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PREFACE TO THE FIRST EDITION.

THE methods of extracting the metals from their ores are so
extremely varied that it would beimpossible to comprise them all
within the limits of a single volume ; the more important pro-

cesses have therefore been selected.

In describing these, the necessary facts have been presented to
the student in the order in which a knowledge of them is required;
the crude ores being traced from the mines in which they occur
through the various mechanical and metallurgic elaborations
which they subsequently undergo before the metal is obtained.

The student of metallurgy should be enabled to distinguish,
by their crystallographic as well as by their chemical characters,
all the more frequently occurring ores, and be familiarly acquainted
with the composition and properties of the various fuels employed
in furnace operations.

‘With a view to facilitate the acquirement of-this knowledge,
a short chapter on crystallography has been introduced, whilst
another has been devoted to natural and artificial fuels.



AV PREFACE TO THE FIRST EDITION.

The information which has been given on the important sub-
ject of Assaying will, it is hoped, sufficiently supply a want which
has been long felt in this country.

In the preparation of this volume, the works of Dufrenoy,
Regnault, Berthier, Knapp, Scheerer, Le Play, Rammelsberg,
Lampadius, Dana, Karsten, and Heron de Villefosse, have been
consulted. Other authors whose works have been used will be
found specially mentioned in the text.

As a former pupil of the first-named mineralogist, I have em-
ployed in a eondensed form the system of erystallography adopted
in his valuable work on that subject, from which have been taken
the greater portion of the diagrams relating to the laws of
crystallisation.

The other illustrations are either original, and have been drawn
expressly for the present Treatise, or, when relating to foreign
methods, have been adapted from French and German books in
which the subjects are well represented.

8, UPPER STAMFORD-STREET,
April, 1852



PREFACE TO THE SECOND EDITION.

THE rapidity with which the former Edition of the “ Manual of
Metallurgy” has been exhausted, sufficiently proves that such a
treatise was required by those who are engaged in metal manu-

facture or mining operations.

In preparing the present Edition for the press, the original
order of arrangement has been retained—since it has been found

useful as a course for study, and easy as a system for reference.

The greatest attention has been devoted to this Edition, to
ensure correctness in each scientific detail and manipulation, and

in every practical result.

The process for the purification of Tin, and the European pro-
cess of Amalgamation, are both new and important.

The object has been to render this Manual a useful standard
of reference alike to the student and manufacturer.

Loxpon, May, 1854.
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Adit level, in mines, 104.

Aludelles (earthen pipes), 460.

Amalgamation - mill (gold,) of the
Tyrol, 582.

Assaying apparatus for silver in the
French Mint, 543, 545.

Balance, hydrostatic, 87.

Barrel used in the amalgamation of
silver, 550, 551.

Blowing machine for furnaces, 233.

Box or flask for moulding, 260.

Carbonization of charcoalin heaps, 146.

Casks used in the amalgamation of
silver, 551.

Catalan forge, hearth of, 298.

Coking in mounds, 162.

Crucible lined with brasque, 218,

Crucible for the assay of galena, 478.

Crushing rollers, 109.

Cube, 53, 55.

Cube with facette, 56.

Cupel for extracting silver from lead,
484,

Cupel mould, 491.

Diagram to illustrate the measurement
of crystals, 79.

Dodecahedron, two figures, 57.

Flatting Mill, 9.

Forge, German, for iron-refining, 272.

Furnace, charring; plan and section of,
149.

Furnace, coking; at Rive de Gier, 169.
(See Ovens.)

Furnace for assaying iron ores, 212.

Furnace, blast, for iron smelting, 228.

Furnace, hot-blast, 232.

Furnace, cupola, for melting iron, 267.

Furnace, English, for iron-refining, 280,
281.

Furnace, puddling; vertical section and
ground plan, 283.

Furnace, mill, 292.

Furnace for preparing steel by cemen-
tation, 305.

Farnace, roasting, for copper, 352.

Furnace for fusing roasted copper ores,
355.

Furnace for smelting Mansfeld schist,
370.

Furnace for smelting Mansfeld schist,
hearth of, 371.

Furnace, sweating, for copper, 375.

Furnace, reverberatory, for tin-smelting,
402.

Furnace, blast, of Erzgebirge, 407, 408,

Furnace, English, for the preparation of]
zine, 420,

Furnace for the preparation of zinc af
the Vieille Montagne, 423.

Furnace, Silesian, for zinc, 427.

Furnace for the treatment of the suld
phide of antimony, 445. J

Furnace, aludelle, of Almaden, 460.

Furnace for mercury in the Duchy of
Deux-Ponts, with cucurbits, 461.

Furnace for extraction of mercury at
Landsberg, with retorts, 462,

Furnace for cupellation of lead, 484.

Fuarnace for the metallurgic chemist,
488.

Furnace for the smelting of lead em-
ployed in Great Britain, 492.

Furnace for the calcination of lead,
496.

Furnace for the refining of silver, 503,
504.

Furnace, Scotch, or ore hearth for
smelting lead ores, 508.

Furnace for lead-smelting at Clausthal,
516.

Furnace, German, for cupellation, 519,
520.

Gallery, timbered on all sides, 107,

Gallery, timbered on three sides, 107.

Gallery, timbered on two sides, 107.

Gallery, timbered to support the roof,
107.

Gallery, a sloping, 108.
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Gold-assaying flask, 587.

Goniometer, 76.

Goniometer, Wollaston’s, 77.

Hammer for consolidating the loupe
in refining, 275.

Hammer, ring of, 276.

Hammer for drawing lopins into bars,
277.

Hammer for compressing puddled balls,
286.

Hearth for liquation process, 874.

Hearth, German, for refining copper,
377.

Hearth of Catalan Forge, 298.

Heating apparatus for hot blast, 253,

Heating apparatus by waste heat, 256.

Hexatetrahedron, 57, 58.

Huel Crofty copper mine, 108.

Hydraulic pipe press, lead manufac-
ture, 524,

Iron moulding apparatus, 264.

Iron pyrites, crystals of, 203.

Ladle for melted iron, 269.

Ladle used in refining lead, 500.

- Lead meiting-pot, 265.

Lead pots, Pattinson’s, 499.

Meiler or mound of charcoal, 142.

Moulds of cast-iron for the assay of
lead ores, 479.

Muftle used in cupellation, 485.

Nicking-buddle, 118.

Octahedron, 65.

Octahedron, regular, 56.

Octahedron, transposed, 60.

Octahedron with rectangular base, 64.

Octakishexahedron, 59,

Oil-bath, 38.

Ovens for coking, 164, 165.

Pan for gold-washing, 574.

Pentagonal dodecahedron, 60,

Percussion table, 117,

Polyhedrons, 203.

Press, hinged, for compressing puddled
balls, 287.

Prism, rhomboidal, 51.

Prism, surmounted by a bevelment, 53.

Prism, six-sided, regular, 53.

Prism, right square, 61, 62, 63.

Prism, eight-sided symmetrical, 63.

Prism, (zircon), 63.

Prism, right rhombic, 64.

Prism, four-sided, 64.

INDEX TO TIHE ENGRAVINGS.

Prism, six-sided, 64, 66, 70.

Prism, eight-sided, 64.

Prism, six-gided, 66.

Prism, oblique, 67.

Prisms, oblique, with bevelments, 68.

Prism, oblique, with symmetrical be-
velments, 69.

Prism, oblique, with bevelments of
different inclinations, 70.

Prism, deformed, 70.

Rack for washing ore, 120.

Retort for dry distillation of wood, 158.

Retort, Silesian, for zinc-smelting, 427.

Retorts used in the preparation of bis-
muth at Schneeberg, 433.

Rhombohedron, 65, 66, 200.

Roasting-kiln at Idria, 458.

Roughing-rollers, 290.

Rollers for the manufacture of sheet
lead, 524.

Scalenohedron, 66, 67.

Scrapers for moulding, 264.

Shears for cutting bars of puddled iron,
291.

Shells replaced by iron pyrites, 75.

Shield for assaying furnaces, 214.

Sleeping Tables, 116.

Slitters, or cutting-rollers, 294,

Specific gravity bottle, 88.

Spout, of copper, used in assaying lead
ores, 478,

Stamping-mill, 110.

Strata, dislocations of, 100.

Stratification, discordant, 91.

Stratification, discordant, filled up by
new beds, 93.

Tongs for assaying furnaces, 213, 214.

Tongs used in cupellation, 485.

Trapezohedron, two figures, 58.

Tube for the estimation of mercury,
455.

Tuyeres and pipes, arrangement of,
for blast furnace, 230.

Tuyeres and water-pipes, 232.

Tuyeres of German forge, 273.

Tyrol gold amalgamating mill, 582.

Valley produced by the action of a
current of water, 92.

Uralian gold-washing apparatus, 579.

Uralian gold-washing trough, 580.

‘Washing apparatus, 113.

‘Water-blowing machine, 296, 297.



METALLURGY.

INTRODUCTION.

A x¥OWLEDGE of the more common metals, and the means of
extracting them from their ores, was probably coeval with the first
formation of civil communities, and long prior to the invention of
written characters, or any other method of transmitting to pos-
terity the memory of past events; and we are consequently
without information relative to the period at which mankind
first commenced this species of industry, or the steps which first
led to the discovery of a class of bodies now become so necessary
to our daily wants.

We have, however, sufficient reasons for believing that the
antediluvians were well acquainted with these arts, and that they
were, in all probability, extensively practised at a very early period.

In the days of Moses, at least six metals were in common use,
as they are distinctly mentioned as forming part of the spoils of
the Midianites, who appear to have possessed them in considerable
abundance.

Among the ancient Greeks and Romans, Metallurgy was culti-
vated to so great an extent, that many of their productions,
although made at an infinitely greater expense of time and labour,
are scarcely to be surpassed by the most skilful artists of the
present day, aided by the numerous inventions of modern times.

Of the state of this science in Europe prior to the commence-
ment of the sixteenth century, little is at present known; for
although the metals were doubtless extracted in considerable
quantities no books on the subject had yet appeared; and we
are consequently more indebted for information to the various
remains of ancient foundries which have been discovered, than
to any written treatise.

B



2 INTRODUCTION.

In the year 1530, Georgius Agricola, a German physician,
published his twelve books De Re Metallica; and although one
or two works on metals had already appeared in the German
language, and one in Italian, he may justly be considered the first
author who gave a clear and correct description of the varicus
processes employed in this branch of chemical science.

Lazarus Erckern, Assay-Master-General to the empire of Ger-
many, followed Agricola in the same pursuit, and in 1574 published
a work at Prague, of which an English translation, by Sir John
Pettus, came out in 1683. Since that time numerous treatises on
this subject have appeared in almost every European language,
and Metallurgy has rapidly risen to that prominent position among
the useful arts which it holds at the present day.

The ancients were acquainted with seven metals, and these they
designated by the names of the planets, and represented by sym-
bols supposed to have some mysterious allusion to those bodies.

Gold was called the Sun, and thus represented . (0]
Silver . . . . Moon . . . . . . . )
Mercury . . . Mercury ]
Copper . . . . Venus ?
Iron. . . . . Mars. . &
Tin . . . . . Jupiter . Pl
Lead . . . . Satumn h

Zinc, as a metal, was not anciently known, although advantage had
been taken, some time prior to the Christian Era, of the property
possessed by its ores of converting copper into brass (Quarterly
Journal of the Chemical Society, October, 1851). Zinc is first
mentioned by Paracelsus, who died in 1541. Bismuth is described
in the Bermannus of Agricola, written about 1830. Antimony was
discovered by Basil Valentine towards the close of the fifteenth
century. Arsenicand Cobalt are first mentioned by Brandtin 1733
(Acta Upsal. 1733 and 1742); but their ores had been known
long before. Platinum was first recognised as a new metal in
1741, by Charles Wood, Assay-Master in Jamaica (Phil. Trans.
vol. xliv.) In 1751 Cronstedt showed that Nickel was a distinct
body (Stockholm Trans). Manganese was first obtained by Ghan
in 1774 (Bergman’s Opuscula, vol. ii.); and Tungsten was dis-
covered by M. Delhuyart i 1781 (Mémoires de Toulouse).
Tellurim and Molybdenum by Miiller and Hielm in 1782 (Crell’s
Annals, 1790 and 1798). Uranium by Klaproth in 1789. Tita-
nium by Gregor in the same year (Journ. de Phys. xxxix.) Chro-
mium by Vauquelin in 1797 (4dan. de Chimie, vol. xxv.) Colum-
bium was discovered by Hatchett in 1802 (Phil. Trans.) Palladium
and Rhodium were discovered by Wollaston, and Iridium and
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Osmium by Tennant, in 1808 (Phi. Trans.) Cerium was an-
nounced in the following year by Hisinger and Berzelius (Geklen’s
Journal). Davy, in 1807, by the aid of the galvanic battery,
discovered Potassium and Sodium, and afterwards succeeded in
establishing the metallic nature of Barium, Strontium, and Cal-
cium. Lithium was discovered in 1818, by Arfwedson ; Cadmium
in the same year by Stromeyer ; Zirconium, in 1824, by Berzelius ;
Aluminum, Glucinum, and Yttrium, by Wahler, in 1828. Tho-
rium was discovered by Berzelius in 1829 (Pogg. Ann.); Magne-
sium by Bussy, in the same year ; Vanadium by Seftstrom, in 1830
(Ann. Ch. ¢ Ph. xlvi.) ; Lanthanum by Mosander, in 1838 (Pogg.
Ann.) In 1841, Didymium was discovered by the same chemist
(Pogg. Ann. 504) ; and in 1843 he announced two other new
metals,—Erbium and Terbium (Ann. Pharm. xlviii. 219.) Ruthe-
nium was discovered by Kalus in 1844 ; Pelopium and Niobium
by H. Rose in 1845. Finally, Norium, a metal of which little is
as yet known, was announced in 1849 by Svanberg (Pogg. Ann.
Ixv. 317).
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PHYSICAL CHARACTERS OF THE METALS.

TuE metals are a class of simple substances, possessed of a
peculiar lustre, having the property of conducting heat and
electricity with great facility ; but both in their chemical and
physical properties they differ very much from each other, and are
consequently applicable to a great variety of uses.

Those at present known amount to fifty-one in number, and are
enumerated in the following table, with their equivalent numbers
and symbols annexed.

TABLE OF METALS.

LRITS G oo

Aluminum

Antimony (S’c;bmm)

Arsenic .
Barium .
Bismuth

. Cadmium .

Calcium

Cerium .

. Chromium .

. Cobalt . .

. Copper (Cuprum)
. Didymium

. Erbium

. Glucinum . .

. Gold (Aurum)

. Ilmenium .

. Iridium

. Iron (Ferrum)

. Lanthanum .

. Lead (Plumbum)
. Lithium

. Magnesium

Equivalents.
Symbols.|Hydrogen == 1 Oﬁy = 1(1)2.5
Al 1369 171-17
Sh 129-03 161290
As 7500 937-50
Ba 6864 85801
Bi 7095 88692
Cd 5574 696-77
Ca 20-00 25000
Ce 4600 575:00
Cr 2815 351-82
Co 2952 368'99
Cu 31:66 39570

Di

Er

Gl 2650 331-26
i&u 9833 1229-16

1

Ir 9868 1233-50
Fe 28-:00 350-00
Ln 48:00 600-00
Pb 10356 1294:50
Li 643 8037
Mg 12-67 15835
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Equivalents.
Symbols.Hydrogen— 1 (07~ = 190 _

23. Manganese . Mn 27-67 345-90
24. Mercury (Hydraro'ymm) Hg | 10007 1250-90
25. Molybdenum . . . Mo 47-88 598:52
A% NIckelutain Mol v i Ni 29:57 369-68
27. Niobium o iXalh-stien 2tk e

28 NOXIMNY 4 it o 4ttt ki N R

90 Osmstibai 35, Ty oabiannlazids 99:56 1244:49
30, Pallading .., ., 3 sanid-iha B 53:27 66590
31. Pelopinm.. .. .5 ¢ s ipeolip

32. Platinum . . 3 Pt 9868 1233-50
33. Potassium (Kahum) [ K 39-00 48750
84. Rhodium . . .. J R 52:11 651:39
35. Ruthenium . . . .| Ru 5211 651-39
36. Silicium . . . Si 21:35 26682
37. Silver (Arventum) .| Ag 10800 135000
38. Sodium (Natromum) Na 2297 287-17
39. Strontium . . Sr 4384 548-02
40. Tantalum or Columblum Ta 92-30 1158-72
41 Felluriapn* 55 « i oo e 66-14 80176
4%. Torbimm e £y 70wy

43. Thorium . . st R 5959 74490
44, Tin (Sta.mmm) B Sn 5882 738524
45. Titanium . . Ti 2429 303-66
46. Tungsten (Wolfram) W | 9464 | 118300
47. Uranium . . U 60-00 75000
48. Vapadium . . . . .| V 6855 856:89
4926 ¥ bk i iR ¥ 32:20 402-51
80~ Zime’ 15 ant O Steae i Zn) 32:52 40659
51. Zirconium . . Zr 3362 420-20

These may be divided into two classes or divisions. The first
class consists of those which have so great an affinity for oxygen
that they combine with it at the ordinary terperature of the
atmosphere, and become rapidly oxidised, even when protected
from the influence of moisture, and are consequently never used
in the arts in an uncombined state. Such are—

Potassium Calcium Erbium Thorium
Sodium Magnesium ~ Terbium Cerium
Lithium Silicium Glucinum Lanthanum
Barium Aluminum Zirconium  Didymium

Strontium  Yttrium Norium
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Those of the above metals which have been applied to useful
purposes are either employed in combination with other simple
substances, or united with acids in the form of salts, and in this
state furnish the arts with a most valuable series of compounds.
Thus, those in the first part of the series, when associated with
oxygen, severally yield potash, soda, baryta, strontia, lime, mag-
nesia, and alumina, which, either in their uncombined state, or
united with acids, forming salts, are of hourly application to our
wants. The other metals of this class have not hitherto been use-
fully applied, which arises from the circumstance that some of
them do not occur in sufficient abundance to admit of their advan-
tageous treatment, whilst the preparation of others is attended
with great expense, and they are therefore replaced by bodies
which allow of being manufactured at a cheaper rate.

The second eclass consists of those metals which have so slight
an affinity for oxygen as to be but little affected by it at ordinary
temperatures. These are—

Gold Antimony Iridium
Silver Arsenic Ruthenium
Copper Cobalt Osmium
Iron Nickel Titanium
Manganese Chromium Columbium
Mercury Tungsten Niobium
Tin Molybdenum Tlmenium
Lead Vanadium Pelopium
Zinc Platinum Uranium
Cadmium Palladium

Bismuth Rhodium

The metals belonging to this class are extremely numerous, but
in order to render them extensively applicable in an uncombined
state it is necessary they should fulfil certain physical conditions,
without which they will be of little value.

In the first place, they must possess a certain tenacity and
malleability, without which it would be impossible to manufacture
them into the various forms which they are constantly required
to assume. It is also important that the ores from which they
are obtained should be found in considerable quantities, and that
the extraction of the metals should not be attended with any
extraordinary difficulty or expense, otherwise they could only be
employed for special purposes for which others were unfitted, and
could therefore never come into general use.

The more brittle metals are seldom employed alone, but usually
in combination with others possessing a higher degree of mallea-
bility and ductility, and thus alloys are frequently obtained which
exhibit most remarkable and valuable properties, combining, to a
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certain extent, the characteristics of the several metals of which
they are formed.

The metals sufficiently malleable to enable them to be employed
in an uncombined state are the following :—

Gold Mercury Nickel
Silver Tin Zine
Platinum Manganese Cadmium
Palladium Iron Copper
Iridium Cobalt Lead

Of these, however, many have not been employed in the arts ; and
this arises either from the scarcity of the ores from which they
are obtained, or from their place being advantageously supplied
by other metals which can be procured at a cheaper rate.

Opacity and Lustre.—It has been before mentioned that the
metals possess a great degree of opacity, and are remarkable for
a peculiar lustre, called metallic. All, however, are not equally
opaque, as gold, when reduced to extremely thin leaves, transmits
rays of green light. Silver leaf of one-hundred-thousandth of an
inch in thickness is perfectly opaque ; but very thin leaves of an
alloy-of silver and gold appear of a blue colour when viewed by
transmitted light.

The lustre of metals is a consequence of their opacity, and
depends on their great power of reflecting light. 'When reduced
to the state of powder, their peculiar metallic appearance disap-
pears, but is immediately reproduced by rubbing with a burnisher,
or any other hard and smooth substance.

Colour.—Most of the metals, when in a finely-divided state, are
of a gray colour, but, when consolidated and polished, approach
more nearly to white. The colours of some of them are, however,
very decided : thus copper and tellurium are red, gold is yellow,
and lead is blue.

The alloys formed by the mixture of different metals usually
possess to a certain extent the colours of the metals of which they
are composed. Those resulting from the combination of two or
more gray or white metals will themselves be gray or white ; but,
if a coloured metal enter into its composition, the alloy will assume
its colour in a marked degree, although, if the proportion of the
coloured metal be small compared with the amount of that which
is not coloured, this is not always very apparent.

Hardness.—The metals differ from each other in no respect
more than with regard to their hardness. Those which are pure
are usually less hard than their alloys, and many of them are so
soft as to admit of being easily scratched with the nail, or even
moulded between the fingers.
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The following table, arranged by Dumas, shows the relative
degrees of hardness of some of the more common metals :—

%‘/[itanjum }Harder than Steel
anganese
=

Platinum
Palladium
Copper
Gold
Silver Scratched by Cale Spar
Tellurium
Bismuth
Cadmium
Tin ,
g}}ﬁ)ﬁ ?nm }Scratch Glass
-Nickel )
Cobalt
Iron ~Scratched by Glass
Antimony
Zinc ]
Lead - Scratched by the nail

Potassium }Sof‘ﬁ as wax at 60° Fah.

Sodium
Mercury Liquid at ordinary temperatures.
Density.—The specific gravity of the different metals differs
extremely, as among them we find some bodies possessing a density
at least twenty times greater than that of water; whilst others
weigh less than half their bulk of that liquid.
The principal metals, arranged according to their specific gra-
“vity, are given in the following table. Water == 1:000; temp.=
60° F. (Brande’s Manual of Chemistry.)

Platinum . . . 20980 | Nickel . . . . 827
God . . . .19258|Iron . . . . . 778
Iridium . . . 18680 | Molybdenum . . 740
" Tungsten . . .17500 | Tin . . . . . 730
Mercury . . . 13568 | Zine . . . . . 700
Palladium . . . 11800 | Manganese . . . 685
Lead . . . . 11850 | Antimony . . . 670
Silver . . . . 10470 | Tellurinim . . . 610
Bismuth . . . 980 | Arsenic . . . . 588
Uranlum . . . 900 | Titanjlum . . . 580
Copper . . . . 889 | Sodium . . . . 097
Cadmium . . . 860 | Potassium . . . 086
Cobalt . . . . 853
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Crysiallisation.—All the metals are capable of assuming, under
favourable circumstances, the crystalline form. Many of them—
particularly gold, silver, copper, and bismuth—occur erystallised
in nature, and are found either as cubes or octahedrons, or in some
of the derivative forms: antimony is, however, an exception to
this rule, and affords rhomboidal erystals.

In order to crystallise a metal artificially, it is sometimes suffi-
cient to melt a few ounces in a crucible, and, having permitted it
to cool on the surface, to pierce the crust formed and allow the
interior to flow out. By this means very beautiful erystals of
bismuth may be obtained ; but in the case of some of the less
fusible metals larger masses and slower cooling are necessary to
produce this effect, and consequently these are never found in a
crystalline state unless considerable weights have been fused, and
allowed gradually to cool, as sometimes occurs in the furnaces in
which their metallurgic treatment is effected.

It also frequently happens that one metal may be precipitated
in a crystalline form by placing a strip of another metal in the
solution of its salts. In this way silver is deposited by mercury,
and a piece of zinc placed in a solution of acetate of lead precipi-
tates the latter in feathery crystals. Gold is occasionally de-
posited in this form from its ethereal solutions, and a stick of
phosphorus produces the same effect. Nearly all the metals yield
crystals when deposited from their solutions by electric currents
of feeble intensity, and it is doubtless to this action that we are
indebted for the many beautiful specimens of the native metals
which enrich the cabinets of mineralogists.

Malleability.— When a piece of metal is struck by a hammer, it
either flattens under the blow or splits with more or less facility
into fragments : to the former property the name of malleability 1s
applied, whilst metals possessing the latter peculiarity are termed
brittle. The malleable metals may be reduced into thin leaves
either by the hammer or by the flatting-mill.

This instrument consists of two metallic cylinders (A, B, fig. 1)
placed horizontally one above the other. These, by means of cog-
wheels, are made to revolve in contrary directions, A
as shown by the arrows. These rollers are so N\
arranged in a frame as to admit of being placed, (
through the medium of strong screws, at any gz
required distance from each other, or, if necessary, t b
of being brought into actual contact. To reduce
a piece of metal by this means into the form of a
thin sheet, it should be first cast in the shape of a L
rectangular ingot, having nearly the same width as the required
plate. One of its ends is then flattened into the shape of a

B
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wedge so as to enter easily between the rollers, which, on being
set in motion, draw the metal in and pass it through on the other
side reduced in thickness and much elongated. By repeating this
operation several times, and gradually reducing the distance be-
tween the two cylinders, sheets of almost any degree of thinness
may be obtained.

During this artificial compression of the metals, their molecular
structure rapidly undergoes a change, and those which at first are
soft and pass readily through the mill, soon become brittle and
difficult to work. It is then said to be “rash,” and requires to
be softened by being heated to redness, and afterwards allowed to
cool down very gradually to the temperature at which it is worked.
This process 1s called annealing.

Gold is the most malleable of the metals, and is frequently
made into leaves of only 7454 sgth of an inch in thickness, each
grain of which is found to cover a surface of fifty-four square
inches. The metals are arranged in the following list according
to the order of their malleability :—

1. Gold 6. Platinum 11. Palladium

2. Silver 7. Lead 12. Potassium

3. Copper 8. Zinc 13. Sodium

4. Tin 9. Iron 14. Frozen Mercury
5. Cadmium 10. Nickel

Ductility.—The above metals are also ductile, or capable of being
drawn into wire, but do not possess this property in the same
order as their malleability. Wire is manufactured by passing an
oblong piece of metal through the progressively diminishing holes
of a steel tool, called a draw-plate. By this means wires of almost
any length or diameter may be obtained, as the metal takes the
size of last hole through which it has passed. Silver, for the
purposes of embroidery, is frequently made into wires x15th of an
inch in diameter. A grain of gold may be drawn into a wire 550
feet long by enveloping the ingot operated upon in a coating of
silver, and then passing it through the draw-plate. The wire thus
produced will also be found covered with silver, and on removing
this latber metal by diluted nitric acid, an enclosed gold wire, of
only zioth of an inch in diameter, will be obtained. Platinum
treated in the same way, may be made into wire not exceeding
zoogoth of an inch in thickness (Phil. Trans. 1833, p. 114).

The following metals are arranged according to the order of

their ductility :—

1. Gold 5. Nickel 9. Lead

2. Silver 6. Copper 10. Palladium
3. Platinum 7. Zine 11. Cadmium

4. Iron 8. Tin



TENACITY.—FUSIBILITY. 11

Tenacity.—The power possessed by different metals of sustain-
ing weights is very variable, and influences in a great degree
their economic values. It is therefore important to A
ascertain by careful experiment their relative tenacities,
and the various influences which may affect them in
this respect. For this purpose wires of equal lengths
and diameters are employed. These are firmly sns-
pended by one end from a fixed point, A, fig. 2, and
to the other extremity weights are successively and
carefully added until its rupture is effected. The weight
which causes the wire to break necessarily represents
the tenacity of the metal of which it is composed,
when compared with others in every respect similarly
treated.

According to the experiments of Guyton Morveau,
the following are the weights sustained by wires 0-787
of a line in diameter (4n. Ch. et Ph. xl. 78).

Iron wire supports . . . . 549250 Ibs.
Copper ,, I o iye i1 8022481 4
Platinum ,, e o 1 2582041
Silyer sedntauits o aner o, ol e R8T 13741,
P s DR S, T 4
Zine e v v lsEonh e 2oL AO%SA0Y
Tin B R o pe e ORIOSOME
Lead o : SR it 2ReN

Fusibility.—All the metals admit of being liquefied by the appli-
cation of heat; but the temperatures at which they melt are
extremely various. Mercury retains its liquid form during the
most intense colds of our climate. Potassium and sodium fuse
below the boiling point of water. Tin melts at about 440° Fah. ;
lead at 612°; and antimony at about 850°. Gold, silver, and
copper require a cherry-red heat; iron, nickel, and cobalt fuse at
a white heat ; manganese and palladium are melted only by the
strongest heat of a wind furnace; chromium, uranium, molybdenum,
and tungsten, agglutinate but slightly when treated in the same
way ; platinum, iridium, rhodium, osmium, cerium, titanium, and
columbium, yield only to a powerful voltaic current, or the flame of
the oxyhydrogen blowpipe.
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The metals are arranged in the order of their fusibility in the
following table (Turner, Elem. Chem.) :—

Fahr.

(Mercury . . . . . 39° Various chemists
Potassium . . . . . 136°) Gay-Lussac and
Sodium . . . . . . 190° Thénard
Tin . . . . . . . 442° Crichton

Fusible Cadmium . . . . . 450° Stromeyer

below a { Bismuth . . . . . 497 Cricht

red heat |Lead. . . . . . . 612 ~reoR
Tellurium . . rather less fusible than lead. Klaproth
Arsenic . . . . . undetermined
Zine . . . . . . . 773° Daniell
(Antimony . . . little below redness
(Silver . . . . . . 1837
Copper . . . . . . 1994° 2
i T 2016"} Dagicll
Cobalt . . . . rather less fusible than iron
Iron,cast . . . . . 2786° Daniell
Iron, malleable.) require thehighest heat of a smith’s
Manganese . } forge
Nickel . . . nearly the same as Cobalt

Infusible | 32ladinm « o)

below a < p-oypaenum

red heat Uranium o I oo
Tungsten . . . . Almost infusible, and not
Chromium . . . . to be procured in a but-
Titanium . . . . | ton by the heat of a
Cerium . . . . . smith’s forge, but fus-
Osmium. . . . . ible before the oxy-
Iridium . . . . . hydrogen blowpipe.
Rhodium
Platinum
(_Columbium .

P4

Elasticity and Sonorousness are attributes of the harder metals
only, and are more conspicuous in some of their alloys than in the
metals themselves.

Odour and Taste.—Many of the metals, when rubbed or other-
wise slightly elevated in temperature, possess a singular and char-
acteristic odour,and if applied to the tongue leave a peculiarmetallic
taste. This property has been attributed to the voltaic action
caused by the saliva between the metals and their impurities :
since, however, similar phenomena present themselves when per-
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fectly pure specimens are selected, it is not probable that this
explanation is correct.

Power of Conducting Heat.—Some of the metals transmit heat
with much greater facility than others, and are consequently
well adapted for the manufacture of boilers and other apparatus
employed for the generation of steam, as also for stove-pipes, and
all purposes where it is of importance that the heat acquired by
the metallic surfaces should be readily communicated to surround-
ing bodies. :

In the following table the metals are arranged in the order of
their decreasing conducting powers, and opposite to the name of
each body is placed the approximative ratio of the facility with
which it transmits heat (Regnault’s Cours Elémentaire de Chimie).

Gold . . . 200 EEonst [T HERin= FS T S G
Silver . . 195 | Zine . . . 78 | Lead . . 36
Copper . . 180 | |

Specific Heat.—The amount of heat required to raise equal
weights of the different metals to the same temperature is very
variable. Thus, if we express by 1:000 the quantity of calorie
necessary to raise a pound of water from 82° Fah. to 212°, that
which must be supplied in order to elevate the same weight of the
following metals to that temperature, will be as below :—

Gold . 00324 Regnault

Silver 0-0570 o

Platinum 0:0324 >

Palladium 00593 .

Tridium 0°0368 )

Mercury 00318 De la Rive and Marcet
Copper 00950 23 i<
Nickel 01086 Regnault

Cobalt 0-1172 De la Rive and Marcet
Iron 01130 Potter

Lead . 00320 ,,

Tin 00560

Zine 0°0929 Newman

Cadmium 00567 Regnault

Antimony 00508 -

Bismuth 0-0270 Newman

Arsenic 00814 Regnault

Manganese . 0-1441 »

Uranium . 0-0619 &

Molybdenum 00659 De la Rive and Marcet
Tungsten 0:0364 Regnault
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Expansion.—Heat has the property of removing the integral
particles which constitute a body to a greater distance from each
other. The substance becomes less compact, and therefore occu-
pies more space than it did previous to the application of heat,—
or, in other words, it expands.

The linear expansion of the metals, on being heated from 32°
Fah. to 212°, is given in the following table :—

Gold . . . . 000155155 = ,1.st Lavoisier & Laplace
Silver . . . . 000190868 = ,1,th »

Platinum . . . 000099180 = 3 th Houghton
Palladium . . . 0:00100000 = 1g5th Wollaston

Copper . . . . 000171733 = 3iznd Lavoisier & Laplace
Iron . . . . 000123504 = zi,th ”

Lead . . . . 000284836 — yist .

Tin (from Malacca) 0:00193765 = ,15th »

Zine (cast) . . 000294167 = _1.th Smeaton

Zinc (hammered) 000310833 — _1,nd ’

Bismnth . . . 000139167 = ,1,th ¥

Antimony . . . 000108333 = _1srd -

Volatility.—All the metals are probably more or less volatile,
although a certain number only admit of being readily converted
into vapour at the highest temperatures of our furnaces : such are
—zine, cadmium, mercury, arsenic, antimeny, tellurium, potas-
sium, and sodium. Several others have the property of communi-
cating characteristic colours to flame, and are therefore evidently
volatile to a small extent.
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CHEMICAL PROPERTIES OF METALS.

THE success of every metallurgical process must depend on the
chemical affinities of the minerals treated, and it is therefore of
the utmost importance that the metallurgist should be well
acquainted with the deportment of the various metals, both when
combined with each other, and also when associated with the non-
metallic elements.

THE METALS AND OXYGEN.

All the metals may be made to ecombine with oxygen, although
their affinities for this body are extremely different. Some of
them combine with it at all temperatures, and can only be reduced
to the metallic state with great difficulty; whilst others possess
so little affinity for this metal that they cannot be made to
combine directly with it, and a slight elevation of temperature is
sufficient to effect a separation.

The relative affinities possessed by the different metals for
oxygen may be estimated in various ways.

Istly. By their deportment with oxygen gas, or common air,
at ordinary temperatures.

2ndly. By the greater or less facility with which their oxides
may be reduced to the metallic state.

3rdly. By their power of decomposing water under varying
circumstances.

4thly. By their power of decomposing water acidulated with
one of the stronger acids. In this way many metals, such as
iron and zine, effect at ordinary temperatures the decomposition
of water acidulated with sulphuric acid, giving rise to the evolu-
tion of hydrogen gas. Others, on the contrary, do not produce
this effect, even when strongly heated.

The decomposition of acidulated water by a metal does not
depend entirely on its power of combining with oxygen, but is
influenced in a certain degree by the affinity of the oxide produced
for the acid present, as also by the solubility or insolubility of the
salt thus formed.

From the above considerations Regnault divides the metals
into six groups: and as this method has the advantage of showing
at a glance some of the most striking characteristics, and at the
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same time serves the purpose of an artificial memory, I shall
adopt his classification in the present treatise.

First Group.—Metals which have the property of absorbing
oxygen at all temperatures, even the most elevated, and of decom-
posing water even at the lowest, producing at the same time
abundant evolution of oxygen gas. These are—

Potassium Lithium Strontium

Sodium Barium Calcium

The three former ave called alkaline metals ; the three latter are
the metallic radicals of the alkaline earths.

Second Group.—These metals consist of such as absorb oxygen
at the mbst elevated temperatures, and of which the oxides are not
reduced by the application of heat alone: these metals do not
sensibly decompose water at low temperatures, but do so very
decidedly when heated above 122° Fah. They are—

Manganese Magnesium Aluminum

To these we may also probably add the following, the decom-
posing power of which on water has not as yet been sufficiently
studied :—

Glucinum Thorium Didymium
Zirconium Cerium Erbium
Yttrium Lanthanum Terbium

Third Group.—Metals which decompose water at a red heat,
of which the oxides are not reducible by heat alone, and which do
not decompose water at temperatures inferior to 212° Fah. All
these decompose water in the cold when acidulated by the stronger
acids. They are—

Iron Chromium Cadmium
Nickel Vanadium Uranium
Cobalt Zinc

The temperature at which these decompose water and absorb
oxygen depends in a great measure on the state of division in
which they exist, when exposed to oxidising influences. Iron,
even when reduced to the state of filings, does not absorb oxygen
with rapidity at ordinary temperatures. 1f, however, it be heated
to dull redness in pure oxygen, the action is so rapid as to produce
the phenomena of heat and light. If the metal be obtained in a
still higher state of division, as by the reduction of its oxide by
hydrogen gas, its mere exposure to cold atmospheric air will pro-
duce the same effects.

A bar of iron will not decompose steam at ordinary tempera-
tures, but iron filings readily do so below 450° Fah.
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Fourth Group.—Metals which absorb oxygen at a red heat, and
consequently cannot be reduced to the metallic state by heat
alone. These decompose steam with great facility, but do not
effect the decomposition of water in presence of the stronger
acids. This latter phenomenon arises from the circumstance thab
the oxides of these metals afford but feeble bases, whilst most of
them in the presence of the stronger bases, such as potash and
soda, act the part of acids. From this cause most of the metals
in the following list decompose water in the presence of the alkalies
with evolution of hydrogen gas. )

Tungsten Tantalum Tin
Molybdenum Titanium Antimony
Osmium

To these we may probably add—
Niobium Ilmenium Pelopium
Fifih Group.—Metals which absorb oxygen at a red heat, and of
which the oxides are not reduced by heat alone: they decompose
water at extremely elevated temperatures only, and even then but

very feebly. These metals do not decompose water either in the .
presence of acids or alkalies. They are—

Copper Lead Bismuth

Sixth Group.—Metals of which the oxides are reduced to the
metallic state by heat alone. These are—

Mercury Iridium Ruthenium
Silver Palladium Gold
Rhodium Platinum

It may be here remarked, that all the metals of which the oxides
are not decomposed by heat alone, are capable of decomposing
water at more or less elevated temperatures. This arises from the
circumstance that water, when very strongly heated, resolves
itself into its elements; and when this is done through the
medium of an oxidisable metal, it unites with the oxygen to form
an oxide, whilst the hydrogen eseapes in the gaseous form. If,
instead of such a metal, a platinum wire, ignited by the voltaic
pile, be used, small bubbles of gas will be seen to escape, and these
on examination are found to consist of oxygen and hydrogen
in equivalent proportions.

Of the Conditions which determine the Oxidation of the Metals,
When a metal unites with oxygen, the combination is usually
attended with heat; if the action be very rapid, combustion,
together with intense light, is frequently the result. The combus-

o]
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tion of the metals in oxygen gas goes on most rapidly when they are
reduced to the state of powder previous to being subjected to its
action, as in many instances the coating of oxide at first formed
quickly prevents further change. For this reason, a stout copper
wire, if heated to redness, and immersed in a jar of oxygen, rapidly
becomes covered with a coating of oxide, which quickly protects
the metal from further action ; but if copper filings be treated in
the same way they instantly ignite, and are converted into oxide
of copper. If the oxide produced by the ignition of a metal in
the gas is fusible at the temperature obtained by its combustion,
1t will be unnecessary to reduce it to powder, as the continual
melting of the oxide constantly exposes a clean metallic surface
to the further action of oxygen. For this reason, iron and
steel, previously heated to redness, and immersed in a jar of
oxygen, burn with great violence, even when exposed in large
masses.

The volatile metals, when similarly treated, burn with great
rapidity, as the first application of heat gives rise to the production
of vapours which are quickly consumed and as rapidly replaced by
another portion generated by the heat produced from the com-
bustion of the first. Many of the metals may be kept indefinitely
exposed at ordinary temperatures, to the action of perfectly dry
oxygen without combination ; but if moisture be admitted, che-
mical action is at once set up, and the metal rapidly oxidised.
The polish of a bar of iron is not impaired by being kept in a jar
of dry oxygen, but a moist atmosphere soon produces a deposit of
oxide which rapidly increases, and finally destroys it. In the
case of some of the metals, such as zinc, the coating formed is
very superficial, and serves to protect its surface from further
action. The oxidation of many of the other metals, on the con-
trary, goes on after a certain time has elapsed with greater
rapidity than at the commencement of the action. This arises
from the coating of oxide formed being in an electro-negative
state with regard to the unoxidised metal, and a voltaic pair is
thus established, which continues in action as long as there is any
portion of unoxidised metal remaining.

The presence of acid vapours in the air very much accelerates
the oxidation of the metals. When a piece of iron is acted on by
a humid atmosphere, it is attacked by oxygen dissolved in the
watery vapour, and as the oxide of iron formed possesses a certain
basic affinity for water, the action is thereby increased. In this
way iron, and zine, which do not decompose water at ordinary
temperatures, and may be indefinitely preserved in that fluid
when deprived of its dissolved oxygen by boiling, are, by the
addition of a few drops of sulphuric, or any other strong acid,
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rapidly attacked. The affinity of the metal for oxygen is thus
increased, and the oxide formed at once combines with the acid
present, giving rise to a soluble salt, which being dissolved in the
water, constantly leaves a clean metallic surface to be in its turn
converted into oxide.

The metals of which the oxides possess acid properties, such as
bismuth, tungsten, and antimony, oxidise with more rapidity
when moistened with alkaline solutions before being exposed to
the air, than if acted on by watery vapour alone.

Classification of the Metallic Oxides.—The oxides of the various
metals vary extremely in their properties. Some of them act the
part of strong bases, and in combination with acids form well-
defined and permanent salts : others, on the contrary, possess acid
properties, and themselves combine with other metallic oxides to
form salts of more or less stability ; whilst a third class exhibit
such feeble affinities that they sometimes act as bases, and at
others as acids. Alumina may be given as an example of this
description of oxides. Another class consists of what may be
called exceptional oxides. These neither unite with acids or
alkalies, but in presence of the stronger acids abandon a portion
either of their oxygen or their metal, and form salts. The peroxide
of manganese Mn O; is of this class, and when heated with
strong sulphuric acid gives up half its oxygen in the gaseous
state, and forms the sulphate of the protoxide of manganese,
MnO, SO;. The suboxide of lead, Pb, O, on the contrary, gives
up half its metal when acted on by an acid, and gives rise to
salts of the protoxide of the form PbO, M, in which M repre-
sents an acid. A similar decomposition is frequently effected
in these oxides by heating them with some of the stronger
fixed bases. In this way the oxide of manganese Mn O, is
converted into the sesquioxide Mn, O;, and manganic acid
Mn O;, which combines with the base present. Thus, if potash
be the base employed, the reaction is expressed by the following
equation :—

3(1[[10:) +KO=MHZO3+KO,M1103

The basic metallic oxides are also frequently found to combine
with the higher oxides of the same metal possessing acid proper-
ties, and thus form a series of salts in which different oxides of
the same metal act the part of acid and alkali. The oxides of
iron Fe, O,, of manganese Mn; O,, and of chronium Crg O,, are
examples of these compound or saline oxides, and should be
expressed by the formule—FeO, Fe,05 ; MnO, Mn,0;, and Cr O,
Cr;0;. The brown oxide of chromium Cr O, and antimonious
acid Sb O, are both compounds of this class, and should be
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expressed by the formulee—Cr, O3, Cr O; =38 (Cr O;) and Sb, O,
Sb, 05 = 4 (Sb 0,).!

Some of the metals form a great variety of compounds with
oxygen ; and manganese in particular furnishes remarkable exam-
ples of each of the oxides above described. Mn O the protoxide
of manganese is a powerful base. Mn, Oy, is an indifferent oxide,
sometimes behaving as a base, and sometimes as an acid.

The peroxide Mn O, is an example of an exceptional oxide, and
is decomposed by an acid into the protoxide, which combines with
it to form a salt, and into oxygen gas which escapes.

The oxide Mn, O, is a compound oxide or manganite of oxide of
manganese, and should be written MnO, Mn, O,.

Lastly, manganic acid Mn O;, and hypermanganic acid Mn O,
combine with the bases, and form numerous and well-defined salts,

Preparation of the Metallic Oxides.—The metallic oxides are va-
riously prepared. Many metals absorb oxygen on being heated in
presence of common air or oxygen gas, in the same way some of
the lower oxides are made to combine with a further portion of
oxygen. The protoxide of manganese Mn O heated in contact
with air is converted into sesqui-oxide Mn, O;. The protoxide of
barium (baryta), heated to a temperature of about 700° Fah. in
an atmosphere of oxygen, absorbs another equivalent of the gas ;
but if the temperature be elevated much above this point, pro-
toxide of barium is again formed.

By exposure to heat many of the higher oxides lose a portion
of their oxygen. The peroxide of lead Pb O,, and the sesqui-
oxides of nickel and cobalt Ni, O; and Co, Oy, are by this means
converted into the protoxide Pb O, Ni O, and Co O. On this
fact also depends one of the most common methods of making
oxygen ; as, when the peroxide of manganese Mn O, is heated to
redness, it gives off a part of its combined gas, and leaves the
sesquioxide of manganese Mn, Oy in the retort.

The oxides of some of the metals, and particularly those which
possess acid properties, are wequently to be obtained by heating the
metal with substances which easily yield their oxygen. If pow-
dered antimony be thrown into a red-hot crucible containing fused
nitrate of potash, this salt will be decomposed with the formation
of antimoniate of potash, which, on being decomposed by an acid,
deposits antimonic acid Sby, O;. In the same way, by fusing
oxide of chromium with nitre, chromate of potash is obtained, from
which the chromic acid Cr Oy is readily separated by the addition
of sulphurie acid.

Many of the higher oxides are obtained by heating either the

£ 1 Some chemists double the equivalent of antimony, and make the protoxide
b Og.

[}
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metal or a lower oxide with nitric acid, and then evaporating to
dryness. Some of the metals, such as tin and antimony, leave an
insoluble peroxide in a free state when thus treated. Others, and
these are by far the greater number, form nitrates, which, on
being heated to redness, are decomposed, and a metallic peroxide
is left.

All the carbonates, except those of the metals of the first group,
are decomposed at high temperatures, giving rise to the evolution
of gaseous carbonic acid, and the production of a free oxide. In
this way, lime, barytes, and strontia are obtained, by calcining
their respective carbonates; and the carbonate of lead, similarly
treated, will be found to yield its carbonic acid with still greater
facility.

th;n heated to redness in a current of hydrogen gas, many of
the higher oxides are reduced to the metallic state ; others are
merely converted into protoxides, and resist all further efforts at
reduction by this means.

The metallic oxides can frequently be prepared by precipitation
from their salts, through the medium of an alkaline base, or
ammonia. If we pour caustic potash into a solution of proto-
sulphate of iron, a precipitate of hydrated protoxide of iron will
be obtained. The following equation will explain the reaction :—

FeO, SO; + KO,HO =KO0,80, + Fe 0, HO

If the protochloride of iron were employed, the reaction would be
as follows :—

Fe Cl + KO,HO = KCl 4+ FeO,HO

The same reagent produces in solutions of the sesquioxide the
following changes :—

Fe, O,, 3 SO, + 3 KO,HO =3 (KO, S0;) + Fe, 0, HO
Fe, Cl; + 3K0,HO =3 (K C1) + Fe, O, HO

Here the protoxide of iron is replaced by the sesquioxide con-
tained in the salt, which like the former is precipitated in a
hydrated state. On heating the hydrated protoxide of iron, the
water is expelled, and, from the absorption of oxygen, anhydrous
sesquioxide of iron remains.

The peroxide of hydrogen is sometimes employed for the
oxidation of those bases which resist less energetic means, and in
this way the peroxide of calcium, and some other peroxides, are
obtained.

Action of the tallic el ts on the Oxides. Oxygen and
the Oxides—The lower metallic oxides usually combine with a
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further portionof oxygen whenexposed to the air. In some instances
this takes place at ordinary temperatures, and in a dry atmos-
phere, but the action is much accelerated either by the presence
of water or the application of heat. The precipitated hydrates of
the protoxides of wron and manganese are rapidly converted, by
exposure to the air, into the hydrates of the sesquioxides of those
metals. In other instances a certain heat is required to produce
this effect. Thus the protoxide of lead, when heated to about
720° Fah., is converted into a higher oxide (minium), which is
again decomposed into protoxide if the heat be raised much above
that point.

Hydrogen and the Oxides.—The oxides of all the metals, except
those of the two first groups, are reduced to the metallic state by
the combined action of heat and hydrogen gas. Those of the
sixth group are decomposed by it at temperatures little superior
to the boiling point of water, although a red heat is required for
the reduction of the other oxides. On passing a current of
hydrogen gas over peroxide of iron heated to redness in a por-
celain tube, decomposition takes place. Hydrogen combines with
the oxygen of the oxide, forming water, which is driven off, and
metallic iron remains in the tube. If, on the contrary, iron filings
are placed in the heated tube, and the vapour of water passed
over them, the decomposition gives rise to hydrogen gas and
peroxide of iron. These experiments, if isolated, would lead to
very different conclusions. From the first we should infer
that oxygen has a greater affinity for hydrogen than for iron,
whilst it would appear from the latter, that oxygen has a greater
affinity for the metal than for the gas. This apparent anomaly is
accounted for by supposing the decomposition to be influenced by
the relative quantities of the bodies present. Thus, in the former
instance, every atom of oxide being at a given time within the
influence of a-great number of atoms of hydrogen, it is decom-
posed by it; whilst in the latter case the metallic particles may
be regarded as being present in greater quantity, as those of the
hydrogen will be carried off as soon as generated, by the current
of watery vapour, and cannot therefore act as a reducing agent on
the metallic oxide. From these considerations it is evident that
the relative proportions of metal and watery vapour should vary
both with the temperature and rapidity of the current, and that a
point must exist at which, from the equal balance of the two, no
action can take place either on the metal or its oxides.

Carbon and the Oxides.—All the oxides which are decomposed
by hydrogen are also reduced to the metallic state by carbon; and
' potassa and soda, which are not reduced by hydrogen, are, at
very elevated temperatures, deprived of their oxygen by the
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action of carbon, carbonic acid and carbonic oxide gases being
evolved.

Action of Sulphur on the Oxides.— When the oxides of metals
of the first group are heated in contact with sulphur, decompo-
sition ensues, and a mixture of sulphate and sulphide is produced.
If carbon in any form be present, its affinity for oxygen deter-
mines the decomposition of the sulphates, and sulphides alone are
formed.

The oxides of the metals of the second class are not affected by
being heated with sulphur, but many of them may be transformed
into sulphides, by being mixed with finely divided charcoal, and
afterwards subjected, at a high temperature, to the action of sul-
phur vapour. The oxides of the metals of the four last groups
are all converted into sulphides, with formation of sulphurous
acid gas, by the action of sulphur at a high temperature. Some
of them, however, require the addition of carbon, and are not
affected unless the vapour of sulphur is passed over them when
thus prepared.

Chlorine and the Metallic Oxides.—The changes produced by
the reaction of chlorine on the metallic oxides vary with the
circumstances under which they are brought into contact with
each other. All the oxides, with the exception of a few belonging
to the second group, are converted into chlorides by the action of
dry chlorine gas. Considerable elevation of temperature is, how-
ever, sometimes necessary to effect this decomposition, and the
action is usually much accelerated by the addition of a portion of
powdered charcoal. The best method of converting the metallic
oxides into chlorides is to mix them intimately with lamp-black
and oil, and when the mass has assumed the proper consistence
it is divided into small pellets of the size of peas. These are in-
troduced into a large porcelain tube, heated to redness, through
which chlorine is passed, and by this means the oxides of all the
metals may be converted into chlorides. In this reaction the
affinity of carbon for oxygen assists that of the chlorine for
the metal, and the results are carbonic oxide and a metallic
chloride.

If the oxides are held in solution or suspension in water, very
different results are obtained ; the products often vary according
to the temperature and strength of the solution employed. When
chlorine gas is passed into a weak solution of potash, the tem-
perature of which is prevented from rising by means of a freezing
mixture, or otherwise, a reaction is set up between two atoms of
potash and two of chlorine, attended by the production of one
equivalent of hypochlorite of potash, and one of chloride of
potassium.
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Should a strong solution of potash be employed, and the tem-
perature be allowed to rise, six equivalents of potash and six of
chlorine will react on each other, yielding one atom of chlorate
of potash, and five of chloride of potassium : thus 6 KO 4 6 Cl=
KO, Cl1 O; 4 5 K Cl. The same occurs with the oxides of all the
metals of the first group, but the production of the chlorates is
found to be more rapid at moderate temperatures than when the
solution is permitted to boil.

‘With the exception of the oxides of manganese and magnesium,
the metals of the second class are not, when held in suspension or
solution in water, decomposed by a current of chlorine gas.

Chlorine transforms the oxides of the metals of the third class,
when held in suspension in water, at first, into protochlorides and
peroxides; but if the action be long continued, a mixture of per-
chloride and peroxide will be the result. The sesquioxides of the
metals of this class, suspended in water, are not acted on by
chlorine, except in presence of an alkali. 'When the sesquioxide of
iron, Fe, Oy, suspended in a solution of potash, is thus treated, it
takes up an additional quantity of oxygen at the expense of the
potash, and chloride of potassium and ferrate of potash are formed.
The following equation will explain this decomposition :—

Fe, 03+ 5 KO 4+ 3 Cl=2 (KO, Fe O; + 3 KCl1

The oxides of the metals of the three last groups, when suspended
in water, resist the action of chlorine. The action of iodine and
bromine on the metallic oxides very closely resembles that of
chlorine on the same compounds.

Action of Chlorine on the Metals.— (Chlorine unites with all the
metals, at temperatures more or less elevated. Minute division
very much accelerates this combination, and in many instances
causes the action to be so rapid as to be attended by the ignition
of the metal. Powdered copper, antimony, and arsenic burn when
thrown into a jar of chlorine; mercury and iron inflame when
slightly heated in it, whilst it is quietly absorbed by gold, silver,
and platinum. The metallic chlorides differ extremely in their
physical and chemical properties. They exist of almost every
colour. Some of them are decomposed by heat, whilst others are
not affected by it. Some are soluble in water, and others are
totally insoluble. Some are permanent in the air, whilst others
are deliquescent. Many of them decompose water, and give rise
to an oxide and hydrochloric acid ; others, on the contrary, are in
no way affected by moisture.

The methods employed for the preparation of the various
chlorides differ according to the state in which the metal exists,
and has also reference to the properties of the chloride formed.
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All the metals may be made to combine with chlorine, by heating
them in a current of that gas. This arises not only from the
affinity possessed by chlorine for metallic bodies, but the action is
also much aided by the fusibility of the resulting compounds, as
the chlorides being all more or less fusible, constantly leave ex-
posed a clean surface for the further action of the gas.

The soluble chlorides are generally prepared by dissolving the
metal in hydrochloric acid, which is attended by the evolution of
hydrogen gas. The protochlorides of the metals of the third group
are easily prepared in this way. The metals of the fifth group do
not, even at the boiling point, effect the decomposition of hydro-
chloric acid, but, if nitric acid be added, a chloride is at once
formed. When the metals of the third group are thus treated,
bichlorides are produced. .

The insoluble chlorides are usually obtained by precipitation
from a soluble salt of the metal. Thus chloride of silver is pre-
cipitated from the soluble nitrate of silver by the addition of
hydrochloric acid, common salt, or of an aqueous solution of chlo-
rine, and is therefore employed by the chemist as a delicate test
for the presence of that body.

The metallic chlorides, with the exception of those of gold and
platinum, and probably a few others belonging to the same group,
are not decomposed by the application of heat alone, although
some of them are very volatile, and may be distilled from one
vessel into another, without undergoing any further change.

Action of Oxygen on the Metallic-Chlorides.—QOxygen produces
no change, even at a red heat, on the chlorides of metals of the
first group. Those of the second, third, fourth, and fifth groups,
are, on the contrary, changed into oxides, when heated to redness
in a current of oxygen. The chlorides of the metals of the sixth
group, which are decomposed by heat alone, are also decomposed
when heated in a current of oxygen, but do not absorb any of
that gas. Those, on the contrary, which are not affected by heat
alone, remain unchanged in a current of oxygen gas.

Action of Hydrogen on the Metallic Chlerides—The chlorides of
the metals of the two first groups are not decomposed at any tem-
perature by hydrogen gas. All those of the four last groups are
decomposed by hydrogen at a red heat, with evolution of hydro-
chloric acid. Carbon produces no visible effect on the metallic
chlorides.

SULPHUR AND THE METALS.

Sulphur combines with all the metals; and the resulting sul- -
phides, except a few among those of the sixth group, are not
affected by the application of heat alone.
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The sulphides or sulphurets are prepared in many ways :—

1stly, By heating the metal in a finely divided state in a close
vessel containing sulphur, or by passing the vapour of sulphur
over the metals, heated to redness in a porcelain tube. The action
produced by this means is frequently so rapid that ignition of the
metal ensues ; and when copper, bismuth, lead, or iron filings are
s0 acted on, the combination is attended with vivid combustion.
If sodium or potassium be substituted for the metals above enu-
merated, their conversion into sulphides takes place with equal
violence. .

2ndly, By heating a mixture of the metallic oxides and sulphur,
in which case sulphurous acid is evolved, and the sulphide formed
remains in the crucible.

3dly, By calcining a mixture of the metallic oxides with sulphur
and alkaline carbonates in a crucible lined with charcoal. In this
operation the carbonate of potash or soda employed is first con-
verted into a polysulphide, which, at an elevated temperature, is
decomposed, and the sulphur thus set free combines with the metal
reduced by the carbon present. When the oxides of the metals
of the fourth group are thus treated, electro-negative sulphides
are formed, and these combining with those of the alkalies pre-
sent, constitute a sulphur salt.

4thly, By decomposing the metallic sulphates, either by heating
them with a mixture of charcoal, or by passing a current of hydro-
gen gas over them when heated to redness in a porcelain or hard
glass tube. :

5thly, By the action of sulphuretted hydrogen in solutions of
the metallic salts. This affords an easy method of obtaining the
sulphides of the metals of the third group.

6thly, By the action of sulphide of ammonium, or some other
alkaline sulphide, on the soluble metallic salts. This method is
applicable to the salts of the metals of the third group which are
not decomposed by the action of sulphuretted oxygen only.

When sulphate of the protoside of iron is thus treated with
sulphide of potassium, the following reaction takes place :—

FeO, SO;+ KS = KO0,80; + FeS.

‘When salts of the metals of the fifth group are acted on by a
solution of sulphide of ammonium, the first effect produced will
be to throw down the sulphides of those metals; but on subse-
quently adding a further quantity of the precipitant, the sulphides
at first thrown down will be redissolved, and a soluble sulphur-
salt formed.

Action of the N tallic Ele ts on the Sulphides.— When
the sulphides of the metals of the first group are exposed to the
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combined action of heat and oxygen, both the metal and the
sulphur become oxidised, and combining with each other in their
modified states are converted into metallic sulphates.

The sulphide of magnesium, which is a metal belonging to the
second group, is similarly converted into sulphate of magnesia;
but the sulphide of manganese, a member of the same section, is,
on the contrary, decomposed by the action of this gas. In this
case the products of the decomposition vary with the tempera-
ture at which it is effected. If the heat employed be consider-
able, the sulphur is entirely expelled in the state of sulphurous
acid, and the metal remains in the state of oxide. When a lower
temperature is employed, a certain quantity of sulphate is formed
at the same time, and the product consists of a mixture of sul-
phate and oxide of the metal. )

The sulphides of the third and fifth groups behave, when heated
with oxygen, precisely like the sulphide of manganese. Those of
the metals of the fifth group are entirely converted into oxides,
whilst the sulphur escapes as sulphurous acid gas.

Lastly, the sulphides of the sixth group are reduced to the
metallic state when heated in contact with oxygen, as the sulphur
goes off in the form of sulphurous acid, and the uncombined metal
remains. Most of the metallic sulphides become converted into
sulphates when exposed for a long period to the combined action
of air and moisture, and in this way many of the mineral ores are
naturally though slowly converted into soluble salts.

SELENIUM AND THE METALS.

Selenium acts on the metals with nearly the same phenomena
as sulphur; the selenides are, however, of much less frequent
occurrence in nature than the sulphides, and are consequently of
very secondary importance to the metallurgist. They may be
prepared either by passing a current of seleniuretted hydrogen
through solutions of metallic salts, or by heating the metals
directly with selenium.

PHOSPHORUS AND THE METALS.

Many of the metallic phosphides are natural productions some-
times found in considerable abundance. They may be prepared
artificially in three different ways :—

1stly, By heating a mixture of phosphorus and the metal, or by
projecting phosphorus into a crucible, in which the metal is held
in a state of fusion.

v
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2ndly, By heating a mixture of phosphoric acid and charcoal
with a metal or its oxide.

3rdly, By passing a current of phosphuretted hydrogen through
a solution of the metallic salts. But few of the phosphides can,
however, be obtained by the humid process, as, when phos-
phuretted hydrogen gas is passed through metallic solutions,
either a peculiar compound is obtained, as is the case with the
salts of the protoxide of mercury, or the metal is reduced to the
metallic state, as when gold and silver salts are thus treated ; or
no change is produced by its action, as happens with by far the
greater portion of the metallic salts. The phosphides have gene-
rally a metallic lustre and crystalline texture. Those of the metals
of the first group are decomposed by water with evolution of
spontaneously inflammable phosphuretted hydrogen, and the for-
mation of their respective oxides.

Nitrogen, cyanogen, and boron, may also be made to combine
with the metals, but their compounds are of but little importance

to the metallurgist, and may consequently be passed over without
remark.

OF THE COMBINATIONS OF THE METALS WITH EACH OTHER.—
ALLOYS.

The metals, with but few exceptions, are capable of combining
with each other, and thereby forming a class of compounds pos-
sessing more or less the properties of their several constituents.
Alloys are generally more fusible and harder than the metals
which enter into their composition ; and as these properties may
be regulated according to the relative amount of the various metals
employed, an infinite number of modifications may be thus
obtained. Copper is very malleable and ductile, but is difficult to
fuse, and for many purposes does not possess the requisite hard-
ness. In many instances these defects may be obviated by the
addition of one-third of its weight of zine, which, without much
impairing its malleability, renders it fusible, heightens its colour,
and at the same time communicates to it a proper degree of hard-
ness. In the manufacture of cannon, a mixture is required not
only sufficiently hard to withstand the friction of the shot during
its passage through it, but also capable of resisting the corrosive
action of the products arising from the combustion of gunpowder.
It should likewise possess considerable toughness, without which
the gun would be liable to burst. In many cases, and particularly
for battery use, cast iron is employed, but when guns are required
to be moved from place to place, the brittleness of that metal
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becomes a serious objection, as, unless made very thick and heavy,
they would not be capable of withstanding the explosive force to
which they are subjected. If copper were employed, it would in
the first place be extremely difficult to mould, as, from the high
temperature required for the fusion of that metal, it is liable to
chill and produce air-holes in the casting; and in the second,
would soon wear out, if made, from the rebound of the shot in
passing from the breech to the muzzle during its discharge.

By the addition of ten parts of tin to ninety parts of copper,
an alloy is obtained which answers all these conditions, and is also
used under the name of bronze, for the manufacture of statues,
and for various other ornamental purposes.

For printers’ type an alloy is required at the same time
hard, fusible, and which does not materially contract in cooling.
Lead, which is a fusible metal, is evidently unfitted for this pur-
pose by its softness, whilst zinc and bismuth are too Lable to
break under the pressure to which the types are exposed in the
process of printing. By combining, however, twenty parts of
antimony and eighty of lead, an alloy is produced which fulfils all
these conditions, and furnishes us at a cheap rate with a material
admirably adapted for the purpose intended.

It has long been a disputed question whether the alloys are
chemical combinations of metals in definite proportions or
merely mechanical mixtures, without regard to their atomic rela-
tions. It is, however, probable that they are in all cases, com-
bined according to the laws of chemical affinity. Berzelius has
observed that the acidifiable metals have the greatest tendency to
combine with those which produce salifiable bases, and that
antimony, arsenic, and tellurium, form with the other metals,
definite compounds analogous to their native sulphides and
phosphides. Many of the alloys, both natural and artificial, are
also found to be capable of assuming a crystalline form, and this
property may frequently be employed for the purpose of separating
the truly chemical alloy from the mechanical admixture caused by
the excess of one of its constituents.

It has been before stated, that by alloying the metals, we
obtain compounds possessed of very different ductility, malleability,
hardness, and colour, from those belonging -to the bodies which
enter into their composition ; thus gold and lead, and gold and
tin, form brittle alloys, and a minute quantity of arsenic added to
copper renders it white. It is also to be observed that an alloy
composed of two metals has seldom a density corresponding to
the mean which should be obtained by ecalculation from the
relative amounts and specific gravities of its constituents.

The following table, from Thénard (Traité de Chime, Vol. i.
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p- 394,) shows in what cases the specific gravities of the com-
pounds are superior, and when inferior to the mean of the com-
bined metals.

Alloys possessed of greater specific
gravity than the mean of their
components.

Alloys having a specific gravity in-
ferior to the mean of their com-
ponents.

Gold and Zine

» Tin

,,  DBismuth

»  Antimony

,  Cobalt
Silver and Zine

»  Lead

» Tin

,-  DBismuth

»  Antimony

Gold and Silver
., Iron
,  Lead
»  Copper
,  JIridium
5,  Nickel
Silver and Copper
Copper and Lead

Tron and Bismuth
,»  Antimony

Copper and Zine » Lead
’ Tin Tin and Lead
' Palladium , Palladium
’ Bismuth ,» Antimony
Antimony Nickel and Arsenic
Lead and Bismuth Zine and Antimony.
Antimony

Platinum and Molybdenum
s Palladium and Bismuth

Alloys are generally more oxidisable than their constituents
taken singly. This probably arises from the circumstance of one
of the metals being electro-negative with respect to the others, by
which means electric action is set up, and the more positive metal
rapidly oxidised.

The action of acids on alloys varies according to the relative
amount of their constituents. Silver alloyed with alarge quantity
of gold is protected from the action of nitric acid, by which, under
ordinary circumstances, it is rapidly attacked. Sometimes, how-
ever, the reverse of this takes place, and metals which are totally
insoluble in certain menstrua are made to dissolve in them by the
addition of a metal on which they have the power of acting. In
this way, platinum, although of itself insoluble in nitric acid, may
be dissolved by it when sufficiently alloyed with silver. Alloys
consisting of two metals, the one easily oxidisable, the other pos-
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sessing a less affinity for that element, may be readily decomposed
by the combined action of heat and air. In this case the former
metal will be rapidly converted into an oxide, except perhaps the
last portion, which may in some degree be protected from further
action by the oxide already formed. The increased affinity for
oxygen exhibited by the more oxidisable metal, in presence of
another less affected by this agent, is doubtless an electric pheno-
menon, and the action is in many cases so rapid as to produce
combustion. This occurs when an alloy of three parts of lead and
one of tin is heated in contact with air.
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THE METALLIC SALTS.

TuE consideration of this class of bodies belongs rather to the
science of chemistry than to that of metallurgy, and I shall there-
fore confine myself to such generalities as may enable the student
to understand the nature of the various processes hereafter to be
described, and must refer him for further information to the
different treatises on elementary chemistry, in which he will find
this subject more fully discussed.

The compounds hitherto described have been for the most part
the result of the binary combination either of a metal and a non-
metallic element, or of two metals with each other. The salts, on
the contrary,are usuallyformed by the chemical union of two binary
compounds possessing opposite electric energies, and having in
consequence a greater or less affinity for each other.

The binary electro-negative element is called an acid, and is
most frequently composed of two non-metallic elements, as in the
case of sulphuric acid SOj, nitrie acid NO;, and chloric acid C1Os,
&c. &e.  Sometimes, however, one of the elements of an acid is
a metal, as in the case of ferric acid FeO;, manganic acid MnO;,
stannic acid SnO,, antimonie acid SbOj, and many others.

Some of the sulphur acids also contain a metal, and we therefore
find such compounds as the sulphides of antimony and tin
possessed of acid properties. The base or electro-positive element
of a salt is always a metallic compound. The sulphides and
oxides of many of the metals belong to this class.

The greater number of acids are compounds of oxygen and a
metallic or non-metallic element, whilst the oxides of the metals
afford the most numerous class of bases. Many of the sulphides
also combine and form salts, in which the acid is an electro-
negative sulphide or sulphur acid, whilst the base is a sulphide
possessing opposite electric energies.

The double chlorides resulting from the combination of the
electro-positive chlorides of the metals with the electro-negative
chlorides of other metallic or non-metallic elements, again form a
class of salts of which we have many examples, and of which the
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number will probably be much increased with the advancement
of the science of chemistry.

The oxy-salts, or those in which both the acid and base con-
sist either of a metallic or non-metallic oxide, form by far the
most numerous and important class, and have therefore received
the greatest attention, and are the most fully understood by
chemists ; consequently the following generalities may be consi-
dered as referring particularly to them.

Neutrality.—Salts are divided into acid, alkaline, and neutral.
The characteristics on which this distinction is founded are easily
defined, in the case of those formed by the union of the energetic
acids and bases ; but they become less clear if the compound be
the result of the combination of powerful bases with feeble acids,
or of the stronger acids with the weaker bases. This difficulty
becomes still greater when the resulting salt is insoluble in water.

The vegetable-blue colours, especially the tincture of litmus,
are the tests ordinarily employed for the purpose of ascertaining
the state of a salt with regard to its neutrality. This colour is
itself formed by the union of a red vegetable acid with an alkaline
base, and the resulting compound possesses the characteristic blue
colour of tincture of itmus.  *

When a more powerful acid is added to this organic salt, it
replaces its vegetable electro-negative element, which, becoming
free, again assumes its original red colour, and consequently indi-
cates the presence of a free or feebly combined acid in the solution
into which it has been poured. A test for the presence of a free
or feebly combined alkali is obtained by reddening tincture of
litmus by an acid, as the original blue colour of the salt is again
produced on neutralising by an alkali the acid first added to pro-
duce the red colour. In order that these reagents should be as
sensitive as possible to the action of acids and alkalies, it is neces-
sary to observe the greatest care to prevent any excess either of
alkali in the blue solution, or of acid in the red one, as, if this
were not attended to, the first portion of the acid or alkali in the
solution to be examined, would, as the ecase might be, be appro-
priated by the free acid or alkali present, and thereby introduce a
cause of error in the experiment. If we in successive portions
pour sulphuric acid, which strongly reddens the blue colour of
litmus, into a fluid containing potash, which blues the red solution
of that substance, we shall find that the action of the alkali will
gradually become less intense, and that finally we shall arrive at a
point at which neither an acid nor alkaline reaction can beperceived.
The resulting sulphate of potash is then said to be neutral, and if
we evaporate the solution to dryness, and examine the residue, we
find it to consist of sulphuric acid and potash, united in the pro-

D
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portion of 40 of the former to 47 of the latter, in which composi-
tion it will be found that the amount of oxygen contained in the
acid is three times greater than that united with the potassium
to constitute the base, and the salt will consequently be expressed
by the formula KO, SO,.

If, instead of using potash, we were to employ soda or lithia for
the purpose of saturating the sulphuric acid, we should obtain
sulphates of those bases, in which the oxygen in the acid would
be again found to be triple that contained in the base.

Baryta and strontia change the reddened tincture of litmus
into blue with almost the same intensity as potash or soda; but
if we add sulphuric acid to the solution of these bases in water, a
dense white precipitate will immediately be formed, and continue
to be deposited until the solution begins to evince a slight acid
reaction.

If we now separate the liquor by filtration, and evaporate to dry-
ness, we shall find that it retains nothing in solution, as the
sulphate of baryta formed is insoluble in water, and is therefore
wholly retained in the solid state on the filber. On testing this
salt we fail to obtain either an acid or alkaline reaction, as from
its insolubility it is incapable of affecting the vegetable colours.
By analysing the precipitate, however, we find the same relation
in this case between the amount of oxygen in the acid and base,
as was observed with regard to the other salts, and from such con-
siderations as these, chemists agree to consider those sulphates as
neutral in which the amount of oxygen in the acid is three times
greater than that contained in the base. If nitric instead of sul-
phuric acid be added to a solution of potash, the alkali will, as in
the former case, become neutralised, whilst the nitrate of potash
formed is found to have the formula KO, NO;, in which the
amount of oxygen in the acid is five times greater than that con-
tained in the base. On repeating this experiment on the various
bases, it will invariably be found that the ratio of the oxygen
contained in the acid to that combined with a metal to form a base
is as one to five, and consequently all nitrates are considered
neutral that maintain this proportion.

Many of the stronger acids are united to a portion of water
which appears to be essential to their constitution, and in these
cases the hydrated acids may be considered as salts of water,
which are decomposed by the alkalies merely because the oxides
of the metals are more highly electro-positive than the oxide of
hydrogen, and are therefore capable of forming with the acid a
more stable salt. The less powerful acids, such as carbonic and sul-
phurous acid,and many others,are incapable of thoroughly neutral-
ising the stronger bases with regard to the coloured reagents, as,
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in however great excess they may be added, the compound will
still be found to retain an alkaline reaction. 1If, for instance, a
current of carbonic acid be passed for a considerable time through
a saturated solution of potassa, a erystallised salt will be deposited,
which, on examination, is found so constituted that the amount of
oxygen contained in the acid is four times greater than that which
enters into the composition of the base. On dissolving the salt
thus formed in water, and adding to the solution a portion of
potash of the same weight as that originally operated on, a new
crystalline salt is obtained, in which the amount of oxygen con-
tained in the acid is only twice the weight of that united with the
potassium of the base; and as both these salts produce alkaline
reactions on the vegetable coloured reagents, it becomes a matter
of difficulty to decide which of the two should be regarded as
the neutral carbonate of potash. If, however, these experiments
be extended to the other metallic oxides, it will be found that
those of the first group are alone capable of affording two series of
carbonates, whilst the five other sections only yield those in which
the oxygen of the acid is double that of the base. For this reason
most chemists describe the salts having the general formula
MO, CO, as the neutral carbonates, although a few still consider
MO, C,0, should be thus regarded, from the circumstance of its
more nearly approaching neutrality with regard to the coloured
reagents.

The definition of neutral salt becomes still more indefinite in
the case of the combinations which take place between the bases
and what are usually called polybasic acids. To illustrate this
variety we may take the salts of common phosphoric acid as an
example. If an excess of phosphoric acid be added to a solution
of soda, and with proper precautions evaporated to dryness, we
obtain a salt represented by the formula NaO, PO, 4- 2 HO, in
which the amount of oxygen contained in the acid is five times
greater than that contained in the base. On dissolving this salt
in water, and adding to its solution a quantity of soda equal to
that which it already contains, a salt is produced expressed by the
formula 2 NaO, PO; 4+ HO, in which the ratio of the oxygen in
the base to that in the acid is as two to five; and on again dis-
solving this salt in water, and adding another equivalent of soda,
the whole of the water is displaced, and the salt 3 NaO, PO; is
obtained, where the oxygen in the acid compared with that in the
base is as three to five. Of these salts the first possesses an acid
reaction on tincture of litmus, whilst the two second colour the
reddened solution of litmus blue, and therefore exhibit alkaline
properties. The vegetable reagents are in this case incapable of
deciding the question of neutrality, and chemists have conse-
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quently been induced to change the meaning of the word by which
is now generally understood an equivalent of acid united with its
usual number of equivalents of base. According to this definition
each of the three phosphates above described may be considered as
aneutral salt. The first will be a phosphate containing an equiva-
lent of oxide of sodium, and two of oxide of hydrogen. In the
second the addition of another equivalent of the stronger base has
replaced the less electro-positive oxide of hydrogen : whilst in the
third salt the feebler oxide of hydrogen has been entirely elimi-
nated, and its place occupied by the alkaline base.

These and. similar considerations have suggested the idea that
many of the substances called acids are in reality salts, and that
they do not combine with the oxides of the metals, as is usually
supposed, but rather with the metals themselves ; water being in
every instance produced at the same time.

Sulphuric acid SOz 4+ HO, is considered to be a compound
of one equivalent of sulphur, combined with three of oxygen,
and further united with an atom of water, to form the so-
called hydrated sulphuric acid. Nitric acid, NOs + HO, is in
like manner regarded as composed of one atom of nitrogen, com-
bined with five of oxygen, and one of water. It is, however,
evident that sulphuric acid may either be expressed by the
formula SO; + HO, or SO, + H, and that nitric acid is equally
well represented by the equations NO; + HO, and NOg + H. If
we consider the latter expressions as the true representations of
the state of aggregation of atoms in the acids in question, the
formation of a salt must be regarded as merely a result of the
substitution of a metal in the place of the hydrogen contained in
the acid. The latter view of the constitution of acids, and the
formation of salts, has not only the advantage of explaining many
phenomena hitherto not fully understood, but also of reducing the
oxacids and hydraeids to one class ; and this theory is consequently
rapidly gaining ground among chemists.

The most powerful alkaline bases are usually the metallic pro-
toxides, and these combine with the acids to form salts, in which
a constant ratio exists, in each family, between the oxygen in the
acid and that in the base. When an acid combines with a base
which is not the protoxide of a metal MO, but a higher oxide,
such as the binoxide MO,, then will that binoxide be disposed to
unite with two equivalents of acid, and the same ratio be retained.
If, instead of being combined with a binoxide, the acid be united
to a sesquioxide, the same relation is observed to exist, and if
sulphuric acid be chosen for its saturation, the resulting salt will
have the general formula M, O; 4 8 SOj, the ratio of one to three
being still preserved.
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. When an oxybase is acted on by a hydracid, a reciprocal
decomposition of the two bodies takes place. The hydrogen of
the hydracid combines with the oxygen of the base to form water,
whilst the electro-positive element of the base unites with the
electro-negative element of the hydracid to form a binary com-
pound, corresponding in its composition to the oxybase employed.
Thus on adding hydrochloric acid to soda, water and chloride of
sodium are formed.

NaO 4+ HCl=NaCl4HO

If, instead of soda we employ the sesquioxide of iron, water

and sesquichloride of iron will be the result.

Fe;0;+ 8 HCl= Fe,Cl;+ 3 HO.

The saturation of an alkali, with regard to the coloured vegetable
reagents, may generally be effected as completely, by means of the
hydracids, as if an oxacid were employed for that purpose, and
the resulting compounds are found to possess, in every respect,
the characteristic properties of salts. In the case of the hydro-
salts, like that of the formerly called oxy-salts, the hydrogen of
the acid may be supposed to be merely replaced by a metal, and
it is at once evident that SO,, H, and Cl, H, differ, merely, in-
asmuch that in the one the first member is a compound body,
while in the other it is, as far as we yet know, a simple element.

Nearly all salts are solid at ordinary temperatures. Those
which are obtained by the combination of colourless acidg with
colourless bases are themselves colourless. The salts formed by
the union of a coloured base with the various colourless acids are
usually coloured, and when crystallised are all possessed of nearly
the same tint as the bases which enter into their composition.
Those formed by the union of the colourless bases with the
coloured acids, are most frequently coloured, and exhibit for the
most part the characteristic shades of the several acids in their
free state.

Taste.—The taste of salts seems generally to depend rather on
the nature of the base than of the combined acid. Thus, the salts
of soda possess a flavour usually known by the name of saltness:
those of potash are slightly bitter ; whilst the compounds of mag-
nesia are characterised by an insupportable bitterness. Some-.
times, however, the flavour of a salt is considerably affected by
the nature of the combined acid, as in the case of the sulphites,
sulphur salts, and those formed by the combination of some of
the metallic acids.

Water of Crystallisation.— A large proportion of the salts may be
obtained either hydrated or anhydrous, according to the circum-
stances under which they are prepared. Many of the soluble



38 CHEMICAL PROPERTIES OF METALS.

salts are deposited from their solutions in combination with a
certain-quantity of water, which is called water of erystallisation.
The quantity of water of crystallisation contained in a given
salt, when crystallised at the same temperatures and from similar
solutions, is always the same, and possesses a constant simple
equivalent ratio with regard to the number of equivalents of acid
and base entering into the composition of the salt. It therefore
follows that the water of crystallisation contained in a salt is
united according to the laws of definite proportion, and forms an
essential chemical element of its composition, which, if abstracted,
will be eliminated according to the same definite laws.

The hydrated salts abandon their water of crystallisation when
strongly heated ; and it is found that a constant amount of water
is in the same salt retained for similar temperatures, although
when that temperature is exceeded another portion of its water
is eliminated, and a less highly hydrated salt is obtained. The
sulphate of manganese affords a remarkable illustration of this
fact. 'When that salt is allowed to crystallise from its solutions
at a temperature below 43° Fah., its composition is expressed by
the formulaMnO,S0s+7 HO. Ifthe crystals be obtained between
the temperatures of 43° and 68° the salt MnO,S0,4-6HO, will
be produced. On being allowed to crystallise between the last-
named temperature and 86°, its composition will be expressed by
the formula MnO,80;+4HO. By crystallising at a temperature
between 110° and 120°, a salt is obtained of which the composition
is represented by MnO,S0;+HO: and finally, on heating the
salt to 570° the anhydrous sulphate of manganese MnO,S0; is
obtained.

For the purpose of determining the quantities of water suc-
cessively abandoned by a salt at different temperatures, an oil-
bath (fig. 3) is usually employed. This consists of two copper
boxes, one of which is so placed within the other, that a space of
about an inch exists between them on
all the sides except on that in which
the door is placed. Before using the
apparatus, this space is to be filled
with oil by means of a tubulature, and
a thermometer, of which the lower end
is immersed in the oil, should be fitted
to the other aperture by a perforated
cork. This being done, the bath is
supported over a gas burner by an iron stand, and after having
accurately weighed a certain quantity of the salt to be operated
on, in a watch-glass or small capsule, it is heated to the required
temperature, as indicated by the thermometer, until repeated
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weighings show it to have ceased to lose weight, when the
difference between the first and last weighings necessarily repre-
sents the weight of water lost by the amount of salt operated on,
when heated to the degree noted on the thermometer.

‘When water, instead of oil, is employed for the purpose of filling
the apparatus, it becomes a water-bath, and is employed for the
purpose of drying substances at temperatures inferior to 212°, and
1s therefore extensively used in our laboratories, for the estimation
of the hygrometric moisture contained in substances to be analysed.

Many of the salts which contain much water melt in their
water of crystallisation when heated, and undergo what is called
the watery fusion, in which state it may be regarded as being
dissolved in its own water of crystallisation. Should the heat be
continued, and the salt not be decomposed at the required tem-
perature, it will ultimately enter into what is called igneous
fusion, on cooling from which state it remains as anhydrous salt.
Many of the anhydrous salts, when strongly heated, produce a
crackling noise. Common salt NaCl, possesses this property in a
remarkable degree, as may be seen on throwing a small quantity
of this substance on the fire, when, if in large crystals, it will be
observed to break, and in some instances to be projected to a
considerable distance at the moment of each detonation. This
effect is usually produced by small quantities of water mechanically
retained in the cavities of the erystals, which, on being heated, is
converted into steam, the expansive power of which causes the
rupture of the salt. Less frequently, however, this phenomenon
is occasioned by the imperfect conducting power of the salt itself,
which, causing an unequal expansion among its particles, rapidly
effects their division, and ultimate reduction to the state of fine
powder.

Solubility of Salts.—The study of the solubility of salts is one of
the most useful and interesting branches of chemical research, as
by far the greater number of methods employed to effect the
separation of this class of bodies is founded on their relative sol-
ubility in water. Many of the salts are also to a certain degree
soluble in alcohol and pyroligneous spirit ; but this property is
chiefly confined to such as are extremely soluble in water. The
solubility of a salt varies with the temperature at which the
experiment. has been made; and it is therefore necessary, when
investigating this subject, to make separate determinations for
the several points of the thermometric range.

In order to ascertain the solubility of a salt at a given tem-
perature, it will be first necessary to obtain a saturated solution
at that temperature. This may be effected in two different ways.
The usual method of conducting the experiment is to add a portion
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of the dissolving liquor to a great excess of the salt to be examined,
and having heated the mixture for at least half an hour to the
required point, the liquor, which by that time will have taken up
all the salt which it is capable of dissolving at that temperature,
may be poured off, and considered as saturated. The same result
may be obtained by operating at a higher temperature than that
at which the solution is to be effected, and afterwards allowing the
liguor to cool down to the required point, at which it should be
kept stationary for a considerable time. The salts are usually
more soluble at high than at low temperatures, and it therefore
follows, that on cooling a solution saturated at a higher point of
the thermometric range to one which is lower in the scale, a
certain portion will be deposited in the solid form, whilst that
quantity only will remain in solution which corresponds to the
point to which the liquor has been cooled. Experiment proves
that, with careful manipulation, these methods lead to results
perfectly identical ; but, unless great care be taken to prevent
errors, the second process is apt to be fallacious. This arises
from the circumstance that solutions of salts which are more
soluble in warm than in cold water possess the property, when
cooled down, without being in contact with crystals of the salt
which they hold in solution, of retaining a larger portion of
solid matter than the normal amount corresponding to that tem-
perature. This inconvenience may, however, be obviated by the
introduction of a small erystal of the salt operated on into the
saturated solution, which will determine the elimination of the
redundant salt, and deposit it in a crystalline form.

To determine the solubility of a salt at a given temperature, it
is necessary to ascertain the weight contained in a solution satu-
rated at the required point. This may be done by evaporating
with proper precautions about 1000 grains of the solution to
dryness in a platinum capsule. On first weighing the capsule and
residue together, and afterwards deducting the weight of the
capsule from the sum, the amount of dry salt contained in this
quantity of the solution will be found.

If, then, we call W the weight of the solution submitted to
evaporation, and w the weight of anhydrous salt found, (W—w)
will be the weight of the water present. A weight represented
by (W—w) of water, will then dissolve a weight, w, of anhydrous
salt: consequently, 100 parts of water will dissolve, at a known
temperature, T, a quantity of anhydrous salt represented by

w

100

W—w
If the crystallised salt contains water of crystallisation, it
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becomes a question as to what quantity of water, at a given tem-
perature, T, will dissolve a stated weight of the crystallised salt.
Let = be the weight of water of crystallisation combined with the
weight w, of anhydrous salt to form (w-+ =) of the hydrated salt.
Then will (W—w—=) represent the amount of water required to
dissolve the weight (w-+#) of the hydrated salt.

Since, then, a weight of water represented by (W—w—=), will
dissolve a weight (w—s) of hydrated salt to form a saturated
solution at the temperature T, it follows that 100 parts of water
will form a saturated solution at the same temperature with the

wW—or
weight 100

of the hydrated crystallised salt ; and thus

\V—-—w———w ¥

100 parts of the same hydrated salt will be dissolved by the weight
W—w—z

100 —

w—a

It not unfrequently happens that the amount of salt dissolved
in a given quantity of solution may be more accurately and con-
veniently determined by a chemical estimation, than by the usual
method of evaporating to dryness and subsequent weighing. If,
for example, it be required to determine the weight of sulphate of
soda contained in a given quantity of liquor, it may be readily
ascertained by adding chloride of barium to a weighed portion of
the solution of the salt. The sulphate of baryta which is preci-
pitated, after being collected on a filter and washed, is calcined and
weighed, and from the result obtained the quantity of sulphate of
soda originally present in the solution is easily deduced.

Let W be the weight of sulphate of baryta found; the com-
position of this salt is—

of water.

One equiv. Baryta . . 8 B LIeGG 6
" »  Sulphuric acld N R )01,
5 » Sulphate of baryta . . . . 11664

It is, therefore, evident that a weight W, of sulphate of baryta

40
corresponds to W. of sulphurie acid.
116-64
Sulphate of Soda is composed of—
One equiv.ofsoda . . . . . . . . 3097
4 RN . 113t Tk o o e el b S 0.

i » Sulphate ofsoda . . . . . 7097
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Consequently, the weight of sulphate of soda, which corresponds to
40

the amount W of sulphuric acid, and therefore the weight
116-64
W, of sulphate of baryta, may be obtained by the proportion—
40

40: 7097 : : W —— : 2.
11664
7097
From which we obtain— x=W —
116-64
This method of determination may be used for the purpose of
estimating any of the sulphates, whilst sulphuric acid can be
similarly employed with regard to the baryta salts.

The solubility of the chlorides is easily ascertained by the addi-
tion of nitrate of silver, and the subsequent weighing of the insol-
uble chloride formed, and conversely the solubility of the silver
salts may be estimated by means of the soluble chlorides.

It is a remarkable fact that many salts are more soluble in solu-
tions of other salts than in pure water. A solution of nitrate of
potash, saturated at a given temperature, is unable to dissolve a
further portion of this substance at that temperature; but if a
little common salt be added, another portion of the nitrate is dis-
solved. The solubility of nitrate of potash is, on the contrary,
weaker in solution of chloride of potassium than in water, and the
addition of this substance to saturated solutions of nitre frequently
gives rise to the precipitation of minute erystals of the latter salt.

Action of Acids on the Salts— When the acid which is made to
act on a salt is the same as that contained in the salt itself, it
frequently combines with a further portion of acid, and becomes an
acid salt. Thus, if an excess of sulphuric acid be added to sul-
phate of potash KO,S0,, the acid bisulphate of that base KO,
2 80;, is formed. In the same way, if a current of carbonic acid
be passed through a solution of neutral carbonate of potash KO,
CO,, another equivalent of that acid is absorbed, and the bi-
carbonate of potash KO, 2 CO,, is produced.

If the salt is incapable of forming fresh combinations with
further portions of the acid, it usually merely dissolves in the
excess, particularly if the acid be mixed with a considerable amount
of water.

‘When the acid which is made to react on the salt is different
from that which is already combined with its base, decomposition
takes place under each of the following circumstances. If the
salt be soluble in water, and an acid be added, which, by uniting
with its base, is capable of forming a compound insoluble in that
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menstruum, the insoluble salt will be produced, and the acid at
first combined with the base will be eliminated in the free state.

When sulphuric acid is poured into a solution of nitrate of
baryta, a precipitate of insoluble sulphate of baryta is immediately
formed, and the nitric acid remains in an uncombined state in the
liquor.

qIf the salts formed by the union of the base with each of the
acids present are equally soluble in water, it is usually impossible
to decide with which of the acids the base is combined in the
solution. But if the salt formed by the second acid is less soluble
than that produced by the first, the decomposition may invariably
be effected by evaporating the liquor to the point at which the
second can no longer be held in solution, when it is deposited as
an insoluble salt, according to the law above given, as the salt is
really insoluble in the liquor at the state of concentration at which
it was deposited.

If sulphuric acid be poured into a solution of nitrate of potash
at the ordinary temperature of the atmosphere, no decomposition
will apparently take place ; but if the liquor be evaporated by the
aid of heat, a precipitate of sulphate of potash is obtained, that
salt being less soluble than the nitrate at elevated temperatures.
The nitrate of potash is, on the contrary, less soluble than the
sulphate at low temperatures, as nitric acid is capable of decom-
posing the sulphate of that base at 32° Fah.; and it is therefore
evident that the action of acids on the salts is materially influenced
by the temperature of the solutions in which they are brought into
contact with each other.

The decomposition of a salt by an acid is sometimes determined
by the insolubility of the acid which it contains. Boracic acid,
which is but slightly soluble in water, is eliminated from its com-
binations with the bases on the addition of one of the stronger
acids to their solutions. If to a concentrated solution of borax
we add either sulphuric or nitric acid, a precipitate of boracic acid,
in the form of pearly crystalline plates, is immediately produced,
whilst sulphate or nitrate of soda remains in solution.

All the salts may be decomposed by the addition of a less volatile
acid than that which is contained in the salt itself. Carbonic
acid, which is gaseous at ordinary temperatures, is but slightly
soluble in water, and is therefore readily displaced by nitric acid,
even in the cold, as this acid is not only a liquid, boiling at a tem-
perature above 212° Fah., but is also extremely soluble in water.
Concentrated sulphuric acid enters into ebullition at 617° Fah.,
and consequently has the power of decomposing the nitrates at
ordinary temperatures. Phosphoric acid is still less volatile than
sulphuric acid, and readily replaces it when heated with its salts:
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and, finally, silicic acid, which is again more stable than any of the
preceding, completely decomposes the phosphates when brought
in contact with them at very elevated temperatures.

‘When a salt containing a gaseous acid which is but slightly
soluble in water is acted on by another gaseous acid possessing
similar properties, and having at the same time about an equal
affinity for the base of the salt as the acid with which it is com-
bined, that acid which is present in the greater proportion will
invariably eliminate the other. In this way, if a current of car-
bonic acid be passed for a considerable time through a solution of
an alkaline sulphbide, the whole of the hydrosulphuric acid will
eventually be expelled, and a pure carbonate of the alkali be
formed. On the other hand, if a current of sulphuretted hydrogen
be passed through a solution of an alkaline carbonate, carbonic
acid will be evolved, and a pure sulphide of the alkaline metal
ultimately obtained.

Action of Bases on the Salts,— Y hen a further quantity of the
base which it already contains is added to the solution of a salt,
it frequently happens that no chemical change ensues. This
is always the case when the combined acid is incapable of forming
with the base a more basic salt than that originally operated on.
If to a solution of sulphate of potash we add a further quantity of
that alkali, and afterwards evaporate to dryness, the original sul-
phate of potash will again crystallise without having combined with
any further portion of the additional base. Sometimes, however, a
new compound is formed. Potash;, added to a solution of bisul-
phate of that alkali, will be found to yield erystals of the neutral
sulphate of that base; and if a quantity of oxide of lead be added
to a solution of neutral acetate of the oxide of that metal, a basie
acetate of lead will be obtained.

‘When the base which is added to the solution of a salt is
different from that which it already contains, decomposition,
attended with the formation of a new salt, often takes place. This
change is dependent on circumstances analogous to those which
determine the action of acids on the salts. The soluble salts are
generally decomposed when the acid added to its solution is capable
of forming an insoluble compound with its base. Thus the addi-
tion of baryta to a solution of sulphate of potash determines the
precipitation of sulphate of baryta, and caustic potash remains in
solution. In the same way, baryta canses the decomposition of
carbonate of potash when brought into contact with wealk solution
of that substance ; insoluble carbonate of baryta is formed, and
caustic potash remains in the liquor. The state of concentration
of the alkaline solution has, however, a great influence on the
nature and extent of the changes effected,—as on boiling the
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carbonate of baryta with a concentrated solution of potash, a
considerable amount of the carbonate of that alkali is obtained,
attended with the formation of a corresponding portion of caustic
baryta.

agometimes the decomposition is effected by the insolubility of
the base contained in the salt. If a solution of potash be added
to a liquid containing nitrate of copper, the hydrated oxide of this
metal is at once precipitated ; and the same takes place with regard
to all the insoluble metallic oxides when their salts are similarly
treated. It is, however, necessary to remark that the decompo-
sition of the metallic salts by the alkalies does not entirely depend
on the insolubility of the oxides of the metals, but is in all proba-
bility in a great degree influenced by the superior affinity possessed
by the alkalies for the acids forming the electro-negative con-
stituents of the salts operated on.

It not unfrequently happens that an insoluble metallic oxide
decomposes a salt formed by a base which is also insoluble. Oxide
of silver, added to a solution of nitrate of copper, effects the decom-
position of that salt ; nitrate of silver is produced, and the oxide
of copper is precipitated. In this case the decomposition is not
effected by the greater solubility of the oxide of silver, but is the
result of the preponderating affinity of the oxide of silver for the
nitric acid present in the salt.

‘When the base of a salt is volatile, it is usually expelled by those
bases which are fixed at the temperatures by which the first are
eliminated. Thus lime easily expels ammonia from its combina-
tions ; and the same effect is produced under the influence of heat
by the other metallic oxides, although in many cases they are pre-
cipitated from the solutions of their salts on the addition of this
alkali.

Action of the Salts on each other—The mixture of different
salts gives rise to various phenomena. Sometimes they combine,
and form double salts. Sulphate of alumina combines with sul-
phate of potash, and forms a double salt known by the name of
alum. Chloride of potassium combines with perchloride of plati-
num, and yields a erystalline double chloride of platinum and potas-
sium. At other times no apparent reaction takes place between
the two salts; and on evaporating the solution, the salts at first
dissolved are again obtained.

More frequently, however, mutual decomposition of the mixed
salts ensues, and others are produced totally different in many of
their characters from those originally present.

‘When two neutral salts mutually decompose each other, salts
are obtained which are themselves also neutral. This, with many
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other principles relative to the double decomposition of the salts,
and the action of the acids and bases on this class of compounds,
are known by the name of the laws of Berthollet, and are of con-
stant application in the chemical arts.

Mutnal action of Saline Solutions on each other.— When the
solutions of the salts, which by the mutual interchange of their
acids and bases are capable of producing an insoluble salt, are
mixed together, this decomposition invariably takes place, and the
insoluble salt is precipitated. If a solution of sulphate of soda be
poured into a solution of nitrate of baryta, insoluble sulphate of
baryta will be precipitated, and nitrate of soda remains dissolved
in the liquor.

Na0, SO34+Ba0, NO,=Ba0, SO;+4+ NaO, NO;.

In the same way, if a solution of carbonate of soda be poured
into a solution of chloride of calcium, carbonate of lime will be pre-
cipitated, and soluble chloride of sodium formed.

Na0, CO,+ CaCl=Ca0, CO, + NaCl.

In order that mutual decomposition should take place between
two salts, it is not necessary that by an interchange of elements
they should be capable of forming an insoluble compound, but
merely that they should give rise, under certain circumstances, to
a salt less soluble than either of those originally brought in pre-
sence of each other. If, for example, we add a solution of chloride
of potassium to another of nitrate of soda, and evaporate the mix-
ture at a low temperature, the two proximate salts separate ; the
chloride of potassium crystallises out, and the nitrate of soda
remains in solution. If, on the contrary, the solution be evapo-
rated at the temperature of ebullition, a double decomposition takes
place ; chloride of sodium, which at this temperature is the least
soluble salt which can be produced by the combination of the acids
and alkalies present, is deposited, and nitrate of potash remains in
the liquor, which on being decanted deposits erystals of nitre on
cooling.

The insoluble salts may frequently be decomposed by boiling
during a long time in solutions of those which are more soluble.
This may always be effected when the base of the primitive insol-
uble salt is capable of forming another insoluble salt with the
acid of that which is made to act upon it. Thus the insol-
uble salts formed by baryta, strontia, and lime,—such as the
sulphates of baryta and strontia, and the phosphates and arseniates
of baryta, strontia, and lime,—are decomposed by boiling with a
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solution of carbonate of potash or soda. The carbonates of baryta,
strontia, and lime, are formed, and the alkaline base remains in
solution, combined with the acid of the original insoluble salt
operated on. It is, however, necessary to employ a large excess of
the alkaline carbonate to effect this object, as otherwise the decom-
position will be found to be incomplete. If, instead of making the
salts react on each other in the state of solution, they are fused
together by the aid of heat, this decomposition will not only take
place with greater rapidity, but the operation will also be found to
have more completely succeeded than in the former case. When
this latter method is employed, the fused mass should be sub-
sequently treated with water, when the soluble salt will be
dissolved, whilst that which is insoluble may be separated by
filtration.

Action of Salts on each eother by the dry wny-—When the
salts formed by the combination of the same acid with two
different bases are strongly heated together, it frequently hap-
pens that they combine in definite proportions, forming a double
salt, which crystallises during the cooling of the mass. In
this way many of the double.silicates are obtained, which are
not only found to be combined in definite proportion, but also to
correspond in every respect to those produced by the hand of
Nature.

The double chlorides, and many other double salts, may be
produced in the same way; but it often happens that in at-
tempting to obtain them afterwards in a state of solution, decom-
position again takes place, attended with the reproduction of the
original salts. If two salts formed by the union of two different
acids and bases are heated together, and are, by the mutual ex-
change of their acids and bases, capable of forming a salt more
volatile than either of those originally present, this circumstance
usually determines the formation and elimination of the more
volatile compound. 'When chloride of ammonium is heated with
carbonate of lime, chloride of calcium and earbonate of ammonia are
formed, which is a salt far more volatile than either of those origi-
nally present, and consequently escapes in the form of vapour, while
the chloride of calcium remaimns in the crucible. For the same
reason, if chloride of calcium be heated with sulphate of ammonia,
chloride of ammonium is driven off, and sulphate of lime is left.
It moreover frequently happens that the reactions obtained by
strongly heating a mixture of two salts in the dry way yield
results exactly the opposite of those found by the humid treatment
of a mixture of the same compounds. Thus it has been just stated
that on heating a mixture of chloride of ammonium and carbonate
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CRYSTALLOGRAPHY.

A SUPEEFICIATL observer, on examining the various solid bodies
met with in the mineral kingdom, will be inclined to consider
their numerous and different forms as the result of chance, and
will fail to observe among the profusion of crystals which every-
where present themselves any fixed laws more or less affecting the
conformation and determining the structure of the whole. On a
more attentive inspection, however, it will be found that the greater
portion of them are susceptible of assuming, under certain circum-
stances, regular geometrical forms, which are perfectly identical in
the various specimens of the same species; and that many sub-
stances that present in their exterior appearance no evidence
of crystallisation, expose, when broken, a distinctly erystalline
structure.

These rudimentary crystals are frequently so small as not to be
distinguishable without the aid of a lens; and we may conse-
quently infer that others exist so exceedingly minute as altogether
to escape our observation.

By far the greater number of mineral bodies possess this erys-
talline structure ; and there are but few substances which, under
favourable circumstances, do not evince a disposition to assume a
crystalline form.

The larger proportion of the compounds which we produce in
our laboratories are capable of crystallising, or, in other words, of
assuming the above-mentioned regular geometrical forms ; and it is
further observed that when these are produced under precisely
similar circumstances, those obtained from the same substance are
in every respect identical. This property of crystalline bodies
affords a ready means of classifying mineral substances, and often
lends its aid to the chemist in determining their true constitution.

The forms assumed by the different minerals and salts occurring
in nature appear at first sight infinitely variable, and independent
of all fixed principles : but by attentively studying a great number
of crystals, and their progressive derivations, certain laws have
Peen discovered which materially reduce the number of ultimate

orms.

1stly. All these polybedrons are terminated by plane faces.

E
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2dly. These faces are systematically arranged, with regard to
each other, and to imaginary lines called axes.

In the square prismatic system, for example, the two bases are
perpendicular to the principal axis, whilst the other faces are
parallel to that line.

In pyramids the faces are all equally inclined on the axis.

3dly. The faces of crystals are for the most part parallel two
to two.

4thly. The angles of crystals are always projecting, and never
retreating.

These general laws sometimes present apparent anomalies ; but
a slight examination of the seeming exceptions is usually sufficient
to discover their causes.

It is frequently observed in the diamond that its faces are a
series of curved planes. This is mostly occasioned by the great
number of modifications existing on the various angles and edges
of the crystal, and which give at first sight a curved appearance
to the different lines which bound the solid. Sometimes, how-
ever, the faces of the diamond are in reality formed of curved
planes ; but this probably arises from the peculiar circumstances
under which the crystal was formed, and which apparently did
not permit of it taking its normal extension in certain directions.

This convexity, although peculiar to some particular specimens,
in ne way affects others of the same species,—as, although crystals
of the diamond are sometimes found having somewhat of a sphe-
roidal form, yet a vast many more are met with which are bounded
by plane faces ; and we therefore find that the rounded specimens
are the exceptions, and not the rule, and may consequently be
regarded as a sort of deformity of the original erystal.

Many crystalline minerals and mineral salts aford examples of
apparently retreating angles. The crystals of peroxide of tin pre-
sent this appearance so frequently, that its occurrence affords one
of the best characteristics by which to recognise that mineral.

On careful examination, however, it will be found that those
erystals which appear to have retreating angles are not in reality
the erystal, but two; and that the indented angle is merely the
result of the meeting and impenetration of two individuals, giving
rise to a compound crystal. The plane of junction of the two
crystals is usually parallel to one of the faces of the simple crystal,
or to one of its diagonal planes.

Cleavage.—Crystals, on being struck with any hard substance,
divide with greater facility in certain directions than in others;
and this property, which is called their cleavage, is often made use
of to expedite the cutting and grinding of the precious stones for
the purposes of ornament.
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The cleavage of crystals, like their forms, is regulated by certain
general laws, which, although less absolute than those of crystal-
Lisation, are nevertheless of great assistance in distinguishing the
various substances which exhibit this property.

Istly. In the same mineral, the cleavages are always disposed
in a similar way, and form angles having a constant value between
themselves, as also with the faces of the crystal.

2dly. When a crystal presents cleavages in three different direc-
tions, they constitute by their reunion a solid, which constantly
exhibits the same angles for the same species, and therefore affords
a ready means for their recognition.

8dly. When a mineral possesses more than three cleavages, they
are divided into two classes. The one is known by the name of
principal, and the other of supplementary cleavages.

The supplementary cleavages, although not so easily discovered
as the principal, nevertheless act an important part in the classi-
fication and distinction of the substances which possess that pro-
perty. They are usually placed parallel to certain planes of the
crystal,—such as those which unite a solid angle to that which
is opposite.

4thly. In the same substances, the cleavages are ordinarily not
equally distinet, and this distinctness has itself a certain relation
with the nature of the faces of the crystal.

For instance, the cleavage which exists in the direction of the
base in crystals belonging to the square prismatic system is of a
different order from those which are parallel to the vertical faces,
and which are both equally well defined.

If we take as an example the rhomboidal prism, fig. 4, of which
each of the three faces are of a different order, its
three cleavages will also be found to be different.

That which takes place parallel to the face, »,is more é
distinct, and more readily developed, than that which

follows the face, ¢; and this in its turn is more

decided than that parallel to the face, ar. This rela-

tive facility of cleavage will invariably be observed

in the same substance, appearing to form a species

of organisation in these inorganic bodies, and at the &
same time shows the intimate nature of the relation existing
between the number and nature of the cleavages possessed by a
substance, and the form of its erystals.

In certain minerals, such as sulphate of lime, the cleavage may
be effected with the greatest ease, and transparent nacreous plates
are readily separated, either by a knife, or by the use of the nail
alone. This extreme facility is, however, very rare ; and it seldom
happens that the cleavage of a mineral can be determined without
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the use of considerable force. The best method of doing this, is
to place a chisel or some other sharp instrument in the presumed
direction of the required cleavage, and then striking it with a
hammer or mallet.

The cleavage of many crystalline bodies can only be determined
on closely examining their structure by the aid of a strong trans-
mitted light; on doing which, a series of parallel lines naturally
drawn on the faces of the crystal will be observed. If a sharp
instrument be now pressed on the surface of the crystal with
its edge parallel to the direction of those lines, the cleavage
may, in most instances, be readily etfected by a blow struck on
the back.

Primitive and Secondary Forms.—By- extending the idea of
cleavages to those minerals which do not appear to possess that
property, it is easy to conceive that every crystal contains a sort of
central nucleus, around which its faces are systematically placed.
This central foundation, which is purely hypothetical, is called the
primitive form of the crystal; and the secondary forms are those
which are derived from it by the apparent modification of its
angles and edges. The reunion of the laws, according to which
the secondary faces are derived from the primitive form, is called
the crystalline system.

Crystalline System.—]t is necessary to distinguish between the
cerystalline system and the primitive form. The right rhombic
prism, for example, is a crystalline system; but the rhombic
prism, under the angle 101° 42, is the primitive form of sulphate
of baryta ; whilst that under the angle 104, is the primitive form
of sulphate of strontia.

The sulphates of baryta and strontia consequently crystallise in
the same systems; but as the angles of the hypothetic radicals
possess different values, their primitive forms are necessarily
different.

Governing Forms.—Among the various forms assumed by the
crystals of a mineral substance, two or three are invariably the
most common, and in almost all cases communicate their general
appearance to all the crystals of that body. Thus the crystals of
fluoride of calcium, although frequently exhibiting very numerous
modifications, possess the general forms of the cube and the octa-
hedron, although in many instances the angles and edges are modi-
fied by almost innumerable facettes belonging to some of their

‘derived forms. The governing forms are usually either the primi-
tive form of the erystal, or one or two of its more simple modi-
fications, although some instances occur in which their derivations
are much more complicated.

The terms employed in the description of erystals are the same
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as those ordinarily used in geometry, with the exception of a very
few, which are peculiar to crystallography.

When the base of the prism, fig. 5, 1s replaced by two faces,
e, ¢, it is said to be surmounted by a bevelment.
If, instead of two faces being placed on the base,
several planes exist which intersect each other in a
given point, the base of the prism is said to be termi-
nated in a point.

‘When the angles or edges of a crystal present the
appearance of being cub away, and are replaced by
plane faces, which, nevertheless, do not affect the
general form of the body, they are said to be trun-
cated, and the crystal is then in a sort of transition state from the
governing form to another more or less complicated.

Laws of Symmetry.—These laws, which were first discovered by
Haiiy, regulate the passage of crystals from one form to another.
According to these laws, if a modification exists on any part of a
crystal, the same modification should present itself in all its other
similar parts. The figures
6 and 7 will serve to ex-
plain this idea. Fig. 6 re-
presents a six-sided regular
prism, which is composed
of three distinet kinds of
elements.

stly. Twelve horizontal
edgesbelongingto thebase, : 1
equal among themselves, and similarly situated with regard to the
axis of the crystal.

2dly. Twelve solid angles disposed in the same manner.

3dly. Six vertical edges.

The twelve angles and twelve edges of the base are replaced by
two series of facettes, so disposed that those marked &', placed on
the horizontal edges, form equal angles with the base, whilst the
facettes o', placed on the angles, are also similarly disposed.

It will be remarked that the vertical edges of the prism, which
belong to a third order of elements, have not been modified,
although this might have occurred by the application of a third
order of facettes.

The cube, fig. 7, offers another example of the laws of symmetry.
Its six faces are placed tangentially on the six solid angles of the
octahedron ; and the angles which they form with the faces of the
polyhedron have all an equal value. In fact, the modification
which takes place in erystals, being the result of certain forces

5.
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which oblige the molecules of which the body consists to assume a
crystalline form, it follows that they should act in the same man-
ner on similar parts of the same crystal.

Memihedral Crystals.—These laws sometimes present certain
apparent exceptions. Thus the crystals of boracite, which crys-
tallise in the cubic system, are only modified on each of their
alternate solid angles. Haiiy remarked that this property had a
constant relation with the electro-polarity of the crystal, and con-
cluded that those angles which correspond to the poles of the
crystal were not modified. This supposition would seem to be
verified with regard to the tourmaline and silicate of zinc; but
iron pyrites, and some other minerals which are not possessed of
electric properties, present the same anomaly.

Of the Crysialline Systems and their Various Modifications.—
The same mineral frequently assumes various, and sometimes very
dissimilar forms; but all substances identical in their chemical
composition are found in forms derived from the same crystallo-
graphic radical.

Substances differing in their chemical composition possess dis-
tinet primitive forms. These forms are, however, not unfrequently
analogous, and only differ from each other in the measurement of
their angles. Sometimes, on the contrary, they differ entirely in
the arrangement of their planes, edges, and angles, and in this
latter case are said to belong to different crystalline systems.
These systems are six in number, and comprehend every descrip-
tion of crystallised body which can possibly occur, either in nature
or in the laboratory of the chemist.

Aceording to the definition which has been given of a crystal, it
is necessary that its faces should be systematically arranged, either
wholly or by groups, around an imaginary line called an axis. In
order, then, to establish the number of crystalline systems, it will
be sufficient to discover the different arrangements which may be
assumed by planes obeying the laws of symmetry around three
axes which cross each other in a given point in space.

‘We may, in the first place, suppose that, the three axes intersect
each other at right angles ; or one of them may form a right angle
with the two others, which may themselves intersect at an oblique
angle. Again, an axis may be perpendicular to one only of the
other axes, which, as in the preceding instance, intersect at an
oblique angle. And, lastly, the whole three axes may intersect
each other in an oblique direction.

The lengths of these axes. must, moreover, be either equal or
unequal ; and from hence arise the six different relations corres-
ponding to the six crystalline systems.
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1ST. BECTANGULAR AXES.

Case 1. The three axes of equal length.
» 2. Two axes equal, and the third unequal.
» 3. All three axes of unequal length.

2ND. OBLIQUE AXES.

Case 1. The three axes of equal length.
» 2. Two axes equal, and the third unequal.
» 8. All the axes of unequal length.

The crystalline systems which correspond to these different
relations are—

I. The cubie.

II. The right square prismatic.
ITI. The rectangular prismatic.
IV. The rhombohedral.

V. The rhomboidal oblique.
VI. The doubly oblique.

1ST. CUBIC SYSTEM.

The Cube is formed of six equal squares, each of which may be
taken as its base. All its solid and plane angles are right angles.
It is composed of two distinct sorts of elements,—viz., eight solid
angles ; twelve edges formed by the meeting of two planes. Each
of the angles of a cube is at the same distance
from a central point determined by the inter- A DRI
section of the diagonals connecting its oppo- A 2 z3 %
site solid angles. The twelve edges and six 2| 2P
faces are similarly arranged. It follows from =
this circumstance that the figure is perfectly &
symmetrical, and will admit of a series of | _ = A
circles being drawn, either tangentially to its g~—5—x B
sides or edges, or passing through its eight s.
solid angles. As the axes of the cube, three
straight lines, z, 7, 2, fig. 8, passing through the centre of the three
planes, P, p, P, and parallel to the edges, B, B, B, may be most con-
veniently taken.

It is evident that each of the faces of the erystal will be perpen-
dicular to one of these axes, and parallel to the two others ; and
if, therefore, we call @, their length, the faces of the cube may be
represented by the expression—

i
-]
®

a: © a: L
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The cube possesses two distinet sorts of elements, and the modi-
fications which produce its derived forms may exist separately
either on its angles or edges. They are also capable of assuming
different positions.

1st. The planes of the new faces may be equally inclined on the
edges or angles on which the modifications take place, and in that
case are said to be tangents to those angles or edges.

2d. They may, on the other hand, have different inclinations on
the faces of the crystal, which meet at the modified edges or angles.

From these arrangements, two completely different classes of
polyhedrons arise. In the first case, the resulting erystals are
identical ; in the second, they are simply regular.

TANGENTIAL MODIFICATIONS.

Tangential Modifications of the Angles.—A ccording to the laws
of symmetry, when a modification takes place on one of the
elements of a crystal, the same modification should be reproduced
upon all its similar elements. In conformity with this principle, if
we suppose that by the action of some force, of the nature of
which we are ignorant, one of the angles of the cube be not deve-

loped, butisreplaced by

A a A A the facette, o', fig. 9,
JWLEE Al T having an equal inclina-
f’ P al/ x| ®| tiononeachofthe three

RN xl__;_,>x faces of the cube, each

z \&'F| /a* of the angles, a, will
R "‘,’L___V;'jﬁ1~,,,~,,_ | necessarily undergo the
U= —t A e same modification, and
9. 10. eight precisely similar
facetteswillbeproduced

on the eight solid angles of the figure. In proportion as these
new or secondary faces increase, those of the original cube will
diminish, and a point will at length be attained, at which the
primary form will have entirely disappeared, and the regular
octahedron, fig. 10, be produced.

Regular Octahedron.—The inclination of each of the faces, o',
being the same with regard to the three axes of the original cube,
the resulting octahedron is regular, each of the triangles composing
its plane faces being not only equilateral, but also of equal dimen-
sions. This figure consists of two distinet elements,—viz., five
quadruple solid angles; twelve edges resulting from the inter-
section of its planes.

Tangential Modifications of the Edges.—A plane tangentially
affecting one of the edges of a cube should be reproduced on all
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the twelve similar edges of that body ; and consequently a figure
of twelve sides, or a dodecahedron, should finally be the result of
such modifications. Since the faces of this new figure are placed
at equal distances from the centre of the original cube, and form,
according to their construction, equal angles with its three axes,
this secondary figure will necessarily be regular.

The dodecahedron is composed of 12 faces.

24 edges.
- . 14 angles.

Its faces are rhombs, of which the angles measure 109° 28’ 16”
and 70° 31’ 44" ,—the same as those of the dihedral angles of the
regular octahedron.

The edges are of equal lengths.

The solid angles are unequal, and of two different kinds. Six,
formed by the meeting of four planes, correspond to the angles of
the regular octahedron ; and eight, produced by the meeting of
three planes, correspond to the eight solid angles of the cube.

The method of production of this figure from the cube and re-
gular octahedron is the

” ”

same. Its mode of gene- A2 &

ration from the cube is re- A T8 s R /f' N
presented in fig. 11, whilst || | : ,/< / x 4
therelative positionsofits 3 || * |5 T 7 /7/’"
several angles and edges ||\ i &)

in relation to the elements B 5 A

of its erystallographic ra-

dical, are seen 1n fig. 12. 15

SYMMETRICAL MODIFICATIONS ON THE EDGES.

The Mexatetrahedron.—If we suppose that a face be produced
on an edge of the cube, in such a way as to be unequally inclined
on the base, and the vertical face placed next the observer, the
laws of symmetry render it necessary that a similar plane should
be produced on the other side of the same edge, in such a way that
if the point B, fig. 13, represents the projection of the
edge, the two faces which will be produced on it will b
be represented in profile by B%, BA'; each edge will B P
be replaced by two faces, fig. 14, and, as the crystal-
line radical is bounded by twelve equal edges, the 4 »
secondary solid will possess 24 faces. From the cir- i
cumstance that the facettes formed on the edges of
the cube may possess any given inclination, it follows that the
number of these figures may be unlimited ; but, on examination,
this is found not to be the case, as nature only affords seven

18.
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different crystals of this class. The hexatetrahedron, fig. 15, pre-
sents the general form of a
% cube, each face of which is

= / <\ replacedbyapyramidwith
bV 3N\ asquare base. Itiscom-

BN osed of—
’ ]}/ 7 . 24 isosceles triangles,
36 edges,
= 14 solid angles.
14. 15. The edges are of two
kinds,—12 which are identical with those of the cube, and 24 which
meet at a point beyond the axes of the cube.

5

MODIFICATIONS ON THE ANGLES.

Parallel to the Diagonals—The Trapezohedron.—The modifi-
cations on the angles are of two kinds; they may be either
parallel to the diagonals of the faces of the cube, fig. 16, or placed
with various degrees of inclination. In the
first case, the resulting solids have 24 faces,
since each of the eight angles of the cube
will give place to three faces. In the second,
the number of modifications will be doubled,
and consequently the figure will have 48
faces. .

16

Fig. 17 represents the trapezohedron. This figure is com-
posed of—
24 faces,
48 edges,

26 solid angles.
Its faces are symme-
trical, quadrilateral fi-
gures,having twokinds
of sides and three spe-
‘ cies of angles; the con-
17. 18. tiguous sides being

equal, as also all the

similar angles. The forty-eight edges are of two kinds; the longer,
8, E, join two to two the angles of the octahedron. The twenty
shorter edges, A, E, join in the same way the angles of the cube.

This form may also be produced by modifications on the eight
solid angles of the octahedron, as shown in fig. 18, in which case
the trapezohedron will be complete as soon as the faces of the
original octahedron have entirely disappeared.
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MODIFICATIONS NOT PARALLEL TO THE DIAGONALS.

The Octakishexahedron.—In this case we have to suppose that
the modifications on the angles of the original crystal are not
parallel to the diagonals, and consequently each of the angles of
the cube will be replaced by six new faces, fig. 19. When these
have completely destroyed the planes of the
crystalline radical, a figure having 48 sides,
fig. 20, will be produced. This figure con-
sists of—

48 scalene triangles,

72 edges,

26 solid angles. ,
The edges are of three kinds: twenty-four, s, d,
taken two and two, join the axes; twenty-four others, d, A, join
together, two and two, the angles of the cube; and, lastly, the
twenty-four which remain join the angles of
the octahedron to those of the cube. The
solid angles are also of three kinds: six
angles, s, occupy the position of the angles
of the octahedron; eight others, A, corres-
pond to those of the cube; and, lastly, the
twelve angles, d, are so situated as to occupy
the centre of the faces of the dodeca-
hedron.

The different suppositionswhich have been
made, and which amount to five in number,
embrace the principal modifications which take place on the cube
and its derived forms, and show that this system, which is by far
the most complicated, gives rise to but a few varieties of solid
polyhedrons.

HEMIHEDRAL CRYSTALS.

Although it has been announced as a general law, that whenever
an angle or edge of a crystal is modified, all the corresponding
parts of that crystal are similarly affected, some remarkable excep-
tions to this rule are occasionally met with.

The cube does not afford any examples of these half erystals,
since every solid body must at least possess four plane faces, whilst
the cube itself is composed but of six, and therefore could not give
rise to a body having half that number.

Tetrahedron—QOn the contrary, one half of the faces of the
octahedron are frequently wanting, and the tetrahedron, fig. 21,
is thus obtained.
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Pentagonal Dodecahedron.—Another very common example of
these half crystals is furnished by the polyhedron, which we have
described under the name of the hexatetrahe-
y ,rA dron, of which the form is that of the cube sur-
mounted by a four-sided pyramid on each of its
: six plane faces.

=X If in this solid twelve alternate faces be sup-
pressed in such a way that there shall be but
one modification on each edge, as shown in
a fig. 22, in which the twelve unaffected faces are
21. shaded, the resulting polyhedron will be com-

posed of twelve similar pentagonal planes, fig. 23.

The pentagonal dodecahedron is composed of 36 edges, which
are of two kinds; six of these, @, constitute the bases of the pen-
tagonal planes, and corres-
pond by their position to the
faces of the cube; twenty-
four edges, c, differently
placed two to two. The
angles are also of two kinds :
twelve formed by the meeting
of three edges, A, which are
irregular, and composed of

22. 25. angles of different values;
and twelve regular angles, E,
which occupy the position of the angles of the cube.

Its opposite faces are parallel two to two.

Transposed Crystals.—The only compound or transposed crys-
tals belonging to this type are observed to occur in specimens of
spinel, octahedral iron ore, and the diamond. In these cases the
crystals consist of two half octahedrons, so joined as to give rise
to a retreating angle, as seen in fig. 25.

In order to comprehend the nature of these crystals, let us
suppose the octahedron, fig. 24, has by some cause been divided
into two equal parts by
the plane,m nop r S,
drawn in a direction
parallel to the face,
A, E, D, of the crystal.
If we now imagine that
one-half of the octahe-
dron has been caused
to make one-sixth of a
revolution, so that the
point m of the higher
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portion coincides with the point n of the lower, all the points,
mn o r S, will exactly cover each other, and three projecting and
three retreatmg angles are formed. This is precisely the appear-
ance presented by the compound erystals belonging to this type;
and the above explanation is, in a geometrical point of view, per-
fectly satisfactory. It is, however, impossible to say what is the
real process employed by nature to effect these changes, as there
is no evidence to show, and it is, in fact, very improbable, that
transposed specimens ever existed as simple crystals ; and conse-
quently the only use of these suppositions will be as a sort of arti-
ficial aid to the mind in tracing out the different relations between
the various crystalline forms.

In taking simple polyhedrons, such as the cube, &c., as the
primitive forms of crystals, we are in like manner obliged to sup-
pose the various modifications to have taken place on the angles
and edges of the more simple bodies subsequently to their forma-
tion ; whilst in reality it is most improbable that such should be
the case, since crystals thus modified are found to be similarly
affected even when too small to be perceived by the naked eye;
and on placing them in their proper solutions, these may be made
to attain a large size without in the least degree affecting the char-
acter or number of their modifications.

SECOND CRYSTALLINE SYSTEM.

In the cubic system, the three axes around which the faces of
the crystal are arranged are at right angles, and all of equal lengths.
In the present case, let us suppose that the axes
are still at right angles with each other, but that
one of them, the vertical axis, is variable in its
length, whilst the two others remain equal. This
condition destroys, to a certain degree, the regu-
larity of the erystal,which in consequence becomes
merely symmetrical : its horizontal section is a
square, and its vertical a rectangular parallelo-
gram. This solid is therefore a straight prism,
with a square base, or a right square prism, of which », fig. 26, is
the base, and M M its vertical faces.

Elements of the Right Square Prism. — In this prism the
solid angles are composed of three plane right angles placed at
equal distances from the centre of the crystal, and are in conse-
quence not only equal, but also identical in their positions. These
are distinguished by the letter A.

The edges are of two kinds—

Eight horizontal, B, not only of equal lengths, but placed at the

A A
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same distance from the centre, and consequently all modified at
the same time.

Four vertical edges, which differ from those of the base, and all
similarly placed around the vertical axis. These are consequently
of the same kind, and are represented by the letter .

It follows from these relations that the right square prism is
subject to three distinet kinds of modification.

Let @ be the length of the eight equal edges, and b the length
of the four which are vertical.

As the relative lengths of these two distinct elements of the
solid are perfectly undetermined, it necessarily follows that an
infinite number of right square prisms may exist; and it is pre-
cisely this difference of relation between the edges marked B and
thosemarked 1 which serves to distinguish the different substances
erystallising under the form of the right square prism.

The base, », will intersect the vertical axis at a distance A, and
will be parallel to the two which are horizontal. With regard to
the vertical faces, precisely the reverse of this will occur, and con-
sequently their expressions are—

For the base, 2, . . ... wa: wa: kA
For the faces, a1, . . . . . a: wa: o h

Modifications on the Edges of the Base.—From what has been
said relative to the laws of symmetry, it is evident that if one of
the edges of the base of the right square prism be modified, all the

others must necessarily be affected in the same
5 way, and the solid, fig. 27, will be produced,
‘”1'&\1‘"’ A which, when the planes, 8!, have become fully

A

developed, will appear as a symmetrical octahe-
. M| dron. A series of octahedrons can be thus pro-
12 o duced, since the different inclinations which may
H flu be assumed by the planes, 8!, will continually vary

Pt the height of the crystal; but in all cases its sec-
A%-% tion parallel to the two other axes will produce a
; square.

DModifications on the Vertical Edges.—[f these
modifications are tangential, a second right
square prism is produced, as seen in fig. 28. 'When the modify-
ing planes are, on the contrary, applied obliquely to the edges
of the crystal, the eight-sided symmetrical prism, fig. 29, is the
result.

Modifications on the Angles,—When the direction of the modi-
fying planes is parallel to the diagonal of the base, a series of
octahedrons, of which the edges of the base are parallel to the
diagonals of the base of the original prism, is produced. If these

27.
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secondary faces are combined with those of the primitive solid, the
resulting figure is a rhomboidal dodecahedron, in which some of
the faces belong to the original ot

0

the result of the octahedral modi-
fication. When the secondary
faces are not parallel to the diago-
nals of the base of the primitive
solid, a double plane is produced
on each solid angle, and a figure
of sixteen sides is ultimately ob-
tained, presenting the appearance
of two eight-sided pyramids joined
by their bases.

It is remarkable that nature
presents no example of perfect -
erystals of this description, although they are frequently met with
in eombination with other forms in the zircon, idocrase, and
peroxide of tin. Its most common appearance in
the zircon is that indicated, fig. 30, in which the
faces, a?, are those of the new solid.

The most frequent examples of half or hemi-
hedral crystals offered by this system occur in
copper pyrites, which is often found crystallised in
the form of tetrahedrons.

THIRD CRYSTALLINE SYSTEM. 30.

‘We have again in this case the three axes placed at right angles
to each other, but all of unequal lengths. The solid which results
from this arrangement is a straight prism with a
rectangular base, fig. 31. A_B A

This crystal is composed of four edges on each A, ]’; Y &

base—two long, B, and two short, .

;
r-.JMz

It consequently follows that the rectangular pe

a)

system possesses four distinct elements—three ™ = [*
kinds of edges, and one kind of angles—each | ‘%
capable of separate modification, and neces- 2 y
sarily affecting the secondary forms assumed by 31,
the erystal.
The notation of the different faces of the prism will be—
For the base,», . . . . . . o b: »c: k.
Mgl 2 I RS e b: ®c: wh

”
= B3 3 s o b: Gikyoor fi
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Modifications on the Edges.—]In this prism, since the vertical
edges are all situated at equal distances from the axis, they should
apparently be all subject to modification at the same time. This
is, however, not the case; for inasmuch as the faces, a1 and , are
not of the same kind, the modifications which may take place on
the vertical angles, arising from the interscction of these two
planes, are not necessarily double.

‘When modifications take place on the edges, 11, in such a
way that the new planes produced are parallel to the diagonals of

the original crystal, the right rhombic prism,

0 ﬁf_%__ —4A fig. 32, is formed, which is by many mineralo-

o 1 he| gistsitself taken as the primitive form from which

e they derive the right square prism. The circum-

stance of the laws of symmetry not exacting a

return of the facettes in the modifications which

5>  take place on the vertical edges of this solid, allows

of the production of various prisms of four, six,

82 and eight sides, the derivation of which will be
readily understood by reference to figs. 83, 84, 85.

AT T

!
/

S
N
7

33.

Modificatious on the Edges of the Base.—TThe edges of the base
being of two different kinds—the one, B, long, and the other, b,
short, it necessarily follows that they allow of separate modifica-
. tion. If B or D be affected separately, the summit
TN A of the crystal will be surmounted by two planes,

A kA which intersecting at a given height, produce the

P

i appearance represented in fig. 86, in which the
Lz “1«l  edge, B, is that supposed to be modified.
Z By the modification of B and » at the same
- time, a series of octahedrons with rectangular
T bases, fig. 87, are obtained, of which the heights
* vary with the inclination of the secondary faces
g on the edges of the original crystal.
Mlodifications on the Angles.—A]] the modifications which arise
on the angles of this solid give rise to rhombic octahedrons,
which differ from each other according to the inclinations of their
producing planes.
It frequently happens, however, that two or more of these octa-




FOURTH CRYSTALLINE SYSTEM. 65

hedrons exist on the same crystal, as in fig. 38—a common form
of the erystals of sulphur—a substance affording some of the most
beautiful crystals belonging to this class.

FOURTH CRYSTALLINE SYSTEM.

The Rhombohedron.—The three preceding classes comprehend
all the solids of which the axes are placed at right angles to each
other ; and we now turn our attention to the consi-
deration of those of which the axes are obliquely
arranged, examining alse, as in the former case, the =
different relations which may exist between them.

If we suppose all these axes to be of equal length,
the rhombohedron, fig. 89, will be found to be the
only solid fulfilling the required conditions. This
figure possesses four distinet kind of elements, viz..—

Two angles at the summit, A and a’.

Six lateral angles, &, ¥/, &c.

Six culminating edges ; three meeting at the sum-
mit, A, and the three others at A’

Six lateral edges, arranged in zig-zag around an
imaginary line connecting the solid angles A A’. This,
from the great symmetry of its relations with the various elements
of the crystal, way be adopted as its vertical axis, but it is neces-
sary to bear in mind that in this case the other axes will be
represented by the diagonals of the hexagonal plane obtained by
making a section through the crystal in the centre of, and perpen-
dicular to, this new axis.

The notation of the faces of the rhombohedron in relation with
these several axes will be—

@:a:0a:h
Since this solid possesses four distinet kinds of elements, it
necessarily follows that the rhombohedron admits of four different
systems of modifications.
DMlodifications on the Culminating Edges.—[f these modifica-
tions are tangentially applied to the edges of the original erystal,
another solid is produced, called the equi-axe, fig. 40, having the

m
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same height as the primitive solid, but a much greater lateral ex-
tension. If another plane be applied to the culminating edges of
the equi-axe, another crystal will be produced, having a still more
flattened appearance than the first. These crystals are very com-
mon in carbonate of lime, and this variety is frequently known as
nail-headed spar. When these modi-
fications are unequally inclined, two
distinet faces will necessarily be pro-
duced, and the resulting solid is a tri-
angulardodecahedronorscalenohedron.

Modifications on the Lateral Edges.
—If these new faces are tangents to

40. the lateral edges of the rhombohedron,
the six-sided prism, fig. 41, terminated by the planes, », belonging
to the original solid, will be produced. When, on the contrary,

the modifying planes are placed

g obliquely on the lateral edges of

/ the erystal, according to the laws

of symmetry, two new faces will

be formed on each edge, and a new

\ Solid or scalenohiedron, fig. 42, will
be generated.

Modifications on the Angles of
the Sumlnits‘—Tangentia] modifi-
cations on the angles A, A”. These
will at first produce a triangular
face on the angles, which, if fully

11, 49, developed, generate the base of the
six-sided prism above described.

If the modifications are not tangential to their angles, but are
parallel to the horizontal diagonal of the erystal, they will be
replaced by three faces belonging to another rhorm-
bohedron. Should the modifying planes not be
placed parallel to the diagonal, the summit of the
crystal will be surmounted by a six-sided pyramid
belonging to a scalenohedron.

Modifications of the Lateral Augles,—When the
71 modifications on these angles are caused by planes
"~ applied tangentially to the angles, a regular six-
sided prism is produced, which differs from that
obtained by modifications of the lateral edges, inas-
much as the edges of the one are placed in the
centre of the faces of the other.

‘When the secondary planes are not tangents to

43.  the modified angles, two distinet facettes are pro-
duced on each and a semes of dodecahedral solids 1s the result.
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This system offers many examples of compound and deformed
crystals.

Fig. 43 is a scalenohedron of this kind, which presents the appear-
ance of having been divided through its centre perpendicularly to
its longest axis, and would seem to have made one-sixth part of a
revolution around it, so that by the meeting of two dissimilar edges
a serles of retreating angles have been produced. This form is of
frequent occurrence 1 specimens of dog-toothed carbonate of lime,
and has also been occasionally met with in crystals of carbonate of
iron from the neighbourhood of St. Austell in Cornwall.

FIFTH CRYSTALLINE SYSTEM.

‘Where a crystal possesses three oblique axes, of which two. are
of equal, and the third of unequal length, the resulting solid will
be an oblique rhombie prism, having sides of
equal length, and of which the transverse sec-
tions will be rhombs.

If in fig. 44 we suppose the two axes x X/,
and z, z’, which are of equal length, to be repre-

tion of each of the vertical faces will be—

a: oa: oh;

and that of the base—

wa: wa: h

In the oblique rhombic prism the sides of the base are all
equal between themselves ; but their relative positions with regard
to the vertical axis is different. The two which unite at the angle,
0,1n front of the crystal, are of one kind ; whilst , £, those which
meet on the back of the erystal, are of another kind.

Of the four angles, that marked o is composed, when the angles
of the faces, M, ar, are obtuse, of three obtuse plane angles, whilst
the angle, A, on the opposite side is formed by the meeting of two
acute angles and of one that is obtuse. An analogous difference
would be observed in the case of the prism being acute.

The two angles, , which are composed of equal plane angles,
and of which the diagonal is horizontal, are, on the contrary, of
equal value, and perfectly similar. . It follows, from the nature of
the oblique rhombie prism, that it possesses seven distinct elements,
each subject to specific modifications, viz.:—

Two angles, A, situated at the extremities of one of its diagonals.

Two angles, o, 5 »
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Four angles, ,—two situated on the inferior, and two on the
superior base of the crystal.

Four edges, B,—two on the inferior, and two on the superior
base.

Four edges, D, similarly placed.

Two vertical edges, m.

Lastly, two other vertical edges, a.

Modifications on the Angle, A.—The truncations which take
place on this angle may be of three kinds,—

1stly. The projection of the modifying plane on the base may
be parallel to the diagonal, &, 8. This is the most common case.

2dly. The projection on the base may not be parallel to this
diagonal, whilst the intersections with the lateral faces, a1, are
parallel to the diagonal of the face opposite the modified angle.

3dly. The whole of the secondary faces may be arranged without
any parallelism with regard to the diagonals of the faces.
‘When the modification takes place in a direction parallel to the
diagonal of the base, a simple truncation takes place on the angle,
A, and a bevelment represented in fig. 45 is produced.
If the projection of the secon-
dary face be parallel to the
diagonal, &, o/, fig. 46, two

E modifying planes, ¢, n, r, and
¢, n/, 7', will, according to the
laws of symmetry, be pro-
duced ; and the intersection
of these planes gives rise to
the bevelment shown in the
figure, in which the faces, for
the sake of distinction, are
partially shaded.

When the line ¢, n, is not placed in a direction parallel to the
diagonal, E, 0/, the general arrangement of the crystal, with that
exception, is the same as when another bevelment is produced on
the angle. It is, however, less regularly placed with regard to the
elements of the original solid ; and it becomes necessary, in order
to express its notation, to state the distances at which the facettes
intersect either the axes or the sides.

Modifications sometimes occur on the angle, o ; but these are of
rare occurrence.

Modifications on the Angles, E.—Thege ang]es being of the same
kind, any modification affecting one must necessarily be reproduced
on those of the same name.

The facettes formed on these angles may present the same varia-
tions as those noticed with regard to the angle, A.
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MODIFICATIONS PARALLEL TO THE DIAGONAL A O OF THE BASE.

We will in the first place consider the modifications which take
place in a direction parallel to the diagonal of the base.

Let ¢ n r, ¢ o' o/, fig. 47, represent the planes of the trun-
cations produced on the angles, E, and 7 n, 7/ #/, their projections
on the base. If we now extend these planes
until they intersect in f, X, we shall form a
bevelment on the base which will entirely
destroy it as soon as the faces, M, M, are ex-
tended so as to join the two secondary faces.
Similar planes will of necessity be produced on
the lower angles, E/, ¥/, and the resulting erys-
tal, as the figure shows, is possessed of consi-
derable symmetry.

‘When the modifications are parallel to the
diagonal, E, A/, of the crystal, the bevelment,
which is produced is less symmetrical than that
which is caused by the facettes, of which the
projections are parallel to the diagonal ; some-
times, though rarely, other planes are produced on the opposite
sides ; the pyroxene offers the only example of these return faces
in crystals thus modified.

Analogous bevelments are sometimes.produced by the modifica-
tions parallel to the diagonal, A, ¥/, of the face on the opposite side
of the crystal.

Finally, when the facettes which occur on the angle are not
parallel to any of the diagonals, another species of bevelment is
produced.

Mlodifications on the Vertical Edges.—These edges are of dif-
ferent kinds ; the two marked 1 being placed at the extremities of
the smaller diagonal, whilst @, @, are situated at the terminations of
the larger. It follows from this circumstance that they are not at
the same distance from the axis, and will consequently be separately
affected.

‘When the modifying planes are parallel to the longer diagonal,
a six-sided prism, fig. 48, is produced, in which the facettes on the
edges, @, have given rise to two new faces, ¢', ¢', which, together
with the remnants of the faces, M, form the new figure.

If the edges, 1, had been modified in place of those marked @,
another oblique six-sided prism would be produced, and two. new
faces, I/, substituted for those above described.

In the case of modifications occurring on 1 and & in the same
crystal, the resulting solid is a rectangular prism with oblique
bases. This form is sometimes met with, particularly in the

47.
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pyroxene, although it more frequently happens that the secondary
faces are combined with those of the crystallographic radical ; and
when these are found together, an eight-sided prism is the result.
‘When the secondary facettes are not parallel
to the diagonals, a bevelment takes place on each
of the modified edges, and a prism of at least

£ ¢eight sides is generated.
Modifications on the Edges of the Base.—The
& edges of the base being of two kinds will be
modified separately; but as the faces of the
crystal are not of the same nature as the base,
double facettes are seldom produced, and the
edges are consequently merely affected with bevel-
ments of different inclinations. The edges, B and

D, are sometimes separately subject to precisely
the same changes, which are of the nature of those seen, fig. 49.
When by the separate modifications of both these edges a double
truncation is produced, the bases of the crystal are surmounted by

four-sided pyramids, which,

on destroying the faces of the
original solid, give rise to an
» octahedron of which all the
K .
faces are scalene triangles.
Hemitrophic Crystals.—

Many crystals belonging to

this class are subject to dis-
T tortion or deformity. Feld-

spar offers a variety of exam-
ples of this kind, and is liable

.49, 50. to two distinet species of ex-

ceptional formation.

In one case, half the crystal would appear to have made a semi-
revolution in the direction of the horizontal diagonal, &, &/, fig. 50,
when a retreating angle will be produced; and in the other, a
similar movement would seem to have taken place in the direction
of A, 0; in which instance the external form of the crystal is not
changed, but the cleavage is found to be abruptly interrupted on
meeting with the plane of rotation, a, 0, A/, 0.

SIXTH CRYSTALLINE SYSTEM.

‘When the three axes of a crystal are of unequal length, the solid
is no longer possessed of the same degree of symmetry, and the
figure resulting is an oblique-angled parallelogram.

All the solid angles are formed by the meeting of plane angles
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of different values, and are consequently totally independent of
each other. The edges of the base are also

perfectly distinet in their nature; but the A c
vertical edges are of two kinds,—the one 2 B
species marked 1, and the other a. j/ /’ o
This system contains, therefore, ten dis- g~ 2_9 - nie
tinct elements, viz.:— X/T v E
Four kinds of angles; z //f; by’
Six kinds of edges. I et

From the number of elements subject to e »
modification possessed by this solid, it would
appear that the changes to which it is subjected must be of a
much more complicated character than those affecting the forego-
ing types. In reality, however, this multiplication of elements
renders the comprehension of the seconday facettes exceedingly
easy, as they consist of simple truncations, which are not repeated
on the other faces and angles of the crystal. Fig. 52,a form
belonging to axinite, may serve to illustrate this

simplicity of derivation. In this crystal four dis- g

tinet elements are modified,—viz.: The angle, 1, ?/&j

and the three edges, B, ¢, and H. M | T
In some cases the opposite angles and edgesare | ./~

also replaced by smaller facettes, which may some- \y&==

times occasion crystals belonging to this type to s

be confounded with those of the preceding: but o

on carefully measuring the angles and faces, they will be found to
belong to separate modifications.

This type also furnishes examples of scalene octahedrons, which
are produced either by the simultaneous truncation of its angles,
or of the edges of the base. These crystals may, however, be
easily distinguished from those belonging to the foregoing class
by the circumstance of the absence of that degree of symmetry
observed in those belonging to the fifth erystalline system, as
their sections merely afford parallelograms, whilst two of those
belonging to the former type produce rhombs.

The system of notation to be applied to the facettes produced
on crystals belonging to this system, consists, as in the case of
the others, in ascertaining the distances at which they intersect
the several axes. But this method, which is extremely simple in
the more regular types, frequently becomes very complicated in
the doubly oblique prism.

DIMORPHISM AND POLYMORPHISM.

It was for a long time believed that substances possessed of the
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same chemical composition invariably assumed similar crystalline
forms. The progress of modern discovery has, however, shown
that under eertain circumstances the same substance may yield
crystals belonging to two different systems. In this way car-
bonate of lime is found under two incompatible forms. Itusually
crystallises in the fourth system, and all the fragments produced
by cleavage will be found to be rhombohedrons with angles of
105° &’. Less frequently, specimens of this substance are met
with which crystallise in the third system, and present cleavages
totally different from those observed in ordinary cale-spar.

The form of dimorphous bodies appears to be regulated either
by the temperature at which the crystals are obtained, or by the
nature of the solution from which they are deposited. Sulphur,
when crystallised by fusion and subsequent cooling, affords crys-
tals belonging to the oblique rhombic system, of which the
angle at the base P on M is 85° 55’ 30", and that of M on T 90°
82, The same substance, when obtained by the spontaneous
evaporation of its solution in sulphuret of carbon, yields erystals
belonging to the right rhombic system under an angle of 101°
47’ 207, Substances which thus crystallise in two incompatible
forms are said to be dimorphous, and the property itself is termed
dimorphism.

‘When a dimorphous body is by means of abnormal influences
made to assume that erystalline form which, under ordinary cir-
cumstances, is not proper to the substance, the crystals thus pro-
duced often exhibit a tendency to molecular change, which soon
destroys their transparency, and ultimately causes them to crumble
into powder. 'This peculiar transformation is.very apparent in the
crystals of sulphur which are obtained by fusion. When thus
produced they are long prisms belonging to the fifth system, of &
bright straw colour, perfectly clear, and slightly flexible. By
exposure to ordinary temperatures they soon lose their trans-
parency and become extremely brittle. If we now examine the
powder by the aid of a microscope, we shall find it to consist of
minute prisms belonging to the right rhombic system, so that
the crystals, although still retaining externally their original form,
are in reality made up of others belonging to a different system.
The right rhombic prism is the crystalline type of native sulphur,
as also that of the crystals of this substance when obtained from
its solutions in sulphuret of carbon; and it would therefore appear
probable that the natural crystals of this substance are obtained
rather by the vaporisation of some volatile matter which held
the sulphur in solution, than by the agency of heat and subse-
quent cooling.

As yet we are notacquainted with any substance that is capable
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of taking more than three distinct erystalline forms, although it is
easy to conceive, that, under varying circumstances, four or more
different forms might be assumed by the same body, in which case
this property would be distinguished by the name of polymorphism.

ISOMORPHISM.

The composition of a body cannot be accurately determined by
the general form of its erystals. If the substance crystallises in
the cubic system, it would evidently be of little utility to say that
it crystallised in octahedrons or dodecahedrons, as all the octahe-
drons and dodecahedrons belonging to this type are evidently in
every respect precisely similar; and this description would there-
fore be equally applicable to every substance crystallising in the
first system. This difficulty no longer exists when we consider
the five other systems, as, although two different substances may
crystallise in the same system, and consequently assume a very
similar appearance, yet each individual will possess a separate pri-
mitive form, differing from that of all other bodies in the value of
its angles, and the relation of its axes. Thus, sulphate of baryta,
and sulphate of strontia, both erystallise in the right rhombic
system; the former under an angle of 101° 42/, and the latter of
104°. Although, therefore, these two substances crystallise in the
same system, and consequently very closely resemble each otherin
appearance, their density and colour being nearly the same, yet in
all their modifications certain relations will be observed, which by
calculation may be traced to the primitive forms above given, and
by these means the two substances might, in case of need, be
distinguished from each other, although accurate measurements,
and in some instances tedious calculation, would be required in
order to do so with any degree of certamty The difficulty of
discriminating between various substances by the mere inspection
of their crystals, is much increased by the fact that bodies having:
similar chemical relations erystallise in forms, which, although not
precisely identical, yet approach so nearly to each other in the
value of their angles, as not to be distinguished without great
care, and the employment of good instruments. 'The carbonates
of hme, magnesia, manganese, iron, and zine, all crystalhse in
rhombohedrons. 'The value of their respective angles is—

Of Carbonate of Lime . . . . 105° 5

»3 Magnesia . . . 107° 25
- Manganese . . 107° 20/
o JFonT s o ft A S e

b Zine o o . . 107°40
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From the similarity of the angles of the above substances, it is
evident that a mere inspection of the erystals will not be sufficient
to distinguish them from each other; and in order to do so, either
accurate measurement or chemical investigation must be resorted
to. It is also further observed, that substances which possess
this close similarity of erystalline form, and of which the general
chemical formulwe are analogous, have the property of replacing
each other without materially affecting the form of the resulting
crystals.

In this way the foregoing carbonates are frequently found com-
bined in the same crystal, the angles of which will in this case be
remarked to be intermediate in value between those of the crystals
of the two substances which it contains, and to approach most
nearly to the measurement of those of the carbonates which may
happen to be present in the largest proportion. If a mixture be
made of the solutions of the sulphates of iron and copper, and
crystallisation be effected at a proper temperature, the resulting
crystals, without being materially affected in form, will each con-
tain a portion of the two dissolved salts. When, instead of mixing
the salts in the way above described, we place a erystal of sulphate
of copper in a saturated solution of sulphate of iron, a coating of
the latter salt will speedily be formed on the former, and if this
erystal be again placed in a solution of sulphate of copper, a coat-
ing of that salt may be formed on the layer of sulphate of iron
before deposited. Substances which thus erystallise in the same
system, and are capable of replacing each other in every proportion,
without in any great degree affecting the form of the resulting
crystal, are said to be isomorphous,and the property itself is called
1s0morphism.

Although substances having the peculiarity of being capable of
replacing each other, without producing a change of crystalline
form, are found to possess an analogous chemical composition, it
does not follow that two substances having a general resemblance
in this particular should be easily made to combine. If mixed
solutions of the sulphates of iron and magnesia are allowed to
crystallise by spontaneous evaporation, the two salts separate, and
distinet and pure crystals of each will be obtained.

These salts have a similar chemical relation, and it would there-
fore appear, according to the rule above mentioned, that they
should crystallise together in all proportions. On examining the
two salts thus obtained, however, they are not found to contain a
proportional quantity of water, and therefore, although in each
case the relation between the acid and base is the same, yet the
chemical composition of the two must not be regarded as similar,
and they therefore cannot be made to crystallise together.
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PSEUDOMORPHISM.

It sometimes happens that by the agency of certain forces,
crystals undergo a change of composition without their form being
in the least degree affected. In this way we find spinel change
into steatite, and iron pyrites into red or brown iron ore. We
also frequently observe that cavities once occupied by crystals of
feldspar become filled with peroxide of tin, or that crystals of
quartz have been, as it were, moulded in the cavities once occupied
by fluoride of calcium. It is extremely difficult to understand
how some of these changes take place, but the same causes donot
appear always to produce the effect. Specimens of galena have
been found, in which one-half the crystal is composed of sulphate
of lead, whilst the other still remamns in the state of sulphide.
In this case the oxidation of the sulphide is evidently the ecause
of the difference - of composition, and therefore the change cannot
be ascribed to the destruction of the original crystal and the for-
mation of another body in the mould left. This, however, would
appear to be the more frequent method employed by nature in the
formation of these bodies, although it is difficult to understand
what could have been the nature of the forces by means of which
the substances composing the original crystal have become
removed. The pseudomorphous erystals of quartz and oxide of
tin are, however, evidently casts moulded in the cavities left by the
destruction of other and differently formed bodies, by some agent
which appears in no degree to have affected the rock in which
they were imbedded, as the angles of the pseudomorphous forms
are frequently as sharp as those of the original crystals. Other
bodies besides crystals are sometimes replaced in the method
above described, and in this way it is no uncommon occurrence to
find shells, such as figs. 53, 54, 55, 56, and 57, replaced by iron

pyrites.
—
© b4 2
L
54, 55. 56.

DETERMINATION AND MEASURI'JMEI\'T OF CRYSTALS.

From the circumstance that the shape of a erystal is invariably
connected with, and dependent on, its chemical composition, 1t
becomes a matter of importance not only to ascertain to what par-
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ticular system it may belong, but also, from an accurate measure-
ment of 1ts different angles, to determine its primitive or distinctive
form.

The system to which a crystal belongs may in most instances
be ascertained by a mere examination of the nature of its
modifications, although even this cannot in all cases be effected
without the aid of an instrument. If, however, we require to
know the characteristic form of the crystal, that is, the value and
relations of its various dimensions, it becomes absolutely necessary
that its different angles should be accurately measured, and in
many instances trigonometrical calculations must be employed
for the purpose of deducing from those relations which admit
of direct measurement, such as cannot at once be thus deter-
mined.

The most essential operation, in order to ascertain the nature of
a crystal, consists in measuring the inclinations of its various faces
on each other, and for this purpose instruments called goniometers
are employed. These are of two kinds, as the angles may be
either directly and mechanically measured as by the applied
goniometer, or as in the case of the reflecting instrument, the
supplementary angles are those alone obtained <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>