solutions. * Copper pyrites” 8,CuFe, 1s the chief ore of
copper. Both massive, and in tetrahedra of brassy lustre. Metal-
lurgy. 1. Caleining. Fe chiefly oxydized: S volatilized as SO,.
2. Melting for coarse metal. Fe,Oq slagged off by SiO, as
Si(0,Fe), : “ matt” (cuprous sulphide) 8Cu, with some 5,Fe,
remaining. 3. Re-caleining. All Fe oxydized. 4. Melting for
fine metal. Remaining Fe,0, slagged off: Cu,S remaining.
5. Roasting SCu, and reduction. a. Cu,S + 20, = 20u0 +
S0,. b. 2Cu0 + Cu,S = 80, + 4Cu. Blistered copper. 6. Re-
fining. Fused in a reverberatory furnace; much Cu,O formed,
reduced by charcoal, and poling with trunk of a young tree.
Salts of copper. Currous CHLORIDE Cl,Cu,, white. By dissolv-
ing Cu in Cl,Cu. Colorless solution: absorbs CO,  Cuprie
galts: soluble. Curorme Cl,Cu,20H,, green deliquescent
needles. Soluble in aleohol. CuO + 2CIH = Cl,Cu + OH,,
CUPRIC SULPHATE 80,0,Cu,50H,, in blue, doubly-oblique rhombs.
Also with 70H,, isomorphous with 50,0,Fe,70H,. Soluble in
4 of water. Anhydrous at 200° C., und white. Absorbs H.N,
and forms SO,Cu,;H,N. At a red-heat into CuO + 850, 4+ 0.
Insoluble in aleohol. With H N in solution, into 80,,H,NCu,
H N, a beautifully blue salt. A test for Cu. NrrraTe (NO,),0.C00,
60H, in blue rhomboidal prisms. AcETATE (C,H,0),0,Cu,0H,
in green, oblique-rhombic prisms. Insoluble cupric salts. Car-
bonate €00,Cu; not known. *Chessylite” (OH),On,2000,Cn,
in oblique -rhombic prisms of blue color. “ Malachite
(OH),Cn,CO0,Cu, beautifully green, Common malachite is
used as an ore. By roasting into Cu0O, and by fuel into Cu.
Cupric arsenite As(0H)0,Cu: “Scheele’s Green” Cupric hy-
droxyl orth-arsenate AsO(0H)0.Cu, pale blue. *Verdigris™ Cu0,
(C,H;0),0,Cu,6 0H,. U”IJI;EF is precipitated by steel or iron
with its peculiar bright-red color. It is weighed as Cu0, 100
parts of which contain 79.85 parts of copper,
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[XXXIX, Gallium Ga = 68.

Never native. A triad, intermediate between Aluminum and
Indium. Discovered in 1875 by Lecoq de Boisbaudran in a
zine-blende. Hard white metal, malleable and ductile. Sp.
er, 5.9. Meltsat 30°1 C. Heated to redness, it only oxydizes
upon { the ﬂuriam, and does not volatilize. Gallium oxide Ga,0,
is soluble in HOK, and Gallium is obtained by electrolysis c:-t
this solution. Gallium oxide substitutes Alumina in alum.
Gallium hydroxide is white and soluble in exeess. GALLIUM
cnLorine Cl,Ga is deliquescent. GALLIUM SULPHIDE S;Ga, is
white, and precipitated from its salts by SHH,N.

Gallium gives a bright spectrum, E‘Ehlhltlng a brilliant line
and a fainter band in the violet, * Watts’ Chemistry.”]

[XL. Indium In = 113.4,

Never native. A friad. Discovered in 1863 by Reich and
vichter in the zine-blende of Freiberg. Silver-white metal,
malleable and ductile. Sp. gr. 7.421. Melts at 176° C. Less
volatile than Cadmium. Heated to redness it burns with violet
flame In,0,. CHroripe Cl,In, volatile, Svieripe S;In, is
yellow. Precipitated from neutral solutions by SH,. Inproa
oxipe In,0; vellow; Hydroxide is white, soluble in HORK, in-
soluble in H,N. Zn and Cd precipitate Indium.

Two indigo-colored lines, in the speetrum: one very bright
and more refrangible than the blue line of Sr, the other fainter
and still more refrangible, and approaching the blue line of
Potassium. * Watts.]

Symb. At. weight. Sp. gr. Fusing-point.
Argentum . . Ag 1080 . 1068 ., 918% G
Hydrargyrum . Hg 2000 . 1369 . 38°.8 C.

1966 . 1934 . 1037 C.
1971 .. 2168 .. 1480°, B,

Anram . o« .
Platinum. . . Pt

0w wmnwnni

Palladium . . Pd 106,56 . 11.80 . 1860° C.
| Rhodium v w B0 1043 . 1210
[Ruthenium . . Ru 1042 . 1140
|Osmium . . . Os 199.0 . 2140
| Iridiam . . . Ir 198.0 . 21.15]

XLI. Argentum or Silver Ag = 108.

Monad metal, frequently native, both erystallized and massive.
The whitest and most lustrous of the metals. The best con-
ductor of heat and electricity. Sp. gr. 10.53. Melts at 916° C.
A noble metal; does not tarnish in pure air, and its oxide is
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reduced by heat alone. When heated it absorbs mechanically
22 times its bulk of oxygen, and *spits” on cooling. Great
affinity for 8. CIH does not dissolve it. NO,OH its great
solvent : Ag, + 3NO,0H = OH, + NOOH + 2N0,0Ag. DBoiled
with SO,(OH),: Ag, 4+ 280,(0H), = 20H, 4 80, 4 80,(0Ag),.
Alloys, Ag,Cu,. Our silver coinage contains 7.5 per cent. of
copper and has a sp. gr. of 10.30. ASSAYING by CUPELLATION.
English coin requires 5+ times its weight of lead for cupellation :
the base metal oxydizes and is absorbed by the cupel (bone-
earth). Oxides. Three oxides: one basic. 1. ARGENTOUS OXIDE
Ag,0, very unstable. 2. ArGENTIC OXIDE Ag,0, = 232, brown.
Powerful base. From the pyproxipe HOAg at 60° C.  Prep.
N0,0Ag + HOK = NO,0K 4+ HOAg. Then: 2HOAg = OH,
+ OAg,. Soluble in H,N. Slightly in water. At a low red-
heat into 2Ag, + O, Salts. 3. Peroxipe Ag,0,. Dark-
grey needles, by electrolysis of NO,OAg. Sulphides. ARGENTIC
SULPHIDE SAg, = 24¢. Native as “silver glance ” in cubes and
in octaliedra. Also in “red silver ore” 8;8b,,(SAg,);. Is preci-
pitated from its soluble salts even in acid solutions by SH,.
Metallurgy. Ore containing SAg,, S,Fe, S,FeCu, is roasted with
CINa. SAg,+ 2CINa + 20, = SO,Na, + :ClAg. SCu + 20,
— 80,Cu.  28Cu + 4CINa + 40, = 280,Na, + Cl, + 2C1,Cu,.
28,Fe + 6CINa + 70, = 380,Na, + Cl;Fe, + 80,. The mass,
pounded, is mixed with water in a revolving cask, then serap
iron added, and after sufficient time to convert Cl ;Fe, 4+ Fe into
3C0L,Fe; CLCu, + Fe into Cl,Fe 4 Cu,; 80,Cu 4 into 80, Fe
+ Cu,and lastly 2ClAg+Fe into Cl,Fe 4-Ag, ; Mercury isadded,
and the amalgam formed with the reduced Ag and Cu, washed,
strained and heated. Ag with Cu remains. Salts of silver:
goluble in water. ARrGENTIC NITRATE NO,OAg = 170. Square,
colorless, anhydrous tables, Melts at 219° C. (Cugt into sticks;
“Junar caustic.” Very soluble in water. Also soluble in boiling
aleohol. If made from copper coutaining silver, (NO,),0,Cu is
first decomposed by heat, and OCu can be removed by filtration.
Reduced by heat. = Arcentic svLpHaTE SO,Ag, = 312. Small
rhombic prisms, soluble in go of cold water. Absorbs 4H,N.
SiLver Aoy (S0,),AgAl,240H,. Acerate C,H,0(0Ag),
thin silken needles. Fruoripe FAg, very soluble. PoTassium-
ARGENTIC CYANIDE 2(CNK,CN Ag),0H,in rhombic prisms. Used
in eleetro-plating. Soluble silver salts are irritant poisons:
antidote C1Na. Insoluble silver salts, Argentic chloride ClAg
— 143.5. Native as * horn silver” in cubes. Melts at 260° C.
Easily reduced by Zn and Fe, Also by H, at a moderate heat.
NB. Solutions of Cu and Ag can have Ag removed as insoluble
ClAg, and the latter decomposed by Zn. 2ClAg + Zn = Cl,Zn
+Ag,. When ClAg is fused with sodium carbonate: 4CUlAg
4+ 2C0(0ONa), = 4CINa + 200,40, +2Ag,. ClAg absorbs HyN



74 BILVER CYANIDE. XLII. HYDRARGYRUM AND OXIDES,

largely, and gives it up on application of heat. It is also very
soluble in liquor ammonis. Argentum bromide BrAg, yellowish;
soluble in much liquor ammonize. Iodide IAg, ycllow: insoluble
in H,N. All three insoluble in NO,0OH. Nautive as “iodite.”
Cyanide CNAg, white. Soluble in H,N and in strong NO,OH.
Thiosulphate 8,0(0Ag), white, decomposing into Ag, + 5+
SO,H, with OH, Orthophosphate PO(0Ag),, bright-yellow,
soluble in H,N und in NO,OH. Pyrophosphate P,0,(0Ag),
white. Metaphosphate P0,0Ag, white, soluble in H,N and in
NO,0OH. Arsenite As(0Ag),, yellow, soluble in H;N and NO,OH.
Arsenate AsO(OAg), liver-brown, and soluble in HyN and
NO,OH. Borate BO(OAg) white. Chromate Cr0,Ag, crimson.

The metal Silver easily obtained in globules. Precipitateil
from its solutions as silver chloride ClAg, 1oo parts of which
contain 75.26 of the metal. It is weighed as chloride.

XLII, Hydrargyrum Hg = 200

A dyad metal, rarely native. The molecule of the vapor,
equal two vols., contains only one atom like Zn, Cd, &e. A noble
metal, which does not tarnish, and whose oxides are reduced
by heat alone. Its name from ¥8wp, water, and dpyvpoy, silver,
from its fluid state and lustre like silver. Fluid above 38°.3 C.
Sp. gr. 13.59. Boils at 357° C. Forms amalgams with the
metals. AgHg, CuHg. Zn,Hg. Pb,Hg. FeHg. Sn.Hg. Hydrogen
chloride does not attack He. With SOH,. :SOH, + Hg =
SO,Hg + 20H, + 80,. With nitric acid : 3Hg + sNO,0OH =
3[(N0,)0,Hg] + 4OH, + 2NO. Combines directly with Cl, Br,
I and 8. Used for silvering mirrors, and for extracting Au and
Ag. Heated to 300° C, slowly into HgO. Sulphides. MEn-
curovs sULPHIDE SHg, black, and unstable. From salts by
SH,. Mgrcuric suLPaiDE SHg = 232 = 3 vols. Native as
Cinnabar in hexahedral prisms: the chief ore. Vermilion is
artificial SHg. It is precipitated black by SH, from its salts,
insoluble in NO,OH, Metallurgy. a. By washing and col-
lecting the metal. SHg + 0, = SO, + Hg, 0. SHg + Feo =
SFe + Hg. c. 48Hg + 4Ca0 = 4Hg + 80,Ca + ;8Ca. _ 0x-
ides; 2 basic. 1. MEercurous oxibE OHg, = 416, Dblack,
unstable. From ClHg, + 2HOK = 2CIK 4 OH, + OHg,.
Decomposed by light into Cl,Hz + Hg. 2. MERCURIC OXIDE
OHg = 216. Red crystalline powder.  Red oxide” from which
O first prepared. Prep. also by decomposing (NO,),0.Hg, by
heat. Ammonia upon mercuric oxide : MERCURAMINE HYDRATE
N,Hg,(OH),,40H,. Yellowish-white, and decomposed by light.
Absorbs CO,. Unites with acids to form salts, Salts, Mer-
curous. Solublein water, Mercurous NirrATE (NO,),0,Hg,,20H,
in efflorescent prisms, Acerare (C,H;0),0,Hg, n silvery
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seales, soluble in boiling water. Insoluble in water. Mercu-
rous chloride ClHg, = 471 = 4 volumes. “ (Calomel” In
4-sided prisms, or as a vellowish-white powder. By Lime-
water into *black-wash” Hg,0. By H,N into ClH,Hg,N.
Thus: 2H,N + Cl,Hg, = CIH,N + ClH,Hg,N; or ammonium
chloride in which Hg, substitutes H,. Prep. of calomel. By
sublimine a mixture of 2CINa + 8O,Hg, = CL,Hg, + S0, Na,.
Bromide Br,Hg, Iodide I,Hg, green. By light into I,Hg 4+
Hg. Chromate Hg,0,3Cr0,Hg.. Soluble mercuric salts. MR-
corie onrorie Cl,Hg = 291, “ Corrosive sublimate.” In
needles soluble in 16 of cold and 3 of boiling water. Fuses at
265° 0, and boils at 295° C. Violent acrid poison: antidote
egg-albumen.  Coagulates albumen, hence its use also in
kyanizing timber. Forms double salts with CIK, CINa, CIH,N.
Prep. of corrosive sublimate. By subliming a mixture of
2CINa + 8SO,Hg = 8O,Na, + Cl,Hg. “ White precipitate’ 18
Chloro-amide of mercury CIH,HgN. Thus: 2H,N + Cl,Hg =
CIH,N + ClH,HgN. Chloro-sulphide Cl,Hg,25Hg, white and
precipitated by SH, when CLLHg in considerable excess. Both
chloro-amide and chloro-sulphide of mercuric are insoluble in
water. Broyme Br,Hg, crystalline. Cyaxme C,N,Hg, rect-
angular prisms, soluble in 8 of water. By heat into Hg, C,N,,
and paracyanogen. MERCURIC OXY-CYANIDE CO,N,Hg,HgO, in
needles. Mprouric NITRATE 2[(NO,),0,Hg].OH,. MERCURIC
svLpHATE S0, Hg, white erystalline powder. Insoluble salts,
Chloro-amide, Chloro-sulphide, Mercuric oxy-chlorides, by the
action of CO(OH)(OK) upon Cl,Hg, or by boiling HgO with
‘Cl,Hg. :2HgO,Cl,Hg. 3HgO,ClLHg. +Hg0,C1,Hg. Mercuric
iodide I,Hg = 454. Searlet, and readily soluble in excess of
IK. Mercuric ammonium iodide IHg,N,0H, is brown. Itis
oceasioned by the use of Nessler’s test (a solution of merecurie
iodide in potassium iodide, to which potassinm hydroxide has
been added) to a liquid eontaining H,N. Basic mercurie sulphate
50, Hg,:Hg0 is yellow. “Mineral turpeth.” Basie mercuric
nitrate (NO,),0,Hg,2Hg0,0H,, yellow. Salts of mercury are
readily reduced to metallic state by Cu, or by heating the dry
compounds with CO(ONa),. Stannous chloride may be used
(see C1,Sn), The metal is weighed as mercury.

XLIII. Aurum Au = 196.6.

This triad metal is always found native, both massive and
erystallized in cubes, octahedra and tetrahedra. In California,
Australin, Ural Mountains, &e. Bright yellow, Iustrous metal,
of sp. gr. 19.34. The most malleable of all metals; gold-leaf

I of an inch in thicknkss, Inferior to Ag and Cu in con-
g?_mtivity. Melts at 1037° C. Untarnishable in air. A noble
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metal, as its oxide becomes metallic by heat alone. Only
attacked by Cl, Br, I. Au, + 2Cl, = 2Cl;Au.  Standard gold
1s alloyed with .33 per cent. of Cu: alloy harder and more
fusible than pure gold. Ag separated by “ quartation ” process,
2.e. fusion with Ag so as to reduce the gold 1o !, and employing
NO,OH for solution of the Ag as NO,OAg: gold left as a
brown powder. Two chlorides. Aurous chloride ClAu = 232.1,
Pale yellow, sparingly soluble powder, losing all its Clat 200° C.
Prepared from ClyjAu by heat at 175° C. Auric chloride
ClAu = 303.1. Red, deliquescent salt, by dissolving Au in
aqua regia, and evaporation below 120° C. Solution orange, or
yellow when dilute. By heat into CL, + ClAu, and then into
Cland Au. Easily reduced by P,, Cu, Hg, Zn, Fe, &e. Also by
S0,Fe. Thus: 680,Fe + 2C;Au = Cl,Fe, 4+ 2[(80,),Fe,]
+ Aun,. Also by oxaric acip C,0,(0H),. Thus: 2ClL,Au+
3C,0,(0H), = (CIH + 6CO, + 2Au, Also by ANTDIONOUS
CHLORIDE ClgSb.  Thus: 2Cl;Au 4 3CLSb = 3CLSb + Au,.
Also by stLPHUROUS AcID SO(OH),. Thus: 2Cl,Au + 30H, +
380(0H), = 6CIH + 380,(0OH), + Au,. Used as a test for tin.
* Purple of Cassius” Aun,Sn, Au,Sn,, 4OH,. Twooxides. 1. At-
ROUS OXIDE Au,0 = 409.2. Green powder; with H,N * ful-
minating gold,” By HOK from aurous chloride. 2. Auric
OXIDE Au,0; = 441.2, Brown powder. Or,as yellow HYDRATE
Au,0,30H,, if preecipitated by Mg(OH), from 2Cl;Au, and
excess of MgO removed by dilute NO,OH. At 245° C. into
Au, + 0,. Properties of an acid. Aurates. Au0(0K),30H,.
Sulphides. Avric stLrPHIVE 8;Au,, decp yellow. By passing
SH, through dilute Cl;Au. AUROUS-AURIC SULPHIDE SAu,,S.Au,.
Black. Soluble in alkaline sulphides to sulplur salts. E.g.
43AuNa,28,Na,. Gold is used for staining glass ruby-red, and
as “ Burgos lustre” a double sulphide of Gold and Potassium,
for gilding china. It is weighed as Gold.

XLIV, Platinum Pt = 197.1.

A tetrad metal, always found native, and as an alloy with
Palladium, Osmium, Iridinm, Rhodium and Ruthenium in the
Ural Mountaing, Brazil and Ceylon. Discovered by Wood in
1741. White lustrous metul, very mulleable and ductile. Sp. gr.
21.53. Melts at 1460° C. A noble metal : its oxides, by heat,
into Pt and O. Aqua regia dissolves it as Platinic chloride, and
1t 18 preeipitated from its solutions quantitatively, by ammonium
chloride as AmmoNIUM-rLATINIC cHLORIDE 2(C1H N),CL,I’t. By
heat into 2CIH,N 4 Cl, 4+ Pt. Thus is “spongy platinum”™ pre-
pared. Another form of more finely divided platinum, **platinum
black,” is obtained by boiling a solition of platinous chloride
in strong HOK, and adding alcohol. In these conditions it
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condenses O in its pores: “ Dobereiner lamp.” Alloys. Lead
and Bismuth to be avoided in vessels of platinum, or on platinum
foil. Also phospliorus, or phosphates, with reducing agents.
Chlorides. 1. Prarivous cHLORIDE CLLPt = 263, Of olive color,
insoluble in water, Crystallizable double salts with 2C1K, 2CIN«q,
&e. By heating CLPt at 235° C. as long as Cl, is expelled.
2. Prarisic cHLoriDE CLPt = 339. Red-brown, deliquescent
prisms. Unites with, 2C1H,Cl,Pt, 60H,. Also with, zﬂlE:ﬂI_,Pt :
2CIH,N.CL,Pt. Also with, 2C1Cs, 2CIRb, 2C1L. All of these
salts sufficiently insoluble to enable us to determine the respec-
tive metals.—[ Basic ammoniaeal derivatives from the chlorides.
PrarosaymiNng PtH,N,,OH,. DrerarosamiNe PtH N, 20H,.
PrarivaviNg PUtH.N,,4OH,. DIPLATINAMINE HYDROCHLORIDE
PtH.N,2CIH (buse not isolated), &e.] Oxides. r. Pratizots
oxmE PtO = 213. Black hydrate. From CLPt by 2HOK,
2. Prarisic-oxipe PtO, = 229. As brown BEYDRATE 20H,,PtO,.
Qoluble in HOK. Salts well characterized. Sulphides. 1. I’LA-
riNoUs stLpHIDE SPt: black. 2. PraTmNie surpHiDE S,Pt.
Brown-bhlack, Somewhat soluble in alkaline sulphides.

Platinum may be weiched, either as Pt, oras 2C1H,N,CL, Pt
which contains 44.17 per cent. of the metal.

[XLV. Palladium Pd = 106.5.

A dyad metal, discovered by Wollaston in 1803. Oeeasionally
native in cubes and hexagonal plates. Usually forms 3 to 1
per cent. of the Platinum ores. Pd may be separated from all
metals except Pb and Cu, by C,N,Hg. Ignited, leaves Palla-
dium. From palladium ores, after conversion into chlorides,
and the removal of Platinic chloride by 2C1H,N, MERCURIC
cyanipe C,N,Hg precipitates pancapiovs cyaNioe C,N,Pd. In
a solution contaiuing the nitrates of Pb, Cu, Fe, and Pd, ferric
and plumbic are precipitated by H N, and the ammoniacal
golution containing ammonia compounds of Cu and Pd, is pre-
cipitated by C1H; PALLADAMINE HYDROCHLORIDE Cl,H N,Pd as
a yellow, sparingly soluble salf is separated from which the metal
is obtained by heat. White, hard and lustrous. Noble metal :
its oxides into metal and oxygen by heat. Sp. gr. 11.4. Melts
at 1360° C. Dissolved by NO,OH. Metallic palladium takes
up 942 times its volume of Hydrogenium, forming an alloy.
Wrom its inerease in bulk by the absorption of H, which the
Palladium undergoes when placed as the negative electrode in
acidulated water, the density of the metal Hydrogenium is
ascertained to be ©0.733. Chlorides. 1. PALLADOUS CHLORIDE
CL,Pd = 177.5. By evaporation of solution of I’d in aqua regia,
Brown hydrate. With H;N a series of basic compounds like
thoge with Pt. Thus ravvapaming PAHN,O0, 2. PaLuapic
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cHLORIDE Cl,Pd. Only in solution. 2CIK,C1,Pd in ruby-red
crystals. Parnapous 1opipE IPd, a black powder. PaLia-
pous oYANIDE C,N,Pd yellow. Forms soluble double eyanides.
Oxides: 3. Pd,0. Pd0. Pd0,. ParLrapous oxipE Pd0 =122.5 18
the chief oxide. Black powder. Also as hydrate by HOK from
palladous salts. Sulphides: three. Pd,S. PdS. I’dS,. Pavva-
povUs sULPHIDE S8Pd. Precipitating CL,Pd by SH,.

Palladium, precipitated as cyanide, 1s weighed as Palladium. ]

[XLVI. Rhodium Ro = 104.3,

A triad metal found as an alloy of Platinum, constituting
about } per cent. Discovered by Wollaston in 1803. Obtained
from 3CINa,Cl,Ro,90H,, by solution in water, and precipitation
by bars of zinc. White malleable metal, of sp. gr. 12.1. Salts
rose-red from pddor. Rhodium chloride CI,R. By igniting R
in Cl. Oxides: 4 oxides. One base. Rhodic oxide R,0; = 256.6.
Greenish-grey hydrate. Sulphides: two. RoS. Ro,3,.]

[XLVIIL. Ruthenium Ru = 104.2.

A triad, never native but in an alloy of Os, Ir, Ru, and R.
Discovered by Claus in 1845. Hard, brittle, most infusible
metal. Sp. gr. 11.4. Oxydized when heated, or by fusion
with NO,OK. Three chlorides. RuCl,. RuCl,. RuCl,. Sulphides.
SRu. S;Ru,. 8;Ru. Oxides. RuO.Ru,0;. Ru0, Ru0; Ru0,.]

[XLVIII. Osmium Os = 199,

Discovered by Tennant in 1803 in Osmium-Iridinm-Ruthenium.
Bluish-white metal of sp. gr. 21.4. Very infusible, Burns to
Osmium tetroxide OsO,. From Os0, 4 8Hg + 8CI1H = 40H,
-+ 4CL,Hg, + 0s. From the pungent, irritating odor of OsO,,
it has its name from douh, smell. Four chlorides. Cl,0s. Cl,0s.
€l1,0s. C1,0s. TerracHLORIDE Cl,O0s. Red, erystalline, fusible
deliquescent sublimate. Fiveoxides. 0s0. 0s,0;. 0s0,. OsO;.
0s0,. Osmium tetroxide OsO, = 263.  Colorless needles,
very soluble in water. Vapor irritating and poisonous. SH,
in HCI, precipitutes black hydrated sulphide, S,0s. ]

[XLIX. Iridium Ir = 198,

Sometimes native. Discovered by Tennant in 1803. Usually
as an alloy with Os. White brittle metal of sp. gr. 2r1.15.
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From 2C1K,Cl,Ir, heated in a siream of H,; CIK removed by
washing. Three chlorides. €lIr. Cl,Ir. Cl,Ir. Three oxides.
1r0. Ir,0,. Ir0,. Three sulphides. SIr, 8,Ir, §,Ir. From the
changes of color, owing 10 the rapidity with which the oxides
pass into one another, the name Iridium was given, from Iris.]

END OF INORGANIC CHEMISTRY.

ORGANIC CHEMISTRY.

Orcaxic CHeEMISTRY is the Chemistry of Carbon compounds,
Carbon being the most characteristic constituent of all vegetable
and animal matters. Thus, when any organized structure is
leated out of contact with air, it blackens, owing to the presence
of unburnt carbon. Most carbon compounds contain only a few
elements. They consist either of Carbon and Hydrogen ; Carbon
and Oxygen; Carbon, Hydrogen an Oxygen ; Carbon and Ni-
trogen ; Carbon and Sulphur; Carbon, Nitrogen, and Hydrogen ;
Carbon, Hydrogen, Oxygen and Nitrogen, sometimes even of
C, H, N and 0 with Sulphur and Phosphorus,

Many organic compounds are made by synthesis, in the same
way as are inorganic.

We have already learnt that the atoms of different bodies
differ in their quantivalence (p. 2). As Hydrogen forms the
most simple compounds, it is best adapted for ascertaining the
quantivalence of other elements, of which those forming volatile
hydrides can be divided into four groups :

H\ CI\ Br\ I\ F H . (H o (Ho(H
L g H}H}H} H} 3. “{H S{H SE{E TE{H.
®i Bl O ®H H H) H
s mly m'p Hlas Eisb, 4 Blo Hisi
#l- ® ® =H % g

Thus we find H, €1, Br, I and F are MoNaDs; 0, 8, Se and Te,
pyaps; N, P, As and 8b, Triaps; C and 8i, TETRADS.

The smallest particle of such compounds consists of a coalition
of utoms, called a molecule. As the densities of all gases and
vapors are equal to half their molecular weights, equal volumes
of different gases always contain the same number of molecules;
g0 that any molecule, in the gaseous or vaporous condition,
occupies the same space as two purts by weight of hydrogen.

Carbon is a tetrad element; its most simple compound 18
weTHANE CH,. By substitution of other monads, we obfain
CH,C1; CH,CL; CHCl;; CCl,. By replacing the monads by
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dyads, we obtain C0,; C8,; with triads, CNH. When two atoms
of earbon umite with each other, two out of the eight units of
combining capacity saturate each other, so that the result is a
hexad group; when three atoms of earbon are thus linked
together, we obtain an octad group.

C.H,

0% H

0 H |
H l H—C—H

| H—C—H |
H-(0—H | H—C—H

| H O—H |
H | H—C—H

H |

H

Of course Cl, Br, I, &c., may be substituted for one atom of
Hyprocgew, but 0 and N can only substitute respectively two
and three atoms of Hyprocry. The monad groups (0H) and
(NH,) can replace one atom of hydrogen, Thus:

C H,0H is merHANE C H, in which OH substitutes H.
L,.H 0H is erHANE C,IH; in which OH substitutes H.
C, H {]H i3 PROPANE C H in which OH substitutes H.

So we have a number of compounds in a series, each of which
differs from the next by CH,: homologous, analogy of consti-
tution, with a difference in composition of CH,, or a multiple
of CH,.

When the different members of a homologous series are sub-
mitted to similar chemiecal reagents, tllev furnish derivative
series in which the homology is still preserved ; such collateral
series are called heterologous, e.g. :

CH, CHOH CHO.OH CHO.
CH, OCOHoOH CHO0O0H C,H,O.
C.H, C.HOH CH,0O0H C.H,0.

When the successive terms of a series differ only by H, we have
an isologous scries. Thus:

eTHANE C,H, Eraexe C,H, Eramwe C,H, )
pPrOPANE C,H; PrOPENE C, H PROPINE {331{ proroNE C,H,

Each vertical column forms a HOMOLOGOUS, and each horizontal
line an ISOLOGOI'S series.

All hiydrocarbons contain an even number of atoms of hydro-
gen, a8 a consequence of the tetrad character of the element
carbon. Further, it follows that the sum of the atoms of monad
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and triad elements, contained in the moleeule of a earbon com-
pound, must also always be an even number. y
Carbon compounds having the same percentage composition,
but differing in their physiecal and chemical properties, are
called isomerie.  All true isomeric compounds contain the same
number of carbon .atoms linked together. Polymerie bodies
are such as have the same percentage composition but different
molecular weichts. Ernese C,H,, rrorexe C,H,, and BUTENE
C,H, are polymeric. Metameric bodies have the same per-
centuge composition and the same molecular weights, e.g. :

C,H, CH, CH,
N{H N{C,H, N{CH,
I H CH,

Here we have C,H,N, constituting three metameric bodies in
which different radicles are linked together by the same poly-
genic elenient.

Most carbon compounds are liquid or solid. The more volatile
a substance, the more simple is its constitution. In homologous
series the boiling-point must rise by each added CH, ; in some
cases it does so with great regularity. In the normnl aleohols
there is a regular difference of 19°C. between each. Thus ETHYL
Arconor C,H,0H, boils at 78°.4; ProPYL ArconorL C,H.OH, at
97°; BUTYL ArconoL C,H,0H, at 116° C.

When the difference in the boiling-points of two bodies is con-
siderable, it is possible, when mixed together, to separate them
by fractional distillation: the more volatile body distils at a
nearly constant temperature.

The determination of the composition of earbon ecompounds
is by organic analysis. A Jknown weight of the body to be
analyzed is burnt in contact with an easily redueible metallie
oxide, generally cupric oxide. The Carbon is burnt into car-
bonic anhydride C0,, and the Hydrogen into water OH,. The
resulting compounds are collected and weighed. Nitrogen
is determined by heating with soda-lime and collecting the
Ammonia H,N in ClH, and weighing a8 AMMONIUM PLATINIC
cutoripE 2CIH,N,CL,Pt. If the Nitrogen cannot be completely
converted into H,N, it must be separated in the free state, and
collected over mercury, Oxygen is estimated by the loss. Com-
pounds eontaining Chlorine, Bromine and Iodine are heated in a
narrow combustion-tube with pure carcrem oxipe,  Sulphur and
Phosphorus are determined by heating the carbon compound
with Sopivym caArBoNATE and DPOTASSIUM NITRATE, or even by
OXYDATION with Nrirric acip in sealed tubes. In both cases,
the smnlphuric and phosphorie acids are estimated by common
analytical methods, In a similar manner are bodies treated
which coutain Arsenicum, Boron, Silicon, &c. In metallic salts

G
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of organic compounds, ignition occasions either the separation of
metal, of oxide, or of carbonate. The empirical formula of a
compound is easily obtained by dividing the percentage compo-
sition by the respective atomic weights, Thus with carbonyl
C0. It consists of:

Caxbont 1 « « ¢ 3+ & 42.858
Ozygen ¢ & « = ' = §].142

100 .000

Now 42.858 +12 = 3.577, and §57.142 %16 = 3.57L. It is
therefore obvious that the simplest formula for earbonyl is CO,
composed of one atom respectively of Carbon and of Oxygen.

For determining the vapor-density, we ascertain either the
weight of a given volume of vapor (Dumas’ process), or the
volume of a given weight of vapor (Gay-Lussac’s).

I. Mono-carbon or Methane group.

Methane CH, = 16. Found as fire-damp and marsh-gas,
Colorless, inodorous gas, little soluble, inflammable with scarcely
luminous flame, Sp.gr.8. A mixture of CH, + 2Cl, explodes
in sunlight to 4C1H + C. By diffused light iuto CH,Cl, CH.CL,,
CHCl, and CCl,. Prep. p. II. Also by nascent H, upon tri-
chlormethane or chloroform. CHCI; + 3H, = 3CIH + CH,.
Again by 20H, upon ZINC METHIDE Zn(CH,), = ZINC HYDROXIDE
Zn(OH), 4+ CH,. Methane is the first of the paraffins C,H,n4s1
it is a saturated hydrocarbon which eannot unite directly with
(1, Br, I and other monads. It may however take up any
number of dyad elements or radicles, because such a radicle
introduced into any group of atoms neutralizes one unit of
equivalency, and adds another. Thus methane is the first of an
homologous series of paraffins. CH,CH, = C,H,, or one atom of
H displaced by CH,. E.g. CH,; C,H,, p- 91 ; C;H,, p. 100; CH,4,
p. 104; C.H,,, p. 106; GH,yy, p. 108, &e. Methane may be de-

vived of a molecule of H,, and give rise to a dyad radicle, the
first of an homologous series CH,; C.H, ; C.H,; ; C,H,. a. Chloro-
methane or methyl chloride CH,Cl. Colorless gas, of sweetish
taste, but little soluble in water, Burns with pale flame. Prep.
I, From methane, by Cl, in diffused daylight. Also by dis-
tilling methyl alcohol with sodium chloride and sulphuriec acid.
CH,0H + CINa-+ SO,(OH),=80,(0H)(ONa) + OH, + CH,CL
Successively by chlorine into METHENE CHLORIDE CH,Cl, ; ME-
muenyL cruLoripE CHCI, and carsoNic cHLORIDE CCUL,. Methyl
bromide CH, Br. Colol:ss liquid, boiling ut 13° C. Methyl
jodide C'H,I. Boils at 43° C. Practically: CH,0H 4+ IH =
O, +CH,I, [b. Methene chloride CH,Cl,. Methene bromide
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CH,Br,. Methene iodide CH,L,. By IH upon methenyl iodide.]
¢. Chloroform is TRICHLOR-METHANE or methenyl chloride CHCI,.
Colorless, mobile fluid of sp. gr. 1.525 at 0°C. Boilsat 63°.5 C.
Of pleasant smell, and sweet taste. Little soluble in water ; very,
in alcohol and ether. By digestion with alcoholic potassium
hydroxide, into 20H, 4 3CIK <4 POTASSIUM FORMATE CHO(OK).
By ammonia, in presence of KOH into 40H, + 3CIK + CNK,
Solvent of L, Br, P, alkaloids, resins, &e. Great anwmsthetic.
Does not redden litmus or precipitate NO,(OAg.) Sp. gr. 1.49
at 17° C. [Heated with NO,OH at 100°C. for some time, into
methane-nitro-chloride or crLorRoPICRIN CNO,Cl,, a colorless
liquid, exciting to tears.] Prep. By alkalies upon CHLORAL
CCLCOH. Thus: CClL,COH 4+ KOH = pPoTASSIUM FORMATE
CHO(OK) + CHCl,. Also by boiling TRI-cRLORACETIC ACID CClg,
COOH with :HOK = OH, + CO(OK), + CHCl,. Also by Cl, in
presence of hydroxides upon methyl or ethyl alcohol : practically
by distilling aleohol, water and chloride of lime. Probably first
cuLoraL CCL,COH, and 5CIH, and then the chloral by Ca(OH),
= carcroy FORMATE and chloroform CHCl;. Methenyl bromide
CHBr,. Colorless liquid, odorous, like chloroform, of sp. gr. 2.4.;
boils at 152°C. Methenyl iodide CHI,, in yellow tables, with
odor of saffron. Milder than iodine. d. Carbon chloride CCl,,
is a colorless, ethereal fluid which boils at 78°C. Prepared from
CHCI,; by Cl, = C1H + €Cl,. When digested with 6KOH =
4CIK + 30H, 4+ CO(OK),. NB. By nascent H, into CHCl; or
CH.Cl, or CH,Cl or CH,. [Nrirro-MeTHANE C(NO,),. TRI-NITRO-
METHANE CH(NO,), is nitro-form.]

By digesting ihe chloride, bromide or iodide of methyl, with
potassium or sodium hydroxide, hydroxyl is substituted for
the halogen, and we obtain the first of an homologous series,
the Aleohols. The monatomic aleohols are derivatives of the
paraffing formed by the substitution of one atom of OH for one
atom of H,

METHANE . . . CH, mErEyYLcHLORIDE .  C H, CL

ETHANE . . ., . CH, =®ErayLcmrorioe . C,H; ClL

PROPANE . . . . CgH,  ProPYL cHLORIDE . C,H, Cl

BUTANE . . . .« GCH,. BUrYLCHLORIDE. . OH, CL

PENTANE. . . « C,H,,. PENTYL 0HLORIDE . U,H,,Cl
METHYL HYDROXIDE . . C H, OH.

ETHYL HYDROXIDE . , C,H; OH,
PROPYL HYDROXIDE . . C;H, OH,
BUTYL HYDROXIDE. . . C,H, OH.
AMYL BYDROXIDE. . . C.H, OH.

Methyl hydroxzide, or methyl alecohol CH,0H, or HCH,0H.
Woodspirit, or pyroxzylic spirit, called Carbinol by Kolbe, the
G 2
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first term of homologous alcohols, in which monad radicles of
the form C,H,.4, replace one atom of H. Where the monad
group in an aleohol of the form C,H,.4, occurs but once, we
have Primary Aleohols; if the replacement occurs twiee, we
obtain a Secondary Aleohol; but if three units of H in carbinol
are replaced by three such groups, we have a Tertiary Alcohol.

CarervoL CH,.0H or HCH,.OH.

PRIMARY CARBINOL. SECONDARY CARBINOL.
CH,(C.H,,+,).OH. CH(C.H;p+,):-OH.

TERTIARY CARBINOIL.
E(Ul.l-iw_H.);OI-L

Carbirol, or methyl aleohol, is then a colorless liquid, of
penetrating odor, inflammable and volatile. Sp. gr. at o°C.
0.8142. Boils at 65°.5 C. Miscible with water in all pro-
portions, as also with ethyl aleohol and ether. Solvent of resins,
Alkalies dissolve and color it brown (Urg's test). Buns with
paler flame than aleohol. Two stages of oxydation. 1. CH,OH
+ O = OH, + FORVMYL ALDEHYDE CHOH. 2. CHOH 4+ 0O =
rorMic Acip CHO.OH. Prep. by destructive distillation of wood,
neutralizing with Ca(OH),, redistilling, rectifying over CaO.
Uniting with CALCIUM CHLORIDE : C1,Ca,2CH,0H, and decompos-
ing the latter by water. Or from METHYL OXALATE C,0,(0CH;),
by distillation with sulphuric acid. Also by saponification of
oil of Wintergreen, Gaultheria procumbens with pofassium
hydroxide. METHYL SALICYLATE C,H,0HC0.0CH, + KOH =
C,H,.OH.COOK 4 METHYL ALCOHOL CH,0H. Artificially by
Berthelot. 1. 8,0 + 28H, 4+ 4Cu, = 45Cu, + CH,. Then
CH, + Cl, = CIH 4 CH,Cl.  Aund CH,Cl + EOH = CIK 4
methyl alcohol CH,OH. *“ Methylated spirit” is a mixture of
go per cent. of ethyl alcohol with 10 per cent. of methyl aleohol.
Methyl aleohol dissolves Na, which displaces the H of 0H,
and gives a solid SODIUM METHYLATE CH,ONa. Distilled with
METHYL CHLORIDE or cHLORO-METHANE CH,Cl, into methylic
ether CH,0.CH, + CINa. With sulphurie acid, methyl aleohol
gives methyl-sulphuric acid SO,(OH)(OCHy), in which the H of
OH can be replaced by metals. Dimethyl-sulphuric acid
SO,(0OCH,), By distilling, we obtain methyl-ether CH,;.O.CH,,
a pleasant-smelling gas, fluid at — 23°C. N.B. Inthe formation
of an ether two molecules of an aleoliol part with one molecule
of water. Thus: 2CH,OH = OH, + CH,0CH,,. Methyl-alde-
hyde HCOH. Colorless gas, obtained by oxydation of vapor
of methyl alcohol over red-hot platinum. Reduces Ag,0, and
becomes oxydized to FORMIC ACID HCOOH. An aldehyde
(aleohol dehydrogenatus) is derived from an aleohol, by elimina-
tion of H, in immediate connection with hydroxyl or of the H,
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which belongs to the group CH,0H. The aldehydes are inter-
mediate between alecohols and acids. Thus: HCH,0H 4 0 =
OH, + »erayL ALpenyDE HCOH. A polymeric modification of
this gaseous aldehyde exists in a solid state ; probably H,C,0,H,.
Formic acid HCO.0H. Colorless liquid, of very acid and
piquant odor. Boils at 99° C. and is erystalline at 8°.5 C. It is
miscible with water in all proportions, and is an energetic mono-
basic acid, the first of an homologous series—the FATTY ACIDS.
It is contained in red ants, in the sting of nettles, wasps,
and bees, &e. Prepared by Berthelot: CO 4+ HOK = HCOOK.
Most easily by heating at 1co® C. equal- parts of glyeerin and
oxalic acid: the latter (CO.0H), = CO, + HCOOH. Heated
with 80,(0H), = OH, 4+ CO. With Ag,0O into Ag, + OH, +
CO,. TFormares. Axyontum rormate HCO.OHN, crystal-
lizes in prisms: heated into : 20H, + HYDROGEN CYANIDE CNH.
CorrER  FORMATE (CHO),0,Cu,40H,, and LEAD FORMATE
(CHO),0,Pb, are most characteristic. By distilling HCO,ONa+
HONu = CO(ONa), + H,. DBut, by distilling ulone : HCOONa
4+ HCOONa = CO(ONa), + HCOH. METHYL FURMATE
HCO.0CH, is a colorless liquid, which boils at 33.94 C. Theo-
retically, the anhydride of formic acid is obtained from two mole-
cules, by the loss of one molecule of water. Thus: HCOOH +
HCOOH = OH, 4 HC0-0-HCO0. Formamide (HCO)H,N is a
colorless liquid, boiling at 194°.

Carbonic anhydride C0,. Hypothetical carpoxNtc ActD CO(OH),.
In caLORO-cARBONIC Acip COCL,, Cl, substitutes (OH), in ear-
bonie acid, or one atom of 0 in CO,. Formed from CO + Cl, in
sunlight, Called phosgene.

Carbonie sulphide SCS = (8, is the analogue of CO,. P. 12,
A colorless liquid of sp. gr. 1.27. Boils at 46° C. CS, + 8K, =
CS(SK), By nascent H, into METHYL-SULPHALDERYDE HCSH !
(S, + 2H, = S,H 4 HCSH. [Also CS(SH),. CSSHOH. COSHOH. ]
METHYL-SULPHYDRATE CH,.8H, is METHYL MERCAPTAN, Color-
less, mal-odorous liquid, boiling at 21°C. Prep. by action of
HSK upon CH,Cl=CIK4CH,SH. MgerayL suLpHine CH,8CH,
is the analogue of methyl-ether. It boils at 41°C., and is pre-
pared by using KSK with 2CH,Cl. [Carbonic oxy-sulphide
(OS colorless gas. Carbonyl sulpho-chloride CICSCL, by Cl, on
(8, Thus: 8CS + 2Cl, = CISCl + CICSCL.] Hydrogen cyanide
CNH may be regarded as methane in which nitrogen substitutes
three atoms of hydrogen; hence azomethane. 1t may also be
called anitrile, a compound of nitrogen with a trivalent radicle
METHENYL. One common method of obtaining a nitrile is by
de-hydrating the ammonium salt of the fatty acid by P,O,.
Thus ; HCOOH,N —20H, = CH"N or CNH. And the con-
verse : CNH + 20H, = HCOOH,N. Cyanogen C,N,, or di-
cyanogen, as it is represented molecularly, is a gas, colorless, of
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pungent odor resembling prussic acid. Sp. gr. r.8o. Waler
absorbs four to five vols, Under pressure of four atmospheres
into a colorless liquid which boils at — 21° C., and solidifies at
— 34° UI Burns with rose-colored flame. Passed into strong
CIH, it takes up two of OH, and becomes oxamMine C,0.(NH,),.
And, in water, Cyanogen by 40H, info AMMONIUM OXALATE
(CO.OH,N),. Passed into sol, of HOK into CYANIDE and
CYANATE: 2HOK + C,N,=CNK+4CNOK+ OH,. Prep. a. By
heating MERcURIC CYANTDE = Hg + C,N,. A portion, into brown
solid; PARACYANOGEN (CyN,), a polymeric modification of C,N,.
b. By passing air over a red-hot mixture of potassium carbonate
and charcoal : CO(OK), 4 4C + N, = 2CNK + 3CO. Cyanides.
Cyanogen is a monad radicle, Unites with H. Hydrogen
cyanide CNH is commonly called prussic acid. 1782 by Scheele.
Anhydrous acid is a colorless, volatile liquid, of sp. gr. 0.7058
at 5° O, boiling at 26°.5 C. Feebly acid. Odor as of peach-
blossoms. Very poisonous. When inhaled even in small
quantities, produces headache, giddiness, &e.  Antidotes :
chlorine, water, ammonia, affusion of cold water. Cannot be
preserved in the light ; deposits paracyanogen, evolves ammonia,
and ammonium formate always in solution. Used as medicine.
Prep. Anhydrous acid,. CNHgCN + SH, = SHg + 2CNH.
Of ordinary. a. From bitter almonds, by the action of moist
synaptase upon amyGpaniN C,,H, NO,,;0H, 17 grains of
amygdalin dissolved in 1 oz. of sweet almonds-emulsion would
yield 1 grain of CNH. The ordinary acid of the Pharma-
copeia contains 2 per cent. of ONH. Now 100 grains of tar-
tarie acid dissolved in 2 oz of water, to which 44 grains
of CNK have been added, will, when decanted, yield an acid
of desired strength. From CNK by dilute SO,(OH),, 20H,
= 80,0H.OK + CNH + 20H,. Also from potassium ferrocya-
nide.  Tests: volatility, formation of silver eyanide, of Prussian
blue and of ferric sulphoeyanide. Porassium cyaxmme CNK,
In deliquescent, colorless cubes. Alkaline reaction, as in water
into hydrocyanide of potash: emits CNH. Soluble in alcohol.
Fuses at red-heat. XK, burns when heated in C,N, into 2CNK,
Most easily by heating potassium ferrocyanide with CO(OK),
and carbon = 3CO 4 Fe 4 6CNK. Potassium cyanide dissolves
iron, In presence of air: 6CNK + Fe + OH, + 0 = :HOK
4+ C N, FeK,. Inabsence ofair: 6CNK + Fe 4+ 20H,=2HOK
+H, + C,N FeK,—18CNK + 3CL,Fe + 2Cl;Fe, = 18C1k +
C, N, JFe.. Amonrvm cyanipE CNH,N, in colorless cubes :
volatile. Very poisonous. By subliming mixt CNK +- CIH,N.
SiLver cYaNIDE CNAg. white, amorphous, soluble in strong
NO,OH, H,N and in CNK. Soluble to CNK,CNAg, a double
salt. To estimate CNH, add to measured quantity HOK, and
then, by a burette, solution of NO,OAg until permanent precipi-
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tate appears. As soon as half the quantity of CNH is changed
into CNAg, one additional drop precipitates white CNAg,
permanent, 170 parts of NO,0Ag correspond to 30 parts of
CNK and 54 parts of CNH. MERCURIC CYANIDE C,N,.Hg in
rectangular prisms. 2CNH readily dissolve precipitated HgO
= OH, + C,N,Hg. Prep. C,N,FeK, + 380,Hg =280, +
SO,Fe + 3C,N,Hg. AUROUS CYANIDE CNAu, lemon-yellow
powder, not decomposed even by boiling acids. CNK,CNAu
much used in electro-gilding. NIckEL oyaNive C,N,Ni, apple-
green, readily soluble to >CNK,C,N,Ni, re-precipitated by
ClH. CoarT cYANIDE C,N,Co is brownish-red, casily goluble
in CNK. But, when slightly acidulated and boiled, H, is given
off and potassium cobalticyanide is obtained, nof precipitated
by C1H : used to separate Ni from Co. T1ITANIUM KITRO-CYANIDE
C,N,Ti,3N,Ti,.

Ferrocyanides. Ferrocyanogen is tetrabasic. PoTAssiuM
rFERROCYANTDE C N FeK,.3;0H, Yellow prussiute of potash.
In large lemon-yellow crystals, derived from an octahedron
with a square base. Soluble in 4 of cold, and 2 of boiling water.
Insoluble in alcohol. Not poisonous; purgative. Source of
CNH: 2C,N FeK, + 6(SO,H,,20H,) + aq. = 680,(0OH)OK)+
120H, + aq. + 6CNH + C, N Fe,K,, known as EvERITT'S SALT.
Also of CNK (see above). C N JFeK, at red-heat = 4aCNK +

C,Fe + N,. With SOH, yields €0. Thus: C;N.FeK, +
6(80,H,,0H,) = 280,(0K), + S0,0,Fe) + 3[8O,(0H,N),]
4+ 600. In this last reaction CNH + OH, = CO + H,N.
Prep. of the salt. From dry animal matters, as horn, hoofs, &e.,
at a red-heat, in contact with CO(OK), and iron-filings, The
CNK produced, reacts when water is added upon the iron (see
above) and upon ferrous sulphide: G6CNK + SFe = SK, +
C,N,FeK, Largely used in making * Prussian blue,” and is a
delicate test for a ferric salt: 20, Fe, + 3C N FeK, = 12C1K
+ 2Fe,,3FeCyNg. With a ferrous salt, a white precipitate
C,N,Fe,K,, turning blue on exposure to gir. Thus;: C,N K,
+ 80,Fe = SO,K, + C N FeK,, or Everitt’s salt. By air:
6C N, Fe,K, + 30 = Fe,0; + 3CNFeK, + 2Fe,Cy,,3FeC,N,.
Curric FERROCYANIDE C N FeCu,, red-brown : a test for cuprie
salts. HyproGeN FerrocYANIDE C,NFeH, = CfyH,. White
scales, insoluble in ether. Powerfully acid solution. very soluble
in water, and blues on exposure. Ag, Pb,, Zny, Mn, and Bi
ferrocyanides are white and insoluble. Ferricyanides. Ferri-
eyanogen is hexabasic, POTASSIUM FERRICYANIDE DN e K,
is “red prussinte of potash.,” Ruby-red prisms, freely soluble in
water. By passing Cl, through sols. of 20N FeK, = 201K
C,.N . Fe, Ky,  An oxydizing agent in alkalime solutions, thus :
4HOK + 2C,N,,Fe,K; = 0, + 20H, 4 4CN FeK, A -fest
for ferrous : 380,Fe 4 C;,N,, Fe, Ky = 380, 4 C, N Fe,Fey,



55 CHLORIDES OF CYANOGEN. CYANIC AND CYANURIC ACIDS.

“Turnbull’s blue.” No preecipitate with ferrie salts, only brown-
ing. HyproceN rErricyaNipe C,,N,,Fe,H; in red, unstable
crystals, by decomposing lead ferricyanide by SH, and evapora-
tion. |Nitro-prussides. Soprus NrrrorrrssipE C N, NOFeNa,,
ruby-red crystals. By digesting C,N,Fe,Na with NOON=a
+ OH, = I'e(OH), + C,N,FeNONa, Generally by action of
nitrie acid upon sodium ferrocyanide. Test for alkaline
sulphides : gives purple color. HYDROGEN NITRO-PRUSSIDE
in erystals.] Cobalticyanides. I’OTASSIUM COBALTICYANIDE
(CN),,C0.K,, in yellowish, flattened prisms, isomorphous with
CN e, K. Chromicyanides. P’OTASSIUM CHROMICYANIDE
(CN),,Cr, I, brownish-red prisms. Potassium manganocyanide
(CN),;Mnl,,30H,, deep-blue square tables. PorAssiuM MAN-
GANICYANIDE (CN),.Mn,K, deep-red, rhombic prisms,

Cyanogen and Chlorine. CyaxoGEN cHLoRIDE CNCI, a liguid
hoiling at 12°.6 C. By uetion of Cl, upon CNH. Polymeric
modifieation O;N,Cl,, a solid, by passing Cl, into a solution of
CNH in ether. CGNBr, in needles. CNI, in needles. By action
of I, upon C,N,Hg. Cyaxamme CNH,N from CNCl 42H;N
= CIH,N 4+ CNH,N. Methyl eyanide H,CCN =(C,Hy)N is
ethenyl nitrile. Also called aceto-nitrile, because it can be
prepared from acetamide by loss of OH,. C,H,0H,N — OH,
= C,H,N. By distilling CNK with SO,CH,K = SO,K, +
H.CCN. Boils at 77°C. By heating with KOH (absorption of
20H,), into H,N and salt of corresponding fatty acid,. AsCNH +
20H, = H,N 4+ HCOOH, so H,CCN 4 20H, = H;N 4 ACETIC
acip, CH,COOH. Methyl isocyanide H,CNC, boils at 54° C., of
very repulsive odor. From CH,I with CNAg. In isocyanides,
C directly united with pentad N. When isocyanide treated with
HOK, an amine produeed (an alcoholic ammonia) and formie
acid. Thus: H,CNC + 20H, = mersyLamiye N(CH;)H, +
HCOOH.

Cyanic acid CNOH, limpid, colorlessliquid, pungent like acetic
acid. By OH,into H,N and CO,, which unite to CO(OH)(OH,N),
and cannot be separated by acids from cyanates. Changes
spontaneously into solid ¢YAMELID (isomeric). Prep. of CNOH:
distilling the polymerie modifieation cyaxuric actp (CN);(OH);
— 3CNOH. Cyanates: by oxydation of cyanides. Porassiry
cyanaTE CNOK, crystallizes from aleohol in thin, transparent
plates. Prep. ONK 4 PbO = Pb + CNOK. Slowly by moisture
into H,N and CO(OH)(OK). Ammontum cyaNare CNOH,N.
By mixing vapor of CNOH with HyN, a white erystalline solid.
With CIH, evolves CO,, and with HOIK, ammonia. DBut, if
heated, into urea CO(H,N), which is metameric with eyanate of
ammonium, [Cyanuricacid (CN),(0H),,20H,=C,N;0;H,,20H,,
colorless, oblique-rhombie prisms. Tri-basic.  Little soluble.
Very stable. By passing dry Cl, over melted urea CO(H,N),
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and removing H,NCl by water. 6CO(H,N), + 301, = 20C1H +
N, + 4H,NCI + 2C;N;0,H,. By Leat into eyanie acid, Ful-
minie acid ,N,0,H, not known in free state. Dibasic. SILVER
reaNate C,N,0,Ag,, white erystalline plates, soluble in 36 of
boiling water. kxplodes violently when heated or rubbed.
2N0,0Ag + N,0; + C,HOH=20H,+ 2NO,0H+C,N,0,Ag,.
Mercuric FULMINATE C,N,0,Hg resembles the silver salt. In
percussion-caps. Fulminuric acid C,N,H,0,0H is mono-basic.
Also, isoeyanuric acid. ]

Urea CON,H, = CO(H,N),, the most abundant constituent of
the urine, wus artificially produced by Woehler in 1828 from am-
monium cyanate CNOH,N by heating to 100°C. In the urine
of man it varies, but may be said to average 1.4 per cent. It
erystallizes in long striated needles, very soluble in water and
in aleohol. By :NOOH = CO, + 2N, 4+ 30H,. DBy CHLORINE:
CON,H, + OH, + 3Cl, = 6HCl 4 CO, + N,. Heated to 120°C.,
it fuses and decomposes into ammeLINE C;N,OH(H,N), and at
150° C. into Brvrer C,H,N;0, [and biunret (3) into 3H,N +
2(ON);(OH),.] Urea unites with NO,OH, in shiny scales or
rhombie prisms to NrrraTE CO(H,N),,NO,OH very little soluble.
Obtained by evaporating urine to syrup, and after filtration
adding its own bulk of nitric acid. Urea from this nitrate by
C00,Ba, evaporation and solution in beiling alcohol, in which
barium nitrate insoluble. OxaraTe (COOH),2CON,H, in
transparent prisms. Urea from this oxalate by Caleium car-
bonate and solution in water. With mercurie nitrate urea forms
three compounds, and unites also with HgO und other bases.
Heated with OH, in closed tubes at 100° C,, into carbonate of
ammonium. It is the Diamide of carbonic anhydride, and con-
tains the elements of ammonium carbonate minus 20H,. Iso-
meric with carpaMIDE, but not identical, as when heated with
alkaline solution of potassium permanganate it gives off its
Nitrogen as such, whereas carbamide has its N oxydized to
nitric acid.  Artificially prepared from CHLORO-CARBONIC ACID
COCl, 4+ 2H,N = 20C1H 4 urea. Also from ETHYL CARBONATE
CO(0C,H,), + 2H,N = 2C,H,OH + uvgeA. [Urea containing
aleohol radicles. Eruyr-urea COH,(C,H,)N,. DI-ETHYL UREA
COHL(C,H,),N,. MerayL-uReA COH(CH)N,, &e., &c.]

Sulphocyanate of potassium CNSK, corresponds to the cyanate
CNOK. Deliquescent, striated prisms. Deep-red color with
C1,Fe,, bleached by Cl,Hg, and evolving SH, with Zn and acid.
Easily prepared by melting CNK with sulphur, Also by
caleining 8 with (CN)FeK, and CO(OK),. CNS8Na in the
saliva. THyDrROGEN suLrHOCYANIDE CONSH, an oily liquid re-
sembling acetic aeid, easily resolving itsell into CNH and
HYDROGEN PERSULPHOCYANIDE C,N,S(SH),. IS0SULPHOCYANIDE
oF ForTAsstuy NCSK, from the latter compound by alecholic HOK,
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Browns with Cl,Fe,. By fusion into CNSK, AMMONIUM SUL-
rHOCYANATE CNS(H,N) in colorless, deliquescent tables. At
140° C., in part at least into Sulphur-urea CS(H,N),, or urca
in which 8 tukes the place of O in carbonyl CO.—Aliyl iso-sulpho-
eyanate NCS(C,H.) pungent, volatile “oil of mustard” DBy
action of myrosin and water upon myronie acid in sceds of black
mustard. Burning taste. Blisters the skin, Boils at 148° C.—
By passing Chlorine into CNSK, yellow, insoluble PERSULPHO-
cYANOGEN C,N,H.S,; is produced. Insoluble in water, alcohol
and ether. When heated, into aYproMELLONE C N H, Thus-
6C,N,HS, = 6CS, 4 38, 4+ 2C,N H,.

Amines. Derivates of H,N by substitution of alcohol-radicles
for Hydrogen. Monamines, from one molecule of H,N by mon-
atomic radicles:; Diamines, from two molecules of H;N by di-
atomic radicles: Triamines, from three molecules, by triatomic
radicles, The nitrogen may be substituted by Phosphorus,
Stibium, Arsenicum. Monamines may be primary, secondary or
tertiary, according to removal of one atom, two, or three atoms
of hydrogen, The amines resemble ammonia in properties.
Thus: tri-methylamine unites with methyl iodide to TETRA-
METHYLAMMONIUM I10DIDE N(CH,),I. Methylamine NH,CH,.
Dimethylamine NH(CH,),. Tri-methylamine N(CH,), Is
contained in herring-brine. Tetramethyl-ammonium hydrate
N(CH,),0H. When heated into trimethylamine and methylie
aleohol: N(CH,); + CH,0H.—Tri-methyl phosphine P(CH,),.
Colorless oily liquid. With methyl iodide into TETRAMETHYL
pHosrHONIUM IoDIDE P(CH,),I, and this by silver hydrate into
TETRAMETHYL PHOSPHONIUM HYDRATE P(CH,),OH.—Tri-methyl-
arsine As(CH,),. Unites with CH,I to TETRAMETHYL ARSONIUM
1opipe As(CH,),I, from which AgOH separates the hydrate.
Arsen-dimethyl As,(CH,), is “eacodyl.” Spontancously mflam-
mable. * Alkarsin” Colorless, trausparent liquid, of horrible
odor, intensely poisonous. By leating an ucetute with arsenious
anhydride. Unites with Cl, and splits into two. CAcoDYL
cunoriDE As(CH,),Cl, colorless, fuming, poisonous liquid; boils
above 100° €.  With Zn gives pure cacodyl, As(CH;),I.
As(CH,),CN. By slow oxydation cacodyl into Oxide of cacodyl
As,(CH,),0. By further oxydation into Cacodyl dioxide
As,(CH,),0,. Yet complete oxydation into Cacodylic acid
As(CH,),00 H.—Trimethyl stibine Sb(CHj);. Also: Sb(CH,),I.
And Sh(CH,),0OH.

Metallic methides. ZI1NC METHYL or ZINC METHIDE. Zn (CHy),.
By heating methyl iodide with Zine under pressure. Color-
less, spontaneously inflammable gus, decomposed by water into
ginc-nypROXIDE  Zn(OH), and wmerEaNE CH,.  STaxNous
METHIDE Sn(CH,),. STaNNic METHIDE Sn(CHy),. ALUMINUM
meTHIDE Al(CH,),  Mercuric mETHIDE Hg(CH;),. Yery
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poisonous liquid, LEAD METHIDE Pb(CH,),. SILICON METHIDE
Si(CH,),.

II. Di-carbon group C, Ethane C,I; and derivatives.

By substituting methyl for hydrogen in methane, we obtain
dimethyl or ethune. Thus CH;CH; = C,H,.

Ethane, the second of the paraffiu group, C,H, differs by CH,
from methane, and is the second in this homologous series.
(C,H,).Zn + 20H, = Zn(OH), + 20, H,. Also by electrolysis
of aceticacid : 2CH,COOH=H, + 200, 4+ CH;CH,. Colorless
gas, burning with pale flame. By action of chlorine into chlor-
ethane or ethyl chloride C,H.Cl and CIH. Ethene CH,CH, or
C,H,, ETuyYLENE or OLEFIANT Gas, Colorless gus, inflammable
with brieht flame, burning into 2CO + 20H,.  Dyad radicle.
Unites directly with Cl,, Br,, I,. Thus CH,CICH,Cl = C,H,Cl,
is Duteh Liquid. In presence of nascent H, into ethane again.
Eruexe C,H, is prepared by abstraction of OH, from ethylic
alcoliol C,H,OH, It is also called an olefine. Also made by
passing the chloride of the alcohol radicle over CaO. Thus:
20,H,Cl 4+ Ca0 = CL,Ca + OH, + 2C,H,. Also from ethine
C,H, by H, nascent = C,H,. Acetylene or ethine CHCUH =
C,H,, colorless gas of unpleasant odor, burning with sooty flame.
Often formed in incomplete combustion of CH, and of C,H,.
Thus: 4CH, + 30, = 60H, + 2C,H,. Again: 2:C,H, + O, =
20H, + :C,H,. Formed from its elements by heating Carbon
points whilst glowing in hydrogen. Also by heating C,H,Br,
with :HOK = 2BrK + 20H, + C,H,. Ethine by nascent hy-
drogen into ethene. It is absorbed by ammoniacal cuprous
chloride and silver nitrate : C,Cu,,0H,. C,Ag, OH,.

Ethyl hydroxide or Methyl carbinol, C,H.OH = C|CH,H,0H
= CH,,CH,0H. As “absolute alcohol,” colorless, volatile, of
strong spirituous odor. Inflammable; burning to 2C0O, and
3H,0. Sp. gr. o.8095 at o® C, and 0.794 at 15°.5 C. Never
frozen. Viscid at —r10° C. ~ Boils at 78°.5 C. Great affinity
for water. A solvent of gases, deliquescent salts, but not of
CO(OK),, of HOK, HONu, of I (tincture), Br, of resins (var-
nishes), essential oils (various Eaux de) alkaloids, &e. TFats
and fixed oils, except castor-oil, but little soluble. TForms
alcoates : in them it takes the place of water of crystallization as
in C1,Ca,4C,H,OH. ** Proof-spirit” contains 49.24 per cent. of
alcohol by weight. Practically every additional o.5 per cent.
of absolute aleohol, to proof-spirit, is one degree ahove proof.
Absolute aleohol is made by long digestion of rectified spirit
of wine upon CaQ, and distillation. Can be made from its
elements : a. From C, + H, at white-heat = C,H,. b. Eruinn
C,H, by nascent H,, into grnENe C,H,. e. ETnene C,H, with
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S0,(0OH), into eTaYL stLeaURic Acip SO,0H(OC,H;). d. By
2HONK into SO,(0OK), + OH, 4+ CH,;,CH,0H. Or by distillation
with water, into sulpluric aciil and ethyl aleobol. Vixots
FERMENTATION. The ferment is probably a fungus Torvula
cerevisiz and Penicillium glaweum, which lives upon the al-
bumen eontained in juice, say of grape, and induces a change
which brings about the aleoholic fermentation of the GLucose
CH,,0, into 2C0, 4 2CH,.CH,0H. Temperature of 21°.2 C.
most fuvorable to fermentation. Port contains from 15 to 17
per cent. of aleohol ealculated as absolute ; Sherry, 14 to 16 per
cent.; Madeira, 14 to 17; Amontillado, 12.6; Claret. 8 to g;
Rhine wines from 7 to 1o per cent. Claret, Burgundy, and
Rhine wines contain but little sugar; sherry less than port.
Cream oF TarTAr C,H,(OH),(COOH)(COOK) in all grape-
vines : least in old wines. Alcohol, as genuine wine, rouses
slugeish digestions, limits the metamorphosis of foud, gives tem-
porary strength to nervous system, carries off the efiects of chills,
and prevents the absorption of bad odors. When diet is insuf-
ficient, it arrests the progress of decay till nature can again
assert the power of the stomach to take food.

Ethers of ethylie. Cuvorernane C,H,Cl = CH;CH,Cl. Color-
less, volatile liquid, of sp. gr. 0. 921, boils at 12°. 5C. By Cl, in
excess, into C,Cl; ultimately. With aqueous HOK = CIK +
C,H.OH. With aleoholic HOK into C1K 4 C,H,OUC,H,. Also
with C,H,0K + C,H,Cl = CIK + C,H,0C,H,. With soda-lime
into 2CINa 4+ OH, + C,H,. Prep. from CIH upon C,H,O0H =
OH, + C,H,Cl. BromrrHaNe C,H;Br. Volatile liquid, heavier
than watcr. loperHaNe C,H, L or ErnyL 10pipE.  Colorless liquid,
of ethereal odor, of sp. gr. 1.92 and boils at 72° C. Very im-
portant. By distilling 70 parts of alcohol, 100 parts of iodine and
5 parts of phosphorus. Practically PI; + 3C,H,OH = P(OH),
+ 3C,H.I. CYANETHANE Or ETHYL CYANIDE CNC,H,, is PROPENYL
niTriLe C,H,N. Boils at 82° C. DBy heating with KOH +
20H, = H,N 4 prorioNic Acip C,H,COOH. IETHYLI80-CYANIDE
NCC,H, by 20H, = erayLaMINE (C,H)YH,N + FORMIC ACID
HCOOH. ™~ ErnyL oxmpe or eruyL erser C,H,0C,H,=C.H, 0
is common *‘ether,” Colorless, transparent, fragrant liquid,
very mobile. Sp. gr. o.72. DBoils at 35°.6 C. Very com-
bustible : one moleeule of the vapor requires six molecules of
O. Miscible with aleohol in all proportions. Ten parts of
water take up one part of ether. Solvent of oils and fats, and
of some salts and alkaloids. Vapor very heavy; 2.586 that of
air. By long action of Cl, in sunshine into C,Cl,,0.

When Na iontroduced into ethiyvl aleohol, sopiuM ETHYLATE
C,H,0ONua is produced and H. Porassium eruyvate C,HOK,
by same means. Thus: 2C,H,0H + K, =2C,H,0K + H,. Now:
C,H,0K + C,H,Cl = CIK + C,H,0C.H,, (See ethyl-sulphuric
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acid.) FEravn svreame C,HSC,H,, colorless oily liquid. of
pungent alliaccous odor, of sp. gr. 0.825, and boils at 72° C.
Very inflimmable, ETHYL HYDROGEN SULPHIDE C,H,SH. Megg-
cApraN. Colorless, limpid fluid of sp. gr. 0.842. Boils at 36° C.
(See methyl, p. 85.) LTHYL NITRATE NO0,0C.H,. Sp.gr.i.r112.
Insoluble in water. Boils at 85° C. Urea employed to pre-
vent the formation of nitrite, - (See UREA, p. 89.) JKTHYL NITRITE
NOOC.H,. Pale-yellow liquid, with odor of apples. Sp. gr.
0.947 : boils at 16°.6 C. A solution in aleohol mixed with
aldehyde, constitntes Spiritus etheris nitrosi. KTHYL FORMATE
HCOOU,H,. Liquid of faint odor as of CNH. Sp. gr. 0.915.
Boils at 53° C. BruyL suLrHATE SO,(OC,H;),. Syrup which
cannot be distilled. ETHYL HYDROGEN SULPHATE or sulphovinic
acid S0,0HOC,H,. Sour, syrupy liquid, in which sulphuric acid
not recognizable by ordinary tests. By mixing rectified spirit
with twice its weight of sulphurie acid. CALcruM ETHYL-SUL-
PHATE. S§0,(0C,H.),,80,(0,0a),20H, colorless, fransparent crys-
tals. Distilled with HSIK, gives mercaptan. PoTaAssiuM ETHYL
S LPHATE 80,(0C,H.)(0K) by CO(OK), [rom former salt. When
a thin stream of C,H,0H is poured into boiling Ethyl hydrogen
sulphate, at a temperature of about 149° C., continuous etheri-
fication is effeccted. Thus: SO, (OH)OC,H,) 4+ C,H,OH =
SO,(OH), + C,H,0C,H,. Then: S8O,0H), + C;HOH =
OH, + SO, (0OH)(OC,H,). ETHYL-DIHYDROXYL PHOSPHATE
PO(0OH),0C,H,. Eravr porate BO(OC,H,). KETHYL SILICATE
8i(0C,H,),. From C1Si + 4C,H,OH = 4CIH + Si(OC,H,),.
ISTHYL CARBONATE CO(OC,H,),. Aromatic liquid ; boilsat r25° C,
CO(0Ag), + 2C,H,I = 2IAg 4 CO(UC,H,),. HTRYL HYDR-
0XYL CARBONATE CO(OH)(OC,H,). Crystalline. By passing dry
L0, into solution of HOK in absolute alcohol. ETHYL SULPHO-
CcARBONATES. CO(OH)SC,H, CO0,8(C,H;),.

Double ethers. MerHYL-ETEYL Eraer CH,0C,H. Boils at
11° C. Thus: CH,0K + C,H,I = IK 4 CH,(OC,Hj;).

Ethyl aldehyde H,C(COH) = C,H,0. Colorless, mobile,
ethereal liquid. Sp. gr. 0.8. Boils at 21° C. Inflammable.
teducing agent. Thus: Ag,0 + H,C(COH) = H,C(COOH)
+ Ag,. With alkaline acid sulphites, crystalline compounds,
as SO(0H)(ONa),C,H,0. By nascent H,, into respective alcohols.
H,N in ethereal solution of aldehyde, gives crystalline ALpi-
nype-ammoNia H,CCHOHIN = C,H,(H,N)O. Heated with
HOK = H, 4 rorassiom AceTaTE C,H,0,0K). By CLP =
POCI, + chloraldehyds CH,CHCl, By Cl, = ClH + acetyl
chloride C,H,0.Cl.~ Fused with HOK = H, 4+ C,H,0(0K).
Several polymeric modifications, a8 PARALDEHYDE, and METALDE-
HYDE. ALDOL i8 another.  Prep. distilling C,H,(OH) with
S0,(0OH), and Cr0,;,CrO,(0K),: O, oxydizes two mols, of
alecohol by removing 20H,. Also, by distilling sodinm acctate
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with sodium formate : into CO(ONa), + H,CCOH. Acetal
C,H,0.0(C,H,), = C,H,,0,, is aldehyde-ether. Colorless, ethe-
real liquid of sp. gr. 0.821 at 22°.2 C., and hoils at 140° C. By
platinum black into aldebhyde, and then, acetic acid. From
C,H,0.C,H,Cl] by C,H,ONa = CINa 4 Acetal. Chloral or
Chloraldehyde CCl,COH = C,HC1,0. Thin, cily, colorless fluid,
of penetrating odor. Sp. gr. 1.502. Boils at ¢4° C. Freely
soluble in water, aleohol, and ether. With a small quantity of
water, it forms Chloralhydrate C,HCI1,0,0H,. Much used in
medicine. Unites also with ethylaleohol. Heated with alkalies
into curorororm CHCL; (p. 83) and rormaTE of the metal.
Behaves like an aldehyde. By O into TRI-CHLORACETIC ACID
CCl;,COOH. Prep. by action of 4Cl, upon ethyl-aleohol, or of
3Cl, upon aldehyde. Thus: CH,CH,OH 4 4Cl, = 5CIH +
CCl,,C0OH. BromaL CBr,,COH. Boils at 172° C.

Acetic acid H,C.CO0H = CH,COOH or C,H,0,. The second
of the fatty acids, derived from the parafiin series of hydro-
carbons, Monobasic. Is found in the juices of many plants as
acetate. (lacial acetic acid, in lustrous plates, fusing at 17° C.
Sp. er. of liquid 1.055. DBoils at 118°C, Miscible with water,
alcohol and ether. Five per cent. or less in vinegar. * Pyro-
ligneous acid” by destructive distillation of wood. Maiunly
prepared by oxydation of aleohol. H,CCH,OH + O, = OH, +
H.CCOOH. Ihosploric chloride changes acetic acid into Acetyl
chloride C,H,0Cl. Thus: C,H;0.0H 4 PCl, = POCl, + C1H
+ C,H,0Cl. By passing the vapor of acetic acid through a red-
hot tube, we obtain Acetone CH,COCH,. Acetates. Potassium
acetate C,H,0.0K, foliated, deliquescent. Used in medicine as
a diuretic. Sodium acetate C,H,0.0Na,;0H, in oblique rhombie
prisms, very soluble in water. Used in making the acid with
SO,H,. Also for mersANE CH,. Thus: CH,COONa 4 HONa
= CO(ONa), 4+ CH,, Ammonium acetate CH,COOH N, dia-

loretic, Important. Heated with P,0, loses 20H,, into
Ethenyl nitrile (C,H;)N or aceto-nitrile. Methyl acetate
CH,COO(CH,), in wood spirit. Colorless, fragrant liquid. Boils
at 55° C. Ethyl acetate CH,CO(OC,H,), fragrant limpid fluid,
of sp. gr.o.89, and boils at 73°.8 C. By distilling sodium acetate
with ethyl aleohol and sulphurie acid. Thus: CH,CH,OH +
SO,H, + CH;CO(ONa) = SO,(OH)(ONa) 4+ CH,CO(OC.H,).
Acetamide C,H,0,H,N, white erystalline solid, melting at 78° C.
From ethyl acetate and H;N. Also from ammonium acetate —
OH,. Also from C,H;OCl 4+ H;N = HCI 4 Acetamide. Behaves
like an acid and a base. By loss of OH, into ACETO-NITRILE
(C,H)N. Heated with CIH into CIH,N + Diacetamide
(C,H,0),HN : it is a secondary monamine, just as acetamide is
a primary. Ethyl-acetamide (C,H,)(C,H;O)HN is formed from
ethylamine and acetyl chloride with loss of CIH, Lead acetate
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(C,H,00).Pb,30H, is sugar of lead, in right-rhombie prisms, or
in masses of white crystals. Soluble in less than 2 of water.
By heat, anhydrous; then fnses. If temperature raised, into
Pb0,C0,, and Acetone C,1;0,CH; or acetyl methyl. But
acetone is better prepared by distilling CALCIUM ACETATE
(CH,),(CO0),La = (0(0,Ca) + Acetone, Colorless  liquid.
Boils at 56°C. DBehaves like an aldehyde, but with nascent
H, yields SECONDARY PROPYL ALCOHOL CH,.CHOH.CH, (p. 1or).
Acetone also, from zine methide and acetyl chloride: (CH,).Zn
+ 20H,.COC! = Cl,Zn + 2CH,.C0.CH,. Goulard extract 1is
BAsIC ACETATE 2PbO,(C,H;0),0,Pb,0H,. In crystals, by addi-
tion of H,N to acetate of lead. Iormed in manufacture of white
lead PH(OH),,2C00,P’h. Copper acetate- (C,H,0,),Cu,0H, in
ereen erystals, solublein 14 of wuter. Verdigris is basic acetate,
Silver acetate (,H,0(0Ag). small colorless needles, little soluble
i wuter. Mercurous acetate, smull scales, very little soluble.
Ferric acetate, dark red-brown, unerystallizable. Ag, Hg,, and
Fe, salts, are tests. Acetic oxide is the Anhydride (C,H;0),0 =
(C,H,0)0(C,H,0). Heavy oily liquid, slowly by waler into
acetic acid. Prep. From acetyl chloride on sodium acetate =
CINa + (C,H,;0),0.

Chloracetic acids. By action of Cl, upon acetic acid in sun-
shine. The Cl substitutes one, two, or three atoms of Hydrogen
in aceryn C,H;0. MONO-CHLORACETIC ACID (CH,CI)COCH.
Dri-carLoraceric Actp YCHCL,)CO00H. IRI-CHLORACETIC ACID
(CCL)CO0H. With H,N yields Chloroform (p. 83). Bromacetic
acids. Iodacetic acids. Thiacetic acid CH,;COSH, by P,§; on
5CH,CO0H = P,0, 4+ sCH;COSH. Amidacet.e acid CH,(H,N)
COOH is Glycocin, or gelatin-sugar. Transparent crystals
easily soluble in water. Prepared by 2H,;N upon monochlor-
acetic weid = CIH,N + glycocin. See hippuric acid, p. 114.
Nitrons acid changes it into OXY-ACETIC or GLYCOLLIC ACID
CH,OH.COOH+ N, + OH,. Methyl glycocin or Sarcosin CH,
(CH,.HN)COOH, colorless, rhombic prisms, isomerie with alunin.
By boiling ercatin with Baryta water; also by digesting ethyl
chloracetate with aqueous solution of methylamin. Thus :
(H,CLCOOC,H,+CH, H,N+OH,=ClH +C,H,0OH + methyl-
glycocin CH, HNCH, COOH. It combines with acids to form’
salts. When Leated with sola-lime it gives off methylamin (p. go).

Amines,—Ethylamine C,H . H,N - C,II.N. A primary amine, or
ammonia in which the aleohol radicle * ethyl™ replaces H atom
for atom. On digesting bromethane C,H,Br with aleoholic
eolution of H,N, ErHyL-AMMOoNIUM BrROMIDE C,H H,NDBr is ob-
tained ; on distilling with CaOOH,, Br,Ca and 2C,H;H,N result.
Or, from ETHYL-1800YANATE NCOU,H, by 2HOK = CO(OK), +
NH,C,H,. Mobile liquid of sp. gr. 0.696. Boils at 19°C,
Odor of ammonia, White clouds with CIH, Crystallizable
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salts. Vapor inflammable. Decomposed by :NO(OH) = N, +
20H, +NO(OU,H,). The nitrites of alcoholic radicles thus pro-
duced, easily resolved into corresponding alcohols by distillation
with KOH. The iso-cyanides easily prepared from the aleohols,
and by nascent H, they are changed into Amines. Thus we
pass from a lower to a higher alcohol. By passing vapor of
CN(OH) into (C,H,H,N, we obtain g 1IHL~LRLA LUIIJ(L H,N..
Diethylamine (C,H,), H\f l:-y mixing ethyvlamine with ethyl
iodide, &e. Trmthylamme( JH),N. Tetrethyl-ammonium hy-
drate (C,H,) N.OH. From fodide by HOAx. Analogous to
KOH. By heat = (C,H,),N + OH, +C,H,. Trieth lphnsphina
(C.H,),P. Trlethylstthe (C,H,),Sh. l!-} distilling 3(C,H,D)
with an alloy of SbK;, &e. Triethylarsine (C,H,),As, &e. Tn-
ethylbismuthine (C,.H,),Bi.

Metallic compounds of ethyl. Porassios grame (C,H,)K and
C.H.Naonly known in eombination with (C,H,).Zn. Zinc ethide
(G, H, J)en.  United with I,Zn, by heating IC,H, with Zn in
close vessel, and separating by distillation in H. ‘-»-1*1 ves to ex-
change etllyl for C1, Br, I and in compounds. Mobile, volatile
llqun] burning with ereenish flame and depositing Zn0O., By
water into Ethane C,H; and zixc uyproxine Zu(OH),. With
dry O, first into C,H, Zin(CHL H,)and then into C,H,0ZnOC,H
With I,. =I1C,H, 4 [7/nC,H,. Then 1ZnC,H, + L, = I,Zn +
IC.H.. With MERCURIC CHLORIDE, zine ethide gives CL,Zn +
Mercurie ethide (C,H;),Hy. Plumbic ethide (C. H, ), Ph. Silicon
ethide (C,H,),Si. by zine ethyl on Cl,8i. Colorless liquid, boils
at 150°C. 1\113' be regarded as the ninth parafiin, xoxyrL C,H,,
in which Si replaces "C. Borethide (C.H,),B, boils at 95°C.
From ethyl borate by zine ethide.

[A dicarbon monatomie alcohol not belonging to the primary
alcohols of the paraffin seriesis, vinyl aleohol C,H,OH. Pre-
pared by Berthelot from ermize C,H,, by LmnlmumT with
SO,(0OH), to viNyL-svLpHURIC ActD SO,(OH)(OC,H,), and dis-
tilling with water. The radical vinyl is univalent. Only two
alcohols of this seriesare known. 1. VINYL ALCOHOL. 2. ALLYL
AaLconor, C;H,OH, see p. 102.] Ethene or ethylene C,H,, p. g1,
is o dyad radical. 1t is the basis of a series of diatomic eleohols,
derived from the paraffins by substitution of :OH for 2H.
"Thus: C,H; becomes C,H. (OH),. 1. Methene CH, is unknown.
Its oxygen compound is CO. [Its glycol, METHENE GLYCOL
(CH,)"(OH),, eannot attract to itself more than one atom of
OH. MErHsNE AcerTaTE (CHL)"(OC,H,0), Oily liquid.
From merHeENE 1001pE CH,I, on O, H, D((h’sg} METHENE OXIDE
(CH,)'O or rather (CH,),0,.] 2. Ethene alcohol is Glycol
C,H,(OH),. Colorless inodorous liquid of sp. gr. 1.125. DBoils
at 197°,5 . Miscible with water in all proportions. Prepared
from ETHENE BroMIDE C,H Br, by silver acetate 2(CH,COOAg)
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= 2BrAg + (C,H,0.0),C,H,. By distilling acetate of ethene
with Ba(OII) = (C.H, UU) Ba + C,H,(OH),  Potassium
may expel one or two atoms of H in OH, and yield mon-
or di-ethenate. Ethers of the glycols obtained by treatment
with iodmethane. iodethane, &e. Thus: C,H,(OH)(ONa) +
C.H,I = INa + ETHYL ETHENATE G, ,H,(OH)Y(OC,H,). Again:
CLH (ONa), + 2C,H,I = 2INa = pDIETHYL ETHENATE C,H,
{UL“,H Jo lhclmul-um:lh produce ethereal salts, but the hy dr-
acids of Cl. Br, I, &e., only remove one atom of OH, forming
ETHENE CHLORHYDRATE C,H,OH.Cl. DICHLORINATED ETHER
C,H,Cl, can only be produced from the alcohol by 201,P =
2CIH + :POCI; + eTHENE DicHLORIDE C,H,Cl,, the Dutch
liquid of Chemistry. C,H/Cl, is a thin colorless liquid, of
etliereal odor ; heavier than water. Boilsat 42°.3C. Prepared
by mixing Cl, with C,H,. C,Cl; is a white erystalline, aromatic
suh-hnm the analogue of ErHANE C,H,. C,Cl, in white
ne: dles, obtained by passing CHCI; or C.,l'ul tlamurrh a red-hot
tube. ETHENE BROMIDE (C, HJ”BI.,, boils ut 129°.5 C. ETHENE
oopE C,H,1L,, a erystalline substance, made by acting upon
U.H,0l1, "."rlﬂl I,. Ethene cyanide (C,H,)'Cy,, crystalline,
melts at ;0° C. By distilling :CNK + C,H,Br, = 2BrK +
Cy.(C,H,)". Ermene oxmoe (C,H,)’'O, tmnspmmt colorless
fluid ; boils at 13°.5 C It takes up nascent H,, and becomes
ethyl-alecohol. From ETHENE cuLor-uyDpr1N C,H,OHCI 4 HOK
= CIK 4+ OH, + mruese oxine C,H,0. It is a powerful base,
and unites with H,N to form basic cl}mpnund:s with 1, 2, 3 and
4 molecules of C, H o Oof syrupy character and no crjstqlluu
compounds with acid sulphites. Ethene oxide is thus distin-
cguished from aldehyde or ErHIVINE ox1DE CH,COH. ETHENE
sULPH-HYDRATE C,H (SH),, colorless oil, insoluble in water,
From C,H,Br, by 28HK. KrueNE svirHe (C,H,)"S,(C,H,)"S.
Crvata]hne solid. Vapor-density 60. ETHENE SULPHONIC ACID
C,H (S0,H),, difficult to erystallize. By oxydation of the
sulph-liydrate of ethene, or by boiling ethyl-alecohol with sul-
phuric anhydride. €,H,(0H)S0,H is isethionic acid, and isomeric
with ETHYL sSULPHURIC AcID C,H,HSO,. Unerystallizable liquid,
decomposed by boiling with water. AMMONIUM ISETHIONATE
C,H,OHSO,H N, heated fo 230° C,, into OH, and ethene-
am1du~sulp]mmc acid or Taurine C,H (H,N)SO, 1[ Isethionie
acid, by oxydation of the sulph- hjf{lmtn uf ethene, or by action
of nitrous acill on taurine = N, 4 OH, + isethionic acid
(C,H,)'(OH)SO,H.

Taurine C,H,(H,N)SO,H is found in the bile of oxen, &c , in
combinatien with cholic acid, and is prepared by boiling
TAUROCHOLIC Acth C,H, NSO, + OH, with HOK. Inrhombie
prisms, easily soluble.

Ermionic axmyoripe C,H (80,),, in deliquescent needles.

H
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By OH, into ETHIONIC ACID C,H,(08S0,0H)S0,0H. Resolved by
boiling water into SO,(0OH),+-isethionic acid C,H ,(OH)(SO,H).
Glycol (CH,0H), or C,H,(0H), by oxydation, forms the first of a
series of diatomic and monobasic acids. Glycollic acid C,IH,0,
— CH,"(OH)COOH) or oxy-ACETIC AcCID, is the first of the
lactic series, or oxy-futty acids. Sometimes syrnpy liquid, at
others crystalline. ~ Sour, very soluble, begins to boil at roo® C.
(By dehydrants, from 2 mols. minus OH,, into dibasic DI-GLY-
corLic acip C,H,0.) Prep. from Glycol by platinum-black.
From glycocin, p. 95, by nitrous acid. From bromacetic acid
by HOAg. CH,Br(COOH) + HOAg = BrAg + CH,0HCOOH.
From oxavic acip by 2H,. By further oxydation of a glycol,
we obtain a series of diatomie, dibasic acids. They all contain
4 atoms of O. 1. Oxalic acid C,H,0,,20H, =(C,0,)"(OH),20H,.
Oblique, rhombie prisms, soluble in 3 of water, and in their
own weight of boiling water. Poisonous : magnesia or
chalkk the best antidotes. Reduces Cl;Au. Thus: 2C;Au
+ 3[(C,0,)'(0H),] = 6CIH 4 6CO, 4 2Au. By SO,H, into
SO,H,,0H, + CO, + C0. All OXALATES decomposed by heat,
generally into carbonate, and Carbonic oxide, sumelimes into
metal and CO,, without blackening. (C,0,)"(0K),,20H, in
rhombic prisms. (C,0,)"OH.0OK.20H,, is salt of sorrel. In
Rumex, Ozalis acetosella, &c. Soluble in 40 of waler, and
6 of boiling. QUADROXALATE (C,0,)"0H.0K(C,0,)"(OH),.
SopruM  OXALATE very little soluble. AMMONIUM OXALATE
(C,0,)"(0H,N),,20H, : by heat into 20H,+0XAMIDE (C,0,)"
(H,N),. Heated with a de-hydrant into 40H,+-di-cyanogen C.N..
Cyanogen in water + (4OH,) = (C,0,)"(OH,N),. AMMONIUM
HyproxanaTe (C,0,)"(OH)(OH,N),0OH,. By heat at 232° G,
into oxamic acmn (C,0,.)'(OH)H,N). CALCIUM OXALATE
(0,0,)"0,Ca,4aq. white, insoluble in water and in acetic acid.
“ Mulberry caleunlus,” because often blood-stained. By heat
= (20,00,4+C0O. Lime and soluble salts, a test. (C,0,)0,Fe
nearly insoluble. Ferric soluble. (C,0,)"(0C,Hy), is oxalic
ether. Colorless, oily liquid of aromatic odor, and 1.09 sp. gr.
Boils at 183°.8 C., little soluble in water. With :H,N into
ethyl-alcohol and oxammve (C,0,)"(H,N),. With dry gaseous
ammonia, ethyl oxalate yields alcohol, and ETHYL OXAMATE
(C,0,)'(H,N)OC,H,). Oxamide (C,0,)"(H,N),n white powder,
insoluble in water and in aleohol. Its vapor through red-hot
tube : 2(C,0,)"(H,N), = CO"(H,N), + CNH + H,N + CO +
CO,. Tt is formed when 20NH + O,H, are brought together.
By dilute acids into oxalic acid and an ammonium salt. Di-
METHYL oxAMME (C,0,)"(CH,),NH,N., &e. KTHYL CARBONATE
(CO)'(OC,H,), by K or Na upon ethyl oxalate: CO evolved,
MeTHYL OxALATE (C,0,)"(OCHy),, in transparent rhombs.
Melts at 53° C. Boils at 161° C,  With dry H;N info methyl
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oxamate (C,0,)'(H,N)OCH;. ETHENE OXALATE (K}EOZ)”(DCHE):
from silver oxalate by C,H,Br,. Prep. of oxalic acid. From
calcium oxalate by SO, ”(UH) 2. from sugar by nxj,ftlntmn
mth nitric acid: C,H,,0,, + 90, = s0H, —]— 6 oxalic acid.

by heating potassium-amalgam in CO,; or Na, in 200,
—({ .0.)"(UNa),. 4. Upon a lmw{, scale, by heating sawdust
with mixt KOH + :NaOH at about 204° C. and ‘treatment
with water, which leaves sodium oxalate undissolved. From
(C,0,)"(ONa), + Ca(OH), = (C,0,)"(0,Ca) + 2NaOH. From
calcium oxalate by sulphurie acid : (C,0,)"0,Ca + 8SO,(0OH), =
80,0,Ca+(C,0,)(0H),.—2. Malonic acid C, H,0, = (C,H,0,)"
(OH), = (CH,)"(CO0H), ; rhomboids. Melts at 14-::-"3' C. At
150° C. into CO, + (CH,)COOH. By oxydizing malic acid 4
0, = CO, 4+ OH, + malonic acid. Also by -oxydation of PRro-
PENE-GLYCOL (C,H,)"(OH),. |Nirro-maroNic acip (CHY(NO)
(COOH),, in fusible needles: e¢xplosive. AMIDO-MALONIC ACID
CH(H,N)(COOH),, by nascent H, upon the nitro-compound.
Shining prisms. By heat into CO, and AMIDACETIC ACID
CH,(H,N)COOH or glycocin.]

Mesoxalic acid CO(COOH), = (IO, by substitution of
O for H, in maLoxic acip CH (L‘OUH) Deliquescent prisms,
mntalmn g OH,. Melts at; 115° C. By oxydizing amido-
malonic acid LH{‘T(})(C,DOH) +0=H, ‘\I + CO(COOH),. Also
from alloxan 4 20H, (hoiled with ;i.“(:lllﬂﬂ} = CO(H,N), +
CO(COOH),. \Iaaccnt H, converts mesoxalic acid into TAR-
TRONIC ACID (»H(UH](DUUH}.

3. Succinie acid (C, IL)”{CDUH ). = C,H,0, = (C,H,0,)"(OH),.
Colorless oblique rhombie prisms, -anIu'E]lL in 5 of cold and 3 of
boiling water. Melts at 180° C.; boils at 235° C., loses OH,
and becomes SCCCINIC OXIDE 0F ANHYDRIDE (C, H G )“0 Also:
C,H,(COOH), + CLP = CLOP 4 20IH + (C, H ,0,)'0. Al
kaline succinates I'Lﬂdl]} soluble. FERRIC sU COINATE, red-brown
precipitate, dissolved by ClH. Succinates, not preecipitated
from salts by acids, but, in the cold, by Cl,Ba, after addition of
H,N and aleokol. Succinie acid exists ready formed in amber
(succinuwm)., Most easily obtained by fermenting ecaleinm
malate. (See Maric acip C,H,(OH)(COOH),, p. 105 ) Also by
oxydizing suTYRIC AcID C,H,(COOH) = OH, 4 succinie acid.
Also by action of IH upon nmlm acid. Thus: C, ,H,OH(COOT),
+ 21H = 1, 4+ OH, + succinic acid.—Also from ETHENE OYANIDE
(C.H,)' {J,,N by alcoholic potassoxide. Thus: (C,H,)"C,N, +
*H(}h+ zl’j.'IrI2 2H,N + poTAssitM sUCOINATE. (C, II ]i”l(CL}"CIK)2
Also by nascent H, to remanic acip (C,H )”(l,'_;{]lZ]'II}2 Mono-
bromsuccinic acid '[' H,Br(COOH), by ll[,.ﬂtll]ﬁ‘ the aecid with
Br, and water in sealed tubes to 160° C. In eroups of needles,
ﬁnsily soluble. Melts at 160° C., evolves BrH, and becomes
fumaric acid. DBy boiling with HOAg, into BrAg and malic

H 2



100 1I1. TRICARBON SERIES. PRIMARY PROPYL ALCOHOL.

acid C,H,OH(COOH),. Di-bromsuccinic acid C,H,Br,(COOH),
in prisms, By 2HOAg into inactive tartaric acid C,H,(OH),
(COOH),. [Svcersyl carorme (C,H,)"(COCL),. Oily liquid,
produced by action of PCl; upon suceinic acid.] [Belonging to
the same group, as 1. oxaLic Acip (C,0,)"(OH),, p. g&; 2. Ma-
LowNic acip (CH,)(COOH),, p. ¢99; 3. SuvceNic acip (C,Hp)"
(COOH),, p. 99; we have to mention: 4. pyro.tartaric acid (C;Hg)
(COOH,). 5. Adipic acid (C,H,)"(COOH), 6. Pimelic acid
(C,H,)(COOH),. 7. Suberie acid (C,H,,)"(COOH),, white
crystalline powder. 8. Anchoie acid (C.H,,)"(COOH),. 9. Se-
basic acid (C.H,,)"(COOH),. In pearly scales; melis at 127° C,
10. Brassylicacid (C,H,)'(COOH),. 11. Roccellicacid (C,,H,)"
(COOMH),.]

ITI, Tricarbon C; or Propane group C.H,.

All compounds which contain three carbon atoms linked
together are derived from the paraffin propane C,H, = CH;-
CH,-CH,.

Propane C,H,= CH,-CH,-CH,, is a gas, liquefying at—20° C.
Methyl-ethyl. By action of zine and 2CIH on (2) PROPYL
opme C,H.I. Also contained in petroleum. Exposed to
Chlorine in sunlight, partly into PropyL cHLORIDE C,H.CL
Colorless liquid. Boils at 47°C. Also from normal propyl
aleohol by CIH. PseuvorroryL cuLoribE CH,-CHCI-CH,,
boils at 37°C. ProryL 1opipE CH,-CH,-CH,I or C,H.I, boils
at 102°C. PserporroryL 1o0ipE CH,-CHI-CH,, an oily liquid
of sp. gr. 1.7. Bromine expels iodine. Best prepared by
action of #yprocEN 1opIiDE IH upon crycerin; C,H,(OH), +
s1H = 21, 4+ 30H, + CG;HI. By nascent H, = IH + C,H, or
normal propaNe; C,H, by Cl, inte normal PROPYL CHLORIDE
C,H.Cl or CH,-CH,-CH,C], and this, heated with potassium
acetate, yields normal PROPYL ACETATE. Now normal propyl
acetate, heated in sealed tubes with HOI, gives potassium
acetate and normal propyl aleohol CH,~CH,-CH,OH. A generioc
method of obtaining the normal from the abnormal,

Primary propyl aleohol C,H.OH = CH,-CH,-CH,OH. In
this, as in other primary alcohols, hydroxyl is attached to a
carbon-atom at the end of the chain. Also: Ethyl-carbinol,
Boils at 96° C. Freely soluble in water. In the residues of
certain Freneli brandies,  From rrorioNic ALDEHYDE CHg-
CH,-COH by nascent H, = CH,-CH,-CH,0H. Also from
ETHYL CYANTDE CH,~CH,.CN by 2H, into ProPYLAMINE CH,-
CH,-CH,H,N ; this by :NO(OH) into 20H, 4+ N, 4 PROPYL
NiTrrTE. Then: NO(OC,H,) + HOK = NO(OK) + C;H.0H.—
Propylic aldehyde CH,-CH,-COH or C,;H0, of sp. gr. 0.804.
Boils at 49° C. Resembles acetic aldehyde. Obtained by oxy-
dizing the normal alcohol, or by distilling a mixture of calcium
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formate and propionate: (CH,-CH,C00),Ca + (H-CO0),Ca
= 2000,Ca + propylic aldehyde (2 mols.).—Propionic acid
C,H,COOH = C,H00, Is the third of the series of the fatty
acids, of which FORMIC ACID H.COOH, is the first, and AceTIC
actp CH,-COOH, is the second. Colorless liquid, of sp. gr.
0.992. Soluble in water; the ProrIONATES also. Prep. From
gravL cyaNioe C,H,CN 4 HOK + OH, = H,N + POTASSIUM
PROPIONATE, and from this by distillation with PO(OH),. Also
from rnacric acip C,H,0, + 2IH = I, + OH, + C,H,.CO0H.
[CuLoro-pROPIONIC ACiD CH;-CHCl-COOH. Dense liguid of
sp. gr. 1.28. Boils at 186° C. Prepared from lactyl chloride by
OH,, and changed when heated with HOAg, into ClAg and
lacticacid. Broyo-pror1oNtc Actp CH,Br0,, issolid at — 17°C,,
and boils at 202° C.  From propionic acid by Br, or from lactic
acid by 2BrH. Alcoholic H,N changes it into Alanine or AMIDO-
PROPIONIC ActD CH,-CH(H,N)-COOH. Crystallizes in tufts of
needles, soluble in § of water. Quickly heated, into CO, and
ethylamine. Nitrous acid converts it into lactic acid. Propion-
am&%& C,H,0,H,N, resembles acerampe C,H;0,H,N. Melts at
15 W

Eerm:!lﬁary propyl aleohol C,H.OH = CH,-CHOH-CH,. “ Pseudo-
propyl aleohol.” The OH is placed between two other carbon-
atoms, as in all secondary aleohols. Isomerie, but differing
in properties and results of decomposition. Also called DI-
METHYL CARBINOL. Boils at 84° C. Forms definite hydrates.
From 180-PROPYL IODIDE by sILVER acetate, AND from iso-propyl
acetate by HOK. On oxydation yields a ketone (not an alde-
hyde). Thus: CH,~-CHOH-CH, minus H, = CH;-CO-CH; or
Acetone C,H.0 (p. 95). Nascent hydrogen H,, changes acctone
into secondary propyl alcohol. Acetone, by further oxydation
20, = CO, + OH, + aceric actp CH,COOH. [Chlorine may
gabstitute H, atom for atom in acetone. Under the influence of
ClH, acetone may become : mMEsiTYL-OXIDE C H,,0; PHORONE
C,H,,0, and mEsITYLENE C,H,,.]

Propene (,H,, colorless gas, condensable. In coal-gas. With
IH forms secoNpArY PROPYL 1opipE CH, CHIL.CH,. By nascent
H or IH on avuyn topme C,H.1. Or, by heating HOK with
propYL 10pipE C,H.I = OH, + IK 4 C,H,. Propene glycol
(C,H,)'(OH),, is the third diatomic aleohol. Colorless, oily liquid,
of sweet taste, Doils at 183° C. By contact with Platinum
black into nacric acip CH,.CHOH.COOLL and OH,. Gaseous
C1H into prorENE cHLORHYDRIN CH, CHOH.CH,Cl. The glycol,
by distilling ProPENE AcETATE (CH,;.COO),C H, with 2KOH =
2CH,CO0K + (C,H,)"(0H),.

Propene oxide (C,H,)"0, is a volatile liquid, readily soluble in
water ; boils at 35°C. By aqueous HOK upon propene chlor-
hydrin,
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Propenyl aleohol or Glyeerin (C,H,)"(0H), is a triatomic al-
cohol. By substituting 3(OH) for 3H in a PARAFFIN, we obtain
a triatomic alcohol. Heth&nyl aleohol (CH)"'(OH),, and ethe-
nyl aleohol (C,H,)"'(OIL), are unknown. But most natural fats
are the ethers of propenyl, or glycerides. FE.g. PaLMITIN
(C,H,)"(0C,H;,0.), is palmitate of propenyl. When boiled with
3K(OH) = palmitate of K j.[(IIL"HSI'C]'{[:)I'sL)_'] and glycerin. The
same result in saponification. Glyeerin made originally by heat-
ing olive-oil (OLEATE OF PROPENYL) with LEAD-OXIDE and OH,:
i lﬁud-p]:ister " or lead oleate, as an insoluble soap is obtained, and
glycerin. Now prepared, by action of super-heated steam ul}m]
stearin or STEARATE OF PROPENYL (C;H,)"(0C,H,0); + 3
warer = glycerin (C;H,)"'(OH),+sTEARIC ACID 3[C,H;;0.0H].
Glycerin is a LU].DI]L"L-:m viseid liquid, of sp. gr, 1,27. In ‘form of
crystals, it melts at 15°.5 C. Very sweet, does not ferment, but
with yeast, gradually, into propionie acid, Heated, it volatilizes
in part, slightly darkens, leaves no residue, and evolves pungent
vapors of acrolein. As ETHYL ALcoHonL by O, into acetic
acid CH,.COOH; ErHENE GLYCcOL + O, into glyﬂulhu acid
CH,OH.COOH, so also glycerin by O, int::r glycerie acid C,H O,
and waTER. Treated with concentrated NO,OH, into GLONOIN
or mnitro-glycerin CH,(ONO,).CH(ONO, ).CH, ((}‘\'U,,} a heavy
oily liquid. Explodes by percussion.  SULPHOGLYCERIC ACID
C,H,(OH),80,. Puosruo-GLYCERIC ACID in the brain and in
},EIL of eges. Monatomie hydroxyl acids when heated in sealed
fubes with glycerin, form WATER, and compound ethers. Thus:
MON- S.LELmU H,(OH),0C,H;0; p1-aceTiNy C;H ,(OH Y OC,H;0),;
TRI-ACETIN L' H,(0C,H,0),. Glyﬁendes thus pmduvvd The
hydrogen acids can only remove up to two atoms of OH. Thus:
monochlorhydrin C,H.(OH),Cl and dichlorhydrin C,H.(OH)CL,.
Only by PCl, can we obfain trichlorhydrin C,H, tl Thus:

‘31'1:.(01‘[)@12 —!— CLP = POCl, 4+ CIH + C;,H_ﬁﬂla. [Bl H like
CIH. IH ditterently; C;H,,0,(OH)I. Epi-chlorhydrin C,H,0C1
by treating dichlorhydrin with HOK. By heating the mono- or
di-chlorhydrins with sodium aleohol, we obtain MON-ETHYLIN
C,H,(OH),C,H, and pr-eruyriNy C,H,(OH)(C,H,),. Poly-glyce-
rins also exist. ]

Allyl compounds. Allyl aleohol CH,.CH.CH,OH = C,H,OH.
Colorless liquid, of pungent odor. Very soluble in aleohol, ether
and water. DBoils at 103° C. Inflammable primary aleohol.
Prep. from allyl oxalate C,0,(0OC;H,), by 2H;N = oxaMIDE
C,0,(H,N), + allyl aleohol. Allyl iodide C,H.I, is a liquid of
gp. gr. 1.78; boils at 100° C. Prep. by distilling propenyl
alcohol with phosphorus tefriodide. Thus: 2[(C; ]1.,}” (OH),] +
P,I, =1, 4+ 2P OH(OM), +- allyl iodide 20,H,I. Treated with
SILVER OXALATE C,0,(0OAg),, yields SILVER 10DIDE Agl and allyl
oxalate. DBy treatment with phosphoric anhydride, nlhl alcohol
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gives allylene C;H,. Oxygen (by platinum black, or better by dis-
tillation with potassium di-chromate and sulphuric acid) produces
Acrolein or acrylic aldehyde C,H,O, and acrylic acid C,H,0.,.
AcroLelN CH,-CH-COH, is a thin, colorless, volatile liquid,
lighter than water ; boils at 52°.2 C. Its vapor is fearfully irri-
tating. By nascent H, into allylic alcoliol. 'With H,N into OH,
and serolein-ammonia. Acrylic acid is the first of the acrylie
geries, of the general formula C,Hgu—,0,. ACRYLIC ACID
C,H,COOH = C,H,0,. Colorless liquid of pungent, aromatic
odor, soluble in water. Melts at 7°C. Buils at 13¢9°C. By
nascent H, into propionic acid. [CROTONIC ACID C,H,COOH =
C,H,0,. ANGELIC ACID (,H.COOH = C,H.O,, in the root of
Angelica Archangelica. HYPOGEIC ACID C,,H,,COOH =C,H;,0,,
as a glyceride in Arachis hypogea.] [Oleic acid C,.H,;COO0H
= €, H,,0,, belongs to the acrylic series. Obtained by the sa-
ponification of olein or ter-oleate of propenyl, the fluid portion ot
ot oils and fats. Olein (C,H,)(OC,(H;;0)s, best exemplified by
olive oil, which, below 4° C., deposits solid PALMITIN. Oleic
acid erystallizes in white needles; melts at-14°C. Sp.gr. 0.89%8.
Neutral to test-puper. Insoluble in water. OueaTes.] Allyl
eyanide CNC,H,, is found in oil of mustard. Iso-cyanide of allyl
NCC,H,, formed by digesting allyl iodide with silver cyaunide.
Allyl sulpho-cyanide NCSC,H,, chief constituent of oil of mus-
tard. Excites to tears. Boils at 148° C. By H,N into thio-
sinamin or allyl sulpho-urea CS(H,N)(NH.C;H;). Allyl sulphide
S(C,H,),. In Allium sativum.

Among important tri-carbon compounds, belongs lactic acid,
of the same series as glycollie, or oxy-acetic acid. [r. CagrBONIC
acip CO(OH),. 2. GLYCOLLIC ACID CH,O0H.COOH.] 3. Lactic
acid (,H,0, or oxy-propionic acid (C,H,)"(OHYCOOH).
Two MODIFICATIONS. Ordinary lactic, or methyl-lactic acid
(H,.CHOH.COOH = C,H,0,. Colorless syrup, of sp. gr. 1.215.
Very sour, and soluble in water, alcohol, and ether., Inactive n
its relations to polarized light. LACTATES. (C,H,0,;),Ca,s OH,,
Nodular group of needles, soluble in g.5 parts of water.
(C,H,0,),Zn.30H,, slender needles, soluble in 55 of cold water.
When lactic acid heated, forms anhydride, or lactide C,H,0,,
and di-lactic aeid C,H,,0,. Lacryr cutoripe C,H,0CI, =
C,H,C1.COCL Colorless liquid, by water into CIH and chloro-
propionic acid,  Prep. of iso-lactic acid. Dy fermentation :
arucose C,H,,0, = 2 lactic acid. Lactose U,,H,,0,, + )
4 lactic acid.—Dy oxydation of propene glycol.—By contact for
some days of CH,.COH + CNH + CIH + 2(0 H,) = CIH,N +
lactic acid,—By HNO, upon AMIDO-PROPIONIC ACID or alanine.
By moist HOAg on chloro-propionic acid CH, CHCLCOOH,
(And lactic acid by 211 [ into propionie acil,)—Sareo-lactic, para-
Jactic, or ethene-lactic acid C,H,OH.COOH, exists in muscular
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flesh. Turns the plane of polarization to the left. Carcrmr
PARALACTATE, 40H,,. is soluble in 12 of eold water. ZINC PARA-
LACTATE, 20H,, in thick, shining prisms, soluble in 17 of enld
water. Heated to 130° paralactic acid yields dilactic acid,
changed by water into iso-lactic or ordinary lactic aeid.

IV. Tetracarbon group C,. Butane C,H,, series.

Butane or Quartane C,H,,. As normal (diethyl), CH,-CH,-
CH,-CH, a colorless gas, liquid at o® C. In petroleum. By
heating 21C,H; + Zn =1,Zn + C,H,,. Asiso-butane (CH)XCH,),,
a gas, liquid below — 17°C. Butyl or tetryl aleohol is PROPYL,
carpiNoL CH,.CH,.CH, CH,OH boils at 115°C,, lighter than
water, and but little soluble. Prep. from BUTYL CHLORIDE
CH,Cl + CH,.COOK = CIK + CH,.COO(C,H,). Then:
:[CH,,COOC,H,] 4 (OH),Ba = (CH,.CO0),Ba + C,H,0H.
Also from puryRic ALpenyoe CH, CH,CH,COH, by nascent H,.
Also from proveNyr NrrrRiLE C;H.CN by nascent H, into buty!-
amin C,H,H,N; the latter into BuTYL s1TRITE by NOOTL, and
distilling the nitrite with HOK. By oxydation into butyric acid
CH,.CH,.CH,.COOH. [1. Formic acip H.COOH. 2. AceTic
Acip CH,.COOH. 3. Prorionic acip CH,.CH,COOH.] 4. Bu-
tyric acid CH,.CH,.CH,.COOH. This acid in juice of muscle,
in perspiration ; as butyrin or propenyl butyrate in butter. A
viseid liquid, of rancid odor, easily soluble in water and in
alecohol. Sp. gr. 0.958. Solid at — 12°C.: hoils at 1631°0.
[n fermentation of lactose, in presence of chalk, first ealeium
lactate, and then with evolution of 200, and 2H, into ealcium
bufyrate. 2C,H,0, = 200, 4 2H, -+ butyric acid C,H,0,
= C,H.0H. Cavcium BUTYRATE, OH,, shining scales, less
soluble in boiling water. ETHYL BUTYRATE C H.00.C,H,. Pro-
PENYL NITRILE O, H.CN, by heating with HOIx, 4 OH,=H,N +
rorassioM-purYraTe CH, CH,CH,.COOK. ([so-BuTYL ALCOHOL
CUH,.CH,. HCOH.CH,, in fousel oil. Soluble in 1e} parts of
water. Boils at 110° 0. By oxydation into 1s0-BUTYRIC Ac
CH(CH,;),COOH. SECONDARY BUTYL ALCOHOL Or METHYL ETHYL
ALconor CHyC,H,.CHOH, a colorless oily liquid, of burning
taste and pungent odor. Sp. gr. .85 ; boils below g5°C. At
2507 C., into OH, +- butene C,H,. Prep. from secondary butyl
todide by HOAg.]

[Erythrite C,H,(OH), or phyeite C,H,,0,, is the tetratomic
aleohol from which secondary butyl iodide is prepared by heating
it with 71H = 4OH, 4 3I, + C(CH,XC,H,)HI[. A sugar, erys-
tallizing in transparent prisms, readily soluble. Is found in
Protococeus vulgaris. TERTIARY BUTYL ALCOHOL C(CH,),0H,
in rhombie prisms, melting at 25°.5 C. Boils at 82°,5 C. By
oxydation into acetic acid and acetone. Prep. CH,COCI +4-
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(CH,),Zn = Zn0O 4 C(CH,),Cl. Then: C(CH,),Cl1+0H,=CIH
+ C(CH,),0H.]

Malic acid C.H,OH(COOH),=C,H,0,. OXY-SUCCINIC ACID,
Already seen at p. g9, that in ordinary suceinic acid, CH, can
exchange both atoms of H for OH, and thus, from mono-bromsue-
cinic acid we obtain by AgOH, silver bromide and malie acid.
Naturally in many acid fruits; apples, govseberries, Sorbus
avcuparia, Humez, &e. Tri-atomic; di-basic. Colorless prisms,
deliquescent. Also soluble in aleohol. Loses OH, at 13¢°C.,
and at 175° C. into maLeic Acrp C,H,0, and FUMARIC ACID
C,H,0, or (CHCOOH),. [Fumaric acid into succinic acid by
nascent H,.] By reducing agents into suceinie acid. Acid and
neutral salts. LEAD mavATe insoluble in water. AmmoNtTUM
ACID MALATE in erystals. CavciuM MALATE sparingly soluble :
acid salt, erystallized from nitric acid ; with 40H,. Asparagin
C,H,(H,N)CO.H,N.COOH is the amide of malic acid. In
asparagus, marsh-mallow, &e. In lustrous, rhombic prisms
C.HN,0,0H, Insolubleinaleohol and ether. By fermentation
into ammonium succinate. [AsrarTic Acrp CH(H,N)(COOH).
CH,.COOH may be regarded as amido-succinic acid: by
NO(OH) into Malic acid, + N, + OH,.]

Tartaric acid C,H,(OH),(COOH), = C,H,0,. Tetratomic and
dibasic. DEXTRO-TARTARIC ACID is the acid of grapes, tamarinds,
pine-apples, &e. Transparent, mono-clinic prisms, very soluble
in water and in alecohol. Sour : not corrosive. Melts at r35° C.
and at r70° C. into inactive mesotartaric acid. Heated to 204° C.
it loses OH, and becomes anhydride C,H,0,. Chars; evolves
smell of burnt sugar, carbonizes and burns away without residue.
With :KOH = C,0,.0H.OK + CH,.COOK + :0H,. Dissolves
‘e (OH),, and dries to brown, glassy substance : not precipitated
by ammonia. DPOTASSIUM TARTRATE JoHL(OH),(COOK),, very
soluble. By neutralizing the acid salt with CO(0,Ca) as in the
preparation of the acid: Porassres acip rarrraTeE C,H,(OH),
COOH.COOK, is Cream of tartar. White gritty powder,
requiring 8o parts of cold and 6 of beiling water. Argol, De-
composed by leat, earbonizes, inflames, and leaves CO(OK), and
charconl. KOH and NH, in solution, aeid rematning in ercess,
give characteristie, white, crystalline precipitates of C,H,0,
(OH)OK) and C,H,0,(OH)(OH N), respectively. Roehelle salt
s C,H,0,(ONa)(OK),40q. Inlarge transparent rhombie prisms,
goluble in 1} parts of water. Cavnctum TARTRATE is insoluble -
lime-water precipitates tartarie acid. Tartar emetie 2[C,H,0,
(OSb)OK],0H,, in rhombie oclahedra, soluble in 15 of cold and
3 of boiling water. Also with (OAs) instead of (OSh). The
basie hydrogen of hydroxyl in tartarie acid is displaceable by
one or two aleohol-radicles.  Raecemie or paratartarie acid crys-
tallizes with one mol. of water, in thombic prisms. No action
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on polarized light. In the grapes of the Vosges, and of the
Upper Rhine. Axrtificially by Dboiling dibrom-suceinic acid
C,H,Br,(COOH), with 2Ag(OH). ; it is, however, mixed with
inactive tartaric acid.

V. Pentacarbon C, group. Pentane C ,H,, series.

Pentane or ethyl propyl C,H,,=C,H,.C;H.. In petroleum,
A liquid of sp. gr. 0.6, boiling at 3;° G [;‘Llsu ISOPENTANE. ]
No less than Ll“’|lt pentyl alcohols. Butyl carbinol CH,.CH..
CH,CH,CH,OH is the normal primary pentyl alcohol. From
nulm'ﬂ 'I:nlhl aleohol, a. into CH,.CH,.CH,.CH,.CN:; b. into
CH,CH,CH,CH, GDGH ¢. into VALERIC ALDEHYDE ﬂHf. CH..
CH, GH COH, a Ilmpld punrmut fluid, of sp. gr. 0.82, boiling at
96° C. ; amd d. into the alcohol by nthc‘ult h\'timw: Boils at
135° C. By nascent oxygen mtn propyl-acetic or normal valerie
acid C,H,.COOH, the fifth of the fatty acids. Oily liquid, of
sp. er. Dg” . boils at 145° C. Smells like butyric acid. Iso-
hutyl carbinol CH. (CHE‘} (C,H,OH) is the common amylie
alcohol of fermentation, known as fousel-oil. Oily, colorless,
mobile liquid, of peculiar odor, and burning acrid tﬂﬂte:
sp. gr. o.625; boils at 130° C. Little soluble in water; very
soluble in aleohol and ether. IExerts rotatory action on
polarized light. Burns with blue flame. By platinum black
or nascent chrpn into iso-valerie acid CH, L‘H(GHq) .COOH,
or common valerianic acid. In root of Valerian, Angclica, the
berries of Viburnum Opulus, &c. Colorless liguid, of sp. gr.
0.947, boiling at 175° C. Odor of wvalerian. Burns when
inflamed. Tso-valerates of zine and bismuth used in medicine.
Iso-pentyl chloride is an inflimmalle liquid. Iso-pentyl iodide
CH.(CH,),.C,H,I, heated to 290° C. in sealed tubes, yields
decane or diamyl C.H,,.C,H,. Zivc-amyumme (C,H,,), Zn
formed at same time, chunged by OH, into OZn 4 2 mols. of
pentane. Amyl-ether C,H,.0.C,H,,; cclorless oily liquid.
Amyl acetate, fragrant 11:111111 with odor of Jargonelle pears.
Iso-pentene or amjrlene C,H,,, is a colorless, mobile liquid,
obtained from the iso-butyl "aleohol by distilling with Cl,Zn, or
P,0.. Iso-pentene glycol C,H, (OID),. is the only n:nnlt"ne
glycol known. Prepared from the aceta te, like the other glycols
(p. 96), by distilling with Ba(OH),. Tso- pentenyl aleohol is
amyl glycerin (C,H,)(OH),. Dense, colorless liquid, of aromatic
taste, Soluble in water. )

[Pyro-rarrTaric Acip or methyl-suceinic acid CH,.CH.
COOH.CH,.COOH, by dry distillation of tartaric acid, and by
nascent H, upon itaconic, eitraconie, and mesaconic acids,
Small, rhombie prisms, by loss of water into tartaric anhydride

(p. 105). _
Uric acid and its derivatives. Umic acmo C,.H,N, 0, a white
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erystalline powder, without taste or smell. Requires 10,000
parts of water for solution. Insoluble in alcohol and ether.
Soluble without decomposition in hot oil of vitriol. In the urine
of men and animals ; 0.037 per cent. in human urine. Serpent’s
dung consists of uric acid and ammonium urate. In destructive
distillation, urie acid yiclds CO,, CNH, CNOH, CO(OH,N), and
a coaly residue rich in N. Di-basic. C,H,N,0.0H.0K, requires
500 parts of cold water. SopitM URATE constitutes ©chalk-
stones.” AMMONIUM URATE requires 1oco parts of water for
solution. When uric acid is evaporated with NO,OH, a deep-
red tint is produced, which becomes purple with H,N (murexid
CH,(H,N)N,0O,). On heating uric acid with hydrogen iodide,
+ 50H.,, it is resolved into glycocin, 43C0, 4+ ;H;N. Alloxan
C,H,N,0,,4OH, in rectangular prisms, anhydrous at 150° C.
By the action of strong nitrie aecid upon uric acid, urea is
formed, but decomposed by the nitrous acid : C;H,N,0; +
OH, + 0 = C,H,N.0, + CO(NH,),. It -may be regarded as
MESOXALYL-UREA, in which mesoxalyl (C,0,) takes the place
of H,. It stains the skin red, and gives a blue color with
ferrous salts. Boiled with :H,N = 20H, + MYCOMELIC ACID
C,H,N,0,. With dilute acids, into oxaric Acip and UREA. Its
aqueous solution when boiled : 3CH,N,0, = ALLOXANTIN
C.HN,0. + paraBanic acio C,H,N,0, 4+ CO,. Alloxanic acid
C,H,N,0O,, on boiling with water, + OH,, is resolved into UREA
CO(H,N), 4+ mesoxaric acip C,0,(OH), (p. g99). Mesoxalie
acid 4+ H, = TarTioNi¢c acmm C,H,0, = CHOH(COOH),, a
tri-atomie and di-basic acid, in the same series as MALIC ACID
CH.OH.COOH.CH,.COOH. Parabanic acid C,H,N,O; =
CO."(HN.CO), or OXALYL-UREA, is formed by the action of
nitric aeid, and heat upon ALLOXAN or upon URIC ACID:
C,H,N,0, + O, +20H, = 2H,N + 200, 4+ C,H,N,0,. It is
di-basic. In presence of alkalies, it takes up water, and is
changed into oxarvric acip C,H,N,0,. When parabanic acid
is neuntralized with H;N and boiled, AMMONIUM OXALURATE i8
deposited in erystals on cooling. Alloxantin C.H,N,0.,;0H,,
is a produet of the reduction of alloxan. 2C,H,N,O, 4- SH,
= OH, + 8 + CH,N,0.. Small colorless prisms. Prolonged
action of hydrogen sulphide upon alloxan gives rise to dia-
lurie acid C,H,N,0,. [usily accomplished by moist sodium
amalgam. Dialurie acid may be regarded as tartronyl-urea
C,0,(H,N),. Purpuric aeid C,/H,N,O, as AmmoniumM PUR-
puraTE C H (H,N)N,O,, or Murexide, is casily formed by
heating dry alloxantin with 2H,N at 100° C. Thus: C,H,N,O,
+ 2H,N = CH,(HN)N,0,0H,. Small squar¢ prisms, of
green metallie  lustre, little soluble in water.  Allantoin
C,H;N,0,, in brilliant prismatie erystals, soluble in 160 parts of
cold water. Contained in the allantoie fluid of the footal ealf.
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Artificially by boiling uric acid with lead peroxide and water :
2CHN,O; + O, + sO0H, = 2 UREA + 2 OXALIC ACID +
C,H,N,0,. Thionuric acid C,H,N,SO,, as AMMONIUM THIONU-
RATE is obtained when a solution of Avroxan C,H,N,O, is
mixed with a slight excess of SO(OH), : then ammonia and
ammonium carbonate are addced, and the whole boiled. When
thionuric acid is boiled with water + OH, = 80,(0H), 4+
uramil O H,N,0O,. Then: vramin CH.N,O, 4+ aALLOxAN
C,H,N,O, 4+ ammonta H.N = murexid C,H (H N)N.O,,OH..

VI. Hexacarbon C, group. Hexane C H,, series.

Hexane C H,, or di-propyl. Occursas normal CH,.(CH,),CH,
in petroleum. Boils at 70° C. From normal PROPYL 10DIDE by
sodium. Or by 2C1H —|— Zn on secondary HEXYL 10DIDE. Iso-
hexane, or PROPYL-DIMETHY L-METHANE, boils at 62° C. Methyl-
butyl earbinoel or PRiIMARY HEXYL ALcoHOL CH,.OH =
CH,(CH,),CH,0H. Liguid of strongly aromatic odor. qp gr.
0.%2: bhoils at 156.6° C. The es ssential oil of Heracleum ¢ gigan=
tewm is a mixture of hexyl butyrate and octyl acetate. Carrorc
aLpenype CH,(CH,),COH. Caproic acid or PENTYL FORMIC
Acip CH,(CH,),CO00H. The sixth of the fatty series, of which
formie acid H.COOH is the first. Clear, mobile liquid, of pun-
gent sudorifie odor. Sp. gr. 0.895; boils at 204° C. Con-
tained in perspiration; as a wl‘l.f:{,ml(, in butter, and largely in
cocoanut-oil. Artificially I;n.' heating mormal pentyl cyanide
UH;{(’JHEL.(.’\T with KOI solution. Hexene glycol C ,H,,(OH),
= CH,0H.(CH,),.CH,0H. DBoils at 207° C. SECONDARY HEXYL
ALCOHOL Or METHYL-BUTYL-CARBINOL CH,.C,H,.CHOH, isa viscid
liquid, of pleasant, refreshing odor; boils at 137° C. By ClH,
into cavoripE, and water. l’mpmul by treating MANNITE
CH(OH); with strong HI, we obtain 60H, + 51, + SECONDARY
HEXYL 10DIDE U H, I 1L 110 latter, with Auﬂ]i oives Agl 4
UH .C,H,.CHOH. "r‘-.hen oxydized, into METHYL- BUTYL-KETONE
CII Co.C JH,. Hexene C I, is obtained from this aleohol,

Tl e hexatumm aleohols mul ethers must be included in this
group. Mannite C H (OH),, in four-sided prisms, easily soluble
in water and aleohol ; not in ether, Melts at 166° C. Made
from manna, an exudation from the ash. Also contained in
mushrooms, onions, celery, asparagus, and in various seu-weeds.
Glucose also by nascent H, into mannite. By oxydation with
Platinuin black, into ManxNrme acm CH, {]ll{ll HOH),COOH ;
and further by nitrie acid into saccnaric acip (CHOIL) (O l'-'UH)I
and oxavuic acip. By fuming NO,(OH) into NITRO-MAXNITE
C,H(NO,, 0O, By hydriodie acid into seeondary hexyl aleoliol,
Duleite is isomeric with mannite, A sugar imported from
Madagascar, Melts at 182°C.  Yiclds mueic actp by oxydation
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with nitric aecid. Sorbite contains water of ecrystallization
2[C,H(OH),],30H,. Melts at 110° C. None of these sugars
ferment with yeast, or reduce alkaline cuprie solutions. TINITE
and QUERCITE, are sugars isomeric with man~ziran C;H,O(OH),.
Glucose C,H,,0,, is the aldehyde of mannite, into which it is
changed by nascent hydrogen. Dexrrose is the common
glucose or grape-sugar,—the sugar of fruits. It requires r.224
parts of water for its solution, and is therefore less sweet than
sucrkosE. It erystallizes as CgH,,0,0H, in granular masses,
Readily loses this water, and at 170° C. into GLucosan CgH,,O;
+ OH,, which does not ferment, and is searcely sweet. Solution
of dextrose, reduces solution of cupric salts, when rendered
alkaline, and with sulphuric acid forms SULPHO-SACCHARIC ACID
C,H,.,0,80,. Reduces also salts of Ag, Hg and Au.—Ca0O, BaO,
and PbO form compounds with dextrose. Unites with NaClL
Browns with KOH. With veast at 24° C. undergoes vinous
fermentation: C,H,,0, = 200, 4+ 2[C,H,(OH)]. In diabetes
abnormally; in the blood, albumin of eggs and in the urine,
normally in minute quantities. Artificially, dextrose prepared
from starcu C, H,,0,, by diastase, or boiling with dilute sul-
phurie acid. First into dextrin and dextrose : C,,;H;,0,, 4+ OH,
=2((,H,,0,) + C,H,,0,. By further OH,, dextrin into dextrose.
Laevulose C,H, 0, in honey and many fruits, with dextrose.
Fruit-sugar is a mixture of the two: also called invert sugar.
Very sweet, uncrystallizable syrup, very soluble in aleohol, Its
caleium compound is solid, and separable from dextrose; then
decomposed by CO,. Also formed by dilute sulphuric acid and
heat from sucrose. [Laevunosaxy C,H, O, is the anhydride or
oxyegen ether. From sucrose by heat at 160° C, = DEXTROSE
C,H,,0,+LAEVULOSAN, which does not ferment. Inosite CH,,0,,
in prisms, resembling Sclenite.  Not fermentable. In the
muscular substance of the heart, and other organs, in beans of
various kinds, and in lentils, &e. Gavacrose C;H,,0, also
resembles dextrose, and is obtained from racrosg, by heating
with dilute sulphuric acid. Grucosipes contain glucosan ;
formed by heating for a length of time, glucose with various
organic acids, and elimination of water. Sucrose C,,H,,0,, is o
di-glucosie alcohol. 2C,H,,0, — H,0 = C,,H,,0,,. Chiefly
from Saecharum officinarum. Also in almonds, nuts, coffec-
beans, most sweet fruits, &e. As sugar-candy, in 4-sided, ob-
lique-rhombie prisms, with di-hedral summits. “Syrup " boils
at 110° C., but reduced to 65°.5 C. in vacuum-boilers. Melts
at 160° €. DBarley-sugar is amorphous sucrose. Very sweet, ns
it requires only one-third of its weight of water for solution.
Antiseptic. By long boiling, -+ H,0 into laevulose : quickly, by
dilute acids. SO,H,, decomposes suerose, with separation of
carbon. Easily oxydized; hence a reducing agent. Does not
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brown with alkalies, nor does its solution reduce cuprie salts in
presence of KOH. Heated to 160° C. into pExTROSE (C H,,0,
and LaEvuLosay C.H,,0; : at 210° C,, into caramel C ,H,0, +
2H,0. By dilute nitric acid, at 50° C., + 30, = H,0 + sac-
CHARIC ACID (CHOH),(COOH), : at a boiling heat into oxaric
Ao C,0,(COOH), (p. 98). Dissolves CaO, and forms calecium
compounds; also with CINa, [Melitose C,,H,,0,,.30H,, from
the manna of Euecalyptus.] ZLactose C,H,,0 ,OH,, is milk-
sugar. From whey, in white, translucent, four-sided prisms of
great hardness. Requires five to six times its weight of water
for solution: insoluble in alcohol and ether. Right-handed
rotation, like dextrose. Reduces cupricsalts. By dilute 8O, H.,,
into dextrose. Forms a crimson solution with oil of witriol.
With dilute nitric acid into mvcie acio C,H (OH),(COOH),,
soluble in 6€¢ parts of boiling water. Gradually ferments
with yeast. With cheese or glutin, into methyl- or ordinary
lactiec acid CH, CHOH.COOH = C,H,0, (p. 103). Trehalose
C.H,,0,,,20H, from Trehala manna. Myecose C,H,.0,,0H.,
from ergot of rye, resembles trehalose. Both are very soluble
and very swect.—8tareh C,;H;,0,;, may be rezarded as the
anhydride or oxygen-ether of a triglucosic alcohol. From
3CH,,0y minus 30H, = C,;H; 0,,. Starch, fecula or amylum
is most abundantly diffused through seeds, roots, tubers,
stems, &e. Varieties of starch. Sago, from the pith of a
palm. Tapioca from Jatropha Manihot. Salep from Urchis
mascula.  Arrowroot from Maranta arundinacea. A very dilute
solution of sodium hvdroxide is emploved in removing the
glutin from rice, and leaving the starch. Soft, white, glistening
powder, destitute of erystalline structure, made up of little
rounded and flattened grains, upon each of which a series of
depressed parallel rings surrounding a central hilum may be
traced, Differ in size and shape; largest in potato-starch,
smallest in rice. Insoluble in water, aleohol and ether. Heated
with water above 6c C., the granules swell, burst and form a
gelatinous mass (amidin), precipitated by anmoniacal lead
acetate, by infusion of galls. With free iodine, starch forms a
blue compound : the chief test. Heated to 204° C. into DEXTRIN
CeI1,,04, which is used as a substitute for gum arabic. When
boiled with very dilute sulphuric acid, first by OH,, starch is
ehanged into 2 of DEXTRIN and 1 of DEXTROSE, and the dextrin
by further boiling altogether into pExXTROsE CH,,0,. GLYCOGEN
C,H,,0,, is a starch-like substance obtained from the liver of
many animals and from the museles of fetal calves. Soluble
in water; solution opalescent. Insoluble in alcohol. Inulin
C,H,,0,, in Inula, Leontodon, Colchicum, Dahlia tubers, &e.
Colored brown by iodine. By acids into laevulose. Not preci-
pitated by lead acetate or infusion of galls, Cellulese C,,C;,0,,,
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is the basement-tissue of vegetables. Porous in pith; dense in
vegetable ivory. Tasteless, insoluble in water and aleohol,
unaffected by boiling water, as will be understood by the remem-
brance of the nature of linen and cotton, which may be regarded
as cellulose. By strong sulphuric acid into dextrin, and by
subsequent boiling with water into dextrose ; the acid removable
by chalk, and filtration from SO,Ca. Cellulose is not colored
by iodine, and is soluble in ammoniated solution of Cupric oxide,
By strong NO,OH, info pyroxylin or guncotton C, H,,(NO,),0,,,
insoluble in mixed alcohol-ether. Another variety C,.H,,(NO,).0,,
is soluble in aleohol-ether. Yet another C, H,,(NO,).O,, 1is
soluble in glacial acetic acid: the two last used in making
collodion. Reducing agents replace the hydrogen. Arabin,
C,.H,,0,,0H,, as in gum arabie, is isomeric  with sucrose.
Soluble in cold water, it is precipitated by aleohol. White or
pale-yellow, non-crystalline, of smooth conchoidal fracture. It
18 not precipitated by neutral lead acetate. Muecilage resembles
arabin, but is not precipitated by lead acetate. Gum tragacanth
is not soluble in water; chiefly composed of bassorin. Cerasin,
from Prunus Cerasus, resembles bassorin. [Pectose is contained
in the pulp of unripe fleshy fruits, fleshy roots, &e. It is
ingoluble in water, and changed by acids into soluble Pectin
C,,.H, 0,,, such as is contained in ripe currants, gooseberries, &e.,
and causes the formation of jellies. Separable by alcohol from
solution.]

To the glucosides belong certain bitter, crystalline sub-
- stances, diffused through vegetable kingdom, which, by builing

with dilnte acids or alkalies (4 OH,). change into glucose and
gome other substances. 8alicin C,,H,0O.. White needles, of
bitter taste in bark of Salix, Populus, &e. DBy SO,H,, deep red.
By emvrsion, 4+ OH, = Grucose C,H,,0, + Saligenin C.H_0,.
When distilled with SO H, and CrO,,CrO,(OK),, it yiclds
saLioYLic ALDERYDE CH,OH.COH. Helicin C H, 0O, erystal-
line bitter. By dilute NO,OH upon saviciy C,;H,,0.. Aloin
C,,H,;0;, yellow necdles, the active principle of aloes. Amyg-
dalin C, 11,,NO,,.3O0H, in white, inodorous, slightly bitter
scales. Thus by synaptase or emulsion, a species of diastase ;
2C,,H,,NO,, =6rLucose C;H,,0, 4+ 2CNH - 40H, 4+ 4HCOOH
+ 4C,H,COH. Populin C,;H,.(C,H;0)0, accompanies saliein in
bark of the aspen. Aeseulin C, 11,,0,;, erystalline and fluores-
cent.  Phlorizin C,,11,,0,,20H,, silken needles. In root-bark
of the cherry, apple, &c. By dilute acids + OH, = GLUCOSE
CeH,,0, + puvoreriNy C, H,,C,.  Glyeyrrhizin C,,H,,0, un-
erystallizable sngar of liquorice, Does not ferment. Myroniec
acid C,,H ,NS,0,, as rorassivm MYRONATE in black mustard-
seed. DBy myrosin, into arucose C H ,0,, POTASSIUM HYDROXYL
sULPHATE SO,(OH)(OK) and sULPHOCYANIDE OF ALLYL NCC,IH,S



112 BEXZINE SERIES. PHENYLAMIN. PHENOL.

(p. 103). Chitin C,H,NO,, forms the elytra and integuments
of insects, and the carapaces of crustaceans. By zl:[QD =
CeH,,0; 4+ racraymine C,H, (H,N)O.,,.

The benzene-derivates may also be considered under the’
Hexyl-group. The hydro-carbons of this series C,H,._, the
aromatic group, are analogous to the paraffin series of the
fatty group.

Benzene, Phene or phenyl hydride CHH=C_H,, a colorless,
limpid liquid, of sp. gr. o.885 and ethereal odor. Boils ¢
80°.5 C. Solidifies at c® C. Soluble in alecohol and ether. A
great solvent of fats, oils, resins, sulphur, phosphorus, &e. At
a bright-red heat, in absence of air, into H, + C,H, 4 vipHENYL
C,.H,,, &c. Is contained in the more volatile portions of coal-
tar oil. Also by heating benzoie acid C,H,.COOH with CaO
= C0(0,Ca) + € H,. Unites with 3CL, to L‘,,H .Cl,, a crystal-
line body. Also with 3CI10H to C;H,(CIOH),: by potassium
hydrm:ide into 3CIK + phenose (C,H,,0,. Mono-chlorbenzene
C,H,Cl, liquid of 1. 128 sp. gr. By Cl,F’ upon rrENOL C;H,OH.
Uyanu-benzene C,H,CN is PHENYL mamm., an oily lqu.ld
Also “ benzo- nlfll_lt. and obtained by dehydration of AdmoNiTM
pENZOATE C,H,COOH,N. Nitro- benzﬂna C.H(NQ,), yvellow
liquid of aromatic odor. Substitute for oil of bitter almonds in
perfumery. Di-nitro-benzene C;,H,(NO,),, in long rhombie
prisms, Separates, on cooling, from aleoholic solution of both.
Amido-benzene or Phenyl-amin is Anilin C _H (H,N). Colorless,
oily liquid. of sp. gr. 1.036; boils at 184°.5 C. Soluble in 31

arts of cold water. Browns on exposure. Stains deal yellow.
With C1,0Ca, in aqueous solution, violet. Powerful base. Prep.
a. by boiling indigo with KOH solution: CH/NO 4 OH,
4+ 4KOH = :C00(0K), 4+ C,H,(H,N) + 2H,. The name from
Indigofera anil. b. On the large scale by reducing N1TRO-
BENZENE C.H, NO,. Thus: C.H,NO, 4 3H, = 20H,, 4+ C.H,,
HN. ». hw, heatm:r PHENOL f‘H LOH, in secaled tubes with
H,N = OH, + C.H,H,N. —-D1-phenylamm (C.H,) . HN. A
we ;:]:. base - Lrjstullmt By heating phenylamin hj.«xlrm_hlurir.le
with phenylamin. Trl-phenylamin (CH);N.— The anilides
contain acid radicles. Thus: acetanilide C ¢ H.N.C,HO.
Obtained by heating anilin with acetic acid. Phenyl “carbamide
COH,N)C,H,HN) is phenyl-urea. By passing eyanie acid

vapor into anilin. = Phenyl-phosphine C,H,H,P. Benzene-sul-
phonie acid C,H,.SO,H, by heating benzene with oil of vitriol.
1. Phenol or pheuyl alnﬂhnl C,H, {111 is commonly known as
carbolic acid. 1t is u monatomic alcohol. Crystallizes in
colorless prisms, of sp. gr. 1.066. Melts at 40° C.: boils at
1419.5 C. DBurning taste, antiseptic, poisonous. Soluble in 15
of water: eolored violet by Cl;I%e,, and stains deal of a blue
color. Precipitated by aqueous Bromine. With oil of vitriol,
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PHENOLSULPHONIC ActD C,H,(OH)SO,H. Obtained from the
acid portion of coal-tar-oil. Also by heating savicyLic Acip
C,H, OH.COOH = CO, + C,H,0H. Also from phenylamin by
NO.OH =N, 4 OH, + C;H_..0H. Porassium prENATE C,H, . OK.
Phenyl hydrosulphide C,H,.SH, is a colorless, mobhile, mal-
odorous liquid, of sp. gr. 1.078. By P,S; on C,H,.OH. Phenyl
sulphide (C;H,),8, a colorless liquid, of sp. gr. r.r2, [Nitro-
phenol C;H,. NO,.OH, in large yellow prisms. Di-nitro-phenol
C,H,(NO,),.OH, in oolorless plates.] Tri-nitro-phenol C,H,
(NO,);.0OH, is known as picric aeid and ecarbazotie acid. In
yellow lamine, of intensely bitter taste. Sparingly soluble.
Yellow dye for silk and wool. A test for K. Prepared from
phenol by action of NO,0OH. [2. Pyro-catechin C,H,(OH),, is
a diatomic phenol. In short square prisms, readily soluble in
water. By heating methyl-pyrocatechin with IH = ICH,
+ C,H,(OH),. Hydro-quinone C,H,(OH),, colorless, rhombic
prisms. Quinone C,H,0,, golden-yellow prisms. Tetrachloro-
quinone is Chloranil C,C1,0,.] 3. Pyrogallol C,H,(OH), or
pyro-gallic acid, is a tri-atomic phenol.. Long, flattened prisms,
very soluble. Melts at r15° C. At 250° C., with loss of OH,
into metagallic acid C;H,0,. Its solution in KOH. absorbs O,
browns, and may be employed for estimating O in air. Reduces
salts of Au, Ag and Hg. Prep. by heat on gallic acid C.H.
(OH),COOH. Benzyl aleohol (! H,.CH,OH, is a normal aromatic
aleohol. Colorless. oily liquid, insoluble in water. Boils at
207° C. By Platinum black into sexzorc aLpenyne C,H, COH,
and by aqueous chromie acid into Bexzoic acm C:H,.CO(OH).
Benzoic ether is contuined in Balsams of Peru and Tolu.
Frep. a. from benzaldehyde by H,. b. fiom BENZYL ACETATE
C,H,.CH,.OC,H,0 4+ KOH = C,H,0.0K 4+ BENZYL ALCOHOL
C,H, CH,0H.—Benzoic aldehyde C,H,..COH. known as * bitter-
almond oil.” Colorless liqquid, of agrecable odor. Sp. gr. 1.0%;
boils at 18c® C. Soluble in 30 parts of water. Absorbs O and
becomes changed into peNzoic acip C,H,.COOH. Heated with
KOH, H, set free, and potassium benzoate formed. With alka-
line-hydroxyl sulphites, forms erystalline compounds, With
godium amalgem and water into BENZYL ALconoL CsH,CH,OH,
With CLP into BENZAL CHLORIDE CeH,.CHCI,. By H,N into
hydrobenzamide, a neutral body, and this by boiling KOH into
an isomeric basie compound amarine (C.H,),N,. All aromatic
aldehydes act similarly, and thus distinguished from the fatty
aldehydes. Balicylic aldehyde C,H (O11).COH, in flowers of
Oil of meadow-sweet. Colorless, fragrant oil, of Sp. or. 1.172.
Somewhat soluble in water, and gives violet color with ferrie
salts. Heated with KOH into H. 4+ rorassiom SALICYLATE
CgH, OH.COOK. By nascent H, info saLiceNi, Prep. by
oxydizing saLiGeNiy C,H,.OH.CH,OH, or ity glucosides, sulicin
1
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and populin (p. 111). Also by chloroform on alkaline solution
of phenol. C,H,.OH 4 CHCI, + OH, = 3CIH + C;H,.0H.COH.
Benzoic acid C,H,.COOH. Light, flexible needles. Melts at
r20° C ; sublimes at 145° C. Soluble in 200 of cold, and 15 of
boiling water Basic ferric benzoate is decomposed by CIH,
leaving shiny erystals of benzoic acid undissolved in the yellow
ferric chloride solution. Caleium benzoate by heat, gives BEN-
zopueNont: (,H, CO C,H,, the ketone of benzoie acid, and
CO(0,Ca). Prep. a. by heating gum benzoin, benzoic acid
sublimes. 5. by OH, on BENZOYL cHrompeE C,H.COCL e by
boiling the nitrile with acids or alkalies; C,H,CN 4 20H,
= H,N + C,H,COOH. d. by oxydizing BENZYL ALCOHOL:
C,H, CH,0H + 0, = OH, + C;H,.CO0H. e. by oxydizing BENZ-
atpervpE C,H,.COH + O = C;H,CO0H. ;. from BROMOBEN-
zeNE by Na, + CO, =BrNa + C,H, COONa, Benzoyl chloride
C,H,COCL colorless liquid of suffocating odor. By CLP upon
benzoie acid Bexzovr cyaNipE C,H,COCN, by distilling the
chloride with CNEK. Inlarge scales. Benzoie oxide (C.H,0),0,
in oblique prisms, slowly by boiling water into benzoic acid.
C,H,COC1 4+ C,H,CO.0K = CIK + (C.H,0),0. Thiobenzoic
acid C,H,.CO.SH. Benzamide C,H,.CO.H,N, hy aqueous H,N
upon benzoyl chloride. Amido-benzoic acid C.H,.(H.N)COOH,
by reduction of nitro-benzoic acid C,H (NO,)COOH with Sn
+ 2(1H.—Benzamid-acetic acid or hippurie acid CH,.C.H,0.HN.
COOH =C H.NO,, Or “ benzoyl-glycoein.” Oceurs in the
urine of cows, horses, &c. By evaporating fresh cow’s urine,
to which lime has been added, and adding CIH to the conecen-
trated liquor, hippurie acid erystallizes on cooling. When benzoie
acid is taken internally, it is found in the urine as hippuric acid.
Rhombie prisms, soluble in 6co of cold water. Acid, bitter,
fusible : leaves a coaly residue. By boiling with ClH, assimi-
lation of OH,. into BENZOIC ACID C.H.0.0H + AMIDACETIC or
cLycociNy CHL(H,N)COOH. Hippurate of ferric, cream-colored.
Heated with HOK, gives off Hy,N and benzene. Mineral acids
separate hippuric acid. NOOH converts hippuorie aeid into
OH, + N, + BunNzo-erycoruic Acip CHLO,: and boiling water
(+ OH,) changes benzo-glycollie acid into BENZOIC ACID
C,H,0.0H and crycoruic acip CH,OH COOH. Prep. by
2C.H,0C1 + zve-gLycoorNy (CH,.H,N.COO),Zn = Cl,Zn + 2
BENZAMID-ACETIC ACID,

Tyrosin C,H,,NO, has the composition of OXY-PHENYL-AMIDO-
propioNic acp O H, OH.C,H,(H,N).COOH. In old cheese,
rupds. Iu the spleen, pancreas and liver. By boiling horn with
dilute sulphuric acid, nentralizing with Ca0O, and precipitation by
acetie acid.  In slender needles, soluble in 150 of hot water
insoluble in ether. Unites with C1H ; its sulpho-acid ecolored
violet by ferric sulls. Toluene, C.H,, homologous with benzene,
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is methyl-benzene C,H, CH,. Together with benzene in light
coal-tar-oil. Limpid liquid, of sp. gr. 0.88. With oxydizing
agents yields benzoie acid. Artificially : C;H Br + CH,I + Na,
= BrNa + INa + C,H,.CH, = C.H,.  Also by nascent CeH, +
CH, = II, + C.H,.  Chloro-toluene C,H ;CLCH,. ToLuviDIN
CeH, .H,N.CH; is homologous with phenyl-amin. Commercial
anilin always contains toluidin, and the formation of RosANILIN
Cp,H.N; can be accounted for by the following equation :
CeH H,N + 2C,H,.H,N = 4H, + rosanilin C,oH,;N,. Anilin
reds are salts of rosanilin : the latter being colorless. Anilin-
blue is HYDROCHLORIDE of TRIPHENYL-ROSANILIN CooH, (C,H)),
N,CIH. By heating rosanilin with ethyl iodide, we obtain
Hofmann’s violet, HYDRIODIDE of TRIETHYL-ROSANILIN BP9 5 B
(C,H,),N, ITH. Anilin-green is an aldehyde-green. Nitrous
acid 3(NO.OH) converts rosanilin into 3N, + 30H, + aurin
C, H,,0,.  Anisol is methyl phenate C,H,0 = C,H,(OCH,).
Colorless, mobile liquid, of aromatic odor. Boils at 152° C.
Cresol is tolyl alcohol C,H,.CH, OH. Occurs together with
phenol in coal- and wood-tar. Separated by fractional distil-
lation. By long heating with KOH into POTASSIUM SALICYLATE.
Xylyl aleohol C.H,OH or C;H,.CH,.CH,OH, is the homologue
of benzyl alecohol. It is obtained from the aldehyde., Needles,
sparingly soluble.  Toluie aldehyde C,H,.CH,.COH. 0ily
liquid, with odor of pepper. Salicylie aldehyde C,H,.OH.COH.
Salieylic acid C,H,.OH.COOH is ORTHO-OXY-BENZOIC ACID
C.H;0;. 1In the flowers of Spirea ulmarie, and as methyl
salicylate in oil of winter-green. Little soluble in cold water,
crystallizing in minute needles from hoiling water. It melts at
155° C., and is resolved by heat into CO, and rueNorn C,H, OH.
Gives deep violet color to ferric salts.  Good antiseptic.  Prep.
by heating sobrum with pHENOL C,H.0 and CO, = nyproceN free
+ sop1um saLioYLATE C,H,.OH.COONa. Also by oxydation
of salicylic aldehyde. Also by NO.OH UPOT AMIDO-BENZOIC
acto C.H,(H,N).COOH = OH, 4+ N, 4 SALICYLIC ACID C,H,.
OH COOH. OXY-SBALICYLIC ACID Ut (OH ),COOH, in shining
needles.  Gallic acid or di-oxy-salieylic acid C,HL(OH),COOH
in gall-nuts ( Quercus infectoria), tea, sumach, divi-divi, &e. By
boiling GALLO-TANNIC AcID with acids or alkalies : + OH, = 2
GALLIC Acrp C.H 0, Mono-basic; tetratomic. With O, in
silken needles, soluble in 100 of cold and 3 of boiling water,
Melts at 200° C., and by further heat into CO, and pyro-gallol
UgH,(OH),. Reduces salts of Ar and Aun. Grives blue-black
precipitate with Cl,Fe,. May be obtained from DI-IODO-SALICYLIC
Acip with CO(ONa),. —Gallo-tannic acid or tannin C H,,0, 18
di-gallic acid minus OH,. C,H,(0H),.C0.0.C,H,(0H),.CO0H. In
nut-galls, sumach, &e.  From nut-galls by aqueous ether : tannin
in the water, and the gallie acid in the ether. On evaporation,
1 2
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a yellowish powder, very soluble in water. Astringent; bitter.
Reddens litmus.  Precipitates gelatin, albumin, many alkaloids,
&c. Ferric tannate, a bluish-black precipitate, is the basis of
common ink. Decomposes at 250° C., with formation of pyro-
gallol. By dilute acids 4+ OH, into 2 mols. of gallic acid. Kinic
acid C,H.(OH),COOH, is mono-basic, pentatomie. Tn cinchona
bark. Colorless prisms, easily soluble. By heating with 2IH =
40H, + I, + benzoic acid. Dimethyl-benzene or xylene 3 -
= C,H,(CH,), is the homologue of BeNzENE CgH, and TOLUENE
C.H,. Colorless, volatile liquid. Several isomeric modifications.
Dimethyl anilin C,H,(CH,),N. DBoils at 192°C. Dimethyl
phenol C,H,,0 = CH,OH = CH,(CH,),.0H. Also, XYLENOL.
Phenyl-propyl aleohol C,H, OH = C,H,(CH,),.OH. By nascent
hydrogen on ciNxyamic arcomon C/H,OH. Phthalic aldehyde
CH,0, = C;H(COH),, From PHTHALYL CHLORIDE C,H,
(COCD), by nascent H.  In colorless tables. Phthalic acid C.H,
(COOH),, in prisms, little soluble in cold water. Melts at 185° C.
By heat into water and purmavic ANHYDRIDE C;H(CO),0. By
action of 40, upon napththalene C, H = OXALIC ACID + PHTHALIC
Acm, When C,H, (COOH), is heated with excess of Calcium hy-
droxide, we obtain BeExzENE C,H, and 2[CO(0,Ca)]; but when
2[C,H,(COOH),] are Leated with (OH),Ca, CALCIUM BENZOATE
(C,H,C00),Ca results, together with 20H, + 2C0,. [Mellitic
acid C,(COOH); in colorless nes dles, fusible; very stable.
Mellite or “ Honey-stone” is mellitate of aluminum. Rhodi-
zonic acid C,0,H,(COOH),, formed by the action of water upon
C,0,K,. Croconie acid C,H,0, by action of boiling on solution
of potassium rhodizonate.] Citrie aeid CcH, 0. = C;H,(OH)
(COOH),, erystallizes with OH, in trimetric prisms from a cold
solution. Very soluble, of pleasant sour taste. Tetratomie, tri-
basic. Prevents precipitation of ferrie by ammonia. If mixed
with tartaric acid, in solution detected by potassium acetate.
On boiling citric acid with lime-water in slight excess, caleium
citrate is precipitated white, insoluble in KOH. With a ferment
of putrid flesh, yields butyric acid chiefly, and succinie acid.
Gently heated with SO,H,, gives off torrents of CO. Heated
with porassios HYDROXIDE : 4IKOH + eitrie acid =C,0,(0K), +
2(CH,.COOK) + 30H,. Salts of Ba, Sr, Ca, Pb and Ag in-
soluble. Found in lemon- and lime-juice. Clear liquor neutral-
ized with ehalk, and the ealeium ecitrate decomposed by SO H,.

VII. Heptane series. Normal heptane C.H,, = CH,.(CH,);.
CH,, liquid of sp. gr. o.712, is contained in petroleums,
Heptyl alcohol or enanthylic aleohol CH,.(CH,),CH,OH, is a
colorless, oily liquid. From heptyl aldehyde CH,.(CH,),COH
by moist sodium amalgam. @Enanthylic acid C.H,,0, is the
geventh of the fatty acids (p. 85).

VIIL Octane series. Normal octane C,H,, = CH,(CH,),CH,,
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boils at 124° C. QOetyl aleohol C,H,,.CH,OH, a colorless oily
liquid, of sp. gr.o.830. Is contained in the seed of Heraeclenm
sphondylium, both uneombined and as oetyl acetate, and as octyl
butyrate in the seeds of Pastinaca sativa. Artificially from
RICINOLEIC ACID Oy H;,0,4+2HOK = porasstom sesate C,,H, 0,
(OK), + H, + octyl alcohol C.H,,.CH,OH. CaprRYLIC ACID
C.H,,.COOH, of faint, unpleasant odor, is foun!l as glyceride in
butter, and in eocoa-nut-oil,

[X. Nonane series. Normalnonane C,H,, = CH,(CH,),CH,,
boils at 136° C. Sp. gr. 0.741. Nonyl alcohol C.H,,.CH,OH,
buils at 200° C.

X. Decane series. Normal decane C, H,, = CH,(CH,),CH,,
of sp. gr. 0.757, boils at 160° C. Deeyl aleohol C,,H,,OH =
C,H,,.CH,OH boils at 210° C. Rutic or capricacid C,H,,COOH,
as a glyceride in butter and in cocoa-nut-oil. Also from amyl
rutate in the fousel oil of the Seoteh distilleries.  Crystalline.

XI. Endecane series. Endecane (  H,,. XII. Dodecane
series. Dodecane C,,H,;. Lauvric acip C,,H,,.COOH, from
alcohol, in silken needles. As a glyceride in fat of Lowrus
nobilis and of Pichurim beans. By saponification with potassinm
hydroxide, and decomposition of the soap with tartaric acid.
XIIL Tridecane series. Tridecane C,,H,, XIV. Tetradecane
series. Tetradecane C,,H,. Mvyrisric acio C,H,..COOH, in
white, lustrous lamine, which melt at 53°.2 C. Very soluble
in hot alcohol. As a glyceride, aMyRrisTIN (C,,H,,0),0,C,H, in
nutmeg-butter and in Otoba fat. XV. Pentadecane series.
Pentadecane C  H,,. XVI. Hexdecane series. Hexdecane
C;H,,. Hexdecyl aleohol C, H,, OH = UH, CH.CH, Is
ethal. As obtained from spermaceti found in ecavities in the
head of Physeter macrocephalus. 1t consists of cTYL or HEXDEOYL
PALMITATE U, H; 0.0C ;H,,: when fused with KOH = roras-
SIUM  PALMITATE C,;H;0.0K 4 cpryn Avconon €, H,,0H.
White crystalline mass, melts at s0° . Tasteless and in-
golulle.  When heated with KOH = :H, 4 PoTASsSIUM PAL-
MTATE U H,, 0.0K.  Palmitic acid C,,H,,0, = Oy H,:CO0H,
is the 16th of the fatty acid series. Oeccurs as a rlyceride in
many fats. Most largely in pulm-oil from Elais (uianensis, in
Chinese tallow, and Japan wax, as tri-palmitin (C,oH;,0.0),.
C;H,. Also as ecetyl palmitate (spermaceti). Artificially b
melting oLElc acip C,H,,0, (p. 103) with 2KOH = EL,
CH,.COOK + C, H,,0.0K. Soluble in boiline aleohol. Melts
ak 620° C. May be distilled. Moxo- pr- and TRI-PALMITIN.

XVII. Margaric acid C,.I,,.OH, was supposed to be inter-
mediate between palmitic and stearic neids.” As MARGARATE OF
POTASSIUM l_}“H_,m'f).f_J'I{, 4+ NH, hj’ action of orEryn ovaNiDE
ONUjHyy + KOH + OH,. X VIIL Stearic acid (,,H,.0.0H,
in nacreous laming, of acid reaction. Melts ut 69° C. TRI-
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sTEARIN (C,H,.0.0),C,H,, a glyceride in most solid fats, as in
beef and mutton-suet. Soaps consist of mixtures of sodium (or
potassium) palmitates, stearates, oleates, &e. They are made
by saponifying palm-oil, tallow, &c. Sodium-soaps are hard ;
potassium soaps soft, and contuin great execess of alkali.
X X. Arachidic acid C,,H,,0.0H, in small scales, by saponifying
the oil of Arachis hypogwa. XXII. Behenic acid C,,H;0.0H,
melts at 76° C. By saponifying the oil from the fruit of Moringa
Nux Behen. XXVIL Cerotyl aleohol C,.H,OH = C,H,,.
CH,OH. As purified by ether, a wax-like substance, melting
at 97° C. Chinese wax is ceryl cerotate C, H 0.0C, H,.
When heated with KOH = porassitm ceroTaTE C, H;0.0K +
cerotyl aleohol. Ceruric acmn C,.H 0.0H, is the chief con-
stituent of cerin, the portion of bees-wax which is soluble in
boiling aleohol, and is obtainable by fusing ceryl cerotate, which
melts at 82° C., with KOH, and decomposing with an acid.
Melis at 78° C., and distils. XXX. Myrieyl aleohol C;,H,,.0H
= (,,H,,.CH,OH, of silken lustre, is the highest known member
of the series. Myricin, or myrieyl palmitate C,H,,0.0C, Hg,,
is that portion of bees-wax which is insoluble in boiling aleohol.
By fusion with KOH, info potassium palmitate and myrieyl
aleohol, Merissic acip, . H,,0.0H, melts at 8g° C. The
highest known member of the faity series, commencing with
rormic Acip H.COOH (p. 85). Obtained by heating myricyl
alecohol with KOH = 2H, + rorassium MELISSATE Cy H,,0.0K.

Decomposed by acids.

Naphthalene group. Naphthalene C,H,, in large, colorless
brilliant erystalline plates, with odor reminding of narcissus.
Melis at 7¢°.2 C. : boils at 218° C. Burns with red, sooty flame.
Soluble in aleohol and ether. Forms additive compounds with
Cl, Br, &c. Contained in last portion of oily product obtained
from coal-tar. Also produced by decomposition of benzene,
toluene, &e. Thus: 4C.H, = 3C;H,; + 3H, + C, H,. NITRO-
NAPHTHALENE C,,H,NO,. Naruraviamiy C, H.(H,N), in
needles. NAPHTHALENE-suLrHoNIc Acip C, H.SO.H, crystal-
line, deliquescent. NapurnoL C,,H,.OH, colorless prisms; violet
with echloride of lime. NarmrmoquiNoNe C, H;O,, in large,
sulphur-yellow tables.

Phenanthrene group. Phenanthrene C,,H,, in colorless,
lustrous lamine. Contained in the portion of coal-tar, which
boils between 320° and 360° C.  Anthracene C, H,,, in colorless
tables. little soluble in alcohol and ether. Melts at 213° C. and
distils above 360° . Both phenanthrene and anthracene con-
tain benzene residues ; C,H,.CH.CH.C ;H,. Di-bromanthracene
C,,H Br, in golden-yellow needles. By the action of Bromine
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on anthracene in CS,. Anthrol C, H, OH. Anthraguinone
C, H,0, = C;H,.CO.CO.C;H,, in shiuny, yellow needles. Sub-
limes. Not reducetl by E::D(UHL By oxydation of anthracene.
]Jl-hmma.nthmqumnn& C,H,Br,0,. In yellow needles. Ob-
tained by heating ﬂ.ut.hraqumone “‘with Bromine. By heating
with :KOH at 150° C., into alizarin C, H,(OH),0,. Anthra-
quinone-sulphonie acid C, H.0,S0,H, and HH ,0,(80,H),, by
heating anthraquinone with SO (OHL at 255° C. Alizarin
C, H, (UH),.U,,,m orange-colored needles, forming purple solution
with alkalics. Aluminum and tin salts throw down red pre-
cipitates of madder-lakes. Alizarin, from the red coloring
matter of Rubia tinctorum ; contains RUBERYTHRIC ACID
C,;H,.0,,, which by water ( + 20H,) is resolved into 2 DEx-
TROSE and alizarin or garancin, Now prepared artificially as
above, or cheaper, from C, ,H,0,(SO,H), by fusion with KOH,
snlutmu in water, and preeipitation of the alizarin by CIH.
Purpurin C, H,(OH),0, occurs in old madder-roots together with

alizarin. Like alizarin, it is reduced to anthracene, h;, heating
with zine-dust.

Destructive distillation. Among the produects of the distil-
lation of wood and resins must be mentioned Kreasote C H,,0,.
Sp. gr. 1.057. It is to kreasote that wood-smoke owes its anti-
s6 ptiL properties. It is contained in the heavier portions of the
oil obtained frum wood-tar. It is a colorless, oily liquid, which
boils at 203° C. Easily inflamed ; burns with « smoky flame.
Of pungent odor and burning taste. Little soluble in water ;
very soluble in acetic acid, aleohol and cther. Cougulates albu-
min (p. 126) and is the best antiseptic. PHENOL or CARBOLIC
acto CH,OH, is the common substitute for genuine kreasote.

Terpenes and Camphors, 0il of turpentine C,,H,;, a colorless,
mobile liquid, of aromatic odor, insoluble in water, but soluble
in absolute aleohol, ether, benzene and carbonic ﬂnl[‘.rh[{h'. A
golvent of plmsplmrllrs, sulphur, iodine, bromine, oils, resins
(varnishes).  Many varieties : isomeric and polymerie. In
conifers generally.  Forms wuvprates; C, H,;,20H,, and
LMHH,;UH By repeated distillation with a little Hlllphullr
acid, into TEREBENE C, H ., boiling at 160° O, and coLorHENE
C,,H;,, boiling at a high tempenr ware.  Inflames with Chlorine,
Unites with zi‘IH CYMENE Or METHYL-PROPYL- -BENZENE U H,
(CH,)(C,H,), is made from turpentine, showing the latter to iu
i h}rllul{ of ecumene, By ﬂule.nlmn, turpentine yields aeids
formie, acetic, butyrie, oxalie, TerEBIC (. H,,0,, Torvio i
(CH, [ {H}Il.ttn:l TEREFHTHAL m CUaH (C HU]I}: Easentmlmls
I |t1]r| h:,'qlr:u arbons isomerie or polymerie with oil of burpentine,
or of a mixture of these with compounds of C, H and O. 0il of
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lemons, from the rind of the fruit of Citrus l/monum, consists
chiefly of cirrexe O, H ;. Similar oils from Oils of Neroli, Ber-
gamot, Citron, erﬂ {Jmn{;e, d&e. Thyme, Valerian, Chamomile,
Juniper, &e. Uils of Capivi and Cubebs, polymeric: C,H,,.
Mixcd with a terpene, we have valeric acid in oil of Valerian,
pelargonie acid in oil of Pelargoniwm, EUODIC ALDEHYDE
CoH,, COH in 0il of Ruta. Some volatile oils consist of alde-
lydes, as oils of Bitter Alimonds, Cinnamon and Cassia. They
are all soluble in alcohol and ether, and produce a greasy stain
upon paper, disappearing when heated. Eleeoptene is the liquid,
and stearoptene the solid portion of an essential oil, None of
these oils suponify. Camphors contain 1o atoms of ecarbon,
Laurel camphor C, H,,0, a colorless, translucent mass of sp. gr.
o g8s, Melts ﬂt 1,50 La., and sublimes at 204° C. Readily
snluble in aleoliol (tineture). By hLeating with P,0,, into cu-
mene C,,H,, + OH,. In Lawrus Camphora. Also artificially,
as from turpentine, by Mn,O,(OR),. The essentiakoils of Laven-
der, Marjoram, Rosemary and Sage contain camphor. Absinthol
U, oH 6O, trom Artemisia Absinthium is a liquid camplor. Can-
rHouic acip CH, (COOH),, in colorless laminge. By continued
boiling of e.un]:llm with uitrie acid. Borneo-camphor C, H, O,
melts at 108° C., and boils at 212° C, Itisan aleohol G, H,.OH,
vielding compound ethers. Obtained artifieially by hmlm-r
laurel ca,mplmr with sodium (soprvy Boryzeon C,,H,,.ONa), or
aleoholic HOK.  Occurs in Dryabalanops Camphora. Menthol
Uy ,OH, in oil of Mentha piperita, occurs together with a
terpene,

Resins and Balsams, CoLOPHONY or COMMON ROSIN consists
principally of sylvie acid C,,H, 0,. It is monobasic, and erys-
tallizes from aleohol in laminge.  Lac is harder than resin, and
known as stick- seed- and shel-lac. Copal, Mastie, Sandarae,
Dammar, and Dragon’s blood are also resins.  Amber is a fossil
resin.—CAOUTCHOUC is the dried milky juice of speeics of Ficus,
Euphorbia and other trees. Soluble in petroleum, benzene, &e.
Little affected by ehemicals. By destructive distillation yiclds
two polymerie bodies : Isoprene C,H,, and Caoutechin C, H,.
With Sulphur, Ci aoutchoue Zives Hllmm.ﬂ:d India Rubber, and
Iibhonite. GUTTA PERCHA, num Isonandra Gutta, is harder than
caoutchoue, but very similar, A good insulator of electricity.
By destructive distillation }ltltlb IsorrENE, CAouTcHIN and
Heveess, polymerie hydrocarbons, Balsams arc mixtures of
resing with volatile oils,

Coloring matters. Indigotin C, I, N,O,, in dark-blue needles,
may be obtained by subliming commercial indigo. It does not
{\]'-.f m huhr;r}ﬁm Anil n*.uh formed, but as a GLUCOSIDE

(! Hy NO,.. which, by boiling with dilute acids, yields 1¥DI-
GLUGIN L.,IIW{J und ixpicoriN G, H,,N,0,. Thus: -LEUIIJ,\U“

1o+~
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-+ 40H, = 6 indiglucin + indigotin. Indigo-white C, ;H,,N,0O,
is changed into indigotin by the air or oxydizing agents. - Indigo-
sulphonic acid C,;H,N,0,.8SO,H, by heating indigo with sul-
phuric acid. Isatin C,H,NO,, in yellowish-red prisms, by
heating indigo with nitrie acii. See Phenyl-amin C,;H,.I,N,
p. tr2, Indigo related to benzene group (p. rr2). Carthamin
C, H,,0., as a dark-red powder used for dyeinge silk, is obtained
from the petals of Carthamus tinctorius. Alizarin G, H (OH),0,
lins been already deseribed at p. 119. Hematoxylin C H, 0O,
30H, in Hmematoxylon. Pale-yellow prisms. Carminie acid
C,.H,.0,,, in Coccus Cacti most lartely, and in the flowers of
Monarda didyma. Fine red powder, soluble in water and aleo-
hol. Di-basie. Brazilin C,,H,,0,, in small yellow prisms,
crimson by alkalies, Cureumin C, H,,0,, in turmerie. Orange
crystals, browned by alkalies. Euxanthie aecid C,H,,0,, in
Purree or Indian Yellow, as magnesium euxanthate. Shiny,
yellow prisms,  Chlorophyll is leaf-green. Soluble in alcohol
and in Cl1H.

Alkaloids,

They are all derivatives of ammonia. The monamines, derived
from a single molecule of ammonia. may contain one, two or
three univalent aleohol-radicles in exchange for 1, 2, or 3 atoms
of Hydrogen : primary, secondary, and tertiary. They expel
ammonia from its salts, when heated with them, and form
double salts with platinic ehloride, Aurie chloride, &e. They
can also replace hydrogen in the ammonium of alums. Primary
AMINES, into corresponding aleohols by NO.OH. Thus:
CH,(H,N) 4+ NO.OH = OH, + N, 4+ CH,.OH. Thus, we have
a means of passing from a lower into a higher aleohiol series.
Ethenyl nitrile C,I{,N + 2H, = ethylamin (CH,CH,)H,N, and
ethylumin 4+ NO.OH = OH, 4+ N, 4+ CH,CH,0H. SECONDARY
aMiNgs, by NO.OH into warer, and nitroso-compounds. Thus ;
di-methylamine (CH,),HN + NO.OH = Water + nitroso-
dimethylamin (CH),NO.N. TERTIARY AMINES are scarcely
touched by nitrous acid. Pyridine bases, C,H,, _ ,N, are metu-
meric with phenylamin C I, . H,N, and its homologues, p. 112,
They are contained in coal-tar, naphtha, and in Dippel’s oil,
which is obtained by the destructive distillation of bones. Al
liguid, and react as tertiary monamines. Pyridin C.H,N.
Picolin C,HLN; boils at 1337 C.  Strongly alkaline, and forms
erystalline salts. Lutidin C.H,N. Collidin ¢, H, N. Parvolin
C H;;N. Coridin C, I N. Rubidin C, H N. Viridin C ,IH,,N.
Chnizyoriy Bases C.H,, —, \N. DBy distillation of quinin, cin-
chonin, with WOH. Chinelin C,H,N. Lepidin (!, ,II,N. Cryp-
tidin C,, I )N. LEgvcoLiy, contained in coal-tar-oil, is isomerie
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with chinolin. Heated with amyn ropipe C,H,,I, chinolin
forms C,H..C,H, NI, which is changed by heating with KOH
into cyanin C, HosNI, & dye of blue color. Conin C |
= (O.H, . )'HN, in thc seeda &e., of Conium mac u?ufum By
distillution with KOH. Lulmla:as_ oily liquid, of stupefying
odor, browning on exposure. Sp. gr. 0.89. Boils at 166° C.
Very poisonous. Temporary stain upon paper. Slightly
soluble in water ; freely in aleohol and ether. Vapor inflam-
muble. A su[‘:nml.,tr:. monamine. MEerayL coNiy CH,.C.H, . N,
also accompanies conin. With ethyl iodide, conin forms C.H,,.
C.H,.N.C,H.I, and this, by Av-(}lI into a soluble base. (Coxs-
HYDRIN C, H +HL,NO, accompanies conin.) Nieotin (C,H.),"'N,,
= U,UHHN” In the seeds and leaves of Nicotiana tabacum,
united with malie and citric acids. Also in tobaceco smoke.
Maryland and Havannah tobacco contain about 2 per cent.
Colorless, oily liquid, iuitdtiug, and odorous of tobacco. Sp. gr.
1.044. Boils at 249° C. Very soluble in water, aleohol and
ether. A fearful poison. With Cl, a red color. With I a ruby-
red. Spartein C,,H,,N,. Col lorless liquid, alkaline, sparingly
soluble, bitter, nareotic. Creatin C,H/N,0,0H, in lustrous
prisms, neutral, bitter. In juice of flesh. i'!.rllﬁﬂid]:]}' by union
of cyaxampe C(HN), with METHYL-GLYCOCIN Or SARCOSIN
CH, HIN.CH,.COOH. By builing with water, into trREA and
SARCOSIN. By abstraction of w 1tc~r as when heated with acids,
into ereatinin C,H.N,0. Creatinin constitutes o. 25 per cent.
of the urine. It t:rysl:ullizﬁs in rhombic prisms, expels H N
from its salts, and forms salts with acids. Guanin C,H,N.O, a
white pmwim, soluble in ClH. By oxydation into GUANIDIN
CH,N, and parasaxic actp C;H,N,O,, p. 107. Is contained in
the pancreatic juice of mammals and largely in guano. Xanthin
C,H,N,O., in ccrtain caleuli; in the blood and urine, and in
the liver. Artificially by moist sodium amalgam upon URIC
acip C,H,N,O,, and by NO.OH upon guanin. White. amor-
plious, ahghtlv soluble in boiling water. FEasily soluble in
solution of H.N. Hypuxanth.m (,H,N,0, crystallizes in
needles, hlurhﬂy soluble. Its ]lj.'tll'n:('.hlfrl‘it]t ::puriugljr soluble.
It accompanics xanthin. Carnin C.HN,0O; m meat-extract.
Theobromin C.H,N,0,, in the seeds of jhfnhmmﬂ Cacao. White,
cerystalline powder, of bitter taste, slightly soluble, neutral.
Forms salts with acids. From its solution in H,N, silver
nitrate precipitates C,HAgN,0,, which, by heating to 100° C,
with CH,I, is changed into: thein or methyl-theubrnmm
C.H.(C ]]3,‘;\7 (,. In tea and coffee; in the leaves of Ilex para-
r;wm;mm.-r and’ in Guarana, the dried pulp of the fruit of
Paullinia sorbilis. In silken ‘Hum“u us U H,,N,0,,0H,, soluble
in water and aleohol, Melts at 225° C., and sublimes, Boiled
with baryta-water 4 O, = theidin U Ht,. ;0 + CO,. By the
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action of Cl or of nitric acid, methylamin and eyanogen
chloride are evolved, and AMALIC AcID (TETRA-METHYL ALLOX-
ANTIN) C(CH,),N,O, is obtained.

Alkaloids of opinm, Opium, the inspissated juice of the half-
ripe capsules of Papaver somniferum, contains various bases
united with sulphuric and meconie acids. By digestion of the
opium with warm water, and filtration, we remove nuarcotin
principally, with some resinous matters, &e., and obtain morphin,
codein, thebain, papaverin, nareotin and nareein in solution as
meconates and sulphates, together with meconin C, H,,0, and
extractive matters. Opium acts as a sedative, and in larger
doses as a narcotic poison. On addition of ealcium chloride to
the aqueous solution, caleium meconate is thrown down, and
hydrochlorides of the ulkaloids are found in solution,

N.B. MEecoxic acrp C,HO(COOH),,;0H, = C.H,0.,~OH,, or
OXYCHELIDONIO ACID (Lm,mnmn; acip U, H,Q,, in G:'.-,ﬁ'.:,duf.-uum
majus, together with AcoxNrric actp C H, (J,j in Chelidonium as
also in Aconitwm napellus) in mica-like plates, easily soluble in
boiling water, gives a deep-red color to ferrie salts, not bleached
by Cl,Hg. Easily separated from calcinm meconate by C1H.
Triatomie, tribasic. Soluble meconates are precipitated by lead
acetate.

Morphin C,.H,,NO,OH,, in small, brilliant prisms, soluble
in 1000 parts of cold water; alkaline to test-paper and of
bitter taste. Soluble in 10 parts of boiling alcohol, and
easily in dilute acids: insoluble in chloroform and in ether.
Soluble in excess of KOH. Precipitated from solutions of its
galts by KOH, by H,N and by CO(ONa),. Melts to dark-red
fluid, and burns with sooty flame, leaving a little charcoal
which easily burns away. Neutral ferric ehloride strikes a blue
color. With nitric acid, an orange color, very characteristie,
Liberates I from I0,H, which is dissolved with amecthystine
color by chloroform or carbonie sulphide, and eolors starch
blue. From morpuIN nvprocuLoriDE C,.H, NO, CIH,30H,,
morphin may be precipitated by H,N. Solntion of 1odine pre-
cipitates C,,H ,NO,I,. ]_Ap-:}mnrphm C;H,;;NO,, by heating
morphin in an }ulnntlmlhrsm]ul fllhi‘* WIth 2CIH. Is an
emetic. Is soluble in ether and in chloroform.] Codein or
methyl-morphin C,.H, (CH,)NO,,0H, = C, H,,NO,,0H,,. Large
rhombic prisms, whll h melt at 120° C. With soda-lime yu 1ds
m[:th}'l-mnim and trimethylamin,  Heated with strong CIH at
r45° C., into methyl ehloride and npulmnphlu Te Jt.l:u:," mon:i-
mine. From its greater solubility, eolein hydrochloride remains
in solntion after lunrpl:m hydrochloride has fr'-,sln,I]mu] ont.,
Thebain C,,H, NO; in -.4l|"-rl‘lj? seales, insoluble in water, KOH
andl in HyN.  Present in very small quantity, TPr odiers
tetanus, Papa?erm Uy NOy, in minute crystals. Like
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Cryptopin, gives with SO,H, a deep-blue color. Narcotin
Cg,HyyNO, = € H, (CH,),NO., in small, colorless prisms, is ob-
tained from the mare orinsoluble portion by boiling with dilute
acetie acid, and precipitation by NH,. Soluble in 128 parts of
boiling aleohol and 19 of boiling ether. Heated with KOH,
vields HN and CH,H,N, as well as (CH,),HN and (CH,),N.
Treated with 31H = 3;CH,I 4 nornareotin C,,H,.NO., or three
molecules of methyl ivdide for one of the new buse.

Alkaloids of cinchona. Cinchonin C, H,,N,O, in transparent,
four-sided prisms, very little soluble in water, yet alkaline to
test-paper. Soluble in 30 parts of boiling aleohol ; nearly in-
goluble in ether. A powerful base; produces powerful right-
handed rotation. In pale bark, or Cinchona Condaminea.
(C,,H,N,0),80,H,,20H,, in lustrous erystals, fairly soluble.
Cinchonicin und Cinchonidin are isomeric; the first is feebly
right-hunded, the latter strongly left-handed as to polarized
rays,

Quinin C, H,,N,0,,30H, in minute silken needles, more
goluble in water, intensely bitter and alkaline; deviates the
plane of polarization to the left. A valuable febrifuge. Very
soluble in ether, and gives a green color with Chlorine-water and
Ammonia. Abundant in yellow Cinchona bark, Cinchona cali-
saya. (C,H,N,0,),80H,,:aq., requires 8co parts of cold water
for solution. Solution has a blue fluorescence. Quinidin is
isomeric, but produces powerful right-handed rotation. Quinicin
CyH, N,O,, is alo isomerie, and like cinchonicin is produced
by heat 1e~pectively from quinidin and cinchonidin, N.B. These
allzaloids ure contained as Kinates chiefly. The so-called Kixic
aciv C,H.(0OH),CO00H, in colorless prisms. Easily obtained from
caLciuMm KINATE (C.H,,0,),Ca,10aq., by means of oxalic acid.
By digesting the ground bark in dilute sulphuric acid, and
precipitation of the bases by lime or magnesia.,

Alkaloids of strychnos. In the seeds of Strychnos nur-vomiea,
and in Stryehnos Ignatius, STRYCHNIN and BRrRUCIN are found.
The expressed seeds are exbausted by dilute sulphurie acid, and
the bases precipitated by ealeinmn hydroxide : bruein is removed
by washing with cold aleohol. Strychnin C,,H.,N,0,, in color-
less rhombie prisms, almost insoluble in water, and yet intensely
bitter, and alkaline. Almost insoluble in ether and absolute
alcohol, but very soluble in ordinary spirit of wine and in chlo-
roform. A feartul poison. With PbO, and also with MnO,
and 8O I, gives beautiful purple reaction, turning to brown.
Also with K, Cr,0, and 80,1, Potassium sulphocyanide pre-
eipitates sulphocyanide of stryelinin, Bruein C,,H,N.O, in
cftloreseent priswis, or in tables with 4 aq. Easily soluble in
alcohol, but not in ether. Red with SOH,, and gives a violet
preeipitate when SuCly is added to the red solution. Orunge
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color with NO,.OH, for which it is alsoa test. Brucea ant/dys-
enteriea only contains brucin. Less poisonous than strychnin.
Other alkaloids. Atropin C,,H.,NO,. in Atropa Belladonna,
and in Dafura Stramoniwm. Thin needles, of bitter taste, very
poisonous. Unchanged in the urine. loasily soluble in alenhnl,
but little in water and ether. Produces dilatation of the pupil of
the eye. By heating with (OH),Bu or with CIH, by assimila-
tion of OH, into Troric Acip C,H,;0; and tropin C,H, NO.
Veratrin C,,H,,N,O,, in seeds of Veratrium Sabadilla. White
powder, of sharp burning taste, oceasioning sneezing. Very
poisonous.  Nearly insoluble, and yet alkaline. Jervin
C3,H 4 N,O,, in the root of Veratrum album. [Piperin C,.H, NO,,
in four-sided prisms, insoluble in water ; easily soluble in aleohnl
and ether, From seeds of Piper niger. Heated with soda-lime
it yields prperipiN C,H, HN, a secondary amine. Sinapin
C,;H,3NO,, in seed of Sinapis alba, as thioeyanide, soluble in
aleohol. By boiling with alkalies (4-20H,) = cholin C,H,,NO,,
and siNapic acip C,, H,,0,. Hyoseyamin C,;H,;NO;, in Hyos-
eyamus niger. Berberin C,, H,.NO, in the root of Berberis vul-
. guris. With sOH, in yellow needles, Physostigmin C,;H,,N,0,,
in the Calabar bean. In laminge soluble in aleohol and ether.
A fearful poison. Oceasions contraction of the pupil. Curarin
C,,H;sN. Lyein C,H,,NO,. in the leaves of Lycium barbarum.
Harmalin C,,;H,,N,O and Harmin C,H,,N.O are in the secds
of Pequnum harmala.  Colchicin C,.H,,NO,, in the seeds of
Colchicum  autwmnale,  Cocain C,,H, NO,, in coca-leaves.
Corydalin C,,H NO,. Chelidonin C, H,,NO,, in the roots of
Chelidonium majus. Emetin C; H, ,N,0,, in Radiz Ipecacu-
anhe. Solanin C,H,; NO,; in the sprouts of Solanwm tuberosum.]

Gelatiginous principles including bone, teeth, hair, nails, &e.

Gelatin and Chondrin are not ready-formed, but result from
the action of boiling water upon the gelatigenous or chondrin-
producing tissues,

Gelatin, Chondrin,
COMNE v o @ @ BELD 49,1
Hydrogen . . . . 6.6 T
Nitrogen . . 'ZB.3 14.4
Dxygen « . « & « 251 29.4

100,0 100,0

Gelatin swells up in eold water, and dissolves on boiling to
a viseid liquid, which solidifies to a jelly on cooling. “Size”
from parcliment, © glue ™ from bones, and * isinglass” from the
floating bladder of sturgeons, are more or lesas pure gelatin,
Insoluble in aleohol and ether, and is precipitated also by Cl,He,
(NOp),0,Hg, and (NO,),0,Hg,. Tasnwy C, H,,0, (p. 115),
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precipitates it as TANNO-GELATIN, and the tissues which vield
gelatin, unite directly with tannin to “leather.” Boiled with
sulphuric acid or with alkalies, gelatin yields both vLEUvCIN
CsH,;NO,, or amivo-carroic acip C.H, (H,N)(COOH) and
cLycociy C,H,NO, (or amino-aceric acip CH,(H,N)(COOH).
Leuein crystallizes in lustrous scales, but little soluble in water.
It unites with acids und bases. Heated with (OH),Ba =
C,H, H,N+CO.0,Ba. Chondrin, from the ribs and joints, is
precipitated from its solutions by acetic acid, alum, lead acetate
and other metallic salts, and not by mereurie chloride. With
sulphurie acid, only LEvcin. Boiled with C1H, gives GLUCOSE.—
Sericin C,,H,,N,O,. Soluble in boiling water, and solidifies on
cooling to a jelly. Is preeipitated by Cy,FeK,, and by various
metallic salts. Boiling with sulphuric acid, sericin affords besides
LevelN CH 2N O,, and ryrosix C,H,, NO,, serin or amido-glyceric
acid CH,.H,N.CHOH.COOH (hard crystals changed by NO.OH
into GLYCERIC acip C H O, or proxy-rroriosic acid.)—Fibroin
C;H N30, constitutes 66 per cent. of silk. Insoluble in hot
witer, in alecohol and ether. Boiled with sulphurie acid, gives
leuein, tyrosin and glycocin.

Albuminoids or proteids. Approximate formula C.,H,,,N,.0,,S.
They also contain phosphates. Boiled with CIH. and CI,Sn,
they are resolved into H,N, C.H,;NO,, C,H, NO,, AsPARTIC
ac and cLurayic acm C,H, H,N(COOH),. Tley are pre-
cipitated by mineral acids; by Cy,FeK, with a little acetic
acid ; by acetic acid; by Millon's reagent (mercuric nitrate),
a deposit, and a solution which turns red. They also rotate
the plane of polarization to the right. Class I. ALBUMINS:
soluble in water. «. Ser-aLpuMmiN, yellow, elastie, transparent,
soluble, and precipitated by aleohol, which slowly changes it
into coagulated albumin, Not precipitated by very dilute
acids in small quantities. Immediately by strong acids, espe-
cially nitrie acid, in which it is easily soluble. Concentrated
NO,OH produces a bright orange color. Aqueous solution
coagulated by boiling; albumins. Nor coAGULATED: Pep-
tones. All albuminoids changed into Peptones by gastric juice,
b, Ovarsumiy, gradually gives a precipitate when shaken with
ether, and is nearly insoluble in nitric acid. (The yolk of an
ezg containg albumin and casein.) e. VEGETALBUMIN resembles
ovalbumin, Class II, GLoBuLINS : insoluble in water. Insoluble
in water, but soluble in 1 per cent. solution of ClNa or other
neutral salts, a. Myosin, insoluble in water, but soluble in very
dilute CIH, rapidly passing into acid-albumin. It is also coagu-
lutedd Dy aleohol.  Oeccurs in the protoplasma, or contractile
muscular substance causing régor mortis. B. Globulin, Suspended
in water, and heated to 70 C., 1t becomes coagulate and insoluble,
By dilute acids into acid-albumin. In dilute alkalies, soluble as
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albuminate. Isprecipitated from its saline solution by CO,, and
is prepared from diluted blood-serum by a stream of CO,.
Globulin also in aqueous humour, in the juice of the cornea, &e.
Globulin from blood-serum is FiBRINO-PLASTIC. <. Fibrinogen
is more difficult to precipitate by CO, than globulin, more flaky,
and more easily precipitated by alcohol-ether. It is moreover
FIBRINOGENOUS, producing fibrin when mixed with fibrino-plastic
globulin. Prepared from perieardial fluid, or hydrocele fluid,
or any other, capable of producing a eclot with blood-serum.
Class III. Derivep anpuMiNs. Insoluble in water and in dilute
solutions (r per cent.) of sodium ehloride: soluble in dilute acids
and alkalies. A. Acmp arsumin. All the globnlins of Class 11,
are soluble in dilute acids, and thus converted into acid albumin,
and the preecipitate on neutralization is no more soluble in
neutral salines. And so, if dilute C1H or CH,CO0H, be added to
ser- or ov-albumin, no coagnlation takes place on heating to
70° C. or above, but rotation to the left is increased : on neutral-
ization, a white, gelatinous precipitate is oceasioned, and soluble
albumin becomes insoluble in water, as in hot aleohol, Sus-
pended in water and heated to 70° C., it enters into the coagu-
lated state. DB. Alkali-albumin or albuminate. Casein. Alkalies
similarly prevent coagulation; on neutralization the albumin is
similarly precipitated. Hot aleohol re-dissolves alkali-albumin.
Casein, from milk, has similar properties: it is coaguluted by
infusion of rennet. Class IV. Fisriy. Insoluble in water and in
dilute (1 per cent.) hydrogen chloride, except when heated to
60°C. Fibrin is filamentaceous, and elastic, insoluble in water,
but soluble in solution of saltpetre at 40° C. The formation of
fibrin due to contact of fibrinoplastic with fibrinogenous sub-
stances, which combine. GLUuTIN consists mainly of vesetable
fibrin and glutin, Class V. Coagulated proteid. Insoluble in
dilute, as well as in strong acids: soluble in gastric juice.
Produced when nentral solutions of albumin, syntonin, fibrin,
myosin, &ec., are boiled or precipitated by aleohiol. Ovalbumin
is also coagulated by ether, and by strong CIH. Casein and
albuminates, when precipitated from neutral solutions, pass into
congulated albumin by heat: and they are changed back b
caustic potash into albuminates. Class VI. Peptones. All albu-
minoids changed into peptones by the gastric juice : they are
found in the stomach and small intestines. Easily soluble in
water, and insoluble in aleohol and ether. Not ]H-{:E-fjpjmmf] by
acids nor by potassinm ferrocyanide, but by ClL,Hg and lead
acetate with ammonia,

Bones when dried at roc® C. econsist of about one-third of
organic matter; the remaining two-thirds being composed chiefly
of calcium ortho-phosphate, with calcium carbonate and magne-
sium phosphate. DBy boiling in a Papin’s digester at 150° ¢
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the gelatin is dissolved, and the earthy matters are left. The
teeth are similar, but the portion which projects over the gums
i8 encased with a compact hard crust, known as the enamel,
and which contains but a very small proportion of animal
matter,

Blood is the source of all nutriment and all seeretions.
Average sp. gr. of human blood is from 1.052 to 1.057, varying
in the proportion of the red corpuscles. The serum is more
uniform, between 1.027 and 1.029; alkaline, straw-colored,
highly albuminous. Heated to 76°. 7 C., it coagulates to a semni-
transparent jelly owing to the presence of 7.74 per cent. of
albumin. The solid crror or crAssaMENTUM begins to separate
from three to five minutes after the blood has been drawn, and
is traced to the action of fibrino-plastic and fibrinogenous
bodies ; by strong agitation no eoagulation, as the fibrin sepa-
rates in coherent filaments. The blood-dises or red blood-cor-
puseles consist in chief part of hemeglobin, or hematocrystallin.
Usnally amorphous, but erystalline from cats, dogs, rats, mice,
and many fish. A brick-red powder, soluble in water, and pre-
cipitated by aleohol : its aqueous solution exhibits in its spee-
trum two absorption-bands situated between the Fraunhofer
lines D and E. The solution containing 0 has a deep-red color
and exhibits the absorption-bunds; free from 0 is dark-purple.
Oxygenated heemoglobulin is resolved by dilute acids or alkalies
into two proteids, fatty acids, and hematin C, H, FeN,O,, a
dark-blue powder when dry, eomtaining ¢ per cent. of iron.
When blood is warmed with strong acetic aecid, and solution of
CINa, a substance called hzmin, separates in yellowish-red,
microscopie, rhomboids : a test for blood.

‘Braing. Besides 8o per cent. of water. and 7 per cent. of
albumin, the brain contains (in adidition to small quantities of
kreatin, lactic aecid, uriec acid, inosite, &e¢.) futs. cholesterin,
eercbrin and lecithin. Cerebrin C,.H,,NO, is a tasteless sub-
stance, insoluble in eold ether. It swells up when boiled with
water. Leeithin C,H,NPO,, occurs also in yolk of eggs,
blood-corpuseles, &e. It is a waxy substance, soluble in aleohol
and cther; swells up with water, forming an opaleseent solution.
It unitis with basyls and radieles. Torms (C,,H ;NTPO.CI),.
CL,P't By boiling with acids, lecithin into: cnoLiy C;H,,NO,,
and GLYCERO-PHOSPHORIC, PALMITIC and OLEIC ACIDS.

Bile. A greenish viseidl liguid, which darkens on exposure
to air. Alkaline, of disagreeable odor, freely miscible with
water. and of bitter taste. Evaporated at 1co® C., and treated
with alcohol, a thiek jelly of muvcus is left. The aleoliolie
solution contains covoriyg MmaTTER and cHoLeEsTERIN C,.H ,0H
(p. 131). The BiLE-PIGMENTS are : a. bilirubin C,;H,N,O,, the
chicef coloring matter, forming dark-red prisms, iusoluble in
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water, and sparingly soluble in alcohol and ether. _Easily
soluble in CHCl; and in 8,C.  Soluble in hydroxides, with yel-
lowish-red color; when shaken with air, biliverdin CsHgo N, O,
of green color, precipitates. b. Bilifusein C,;H,,N,O, is dark-
greem, soluble in aleohol, but insoluble in chloroform and in
water. With nitric acid, all the pigments give a green color,
changing to blue, violet, red and yellow. A test. Besides
cholin C;H,;NO, (which has the composition of tri-methyl
ethene hydrinammonium hydroxide ¢,H,.0H.(CH,),N.0H), the
bile contains two peculiar acids. 1. Glycocholic acid C,,H,,NO,,
slender needles, sparingly soluble in water, easily in alcohol.
In the bile, as cLYcocHoLATE OF soprvw (O, H,,NO,ONa. On
addition of sugar and SO,(OH),, a purple-red color (Petten-
kofer’s test). By boiling with alkalies (+ OH,) into GLYCOCIN
CH,(H,N)COOH, and cholic acid C, H 1005 ¢ boiled with acids,
first into glycocin and cholie acid, and the latter then m];m
dyslysin (, H,,0,. 2. Taurocholic acid C,,H,NSO., also in
slender needles, easily soluble in water and aleohol. By boiling
with water (4 OH,), into cnonic Actp C,,H,,0,, and Taurin
C,H,(H,N)SO,H, p. 97. 1In the bile as TAUROCHOLATE OF
sopruM. The bile of pigs containg sodium salts of hyoglycocholic
acid U,,H;NO; and hyotaurocholic acid C,.H, NSO,. (Hyo-
cuoric aciv C,,H,,0,.) Goose-bile contains chenotaurocholic
acid C,,H,NSO;.  (CueNocmoric aco C,.H,,0,.) Oriental
bezoarsfones contain ELLAGIC AcID C,,H 0O, and lithofellic acid
Oy Hy50, ¢ the latter gives with sucrose and S0,(0OH), a purple
color,

Chyle is an opalescent flnid of a yellowish-white, or pale
reddish color. Feebly alkaline, more or less milky from sus-
pended fat globules, and deposits, when boiled, a few albu-
minous floceuli. Resembles blood, but is far more dilute.
Fibrin is greatest when the chyle taken from fasting animals.
Lymph is a yellowish or ecolorless fluid, also of faint alkaline
reaction. Like blood and chyle it contains fibrin, The al-
bumin in it varies from 0.4 to 6.0 per cent., and of fibrin- from
0.3 to 0.5 per cent, in human beings, Milk, as seen under the
microscope, forms a transparent Huid, containing innumerable
transparent oily globules; these globules are contained in o
thin membrane which is not visible until the milk is treated
with dilute acetic acid. Albumin is only present in colostrum,
or the milk produced after birth. The quantity of salts in cow’s
milk amounts to about o.73 per cent.: the phosphates are the
most important. Cow’s milk varies in 8p. gr. from 1030 to 1040.
It contains about 12.5 per cent. of total solids: wAT 3,25 :
LACTOSE and soluble salts 5.20; cAsEmy and insoluble salts
4.c3,

Among the liquids coneerned in digestion (begides bile) we

I
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notice: Saliva. An opalescent, viscid liquid, which froths on
agitation. The solids vary from o.4 to 0.84. In addition to
epithelial particles, and to the mucus derived from the mouth,
the saliva contains ptyalin which resembles sodium albuminate.
It constitutes one-third of the soluble solids of the saliva, and
converts starch into dextrin and dextrose. Further, the saliva
is faintly alkaline. Besides carbonates and lactates of potas-
sium and sodium, it contains sulphocyanide of potassium, ear-
bonate and phosphate of caleium, the two last, together with
salivary mucus, constituting the tartar of teeth. The gastrie
juice effects the digestion of the albuminoid constituents of
food. It is a clear colorless liquid, of peculiar odor; very acid
after ingestion of food. Very powerful antiseptic. Does not
become turbid when boiled. The acid consists of lactic and
hydrochloric acids, with traces of butyric and propionie.
Besides certain salts, it contains Pepsin, an albuminoid body,
soluble in water, but insoluble in aleohol or in ether. When
boiled, pepsin loses its power of effecting digestion : its aqueous
solution 1s precipitated by Cl,Hg, but not by Cy,FeK,, in
acetie acid solutions. Dried pepsin with 20 to 50 per cent. of
starch, is an article of commerce. The Pancreatic fluid, some-
what resembles saliva. It aids in the assimilation of fats.
Sp. gr. 1.008. Contains about 1o per cent. of solids, among
which Leveiwy C,H,, .H,N.COOH, xaxtaix C,H,N,O,, GUANIN
C,H,N.O and INOSITE C.H,,0,. Further it contu.m-: ‘albumin,
and becomes congulated when heated. Mueus. A tough, viscid
secretion, in which epithelial particles can be traced in  different
stages of disintegration. It swells up in, but is not dissolved
hy, water: yucIN gives the glairy consistence to the mass, and
is turned ycllow h} nitric acid, nof precipitated by Cl,Hg, but
coazulated by aleohol.

Th& '[l'rme From arterial blood by the kidneys. Average
sp. gr. 1.02. The quantity passed by an adult varies from 4o
to ,o oz. per day. Amber-colored, of slight acid reaction, and
peculiar odor. It soon begins to }mtu‘ﬁ, and becomes al]m.llne
from the cnlwersmﬂ of vrea CON.H, 4 20H, into AMMONIUM
CARBONATE : the mucus of the bladder ac ting as a ferment.
Besides WATER 95 .680 per cent., and vREa CON,H,, 1.420 per
cent., the urine contains mvcus o.o16, vric acip C,H,N,0O,,
0.037 per cent., ALCOHOLIC EXTRACT I.2§3, AQUEO! S LulucT
0.250, SODIUM CHLORIDE ©.722, PHOSPHATES, SULPHATES, &e.,

o0.613 per cent. The urine of herbivora is rich in HIPPURIC
Acitp CH, NH.C.H,0.COOH. The coloring matters of the
urine. Unocuroye and vromenaniy Oy H, N.O,,. The urine
is the chief outlet of the cffete nitrogenized tissues. Lehmann
seereted 821 grains of uren, and 21,6 grains of urie acid, per 24
hours, on an animal diet; on a vegetable diet 348 grains of



URINARY CALCULI. F.JECES. PUS. 131

urea, and 15.4 grains of urie acid. Sulphates increase greatly
in the urine with animal food. All salts of potassium, sodium
and ammonium with vegetable acids, taken as such, are voided
as carbonates., In cerfain diseases, ALBuMIN is found in the
urine. In diabetes, the urine contains much pExTROSE. Chief
caleuli are: 1. Uric acip. 2. Ammoxtiom UraTE. The deposit
so common in urine, of a pink color, is urate of ammonium.
3. Cavcrvm oxALATE. “ Mulberry caleulus.,” 4. CaLcium orTHO-
PHOSPHATE : infusible. 5. AMMONIUM MAGNESIUM PHOSPHATE.
“Triple phosphate.” ¢ FusiBLeE cavcvnus” is a mixture of
4 and 5. 6. XANTHIN C.H/N,0,; very rare. ;5. CysTIN
C,H,NSO,—An important biliary calculus consists mainly of
caoLesTERIN C,,H,,OH. _

The solid excrements or feeces consist of about 75 per cent. of
water; the rest, of biliary matters and alimentary débris
According to Litsig, about 53 ounces are excreted in 24 hour
by a healthy'adult. The odor is the more offensive as the
quantity of bile diminishes. Marcet has discovered ExcreETIN
CrsH, 5650,

Pus is a thick, opake, yellowish fluid, which, under the
microscope is seen to consist of a transparent liquid, in which
a large number of corpuseles float. It is feebly alkaline, and
holds a considerable quantity of albumin in solution; LEvcIN
C,H, ,(H,N)COOH, is also often present, and has been already
mentioned at pp. 126 and 130. [Leucin is further formed by
the decomposition of gelatin, wool and horn, &e., during putre-
faction. Indeed, it was first discovered in putrid cheese. The
crystals melt at 100° C., and sublime. Nitrous acid changes leucin
into LEveie Acip C,H 04, It is produced artificially from Broamo-
CAPROIC ACID by ammonia, and by digesting VALERAL-AMMONIA
with cyanide of hydrogen and chloride of hydrogen. Thus:
C,H,,0.H,N 4+ CNH+ OH, 4+ CIH = H,NCl + C,H,,.H,N.CO0H.]
The pus-globules contain both fat and cuovesreriy C,,H  OH,
the Iatter having the composition of o monatomie aleohol. It is
a lustrous, fat-like substance, soluble in boiling aleohol, in ether
and in chloroform. It melts at 137°C., and sublimes at 200° (.,
It is the chief constituent of biliary ealeuli (p. 128). PyiN is the
name of the albuminoid substance found in pns; it is soluble
in water, but precipituted by acetic acid as well as by alum.
The saline constitucnts exceed 12 per cent. of the total dry
matter.
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Feap. 8vo, 6s, 6d.

WARING.—A Manual of Practical Therapeu-

tics, By Epwarp J. Wanixg, C.B., M.D., F.R.C.P. Third Edition.
Feap. Svo, 12s. 6d.
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MEDICINE,
BARCLAY.—A Manual of Medical Diagnosis.

By A. WuyTe Barcray, M.D., F.R.C.P., Physician to, and Lecturer on
Medicine at, St. George’s Hospital. Third Edition. Feap. 8vo, 10s. 6d.

CHARTERIS—The Student’s Guide to the

Practice of Medicine. By Mattuew CHARTERIS, M.D., Professor of
Materia Medica, University of Glasgow ; Physician to the Royal Infirm-
ary. With Engravings on Copper and Wood. Third Edition. Feap.
Bvo, 7s.

FENWICK.—The Student’s Guide to Medical
Diagnosis. By Sanver Feswick, M.D., F.R.C.P., Physician to the
London Hospital. Fifth Edition, With 111 Engravings. Feap. 8vo, Te.

By the same Author,
The Student’s Outlines of Medical Treat-

ment. Becond Edition. Feap. Svo, 7s.

FLINT —Clinical Medicine : a Systematic Trea-
tise on the Diagnosis and Treatment of Disease. By Auvstiy Frist,
M.D., Professor of the Principles and Practice of Medicine, &e., in
Bellevue Hospital Medical College., Svo, 20s.

By the same Author.

A Manual of Percussion and Auscultation ;

of the Physical Diagnosis of Diseases of the Lungs and Heart, and
of Thoracie Aneurism. DPost Bvo, 6s, 64,

HALL —Synopsis of the Diseases of the Larynx,
Lungs, and Heart : comprising Dr, Edwards’ Tables on the Examina-
tion of the Chest. With Alterations and Additions. By F. Dy
Haviteasp Hav, M.D., F.R.C.P., Assistant-Physician to the Wosl-
minster Hospital. Royal 8vo, 28, Gd.

SANSOM.--Manual of the Physical Diagnosis
of Diseases of the IHeart, including the use of the Sphyzmograph
and Cardiograph. By A. IB. Sansom, M.D., F.R.C.P.. Assistani-
I'hysician to the London Hospital, Third [dition, with 47 Woodeuts,
Feap. Bvo, 7s. 6d.
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MEDICIN®E —continiued.
WARNER —Student’'s Guide to Medical Case-

Taking. By Fraxcits Warxer, M.D., Assistant-Phyeician to the
London Hospital. Feap. 8vo, Bs.

WHITTAKER.—Students’ Primer on the Urine.
By J. Travis Winrraker, M.D., Clinieal Demonstrator at the Royal
Infirmary, Glasgow., With Illustrations, and 16 Plates etched on
Copper.  Post Svo, 4s. ¢d.

— —

MIDWIFERY.

BARNES —Lectures on Obstetric Operations,
including the Treatment of Hemorrhage, and forming a Guide to the
Management of Difficult Labour. By RoperT Barxes, M.D., F.R.C.D.,
Obstetrie Physician to, and Lecturer on Diseases of Women, &e., at St.
George’s Hospital. Third Edition. With 124 Engravings. 8vo, 18s.

CLAY —The Complete Handbook of Obstetric
Surgery; or, Short Rules of Practice in every Emergency, from the
Simplezt to the most formidable Operations connecled with the Science
of Obstetricy. By Criantes Cray, M.D., late Senior Surgeon to, and
Lecturer on Midwifery at, St. Mary's Hospital, Manchester. Third
Edition, With 91 Engravings. Feap. Svo, 6s. 6d.

RAMSBOTHAM.—The Principles and Practice

of Obstetric Medicine and Surgery. By Frawxcis H, Ransporuan, M.D.,
formerly Obstetric Physician to the London Hospital. Fifth Edition.
With 120 Plates, forming one thick handsome volume. 8vo, 22s.

REYNOLDS—Notes on Midwifery: specially

designed to assist the Student in preparing for Examination. By J. J.
Revxonps, MLR.C.8. Tecap. 8vo, 4=,

ROBERTS—The Student’s Guide to the Practice

of Midwifery. DBy D. Lrovnp Rorents, AML.D., F.R.C.T"., Physician to
St. Mary's Hospital, Manchester, Second Edition. With 111 Engrav-
ings. l'cap. 8vo, Ts,
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MIDWIFERY —continued,
SCHROEDER—A Manual of Midwifery ; includ-

ing the Pathology of Pregnancy and the Puerperal State. By KAgL
Bcuroeper, M.D., Professor of Midwifery in the University of Erlangen.
Translated by Cnaries H. Canter, M.D. With Engravings. 8vo,
12s, 6d.

SWAYNE.—Obstetric Aphorisms for the Use of

Students commencing Midwifery Practice. By Josern G. BWAYSE,
M. D., Lecturer on Midwifery at the Bristol School of Medicine. Seventh
Edition. With Engravings. Feap. Svo, 3s. 6d.

MICROSCOPY.

CARPENTER.—The Microscope and its Revela-
tions. By Witnian B. Careexrter, C.B., M.D., F.R.8. Sixth Edition.
With 26 Plates, a Coloured Frontispiece, and more than 500 Engravings.
Crown 8vo, 14s.

MARSH.—Section-Cutting : a Practical Guide
to the Preparation and Mounting of Sections for the Microscope, special
prominence being given to the subject of Animal Sections. By Dr.
SvLvesTER Marsnr, With Engravings. Feap. 8vo, 2s, 8d.

MNARTIN.—A Manual of Microscopic Mounting.

By Jony H. Mantis, Member of the Society of Public Analysts, &c.
Second Edition. 'With several Plates and 144 Engravings. Svo, 7s. 6d.

OPHTHALMOLOGY.

DACGUENET.—A Manual of Ophthalmoscopy

for the Use of Students. By Dr. Daavexer. Translated by C. 8,
JEAFFRESON, Surgeon to the Neweastle-on-Tyne Eye Infirmary. With
Engravings. Feap, 8vo, 5s.

GG ENS—Hints on Ophthalmic Qut-Patient

Practice. By Cuanves Hicorss, F.R.C.5., Ophthalmic Assistant-Sur-
geon to, and Leeturer on Ophthalmology at, Guy's Hospital, Second
Edition. Feap. Svo, 3s.
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OPHTHALMOLOGY —continued,

JONES—A Manual of the Principles and

Practice of Ophthalmic Medicine and Surgery. By T. Wnanrtox Joxes,
F.R.C.8,, F.R.8., late Ophthalmic Surgeon and Professor of Ophthalmo-
logy to University College Hospital. Third Edition. With 9 Coloured
Plates and 173 Engravings. Fcap. §vo, 12s. 6d.

MACNAMARA —A Manual of the Diseases of

the Eye. By Cnantes Macyxamara, F.R.C.S., Surgeon to Westminster
Hospital. Third Edition. With 7 Coloured Plates and 52 Engravings,
Feap. 8vo, 12s. 6d.

NETTLESHIP.—The Student’s Guide to Diseases

of the Eye. By Epwanrp Nerrresurre, F.R.C.8., Ophthalmic Surgeon
to, and Lecturer on Ophthalmic Surgery at, St. Thomas’s Hospital.
With 45 Engravings. Fcap. 8vo, 7s. 6d.

PATHOLOGY.

JONES AND SIEVEKIN G.—A Manual of Patho-

logical Anatomy. By C. HaxprieLp Joxes, M.B., F.R.8., and EpwArD
H.Bievekixe, M.D., F.R.C.P. Seccond Edition. Edited, with consider-
able enlargement, by J. F. Pay~e, M.B., Assistant-Physician and
Lecturer on General Pathology at St, Thomas's Hospital. With 195
Engravings. Crown 8vo, 16s.

VIRCHOVW. — Post-Mortem Examinations: a

Description and Explanation of the Method of Performing them,
with especial reference to DMedico-Legal Practicee. By Professor
Ruporen Vircuow, Berlin Charité Hospital. Translated by Dr. T. B.
SwiTin.  Second Edition, with 4 Plates. Feap. 8vo, 3s. 6d.

WILKS AND MOXON.—Lectures on Pathologi-

cal Anatomy. By Samvrn Wirtks, MLD., F.R.8., Physician to, and
Lecturer on Medicine at, Guy’s Hospital; and Warter Moxox, M.D.,
F.R.C.P., Physician to, and Lecturer on Clinieal Medicine at, Guy’s
Hospital. Becond Edition. With 7 Steel Plates. €vo, 18s.

PSYCHOLOGY.
BUCKNILL AND TUKE.—A Manual of Psycho-

logical Medicine : containing the Lunacy Laws, Nosology, .Btiology,
Statistics, Deseription, Diagnoeis, Pathology, and Treatment of Insanity,
with an Appendix of Cases. By Joux C. Bucrxsiun, M.D.,, F.R.S.,
and D. Hack Tuke, M.D., F.R.C.P. Fourth Edition, with 12 Plates
(80 Figures), Svo, 25s.
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PHYSIOLOGY.

CARPENTER.—Principles of Human Physio-

logy. By WiLLiam B. CanpextEr, C.B.,, M.D., F R.8. Ninth Edition.
Edited by Henry Power, M.B.,, F.R.C.8. With 3 Steel Plates and
377 Wood Engravings. Svo, 31s. 6d.

DALTON—A Treatise on Human Physiology :

designed for the use of Students and Practitioners of Medicine. By
Joux C. Davrox, M.D., Professor of Physiology and Hygiene in the
College of Physicians and Surgeons, New York. Sixth Edition. With
316 Engravings. Roval Svo, 20s,

FREY —The Histology and Histo-Chemistry of

Man. A Treatizse on the Elements of Composition and Structure of the
Human Body. By Heixrich Frev, Professor of Medicine in Zurich.
Translated by Antonvr E. Barker, Assistant-Surgeon to the Uni-
versity College Hospital. "With 608 Engavings. Svo, 21s.

FULTON.—A Text-Book of Physiology, includ-

ing Histology, By J. Funros, M.D., Professor of Physiology and
Sanitary Science in Trinity Medical College, Toronto ; Surgeon to the
Toronto General Hospital. Sccon Edition, with 151 Engravings.
8vo, 15s.

RUTHERFORD.—Qutlines of Practical Histo-

logy. By WiLtiax Rurnerrorn, M.D., F.R.8., Professor of the Insti-
tutes of Medicine in the University of Edinburgh ; Examiner in
Physiology in the University of London. Third Edition. With
Engravings. Crown 8vo (with additional leaves for Notes).

[{n preparation.

SANDERSON —Handbook for the Physiological

Laboratory : containing an Exposition of the fundamental facts of the
Science, with explicit Dirveetions for their demonstration. By J, Burpoxs
Bavpersox, M.D., F.R.8., Jodrell Professor of Physiology in University
College ; B, Kuey, M.D., F.I1.8,, Assistant-Professor in the Brown
Institution ; Micnaer Fostea, M.D,, F.R.8., Prelector of P'hysiology
at Trinity College, Cambridge ; and T, Lavoer Brustox, M.D., F.R.8.,
Leeturer on Materia Medica at 8t, Bartholomew's Hospital Medical
College. 2 Vals,, with 123 Plates. 8vo, 24s,
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SURGERY.
BRYANT. — A Manual for the Practice of

Surgery. By Tnomas Bryaxr, F.R.C.8., Surgeon to, and Lecturer on
Surgery at, Guy's Hospital., Third Edition. With §72 Engravings
(nearly all original, many being coloured). 2 vols. Crown Svo, 28s.

BELLAMY.—The Student’s Guide to Surgical

Anatomy ; a Description of the more important Surgical Regions of
the Human Body, and an Introduction to Operative Surgery, By
Evwarp BeLvawy, F.R.C.S,, and Member of the Board of Examiners ;
surgeon to, and Lecturer on Anatomy af, Charing Cross Hosnital.
Second Edition. With 76 Engravings. Feap. Svo, Ts.

CLARK AND WAGSTAFFE — OQutlines of
Burgery and Burgical Pathology. By F. Lk Gros CLARK, F.R.CS,
IR 8., Consulting Surgeon to 8t. Thomas's Hospital. Second
Edition. Revised and expanded by the Author, assisted by W, W,
Waasrarre, F.R.C.8,, Assistant-Surgeon to St. Thomas’s Hospital.
Svo, 10s, 6d.

DRUITT. —The Surgeon’s Vade-Mecum: a
Manual of Modern Surgery. By Ronint Druirr, F.R.C.S. Eleventh
Edition. With 369 Engravings. Feap. 8vo, 14s.

FERGUSSON.—A System of Practical Surgery.
By 8ir WiLLiax Feraussox, Bart., F.R.C.S., F.R.S., late Surgeon and
Professor of Clinical Swrgery to King’s College Hospital. With 463
Engravings. Fifth Edition. 8vo, 21s,

HEATH.—A Manual of Minor Surgery and

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi-
tioners. By Curistorner Heatn, F.R.C.8., Holme Professor of Clinical
Surgery in University College and Surgeon to the Hospital. Sixth
LEdition, With 115 Engravings, Feap. Svo. 5s. Gd.

By the same Author.

A Course of Operative Surgery: with
Twenty Plates drawn from Nature by M. LéveiLLe, and Coloured
by hand under his direction. Large Svo, 40s.

ALSO,

The Student’s Guide to Surgical Diag-

nosis. Feap. Svo, Gs, 6d.
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SURGERY — contunnued.
MAUNDER —Operative Surgery, By Charles

F. Mauxoer, F.R.C.8., late Surgeon to, and Lecturer on Surgery at,
the London Hospital. BSecond Edition. With 164 Engravings, Post
Svo, 6s.

PIRRIE. —The Principles and Practice of

Surgery. By Wivuiax Perie, F.R.8.E., Professor of Surgery in the
University of Aberdeen. Third Edition. With490 Engravings. Svo, 28s,

TERMINOLOGY.
DUNGLISON.—Medical Lexicon: a Dictionary

of Medical Science, containing a concise Explanation of its various
Subjects and Terms, with Accentuation, Etymology, Synonymes, &ec,
By Roprey Duxgrisox, M.D. New Edition, thoroughly revised by
Ricnarp J. Duscrisox, M.D. Ruyal 8vo, 28s,

MAYNE—A Medical Vocabulary: being an

Explanation of all Terms and Phrases used in the various Depart-
ments of Medical Seience and Practice, giving their Derivation, Meaning.
Application, and Pronunciation, By Ropeur G. Mavs E, M.D., LL.D.,
and Jouxy Mavxe, M.D., L.R.C.8.E. Fifth Edition. Feap. 8vo, 10s. 6d.

WOMEN, DISEASES OF.

BARNES—A Clinical History of the Medical

and Surgieal Diseases of Women. By Ronert BARNES, M.D., F.R.C.P.,
Obstetric Physician to, and Lecturer on Diseases of Women, &ec., at, St,
George's Hospital. Becond Edition. With 181 Ingravings, Svo, 28s,

DUNCAN.—Clinical Lectures on the Diseases

of Women. By J. Marrurws Duxcax, M.D., Obstetric Physician to
St. Bartholomew's Hospital. Svo, Ss.

EMMET. — The Principles and Practice of

Gynsecology. By Tuowas Appis Esmer, M.D., Burgeon to the
Woman's Hospital of the State of New York. With 130 Engravings,
toyal 8vo, 24a,
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WOMEN, DISEASES OF-—continued.,

ALABIN.—The Student’'s Guide to the Dis-

eases of Women. By Avurrep L. Gavapix, M.D., F.R.C.P., Assistant
Obstetric Physician and Joint Lecturer on Obstetric Medicine at Guy's
Hospital. Second Edition. With 70 Engravings. Feap. &vo, 7s. 6d.

REYNOLDS.—Notes on Diseases of Women.

Specially designed for Students preparing for Examination. By J.J.
Reyxorps, M.R.C.B. TI'cap. 8vo, 2s. 6d.

SMITH. —Practical Gynaecology: a Handbook
of the Diseases of Women. By Hevwoop Ssrrn, M.D., Physician to
the Hospital for Women and to the British Lying-in Hospital. With
Engravings. Crown 8vo, 5s. 6d.

WEST AND DUNCAN.—Lectures on the Dis-
eases of Women. By Cunarces West, M.D.,, F.R.C.P. Fourth
IEdition. Revised and in part re-written by the Author, with numerous
additions, by J. Marruews Duxcax, M.D., Obstetric Physician to St.
Bartholomew’s Hospital. 8vo, 16s.

— e

Z00LOGY.
BRADLEY.—Manual of Comparative Anatomy

and Physiology. By 8. MEessexcer Braprev, F.R.C.8., late Lecturer on
Practical Swrgery in Owen’s College, Manchester. Third Edition.
With 61 Engravings. Post 8vo, 6s. 6d.

CITAUVEAU AND FLEMING.—The Compara-
tive Anatomy of the Domesticated Animals. By A. Cravveav,
Frofessor at the Lyons Veterinary School; and Greoree FLEMING,
Veterinary Surgeon, Royal Engineers. With 450 Engravings. 8vo,
31s. 64,

ITUXLEY.—Manual of the Anatomy of Inverte-
brated Animals. By Trmomas H. Huxiey, LL.D., F.R.5. With 156
Engravings., Feap. Svo, 16s.

By the same Author.

Manual of the Anatomy of Vertebrated
Animals. With 110 Engravings. Post Svo, 12s.

WILSON.—The Student's Guide to Zoology:
a Manual of the Principles of Zoologieal Science. By AXDrREw WiLsox,
Lecturer on Natural History, Edinburgh. With Engravings. Feap.
8vo, Bz. 6d,
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