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A GUIDE TO ANARYSIS, &

A~

PART L

OUTDOOR'EXAMINATION.

‘SECTION L

1.—To the Geological readey the first obstacle generally to his applying,
his book knowledge to practice, is the want of any’ready and practical
means of testing the specimens which he meets with in his out-door
rambles. R

2.—I have seen much discouragement arisc from informing a person
who has brought home a pocket-full of pebbles, some of which at least he
imagines to be good specimens, that from beginning to end they are all
Quartz. It would require but little practical knowledge, joined to the
aid of the point of the penknifeyto have forctold this, and to have
saved the tyro from the trouble of carrying his burden of Quartz
pebbles.  Other means as simple as the penknife will cnable the obser-
ver to test primarily in the ficld the specimens he may encounter, and
ascertain how far, and in what form or*legree, they may possesg some
of the following qualities, which serve to distinguish minerals.

3.—1. External Form—2. Structunc—3. Fracture—4.
Frangibility—5. Hardness—6. Transparcncy—7. Lustre—
8. Flexibility—9. Elasticity—10. Color—11. Double *Re-
fraction—12. Touch—13. Taste—14. Odour—15. Streak
—16. Powder—17. Adhesion to Tongue—18. Magnetisin
—19. Llectricity—20. Phosphorescence—21. Specific Gira-
vity—22. Cleavage.

4.~The hammer and the penknife are necessary antd mvmnble ac-
companiments to the out-door observer, and +n addition to these may
be carried without trouble a pocket lens, a small glass bottle (enclosed

in a wooden onc), containing a little muriatic acid, and perhaps a
magnet or compass.* .’

* Theso articles may be obtained of the proper kind through Mr, Rose, No, 1, Drum-
mond Strect, Edinburgh, or from Mr. Tennant, 149, Strand,

B



5.—The mo%t importa T gWPlons mentioned, are perha;?s

Nos#1,2, 5, and 21, but the TeEC¥Mot be determined in the Field,
although “ weight” may, and with much utility be rudely guessed by
 hand. .

6.—The Lens is useful to determine Nos. 1 and 2; the penknifes for
No. 5. The acid for testing limestones or the presence of Carbonic acid,
and without the Hammer specimens could neither be intariorly exa-
mined, as to Nos. 2, 3, and 4, nor indeed could they, in a majority of
cases, be obtained at all,in a convemcnt?form and size.

7.2Such being the portable Jmplements %to be made use of then,
the observer mist diroct his attention as regards the before-mentioned
qualities, to the fol;owmg points :— .

lST. EXTERNAL F ORM

8.—This is either ¢rystallized or massive. The number and variety
of crystals is endless, and books on Mineralogy must be consulted to
comprehend the niceties of their formation, but for general purposes it
may suffice to note as follows :—A crystal is a regular geometrical solid,
and consists of planes, edges, solid angles. An edge is formed by the
meeting of two planes; a solid angle by the meeting of threc or more
planes ; truncation is the removal of tops, edges, &c.; replacement of
an edge is the substitution for it of one plane, bevilment is the substitu-
tion of two planes.

9.—Crystals are arragged into six classes or systems, the distinctive
characteristics of which are the length and relative position of their
axes, which are lines joining either the opposite angles or the centres
of opposite faces.

Bhe first is the regular system: it has all its axes equal and at
right angles to cach other. The Octahedron or two four sided pyramids
placed base to base is the simplest form of it. The Cube is a modification,
and Alum, Iron-Pyrites, Fluor Spar, Galena, Garnet, Sal Ammoniac,
Native Iron, Platinum, Copper, Silver, Gold and Bismuth, .the Dia-
mond agd Rock Salt are instances of it.

The second i8 the square prismatic system: two of the axes are
equal ; the third is either longer or shorter, and all are at right angles to
ecach other as before. Tin Ore is an instance, also Copper Pymtcs ina
modified or Tetrahedral form.

The third §s the hexagonal system. It has four axes, three of which
are equal and at angles of 60° with each other. The fourth is of unequal
length, but at right angles with them. Quartz, Emerald, Sapphire,
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A~patit‘e, Graphite, Red Oxide of Zinc, Chlorite are instardes, and in the
modified forms numerous other minerals, as Calc, Spar, (rhombphe-
dral,) Corundum, Specular Iron, Tourmaline, Manganese Spar, Native
Antimony and Arsenic, Calamine (Carbonate of Zinc,) Cirmabar, (Sul-
phuret of Mercury,) Nitrate of Soda.

The fourth system is the Rhombic. It has, like the first and
second systéms, three axes at right angles to each other, but no two are
equal. Saltpetre, Sulphur, ﬁeavy Spar, (Sulphate of Barytes,) Sul-
phuret of Antimony, Ohvmt.z, Pyrolusite, (Peromdg of Manganese,)
Epsom Salt, Chrysoberyl,Talec and Topzaz, are instances. .

The fifth is the Monoclinic or obliqiie Prismdtic System. It has,
like the last, threc unequal axes, and in addition it has a push to one side
as it were; onc of the axes being at right angleseto the other two, but
these latter are not at right angles with each other. Felspar, Horn-
blende, Actinolite, and Amphibole (forms of Hornplende,) Gypsum, Hy-
perstene (a form of Augite.) Wolfram (Tungstate of Iron) Heulandite,
Aczurite, Mica, Malachite, are instances.

The sixth is the Triclinic or doubly oblique Prismatic system.
This has a double lurch. The three axcs are unequal and also no one
is at righy unales to the other two.” Instances of this are rarc. Albite,
Blue Vitriol, Manganese Spar, and Labradorite are among them.*

10.—Massive or Amorphous appearance is distinguished, as its name
imports, from Crystalline by having no zegular form.
2nD.—STRUCTURE.

11.—May be Foliated or Massive, Fibrous, Cotumnar, &c.
Foliated, Laminar or Slaty, as Talc and Mica.
Massive.—This may be cither

Granular, as Compact, as
Sandstone Felspar
. Limestone or and
Chalk, . Gypsum.
Fibrous which may be
Parallel «  Divergent Radiated
as Gypsum. as Mesotype. as Wavellite.

Columnar (specics of Fibrous) as Basalt.

* By Dana, these 6 classes are arranged in the following order—). 2, 4,5,6, 3, and
are called from the characteristics already given—1. The Monometric—2. The Dimetric
—3. The Trimetric—4, The Monoclinate—5. The Triclinate—6. The Hexagonal. And
this arrangement is perhaps easier to fix in the memory,
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12.—With reference to the aggregation of their particles, minerals
may be conveniently described as

Brittle. If the partiales lose their coherence and separate with a
* grating noise into powder, when we attempt to alter their respective
situations in the substance. As tho Gems, Spars, Pyrites, and many
other minerals.

Malleable. When the particles being detached by knife;"do not lose
their connection ; so that from such a mineral we may detach slices, as

from metallic lead, v

Séctile.  When (as Mica) they cnnot be §hced and when cut, lose
their mutual cohnection, but instead of flying about, remain quletly
upon the instrument. ’

Flexible. If the patticles admit of their relative situations being
changed, and do not resume their former position ; and lastly

Elastic. If having been so changed, they resume their former situa-
tion when the force is removed.

3rD.—FRACTURE.

13.—May be Even, Uneven, Conchoidal or Splintery.
1t is Even when the fragments split off regularly, as in Jasper.
Uneven—When the fragments are irregular, as Rose Quartz, Cinnamon

Stone.
Conchoidal—When the fracture is like a shell, concave and circularly

marked, as in Obsidig‘p and Flint. .
Splintery—As in the Flint witl sharp edges.

415 —FRANGIBILITY.

14.—May be Easy and Lifficult ; Easy, as in Obsidian and Pitch-
stone; Difficult, as in Rock Cork.

5ti.—HARDNESS.

15.—Mincrals are generally referred as regards their hardness to
a scale, as below, commencing at the softest.

1. Talc—2. Selenite (semi-crystallized Sulp. of Lime or Alabaster)
or Rock Salt—3. Calcareous Spar or Calcite—4. Fluor Spar—b5. Apa-
tite (Phosphate of Lime)—6. Felspar—7. Quartz—8. Topaz—-9. Co-
rundum—10. Diamond.

The relative*hardness of a mineral may be ascertained by attempting
to scratch it with, or to scratch with it, some of the minerals of the
above scale, Its actual hardness is usually tried with a penknife, after
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using which on any convenient exposed surface, it is well to pass the
finger over it, in order to clear it and ascertain whether a true scratch,
and to what amount, has been made,

6TH.—TRANSPARENCY.

16.—This is considered—
Tran$parent—When objects can be distinctly seen through tho
specimen, as Rock Crysta] Crystallized Carbonate of Lime.
bemz—transparent—Wheg obJects are indistinctly seen, as Mllk
Quartz.
Translucent—When light can be seen, but not objects, as
Chalcedony, Crysoprase.
Opaque—When they fail to transmit hgl.t as Jasper and all
minerals. )
17.—Transparency is a very doubtful test, ase minerals them%elves
vary according to the coloring matter they may be incorporated with ;
and their own varying degree of thickness gives also varieties of
transparcncy.

71H. —LUSTRE.

18.—1Is Iuternal as well as External, and is divided into—

Metallic. Such as the metals, Pyrites, Copper, and Iron Crystals.
Anthracite has generally imperfect but oceasionally perfect metallic lustre.

Adamantine.—As the Diamond, Carbonate of Lead. *

Pearly.—As Talc, native Magnesia, Gypsum. llns frequently accom-
panies incipient decomposition.

Silky.—As fibrous Gypsum.

Resinous.~That of Rosin, Opal, Zinc blende. It is a slightly
oily look.

Vitreous.—As Quartz, Emerald.

Glistening (as opposed to Dull or Earthy).—The former, when a
mineral is made up of many shiuing particles, like Statuary Marble.
Talc also, and Copper Pyrites. The latter as Chalk. .

81e.—FLEXIBILITY.

19.—Tale is flexible and not clastic. Mica is elastic and flexible.

9tH,—ELASTICITY.
20.—Mecntioned above with flexibility.
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10TH.—COLOR.
21.—Is of all varieties.

11TE.—DOUBLE REFRACTION.

22.—Transparent Carbonate of Lime is transparent and doubly
refracting, rcpresenting two images of the object seen through it,
while Rock Crystal is not, nor is Sulphete of Lime.

‘ 12rm.—TOUCH.

23.—Roygh, gs(Trachy(te (vc;lcanic F e'ispar) Aluminite.
Smooth—As Mica.
Unctuous—Tale, Steatite and Serpentine slightly.
Meagre.—When the surface seems to rub off in powder under the
finger as Chalk.

¢

o

13t —TASTE.

24.—This is applied to deliquescent minerals, as Rock Salt, Sul-
phate of Magnesia or Epsom Salts, &. It may be astringent, as
Vitriol ; sweetish-astringent, as Alam; alkaline, as Soda; saline, as
Salt; cooling, as Saltpetre ; bitter, as Epsom Salts.

14To0.—ODOUR.

25.—This is ap irent in some Limestones, containing IIydrogen
as well as Carbonic Acid, which when rubbed smell strongly of Gas,
or Carburetted Hydrogen—also some varieties of Quartz.

Some also, as the clays, have an carthy smell when breathed on.

Qthers when struck with the hammer ; as ores of Cobalt and Arsenic
which then smell of garlic. Those of Seleniumn, when heated have the
smell of horse radish, and Sulphurets that of Sulphur.

151H.—STREAK,

26.—Or the color of the scratch made on a mineral with the
penknife, file, &c., which in some cases is of the color of the mineral,
as a black streak on black Tourmaline; sometimes white on a black
mineral, as on Hornblende ; sometimes shining, as in Plumbago, bright,
as in Iron ores; dull, as in Clay Stones.

27.—This character may be exanined either by scratching the mineral
with @, point as that of a peuknife harder than itself, or, when not too
‘hard, by gubbing it upon a piece of unglazed Porcelain. The application
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of the point may produce a rough or a smooth line, and with or without
powdecr.

Where powder is produced, it may be either wlute or colored, and, if
colored, it may be of the same tint as the mineral or different from it.
The lustre of the smooth line is sometimes greater than that of the
mineral.

16TH.~~POWDER.

28.—The streak, as above sta'ed, is distinguished gs shining or dull.
The powder is white or Yrey _/-coloncl the same as " the mineral? or
different from it. teoe

In rubbing say Iron ores on w harder mineral, specimens of a very
dissimilar appearance may make the same colofd mark or nearly so,
as specular Tron ore, which, when rubbed on Sandstone (composed of
Quartz and therefore harder) gives a reddish-browp mark, and exidu-
lated Iron a blackish-red mark.

17tn.—ADHESION TO TONGUE.

29 —Which as in some Clay Slates is considerable, from their rapid
absorption of moisture.

18111 AND 19TH.—MAGNETISM AND ELECTRICITY.

30.—Some of the Iron ores are magnetic, and also generally the
crystalline Trap Rocks, as distinguished” from the fragmentary Grey
wackds. This quality is variable in degree ; for instance specular Iron
ore containing 69 per cent. of Iron, is but slightly magnetic. Oxidu-~
lated Tron with 72 per cent. is more so.

31. —Su})stances are magnetic or diamagnetic, as they attract or repel
cither pole of a magnet. The following enumeration of minerals is
given by Phillips, in their%rder of power over the magnet.

Magnetic.—Iron, Nickel, Cobalt, Manganese, Chromium, Platinum.

Diamagnetic—DBismuth, Phosphorus, Antimony, Zinc, Tin, Cadmium,
Sodium, Mercury, Lead, Silver, Copper, Gold, Arsenic.

32.—As regards clectricity, the Topaz and foliated Carbonate of
Lime arc (particularly when rubbed or in dry weather) highly electric,
like Amber, and show it by attracting small picces of paper. So also
arc Fluor Spar, Arragonite, Carbonate of Lead and Quartz. Heat or
change of temperature excites Electricity in the follpwimg minerals—
Tourmaline, Calamine, Beryl, Fluor Spar, Diamond, Garnet, &. In
Calcite the same quality may be produced by pressure.
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20r5.—PHOSPHORESCENCE.

33.—Many varieties of Dolomite (Magnesian Limestone) and Calcite
frequently emit light when struck with a hammer. Two pieces of
Quartz phosphoresce, as may be sgen in the dark when rubbed against
each other either in air or under water. '

Gypsum, Fluor, Calcite, Aragonite, Amber and especially some
varieties of Diamond become luminous in the dark after exposure to
sun light.

€

. 21sT.—SPECIFIC. GRAVITY.
54.—This is taken by weighing the mineral first in air and then
(attaching it by a t'hread to the scales) in a tumbler of water. Divide
the weight in air by the difference 6f the two weights taken. The
result will be the spetific gravity.
Thus—Zopaz, = Weight in Air, 3595

© ; Ditto in Water, 2580
Difference, 101+5
3595 _ 3.54 Its specific Gravity.
1015

Again Quartz, Weight in Air, 3435
Ditto in Water, 2116

Difference, 13149
3435 _ 96 Its specific Gravity.
. 1319 -
and thus these tw ?ﬁay be distinguished when otherwise in appearance
they might not.

35.—If the substance be in the form of fine sand or very small lumps, it
is bcttcr, after weighing it carcfully, to take a small dry phial furnished
with a stopper ; counterpoise this phial accurately in the weu’ht scale, by
shot or strips of lead, then fill it completely with pure water, taking care
that no bubbles of air are left in, and weigh the quantity of water it con-
tains, afterwards empty the bottle and dry it inside.

Next fill the bottle about §rds full of the powder to be examined ,weigh
this and record the weight. Then fill the bottle once more with water
ta.kiﬁg care as before that all bubbles arc expelled and nonc of the
powder washed out. Once more weigh it.

‘We have then to make the following calculation:

Weight of powder and water in grains=
Deduct weight of powder alone=

Difference (weight of watcr in bottle)=



Sec. L] OUT-DOOR EXAMINATION.
L L]
¢ Weight of bottle full of water in grains==

Weight of water left in bottle]
when with the mineral

Difference (weight of water displac-
ed by and equal in bulk to powder,

weight of powder in air.

wezght of water displaced.

8. Gravity =

22D~ CLEAVAGE. .,

36.—When a mineral is broken by & hammer®or %therwise split,
the fresh surfaces are cither flat or uneven in very different degrees.
The flat surfaces' are referred to Cleavage, antl the uneven ones to
Fracture, that is all regular fracture is Cleavage. Other faces parallel
to the flat surfaces thus exposed may generally be discovered by
splitting, or as it is termed cleaving, the mineral in the correspond-
ing directions.

37.—Cleavages are reckoned in number by the number of parallel
planes in a Crystal. Thus a cube has three cleavages, and a hexagon
four, when the terminal planes or extremities are flat and parallel.

38.—Of the before-mentioned distinctive qualities of minerals, it will
be seen that the eye, aided, if necessary, By the lens, may judge of Nos.
1,6, 7,10, 11, 16 and 20, that is the Ixternal Form, Transparency,
Lustre, Color, Refracting Power, Powder (on rubbmo it on a harder
rock) and Phosphorescence. %

39.—1f the Hammer be brought into play, we may then judge of N 0s.
2, 3, 4 and 22, that is of its Structure, Fracture, Frangibility and Clea-
vage.

40.—Taking it in the hand will test Nos. 8,9, 12 and 19, or its Flexi-
bility, Elasticity, Greasiness of Touch, or otherwise, and Electricity (by
rubbing) as well also as weight, till Specific Gravity be ascertained.

41.—The senses of taste and smell will prove Nos. 13,14 and’ 17, that
is its Taste, Odour and’ Adhesion to Tongue.

42.—The YPenknife will resolve Nos. 5 and 15, or the Hardness and
Streak, as well as aid in determining others, such as Nos. 8, 9, 16
and 22. °

3.—A Compass will determine No. 18; Matrnensm, and the Specific

Gravxty can be ascertained on reaching home.

s
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.

. r

44.—TIn addition to these, the observer has his bottle of acid, by which
he can at once ascertain if the specimen be a Limestone or contain
Carbonic Acid. ] '

45.—By the aid of these common helps, which can be so readi-
ly carried without inconvenience, it will be hard if the observer cannot
arrive at some approximate idea of the nature of the specimens he en-
counters, supported, as he should be, by some theoreticzl knowledge

derived from books.

Nore.—I have net mentioned Crystalline tharacter more at length than is done
under the head of External Forn, bedause althouigh of the utmost importance,
yet to describe the n&m8rous modifications of the regular forms of the various
systems, is a matter of such difficulty as to r¢gnder it necessary to exclude it from
a smlple treatise like® the present, and refer the reader, who desires further infor-
mation, to books on the subject, such as Ansted, Phillips, Dana, &e.
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SECTION IL°®

1.—Some of the distinguishing characteristics of the most commonly
occurring Minerals may be given as follows. I must premise by saying,
however, that the best possible plan for the student to follow, who wishes
to become acquainted with thesgctual appearance of Stones and Mine-
rals, is to obtain from thosq whd prepare Geological Cabinets in Logdon
or Edinburgh, a small case, containing specimensof the.different Stones
which it is most requisite to kpow. Such boxes cost only 50 Rupees,
and are compact and pomable. R

2.— Quartz has a vitrcous lustre, resists the penknife, strikes fire
with flint; has no regular cleavage; and a shelly fracture, scratches
glass and most other substances, except a few gems. Crystallizes in
six-sided prisms terminated by six-sided pyramids, and is infusible be-
fore the blowpipe.

3.— Felspar, yields with difficulty to the knife ; has a peculiar lustre;
does not strike fire with flint; doesmot effervesce with Sulphuric Acid,
and is particularly characterized by its capability of being split in two
directions at right angles; it becomes glassy white before the blowpipe,
and fuses at the edge with difficulty. Crystalline form monoclinate.

4.— Mica, is separable in one directiol only, has a silvery or, gold
color generally, and a metallic lustre. Its laminz arc elastic.

These three constitute Granite; and when in a finely granular or
slaty and stratified state, Gneiss.

5.—Mica Slate is a compact and slaty compound of Mica and Quart/..
Gurnets (‘usually crystallizing in dodecahedrons) are often found
in Mica Slate.

6.—-Clay Slate consists of very fine particles of Mica, Quartz, Felspar,
and Alumina, and is particularly characterized by its clayey odour when
breathed upon or moistened with water. The Clays generally are greasy
and soft to the touch, and when dry absorb moisture rapidly, in conse-
quence of which they ddhere slightly to the tongue.

7.—Talc is composed of Silica and Magnesia, and, like most Magne-
sian compounds, is soft and greasy to the touch. When solid, it forms
Steatite or Soap-stone. It is not elastic, and has a pearlp lustre.

8.— Hornblende (or Amphibole) is a blackish green Mineral, and splits
in two directions at an angle of 124°, It sometimes enters into the com-
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position of Granite, forming, when the Mica is absent, Syenite. ‘It
scratches with the knife, but with some difficulty. It can be dis-
tinguished from black Mica by its want of glitter, and by its lamine
separating less easily and being more brittle, and from black Augite
(which however is not found in‘ Granite) by its shatper lateral
angles (124° and 56 instead of 90°) under the lens.

Hypersthene, a species of Hornblt,nde, is known by its brewnish color
and semi-metallic lustre.

9.— Syenite is chxeﬂy composed of Felepar and Hornblende (also Labra-
dori¢e), and when ‘the particles. are very finely divided, they form

10.— G'reenstbne, <or* Dioritc; appearing crystalline.
= 18—Hornblende Rock and Slate are almost entirely Hornblende
with a little Iron‘, somewhat harder than Mita slate, and occasionally
more or less fibrous.

12.&~Porphyry includes many rocks, having generally the appear-
ance of a solid general mass, with crystals embedded in it. As, for in-
stance, Felspar and Labradorite, with Quartz in crystals or shapeless as
Hornstone. Red Porphyry has a red mass, with perhaps white Felspar
crystals in it.

Chert and Ilornstone are Chaltedony (or Quartz) in a granular
state, and Chalcedony has usually the fibrous appearance of the white
part of the Cocoanut. Crysoprase is apple green Chalcedony.

13.—Serpentine is a close grained stone, slightly greasy to the
touch, composed (‘ Silica, Mégnesia, Protoxide of Iron and Water che:
mically combined. It is soft, scratches white, and can be turned in the
lathe, and is often margked with streaks and spots. The color dark, and
no stratification.

14.—Chlorite is Silica, Magnesia and Alumina, and being colored
green by Protoxide of Iron, it resembles a very finely laminated green
Mica Slate; It may be detected by its clayey smell when breathed on.

15.—Calc Spar, or crystallized Limestone, is in six-sided prisms like
Quartz, and is easily scratched with the knife. It effervesces with acids.
Common Limestones are of all colors and forms. Transparent cur-
bonate of Lime crystals, are highly doubly refracting.

16.—Gypsum, or Sulphate of Lime, when  crystallized in Selenite,
splits like Mica in one direction. As Anhydrite, that is without the chemi-
cally  combined water of Gypsum, it is generally found with Rock Salt,
and splittigigin three directions into Cubes is called, « dicespar.” As Ala-
- baster, ikiyields easily to the mail even, and it does not effervesce. with
acids, .



et |

o
Sec. IL.] OUT-DOOR EXAMINATION, . ‘&
L [ ]

P7.—Dolomite, or Magnesian Limestone, is generally of® a.yellowish
color ; it effervesces only slightly, or when powdered, but burns to Lime
like common limestones.

18.—Fluor Spar, or Fluate of Lime, is harder than Calc Spar, but
scratches with the knife. It is found or splits in four directions into
cubes, is transparent, and usnally bright colored.

19.—Clay+as met with supcrﬁciully or in alluvial soil, is a chemi-
cal compound of Silica and Alumina. Some forms of it are plastic,
others, as Fuller's Earth, are not-

20.— Mar! may be regarded asan mpurolee, oran hydrauhc Liene-
stone of earthy formation.

21.—Loam (or Brick-clay) as an impure clay, containing sand and a
little carbonate of Lime.* .

22.—Sandstones consist essentially of coarser or finer granules of
Quartz, Felspar and Mica, with little fragments of Granite, Clay-Slate,
&c., these Granules and sandy portions being connected together by a
quartzose, or aluminous, or sometimes calcareous cementing substance.

When the particles are large, it becomes Breccia or Conglomerate.

23.—Graywacké is usually a coarse mixture of Quartz, Silicious
schist, Clay Slate, &. This class of Rocks presents a fragmentary
character, as distinguished from the Trap Rocks, Greenstone, &c., which
are crystalline. The latter also affect the Magnet which the former do
not, and they are not stratified ever, as the Graywacké Rocks are,

The hard Sandstones form good material for building, for millséones,
&c. The finer textured ones for Hones and Whetstones. They are
often called Freestones, from the facility of hewipg them freely in any
direction.

Coal can be generally well distinguished, but to know Lignite fropm it
is sometimes not easy. By pulverizing and boiling in solution of potash
and then filtering, the Coal will present a yellow, the Lignite a brown
colored liquid.

24.— Anthracite has a metallic aspect and Iron-black color.

25.— Bitumen mostly springs forth with Water from crevices in Lime-
stone, Marls or Sandstones.

26.—Graphiite has ‘a metallic and Iron or Steel-grey color. It is
rather soft and unctuous, and ordinarily forms finely scaled masses in
Granite, Gneiss, Primitive Limestone, &c.

27.—Rock Salt crystallizes in cubes, and is easily toM, like Alum,
by its taste. The latter however crystallizes in octahedrons. Rock
Salt is easily fusible.
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28— Trdchyte, from the Greek #rachus, rough, a Volcanic Stone Iike
Basalt and Lava, is a mixture of Crystals of glassy Felspar, Quartz,
Mica and Hornblende, embedded in a more or less porous matrix of
Felspar with aluminous particles. The color is usually yellowish,
greyish or reddish, and it looks as if disintegrated and eaten away.

29.—Obsidian looks like black Glass, with a conchoidal fracture, and
Pumice is a sort of frothy obsidian. °

30.—DBasalt is a tolerably homogeneous Stone, of grey or black
color, but consists really of a very fife mixture, principally composed
of Augite and Labradorite(the datter to e distingnished from the
Felspar whiclf resémbles it by being attacked and decomposed by con=
centrated Sulphuric Acid.) ‘

This mixture is oftén perceptible in Dolerite and Augitic Porphyry,
and in Amygdaloid, so called from its almond-shaped cavities.

Trachyte and Basalt are good building Stones, but hard to work, the
former is much used in the Cathedral of Cologne.

31.— Augite, from the Greek auge, lustre, is a siliceous compound of
Lime, Magnesia and protoxide of Iron, and is frequently met with in
prismatic Crystals, cleavable very nearly at right angles, which fact
serves to distinguish it from the sharper angles of Hornblende. It
gives (with magnetic Iron ore) the black color to Basalt.

32.—The Metallic Ores generally are known by their weight, for
they frequently do not presen!:.the aspect indicative of an ore. Metcoric
Iron -has a thin ¥rust of Nickel, but it rarely exhibits its crystalline
structure till a polished surface is acted on by acid, which brings to
light triangular and other regular figures.

33.—Magnetic Iron Ore is in octahedral Crystals and compact
grapular masses of an Iron-black color, and black powder, when
scratched or rubbed on hard Sandstone, and magnetic.

34.— Hematite, ox Red Iron Ore, has a reddish-black aspect, but the
color of the powder is red, cherry red, or brownish red.

35.— With the exception of some of the varieties of red Hematite,
the Irop Ores do not act upon the magnetic needle, but the effect
becomes evident after they have been sufficiently heated on charcoal
before the blowpipe.

36.—Brown Hematite has an orange yellowish streak.

37.—Carbonate of Iron occurs in small Rhombic Crystals of pearly
. lustre; strealt gemerally white. It might be distinguished from Lime-
stone, by being heavier and by becoming magnetic under the blowpipe,
while the other would tiirn white ; from Sandstone, by its surface being
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smbother generally; and from Quartz, by its being not 'so.hard and
heavier.

38.— Clay Ironstone, an impyre Carbonate, js generally of greyish
black color inside and outside ; streak greyish white.

39— Blackband Ironstone, the sanle, with dark carbonaccous matter.

40,— Iron Pyrites in % octahedral or cubical Crystals, yellowish color
and very hasd, nearly as hard as Quartz. It is never used for its Iron,
but for its Sulphur and green Copperas, or Sulphate of Iron. Not magnetic.

41..—Copper rarely occurs pume in distinct Crystals (cubes or octahe-
dra,) but usually in compaet massesy lamizated incrustations and den-
dridic or arborescent. It can be told by *its colot,*and yielding when
cut at once to the knife, .

42.— Burnt or Purple Copper Ore is found in India.

43.— Copper Pyrites is yellowish and of acute Rhombic form.

® 44— The Red Ozide is Ruby-red, soft, massive and crystalliged in
the octahedron form. ’

45.—Maluchite and Azurite known by their green and blue colors.

46.—Zinc docs not occur pure in nature, and its ores have so little
of a metallic aspect, that they arc not easily known.

47.— Silicious Ouxide of Zinc and Calamine or Carbonate of Zine
occur in crystalline rods and granules, and in carthy masses of white,
yellowish or greenish color. The latter effervesces slowly with Acid,
and is usually found of an earthy nature, and pearly lustre. Its pri-
mary crystalline form is the hexagonal. .

48.— Zinc Blende, or Sulphurct of Zinc, is of a higher and splendent
lustre, brittle, and splits with ease; softer than Tin, which is im-
pervious to the knife, and known from Lead by its color being brownish
instead of bluish, and its powder dark-brown instead of black. ,Its
crystals are Octahedral.

49,— Sulphuret of Lead, or Galena, occurs in cubical erystals, and fre-
quently in granular masses, color ig lead grey—lustre metallic. Very

 brittle and very heavy. When magsive it is foliated. It yields readily
to the knife, and its powder is blackish.

50.— Carbonate of Lead has a high adamantine lustre, and white or
greyish white color, turning to pale green and blackish, It is both
massive and crystallized, sometimes acicular, when its lustre is pearly
and sometimes earthy.

51.— Tinstone, or Oxide of Tin, occurs crystallized in oBtuse octahe-
dra and very brilliant, colof brown or black. It can be distinguish-
ed by its weight, which is a little greater even than lead—lead being
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6:3; Tin 64 Iron 36 and 453 Copper 5'8; Quartz 26; Zinc 4'2;
Antimony 4'6, &e. It does not yield to the knife, and scratches glass.
When of fibrous struct;;re, it is called Wood Tin; when of gravelly,
Stream Tin. It is always found in primary rocks, never in any of
later age; as in Granite and Primary Slate,& and in Cornwgll in
porphyry or elvan dykes. In the veins with it is generally Quartz.

52.—Antimony is known by. its Tin white color; itse structure is
granular, foliacious, and it hasa brilliant lustre. The length of its fibre
will distinguish it from lead, than whiel it is lighter as well as softer,
beirg also brittle. It is indeed the softest metal known, melting even
in the flame of & candle, which no other ore does.

53.— Cinnabar, or ore of Mercury, is f bright or brownish red, and its
streak red, lustre adamantine. It occurs in compact crystalline masses,
in patches or encrasting the rock ; crystalline form, tabular or six-sided.
prismng.

It resembles red lead ore or Minium, and Realgar (sulph. of arsenic), but
these may be distinguished by the orange yellow color of their powders.

54.—Arsenic does not often occur pure in nature, and mostly forms
kidney-shaped laminated compound masses, which are compact and finely
granular in the fracture. It is soft, but brittle. Its color is bluish white
or steel grey with a brilliant lustre. A little less heavy than lead, being 6.

55.—Platinum, a remarkable and most useful metal, of very ' high
specific gravity, 21 ; and of high price, Silver, Platinum and Gold being
relatively as 1, 3%nd 15 in value; is of whitish iron-grey color, and is
usually found in cubical crystals like Gold, and often with that metal,
in sandy ground and the sands of rivers, in the form of small laminz
and grains.

§6.— Silver is found mixed with many other metals and ores, and is
known by its white color and high lustre.

57.—The Sulphuret of Silver, the richest and most abundant ore of it,
may be cut and flattened out like Lead, which serves to distinguish it
from other similar ores. Silver is not found like Gold, granular and in
sands, a‘lthough its crystalline form, the octahedron, is the same; but in
the primitive rocks granite, gneiss, mica, slate, &c. Its specific gravity is
104. Gold is 14'8 unhammered. ‘ R

58.—The PRECIOUS STONES may be best distinguished by their erys-
talline forms, color and hardness.” Thus, for instance, if it is re-
membered that the Diemond crystallizes in the octahedral form, and
Quartz in the hexagonal it is impossible to mistake, as has some-
times happened, the “one for the other, even at the first glance.
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While if further examination be necessary, although both will scratch
glass, yet a Topaz, Ruby, or Sapphire (i. e. ) Corundam, will scratch the
Quartz, but will not touch the Diamond. The specific gravity of the
Diamond is 3'5,and the usual way of calculating the value of the rough
stone, is to square its weight in carats (the carat being rather more
than' 3 grains) and multiply that by £2, or if the stone be cut, then
square and wultiply by £8. The “rose” Diamond is mostly formed out
of the octahedral forms, the * Wtilliant” from the pyramidal octahedron.

59.—Of the other principal pyecious stones, it will not be necessary to
say much. They divide, thétselyes cljiefly into the silicious ,and
aluminous classes. Of the former are, fitst, Rock gystel, which occurs
in six sided prisms.

60.—The Cairngorms yellow rock crystal. 4The Amethyst, purple
rock crystal, whose value is not great, being about, 8 to 15 shillings the
carat, and stones of 10 carats £5 to £6. .

Cat's Eye and Jasper, other forms. The ldtter resembling Red
Porphyry and Agate.

61.—Crystallized Silica occurs frequently mixed with uncrystallized,
forming gems, which cannot be made artificially. Such are Opal,
which is highly valued, and occurs in Trachytic rocks. Clhalcedony,
found in amygdaloid and alluvial deposits, and in various forms as
Onyz when in layers adapted for Cameos, Cornelian when red, (or
yellow or brown ;) Chrysoprase when apple green, from nickel ; Heliotrope
of a dark green with red or yellow spots, from earthy chlorite; Agate
when in irregular layers, or containing dendritic markings.

62.— Crysolite (containing Magnesia) is of blackish green color, and
is very abundant in Basalts, usually in granular'masses called Olivine.

63.— Crysoberyl (containing Glucina) is a transparent pale yellowish
green, and is rare. ’

64.—The Emerald, also containing glucina, is found in six-sided prisms,
and is a very valuable stone, the cargt, when the stone is pure, being valued
at as much as £4, and stones of sig carats £60 to £90, They are found
in Quartz, Mica and Hornblende slates. When fainter colored, light
greenish blue, sky blue and yellow, and less transparent it is the Beryl,
or Aquamanne, which s cheap, about 5 to 10 shillings the carat. These
often occur in prisms nine inches long and an inch thick.

65.—The Topaz contains fluoric acid, and is only less hard than the
Corundum and Diamond. Its crystals are prismatic. Js usual color
is wine yellow, sometimes colorless, bluish green, and reddish, and it
may be colored gbsy red by exposure to a gentle glowing heat. Its

D
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_value is about 10 to 14 shillings the carat, the yellowish stones; the
rosy and colorless higher.

86.—The Garnet is red. Its crystals (modifications of the cube)
have either 12 rhombic, or 24 trapezoid faces. It occurs very com=
monly in Mica Schists, but is freqéently so dull colored externally as
not readily fo be distinguished.

67.— Tourmaline (containing Boracic acid) is in Hexagonal crystals,
usually dark colored, but sometimes red, green and blue, when it is more
valuable. : o

68.— Labradorite, gleaming with blte, yellow green and copper-
colored reflexions, etd Lapis Lazuli owing its beautiful blue colored
Ultramarine, to a compound of sulphuy which it contains, are other
stones of this family..

69.—Of the ArumiNous kind, we have first the Corundum, which
includes the Ruby and Sapphire stones, essentially the same, being crys-
tallized alumina, but differing in color, the former being red, the latter
blue. They are the hardest of all stones except the Diamond, and are
four times heavier than water. Red Sapphires or Rubies, also called
Carbuncle, are prized far more highly than the blue. A perfectly pure
deep carmine red Ruby often exceeds in price a Diamond of the same
size. The average price of stones of cne carat is £2-10; of two
carats £7-10; of three, £20 ; of five, £40 ; of the Sapphire the average
price is £1-5 the carat, but stones exceeding 6 or 7 carats, have
fetchgd above £68 :

The crystallized form of these stones is usually six-sided prisms, and
some of the best areeobtained from Ava, from the Capelan Mountains,
12 days’ journey from Syrian in Pegu (thought by some to be the
ancient Ophir), also in Ceylon at Matura and Suffragang; and in the
Carnatic, at Mysore.

The compact form is generally called Corundum, and is often rough,
dull, and opaque, It is obtained in Ceylon and at Canton.

70.— Emery is the granular variety. It is found in India, and occurs
chiefly in Gneiss or Mica slate, talcose rock and even in granular
Limestone, associated with Oxide of Iron. The color is smoke grey or
bluish grey; fracture imperfect. :

71.—The Spinelle is often confounded with the Ruby, but is of dif-
ferent composition, as it contains Magnesia. Its form of crystal is also
different, being petahedral. When of equal size, it is heavier than-
the,Ruby. Its colog. is usually lighter, being a rosy red. Its price,
‘whén without defect &nd above 4 carats in weight, is 4gout half the price
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oba Diamond of the. same weight ; lustre vitreous ; streak white; brittle.
It is insoluble in Muriatic Acid, but in powder partially soluble in
Sulphuric Acid. Itis found in Ava and Mpysoré, and embedded in
Dolomite, in Gneiss and Granite in Ceylon. ’ .

72.—The Turquoise is opaque, and of sky blue or greenish blue color. «
Its lustre is waxy. It is composed of Phosphate of Alumina, colored
by Copper. , It is found chiefly in Persia in cracks in aluminous iron
stone, and in veins iu silicious tocks; also in loose gravel. Fine stones
as large as a pea, fetch 12 qr 15 shillings. It is a little harder than
Apatite, less so than Felsgar. * Its Rlue cglor is lost by the actign of
Muriatic Acid, in which it is soluble. Itds amorphgus,or in no regular
crystalline form.

73.—It will of course be understood that all rocks, and metallic
ores particularly, assume an infinite variety of colors and combigations
and that the observer must be prepared, not only to find specimens
which will puzzle him in the field, but which it will not be easy some-
times to determine with accuracy, even in the closet, and with the aid of
such additional proofs and tests as may there be available, and which will
hereafter be mentioned. Ile will find the greatest assistance, as before
stated, from a Geological Cabinet, such as he may purchase for 50 Rs.
from Mr. Rose, of No. 1, Drummond Street, Edinburgh, or of Mr.
Tennant, 149, Strand. Such a Cabinet of Mr. Rose’s, is not only highly
instructive, indeed it may be said necessary, to the student, but is also
entertaining to the curious, and a handsome little piece of furniture.

74.—In the following table, I have endeavouxed to arrange the dif-
ferent Rocks and Minerals under the simple heads which naturally first
suggest themselves to a beginner, viz. : .

Flint Stones | Clay Stones | Lime Stones

and Metals, to which are added a few coming under the heads of
earths; salts of soda and potash ; and inflammable fossils.

75.—Such a classification, it is necessary to inform the reader, is
opposed to modern arrangements, which, with more accuracy buy greater
confusion to a learner, class minerals and stones under such heads as
Silico aluminates; Hydrous or Andydrous aluminous Silicates, &c. &c.

76.—The reader will therefore note, that the table is not strictly
correct ; that it is given merely for the convenience of a general
classification in the mind of the beginner; that it necesshrily contains
errors when rigidly examined ; and that, if perfect accuracy be required,
the modern classifications of good authorities must be consulted.
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Classification Table of Earths, Stones and" Metals.
. ( .
[ Rock Crystal, Amethyst, Cairngorm, Chert, Opal, Onyx,
. Quartz Heliotrope or Blood-stone, Jasper, Flint, Horn-stoné,
4 **|) Chaleedony, Cornelian, Crysoprase, Agate, Float-stone,
. Bilin, Tripbli, Touch-stone, Cat's Eye, Sand-stones. -
| . Andalusite, Adularia, Leucite, Orthoclase, Babradorite,
g Felspar, ¢* 1 Clink-stone or Phonolite, Albite.
=z Basalt, Green-stone, Diorite, Amygdaloid, Greywacké,
5] Trap, o |{ Granite, Gneisy Porphyry, Truchy?c, Lava, Diaspore,
<] Pitch-stone, Obsidion, Pumice.
E ! Ar?l;)lri!llkyll?de’ or } Sienite, Actinolite, Tremolite, Jade, or Axe-stone.
A R Pyroxene, or Hyperstene, Asbestos, Diopside, Mountain or Rock
R Augite, | « | 1 Cork, and Rock Leather.
Zeolites, ° .. Wavellite, Phrenite, Natrolite, Stilbite, Henlandite. [
ga"f't’ oot Cinnamon Stgne, Idocrase, Epidote, Crysolite, Olivine.
ombinations o : L
S|t e et B )
22“’ Fluoric Acid, Acid) Tourmaline or Schorl.
@ ' . Kaolin or Porcelain Earth, Loam, (5 to 6 p. ct. Lime)
) Cla Potter's Clay, Lithomarge, Clay-stone, Fuller’s Earth,
@ 7 o] ** | ) Alum-stone, Stourbridge or Fire Clay, Bituminous Shale,
= g Drawing Slate, Whet Slate.
% { Corundum, ... S‘pine}, Sapphire, Ruby, Carbuncle, Emery, Turquoise.
b P Maznesi { Chlorite, Native Magnesia or Periclase, Meerschaum,
) ﬁ gnesid, e ) Epsom Salts, French Chalk, Serpentine.
a ; 13) Tale, {Tﬁteatit.behor Soap-stone, Verd Antique, Pot-stone or
7z L o cose Slate.
<
®n " r (1. Carbonate of Lime or Cale Sgar, Chalk, Marble, Verd
E 2 ADn't‘l)que, g\v{:cn émxed Sle&'pentme and Lime-stone);
mite, (when Carb®. of Magnesia is mixed with it);
fg E p Stink-stone, Cipolino (where Tale is mixed ; Marl, (ZnJ
=) (&) Earthy Carbonate with 40 to 50 p. ct. Clay) ; Hydraulic &
17 Lime-stone, (where 10 to 30 p. et. Clay) ; Cement Stone, |
8 { Lime, o |{ (where Clay proIPer is still greater); Semi-crystalline [*
& ¢ || Lime-stone, (as Purbeck, Petworth, &c.,) Stalactites and
] Stalagmites, Arragonite, Oolite, Satin Spar, Argentine.
g . Ph?. ]f’hr):phate of Lime, Apatite, Asparagus Stone,
OSP orite.
i 3. Fluate of Lime, Fluor or Derbyshire Spar.
© L L 4. Sulphate of Lime, Gypsum, Selenite, Alabaster.
E Baryta, {phlaltzagBSﬁ;requhcmte, or Carbonate of Baryts, Sul-
ﬁ Strontia, . { hS:;on;ig;ﬁtet?r Carb®. of Strontia; Celestine, or Sul-
=) d ** | { phate of Strontia.
0 O. [ P — .
39*3 [ Borate, o Borate of Soda.
< A Carbonate, ... Carbonate of Soda. :
Ny | Nitrates, .. Nitrate of Soda ; Nitrate of Potash.
ﬂﬁqg . Muriates, .. Rock Salt, Sal-Ammoniac.
>8=; ., Sulphate of Iron; of Magnesia; Alum or Sulphate of
a mé Sulphates, ... Alqmma and Potash; Eps(e)m Salts, (Sulph®. of Mag-
E g g g . nesia) Glauber Salts, (Sulph®. of Soda.)
- ' ~
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o Clussification Table of Earths, Stones and Metals.—¢ Chntinued. )

ND

A
STONES.

EARTHS

METALLIC ORES.

A

A

INFLAMMA-
BLE BPOSSILS.

METALLIC MINERALS.

Carbon,
Sulphur,

J Bitumen,

[ Platinum,
Gold,

Silver,

Mercury,

Lead,
Nickel,

’ Copper,

Iron,

Tin,
Zinc,

Bismuth,
Cobalt,
Arsenic,
Manganese,
Antimony,
Tungsten,
| Chromiam,

oo

Amber or Resin,

' { Pyrites, Grey, Black, Red Ores ; Peacock Ore, Azurite,

Diamond, Anthragite, Lignite, Graphite,

Native and Voleanie. )

Naphtha, Petroleum, Asphalte, Mineral Pitch; Coal,
Brown® Coal, Cannel, Sphint, Cherry, Caking, Earthy
Coal, &c., Jet.

Amber, Mellite.

Metals not immediately Ozidigable by Heat.

A [ 1)

e » .
{ Antimoniated and Arfenialed Silver, Silver Glance,
| Red, White, Black, Silver, Ore, &c.

Immediat@y Ocid¥zable and reducible by Heat,
Cinnabar, Liver Ore, Horn Ore, &e.

Ozidizable but not immelliately reducible zy heat; Ductile
and Malleable.

Galena, Lead Glance or Sulphuret of Lead, Brown,
Black, White Ores, &c.
Sulphuret or Copper Nickel, Nickel Ochre.

Malachite, Muriate of Copper, &c.

Pyrites, Magnetic, Glance, Red, Brown, Black, Hema-
tile, Clay Iron-stone, Reddle, Columnar, Bog, Lenticular,
Reniform, Pisiform, &e.

Tin-stone, Stream Tin, Wood Tin, Sulphuret, &e.

Blende, Calamine,

1 ]

Not Ductile and Melleable,
Sulphuret, Ochre or Oxide.
White, Red, Black, %e.
Pyrites, Red and Yellow Orpiment, Bloom,
Grey, Black, Red.
Native, Grey, Black, and Ochre.
Wolfram, a Tungstate of Iron and Manganese,
Chrome.

Nore.~The Felspar, Trap, Hornblende and Augitic Rocks are very much mixed up together. I
have thought it best to simplify by placing the chief Volcanic ones in the general class of “Trap”
Rocks, although some of these, as Trachyte, Porphyry and Pumice, are chiefly FJspathic in their con.
stitution ; others again, as Greenstone and Diorite among the Trap Rocks, consist of Felspar and
Hornblende ; Albite and Hornblehde, &c. Sienite, although so closely allied to Granite, I have
placed under Hornblende, because that Rock replacing Mica, is its distinguishing characteristic.
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SECTION III

1.—To the collection and examination of particular specimens, should
be joined a gencral examination of the country through which the ob-
server may, be passing. A correct knoWledge of this will assist much
in preparing him for the nature of rocks and minerals likely to be
encovntered. )

2,.—Some standard ¥vorks ol the subject should be read, as Ansted,
Dana, or Lyell, &c., &c., but perhaps tke most valuable book to study
with reference to this- pointgis De la Beches Geological Observer.
In this excellent work are pointed out and explained the numcrous
methods by which nature is constantly working to change the
visible features of the :globe we inhabit, and in it instructions are given
how best to observe the alterations which may have been ecffected in
former ages, as well as those now actually in progress. The student
cannot do better, after acquainting himself with the general principles
of Geology from any competent authority, than study this book, which
can scarcely fail, from the curious facts it brings together, to stimulate
his disposition to look round him, and note how many and great changes
nature is silently yet rapidBg accomplishing.

3.— If the traveller be unable to visit mountain ranges visible from
a distance, he may yet draw some conclusions as to their probable
formation from the general appearance. ~Thus calcareous formations and
Granite liable to decomposition, have very generally rounded summits.
Dark walls and precipices would suggest Trap or Basalt slates; and
Quartziferous Schists are often pyramidal. Crystalline Schists in sharp
needles like the Alps—Serpentine and Trachyte twisted and crumpled.
Dolomite (Magnesian Limestone) assumes the form of peaks like Saw-
teeth, and Volcanoes would be in the form of hlunted cones.*

4~In his immediate neighbourhood, he should note with care,
aided by the means before pointed out, viz. hamnmer, penknife, acid,
&c. the nature of the rocks; the Strike or ‘direction of the strata

* Captain Newbold, in his summary of the geology of Southern Indis, notices e fre-
quent occurrence of the Plutonic recks, as Granite and of Gneiss, in abrupt detached hills,
with sca.l‘{:ely any slopes in the middle of plains “causing the not inapt compari$on of a
tablé, with tea-cups here and there reversed on its surface ;” on such hills are situated
the Tivoogs, or Hill forts of the Deccan, and o similar appearance is seen in Bundlecund.
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edles ; their Dip ; to what point of the compass, and at what angle ; and
also, if possible, the Cleavage planes.

Wherever sections may be exposed by the excavatxon of quarries,
or by the soil being washed away in the beds of rivers, valuable infor-
matign will, in all probability, be®obtained, and such places should
always be searched for.

It is a remark of the great Humboldt that while the forms of organic
vegetation vary so much with &ifferent climates, those of the inorganic
crust of the earth are more mdependent of it; and that “ every where
Basalt rises in twin mountains ‘and tyuncaged cones ; every where Trap
Porphyry presents itself to the eye under the form of grotesquely shaped
masses of rock, while Granite derminates in gently rounded summits.”

5.—The stratification 4nd super-position of rocks may be most readily
discovered by actual visits to such spots, but they may also be deter-
mined in moving over an extent of ground by remarking the speces-
sive “cropping out” of different rocks. In this way only can a Geo--
logical map of a country, the great end of all out-door observations,
be prepared.

—This is a point of much importance in determining the formation
to which rocks belong. For instartce a Clay Slate may be met with.
This may belong to the secondary as well as the primary formation,
and its true age could only be ascertained by observing the strata with
which it alternated. If the Clay Slate were simple and unmixed with or
not alternating with breccias or conglomerates, it would belong $o the
primary, but if fragments of primary rocks, as Talc Slate, were found
embedded in it, tlns would argue that it belonged to the secondary.

7.—But the discovery of Fossils, if these can be found, will imme-
diately establish the date of the formation in which they exist. Dis-
coveries are constantly being made in this branch of Geology, and are
of the first importance. They thould therefore always be among the
chief inquiries and researches of an observer.

8.—It is necessary to distinguish between Fossils and Petrifactions.

Fossils, as signified by its derivation from the Latin word “ Fossus,”
dug out, signifies organic remains embedded in rocks. )

Petrifactions are orfanic remains which have become wholly or par-
tially turned into Stone, which is usually of two kinds. ~Either formed
by the deposition of Lime, in which case they effervesce with acid, or by a
similar deposition or infiltration of Silica, when they are snuch harder
and do not effervesce ; of the former kind are Stalactites generally, and of
the latter'the Burmese, Egyptian, and Icelandic Petrifactions of wood, &c.
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9.—Thé accompanying abbreviated synoptical table may assist, if
kept constantly in view, in arranging in the mind of the Geological rea-
der, in a simple and practical manner, both the successive arrangement
of the usual Geological formations, and the nature of the Fossils which
may be expected in each, or vice ver3d the formations from the F osslls.
It will be observed how these are as a general rule, not however with-
out important exceptions, gradually developed in accordance with
Geological Theory through the differerfi orders of Creation, from the
lowest to the highest.

10.—To thé Geological Table, I preﬁx a Table of the natural orders
of Creation of the Animal Kmbdom as given by Cuvier, and a Table of
the Natural system of Botany, according to Decandolle, containing
only those of the orders most commonly occurning.

These will, I trust, help to explain to a beginner some of the terms
of the Animal and Vegetable Kingdoms used in the Geological Table,
and w‘ill, in other respects, I hope, not be without use.

Table of the Natural Orders of Creation from Cuvier.

2
N [

Sub-kingdoms. Class. l Instances.
Rapiara. XXII | Porifera, ...... sponges.
XXI. P*p\fem «.. | corals crinoids or sea-lilies.
XX. ephee, ... | or sea nettles and jelly fishes.
¢ XIX. |Echinodermata,| star fish,
XVIIIL. | Polygastrica, | animalcules, infusoria.
MoLLusCA. XVII. | Tunicata....... leathery coated, and fixed to rocks

spouting water,
XVI. | €onchifera, ... | Mussel, oyster.

XYV. | Gasteropoda, 'paper nautilus.
limpet or a.tella, helix or snail, murex,

" cowry, Venus' ear, chiton, lmmx or
slug.

XIV. | Pteropoda, ... | clio.

XIII. | Cephalopoda, | cuttle fish.

Articvrata. | XIL | Entozoa, ...... | Guinea worm, tape worm.

XI. | Rotifera. wheel animalcules.
X. Cirrhopoda, ... | Barnacle.
IX. | Annelida,...... worms, leech.

¢ VIIL | Myriopoda, ... | centipede.

VIL | Crustacea, ... | Lobster, crab &e.
VI | Arachnida, ... | Spider, eight legs.

VERTEBRATA, V. |Insects, ...... [having breathmg apparatus and six leas
1V. | Fishes.
IIT. | Reptiles.
IL. | Birds.
"y ~{t L, | Mammalia.

Note.—The 22 “Classes” are again divided into orders, families, Genera, and
Specide. .
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®11.—The reader will understand that in the later formations all those

remains previous é ‘mentioned, may,.as a general ryle, be found, and
that the object of the Table is to show the Fossils belonging to each era,
and the earliest strata in which each has as yet been found. And
althqugh in these a progressive advance may be traced, as before ob-
served, from the lower to the higher orders of Creation, this should not
be confounded with the so-called Theory of Developement, of Ger-
man authors and others,

12,—The unsoundness of that Theory, and its inconsistency in
many points with Geological facts, have been sufficiently pointed sout
by Mr. Hugh Millar in his * Footsteps ‘of the Creator,” (a delight-
ful book to the Geological reader,) as well as by other scientific
writers. Instead of thd earliest periods of Fessil discovery being
filled with crustacean and molluscan remains only, and “ utterly
devoid of fish,” specimens of “ vertebrata,” fish of the highest class, have
been found in the Silurian (the earliest of Fossil bearing formations),
and lignite of a cone-bearing tree in the base of the Old red sandstone.

13.—Mr. Millar remarks thus :—The fact that fishes and reptiles
were created on an earlier day than the beasts of the field and the
human family gives no ground whatever for the belief that ¢ the peo-
pling of the earth was one of a natural kind requiring time,’ or that the
reptiles and fishes have been not only the predecessors but also the
progenitors of the beasts and of man.”

14.—On the contrary he says, rather more argument may be deduced
to support a Degradation than a Developement Theory. ¢ There wasa
time when the Ichthyic form constituted the highest example of life, but
the seas during that period did not stvarm with fish of the degraded type
(as the sole and the flounder); there was in like manner a time
when all the carnivora and all the herbivorous quadrupeds were repre-
sented by reptiles, but there are no such magnificent reptiles on the earth
now as reigned over it then there was an after-time, when birds seem
to have been the sole representatwo of the warm-blooded animals; but
we find from the prints of their feet left in sandstone that the tallest
men might have

“Walked under their huge legs and peeped about.”

Further there was an age when the quadruped mammals were the
magnates of Creation ; but it was an age in which the sagacious ele-
phant, now extinct save in the comparatively small Asiatic’and African
circles, and restricted to two species, was the inhabitant of every coun-
try of the Old World, from its Southern extremity to the foreign shores
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of the Northern Ocean; and when vast herds of a closely allied ahd
equally colossal genus occupied its place in the New.”
15.—Besides Fossils 4nore or less complete, the¥ are many other
' marks of organic remains which should be carefully watched for. Such
are Coprolites, the excrement of extinct animals, round masses, some-
times simply like pebbles, sometimes convoluted and containing the
scales of fishes, &c.  Also the teeth and palates of fishes, the foot
prints of animals, sea, ripple and rain marks. These, and all or any
marks indicating organic existence, sheald at all times be searched for,
and if possible, preserved.
16.—They afe useful, not only in determining the age and position of
the deposits containing them,but also in arranging the layers of Stratifica-
tion or “bedding,” a3 distinguished from Cléavage; points which are
‘ often difficult to make out.
17e—Joints are parallel lines or separations in rocks, dividing a mass
into layers on a largé scale.
18.—Cleavage is generally supposed to be due to some eiectric in-
fluence, acting upon the rock after its deposition, and dividing it by a
vast number of fissures and crevices into planes, similar to slates.
19.—As these three; Stratification, Joints and Cleavage are some-
times all in different directions, rocks are found marked with innumer-
able intersecting lines, gnd, as before stated, it is not easy always
to determine which are the lines of Stratification, and which those of
Cleavrage and Joints.
20.—If the observer should, in a mountainous country, find shells at
a considerable elevation, asis the case in the Himalayas, he wiil recol-
lect the circumstances under which these have come into that position,
with reference to the rocks or strata found at a higher and lower eleva-
tion above and below them, that is, that the highest parts or peaks are
probably the igneous or primary rocks obtruded through the secondary,
which are hence immediately below them and contain the shells; and
that the lowest strata are the Tertiary or Diluvial, arising from the
attrition and wearing away of the other two. Hence in ascending
the mountains, he would come to first the Tertmry, then the Secondary,
ﬁna.ﬂy the Primary Granite summits.
21.—M. Elie de Beaumont is of opinion that the age of any moun-
m chain, may thus be determined, on the supposition that its ele-
vﬂpn must Secessarily have occurred between the period of the depo-
of%he vertically #levatéd strata (the secondary) and that of the
ly‘inclihed strata running at the base of the moustains.
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SECTION IV.

1.—THE various rocks of whigh the Earth is composed have, from the
earliest ages, been subject ¢o ndtural,opergtions and actions, which have
very much modified, and continue daily to modify, theis appearance and
arrangement. .

2.—Some comprehension of these is necessary, in order to understand
the infinite varieties of form, under which rocks present themselves.e
To the chemical reader especially, these operating causes are full of the
greatest interest and attraction. y

3.— The changes produced on the immediate surface by these natu-
ral actions, are so great as to complicate much to the practical observer
the theoretically simple Geological arrangement of strata of Rocks.
Hence it is all t**  more necessary sto take a glance both at the deeper
seated ageuts . "c.angv, and at the superficial, and to understand in
what way are produced the sub-divisions of the ¢ Superficial Strata”
which are presented in a Tabular form at page 34.

4.—Many rocks, especially thes Primary, owe their origin to fige, and
where volcanoes exist, this creative power is of course still in opera-
tion. But even where there are no visible and active volcanoes, earth-
quakes of more or less violence, and undulating heavings of the Earth’s
surface, are due to the same power ; and these are of great importance
as tending to disturb and crack the materials of the Earth’s crust, and
thus give rise to alterations in the relative positions of the chemical con-
stituents of its mass, as well as giving way for water, both sea and fresh,
to percolate and carry in dilution various Salts and Earths to mingle
with others in their neighbourhood.

5.—This, viz. chemical combination and consequent reciprocal action,
is a force which is cohstantly in operation, and joined to Voltaic Elec-
tricity or Terrestrial Magnetism, is always at work effecting the most
important operations and changes.

6.—It is perhaps not sufficiently watched from itg being a silent and
slow wquman, but the study of its causes and effects is worthy of
the most attentive consideration of the observer.
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7.—Let him beware, however, of running into th; German extrerue
of attributing to it Creative power. For the disproval of this doctrine,
supposed to be supported by some experiments of@Messrs. Crosse and
. Weekes, I cannot do better than refer again to Mr. Hugh Millar’s
« admirable work before-mentioned, the  Footsteps of the Creator.”

8.—While the observer notes the infinite variety of Fossils which
are presented by the Geological formations, the fish in ancjent periods
heterocercal, that is, with the fan of thé*tail altogether on the lower
side of the central bone, now homocercal, or with the fan equally divided
above and below ; the ancient ghells of the'murex species with the opening
(when held perpendigularly) to the left hand, those of modern eras open-
ing to the right ; many species of ancient times altogether extinct, and
shells and animal§ of, a totally different kind now existing on the
*Earth from what were formerly found there, he will see the truth of
Mr. Millar’s observation, that “ nothing on the one hand can be more
various in character ahd aspect, than the organized existences of the
various circles and periods ; nothing more invariable on the other, than
the results of chemical or electrical experiment.” “ The vast variety of
these existences speak not of the operation of unvarying laws, that repre-
sent in their uniformity of result, the unchangeableness of the Divi-
nity, bat of creative acts, that exemplify the infinity of his resources.”

9. —Besides these there is a very important cause of change in the
appearance of rocks, vi# Igneous contact. This has caused the for-
mation of some of the earlicr strata, which are supposed to have been
more than others exposed to this agent of change; hence called Meta-
morphic rocks. Metamorphism being another name for igneous contact
and its consequences.

10.—The rocks termed Plutonic (Granite, Porphyry, Serpentine, &e.,)
are supposed to have been forced out through fissures on to the surface
merely in a thick and softened state. Those called Volcanic, as
Trachyte, Basalt, Lava in a more complete state of fusion.

11.—According to the manner in which these have cooled, slowly
or quickly, under pressure or otherwise, is their appearance changed,
and in like manner that of any rocks with which they may. have come
in contact in their melted state. .

12.—Fused Volcanic rocks, if cooled rapidly, form into a black glass;
if the cooling be slow into a stony mass of granular crystalline structure ;
this process ey be witnessed in the laboratory.

18—Carbonate of Lime, when fused under great pressure, doesnot
lotk it§ cacbonic acid.  If the process be by the dry method, it becomes
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gmnular Marble ; if by the humid, Calcareous spar and Ardgonite are
produced.

14.—Chalk is thu¥ converted into marble perhaps by Basalt. Coal
into Anthracite by Trap. Common Schist into a bluish black glisten~ |
ing roofing Slate. Gneiss is generally supposed to be produced ‘by the .
metamorphic action of Granite, which coming into contact with a
calcareous parl, might change it into Mica Schist, and finally into
Gneiss. -

The same with Argillaceous Schist. It is observed that, * it would
not be surprising to meet yith @ fraoment of Gneiss formed on the walls
of a smelting furnace, which was bullt of arglllaoeous glate and CGray-
wacké,” this last containing the fragmentary constituents of Granite.

15.—Quartz is sometimes found in unusual places, in great masses,
and at great heights, and may have been produced thus from Sand-.
stone.

The discovery of Diamonds in solid Silica and Sandstone, where they
are found like Garnets in Mica Slate, and Argillaceous Schist in
contact with Basalt, may also be.due to the same canses.

The Carrara marble quarries as®, in fact, strata of calcareous sand-
stone thus converted. .

16.—These are but a few of the extraordinary changes which this
powerful agent effects. They may be most clearly observed in the
neighbourhood of the surfaces of the contact, close to which the change
cffected is often clearly observable, while as a greater distance inter;
venes it becomes less so.

17.—Another agent of nature by which great changes are operated,
but which has not until of late years attracted much attention, is the
extraordinary and universal diffusion of Microscopic Infusoria. These
invisible animalculz pervade the whole of creation. They are found
in the ocean and in the warm winds encountered at sea, and hitherto
supposed to bear clouds of sand: only from the deserts of Africa.
They redden the snow, which covers the highest mountainous lands,
and they exist in deep caves and fissures where chemically charged
waters only. could have infiltrated. In the blood of anintals and
the tissue of plants, they have been found by Ehrenberg. In Glaciers
and in hot springs; and so incalculable are their numbers, that their
silicious sheNed organisms form, Humboldt says, in some humid
districts, subterranean strata many fathoms in depth. In China dust
falls of this kind, which are considered fertilizing, are said to amount to
10 grains the square foot, by Dr. McGowan.
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M. Ehrenberg has shown that‘in some Infusoria, the extraordinary
power of division and development of bulk are so great, that an animal-
cule invisible to the naked eye, can in four days form two cubic feet
of the Bilin polishing slate.

18.——Let it be noted then that there are four grand forces constantly
operating upon, and changing the state of, the Earth’s surface: Ist—
The erosive effects of climate and rain, whence arises stratification.
2nd.—Subterranean disturbances and earthquakes, whence originate
joints, faults, general elevations and depressions of the surface. 3rd.—
Ter!"estna.l Magnetism, the cause_of Gleavage and of the crystalline
formation of minerals, precious stones, as well as of the distinctive
structural formation of many kinds of rpcks; and 4th.—Metamorphic
change, from igneous contact. .

19.—1It is impossible to say that any one of these deserves attention
more than another. All are highly important, and all in constant opera-
tion. Even of earthquakes which, as regards universal occurrence,
might be supposed to be least so, Humboldt says that in some places,
viz., near Aleppo, Mount Cenis and Cincinnati in America, earth shocks
have been of hourly occurrence for months together. In Peru they
occur about once a week, and are looked upon with no greater
wonder than a shower of hail in the temperate Zone, and it is Hum-
boldt’s opinion that— If we could obtain information regarding the
daily condition of all themarth’s surface, we should probably discover,
that the earth is almost always undergoing shocks at some point of its
superficies, and is continually influenced by the reaction of the interior
on the exterior.”

20.—1It should also be borne in mind, when considering the constant
operation of this disturbing force, that the focus of disturbance is shown
by a variety of circumstances to be frequently very deep seated. Imper-
ceptible disturbances or undulations frequently take place ; subterranean
noises without motion of any kind. Earthquakes in alluvial countries,
as Holland and Egypt ; and others again, which are propagated to great
distances, crossing immense mountain ranges (which are supposed to be
elevated over fissures in the earth’s surface) in their tracks

21.—LCertainly not the least interesting of th® four disturbing agents
mentioned, however, is the third, when we consider that to this we
owe the formation, not only of the useful metals, but of precious stones
and jewels. ' The existence of Electro-Magnetic currents in the inte-
rior of the Globe is no longer a matter of doubt, but their direction is
not so certain. M. Ampere supposcs Electric currents to be constantly
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cireulating from East to West. M. Bécquerel considers that at a certain
depthin the earth, a multitude exist, circulating in different directions.
Mr. Hopkins that they range from pole to pole in all tife orbs of Creation,
their traces or marks being apparent even on the face of the full moon,
through a telescope, and that to them are, in fact, due the phenomena of .
ocean currents, of heavy tides and bores in bays opening Southward, and
the converse, viz., no perceptible tides in closed seas or such as range
East and West, as the Baltioand Mediterranean ; so also the general
conformation of land on the sugface of the Globe in large peninsulas
with their apices pointing Southward as the contirents of Amenca,
Africa, and Hindostan,

22.—Planes of cleavage have been produced artlﬁclally by Mr. Fox,
by long continued Voltaic Electncnty, through mgassés of Clay, and he
found that the planes of the lamina were formed at right angles to the
direction of the Electrical forces. The same results have been obtained
by Mr. Robert Hunt at the Museum of Economie Geology.

23.—Rocks are also much influenced in their structural formation by
this cause. The globular or columnar structure of Basalt is due to its
cooling from a molten state under crystalline influence, and Coke also,
during its baking, undergoes a kind, of crystalline transformation.

24.—Solid bodies present themselves, as has already been said, in
describing the External “ Form,” with two characteristics. Either they
are crystalline or amorphous.

Time and freedom of motion are necessary for the particles of bodies,
in order to effect the formation of crystals. Liebig says:—If we force
a fluid or a gas to become suddenly solid, leaving no time for its parti-
cles to arrange themselves, and cohere in that direction in which the
cohesive attraction is strongest, no crystals will be formed, but the
resulting solid will have a different color, a different degree of hardness
and cohesion, and will refract light differently. Thus we have Cinnabar
(Sulphuret of Mercury) as a red and a jet black substance (the former
when crystallized.) Sulphur, a fixed and brittle body crystallized ; and
soft semi-transparent and ductile, when amorphous; glass both as a
milk white opaque substance so hard that it strikes fire with steel, and
in its ordinary and eell-known transparent amorphous state with a
conchoidal fracture. These dissimilar states and properties of the same
body, are occasioned in one case by a regular, in the other by an irregu-
lar, arrangement of its atoms; one is crystalline, the othey amorphous,

25.—Applying these facts to natural productions, we have reason to
believe that Clay Slate and many kinds of Greywacké, are amorphous,
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Felspar, Mica Slate, or Granite—as Transition limestone is amorphous
marble; Basalt and Lava mixtures of amorphous Zeolite and Augite.
Anything that infiuences the cohesion, must also in a certain degree,
alter the properties of bodies.

26.~—Mechanical motion as welt as freedom of motion, influences
crystallization, as is well known in the case of Water, which may be re-
duced if in a state of perfect rest far below the freezing point without
solidifying, but when in this state, the mrere touch of a needle is suffi-
cient to convert the whole mass into ice in a moment. In order to form
crystals, the smallest particles of bodles"mus} be in a state of motion ;
they must change their place or position to be able to arrange them-
selves in the direction of their most powerful attraction. Many hot
saturated saline solutigns deposit no crystals om cooling, when allowed to
remain completely at rest: the smallest particle of dust or a grain of
sand, however, thrown into the solution, suffices to induce erystallization.

27.—Wrought Iron is converted by feeble and constantly repeated
strokes of a hammer into crysthlline and brittle cast iron, the atoms
alter their position, and through the influence of the mechanical motion
imparted to them, arrange themselves in the direction of their most
powerful attraction. This phenomenon is manifested more or less
speedily in the iron axles of locomotive engines and travelling carriages,
and becomes the cause of accidents which cannot be foreseen.

28.—Heat excrcises g still more evident effect upon electricity.
Thus, when a solution of common salt in water is exposed to a very low
temperature, the salt crystallizes in fine large transparent and pellucid
prisms, which contain 38 per cent. and upwards of water in chemical com-
bination, whilst the crystals of the same salt formed at common and
higher temperatures are always anhydrous, or without water in chemical
combination ; upon the slightest touch the hydrated crystals lose their
transparency and assume a milky appearance ; if placed in the palm
of the hand they deliquesce and are converted into a mass of small
cubes of anhydrous common salt.

29.—When carbonate of lime crystallizes from its solutions in cold
water, its particles arrange themselves into the form of the Iceland or
doubly refracting spar ; when from hot water we obtain it in the form of
Arragonite: both these minerals, although so diverse in their crystalline
forms, rhombohedral and prismatic hexagonal, so different in hardness
(3 and 3.5), epecific gravity (2.7 and 3), and power of reflecting light,
contain nevertheles absolutely the same proportional amounts of carbo-
nic-aaid and of lime.
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1t is still more remarkable that if we expose a crystal of Arragonite
to a feeble red heat, that is to a heat of a higher degree than that at
which it was formed, a commotion or movement takes place throughout
the whole mass of the crystal, and without the slightest alteration occur- ,
ring in its weight, the entire crystal wells up, presenting the appearance -
of a cauliflower, and becomes converted inte a heap of powder, composed
of minute crystals, each of which exhibits the rhombohedral form of
common calcareous spar. Phillip says—¢ the specific gravity of a
crystal of Arragonite, is reduced by ignition to that of Calcite.”

30.—To the same powen of érystallizatign is also due the adjustment
into layers and nodules of the parts of many-<rgcks, as shown by
M. De la Beche. In this way,Lime, Silica, Iron, Gypsum, &c., are
aggregated and deposited. .«

31.—Regarding this species of action, the Chevr. Bunsen writes—
“ Their deposition is owing to the fact that has not hitherto been suffici-
ently regarded in the explanation of Geological phenomena, viz., that
substances crystallizing from solutions, are more readily deposited on a
surface identical with their own (although at a considerable distance
from the limits of their solubility) than on substances different from
themselves.” .

32.—The filling of fissures is effected by the infiltration of saline solu-
tions, or solutions containing the bases of the salts, earths, and alkalies,
into crevices formed as previously stated, and their subsequent crystal-
lization under evaporation or decomposition under electric influence.

33,—The increased heat_,and pressure occurring at great depths in
the earth are favorable to these processes. Carbonic acid would, in such
cases, be driven off from solutions of the Carbonates, and Silica would
become more readily soluble; but this is a branch of Geology in
which much remains to be discovered, and the student will perceive
that a knowledge of chemistry is: absolutely necessary to its com-
prehension. ~

34.—Not only are the metals thus deposited and infused into veins,
but by the use of Boracic acid as a solvent instead of water, M. Ebelmen
has succeeded in producing, by crystallization, Rubies, Sapphires,
Chrysoberyl, and Emetald ; and even Diamond dust, as well as Garnets,
Idocrase, Olivine and Augite, have lately been manufactured.

The manufacture of cheap and equally good artificial Ultramarine,
which is due to the chemical analysis of the stone* lapis lazuli,
from which the color was always formerly made at a high price, is
another instance.
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35.—For the common substances entering into the compositioft of
the more frequently occurring rocks, the materials are derivable from
the surfacaof the earth, more readily than might at first be imagined.

Lime is constantly being carried in solutiou by water as the bi-carbo-
nate, but when circumstances arise, as from heat or exposure, by ‘which
the Carbonic acid in excess is, evaporated, the remaining Carbonate of
Lime deing insoluble is deposited. Hence arise the petrifactions, and
the various stones having Lime as their‘8ementing material.

36.—Silicic acid, perhaps the next most important cementing material,
is, as will be seen in the chemical part’ of this work, a very different
substance from<Siliracor Flint,—The latter being hard and gritty, while
the former is soft and gelatinous, Silicz is insoluble altogether in water
or the acids, but can ke reduced to a fused state by heat with the alkaline
carbonates. In this state, if diluted with water and then evaporated,
the Silicic acid becomes insoluble and is deposited. Combining again with
Oxygen, when infused into earthy or organic substances, it would harden
them into the flinty rocks and combinations so frequently met with.

37.—This formation of Silica with which, in chemical analysis, the
student will become familiar, is seen in a natural state in the Geyser
springs in Iceland, where Professor Bunsen remarks, it is dissolved by
alkaline carbonates, and that © no trace of Silica is precipitated on the
cooling of the water, and it is only after the evaporation of the latter,
that Silica is deposited M the form of a thin film on the moistened
.sides of the vessel, where evaporation to dryness takes place, whilst the
fluid itself is not rendered turbid by hydraged Silica or Silica combined
with water, until the process of concentration is far advanced.”

38.—Silicate of Potash is frequently in solution in water in nature,
and if in this state it encounters Carbonic acid, the latter combines with
the Potash, and the Silica being set free, is deposited exactly as Lime is
under similar circumstances. The presence of Silica in Limestones is
thus accounted for by Dr. Lyon Playfair.

39.—The sap of all vegetation, particular grassesand shrubs, produces
Silica, and their ashes Potash; and decomposing Granite supplies in
abundance the Silicate of Potash; other igneous rocks also supply the
Silicate of Soda, which readily parts with its alkali to free Carbonic Acid
and deposits the Silica. Silica is also stated by M. Bischoff to be car-
ried off by steam at high' temperatures.

40.—8iljpic Acid, the raost frequently occurring of the earths in
vegetation, is, as has been said, quite insoluble in water, except in com-
bination with an alkali, and being actually found in straw combined with
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Potash, as also in the stems of the grasses and reeds especiallsr, it may
be inferred that alkalies are the means by which this most important
substance is rendered available to growing plants. "Natur@it will be
observed, thus effects what the chemist in his laboratory accomplishes .
by means of intense fusion in the fifrnace, viz. the solution of that in-
tractable substance Silica with the alkalis.

41.—Agaip the chemist obtains the re-deposition or precipitation of
his Silica by evaporation. Naturt?effects this, but not so rapidly, by means
of slow or secondary electrical acgion. M. Becquerel found by experi-
ment that  to obtain an inspluble crystallized substance by electro-che~
mical re-actions, it is sufficient to make it combines wjth another, which
issoluble, and afterwards operatg by means of very slow decomposition.”

This is found to be thermost efficient means of groducing the desired
result, viz., the crystallization and deposition of many substances and
salts ; indeed M. B. remarks that ¢ all the chemical actions which legd to
these compounds could only have arisen from ceftain electrical influ-
ences possessing little energy ; for if we operate with apparatus, the
action of which is too strong, all the elements are isolated, and no com-
bination is possible.”

42,—M. Becquerel produced by these means the oxides of Copper
and Zinc ; the sulphurets of Silver, Copper, Tin, Lead, Iron, &c.

Not only are substances thus produced in regular and complete crys-
tallized form, but it has been found that when the particles of the crys-
tallizing substance are less abundant, the crystals are less complgtely ,
formed, so that what appea'norphous or massive Quartz, &c. may in
like manner be produced.

43.—The ashes of burnt vegetation produce the metallic oxides in
considerable quantity ; and Iron, a very commonly diffused cementing
material, might thus be obtained in situations where its appearance would
be otherwisc unaccountable, particularly in tropical countries where
annual and extensive conflagrations sametimes occur from superabundant
jungle, dried by long continued summer heats. The occurrence of Iron,
however, in many places where it could least be expected, as in Aerolites,
which are neasly pure Iron,is a phenomenon which has yet to be explained,
and it may easily be imagined that it is no easy task to account for the fact
of many tons of pure Iron falling in one solid mass from the atmosphere.

44.—Phosphate of Lime, another cementing material in rocks, is acted
upon by water and Carbonic Acid in a similar manner to the Carbonate,
and being readily derived from bones, as well as foecal and coprolitic matter,
is more generally diffused through rocks, than was at one time supposed.

F
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45.—The reader may thus have a general idea of the means by which
nature forms the materials of the earth beneath his feet and around him
and I trufthe interest of the subject may excuse my having said so
much upon it, but if he is desirous of acquiring more than merely a
vague idea; if he wish to deterniine with any degree of certainty, the
nature of the rock, and the quality of the mineral which he finds or may
have brought to him, he will see that it is absolutely necegsary, that he
should be able to analyze them by sdine of the Chemical processes,
which we shall in the 2nd Part proceed to give him.*

46.—The following Table of Supefficial Strata (from Chambers) is
that alluded to at the beginning of this Section. After what has
already been said upon modifying natural actious, but few remarks upon
it will be necessary, and with these I shall close the subject.

ENLARGED TABLE OF SUPERFICIAL STRATA.

.
AGENCIES. ' Nature of Accumulations.

Erratic blocks or boulders; dark tenacious clays ; Ossi-
ferous gravels, sands and pebbly clays; Ossiferous
caves, fissures and breceia.

Raised or ancient beaches ; Sub-marine forests ; Marine
silt, Sand drift ; Shingle beaches, &¢., Sub-marine de-
posits and accumulations.

{ Terrace deposits on valley sides, marking successive

DETRITAL. ..cvcevneen
MARINE. .ccnvnrennnae

water levels, and distinct from general oceanic levels,

valley deposits consisting of river sand, gravel, silt,

&e.; Deltoid or Estuary deposits, ancient and pro-
» gressive,

Sites of ancient lakes now silted up with various de-
bris ; Marls, such ell, clay, and calcarcous marls;
Lacustrine silt umulations now in progress.

Calcareous—Calc tuff;8inter (or deposit from solutions)
travertine, stalactites and stalagmites, silicious and
aluminous deposits from springs, &ec., Saline and
Sulphurous deposits from springs, from the sea, vol-
canoes, &c.

L Bituminous exudatjons, pitch lakes, &e.
{ Peat mosses, jungles, vegetable drift.

FLUVIATILE. cceenene

©
LACUSTRINE. ........ .
MinegAL &CHEMICAL. 1

Animal ; shell beds, coral reefs, &c., primitive earths
with admixtures of organised matter. .
Earthquakes, elevations and depressions caused by.
VOLCANIC Volcanoes, elevations, disruptions and other changes
oseeeneseee caused by. Discharges and accumulations of Lava,
< Scorie, Dust, &e.

ORGANIC. ..ceenreunnne.

“ 'y 3
* The subjeot of Meteorology is intimately connected with that of Terrestrial Mag-
netism, but it will be as well not t» say more connected with it than that it is one which
is daeily affording surprisiag sources of interest and discovery to the scientifically
disposed, embracing, as it does, such subjects as the upper and under currents of the
ntmg&lfére,. the laws of storms, the Magnetic properties of Oxygen and the purifying
onesof Ozone. All these are farticularly interesting in Tropical countries, and in all
. fhgstudent will find his chemioal knowledge of the greatest use.
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97.—The first mentioned formatiom.on the list, that is “ Erratic
Blocks and Boulders,” is one which halléansed much variety of opinion
as to its origin, and which is sufficiently perplexing to even a skilled
Geologist. How much more then to a beginner is it difficult to account
for the isolated appearance in plain8, sometimes many hundred miles
from any similar formation, and even with high intervening hills and
ridges, of blacks or enormous boulders-of Granite and other rocks.

48.—By some, these are sdpposed to have been upborne floating
in massive Glaciers, which, drifteq southward by currents, have'dropped
them in former ages in she situations where they are now found.
Humboldt, however, and others (Leopold Von Bueh, &cs,)- receive this
theory with caution, and are rather of opinion that they have been car-
ried there by the force of the < penetration and wiolent out-pouring of
pent-up waters by the elevation of mountain chains.” To support
the former theory a great climatal change is supposed. That is that
an Arctic climate at the Tertiary Period intervened between the Tropical
one of the Carbonaceous Epoch and the Temperate clime of the present
day.

49.—In the same manner Humboldt ascribes the formation of some
conglomerates to the “ friction of the elevated rock (during the eruption
of molten volcanic matter) against the walls of the fissures,” and that
this, and not the erosive force of a neighbouring sea,  causes the eleva-
ted rock to be inclosed by conglomerates of its own matter.”

50.—Among the superficial deposits constantly in process of accpmu-,
lation, there is one not spec?y adverted to in the foregoing Table, but
which might be inserted under the head organic as  Infusorial.”

51.—This has been adverted to previously as having formed (ou the
authority of Humboldt) Subterranean strata many fathoms in depth,
but the discoveries of Ehrenberg have shown, as might have been sup-
posed from the universal diffusion of Infusorial life, that this agency is
daily and constantly at work, and that many modern formations are due
to it.

52.—Among these is the accumulation of banks of silt or sand
in river beds at the point where the ocean and river waters meet-
ing, the influence of the latter destroys and precipitates in vast quan-
tities the Infusoria intended only to inhabit the former. The amount
in the fresh mud deposited near the mouth of the Elbe due to marine
animalcules, is calculated by Ehrenberg at as much s  'or 3. This
subject must needs be one of special interest in such a country as
Hindustan, whose rivers opening into the ocean, are on such a scale of
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magnitude, and are subject to-such great alternating flows from the
monsoon floods and ocean borede which they are subject.

53.—Another species of structure, not specially mentioned in the
foregoing Table, but which may be found, especially in India and
other tropical countries to be ¢f the utmost importance, is the
Concretionary.

This can neither be classed among the Mineral and Chemical nor
among the Organic, but is compounded'df both ; and although of little
consequgnce perhaps in the Geological systems of European temperate
climes, will, I believe, be found to be wortky of more consideration in
Tropical countries, where the growth and decay of Organic Vegetation
is so much more luxuriant and rapid, and where Climatal and Electrical
disturbances are so mach more active and violent.

54.,—The great Humboldt was at an early period desirous of visiting
the Equatorial regions, to avail himself of the greater opportunities
there afforded for investigating the operations of Nature, and he
remarks on the “ obstacles opposed in Northern Latitudes to the dis-
covery of thelaws of Nature, owing to the excessive complication of
phenomena, and the perpetual local variations that in these climates
affect the movements of the atmosphere and the distribution of Organic
forms,” while he says, “the regions of the torrid zone afford the inesti-
mable advantage of revealing to man, by the uniformity of the varia-
tions of the atmospheregend the development of vital forces, and by the

«contrasts of climate and vegetation exhibited at different elevations, the
invariability of the laws that regulate the course of the heavenly bodies,
reflected as it were in terrestrial phenomena.”

55.—The experiments of Messrs. Fox and ITunt, before referred to,
anq the remarks of Professor Bunsen, show that under a long-continued
flow of electrical currents, not only is a fissile structure or lamination
produced in a mass of clay, but also a chemical aggregation of some of
the constituents of the mass into nodules. 'When this species of
formation is more extensively carried out through the mass it becomes
« Concretionary,” and in this form resembles certain hard conglo-
merates or gravels, and two of the most common Indiau formations,
Kunker and Laterite.* :

56.—By itself this circumstance might not be of much importance,
but it becomes different when we consider that this rock, once a simple

* Kunker i classed by Ansted In the Drift or Diluvial period with Regur or the black
iOotth Boil placed above it
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clay, is, in its advanced and hardened form, not only impregvated with
the Salts, Earths and Metals, but even so much so as to become an ore
of Iron, by some thought worth smelting.

57.—Whence, lying on the surface as it does, has it obtained these
ingretqlients ? This question leads s to a subject of the greatest inter-
est,—1t transports us from the Inorganic to the Organic kingdom. It
demands an jnvestigation of the constitution of the vegetable kingdom,
as well as of the Air and the W*iter, which, under all circumstances, act
upon the Earth’s surface, and which, either alone or thh the did of the
remaining Elewent, Fire, gct il the hands, of Nature 5o as to produce
such permanent and remarkable changes in the crugt of the Earth.

58.—If we are to pursue such an investigation,—if we are to
endeavour to trace the circle of operations by which the Organic and
Inorganic kingdoms are connected; to discover the link which binds
man and animals with the immoveable rocks and plants surrounding
them—the aid of Analytical Chemisiry must be Sought, and to a few
remarks on this most interesting subject, I propose to devote Part IL of
this treatise, and in Part IIL. to consider the practical application of
Parts L and II,, or of Geology and Chemxstry, to the ordinary circum-
stances and pursuits of daily life. o



PART IL

»

INDOOR EXAMINATION.

«
- (4

SECTION L

MECHANICAL ANALYSIS.

I'—WE will now: suppose that the observer has returned home with
specimens of soils, rocks or minerals, which he is desirous of examining
more closely than could be done out of doors.

Let us take a soil first as the easiest.

2.—The following may be taken as the simplest possible form of
analysis for a soil.

In the field to be examined, take earth a little below the surface,
from four separate plages, about }of a pound from each, mix them
together, and again separate them into four quantities of } of a pound

“each.”

3.—Then take one quantity, and expose it to the sun, or before the
fire, till completely dry, and turn it over frequently, that it may be
well mixed together. Being thus powdered, pass it through a fine
sieve, which will allow all the particles of sand and gravel to escape.
but which will hold back stones, small fibrous roots, and decayed
wood. Weigh the two parts, the fine and the rough, separately, and take
a note of each.

4.—7The stones and other bulky materials are then to be examined
apart from the roots and wood. If they are hard and rough to the
touch, and scratch glass easily, they are in all probability Silicious and
flinty ; if they are without much difficulty broken to pieces by the
fingers, and can be scraped by a knife to powder, Aluminous or clayey ;
orif when put into a wine-glass, and common vinegar (or hydrochloric
acid)'poured on them, small air bubbles ascend to the top of the liquid,
Caloareous,
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6.—The finely divided matter, which ran through the sidve, must
next be tried. After being weighed, agitate the whole in water, till the
earth be taken up from the bottom, and mechanically suspended,
adding water till this  effect be produced. Allow the whole then to
gettle for two or three minutes, and  that time, the sandy particles will
sink to the bottom. Pour off the water, which will then contain the
Clay in suspension, and the insoluble earth arising from animal and
vegetable decomposition. o

6.—The Sand should be firsf attended to, and if from inspection, it be

thought either Silicious o Ca}careous in its nature, the requisite tests
may be at once applied. . u e

7.—By this time the mixture ip the poured-off water, will have deposit-
ed at the bottom of the vessel the Clay and other garths, with the insolu-
ble animal and vegetable matter. After pouring off the water, dry
the sediment, and apply a strong heat, by placing it on ' the bottom 1_of
a pot ignited to redness, and the animal and vegetable matter wil b
dissipated in aeriform pruducts.

8.—The remainder lying in the bottom, will be found to consist of |
Clay, Lime or Magnesia

9.—The next simplest process of in-door analysis, that can be
given, is perhaps that practised by the Rev. Mr. Rham Am, and
published as a prize essay in the journal of the English Agricultural
Society. It is applicable to soils only, but is not the.less useful om,
that account, as many conglomerates and rocks in an incipient state
of formation may be also readily reduced to powder, and it is often an
object to ascertain merely the fact of the presence, or otherwise, in any
large quantity of Silica, Alumina and Lime.

10.—A portion of the earth to be analyzed is dried in the sun, or
near a fire, until it feels quite dry to the hand. It is then reduced to
powder by the fingers, or by rolling it on a deal board witifa wooden
roller, so as to separate the particles; but not to grind them ; any small
stones above the size of a pea mustbe taken out. If these form a con-
siderable pact of the soil, their proportion must be aseertined by
weight, and their natdre and guantity afterwards examined.

11.—Where the ‘stones and pebbles are evidently accidental, they
may be overlooked as having little influence on the fertility of the soik
The dry earth cleared from stones should be accurately aveighed, and
it is convenient to take some determinate quantity of grains, as 1,000,
500, or 250, according to the accuracy of the insiguments at hand.
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12.—This portion should be put into a shallo‘vy earthen or metal
vessel, and heated over the fire, or a lamp, for about 10 minutes, stirring
it with a chip of dry wood; the heat should not be so great asto
discolor the wood. It may then be allowed to cool and be weighed again.
The loss of weight indicates the water which remained (or moisture )
after the soil appeared quite dry. This is the first point to be noted.

13.—The operator should have a set of metallic sieves made so-asto
fit into one another like the filterers in-a coffee biggin, the last fitting
into a tin pot, which will hold about a pint of water; a cover being
made to fit on the top sieve. Sieve Ne. 1, the uppermost, is made of
a perforated tin plate, the holes about ;th of an inch in diameter. The
largest particles or stones are retamed by this sieve, and the remainder
is successively passed through two or three mere sieves, increasing in
fineness to the last, which is of the finest wire-cloth, having from 150 to
170 threads to an inch; whatever passes through this, is an impalpable
powder. '

14.—To render this separation of the earth more complete, washing
is resorted to. The coarser sand must be washed with pure water to
detach any fine dust adhering to it: what runs through, may be used
to wash No. 2, (from the top) in the same manner, and then may pass
through No. 3 to the impalpable matter, which passed through all the
sieves. A sufficient quantity, of water must be used to render the
whole of this last nearlyyfluid. There will be three different portions of
the washed soil left in the sieves, and a portion of impalpable matter
‘diffused through the water in the lower division of the instrument.

15.—This fine matter is to be well shaken, and suddenly poured
into a deep glass vessel, and permitted to settle till the heavier sand
subsides ; and then the light floating soil is to be cauntiously poured off
into another vessel,

This waghing may be repeated tlll all the Sand, of which the parti-
cles are vible to the naked eye, is separated.

16.—In order to detach the “ Humus,” the earth and water decanted
out of this last vessel are poured into a glass tube, 18 inches long, the
bore of*wixig:h is less than an inch ; one end is stopped with a cork, and
the other has a small lip for the convenience of pouring out the
contents. In a short time, an earth, chiefly “ Adumina,” will be depo-
sited: What remains suspended in the water, is to be poured off into
a similar{ube ; and this finjd will contain nearly the whole of the Humus,

_ whielt ‘will take ‘seme Low's to be deposited in the form of a fine

browemud,

-
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47.—To detect ;alz'ne substances %in the soil, all the witer in which
the earths have been diffused and washed is collected, and passed through
filtering paper, and then set over the fire in a commoh sauce-pan. It is
boiled away gently unti] it is reduced to a small’ portion, which begins to
look turbid. The complete evaporation is finished in an evaporating dish
as slowly as possible, and the residuc is the soluble matter contained in
the soil. | .

18.—It will be sufficient to @ry and weigh this, as its further analy-
sis would require more skill and chemical knowledge than we suppose
in the operator. Salts may be detected by, the taste, ot by the cr rystals
formed in the evaporation, but unless there is a deeided saline taste, *the
whole may be cojl%:red as Solyble Humus, and the 1mmed1ate fertility
of the soil depends greatly on the quantity of it. , * '

19.—The next step is to collect, dry, and separately weigh, the coarse
Grit, the finer Sand,the Earths in the tubes, the Humus on the ﬁltewd
the matters evaporated in the dish. The total weights of all should
nearly equal the gross weight of the dried earth previous to its being
washed, but some loss is inevitable.

20.—There remains still to ascertain what quantity, if any, there may
be of Carbonate of Lime in the forms of Sand or of ﬁnely-dxvxded earth,
mixed with the other earths, and for this purposc each portion, except-
ing the Humus, is put into a separate cup, and a little Hydrochloric Acid,
diluted with four times its weight of water, is poured on it. If there is
any effervescence, it shows the presence of Carbonate of -Lime ; diluted,
acid is then added gradually, as long as the effervescence is renewed
by the addition. When this ceases, and the water continues to have
an acid taste, more pure water is added, and each portion separately
filtered, dried and weighed. The loss of weight in each, gives the
quantities of Carbonate of Lime disslved by the Hydrochloric Acid, and
which has passed with the water in the form of Chloride of Lime.

21.—The different weights bemg, now collected, the result of the
operations may be set down.
. 22.—As an example of an analysis (Mr. Rham writes) may be
useful to those who desire to try the ‘proposed method, we will atld one
actually made under very unfavourable circumstances, and without any
apparatus. ’
. 23.—The only instruments at hand were scales and weights, of
tolerable accuracy ; three glasses, a foot long and.1} inches in diameter,
belonging to French lamps: a tin coffee-strainer ; a piece of fine gauze,

and a very fine cambric pocket-handkerchief. A Jittle Muriatic Acid
G
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was obtained at the apothecary’s.  The soil to be analyzed was taken
from a piece of good arable land, on the slope of the Jura Mountain in
Switzerland. Its specific gravity was 2.358. Nearly 500 grains of the
dry soil were stirred in a pint of water and set by in a basin.
24.—To save time, 500 grainsmore of the same soil were weighed,

after being dried over the fire. It was well pulverized with the fingers,
and sifted through the coffee-strainer, then through the gauze, and
lastly through the cambric handkefthief. Some portion was left
behind at each sifting.

25.—The first two portions were wdshetl in the strainer and the
gauze ; the residue, was Sand of two different degrees of fineness, which
when dried, weighed, the coarser 24 grains, and the next 20 grains.

26.—The earth and water which had passed through the strainer and
the gauze, were now strained through the cambric; and left some
very fine Sand behind; which dried, weighed and added to what
had remained in the cambric when sifted in-a dry state, weighed 180
grains.

27.—All that which had gone through the cambric, was mixed with
water in a jug, and stirred about. The heavier earth subsided, and
the lighter was poured into one of the lamp glasses, which had a cork
fitted into it and was placed upright. Inabout two mitnutes, there was a
deposit, and the lighter portion was poured into a similar glass, where
it was left some time to ®ttle. In this a slower deposition took place,
and ip about a quarter of an hour, the muddy water was poured off into
a third glass. The three glasses were placed upright, and left so till the
next day. In the first glass was some very fine earth, apparently Clay ;
in the second the same, but more muddy; and in the third, nothing
but thin mud.

28.—The contents of the vessel were left to deposit the sediment in
each; this sediment was poured on a plate by taking the cork out of
the tube, which was cleaned with a piece of fine linen, which had been
carefully dried and weighed. Each plate was examined occasionally,
and some of the lighter part that floated on the least agitation was
poured from one plate to another, until it was thought that all the
Humus had been separated. ¢

29.—Most of the water could then be poured off without muddl-
ness; yet it was passed through a dried and weighed paper filter.
The eatth was slqwly dried; by placing the plates on the hearth before
a good fire, until they were quite dry, and so hot that they could not
bo casity held in-the hand. The deposit left in the jug (Para 27)

¢
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» . *
was poured on a plate, and a little ‘muddy part, which was observed,
was poured off with the water on another. This was again transferred,
and the finer added to that which was in the second plate.
30.—Collecting now all the separate portions, there were found

Of coarse Sand,eeeceereireeiearsene Busiieesssensssssscscss 24 grains.
,,.ﬁnel‘ Sand, ®eccessssrccccse 6e0cncrssecsccesansOc BOSRY 20 ”»
» very fine Sand, ... .ccceee sreeeene sneneens e .. 180 »

Clay deposited in the jug #Ad first plate, and dried, 240
Deposit in the second plate, wo.eeeseeeseecescercicasenaes 24 o

Ditto on the papet ﬁlter’ -u-.ootlto.--"co‘;.c ®ecs0occccce l% »

Ditto on tﬁe linen l‘ag, *es0000000 00000000000 000000 a-‘oo‘ouuo L} 0% ”
* 490

leaving 10 grains to be accounted for.
31.—Each of the first four portions was put into a separate cup,‘ﬂd

Muriatic Acid diluted with water, was poured updn it; an effervescence
appeared in all of them, which continued on the addition of diluted
acid, and when the contents of the cups were stirred with g piece, of
tobacco pipe. They were left till the next day, when all effervescence
ceased, and the Calcareous part seemed entirely dissolved.

32.—Pure water was added to dilute the Muriate of Lime, the clear
fluid was then poured off, and the remaining earth was strained through
filtering paper, and dried on plates before the fire. The results were
that . .
Of 24 grains coarse Sand,....eoeeeeee  20remained. Dissolved by Acid 4

20 finer Sand,.ccveecrrrincenenns 17, » 3
180 very fine Sand, .c..ev sveeneee 162, . 18
240 of the Earth on the first plate, 182} , » .57§

823

Thus 82} grains were diésolved, the greater part of which was most
probably Carbgnrate of Lime, a.lthodgh there may have also been some
Oxide of Iron.

33.—It will be observed, that even in this very simple form’of Ana-
lysis, the aid of Chentistry cannot be entirely dispensed with, and that
Hydrochloric Acid is used to detect the Lime in the soil. Before proceed-
ing with other analysis, therefore, it will be as well to premise a few
words on the subject generally of Chemistry.
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SECTION IL

8

PRINCIPLES OF CHEMISTRY AS APPLICABLE TO CIIEMICAL ANALYSIS.

(X

1.—The operations of Chemical Anulysis are so much better under-
stood, and so simplified an€ abbreviated By the use of symbols, or
Chemical Forniul, that the comprehension of them is necessary to
understand modern treatises on the subjéct.

2.—The elementary substances which compose the mass of the earth,
may be taken as 55, and divided into Non-Metallic (13) and Metallic
(425 or still further sub-divided into 1st, Gases, (3.)—2nd, Non-
Metallic Solids, (10.)—3rd, Metallic bases of Earths and Alkalies, (12)
—and 4th, Metals (30.)

3.—It ®ill not be necessary to give the whole of these, but only the
principal ones, which are—

1st. Gases—(3)—Oxygen, Hydrogen, Nitrogen.

2nd. Non-Metallic Solids,—Chlorine, Bromine, Iodine, Fluorinc,
Silicon, Sulphur, Carbon, Phosphorus.

3rd. Metallic Bases,®Potassium, Sodium, Magnesium, Calcnum,
*Aluniinum, Barium, Strontium.

4th, Metals—Manganese, Zinc, Iron, Tin, Cadmium, Gold, Arsenic,
Cobalt, Chromium, Antimony, Bismuth, Copper, Lead, Mercury,
Silver, Platinum, Nickel.

4.—In Chemistry there are two kinds of combination of substances,
viz., Chemical combination, and Mixture. A perfect or Chemical
combination takes place only when one or more atoms of one substance
arrange themselves in perfect symmetry 1)y the side of one or more
atoms of another substance, or of several other substances, 80 as to form
a complete compound afom, which afterwards is capable of Aaccumulation
like a simple atom.

5.—The association of atoms without the formatlon of compound

atoms, is called “ mixture,” and not  combination.”

« Mixture” is seen in the alloys of various Metals, as of Copper and
Zine fo form Brass and also in the mixture of Oxygen with Nitrogen
Gases, existing in the atmosphere.
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6—Of the uature.of mixture also are the conjunction of Water and
Alcohol, or Water and Sulphuric Acid, which will unite in any propor-
tions. Of Water and Salt, also, which will unite up to the point of
saturation. Such compqunds are of great variety, and are distinguished
by their weak gffinities, as well as by the compounds formed, differing-
little ffom their simple constituents, or from each other.

7.— Compination” is seen in a vast multitude of common substances,
of which Water is the most widély extended and the most remarkable.
There are three different kinds of stages of combmatlon, and these are:
First.—* Binary compounds,” where gne elgment combines with another
element, as, for instance, Hydrogen and Oxygen to fermp Water ; Oxygen
with Sulphur to form Sulphuric, Acid; and. Sodium thh Oxygen to
form Soda or Oxide of Sodium. . .

8.—These combinations of one body with another have the termina-
tion in Chemical Phraseology of ¢ ide” or  uret,” which terms have the
same meaning, and that, it should be remembered is; equal proportions of
the combining substances. Thus we have Oxides, Chlorides, Bromides,
Todides or Iodurets, Fluorides, Sulphides or Sulphurets, Carbides or
Carburets, and Phosphides or Phosphurcts. The Binary compounds
of Ozygen having Acid properties, aze named on a different principle,
or according to the quantity of Oxygen they contain. Thus the
combination of Sulphur with two parts Oxygen is called Sulphurous
and with 3 parts Sulphuric Acid, of Nitrogen with 3 parts of Oxygen,
Nitrous Acid, and with 5 parts Nitric Acid. The prefix © Hypo”, sig- ,
nifies “ less Oxygen” than is in the compound to which it is prefixed.
“ Hyper” signifies “ more.”

A “Basc” isa compound possessing the power of combining with and
neutralizing Acids and a “Neutral Salt” is that which contains as mapy
equivalents of the acid as there are of Oxygen in the Base.

9.—Secondly.—Ternary compounds where one “ Binary compound”
combines with another, or with an ¢.element,” as Sulphuric Acid with
Soda to make Sulphate of Soda, (Glauber Salts), or Carbonic Acid with
Lime to make Carbonate of Lime, or Carbonic Acid with Zinc to make
Carbonate of Zinc. Ternary compounds or Salts are named accord-
ding to the Acid they®contain; the termination “ic” being changed
to “ate,” and “ous” to “ite.” Thus from Carbonic Acid and Copper
is formed Carbonate of Copper; from Sulphurous Acid and Ammonia
Sulphite of Ammonia. .

10.— Thirdly.—There are combinations of Salts with one another, or
double Salts (quaternary compounds) such as Alum, which is a combina-
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tion of Sulpha.te of Alumina *with Sulphate of Potash and is called a
Sulphate of Alumina and Potash.*

11.—Atoms of different substances have, however, different weights.
Thus though one atom of Hydrogen and one atom of Oxygen combine to
form Water, yet 100 parts of Water are found to consist, by weight, of
11.1 parts, or grains of Hydrogen, and 83.8 parts of Oxygen, that is
by weight, they combine in the relative quantities of one to eight. Hence
if Hydrogen, the lightest substance ‘known, be taken as a starting
point, zero or datum, eight will represent what is called the Chemical
“ equivalent” of Oxygen. ~ . .Y .

12.—Let ns logk at this in another light; A Chemical compound is
thus characterized that the proportions by weight of its constituents are

invariable. t ‘

That these constituents are present in it in invariable proportions, is
regarded as the first and most important law of combination.

13.—Let us take the constituent parts by weight per cent. of some
Chemical compounds.

There are found by actual experimental analysis to be in every
100 parts of

Water, SRR §ric Mt t BLY
Ilydrochloric Acid, {f})‘,‘gﬁgﬁ;‘, 9;f§} 100,
Carburetted Dydroin, e z %?thng’en, ?i;; } 100.
<«  Hydrosulphuric Acid, {i?{l;}(li)mgén, 92;; 100.
Hydriodic Acid, {{;’;‘5‘;‘;;5@’ o021 % 100,

To each part of Hydrogen in the above compounds, there will then
be found as follows:

*In Water, to 1 of ITydrogen, 8 of Oxygen, ( g? 351) } =8 )
In Hydrochloric Acid, to ditto, 35.4 Chlorine, (° 9‘;‘3&)
In Carburetted Hydrogen, to ditto, 6 Carbon, (01‘ gi ;:.)
Hydrosulphuric Acid, to ditto, 16  Sulphur, (°" gj;
Hydriodic Acid, to ditto, 12635 Todine, - (or %55,

14.—It has been found that the constituents of a simple Chemical

* The term Hydrate will be found frequently used, A Hydrate is a compound in which
water is chemitally ¢ombined with-some other substance. Thus, when Water is poured
upon Quick Lime, the Water dlsa.ppenrs, and the properties of the Lime are modified,
‘The YJaked Lime which results is & Hydrate of Lime.
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compound, when tlu;y enter into other Chemical compounds, replace
each other exactly in the proportion in which they combine; that is,
if in a compound of Oxygen, the Oxygen is removed, and Hydrogen is
to be substituted for it, then wefind always and invariably that 88.89
parts by weight of Oxygen, are replaced by 11.11 parts by weight of
Hydrdgen; or, which is the same thing, eight parts by weight of Oxygen
by 1 of Hydrogen, or by 35.4 of Chlorine (equal to 1 of Hydrogen,)
or 6 of Carbon, or 16 Sulphut; &e.

Hence these numbers, 8, 35.4, 6, 16, are called the combining pro-
portions, or Chemical Equivplent$ of the substances they represent. .

15.—The Formula to express any substance, may, after analysis, be
thus determined—

Take, as an example, Acetic ACId in 100 parts of’ which there are

found to be by weight—
Carbon, e 47.06 -
Hydrogen, # e 5.88% 100,00
Oxygen, we  47.06

or, which is the same thing, (dividing by 7-84)to 6 of Carbon,  of
ITydrogen and 6 Oxygen; or again, to 24 of Carbon, 3 Hydrogen and
24 Oxygen. Now the equivalent of Carbon is 6, of Hydrogen 1, and
of Oxygen 8, therefore the Formuld'to express Acetic Acid, would be
C,, H;, Oy, or 2443424=>51, its Chemical equivalent.

16.—The cquivalent numbers of a vast number of substances have
been determined by Chemists after actual analysis, and those for any
new substances may, in like manner, be determined by observing the*
proportions by weight in which they combine with another, or with
ten others, or with twenty, or with all other bodies. We should thus
be able to determine the proportions by weight, in which all these
bodies mutunally replace each other ; that is their Chemical equivalents.

17.—The cquivalent of Potash, a combination in equal proportions of
Potassium and Oxygen, would be (1 part Potassium=39.1541 part
Oxygen=8)=47.15, expressed in the Formula K O.

Of Sulphuric Acid, (1 part Sulphur 16.1+4 3 parts Oxygen=24)=40.1,
Formula S 0;.

of Sulphaté of Potash, (1 part Potash—=47.1541 of Sulphurlc Acid
=40.1) —87.25, Formula K 0, S 0,.

18.—TIt is obvious, therefore, that if we can but remember the number
of equivalents of each element that enters into the constitution of a
compound, we need not burden the memory with analyses expressed
in 100 parts, and we can never be at a loss to know the quantity of
such compound that will be required, when we wish to employ it for
any Chemical purpose.
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19.— Thus the student may Observe, that to use the words Nidric
Acid, is to express merely a compound substance so called, but to use
the term IV O, not only expresses the same equally well, but at the
same time serves to recall the fact, that the compound mentioned
contains an unusual proportion of“ Oxygen, viz., 5 parts, to 1 only of
Nitrogen ; hence its utility in many cases where it is desirable to
Oxidize, or afford Oxygen to substances.

"20.—A table of symbols and equivalents is appended t which will
explain itself, and for the reason just, given, as well as for shortness’
sake, the student should endeavour always fo use its terms. A bricf
experience of ¢heir great utility will render him unwilling to wade
through a complicated and verbose description for information, which
he can obtain by ‘a glance at a Formula. ‘

21.—I will now give two processes for Chemical Analysis, by which
Otganic Matter, Lime, Silica and €lay, may be roughly ascertained, as
follows :

22.—The first is exccedingly simple ;—A convenient quantity, say 100
grains, presenting a fair average of the nature of the specimen, is weighed
out, and then pounded and thoroughly dried in the sun or near the fire,
to expel all moisture.

23.—Being weighed again, the loss of weight gives the amount of
moisture in the soil.

24.—1It may be then Ransferred to a crucible, or an iron spoon, and

“heated toa strong red heat but no more, for a considerable time over the
fire. This will burn away all Organic Matter, and being weighed
again, the loss from the last operation may be put down as Oryanic Matter.

25.—It should be then transferred to a porcelain dish or, saucer, and
subjected to the action of dilute Hydrochloric Acid ; as much of the Acid
being used as equal to twice the weight of the Earth, and diluted with
four times its volume of water. The whole is stirred and allowed to stand
for some time, say an hour, with occasional stirring. It is then filtered,
and the residue remaining on the filter dried, together with the paper in
a coveted saucer, near the fire or over a spirit lamp ; the dmed matter is
brushed carefully from the paper* and weighed—the loss is Lime.

26.—1It is then removed to a test glass, a precipitate glass or a tum-
bler, and mixed with a quantity of water, with which it is thoroughly
washed, and then allowed to settle. After the lapse of about a minute,
when the coarser particles have subsided, the supernatant fluid, with the
portion of matter still held in suspension, is poured off on to a filter. It

* The end of a quill or feather is  good thing for the purpose ; being trimmed till a
small part only’ of the feather is.left.
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is again treated in a ‘similat manner with the seme quantity of water ;
stirred, allowed to settle, and the liquid poured off on to the filter, and
the operation repeated until only Sand, and matters incapable of remain-
ing suspended it water for a short time remain.”

27.—The suspended matter havirmg been collected on the filter and
dried, nay be weighed, and deducting ¢he Weight of the filter paper, which
should be before ascertained, the amount may be considered as Clay,

28.—While the other portion*in the tumbler, being dried and weighed,
will give the Sand or Silica.

29.—The second process is the following, and it differs from that

of Mr. Rham, chiefly in beginning with the sgparition of the im-

palpable portion by washing, and after that, graduating the coarser

parts. e

30.—A portion of the soil, about 400 or 500 grains,

after having the moisture (A,) expelled by heat in the

usual way, is mixed with water in a Phillips’ precipitate

glass. The mixture is stirred from time to time till the

soil is thoroughly mixed and diffused through the water.

The precipitate glass is then filled up with more water,

and the mixture is well stirred up. It is then

allowed to stand one minute,and a syphon (fiy2)

is introduced. The syphon most useful for
this purpose is that of Mitscherlich, which has
the shorter leg slightly bent upwards, to pre-
vent its sucking up any portion of the coarser
matter that has subsided to the bottom. It is
filled by closing the apertureg by the forcfinger,
and sucking out the air at o, till the water enter-
ing"by ¢, rises into the bulb. On removing
the forefinger, the water flows. It is allawed to
* do so till all the water with the finely divided
matter held in, suspension is drawn off down to the point at swhich
thereis danger of disturbing the sediment, or till the air enters by the

aperture c. - .

" 31.—A common syphon may however be easily made and used
vlzgzhus. Both glass and gutta-percha tubing are farnished with chemical
+boxes and apparatus, of about } inch diameter. A piece of this glass

tubing broken across into two unequal parts, will give the two legs of the

H .




50 GUIDE TO ANALYSIS, ° [Parr II

syphon, and a piece of gutta-percha tubing 3 or 4 inches
long, will connect them at the top, so as to be quite air-
tight. The syphon is then used by inverting it, filling it
- with water, stopping the two extremities wit h the fingets,
and after again inverting it to its proper position, placing
the smaller leg in the fluid to be sun off when the water
will flow.
32.—The precipitate glass is again-filled up with wafer, and after
standing for some time, and being frequently well stirred up, the rough
portjon is allowed one minute to subside, and the water and suspended
matter run eff, as, before ; and this process is repcated till no matter
capable of remaining suspended for more than one minute is left.
33.—The water and suspended matter may be at once run on to a
large weighed filter, but in general it will be found more convenient to
run the whole into a large jar or precipitate glass, to be afterwards
filtered, dried and estimated. If the soil contains much fine Clay, the
impalpable matter may take several days to settle to the bottom com-
pletely. It should be allowed to do so. The clear water may then be
cautiously poured off, or, what is better, run off by the syphon. The
impalpable matter is then well stirred up with the small portion of water
left by the syphon above it, and brought on to a previously weighed
filter paper. From this filter the water may not at first run qnite
pure, and if so, the mugdy water is returned to the filter after being
. used to wash out the last portions of impalpable matter in the glass or jar.
By the time the whole is got on the filter, the pores of the paper becom-
ing partially filled up with Clay, the water will pass through quite pure.
34.—When all has passed, the filter with its contents is set in a warm
place to dry, and afterwards in a dish over a spirit lamp, or in a hot
sand-bath till all is thoroughly dried. The sand-bath is merely a
vessel or dish of sand, kept at a high temperature by a fire underneath
it, and affording an equable warmth, well adapted for evaporating pur-
poses. It is then weighed, and the weight of the dry filter paper which
had been previously ascertained, is deducted, and the exact weight of
impalpable matter noted,—call this D, .
35.—The clear solution separated from the 1mpalpable matter, con-
tains the soluble and saline portions of the soil,—call it B.
36.—The coarser part of the soil left in the first precipitate glass,
out of which the suspended portion was originally run, is now washed
out of it, and bmught ou to a weighed filter paper similar to the last.
When the water has passed through, it is dried, weighed, the weight of
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the filter paper deducted, and the rdmainder is the gross weight of the
coarser parts,—call it C.

37.—The amount estimated as moisture, 4, and tHe saline solution of
the soluble ingredients of the soil, B, may be set aside—and taking the ,
part C, let the organic matter be ascertained by ignition to a red heat,
in an*iron or porcelain spoon or vessel, for some time, till all blackness
disappears. The loss of weight in this process, will show the amount
of organic matter— ) o

38.—The coarser parts bemg now free from very finely divided

matter and quite dry, can be easxly sifted without sensible loss, and by
using sieves of different dwrees of hneness, may .be sepa.;ated into as
many gradations as the operator thinks necessary. The first may be
of wire gauze, 10 threads to the inch; the second plso*of wire gauze, 40
threads to the inch, and the third (3 being quite sufficient for all.prac-
tical purposes) of very uniform muslin, 100 threads to the inch. If w’lgz
gauze of this degree of fineness can be obtaineds it is of course to be
used in preference to muslin.  Only a single disc should be used at a
time, and no attempt made to sift a soil from which the impalpable
portion has not been removed. It is not then necessary to wash any
of the gradations on the gauze discs..

39.—The dried coarse matter is carefully brushed from the filter
paper into sieve No. 1 and sifted ; what is retained, is to be regarded
as small stones (a.) All that passed through No. 1 is put into No. 2 2,
and sifted ; the portion retained is called Grit (5.) The portion re- |
tained by No. 3 is called Sund (c), and all that passes through No. 3,
is reckoned fine Sand (d.)

40.—On comparing the relative proportions of impalpable matter,
fine Sand, Sand, Grit, and small Stones, we are prepared to form a
pretty accurate estimate of the texture of the soil, and to draw the
numerous practical inferences that depend on Tezture.

41.—The nature of these should next be ascertained, and to determine
the mineral species that constitute the rough portion of the soil, is a
point of considerable importance, for wheh we know this, we have
merely to refey to works on Chemical Mineralogy, to ascertatn the
substances of which these species are composed, and hence to learn,
1st, what substances are to be looked for in examining the impalpable
portion of the soil, when, as frequently happens, that portion has arisen
simply from the comminution of minerals of the same kind as the
larger parts; and 2nd, what are the inorganic (mmeral &e.) resources
of the soil, or what substances it is capable of affording to plants, as
decomposition of the larger parts gradually takes place.
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42 —By ascertaining the minerdl species, we are saved an analysis of
the rough part, a thing indeed seldom attempted, but which could not
be done without réducing the whole to very fine division of parts. To
. regard as Silica all the coarse parts that are not acted on by Hydro-
chloric and Sulphuric Acids, as is often done, is not strictly accurate,

43.—To a Mineralogist the recognition of the mineral species consti-
tuting the Grit, Sand, &c.,.is by no means difficult. First, the more
obvious physical characters are ascertdmed, by e\aminin;r portions of
each of the gradations under a good lens or magnifier, next the hard-
ness may be tried, and lastly, the behavxour of the different species before
the blow-pipa, either alone or with the usual fluxes.

44,—Quartz, for instance, will have a vitreous lustre, will scratch
glass, and the knite will leave on it a steel grey streak : it will be infu-
sible per se, but fusible with Carbonate of Soda into a transparent bead.
Mica plates will generally, after heating, present the appearance of
golden yellow clastic spangles, capable of being split. Felspar will be
softer than Quartz—the knife will scratch it with difficulty; alone it
will fuse only on the sharp angles, but with Carbonate of Soda, it will
fuse into a vesicular glass, or with Borax into a transparent bead. Cal-
careous Sand or Grit will be very zeadily scratched, will effervesce with
Acids, will calcine and become highly luminous before the blow-pipe,
after which, when moistenced on grey Litmus paper, it will communicate
a blue stain, &c., &c.

45.—To ascertain the®uantity of Lime in the coarse soil, it may be
operated on with Hydrochloric Acid (ZICl) as a whole before sifting ;
but as it is of considerable importance to know the state of division
of the calcarcous matter, it is better to operate on the small
Stones, Grit, Sand, and fine Sand separatcly, particularly the Sand and
fine Sand.

46.—Any convenient quantity (say 50 grains) of the portion to be
tried, is treated in the cold with diluted Hydrochloric Acid.—(About
twice the weight of the soil in Acid, and diluted with four times its
weight of water.) After stdhding for some hours, and having been well
stirred at intervals, the Acid must be ascertained by tegt paper, (i. e.,
blue Litmus paper) to be in excess. The solution is, now separated
from the insoluble residue by filtration through a weighed filter, and the
filter is washed entirely free of Acid, dried and weighed. - The loss in
weight, after subtracting the weight of the filter, indicates the quantity
of matter dissolved. If the effervescence on first adding the Acid was
gonsiderable, and if the solution is nearly colorless, the loss may be
cobsidered, as almost entirely Carbonate of Lime (e).
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¢7.—Let the imp:zlpable matter, D,"be now taken and treated in a
similar way to that pursued with the coarser portion, wviz.,, by ignition,
to ascertain organic matter (¢), which in this state of fine division or
decomposition is often, Qut not quite accurately, called  Humus,” and
afterwards with Hydrochloric Acid to ascertain the Lime (h.) The re-
mainder will represent inorganic matter (2).

48.—The process being now concluded, the necessary calculations
(from the ascertained percentafre in each 50 grains, &c.) are made,
and a Tabular Statement is drayn up thus:—

A Water in 100 parts of airtdried svil.,

B Soluble matter.

C Coarser parts consisting of

(a) Small Stones ; naming the mineral specigs if possible.

(®) Grit ditto; ditto % ditto.

(¢) Sand ditto; ditto ditto.

(d) Fine Sand; ditto dttto.

(¢) Calcareous matter in the whole, or in each of the above gra-
dations.

(f) Roots and fragments of plants in the whole, or in cach of the
above gradations. .

D Impalpable matter consisting of
(9) Organic or Humous matter.
(&) Calcareous matter.

(¢) Inorganic matter. e s

49.—If the operator be desirous of ascertainthg with more correct-
ness the true quantity of Carbonate of Lime present in the soil, the fol-
lowing method may be pursued :

50.—The filtered solution, after treating the soil with Hydrochlo;ic

Acid, (IICI) contains, it will be remembered, the Lime in combination

with the Chlorine (C7) of the Acid, which it has seized after liberating

with effervescence the Carbonic Acid with which it was previously com-
bined. It is now Chloride or Muriate of Lime in solution.

51.—To the solution Ammonia (N H, O) is added in excess, and a
precipitate falls consisting chiefly of Oxide of Iron (Fe 0) Alumina

(A4l, O5) and Phosphoric Acid (£ Q;). This precipitate is separated

by filtration, and washed till the water that has passed through ccases

to give a white cloudy precipitate when tested with a drop of a solution
of Nitrate of Silver (49 IV 0;.) This is in order thoroughly to wash
away all trace of the Chlorine of the Acid, and as long as any of it
remains, it immediately, on Nitrate of Silver being presented to it,
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combines withi the Silver, forming’Oh.l;:ride of Silver, a thick whits curdy
precipitate, which is immediately visible.

52.—The solution may contain Lime (Ca.), Magnesia (Mg.) and
Oxide of Manganese (Mn. O), and #to separate and estimate the Lime,
the following steps are taken. Td the solution which will be found to
contain free Ammonia (by testing for Alkaline re-action with Tufmeric
paper), Hydrochloric Acid is added to neutralize it, or till it gives but a
very feeble Alkaline re-action. Oxalaté of Ammonia (V H, 0) is then
added as long as it continues to produce milkiness in the solution. . The
milky precipitate is Oxalate of Lime, and as, it cannot be separated from
the solution when reeently precipitated, on account of its tendency to
run through the pores of the filter paper, it is set aside in a warm place

to subside. ) ‘

53.—The best method is to place it on the warm sand-bath at night,
#ud in the morning it will be ready for filtration. Previous to filtration,
the solution must be°ascertained to be either Alkaline or Neutral. The
filtration is of course effected through a weighed filter, and the preci-
pitate is washed with distilled water till no residuum remains, when
a drop of the water that has passed through is evaporated to dryness
on a slip of platinum foil ; the prezipitate is then dried.

54.—The Lime may now be estimated, either as Carbonate or as
Quick Lime, but the former is more convenient and requires less heat,
For this purpose the dgjed filter paper and precipitate are put into a

 Platinum crucible, and heated to dull redness over the spirit lamp, air
being freely admitted o burn off the Carbon, both of the Oxalic Acid
and the filter paper. The residue will at first appear of a grey color,
but by continuing the heat, this will be got ri¢ of. The heat is then
discontinued, and when cold enough, the crucible. and its contents are
weighed. To make sure, however, that none of the Lime is caustic (that
is deprived of its Carbonic Acid), after weighing, the powder in the
crucible is moistened with a few drops of a strong solution of Carbonate
of Ammonia (to again afford Carbonic Acid) and slowly heated to a
very dull red, after which it is again weighed.

55.—A correspondence between the two weights show, that previous
to-the first weighing, no Carbonic Acid wasdost, but if the second
weight exceed the first, it is the second that is taken as the true estimate.
After deducting the weight of the crucible and the filter ash, (which
mugt be previopsly known by burning a similar paper) the remainder
is ‘the weight of Carbonate of Lime contained in the portion of Grit or
Sand operated on.
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SECTION IIL

L]
USE OF , BLOWPIPE, OR DRY METHOD OF ANALYSIS.
»

1.—THE method of Analysis dast given, contains, it will be observed
two processes of a somewhat advanced and elaborate character, viz.:
1st.—That for determinin the.mmeraloglca.l charactér of Grit, Sand
&c., which after examination of the fragments or stones with the lens and
the file or penknife, is eventually done by the blowpipe. 2ndly.—That,
for ascertaining with accpracy By a Chemical Analysis the quantity of
Carbonate of Lime present.

2.—Neither of these form essential parts of the Analysis, however;
the operator baving separated the stones, &c., may, if unable to do it
himself, obtain their recognition at other hands, and for all practical
purposes the simple form of trial with Hydrochloric Acid, is sufficient
to determine the quantity of Lime.

3.—It will be necessary now howgver, before proceeding to the more
intricate and elaborate forms of Chemical Analysis, to devote a few
words to the descriptive use of the blowpipe; and of the usual appara-
tus and re-agents employed in Chemical Analysis. After thisI shall, in
Section IV., give further examples of Analysis, as of Water, of Soils,
and of Mineral Ores; and lastly, in Section W, a detailed proce;s of
quantitative and qualitative Analysis, with tables, by the aid of which
the student may be able to carry out the Analysis of any sub-
stance.

4.—The blowpipe has, by the labours of the German mineralogists,
Von Kobel, Plattna, and others, arrived ata pitch of correctness in
its results, that must render it a most useful auxiliary to all who
would for any reasons avoid the labouﬁ‘s with a multifarious apparatus
and the precision of manipulation, wh{ch is so requisite in the practice
S/ of Analytical Chemistry. The kind of blowpxpe now’ gene-
rally used is, that shown in the margin. The lamp used may
" be a spirit lamp, or an oil one, or ecvena candle. A good thick
wax candle, with & thick wick, gives as good a flame or
perhaps better, tham a spirit lamp,

If the blowpipe flame be ragged and irregular, it is a

proof that the hole of the blowpipe nozzle is not round or

L(_L_
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smooth, and if the flame dave’a eavity throuo'h xt, the ,apertuce
of the nozzle-pipe is too large.

5,—The action of the blowpipe upon' the flarhe of a spirit lamp, pro-
duces a conical flame, which may be divided into dxstmct parts a8
follows :—

B beirig the extmemity of the blowpxpe

1 is a small cone of air, formed by the action of the rush of air

- from the nozzle of the pipe which is highly oyidating.

2 is the outer flame formeg by the products of combustion, This
is called the * oxidatingflame” of the blowpipe, because
an assay placed here, has oxygen given to it and is oxidized,

3 iscalled the “ reducing flame,” because an assay placed in this
portion of the flame is reduced, or deprwed of its oxygen.

4 is the point of greatest heat.

5 is a space occupied by hot air, which is very oxidating.

6 is a point beyogd the actual visible flame, at and beyond

. which very oxidating effects are observed.
The direction of the 'flame should be somewhat downwards, and to
ffect this properly, the cotton-wick of the spirit lamp
a or candle should be cut thus, at the top (B being as
before the nozzle of the pipe,) and it should, at the
same time, be somewhat flattened and spread -out, so
as to obtain a good volume of flame. ‘

6.—The fragment of mineral ysed for trial, should be less than
half a‘pea in size, and often a thin splmter is all that is required.
It should be supported en Charcoal, which requikes to be of a particular
kinds firm aid close, and not subject to crack up much, as many kinds
will do undgg the intense heat of the flame. g
7q-%coa.l is espemally necessary when the reductlon of*the assay
n presenceof ear'hm, and o platinum foiceps (or steel with
phlmtm fpoints) when nmple heat is required. Platinum foil for
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» . ¢
enveloping $he mineral and small platinem cups are also used, but
they are expensive. When nothing better is at hand, the mineral
Mica may be employed. .

8.—Some species require for fusion the aid of fluxes. Those more
commonly used are Borax, (Biborate of Soda,) Microcosmic Salt or
Salt of Phosphorus, (Phosphate of Soda and Ammonia,) Carbonate of
Soda, and Cyanide of Potassium. They are fused to a clear globule,
which is readily done, to thi$ the mineral is added; or the flux is
powdered, and made up into a,ball with the moistened mineral in
powder.* In this way some minerals.are fused, that canhot be attacked
otherwise : nearly all species as they melt undergé agrtain changes in
color, arising from changes ine composition. In the absence of all*
other fluxes, Soap may be used, because on combustion the animal oil
and alkali in it become converted into Carbonate of Soda and
Charcoal. e

9.—Some practice and considerable care is required to watch the

small globule of metal surrounded by a quantity of the flux, so much
larger than itself when undergoing the heat of the flame. The assay
should in the first place be gradually heated. After fusion, in order
to obtain the mass or bead, it is netessary to remove it together with
the surrounding particles of charcoal into a small mortar, and then. to
grind it up with water. After standing a minute, pour off the water
and again wash, repeating the process of pouring off until the metal
remams at the bottom quite fre¢ from other matter. If it is brittle, ite
will be in the state of very small spangles; if malleable, it will have
adhered to the mortar or pestle, or 4 portion of it, whilst the rest may
be in large spangles.

10.—The above-mentioned fluxes also are often required in order ,to
obtain the guetals from the metallic ores.* On heating a fragment of
Copper Pyrites with Borax, a globule -of Copper is obtained, and Tin
Ore heated with Soda, yields a globulo of Tin.

11.—The blowpipe will be found to: be in many cases an immediate
and useful test. Thus, if we meet with a species of Clay, and wish to
know whether-it be fit or not for the purpose of making porcela.in, the
blowpipe will decide the question; because for the purpose of making
the finer kinds of pottery and porcelain, it is essential to have a clay,
which after burning, remains perfectly white. Many white clays are

* This is done when the powdered mineral is light, and lisble to be blown away by
the force of the flame,
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to be found, which when burnt, become more or less coloréd, and nfany
black clays burn perfectly white.
12,—The nature of Limestone may also be readily discriminated by
it. Limestone fit for making mortar and cement, does not melt by
itself, but becomes more or less whitz after being violently heated by
the blowpipe flame, and if suffered to cool and then mixed with' water,
becomes hot, as may be proved by puttmw a small portion on the hand
and letting fall on it a drop of water, ‘When a quick heat will be felt
on the skin. :
18.— Silicious stones never melt-alone, butform a glass with Borax and
Soda; Argiflaceor:s stones, when pure, do not melt, but become white and
"acquire a flinty hardness ; Fluor Spar Lecomes phosphorescent and melts
into an opaque whita slag; Zeolites melt easily, and foam in the flame,
14.—Aluminous stones, or the presence of Alumina in any notable
geantity in a mineral, may also be always detected, provided it be not
too much charged with Iron or other coloring matters by the use of
the Protonitrate of Cobalt. If a drop be placed on the assay, and it be ex-
posed to the blowpipe flame, it will, after strong ignition, acquire a blue
color, more or less vivid and intense according to the purity and abun-
dance of the Alumina which it cofitains. The test may be applied to the
hardest gems or softest clays. When the mineral is a hard stone, it is
only necessary to pulverize it well, and to drop on it a minute portion of
the test, and then to dMpose it to the blowpipe flame on platina foil.
< 15.—Quick Lime, Chalk, Magnesia, Flint, &c., merely acquire, under
similar circumstances, a dull grey or black color. Yellow Ochre,
which contains Iron, assumes a purple color owing to the red tint of
the Iron (under the flame) mixing with the blue color of the Alumina.
.16.—The trial of a mineral with the blowpipe may be conducted in
the following manner :—
1st. By tryingit in an open porcelain dish, or held in a pair of plati-
num forceps.
To observe, 1st.  Whether it fuses,
2nd. Oris volatile.
3rd. Or deflagrates. '
2nd. By expesing it to the flame of the lamp in a test-tube tem-
porarily closed at the open extremity.
1st. To observe if it blackens.
2nd. Or is combustible.
3rd. Or is vaporized and condensed into an acid or
alkaline liquid.
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» 4th. ‘Or sublimed, and tondepsed into érysta]s or powder,
and of what color.
8rd. By exposing it to heat in a test-tube open 4t both ends, held
obliquely, (the tube may be three or four inches long, and as
large as a quill or larger?)
Aghin to observe whether—
. Ist.  Acid or Sulphurous vapors are evolved.

2nd. Or sublimatts are formed; their color, and if they
melt or ofherwise; or are chased away on the
applicgtion® of heat. If they become metalllc on
rubbing ; or if they etch the glass, glgo on rubbmcr

3rd. Or if it blackens.

4th. By exposing it te the reducing flame of the Blowpipe on Char-
coal alone.

1st. To observe if it gives any and what colored incrus-
tation on the surface of the*Charcoal, vo]atlllzmg
at the same timne or otherwise.

2nd. If it becomes luminous, remaining at the same
time infusible.

3rd. If it fuses and runs into the Charcoal.

Ath. If when moistened (after being heated) with Pro-
tonitrate of Cobalt and again subjected to the flame,
it shows any particular color.

5th.—By mixing it with a Flux and exposing it to the redncmg ﬂame
either on Charcoal, or on a small bent hook of Platinum wire,
1st. Toobserve if the Bead into which it melts be brittle or
malleable, and of what color ; also if it be magnetic.
2nd. To note the incrustations and their color.

17.—Under the first head if it is found to be Fusible, it will denote
the probable presence of the fixed Alkalis, Potash or Soda, or of Lead.
2nd. If Volatile, it may be Mercury, Arsenic, Cadmium,
Antimony, Zinc, Ammonia, Sulphur or. Lead,
(partially volatile.)
3rd. If it Deflagrates, that is, crackles and flies to pleces, it
may be a Nitrate or Chlorate. '
18.—Under the second head—
1st.  If it blackens, it would indicate orgahic matter.
2nd. If combustible, Sulphur,
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3rd. If vaponzed Ammonia, Arsenic, Annmony or Mer-
cury may be looked for, and if the vapor condensed
intq a liquid give an Alkaline re-action with Tur-
meric paper, it would be probably due to the first
of these—Mercury (particularly if mixed with an
Alkaline Carbonate,) would sublimate into minute
globules visible under a lens. .

4th. If there be a yellow s.I;blimate, it may be due to Sul-
. phur, or a white one to Mercury.

The Arsenical crust has ascrystulline texture, grey color and shiny
appearance. *Fhat of Mercury has the same brilliancy, but by a lens
is found to consist of minute globules, which may be made to coalesce
by the point of a knifs. .

If Arsenic as a poison be the object of search, the sublimate (Arse-
nious Acid) should be converted into Arsenic Acid by dissolving it in
Nitro-Hydrochloric Acid, evaporating to expel the Hydrochloric (which
must be thoroughly done to prevent a white precipitate of the Chloride
of Silver interfering with the results) and then testing with Nitrate of
Silver, which with the Arsenic, if present, will form a bright red
precipitate of Arseniate of Silver. * This ought never to bepmitted.

19.—Under the third head—

1st. If there bgy Acid or Sulphurous vapors, they would in-
_ dicate a Sulphide or Fluoride; a smell of garlic
would indicate Arsenic, Acid vapors might be due

to Cobalt or Copper.

.

2nd. A white sublimate might indicate the Ammoniacal
Salts, Arsenic, Antimony, Bismuth, {Mercury, or
Lead, and if this should melt into brown or yellow
drops, it would be Bismuth. If it show a metallic
appearance on rubbing with the nail or anything
hard, Mercury ; if it is chased away by the blow-
pipe flame, Antimony.
3rd. If it blackens, with empyreumatic vapors (as of
heated grease) Organic Matter
20.— Under the fourth head—
1st. Lead and Bismuth give yellow incrustations, Zinc
. and Antimony, white ; Tin, none ; Cadmium, a yel-
. . low or reddish brown.
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» ond. If it be infusible but become luminous, then it will be
one of the five earths—Alumina, Baryta, Strontia,
- Lime or Magnesia. .

3rd. If it fuses and runs into the Chareoal, some of the
Salts of*the ﬁxed Alkalies, Potash and Soda.

4th. And if, when moistened with Protonitrate of Cobalt, it
* show a flgsh red color, it would be due to Magne-
sia; green, to Zinc; blue, to Alumina, Silicic Acid
or the PhpSphates; and a bluish green to the
Binoxide of Tin.
21.—Under the fifth head—

.
1st. Silica fuses into a transparent glass.

The metals which give brittle beads on fusion, are
Bismuth, Antimony.
Malleable beads or lumps are giten by Silver, Lead
Copper, Tin, Go]d
Nickel, Cobalt and Iron become Magnetic.
The colors of the various beads to be carefully observed are :—

In the Outer flame. ’ In the Inner flume.
Cobalt, } Blue, "ttt crenernnas Blue.
Copper, J = seveeiiicriiiiinnne. Red.
Nickel, Reddish, .......c..... cererees Grey.
Iron, Dark-red. .......... teesesssnes  Bottle (dark) green.

Manganese (fused with Carbo-

nate of Soda) Blue-green mass

of Manganate of Soda. ....... eesse  Colorless.
Chromium, Green. ...ceeeececscasess  Green.

¥ . <.
The presence of Sulphur can be detected after fusion by moistening
the mass with water, when it will communicate a stain to Silver.

2nd. The incrustations, as befor¢ mentioned, of Lead and Bismuth
are yellow, and of Antimony and Zinc white: Gold,
. Silver, Copper, Tin, Iron, Platinum, Nickel and Tobalt,

give ne incrustation. :
22.—From the foregoing we may draw the following resumé as re-
gards the metals, and the indications given by them under the

blowpipe:—

JIron.—When fused with Borax and Phosphorus Salt, (Phosphate
of Soda and Ammonia) gives a dark-red bead in the
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outer flamne, which " becomes lighter on cooling, end
in the inner flame, a dark bottle-green, the color of
wliich fades away. It has no incrustation. Iron Ores
become magnetic after being. sufficiently heated on
Charcoal before the blowpipe.
Lead—With Carbonate of Soda or Cyanide of Potassium, gives a
malleable bead and a yellow incrustation. |
Copiper.—With the same fluxes is reduced to metallic Copper in the
mass and in small pieces. In the outer flame with
. Borax and Bhos. Salt, it gives a green bead when hot,
« « which becomes blue on cooling.  No incrustation.
Zine.—Is chiefly known by its white incrustation when fused in the
innerflame with fluxes, and by the beautiful green color
it assumes when moistened with Protonitrate of Cobalt.
» Tin.—Fuses into malleable or ductile grains, and has no incrustation.
Bismuth.—Brittle metallic globules and a yellow incrustation.
Antimony.—Brittle metallic globules and a white incrustation, which
is chased away by the flame of the blowpipe.
Manganese.—Fused on Platinum foil with Carbonate of Soda (and
addition of a little ‘Nitrate of Potash or Saltpetre) gives
a green m.ass, and fused with Borax and Phos. Salt an
Auwethyst (reddish) bead. No incrustation.
Arsenic.—Is always kiwn by its odor of garlic and white incrusta-
. tion, as well as its sublimate of brilliant octahedral
crystals.
Cobalt.—With Borax and Phos. Salt, a blue bead. No incrustation.
Chromium.— With ditto ditto, an emerald bead pale in outer, but
. deeper in inner flame. No incrustation.
Silver.—Melts into metallic malleable Silver, and has no incrustation.
Gold.—Melts in the same manner, and when in solution, may be
tested by melting a little Borax on the end of a glass
rod, then immersing this in the solution, and then hold-
it in the flame of a lamp, when it will show a ruby red
color and finally metallic Gold. No inérustation.
Platinum.—Gives no re-action, and cannot be melted by common
furnace heat. Minutely divided, it will however dis-
solve in Nitro-Hydrochloric Acid (that is Aqua Regia
or mixed Nitric and Muriatic Acids) Evaporate the
solution amd dissolve again in water, to which if Iodide
-of Potassivin be added, it will give a dark color, or if

<
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) . .
Chlorate of Ammonia, a yellow precipitate of Chloride
of platinam. . )
Mercury.—1Is sublimed in a metallic dew on a glass tube, and by
scraping this together with a feather, the globules of
Mercury become distinctly visible.
23'—In addition to the foregoing, some substances are known hy the
characteristic color which thcy impart to the flame of the blowpipe at
its extremity chiefly. Thus Soda gives it a strong yellow tinge; Petash
a violet color; Lime a crimsonened ; Strontia a deeper,crimson ; Baryta
and Boracic Acid a light green, and Copper a deep green. .
24.—1It is of considerable use to acquire the powar 8f*maintaining a
constant current of air throughsthe blowpipe, at the same time that the
drawing of the breath continues regularly, as the bperation is then much
less fatiguing, and the process of fusing also more quickly performed.*
25.—~The mineral should be powdered and sifted so as to use it in a
very fine state, A small quantity of the powder lifted on the point of a
penknife and placed near the centre of the glass tube in which trial
of it is to be made, is sufficient. In observing the process of a metal
melting when under the blowpipe, it should be noticed if it appears as
a glass, clear or full of bubbles; as &namel, or as a slag.
26.—The Platinum wire should be bent into a hvok about a tenth
of an inch across and the bent part from 4 to 4 an inch long. As
much flux as this will lift, should then be taken upon it and melted
in the blowpipe flame; after which a small quantity of the assay cam
be placed on it and the operation continued. If sufficient flux be not
lifted at one dip, more may be taken (after melting the first) by a
second, and so on.
27.—When the mass of flux and assay becomes fairly subjected to
the heat of the flame, the former melts easily, and froths and bubbles in
a large quantity. The operator must pot be misled by this to imagine
that his metal is already reduced. The operation must be steadily
continued, and as it is so, the bubbling mass will gradually become re-
duced in quantity, and at length the operator will begin to see the small
globules of thé metal becoming apparent, and rolling about in the fused
flux. Some practice and skill are required to keep these t;)gether in
a convenient mass as much as possible, and not to lose sight of the
metallic globules, for, from the small quantity of mineral used, they are

* The Air also in such cases is pure Atmospheric, not deprived of its Oxygen, as it
has not passed through the lungs.
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‘of course sometlmes exceedmgly ‘minute, often scarely bigger tham a
pin's hesd, and even requiring the aid of the léns te distinguish.

28.—The operat:on of separating these small spangles and particles
from the surrounding remnants of flux and charcoal, has been already
explained. Spangles indicate that the metal is malleable, but if the
metal be left in the form of powder, it is probably not malleable. ©

29.—To the skilful operator with the blowpipe many other tests are
knopn, and aré used, such as the follbwihg —

Boracie Aeid is used to detect Phosphoric Acid; Anhydrous Bisul-
phate of Potash is used to detect Lithia; Boracic Acid, Bromine and
Todine, Gypsura ond Fluor Spar are employed as tests for each other,
bemg fusible together into a bead, which is transparent while hot, but

 opague when cold. < .
~Tin, in the form of strips of Tin foil, promotes the complete reduction

: of metallic oxides.
. Iron, in the form of very fine wire, is used for detecting Phosphoric
Aéid.

Silica with Soda is a test for Sulphur, and Sulphuric Acid.

‘Oxide of Copper is used for detecting Chlorine and Iodine.

For the proper management df these I must refer the reader to
Phillips’ Mineralogy (last edition), or either of the German authors
,beforementioned, Von Kgbel or Plattna.

30.—The more exact kinds of Chemical Analysis require more
extensive apparatus, and the employment of a considerable number of
Chemical Salts or Re-agents. Of these I will now give some descrip-
tion, kefore proceeding to detail the Analyses in which they may require
_ t0'be employed.

31.—In preparing soils to be operated on, among the first things
required are, a pestle and mortar, scales and weights, and washing
or precipitate glass jars; together with which glass rods to stir the
‘mixtures are necessary. '

32.-~The pestle and mortar need not be large, aud may be of
Wedgewaod ware. = It is usual to insist generslly on the scales and
weights used in the operations of Chemistry being very fine and
accurate, turning with ‘the 1000th of a grain, kept under a glass
case, &c., but for the nature of work to which I suppose the student in
India to apply himself, it will, I believe, be found quite sufficient, at
least"until he have made some advances in Analysis, to use a good pair
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of gorrect apothecaries’ scales.* The Waslnngmr precipitate jars may be
of the shape given in th¥ mar-
Fig. 1. ] gin, (Fig. \ 1, thtee or four of sizes
Wash or Pretipitate Jar fitting into each other.
*  33.—The next things requisite
- are the apparatus for. filtering,
which consists of a filter stand
with rings to slide gttached, theee
or four gla.ss funnels of - ﬁtﬂ’et
,ent sizes, and filter papers. -
34. ——The ﬁlter stand, if mulg-
of Iron t'hroughout with a.tlndc,-
. base, will, pe firm :md 'p?eady.,

§$ ' N The sliding rings of abeut twg'to .
B ———— . . :
. three inches diameter movempon
Fig. 2 the upright Rod, (see Fig.2,)and *
Filtering and E 1’((100[‘(1[1”7 clamp with a screw at the .
Steend back. The glass- funnels‘and

filter papers are of different sizes. The latter, prepared of a circular
shape, 2%, 4} and 5} inches in diameter, and packed in bundles of 100
each, as sold by Messrs Griffin, of Baker Street, are very convenient.
They merely require to be folded twice across, and then inserted in the
glass funnel, A few drops of plain water will cause the filter paper to¥"
settle or adhere to the glass, and both hands can then be employed to
pour in the solution to be filtered. This should be done, in order to
prevent accidents, by holding a glass rod nearly perpendicularly to the
lip of the vessel from which the liquid is poured, and allowing the solu-
tioh to flow down this on to the paper, which it will do gently and with
perfect safety. A too acid solution will corrode through a filter paper,
or a too large and heavy one will break through it. The remedy for
the former is dilution with water, for the latter the precaution of
using a double filter paper. Some glass funnels are grooved at the

* The Table ot: weights is the followmg, called “ Apothecaries”—
20 Grams =1 Soruple )
8 Beraples 2 4 Dram 3
8 Dramy’ = F-Qunce
12 Ounces = 1Pound

Hence 1 Pound is &= 5,760 Grn.ns, and a Pint (which is=1 Ga.llon or 70,000 Grains
divided by 8 or = 8,750 Grains,) is nearly = 1} 1b ( = 8,640 Grains).
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sides to allow the fluid to filter mbre readily; the Filter paper shonld
always be smaller than the Funnel.
85.—Then for ‘evaporating, there are required half a dozen evapo-
rating porcela,m dishes of sizes, packing into each other, and a spirit
lamp with Spirits of Wine or a Saud Bath.
36.—The evaporating dishes are very necessary articles, and will be
. constantly in use. They "are placed on the rings of
- of the filter stand, aud the spirit lamp being under
H\’_:—:l them, their height over it is adjusted in accordance with
the degree of heat required. But the Sand Bath is a cheaper and more
convenient mogde of evaporatmg when not travellmg It consists mere-
ly of a Tin or Iron box full of fine Sand, kept hot by being placed over
the fire. In this, or, on this, the saucers with their contents requir-
ing, evaporation are placed ; sometimes even a Hot-water Bath similan
ly managed is used, when only a very gentle and equable heat is
required. ‘
37.—When solutions are being filtered, the liquid may be received
either in evaporating dishes or in test tubes, for further testing with
re-agents. For this purpose will
Fig. 3- Test Tube Stand . be required therefore one dozen or
XK R more glass test tubes, (see Fig. 4,)
about 6 inches long and } to
inches diameter, with a small wooden
stand, (‘see Fig. 3,) to hold them, and

T 0h" ‘ a small case, similar to a card cash,
: containing Litmus and Turmeric
Fig. 4. ,/7.? st Tube papers. With the tubes should be

a tube cleaner, as it is absolutely

necessary that they should always
. be kept clean. In this state they
are placed mouth downwards on the
pegs of the-stand ; and when con-
taining solutions under examination
put aside for a time, in the holes constructed for them. The Lit-
mus paper (blue) is to test if a solution be acid, which it does by imme-
diately turning red when dipped into it. The Turmeric paper tests
the fact of its being Alkaline in like manner by turning brown.
As these papers_are very sensitive, they will sometimes change color,

if ouly placed near Acids or Alkalies, and should theref'ore be kept
apart. -,
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»38.—For fusing metals in the *furnace, crucibles are required.
These may be Platthum or Porcelain ; the former
.are expensive; small Iron Wire triangles to
sypport them, and also to support watch
glasses or véry small evaporating ‘dishes, are
N useful, and also a pair of steel forceps to hold
/—’ ’_‘\\ them, remove their covers, &c. If no convenient
) form of pbrtable furnace be obtained, the fusing
may be performed, but of cougse not so conveniently, over a coke or
even a charcoal fire, (twg or 'threg, parts of coke ‘mized with one
of coal and broken into pieces, the size of a walnut, pake a good
fuel)

39.—For the blowpipe operatlons before describéd, are required a
blowpipe, platinum wire and foil ; some prepared charcoal made from
proper wood, a pair of forceps with platinum points, and glass tubes,
open and also closed at one end. The nature of*these has been before
described. The platinum foil is used to evaporate drops of a filter-
ing solution over the spirit lamp, and thus to ascertain by no residue
being left on the foil or otherwise whether it be pure or not. The
glass tubes are of a thicker kind than the test tubes, which if used, melt
and crack under the heat of the blowpipe.

Platinum foil may also be used to envelope such substances
as split or decrepitate under the heateof the blowpipe, the Ni-
trates and Chlorates, for example, and thus prevent their flying
about.

40.—Besides the foregoing, glass tubing and India Rubber piping

Fig 6 Wash Bottle will be found useful to construct

N Syphons and for other such
purposes; such for instance as
making a wash bottle, (see Fig.
6,) which is used for washing
precipitates on a filter perfectly
free from any trace of the acid,

&ec., with which they may have

. béen in solution. By blowing air
in through the tube at a; as much
distilled water as may be. required

is expelled at 2.

Fig. 5
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41 —In the last processes of Ahalysis given, it becomes pecessaryeto
use Sulphuretted Hydrogen Gas;
which having the strongest smell of
rotten eggs,, is mot by any means
“pleasant in a house, and is therefore
generally employed in the opeéh air.
The apparatus for the purpose is
figuréd in the margin ( Fig.7,)and
may, either be made up or obtained

. readly made. A quantity of Sulphide
of Iron is required to be kept ; some
of this broken up is placed in the
bottle A and dilute Sulphuric Acid

poured on it through the tube a.
C The Sulphuretted Hydrogen Gas
(H 8) generated passeswap the tube
_ b, thence by the aperture ¢, through

% tho water in the bottle B, and by the
tube d it is conveyed into the solution in the test tube C, precipitating
by its action the sulphides in solutien.

The corks in the necks of the bottles, and every possible aperture
must be well luted, to prevent the escape of any Gas, and to ensure the
good working of the apphretus. Corks may be covered when neces-
sary, with a solution of sealing wax in Alcohol.

The water in the+bottle B may be preserved, as it becomes impreg-
nated with the Gas and acquires a similar precipitating effect.

42.—A glass tube, with a graduated, elongated and enlarged bulb at
Fig. 8 the bottom, (‘see Fz:q: 8, ) is useful to take up and transfer to any

2 other vessel a certain amount, and no more, of water or any

7 Acid. The tube is immersed in the bottle containing the

liquid, the upper end being left open till the required amount

of liquid has risen into it; by merely then closing the upper
aperture @ with the finger, the liquid is prevented from falling

“ back into the bottle when the tube is lifted out,cand by again

removing the finger when it is held over the vessel to which

the transfer is to be made, the liquid is allowed ‘to fall
into it

\
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43.—All the npp;,ratus mefitioned,” with the exception of Platinum
capsules, and evaporating dishes, which are expenswe, may be procured
in a compact box measuring 1’ 93* x 12" x 10}” together with a tray
fitting into the same and containing 35 bottles, glass stoppered, of Acids
and Re-agents, such as will be described, for about £6 or £7, from
Messi8. Simpson and Co., No. 1, Kennington Road, or from Messrs.
Griffin, 10, Finsbury Square, London. , -

44.—The foregoing are somé of the most necessary and useful appa-
ratus for Chemical Analysis. [The operator may, however, make up
many things for himself with thé aid of glass bottles and tubing, Gork
and Gutta Petcha or Caoutchouc. Sheet Caoutchoug will effect many
joinings of glass tubes if cut clgan and joined zmmedzately while the
edges of the cut arc fresh .

Herein lies one great difference between modern chemical operators
and the alchemists of old. Where they had furnaces, and complicated
iron vessels @) a large scale, which obliged them t¢ work in a spacious
and separate laboratory, the modern Chemist, by the use of Gas, Spirits
of Wine, Platinum, Cork, Glass and Gutta Percha, or Caoutchouc, is
enabled to work almost in his own drawing-room at many operations
of Analysis. .

45.—Liebig, in his admirable letters on Chemistry, from which I
have borrowed largely, and which affords a delightful treat to all, but to
the chemical reader especially, writes thus on the subject :

46.— Without Platinum it would be impossible in many cases.to
make the analysis of a mineral. The mineral must be dissolved, and it
must be first rendered soluble or prepared for solution. Now vessels of
Glass, of Porcelain, and of all non-metallic substances are destroyed by
the means we employ for that purpose, Crucibles of Gold and Silver
melt at high temperatures. But Platinum is cheaper than Gold, harder
and more durable than Silver, infusible at all temperatures of our fur-
naces, and is left in tact by Acids and Alkaline Carbonates; Platinum
unites all the valuable properties of Gold and Porcelain, resisting the
action of heat and of almost all chemical agents.

47.—* Glass, transparent, hard, colorless, unchanged by Acidé, and
most other liquids, and at certain températures more plastic and flexible
than Wax, it takes, in the hands of the Chemist, and in the flame of a
proper lamp, the form and shape of every piece of apparatus required
for his expggiments.”

48.4~Cork. “ What precious properties are combmed in cork! How
little can any but Chemists appreciate its value and recognize its good
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qualities! We might cudgel our brains in"vain, in the hope of replacing
Cork, as the ordinary means of closing bottles, by any other substance
whatever. Let us imagie a soft highly-elastic mass, which nature
herself has impregnated with a matter of properties resembling wax,
tallow and resin, yet dissimilar to all these, and termed suberin.

% This renders it perfectly impermeable to fluids, and in #% great
measure even to gases. By means of Cork, we connect wide apertures
with narrow ones; with Cork and Caoutchouc we connect our vessels
and tubes of glass, and construct the most complicated apparatus with
the aid of the brass founder,and the mechanist of screws and stop cocks.
Thus the imrplements of the Chemist are cheaply and edsily procured,
immediately adapted to any purpose, and readily repaired or altered.”

49.— For a laboratory a light, warm, comfortable room, instead of a
damp, cold vault, where beantifully constructed lamps supply the place
of furnaces, and the pure and odorless flame of Gas, or of Spirits of Wine,
supersedes Coal or other fuel,and gives us all the fire w¢fpeed.

“'To these simple means must be added the balance, and then we
possess every thing which is required for the most extensive researches.”

50.—The principal Acids and Re-agents likely to be required, may
be enumerated as follows:

Miner@d or { 1, Sulphuric; 2, Nitric; 3, Hydro-

Acids Inorganic, chloric ;
§8reeeee Vegetable or { 4, Acetic; 5, Tartaric; 6, Oxa-
Orgamc, ...... lic3*

Volatile - Ammonia or ¢ 7, Ammonia; 8, Oxalate of; 9, Car~
Alkali, ...{ the Volatile Al-{bonate; 10, Sulphide of Ammonium ;
kali, «eeeeeeenese L11, Chloride of Ammonium ;
t (13, also the Nitrate; 14, Chromate;
12 Potash or | 15, Sulphate; 16, Ferro-Cyanide of
. the  Vegetable< Potassium; 17, and Ferri-Cyanide of
Fl.xed Al- Alkali, Potassium; 18, Cyanide of Potassium;
kalis, eeeer ] 19, Carbonate of Potash ; .
2, Carbonate of ; 21, Phosphate
_SOda or th.e{22, Biborate; 23, Phosphate of? Soda
L Mineral ‘Atkah’ and Ammonia.

* Another Vegotable Acid, Gallic Acid, was at one time much used,dicﬂyas a test
for Tron, but is not so now in the presence of other tests, as the Ferro-Cyanide ‘of Potus-
srum, or Prussiate of Potash, &,
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Besides the above—

24, Sulphate of Magnesia ; 25, Nxtrate of Silver; 26, Protonitrate
of Cobalt; 27, Nitrate of Lead ; 28, Sulphate of Copper; 29, Chloride
of Barium; 30, Protochloride of Tin; 31, Perchloride of Gold; 32,
Per or Bichloride of Platinum; 33, Perchloride of Iron; 34, Per-
chloride of Mercury; 35, Sulphide of Iron; 36, Protosulphate of
Iron; 37, Acetate of Soda; 38, Protonitrate of Mercury; 39, Sul-
phate of Lim'e; 40, Nitrate of Ainmonia; 41, Lime Water; 42, Alco-
hol; 43, Chloride of Calcium. |,

51.—SULPHURIC Acm,—Oil'c;f Vitriol (SO;). Is found in the,in-
organic kingdom in the waters of some Volcanjc. yegions, evi-
dently produced by the combustion of Sulphur. In the organic
kingdom, the Sulphates «of Lime, Potash and Sodd have also been
found in plants. When mixed with water, Sulphuric Acid evolves
heat; Free Sulphuric Acid, or the soluble Sulphates, are recognized by -
a solution of gany of the Barytic Salts as (Chloride* of Barium) BaOCl
which throws down a heavy white precipitate, (Sulphate of, Barytes)
Ba0, 804 insoluble in Acids or Alkalies. “If this precipitate or any inso-
luble Sulphate be ignited with Charcoal, it is decomposed, and converted
into a Sulphuret, (or, which is the same thing, a Sulphide or equal propor-
tions base and acid), which on the addition of Hydrochloric Acid (HC?)
evolves Hydrosulphuric Acid (HS or Sulphuretted Hydrogen), known
by its odor (rotten eggs), and by its blackening paper moistened with
Acetate of Lead (Pb. 4) or any soluble Salt of Lead. If Sulphuric Agid,
(80;) be heated with organic matter, Sulphurous Acid (80,) is given
out; this may be known by its odor, and by its occasioning the formation
of the blue Iodide of Starch, when mixed with Todic Acid and Starch.

When some Sulphurets, as for example Iron Pyrites (Fe S,), are
heated in the closed tube, part of the Sulphur is volatilized. If a
mineral containing Sulphuric Acid, or‘Sulphur be fused on Charcoal in
powder with two parts Soda (Na0) and onc of Borax, and then placed
in a drop of water ona bright surface of Silver, the Silver will turn
brown or black.

To determine whether Sulphur exists in a compound as a Sul-
phide or as a Sulphate, the powdered mineral may be boiled with
Caustic Potash and water, and then filtered. In this solution, if a bright
piece of Silver (as a rupce) be placed, it wil}, in the case of a Sulphide
or Sulphuret, be blackencned over the surface, but not, otherwise.

The suffocating fumes which arise from burning Sulphur are Sul-
phurous Acid (SO,). This acid is used to bleach sponge; Sulphuric
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Acid is also much used for ‘bleaching. Mineral Sulphurets on Char-
coal, or in the closed tube, evolve Sulphurous Acid also.

Sulphurous Ac¢id is prepared by .acting upon Copper or Charcoal
with Sulphuric Acid. "For this purpose small pieces of Charcoal ure
introduced into a flask with from six to eight times their weight of Sul-
phuric Acid and.a moderate heat applied. The evolved Gas must be
‘conducted into cold water until it is no longer absorbed. On account
of theé great tendency which this Re-agent hés to absorb more Oxygen,
and become converted into Sulphuric Acid, it must be preserved in
. well-stoppered bottles. . ‘

SulphuricAcid ic frequently i 1mpure by the presence of Lead (em-
ployed in its manufacture) This may be detected by adding water,
when the white insoluble Sulphate (P5 SO, ) isprecipitated ; or by adding
Hydrosulphuric Acid (HS) to the dilute acid when a very slight

“change of color indicates the formation of the black Sulphuret of Lead
(Pb 8S). .

Dilute Sulphuric Acid poured on the Sulphide of Iron produces
the Gas called Sulphuretted Hydrogen (HS).

Sulphuric Acid and the soluble Sulphates precipitate Strontia and
Lime. The former completely, but the precipitate will not appear im-
mediately, unless the solution be very concentrated.

The latter only partially and in concentrated and cool solutions,
and. the precipitate re-dissolves in a larger amount of water. . Hence

. Chalk, Carhonate of Lime (£aO CO,) is sometimes used to detect
Sulphunc Acid.

Sulphuric Acid is used to discover the acid with which any base
may be combined, as when poured on it and heat is applied, it expcls
the Nitric, Hydrochloric, Acetic and Fluoric Acids. These may be dis-
covered by their appropriate tests, viz., the reddish fumes of Nitrous
Oxide and the Salt deflagrating if a Nitrate ; if Hydrochloric, by Nitrate
of Silver and the formation of white fumes with Ammonia. The pun-
gent vapor of vinegar if Acetic, and etching glass if Fluoric.

§2,—N1TRIC ACID—(2) or Aquafortis—(NO;).

In the inorganic kingdom the Nitrates of Potash (Saltpetre) (KO NO;)
Soda, Lime, and Magnesia are found on the surface of the earth in
various parts of the world,

In the Organic, the Nitxgtes of lee and of Potash have been found
in plants, .

Whem Nitric Acid is mixed with water, heat is evolved. It
evolves white fumes, and must therefore be kept in a tightly closed
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bottde ; light also affects it ; it stains the skin yellow. It parts readily
with its Oxygen, oxidizing all the metals except Gold and Platinum,
and some of the rarer ones, becoming itself convarted into Nitric Oxide
(or the Binoxide) (N O,) which, in congact with the air, is changed
into red fumes of Nitrous Acid (N o, )

All the Oxides of Metals generally met with, dissolve in it ex-
cept the Bingxide of Tin (St 02) and Oxide of Antimony (4= 0.)
Gold and Platinum remain ‘unaltered by it, hence it is gencrally used
as a solvent for alloys of the precious metals, as, if complete solution
takes place, Gold, Platinum,Tin and Antimeny must be absent. Ifa
white insoluble sublimate separates, Tin and Antimony &% indicated,
and if a metallic residue, Gold and Platinum.

If Hydrochloric (Muriatic) Acid, (H Cl) be added to Nitric Acid,
four parts of the former to one of the latter, the powerful solvent
called Aqua Regia is produced, which has the power of dissolving leaf
Gold and also Platinum in small division of parts. The presence of
Gold in solution may be tested by the Protochloride of Tin (Sz+ H Ci)
or the Protochloride of Iron, which gives a purple or dark color known
as the purple of Cassius.

Dilute Nitric Acid will detect Sttel from Iron. A drop on the
former will cause a black stain after remaining a few minutes, convert-
ing the Carbon of the Steel into Charcoal. On Iron it merely leaves
a grey stain, but must be used so dilute as feebly to act only on the
blade of a common penknife. If a rough article, it should be first clean-
cd with a file or emery paper, and then the Acid applied very dilute.

Nitric Acid is used to dctect Starch in vegetable substances. If
the substance be digested for some days in dilute Nitric Acid, and
Alcohol be then added, Starch will be thrown down. .

Nitric Acid may be thus detected: evaporate a portion of the solu-
tion supposed to contain Nitric Acid to dryness; add Sulphuric
Acid and Solution of Sulphate of Iron; when the solution assumes a
brown tint, more or less deep according to the quantity of Nitric Oxide
evolved.

Nitric Acid liberates Iodine from its Hydrogen and metallic com-
pounds, Nitric Oxide bBeing given off. The liberated Iodine com-
municates a brownish yellow tint to the solution, and if it is concentrat-
ed a portion of the Todine separates as a blackeprecipitate. 'When solid
Todides are heated with Nitric Acid, the Iodine sublimes.in the form of
violet colored vapors, which condense upon the colder parts of the
vessel as a blackish sublimate. .

’ L
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The Nitrates deflagratc when heated by the blowpipe, or thrown
on a red hot Cinder or Charcoal, and heated in the closed tube, they
yield Nitrous Acid, which is known by its color and smell. Nitric
Acid is generally used dilute, gne to five of water.

53.~HyprocuLorIic Acip—(Muriatic,) (Spirit of Salt.)—(H CL)

In the Inorganic kingdom it is found as one of the gaseofis pro-
ducts of Volcanocs. Combined with Ammonia, it is found in Volcanic
regions. o

In the Organic, it is an essential censtituent of the Gastric juice.

Chlorine Gas (Deriv. frem xAwpoc, grecn,)is obtained by the action
of four parts of Hydrochloric Acid on one part of Peroxide of
Manganese, a gentle heat being applied. A solution of the Gas may be
prepared by passing- it into cold water, but'it must be excluded from
light and kept in well-stoppered bottles.

It fumes in the air, from its affinity for aqueous vapor, which it con-
denses, hence the fumes; and also morc strongly when in contact
with the vapor of Ammonia, whence the presence of the latter is de-
tected, or vice versa that of the former, by using a glass rod moistened
with one and held over the vessel supposed to contain the other.

Its presence is readily detected® in solution by the Nitrate of Silver,
which causes with it a precipitate of the Chloride of Silver. This
being very white arg clotty or curdy, is immediately perceptible;
the precipitate also blackens by exposure, and is insoluble in Nitric
A-id, but soluble in Ammonia.

Chlorine may be detected by being heated with Chromate of Potash
and concentrated Sulphuric Acid, a brown gas is disengaged which
condenses into a blood red liquid (Chromate of Chloride of Chromium).
On adding Ammonia in excess, the color changes to ycliow, owing to
the formation of neutral Chromate of Ammonia; on the addition of an
Acid, the yellow changes.to a reddish yellow color, owing to the for-
mation of an Acid Chromate.

Hydrochloric Acid precipitates the Oxides of Silver, Mercury and
Lead, as Chlorides. The Chloride of Silver (4g Cl)€ insoluble in Water,
is soluble in Ammonia, but can be re-precipitated by any Acid, as this
would destroy the solvent. Chloride of Lead'(P5 CI) is slightly solu-
ble, but not in Ammenia. Chloride (Pretochloride) of Mercury (or
Calomel) is insoluble in water, and changes in color from white to black
with Ammonia.

dn: combination with Ammonium or Potassium (Chloride of Potas-
§ium) it is uscd as a test for Platinum, producing a yellow crystalline
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pracipitate, the formation of which 'is promoted by free Acid. The
Chlorates when heated evolve Oxygen and are converted into Chlo-
rides. . )

By itself it cannot dissolve Gold or PJatinum, but mixed with Nitric
Acid (making Aqua Regia) it does do so.

It #s occasionally impure with Iron or Sulphuric Acid. The for-
mer may bg detected by saturating the Acid with Carbonate of Soda
(i e, making it neutral) and thén adding the Ferro-Cyanide of Potas-
sium, when a blue tint will be produced, Or it may be, supersaturated
with Ammonia or its Carbenate, when a red tint, that of the Peroxide
or Sesquioxide of Iron, will be shown. e te

Chloride of Barium will datect Sulphuric Acid, but the Hydro-
chloric Acid should be fitst diluted with five or six times its volume
of water.

Hydrochloric Acid is used dilute, one to four of water.

54.—AcETIC AciD—(4) (HO C, H, 0,) — (Ho A) or A.

Is met with free, or combined with Potash, Lime, or Ammonia
in the juices of many plants ; Acetates of Potash and Lime have been
found in the sap of the elm, and Acetate of Ammonia in the fruit of the
Areca Catechu. .

The Vinous fermentation produces Alcohol, and Alcohol by oxidation
is converted into Acetic Acid. -

It fumes like Hydrochloric Acid with Ammonia, and produces no
precipitate with Lime, Baryta or Nitrate of Silver. With Potash.ite
forms a very deliquescent Salt. Alum is soluble in it. It crystallizes
in rhomboidal plates.

Acetic Acid of considerable strength may be prepared by satu-
rating perfectly dry Charcoal with common vinegar and distilling ; the
water comes over first, and as the heat increases, is followed by the
Acid. Strong Acetic Acid is also obtained by exposing vinegar to a
freezing temperature, when the water congeals while the Acid remains
liquid, and may be strained off.

It may be impure with the Acids, or with Copper, Tin, Lead, &c.
Sulphuric Acidpif present, will be detected by Chloride of Barium, Muria-
tic Acid by Nitrate of Silver, Nitric Acid by introducing a piece of
Silver, when, the Nitrate ofs Silver being formed, its presence would be
detected by Hydrachloric Acid, as before. Lead, Copper or Tin would
be recognized by the precipitate produced by Hydrosulphuric Acid,
(#S8), which "throws down dhe Sulphates of these metals respectively
white, blue and white colored, or by Ammonia. Lead would also be
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detected by the Todidg of Potassium, which would throw down a yellow
precipitate of Iodide of Lead.

All the Salts of Acgtic Acid arc soluble; those of Mercury and
Silver the least so.

The Persalts of Iron impart to solutions of the Acetates a blood red
color. ¢

Several Acids, when distilled at a high temperature, undergo decom-
position, and new Acids are formed.

Their names remain the sime, or have the word  pyro” prefixed, as
Pyrocitric Acid; Pyrogallic Acid; Pyroligneous Acid (or thus concen-
trated Aceticofcid,) is obtained by destructive distillation from wood
for chemical purposes. «

Acetic Acid is generally used dilute, one to four of water, and
is employed to re-dissolve precipitates, and acidify solutions, and is use-
ful in the separation of Phosphoric Acid.

55.—TARTARIC AciD—(2 HO, C, H, O,, or 2 HO. T))—

Spoils when in solution, and is therefore generally kept in crystals.
It is termed a fixed organic Acid, as it cannot be distilled or volatilized
without decomposition.

Tartaric Acid is peculiar to the vegetable kingdom. In the free
state it exists in Tamarinds, Grapes, the Pine Apple and Pepper. It
is found in combinatimg with a base, as in the form of Bitartrate of
Potash in Tamarinds, Grapes, Mulberries, &c.

It is the sour principle of Grapes. On the side of the vessels
containing fermenting Grapes (for winc) crystals of this acid, called
Argal or Tartar, combined with Potash, are formed, and these when
purificd are Cream of Tartar.

,Cold water dissolves crystallized Tartaric Aud boiling water takes
up twice its own weight of the Acid. Alcohol sparingly dissolves
it. Heated with either Nitric Acid (NO;), or Potash( KO), it yields
Oxalic Acid, (O) By the action of Sulphuric Acid, (S0,) on it, Acetic
Acid (A) is formed.

With lime water it yields a white precipitate (Tartrate of Lime) solu-
ble by either excess of Acid or the addition of a little Sal Ammoniac,
(Muriate of Ammonia,) but insoluble in water.® Dropped into a solu-
tion of Sulphate of Lime it furnishes no precipitate. Heated with a
solution of Chloride of Platinum, Tartrate of Potash occasions a black
precipitate, metallic Platinum. With Nitrate of Silver, Tartrate of
Potash furnishes a white precipitate (Tartaate of Silver,) which when
heated, does not deflagrate, but becomes brown, froths up, evolves white
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furges, and leaves pu.re Silver. Acetate of Lead throws down a precipi-
tate from a solution of the Salt, which if the Salt be pure, is soluble in
Nitrie Acid, but if insoluble, it would indicate the pres;ence of Sulphuric
Acid or a Sulphate. .

Tartaric Acid throws down from®concentrated Neutral, or Alkaline
Soluti#ns of Ammonia or Potash, a white crystalline precipitate of
Bitartrate of Ammonia, (NH, O, HO, T'), and Bitartrate of Potash

(KO, HO, T, which is soluble in water, the free Alkalies and the
Mineral Acids. *e .

It produces no precipitate in solutions of* Soda, as the Bitartrate of
Soda is soluble. ’ :

Chloride of Barium producesein solutions of the Tartrates a white
precipitate of Tartrate of Baryta, which is soluble®in solutions contain-
ing Ammoniacal Salts. Chloride of Calcium, (Muriate of Lime) preci-
pitates from solutions of the Tartrates a white precipitate of Tartrate of
Lime, insoluble in water, but soluble in Acetic Acid', the Mineral Acids,
and solutions containing Ammoniacal Salts. It is distinguished fromn
Phosphate of Lime and Borate of Lime by dissolving in a cold solution
of Caustic Potash, from which solution it is precipitated on boiling and
again re-dissolved as the liquid cools.

Tartaric Acid is used in the proportion of one to two of water,
and chiefly for the determination of Potash, Ammonia, Tin and Anti-
mony (as Antimony dissolves, but Tin does not, in a hot concentrated
solution of it) ; also to acidify solutions to render them neutral. —

56.—0xaLIc Actp—(H0, C, O, or HO, O)—

Is usually placed among the Organic Acids, but as its Salts upon
ignition leave no Carbonaceous residue, it is sometimes included in the
list of inorganic Acids. It crystallizes in 4-sided prisms, is the acidui-
ous principle of the Wood Sorrel (Ozalis Acetosella ), and is, as is well-
known, highly poisonous. It also exists uncombined in the liquor
which exudes from the pea, Cicer Arietinum, and may be procured from
the geranium acidum.

It may be obtained readily and economically from Nitric, Acid
and Sugar, crystallizing in prismatic and needle-shaped crystals. Let
6 oz. Nitric Acid and 1’0z Sugar be distilled to a syrup and allowed to
crystallize. The crystals must then be dissolved in water, re-crys-
tallized, and dried on blotting paper.

-Oxalic Acid readily dissolves Alumina, and the solution gives, on
evaporation, a yellowish transparent mass, sweet and a little astrin-
gent to the taste, deliquescent and reddening Litmus paper. This Salt
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swells up in the firg, loses its acid and leaves the Alumina a little
colored.

Its usnal form is in combination with Potash or Ammonia. In
the latter it is very useful as a test for Lime, which it detects in even
very dilute solutions, forming with it a decided white precipitate of
Oxalate of Lime, which is insoluble in Acetic Acid (2) '

The Oxalate of Potash, under the name of * essential Salt of
Lemons,” is employed to remove Ink-stains”and Iron-moulds from
linen. . .

All the Oxalates are decomposed at & red heat into Carbonic
Acid (CO ,)-and Cdrbonic Oxide (CO.) If the base with which the
Acid is combined be an Alkali or an Alkaline Earth, it is left as a
Carbonate ; the othey bases are left either in*an oxidized or metallic
state, according to their greater or less affinity for Oxygen.

Oxalic Acid is used to precipitate both Baryta and Strontia from
their solutions. This it does better with the aid of Ammonia, and
more readily the latter than the former.

One part by weight of the Acid in 20 parts by measure of water is
the common mixture for use.

57.—AMMONIA—(NHj;) ‘

When Ammonia, a gas,” which consists of Nitrogen "and Hydrogen,
is dissolved in water, it unites with one atom (HO) forming NH, O,
and this is the usual foin in which we have it.

<Free and in combination it exists in both kingdoms of Nature.
In the Inorganic, the Muriate and Sulphate are found in the neighbour-
hood of valcanoes. The former also in Sea Water and in some Mine-

ral waters. Ammonia exists in many of the native Oxides of Iron,

and in some Chalybeate waters,

In the Organic kingdom it is found in green vegetables, in small
quantity only ; it is developed as Carbonate of Ammonia during the
decomposition (spontaneous or artificial) of most vegetable substances
which contain Nitrogen, as Gluten. It is one of the products of the
putrefaction of animal matters, and is found in urine, in dung, and in
rain water. .

Ammonia is readily recognized by its peculiar odor, by its action
on turmeric test paper, which it reddens, or reddened Litmus paper,
which, it turns blue, and by its forming white fumes, as before stated,

with Hydrochloric Acid.  If any stronger base, as Lime, Potash, or Soda

‘be added to a solution containing it, it will be liberated, and may be

_ racogniged ag above. Its presence in rain water may thus be detected.
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IfsSulphuric or IIydrochloric Acid be added o rain water in small
quantity and evaporated nearly to dryness, and then a little powdered
Linfe added, the Ammonia which was in combination with the Acid
will be separated, and pecognized by its pungent odor.

Ammonia and its Salts impart to the blowpipe flame no charac-
teristc color as Potash and Soda, the other Alkalies do, viz., the former
violet, the Igtter yellow.

Perchloride (Bichloride) of Dlatinum (Pt CI,) produces in neutral
and Acid solutions of Ammonia, a yellow crystalline precipitate, which
is a double Salt of Chloride of Ammonium and Chloride of Platinum
(NH, Cl, Pt Cl,.) This precipitate is not readily obeerwable at first,
but is apparent on standing.

Ammonia precipitates even in the presence of its Salts, the Oxides
of Alumina (4!, O ) the Oxide of Chromium (Cr, O;) and the
Peroxide of Iron (Fe, Oy) as Hydrates, the last of a red brown color.
The precipitates are insoluble in an excess of the re-agent.

If its Salts be not present, it also precipitates the Protoxide of
Iron (Fe O) and the Oxide of Manganese (Mn O) as Hydrates, inso-
luble in excess of the re-agent, but not in the presence of its Salts.

Zinc it precipitates as Hydrate®(Zn0, HO) Nickel also as Hy-
drate of a green color (N:O, H0), and Cobalt as a light blue pre-
cipitate, all three soluble in excess of the re-agent.

Lead and Bismuth are precipitated by it as Hydrates insoluble in
excess of the re-agent, and a similarly insoluble white precipitatowef
Mercury is formed from solutions of the Peroxide of Mercury. The
precipitates of Cadmium and Copper (the latter of a fine blue color) are
soluble in excess of the rc-agent.

Ammonia communicates a deep blue color to the Salts of Coppir
The same effect is produced with Nickel, but in order to discriminate,
saturate in excess with Sulphuric or Nitric Acid, and then immerse
a slip of Zinc. Copper will be precipitated on this, but not Nickel.

A beautiful green color is frequently given to pickles by boiling
them with half pence, or allowing them to stand in Copper vessels for
some time. The Acetate of Copper, or Verdigris (a poison), is thus
formed from the Vinegar and Copper. The minutest quantity of Cop-
per may, however, be detected by Ammonia diluted with an equal
bulk of water poured over the chopped pickles, as it directly assumes a
blue color. .

Ammonia is useful as distinguishing the Salts of Lime and Magne-
sia. . The former it does not precipitate, at least when present alone, .
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but Magnesia it precipitates par'tially, and when Alumina is present

with it, completely.

If pure, when a portion of the. liquid Ammonia has been newtra-
lized by pure Nitric Acid, it ought not to cawse a precipitate by the
addition of the Nitrate of Silver, of Oxalic Acid, or of Carbonate of
Ammonia ; for the first would indicate the presence of Hydrochiloric
Acid ; the second, of Lime; and the third, of Lime or other earthy
matter. '

Ammonia is,very useful in all Analysis, as it decomposes most
of the metallic Salts, excepting those of the sarths Potash, Soda, Lithia,
Lime, Barytay Strontia.

It is generally used dilute with four parts of water.

58.—OXALATE OF AMMoNIA.—(NH,0 Cy 0;)—

Is found in considerable quantity in Guano and other manures. It
is chiefly used as a test for Lime. The precipitate obtained, Oxalate
of Lime, is insoluble in Acetic Acid.

By ignition, this Salt, like all the other Oxalates, is decomposed,
a Carbonate being left.

Other tests unsed for Lime are, the Acctate and Nitrate of Lead,
and a solution of Soap in Alcohol. " Alcohol being composed of Carbon,
Hydrogen and Oxygen (¢, H; 0,) the Carbonic Acid combines with
the Lime, producing a white precipitate of Carbonate of Lime, which is
insoluble in Alcohol, and is consequently precipitated.

* ¥ is used generally in the proportion of onc by weight of the Salt
to 20 by measure of water.

59.—CARBONATE OF AMMONIA.—(NH, 0, C0,)—

Called also Sal Volatile, is formed during the decomposition or
destructive distillation of those substances, such as vegetable matters
which contain Nitrogen (V).

The Sesquicarbonate is Smelling Salts or Ilartshorn, and is formed
differently, viz., from Muriate of Ammonia and Carbonate of Lime.

Carbonate of Ammonia is very useful in Analysis. It precipitates
Baryta. Strontia and Lime as Carbonates, but Magnesia only partly,
and the presenceof Salts of Ammoniaprevents the precipitationaltogether.

It precipitates Bismuth, Cadmium and Lead frém their neutral solu-
tions as Carbonates, the precipitates being insoluble in an-excess of
the re-agent. Mercury it in like manner precipitates when in solution,
as Peroxide. ¢

Copper, it precipitates from neutral solution with a beautiful grecnish
blue color, This precipitate is soluble in an excess of the re-agent.
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[t precipitates A:n;imony as the Oxide (S6 O )'and Tin from its
Persalts, in solution as the Hydrate. Both preclpltates being soluble
in the fixed Alkahes, but not in Ammonia. .

It precipitates Alumjna (41, O,), Chromium, (Cr, O;) and Pe-°
roxide of Iron, (Fe, Oj) from soldtion as Hydrates, with cvolution
of Carbonic Acid: Protoxide of Iron (Fe O) as the Proto-Carbonate
(#e0,C0,) which is soluble in Chloride of Ammonium, and Man-
ganese, also as the white Protd-Carbonate (3r0, C0,) insoluble in
an excess of the re-agent. .

Zinc, Nickel and Cobalt jt preclpltates, of a white, ycllow and pjnk
color respectively ; the precipitates being readily *solyble, in an excess
of the re-agent. R

Carbonate of Ammoniaris uscd one part by weight of the Salt to four
parts by measure of water, with one part.by measure of Ammonia.

60.—SULPUIDE OF AMMONIUM.—(IVH, S.)—

Is evolved from decomposing animal matter, as in cesspoo]s, with
Hydrosulphuric'Acid and Nitrogen. It is poisonous in much quantxty

~Chlorine or Chloride of Lime is an antidote.

It is also called Hydrosulphuret of Ammonia, Hydrosulphate of
Ammonia, Sulphuret of Ammonium, &c. It is prepared by passing
Hydrosulphuric Acid Gas (HS) into water of Ammonia to perfect
saturation, that is until it no longer produces a precipitate in a solu-
tion of Magnesia.

It has a greenish yellow color, a very fetid odor, and an acrid djg-_
agreeable taste. The Mineral Acids decompose it, evolve Hydro-
sulphuric Acid and precipitate Sulphur.

With the Salts of Lead, Bismuth, Silver, and Copper, it produccs
black precipitates. With those of Antimony red; Cadmium and Tin
(the Persalts) and with the Arsenites (on addition of an Acid) yellow;
with the Salts of Zinc, white. All these precipitates are Sul-
phurets (Sulphides) of the respective metals.

By esposurc to the air it attracts Oxygen and deposits Sulphur,
and its action on metallic solutions is then considerably modificd. For
example, if 2 ar 3 fluid drachms be exposed to the air in a wine glass
for a day or two, the selution will then be found to have the property
of causing a red precipitate with the Salts of Lead, yellow with Taxtar
Emetic, and white with Arsenious Acid.

Caustic Potash causes in it the evolution of Ammonig.

It is chicfly used in Analysis to precipitate Cobalt, Nickel, Man-
ganese and Zinc. Also Alumina, Chromium and Iron. The Phos-

M
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phates of Alumina, Baryta, Strontia, Lime and Magnesia, and the Oxa-
lates of Baryta, Strontia and Lime.

It may be used dilute with three parts of water. o

61.—CHLORIDE OF AMMONIUM.—(NH, CL)—

Called also Muriate of Ammonia, Sal Ammoniac and Hydrochlo-
rate of Ammonia. )

This Salt may be usually found crystallized in Cubic or Octahe-
dral crystals at the unburnt ends ot brick kilns, where fuel made of
animal manure (goba) has been used, .

It is prepared by the destructive distillation of bones; It has no
odor, and a salige, acrid and cool taste. When heated, it sublimes with-
out undergoing fusion or decompositiop. It is soluble in about 3 parts
of cold and 1 of hoiling water, cold being produced during the so-
lution, hence its employment in freezing mixtures. It dissolves in
Alcohol.

Muriate of ‘Ammonia is liable to no alteration from air, and may
be kept a long time without change.

A mixture of two parts of this Salt with five parts Nitrate of
Potash (Saltpetre) and sixteen parts of water, should lower the Ther-
mometer from 50° to 10° Fahrenheit.

It may be thus recognized. It is white and volatile, and if heated
on the point of a knife by the flame of a candle, it readily sublimes.
Mixed with Caustic Pot®h or Quick Lime, it evolves Ammoniacal Gas,

which is known by its odor, its action on Turmeric paper and its
fuming with the vapor of Hydrochloric Acid. Dissolved in water, it
produces with Nitrate of Silver the white precipitate of Chloride of
Silver, and with Chloride of Platinum, the yellow precipitate before-
mentioned (under head Ammonia), which when collected, dried and
ignited, yields spongy Platinum.

Chloride of Ammonium is much used in Analysis, being em-
ployed to precipitate Alumina, Chromium, Iron, Zinc, Manganese,
Nickel and Cobalt, also Phosphate of Alumina, Phosphate of Iron, and
the Phosphates and Oxalates of the Alkaline Earths.

To detect Phosphoric Acid, it is used in conjunction with and to
assist Sulphate of Magnesia; Phosphate of Magnesia and Ammonia,
being almost insoluble in water containing Ammonia, but slightly soluble
in pure water.

On adding Chloride of Ammonium to a solution of an Alkaline
Silicate, a gelatinous precipitate takes place of hydrated Silicic
Acid. .
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It is used to separate Alumina’ from Alkaline solutions. The
Alkali combines with the Hydrochloric Acid, and the liberated Ammonia
detemnines the precipitation of the Alumina, which after being washed
and dried is perfectly pare.

It may be used one by weight to 10 by measure of water.

62.~Potasn.—(KO0.)

In the Inorganic Kingdom, Potash is found in combination with
Sulphuric, Nitric, Silicic and perhaps Carbonic Acids. As an ingre-
dient of rocks, it is more abundang than Soda. .

In the Organic, it is met with in combination with Phosphosic,
Sulphuric, Nitric,®arbonic and various Organic Aclds-h-occurs more
abundantly in vegetables than im animals.

The ashes of trees and®of herbaccous plants growing elsewhere than
on the sea-shore, contain the Carbonate of Potassa, and such is the suffi-
cient proof of the existence of Potassium generally throughout the
vegetable kingdom. The proportion of Potassium’varies considerably
in different plants, and those which contain a large proportion, refuse
to grow in soils not rich in Salts of Potassa.

In the animal kingdom, Potash is not found so extensively dif-
fused. .

Solid Potash (Potassa Fusa or Hydrate of Potash) is white, and,
if pure, dissolves in both Water and Alcohol. During the solution in
water heat is evolved. Its solubility in Alcohol enables us to separate
it from the Carbonate and Bicarbonate of Potash, both of which avg
insoluble in this liquid. It has a strong affinity for water, which it
rapidly attracts from the atmosphere, and in consequence becomes
liquid. At alow red heat it fuses, and at a higher temperature is
volatilized. It is odorless, but has a caustic urinous taste. It rapidly
decomposes Organic substances. It is the basis of all soft soaps, as
Soda is of hard soaps.

The liquid from it has a soapy feel between the fingers. It
strongly attracts Carbonic Acid from the atmosphere, and therefore
should be kept in close vessels. On account of this property, it is used
to detect the presence of Carbonig Acid. Tt corrodes flint glass, and is
on that account directed to be kept in green glass bottles.

Potash, free or combined, is recognized by the following charac-
ters. The Hydro-sulphurets, Ferro-cyanides and Carbonates produce
no precipitate withit. Tartaric (in excess) and Perchloric Acids occa-
sion precipitates of the Bitartrate and Perchlorate of Potash. Chloride
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of Platinum throws down a yellow precipitate witl'1 Potash or its Sqjts.
Lastly, the Potash Salts communicate a violet tinge to the flame of
Alcohol. ‘ . .

It reddens Turmeric, and restores Litmus reddened, to its blue color;
Its Sulphides and Carbonates act similarly on vegetable &lors.

It does not whiten Lime water. '

1t has the property which makes it useful in Analysis of dissolving
Alumina. Soap Lye has also been used for the same pur[')ose.

If impure with Carbonate of Potash, this will be detected by
Lime water or an Acid whigh will disengage the Carbonic Acid.

It cannot,bgdetected in the presence of Amm@hia or any of its
Salts, because the same re-agents which precipitate Potash from its
solutions, form also. with Ammonia a corresponding class of insoluble
substances : the latter must therefore be separated from the substance
before proceeding to test for the former.

Its presence in 'a solution may be thus tested; by cvaporating
to dryness, and igniting to volatilize any Ammoniacal Salts present ; if
a residuc remain, a portion of it is to be placed upon the loop of a
Platinum wire and exposed to the inner blowpipe flame. If the flame
be colored yellow, Soda is present; if violet,it proves the absence of
Soda, and the probable presence of Potash ; but if Soda be present, (or
Lithia,) the test by the violet color imparted to the outer flame fails.

The remainder of the” substance is to be dissolved in the small-

.5t possible quantity of water, and examined for Potash, by adding Tar-
taric Acid to tho solution, which produces, in solutions of that Alkali, a

crystalline precipitate Bitartrate of Potash (X0, 110 1'); any solution
subjected to this test should be neutrsl or Alkaline, the precipitate
being soluble in free Alkalies and free Mineral Acids.

63.—NITRATE OF Porasa.—(KO, NO;.)

Saltpetre is found in the soil in all parts of the world. Some
have thought that the Nitric Acid of the Salt was formed by the union
of the Nitrogen and Oxygen of the atmosphere; others have supposed
the presence of animal matter necessary to yield by its decomposition
Nitrogen, but this is not invariably the'case. The Potash of the Nitre
is in most cases easily accounted for, being fould in some of the con-
stituents of the soil, namely, Felspar and Mica.

It is. chiefly procured from India, especially Tirhoot, where it is
manufactured from the natural production for exportation. It is most
abupdant in those parts containing a redundancy of Carbonate of Lime.
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& usually crystallizes in six-sided prisms, when pure; the crystals
are transparent, colorless and undergo no change by exposure to the air.*
It fumes when heated.  One hundred parts of weter at 77° dissolve 38
parts of the Salt, which is insoluble in pure Alcohol.t

Dissolved in 300 times its weig};t of water, it promotes vegetation,
but a%olution containing ;% part of Nitre is injurious to the growth
of plants.

It is employed together with Muriate of Ammonia for cooling mix-
tures, and is also used as a flux, in conjunction with, Carbonate of
Soda, &e. . . .

64.—CnROMATE OF Porasn.—(KO, Cr? 0;.) m»*e

Chromic Acid is extracted from the Red Lead Ore of Siberia,
(Minium or Binoxide of Eead) by treating it with» Carbonate of Potash
and separating the Alkali by means of a more powerful Acid.

Chromium (from ypwpa, color) is remarkable for giving color to its
combinations, which with the Acids, form insolublé Salts in water, but
nearly all soluble in Nitric Acid .

Oxide of Chromium is principally extracted from Chromic Iron
(Fe O, Cr, Oy) which is found in Sweden, the Ural Mountains and
America. .

It is used as a test for Lead in solutions of which Chromate of
Potash produces a yellow precipitate of Chromate of Lead, (#5. O,
Cr, O;) soluble in the fixed Alkalies, (Potash and Soda,) but inso-
luble in Nitric Acid. -

Chromate of Potash throws down from solutions of Bismuth, the
yellow Chromate, which differs from that of Lead by being soluble in
Nitric Acid, and not in Potash. It is used in conjunction with Sulphu-~
ric Acid to detect Chlorine (see Hydrochloric Acid.) .

Also for Baryta in neutral and Alkaline solntions, of which it produces
a pale yellow precipitate of Chromate of Baryta, (Ba 0, Cr Oy) inso-
luble in the Alkalies and Acetic Acid.

* Analysis by Mr. Stevenson, J. As, Soe. Vol. 2, p-23.

Matter insoluble in 8 Acids Silex, .ocorireniennns 50,

Ditto Soluble Carbonate Lime, .. 443
Sulphate Soda, ... 2.7
Muriate Soda, ... 1.4
Nitrate of Lime, .. 9
Ditto Potash, ...cocrmnraciraicennnnas JO PPN 7

1 Or 7 parts water at 60, dissolve 2 parts Nitre.



86 _GUIDE TO ANALYSIS, [Part II.
( . ¢

After ignition, Oxide of Chromium (as well as Alumina and Oxide
of Iron) dissolves with great difficulty, even in the concentrated Mine-
ral Acids. ‘

It is used, one by weight, to eight by measure of water.

65.—SULPHATE oF Porasa.—(16) (KO, SO,.)—

Is found in some Mineral Waters and in native Alum and
Alum stone ; some well waters (as Trafalgar Square well) contain it in
considerable quantity ; in the Organic Kingdom it has been found in the
bulb of Garlic, Myrrh, Opium, &c. Also in blood and urine.

It crystallizes in single ar double six-sided pyramids. Itis hard,
inodorous, has sesalin® bitter taste, and is unchanged by exposure to air.
When heated it decrepitates. It requires 16 times its weight of water
to dissolve it, and'is insoluble in Alcohol. -

It is decomposed by Tartaric Acid, which forms with it crystals of
Bitartrate of Potash.

It is chiefly used‘to precipitate Strontla (separating it in a solu-
tion from Lime), for which purpose the solution should be as concen-
trated as possible, and time allowed for the precipitate to settle.

If a Fluoride mixed with Bisulphate of Potash is hcated in a
test tube, Hydrofluoric Acid is disengaged, which is easily detected by
the etching of the glass.

It is also uscd to shgw the presence of Lead in Mineral Waters,
where it is said to detect the one millionth part of the weight

«af the water.

66.—FERRO-CYANIDE OF PoTasstium.—(Kcfy)—Yecllow Prussiate
of Potash.

Called also Prussiate of Potash, Ferro-prussiate of Potash, and
Eerro-cyanate of Potash.

It crystallizes in large beautiful lemon yellow transparent per-
manent inodorous crystals, whose primary form is an Octahedron with
a square base. They have a peculiar toughness or flexibility some-
what analogous to Selenite, and a sweetish, yet somewhat bitter saline
taste.

It is insoluble in Alcohol, but dissolves readily in hot or cold water.

Hydro-Sulphuric Amd (HS) the Sulphurets, Alkalies, or Tinc-
ture of Galls (an old test for Iron) give no precipitate with a solution
of this Salt, showing that the Iron which it contains is in some re-
markable state of combination.

Tt is used as a test for Iron, one to 12 ef water, and produces in
sokations of Protoxide of Iron a white precipitate of Ferro-Cyanide of
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Iran and Potassium, (2 Cfy, K, 3 Fe;) which speedily becomes blue by
absorption of Oxygen from the air.

Feom solutions of the Per or Sesquioxido of Jron, even if very dilute,
it throws down a beaatiful blue precipitate of Ferro-cyanide of Iron,
(Prussian blue Fe, Cfy,) which is insoluble in Acid, but is decomposed
by Petash.

From very dilute solutions even of Copper, it throws down a
reddish brown precipitate of Ferro-cyanide of Copper, (Cu, Cfy.)
which is insoluble in dilute Acigs, but is decomposed by the fixed
Alkalies. . - .

In testing with this Salt for Iron, it must de rgmembered that
the solution must not be Acid, as the Ferro-cyanides are decomposed
by the Mineral Acids, forming green colored solutions. It is necessary,
therefore, in order to avoid error when testing for Iron in Acid solu-
tions, to add previously an Alkaline Acetate, so as to render the solution
very slightly Alkaline. '

67.—FERRI-CYANIDE OF Porassium.—(KCy; Fe,)—Red Prus-
siate of Potash.

If Chlorine be passed through a solution of Ferro-cyanide of Po-
tassium, it abstracts one equivalent of Potassium from every two
cquivalents of the Ferro-cyanide, by which one equivalent of the
Ferro-sesquicyanide or Ferri-cyanide of Potassium is formed in solution,
and by evaporation this Salt may be obtained in the form of red crys-
tals, which throw down a blue precipitate with the Protosalts nf.
Iron, but occasion no change with the Persalts.

"T'he precipitate with the Protoxide of Iron, Ferri-cyanide of Iron (2 Cfy
+2 Fe) is insoluble in Hydrochloric Acid, but is decomposed with pre-
cipitation of Oxide of Iron by Potash. .

With the Peroxide of Iron, if much of it be present, it decpens
the color of the solution to a ruddy brown; if only small traces be
present it renders the solution green. In no case does a solution of
Peroxide of Iron yield a precipitate with this re-agent.

It is used dilute, one to twelve of water.

68.—CyanIDE OF Porasstum.—(KO. Cy.)—

Is chiefly used as a flux in conjunction with Carbonate of Soda and
the other fluxes, but not to Nitrates or Chlorates, as it will explode with
them.

It is also much used in the practice of Daguerrptyping, to re-
move stains of Nitrate ofgSilver from the hands, but being highly
poisonous, care is requisite not to apply it where the surface of the skin
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has heen injured. A soap prepared from it, called Cyanogen soap, is
also used.

In Analysis it is employed in the separation of Nickel and Crbalt.
The solution containing them, being acidified with Hydrochloric Acid,
Cyanide of Potassium is added in'excess, and it is then boiled for some
time. Filter if necessary, and add dilute Sulphuric Acid. If a light
greenish precipitate form either immediately or after the lapse of some
time, it is a proof that Nickel is present. This ycllowish green preci-
pitate is Cyanide of Nickel (Vi Cy), which re-dissolves in an exgess of
the Cyanide precipitant, a double Salt of Cyanide of Nickel and Cy-
anide of Potgegjum deing formed. On the addition of Hydrochloric
or Sulphuric Acid to a solution of this double Salt, the Cyanide of
Nickel is re-precipitated, whilst the Cyanide: of Potassium is decom-
posed, Hydrocyanic Acid being evolved.

Cyanide of Potassium produces in solutions of Cobalt, a brownish yel-
low precipitate of Cyanide of Cobalt(Co Cy), which re-dissolves in an
excess of the precipitant. From this solution it is not re-precipitated on
the addition of Acids. It precipitates the Persalts of Iron blue, the Salts
of Binoxide of Copper apple green, and Nitrate of Silver white, (the
Cyanide of Silver white, clotty, insoluble in water or cold Nitric Acid,
though it dissolves in boiling Nitric Acid and also in Ammonia.)

69.—CARBONATE OF PoTASH.—(KO. CO,)—Salt of Tartar, Mild
Vegetable Alkali, Fixedagitre, &c.

< Js but little used except as a flux in conjunction with Carbonatc of
Soda, &c., and in the reduction of Silica by fusion.

From the Bicarbonate of Potash, it is distinguished by its causing a
brick red precipitate with a solution of Bi or Perchloride of Mercury,
the precipitate being Percarbonate of Mercury.

Sulphate of Magnesia produces a white precipitate with the Carbonate
of Potash, and not with the Bicarbonate.

It is sometimeg impure with Silicic Acid, which may be detected
by supersaturating with Hydrochloric Acid, evaporating and igniting
the residue. The Silicic Acid is insoluble in water.

Chloride and Sulphate impurities may be detected by supersa-
turating with Nitric' Acid, and testing the sotution with Nitrate of
Silver, or Chloride of Barium, as usual,

70.—CARBONATE OF S0DA.—(Na0. CO,) Mineral Alkali, Sub-Car-
bonate of Soda. ,

Soda is more particularly thc Alkali of thgggnimal kingdom. Chloride, ,
Sulphate and Phosphate of Soda being met with in the animal fluids.
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dt is found in crystals or in the form of an efflorescent powder, and
is a constituent of some mineral waters, which are, in consequence,
termed Alkaline. It is insoluble in Alcohol.

It is used chiefly as a flux in Analysis. The best test for Soda
is the blowpipe flame, to which it im.parts a yellow color.

Cafistic Soda is used like Caustic Potash in solution in the cold
to precipitafe Iron, Mangancse, Nickel, Cobalt. It also precipitates
(as Potash also does) Alumina, Chromium and Zinc, but these are
soluble in an excess of the re-agept. .

Caustic Soda is thus prepared from the €arbonate. .

Dissolve one part by weight of Carbonate of Soda in »2sparts by mea-
sure of water, and buil the solution in a clean Iron pan. Hydrate of
Lime must be added in shall portions to the boilirrg liquid until Hydro-
chloric Acid causes no effervescence in a portion of the liquid. When
this pdint has been attained, the pan must be removed from the fire and
the precipitate allowed to subside. The supernatant liquid must then be
drawn off by means of a Syphon, or passed through a filter of bleached
linen, and the filtrate evaporated rapidly over a quick fire until it has
been reduced to half its original bulk. On supersaturating a portion of
the liquid with Hydrochloric Acid, "no, or only a slight, effervescence
should take place. The solution must be kept in well-stoppered bottles.

The Alkaline Carbonates and Ammonia, throw down the Oxide of Tin
from solution as Hydrate. The precipitate is soluble in solutions of
the fixed Alkalis. -

Soda and Potash precipitate Lead, Mercury and Silver from their
solutions.

The Hydrate of Lead (precipitate) is with difficulty soluble in an
excess of the re-agents. The precipitate produced by them in solutions of
the Peroxide of Mercury is the yellow Hydrate, unless Salts of
Ammonia are present; in that case the precipitate is the same as that
produced by Ammonia. :

They also precipitate Bismuth, Cadmium and Copper. If added
to solutions of Copper in the cold, they produce a basic Carbonate; but
if the solution is boiled, it is converted into the black Oxide.

Carbonate of Sodd is used to discover Hydrocyanic, Hydro-
bromic, and Hydriodic Acids, when they have to be looked for in
a substance insoluble in water. A portion of the original substance
should then be boiled in a solution of Carbonate of- Soda; by this
means the insoluble Salts» are decomposed, the acid passing into
dolution along with the Soda, whilst the base remains behind in the

residue.
N



920 GUIDE' TO ANALYSIS. [PaRT u

The Soda solution must be rendered perfectly neutral by Nitric Acid
before testing for these Acids.

When a solution i Acid, the acidity may proceed from the“pre-
sence of a free Acid, an Acid Salt, or a neutral Salt having an Acid
re-action. To ascertain to which of these causes the acidity is due,
place the end of a glass rod moistened with a solution of Carbondfle of
Soda into a portion of the fluid in a watch glass. If the solution be-
comes turbid and remains so, it is due to the presence of a neutral
Salt; if it becomes clear again, the re-action is due either to an Acid
Sali or a free Acid. Carbormates and Sulphides cannot be present in an
Acid solutions“~

Potash produces no effect on Salts of Soda, nor do Tartaric and
Chloric Acid, and Sulphate of Alumina, nor does Perchloride of Plati-
num in moderately dilute solutions.

Antimoniate of Potash produces a white precipitate.

1t is used generally dilute, 1 to 10 of water.

71.—PHOSPHATE OF Sopa.—(2 NaO, HO, PO;).

Is found in some mincral waters in small quantities, and in many
animal fluids, especially urine.

With Nitrate of Silver it occasionis a yellow precipitate, soluble both
in Nitric Acid and Ammonia.

The Phosphoric Acid in it may be recognized as follows: A solution
of the Phosphate throw® down a white precipitate with Acetate of

Fread, as well as with Chloride of Barium. The precipitate in both cases
is a Phosphate, and dissolves in Nitric Acid without effervescence.

Hydrosulphuric Acid, as well as the Hydrosulphates, occasion no
change in a solution of Phosphate of Soda.

« Phosphate of Soda produces in concentrated solutions of Magne-
sia a precipitate of Phosphate of Magnesia. A more insoluble Magnesian
salt may be produced by adding along with the Phosphate of Soda,
Chloride of Ammonium and Ammonia. The precipitate in this case
being Phosphate of Magnesia and Ammonia (2 My O, NH, O, PO;)
which is soluble in free acids.

Phosphate of Magnesia and Ammonia and Arseniate of Magnesia
and Ammonia, are the only Magnesian Salts which are insoluble in
aqueous solutions containing Salts of Ammonia.

It is sometimes used in the precipitation of Alumina.

72. —B1BORATE OF SovA—(NzO. 2 BO,)—Borax.

Borax is a substance peculiar to the mineral kingdom. It has
been found in some mineral waters. It occurs also in the waters of
certain lakes, especially thosc of Thibet and Persia,
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if to astrong hot solution of Borax, Sulphuric Acid be added, till
the liquor is sour to the taste, Boracic Acid will be deposited in
crystals as the liquid cools. .

It is much used as a flux, especially in blowpipe operations,

Boracic Acid possesses the peculiar property of affecting Turmeric
paper’in the manner of a free Alkali, as well as Litmus paper like
other acids. .

An Alcoholic solution of Boracic Acid burns with a green colored
flame, which becomes more distinct upon stirring the, mixture. To
detect a Borate, add to theSubstance underexamination strong Sulphu-
ric Acid and Alcohol or wood Naphtha; ignite the mixtusdsubsequently.
If a Borate be present the borders of the flame will appear green,
which becomes more disfinct upon stirring, and the cielicacy is further
increased by repeatedly extinguishing and re-kindling the flame. The
only substance which at all interferes with this test is Copper, the salts
of which impart the same color to the flame. This metal, if present,
must therefore be got rid of by Sulphuretted Hydrogen before testing
for Boracic Acid.

73.—PHOSPHATE OF SODA AND AMMONIA.—(NeO, NH, 0, HO.
PO;.) ’

Or Microcosmic Salt, is chicfly employed as a fiux in blowpipe
Analysis. It is also called Salt of Phosphorus. It is of great utility.

74.—SULPHATE OF MAGNESIA—(MyO, SO;)—Epsom or Seidlitz
Salts. -

It is a constituent of sea and many mineral waters. It occurs as an
cfflorescence on other minerals.

Dolomite, or Magnesian Limestone, is a compound of Carbonate
of Lime and Carbonate of Magnesia. Bittern is the residyal liquor of
sea water, from which common salt (Chloride of Sodium) has been
separated. It contains Chloride of Magnesium and Sulphate of
Magnesia.

Magnesia is very slightly soluble in cold, and still less in hot,
water. It is soluble in the dilute mineral acids without effervesgence.

The solution does not occasion any precipitate with the Ferrocyanides,
Hydro-sulphurets, Oxalates or Bicarbonates. The neutral Alkaline
Carbonates, when unmixed with any Bicarbonate, throw down a white
precipitate. Ammonia, with Phosphate of Soda, causes a white precipi-
tate (or Phosphate of Soda and Ammonia ina neutral or Alkaline solu-
tion) of Ammoniacal Phosphate of Magnesia. Magnesia is insoluble in
alkaline solutions, and is thereby distinguished from Alumina,
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5. Itis used to detect the Phosphate of Alumina (which, unltke
pure Alumina, is insoluble in Acetic Acid) thus—Dissolve the com-
pound in Hydrochloric® Acid, then add Tartaric Acid and then Am-
monia in excess. If on addition of Sulphate of Magnesia to this solu- -
tion a precipitate be formed, Phosphoric Acid is present. When the
quantity of acid present is small, the precipitate will not appear until
after the lapse of some time; in all cases the formation of the preci-
pitate is much promoted by agitation.

It is also used in the detection of the Phosphates of Lime (Bone
Eaith) Baryta, Strontia, and Magnesia. Thus,—Dissolve the Phos-
phate compouti# in a small quantity of Nitric Acid, add to this solu-
tion Protonitrate of Mercury and their Ammonia slightly in excess;
Phosphate of Mercury,along with the excess of Oxide of Mercury, will
be precipitated, whilst the Lime will remain in solution from which it
will be thrown down by Oxalic Acid. Boil the mixed precipitate of
Phosphate and Oxide of Mercury in Sulphide of Ammonium ; filter and
to the filtrate add Chloride of Ammonium and Sulphate of Magnesia,
if a precipitate be produced, it proves the presence of Phosphoric
Acid.

Sulphate of Magnesia in the presence of Chloride of Ammonium
and Ammonia produces, in solutions of the Arseniate, a white preci-
pitate of Arseniate of Ammonia and Magnesia (2 My O, NH, O, As
O;) soluble in Acids.
= Sulphate of Magnesia or any soluble Magnesian Salt, produces in
aqueous solutions of the Phosphates, if concentrated, a white precipitate
of Phosphate of Magnesia (2 My O, HO, PO,.) A Salt much more
insoluble in water is produced by adding Chloride of Ammonium,
Ammonia gnd then the Magnesian Salt ; in this way Phosphate of Mag-
nesia and Ammonia is precipitated, which is slightly soluble in pure
water, but almost insoluble in water containing Ammonia. In dilute
solutions it only appears after much agitation and the lapse of some
time. This test can only be applicd when the Phospliates are soluble in
Ammoniacal solutions.

75.—NITRATE OF SILVER—(4g N O;)—Lunar Ciustic, Lapis In-
fernalis. .

When heated it fuses, and if the temperaturc is increased, decom-
poses. Nitric Acid and Oxygen are evolved leaving Metallic Silver. It
does not deliquesce. When exposed to the atmosphere and solar light,
it-blackens. In a clean dry glass tube, hermetically sealed, it under-
goes’ no. change of .color by exposure to solar light. The contact of
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Oxganic matter readily occasions it to become black. It blackens the
fingers, clothes, &c.

Ivis chiefly used to detect Chlorine (whethter in Hydrochlonc Acid
“or otherwise.) The precipitate formed of Chloride of Silver being
very readily formed and detected. " The delicacy of this test is asto-
nishifig, one grain of Salt in 42,250 grains of water, will produce the
characteristic white cloudiness.

Nitrate of Silver produces, in neutral solutions of the Arsenites, a
yellow precipitate of Arsenite of Silver (2 4g O, 4s.0;) soluble in
Nitric Acid and Ammonias In neutral solutions of the Arseniates,it
produces a reddish brown precipitate of Arseniaté of Stiver (3 4g O,
As Oj) soluble in dilute NitriceAcid and in Ammqma.

Besides Chlorine, Nitrate of Silver is used to detect the presence
of Bromine, Iodine and Cyanagen, with which it forms precipitates,
such precipitate, when produced in any solution, must be digested in
Nitric Acid, which well dissolve all the Silver Salts, with the exception
of the Chloride, Cyanide, Bromide and Iodide of Silver.

To ascertain still further which of these substances are present, the
Silver precipitate (insoluble in Nitric Acid) must, after being washed, be
digested in dilute Ammonia ; the Chfloride and Cyanide of Silver, being
soluble in that re-agent, will dissolve, whilst the Bromide and Iodide,
being insoluble, will remain undissolved. To the filtered solution must
be added Nitric Acid in excess. If no precipitate is formed it shows
the absence of Chlorine and Cyanagen. The further separation of these
is an intricate process.

76.—PROTONITRATE oF CoBALT—(Co O. NO;)—

Is used entirely in blowpipe Analysis, its action upon soinc of the
Metals, after they have been moistened with it, being peculiar. °

If Alumina or any of its compounds be ignited to a white ash upon
charcoal by the blowpipe flame, afterwards moistened with a few drops
of Protonitrate of Cobalt, and again strongly heated, the mass assumes
a blue color on cooling, which is characteristic of Alumina.

Zinc shows a green, Magnesia a pink, and Binoxide of Tin, a,bluish
green color, <

77.—NITRATE OF LEAD.—(Pb O NO;.)

In a solution of Nitrate of Lead, the Alkalies, their Carbonates,
Sulphuric Acid, and the Sulphates and Ferro-cyanide of Potassium, pro-
duce white precipitates. Chromate of Potash and Iodide of Potassium
occasion yellow precipitates. Hydrosulphuric Acid and the Hydrosul-
phates form black precipitates of the Sulphuret of Lead, and a piece
of Zinc throws down Metallic Lead in an arborescent form.
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Acetate of Lead is often preferred to the Nitrate. (The Swb-
acetate is Goulard’s extract.) It may be used to detect the adulteration
by Sulphuric Acid of pickles, lemon juice, &. For when addetl to

" these a white precipitate is formed, which if merely the Citrate or Malate
of Lead, will be re-dissolved on the addition of a few drops of strong
Nitric Acid, but if the lemon juice was mixed with Sulphuric ‘Acid,
the white Sulphate of Lead will remain at the bottom, iz which 100
parts of Sulphuric Acid indicate 71 of Lead.

Subacetate of Lead is used to distingnish mucous from gelatine
in #nimal matters. With tlfe former it instantly produces a copious
white, and flak'y® precipitate, but it is not sensibly rendered turbid by a
solution of animal gelatine, v

It (or any soluble Salt of Lcad) is used to test the presence of
Hydrosulphuric Acid. When boiling a solution to expel this gas, a
paper, moistened with a solution of the Salt of Lead, should be held
over the mouth of the tube. If the paper be not blackened, all the gas
has been volatilized.

It is also used, in common with the other soluble Salts of Lead,
to detect Todine, with which it precipitates an orange yellow precipi-
tate of Iodide of Lead. '

It also precipitates Arsenic as the Arseniate of Lead.

78.—SULPHATE OF CoPPER—(Cu0. SO;)—Blue Vitriol, Blue
Copperas, Blue Stone am? Bisulphate of Copper—

* May be prepared by evaporating the water found in, or issuing

from Copper Mincs. When heated it loses its water of crystallization,
and becomes a white powder. DBy a very intense heat it is decomposed,
Sulphurous Acid and Oxygen arc evolved, and Oxide of Copper left.
It is insoluble in Alcohol.

If impure with Sulphate of Iron, as it sometimes is, this may be
detected by excess of Ammonia, which throws down the Oxide of Iron,
but dissolves the Oxide of Copper.

It is useful in preventing dry rot in timber, which has been
soaked in it.

Sulphate of Copper produces in neutral solutions of the Arsenites
a yellowish green precipitate of Arsenite of Copper (2 Cz0, 4s O;.)

It is useful in distinguishing Arsenious from Arsenic Acid, with
the aid of Caustic Potash (see Potash.)

In neutral solutions of the Arseniates it produces a greenish blue
precipitate of Arseniate of Copper (2 Cu0, HO, 4s O;.)

79.—CHLORIDE OF BARIUM—(Ba Cl)—dduriate of Barytes.

In dry warm air the crystals éfflorcsce, but in the ordinary states
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of ¢he air, they undergo no change.  When heated they decrepitate,
lose their water of crystallization, and at a red heat fuse. It is soluble
in water, insoluble in Alcohol. .

Its aqueous solution should undergo no change of color by the
addition of Ferrocyanide of Potassium, Hydrosulphuric Acid or
Caustic Ammonia, by which the absence of matter (as Iron, Lead or
Copper) may be inferred. If excess of Sulphuric Acid be added, the
filtered solution should be completely volatile when heated, and should
occasion no precipitate on the addjtion of Carbonate of Soda by which
the absence of Lime or Magnesia is proved. ;

It is decomposed by the Carbonated Alkalis whick,.if in excess,
would produce a precipitate of €arbonate of Barytes in addition to any
Sulphate of Barytes alsbo produced. But the precipitate is soluble in
dilute Hydrochloric or Nitric Acid, and may be prevented by adding
to the solution to be assayed a few drops of Hydrochloric Acid ; or the
two precipitates may be scparated by mere digestion in dilute Hydro-
chloric Acid which removes the Carbonate, but does not touch the
Sulphate.

It is chiefly used as a test for Sulphuric Acid. Sulphate of
Baryta, from its insolubility in Acids, is at once distinguished from all
the other Baryta Salts; any soluble Salt of Baryta is therefore the
best and most delicate test for Sulphuric Acid.

Ifhowever it be applied to concentrated Nitric Acid, a crystallized pre~
cipitate of Nitrate of Barytes is produced which is owing to the more
sparing solution of the Nitrate, than the Chloride of, Barium. The pre-
cipitate being soluble in water may be thus distinguished from Sulphate
and Carbonate of Barytes. This should be held in mind if Nitric Acid
is being tested to ascertain the presence of Sulphuric Acid in it or not.

Nitrate of Barytes is useful to discover the Alkalis, Potash or
Soda, when occurring in fossils.

80.—PRrROTOCHLORIDE OF TIN.—(8r CL.)

Can be obtained by boiling Tin in strong Hydrochloric Acid.

In a solution of it, Potash causes a white precipitate soluble in excess
of the precipitant, Hydrosulphuric Acid a brown; and Chloride (per-
chloride) of Gold a purple precipitate, insoluble in Hydrochloric Acid(the
purple powder of Cassius,) the presence of a little free Nitric Acid
assisting it.

It is a delicate test for Platinum, with the solutions of which it
produces an orange colored precipitate.

To produce the purple precipitate with Gold, it is negessary that the
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Protochloride of Tin be freshly plrepared (or at the minimum of oxida-
tion.) It thus attracts more readily the Oxygen from the Gold. If
the Tin be in excess, th¢ precipitate is more of a rose color. ‘e

If Protochloride of Tin be he?ted with Nitric Acid, we obtain a
perchloride which causes a yellowish precipitate with Hydrosulphuric
Acid. ‘

The Protosalts of Tin are colorless and are decompospd by heat.
The soluble neutral Salts redden Litmus paper, and are decomposed in
the presence of much water into soluble Acid and insoluble Basic Salts.
The addition of water therefore to the Protosalts of Tin produces a
milkiness, whicls disappears on the addition of Hydrochloric Acid.

All Protosalts of Tin are powerfulereducing agents, from the great
affinity they have for an additional quaniity of Oxygen. Many
Metallic Oxides, such as the Oxides of Gold, Silver and Mercury, are
reduced to the Metallic state in their presence, whilst other Oxides, such
as Peroxide of Iron and Oxide of Copper, are reduced to a lower degree
of oxidation.

81.—PERCHLORIDE OF GoLp—(A4u Cl;)—Chloride or Terchloride
of Gold.

It is reduced by many Metals, as Iron, Copper, Tin, Zinc, &c.;.
by some Metallic Salts, as Protosulphate of Iron; and by many Organic
bodies, as Charcoal, Sugar, Gum, all of which therefore are incompa-
tible with it. Nitrate of ilver occasions a precipitate of Chloride of
Silver and Oxide of Gold. Hydrochloric Acid removes the latter.

82,—PERCHLORIDE OF PrariNnum—( Pt Cl,) or Bichloride.

Is used as a test for Potash, in neutral and acid solutions of
which it produces a yellow crystalline precipitate, a double salt of Chlo-
ride of Potassium, and Chloride of Platinum, (K0, Pt Cl,). The presence
of free Hydrochloric Acid promotes the formation of this precipitate.
It is slightly soluble in water, but wholly insoluble in Aleohol.

83.—PERCHLORIDE OF IRON—( e, Cl,)—Sesquichloride—

Is prepared by dissolving recently precipitated and well washed
Peroxide of Iron in Hydrochloric Acid. It must not contain any free
Acid. ‘

It is used in the separation of Phosphate 6f Lime. Dissolve the
Phosphate in a small quantity of Hydrochloric Acid; add to the solu-
tion Acetate of Potash, and after that a few drops of Perchloride of Iron;

Phosphate of Iron will be pregipitated, whilst the Lime will remain in
solution along with the excess of the Perchloride of Iron emploged.

o detect the Ig,me, throw down the Iron by Sulphide of Ammonium,
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aml add to the filtrate Oxalic Acid. If a precipitatc be produced
Lime is present.

Adso in detecting Phosphoric Acid, thus:3-If a solutlon contain-
ing Phosphoric Acid, be slightly acidulated with Hydrochloric Acid ( ir
it be not alrcady Acid) and afterwards a few drops of Perchloride of
Iron be added, and finally Acetatc of Soda in excess, a white gelatinous
precipitate of Perphosphate of Iron will be produced, which is soluble in
free mincral Acids, but insoluble in Acetic Acid. Should the quantity
of Phosphoric Acid be very minute, the precipitate will appear only after
the lapse of several hours.* Care must be taken not to add too much
Perchloride of Iron, because Perphosphate of Iron is r#her soluble in
Peracetate of Iron. This test »equires therefore the following modi-
fication, when large quantities of Peroxide exist in the substance under
cxamination. To the Acid solution add Acetate of Soda in excess and
then boil; by this means the whole of the Iron will be thrown down, in
combination with Acetic and Phosphoric Acids. After having filtered
and washed the precipitate, digest it in Sulphide of Ammonium; by this
means the Iron is converted into insoluble Sulphide, whilst the Phos-
phoric Acid passes into solution in combination with Amimnonia. Test the
Ammoniacal filtrate for this Acid by means of Chloride of Ammonium
and Sulphate of Magnesia.

The Persalts of Iron impart to solutions of the Acetates a blood
red color.

84.—PErcnLorIDE OF MERCURY.—(I1y. CL) Bichloride, Corrosive
Sublimate. The Protochloride is Calomel.—(Hg, CI).

Heated in a tube by a spirit lamp with Caustic Potash, an Alkaline
Chloridc is formed, Oxygen gas is evolved, and Metallic Mercury is sub-
limed and condensed in the form of globules on the sides of the tubds.

Lime Water causes a lemon yellow precipitate; an additional quan-
tity of the precipitant water produces a brick dust red precipitate, while
a further quantity restores the yellow color. The yellow colored preci-
pitate is the Hydrated binoxide ; the reddish colored precipitate is the
Oxychloride. .

Caustlc Amtonia, added to a solution of Bichloride, causes
Hydrochloratc, of Ammonia to be formed in solution, while a white
powder is thrown down (Ammonio-Chloride of Mercury.)

The Alkaline Carbonates throw down a brick-dust colored precipitate ;
the Bicarbonates a white one.

otochloride of Tin occasions, with Perchloride of Mercury, a
white precipitate of Calomel, while Perchloride of Tin remains in solution.
' o
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Very shortly this Protochloride of Mercury is converted into regukine
Mercury, which falls down ina finely divided state as a greyish powder.

Ferro-cyanide of Potassium causes a white precipitate (Ferro-cyaaide
of Mercury.) .

Corrosive sublimate is remarkable for the facility with which
it dissolves in Ether, which removes it from water and all other liuids,
so that if we wish to recognize the presence of the poison inany liquid,
it is sufficient to shake it up with a quantity of Ether equal to that of
the liquid concerned.  After shaking it for some minutes, the Ethereal
solution is allowed to separate by rest, and ic then poured off and eva-
porated spontameously, and the corrosive sublimate, which remains, is
recognized by the characters found in the table under the head Mercury.

It may also be detected by plates of clean Copper (see Mercury.)

It is used to detect Albumen, which it does by causing a cloudiness, if
Albumen be present to the amount of 1455 by weight.

If 3 grains of the Salt be entirely decomposed by any albuminous
solution, it would indicate 104 grains of Albumen.

Corrosive sublimate may be detected in a liquid by Galvanism.
Drop the suspected solution on a piece of Gold (as a Sovereign), and
apply a key so that it may touch simultane-
ously the Gold and the solution. An clectric
current is immediately produced, the Perchloride
is ‘ccomposed, the Mercury attaches itself to
the negative pole, namely, the Gold, while the
Chlorine unites with the Iron of the positive
pole to form Chloride of Iron. The silver stain
Jeft on the Gold is readily removed by heat. .

« The Perchloride differing from the I’rotochloride in being soluble,
is easily separated from it, when both are present in a solution, by means
of Hydrochloric Acid.

Perchloride of Mercury is used to detect Iodine, with which
in solution it throws down a red precipitate of Periodide of Mercury
(Hg I), which is soluble in an excess of the Perchloride or of Iodide
of Potassium. . .

85.—SuLrHIDE OF IRON.—(Fe §.) .

Sulphide of Iron is prepared by projecting a mixture of 30 parts
of Iron filings with 21 of flower of Sulphur in small portions at a time
into a red hot cxucible, replacing the cover after each addition. When
the whole has been added, the ignition must be continued for a e&ort
timé until.the excess of Sulphur has been dissipated.

L]
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3f the bottle be glass-stoppered and of opaque glass, or in a dark
place, it will suffice for testing purposes for a month qr two.

Itois chiefly used in obtaining Sulphuretted Hydrogen, for which
purpoée broken up intd small pieges, it is introduced, together with'
dilute Hydrochloric or Sulphuric Acid, into the apparatus before figured.
As this gas is so necessary in Analysis, the Sulphide of Iron is required
in some quantity. The water through which the gas is passed acquires
the same precipitating power, and should therefore be carefully kept in
bottles. Distilled water absorbs about £ its bulk of Sulphuretted
Hydrogen, (Harrogate wattr contains only* about H.) :

86.—ProrosuLPHATE oF IroN.—(Fe0. SO;.)"

Is usually kept in Alcohol, #s by exposure to the air Oxygen is
absorbed ; the crystals acquire first a yellowish and darker green tint
(Sulphate of the black oxide), then slightly effloresce and become cover-
ced with a yellow crust, which subsequently becomes brownish.

It is used as a test for Gold, which it prcclpltateg in the Metallic
form from solution, and is also employed for the detection of Nitric
Acid (which see.)

87.—ACETATE oF Sopa.—(NaO. &)—

May be procured by saturating ‘Carbonate of Soda with distilled
vinegar, evaporating the solution and crystallizing. In this process the
Acetic Acid expels the Carbonic Acid with effervescence.

Or more simply by adding Acetic Acid to a concentrated solution
of Carbonate of Soda, until all effervescence ceases. This solution
must be free from Sulphuric Acid. In using, dilute one to four of
water.

Exposed to the air at ordinary temperatures, the crystals undergo
a little change, but in dry and warm air, they effloresce and become an-
hydrous. It is less deliquescent however than Acetate of Potash. It
should be white and perfectly neutral to test papers, Litmus and Tur-
meric.

It is useful in testing for Iron with the Ferro-cyanides in an acid
solution ; t8 which it should be added so as to make it neutsal or
Alkaline before employment of the re-agent.

It is used to separate the Oxalate of Lime, from the Phosphates
of Lime and Magnesia in a Hydrochloric solution, which it does by
precipitating the first when added in excess, the two Iatter remammg n

solution.

Tegether with Perchloride of Iron (which see) it is used in detect-
ing Phosphoric Acid.
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88.—PROTONITRATE OF MEnéunY.—(HgQO. NO;)— ¢

Is made by gently treating in a small flask, nine parts of Nitric
Acid in conjunction withf 10 parts of Mercury until the disengagefient
of Nitrous fumes ceases ; the solution is then boiled for some time with
the undissolved portion of the Mercury, care being taken to re-place the
water lost by evaporation. The crystals, which separate on the c6oling
of the liquid, are dissolved in 20 parts of cold water, slightly acidulated
with Nitric Acid. The fluid is then filtered if necessary, and the filtrate
kept in a glass bottle, the bottom of which is covered with Mercury.

It detects free Ammonia by producing with it an ash grey or
black precipitite. Also y55i55 part of Hydrochloric Acid in water
by producing a white precipitate insoluble in Nitric Acid. Also Phos-
phoric Acid, producing with it a white precipitate of Phosphate of
Mercury soluble in Nitric Acid. With the Sulphates it also produces
a white precipitate, which becomes ycllow on repeated affusion with hot
water. With Chloride of Gold it produces a bluish black, and with
Chloride of Platinum an orange colored precipitate.

It is used in the detection of the Phosphate of Lime, (see Sulphate
of Magnesia) also with Sulpha#® of Lime in detecting Oxalic Acid.

Protonitrate of Mercury, throws down from solutions of the Iodides
a yellowish green precipitate of Iodide of Mercury (Hg I).

89.—SULPHATE OF L;gm—( Ca0. 8O;)—Gypsum, Sclcnite, Ala-
baster.

Is used in an Acetic Acid solution to precipitate Baryta from the
other Earths, Strontia, Lime and Magnesia. If an immediate preci-
pitate is caused, it is the Sulphate of Baryta (insoluble in Acids and Al-
kalies) but if a precipitate only after the lapse of some time, then it &5 pro-
buble that Strontia is present and Baryta absent. The Sulphate of Stron-
tia (Sr O, 80O;) is almost absolutely insoluble in Acids and Alkalies.

The solution of Sulphate of Lime must always be added in the cold, as
this re-agent is less soluble in hot than cold water. Time must be allow-
ed for the formation of the precipitate produced by this re-agent in solu-
tions 9f Strontia, the formation of which is much promoted B agitation.

It is used to detect Oxalic Acid with which 1t forms'a precipitate of
the Oxalate of Lime.

90.—NITRATE oF AMMONIA.—(4mO. NO;.)—

Is made by neutralizing Nitric Acid with Carbonate of Ammo-
nia. The solution is cvaporated until crystals begin to be deposited,
and is then allowed to cool. 'The crystals are collected and placed in
well stoppered bottles.
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It is used in the separation of Ar'ltimony and Tin, after these have
been precipitated by Carbonate of Ammonia, leaving the Sulphides
of A¥senic in solution. The precipitate, after Being well dried, must be
mixed with three parts'of Nitrate of Ammonia, and the mixture pro-
jected in small portions into a porcelain crucible containing two parts
of Nitrate of Ammonia in a state of liquefaction.

After all fuming has ceased, the residue should be gently ignited for
a short time and then allowed to cool. The residue must be subsc-
quently heated with a saturated selution of Tartaric Acid. If complete
solution takes place, Oxid¢ of Antimony hlone can be present. “If a
portion remain undissolved by the Tartaric Acid, it irficates the pro-
bable presence of Tin. When *tomplete solution does not take place,
the liquid must be filtered, and to the filtrate must be added Hydro-
chloric Acid, and subsequently Hydrosulphuric Acid. If an orange
red precipitate be formed, Oxide of Antimony is present.

The substance insoluble in Tartaric Acid must be examined for
Tin by fusing it with Carbonate of Soda and Cyanide of Potassium,
and the Tin precipitated either by Nitric Acid or Caustic Soda.

91.—Lime WaTER. '

Is made by digesting recently prepared Hydrate of Lime for some
time with cold distilled water, with frequent agitation of the mixture ;
allow the undissolved portion of the Lime to subside, decant sub-
sequently and kecp the clear fluid in well stoppered bottles.

It is frequently used as a test, and particularly for Carbonic Acid.

92.—AvrconoL—Spirits of Wine—(C, H; 0,.)—

Is used as a solvent and also for the Spirit lamp in blowpipe
and numerous other operations of Analysis. It has a strong affinity for
water, hence it abstracts this fluid from the atmosphere, and preéi-
pitates from their watery solution those Salts (as Sulphate of Potash)
which are not soluble in spirit ; while on the other hand water precipi-
tates from their Alcoholic solution those substances (as Resin and Oil)
not soluble in water.

Alcohol should be colorless and transparent. Its freedom from
other substancés than alcohol or water is to be détermined by the purity
of its odor, by the absence of any Acid or Alkaline reaction, and by its
easy and complete volatility. The presence of volatile Oil may be
ascertained by strong Sulphuric Acid, which communicates a red color
to this substance. :

Alcohol may be rectified and strengthened by means of Chloride of
Calcium which abstracts its water, (see Chloride of Calcium.)
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93.—CrLORIDE oF CaLctuM—Mauriate of Lime.—(CaO. CL)—¢

Is made by disgolving pure Carbonate of Lime in dilute Hydro-
chloric Acid. The solutlon thus obtained must be neutral to test paper;

5 oz of chalk to } a pint of Acid and the like quuntity of water, are the
proportions; When the effervescence has finished, the filtered solution
should be evaporated to dryness, and the residue fused in a crucible.
While in the liquid state, it is to be poured on a clean flat stone, and
when cold, broken into small pieces, and preserved in a well stop-
ped bottle. . 0

It is found in small quantity in sea and' many mineral and well
waters. It had®also been detected in small quantities in vegetables.

Lime or the Oxide of Calcium exists widely spread in organised
nature. In the vegetable kingdom, the Salts of Lime cverywhere
exist in minute proportion, while in the animal kingdom these Salts
accumulate so as to obtain a particular prominence, (vide Ihos-
phorus.) ‘ .

It is used to precipitate or test for Boracic, Phosphoric, Oxalic and
Hydrofluoric Acids, which combine with its Calcium or Lime.

Phosphate and Borate of Lime are soluble in Acetic Acid, whilst
Oxalate of Lime and Fluoride of Calcium are insoluble. Oxalate of
Lime is soluble in dilute Fydrochloric Acid, in which liquid Fluoride
of Calcium is insoluble.

It may be used to detect the Alkaline Carbonates, which produace
with it Carbonate of Lime.

It is used to strengthen Alcohol, which parts with its water with
difficulty. One part of perfectly dry (calcined) Chloride of Calcium is
distilled by a gentle heat with three of Alcohol, and thus about § of the
spirit are obtained perfectly pure.

It detects in vegetable substances the Oxalic, Malic and Tarta-
reous Acid, with which it produces a white crystalline precipitate,
highly insoluble in water, but readily soluble in dilute Nitric Acid.

94.—Having considered the nature and propertics of the various
re-agents, it may be as well to devote a few pages to the consideration
of the substances which come under their operation as before enume-
rated. First of the Gases. '

These are :—

Gases AND Non-merarric Sovrins,— Ozygen, Hydrogen, Nitrogen,
Chlorine, Bromine, Ivdine, Fluorine, Boracic Acid, Hydrocyanic Acid,
Sulphyrettedd Hydrogen, Silicon, Carbon, Sulphur and Phosphorus.

Larras— Baryta, Strontia, Lime, Magnesia, Alumina.
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MEeTraLs— Manganese, Zinc, Iron, ’in, Cadmium, Gold, Arsenic, Anti-
mony, Nickel, Cobalt, Bismuth, Copper, Lead, Mercury, Silver, Platinum.

98.—Oxyeen—Dephlogisticated Air.—(0.)

There is so much to sbe said, and so much to be understood, by
the student of Chemistry regardin.g this and the two following gases,
parti¢ularly Hydrogen and Nitrogen, that it will be necessary to refer
the reader tp some Encyclopedia or Book of Instruction on Chemistry,
for the details of their qualitics and uses.

Oxygen is one of the ingredignts of the atmosphere, which con-
sists in the main of 21 Oxygen, 79 Nitrogen, and a small quartity
(.0004) of Carbonic Acid. It is the great supportér of 1#e and of com-
bustion, but unless diluted it would destroy the life of both plants and
animals by its cxcessive stimulus. It combines with every combus-
tible body, with all the metals (forming Oxides) and with the greater
number of vegetable and animal substances. It constitutes $ of the
whole weight of sea water, (in which also it is found constituting part
of the air mixed up with it, in the proportion of 32 per cent., the pro-
portion in the atmosphere being as above stated 21 only,) and not far
from balf the weight of the common crust of the earth.

Plants, trecs, &c., decompose th® air, absorbing its carbon (from
the Carbonic Acid) and Hydrogen, and disengaging the Oxygen in a
state of purity. Light (and connected with it electricity) favors this de-
composition greatly, and at night during its absence the action of vege-
tation is alternated or reversed, and Carbonic Acid being given out and
Oxygen absorbed, they arc unhealthy, especially in closed rooms.

In the Animal Kingdom it forms something less than the fourth
part of the weight of dried muscular flesh, and half of the weight of
lignine or wood. .

There are but few bodies which do not contain Oxygen ; such are
Carbon as in the Diamond, Sulphur in some of its states, such metals
as are found in the virgin state, the combinations of Metallic bodics
with Chlorine, Iodine, and Sulphur as the beds of Rock Salt, and the
Sulphurets of Iron, Copper, and Zinc.

Oxygen Gase is obtained chiefly from the black Oxide of Man—
ganese with the aid of heat, and a little, about its own weight, of Sul-
phuric Acid.—One pound of the best Manganese yields upwards of
1400 cubic inches of Oxygen Gas nearly pure.

A mixture of one Oxygen and two Hydrogen by volume, yields
by explosion, water, or by weight eight oxygen to one Hydrogen.
Hence their equivalents 8 and 1.
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96.— IIYDROGEN—Inflammable Air—(H.)— ¢

As its name expresses, is one of the constituent elements of water,
of which it forms 1 part by weight, or 11 per cent. Itis an essential
constituent of some minerals, as Coal and Sal-Anvmoniac, in which it does
not exist as an element of water. It is evolved from Volcanoes or .
from fissures in the Earth in combination with Carbon, Sulphur,Chlo-
rino or Nitrogen, under the forms of light Carburetted Hydrogen, Sul-
phuretted Hydrogen, Iydrochloric Acid and Ammonia.

It makes up,about 5 part of the, whole weight in the tissuc of
wood, and ncarly the same én starch and sugar, and of dried muscular
flesh it formsabout s by weight. '

It is an essential constituent of sll organized beings, animal and
vegetable, cither combined with Oxygen to® form water or otherwise.
It is onc of the ingredients in the varieties of bitumen, oils, fat, ardent
spirit, cther, &c.

It is impossible to procure liquid; It is the lightest substance
whose weight we are able to estimate, being about 14 times lighter
than atmospheric air. It is not fitted for respiration. It burns when
pure with a yecllowish lambent flane, but all burning substances arc
immediately extinguished when immersed in it. It is, therefore, in-
capable of supporting combustion.

It is usually prepared from Sulphuric Acid and Iron or Zince
filings. Acid, dilute with four or five times its weight of water, is
pourcd on Iron filings or bits of Zinc. When the Acid comes in con-
tact with the metal, violent effervescence takes place, and the Hydrogen
is liberated without the application of heat, the Oxygen combining with
the metal.

« 97.—NrtrRoGEN—Phlogiston, Azote.—(V.)

It exists sparingly in the Mineral Kingdom, has not been found in
non-fossiliferous rocks, and is not contained, like Oxygen, in the common
rocks of the crust of the Earth. It is a constitucnt of Coal, of the
Nitrates of Ammonia (IV f7, O) and of some mineral waters. It forms
79 per cent. of atmospheric air. . -

As a constituent of Ammonia, it enters largely into the composi-
tion of all vegetable organization, and is particularly abundant in the
Crucifer® and Fungi. It enters into the composition of most animal
substances as Albumen, Fibrine, Gelatine, Mucus, Uric Acids, &c.

It is a colorless, odorless, tasteless, Gas, neither combustible nor is it
a supporter of combustion or of life. It neither reddens Litmus paper
nur whitens Lime water.
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The readiest way of obtaining Nit.rogen is to burn a piece of Phos-

phorus in a confined portion of atmospheric‘ air. The Phosphorus
. combnes with the Oxygen of the air, and the residual Gas, after bemg
thoroughly washed, is ndarly pure Njtrogen.

e Besides Air there are five compounds of Oxygen and Nitrogen, viz.
the Plotoxide, Deutoxide, Hyponitrous Acid, Nitrous Acid and Nitric
Acid. .

98.—CHLORINE—(CL)—

+In the Tnorganic Kingdom exists principally in combination with
Sodium, either dissolved in the water of the’Ocean or forming depogits
of Rock Salt. It also occurs native in combination wife Magnesium,
Calcium, Lead, Silver. Free rfydrochloric Acid is met with in the
neighbourhood of volcanoés, probably produced by the decomposition
of some Chloride.

In the Organic Kingdom it is found in combination in both animals
and vegetables, but it does not possess acid propertles, and does not
redden the blue vegetable colors. In the former as Hydrochloric
Acid, it forms an essential part of the digestive powers. Sprengel says
maritime plants exhale Chlorine during the night.

It is a yellowish green colored Gas, with an astringent tasto and
disagreeable odor, and is onc of the most suffocating of the Gases. It
is a supporter of combustion; several of the Metals, as Tin, Copper,
Arsenic, Zinc and Antimony, when introduced into Chlorine in the
state of powder or in fine lcaves, are suddenly inflamed. In all these
cases the combustible substances unite with Chlorine.

The solution which is made by transmitting a current of Chlorine
Gas through cold water has the color, taste, and most of the other pro-
pertics of the Gas itself; 1 vol. of water dissolves 3 vols. of Chlorinc!

Chlorine Gas unites with water by scizing the Iydrogen to form
Hydrochloric Acid and liberating the Oxygen. This change takes
place quickly in sunshinc, more slowly in diffused daylight, and not at
all when light is wholly excluded. Hence the necessity of keeping
moist Chlorine Gas, or its solution, in a dark place, if it is wished to
preserve it for ahy time.

Chlorine may be prepared from Peroxide of Manganese, and Hydro-~
chloric Acid by mixing the latter (concentrated) with half its weight
of the former finely powdered ; a moderate heat assists the cffervescence
and evolution of the Chlorine Gas. It should be collected in inverted
glass bottles filled with warm water, and when the water is wholly dis-
placed by the Gas, the bottles should be clc;od by a well-ground glass

r
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stopper, as some Muriatic Acid rGas commonly passes over with itycthe
Chlorine should pot be considered quite pure till after being transmitted
through water. ¢ v

When Chlorine water and some other botly, which has a strong
affinity for Oxygen, are presented to one another, water is usually resolv-
ed into its elements, its Hydrogen attaching itself to the Chloriffe and
its Oxygen to the other body. Hence it happens that. Chlorine is
indirectly one of the most powerful of oxidizing agents.

One of the-most important properties of Chlorine is its bleaching
power. All animal and vegetable color8 are speedily removed by
Chlorine, and*when the color is once discharged it can never be restored ;
water must be present however during bleaching.

Chlorine is likewise useful for the purposes of fumigation. It has the
power of destroying the volatile principles given off by putrefying ani-
mal matter, and it probably acts in a similar way on contagious efuvia.

Whenever free Chlorine exists in materials under examination, it
may be detected by its decolorizing effect upon Litmus, and when such
substances are distilled with water, and the vapor is made to pass over
paper impregnated with Starch and Iodide of Potassium, a beautiful blue
color is produced, which disappears with excess of Chlorine.

Cuvoric Acip.—(CL Oj.)

This Acid, in its congentrated state, appears in the form of a yellow
oily liquid, the odor of which resembles that of Nitric Acid.

All the Chlorates are soluble in water. They are decomposed upon
ignition, Oxygen Gas being given off, and a Metallic Chloride left.

When heated along with Organic substances, they deflagrate with far

greater violence than the Nitrates.
« To detect this Acid, add to a small quantity of the solid substance un-
der examination a few drops of concentrated Sulphuric Acid in the cold.
The Chlorate (say of Potash) will be decomposed. Sulphate of Potash
and Perchlorate of Potash (KO, Cl. O,) being formed along with a
greenish yellow colored Gas (Chlorous Acid, CL O,) which escapes.
The.application of heat must be avoided, and the quantities operated
upon should be small, to prevent any loud and violent'explosion taking
place. '

99.—BroMINE AND HyproBrOMIC Acip.—(Br, and HBr.)—

So called from its unpleasant smell (Bromas, fetor), is found in
both kingdoms, but never free. It exists in sea water, combined with

- Maguesium and Sodium, and mineral waters, and in Marine plants and
some Mariue animals, .
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Bromine is usually procured from’Bittern (the liquor of s;a. water
from which Chloride of Sodium has been scparated by crystalli-
zation.) The method is similar to that of dtecting it in any other
liquid compound, viz., pass Chlorine Gas through the solution, or ad®"
an aqueous solution of that Gas; the Bromine being set free, will com-
muni®ate a yellowish red tint to the liquid, except the quantity be
very minute. If the solution be now agitated with Ether, it will remove
all the Bromine from the liquid, dissolving it and forming a yellow
colored solution. If the Ltherial.solution be agitated with Potash, the
color will disappear, Bromide of Potassium and Bromate of Potash being
formed. By evaporating this solution to dryness ar igniting the
residue, the Bromate of Potash will be converted into Bromide of Potas-
sium.  On heating the Btomide along with Peroxide of Manganese and
Sulphuric Acid in a small retort, yellowish red vapors will be evolved,
unless the quantity be very minute. These vapors when brought in
contact with Starch paste, will communicate to it an orange yellow
color, which disappears on exposure to the air.

Bromine is a deep red Jiquid when seen in mass by reflected light,
Hyacinth red by transmitted light through thin layers. Its taste
is acrid and somewhat aromatic, like'Saffron. It boils at 117° F., and
its vapor riscs visibly even at common temperatures. It is soluble
very slightly only in water, more so in Alcohol, and much more so in
Sulphuric Ether, also in Sulphuret of Carbon, which it colors purple;
and these liquids remove it from water. At 4° below Zero K. it
congeals into a brittle solid. It bleaches and destroys vegetable colors.
It is fatal to animal life, one drop being sufficient to kill a small bird.
It destroys vegetable blue colors, converting them to yellow, and colors
solution of starch yellow. It precipitates Nitrate of Silver, producing
a yellowish Bromide, which is more soluble in Ammonia than Iodide
of Silver.

Bromine and Bromides, melted with Salt of Phosphorus and Oxide
of Copper (see Iodine) impart to the blowpipe flame a greenish blue
color. Heated with Bi-sulphate of Potash in the closed tube they,yield
vapors of Bromtne, which are recognized by their yellow color and
peculiar smell. '

If the Bromine is combined, it may be set free by heating the
compound with Bisulphate of Potash. If it be desired to prove its pre-
sence in more solid organic or animal matter, it may be boiled with
Potash, which forms Bromide of Potassium, in which it.may be recog-
nized by means of Nitrate of Silver, or the Bromine may be set free by
a current or solution of Chlorine being passed into the solution.



108 GUIDE TO ANALYSIS. s[Parr 1L

Antin'(nony or Arsenic, takes fire when dropped into liquid Bromige.
When Potassium or Phosphorus is dropped in, a violent explosion
takes place. ¢ .

*  Thesoluble Bromides cause white precipitates with the Nitrate of Sil-
ver, Acetate of Lead and Protonitrate of Mercury. Bromide of Silver is
yellowish white, clotty, insoluble in a weak solution of Ammonia«(thus
differing from Chloride of Silver), but dissolves in a concentrated solu-
tion. If a few drops of a solution of Chlorine be added to a solution of
Bromide, and.then a little Sulphurjc Ether, we obtain an Ethereal
solstion of Bromine, of a Hyacinth red color, which floats on the water.

Hypronro&ic ACip—This acid resembles very closely in its pro-
perties Hydrochloric Acid Gas. ‘

It is decomposed by .Chlorine, Bromine being sct free, and Hydro-
chloric Acid formed.

It is composed of equal volumes of Hydrogen and Bromine.

100.—IopiNnE AND Hyprionic Acip.—From Iides, violet colored.—
(L)

In the Inorganic Kingdom it has been found in Ores of Zinc and
Lead, in the sca water (where it probably exists as an Iodide of Sodium
or Magnesia) ; in mineral waters, also in Rock Salt.

In the Organic Kingdom it is found in many marine animals,(molluscs,)
in cod liver oil and ingumerous vegetables, particularly Fucoids. It
is from these that it is obtained, that is from their ashes or kelp.

Iodine is a crystallizable solid, its primary form being a rhombic
octahedron. It is usually met with in micaceous soft friable scales,
having a greyish black color, a metallic lustre, an acrid hot tastc, and a
disagreeable odor, somewhat similar to that of Chlorine. Iodine vapor
kas a beautiful violet color. In odor and power of destroying vegetable
colors it resembles very dilute aqueous Chlorine. It dissolves in 7000
parts of water. The solution is of an orange yellow color, and in small
quantity tinges raw starch of a purple hue. DBoiling water aids its
sublimation. It is very soluble in Alcohol and Ether.

If Salt of Phosphorus be melted with as much Oxide of Copper
as suffices to make a very dark grecn bead, and with this, Iodine, or an
Todide, be fused in the blowpipe flame, they will impart to it a very
beautiful and intense green; and when heated in the closed tube with
Bisulphate of Potash, they yield violet vapor. In solution, Iodine gives
a precipitate with Nitrate of Silver like that of Chlorine, which
however is soluble with difficulty in Ammonia.
~-lodite in a free state, forms with Starch, even in highly dilute
solutions, a purple precipitate of Iodide of Starch, but if the Iodine is in a
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state of combination with Hydrogen, or any metal, it is ncéessary to

liberato it before applying the Starch test.

This is done by Nitric Acid, which liberates Yodine Trom its Hydrogen
and Metallic compounds, Nitric Oxide being given off. The liberated
Iodine communicates a brownish yéllow tint to the solution, and if it is
concentrated a portion of the Iodine separates as a black precipitate.
When solid, Iodides are heated with Nitric Acid, the Iodide sublimes in
the form of violet colored vapors, which condensc upon the colder parts
of the vessel as a blackish sublimgte.

If Nitric Acid be added to a solution contammrr Iodine, «and
subsequently thin Starch paste, the fluid will acqutire a Wue or blackish
blue tint owing to the formation, of Iodide of Starch.

If Jodine is to be obtained from animal mattcrs, they must be
boiled in water and a little solution of Potash added, by which opera-
tion Iodide of Potassium and a little Iodate of Potash are formed, and
may be recognized by means of Nitric Acid and Starch.

Sulphuric Acid, Binoxide of Barium and Chlorine also liberate
Iodine from its combinations. If the latter be added in excess
they combine together, forming a colorless compound (Chloride of
Todine.) .

Hypriovic Acro—(ZII)—This Acid and its compounds resemble in
their properties the corresponding compounds of Chlorine and Bromine.
Many of the Iodides of the heavy metals are more insoluble in water
than the corresponding Chlorides.

If Sulphuretted Hydrogen be passed through a mixture of water
and Jodine, and the liquid obtained be heated, the excess of Sulphur
flics off and leaves liquid IIydiodic Acid. Ilydriodic Acid may also be
obtained by passing Hydrogen over Iodine at an clevated temperatuge.

101.—Frvorine (F) aNp HyvrorrLvoric Acip—(HF.)

Fluorine exists combined with Lime in the bones and teeth of
animals, It has been found also in the Vegetable Kingdom to a sufti-
cient extent to account for its existence in the Animal Kingdom. In the
Mincral Kingdom it exists in great abundance.

It is supposed to exist (not having been obtained in a separate
state) in Fluor or Detbyshire Spar. If some of this mineral be pow-
dered and distilled with strong Sulphuric Acid from a leaden retort
into a leaden receiver kept cold with ice, an intensely active fluid is
produced, which instantly blisters the skin, and has the power of etching
glass as well as dissolving Silica. For the mere purpose of observing
its etching power on glass, a piece of sheet lead bent up at the edges
will be sufficient to contain a paste made from the Spar and Acid.



Ko GUIDE TO ANALYSIS. | Parr II

. From thfs, held over the lamp, dense white fumes will be disengaged,
which, if a plate of glass spread with a thin coating of bees’ wax and
engraved with any ﬁrrurés be held over it for 5 or 10 minutes, ' will
" have the effect of ctching it, as may be seen by subsequently removing
the wax with turpentine.

When the distilled fluid above-mentioned is dropped into water,
a hissing noise is produced, with much heat, and an acid fuid is formed.
" Hyprorrvotic Acip—(HF.y—This Acid, from its propertics, cannot
be prepared or kept in glass bottles.

Fluorine cannot be deteeted in a compeund, when Silica is pre-
sent, because they combine, Fluoride of Silicon (8¢ F,) and water being
formed. Should the compound contaie therefore Silicic Acid as well
as Fluorine, Fluoride of, Silicon, and not Hydrefluoric Acid, will be dis-
engaged by the Sulphuric Acid.

To detect, therefore, Fluorine when Silica is present, the com-
pound must be powdéred and mixed with strong Sulphuric Acid in any
dry tube; If the evolved Gas be transmitted through a tube moistened
within with water, the inner surface will become coated with a deposit
of Silicic Acid, which will render the tubc less transparent. This
deposit is occasioned by the decomposition which Fluoride of Silicon
undergoes in the presence of water, vz, into Silica and Hydrofluo-
silicic Acid (3 HF 2 SiFy).

If a Fluoride mixed ®ith Bisulphate of Potash is heated in a test
tube, Hydrofluoric Acid is disengaged, which is easily detected by the
etching of the glass.

When Fluorine is present in small quantities, and not as an
essential constituent, if the assay be heated alone in the closed tube
having a strip of Brazil wood paper in its mouth, the glass will be
corroded, and the paper become yellow. But when the Fluorine is in
large quantity, and is chemically combined, the assay must be heated
with fused Salt of Phosphorus in the open tube in order to produce the
same gpesults.

102.—Boxracie Acip.—(B0j;.)—

Occurs native in the Volcanic formations of theeLipari Islands,
where it is evolved together with Hydrosulphtiric Acid. It is also
dissolved in hot springs there, and at Sasso, in Tuscany, whence its
mineralogical name of Sassoline.

To detect Boracic Acid; the assay is heated with Sulphuric Acid,
and evaporated to dryness; Alcohol is then added and set on fire. The
Boracie Acid, if present, is volatilized with the Alcohol, and imparts a
decided green color to the flame.
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»This Acid is best obtained by adding to a boiling concentrated sola-
tion of Borax (Biborate of Soda) strong Sulphurlc Acid until the
liquor becomes sour to the taste; on cooling) the greater part of the
Boracic Acid separatessfrom the solutxon, in the form of colorless cry%-*
talline scales containing water. When ignited they fuse to an anhy-
drou8 glassy mass, which, on exposure to the air, absorbs water, swells,
and becomes opaque. The Hydrated Acid is much more soluble in hot
than in cold water. When an Alcoholic or aqueous solution of this Acid
is evaporated, a portion of the Acid volatilizes with the vapors of the
solvent, but alone it is perfectly fixed at ared heat. One peculiar
property which this Acid possesses is that of affecting T'wymeric paper in
the manner of a free Alkali: i% acts however upon blue Litmus paper
like other Acids. All tite Borates, with the exception of the Alkaline
ones, are almost totally insoluble in pure water; they dissolve readily
in Acids, and in water containing Ammoniacal Salts. They arc not
decomposed upon ignition; they are colorless, and all of them, even the
Acid Salts, manifest an Alkaline reaction.

By the aid of Borax, Potash and Soda may be recognized in mineral
substances, by first fusing the substance with twice its weight of Borax,
then dissolving in dilute Nitric Atid, concentrating the solution to
scparate the Silex. Boiling with Carbonate of Ammonia then separates
the earthy and metallic ingredients. The liquid is then mixed with a
sufficicnt quantity of Nitric Acid, and evaporated till the whole of the
Boracic Acid is separated.

Nothing now remains but the Nitric Acid combined with the Alkaline
constituents of the mineral (and Ammonia), which may be distinguished
by their appropriate tests, viz., Tartaric Acid or Perchloride of Plati-
num, the Nitrate of Ammonia being first got rid of by exposure to.a
dull red heat.

At high temperatures Boracic Acid displaces the strongest of the
other acids, and is exceedingly useful in fluxing out the baser mectals
from the nobler.

103.—Hyprocvanic Acto—(HCy)—Prussic Acid.—

Is a product peculiar to the Vegetable Kingdom, being procurcd
readily from bitter almonds, peach kernels, &c., &c. During the
decomposition of animal matters, Cyanogen is frequently gencrated.
Cyanogcn Gas burns with a purple flame and destroys life on being
breathed. When a few drops of Hydrocyanic Acid are poured on
paper, a part evaporates so rapidly as to produce a degree of cold suffi-
cient to crystallize the remainder. It is the only liquid which possesses
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this prop&ty It is the Hydroaren¢ compound of the radical Cyanogen
which is itself a compound of Carbon and Nitrogen (C, N). In its
anhydrous state it is a colorless, volatile, inflammable liquid. "

“ The compounds of Cyanogen, with the metals of the Alkalies
and Alkaline earths, are soluble in water: their solutions possess an
Alkaline re-action, and are decomposed with the liberation of Hydro-
cyanic Acid by the weakest Acid. If to a solution of free Hydro-
cyanic Acid or an Alkaline Cyanide, Potash and a mixture of a Per
and Prolosalt of Iron be added, a greenish-blue preclplta.te will be pro-
duced, which on the addition of Hydrochlbric Acid will re-dissolve,
Prussian blue $recipitating.

104.—SvurpuurerTED HypRocEy<-Ilydrosulphuric Acid.—(HS)

This Acid exists at the common temperature and pressure as a
colorless inflammable Gas, possessing a highly offensive odor, resembling
that of rotten eggs. It is soluble in water, three volumes of which dis-
solve one volume of the gas; this solution reddens Litmus paper, and on
exposure to the air is decomposed, water being formed, and Sulphur in a
highly divided state separated.

It is decomposed by Chlorine, Iodine, and Bromine, which separate
its Hydrogen and cause the Sulphur to be deposited. It precipitates
the Salts of Lead, black, those of Antimony, orange yellow, those of
Arsenic, yellow, and those of Zinc, white, under the influcnce of Acetate
of Soda. ) »

Most Metallic Sulphides dissolve with decomposition in IIydro-
chloric Acid, in which case Sulphuretted IIydrogen is evolved, which,
from its smell or from its blackening a piece of paper moistened with
any soluble Salt of Lead, is easily recognized.

« When Sulphides are dissolved in Nitric or Nitro-Hydrochloric
Acid, Sulphuric Acid is formed along with a separation of Sulphur,
which may be recognized by its color, and also its behaviour upon igni-
tion. In the case of Sulphides, therefore, which, from their insolubility
in Hydrochloric Acid, must be dissolved in Nitric or Nitro-ITydrochloric
Acids. the Sulphur is converted into Sulphuric Acld and not given off

as Sulphuretted Hydrogen.

When the Sulphides of the heavy Metals are heated in contact
with air, Sulphurous Acid is evolved, the Metal being left in some cases
uncombined and in others as an Oxide. The Sulphides of the Alkalics
and Alkaline carths are cuntverted by this process into Sulphates.

Sulphuretted Hydrogen, if present in Gas or elsewherc to the
amounit of ;355 part, may be at once detected by presenting to the
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vgpor, while it is still wet, a picce &f paper moistened with'Sugar of
Lead (Acetate of Lead) which will become br‘owned. or blackened.
L ]

Next of the Non-Matallic Solids. e

105.—S1Licon—(8:) Silicic Acid or Silica (8i 0;)—

Is~the basis of almost all the scintillating stones, such as flint,
rock crystal, quartz, agate, chalcedony, jasper, &c. It is deposited from
some springs in a stalactitic form, as the Geysers in Iceland. It is also
found in the tissue and structurg of most plants, especjally grasses and
the equisetums, . .

De la Beche calculates that Silica alone constifutes 45 per cent. of
the mineral crust of our Gilobes

In the vegetable kingdom, Silica performs the important office
of imparting strength to the stem as in grasscs, so as to enable them to
bear the weight of the grain. In the stem of'the equisetaces, or horse-
tails, it is scen to be disposed in a cr_;fstalline arrangement. In the
Bamboo, deposits of pure Silica occur in considerable masses, to which
the name of Tabasheer has been given.

The only Acid that dissolves Silica is the Ilydrofluoric. In the
state in which it is encountered by the analyst in every compound he
examines, it is insoluble (in all but the above Acid), and is generally
reduced by fusion with the carbonated alkalics. The fused mass or glass
that results may be dissolved by plain water. On adding to the solution
ITydrochloric Acid, this combines with the alkalies and bases also in the
solution forming Chlorides, and the Silica is set frec as hydrated Silicic
Acid in a gelatinous form. The separation, however, of Silicic Acid from
an aqueous solution of a Silicate on the addition of an Acid depends
upon the amount of water present. If there is sufficient to dissolve. it
no separation takes place. The liquid should thercfore be thoroughly
evaporated to dryness. 'This, the evaporation, converts the Silica from
the soluble to the insoluble form. Water is again added to dilute it, and
the solution being filtered the gelatinous Silicic Acid (containing all or
very nearly all the Silica in the compound) is left on the filter.

If Silica be anerely precipitated, washed and dried by a moderate
heat, it remains in the'soluble condition, but if the same Silica be exposed
to a red heat, it assumes the insoluble form ; water no doubt is held with
a force which may fairly be considered as an actual condition of com-
bination, this is driven off by a red heat, and hence the difference.

The Alkaline Silicates are the only Salts of this Acid which are
soluble in water. '

Q
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On adciing Chloride of Ammonium to a solution of an Alkaline Siji-
cate, a gelatinous Prec1p1tate takes place.

Glass formerly made of Soda and Silica, is now generally n.ade

" frém Potash. Lead is used in flint glass and to give brilliancy to artifi-
cial gems.

Artificial stone is prepared by making a soluble glass first by dis-
solving broken flints in a solution of Caustic Alkali at 300° F. A
properly prepared sand is mixed into a pasty mass with this solution,
and pressed into the required forms. In a short time the mass hardens;
heatris then applied to drive off the water, and the whole is converted
into a very colgerent sandstone.

The surface of many Oolite and Dolamite building stones, is decom-
posed and cracked ‘off by the Carbonic Acid of the air combining with
the Calcareous and Magnesian ingredients. It has been proposed to
secure them by coating their surfaces with this soluble glass. The
Carbonic Acid decomposing the Silicated Alkali, its Silica would be
deposited on the surface as an insoluble glaze.

When Silicic Acid is fused with Carbonate of Soda before the
blowpipe, a transparent colorless bead is formed, while Carbonic Acid
is expelled. A small quantity of Soda ought only to be employed, as
an opaque bead is produced when it is added in excess.

106.—CarBoN-—( C.

Carbon cxists in bth kingdoms. To Lavoisier we are indebted
for the discovery that, by combustion in Oxygen Gas, the Diamond and
Charcoal yield the same product, Carbonic Acid gas. The Diamond
has by some been supposed to be of vegetable origin, but Mr. Ilculand
found a specimen in primary rock. In India the sandstone is its matrix.

It is remarkable that Carbon is rare among the older rocks.

Carbon in powder heated with Nitre deflagrates.

Plumbago and Anthracite consist principally of Carbon. Coal, Petro-
leum, Naptha also contain it.

In the Organic Kingdom it is an essential constituent of all organized
beings, animal and vegetable.

Animal Charcoal prepared from bones is much dsed by chemists for
purifying other substances. The theory of its ‘decolorizing property
is imperfectly understood. It is said to depend on some attraction
between charcoal in very minute particles and coloring matter.

‘Wood Charcoal, though an excellent conductor of electricity, is a
very bad conductor of heat, a property of considerable use on many
ueeasions, as in lining crucibles. A remarkable property possessed by
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it {in common with, but in a less degrce than animal charcoal)'is that of
abstracting certain substances (such as Ilydrosulphuric Acid, organic
coloting principles, various odorous matters, &c.) from liquids in which
they are dissolved, or through which they are diffused. -

This property gives it its use as a filtering agent. Putrid water
may thus be rendered sweet, particularly if aided by a few drops of
Sulphuric Acid.

Common Vinegarboiled with Charcoal powder becomes perfectlylimpid.

Saline solutions tinged yellow or brown, are rendered colorless, and
afford perfectly white crystals. .

The impure Carbonate of Ammonia obtained from bofles, is deprived
both of its color and fetid smell by sublimation with an cqual weight
of charcoal powder. ' '

Another curious quality, is that of condensing within its pores a
certain quantity of any Gas with which it may be placed in contact.
This power appears to depend on capillary attraction. Beech wood
charcoal (a cubic inch of which has about a hundred feet superficial
of condensing surface,) will thus attract to itself 80 or 90 times its own
volume of Ammoniacal Gas.

When Coal is deprived of its Volatile parts by heating in close
vessels, a peculiar kind of charcoal remains, called Coke. This is
abundantly obtained as the residuum of the process for making Coal
Gas, but not of the best kind for furnace purposes, owing to the com-
plete abstraction of all its Hydrogen and inflammable Gas.

It is insoluble in water; hence the utility of charring the surface of
wood exposed to that liquid, in order to preserve it, as in foundations,
&c., below ground. Tt has attraction however for a certain portion of
water, which it retains very forcibly. .

Melted cast Iron is the.enly liquid which will dissolve Carbon. At
a high temperature it is capable”of dissolving a larger quantity than
it can retain at a lower. As it cools, it gives out the excess in crystal-
line Laminee, which are black and opaque, and of metallic lustre, and
identical with Graphite. .

Carbon comBined with Iron forms Steel.

In Carbonate of Lite, one of the most abundant substances in nature,
as chalk, marble, limestone, marl, Carbon forms J part by weight. In
dried muscular flesh the proportion of Carbon by weight is not far
from 4; and in the tissue of wood the weight of Carbon is nearly 3.

The purest Carbon for chemical purposes, is obtained by strongly
igniting lamp black in a covered crucible.



116 GUIDE TO ANALYSIS, [Part 1L

Charcoal has a powerful affinity for Oxygen, whence its use win
blowpipe Analysis, in disoxygenating metallic Oxides, and restoring
their base to its original metallie state, or reviving the metal. Yhus
too, it decomposes several of the Acids, as the Phosphoric and Sul-
phuric, from which it abstracts their Oxygen, amd leaves the Phospho-
rus and Sulphur free. '

Carsonic Acip—(CO,)—Fixed Air— R

Is a constituent of the atmosphere in the proportion of -0004
per Cent. It is thrown out in mines as choke damp, and exists
in fnost mineral waters, rendering thenf sparkling. It is found
(native) in cofbination with many mineral bases, especially Lime,
as Marble, of which it composes 45 per Cent. by weight, or as
De la Beche says 1 cubic yard of stone contains 16,000 cubic feet of
Gas. It is produced in the burning of Coal, Wood, Charcoal, &c., and
is the cause of the last of these being destructive of life. Although
highly necessary in the Organic Kingdom to all vegetation, and univer-
sally absorbed by their leaves, it is yet exhaled by them also in
the absence of light during the night, and in dark and shady places.
Animals exhale it also during the process of respiration, and if the
breath be passed by a tube through ¢ommon Lime water, a precipitate of
Carbonate of Lime will be formed. It is also produced during the fer-
mentation of Saccharing fluids, the destructive distillation of animal
substances, and the decomposition naturally of organic matter.

Carbonic Acid is usually made from Marble or Carbonate of Lime,
and Hydrochloric Acid diluted with four or five times its volume of
water. At the common temperature and pressure it cxists as a color-
less, inodorous, and non-inflammable Gas. Being heavier than the
Atmosphere (as 1+52 to 1) it can be decanted from one vessel to
another like a liquid. It reddens blue Litggus paper, which returns to
its original color as the Acid volatilizes. gls soluble in cold water, but
when the solution is heated the gas escapes.

The neutral Alkaline Carbonates are the only neutral Salts of this
Acid which are soluble in pure water. All the Cagbonates are decom-
posed in the presence of the other Acids (Hydrocyanic %and IHydrosul-
phuric excepted) with evolution of Carbonic Acid.

To detect Carbonic Acid add to the solution or solid substance under
examination, Hydrochloric Acid ; should any Gas he evolved, allow it to
accumulate by placing the thumb on the mouth of the test tube; and
afterwards decant it (taking care not to allow any of the liquid to pass
over along with it) into another test tube half filled with Lime water.
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A ywhite precipitate of Carbonate of Lime will be produced, .if Carbo-
nic Acid is present.

It*may be collected and its quantisy estimated by passing dry air
containing it slowly through a glass tube, containing Hydrated Or
Caustic Potash, which absorbs more than 100 times its volume of
Carbdnic Acid ; the increase in weight of the tube will show the amount
of the Gas. ,

Or if the air to be tested be in'a graduated glass tube, the lower or
open end of which is immersed in, Mercury, and into this be introduced
about 45 of the volume of air, of strong solution of Potasg, the volame
of the air immediately diminishes, the Carbonic Acid beig absorbed by
the Potash. »

In a solid compound it may be estimated by using an apparatus
similar to that figured for Sulphuretted Hydrogen. In one bottle is
the solid in the other and smaller one Oil of Vitriol ; and the whole is
air-tight and carcfully weighed. By suction at the last tube out of
the small bottle, the air from the large one is abstracted, and Sulphuric
Acid passes back in its place. This causes cffervescence and the
expulsion of the Carbonic Acid, which passing through the Oil of
Vitriol is deprived of its moisture, arid the difference in we'ght of the
apparatus at the end of the operation gives the amount of Carbonic
Acid.

Many of the insoluble Carbonates dissolve in water containing free
Carbonic Acid, from which solutions they are precipitated on boiling,
the free Acid being expelled. It is in this state that most of the Lime
and Magnesia in spring and river waters exist. The incrustations which
are formed in the vessels in which such waters are boiled, are due to
the precipitation of these Carbonates, occasioned by the removal of tife
free Carbonic Acid. Carbomc Acid is best detected in waters by add-
ing to them Lime water; by*this means not only is the Carbonate of
Lime which is formed precipitated, but also that which pre-existed in
the solution. This process is employed on a large scale for softening
hard waters (waters ampregnated with earthy matters.) .

All the Carbohates, with the exception of those of the Alkalics, lose
their Acid upon ignition, the metal being left cither in an Oxidized or
uncombined state, according to its greater or less affinity for Oxygen.
The Alkaline Carbonates and Bicarbonates affect test paper in the
manner of a free Alkali.

The following precautions must be attended to in testing for this
Acid.  When the substance is in the solid state, a little water should
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be added prior to the Acid, to displace the air in its pores, otherwisean

apparent effervescence will ensue, which is due to the expulsion of com-

mon air. In the case of Alkaline Carbonates the decomposing @Acid

must be added in excess, otherwise the Carbonic Acid set free may com-

bine with some of the undecomposed Carbonate, forming with it a Bicar-

bonate, and thus prevent any effervescence from taking place.
107.—SvLPHUR—(S.)}—

Is found imbedded in rocks (native Sulphur) or produced by subli-
mation (Volcanic Sulphur); Sulphuroas Acid Gas rushes out from Vol-
canves; Sulphuric Acid is found native, both free and combined.
Hydrosulphurfe Acid Gas is evolved from Sulphurous water, and the
soil, in Italy and in other places. ‘

In the Organi‘c Kingdom it is found in‘Liliacee (as Garlic); in
Crucifere (as Mustard); in Umbellifere (as Asafetida), and in many
other orders of plants. The Alkaline and earthy Sulphates arc fre-
quently met with in .veneta.bles ; Sulphur is also a constituent of some
animal substances (as eggs, urine, &c.)

United to Iron, Sulphur forms Iron Pyrites; all the Ores called
Pyrites are combinations of Sulphur with different Metals.

Sulphur is insoluble in water; but in small quantity in Alcohol
and Ether and more largely in Oil. It combines readily with Chlorine.

Material suspected to contain Sulphur may be heated in a retort
with some Acid, and the Gas which is disengaged being passed into a
solution of Acetate (or Nitrate) of Lead a black precipitate will be
formed. 4

108.—PuosrrorUus—(P.) -

Various Phosphates are found native but in small quantities ;
those of Lime, Lead, Iron, Copper, Manganese may be mentioned as
examples. Phosphate of Lime is a very important constituent of the
organic exuvixc (Coprolites, &c.) cntombed in the fossiliferous rocks.

The Organic Kingdom abounds with Phosphorus or its Acid. It is
found in various vegetables. In animals it is found in almost every
part of their bodies which is not volatile. There js not in all probability
any part of these organized beings which is free from ft. It has been
obtained from blood ; flesh, both of land and water animals ; from cheese,
and it exists in large quantitics in bones, combined with calcareous earth,
the Carbonate of Lime being in very inferior proportion to it. Urine
contains it, not only in a free state, but'also combined with Soda, Am-
monia and Lime. In the shells of the crustacea, in egg shells and in
coral, it has becn found to be present also.
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Some Limestone rocks in England (holding Coprolites) have as much
as 18 per cent. of Phosphate of Lime. f

It® exists in the mineral kingdom, as Ap:mte and Phosphomte, which,
though in some districts they constitute even mountain masses, yet ate
not widely spread over the earth’s surface. Phosphorus exists in all fertile
soils, and the source from which this important constituent of vegetable
and animal gubstances originally reaches the soil, is now proved to be
the mineral kingdom. Recent’chemical analysis has satisfactorily
shown, that minute portions of FPhosphates are every, where spread
throughout the earth’s susface, derived evxdent]y from the constant
degradation of rocks. 3 ®

Liven in sea water Phosphates have becn detected.

In the Vegetable Kingdem, Phosphorus in minute proportions is spread
throughout it. The ashes of Red Wheat contain, according to Liebig,
94 per cent, White Wheat 91, Peasc 85, Beans 97 of Phosphates,
whence it follows that the ashes of these several substances have
Phosphorus present in them to the extent of 15 or 20 per cent., and as
Phosphates arc invariable donstituents of the seeds, not only of all
kinds of grasses and leguminous plants, but also of the seceds of plants
in general which are fit for food, it is not too much to say that
Phosphorus in minute proportions is spread throughout the Vegetable
Kingdom.

Liebig has shown the very great importance of the Phosphates to
agricultural crops and vegetation. He states that the “plant contain-
ing the most Alkaline Thosphates Jﬁnd earthy Salts, will produce more,
or a greateggveight ofgeeds than another, which in an equal time has
absorbed less of them.”

All substances containing free Phosphorus are luminous in the darlk,
and exhale a powerful odor of Garlic; andy when placed upon hot
bodies, they give off white fumes of Phosphoric Acid. But it may hap-
pen that the Phosphorus has been converted into Phosphorous or Hy-
drophosphoric Acid ; these,when boiledin water, disengage Phosphuretted
Hydrogen, which when inflaimed burns and gives off dense white fumecs
of Phosphoric Acid.

If the combustion of Phogphorus take place within a large glass
receiver, the smoke is condensed in the form of white flakes, which con-
sist of Phosphoric Acid.

Phosphorus is soluble in oils, and communicates to them the property
of appearing luminous in the dark. It is also dissolved in Alcohol and
Ether, but more sparingly.
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Pnoqpnomc Acio— (PO, ¢

Anhydrous or Glacial Phosphoric Acid (£0;) appears under the
form of white ﬂakes, which rapidly absorb moisture from the air and
deliquesce:  When perfectly dry it sublimes in cloca vessels, but loses
this property by the addition of water, in which circun.stance it differs
greatly from Boracic Acid, which is fixed whendry, but rises by the
help of water.

The aqueous solution of Phosphoric Acid is a colorless and odor-
less liquid, possessing the usual charaeteristics of an Acid. When
strongly hecated in an open Platinum vessel, it volatilises without a
reddue. H )

The neutral Phosphates, with the cxception of the Akaline ones, are
nearly all insoluble in water.

If Phosphoric Acid be saturated with an Alkali (Soda), so as to form
a soluble Phosphate, it may be distinguished from all other Acids by the
following characters. It throws down with the soluble Salts of Lead,
Lime and Baryta, white precipitatcs (Phosphates) soluble in Nitric Acid.
With the Nitrate of Silver it causes a y®llow precipitate, soluble in
Nitric Acid and in Ammonia. Hydresulpharic Acid causes no change
of color or precipitate with it. If the soluble Phosphate be heated to
redness, it is converted into a Pyropnosphate, which gives with the
Nitrate of Silver a whitg precipitate (Pyrophosphate of Silver): saturated
with Carbonate of Soda, no Phosphate insoluble in water should be
thrown down.

According to Erdmann most of the combinations of Phosphoric Acid
color the blowpipe flame green, especially when they hawg been mois-
tened with Sulphuric Acid. The experiment must be made in the
dark, and succeeds when the mineral contains only 3 per cent of Phos-
phoric Acid. When thg percentage is laiger, the assay is melted with
Boracic Acid in the outer flame, a bit of very fine Iron wire inserted
into the red-hot bead, and the whole exposed to the reducing flame ;
Phosphuret of Iron is formed, which, on breaking the bead after it has
cooled, appears as an Iron black magnetic globule. This test can be
depended on only when no Sulphur or Arsenious Acid or Metallic
Ozide reducible by Iron is present.

In solution, Phosphoric Acid yields a white crystalline precipitate
with Chloride of Magnesium, on adding Ammonia, which is soluble in
Acids, but not in Sal-Ammoniac, and with Acetate of Lead a precipi-
.tate, wlnch when fused before the blowpipe, becomes crystalline on
coolmo
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+109.—Thirdly, of the Metallic Bages.
The characters of the earths BARYTA, STRQNTIA, and Live may be
given by the following Table :

S— L
;g Tests w.dded. Salts of Barytes. | Salts of Lime. | Salts of Strontia.
] . -
White precipi- White precipi-
Potash. * tate .psoluble Gilv;ftmo:f tate soluble
i 0tash, sieveres esiiine in excess of ¢ 1t: tg e in excess of
WALery -.esees Wbp 7o water.
2. | Carbonated Alkalics, | § ¥ poee PreiP™ } ,‘f:t},’,’e‘ff: White precipisate.
1te teci- | @White precipi-
White precipi- plmteplf the | |* tate, but no
3. ; Sulphuric Acid and tate jnsoluble solution is & precipitste in
Soluble Sulphates, in any known concentratt a very dilute
re-agent, || 0q one,...... | L~ solution.
Yellow re(l:ipi- No off .
tate soluble in o effect ina di-
t. | Chromate of Po.ash, an excess of No eﬂ'ect, o lute solution.
Ac'?Yy eees
White precipi- . . .y
5. | Phosphate of Soda,... tate soluble in }Whll::tgrecn W::f: precipt
Nitric Acid,.. || P% o '
6. S:::H::::ICOFA'“’“O' }Nn precipitate, | Noprecipitate, | No precipitate.
. | Perchlorie acid, ... ) Do, ... eosese | D04y ceeverensees | Do
8. | Ferro-cyariac ot s u- Dy ceeeenns Do., .. Do.

tn.ssium - (XL sesessonoe
y ses oo svoee. s
"

{The Salts of

Strontia are
( White preci- soluble in Al-
itate inso- cohol, and the
9. | Oxalic Acid and Ox- D ubleinAce- | ]  solution when
alate of Anunonia, Opeaeenaeees neee tic Acid, but inflamed
| soluble in burns with a
Nitric Acid, beautiful red
! or purple co-
[ lor.

Carbonate-of Baryta melts readily into a clear glass, which becomés
milk white on cooling. Sulphate of Baryta (heavy Spar) is with
difticulty fusible, but is reduced to Sulplude of Barium in the inwer
flame.

Carbonate of Strontia melts only on the thinnest edges, forming
luminous excrescences. The Sulphate melts without much dificulty
ir the outer flante, and changes into Sulphide of Strontium in the inner
flaize. which, being dis'solved’ Hydrochlorig Acid, dried and moistened
with A.ohol and set on fire, 1mparts to the flame a beautiful red color.
If Barytes and Strontia are both present in a mineral, they must be .
obtained in solution in Hydrochloric Acid, evaporated,ignited, pulverized,
and digested’ in Alcohol, which dissolves Chloride of Strontiaum, but
lcaves Chloride of Barium undissolved. The solution of Chloride of
Strontium in Alcohol burns with a carmine red flame. Sulphate of
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Lime in the reducing flame becomés Sulphide of Calcium which has gn
Alkaline reaction.
As Baryta and Stronna yield a precipitate with Oxalic Acid, if they
" oétur along with Lime, they must be previously-separated by Sulphate
of Potash,

Chloride of Calcium imparts a yellowish red color to the flarte of
Alcohol. (See Lime below.)

110.—MacGNEstA—( My O)—Talc Earth, Calcined Magnesla.

Magnesia, or the Oxide of Magnesium, exists much more sparingly than
Linte in organic nature. Phosphate of Magnesia is a salt of continual
recurrence in the chemical analysis of the parts of vegetables. Thus in
the ashes of wheat, rye, beans and peas, the Phosphate of Magnesia cxists
to a considerable extent. It occurs also in thé human blood and bones.

Magnesia differs so much from the other Alkaline earths, that its
treatment is necessarily separate. In the first place it is not precipitated
along with them by the general re-agent, Carbonate of Ammonia; and
in the next, its Hydrate (or simple powder,) is soluble with difficulty,
although its Sulphate, Epsom Salts, is readily soluble.

It re-acts as an Alkali when moistened with water on test papers.
It is more soluble in cold than in Kot water.

Magnesia is not precipitated cither by Sulphuric Acid, Qxalic or
Hydrofluosilicic Acid.

The Oxalate and Chromate, as well as some other Salts of Magnesia,
are soluble in water. The soluble Magnesian Salts have a nauseous
bitter taste; they do not alter vegetable colors when in a neutral state,
and with the exception of Sulphate of Magnesia, they undergo decom-
position when ignited. All the Salts of Magnesia, which are insoluble
in water, dissolve readily in Hydrochloric Acid. Magnesia is found in
the Mineral Kingdom, chiefly as Sulphate (Epsom Salts My 0, SO; 4
HO 4 6 A4q) or Carbonate, and in combination with Silicic Acid in
various proportions, forming the Meerschaum, Serpentine, &c.

A solution of Magnesia does not occasion any precipitate with the
Ferre-cyanides, Hydrosulphurets, Oxalates or Bicarbonates. Magnesia is
insoluble in Alkaline solutions,and is thereby distinguishéd from Alumina.

Ammonia precipitates fygpm aqueous gffiytions of Salts of Magnesia a
portion, as Hydrate (Mg O, HO). The rest of the Magnesia remains in
solution with the Salt of Ammonia formed as a double Salt. The pre-
sence of Salts of Ammonia prevents the precipitation altogether.

[The'fixed Alkalies and the other Alkaline earths, precipitate Mag-
nesia from its solutions in the form of Hydrates This precipitate is

« soluble in Salts of Ammonia; the addition therefore of those substances,
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. » N
eifher before or after the precipitatiofi, prevents or re-dissolves the pre-
cipitate formed.

Mseniate of Ammonia (3 NH, O, 4s O;) produces in solutions of
Magnesia a white precipitate of Arseniate of Magnesia and Ammon'a, °
(2 Mg O, NH, O, 4s Oj;) which is soluble in Acetic and other weak
Acide.

Phosphatg of Soda precipitates it (which see)

If Magnesia or any of its compounds, after being ignited strongly by
the blowpipe flame upon a charcqal support, be moistenad with Nitrate
of Cobalt, and again ignited, the mass assumes, on coolmg, a pale
flesh color. H

111.—AruMmiNA—(dl; O;)e

Alumina is very abundant in nature. It forms not only the basis of
cemmon clay, but is likewise a principal ingredient in many of the pre-
cious stones. Along with slight traces of Silica and Peroxide of Iron, it
forms the Corundum, Sapphire and Ruby. As Hydrate it is known
under the names of Diaspore and Gibbsite. Combined with Silica and
Glucina, it forms the Emerald, Beryl, Euclase, and Chrysoberyl.

Alum is prepared from aluminous schist. The action of Alum on
vegetable colors is that of an Acid. It is an Alumino Sulphate
of Potash.

Alumina is thus recognized. The Ferro-cyanides, Oxalates and Hydro-
sulphuric Acid occasion no precipitate with it. Sulphide of Ammonium,
the Caustic Alkalies and their Carbonates and Phosphate of Soda,
throw down white precipitates. That produced by the Alkalies is
soluble in an excess of Alkali, but is insoluble in solutions of the Carbo-
nated Alkalies.

When pure it is white, but it frequently possesses a yellowish tint
when obtained by drying the Hydrate. Its Salts are colorless, the
soluble ones redden Litmus paper, and lose their Acids upon ignition.
The Sulphide of Aluminum cannot exist in contact with water, being
decomposed into Alumina and Hydrosulphuric Acid.

In solution it yields a white voluminous precipitate with Caustic
Potash, which is easily and completely dissolved in excess of Potash,
and again precipitated by Salgdmmoniac (Muriate of Ammonia). Car-
bonate of Ammonia also produces a precipitate, which it does not re-dis-
solve on being added in excess.

Alumina alone is quite unalterable before the blowpipe, but in many
of its combinations may be detected by its blue color after being mois-
tened with Protonitrate of Cobalt. If Alumina or its compounds be
ignited upon charcoal by the blowpipe flame, afterwards moistened with a
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few drops of Protonitrate of Cobalf, and again strongly heated, the mags

assumes a blue color on (cooling, which is characteristi¢ of Alumina.
L

* Lastly, of the Metals. e

112.—MANGANESE— (Mn.)—

Occurs chiefly in nature as the Peroxide, but as this and its ‘other
forms are reduced to the state of Protoxide by Hydrosulphuric Acid, or
any other reducing agent, the latter is the one treated of in Analysis.

It is found. in the analysis of warious woods, and also in the

hurhan hair. ‘
When mixeéill with common Salt and Sulphuric Acid, it gives out
Chlorine Gas. . .

Heated with Sulphuric Acid, it evolves Oxygen and forms a Sulphate
of the Protoxide of Manganese. It is infusible before the blowpipe;
dissolves in fused Borax with effervescence, and colors the globule of
an Amethystine color, when no other metal is present capable of color-
ing the assay.

Protoxide of Manganese is of a greenish grey color, and its Hydrate
is white. Both however turn brown when exposed to the air, being
converted into higher Oxides. Its Salts are of a pale rose color and
are decomposed by heat.

The white Hydrate gay be precipitated from solution of the Protoxide
by Caustic Potash or %mmonia. It gradually becomes dark brown
on exposure to the air, and is insoluble in Carbonate of Ammonia.

The smallest quantity of Manganese can be detected in any of its
compounds by fusing them in conjunction with Carbonate of Soda, and
a small quantity of Nitrate of Potash upon Platinum wire, in the outer
blowpipe flame, Manganate of Soda (NaO, Mn0;), which is of a
bluish green color, being produced.

113.—ZiNnc—(Zn.)—

Is used to form Brass with Copper. It is soluble in dilute Sulphuric
Acid with the evolution of Hydrogen Gas.

Oxide of Zinc is white, but becomes yellow on being heated, regain-
ing its original color on cooling. The Salts of Zinc ate colorless and
are not precipitated by any Metal. Tlga solubie ones redden Litmus
paper and are decomposed by heat. e principal minerals of this
Metal are the Anhydrous Carbonate (Calamine) Zn0, CO, and the
Sulphide (Zinc Blende) Z»S.

" -When compounds of Zinc mixed with Carbonate of Soda, are sub-
"jected upon & charcoal support to the inner blowpipe flame, metallic
Zinc is produced, which volatilizes, and on passing through the oxidizing
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flame, becomes again converted into Oxide. The charcoal support
becomes incrusted with this Oxide, which is of' a yellow color while hot,
andsturns white on cooling.

If a compound of Zinc be moistened with Protonitrate of Cobalt #d
exposed to the outer blowpipe flame, a mass of beautlful green color
will e produced.

Zinc Ores are not easily recognized from their appearance.

Silicious Oxide of Zinc gives*a jelly with acids, but Calamine (the
Carbonatc) is dissolved with cffervescence, and does not produce a
gelatinous solution, . .

Zinc is not fit for drinking or cooling vessels, as its Salts are poisonous.

In commerce it is known by ghe name of « Spelter.”

When the quantity of Zinc in an assay under the’ blowpipe is large,
the flamo assumes a bluish green color. Its ycllow incrustation mois-
tened with Protonitrate of Cobalt, becomes green when ignited, and can-
not be volatilized in the inner flame. :

Tests for ZINC. Precipitate.

Nos.
2

White, gelatinous, soluble in an excess
of the test.

—

Potash, Soda and Ammonia,... ... {

White, gelatinous, insoluble in an ex- |-
2 | Carbonates of Potash and Soda, ... { cess’ort,' the test.’ Soluble in Potash.
3 | Carbonate of Ammonia,... ... White, soluble in excess of the test.
4 | Oxalic Acid and the soluble Oxa- } White, Crystalline, soluble in Potash.
’ : White, insoluble in acid. It has a
5 | Ferro-cyanide of Potassium, ... ... bluish tint if the solution is very

acid.

6 | Ferri-cyanide of Potassium, we . { Y‘i&ngiz Salt, soluble in ITydrochloric
. . None with the Salts of the Minerul

7 | Hydrosulphuric Acid, ... v . { Acids. White with the Acetates.

‘White unless the solution is acid, in

8 | Soluble Sulphurets, ... w. ... which case there is no precipitate.

114.—IroN—(Fe.)

Few minerals are frco from Iron. It occurs also in the ashes of
most plants, and in the blood and some other parts of animals.

Iron appears to pdssess iggportant offices in organic nature. Its
Oxide exists combined with Phosphoric Acid in such seeds as wheat, rye,
and peas, and the Oxide is discoverable in the ashes of various kinds of
wood, for example, in the ashes of firewood to the extent of 22.3 per cent.
In the Animal Kingdom, Iron is an universal constituent of the blood.

It readily dissolves in dilute Sulphuric Acid with the evolution of
Hydrogen Gas. The solution contains the Protosulphate of Iron, and
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producces on the addition of Caustic Potash or Soda, a grecnish white
preclpltate, (the hydrabcd Protoxide). This precipitate, by evposure
to the air, attracts’Oxygen, and is converted into the red or Sesqu’ or
Peroxide.

The color of the Protoxide is black. Its Hydrate is white. The
salts of the Protoxide are green, but their solutions exhibit thisccolor
only when very concentrated. They turn Llue Litmus paper red, and
are decomposed at a red heat. When dissolved, they absorb Oxygen
from the air, the Oxide being thereby converted into Peroxide, which, in
a ncutral soluti.on, is deposited as a yellow Basic Salt. Oxidizing agents,
such as Chloripe and-Nitric Acid, effect this canversion more speedily.

Peroxide of iron, or Hematite, is of 9 brownish red color, and is well
known as rust of Iron. Its Salts usually possess a reddish yellow
color. The soluble ncutral Salts of Mincral Acids, redden Litmus
paper, and are decomposcd by heat.

Protoxide Salts, Peroxide Salts
Taste, Astringent; Me- o eSS
Nos. Tests for IRON. tﬁlit: C?)ll;)lll‘l, g(]gm ernlcd Color,Yellow or Red.

Green They redden Litmus.
1.3

Greenish white pre-)

cipitate, becoming { | Reddish brown precipi-

1 | Potash or Soda, e green, and ultimately & tate, insoluble in an

dirty yellow when || cxcess of the re-agent.
Y l exposed to the air,...

Greenish white preﬂ-

2 | Ammonia, s see pitate, soluble in an
excess of the test,.

J
} Ditto.
White precipitate, be- % A brown precipitate. If

3 | Alkaline Carbonates, 5

a Carbonate is used,
coming green in the
and Phosphates, ... l o8

air, sarbonic Acid Gas is
vt disengaged.
(Carbonate of Lime gives no precnpltate—I’hlllnps )
White precipitate, ]
which becomes gra-
4 | Ferro-cyanide of Po- dually blue in the { | Precipitate of Prussian
tassiumyeee  eee o air, and immediately Blue.
under the influence
of Chlorine, .. ...}

Deep blue precipitate, | No precipitate.

Mllky ‘white precipitate
+ of Sulphur, and the
Salt is reduced to the
state of Protoxide.

7 | Alkaline Sulphurets,... [ Black precipitate, ... | Black precipitate.

8 | Chloride of Gold, . § | "ot B oo or® o3| No offect.

&

Ferri-cyanide of I’o-}
“taSSiUM, e see  ese

6 | ITydrosulphuric Acid,.. | No precipitate,., e

The most useful of the numerous Iron Ores is the Clay Iron-stone,
w‘inch is found in the carboniferous formation, but also occuts between
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that and the Chalk, and sometimes, But more rarely, in tertiary sedi-
mentary deposits above Chalk; several parallgl strata, from §” to 16"
thick are usually found together. .

It also occurs in nodules in Clay Strata, and is evidently not®of
igneous origin, but deposited by water.

If masses of Clay, mixed with ground flints, be allowed to stand for
some time ynused, it often happens that the particles of powdered flint
separate from the clay into ddtached hard stony nodules; so Clay
Iron-stone appears to be formed in nodules by a chemical aggregation
of the metal itsclf, diffused in suspension through a clayey medmm.
Minerals, containing Iron, form with Borax in the puter flame, a
dark red glass, which, on coolinggbecomes bright ycllow, and in the inner
flame, an olive green or mountain green glass, especially when Tin is
added. Exceptions occur when Cobalt, Copper, Nickel, Chrome, or
Uranium are present. When the Iron is combined with Sulphur
or Arsenic, the assay must be previously roasted. *

115, —TIN—(Sn)—

Occurs in the Mineral Kingdom only, and in two states; as an
Oxide (the Tin-stone of which Stream Tin is a variety, and Wood Tin
of mineralogists) and as a Sulphuref (Tin Pyrites).

Tin is always found in the primary rocks, never in any of later age,
except when having been washed away it is found as Stream Tin in
alluvial gravel. It is very sparingly found, chiefly in Great Britain
and the Indian Archipelago. In Cornwall it exists in veins with
Quartz at the junction of Granite and Primary Slate, and in Por-
phyry or Elvan Dykes. In the Malay Peninsula and Island of
Banca, it is chiefly as Stream Tin.

In its massive form it is a yellowish white metal, having a peculiar
odor when rubbed or handled. Tin may be reduced to powder by
pouring melted Tin into an iron mortar, and rubbing until it is cold ;
or by shaking melted Tin in a wooden box, the inside of which has been
rubbed with Chalk. In this state it constitutes powdered or granulated
Tin. .
The Oxide of* Tin (Sz0) is black, its hydrate being white. Nitric
Acid and Nitrates in a state of fusion convert it into the Peroxide. The
Protosalts of Tin are colorless, and are decomposed by heat. The
soluble neutral Salts redden Litmus paper, and are decomposed in the
presence of much water into soluble Acid and insoluble Basic Salts.
The addition of water therefore to the Protosalts of Tin, produces a
milkiness which disappears on the addition of Hydrochloric Acid.
Sulphide df Tin (Sz.S) is of a dark brown color. '
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The Peroxide is of a light strgw ‘color ; its hydrate is white. Nitrjc
Acid converts metallic Tin and its Protoxide into the hydrated Peroxide,
which is deposited in the form of a white powder. A Peroxide of'Tin
is Nkewise precipitated from Persalts of Tin on the addition of Caustic
Soda to their solutions. These hydrates, although they have the same
composition, are perfectly distinet in their chemical properties. «The
one formed by the action of Nitric Acid is insoluble both in Acids and
the fixed Alkalics, the other is soluble in these re-agents. These modi-
fications are capable of being transformed into each other. The insoluble
one is rendered soluble by fusion with the Carbonated Alkalies; the
soluble is convtrted into the insoluble form by ignition, Bisulphide of
Tin (S%S,) is of a yellow color. .

If Per or Proto compounds of Tin, be mixed*with equal parts of Car-
bonate of Soda and Cyanide of Potassium, and the mixed mass be
subjected upon a charcoal support to the inner blowpipe flame, ductile
metallic grains of Tin will be obtained unaccompanied by any incrus-
tation upon the Charcoal.

Nos. Tests for TIN. Sz.tlts of Protoxide. Bisalts of Tin.

White precipitate so-

Gelatinous white preci-
luble in an excess of

pitate, soluble in ex-
cess of the test.

1 | Potash, e oo eon
¥

2 | Ammonia, ve oo oo

the testy v wee wee
White precipitate, in-
soluble in excess of
the test,
White preclplfate wnt.h

White precipate, solu-
ble in excess of the test.

White precipitate with
disengagement disengagement of Car-
Carbonic Acid Gas. bonic Acid Gas.

Carbonate of Totash, }
Ferro-cyanide of To- { | White gelatinous pre-} White gelatinous preci-

s W

P S )

tassium, co. oo een ('lpxtate, ltutc

Ferri-cyanide ditto, ... | White precipitate, recipitate.

Yel ow precipitate so-
luble in Ammonia, but
without loss of color.

Yellow precipitate, so-
luble in an excess of
-the test.

No precipitate.

5]

Brown (black) prccl-

6 | Iydrosulphuric Acid,-l pitate

White prcclpltate, 80-
7 | Soluble Sulphurets,... luble in an excess of

the test, ... ...

8 | Chloride of Gold, ... § Pf);“g,’l‘;;f; of P‘“”P‘e
y e

9 | Sheet of Zinc, ... { I‘rompltate of metalh

Tin, ... .

Metallic Tin.

.

Tin being very little attacked by articles of food and drink, and not
forming poisonous compounds, like Lead and Copper, is much used for
plates, cups, &c., and for tinning Copper and Iron vessels, which is
dane by heating them, rubbing with Sal-Ammoniac the msxdc, and
then pouring in and spreading the melted Tin.
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Tin occurs as an important ingredlegt only in Tin Pyrites’ and Tin
Ores. It may be known by the whiteerosit. of Oxide of Tin formed
close behind the assay, which cannot be driven off, either in the outer or
inner flame ; moistened with solution of Cobalt, this deposit assume® a *
bluish green color, which is however very different from that of Oxide
of Zme. This Oxide can be reduced by Soda.

116.—Capmrom—( Cd).

In color and lustre has a strong resemblance to Tin, but is somewhat
harder and more tenacious. If is very ductile and, malleable, It
melts at about the same temperature as Tin, and is nearly as volatile
as Mercury, condensing like it into globules which jave a metallic
lustre. Its vapor has no odor.,

Cadmium is readily oxidised and dissolved by Nitric Acid, which is
its proper solvent.

The Oxide of Cadmium is of a brown or yellowish brown color ; its
ITydrate is white. They are both easily solublein the dilute mineral
Acids. The Salts of Cadmium are colorless, provided the constituent
Acid be so. Most of them are soluble in water. The soluble neutral
oncs redden Litmus paper, and are decomposed at a red heat. This
metal occurs only in Zinc ores. It is found as Sulphide in Zinc Blende,
and as Oxide or Carbonate in Calamine.

When compounds of Cadmium, mixed with Carbonate of Soda or
other reducing agents, arc exposed on Charcoal to the inner blowpipe
flame, the Charcoal becomes covered with a yellow or reddish yellow
incrustation of Oxide of Cadmium.

117.—GoLp—(4u.)—

Is commonly alloyed when found in the metallic state with other
metals, as Silver, Tellurium, Copper, and Iron.

It is soft, like Silver, softer than Copper, and fusible without difficulty.

Its crystalline form is cubic, with pyramids on the faces.

Gold may be freed from foreign matters by smelting with some flux,
as Borax (after clearing it as much as possible by mechanical processes,
stamping, washing,‘and sometimes by roasting,) to separate the stony
matters. B

Or it is fused with Eead, and afterwards submitted to cupellation. Or
amalgamated with Mercury, and after straining distilled.

The separation of Gold from Silver (parting) may be effected in the
dry way by fusion with Sulphur, by which metallic Gold and Sulphuret
of Silver are procured. Or in the wet way, by the process of quarta-
tion; that is, by treating an alloy of three parts of Silver and one of
Gold, with Nitric Acid, which dissolves the Silver, but not the Gold.
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From its combinations with Felturium, it may be easily separated gn
Charcoal. If the globule so obtained is white, it contains more Silver
than Gold, and must be digested in a Porcelain capsule with hot Nitric
Adid, in which the globule turns black, and the «Silver is gradually dis-
solved, provided not more than one-fourth of it is Gold. When the
quantity of Gold is larger, Nitro-muriatic Acid must be used, which
dissolves the Gold.

Gold and Platinum produce re-actions so decisive, the former with
Chloride of Tin, and the latter with Chloride of Ammonium, that their
presence may invariably be detected in the: presence of all the other
metals. An §riginal solution may therefore in all cases be examined
for these substances. ‘

Peroxide of Gold (4z O;) is of a deep brown color ; its Hydrate being
somewhat lighter in color. They both dissolve readily in Hydrochloric
Acid, but are insoluble in dilute Oxygen Acids.

Persulphide of Gold (4u 8;) is black.

Nos. Tests for GOLD. Precipitates.
1. | Potash, e es . voo | None, if the Potash is in great excess.
Yellow fulminating Gold by Ammo-
2. | Ammonia and its Carbonate, . nia. By the Carbonate thereis also
a disengagement of Carbonic Acid.
3. O’igl;fdfg;dh‘:;‘f Sufphate of I ro- } Black metallic Gold in powder.
4. | Ferro-cyanide of Potassmm, «e. | Emerald green color.
5. Protooh{onde of Tin, .ee «se | Brown of variable shades.
6. | Hydrosulphuric Acid, ... ... | Black.
7. bulphule of Ammomum, e .. | Black, soluble in excess of the test.
8. | Zing,... ... | Brown meiallic Gold.

118.—ARSENIC,—(4s.)

Metallic Arsenic is solid, of a steel grey color, of a granular or scaly
texture, and glistening when freshly prepared; very friable, insipid,
slightly odorous when rubbed, volatile; it can be sublimed, and it
crystallizes in octahedra; when heated it flies off in dark fumes, ac-
companied with an odor of garlic, and the vapor is converted into
white Arsenious Acid by contact with the Oxygen of the air.

There are two varieties of Arsenious Acid, which are perfectly dis-
tinct in their physical characters and chemical properties. One, from
its appearance, is termed the vitreous and the other the milky variety;
when heated they volatilize in white inodorous fumes. Both kinds
are. more easily soluble in hot than in cold water. It unites with
hasts forming a class of Salts called Arsenites, which are all insoluble in
water, with the exception of the Alkaline Arsenites. Sulpharsenious
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Agid (As Sy) is yellow and soluble, o only in the Alkalies dnd Alka-
line Sulphides, but likewise in the Alkaline Cgrbonates.

I%ime water is occasionally employed for detecting the presence of
Arsenic, with the solutions of which it forms a white precipitate (ArSe- '
niate of Lime), which, being scarcely more soluble than Sulphate of Lime,
sink¢ to the bottom in the form of minute crystals, and when lajd on an
ignited piege of Charcoal, diffuses the Alliaceous or Garlic odor pecu-
liar to Arsenic. Arsenic is sometimes precipitated in solution by Nitrate
or Acetate of Lead, as the Arseniate of Lead. .

Antimony and Arsenic ia their nascent state, combine with Iydrogen,
forming inflammable gascous compounds, which burn jwith a bluish
white flame; water and Oxide of Antimony in the one case, and water
and Arsenious Acid in the other being formed. )

Hence is derived the best test of Arsenic as a poison, which is
the following, called Marsh’s Test. It must be performed with great
care, and with fresh and clean materials and apparatus, each time, to
ensure an accurate result.

A portion of the liquor supposed to contain Arsenic must be intro-
duced into a small 2 oz. glass phial with wide mouth, together with a
small picce of Zinc and a little dilutd Sulphuric Acid (one to seven of

water) to generate Hydrogen Gas. '
If no Arscnious Acid be present, the evolved

Gas is Hydrogen, but if the liquor hold Arse-
nic in solution, Arseniuretted Hydrogen will be
formed.
That Gas must be allowed to escape through

a small glass tube or piece of tobacco pipe, passed
through the cork of the bottle. It will at first
burn with its proper yellow color, but if it be
Argeniuretted Hydrogen, it will burn with a bluish
white flame, and have an alliaceous odor or smell
of garlic or onions, and it will deposit in a glass
tube about } or % an inch wide, and 9 of 10
inches long, held perpendicularly over it, black
metallic Arsenicum and white Arsenious Acid for
the spaee of several inches. .

A solution of the sublimate may now be obtained and tested, accord-
ing to the method previously given.

If Hydrochloric, instead of Sulphuric Acid, be used, Zinc stains are
apt to be produced by the Chloride of Zinc formed, which is volatile.
Hence it is* advised in this case to place pieces of Asbestos or powdered
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China in ‘the tube, which will prevént the Zinc from being mechanically
carried up. . .

Sometimes a Porcelain plate is held near the flame, upon which®the
stilins of Arsenic, of a brownish fawn color, more or less deep, brilliant
and glistening will be produced. If the current of Hydrogen be very
strong, however, other stains, arising from the Lead or Tin of the glaze
of the Earthenware, if of common manufacture, are likely to be produced.

Stains from other metals are also liable to be produced, as from Iron,

Sulphur, Charcoal and Phosphorus.. These (and the abovementioned
ones) must be tested by the tests respectively applicable to them.
_ As Antimofiiuretted Hydrogen is so similar to Arseniuretted Hydro-
gen, and as Tartar Emetic (a compound of Antimony and Tartrate of
Potash) is frequently given as an antidote in® cases of poisoning, this
becomes the most important substance to distinguish.

If the tube, through which the Gas is passing, be heated, a metallic
ring is formed, if it be Arseniuretted Hydrogen, a little in front of the
heated point, whilst if it be Antimoniated Hydrogen the ring is formed
in the part of the tube to which the heat is applied.

Antimonial stains are instantly dissolved by Nitric Acid, but the
solution, when evaporated, leaves 4 yellowish white residue of Antimoni-
ate of Protoxide of Antithony, which does not produce a brick red pre-
cipitate in a concentrated solution of Nitrate of Silver. The residue
from the trcatment o? Nitric Acid, when placed in contact with
Hydrochloric Acid, dissolves, and the solution, when treated with Hy-
drosulphuric Acid, produces an Orange yellow precipitate which is not
soluble in Ammonia. .

Nos. Tests. Arsenical Stains. Antimonial Stains.
L

Bright glistening, | Dark sooty black stain,
1 | Appearance and color, brown color, where not bright, brown at
margin becomes thin, the margin.

Disappear with difficulty,
and leave a residue of
whige Oxide of Anti-
mony.

2 | Heated by the ﬂame}

of pure Hydrogen,... Disappear rapidly, ...

3 | Chloride of Soda,}
(Hypochlorite), ...

4 | Alcoholic Tincture of | | Dissolve after ;ome

Dissolve instantly, ... | Do not dissolve.

Dissolve with more dif-
ficulty, and leave a red

Todine, e wov wee time, .o ae e stain
5 | Watery solution of . . Solution almost entirel
I?;diz;, m“ (.’.. ¢ | Solution very evident, zb‘:elnt. o ety

6 I‘;‘fg'}ﬂgﬁ;‘_’t:’.'i“"f Do not dissolve, we ... | Dissolve immediately.
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, The above characters suffice in the main to distinguish fhese two
kinds of stain, and the additional proofs, by Nijtric and Hydrosulphuric
Aci, furnish very precise distinguishing characters.

ARsENIC ACID—(As O,).—This Oxide is white. Itis deliquescént *
and strongly acid, forming with bases a class of Salts called Arseniates,
which are all insoluble in water, with the exception of the Alkaline
Arseniates, It fuses at a low red heat without undergoing decomposi-
tion, but at a higher temperaturé is resolved into Oxygen and Arseni-
ous Acid, which volatilize. Sulphurous Acid, aided by a gentle heat,
reduces it likewise to this Jower state of oxidation. The metal Arsenic
is found in nature principally as Sulphide. J

Combined with other metals,» Arsenic destroys their good qualities
more than it increases them. It makes Gold brittle; Platinum fusible
and liable to fractures; Iron “ red rotten,” or incapable of being
worked. With Copper it forms an alloy which has been used for
optical mirrors ; mixed with Lead to the extent of 2 per cent., it faci-
litates its formation into the small globules of shot, and makes the
metal harder.

Sulphuret of Arsenic (Realgar) behaves under the blowpipe like Arse-
nic. Most of the Arsenides on Charcbal in the inner flame yield a white
deposit at a distance from the assay ; or wherffle proportion of Arsenic
is large, grey vapors, having a smell of garlic.

119.— ANTIMONY,—(Sb.)—

Called in German, Speiss Glance, from the brilliant necdle and spear
(Speiss) shaped crystals, which are the peculiar form of the ordinary
Antimonial Ore. It may be distinguished by its grey powder imme-
diatcly assuming a yellow ochre color when heated with Caustic Potash.

It is generally found asthe Sulphuret (S, S;) of an Orange red
color, which figes and is dissipated before tie blowpipe with the smell
of Sulphurous Acid and the formation of a white smoke. Digested in
Hydrochloric Acid, it evolves Hydrosulphuric Acid, and forms a solu-
tion of Sesquichléride of Antimony, which produces a whitish precipi-
tate (powder of Algaroth or Oxychloride of Antimony) with water, and
an orange red ome with Hydrosulphuric Acid (see Arsenic.)

The Oxide (85 O;) occurs either in the form of white brilliant crys-'
talline necdles or as a greyish white powder, according to its mode of
preparation. It fuses at a gentle red heat, and at a higher temperature
volatilizes unaltered. The solubility of this Oxide in Tartaric Acid
distingunishes it from Tin, Arsenic, Gold, and Platinum. When fused
along with Nitrates it is converted into a higher Oxide (Antimonic
Acid, §b Oj).
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Some of the Salts of Antimony are decomposed by ignition—soge
are volatilized unaltered. The soluble neutral Salts redden Litmus
paper. When treated with a large amount of water they are decom-
posed into soluble Acid and insoluble Basic Sakts. Antimony in solu-
tion is, in consequence, often precipitated by affusion with much water.
In this respect they resemble the Salts of Bismuth, with this exception,
that the insoluble Basic Salts of Antimony dissolve in Tartaric Acid,
whilst the corresponding Salts of Bismuth are insoluble.

Most minerals in which Antimony is combined with Sulphur and other
metuls, afford the same re-action as Antimony itself under the blowpipe,
i e. melting afid subliming with a white crystalline deposit. Cuxide of
Antimony also affords a faint greenish klue color to the flame.

120.—N1cKEL—( Vi) :

The color of its Oxide is grey; its Hydrate is green. Its Salts like-
wise exhibit this latter color, except when anhydrous ; in this state they
are mostly yellow. *The soluble Saltscedden Litmus paper, and are
decomposed at a red heat.

The principal minerals of this metal are the Arscnical Nickel
(Vi As)and Nickel Glance (Vi S, + Ni 4s,.)

Solutions of Salts of Oxide of Nickel have a bright green color, and
yield with Potash a bt'i@ green precipitate of IIydrate of Oxide of
Nickel, which is uncbiugeable in the air, but is soluble in Carbonatc of
Ammonia.

Ozxide of Nickel and its compounds being first roasted, give to
beads of Borax in tho outer blowpipe flame, a reddish or violet
brown bead, which when cold is yellowish or dark red; an addi-
tion of Nitre changes the color into blue, by which means Oxide of
Nickel may be distinguished from Oxide of Iron. In the inner flame
the color disappears and the Lead becomes grey witi@finely divided
metallic Nickel. The appearances with Salt of Phosphorus are the
same, except that the color vanishes almost entirely when the bead
becomes cold. The addition of Nitre, changés the color to a bluish
purple.

Nickel is very difficult to be purified; it is magtetical and even
acquires polarity by the touch. Together with Copper and Zinc it
forms ¢ German Silver,” which is 2 Copper to 1 of Nickel and 1 of
Zinc.

121.—CoBALT —( Co.)

-The golor of this Oxide is grey; its Hydrate being pale red. The Salts
~of Cobalt when anhydrous are blue, in the hydrated state they are red.
‘Lheir solutions exhibit this color even when very dilute. The soluble
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salts redden Litmus paper and are decomposed by heat. Thé principal
mineral of this metal is the bright white Cobalt (Co ds, + Co S).

"The compounds of Cobalt impart to beads of Borax in both flames
of the blowpipe a beautiful blue color, which is a very characteri3tic *
test of this Oxide.

A «olution of Cobalt may be made by acting on the native Arseniuret
with Sulphuric, mixed with a fourth part of Nitric Acid. Through the
solution if Sulphuretted Hydrogen be passed, the Arsenious Acid will
be separated as the black Sulphugpet of Arsenic. The filtered liquid is
then boiled with Nitric Acid to peroxidize the Iron and an cxcess of
Carbonate of Potash added. The precipitate (Peroxidg' of Iron and
Carbonate of Cobalt) after bein well washed with water, is digested in a
solution of Oxalic Acid, which dlssolvea the Iron and leaves the Cobalt
as an insoluble Oxalate.

It is a constant ingredient, ('ike Nickel) of Meteoric Stones.

Alkaline Sulphides precipitate it as a black Sulphuret of Cobalt.
Sulphuretted Hydrogen produces no change, unless the solution is quite
neutral, or the Oxide is combined with a weak Acid.

Muriate of Cobalt forms a sympathetic ink. Smalt is prepared
from an impure Oxide, called « Zaffre.”

CraroMiuM—( Cr.)

The color of this Oxide is green: its Hydrate is bluish grey. The
solutions of its Salts possess a beautiful green color by reflected and
reddish violet color by transmitted light. Sulphide of Chromium is
decomposed in contact with water into Oxide of Chromium and Hydro-
sulphuric Acid.

When Oxide of Chromium or any of it« compounds,are fused with
Nitrate of Potash, it becomes converted into a higher Oxide, viz., Chro-
mic Acid, which, combining with the Potash, forms yellow Chromate of
Potash. This test distinguishes it at once from all other substances.

Borax dissolves Oxide of Chromium and its Salts both in the inner
and outer blowpipe flame: the bead on cooling assumes an emerald
green color ; Microcosmic Salt has the same effect.

In the fixed Alkalies, a small quantity of Oxide of Chromlum in the
presence of a large quantity of peroxide of Iron, is totally insoluble ; but
asmall quantity of the latter dissolves readily, when a large quantity
of the former is present. Under these circumstances the two Oxides
are best separated from each other by fusing the mixed substances
with Nitre and Carbonate of Soda, and treating the fused mass with
water ; the Chromate of Potash dissolves in the liquid, the Peroxide of
Iron remains behind.
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122.—BisMUTH—( Bi)— .

Is a reddish white metal, without taste or smell. It is moderately
hard, brittle, pulvemzable, and fusible at a red heat. When stroagly
heated in the air it takes fire, and burns with a faint blue flame, emitting
a yellow smoke, which is the Oxide. Itis soluble in Nitric Acid, tardily
so with Muriatic and Sulphuric Acids. Water throws down a awhite
precipitate, decomposing it into soluble Acid Salts and insoluble Basic
ones, but an excess of Acid prevents tnis decomposition.

This property is exhibited in the most decided manner by the Chlo-
ride. To employ it as a confirmatory test, dissolve the precipitate in a
small quantity,of Hydrochloric Acid, evaporate nearly to dryness, and
pour this solution into a large quantity ¢f water. If Bismuth be present,
a milky turbidness will be produced. ‘

Any Arsenic in the Bismuth is detected by the Nitric Acid, which
converts it into an insoluble Arseniate.

The Salts of Antitnony, which are also decomposed by water, exhibit
many re-actions similar to those of Bismuth ; but they are distingunish-
ed by Hydrosulphuric Acid, and the soluble Sulphurets, which cause
an orange ycllow (not black) precipitate with the Salts of Antimony.

The Oxide is of a yellow color; its Hydrate is white. They are
both readily soluble in the dilute mineral Acids. Most of the Salts of
Bismuth are decomposcd at a red heat. They are colorless, provided the
constituent Acid be soX The soluble neutral Salts redden Litmus paper.

Eight parts Bismuth, five of Lead and three Tin, constitute the
fusible metal, (sometimes called Newton’s from its discoverer,) which
melts at the heat of boiling water, and may be fused over a candle in
a piece of stiff, paper without burning it.

One of Bismuth, five Lead and three Tin, form Plumbers’ solder.

Nos. Tests for BISMUTH. Precipitates.
1 | Potash and Ammonia, .. ... ...| White, insolublein an excess of the test.
2 | Soluble Carbonates, ... . .eeene Ditto.
3 ‘Ferro-cyamde of Potassium,... ... | White, insoluble in H) drochloric Acid.
4 | Ferri-cyanide Ditto, wwe ... ... | Yellow, soluble inditto.
5 | Tannin,, ... Orange yellow.
6 Hydrosulphunc ‘Acid and Soluble} Brown or Black.
Sulphurets, o o« .o L
7 | Chromate of Potash, ... .. ...... Yellow.
8 | Plate of ZinCy cs wee wse  ses oo [ Metallic Bismuth.

* When compounds of Bismuth mixed with Carbonate of Soda are
exposed on Charcoal to the inner blowpipe flame, brittle metallic globules
aro obtained, attended with a yellow incrustation of Oxide of Bismuth,
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Bismuth melts very easily under the blowpipe, and sublinfes with a
yellow incrustation. In the open tube it gives off no vapor, but is
surgounded by melted Oxide, which appears dark brown when warm,
and bright yellow wheg cold.

An Assay containing Copper (previously roasted if its appearance is
metallic) being fused with Borax or Salt of Phosphorus in the inner
flame, the bead is opaque and of a reddish brown color, which may be

increased by the addition of a little Tin.

while hot is green, and blue whey cold.
123.—CorrEr (Cu.)
This metal is sometimes-found in the Native state, but is chicfly occurs
in combination with Salphide of Iron constituting the Copper Pyrites

(Cuy 8 4 Fe,-

In the outer flame the bead

Ld

.

85), ands«in blue Copper Ore or Malachite (2 CuO

CO, + HO.) The Ores of Copper are found in Bituminous Marly
Slate of the New Red Sandstone formation in Germany. In Sweden
and Africa in veins in prithary Mica Slate. It Russia in primary
Slate and sccondary Sands and Clays. In England chiefly inhe primary
Rocks, as Granite, Porphyry and- Trap, and also in the Mountain

Limestone and Grit at the base of the Carboniferous formation.

It is

associated in its veins with Quartz and Fluor Spar, and the veins are
usually from 3 to 6 fect broad.

Nos.

Tests.

Salts of Suboxide.

Salts of Protoxide.

QBT v

Potash and Soda,

Ammonia,

Ferro-cyanide of Po-
tassium, ...

Jf
Ferri-cyamde Dltto,

Sulphide of Ammonium,

IIydrosulphuric Acid,...
Iodide of Potassium, ...
Tannin,... ... oo
Chromate of Potash, -
Clean Zinc or Iron, ...

b

—_.'.

Brownish yellow preci-
pitate insoluble in an{
cxcess of re-agent,...

I —

Precipitate soluble in)
excess of the re-
agent, forming at first
a colorless solutlon,
which becomes blue
on contact with the
air, ... ..

White preclpltute

which becomes brown}

~

on exposure to air,...

®sesecsertorssscen

Brown,

Ditto, eie  see  ee
Ditto, ... ...
Ditto, ...
Ditto, ... ...

Iy

Metallic Copper,:..

B]mﬂ) white preclpltate,
insoluble in excess of
the re-agent, and which
becomes black when
boiled.

Blue or green precipitate,
which is dissolved by
an excess of Ammonia,
forming a beautiful
deep blue solution (not
very delicate.)

s

Maroon brown precipi-

tate (very delicate.)

Greenish yellow precipi-
tate.

Black, insoluble 'in an

, excess of re-agent.

Black.

Bluish white.

Grey.

Red brown.

Metallic Copper.
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Acid, Alkaline, Saline and Fatty bodies, when placed in contact with it
in the air, especially if melted and allowed to cool in it, promote its union
with Oxygen; and by dissolving a portion of the newly-formed Oxide,

“ acduaire poisonous properties. o

The substance, called Verdigris or Verdet, is in reality only Hy-
drated Bioxide, or Hydrocarbonate of Copper, and though called Acetate,
seldom contains that, or Oxalic or other Acids, unless Acids have been
placed in contact with metallic Copper. Verdigris is a basic Acetate of
Copper, that is, having more cquivalents of the Base than of the
Acid. .

The Oxide i3 black, its Hydrate is of ‘a light blue color. They are
both readily soluble in the dilute Mineral Acids. Most of the Salts of
this metal are soluble in water. The soluble ones redden Litmus paper
and are decomposed at a red heat.

In their Anhydrous state the Salts are white, in their Hydrated state,
they are of a blue or’ greenish blue color, which their solutions exhibit,
even when much diluted.

When bright Iron is made usc of as a test on which to precipitate it,
it is important that the solution should be only slightly acid. It is best
to acidulate slightly with Hydrochioric Acid.

When we wish to recognize'the presence of Copper in colored liguids,
we may decolorize them by well-washed animal Charcoal, and then
prove the existence of the Copper by the tests above given. If the
solution is transparent, we may pass a stream of Sulphuretted ILydrogen,
and boil the Sulphuret of Copper thus obtained in pure concentrated
Nitric Acid, which will form Sulphate of Copper, which is easily recog-
nized 5 but if the liquid is viscid, we must first boil it and then operate
upon the filtered liquid as we have just mentioned, and treat the coagu-
lum with concentrated Nitric Acid.

Copper Pyrites may be distinguished from Iron Pyrites, by boiling it
with Nitric Acid which decomposes it, adding an excess of solution of
Ammonia and pouring oft the solution from the precipitate.

Tt may also be distinguished from similar Ores containing no Copper,
by melting it before the blowpipe, moistening the tested particle with
Hydrgchloric Acid, and again bringing it beforé the blowpipe, when it
imparts+for a short fime & beautiful blue color to the flame. This is
applicable to the detection of all the other compounds of Copper.

The compounds of Copper with Carbonate of Soda on Charcoal in

the inner blowpipe flame, produce metallic Copper without any
incrustation.
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L4 .
124.—LEAD. (FPb.) U ’

ead Ores are found in Transition Strata, and as far as the carboni-
ferams formation but not above that. In Scotland, it is in veins 4 to
10 feet thick in Greywacké, and in its veins it is usually associfted
with Quartz, Fluor, or Cale Spar.

The Oxide of Lead is of a yellow or reddish yellow color. It stains
the fingers bluish grey when rubbed. In commerce it frequently goes
under the name of Massicot, antl when partially fused is called Li-
tharge. The hydrated Oxide js of a white color, and it speedily
absorbs Carbonic Acid from the air. The best solvent, both for the
Oxide and its Hydrate, is Nitric, or Acctic Acid. Hygrochloric Acid
acts feebly on it. The Salts of JLead are frequently insoluble and are
colorless if the constituent Acids be so. The soluble necutral Salts
redden Litmus paper, and are decomposed at ared heat. The principal
minerals of this metal are the Sulphide (Ga]ena or Lead Glance Ib
8) and the Carbonate (260, CO,).

The presence of organic matters does not prevent the Salts of Lead
from being precipitated by Sulphuric Acid, and soluble Sulphates,
and Ilydrosulphuric Acid. The sulphate is white; the sulphide
black. .

Iron, Zinc and Tin precipitate Lead from its solutions forming the
<« Arbor Saturni” or « Lead tree,” whicl is produced more casily when
the liquid is acidulated with Nitric Acid.

QOils dissolve the Oxide of Lead, and become thick and consistent;
in which state they are used as the basis of paints and plasters, *

The powder precipitated from the solution of the Nitrate of Lead,
being dried, forms the yellow Protoxide, commonly called Massicot;
when somewhat vitrified it comstitutes Litharge, and combined with
Carbonic Acid, White Lead.

Hydrochloric Acid produces a white Chloride of Lead, which is
unchangeable in Ammonia, but is soluble in a large quantity of hot
water.

Lead, from not being expensive, like Porcelain, or brittle, like Stone-
ware, or subjectefo the influence of Sulphuric Acid, like Iron, Tin and
Copper (at least to so great an extent), is much used* in cgemical
manufactories. '

Its alloys in chemical combinations are also much used. In type-
founding, in glass-making, glazing earthen-ware; in making paints
(the Oxide or Litharge, the white Carbonate, &c.), in medicine (the
Acetatevr Goulard extract, &c.)

Lead glazes, dissolved off earthen vessels by vinegar, and lead shot
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left in bottleg.cleaned by them and remaining long in contact wi}h
wine, have often acted as poisons.

«
Nos. Tests for LEAD. “Precipitates.
1 | Potash or Soda, ... . oo oo | White, doluble in an excess of re-dgent.
2 | Ammonia, wes  eee  sse  eee oo | White, insoluble in excess of re-agent.
3 | Soluble Carbonates, ... ... ... | White,insoluble ditto dittd.
4 | Ferro-cyanide of Potassium,... ... | White.
5 | Ferri-cyanide of Potassium, ... ... | No precipitate.
6 | Tannin, ..7 Yellow Salt.
7 Hydrosulphum, ‘Acid and Soluble ] | Black, insoluble in an excess of the
Sulphurgts, ... .. re-agent.
8 | Sulphuric Acid and Soluble Sul- White.
hates, cea see eee een eee
9 { Soluble Todides, ... ... ... | Yellow (soluble in boiling water.)
10 | Neutral Chromate of I’otash ... | Bright yellow.

Lead compounds mixed with Carbonate of Soda on Charcoal, form in
the blowpipe flame, ductile metallic globules, accompanied with an
incrustation, which is yellow whilst hot, but becomes paler on cooling.

125.—MERcuURY (Hy).

Mercury is found united to Silver in the Ore called Native Amal-
gam of Silver. It is obtained ehiefly from the Bisulphurct or Native
Cinnabar. Itis very volatile. Mr. Farad&¥ has shown that at common
temperatures, and evenWhen the air is present, Mercury is always sur-
rounded by a mercurial atmosphere. When invisible to the naked
eye and in a finely divided state, it may be readily detected by the
white stain (called by workmen “ quickening”) communicated to Gold
and Silver. At 40° below Zero it solidifics.

Cinnabar is found in the primary rocks, and also in the older sccon-
dary or Bituminous and indurated Shales of the coal formation. The
prolific mines of Almada in Spain arc in Sandstone and Shale.

Protoxide or Suboxide of Mercury is black. Itis decomposed by
heat, the Mercury volatilizing in the metallic state. It forms no
Hydrate. The soluble neutral Salts, also those of the Peroxide, redden
Litmus paper ; some of them, the Sulphate and Nitratg, are decomposed
by much water alone, into soluble acid and insoluble basic Salts. The
color of the neutral Salts is white, the color of the bagig ones is yellow.
They are reduced (also the Persalts), llike the Silver Salts, by
many metals, such as Zinc, Iron, Copper, &c.,and by other reducing
agents.

The-Peroxide is obtained in the form of a crystalline mass, nearly
black whilst hot, (at a red heat it is decomposed and entirely volatilized,)
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but of a light red when cold. Its Hydrate is yellow. Both @xide and
Hydrate are soluble in Hydrochloric and Nitric Acid.

Nos. Tests. . Protoxide Salts. Binoxide Salts.”

Orange yellow precipi-
tate,

White precipitate.

Yellow or greyish white
precipitate in the first
instafice, which wvarics
in color and besomes
black with an excess
of thq test.

Ditto.

Bright red (sometimes
yellow at first) preci-
pitate, which is soluble
m an excess of the test
(forming a perfectly

« colorless solution.)

{ Reddish yellow preci-

pltltc

{ Precipitate white at

3
Potash or Soda, ... ... | Black precipitate, ...
2 | Amméhia, ... .. .. [Dittoy oo we e e

3 | Hydrosulphuric Acid,..| Ditdoyres wos on

4 | Soluble Sulphurets, .. | Dittg, .. 4o oo

(5]

Greénish, yellow pl c-

Todide of Potassium, .. { cipitate
) ees

,-———-A-——-\ e N i W

6 | Chromate of Potash, ... | Bright red precipitate,..

first, but black with
an excess of test.

8 | Hydrochloric Acid & i -

s}«l)lublt, Chlorides, ... } White precipitate, ... | No effect.
9 | Gold or Copper Wire)
(with a thread of | | .
Zine folded spirﬂllyj 'ﬂetullic Mereury, ... | Mctallic Mercury.

7 | Protochloride of Tin,... | Black precipitate, ...

round it) Smithson’s

Galvanic pile,

(N. B.—The liquid may

he acidulated with a

few drops of 1lydro-
chloric Acid.)

Copper p]ages scraped perfectly clean are extreinely sensible in the
detection of Mercury. Mortila is persuaded that by this process he can
recognize the presence of an 80,000 part of Corrosive Sublimate (the
Perchloride); Mercury when deposited upon Copper, leaves a grey stain,
which becomes bright when rubbed with a cork, but if the mercurial
compound is mixed with a soluble Chloride, the stain will be white.
The grey color 8 owing to a mixture of metallic Mercury with a little
Oxide or Chloride, and when this is removed by Amnonia or by Hydro-
chloric Acid,#hiesMercury then assumes its white color. If the sclu-
tion be concentrated by boiling in a close vessel the better. The plates
also must be perfectly clean. When the Mercury has been deposited
upon a plate of Copper, and the stains have been washed with Ammo-
nia (a wWeak solution), and then in distilled water, we may test them by
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pressing them between two leaves of tissue paper; then cut them
into small pieces and put them into test tubes drawn out so as to taper
at their. 9xtrem1ty, and on heating them the Mercury volatilizes, ard is
- comlensed upon the most tapering part of the tube (see Perchloride of
Mercury).

Mercury and all compounds of Mercury yicld a sublimate of metallic
Mercury when they areheated in the matrass, either alone or with the
addition of Tin or Soda.

126.—SILVER (Ag.)—

Is.found sometimes nearly pure, or alloyed with Gold, Antimony,
Arsenic, Copper, &c., or combined with Sulphur, Selenium, Iodine,
Chlorine, or untted to Oxygen and Carbonic Acid. Of these, Native
Silver and the Sulphuret are by far the most abundant.

Most Silver i8 either found pure, or isvextracted from the Lead Ore.
In the South American Mincs it is found pure in veins of great width
at great clevations of 8 and 9,000 feet, and chiefly in Transition
Rocks, Clay Slate, Greywacké and Limestone. Sometimes, as at the
Chota Mines, it is even superficial, like Australian Gold, and again in
Mexico it is found in strata, corresponding with the Magnesian and
Jura Limestone. ‘

The metal may be extracted by amalgamation or cupcllatlon

By the first the Ore Jimlxed with comm&ﬁ Salt and roasted, by which
the Sulphuret of Silver is converted into the Chloride of this metal.
Water and Iron are then added to remove the Chlorine, and the dis-
engaged Silver is finally dissolved in Mercury (amalgamation) and the
solution submitted to distillation, by which the Mercury is volatilized
and the Silver left behind.

Cupellation is the purifying of perfect metals in cupels. or cupsmade
of bone ashes or Phosphate of Lime, which suffer the baser metals to pass
through when exposed to heat, and retain the pure metal. Lead is added
to the compound and this (the Lead)at a due heat becoming vitri-
fied, promotes the vitrification and calcination of such imperfect
metals as may be in the mixture, so that these last are carried off in
the fusible glass that is formed, and the perfect metak are left nearly

pure.
Silver is obtained from Argentiferous Galena (Sulpl;w,ret of Lead)
as follows: the Ore is first roasted to expel the Sulphur, and after-
wards smelted with Charcoal. The Argentiferous Lead is then sub-
naitted to cupellation, by which the Lead, hecoming Oxidized, is partly
volatilized and partly sinks into the cupel, leaving the Silver. ,
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Pure Silver may be obtained by mmersing a Copper rod in a solu-
tion of the Nitrate. The precipitate is to be digested in Caustic Ammo-
nia ¢o remove all traces of Copper, and afterwards washed with water.

The Mint process for, assaying alloyed or impure Silver is as follows:
24 grains of the Alloy are dissolved in 14 drams of Nitric. Acid (at S.
G. 1+2), a small quantity of water added, and the bottle containing the
mixture placed on the Sand-bath, by the gentle heat of which it is dis-
solved, if only Silver, Copper, &c:, are present. Sometimes more Acid is
required if there are other Alloys, and if the Binoxide of, Tin or Gold or
Platinum be there, they would not be dissolved at all. More water is
added to the bottle after the orange colored Nitrous fumey are dissipated
or nearly so, and then 1} dramg Hydrochloric Acid at S. G. 1-16.

The Chloride of Silver is thus precipitated, its precipitation being
much assisted by shaking up e bottle which collects it at once, leaving
the supernatant liquid (containing Copper, &c.) nearly clear. This
liquid is decanted after standing some time by syphon, washed and
again allowed to settle.

The precipitate is then collected thus—The stopper of the bottle
being removed, the finger is substituted for it, and the bottle reversed
into a pan of water over a Porcelairr cup, into which, on the removal of
the finger, the whole prcupltate falls. The cup is then removed, the
superfluous liquid decanted, the precipitate dried in hot water or
sand-bath, and all moisture thoroughly expelled by being subjected to
a heat little short of its fusing point, or about 500. This great heat is
necessary as all Chlorides (like common Salt) absorb moisture rapidly.
The precipitate is thercfore immediately weighed after drying. 100
grains of Chloride of Silver contain 75.3 Silver and 24.7 Chlorine.

If Lead or Mercury be present, they would also be precipitated by
the Ilydrochloric Acid. In this case there would be a turbidness in
the solution, and the Chloride of Silver would not separate so readily.
The method forwseparation of the Lead and Silver may be seen in the
Analytical Tables at the end of Part IL

The color of the Oxide of Silver is brown. It is very soluble in
Nitric Acid ; it wombines, with Ammonia, giving rise to a dangerous
compound (fulminating Silver.) Many of the Salts of Silver arc color-
less and insoluble. The soluble ones do not affect vegetable colors,
and are decomposed at a red heat. Many of them blacken on expo-
sure to light, and they are all decomposed with the precipitation of
metallic Silver by many metals, such as Zinc, Iron, Copper, and
other relucing agents,
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The principal minerals of this metal are the Sulphide (Silver glance
Ag 8), the Chloride (dg C7), Sulphide of Silver and Arsenic (3
A7 8 + 4s 8;), and Sulphlde of Silver and Antimony (3 49 8 +
Sh Gy.) ;

Nos. Tests. l Precipitates. “
"

Brown, insoluble in Potash, soluble in

1 | Potash or Soda, ... e e o { Ammonia.

2 | Ammonia (very weak,) ... .. ... | Brown, soluble in excess of Ammonia’
8 pCarbonate of Potash, ... ... ...| White, ¢oluble in Ammonia.

4 | Phosphate ot Soda,... ... .. .| Yellow.

5 | Ferro-cyanide of Potassium,... ... | White.

6 | Ferri-cyanide ditto, ... Reddish brown.

7

Ilydrosulphuric Acid and soluble ’
Sulphurets, .. .. .. ...} Black. .

Yc@bwish white, slightly soluble in
Ammonia. .

White clotty, insoluble in water or in

9 | Hydrochloric Acid ‘and saluble } | %41 or poiling Nitric Acid. Solu-
OTLEES) vorve ooe oo ble in Ammonia.

10 | Zin¢,eee  «ee wee wee eee oo ... | Precipitates metallic Silver.

8 | Iodide of Potassium, .. ... ...{

Silver compounds with Carbonate of Soda on Charcoal in the inncr
blowpipe flame give brilliant metallic Globules without incrustation.

On Charcoal, Silver may be reduced from many of its combinations.
Other combinations an(]‘Sulphides, of which Silver is not an essential
constituent, may be cxamined in the following manner :

The Assay in powder mingled with Borax and metallic Lead is
melted on Charcoal. first in the inner flame and then for some time in
the outer flame. The bead of Lead containing Silver thus obtained, is
to be melted on a cupel of bone-ashes in the Oxidating flame till most
of the Lead is Oxidized. The Lead being placed on a fresh cupel, the
remaining Lead becomes Oxidized and sinks into the cupel, leawing the
globule of Silver; in some cases the globule of Silver contains Copper
or Gold. *

127.—PrLATINUM—( PL)—

Exists in Nature only in a metallic state. Its Ore has been found
to contain ‘Palladium, Iridium, Osmium and B‘hodmm,-bemdes Iron and
Chrome. ‘ .

The mixture of which the grains of Platinum usuglly consist is
soluble in hot Nitro-Muriatic Acid, leaving undxssolved grains . of
Osmiridium.

In reducing it, the crude Platinnm is to be dissolved in Nitro-Muria-
tic: Acid, precipitated as Chloride of Platinum and Ammonium by



Sec. III.] IN-DOOR EXAMINATION. 145
]

Muriate of Ammonia (or Sal-Ammoniac) and exposed to a very violent
heat. Then the Acid and Alkali are expelled, and the metal reduced
inan agglutinated state, which is rendered more compact by pressure
while red hot. .

Pure or refined Platinum is by much the heaviest body in nature.
Its oSp. Gr. being 21.5. It is very malleable, though considerably
harder than either Gold or Silver, and it hardens mugh under the ham-
mer. Pure Platinum requires & very strong heat to melt it, and when
urged by a white heat, its parts will adhere together by hammering.

Platinum is not altereds by exposure to air, neither is it acted .upon
by the most concentrated simple Acids, even when boiking or distilled
from it. Its only solvent (begides Nitro-Muriatic Acld) is Chlorine,
which acts on it with mere difficulty than on Gold.*

Peroxide of Platinum (P¢ 0,) is of a deep brown color, its Hydrate
is reddish brown. Both the Oxide and its Hydrate dissolve readily in
Hydrochloric Acid, but with difficulty in the Oxygen Acids, Persul-
phide of Platinum (P¢ 8,) is of a blackish brown color.

Its presence can always be ascertained even amongst organic matters
by the Chloride of Potassium or Ammonium, which produces with it
yellow Crystalline precipitates, the presence of free Hydrochloric Acid
promoting these.

Platinum and the metals which occur with it, cannot be separated
from one another by the blowpipe.



146 GUIDE TO ANALYSIS. [Pari 11,

Table of the Principal Elementary Substances, with their Chemical

Lquivalents.
T .
4 E
4 Elements. 2 Compounds.
S, El
g z
Gaseous Bobiks.
0. | Oxygen, w | 80 IF;O .Wt:t(;lr. v HC.N or HC
. S Sulphuretted Hydrogen ; or HCy
A Hydrogen, 1.0 { Tlydrocyanic’or Prussic Acid. !
¢ ( NO I%'itric Oxide ; NO, Nitrous Acid ;
¢ | NEO5 Nitric Acid ; NH, Ammonia.
N, | Nitrogen, | 14.0 i C,N Cyanogen ; NO Nitrous Oxide ; (laugh-
g Gas.)
inm.:(). NO, Nitrate of Ammonii;.o |
. HC!  Hydrochloric  Acid ; Chloric
Cl | Chlorine, | 355 { Acid ; JZf\’H +Cl. Chloride of Ammonium,
F Fluorine, | 20 HF Hydrotluorie Acid. .
Br | Bromine, .| so { Hﬁ::i d‘H_ydrobl'unmc Acid; BrO, Bromic

Nox-METALLIC SOLIDS.
B Boron, w.| 109( BO, Boracic Acid.
[ CO Carbonic Oxide; CO, Carbonic Acid ;
tC, HCl; Chloroform ; C,H, Oil Gas,
C, 1}4 Carburetted Hydrogen Gas; C H,
¢ | Carbo { “Olefiant Gas ; C, , H, Benzol.
arbon, 6.0 C,H, 0, Alcohol; NH4O. 0, Carbonate
of Ammonia, (Sal Volatile) ; C,H,0,,
or T Tartaric Acid; C,0, or O Oxalic
Acid ; C.H, 0, or A Acetic Acid.
I | Iodine, .. | 127.1| HI Hydriodic Acld ; 70, Lodic Acid.
PO, "Phosphoric  Acid ; PO, Phosphorous
Acid ; P, H, Phosphuretted 1lydrogen.

P |} Phosphorus, < | 32 |9Na0. AmO. HOPO, Phosphate ‘of Sodu und
Ammonia.
S Silicon, .| 213] Si0, Silica.

AmO. SO, Sulphuret of Ammonia; NH,S

S. | Sulphur, .| 16.0
Sulphide of Ammonium.

{ S$0, Sulphurous Acid ; SO, Sulphuric Acid ;
MEeraLLic BasEs op

ALKALIES.
(KO Potash ; KO. CO, Carbonate of Potash ;

KO. NO, Nitrate ; KO. ClO, Chlorate ;
I KCl Chioride ; KO. ClO, Yerchlorate ;
K | Potassium (Kalium,) ...| 39.0{{ KO.HO. T Bitartrate ; KCy, Fe or KCfy

Ferro-cyanide ; KCy Fe, or Ia{(,‘ﬁ/“ Ferri-
cyanide ; KO. §0, Sulphate; KXBr Bro-
mide ; K7 Jodide.

NaO Soda ; NeO 2 BO, Biborute of Soda ;
|  NuO.NO, Nitrate ; NaCl Chlorate ; NaO.
! CO, Carbonate, Na0. CO,, HO. CO,

Bicarbonate ; 2 NaO. PO, Phosphate ;
l NuQ. SO, Sulphute ; NaO.'S, O, Hypo-
sulphite.

Na | Sodium (Natronium,) .| 23

MeraLLic Bases oF
EARrTHS.

Sulphate ; Be C! Chloride § BeO. CO,

Ba., | Barium, : o | 685
Carbonate ; BaO. NO, Nitrate. ¥

gBaO Baryta ; BaS, Sulphide; BaO. SO,
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Table of the Principal Elementdry Substances, &c.—( Confinued.)

Symbols.

Elements.

Equivalent.

Compoun'ds. .

Ca

Sb
Ax
Bi
Cd

Au

Fe

Pb

Mn

Ilg

Pt
Ay

Zn

Calcium,

Magnesium,

Strontium,

Aluminum,

MeraLs, PROPER.

Antimony (Stibium,)

Arsenic,
Bismuth,
Cadmium,

Chromium,
Cobalt,
Copper,

Gold,

Iron (Ferrum,)

Lead,

Manganese,

Mercury (Hydrargyrum,)

‘e
Nickel,
Platinum,

Silver (Argentum,)
Tin (Stannum,)

Zine,
3

o see

12

43.8

134

317

197

28

100

29.6
98.7

108.1
58

32.6

CaQ. Lime; C20. SO, Sulphate of Lime ;
Cu0. CO, Carbonate; CaO. PO, Phos-
phate; CaO. NQ, Nitrate ; Cal Fluor
Spar ; CaO. Cl Chloride.

MgO Magnesia ; MyO. CO, Carbonate (Dolo-

') mite); MgO. SO, Silphate of Magnesia

(Epsom Salts) ; M;; Cl Chlorate ; 2 MgO.
PO, Phosphate ; MgO. NO, Nitrate.
%SrO. Strontium ; SrO. §0, Sulphate ; SrO.
NO, Nitrate,
{Al, O, Alumina; Al, O, SO, Sulphate ;
3 A4l, 0, 2 PO, Phosphate.
[ ]

§b, 8, Sulphuret of Antimony.
AsO, Arsenic Acid; 450, Arsenious Acid ;
AsH, Arseniuretted Hydrogen ;

BiQ, Oxide of Bismuth.

{ CdO Oxide of Cadmium ; CdO. SO, Sulphate;
CdS Sulphide ; Cd C! Chloride.

Cr, O, Oxide of Chromium ; CrO; Chromic

Acid ; Cr CI Chloride.

Cr, Cl, Sesquichloride ; KO. 2 CrO, Bichro-
mate of Potash.

Co0. SO, Sulphate ; CoO. NO, Protonitrate.

Cu, 8§ Copper Pyrites ; 2 Cu0. CO,. HO Mala-
chite or Carbonate of Copper; Cu ClChloride;
Cu0, Bi or Peroxide ; Cu, O Red Oxide ;
Cu0, SO, Sulphate or Blue Vitriol.

§ AuQ, Peroxide ; Au Cl, DPerchloride ; AuO.

t  8SnO, Purple of Cassius.

(Fc 8, Iron Pyrites ; Fe, S, Magnetic Py-

i rites ; Fe 8 Sulphide ; FeO. SO, Proto Sul-
phate, (Green Vitriol); FeO Protoxide; Fe,
O, Peroxide; Fe, Cfy, Ferro-cyanide of
Iron Prussian Blue ; Fe, Cl; Perchloride ;

L _Fe, O, Black Oxide.

PbO. NO, Nitrate ; Pb. SO, Sulphate ; Pb S

% Sulphide ; P6O. A Acetate ; Pb Cl Chlo-
ride ; PbO. CO, Carbonate.

{Mn 8 Sulphide ; Mn O, Yeroxide ; Mn CI!
Chloride.

{Hg 8 Cinnabar (Sulphuret) ; Hy C! Proto-
chloride ; Hy I Iodide.

Hg, NO, Yrotonitrate ; Hg O Red Oxide ;
Hy, Cl Protochloride (Calomel) » Hg 1
Perchloride (Corrosive Sublimate).

Ni S Sulphide ; Ni C! Chloride; Ni;, Og Pe-
roxide.

Pt Cl, Bi or Perchloride.

Ag 8§ Vitreous_Silver (Sulphide); Ag €1 Chlo-
ride; 4g. NO, Nitrate; 4yS,0, Hypo-
sulphite.

Sn 0, Tin Stone (Peroxide); S» O Oxide ;
8Sn (Ll Protochloride.

mine SCa,rbonate); Zn0 Oxide ; n Cl
Chloride.

{ Zn 8 Zinc Blende (Sulphide); Zn0. C0, Cala-
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SECTION IV.
EXAMPLES OF ANALYSIS

1.—The Analysis of Mineral Waters Quantitatively is by no means
easy, and requires practised and skilful manipulation. A Qualitative
Analoysw however is much more easily’ made, and will, under most cir-
stances, be found to answer every purpose.
2.—The nattre of the strata in the neighbourhood of a spring
should always be moted. The period of the year when the Analysis
was made, and whether after a rainy or dry season. The temperature
as it issues forth should be observed, and the quantity yiclded in a
given time. Its taste, smell, degree of transparency, &c. are also best
noted at the fountain head. Its specific gravity should be taken, and
it is proper to examine on the spot the channel through which the
water has flowed, to collect any deposit that may have been formed
and to investigate its nature. The plants and vegetation in the neigh-
bourhood should also be recorded, as far as the observer’s botanical
knowledge will permit. :
3.—The effects of heat on the water may next be tried. Many
waters lose their transparency when their temperature is raised and let
fall a considerable deposit. The quality of this may, in some degree,
be conjectured from its appearance. If its color be brownish-yellow,
it consists either wholly or chiefly of Oxide of Iron. If white or nearly
white it is composed principally of the earthy Carbonates. A mineral
water containing Iron, deposits that metal also when exposed to the
atmosphere, and a thin pellicle forms on its surface, whether stagnant
in a natural reservoir or collected in a separate vessel. By this
exposure Iron may be ’sometimes discovered in a water, though not
easily detected at first, ‘because it becomes further oxidized and more
sensibie to the actlon of tests. Sulphuretted Hydrogen Waters exhibit
a sediment even when preserved in a well-closed vial; the Hydrogen
quitting the Sulphur, which settles, in the form of a white powder.
4.—Water is never presented by nature in a state of complete
~purity. Even when collocted as it descends in the form of rain, chemi-
' cal tests detect in it a minute portion of foreign ingredients, and when
i has been absorbed by the earth, has traversed its dlﬁ'erent strata,
and is returned to us" by springs, it is found to have wq\nred
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various impgregnations. In many fnstances, however, Mineral Water
may contalll a saline or other ingredient, but in such small quantity as
toeescape discovery by tests. It is advisable therefqre to apply the
tests of fixed substances to the water, after reducing its bulk one-half
or more by evaporation, as well as in its natural state. The presence
of Ammonia may be proved in Rain Water by simply adding a little
Sulphuric, or Hydrochloric Acid, and evaporating it nearly to dryness
ina clean Porcelain vessel. ThHe Ammonia remains in the résidue in
combination with the Acid, and .may be detected by a little powdered
Lime, which separates the Ammonia, and thus renders its peculiar
pungent smell sensible. .t

5.—In River Waters the amount of sediment may be ascertained by
mere subsidence, or better by filtration or evaporation, and the fine
impalpable matter operated on, in a similar manner to that collected i m
the examination of a soil after affusion with water.

6.—An approach sufficiently accurate may be made to the quantlty
also of some substances, by merely ascertaining the quantity of the
precipitate afforded by the use of a certain re-agent. Thus in using
Nitrate of Silver to discover the quantity of that very commonly occur-
ring ingredient Chloride of Sodiumj or Common Salt, in water ; If the
total amount of the precipitate obtained and collected (which is Chloride
of Silver) amount to 100 grains, this will indicate 42} grains of
common Salt in the water. Other instances of similar kind will be
found given hereafter.

7.—Mineral waters may be dxvxde(l into four classes as follows:—

1sz.—Chalybeate or Ferruginous Waters.

2nd.—Sulphurous or Hepatlc

3rd.—Acidulous or Carbonated.

4th.—Saline, of which there are
1. Purging Saline, containing Sulphate of Soda, Glauber Salts,

Sulphate of Magnesia, and Epsom Salts. .
2. Brine, containing Chloride of Sodium, Iodine and, Bromme ‘
3. Calcareous, containing Carbonate of Lime and Suiphate of
*» Lime.

4. Alkaline; containing Carbonate of Soda.
5. Siliceous, containing Silica. .

8.—A solution of white Soap i dlcohol, about 120 grains to a pint,
‘may be used 4o test the hardness of waters caused by the presence of
earthy or Metallic Salts, combining with which it produces immediately
-a milkhess, and a flaky precipitate -will be deposited if the mixture be
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left undistarbed for some hours. The milkiness is owing g such Salts
as Sulphate and Cgrbonats of Lime (mnost usually encountered in well
waters). The Alkali of the Soap (Soda) leaves the Oil with which it
was combined, and unites with the Acid of the eavthy bases of the Salts
which are present in the water, and the Oil joins the liberated earths,
and produces an insoluble precipitate, or earthy Soap. ¢

The comparative hardness may be tested by shaking up, the water
violently with a measured portion of the Soap solution, so as to endea-
vour to produce a lather.

The harder the water, the more of the Soup solution will it require
to produce thelather.

9.—Alcokol alone may be employed ta test Mineral Waters. If these
be well concentrate(:l, and the Alcohol added be 4t least double that of the
bulk of the fluid in which it is intended to act, it precipitates such saline
bodies as are solublein water, but insoluble, or nearly so, in Alcohol,
as Sulphate of Magnesia, Sulphates of Soda, Potash, Alumina, and Lime
and Nitrate of Potash. Also as it dissolves some of the substances found
in Mineral Waters, as the Chlorides, and does not touch others, they may
thus be separated into two classes.

10.—Most Mineral Waters contain earthy Salts with a fixed Acid,
which remains in combination after boiling down the water to dryness,
and which Acid is gen®ally Hydrochloric or Sulphuric. The earths
are generally Lime or Magnesia. In such a case, only four edrthy
Salts might be expected (not all together at once, for they would decom-
pose each other) namely, Sulphate of Lime, Chloride of Lime, Sulphate
of Magnesia and Chloride of Magnesia.

11.—Now of these Salts, the Sulphates are perfectly insoluble in
Alcopol, but the Muriates are extremely soluble. If therefore the dry
residue of the water be placed in a test tube or bottle, and a consider-
able portion of Alcohol poured upon it, and the solution allowed to
stand for some hours with frequent agitation, it can contain only the
Chlorides of Lime and Magnesia dissolved, (provided the Alcohol has
been highly rectified ; if not, it will also dissolve a little Chloride of
of Sedium, should that be present.) ¢

12.—The residue, which is not dissolved by the Alcohol, may con-
tain the Sulphates of Lime and Maguesia, of which the latter Salt is
easily solable in water, but the former with great difficulty, unless as-
sisted by an Acid. :

43.—The presence of Lead in waters may be detected with great deli-
cacy and certainty by Swlphate of Soda or Sulphate of Potdsh, and
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these can bi used in many cases wWith greater convenience® than pure
Sulphuric Acid. The Salt precipitates thes whitg Sulphate of Lead,
which is insoluble in water and in Ammonia, but solublg in dilute Nlt!'lc
Acid assisted by heat, and which becomes blackened by water 1mpregnat-
ed with Sulphuretted Hydrogen.

14.—Iodine is detected in water with very great accuracy by means
of a simplg solution of Starch. This is said to show the presence of
the ;37555 part of lodine in aliquid. The Iodine must, however, be in
a free or uncombined state. When it is so, and a solusion of Starch is
added to the liquid contaiming it, it produces with .it an Indigo®blue
color, and a precipitate (Toduret of Starch) of the samé hue is slowly
deposited. When it is not so, but exists as Iodic or Hydriodic Acid,
no change takes place, but if an Acid be added so as to disengage the
Iodine, the Starch then instantly shows the presence of this substance
by the Indigo blue color which it assumes. The precipitate, Ioduret of
Starch,is soluble indilute Sulphuric Acid forming a blue liquor, with con-
centrated Sulphuric Acid a brown compound, becoming blue on dilution.

15.— Iron is best detected by the Ferro-cyanide of Potassium. If it be
in combination in a high state of oxidation (a Persalt), the precipitate is
blue, and if a protosalt, white, but bécoming subsequently blue on expo-
sure. If Ferro-cyanide of Potassium be pure, it does not speedily assume
a blue color on addition of an Acid, nor does it immediately precipitate
Chloride of Barium. In testing with it, to render its effect more cer-
tain, a little Muriatic Acid should be first added (a drop or two), with a
view to the saturation of uncombined Alkalis or earths which, if present,
prevent the detection of minute quantities of Iron. If a Mineral Water
taken fresh from the spring afforYis a blue precipitate with this Salt, but
not after having been concentrated by boiling, it may be inferred
that the Iron is present in the water in combination with Carbonic
Acid, as the Iron will have been precipitated on the expulsion of the
Carbonic Acid (which held it dissolved) by boiling,. And if the test
continue to strike a blue color with the boiled or concentrated water,
the Acid, which held the Iron in solution, is a fixed or mineral WAcid.
If by boiling a sellowish powder be precipitated, and yet Gallic Acid
continue to tinge thé water black, the Iron, as often happens, “is
dissolved both by Carbonic Acid and by a fixed Acid.

16.— Succinate of Ammonia—an expensive Salt,is also sometimes uscd,
but the Iron (if existing) must be first oxidized by boiling with a few
drops of Nitric Acid to dryness. The powder is then re-dissolved with
addition ®f water, the solution gradually mixcd with dilute Ammonia,
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until a slight precipitate is produced, which does not re-dissolve entirely,
even on application of a gentle heat. A perfectly neutrar golution of
Sucfcinate of Ammonia is now added as long as any precipitate is
formed, the solution géntly heated and allowed to stand for some time.
The precipitate is filtered off, washed first with cold water, and after-
wards' with warm dilute Ammonia, which removes a part of the
Succinic Acid, dried and ignited. In this way pure Sesquioxide or
Peroxide of Iron is obtained. '

17.—Gallic scid, or Tincture of Galls, is used for the same purpose,
as it produces with Iron a violet or black precipitate, whether the Iron
be held in soliition by Carbonic Acid, or by any other Acid. If it be
as Carbonate, the precipitate or color is not produced after concentration
by boiling, for the reason before given. And*when the quantity of Iron
is very small, as in most Chalybeate Waters, the effect is merely to pro-
duce a purple tinge.

18.—Another cause also affects the action of this test, viz., the
presence of Carbonate of Lime. When the Iron is in a low state of
oxidation, it rather heightens the color, while, when it is at the maximum
of oxidation, it diminishes it so much as to render it scarcely perceptible,
if the Iron be in small quantity. ‘'Thus some of the Bath Waters have
given indications of Iron, when fresh and hot, but after cooling and
exposure, when the Ird} has become more oxidized, they appear to give
none, though no Iron is deposited during the cooling.

19.— Sulphuretted Hydrogen, of common occurrence in Mineral
Waters, may be detected by holding owver the water in a wine glass or
test tube, a slip of paper moistened with any soluble Salt of Lead (Nitrate
or Acetate), or with Nitrate of Silver, or Chloride of Bismuth. The
paper will become blackened as the Gas escapes. The vapor of putri-
fying animal or vegetable matter dissolved in water, often gives a
deceptive indication of Sulphuretted Hydrogen. Such water is also
immediately rendered black by a drop of a solution of any of these
Salts. ZLitmus Paper dipped into such water is also slightly reddened,
but recovers its color by drying or exposure to a gentle heat. The
same effect is produced on Litmus Paper by the prestnce of Carbonic
Acid in the water, but the two Gases may be distinguished by the use
of Lime Water, which produces a wbite precipitate of Carbonate of
Lime immediately if the Gas be Carbonic Acid, but has no effect if it
be Sulphuretted Hydrogen. Paper, stained with the juice of the violet
flawer,. or the scrapings of purple radishes, produces the same effect as
Litmus paper, : ¥ ‘
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o 20.— Litmus Paper is reddencd by water containing 1595 part of
Sulphuric Acid, but if the tincture of Litmus*be used and dropped into
lar®c quantities of the water in transparent glass vessels, comparing
two placed close togetlfer, one with, and the other without, the tincture,
the test becomes much more delicate, even to 1 in 300,000 parts. The
infusfon of Litmus is prepared by steeping this substance, first bruised
in a mortay and tied up in a piece of muslin, in distilled water, which
extracts its blue color. In testing with Litmus Paper, the piece dipped
into the water should be compared with a piece dipped into distélled
water. . '

21.— Potash and Soda are distinguished by Tartaric Acid, which
forms an insoluble crystalline precipitate with the former, but none
with the latter ; the Salt’ Tartrate of Soda being soluble in water. The
Perchloride of Platinum produces the same effects with more delicacy,
the precipitate with Potash being yellow.

22.—Ammonia, by the formation on evaporating of dense white
clouds (Chloride of Ammonia condensing in contact with the moisture of
the air) with the fumes of Ilydrochloric Acid held over it on the
extremity of a glass rod.

28.— Turmeric Paper will distingdish the Alkalis, free or combined
with Carbonic Acid, from the carbonated earths. By the former it is
reddened, while the latter do not affect it. In testing for Soda in
Mineral Waters, it is advisable to evaporate or concentrate the water at
a low heat to about £ or } its bulk. Paper,to answer the purpose, may
be made by making a slice of an entire turmeric root, wetting it with
distilled water, and rubbing the paper with it, when a sufficient color
will be obtained to test with.

24.—Lime is best detected by Oxalic Acil or Oxalate of Ammonia,
which gives a precipitate soluble in Nitric and Hydrochloric Acids.
Sulphuric Acid also detects it after some time, perhaps a few days, by
forming Sulphate of Lime, but this Salt is soluble in 500 parts of water
and particularly so if there be any excess of Acid. The solution must
therefore be concentrated and allowed to cool, when the Sulphate of
Lime separates itlong transparent crystals. It may then be distin-
guished by its want of taste, difficult solubility when removed into pure
water, and by affording a precipitate with Oxalic and Barytic: Salts.
When a liquor containing Selenite (Sulphate of Lime) is rapidly
evaporated, this Salt separates as brittle shining lamine. If the Oxalic
Acid occasion a precipitate before,'but not after boiling, the Lime is
dissolved*by an excess of Carbonic Acid. ’

w .
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Oxalate of Ammonia is preferable to the Acid, because it is not so
liable to have itg, action impeded by a possible excess of Nitric or
Muriatic Acid present with the Lime, and if this should be the casepthe
solution should be first ncutralized with Ammonia before adding the
test. 117 grains Sulphate of Lime in the water will give 100 of Oxalate,
at 160° Fahrenheit. The pure Lime may be obtained from the pre-
cipitate by calcination of the Oxalate into Carbonate, and then expelling
Carbonic Acid by strong heat in a covered crucible.

25.—The presence of Hydrochloric Acid (or Chloride of Sodium, com-
mon Salt,) in water, which is of universal eccurrence, is immediately
detected by Nitrate of Silver, which forms with it the peculiar cloudi-
ness of Chloride of Silver insoluble in Nitric Acid, soluble in Ammonia.
One grain of Salt'in 42,250 grains of water may be thus detected. In
applying this test, certain precautions are, however, necessary, because it
is also acted upon by alkaline and earthy Carbonates, and by Sulphuric
Acid and its combinations. This may be guarded against by first
removing the Sulphuric Acid by Chloride of Barium, and the action of
the Carbonates may be prevented by super-saturating them previously
with pure Nitric Acid.

The precipitate produced by the Carbonated Alkalis (Carbonate of
Silver), is soluble in dilute Nitric Acid with cffervescence.

26.— Nitric and MuMatic Acids in a dry state, or dissolved in very
little water, are decomposed on adding Sulphuric Acid and applying
heat, and vapors are evolved. In the former case these are yellow or
orange colored ; in the latfer, if the wet stopper of the Ammonia bottle
be held in them, there are whitc fumes. Both Muriatic and Sulplhuric Acid
may also be detected by the Acetate df Lead, as they form with it the
Sulphide and Chloride of Lead, the former insoluble but the latter
soluble in dilute Nitric and Acetic Acids; Nitric Acid is also thus
detected in waters. To a concentrated solution is added % its bulk of
concentrated Sulphuric Acid (perfectly free from Nitric Acid.) It is
allowed to become nearly cool and a crystal of Sulphate of Iron drop-
ped jnto it.  After standing for some time at perfect rest, the presence
of Nitric Acid will be indicated by a brown halo round the crystal.

The presence of Sulphuric Acid or the Sulphates is also tested by
Chloride of Barium, or any Salt of Barytes, the insoluble Sulpbate of
Barytes being formed.

. 27.—Magnesia is detected by Phosphate of Soda. Magnesia is also
"precipitated partially by Ammonia, (the precipitate is soluble in
Chloride of Ammonium) but completely, if Alumina be presents Phos-
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phate of Magnesia and Ammonia is % Salt of ddﬁcult golubility,. To a
solutlon, therefore, containing Magnesia, add neugral Carbonate of
Ammonia, prepared from some of the Salt which haq been exposed,
spread on a paper for & few hours to the air. No change takes pface,
as the Carbonic Acid of the Carbonate of Ammonia is sufficient to keep
it inesolution. But on adding a concentrated or saturated solution of
Phosphate of Soda, the Salt before mentioned, Phosphate of Magnesia
and Ammonia is precipitated. Fet this be dried in a temperature not
exceeding 100° Fahrenheit, 100 grains of it will indicate 19 Magnesia,
or about 64 Chloride of Magnesia. Lime water also decomposes* the
Salts of Magnesia. >

28.— Carbonic Acid is detected, as has before been observe& by Lime
Water, which forms witheit an insoluble precipitate of the neutral Car-
bonate of Lime. It should be observed that the Bi or Super-
Carbonate of Lime is soluble in water and invisible therefore ; but that
if it has to part with any portion of its Carbonic Acid from heat and
evaporation, cither natural in th® warm open air or artificial, then Lime
(% e. Carbonate of Lime) is deposited. Hence the origin, when this
evaporation is rapid, of calcarcous tuffs, &c., and when more slow, of
Stalactites, calcarcous petrifactions, tc.

29.—For the same reason when Lime Water is used as a test in small
quantity, a precipitate is formed ; but if a farther portion of the water
under proof is added, the precipitate is re-dissolved or taken up by the
Carbonic Acid contained in the water; the soluble Bicarbonate is
again formed. Another addition of Lime Water again precipitates it,
or the same effect may be produced by boiling, which expels the
Carbonic Acid. Hence also the reason of the crust or fur in kettles
or vessels in which such water is frequently boiled.

30.—It must be remembered, in using this test, that Lime Water
also decomposes the Salts of Magnesia, and is acted upon by Sulphates
producing a precipitate of Sulphate of Lime which, however, unlike
the Carbonate of Lime precipitate, is insoluble in Nitric Acid. Lime
Water also detects the poisons, Arsenic and Corrosive Sublimate in
solution, produeing with the latter a brick-dust-colored precipitate,
and with the formera difficultly soluble one in water, giving, when
mixed with Oil and burnt on coals, the smell of garlic.

31.—Carbonic Acid and Sulphuretted Hydrogen are also detected,
and better, by Baryta Water (prepared from crystals of Baryta) or
Chloride of Barium, This forms precipitates with both Carbonate and
Sulphate of Barytes, the former being soluble with effervescence, the
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latter inscluble in Hydrochloric Acid. Phosporic Salts are also preci-
pitated by the same agent, and the Phosphate of Barytes precipitate 'is
soluble in Hydrochloru, Acid without effervescence. t

32, —Sulphunc Acid discovers, by a slight cffervescence, the presence
of Carbonic Acid, whether uncombined or united with Alkalies or
earths,

33.—If two or three drops of Acetate of Lead be let fall into Water
containing Carbonic Acid, a white precipitate of Carbonate of Lead is
formed, which is soluble in Caustic Potash.

34.— Phosphoric Acid may be detccted Ly Acetate of Lead, which
produces witlr it a white precipitate of Phosphate of Lead soluble in
Nitric Acid. A solution of Phosphate pf Lime is completely decom-
posed by this Salt” The precipitate when drizd at a low red heat con-
tains 225 per cent. of Phosphoric Acid. A globule of pure Lead may
be obtained from the precipitate before the blowpipe, the Phosphoric
Acid burning off with a luminous vapor smelling of Phosphorus.

If Sulphuric Acid be present it will also be decomposed by the
Acetate of Lead, Sulphate of Lead being formed ; but this is separable
from the Phosphate, as it is insoluble in dilute Nitric Acid.

35.—If Ozygen be present, in water, it may be proved with the aid
of the green Protosulphate of Iron. If a small quantity be dissolved
in the water contained My a well-stopped phial (filled full), and the solu-
tion continue clear, there is no Oxygen; but if otherwise, the liquid
becorpes, after some hours, slightly turbid, from the Oxide of Iron
attracting the Oxygen of the Water, and a small portion of it in this
more highly oxidated state, leaving the Acid, becomes precipitated of a
brown or ochry color.

As common air, however, produces the same effect slightly, caution is
requisite in drawing conclusions. 100 cubic inches of spring water
have been found by one analysis (Mr. Henry) to yield 4.76 inches of
Gas. Of these 3.38 inches were Carbonic Acid, and 1.38 Atmos-
pheric Air.

36. —If' as is often the case, the Sulphates of Magnesia, Lime and
Iron occur together, they may be thus separated.

If the excess of Acid (if any) be ncutralized by Ammonia, Iron may
then be precipitated by its appropriate tests, Succinate of Ammonia
Ferro-cyanide of Potassium, &e.

Or the solution may be evaporated to dryness and then exposed to
a dull red heat for at least an hour. By this means, the Sulphate of
Iron becomes decomposed, its Oxide is left behind, and the Sulphate of
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Lime will be rendered insoluble, while the Sulphate of Magnesia is not
aftered. If the mass be then digested in wgter, the last Salt becomes
disgolved, and if Sulphate of Iron and Sulphate of } ‘VIagnesxa alone were
present, the residue would of course be Oxide of*lron,

37.—If Sulphate of Lime and Sulphate of Magnesia be together in solu-
tion,ethe liquid should be concentrated highly, when after some, hours
repose, most of the Sulphate of Lime will separate alone (being compara-
tively insoluble) and may be removed. The solution may then be
evaporated to dryness, ignited, digested with three or four times its
weight of cold water, by which all the Sulphate of Magnesia will be dis-
solved, and what little Sulphate of Lime remained, will be ft untouched.
The solution may then be boiled with Carbonate of Potash to decomposg
the Carbonate of Magnasia, and the latter, when washed, dried and
ignited, will be Magnesia.

38.—As a gencral rule the Alkalies (Potash, Soda and Ammonia)
precipitate all earths and metals, whether dissolved by volatile or
fixed Menstrua, but only in certain states of dilution. For instance, if
Sulphate of Alumina be present in the proportion of 4 in 500 in water,
it will not be discovered by Potash or Soda. Their very general
action prevents the possibility of any accurate conclusion being drawn;
further than what may be derived from the whitish or other color of
the precipitate, with reference to the presence of metallic admixtures.

39.—Potash and Soda expel Ammonia, which may be detected by its
pungent smell or by its white vapors, with the moistened stopper of the
Muriatic Acid bottle. Carbonates of Potash and Soda have a similar
effect.

40.,— Ammonia, besides precipitating the earths and metallic Salts,
gives a blue color where Copper and Nickel are present. Car-
bonate of Ammonia the same, with the exception of Magnesia, But if
it be added to a,solution till no farther precipitate ensues, and the
liquid filtered and raised to a temperature of near the boiling point
(212°), and the addition of Ammonia then produce a precipitate, we may
infer the presence of Magnesia.

. 41.—The Hygdrosulphurets (Sulphides) and Sulphurctted Hydro_qen,
may be detected in water by the metals, Silver, Bismuth or Mercury.
For msﬂnce, if a little Quicksilver be put in a bottle containing such
water, its surface soon acquires a black film, and on shaking the bottle
a blackish powder separates from it. Silver and Bismuth the same.

42.—The Ferro-cyanide of Potassium, besides precipitating Iron, also
precipitates Chloride of Alumina. No conclusion can therefore be drawn
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respecting-the non-cxistence of Muriate of Alumina from any process in
which this test has previpusly been used. It will therefore be propér.
if a Salt of Ah.lmixrxa. be indicated by other tests, to examine the pnci-
pitate effected by Ferro-cyanide of Potassium. - This may be done by
repeatedly boiling it to dryness with Hydrochloric Acid, which takes up
the Alumina and leaves the Ferro-cyanide of Iron. From the Hidro-
chloric solution the Alumina may be precipitated by a solution of
Carbonate of Potash. :

43.— Chloride of Calcium is used to discover the Alkaline Carbonates,
which are sometimes found in waters. With all, it forms a precipitate
of Carbonate ©f Lime, soluble of course with effervescence in Hydro-
chloric Acid. The three Alkalies may be discriminated, Ammonia by
its smell and by its precipitating any neutral.Salt of Alumina, while it
has no action on Magnesian Salts.

Potash by its yellow precipitate, with the Perchloride of Platinum,
which does not affect Soda.

To estimate the amount of Polash or Soda saturate a solution of
either with Sulphuric Acid; 100 grains of pure Sulphuric Aeid satu-
rate 12148 of Potash and 7832 of Soda.

44.,— Sulphide of Ammonium, as*well as other Sulphides, and water
saturated with Sulphuretted Hydrogen, may be employed in detecting
Jead and Arsenic, with ¥he former of which they give a black, and with
the latter a yellow, precipitate.

45.—Vegetable or Animal matters in water are detected by Chlorine
solutions or by an infusion of Gallic Acid.

Air diffused in water may be ascertained by boiling, or by the use
of the Protosulphate of Iron, as before described for Oxygen, adding to
the Protosulphate a few drops of Ammonia, and carrying on the opera-
tion so as to exclude the atmosphere. A white precipitate will be form-
ed, passing subsequently to green and to a yellowish orange color.

, 46.—Waters may be pronounced fit for domestic usc when they
are fresh, limpid, and free from smell ; when they boil Vegetables
withopt affecting their color, and dissolve Soap without leaving curds.
This action on Vegetables and Soap is produced by Carbonate of Lime,
but it is considered that a certain quantity of Chloride of Sodium
and Carbonate of Lime (particularly) is essential in water in®nded for
human consumption, as the Calcareous Salts contribute to the forma-
tipn of Bone.

‘ 47.—~The Quantitative Analysis of Mineral Waters must be con-
ducted by evaporation. It requires practised manipulation and good
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apparatus, and as it is a business of considerable difficulty, a brief expla-
nation only of the process will be given.  «

, €8.—Before Evaporation, the Gases must be expelled and collected.
Those must commonly found e Carbonic Acitl, Sulphuretted Hydro-
gen, Nitrogen, Ozygen, and in the neighbourhood of Volcanoes, Sul-
phumous Acid Gas. Their expulsion is effected by boiling a glassebottle.
filled with the Mineral Water in a kettle of brine, immersing it up to
the neck. The glass bottle beihg provided with a glass stopper and
heat tube, the expelled Gas escapes by this into a receiver filled with,
and inverted in, a Mercury bath—where it is collected together Wwith
some of the water itself, which is also driven out by, the ebullition.
This quantity of water mustde deducted from the whole quantity
experimented on in calculating.

49.—The amount of Carbonic Acid Gas may be determined by in-
troducing a small portion, 5% to %5 the volume of the air, of solution of
Potash, (1 part dry Hydrate of Potash to 2 of water) into the Gas
contained over Mercury in a graduated glass tube. Agitate this; the
amount of the diminution will show the quantity of Carbonic Acid.

The unabsorbable residue consists probably of Ozygen and Nitrogen,
the proportion of which is best learntd by the use of Dr. Hoffe’s Eudio-
meter, or by Liebig’s method, using Gallic or Pyrogallic Acid, about
#o to g the volume of the air, to absorb the Oxygen. The remain-
der is of course Nitrogen, as air consists of a mechanical mixture of 79
Nitrogen, and 21 Oxygen, including small quantities of Carbonic Acid
and aqueous vapor. Gallic Acid is slow in its operation, requiring an
hour or two to act.

50.—If Sulphuretted Hydrogen be present, the separation from Car-
bonic Acid is more difficult; half fill a vial {graduated) with the mixed
Gascs, and then expel the rest of the water in the vial by Oxymuriatic
Acid Gas (Chlorine)  Close the bottle well with a glass stopper and let
it remain 24 hgurs. Then withdraw the stopper under water, when a
quantity of water will rush in.  Allow it to stand half an hour without
agitation. The redundant Chlorine will thus be absorbed, it having a
grong affinity fog the Hydrogen of Water, forming Hydrochloric Acid
and hbe&nw Oxyger, and very little of the Carbonic Acid will dis-
appear. WSupposing to 10 cubic inches of the mixed Gases, 10 cubic
inches of Chlorine have been added, and that after absorption by
standing over water, 5 inches remain. This shows that the mixture
consisted of equal parts of Sulphurctted Hydrogen and Carbonic
Acid.
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51,—When this complicated mixture of four Gases occurs, as in Har-
rowgate waters, it is advisable to operate on two portions of Gas sepa-
rately, with a view to determine by the one the quantity of Carbénic
Acid and Sulphuretted Iydrogen, afl by the wther that of Nitrogen
and Oxygen. In the latter instanco remove both the absorbable Gases
by Caaustic Potash, and examine the remainder in the manner already
directed. .

52.—Nitrogen Gas sometimes occurs in Mineral Waters almost in an
unmixed state. When this happens, the Gas will be known by the
charicters already described as belonging to it.  Suiphurous Ac.d Gas
may be dete®¢d by its peculiar smell of burning brimstor=, and
by its discharging the color of an infusion of roses, which has been
reddened by the smallest quantity of any Mineral Acid.

53.—Evaporation is perhaps best and most perfectly conducted in
unglazed Porcelain vessels at firs,, and then by removing the water
when reduced to about % into a smaller glass vessel. In this let it be
evaporated to dryness.

The dry mass, when collected and accurately weighed, is to be prt
into a bottle, and highly rectified Alcohol poured on it to the depth ot
an inch. Xfter having stood a few'hours and been occasionally snaken,
pour the whole on a filter, wash it with a little more Alcohol, and ury
and weigh the remaingder. Call this solution A. (Salts soluble in
Alcohol.)

54.—To the undissolved residue add 8 times its weight of cold dis-
tilled water ; shake the mixture frequently, and aftcr some time filter ;
ascertaining the loss of weight—Solution B. (Salts soluble in cold Water.)

55.—DBoil the residue for a } of an hour in about 500 times its
weight of water and filter——Solution C (Salts soluble in hot Water.)

56.—Tle residue, which must be dried and wecighed, is no longer
soluble in Water or Alcohol. If it has a brown color, denoting the pre-
sence of Iron, let it be moistened with water and exposed to the sun’s
rays for some weeks—(Residue D.)

57.<—Solution A. may contain one or all of these Salts: Chlorides
of Lime, Magnesia or Barytes, or Nitrates of the same earths. Some=
times also the Alcohol may take up a Sulphate of Iron in "ch the
metal is highly oxidized, as will appear from its reddish brown Color.

1st. Evaporate to dryness; weigh the residue, add above 4 its weight
of strong Sulphuric Acid, and apply a moderate heat. The Hydrochioric
or Nitric Acid will be expelled, and they will be known by their white
or orange colored fumes. - *
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2ad, To ascertain whether Lime orrMagnesia be the basis of she Salts,
continue the moderate heat till no more fumes,arise, .a;nd let it then be
rajsed to expel the excess of Sulphuric Acid. To the dry mass add
twice its weight of distilled water. This will také up the Sulphate®of
Magnesia and leave the Sulphate of Lime.

3rds The two Sulphates may be separately decomposed by bailing
with three or four times their weight of Carbonate of Potash. The
Carbonates of Lime and Magnesi% thus obtained, may be separately
dissolved in Hydrochloric Acid and evaporated. The weight of the dry
Salts will determine how much of each the Alcohol had taken up. Lime
auu Magne 'ia may also be separated by the use of Phosphtte of Soda.

4th. Barytes, which very rarely occurs, may be precipitated by adding
Sulphuric Acid to a portion of the Alcohol solution (4.), which has
been diluted witk: 50 or 60 times its bulk of pure water.

58,— Solution B. may contain a variety of Salts, the accurate sc-
paration of which from each other, is a matter of considerable dif-
ficulty. .

Ist. The Analysis may be attempted by crystallization. If half the
solutiox be evaporated at a Leat of about 80° or 90° and any crystals
anpear on 3 surface while hot in°the form of a pellicle, let them be
separs ted and dried on bibulous paper. These are Chloride of Soda
or Salt.

2nd. The remaiain~ solution, on cooling very gradually, may give
crystals distinguishable by their form and other qualities; but when
various Salts are contained, it is extremely difficult to obtain them
sufficiently distinct to ascertain their kind.

3rd. Their nature must be examined by means of the re-agents
previously given.

4th. Litmus and Turmeric Papers will discover if free or uncombined
Acids or Alkalis be present. Potash may be distinguished from Soda
by saturation with Sulphuric Acid, evaporation to dryness, and again
re-dissolving, the Sulphate of Soda being much more soluble than that
of Potash; or by Tartaric Acid or Perchloride of Platinum as hefore
explained, *

5th. If neutral Salts be present in the solution, the nature of both the
Acid: and’ the base must be ascertained by means of the tests already
given.

59.— Solution C. contains scarcely anything but Sulphate of Lime.

60.— Residue D. is to be digested in Acetic Acid, which takes up Mag-
nesia and Lime ; but leaves undissolved Alumina and Peroxide of Iron.
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Filter and evaporate the solutions to dryness. If it contain Acetate of
Lime only, a substance will be obtained, which does not attract moisture
from the air. If Magnesia be present the mass will deliquesce. « To
separate the Lime frdm the. Magnesia proceed as with Solution A.

2nd. The insoluble residue in Acetic Acid may contain Silica,
Alungina, and Iron. Dissolve in Hydrochloric Acid and filter off the
Silica. The Iron may be precipitated by Ferro-cyanide of Potassium
or Succinate-of Ammonia, and the Alumina by a fixed Alkali or
Ammonia.

€1.—The Qualitative Analysis of waters may be thus systematized —

1st. Thefexammatlon of the original water, which should embrace
the detection of Hydrosulphuric Acid, of free Carbonic Acid, and of
organic matter (by evaporation to dryness and ignition), together with
the determination of the reaction to test papers,and the rough trial of
the hardness of the water by the Soap test.

62.—2nd. That of the precipitate produced by evaporation which
should be examined for the Carbonates of Lime and Magnesia, Sulphale
of Lime, Sesquioxide of Iron, Silicic Acid.

The precipitate is dissolved in warm dilute Hydrochloric Acid
(which should be rinsed round the.dish and then poured over the filter,
thus obtaining all that is soluble.) The presence of Carbonic Acid will
be indicated by efferve®ence.

The greater part of the solution is evaporated to dryness, and the
residue treated with dilute Hydrochloric Acid. Insoluble white flakes
consist of Silica.

The solution, filtered from Silica, is mixed with Ammonia in excess.
A red brown precipitate is Sesquiozide of Iron.

The filtrate is gently heated with Carbonate of Ammonia. A preci-
pitate of Carbonate of Lime will be formed if Lime be present.

The filtered liquid is mixed with Phosphate of Soda, violently agi-
tated, and allowed to stand for 24 hours. A white crystalline precipi-
tate of Phosphate of Magnesia and Ammonia indicates the presence of
Magnesia.

The remainder of the Hydrochloric solution is tegted for Sulphuric
Acid with Chloride of Barium.

63.—3rd. The Analysis of the filtrate in whlch there should be
gsought all bases (lead, &eo.) Silicic Acid, Sulphuric, Hydrochloric, Nitric,
Phosphoric, and Carbonic Acids.

. The examination for bases is conducted as usual; Silicic sdcid will
be detected in the examination for bases, .
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The reaction of the filtrate to test papers should be tried, Ifit be
an:alme, Jized Alkaline Carbonates are containgd in the water.

. To one portion of the solution Chloride of Barium'is added; a white
preclpltate may consisk of Sulphate, Carbonate, or® lesphate of Bafyta.
Dilute Hydrochloric Acid is added ; Sulphate of Baryta would be left
undiesolved, indicating the presence of Sulphuric Acid. Phosphage and
Carbonate of Baryta would be dissolved ; the latter with effervescence.

Another portion of the solution is mixed with Nitrate of Silver; the
precipitate may consist of Chloride of Silver (white,) Carbonate of Sil-
ver (white), or Phosphate.of Silver (yellow). Dilute Nitric Acid is
added. Chloride of Silver would be left undissolved,. mdicating the
presence of Hydrochloric Acid. ,

Another portion is tested for Phosphoric Acid by acidifying slightly
with Acetic Acid, and adding a single drop of Perchloride of Iron ; a
white precipitate of Phosphate of Peroxide of Iron indicates the pre-
sence of Phosphoric Acid.

Another portion is mixed with half its bulk of concentrated Sulphu-
ric Acid (perfectly free from Nitric Acid), allowed to become nearly
cool, and 1 crystal of Sulphate of Iron dropped into it. After standing
for some time at perfect rest, the presence of Nitric Acid will be indi-
cated by a brown halo round the crystal.

64.—About 400z. or 3 lbs. or a quart of water is enough for a Qua-
litative Analysis. It should, if possible, be taken in glass stoppered
bottles, as with corks Sulphates are soon converted into Sulphides.

The bottles should be quite filled up, and the water analyzed as
soon as possible.

65.—As an example of Analysis of a Mineral Water, the following
may be taken, and it will serve to exemplify the various tests which
have been previously given:—

The water, when recent, did not perceptibly redden T'incture of Litmus
though the tint was compared with the color of the tincture diluted to
a similar extent.

o It did not affee} the color of Brazil Wood or Turmeric Paper.

With Tincture of Gulls, it gave a slight tinge of purple, and ultimate~
ly a scanty purplish brown flocculent precipitate, showing the presence
of Iron, and by the purplish tinge also, the presence of earthy or Alka-
line Salts.

66.—The water next day gave no tinge with the Tincture, showing the
Iron to. be principally in the state of a Carbonate. When the water
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was evapqrated by a gentle heat, flocculi of Ouxide of Iron were depo-
sited, and upon being boiled, gave a considerable yellowish white preci-
pitate, indicating ' Carbonates. ~This precipitate was soluble with con-
sidetable effervescence in Nitric Acid. .

The water decanted from this precipitate gave no tinge with Tincture
of Gals ; but on boiling it with a few drops of Nitric Acid, to peroxidize
the Iron which it might contain, the excess of Acid being afterwards
neutralized by Ammonia, it gave unequivocal traces of Iron by a
darkish tinge with the Zincfure. From this it was inferred that the
Iromwas in the state of Protoxide. .

67.—A, portion of this water, after being thus treated, also gave a
red tinge with Sulpho-cyanite of Potash, With Ferro-cyanite of Potash
and a drop of Muriatic Acid, the water, whea recent, gave a whitish
precipitate, becoming blue by exposure to the air, indicating Jron in
the state of Protoxide.

68.—With Lime Water, the recent water gave a copious flocculent
precipitate, the Lime, uniting with the excess of the Carbonic Acid and
the whole of the Carbonates, falling down together. This precipitate
was re-dissolved on adding more of the Mineral Water, which showed
a considerable excess of. Carbonic: Acid ; and it was also soluble with
effervescence in dilute Acetic Acid. With the Bicarbonate of Potash
there was no precipitat®, the whole being kept dissolved by the excess
of Carbonic Acid.

69.—With Ammonia and also with Potash, a flocculent white preci-
pitate took place, owing to the abstraction of free Carbonic Acid. With
the Carbonates of Potash, Soda and Ammonia, there were similar preci-
pitates, but more scanty; they were all soluble in dilute Acetic Acid.

70.—With a solution of Soap in Alcohol a great milkiness. With
Acetate of Lead a considerable milkiness, and a precipitate insoluble in
Acetic Acid. With Ozalate of Ammonia a considerable precipitate,
indicating the presence of Lime.

71.—With Carbonate of Ammonia and Phosphate of Soda, an imme-
diate milkiness and a precipitate after standing indicating Magnesia, the
precipitate soluble in Acetic Acid. With Carbonate of Ammonia or
Phosphate of Soda separately, no milkiness, after standing for the
same length of time.

712.—~With Chloride of Barium a slight precipitate, insoluble in Hydro-
chloric Acid, indicating Sulphuric Acid. With Nitrate of Silver, a copious
Jrecipitate, white while secluded from the light, becoming rapidly
purple. on exposure to light, indicating Hydrochleric Acid. .
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73.—Two ounces of the water -evaporated to dryness, sgave with
Ritro-muriate of Platinum slight traces of Potash.

‘#t.—The water, very much concéntrated by evaporatlon, gave with
Starch and Sulphuric dcid no trace of Iodine. ° ®

75.—From the above indications it was concluded that the water
contained Sulphuric, Hydrochloric and Carbonic Acids, together with
Protoxide of Iron, Lime, Magnesia and a little Potash.

The presence of Alumina wa¢ inferred to be incompatible with that
of the earthy Carbonates, neither could any be subsequently detected.

165

76.—The following is given as an example of Analysis to detect
Copper, where it i3 supposed to, have acted as a poison from being pre-
sent in food, cooked in imperfectly tinned copper vessels.

77.—The suspected fluid (whether from the stomach or elsewhere)
being boiled, is treated or mixed with diluted Acetic Acid or Vinegar,
which dissolves out the Copper from among the other matters present.

It is then to be filtered, and any matter left on the filter is to be wash-
ed, collected and dried, the washings being of course added to the fluid
which first passed through.

78.—The process here divides itstlf into two, for the Ozide of Copper
may be left on the filter in the form of an insoluble Salt, or it may have
passed through in solution.

But it may be observed that very few of the Sa.lts of Copper are
insoluble in dilute Acetic Acid, so that if Copper is present at all in a
suspected mixture, there are many chances in favor of its being found
by the first branch of the Analysis,

79.—The solution is to be examined first, both because it is the more
likely quarter in which to find the Copper, and because the Analysis is
more easy than that of the solid ‘matter.” The solution then is to be
treated with Sulphuretted Hydrogen, and immediately boiled to expel the
excess of Gas.

80.—If a brownish black or even pale brown precipitate is then thrown
down, there is a presumption in favor of the existence of Copger. If
there is no precipitate or brown coloration, there is no Copper in the fluid. ,

81.—To ascertain®precisely the nature of the precipitate, which is
some Metallic Sulphuret, the superincumbent fluid, after ebullition and
subsidence of the precipitate, is to be cautiously withdrawn, and its place
supplied with water; and when the washing has been several times
repeated in the same manner, the precipitateis to be transferred into a
watch glass, or, still better, into a white Porcelain cup, and dried.
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82.—1It is next to be collected amd incinerated in a glass or Porcelam
vessel to destroy any adhering vegetable or animal matter. The last step
is to convert the Sulphuret into the Sulphate by the action of afew
droph of Nitric "Acid, bided by a gentle heat, ands then to add an excess
of . Ammonia, either with or without previous filtration, according to the
dfivee,of muddiness in the nitrous solation. If Copper is presend, the
usual deep violet blue tint will be struck.

83.—2nd. If Copper is not detected in the filtered part of the sus-
pected matter, it will be necessary to examine also what remained on
the filter. This however will seldom be required, being rendered
necessary only by the possibility of the Oxide of Copper having
either oﬁginally: or after mixture with the suspected matter, assumed
the form of an inorganic Salt, insoluble in water or Acetic Acid.

84.—The matter on the filter is first to be well dried and then heated
to redness in a crucible, till it be completely charred. The Copper,
which is thus reduced to the Metallic state, is next to be treated with
Nitric Acid, diluted with its weight of water, and aided in its action by
gentle heat. A solution is then procured, which is to be removed by
Jiltration and tested with Ammonia, and the other liquid tests. Ammonia,
added to a saline solution of Copper, will throw down the blue Am-
moniuret as before.

CHEMICAL ANALYSIS, QI-TALITATI'V'E OF SOILS.

85.—There are different methods of conducting such Analyses, but
perhaps as good a plan as any, is to separate the coarser parts in the
manner laid down before for mechanical analysis, and examine these
separately by the blowpipe, or otherwise as their structure and compo-
sition may seem to require; and to direct the chief attention in the
first place to the portion soluble in water, and the finely divided or
impalpable portion of the insoluble part.

86.—There is reason to believe that the inorganic matter, taken up
by plapts, so far as it comes from the purely mineral part of the soil, is
derived principally from the finely divided pottiow, and that the
nutritive matters, both organic and inorganic, derived from vegetable
and animal bodies in the soil, are also supplied most freely from such
as are in fine division of parts, intimately mixed with the soil and
undergoing decay.

87,~The coarser portions, therefore, are excluded from consideration
in the following Analysis. It is only the finely divided mattery sepa-
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rated by suspension in water, and the soluble saline ingredipnts which
2re considered. R

«A considerable quantity of soil should, as before stated, be operated
on in order to securea solution containing some‘portioﬁ, at least, of any
substances which may be present in the soil, in small quantities only.

88.—A quantity of air dried soil, finely pulverized, is boiled in a flask
with as much distilled water as will cover it to the depth of an inch or
two, in order to dissolve outrits saline ingredients. Boiled for 20
minutes, and allowed to subside, the supernatant liquor is poured on to
a filter, and if the first postions pass through muddy they are retwrned
to the filter till all passes through quite clear, the object deing to obtain
a clear saline solution. This qperation is repeated several times, till
every thing soluble is sapposed to be dissolved out, and this may be
proved by evaporating on Platinum foil a drop or two of the liquid pass-
ing from the filter. If a stain be left, saline matter is still passing out
in solution ; if there be no stain left on the Platinum, the operation is
complete. If the soil contain Gypsum (Sulphate of Lime) the process
is tedious, but it is necessary to dissolve it out, both because it is soluble
in water and for simplifying the other parts of the process.

89.—The whole of the liquor coHected should now be concentrated
by evaporation, taking care not to proceed so far as to cause a deposit.

If the solution by a dark color indicate the presence of much
organic maltter, this should be destroyed before proceeding with the
testing. Evaporate therefore in a Porcelain, or better, a Platinum capsule
to perfect dryness, and then ignite, by heating the crucible to incipient
redness till all organic matter is burnt off, and the contents lose their
blackness. 1t is to be kept in mind, however, that if the sdlution con-
tained volatile substances, such as Nitric Acid or Ammoniacal Salts, they
are entirely dissipated in this process, and must be tested for in a
separate portion of the solution, not evaporated to dryness and ignited.
It is also to be observed, that it is better to keep the heat as low as
possible during the burning off of the organic matter, to avoid as far as
it can be done the loss of Chlorides, which are almost invariably present,
and are liable o be volatilized at high temperatures. If desirable
therefore the organic'matter may be estimated separately altogether.

90.—After the organic matter is destroyed, the residue is treated
with dilute Nitric Acid, and if a small portion of insoluble matter remain
it is Silica (87 O,) and may be filtered off. The Acid solution is now
neutralized carefully with Ammonia, proving its Acid with Litmus, or
Alkalime condition with Turmeric Paper, and when neutral, is ready for
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testing—fop which purpose, and fore the application of each re-agent,
any small and convenient amount of fluid may be taken at a time, the
Analysis being me;ély Qualitative. .,
91&—Nitr'ates.:—lf, dn evaporation and ignition, deflagration should
take place duripg the combustion of the dry residue, it is a proof of the
probable presence of Nifrates, which may, however, be better praved
or confirmed by adding to a portion of the dried residue, Sulphuric Acid,
and solution of green Protosulphate of iron, when the solution assumes
a brown tint, more or less deep according to the quantity of Nitric
Oxzide evolved. ‘ .

92.— Ammonia.—To a small portion of the solution i a test tube
Potash is added (or solution of Caustic Botash) and the tube heated. If
present in any quantity, the smell will betray it; if not, the white fumes
arising at the mouth of the tube when a glass rod moistened with
Hydrochloric Acid is held there, will sufficiently do so.

Or Grey Litmus Paper held in the mouth of the tube will become
blue, subsequently recovering its color on withdrawal, or on application
of gentle heat.

93.—Sulphuric Acid.—To a portion of the solutiona few drops of
Nitric Acid are added, in order to prevent the interference of any exist-
ing Carbonates with the action of the test next to be added, viz., Nitrate
of Barytes; on the addition of which to the solution (still remaining
clear), if a white precipita%é is formed (Sulphate of Barytes), the pre-
sence of Sulphuric Acid is indicated.

94.— Chlorine or Hydrochloric Acid.—A few drops of Nitric Acid
are added as before to a fresh portion of solytion, and then solution of
Nitrate of ‘Silver. 1If Chlorine is present,a white curdy precipitate
(Chloride of Silver) is immediately formed.

This bédomes dark on exposure to light; is insoluble in Nitric Acid,
soluble in Ammonia. Chlorides are very rarely absent. Chlofide of So-
dium (Salt) being, for instance, so common an ingredient ; but it should be
observed that, after the addition of Nitrate of Silver, a solution in which
a whitg haze was barely perceptible at the time will become dark on
exposure to light if organic matter is present. .- .

95.— Carbonic Acid.~If the solution has given *an Alkaline reactioh,
the presence of Carbonic Acid may be inferred. If the quantity of
Carbonates i3 considerable, and this is very rarely the case, effer-
vescence will take place, when a portion of the concentrated solution is
poured into a glass containing Hydrochloric Acid. When the quan-
tity of Carkonates is smalk no effervescence is perceptible, the Carbonic
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Acid being retained in solution. » Lime Water added, alsp causes a
white precipitate with the Carbonates, of Gar bonate of Lime, soluble
in Acids.

96.—Several of the substances next to be tested for might be 8asily
detected by simple operations of re-agents on separate portions of the
solution ; but as some cannot be detected till after the removal of, others,
it becomes necessary to follow a particular order; taking those first
whose removal is required for the detection of those that follow,
using also a considerable portion of the solution, and that freed from
organic matter. » - . .

97.—1If the previous examination have shown more than a trace of
Sulphuric Acid, as much Chlorids of Bariumis added as is sufficient to
precipitate all the Sulphwric Acid, and no more, an& the Sulphate of
Baryta is separated by filtration.

98.—To the filtrate, Ammonia in excess is added, and from the
appearance of the precipitate some information will be obtained regard-
ing the kind of bases present. If the precipitate is dark brown, Perazide
of Iron is present; and if on exposure to the air, the color becomes
darker, it is owing to the presence of Manganese. If the precipitate is
white and gelatinous, it is due te Alumina or Magnesia, or both;
but it may have a color more or less deep when all the four are
present. .

99.—To the solution containing this precipitate Hydrochloric Acid is
added to re-dissolye it, and on the addition again of Ammonia in excess the
Magnesia and Oxide of Manganese remain in solution, but the Perozide
of Iron and Alumina are precipitated. Filter quickly; wash the pre-
cipitate on the filter with the wash bottle and distijled water. -Rémove
the filtrate ; when this is thoroughly done, and placing another glass in
its place below the filter paper, receive therein “the precipitate digsolved in
Hydrochloric Acid poured upon it.

100.—To the Acid solution thus: obtamed Caustic Potash is added in
excess, which has the property of dissolving dlumina. The Peroxide of
Iron is consequently left. Now add water, lest the Caustic Alkali
should destroy the filter paper and separate off the Perozide of Iron.

101.—To the filtrate (Alkaline from Potash) Hydrochloric Acid is
added tillit is neutral, as proved by test papers. Ammonia being now
again added, the dlumina is precipitated as it was before by this re-
agent ; now in the form of a white gelatinous Hydrate.

Should Phosphates exist, as is very likely, both the Peroxide of Irom
and Alemina will contain Phosphoric Acid.: This howeverin a Quali~
tative Analysis is of no importance, where the object is merely to as-
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certain what bodles are present; as a separate process for detectmg
Phosphoric Acid must be had recourse to.

102. —Manyanese.—To the solution (Alkaline from the use of Amwmo-
nia t8 precipitate the Alumina) Hydrochloric Acid is added till neutml
after which, on the addition of Sulpkide of Ammonium, Sulphuret of
Mangagese falls as a flesh-colored precipitate, which, if in small quantity,
may not be apparent till it has had time to settle. '

 103.— Lime.—The solution filtered from Sulphuret of Manganese is
acidulated with Hydrochloric Acid, andheated till it ceases to smell
of Sulphuretted Hydrogen, arising from the .Sulphide of Ammoniam.
If after this it appear muddy, it arises from precipitated Sulphur, and it
must be freed from this by filtration.., The solution is then rendered
in the feeblest defree Alkaline by Arfimonia, and, Ozalate of Ammonia
being added, it precipitates the white Ozalate of Lime, either imme-
diately or after standing some time. This precipitate is liable to run
through the filter paper, hence any attempt to filter before it has stood
for some heurs in a warm place, will be unsuccessful.

104.— Magnesia.—The filtrate is carefully evaporated to dryness in a
Porcelain or Platinum capsule, slowly, also ignited to drive off volatile
substances (as Ammonia.) The residue is dissolved in water, and if
anything insoluble remains, it may be taken up by a few drops of
Hydrochloric Acid and gdded to the aqueous solution. Pure Red
Ozide (Nitric Oxide) of Mercury (red precipitate free from Nitric Acid and
all basic impurities) is added to the solution, and the whole is evapo-
rated to dryness. On treating the dry mass with water, Magnesia and
the excess of Oxide of Mercury remain undissolved (Chlorides of
Potassium and Sods, alone remaining in solution.) Filter, wash the
precipitate, and ignite to drive off the Oxide of Mercury. The white
powder which remains is #lagnésia. Or Magnesia may be separated by
the use of Phosphate of Soda, as shown at page 154 and elsewhere.

105.—Potash and Soda—The solution filtered from Magnesia is
again evaporated and ignited. A small portion of the saline mass is
tested pn Platinum wire in the blowpipe flame for Soda which, if present,
would impart its characteristic yellow color. To test for Potash, re-dis-
solve the residue in a small quantity of water, and add a strong
aqueous solution of Tartaric Acid. If Potash be there, which it very
generally is in soils, a crystalline precipitate, the Bitartrate of Potash, is
formed, or add the Percliloride of Platinum and a yellow precipitate,
the (hieride of Potassium and Platinum, is produced, the formation of
which is aided by the presence of free Hydrochloric Acid in the form:
of a previous addition of a few drops.
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106.—Soda may also be precipitated in the moist wgqy from the
Yolution filtered from Bitartrate of Potash, Ry-first neutraliging it with
pyre Caustic Potash, and again filtering it gmte f'ree from Bitartrate,
after which if solution of Antimoniate of PotasA is added, a crydtalline
precipitate, Antimoniate of Soda, very similar to Bitartrate of Potash,
is produced.

107. ——Phocphorw Acid.—This ingredient of soils is of so much im-
portance, that, althoygh frequently presenting merely traces of its
appearance in the soluble saline matter, it should be carefully searched
_for. Taking therefore a, separate portion of the solution fromswhich
organic matter has been expelled, a few drops of Penchloride of Iron are
added to it, if Peroxide of Irgn and Alumina are known by the pre-
vious tests to be present in small quantity only, but not otherwise.
Ammonia is next added in excess to the liquid contained in a tall
narrow test glass, the better to observe the precipitate. When the
precipitate has thoroughly subsided, the supernatant fluid should be
poured off, or drawn off by syphon, or sucked off by asucker or pipe
(vide page 68), and distilled water again poured on to wash it clean.
When this point has been attained, and the wash water as completely
removed as possible, the precipitate is digested in strong Acetic Aeid.  If
any portion of the precipitate remain undissolved, Phosphoric Acid is
present. This may be confirmed by dissolving it by saturation with Soda
and testing with a salt of Lead, Lime or Baryta, when a white precipitate
should be formed of the insoluble Phosphate of the re-agent used.

108.—Other foreign substances, as Copper, Baryta, &c., may be
tested for with their own appropriate re-agents, and every conclusionbeing
carefully noted down on a slate at the time, the operator will then be
able to lay down a plan for proceeding with his Quantxtatwe Analysis,
in which all his attention will be given to th® estimation of such sub-
stances as are now known to be. the chief ones present, and useless
labour, in the search after absent ones, avoided.

QUANTITATIVE AGRICULTURAL ANALYSIS.

» 109.—In the Quantléatlve Analysis there will be two portlons of the

1l to deal with. —Fmt that which is soluble in water. Secondly, the
mopalpable portion, which is insoluble in water.

1ST OF THE SOLUBLE PORTION IN WATER.

.110.—A saline solution should be preparéd from a considerable
portion of the soil, } to 2 pounds, and in preparing, care is to be taken
that every thing soluble is taken up, and that no clay or finely divided
solid matter passes through the filter. .
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The amopunt of soluble matter is defermined by evaporation, adding
successive portions of the liquid as the first ones are evaporated, untit
nothing remains in the Porcelain (or Platinum) crucible, but a perfectly
dry résiduum, Small portions of very volatile matter may escape, but
the organic matter present would not at a lower temperature (than
300° Fahrenheit) be sufficiently dry. }

111.—Organic Matter— Nitratés and Ammoniacal Salts.—These sub-
stances, the presence of which will have been pregously ascertf‘xined, are
generally estimated together, but it is not often that Nitrates or Ammo-
niacal‘ Salts will be found in appreciable quantity.

The crucible, tontaining the dry weighed saline matter is healed to
incipient redness, and kept so till all orgapic matter is burnt away, which
is ascertained by the heated mass becoming light in color.

The loss of weight is reckoned as organic and volatile matter.

In the subsequent processes, it will frequently be necessary to deduct
the weight of the ashes of the filter through which a solution has been
passed. Hence the necessity of using Griffin’s or other prepared
circular filker papers, by burning one of which till reduced to ashes, the
weight necessary to deduct for such ashes may be known. When it is
desired to ignite the filter paper and precipitate, as much of the latter as
possible is detached into a crucible from the paper, by gently crumpling
the sides of it; then the filter paper, with the remainder of the
precipitate on it, being folded up, is held by a pair of forceps in the flame,
and the ashes allowed to drop into the crucible, where it is finally
ignited till all trace of Carbon is burnt away. It will expedite matters
to blow away when burnt, such unimportant parts of the filter paper
as hold no precipitate on them.

112.— Silica.— After weighing the residue from which organic matter
has been burnt away, it must be treated with a few drops of Nitric
Acid (NOj,) and then with Water (HO) heat being at the same
time applied, when if any thing reains undissolved it is Silice (8 O,)
and is to be separated by filtration, washed, dried, ignited, and the
weighteof filter ashes subtracted. a

113.—The filtrate must now be divided into separatec and equal
portions according to circumstances (say in the present instance 3),
cither by accurate weighing or measuring while liquid, or by eva-
porating to dryness, and then dividing and weighing.

14— Sulphuric Acid.—To" one of the portions (slightly Acid from
the presence of a little free Nitric Acid) solution of Nitrate of Baryta
(Ba. NO,,) is added as long as a precipitate falls. Gentle cheat is
applied, and the precipitate, after being allowed time to settle, is filtered
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off, washed, dried a.nd ignited, but with heat no more than is ,necessary
fob the complete combustion of the papers. The welght of the
Sulghate of Barytes (Ba SO;) deducting filter ashes, i§ then ascertained,
and being multiplied by '34332, gives the weight of " Sulphuric vcid
(80;.) 2

115.— Chloyine (Cl),—To the filtrate, soltmou of Nitrate of , Silver
(4g NOy) is added as long #s a precx@at@a&ﬂs to facilitate the filtra-
tion, the whole is boiled for 4 few minutes} and then filtered, washed,
and dricd. Having been carefully removed from the filter paper, the
Chloride of Silver (49 CJ) is fused in a small Porcelain capsule and
weighed, the filter paper having been burnt to ashes:onithe lid of the
crucible, and its ashes added to the Chloride. The’total weight of
fused Chloride (deducting filter ash) multiplied by 24695, gives the
weight of Chlorine ( Cl) found.

116.— Oxide of Iron,(Fe O)—The filtrate may requiretp be freed from
some portion of the two previously added re-agents, Nitrate of Baryta
and Nitrate of Silver, remaining in it in excess, for which purpose a
little Hydrochloric Acid (H C?) is added to remove the Silyer, and a
little Sulphuric Acid to remove the Baryta. The mixture is heated,
the precipitates scparated by filtration, and the filter washed free from
the solution. Ammonia (N Hy) is now added to neutralize the free
Acid (Nitric)) whereby as much Ammoniacal Salt (Nitrate of Ammo-
nia) is gencrated, as prevents the precipitation of Manganese and
Magnesia. Ammonia is now added in excess, and throws down Ozide
of Iron (Fe 0) and Alumina (Al, O;.)

The precipitate is collected on a filtgr, during which it is well to
exclude air by a glass plate laid over the top of the glass filter, and
weighed. It is then dissolved off the paper by Muriatic Acid (HCI)
and the paper washed clean with dilute .\cid. Both bases are thrown
down by Caustic Potash (KO.) and Alumina re-dissolved by excess
added of Potash. The Ozxide of Iron is then filtered off, washed, dried,
and ignited, with free access of air, and weighed.

117.— Alumina —Ta ghe Alkaline filtrate, Hydrockloric Acid is added
till it is neutrgl or feebly acid, and then solution of Carbonate of
Ammonia (NH, 0. €0,) whereby the Alumina is thrown down, but
not entirely free from Potash. The precipitate is filtered off and
washed, again dissolved off the paper with Hydrochloric Acid, the
filter paper well washed, and the Alumina again precipitated by Carbo-
nate of Ammonia, and well washed on a filter. The Alumina is now
pure, and is to be thoroughly dried, heated to whiteness, weighed, and
the weight of filter ashes dedncted.
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In many cases the quantities of ,Oxide of Iron ;md Alumina are so
small extracted by water, from the soil, that they may be estimatid
together. o

118.—Lime (Ca. ©O.)—To the Alkaling. filtrate from the Oxnde of
Iron and Alumina Ozalate of Ammonia (NH, O0.)is added, wherchy
the Lime is preclpitated as Ozalate of Lime ( Ca. O.) .

After standing in a warm place far 12 hour, the precipitate is separated
by filtration, washed, driedy ignited and estimated with the precautions
previously mentioned. After deducting the weight of filter ash, the
weight of Carbonate of Lime (Ca O. Co,) multiplied by ‘56657, gives
the weight of [Lime present.

119.—Ozide ‘of Manganese.—To the filtrate from the Oxalate of
Lime, Sulphide of Ammonium (Z\H,,S) is added, whereby Sulphuret
of Manganese is precipitated. The precipitate is separated by filtration
and washed with water, to which a little of the re-agent has been added.
It is while still moist dissolved off the paper by Hydrochloric Acid, and
the paper washed till the water that passes through ceases to give an
Acid re-action.  If the solution smell of Sulphuretted Hydrogen, it is
boiled till it ceases to do so, and any deposit of Sulphur is separated by
filtration. To this Acid solution, placed in a small Porcelain evapo-
rating basin, solution of Carbonate of Potash (KO. CO,) is eadded in
excess, and the whole is evaporated to dryness, but garefully, to avoid
spurting. Hot water is Moxt added, by which the soluble parts are
taken up, and insoluble Cazbonate of Manganese remains. This preci-
pitate is collected on a weighed filter, washed, dricd, and ignited in an
open Porcelain or Platinum crucible at a fgll red heat, whereby it is
cenverted into red Ozide of Manganese. It is then weighed, and the
weight (less filter ashes) multiplied by ‘93049, gives the weight of Pro-
toride of Manganese present.

120.—SECOND PURTION OF SOLUTION.

Magnesia is most readily separated from the Alkalies by the method
of Berzelius, but for this purpose its compounds must exist as Chlorides.
Hence, if Sulphuric Acid is present, it is to be removed by adding just
as much Chloride of Barfum (Ba. CL) as is necessary tp precipitate the
whole Sulphuric Acid present and no more; and this is effected by
using the re-agent pretty dilute, and adding*but a little at a time, parti-
cularly towards the close. An excess of Chloride of Barium is to be
avoided, from the trouble it wgwes to separate it without the use of-
Sulpburic Acid. .

121.-—The basos present except Magnesia and the Alkalies, are next
removed, and by the processes already given, but as much in mass as.
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possible; thus, in separating thee faregoing bases for estimation, every
ptecaution has been recommended to be taken to ensure their purity
ang accurate separation ; now, however, it is desn'able to cause them to
fall together, in order fo sherten the process and~save "treuble ; but in
doing this, no step is to be taken that would risk the ﬁnss of a pasticle of
Magpnesia or the Alkalies.

122.—After the separation of the bases already treabed of, 'the solu-
tion, contammg the Magnesian and Alkaline: Chlorides, is océncentrated
Ly evaporation and transferred to a crucible, in which it is gradually
heated to dull redness to drive off all volatile matter. .

The Chlorides are now dissolved in a small quantity of water, and if
a portion of the Magnesia remain insoluble from the loss of Acid, it is
taken up by a drop or twp of Hydrochloric Acid, and added to the rest.
Excess of pure red Ozxide of Mercury is next mixed with the solution,
and the whole is evaporated to dryness. Waler is poured on the dry
mass, and after being well stirred and gently heated, it is filtered,
washed till Chlorine cannot be detected in the water that passes
through, but not longer, for Magnesia is not entirely insoluble. "The "
filter, containing the Magnesia and excess of Oxide of Mercury, is
dried and ignited, to volatilize the. latter and burn the paper. The
remainder, deducting filter ash, is Magnesia.

For this method may however be substituted that of examina-
tion with the Phosphate of Soda. The solution is mixed with as much
Chloride of Ammonium as will prevent precipitation by Ammonia, an
excess of the latter is then added, and aftgrwards a slight excess of
Phosphate of Soda. The mixture is well shaken up or stirred with a
glass rod, which should not touch the sides of the beaker, and allowed
to stand for at least 12 hours. The precipitate (Phosphate of Mag-
nesia and Ammonia,) contains 357 per cent. of Magnesia.

123,—Potash and Soda.—The filtrate from the Magnesia is now
evaporated to dryness and ignited to drive off the Mercurial Salt; but
as the Alkaline Chlerides cannot be very highly heated without loss,
nothing beyond a dull red is admissible. The mixed Chlorides of
Potassium and Sqdium are now weighed, and in many cases it is un-
necessary to do more than ascertain the weight of the two together
without separating them. I however it be desired to separate them,
it may be done as follows. They are mixed with 3.75 their weight
of crystallized Platino-bichloride of Sodium. The mixture is dissolved
in a very small quantity of water, and evaporated at a low heat to
dryness. On the dry mass is poured Alcokol (Sp. Grav '896) which
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takes up every thm« soluble, leaving Platmo-bwhlomde of Potassium
urdissolved. This is filtered off and washed again with Alcokol, afthr
which it is exposed to a gentle heat, till it ceases to lose®weight. The
weight of this Salt mudtiplied by 19307, gives the weight of Potash
present, or if multiplied by ‘30533, it gived the weight of Chloride of
Potassium. ‘

124, —The amount of Soda is estimated by subtracting from ghe total
weight of the mixed Chlorides, before precipitation of the Po ash, the
weight just ascertained of Chloride of Potassium. This gives the quan-
tity present of Chloride qf Sodium, which multiplied by ‘53303, g;vei the
weight of Soda present. . .

125.—THIRD PORTION OF SOLUTIQN. @

Phosphoric Acid is best separated by the method of Schulze, already
mentioned. A separate portion of saline matter or saline solution is em-
ployed, and in quantity sufficient to afford results capable of being
weighed. If Iron has been found in the previous examination, no
addition of it may be requisite, but merely to boil the solution with a
few drops of Nitric Acid (NO;) to securc the peroxidation of the Iron.

If no Iron has been found, or only traces, a little Acetate of Peroxide of
Iron is added. Ammonia is next added in excess, and the precipitate,
after being well washed, is digested in dcetic Acid, whereby everything
is dissolved except the Phgsphates of Iron and Alumina, these Phos-
phates are washed, dried, ignited, and weighed.

126.—The mixed Phosphates are then digested in Caustic Potash,
which dissolves the Phosphate of Alumina, and the greater part of the
Phosphoric Acid of the Phosphate of Iron. After dilution, the Peroz-

ide. of Iron is filtered off and washed, but as it still retains Phosphoric
ﬂd (PO;) it is dissolved off the paper by Hydrochloric Acid, and the .
filter washed free from Acid. The Acid Solution is neutralized by
Ammonia, and Sulphide of Ammonium added, by which the Iron is
precipitated as Sulphuret or Sulphide. The whole is gently heated for
some time, to promote the entire subsidence of the #ulphuret, which is
known to be effected when the supernatant liquor is yellow not green.
The Sulphuret is now collected on a filter and washed avith water cont
taining a little Salphide of Amnmonium. :

When the washing is completed, the Sufphuret while still moist is
dissolved off the paper with Hydrochloric Acid and the paper washed
clean. The Acid solution is now heated till it loses all smell of Qui-
Phuretted Hydrogen (HS.), filtered to separate Sulphur, and the paper
washed clean. A fow drops of Nitric Acid are now added *to the
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ﬁltered golution, and it is boiled to speroxidize the Iron. A4mmomia is
next added in excess, whereby Peroxide of Jron i3 now precipitated
Jwee. The whole is heated to promote the separatlon of the preclpltate,
after which it is collested o a filter, washed, dried, ignited, with® free
access of air and weighed. *The weight of filter ash being deducted,
the exact weight of Peroxide of Iron remains.

127.—The Phosphate of Alumina dissolved by the Potash next
requires to be treated so as to separate and estimate the Alumina, For
this purpose solutien of Silicate of Potash is addeds to the Alkaline
solution, it is diluted, andsthe whole boiled to.promote the separation
of Silicate of Alumina. The liquid is decanted off; ahd the preci-
pitate thoroughly washed. It ig then treated with Hydrochloric Aeid,
and cautiously "evaporated to perfect dryness, whereby the Silica is
converted into the insoluble form. The dry residue is moistened with
a little Hydrochloric Acid, and after standing for some time, the soluble
part is dissolved in water, the insoluble Silica filtered off and washed.
The solution now contains the Alumina free from Phosphoric Acid.
It is precipitated by Carbonate of Ammonia (NH, O. CO,) washed, _
dried, ignited, weighed.

128.—The united weights of Fron and Alumina thus found befng
deducted from the ¢ofal weight of mized Phosphates first ascertained,
gives the amount of Phosphoric Acid present, and this method of deter-
mining its weight by loss, is had recourse to, because, under the circum-
stances, it is not possible to ascertain it directly with much accuracy.

129. 2ND.—THE IMPALPABLE PORTION INSOLUBLE IN WATER.
—The impalpable portion of a fertile soil consists of minerals in fine
division of parts, more or less decomposed, mixed with organic mattes
chiefly vegetable, in a state of decay. The organic matter may dfd
often does demand a separate examination, chiefly with a view to
ascertain its condition ; whether it i in an inert condition, as is'the case
with peat, or whether it is undergding; steady though slow decay, or is
in any of the numegous and little investigated interrhediate states.

Very few accurate data yet exist on whicl to base such an ¢xami-
nation ; hence itsis usual merely to estimate the améunt of organic
matter or the matter ‘destructible by a low red heat.

130.—After destroying tHe organic matter, the residue will generally
be found to consist of Silica and Silicates; of Carbonates, ag of Lime
apd Magnesia, that existed as such in the soil ; of Perozide of Iron
and Alumina resulting from decomposed Silicates ; of a small portion of
Phosphates, and of the bases thg-were united with the organic matters.
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131.—This resxdne then (the 1s¢ portion) is usnally treated with cold
diluted Hydrocblorlc Acid, and the Lime, and if necessary, the Magmaza
and Peroxide of Iron, estimated. -

The portion remaining (2rd portion) which wilknot dissolve in Hy-
drochloric Acid, is then analyzed by fusion with Alkalies, which reduces
it into & state in which it is capable of forming a solution fit for Lna-
lysie. In this way, however, the Alkalies cannot be directly determined
owing to the use of Carbonate of Potash, and a separate process is
necessary for estimating Magnesia and the Alkalies; and when the
operator possesses the means, the best method is by Hydrofluoric Acid,
which presents the only other method, besides fusion with Alkalies, of
acging upon the ‘Silica of the soil. R

132.—Of the 1st portion, Soluble in Hydroehloric Acid.

The organic matter having been burnt off from a portion, say 50
grains of soil, the contents of the crucible are transferred to a Porcelain
evaporating basin, and treated in the cold with Hydrochloric Acid,
diluted with three or four times its bulk of water, being frequently
stirred with a glass rod and allowed to stand 10 or 12 hours, filered
and the residue washed free from Acid, dried, ignited and weighed. The
lose of weight shows how much the-Hydrochloric Acid has taken up,
and the whole quantity cf dried residuum is put aside to be treated by
Jusion with Alkalies as lygreafter described.

133.—The acid solution or filtrate is concentrated by evaporation

- and neutralized with 4mmonia, and on adding a slight excess of the
Alkali, a precipitate is thrown down, consisting chiefly of Peroxide of
Iron, Alumina and Phosphoric Acid. The precipitate is collected on a
filter (protected from the air by a plate of glass) and washed.

134.— Lime.—If now thesonly thing to be estimated is Lime, it is
done by adding Oxalate of Ammonia to the filtrate, and proceeding as
directed in the first form of Chemical Analysis given at page 54, but if
otherwise, the resulting filtrate, after this being done, is reserved to be
joined to another, 4nd examined for Manganese and Magnesia.

If Phosphoric Acid is present, it exists of course in the precipitate
thrown down as above by Ammonia, and must be estigated by digest-
ing the precipitate in Acetic Acid (4), vide para. 125. The solution is
then evaporated to dryness in a Platinum capsule and ignited at a dull
red heat. ,'The residuum is transferred to a Porcelain capsule, dissolved
in Hydrochloric Acid, and put aside to be mixed with the Hydrochloric
Acid solution obtained after fusion of the insoluble residue with Alka-,
lies as follows, to be examined for Phogghoric Acid, ., .



Skc.’IV.) ' IN-DOOR EXAMINATION. 179
1 ]

135 —Of the 2nd Portion, Insoluble in Hydrochlarw Acid,

The Silicates, insoluble in cold Muriatic Aecid, may, if necessary, be
fusther extracted, if possible, by the action of hot concgntrated Hydro-
chloric Acid, or even Nitro-hydrochloric, but if not much is to be g&ined
by this, it is as well to fuse them at once in the furnace with Alkalis.

136.—The mineral matter, in afinely pulverized or impalpabla state,
is transferred to a crucible, and intimately mixed with three or four times
its weight of dry powdered Carbonate of Potash. The crucible is covered
with its lid, is heated gradually up to a powerful red heat, arid kept so
for an hour, or till complete fusion is effected. The ignition may be
effected most conveniently in a Gas furnace, but failing *this a coal or
a charcoal fire, or one made of the two materials mixed, will answer the
purpose. .

137.—~When the ignition is finished, and the mass of fused matter or
glass has somewhat cooled, Water is introduced, and under its influence
the solid matter dissolves, the process being aided by the use of a glass
rod, and if nccessary by dilute Muriatic Acid, to wash out and dissolve
the last most firmly adhering portions. If the crucible be Platinum,
it should be protected from the action of the fuel by a fire-clay
crucible case, and after ignition tht fused mass should be transferred
by pressing the sides, by washing with water, and finally dilute
Acid, to a Porcelain vessel. Hydrochloric Acid might be employed
from the first, but that loss by too violent effervescence is very liable
to take place, and that when Manganese is present, Chlorine would be
‘evolved, which would act on the Platirtum vessel.

Finally, Hydrochloric Acid is added carefully till a decided Acid
reaction is obtained. The capsule is then set to digest for some time
on the warm sand-bath. The Silica now #ppears as a light flocky sedi-
ment, but a portion of it, and in some cases even the whole, exists in a
state of solution. It is in fact still in its soluble form.

138.—The decomposition is known to be effected completely when
on stirring with a glass rod, no fine gritty matter is felt in the bottom
of the capsule; should the decompositiop prove incomplete, the flgcks of
Qilica are floatdd off in the solution, and the undecomposed portion
being washed, is dried and again mixed with a fresh portion of Carbo-
nate of Potash, to be subjected a second time to ignition, and the fused
mass is dissolved out and treated as before.

.139.—The solution is now evaporated to perfect dryness, whereby
the Silica is brought to the insoluble form. The dry mass is then
uniforrly moistened with a few drops of strong Hydrochloric Acid, and
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left to stand in the cold for some timey water added, which dissolves every-
thing but the Silica, and the latter collected on a filter, washed, dried,
ignited and weighed. .
140.—The acid sdlution is then mixed with that obtained from the
former process with the portion soluble in Hydrochloric Acid, and the
Analysis proceeded with as follows. 7

To the conjoined Hydroehloric Acid solutions, Ammonia is added to
neutralize and then in excess to throw down Peroxide of Iron and
Alumina, care being taken that as much Ammoniacal Salt is present
as to. prevent, so far as it can be done, the pracipitation of Manganese
and Magnesia. The precipitate is collected on a filter protected from
the air and quickly washed. The precjpitate of Peroxide of Iron and
Alumina, even when a considerable quantity of Ammoniacal Salt is
present, falls accompanied by small quantities of Oxide of Manganese
and Magnesia which, if the operation is to be an exact one, must be
separated.

141.— Alumina.—The precipitate by Ammonia is dissolved off the
filter by Hydrochloric Acid, and the paper washed clean. To the
solution Caustic Potash is added in excess and the whole boiled. The
Alumina is thus taken up. The Iren, Manganese and Magnesia left as
precipitate. The solution is diluted with water, filtered, and the
precipitate washed till ng Alkali can be detected in the water. The '
Alumina is precipitated as before directed, by Carbonate of Ammonia.

142.—The precipitate is now dissolved off the filter by Hydrochloric
Acid, and excess of Hydrochloric Acid is employed, in order that, on
the addition of Ammonia, enough of Sal-Ammoniac may be generated
to render the subsequent separation of the Iron from the Manganese
safe. To the acid solution. Ammonia is added cautiously, and that
there may be no danger of supersaturation avery dilute solution of
Ammonia is used towards the close; and it is also expedient to reserve
the last washings of the filter, which, being but very feebly acid, are
to be added to the rest, of the solution at the time that the very dilute
Ammo‘nia is in use, It is known that exactly enough of Ammonia
has been added, when a slight precipitate of Peroxide of Iron, produced
by the last added drop of dilute Ammonia, does ndt quite dissolve when
the solution is gently heated. This point attained, the Iron is precipi-
tated by néutral Succinate of Ammonia, or Ferro-éi/anide of Potassium,
and the solution is allowed to'stand till it is completely cold. .

The precipitate is carefully washed with cold water after being
collected on a filter. The filtrate contains the small quantlties of
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Manganese and Magnesia, and is reserved to be treated along with the
s@lution previously set aside which contains these bases.

}43.—The filter is then dried and ignited, air be'ifxg'a;dmitted freely
into the Platinum cruaible to consume the remaitfs of the filter phper.
When the crucible is cold enough, it is weighed, and the weight of
filten ask' deducted, that of Perozide of Iron remains. .

When the ignition is carefully conducted, there is little danger of
any portxon of Peroxide of Iron being reduced from the state of Oxide
to the metallic state; if however it so happen, and the residuum proves
attractable by the magnet,,it is to be re-dissolved in Muriatic Acids and
boiled with a drop or two of Nitric Acid. Peroxide of*Iron is then
thrown down by Ammonia and estimated a second time.

144,—Lime.—The solytion filtered from Peroxide of Iron and Alumi-
na is rendered feebly Alkaline, and Lime precipitated by Ozalate of
Ammonia, and then estimated as Carbonate as before described. This
Lime must be described in the table of results as existing as Silicate in
the soil.

145.—Manganese.—The filtrate joined to the previously obtained
similar filtrate after using Oxalate of Ammonia, is rendered quite
neutral by Hydrochioric Acid and. Sulphide of Ammonium added, to
precipitate the Manganese as Sulphuret, as before described.

146.—Magnesia and the Alkalies.—The filtrate is acidulated with
Hydrochloric Acid, boiled to expel Sulphuretted Hydrogen, filtered
to remove separated Sulphur, evaporated to dryness and ignited at a
low red heat to expel Ammoniacal Salts. The Magnesia and Alkalies
are then separated in the same manner asin the Analysis of the soluble
saline matters.

147.—Phosphoric Acid—This is best estimated by taking a separate
and a larger portion of the impalpable part of the soil, say 500 or
1,000 grains. This is first ignited, to destroy orgamic matfer, then
treated with Hydrochloric Acid to which a little Nitric Acid has been
added, filtered, and the filter washed. To the filtrate excess of 4mmonia
is added ; the precipitate thereby produced is digested in Acetic, Acid,
and the remaining parts of the process conducted as before described.

148.—Should the operator prefer the method of Analysis by Hydro-

JSluoric Acid (H F) to that by fusion with the Alkalies, the followmcr is
the course to be pursued.

The impalpable residue from the Hydrochloric Acid solution is,
after being weighed, placed in a pretty large Platinum capsule, set
near a ventilator or chimney to carry off fumes,and recently prepared.
faming Hydrofluoric Acid is poured upon it.
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149.—The mixture is well stirred with a Platinum® spatula, and
Sulphuric Acid (80;) added. An evolution of gaseous Fluoride of
Silicon and Hydgoﬁhoric Acid takes place, and when the heat is raised,
excedd of Sulphuric Abid escapes. To ensure the escape of the latter,
the heat towards the close of the process is gradually raised, till the
vessel is heated to incipient redness. The whole is then allowed to
cool, and to replace the Acid that has been dr{ven off from some of the
bases, the mass is uniformly moistened with Hydrochloric Acid, and
allowed to stand in the cold for half an hour. The mass is now
treated with Watfer, and the whole is warmed. The small quan-
tity of Silics present is filtered off and the filter washed free
of Acid. ) .

150.—The filtrate is analyzed nearly in the same manner as already
pointed out. Free Acid is neutralized by Ammonia, a slight excess of
which throws down Iron and Alumina, together with small quantities
of Manganese and Magnesia. These are treated as before described.

Lime is precipitated by Ozalate of Ammonia. &

Manganese by Sulphide of Ammonium.

151.—The filtrate from the last, after being acidulated with Hydro-
chloric Acid, boiled, and filtered, is evaporated to dryness and cautiously
ignited. The residue which consists of Magnesia and Alkaline Sul-
phates, must be converggd into Chlorides, both for the purpose of
separating Magnesia by the method already described, and for the
separation of the Alkalies from each other.

152.—For this purpose, the Sulphates are dissolved, the solution is
warmed, and Acetate of Baryta is cautiously added, till all the Sul-
phuric Acid is precipitated, but excess must be avoided. After the
precipitate has subsided, it is collected on a filter and washed clean. To
the filtered solution Hydrochloric Acid is added, and it is slowly eva-
porated to dryness, heated to incipient redness, and weighed; after
which the separation and estimation of Magnesia and the Alkalies is
proceeded with as described.

153.—Since by this process the Silica cannot be estimated, it is
necessary to determine its quantity by fusing a separafe portion of dry
impalpable matter with Carbonate of Soda. .

154.—The student will readily observe, from the foregoing Quali-
tative and *Quantitative Agricultural Analysis, that, although it may
not be a very difficult matter to pronounce upon the mere presence or
ctherwise of any Salt or substance in a soil, by the use of a re-agent
or test, yet that it is a very different, and a much more complicated and
delicate business, when it is required to make a Quantitative Analysis,
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ln which the exact amount of each ingredient is to be ascerfained and
wenghed apart. o

355.—Every solution must be most carefully p}}pgred in the first
place for the addition of the re-agent about 6 be used. Its Acid,
Neutral, or Alkaline state precisely arranged, and after separation by
the éilter, every precipitate has to be thoroughly washed with distilled
water, the washings testgd with test papers or other re-agents, to prove
that not the minutest portion of the Acid or other contents of the
solution remain in it, then dried, and then ignited together with the
filter paper, the ashes of which have to be deducted from the weight,
which is last of all ascertained. .

156 —These however are gomparatively simple processes, which
every chemical manipulator must be conversant with. It is when
Magnesia, Ammonia, Carbonic Acid, Antimony, Tin, and such like
have to be separated and ascertained in guantily, that complicated
apparatus, perfectly pure and fresh re-agents, and very great manipula-
tive'skill are required, such as to render it almost impossible to conduct
with success an Analysis of this kind, except in a regularly prepared
laboratory. Hence it is not to be expected that such could be made
by amateurs in India, and certainly> not with the degree of accuracy
which is demanded at the present day in these matters. Nevertheless,
I have thought it as well to give at least the “general sketch herein
submitted, by the aid of which much may be done, although, if
absolute accuracy is demanded, professional aid in thig, as in other
sciences, should be called in.

157.—The mere perusal of these Analyses, will confirm and increase
the analytical knowledge of the student, nor is there any impediment it
is hoped to the simpler parts of them bdhg carried out, with a mo-
derate degree of patience, and no very complicated amount of chemical

apparatus.
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SECTION V.
DETAILED METHOD OF HUMID ANALYSIS WITH ANALYTICAL TABLES.

1.—When the student comes to the actual practice of Humid An;l ysis
himself, it will be necessary that he should have before him'a succinct
method to pursue, and that he should understand the principles upon
which it is based, and this I now propose to give as the concluding Sec-
tion of PartJI. It is the method pursued at the Royal College of
Chemistry, Lonfon.

2.—Minerals may be divided into 3 classes.

1st. —Those soluble in Water.

2nd.—Those soluble in Hydrochloric or Nitric Acid.
3rd.—Those not soluble in Water or those Acids.

Water is the preferable solvent, but when a Mineral is not soluble in
Water, it must be dissolved in Hydrochloric or Nitric Acid, or in the
two mixed together (Aqua Regia).

3.—In this manner, the Carbopates, Phosphates, Arseniates, Chro-
mates, and many hydrous and anhydrous Silicates, many Sulphides,
Arsenides, and other fhgfallic compounds, are decomposed and rendered
soluble in water.

4.—If the solvent used be an Acid, it should be carefully added in
small qua.ntltles at a time, and heat applied (that of the sand-bath is
best) after each addition. The substance should also be reduced to a
fine powder.

5.—If by boiling in 10 times its amount of water, a perfect solution
be obtained, that solution must be tested in the usual manner. Ifit
dissolve only partially, the insoluble residue should then be tried with
boiling Hydrochloric Acid and if it is all thus dissolved, the Analysis
may be proceeded with as beforg. If an insoluble residue remain, a
fresh portion of the powdered mWeral should be taken, say 20 grains,
and boiled in Nitric Acid.

If this fail toadissolve it entirely, Aqua Regia must be tried; that i 1s,
Hydrochloric, equal in quantity to the Nitric Acid, may be added to the
mixture and the whole boiled.

6.—When it is wished o ascertain roughly how much the solvent
way have taken up after boiling, a few drops should be filtered off on
te. Platinum foil and evaporated. '

L
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.The amount of residue left on the foil will indicate how.much has
passed into solution. If this indicate that mueh has heen dissolved, the
filtrate should be examined. . .

7.—The usually octurring substances which are insoluble in Water
and Acids are, Gold, Platinum, Tin, Antimony, the Sulphates of Baryta,
Strontia, Lime and Lead, the Chlorides of Silver and Lead, Flueride of
Calcium, Silicates, Silicaand Sulphur.

8.—-If it be Sulphur, it may be detected by its smell when heated.
When other substances are present, add to a small portion of the insolu-
ble residue a drop of Suiphide of Ammonium (NH,S.) If the ‘color
remains white, Silver, Lead, and probably Iron, are absgnt. If the sub-
stance be found insoluble in Water or in Acids, the insoluble portion of
it should be fused withthe Alkalies, Carbonates of Soda and Potash.
The portion to be fused being reduced to a fine powder, is mixed
with four times its weight of the two above-mentioned Alkalies in
equal proportions, and the mixed mass is either fused in a Platinum
crucible over a furnace lamp, or in a Porcelain crucible in a charcoal
fire. On cooling, the fused mass is boiled with water and filtered.

9.—Some mineral Aluminates nearly infusible in Carbonate of Soda,
may be readily decomposed by fusion with a mixture of Carbonate
and Borate of Soda, or with anhydrous Bisulphate of Potash. In
some cases, as when the Mineral contains Soda, it should be decom-
posed, by heating it strongly with five times its weight of Carbonate of
Baryta.

10.—The filtrate is to be examined for the Acids and Alumina, the
residue for the bases.

"To one portion of the filtrate add Hydrochloric Acid until the solu-
tion is distinctly Acid, evaporate to drynmess, and ignite until Acid
fumes are no longer evolved. To-the dried mass add dilute Hydro-
chloric Acid and boil; if a residue remains, Silicic Acid is present.
To the filtrate from the Silica, add Ammonia in excess, and then warm
the solution; if a precipitate is dormed it must be due either to
Alumina or its Phosphate. After having filtered and washed the
precipitate, exainine whether it is soluble in Acetic Acid (Phosphate of .
Alumina is insoluble.)

In the filtrate from the Alumina precipitate, or in the solption which
has failed to give a precipitate, test for Phosphoric Acid, by adding
Chloride of Ammonium and then Sulphate of Magnesia.

11.—Acidulate another portion with Hydrochloric Acid, and examine
for Sulphuric Acid with Chloride of Darium.

A2
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12.—Another portion acidulated’ with Nitric Acid may be tested for
Chlorine by Nitrate of Siver, and to detect Fluorine, a portion must
treated with coucentrated Sulphuric Acid, as described under the beagd
of Hydrochlonc Acid. .

13.—The residue to be examined may be dissolved in Hydrochloric
Acid and tested in the usual way for the bases. .

If it does not completely dissolve, and Lead and Silver are,absent, (if
present, they would form insoluble precipitates, Chlorides,) it shows that
a portion has not been decomposed. When this is so, filter off and
exarhine the filtrate. The insoluble residue ‘must be fused, if the fixed
Alkalies Potash and Soda are to be looked for, with Carbonate of Baryta
in a Platinum crucible, and so examined.

14.—The presence of fixed Organic matter interferes with the detec-
tion of many substances. Thus in the presence of Tartaric Acid,
which is a fixed organic Acid, the Oxides of Alumina, Chromium and
Iron, and many other Metallic Oxides, are not precipitated by the
Alkalies. When an Inorganic Analysis has, therefore, to be performed
upon a substance containing organic matter, this last must generally be
destroyed before the examination is attempted. This is usually done
by ignition in a Porcelain or Platinim crucible.

15.—Metals are generally treated with Nitric Acid, which converts
them into soluble Nitrafs, oxidizing them, except Gold and Platinum,
which are not acted upon by it, and Tin and Antimony, which are
converted into insoluble Oxides. If complete solution therefore cnsue
on treating a metallic alloy with Nitric Acid, these four metals arc
absent. If a metallic residue remain, Gold and Platinum are indicated,
and may be tested for by Protosulphate of Iron and Chloride of
Potassium. If a white insoluble substance separates, Tin and Anti-
mony are indicated. Treated with a hot concentrated solution of
Tartaric Acid, if it all dissolves, it is Antimony, and Tinis absent. If it
does not all dissolve, it is filtered and the filtrate examined for Anti-
mony by Hydrosulphuric Acid, préducing in the Tartaric Acid solution
to which it has been added, an orange red precipitate. The residue,

. after being well washed, is examined under the . blowpipe with
Cyanide of Potassium and Carbonate of Soda on ¢harcoal in the inner
flame, for ductile metallic grains of Tin.

16.—For the purposes of precipitation in the course of Humid Analy-
sw, the Metals may be divided into the following classes :—

" 1#.—Metals yielding Alkalies by Oxidation, as Potassmm, So-

dium, Ammonium.
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2nd.—Metals yielding Alkaline Earths, as Barium, Calcium, Magne-
sium, Strontium.
, drd.—Metals yielding pure Earths, as Alummum, 'Glucmum
4th.——Metals which decompose Water at a red Heat, or which, h#ving
a great affinity for Oxygen, are Oxidized quickly when exposed
» to moisture, as Iron, Cadmium, Zinc, Manganese, Nickel, Cobalt,
Tig,
5th.—Metals which do not decompose Water ata red heat, or which
have not so great an affinity for Oxygen, as Arsenic, Antimony,
Chromium, Lead, Copper, Bismuth. .
6th.—Metals which have so little affinity for Oxygen that their
Oxides are reduced to the Metallic state by heat, as Mercury,
Gold, Silver, Platinum,
17.—If engaged upon a solution, to discover if it contain any of the
above substances, we should first discover, by means of test-papers,
whether it be Acid, Alkaline, or ncutral, and we may then evaporate a
drop of the liquid upon Platinum foil, to ascerfain whether it contains
an Organic or Inorganic substance.
18.—In the former case it is necessary to get rid of all Organic or
Carbonaccous matter by ignition, as previously stated, before proceedigg
with the Analysis.
19.—In the case of a Mineral substance, we may then treat it with
Sulphuretted Hydrogen, which produces precipitates with the Metals
of the 4th, 5th and 6th classes ; but not of the first three.
20.—The latter three, when treated with Sulphide of Ammonium, will
give a i)recipitatc in the case of Metals of the 3rd class, but not with
those of the 1st and 2nd.
21.—Lastly Carbonate of Potash may be employed to distinguish the
Metals of these two classes (as it precipitates the second, but not the
first.)
22,—1If Sulphuretted Hydrogen cause a precipitate, we may after-
wards employ Ferro-cyanide of Potassium, which gives precipitates of
very characteristic colors with several Metals, which are not distipguish-
od from one another by Sulphuretted Hydrogen alone, and lastly, special
tests must be used, of* which many will be found given herein. )
23.—It has been said that Organic matter should always be removed
as interfering with Analysis. If analyzing for poison, or where great
njcety is desirable, this may be done, in the case of liquid substances, by
mixing them with distilled Water, boiling and filtering them, and then
by treating the liquid with absolute Alcohol, or a current of Chlorine,
and filtering anew. »
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24,—When opefating upon solid,matter (as for poison) the Organic
matters may be destroyed, by, 1st, Nitric Acid or Nitrate of Potash, br
2ndly, Sulphunc Adid, either alone or with the addition of a little Cllo-
ride of Lime in order to disengage Chlorine; 3rdly, by a stream of
Chlorine ; 4thly, by Hydrochloric Acid and Chlorate of Potash.

The solid substance or solution is boiled with concentrated H)dro-
chlonc Acid, to which Chlorate of Potash in powder is added gradua]ly,
until the mixture becomes perfectly fluid ; the solution is then heated
until all free Chlorine is evolved ; after which it is diluted with Water
and filtered. .

25.—It may even be desirable to remove all coloring as well as Or-
ganic matter, andl for this purpose washed animal Charcoal is employed
in small quantities, for it not only retains the coloring matters, but also
a considerable portion of Metallic as well as of other poisons. The
Charcoal should therefore be preserved for subsequent testing if it should
be thought necessary. In some cases Chlorine or Sulphurous Acid is
preferable to Charcoal.

26.—Another and morc convenient arrangement perhaps, may be
made of the Metals, &c.,for the purposeof Geological Analysis, asfollows :

Jirst Group.—Ammonia, Potask, Soda.

Second s Baryta, Strontia, Lime, Magnesia.

Thid ,, Alumiga, Chromium, Iron, Zinc, Manganese, Nickel,
Cobalt.

Fourth ,, Arsenious Acid, Arsenic Acid, Antimony, Tin, Gold,

) Platinum.

Fifth ,, Bismuth, Cadmium, Copper.
Sixth » Silver, Mercury, Lead.
27—Hydrochloric Acid is first used, which precipitates the members
of the sixth group as Chlorides.
28.—Sulphuretted Hydrogen is then employed to precipitate the fifth
and fourth groups.
29.—Then Sulphide of Ammonium to precipitate the members of
the third group.
30.—Carbonate of Ammonia to throw down those+of the second,
"(a special test, Arseniate of Ammonia, being employed for the detec-,
tion of Magnesia.)
31.—And lastly, the first.group aro scparated by the special tests
applicable to them mdlwdually.
324—The foregoing is Galloway’s method, but a modification of it will
be given, with the requisite Tables for working out the details, which
may be preferyed.
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33.—1In it the groups and their precipitates are thus arrapged : —
’

Ld

F:rst Group.—Silver, Lead, Mercury, ...cess.. { Pree:(lnt:zted by Hydrochloric
becond Bismuth, Co, Tin, Cadmium.
” IA’lntill’uon:;'l:pir’Ars!et’nc, Gold’} Dgi‘;‘}g‘ Sulphuretted Hy
atinum, .re ses
Third ,,  Iron, Alumina, Chromium, ... Ditto by Chlonde of Am
* monium.
Fourth ,, Zinc, Manganese, Nickel, Cobalt, { Ditto by Sulphide of Am
* monium,
Fifth Barium, Strontium, Lime (and
? Mugn’esm, by a ’speua.l test, Dﬁgn?z Carbonate of Am
Phosphate of Soda,)iee oo .
Sixth ,  Potash, Soda, Ammoma, ere eem| By special tests.

34.—GENERAL ANALYTICAL PROCESS
Designed especially for the Ezxamination of Minerals.

PRELIMINARY EXAMINATION.

The substance is heated upon charcoal with Na O CO, and
K Cy (the latter is not generally used, only in cases where Sn and Cu
are cspecially sought,) in the reducing blowpipe flame, the oxidizing
flame being allowed to flow over the charcoal.

35.—If no metal is thus obtained at once, it is advisable to triturate
the test specimen and surrounding charcoal particles in an Agate
Mortar with a little water, and to wash away the charcoal with water.

Metallic Globules—
Malleable — Pb, Ag, Cu, Sn
Brittle — Bi, Sb
Metallic scales on trituration Cu, Sn, Sb.
Incrustations—
White, Sb, 4s, Zn
Also salts of Am and Hy.
Yellow or Brown, Pb, Bi, Cd.

Garlic odour — 4s. ‘

36.—The substance is added by small portions at a time to a bead of
Borax, and heated first in the outer, and then in the inner flaine; the,
color produced in each case being carefully observed, both in the hot «
and cold bead. )

A green bead is obtained in the outer flame; presence of, ¥, Chro-
mium, (emerald green unchanged in the inner flame ;) or Cu, blueish
green, either disappearing entirely or acquiring a partial opaque red
¢olor, in the inner flame.

A réddish yellow bead is obtained in the outer flame; presence of Fe,
(color cither vanishes or fades on cooling and becomes bottle green in
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the inner flame) ; or Ni, color vanishes or fades on cooling, and becomcs
» dusky purple or grey, in tke inner flame.

A blue bead is.obtained in the outer flame; presence of Co (coler,
unchanged in inner ﬁame) ; or Cu, greenish blue, either vamshmg or
becoming opaque red in parts, in inner flame.

37.—A\ portion of the substance is mixed in a dish with dry Ca O.
HO, moistened with a little water and gently heated. -

Pungent vapors are evolved, which yield white fumes with HCI, and
arc alkaline to test papers; presence of N Hj.

38..—ON THE PROCESS OF SOLUTION.

In very few cases is it necessary to extract minerals with water,
since they very seldom yicld any notable amount of substance to this
menstruum. However, if it be desired to ascertain whether such treat-
ment is requisite in any particular case, a quantity (say about 60 grains)
of the finely powdered mineral is boiled for some time with water, and
the solution decanted and filtered. By evaporating a drop or two of
this filtrate on a watch glass, or on Platinum foil, we shall ascertain
whether the solution be fit for Analysis; that is, whether the water has
or has not dissolved much of the specimen.

39.—On the other hand, most minerals dissolve to a certain extent
in acids, and upon the choice of these depends, in great measure, the
casy success of the Ana]yhis.

40.—As a general rule, it is most advantageous to employ concentrated
HC! (subsequently treating with water) for the solution of minerals,
which consist chicfly of Oxides, Carbonates &c. (e. g. Limestones, Iron-
stones, Spathic Iron Ore, Malachite, &c.)and HO, NO; (concd.) for such
as consist of Arsenides, Sulphides, &c. (e. g. the Blendes, Speiss Cobalt,
Galena, &c. &e.)

41.—1t is advantageous in those cases in which the presence of Ag
or P is not suspected, to make use of a mixture of one part of HO NO,
with from three to four parts of strong HCI; such a mixture is
peculiarly appropriate for the solution of the various pyrites and similar

"minerals. .

® 42._GENERAL ANALYTICAL PROCESS.

The Process of Solution (continued.) .

In cases where the presence of S) and Sn is suspected, the mineral
is best dissolved by boiling with concentrated ZICl; HO. NO;; being
added from time to time till all action ceases.
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43.—Since it can always be readily ascertained, by the preliminary
dxamination, whether the mineral is an Qxide, a Sulphide, or an
Ayscnide, or whether it is likely to contain S, 8, Ag or P%, one of
the above rules may always be put in practice. ° .

44.—It is not very commonly that any advantage is gained by
treasing minerals first with HCl or HO. NOj alone, and afterwards
with Nitr.o-Hydrochloric Acid; but if Au, Pt, &e. are to be specially
sought, the mineral should be extracted as far as possible with con-
centrated HC, and the residue boiled with Aqua Regia.

45.—Whenever any mineral is treated with an acid, it is well to
boil first with the acid, and then, without pouring off the latter, to
dilute with water and boil a second time. The residué is then allowed
to subside and the solution filtered. The object of boiling with water
is to remove any products which might be sparingly soluble in the
concentrated acid e. g. Ba Cl sparingly soluble in concentrated HCI;
and KO. NO; sparingly soluble in concentrated HO NO,

46.—That portion of the mineral which js not affected by acids, if
it be dissolved only to a very slight cxtent by the latter, or the priginal
mineral, is fused with about four times its weight of a mixture of equal
parts of KO, CO,, and NaeO, CQ, for about an hour, the fused mass
when cold is boiled with water till it is entirely disintegrated. The
aqueous solution is examined for 8 O, SO; and H F. The residue
is well washed with boiling water and extracted with dilute HCl; if the
presence of Ag or Pb be suspected, HO. NO; should be substituted.
Any residue insoluble in this acid consists of S$i O,. The HC! solution
is evaporated to dryness to separate Si O,, re-dissolved in diluted HCI,
and the solution examined for bases (vide Table next page.)

47.—The fusion may in most cases be performed in a Platinum
crucible, but if any easily reducible metals (such as give globules
before the blowpipe) be present, a Porcelain crucible should be em-
ployed; the requisite heat may be applied either from a gcod Gas
burner or from a Coke fire, or, as a last resource, a Charcoal furnace.
In either of the last cases the crucible should be enclosed in one of clay,
packed with Magnesia before being introduced into the fire. .

48.—The above general rules will, in all cases, ultimately lcad to
the preparation of a solution fit for Analysis, but it often happens that
special methods of solution may be discovered, which are inuch better
adapted to the substance in hand (e. g. Chrome Iron is most casily decoin-
posed by fusion with KO. NO; and NaO. CO,. Tin stone should be
fused with K. Cy, &c.) but these methods, and the cases in which they
way be employed, mnust be learnt by actual experience,
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Secr IV.] * IN-DOOR EXAMINATION. 193

TABLE L
'AnalJm of the precipitate produced 11;/ HCl, which may contmn Pb Cl,
g, Cl.

o Boil with much water. ¢

A

p
*Sor.urioN. . RESIDUE. . W
PbCl. Ag Cl, Hy, ClL b
Add dil, HO, SO, . ‘Wash by decantn,tmn aud treat with
while hot, N. H,.
Whito heavy preci- | 5 ~ v 1
pitate.
rho, S0, SoLuUTION. BLACK *RESIDUE.
Presence of Lcad
Agp Cl Hy, O. I’resence of Mer-
Add HO. ¥ 0, in excess ; | cury.
white precipitate Ag Cl. Pre-
sence of Silver.

The Sulphide of Mercury, when boiled with concentrated Z70. NO;,
is converted into a white Oxy Sulphide, which is perfectly insoluble in
the Acid. &

APPENDIX TO TABLE IL—(See page 195.)

Process of Dr. Fresinius and Vor Babo for testing the Sulphides of
Arsenic

Requisites.

I.—An apparatus for evolving CO, Gas, (dry) consisting of, 1st—a
generating bottle 4, provided with a
tube funnel , for pouring in the Acid.
In this bottle the CO, is evolved by
the action of dilute HC! upon marble.
A few fragments of marble are placed
at the bottom of the generating bottle,
the latter then half filled with HO.
and concentrated /ZC! added by the
tube . 2nd, A wash bottle B., three parts filled with oil of Vitriol
(HO. 80;) threugh which the CO, is conducted by the tube ¢, and
where it is completely dried.

II.—A reduction tube ¢, made by heating a piece of German glass
tube in the blowpipe flame, and drawing it out to a thin' and open
point. The length of the wide portion of the tube should be about
4 inches, that of the long point at least 3 inches, and as much longer as
it may*be drawn. The diameter of the wide portion of the tube

should be about § inch. S oo ;

..... . T B 2

» -



> | '

194 ' cumE oF aNaLysis. ¢ [Part IL

IIL.—An Agate Mortar in which<the substances may be well grou'ng
and mixed. :

IV.—A strip of “rather stiff paper folded into a small gutter. “

V..~Two spirit lamps. o

The Sulphide of Arsenic, which must be perfectly dry, is mixed with
about 12 times its weight of a mixture of about 1 part of KO'and
three pgrts of NaO. CO,, which must both have been dried, und well
pounded in an Agate Mortar. A portion of this mixture (about 20
grains) is placed upon the paper gutter

*

4
(a) 50 28 to l'le in one :spot (8.), the & ) —
gutter is then'introduced into the tube, b

and the latter turned, with the gutter ,
half round upon its axis, so that the mix:ure- may fall upon the si)ot
(b.) of the tube; the gutter is then withdrawn, and the tube attached
by means of a perforated cork to the tube delivering the dry CO,,.

A small quantity of J{Clis then poured into the funnel tube, and the
apparatus filled with CQ, Gas which will require the lapse of one or
two minutes.

If the evolution of CO, is, after this period, so violent that more
than one bubble in a second passes througu the wasu bottle, water
should be poured in through the funnel tube till the acti m 1> moderat-
ed to the required extent (one bubble in a second.)

The mixture at b. is gow very gently heated, by waving a spirit-
Jamp beneath it, to expel all the accidental moisture, the drops which
condense in the cool part of the tube are chased out by the spirit-lamyp
flame, and the tube then allowed to cool.

The shoulder of the tube at a. is
heated to redness with the spirit-lamp
flame, and the mixture is then gradually
heated by the flame of another spirit-
lamp, (the first lamp being still maintained in its former position) first
at the extremity b.; the spirit-lamp being gradually advanced as the
decomposition proceeds; to conclude the experiment, it is good to heat
_ the spot ¢. strongly with the blowpipe flame. The desult of the ex-
periment should consist in the production of a lustrous mirror of 4s
at d. which volatilizes when heated into a current of air, with the
characteristic garlic odour, the latter being also generally perceptible
throughout the course of the experiment. .
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Ske. IV.]

Y Precipitate produced by Protosu

IN-DOOR EXAMINATION,

TABLE LYV: (see Note C.)
Iphide of Ammonium, ( white,ﬂfch colored, black amiy .

197

tntermidiate shades, )

L] » .
‘Protosulphide of Zine, Protosulphide of Manganese, Protosulphid® of Nickel, Protosufbhide of
Cobult. Wash, dissolve in Mitric Acid and add excess of Potassa. .

.
A

&ILTRATR

Protoxide of Zino
in Alkaline sqlntion.
Add Hydrosulphurio
Acid; White preci-
pitate of Protosul-
phide of Zinc. Pre-
sence of Zine  Con-
firmatory Test, Heat
with Cobalt solution|
on Charcoal ; Green
Mass of Protoxide
of Zinc and_ Pro-
toxide of Cobalt, See
Note A.

Al

PRECIPITATH .

Protoxide of Manganese, Protoxide of Nickel, Protoxide of Cobalt ; Wash; -
Dissolve in Hydrochloric Acid; add Carbonate of Ammonia. ' *

A

PRECIPITATE.

(White) o

Carbonato of Pro-
toxide of Man-
gunese.  Presence
of Manganese ; Con-
firmatory Teut,
Fuse with Nitre
and Carbonase of
8oda on Platinum
foil. Green Mauss
of Mungunate of
Soda.

FiureaTE (see Note B.)

Carbonate of Protoxide of Nickel, Carbonate of Prdtoxide
of Cobalt in Ammoniacal solution. Add Protocysnide of
Potagsium_until the solution is decoldtized, and a slight
excess of Hydrochloric Acid. .

A

-~

PRECIPITATR, FILTRATR,
Cohalticyanide of Nickel, Protocyanj
of Ni(-kel.yCollect on & élter nndnlm

with Polaasa.

Cobalticyanide of
Potassium.

I'lmcimu'l,E FILTRyTR,
]
(Yellowish Greenl) Cobalticyanide of
Protoxide of Nickel. | Potassium. Mix both

flltrates, evaporate
to dryness, ignite
the residue, wash it
. with water and heat
it with Borax, be-
fore the blowpipe
flame or Platinum
wire. Violet blue
bead. Presence of
Cobalt.

Presence of Nickel.

Nore A. The

to impurities m tﬁe Potasss (Fe S, Pb 8,) In order to ascertain the presence of Zn, this
should be dissolved 1n HO. NO,-) + H Ci: N1[4 Cl, and NHS added, to throw down the

recipitate which should be white Bulphide of Zinc, has sometimes & black color, due

g‘reclpitnte
e 08 or

Pb 0, and HS passed throngh'the Ammonacal filtrate, when white Zn § will be precipitated.
Nork B. The Ammoniacal solution which contains Ni O, (702 and Co O, (2'02 should be mixed with

HC! in slight excess, evaporated to a small bulk, K Cy added in excess, hoiled, HC! in excess then
added, the rolution evaporated till it smells no more of H Cy and excess of X O added; the mixture

boiled and filtered.

A

-

PRECIPITATE.

‘Washed and examined before the blowpipe.

Ni 0.

-
FrrreaTE,
KyCoy g
Evaporated to dryness, ignited and tested before

the Blowpipe for Co after extracting the greater
part of the K0 C! by HO,

L]
Norn C. If the filtrate from the NH, § precipitate have a brown color it should be evaporated nearly

to 5rynesl. to precipitate #he Ni 8, a few drops of I C! added to Acid re-action (in order to dissolve any
earthy Carbonates), filtered, and the flltrate examined, as usual, the Ni S being examuned with the
NH 8 precipitate,
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TABLE V.

Precipitate produced by Carbonate of Ammonia, in the presence of Chloride of
¢+ Ammonium, (See Note 1.)

© . (White) .
Carbonate of Baryta, Carbonate of Strontia, Carbonate of Lime,
Dissolve in Acetic Acid, (Solution 4.)

Dilute a portion with water, add Chromate of P’otassa, and heat to ebullition.
L)
L3

~ )

PRECIPITATE. FILTRATE.

(Yellow) Chromate [ Acetate of Strontia, Acetate of Lime and Chromate of Potassa.
of Baryta ; Presence of | (See Note 2.) .
Barium. Confirmatory Add Cuarbonate of Ammonia, wash the precipitated Carbonates
test with solution A'; | of Strontia and Lime, until the yeilow color has disappeared, and
Add Hydro-fluesi§cic | dissolve in Ilydrochloric Acid. .
Acid,whiteCrystalling | Evaporate to dryness, re-dissolve in Water and divide into two
grecipitate of Silico- | portions. «

uoride of Barium. 1. 2.

— atans 2]

® Add Sulphate of Lime and| Add Sulphate of Potassa,
allow to stand for some time. A (sce Note 4,) heat gently, u.llow
white precipitate of Sulphate of | to stand for some time and filter
Btrontia; Presence of Strontium. | off from the white precipitate
Confirmatory test with so- | of Sulphate of Strontin. To the
lution A, filtratc udd Oxalic Acid. A

Evaporate to dryness. add a | white precipitate of Oxalate of
few drops of Hydrochloric | Liwe; presence of Calcium.
Acid and Alcohol ‘and ignite
the mixture. (See Note 3.)

The red flame of tht Alcohol
is characteristic only, if the
absence of Lime has been
proved,

Note 1. In the precipitation of this group by NI, 4 0, CO, the following conditions must be care-
fully attended to :—

1.—The presence of caustic Ammonia which much p the 1

2.—The presence of NH, Cl, to prevent the precipitation of MyO.

3.—The solution must be heated nearly to ebullition to convert any Bicarbonates of the Alkaline
earths, (which are soluble) into the insoluble Carhonates, -

The precipitate of BaO. 002, 8r 0. (,’02 and CaO, 002 is disgruved in HO. 4, and the solution
divided into two parts. .
r A Al

ipitation of the Carbonat

The larger quantity of solution is treated as in | A small portion is saved for the confirmation of
the Table tlﬁe pﬁ-a»nco of 8rO and BaO, as stated in
the Tubles.

Note 2. In the precipitation of Sr O, €04 and Ca 0, 002 from the filtrate contuining the Acetates
of 8¢ O, and Ca 0, and KO, OrOs the first and third of the above mentioned conditions must be fulfilled.

Note 8. In the confirmation for Sr O by means of the Alcohol flame, it is better to burn the suspected
8r 0 solution side by side with an Alooholic solution of Ca CI, in order that the os1MsoN of the former
m& be broﬁht into contrast with the yellow red of the lutter,

ote 4. e golution containing 8¢ O and CaO from which the former is to be’qpnnted by K0, 804,
uhould be as concentrated as possible,

. TABLE VL
(Magnesia,) Potassa, Soda, (Ammonia. )

' [

N Hy should always be tested for in the preliminary examination by mixing the substance with dry

Ca 0, HO, moistening with HO and hegting, when vapour of NHj will be evolved, and msy be tested by
reddened Litmys Paper and with Hyarochloric Acid. *
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ANALYSIS OE, A COPPER ORE.'

PreLmaiNary Examvatioft .

Fused a portion before the blowpipe (reduci.ng flame) with NaO.
€0, and KCy upon Charcoal.

®btained a fine malleable bead of Cu, without incrustation or garlic
odor. .

Powdered about 30 grains of the mineral, and boiled with concentrated
HCI for some minutes. (HO. NO; would have been used, but
that the appearance of th mineral led to its being mistaken for a piece
of Iron stone, until the preliminary examinggion above dpta'lled had shown
the contrary). A dark greenish solution was obtained, which, when
diluted, gave a copious white precipitate.

A portion of this precipitate was separated and examined as follows:

1. A small portion was treated with dilute HO. NO,. It
entirely dissolved.

2. Another portion was treated with concentrated HCI It
dissolved with a dark color and was re-precipitated by
water.

3. A third portion was tteated with NH;. It entirely dis-
solved.

These cxperiments having sufficiently proved that the white precipi-
tate in question was Cu, C!(Subchloride of Copper), the whole of this
precipitate, together with the H'Cl solvent in which it was suspended,
was mixed with a little HO. NO, and the whole heated upon a sand-
bath till the solution gave no longer a precipitate on dilution with HO.

The solution was then evaporated to drynesson a sand-bath, and
the residue perfectly dried to render the Si O, insoluble. The dry
mass was thoroughly moistened with concentrated HCI, a moderate
quantity of water added, heat applied to effect complete solution, the
residue of 8¢ O, filtered off, and the solution saturated with & S.
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PART IIL

'PRACTICAL APPLICATION.

SECTION L

AGRICULTURE

1.—It would not be difficult to write a volume on the application of
the matter contained in the foregoing pages to the purposes of all
classes who take an interest, not only in the advancement and pros-
perity of this country, but in their own personal comfort and advantage.

2.—In India there are not to be found everywhere, as in England,
men of science and education, who have devoted their lives to the close
and practical study of some one of éhe sciences, and who may be applied
to without more difficulty and delay than is involved in the transit of
a letter by penny post, or perhaps a personal visit, accomplished by
express train in a few hours. Men who are as competent as they are
willing to unravel the knotty questions of science, and who have the
advantage also of being in close communication with the equally
scientific of all the countries of Europe. It is mot so in India.
We must do our own work here, or else we must undergo the delay of
a tedious reference, with the disadvantage, perhaps, of defective informa-
tion supplied on the one side, and want of interest in the subject on the
other; defects inseparable almost from the nature of circumstances.

3.—Great part of the most ingricate and difficult of the matters,
I refer to, fnust, I fear, inevitably be left to the more accomplished and
competent in England. This would indeed be the case in that Gountry
igself.  But, on,the other hand, very much of a preparatory and most
uscful kind may "be offected by ourselves, and if this can be so, where
will be the advantage of sending to England our soils and stones, our
waters, or manures, or metals to have their simple constitution defined,
when it may be done sufficiently to answer most purposes by indivi-
duals on the spot.

4.—To endcavour to promote this personal examination by the dis-
coverer or observer himself, has becn the object of the doregoing pages,
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and I would hope that the advantages to be derived to Agriculture, to
Engineering, to sanitary and scientific objects generally, are so palpab¥e
to every one, that it will not be necessary for me, in this place, to say
much'in order to explain them to the reader.

5.—For the reasons given in the Preface, however, I must leave it
more than I could have wished, or than I had at-first any intentien of
doing, to the student himself to deduce the applications of what he may
have learned in the foregoing pages to practical purposes. ’

6.—This will be no difficult task, nor will he be slow to discover,
not oaly that his chemical knowledge appliescto a]xgxost everything that
comes beforethim, from the kitchen to the laboratory, butalso how
intimately the future welfare of this country is connected with the
progress that may be made in Geological Chegmistry. The perfection
and increase of its agricultural produce ; the discovery of metals, coal,
and all natural products, may be incalculably assisted, if the sportsman
in ranging the country for game, the military man visiting his out-
posts, or the Civilian inspecting his District, can add to their other
acquirements & little, even a very little, knowledge of the subject of
these pages.

7.—In addition to this, he will mest surely find, as I and others simi-
larly situated with himself can tell him from experience we have
found, that science is its own reward, and that a constant flow of the
purest pleasure rewardgthose who follow her paths.

8.—1I propose first to touch on some of the subjects included under
the heads Agricultural and Medical, as these are in a great measure
linked together.

9.—Within the last 12 or 14 years, the knowledge and science of the
Chemist have been constantly called in to the aid of the farmer and agri-
culturist, and much has been discovered and applied practically, in that
department. The views of Liebig, the great authority on this subject,
are distinct and clear; let us glance over them in their main features.

1Q,—TIt was supposed formerly that the best way to enrich a soil, and
obtain from it the finest crops, was to diffuse through it a quantity of
mixed vegetable and animal matter in a state of depomposition; by
which means a rich mould, containing a substance called “ Humus,”
supposed to be the nutritive principle of good soil, was generated, which
was absorbed by the roots, and highly promoted the growth of plants.

11.—A variety of circumstances, however, have been found which
are n8t in accordance with this view. Liebig has shown that, under
the most favorable circumstances, the quantity of humic acid.which
could be absorbedgds not sufficient to produce the amount of woody
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fibre found in trees. Common instances, familiar to every one, show
that some plants and flowers flourish without any humus or soil what- .
exer, as suspended hyacinths, mustard seed sown on a piece of flannel,
“and marine plants o sea~weeds, which, growing to a height of® more
than 300 feet, and nourishing multitudes of anfinals on their branches,
have yet but a root the size of a man’s fist, fastened on a naked rock.
It was hence deduced that it must be by Carbonic Acid, or by some
G4 evolved in the earth, or derived from the atmosphere, that they
are nourished.
12.—Humus is w‘oved. to be not soluble, as was supposed. The ex-
periments of Chemists show that “ both the cold of winter and the heat
of summer are destructive of the solubility of humic acid, and at the same
time of its capability of being assimilated by plants. So that if it is
absorbed by plants, it must be in some altered form,” ¢ The correct-
ness of these observations is easily demonstrated by treating a portion
of good mould with cold water. The fluid remains colorless, and is
found to have dissolved lgss than 100,000th part of its weight of
organic matter, and to contain merely the salts which are present in
rain water.”*
13.—Again, a soil does not become any poorer in Humus from the
abstracting operation of plants growing in it, as shown by its assuming
a paler tint or more sandy or aluminous texture. On the contrary, it
becomes darker. Some portion of the soil is, no doubt, elaborated and
absorbed into the plant, while another portion, detrimental to itself,
appears to be rejected, (Coal of Humus, Liebig calls it,) but which- may
be again nutritious under other forms or to other species. Hence the
advantage of rotation of crops and of fallow years.
14.—As regards the air, Mr. Ward’s experiments on plants in
enclosed cases have shown that fresk air is not absolutely necessary to
their healthy existence. They appear, therefore, to have the power of
renewing their atmosphere in accordance with that theery which des-
cribes them as exhaling Oxygen, when under the influence ' of él:ght
and heat (and electricity ?) but ceasing to do so at night. .
» 156.—This altgrnating action of plants, and the consequent neutral
and beneficial relation between them and animals, has been very beau-
tifully shown by actual experiment in the aquariums, or globes con-
taining fishes, snails and weeds, by Mr. Warrington, Gosse, &. Either
of these remaining singly in the water for a considerable period, lan-
g'uished and died, but when the three were introduced together, the

L3

. ¢ Sir J. Paxton, Magaszinc of Botany.
c2



204 ‘ GUIDE TO ANALYSIS. [Parr 1IL

plants, absorbmg C&rbomc Acid from the excrementitious matter of the
fishes, flourished, whxle at the same time secreting the Carbon for theil
own use, and giving out the Oxygen, the fish were by the latter,
mainttined for any length of time in health and vigor,

16.—The air diffused in sea water contains 33 ﬁer cent. Oxygen,
the atmospheric air only 21. The fish consumes the Oxygen ofsthe
air thus diffused in the water, feeds onf the insects and, by is excre-
ment, also supplies manure for the plants. The plants give out Oxygen

'by their vital processes, which restores the water to its healthful
states and they also assist in preserving the. purify of the water, by
absorbing the‘decomposing animal matter or manure of the*“fish and
snail. The snails feed on the decayipg portions of the weeds, which
would otherwise prove hurtful to the fish, and their eggs serve as
nourishment to the latter.

17.—When the fishés and plants only were introduced without the
snails, it was found that the accumulation of decaying matter from the
plants, produced a slime which proved injyrious to the fish.

18.—The Humus theory then is now abandoned, and has given way
to a more enlarged and exact view of the subject.

The chief object of all agriculture is to obtain crops of produce
which, by their abundance and nutritive qualities, may prove rapidly,
as well as permanently beneficial, both to man and to the domestic
animals by whom hegjs surrounded. It has been found from the
earliest times, that whereas a new and virgin soil will grow fine crops
during the first few years of its cultivation, it becomes in a short time
impoverished, and incapable of continuing to produce crops of equal
quality of the same kind.

19.—It has also been found that, although this soil will not continue
to grow good crops of the same kind, it may and will produce equally
fine crops with other land of some different kind of grain, or that, if
assisted by the admixture of seme foreign imgredient or manure, or
even allowed to lie fallow, it will recover its full fertility.

20,—From these considerations arise three questions of very great
unportance, which must be referred to the a.na.lytlcal chemist to
answer :—

These are, 1s.—What are the constituent parts of soils, and what in
particular’ those parts, by the abstraction of which in the successive
growth of crops, the soil becomes impoverished ?

27.¢%.—What is the ultimate constitution of grain or other agncul-
tural produce, and what are the substances necessary to be adminis-
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tered to it during its growth, so as to obtain its full and most perfect
development, both as to quantity and quality ? T,
o3rdly.—What are the parts .of the human and gnimal economy

‘Which require constant sustenance and replenishment? On what does
their maintenancd in fall development, and their healthy condition
depend ?—and what are the matters, by the absorption of which jnto the
frame, the system is preserved in its most robust and perfect action ?

21.—To reply to these questions, it is necessary to make analyses of
various soils, so as to comprehend their usual natural ingredients,
organic and inorganic, at.different periods, and those that should be
added torthem as manureh to make them fertile. .

2ndly.—To analyse cereal produce, and other mattérs most usually
employed for the purpose of nourishment of man and animals.

3rdly.—To analyse the different parts of the human frame on which
health and strength are supposed to depend, as the blood, bones, &c.

We should then, after such Analyses taken in sufficient number, be
prepared to understand whag nutritive qualitigs it is most desirable and
to our advantage to find in our different varieties of agricultural pro-
duce, and what are the substances or manures by the employment of
which we shall be most likely to oktain these, and maintain our lands in
such a state, that they may be adapted most economically and perma~
nently to such produce as it may be found most beneficial to grow upon
them. '

22.—It is evident that the air, as well as the moistened soil, plays
an important part in the nourishment of plants. In short, their
existence and development depend as much upon the absorptive action
of their leaf surfaces as of their roots. The latter separate fromn the
soil the mineral ingredients which it may contain in a fit state of solu-
tion, and which are necessary for the formation of the leaves and vege-
table tissues, by the agency of whieh the Carbonic Acid and Ammonia,
also necessary to theirsexistence, are absorbed from the air.

‘23.—Bas'alt, Graywacké, Porphyry, Sandstone, Limestone, contain

certain elements indispensable to the growth of plants, and the presence
of which rendeys the soil fertiles The fertilizing property of the
ashes of burnt grass and jungle, arising from their ashes containing
the same ingredicnts, is adverted to by Major Colebrooke in his report
on the Ganges river, as being well known by the natives, whd purposely
have recourse to conflagration at certain seasons, for the improvement
of the new lands situated on the islands, thrown up from time to time
by the.river in its bed.
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24.—1It is from the constituents of the ashes of plants, ascertained by
Analysls,‘that we learn what mineral ingredients are essential to eaclt
partxcular specieg, and it is by affording these to an impoverished soil, er,
to oné wanting in them altogether, that we are cable 'to promote the
healthy and rapid growth of any plant that may be desired.

25.—Thus the art of agriculture depends on the restitution &f a
disturbed equilibrium, and it should be our* duty to return to the soil, in
the form of manures, what is abstracted from it by plants or crops
during their growth, and these matters are to be ascertained by careful
Analysis of the ashes of the plants themselves.

26.—The chief mineral ingredients thus required in manures, are
Silica, the Alkalies, and the alkaline and earthy Phosphates.

Silica in its soluble form, combined with .Potash, i. e, Silicate of
Potash, is a plentiful ingredient of many of the hardest rocks, and where
it exists in abundance, wheat crops, or crops of the Cerealia, might
be grown probably year after year with success, as in some part of
Hungary and Italy ; but where it is not so abundant, * fallow” years are
requisite, in order that while potatoes, clover, turnips, &c., which do not
require so much Silica, are growing, the soil may have time to recover
its fertility, by receiving from the gradually disintegrating rocks the
requisite amount of the supporting ingredient, Silica.

27.—Quick-lime assists this process of bringing the Silica into solu-
tion. Liebig says Felggar, even when reduced to the finest powder,
requires for its solution to be treated with an acid for weeks or
months ; but if we first mix it with Quick-lime and expose the mixture
to a moderately strong heat, the Lime enters into chemical combination
with certain elements of the Felspar, and its Alkali (Potash) is set free,
and now the acid, even.without heat, dissolves not only the Lime, but
also so much of the Silica of the Felspar, as to form a transparent jelly ;
a similar effect is exerted by Lime on the alkaline argillaceous Silicates.

28.—Common Potter’s Clay or Pipe-clay diffised through water and
added to Milk of Lime, thickens immediately upon mixing; and if the
mixture be kept for some months, and then treated with acid, the Clay
becomes gelatinous, which would not occur without theadmixture with

" the Lime. The Lime, in combining with the elements of the Clay,
renders it soluble, and what is more remarkable, liberates the greater
part of its* Alkalis. Hence arises a part of the benefit derived from
Quick-lime as a manure,

29.—A no less favorable influence than that of Lime is exercised
upon. the soil of peaty land by the mere- act of burning it. Many of
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the clay Silicates in their naturalestate, are not acted on by acids, but
they become perfectly soluble if heated to redness before the applica-
gion of the acid. This property belongs to Potter’ss Clay, Pip'e-clay,
Loam, and many different modifications of Clay in soils. In their natu-
ral state, they may be boiled in concentrated Sulphuric Acid without
sendible change ; but if gently calcined, as is done with the Pipe-clay in
many Adum manufactories, th?y dissolve in the acid with the greatest fa-
cility, the contained Silica being separated like a jelly in a soluble state.

30.—Both rain water and sea water contain Carbonic Acid, and this,
in course of time, proves® powerful agent in disintegrating the hardest
rocks, and reducing them to the state of soil, containing the primitive
ingredients in a highly comminuted or even soluble state, in consequence
ofits affinity for the Alkalis, Potash, Soda and Lime especially, which
exist in these rocks. Even Granite may thus be seen to peel off in
layers, particularly if it contain a large quantity of these Alkalis, and
thus are frequently worn or worked out, the granite boulders and caves
which are found in all parts of the world.

31.—The Alkalis, Potash and Soda, as also the Earths, Lime and
Magnesia, are thus derived then in great part by the agency of Carbonic
Acid from the various rocks and “substances containing thern, and of
this agent a plentiful supply always exists naturally in the air, from the
exhalation of animals, and from the decay of organic matters; humus
and other substances supplying the Carbon, by the combination of
which with the Oxygen of the air, Carbonic Acid (or CO,)is pro-
duced.

32.—Of all the elements, however, ministering to the nourishment
of plants, Liebig says, he regards Phosphate of Lime, or rather the
Phosphates generally, as the most important. ‘These are derived chiefly
from animal remains, and the principal sources at present are bones,
guano, animal excrements, and some rocks, such as the Limestones,
which, holding embedd® organic réMains or coprolites, or such material,
afford by their disintegration the Phosphoric Acid which enters into their
constitution. N
» 33.—Chlorind (and Soda also) is derived from common salt,
(NaO. Ci) and Sulphur from Gypsum or Sulphate of Eime, both com-
mon ingredients in soils. ,

34,—Iron, whose universally diffased presence, not only in the earth
hut in the air, and in the blood of the human frame, is somewhat mys-
terious, is every where an ingredient of the soil, and the influence of its
red colored Peroxide (Fe,O;), being its simple combination with the
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Oxygen of the atmosphere, may be wniversally recognized in the tints of
the soil, dnd the hues of the weather-stained surfaces of rocks. !

35.—When tg the above we add Manganese, which is also commouly
found, we have enumerated the chief substances which Analysis discovers
in the soil of the earth, and which experience shows to be absolutely
necessary in various proportions to the growth of vegetation. v

This may be seen from the followmg few Analyses (Sprengel’s) of
some soils :

“ ' Sorrs.
IN&REDIENTS.

f 1 2 3
95698 | 90-221 95660
:llll;:l.nz; .............................. Vecscsennes 504 2:106 1586
' .- 2:496 | 3951 1616
Peroxide and Protoxxde of Iron, trace -960 240
Peroxide of Mnganese, ......... - 8 1,’058 539 -083
}\‘[m\e, T PP TP 147 130 -080
ATNESIA, teriverers croseersenannioiiienneons -090 076 250
Potash and Soda, .............. ( aeecocensren 164 -367 039
Phosphon(, Acid with Iron, . ceeeseceesee 007 |a trace -003

Sulphuric Acid (Gypsum,) ......ccceueve 010 100 t
Chlorine in Common balt, e cenesesessane -846 000 a r:;:g

Humus, .eececerecennas wvassesas sene "25‘

100000 *{ 99.950 99-997

36.—Not only is thewehemical constitution of a soil a matter of abso-
lute importance, but so, in no less degree, is its mechanical condition.
A too clayey soil, by its compactness, will forbid the access of air, and
will retain moisture too much. It will be a « cold” soil. Hence the
benefit of sand, ashes or such material, to render it more permeable to
air, and to the spreadingxoots of growing plants—and to prevent the
retention and evaporation on the surface of water generating cold. If
the air be excluded, Oxygen cannot be obtained, nor Carbonic Acid
generated from the Carbon of the decaying martire, and the advantage
of this agent has been previously explained. The ashes of Coal and
Lignite, are useful for this purpose. The most suitable may be readily
known by their property of forming a gelatinous mags when treated
with acids, or by becoming, when mixed with Cream of Lime as a
mineral solvent, like hydraulic cement, solid and hard as stone.
37.—On the other hand, a too open or sandy soil passes rapidly
through it all falling moisture, and owing to the too free exposure lt
affords; and consequent rapid decomposition, loses much of the benefit
which, had it been more compact, would have been derived from the
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manure bestowed upon it. Hencet is benefitted by an admixture of
day or marl. .

B8.—The color of a soil is of importance in its Wayﬂ,especully while
the seed is yet in theground, because it absorbs heat or becomes 'warm
more rapidly than a light colored earth. A black mould, exposed to
the sun, gains more than four times as much heat, as a white chalk soil
will do in the same time; Dark soils also radiate their heat more
rapidly, and as dew is owing to the condensation of radiated heat, such
soils condense and absorb more moisture.

39.—The power of abrorption and condensation in a soil, is dependant
both on its quality and on its degree of compactness or porosity.
Liebig says— all porous bodieg, rocks, stones, the clods of the fields,
imbibe air, and therefore Oxygen; the smallest solid molecule is
thus surrounded by its own atmosphere of condensed Oxygen; and if
in their vicinity other bodies exist, which have an affinity for Oxygen,
a combination is effected. When, for instance, Carbon and Hydrogen
are thus present, they are converted into noyrishment for vegetables,
into Carbonic Acid and Water. The development of heat, when air or
watery vapor is absorbed, or when the earth is moistened by rain, is
acknowledged to be the consequence of this condensation by the action
of surfaces.” . The extent of condensing surface in a porous body, be it
remembered, is very large in proportion to its size; a cubic inch of
beech wood charcoal being computed to have at least 100 square feet
of surface.

40.—We observe, therefore, that both the chemical and mechanical
state of the soil must be attended to, in order to obtain éood results.
Phosphate of Lime and Magnesia are always found in the seeds of plants.
A seed sown in a soil consisting‘nply of Silica, and having all other
requisites for its growth supplied to it, except the mineral ingredients,
such as the above, might germinate and produce the first organs of
growth, but would cease to increasesas soon as the supply, contained
for its use in the seed itself, was exhausted. A feeble stalk and even
a flower may be produced in some instances, but no seed; ag those
paterials are wanting, without which neither the stalk nor leaves can
be fully developed, nor the seed produced. '

41.—Hence without doubt the reason why we so often see that
vegetables or flowers, which grow well in one part of the country,
refuse to flower or give seed, or perhaps to grow at all, in others. Thus
it has been with the Celery which, growing luxuriantly in Sinde,
fails altogethel » in spite of cvery care, in other places; with the
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Strawberry, which, giving an ample and easy crop at Meerut, returns
but little'reward to the cultivator across the river at Delhi; and witk
the Sweet Pea, which grows, but declines to flower or seed, in mayy
parts of Bengal. Many other instances, such as the Cocoanut growing
only within the influence of the sea breeze, &c., will doubtless occur to
the reader.

42.—By analyzing the ashes of such plants, we should ﬁnd the
mineral ingredients of which they consisf, and by. analyzing our soils,
we should find whether they afforded the ingredients in question, or in
what-they were wanting, The.ashes of Vines, Peas, and Clover, contain
a large quantity of Lime, and accardingly they do not flourish in soils
destitute of Lime ; but byapplynﬂguldme to such soils, they are rendered
capable of supporting thage plantsy . . N

-

43.—That the seeds and straw of all plants contain these mineral in-
gredients of the soil, will be seen by the following Analysis of the ashes
of several of them:

WHEAT. BARLEY. Oars. - Rye, PEas.

Grain. 'St:nw. Grain. [Straw’ |Grain. | Straw. |@rain, |Straw. |Grain. [Straw.

Potash, ... ..| -225| °-020| -278{ -180( -150| -870(}. 539 ‘0B2| -810| <285
Soda, ... ....- '240| 029 *290| °048| -132| °002 Oll| °*739; ......
Lime, .. ..| °096| °240| °160| -554| -086| -152| -122| °178| -058{ 2:730

Magnesia, ...| °690| °0 180 076 ‘022 -044| °012| °136| -342
Alumina, ...| °026| ‘09 ‘025 ‘146 ‘006 | <02412 025 ‘020 060
Iron,... eeeeee | cenee trace, | trace. | ‘014 002 | -042(f 010| -020
Manga.nese, vee | senee ditto, | ditto, [ =020 002 034| eeeenr | cernns ‘007

Silicayay  .oie *400} 2°870| 1°112| 3'856
Sulphuﬂc Acld, ‘050 | <037| ‘059| -118
PhosphoricAcid| ‘040 -170| -210| 160
Chlorine,.., ...| *010{ -030| °019| -070

4588 | -164]| 2297 °410| °996
‘079 <0:3| -170| -053| -387
‘012 +046( °051( °190| -240
‘005] -009( -017] ‘038 -004

In 100 pum}

K
1°777 | 3-518| 2:333 | 5242 5740 1040 l”2‘793 2464 | 4971

44.—The soluble saline matters in soils may sometimes be in excess,
and they are then sometimes seen, when much rain and heat alternate, to
effloresce on the surfaces of leaves, as of carrots, pumpkins, or peas; and
on the other hand they may be defective, when it will, be found that
the seeds, young leaves and buds are appropriating all that there i is,
while the older le;wes, deprived of their share, wither and fall off.

Some Salts in excess are hurtful to plants, as the Sulphate and Pro-
bonde of Iron.

44— The mineral mgredlents of the soil, derived in the first place
from the decomposition of rocks, then absorbed by plants, and con-
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sumed by animals in their food, are again returned to it in the excreta
8f these animals, that is in manures, fo be again assimulated, and
again perform thre circle of operations prescribed f for them by nature.
Tn the excrement of the dog, fed on bones and ﬂesh we have almost
pure white Phosphate of Lime, with scarcely one per cent. of foreign
orgsnic matter. In other animal manures, we obtain from the solid
portions the insoluble Salts, as the Phosphates of Lime and Magnesia,
and in the liquid portion Ammonia (NH,) the source of Nitrogen, and
also the Alkalig, Soda and Potash,¢ ‘and the soluble Phosphates and
Sulphates. ' .
© 46.—It is a most curious fact, Liebig says, that if We incinerate
grain or its flour, peas, beans, and lentils, we obtain ashes which are
distinguished from the ashes of all other parts dfpvegetables by the
absence of alkaline Carbonates. They contain the alkaline Plzosphates,
the very same Salts which are contained in blood, and indispensable to
its formation. Hence we are led to the conclusion that the presence
and co-operation of the Phosphates is absolutely necessary to the
formation of the cereal food of man and animals. A field in which
Phosphate of Lime or the alkaline Phosphates, form no part of the
soil, is totally incapable of proddcing grain, .peas, or beans, says
Licbig. -

47.—Moreover, “ the solid and liquid excreta of an animal have
the highest value, as manure for those plants on which the animal
has been fed. Thus the excrements of pigs which we have fed
with peas and potatoes, arc principally suited for manpring arops
of potatoes and peas. In feeding a cow upon hay and turnips
we obtain a manure containing the inorganic elements of grasses and
turrrips, and which is therefore preferable for manuring turnips. The
excrement of pligeons contains the mineral elements of grain ; that of
rabbits, the elements of herbs and kitchen vegetables. The fluid and
solid excrements of man, however, contain the mineral elements of
grain and seeds in the greatest quantity.

48.—Besides the foregoing necessities for the growth of vegetation
in a chemical anth mechanical point of view, there is one more, namely,
the quantity of CarBonic Acid and Ammonia, or Nitrogen, which can
be placed within its reach, and which is just as important a considera-
tion as the others.

,49.—The atmosphere affords an inexhaustible source of Carbonic

Acid ; rain water also contains both Carbonic Acid and Ammonia,
. D2 .
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but the chief supply is derived from decaying manure or humus, both
of Ammonia and of Carbonic Acid. '

50.—Carbonig Acid (CO,) is absorbed by the leaves of plants frqm
the air. The Carbon is assimilated by them in their woody and leafy
tissues, the Oxygen is released, but perhaps its greatest importance with
regard do vegetation is due to its solvent power. Thus Lime might
exist as the insoluble Carbonate, and be useless as far as appropriation
and nourishment to a plant were concerned ; but if Carbonic Acid were
afforded, and the Bi-carbonate thus created which is soluble, the Salt
could then be absorbed into the plant by tke spongioles of the roots.
It is the sarthe with the other saline or mineral ingredients of the
soil. ‘ .

51.—Nitrogen isgderived from Ammonia.in the atmosphere, and
from Carbonate of Ammonia, in decaying organic matters. It is a
most important ingredient in the formation of all food, and of the blood
of the animal frame. For every 100 parts of Carbonic Acid absorbed
by the surface of the leaves, the plant receives from the atmosphere
somewhat more than one part of Ammonia.

52.—The chief function of decaying manure, is to afford Ammonia
and Carbonic Acid, which, either bythemselves or acting as solvents for
the mineral portions of the soil, supply nourishment. The constituent
parts of Ammonia (NHj) are Nitrogen and Hydrogen, and of Carbonic
Acid (CO,) Carbon and Oxygen, and accordingly we find, by the
ultimate Analysis of %he chief ingredients of manures, that these are
contained in the following quantities :

CarBon. [HYDBOGEN.| OxyGEN. | NITROGEN. | ASHES.
0ats, ...ccceeeiirnivoanee 507 64 36°7 2.9 40
Wheat Straw, ......... 484 53 389 04 70
Potatoes, ....ceee.eenee 440 58 447 15 40
Turnips, ..ccovvereenennsen 429 55 42-3 17 76
H&y, eosassons o esesesses 458 b0 387 15 90
Pea Straw,..cceoceeense. 458 50 356 2:3 113
Ox-blead, ...c. ceeneenns 5196 728 21-30 1507 442
Solid Cow Manure, ... 440 584 3417 . 859 12:40
Ditto Horse ditto,...... 387 51 877 | ° 22 168
Mixed ditto fermented, 358 42 258 2:0 322

That they also supply the mineral ingredients as well as the chemj-
cal salts, formed by the combination of the above elements, with the
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bases of the various inorganic substances, may be seen, from the
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£ ollowing table : .
2 .
* UsINE. Boxas. Duxa. Uzing. | PraT.
. i | s
" | & &
2 | g . .| 8 S A ] & 3
[] :.é’ g =, § g Gl
FlE|5|: s i)k s

Phosphate of Magnesia, ...
Fluoride, ...}
Phosohate,... |
Oxulate, ... yLime, ......
Carbonate, ... J
Bulphate, ...
Elements of

Uren, ..
Phosphate,...
Muriate, ...  Ammonia,..
Other Balts,
Carbonate,...
Ozalate, ...J
Sulphate, ...
Muriate, ... } Potash,
Carbonate,..

Eurthy matter, Silica, &c.,

Animaul substunces with a
little Iron and Water, }

Cartilage or Gelatine, ....

Phosphate of Iron, ......... .

eesnoe

T
oy

2:12
62:11
i35
1225

sesnse

oreene
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SECTION 11
ANIMAL ECONOMY.

1.—Having considered the nature of the soil and of manures, as well
as that of the growth of the soil or food, let us now consider the nature
of the animal economy to which these are suhservient.

2.—Therecare two species of nourishment supplied to the human
frame. One thé¢ food we eat, the other the air we breathe. The con-
stituents of the first are chiefly Carbon, Hydrogen and Nitrogen. Of
the second, the constitution is Nitrogen 79, Oxygen 21, and a small
variable quantity, from 1555 t0 5555, of Carbonic Acid, besides a small
quantity of Ammonia, and mere traces of combustible gases.

3.—The heart is the main-spring of life, and acts upon the blood,
which it propels through the lungs. The lungs, as the scene of the
respiratory process, consist of an arborescent ramification of tubes, which
become continually smaller, the last, twigs of which end in minute sacs
or bladders, called air cells. By the bronchi and trachea they commu-
nicate with the cavities of the mouth and nose. The walls of the air
cells are penetrated by a close net-work of very minute blood-vessels, so
that the air in the cel®}is only separated from the blood by a membrane
excessively thin, and with the blood in these vessels, the air comes into
immediate contact through the fluid, which, proceeding from the blood,
moistens the walls of the blood-vessels.

4.—Thus an immepyse surface of the venous blood which, in its  cir-
culation through the remotest parts of the human frame, has become
vitiated and of a dark nearly black-red colour, is brought into contact
with the respired air, and a combination takes place between their res-
pective constituents. The Carbon and Hydrogen of the blood combine
with the Oxygen of the air, forming respectively Carbonic Acid
(€O, ) and water ( HO ) which arc thrown off by the lungs and skip.

5.— As the combination of a combustible substance, such as Carbon or
Hydrogen, with Oxygen, is under all circumstances the cause of heat,
there arises hence the animal heat which pervades the frame, and is of
such consequence to life, and where this process of combination is rapid,
i. 6., where respiration is quick, more heat is developed, and more
Carbon an%;l—l ydrogen consumed. .



Sec’ IL] - + PRACTICAL APPLICATION. 215

. As no part of the Oxygen taken into the system of an animal is
diven off in any other form than combined with Carbon or Hydrogen,
and as in a state of health the Carbon and Hydrogen o given off are
rep]aced by those elements in the food, it is evident that the #mount
of nourishment required by an animal for its support, must be in a
direct ratio with the quantity of Oxygen taken into its system by the
lungs.

6.—It is ascertained that in all climates the temperature of the body
of man remains the same, that is, the blood of the inhabitant of the
arctic circle has a temperature as high as that of the native of the
South. But the animal body is a heated mass, which béars the same
relation to surrounding objects as any other heated mass. It receives
heat when the surrounding objects are hotter, it loses heat when they
are colder than itself.
7.—If, owing to external circumstances, it parts with much of its heat,

this must be compensated by increased mutual action between the
lungs and blood. And it is so accordingly we find in the fact, that the
fruits used by inhabitants of Southern climes, who live in a warm
atmosphere, and whose respiration is comparatively slow, do not contain
in a fresh state more than 12 per cent. Carbon, while the blubber and
train oil, which fecd the inhabitants of Polar regions, contain 66 to 80
per cent. of that element. In like manner, it is obvious that the amount
of heat created or liberated in the system, must increase or diminish
with the quantity of Oxygen introduced in equal times by respiration.
"Those animals, therefore, which respire frequently, and consequently
consume much Oxygen, possess a higher temperature than others, which,

" with a body of equal size to be heated, take into the system less Oxy-
gen. The temperature of a child (102°) is higher than that of an
adult (99'5). That of birds (104° to 105°4) is higher than that of
quadrupeds (985 to 100°4) or than that of fishes or amphibia, whose
proper temperature is from 27 to 3'6 higher than that of the medium
in which tl'ley live.

" 8.—We may thus observe the different manner in which the con-
stitution is affeeted in a hot, compared with a cold, climate. Where the |,
air is warmer, and “less dense, it contains less Oxygen. It also con-
tains more aqueous vapour, which occupies the place of what in a
colder temperature would be air. Therefore, on the whole', an equal
volume of air in frosty weather contains more Oxygen than in summer,
and hence the exhausting heat of tropical climates, the number and
deptheof the respirations in a cold being both increased. Hence also
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the diminished desire or necessity for solid food in a hot climate; the
+ aid derived from even moderate exercise, or exposure to the open air in
a carriage or onthe deck of a ship, which, by increasing the loss of hest,
compe‘ls us to eat more than usual, and stimulates-the respiration.

9.—When the food is not properly digested or assimilated, so as to
supply the necessary Carbon and Hydrogen to the blood, these mute-
rials have to be supplied from other sources, to meet the requirements
of the Oxygen takdn in by the lungs, and emaciation from consumption
of the tissues and muscles of the system, takes place.

10.—Intimately dependant on the action of the intestines, are those
of the liver and kidneys. In the lower orders of creation, the size of
the liver is in an inverse ratio to the undeveloped or imperfectly
developed organs of respiration ; and even in the higher classes of
animals, a small lung usually corresponds to a large liver in healthy
individuals. The liver roughly sketched is the magazine for the mat-
ters destined for respiration: it is the workshop in which they receive
the shape and quality fitted for the production of animal heat. The
liver is small, with a large well-developed lung. The quicker and more
perfectly the fuel is consumed, the less of it accumulates in the maga-
zine for fuel, the size of which has he most definite relation to the
rapidity of the consumption. If the lungs do not act with sufficient
power to throw off all the Carbon of the system, additional work is
thrown upon the liver.yy Hence a cause of diseased liver.

11.—The kidneys, in like manner, it is well known by experienced
physicians, are the regulators of the respiratory process. The lower
intestine is an organ of secretion—the chimney of the organism. The
constituents of the excreta are, as it were, the soot separated from the
blood by this intesting while the urine contains those constituents
of the smoke, so to speak, which are soluble in water or in alkaline
or acid liquids. The urine of the horse and cow, moreover, contains
a substance in considerable quantity which, when acted on by, acids,
yields a pitchy matter, quite similar in its aspect to tar; and as
the most remarkable product, Carbonic Acid, or Hydrated 'Oxide of
Phenyle, the chief ingredient of common wood, tar, and of creosote..
This shows that the illustration of the furnace is a “true one, since we
actually obtain, as the products of imperfect oxidation or combustion in
the body, substances which are formed by the imperfect oxidation or
combustion of organic matter in furnaces. . ‘

12.—TIt being evident, then, how important to health is a proper per-
formance of the process of combustion in the system between the air
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taken into the lungs and the blood,(or in other words the food taken
ito the stomach), it becomes evidently of the highest importdnce, that
bo&h air and food should be of the best quality, or of that quahty best
adapted to the objecta for which they are destined.

13.—Let us consider Air first. It is composed, in its ordinary state,
by wlume as before stated, of 79 Nitrogen, 21 (or more accurately 20-9)
of Oxygen, about 555 of Carbonic Acid, (or by weight 75 of Car-
bonic Acid in 1000 parts by weight of air) and a tMice of Ammonia.
When expired from the human lungs, however, it is found to contain
from 35 to 5, and even as far in very deep respiration as 9 volumes
per hundred of Carbonic Acid, and from 165 and 15 in the former to
11°5 and 11 volumes of Oxygen in 100 parts in the latter case. The
amount of Oxygen is, therefore, diminished to the extent of } or %,
while the @arbonic Acid is increased above 100 times by respira.tion.

14.—In a state of rest we may reckon the number of respirations
of a human being per minute as 15, at each of which he expires 30
to 31 cubic inches of air. In the 24 hours this would amount to
15 x 60 x 24 x 30 = 380 cubic feet, which, at 5 per cent. of Car-
bonic Acid, would give the amount of Carbonate Acid expired by one
person in 24 hours as 19 cubic feets

1t is not émpossible to breathe again air in this state of vitiation, and
the amount of Carbonic Acid in it may even be increased to 10 per
cent., but not beyond this without death emsuing. But as far as
personal comfort is concerned, 1 per cent. of Carbonic Acid even, is
appreciated sensibly, and causes uneasiness. In general the percentage
of Carbonic Acid diminishes when the respirations are quick, but the
whole amount of Carbonic Acid expired in a given time is much
gregter. 'Thus it is scen that both deeper and more rapid respiration
separate in a given time more Carbonic Acid from the blood, or cause
a more effectual decarbonization of it, and if more Carbonic Acid is
given off, more Oxygen is received in return. If Carbonic Acid exist
in the air, it presents an obstacle to the separation of that Gas from the
blood and to the absorption of Oxygen. *

, 16.—The livigg in low situations, in which the air is stagnant ; in
damp places, where Carbonic Acid is produced by decay, or in air
saturated with moisture at a high temperature, has long been recog-
nized by physicians as the proximate cause of many diseases. In
sleeping rooms where plants grow, which during the night absorb
Oxygen and give out Carbonic Acid, in close rooms in which combustion
goes qn without ventilation, or in over-crowded rooms and barracks, the
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air acquires the composition of expired air, and the respiratory process
is thus essentially endangered. The altered state of the air froth
respiration may. be shown in a lighted room by the elongation ¢of
the flame of a candle and by its burning dimly. ~ In a closed space, 8
feet high, 9 long and 8 wide, a man could not breathe for 24 hours
without uneasiness. At the end of that time, the air would havé the
composition of expired air, and if the person remained longer in the
same air, a morbid state, and ﬁnally death, would ensue. 8 x 8 x 9
gives 576, or say 600 cubic feet for one person.

16.—In the Hall of the Chamber of Deputies at Parls, which has a
cubical conten of 180,000 feet, M. Leblanc found that, when 600
persons were present, and with a ventilation of 396,000 cubic feet per
hour, the air flowing out contained, notwithstanding, one part of Carbo-
nic Acid by weight in 400, which is 24 or 3 times more thau i§ contained
in pure air, (viz., *75 in 1000.) This gives the ventilation of 660 cubic
feet per individual per hour; and if this had been rendered efficient, it
should have been 660 x 2} = 1,650 cubic feet per hour for each
person.

Suppose that each of those 600 persons had during 24 hours expired
19 cubic feet of Carbonic Acid, as before stated ; and that the air were
required to be kept at its full state of purity, or 1 in 2,000 by volume.
Then 600 x 19 x 2,000 = 22,800,000, the total amount of ventila-
tion which would be myquired in 24 hours, or 22,800,000 + 600 —~ 24
= 1,584 cubic feet per hour for each person.

(This nearly corresponds with the foregoing calculation—Liebig,
notwithstanding says, that 216 cubic fect per hour of pure air for every
adult, is a proper supply, but that it is usual to allow one-half more. In
all 324 cubic feet only for each person.) ©

17.—The means employed by Chemists to determine the quantity of
the constituents of Air, are very simple. Hydrated Potash, or Caustic
Potash, absorbs more than 100 times its volume of Carbonic Acid, and it
is easy to see that the increase of weight in a tube filled with Potash,
thrdugh which we conduct slowly a cubic foot of dry air, informs us

. exactly how much Carbonic Acid this cubic foot of air ¢ontained. Just
as Carbonic Acid is absorbed by Potash, Oxygen is*absorbed by red-hot
Copper ; and if we cause a cubic foot of dry air, purified from Carbonic
Acid, to pass through a red-hot tube filled with Copper turnings, all the
Oxygen remains with the Copper, and the gain of weight of the tubg
gives exactly the amount of Oxygen in this cubic foot of air, the total
weight of which is also known. .
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» _ Or it may be done thus:—If we Introduce into a glass tubo, closed at
the upper end, graduated in equal divisions, and ﬁlled with dry expired
aif, the lower open end being immersed in Mercury, about .};th of the
volume of the air of strong solution of Potash, the volume of the air
instantly diminishes, the Carbonic Acid present being absorbed by
the *Potash. If now we add to the Potash a concentrated Solution
of Pyrogallic Acid, about i, the volume of the Potash, the mixture
absorbs the Oxygen as rapidly as red-hot Copper does ; the volume
again diminishas to a degree exactly corresponding with the amount of
Oxygen present; and thé residue is Nitrogen.

18.—Thus much for Air and its purity. Next as to Faod. The con-
stituents of the food, consumed by men and by animals, may be divided
into three classos, viz.—1st.—The plastic materials, or those which
go to the formation of bones, muscle, &c., also called « sanguigenous”
and ¢ nitrogenous ?”

2ndly.—The non-nitrogenous, or those which furnish the materials
for respiration in the blood, Carbon and Hydrogen.

3rdly.—The incombustible constituents, or the salts of the blood,
which are necessary to render the two former digestible, and thus con-~
ducive to their respective ends.  *

The substances called ¢ plastic” are six, viz.—

1. Animal Albumen,

2, » Fibrine,

3. ’ Caseine,

4. Vegetable Albumen,
5. s Fibrine,
6. s Caseine,

and from these Nitrogeno-sulphurized substances in the process of nutri-
tion, the chief constituent of the blood, and in the vital process all the
tissues of the animal body, are formed.

19.—If the growth or increase of mass in the animal body, the
development of its organs, and their re-production proceed from the
blood, that is the constituent parts of the blood, only those subatances
¢an serve thes® purposes which contain the elements of blood in a
form, and with qualities such that they can be converted or transformed
into blood.

20.— Blood, or, the serum of blood, coagulates when heated and the
cnagulating substance is the albumen of blood, Animal Albumen. An.
exactly similar substance, except that it contains a little more Sulphur,
is the Well-known Albumen or white of an egg, which coagulates also

E 2
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on heating. Both contain Sulphur and Nitrogen. For every equiva-
lent of the latter both contain eight equivalents of Carbon, and thcs'
also agree in their quantity of Hydrogen. .~
21.—If we reflect on the important office of the Albumen in an egg
from which, by the influence df heat, and Oxygen penetrating through
the pores of the shell, all the parts of the animal body, feathers, cluws,
fibrine, membranes, cells, blood, corpuscules, the material of the blood-
" vessels and nerves and bones, are developed, it will become obvious that
Albumen is the foundation, the starting point, of the whole series of
peculiar tissues, which constitute those organs’which are the seat of all
vital actions. ',

Albumen is a constituent of the brair and of the nerves, of the liver,
kidneys, spleen, and all glands. The continuance of life is indissolubly
connected with its presence in the blood, that is in the nutrient fluid.
Strictly speaking, only those substances are nutritious articles of food
which contain either albumen, or a substance capable of being converted
into albumen.® ¢

22.—Looking at alimentary substances from this point of view, we
obtain a knowledge of a natural law of the most admirable simplicity.

Flesh, the most nutritive of all kinds of food, has been found by
Chemical Analysis to contain the same elements in the same propor-
tion as the Albumen of blood. These two bodies stand to each other
in the same rclation ¥s fresh albumen and coagulated albumen. In
composition Fibrine is nothing more than Albumen of blood solidified
and in an organized form. The difference, if any, is so minute, that an
analysis of the muscular fibre does not differ more from one of albumen
of blood than two analyses of the latter body do from each other.

In flesh, therefore, we have one of the first conditions for the produc-
tion of blood. A fact which may also be confirmed by our knowledge
of the nutritive process in carnivora and by a simple experiment, viz.,
the decomposition of muscular fibre when left exposed to the air and
covered with water, under which circumstances it coagulates into a
white éolid mass, identical in all its properties with the coagulated

. Albumen of blood. o

23.— Animal Caseine is the curd obtained from' Milk. Milk, when
fresh, is alkaline, as may be shown by its restoring the color of red-
dened Litmus Paper. In this state the Caseine is held in solution by
the free Alkalis and Alkaline Phosphates in it, but when an Acid ig

* Nore.—The most delicate tests for Albumen are the Perchloride of Mercury or Cor-
rosivé Sublimate (Hg, Cl,) and Ferro.cyanide of Potassium (Kefy.) )

L
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added (as rennet) neutralizing the Alkali, the caseine is separated n its
*naturally insoluble state. ‘
. ® 24.—Caseine is, in its properties, distinct from, Albumen and JFibrine.
It may be héated to boiling without coagulating, It is easily coa-
gulated in the cold by dilute Acetic Acid, and when separated, its
thitk flocculent masses, after boiling with water, dissolve witlt extreme
facility . in weak alkaline liquids; a property by which Cascine is
very essentially distinguished from coagulated Albumen and mus-
cular fibre. It contains, like Albumen, however, Sulphur and Nitro-
gen; and the absence’ of every other nitrogenous compound in
Milk, renders it perfectly certain that from Caseine algne, the chief con-
stituent of the yotng animals blood, as well as its muscular fibres,
membranes, &c. are formed in the first stage of its life. ’

25.—From the foregoing we can understand the process of nutri-
tion of the carnivora and of the sucking young of mammalia. The
carnivora live on the flesh and blood of those amimals which live on
grass and grain. This nourishment is, in its chief constituent, identical
with the chief constituent of tho blood of the carnivorous female, from
which its organs are developed; and its young derive their blood
directly from herself. '

6.—The process of graminivorous animals, however, appears at

first sight very different. Their food consists of vegetables, which, in
form and quality, have not the smallest resemblance to milk and flesh.
It has been proved that all such parts of plants as serve for food to
animals contain certain constituents, easily distinguished from others by
burning with the smell of burnt wool. It is found that animals require
for their support less of any vegetable food in proportion as it is richer
in’these peculiar matters, and that they cannot be nourished by vegeta-
bles in which these matters are absent.

27—These important products of vegetation are especially abundant
in the segls of the different kinds of grain, and of peas, beans and
lentils; in the roots and juices of @hat are commonly called vegetables;
they exist, however, in all plants without exception, and in every part
of plants, in lattrer or smaller quantity. They may be reduced to the
three following easily distingnishable substances.

28.—When the newly-expressed juices of vegetables are allowed to
stand, a separation takes place in a few minutes. A gelatinous precipi-
tate, commonly of a green tinge, is deposited, and this, when acted on by
liquids which remove the coloring matter, leaves a greyish white sub-
stanct, well known to druggists as the deposit from vegetable juices.
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The Jmce of grasses is especially rich in this constituent, but it i8 most
abundant in the seegs of wheat and of the cerealia generally It may
be obtained from wheat flour by a mechanical operation in tolerabdz,
punty, by tying up some flour in a small linen<bag, and repeatedly
washing till the water is no longer colored white. The substance
remaining is called *gluten,” but the glutinous property belongs in
part to an oily substance present in a small quantity. Its appearance
is somewhat similar to masticated India-rubber. It corresponds to
Animal Fibrine. .

29.—The second nitrogenized substance remains dissolved in the
juice after the separation of the Fibrine. When the clarified juice of
nutritious vegetables, such as cauliflowes, asparagns? mangel wurzel, or
turnips, is made to boil, a coagulum is formed, which it is absolutely
impossible to distinguish from the substance which separates as coagu-
lum, when the serum of blood, or the white of an egg diluted with
water, are heated #to the boiling pomt This corresponds with the
Albumen.

30.—The third of these important vegetable prmcxples, is chiefly
found in the seeds of peas, beans, lentils, and similar leguminous seeds.
It may be extracted from their meal by cold water and kept in solution.
In this solution it resembles the others, but is distinguished from them
in this, that its solution is not coagulated by heat. When the solution
is heated or evaporate®, a skin forms on its surface, and the addition
of an acid causes a coagulum, just as in animal milk with Caseine.

31.—The Analysis of these three vegetable principles has led to the
interesting result that they all three contain Sulphur and Nitrogen, and
the other constituents in the same proportion, and what is still more
remarkable, that they are identical in composition with Albumen, con-
taining the same elements, in the same proportion as that chief consti-
tuent of the blood.

32.—How admirably simple, says Liebig, after we have acquired a
knowledge of this relation between fhnts and animals, appears to us the
process, of formation of the animal body, the origin of its blood and of
its organs. From Carbonic Acid, Water, and Ammonia, that is from the
constituents of the atmosphere with the addition of Sulphur and of cer-
tain constituents of the crust of the earth, plants produce the blood of ani-
mals; for the carnivora consume, in the blood and flesh of the herbivora
strictly speaking, only the, vegetable substances on which the latter have
fed. It.is obvious that the animal organism produces its blood only
in regard to the form of that fluid, and that nature has denied to it
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the power of creating blood out of* any other substances, save such as
dre identical in all essential points with Albumen, thg chief constituent
'oﬁ blood. . .

33.—If we compare the three nitrogeno-sulphurized vegetable pro-
ducts with the Fibrine of flesh, the Albumen of blood, and the Cascine
of Milk, on reference to their physical character, we find that the
gluten of wheat flour has the closest resemblance to the Fibrine
of flesh; that that constituent of vegetable juices which is coagu-
lated by heat i3 absolutely not distinguishable from the Albumen of
blood ; and lastly, that the chief constituent of the seeds of the legu-
minoske agrees, in all its propertics and behaviour, yvith the Cascine
of Milk. .

34.—Thesc different substances, whether of animal or vegetable
origin, yield in processes of oxidation the same products; a fact which
chemistry regards as a proof that their elements are also arranged in
the same way. When such compounds are acted on by strong Potash,
a part of thejgSulphur is taken up by the Potash, and the Alkaline solu-
tion, by the hsence of Sulphuret of Potassium, acquires the property
of forming when a drop of solution of Sugar of Lead (Acctate of Lead)
is added, an inky fluid colored by the Sulphide of Lead.

35.—There is indeed no part of an organ possessing a form or

_ structare of its own, the clements of which are not derived from the

Albumen of the blood. All organised tissues in the body contain a cer-
tain amount of Nitrogen. Many of the physical properties of the
organs or tissues, it istrue, depend on the presence of their non-nitroge-
nous constituents, viz., of water and fat. But in thesc parts water and
fat are only mechanically absorbed as in a sponge, or enclosed in drops
as fat is in cells, and they may be removed by mechanical pressure or
by solvents, without in the least affecting the structure of the parts.
They do not, thercfore, belong to the plastic constituents of the body, or
of the food.

36.—The Plastic materials are? distinguished by the Nitrogen and
Sulphur they contain, but the food of all animals contains, besides, a
certain amountef substances devoid of Nitrogen and of Sulphur, viz.,
the non-nitrogenous” or respiratory Sugar of Milk, which may be ob-
tained from the whey of milk by evaporation, and which of cqurse forms
an essential part of the food of carnivora, has very analogous sub-
stances in the food of the herbivora, viz., starch, cane and grape sugar,

gum, &c. These are non-nitrogenous, so also are the fat in flesh and in
milk in the shape of butter,
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37.—A wmost universally diffused* substance in the vegetable kma—
dom, and in the food of the herbivora which, in the process of their nu-
trition, plays the samg important part as Milk Sugar does in that of the
carnivora, is Starch, which appears at first sight the most remote fromn
Milk Sugar in its properties. If potatoss, unripe apples, or pears, chest-
nuts, acbrns, radishes, arrow-root, the pith of certain palms, wheat®and
other grains, be rubbed down, and the _paste washed with water on a
fine sieve, the white and turbid fluid which passes through deposits Starch
in the form of a snow-white very fine powder. .

38.—Sweet fruits and vegetable juices owe their sweet taste to three
kinds of sugm’, of which two are crystallizable, while the third is always
soft or of syrupy consistence. This last kind occurs in most fruits.
The other two are Grape and Cane sugar. Beet-root and Carrots contain
the same kind of Sugar, as the juice of the sugar-cane. Honey con-
tains the same kind as Grapes.

39.—Dried Grape Sugar has the same composition as crystallized
Milk Sugar; and in its «action on metallic oxides, suclw as Oxide of
Silver, Oxide of Copper and Peroxide of Iron, and on It:*go as well as
in other propertics, it agrees exactly with Milk Sugar.

The formula for Milk Sugar is C}, H,, O,,, that of Cane Sugar is
C,. H,, O,,, the difference being merely one equivalent of water
HO, but by contact with ferments or acids it takes up into its com-
position this one equglalent of water, and passes readily into Grape
Sugar.

40.—In like manner Starch, Paste or Jelly, when mixed with a hot
infusion of malt, becomes at once fluid, and after forming a substance like
gum, called dextrine, becomes finally entirely changed into Grape Sugar.
A similar conversion of Starch is effected by the saliva, during' the
process of digestion, and it is transformed into a substance which, in its
composition and chief propertics, agrees with Sugar of Milk.

The amount of Starch in the flour of different kinds of grain, in
peas, beans, and potatoes is very large. Wheat and rye flour contain
from 60 to 66 per cent; barley and lentils 40 to 50 ; Maize flour about
78 ; rice as much as 86 ; potatoes (dry) above 70.  «* .

41.—The fat of butter and that of flesh contain Carbon and Hydro-
gen (the respiratory materials) very nearly in the same relative propor-
tion as Starch and the various Sugars. These differ from fat chiefly
in containing more Oxygen. For the same quantity of Carbon, fyt
contains nearly 10 times less Oxygen than Starch, &c., and it is there-
fore easy,by adding Oxygen,to convert in our calculations a' given
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amount of fat into Starch. In thi8 way we find that 10 parts of fat cor-
respond to 24 of Starch, and changing by this rule the fat of butter and
.0f meat into their equivalent proportions of Starch alsé the Milk,Sugar
of Milk into Starch, by deducting from it the extra equivalent of water,
we obtain the following proporthons in general numbers of Plastic to
resdiratory materials in the chief kinds of food : *

Non-nitrogenous or

Plastic. Respiratory, calcu-
} lated as Starch.
Cow's Milk, ... o et e wee e w1 to 3
Human Mllk ver e eee eer eee eesees 1 n
Lentils, Beans and Peas, o i e e 1 »® 23
Wheat, Rye, Barley, Oats, e e 1 " 54
Pota,tm_s, T 1 » from 8 to 11
Rice and Bu(,kwhent, vee e eee eevees 1 » 124
Fat Mutton, “ss  ees  ses  ess s s ses  aes 1 ” 2'\'7'0'
Fat Pork, ... . i v e e e 1 »
Beef, .. v eee e e e e e 1 ” 115
Hare, ... v v h see wee wn eeew 1 » Ofs
Vcal, “se  ase  ess  ses  ses  sas  eer  eee 1 ” Ol'xi')
*

42.—By aflue admixture of these articles, we can obtain a diet of
a composition analogous to that of milk or wheaten bread. By the
addition of fat pork or bacon to péas, &c., of potatocs to beef; of fat
bacon or ham to veal; of rice to mutton, we increase in each case the
proportion of non-nitrogenous matter. The same result is obtained
by the use of fermented liquors, which, when taken with lean flesh and
little bread, yield a diet approaching to milk,and with fat meat one
approaching to rice or potatoes in the relative proportions of plastic and
non-nitrogenous constituents.
43.—Innumerable obscrvations made during centuries have de-
moitstrated beyond a doubt that different forms of food are extremely
unequal in regard to the production and restoration of the nervous and
mental manifestations in the human frame. That wheat surpasses rye,
that rye surpasses potatoes and rice, and that flesh surpasses all other
food in reference to these effects. Thus a horse fed on potatoes cannot
perform any thing like the same amount of work as one fed on hay
and oats, and tht power of daily labour available in a man may be mea-
sured by the quantity of the plastic or sanguigenous constituents con-
tained in the flesh and bread he consumes. For all the Albumen of the
blood is derived from these, and all the organized tissues of the frame
which in any way manifest force, from the Albumen.
—The diet of the working man should contain for four parts of
non-nitrogenous constituents one part of plastic nutritive matter, for this
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is the relative proportion which nature has herself appointed in the
human nulL so alsg. when a child deprived of the benefit of recexvmg
the negessary supply from the mother is fed on cow’s milk, which com-,
tains a larger proportion of plastic matter ; Milk Sdgar (or Cane Sugar)
should be added to the cow’s milk ; or #When it is fed on flour paste, cow’s
milk should be added, as experience has long ago taught us, in order to
obtain the same effects as from the mothey’s milk. .

45.—Let it now be observed, after noting the difference between
the chemical constitution and the duties of the plastic and the respira-
tory materials, the nitrogeno-sulphurized, and the non-nitrogenous
substances, how ,necessary to the animal economy this distinction
is, and how incapable each is of performing the part allotted to
the other.

46.—Almost all compounds of Nitrogen are, compared with other
bodies, difficultly combustible, and are never regarded as fuel because
when they do burn they develop only a low degrec of heat. Phospho-
rus takes fire at the heat 6f the body, and is easily oxidiged by dilute
Nitric Acid ; but the Phosphuret of Nitrogen, a white body like chalk,
only takes fire at a red heat and in Oxygen gas, but does not continue
to burn, and is not attacked by dilute Nitric Acid. Ammonia (NHj,)
a compound of Nitrogen with Hydrogen, contains in two volumes
three volumes of Hydrogen, but in spite of this large proportion of
an element so inflamggable and combustible, Ammonia cannot be set
fire to by a red-bot body, and even in pure Oxygen it does not con-
tinue to burn.

47.—If we compare, then, the amount of the plastic matters daily
consumed with that of the Oxygen in respired air, consumed in the
same time, we find that the combustible elements of the former ‘are
very far from sufficing to convert into Carbonic Acid and Water the
whole of the Oxygen which has entered the blood. The animal body
takes up far more Oxygen; the horse, for example, five times, the pig
six times as much as would be required for the most perfect combustion
of thes plastic matter in the food. If, therefore, the combustible
elements of the plastic constituents of food, served for the production of
the animal heat, the whole amount of these substances consumed by
the horse in his hay and oats, by the pig in his potatoes, would only
suffice to support their respiratory process, and consequently their
animal heat, in the horse for 4} hours, inthe pig for four hours daily;
or if confined to plastic ﬁ)od they would require to consume ﬁve or
six. times as much of it.
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48.—But the Albumen of the Alkaline blood is hke Nitrogen. Its
Power of combining with Oxygen is very small, compared with that of
the other and non-nitrogenous constituents of the bloqd. Without the
powerful resistance which the nitrogenised constituents of the bolly, in
consequence of their peculiar naggire as compounds of Nitrogen, oppose
beyend all ‘other parts to the action of the air, organic life could
not subsist. If the Albumen of the blood, which is derived from the
plastic portion of the food, possessed in a higher degrce the power of
supporting respiration, it would be utterly unfit for the process of
nutrition. .

49.—As long as the blood contains, besides Albumen, otBer substances
which surpass it in attraction for Oxygen, so long will’ the Oxygen be
unable to exert a destructive action on this, the chief constituent of the
blood ; and the significance of the non-nitrogenous part of the food is
thus made clear. Starch, Sugar and Fat serve to protect the organized
tissucs, and in conscquence of the combination of their elements with
Oxygen to keep up the temperature of the body.

The sulphurized and nitrogenised constituents of food determine the
continuance of the manifestations of force, the non-nitrogenous serve to
produce heat, the former are tho builders of organs and organized
structures and the produacers of force; the latter support the respira-
tory process; they arc malerials for respiration.

50.—We now come to the incombustible constituents or salts of the
blood. Ilitherto it has been shown that certain constituents of seeds,
roots, tubers, herbs, fruits and flesh, have the power of supporting the
processes of nutrition and respiration; and it will appear as a very
striking contradiction when it is stated that no one of these substances
by titself, neither Caseine alone, nor the substance of muscular fibre, the
Albumen of eggs or of the blood, nor the corresponding vegetable pro-
ducts, are able to support the plastic or formative processes, that neither
starch, sugar, nor fat can sustain the process of respiration. Nay, it
may excite still greater astonishment to add, that these substances, even
when mixed, no matter in what proportions, are destitute of the pro-
perty of dmestﬂuhty, without the prescnce of certain other substances;
so much so indeed, that if these other conditions be excluded, the above
named compounds are utterly unable to effect the contmuance of life and
of the vital phenomena.

, 51.—Numerous experiments made upon living animals have proved
this by ending in the death, as from starvation, of the creatures upon
. F 2
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whom the trial was made, who after. a few days refused, even under the
severe pangs of hunaer, to take a food which instinct, at first deceived,
told them was as truly indifferent or useless for the purposes of nut[n-
tion 4s the eating of stones. .

52.—On the other hand it is a fact, confirmed by the experience
of thousands of years, that flesh and bread, either separately or méxed
together, as well as the milk of animals, suffice to support life in full
vigor, without the necessity of adding any other substance whatever;
and hence it follows necessarily that these articles of foq‘d, flesh, bread,
and milk, and likewise the plants or parts of plants consumed by the
herbivorous afiimal, must contain, and in the due proportion, those other
conditions, the presence and co-operation of which is indispensably
necessary for the processes of digestion and nutrition.

53.—These necessary matters, essential to the organic processes,
by the presence of which the plastic constituents of food and the respi-
ratory materials acquire those properties which render them fit and
proper for the support of life, are the incombustible constituents or the
salts of blood. They are of the same nature and quality in all animals,
and omitting such as are accidental or variable, they are Phosphoric
Acid, Alkalies, (Potash and Soda), :Alkaline Earths, (Lime, Magnesia),
Iron, (oxidized), and Common Salt (Chloride of Sodium.)

54.—All these matters before they became parts of the blood, were
constituents of the fogd of man or of the fodder of animals. If then
it be true that these substances take or have taken a necessary and
determining part in converting the constituents of food into constitu-
ents of the body, it follows that no kind of food can sustain life, in
which these substances are wanting; that all kinds of food for man
or animals, which possess full nutritive power, must contain these bodies
in the proportions adapted to the formation of blood, and that we can
deprive the food of its sanguific properties, if we deprive it of these
conditions, indispensable to those peculiar properties.

55.— Analytical Chemistry has furnished the strictest proofs of the
justice, of these conclustons, by showing that turnips, potatoes and the
herbs eaten by the herbivora, contain the same incombustible consti-
tuents as their blood, and very nearly in the same proportion.

The constituents of the ash of the blood of the graminivorous animals
are identical with those ofthe ash of grain; the incombustible constitu-
ents of the blood of men and of such animals as consume a mixed food
are the constituents of the ashes of bread, flesh and vegetables. The
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carnivorous animal contains in ity blood the constituents of the ash of

flesh. .,
. ¢ Asheg of .
Blood of | Blood of )

. S(l:‘:aep(.) (é)x. % | Cabbage. | Turnips. P.OtﬂtoeS-
Phosphoric Acid,...... 1480 | 14043 | 137 | 1418| 1683
Alkalis, ............... 5519 59-97 49-45 520 5544
Alkaline Earths, ...... 4-87 3-64 1408 1358 674
Carbonic Acid, ........ 19-47 18-85 12:42 803 12:00

?
The ashes are calculated in 100 parts after deducting the common

Salt and Iron; the loss or defiliency in 100 parts consists of accidental
constituents, as Sulphuric Acid, Silica, &c.

Ashes of
Blood of Blood of
Dog. Ox flesh. Pig.
Phosphoric Acid, ...vevereinnennenen e derneaes . 36-82 42-03 36-5
Alkalis,  teeievinnierieeeienieen cevennes *eernns 5524 43-95 49-8
Alkaline Earths, .covcvviieiirinirnnene soeen. 2:07 6:17 38
Silicic and Sulphuric Acid, .......evveenne.. 587 785 99
Ashes of
Blood of
. Peas. Fowl. Rye.
Phosphoric Acid, veveeieevecranaiireniensenns 3401 47-26 47-29
Alkalis, covierieiiieiiiieeeieierrtveen e oo 4552 4841 3721
Alkaline Earths, .ccocvienieiiiniicnncaea, s 961 2:22 11-G0
Silicic and Sulphuric Acid, ....coeevuieninns 10-86 2:11 3:90

. 56.—The blgod of all animals has invariably an Alkaline ch;.racter,

arising from the prosence of a free fixed Alkali. Al articles of food
which alone, as bread and flesh, or when mixed with vegetables, are

capable of sustaining the process of sanguification and nutkition, con-

tain Carbonic Acid, or Phosphoric Acid and Alkalis; the two latter

in such proportion, that if we suppose them dissolved, the Alkalis

invarjably predominate.
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57.—This Alkaline condition is not only essential to hfe, as was proved
, in the case where dogs were starvcd to death who were fed on animal
fibrine, or Caseiné, or on flesh Dboiled and pressed out, 7. e., in great
measu’re deprived of fis Alkalis, but on examination an Acid state of
the blood appears to be utterly irreconcileable with the functions which
it has to, perform in the nutritive and respiratory processes. The {ree
Alkali gives to the blood a number of very remarkable properties. By
its means, the chief constituents of the blood are kept in their fluid
state; the extreme facility with which the blood moves through the
minutest vessels is due to the small degree of permeability of the walls
of these vessels for the Alkaline fluid. The free Alkali acts as a
resistance to many causes which, in the absence of the Alkali, would
coagulate the Albumen. The more Alkali the blood contains, the higher
is the temperature at which its Albumen coagulates; and with a certain
amount of Alkali, the blood is no longer coagulated by heat at all. On
the Alkali depends a remarkable property of the blood ; that of dissolv-
ing the Oxides of Iron, which arc ingredients of the coloring matter
of the blood, as well as other metallic Oxides, so as to form perfectly
transparent solutions.
58.—The free Alkali in the blood also exerts a very beneficial effect
on the process of respiration ; a number of organic compounds acquire
by contact with or in presence of a free Alkali, the power of combining
with Oxygen (of burnigg), which alone they do not at all possess at the
ordinary temperature of the air, or at the temperature of the body.
Milk Sugar, and Grape Sugar in presence of a free Alkali, and with
the aid of a gentle heat, deprive even metallic Oxides of their Oxygen.
The Alkalis exert a precisely similar action in the blood ; they promote
and increase the combustibility of the respiratory matters; and if the
Alkaline character of the blood be interfered with by the mixture of
Acids which should have passed off as usual in the urine, a circum-
stance which occurs in cases of inflammation or fever, a change in the
breathing takes place.
59.—The significance, and importance of Phosphoric Acid in the
vital process is obvious, when we remember that this 'Acid is a never
failing ingredient of all the organized structures of.the animal body.
The substance of muscular Fibre, the fibrine of blood, the pulmonary
tissues, the'liver and the kidneys, contain a certain amount of Phospho-~
ric Acid in chemical combination. The ashes or incombustible ingre-
dients of the fluids of the flesh are in all animals of the same nature and
quality. They consist of Alkaline Phosphates, Phosphate of Potash and
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Phosphate of Mag'nesia. The bones of the vertebrata contain more than

half their weight of the Phosphates of Lime and Magnesia.' * The sub- ,
stance of the brain and the nerves contain PhospTlor;c Acid, coupled

“with a fat or with,a fatty Acid, the Phosphoric Acid being pdrtly in

combination with an Alkali,

The Posphoric Acid contained in these

tisgpes is derived from the blood. The blood contains, undey all cir-
cumstances, a certain amount of Phosphoric Acid.

. Ashes of ‘
Free Alkaline ? Tarthy
Pliosphoric, Acid. ! Phosphates. Phosphates.
Horse flesh,...... 2:62 8096 1642
Ox flesh, vevveen. 17 23 4806 2626
Ox brain,...ceeee 16-57 7441 902
Yolk of Egg, ... 3674 27235 347 |

60.—The formation and production of the organized structures
cannot be imagined without an excess of Phosphoric Acid. In com-
paring the ashes of the dlood of lerbivorous, graminivorous, and carni-
vorous animals together, we observe, in the proportion of the Alkalis

to the Phosphoric Acid, most extraordinary differences.

The blood of

the pig and of the dog contain 36 per cent., that of the fowl above 40 per
cent., in that of oxen and sheep not more than from 14 to 16 per cent.
of Phosphoric Acid. But in analysing the imcombustible ingredients
of their flesh, it is impossible to distinguish by any difference of Phos-

phoric Acid that of the ox from that of the pig or dog,

or to say which

aslles have been obtained from the flesh of the carnivorous or of the

herbivorous animal,

61.—The blood carries to all parts of the body the necessary Phos-
phoric Acid, and must, therefore, always contain a certain amount of
that Acid; but the Phosphoric Acid plays no part in sanguification or
in the functions of the blood, because its properties, as an Acid, éntirely
disappear in the excess ‘of Alkali in the blood.

62.—It is not yet discovered what is the exact mode of action of the
Phosphoric Acid in the organic process, and we must for tha present be
satisfied with deducing from its constant presence in all the juices and
erganised tissucs of the body, the conclusion that it is indispensable for

the vital operations.
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In the blood of the herbivora, we find the Alkali in part combined
with Carbonic Acid; in that of the carnivora, we find this Carbonia
Acid represented ariit replaced by Phosphoric Acid, without any alter;lt-
tion oftthe character or functions of the blood. | '

A

, g Human | Calves’ | Shceps
Ashes of Blood. | Blood. | Blood.

Phosphoric Acid,..c.eeceueue woemeereiseens v | B1-787 | 20°145 | 14806
Alkalis and Alkaline Earths, .c.cevecenanes 58993 | 66:578 | 60°576
Carbonit Acid,vereresesrereaencnianenes cereres 3-783 9848 | 19-474

These Analyses show that, as the amount of Phosphoric Acid diminishes,

that of Carbonic Acid increases. ‘

These Acids form with the Alkalis found in the blood, compounds of
the same chemical character, and Liebig points this fact out as one of
the numberless ones which fill, with inexpressible admiration, the soul
of the observer of natural arrangements; namely, that an Alkaline
Carbonate is identical in is propertics with an Alkaline Phosphate.

63.—It is hence easy to understand that if certain functions belong
to the blood which depend on its chemical character, on its Alkaline
quality ; that for these objects, a change of the Acid combined with the
Alkali, the replacement of the Carbonic Acid of the carbonated Alkali
by Phosphoric Acid, and vice versa, has no influence, because it causes
1o alteration of the es®ntial properties of the blood.

64.—We can now, with the greatest ease and certainty, determine
beforehand, from the known composition of the ashes of the food, the
nature and quality of the incombustible constituents of the blood, since
we know that those of the blood are derived from the food, and that
both are identical. '

Vhen the food consists of bread or flesh, which leave in their ashes

no Carbonates, but only Phosphates, the blood contains only Phos-

phates; if we add to the bread or flesh, potatoes or green wegetables,

the blood acquires a certain amount of Alkaline Carbonates; if we

replace'the bread and flesh entirely by fruits, roots, or green vege-

* tables, the blood of man acquires the composition and ‘quality of that
of the ox or sheep.

65.—But although the exchange of Phosphoric and Carbonic Acids
in the blood, when the diet is changed from animal to vegetable,
appears to have no influence on the processes of sanguification, nutri+
tion and production of heat, yet the process of secretion is very
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essentially modified in its form by this exchange. It will not be
mecessary here, however, to pursue the matter further. "Fhe reader
who takes any interest in it will find it followed out, in the
most beautiful and exact chemical detail, by Liebig, into’ many
branches of physiological science, of the most common and daily
ocqurrence and of universal interest, in the book f{rom wHhich
the foregoing imperfect abridgement has been made—his ¢ Letters
on Chemistry”. Whether it be the true theory of boiling meat, or
of bleaching, of vital forces or of making vinegar; of preserving
provisions, soup making, putrefaction, crystallization, fermentation,
clectro-magnetism, decay, digestion or disinfection,>or numerous
other subjects impossible Lere to detail, all are explained in a clear,
concise manner, on the truest scientifié principles, and with a simplicity
of language which cannot fail of affording, particularly to the chemical
reader, the highest gratification.

66.—DBefore we leave the subject however, let us draw a resumé of

the foregoing vital operations of the animal qrganism.

The two principal functions of the animal frame are respiration and
nutrition, and man requires in the latter, that is in his food and drink,
the means of producing force and heat; he thus creates in his body the
resistance which he must oppose to the action of the atmosphere, which
daily takes up a part of his organism, the Carbon and Hydrogen of the
blood, or, failing that, of the tissues.

67.—When there is a want of this internal resistance, as in starva-
tion, the same natural forces, which determine the vital phenomena, act
like a sword, which, gradually but irresistibly, penetrates to the central
point of life and puts an end to its activity. Hence the necessity for
dayy renewal of this resisting power to oppose the natural forces
which incessantly strive to annihilate his existence. In every hour a
portion of our body dics off, and even in the state of perfect health, the
machine after 70 or 80 ycars becomes the prey of the inorganic powers ;
all resistance ceases; the elements of the machine return to the atmos-
phere and to the soil.—* Dust thou art aad unto Dust shalt thou
seturn.” .

68.—At every inspiration a quantity of Oxygen passes to the blood "
in the lungs and unites with its elements; but although the weight
of the Oxygen thus daily entering into the body amounts to’32 or more
ounces, yet the weight of the body is not thereby increased, exactly
as much Oxygen as is imbibed in inspiration passes off in expiration in
the form of Carbonic Acid and Water; so that with every breath the
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amount of Carbon and Hydrogen in the bbdy is dnmlmshed-—-but with
« this exception, all the other substances taken into the body.as food,
may be obtained in the solid and fluid excrements of man and animalg,
69.—Nutritive matters generally divide themselves in their ultimate ¢
analysis into Oxygen, Carbon, Hydrogen, Nitrogen, Sulphur, and the
incombusfible constituents, viz.,, the Alkalis, Potash and Soda; the
Alkaline Earths, Lime and Magnesia, Phosphorlc Acid, Peroxide of
Iron and Silicic Acid.
70.—The office of these is to supply the body with animal warmth
by the combustion of certain parts, Carbon and Hydrogen in the lungs,
and by the absbrption and assimilation of all into the blood* to keep it
supplied with the' necessary plastlc materials for the formation of the
muscular and nervous tissues, the bones, . When this has been per-
formed, the materials pass from the body in the form of the excretaf.
In the process of digestion those constituents of the food, whether com-
bustible or incombustible, which are soluble in Alkaline or slightly Acid
liquids, are dissolved and taken into the circulation. By the action of
the Oxygen absorbed in respiration, the combustible portions are ulti-
matcly burnt, that is oxidized; the non-nitrogenous or respiratory
bodics are converted into Carbonic Acid and Waterf. The plastic sub-
stances into Uric Acid, Hippuric Acid and Urea, and their Sulphur, into
Sulphuric Acid. By mecans of the organs of secretion, the kidneys
and the intestinal canay the above-named products of the organic pro-
cess of combustion and the constituents of the ashes of the food, in so
far as they are untit for further use in the vital operations, are expelled
from the organism. The urine contains the soluble, the focces the inso-
luble constituents of #he ashes of the food.
71.—We obtain daily, in the form of Ureca, all the Nitrogen taken.in
the food buth of the young and of the adult; and further in the urine
the whole amount of the Alkalis, so/uble Phosphates and Sulphates, con-
tained in all the various aliments. In the solid excrements are found a
number of substances taken in the food which have undérgone no
alteration in the digestive organs, all indigestible and insoluble matters
‘such as woody fibre, the green coloring matter of lgaves, wax, &cs

* The whole weight of the blood in an adult man may be taken as 24 lbs,, of which 80
per Cent. is water. '

t The solution formed in the.digestion of food i in the stomach is Acid. The blood isa
Suline and Alkaline fluid.

1.1t reguires 370z. of Oxygen, to convort 13 £, of Carbon into Carbonic Acid.

M&J -
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The other elementary substances taken in the food, go chiefly to the

formation of substances in the blood, from which the various muscular

gnd nervous tissues, bone, secretions of the body, &e. sare supplled

72, —Intimately connccted with this branch of our sub_;ect is the
origin and the effect of Malaria on the human frame.

Malaria is generally found to exist upon level coasts, low plains,
and deep valleys, and hence altitude may be considered an important
consideration with regard to its origin. It also occurs principally, but
n.. entirely, ncar morasses and stagnant lakes. The Roman Campagna,
the plains of Peestum and Puglia and our own Terai, may be mentioned
as instances where, although water is at times abundaﬁt yet at other
times the soil is dry., .

~3.—In like manner it is’ worst at the dry season, although very
deadl, sometimes just after the commencement of heavy rains, and it
is universally found to be more dangerous in the night than in the day
time, so that to go out then, still more to sleep in it, is nearly certain
to bring on an attack. In Italy the criticals epochs are conmsidered to
ve whon dew s falling- therefore at sunrise and sunset.

" £.—The causcs t. which it is attribvted may be considered as three—

«st.—Alt>rat’ ns of ten ~ -ature 1rowt great heat by day to
:old =nd d-w at night.

2nd.— I'he volcanic - haracter of the soil and pestilential gases
due to it, as Caroc..ic Ac d and Sulphuretted Hyarogen.

3rd.—The decomposition of animal and vegetable matter vhich

give rise to an unhealthy aumosphere.

75.—The first cause, viz., great alterations of temperature, is a very
commonly ascribed one in India, nevertheless Professor Schouw in
treating of the Italian Malaria, does not consider this opinion as worthy
of acceptance, because there are many rvegions where the alternations
of heat and cold are greater, but where no illness arises, and although
he allows that these are considerable on the wide plain of the Cam-
pagna, yet he maintains they are still not so great as on the great plain
of Lombardy, at Turin, Milan and Bologna, and at Florence .in the
yalley of the Aeno, where there is a healthy atmosphere. Again the
Malaria exists more con the sea coasts than inland, but it is in the
latter situation that the alternate change from heat to cold would be
greatest. There are other consuleratlons, however, to be held in mind,
such as that the night chill is as much ascribed to exposure to heavy
dews, as to mere cold temperature, as the heat also is to much fatigue or
exposyre tp a tropical sun. Otber exciting causes exist, however, on

) G 2
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the sea coast, where considerable tracts become marshy and pestilential
* from the overﬁowmg, river waters, when these are unable to find a'
ready exit to the cea. .
76.—Again this cause, when combined with others, may not be with-’
out its influence. Supposing a noxious air to be otherwise generated,
it might,ander the influence of a warm air and the atmospheric motion
so created, be kept in circulation or carried about, whereas the reverse
might occur under a cold and stagnant air.

Effluvia from drains is more sensibly felt during the cold than
during the hot months. Perhaps, however, on the whole, diarrheea and
dysentery are the complaints which are attributed to sudden or night
chills rather than fever from miasma.

77.—2nd. The voleanic character of the soil—Noisome Gases, no
doubt, are generated from soils of a volcanic nature, as Carbonic Acid
and Sulphuretted Hydrogen, but numerous instances can be adduc-
ed of places highly and even actively volcanic, yet where no Malaria
exists, owing, no doubt, te there being no dcficiency in ventilation ;
moreover if it were caused by subterranean emissions, it is not very evi-
dent why the illness should be confined to a particular scason of the
year. If it were these gases also, animals, who are as rcadily affected by
them as man, should also be as subject to the fever, which they are not.
On the other hand, as in some degree connected with the subject, it may
be mentioned that Mumboldt says, at some of the monastic establish-
ments in Sonth America, he found epidemic illnesses attributed to the
existence in the neighbourhood of extensive tracts of bare and rocky
ground.

At Delhi a very gencral opinion prevailed that the fever from
which that station suffered, was connected with the close neighbourhvod
of the bare and rocky ridge running immediately behind the canton-
ment.

78.—The third opinion is, however, the one which is most generally
entertained both in Italy and India, viz., that miasma is due to the
decomposition of aninfal and vegetable substances. The Pontine
Marshes abound in water ; the marshes near Viareggis, the Lentinian
morasses, the country round the outlet of the Otbrone and Cesino,
the lagunes of the Adriatic Sea, the embouchure of the Po, the Man-
tuan morasses and the rice fields in the valley of the Po, all offer
examples of unhealthy atmosphere. Places of greater elevation, where
stagnant waters exist, have likewise the Malaria; as the lakes of
Yerugia, of Bolsena, and Fucina. And where on the sea coast the
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salt and fresh waters mingle and keep up, by the rise and, fall of the
dides, a constant state of moisture and stagnation‘ there also a fever-
laden air exists. ",

79.—This view isssupported by the fact that in Italy, as in thé Terai,
the unhealthy atmosphere is connected with the season in which a
high temperature favors decomposition. On the other hand the Roman
Campagna and the great Puglian plain are dry during the summer;
so is great part of the unhealthiest portion of the Terai, which is situ-
ated immedia.tely at the foot of the mountains, where the hill streams,
having penetrated the superficial, loose, gravelly strata, and flowing be-
low, have not yet risen to the surface. Malaria exists h&re as much or
more than it does fugther off, where these streams, having burst out in
great abundance from the soil, in the shape of springs, have formed con-
siderable tracts into swamps.

80.—M. Schouw explains this in Italy thus  that in these plains (the
Roman Campagna, &c.) the noxious vapors do not rise until the pools
of water are quite dried up, and the heat corges to act upon the organic
bodies which lie at the bottom of them. It is ascertained by experi-
ence that noxious air is produced in warm regions by artificially drying
up the lakes. That the effects sof the Malaria increase after the

first rains have fallen is a confirmation of this explanation, since the
organic bodies become more liable to decomposition when they aro
softencd by the rain.” This explanation is, no doubt, partially appli-
cable to Indian experience. Some belicve the sickness to be caused
by organic matter diffused through the air in a very minute state of
sub-division.

81.—The Italian naturalist, M. Brocchi, endeavoured to obtain some
air to analyze from a very unhealthy situation near Rome by condens-
ing it into dew in glasses, artificially conled down by ice. He obtained
two pounds of water in this way, but chemical analysis gave him no
extraordinary results.

M. Schouw appears to lean rather to the view that Sulphuretted
Hydrogen is an exciting cause, but although this may be the casg in the
more volcanic *soils of Italy, it is more probable to arise, in the Terai,
from the existence ih superabundance of Carbonic Acid.

82.—In dense forests like the Terai, evaporation goes on slowly from
the soil beneath the thickly foliaged trees; the air is moist and cold,
gnd less adapted 'to circulation than that air, which, lying over tracts
destitute of wood, becomes strongly heated, and rising perpendicularly,
giveseroom to currents of other air to supply its place.

See. II.]
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The treeg also evaporate copiously in a hot climate, and where this
is joined to much shade, and even darkness, it is highly probable that'
larger quantities. of Carbomc Acid may be thus evolved than in morp
open and airy situations with short nights. Thab there must also be
much vegetable matter in the shape of fallen leaves and rotten branches,
and decaying grass and rushes of great size, all contributing to this,
cannot be doubted. Plants, with a limited atmosphere, are moge liable
to become diseased—their leaves decay, and by their decomposition they
rapidly destroy the Oxygen of the air.

It is a well-known fact in the Terai that the mght is more deadly
than the day ;“that a traveller may pass through the forests in the day
time without incu;'ring harm (provided he does not,vest), but that to pass
at night, still more to sleep there, is sure to induce the fever.

83.—It has also becn found to accord with ecxperience that whereas
a traveller on foot or one in a palankeen will, in all probability, catch
the fever, one on horseback, from being more clevated, has a good
chance of escape, and oneon an elephant will, in all probability, avoid
the fever altogether. With this view all dwellings in the Terai, as those
of the police, are elevated as much as possible. Some travellers have
also asserted that to surround the face with gauze or musquito curtains,
and to smoke constantly, is a preservative. It is to be hoped that some
of those who may have it in their power will obtain some of the air of
the Terai from differengelevations, of 1, 9and 18 feet say, and analyze
them by means of the solutions of Potash and of Pyrogallic Acid, or
of Hydrate of Potash and Oxide of Copper, and thus by ascertaining
the quantities in it of Carbonic Acid and Oxygen, assist in determining
a very interesting question.

84.—In Italy it is @ widely-diffused opinion that the cultivationt of
the soil, and the increasing population of the country, afford defensive
means against the Malaria, and that it gains the upper hand when
agriculture goes to decay, and the population diminishes. This is
corroborated by experience in the Rohilcund districts of the Terai,
where drainage of swarps, cultivation, and increased population, have

diminished the percentage of sickness. o ‘
" At Viareggio, in Italy, the population before 1733 was only 330, one
out of every 15 of whom died annually from the miasmatic pestilence.
By erecting sluices, however, to exclude the salt water and let the fresh
water flow off, and by other improvements, the health of the place hag

been essentially improved, and in 1823 Viareggio numbered 4,267
inhabitants. ’
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At Val di Chiana, also, similar success attended the formation of
% Colmate,” or sluices, which by flooding depressed and swampy tracts °
\ynth the turbid river waters, eventually silted them- up, and by thus
*raising the general level of the country, forced the river to flow into the
sea, without overspreading its banks and causing unwholesome marshes.

85.—Decaying animal matter is by some supposed to be as-injurious
as vegetable matter, but this is probably a mistake, especially where
much moisture or water is not present to aid the formation of the more
fetid gases dcrived from Sulplur, Phosphorus and Hydrogen. If
putrifying animal matter were delcterious, sickness would be more
rife than it is in the villages of India, and especially the ’Punjab, in the
immediate precincts of all of whjch a large heap of such material, consist-
ing of the deceased village cattle, is to be found. Still more would it be
so in military camps which, if standing for any length of time, become
surrounded with a cordon of similar disagreeable matter. But experi-
ence has not found this to be the case, nor would the natives be so
indifferent to this as they are, if it were found decidedly to produce
sickness ; lastly, in dissecting rooms, tanneries, and other places where
animal cffluvia prevail, no ill eftccts result.

86,—In many stations in India'sickness has been attributed to green
vegetation, and orders have been issued to destroy, by cutting down the
annual rank vegetation which springs up chiefly with the rains, and to
trim all trees of what has been considered too luxuriant growth. This
opinion is apparently founded in crror, at least as long as the circulation
of air is not decidedly interfered with. It is known that plants evolve
more Oxygen than they consume. Absorbing the Carbonic Acid of
the air, they appropriate the Carbon and give out the Oxygen, and at
night only, when deprived of light, heat, and probably electricity, do
they absorb the vital principle, Oxygen, and give out the deleterious
Carbonic Acid.

The same vegetation, however, cut down, would, if left to decay,
produce a very different effect. The drying vegetable tissue contains

probably as much as 45 per cent. of Carbon, 4nd 2 per cent. Nitrogen,
both sources of gvil.

87.—A traveller in Ceylon (Mr. Sullivan) mentions in his rambles,
that the tanks, although covered with vegetation, are wholeeome, but that
the rivers are unhealthy. He explains this by saying that the plants
on the former assist in absorbing Carbonic Acid; and the smaller

duckweed, &c., appears to attract the insects, so as to leave other parts
free and pure for drinking purposes.
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The rivers, on the other hand, are,unwholesome, because they carry
down much vegetation, which, on their subsidence, is left to decay.®
Their beds also not being rocky but saudy, the waters do not sweep
away the vegetable matter in suspension, but sinking themselves into’
the soil, leave it on the banks to decay.

88.—This is a subject which has baffled residents in India for many
years, and is even now but little advanced beyond conjecture ; nor is it
likely that we shall ever arrive at any positive results, unless aided by
actual chemical and microscopic analysis,

89. —Dysentery, which it has just been said is frequefntly attributed
to sudden or gleat atmospheric changes between the day and the night,
is also attributed and more frequently fo brackish water and salt pro-
visions.

On this subject it may be well worth while to notice and describe
the very singular circumstances of what Liebig calls the “endosmosis”
of salt in the system.

90.—If we tic over one «opening of a glass tube, 4 to 6 inches long
and about } of an inch wide, with a moist membrane (intestine or
bladder, &c.,) and fill it to 4 with spring water, and then place it in a
glass of the same water, so that the water within and without thegtube
stands at the same level, we observe, even after hours or days, no change
in the level of the two liquids. But if we now add to the water in the
tube closed with bladdeg a few grains of common salt, we shall see after
a few minutes the water in the tube rise above the level of that in the
glass; it moves upwards.

91.—If we now add salt also to the water in the glass, and in such
quantity that the proportion of salt in the two liquids is the same, no
change of level occurs.  But if more salt, in proportion, be added to the
water in the glass, than to that in the tube, the opposite change takes
place ;—the water in the tube sinks, that in the glass rises.

92,—We see from this that the spring water flows towards the saline
water, and the weaker solution of salt towards the stronger; as if forced
by an external pressure # pass through the pores of the membrane in

, opposition to the laws of gravitation. By the mere addjtion of common,

salt to the water, the tube with the bladder acquires the property of a
pump, and sucks up water with a force which, in many cases, is equal
to the pressure of a column of mercury, two to three inches in height.

93.—The same result is obtained with ox blood deprived of its fibrine,

and placed in a glass of warm water; the water flows towards the blood §

and that this is in a great measure due to the salts in the blood, is shown
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by the same results occurring with the liquid obtained by pressure
from blood coagulated by heat, and which contajns common salt and
other salts. » )

" 94.—If a free Alkali,in the form of Carbonate or Phosphate, be added
to the salt solution, the suction power is increased, and if the liquid in
the glass be slightly Acid, while that in the tube is Alkaline; the flow
takes place with the most velocity.

95.—Thus, he observes, in the animal body are united all the condi-
tions for rendering the circulating system, by means of the blood, a
most perfect suction pump, which performs its duties without stop-cocks
or valves, without mechanical pressure, nay without geg'ular canals or
passages for the trangmission of the fluids. The solution formed in the
digestion of food in the stomach is Acid, the blood is a saline or Alkaline
fluid. The whole digestive or intestinal canal is surrounded by a sys-
tem of infinitely ramified blood-vessels in which the blood moves with
great velocity. By means of the urinary apparatus, the water which
has flowed into the blood is immediately filteved off, and the circulating
fluid is thus always kept in the same state of concentration.

96.—We can now easily understand the effects produced on the
organism hy waters containing ditferent proportions of salt.

If we drink pure spring water, it is rapidly passed through the sys-
tem by the kidneys. If we drink water containing about as much salt
as the blood contains (from 75 to 1'0 per cent.) no unusual evacuation’
occurs. It is hardly possible to drink more than three glasses of such
water, a sensation of repletion, pressure, and weight at stomach, indicate
that water, having a percentage of salt cqual to that of the blood,
requires a far longer time for its absorption into the circulation.

97.—Lastly, if we take a solution of salt, the percentage of salt in
which is somewhat higher than in the blood, there occurs the opposite
of absorption, namely purging.

From the foregoing we perceive the evil effects likely to result from
the use of salt or brackish waters, and may also deduce reasons for the
benefits derived from persons suffering from diease so contracted, from
~ sea trip, or even a residence at the sea side, and inhaling the salt |

breezes.
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SECTION IIL
ENGINEERING.

1.—LET us now touch on a few matters of interest to the Engineer,
in that point of view which it has been the object of these pages to
consider, namely, the Chemical. )

None can be more so than Iron. If India could make her own Iron
her progress as aproductive nation would, beyond all doubt, be mar-
vellous, and as the time is not far distant, it is hoped, when every En-
gineer will have to judge of the quality of the Iron of his own district,
the chemical rationale of its manufacture will not be altogether without
interest.

2.—Iron exists in nature principally as the Sesquioxide or Peroxide,
which is the important coristituent of most of our ores; it is also found
as Protoxide, Silicate, Carbonate, &c. With the Oxide of Iron, con-
tained in the ore, are always found a great number of impurities in
chemical and mechanical admixture, so much so that the usual produce
of Iron is not above 30 or 40 per cent. of the weight of ore. These
extraneous substances may be generally represented by the following:

Oxide of Manganese,¥xide of Chromium, Silica (Oxide of Silicon),
Alumina (Oxide of Aluminum,) Phosphorus (or Phosphoric Acid),
Sulphur (or Sulphuric Acid), and Carbonates.

These substances all exist as Oxides, forming bases and acids which
have entered into combination with one another. The object of the ma-
nufacturer is to get rid of all these substances, but more especially to
reduce the Oxide of Iron to pure Iron.

3.—For this purpose the Blast Furnace is used, where the ore is ex-
posed to a high temperature, in order to facilitate chemical action, and a
substance, having a greater affinity for Oxygen than Iron has, is pre-’
sented to it. This is usually effected by the Carbon of common Coal,

. which enters into combination with the Oxygen of the Whole mass, and’
is carried off as a volatile Gas (Carbonic Oxide or Carbonic Acid),
leaving in the furnace the reduced metals and metalloids,

Iron mixed with {Mang.imese, Chromium, Silicon,
Aluminum, Phosphorus, Sulphur. .
4,—1Tt is found, however, that the presence of Carbon alone will not

completely reduce the metals, and that it is necessary to introduce a
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“ flux,” which is Limestonc. This Limestone contains Silicate and Car-
* bonate of Lime. By the action of the heat, the Carbonic Acid is driven®
#ff, leaving a portion of free Lime mixed with Silicate of Lim.e. The

* action of this is highly important in the process of reducing. Its
action is first mechanical, and then chemical. Mechanical, because Iron
and Oxide of Iron are highly infusible, but a Silicate of Lim® is much
more gasily fused ; the latter therefore acts as a flux. It also, by
encircling the iron as it becomes reduced, defends it, by exclusion of the
air, from the tendency to re-oxidize. Chemical, because the free Silica
introduced with the Lime enters into combination with the unreduced
portions of the Oxides of the extrancous metals, while the Lime takes
up any of the Phosphoric or Sulphuric Acids that may also not have
been reduced by the action of the Carbon of the Coal. In short, the
Lime forms a slag or glass with the impurities of the Ore, while the
Coal reduces the Oxide of Iron to its metallic state.

5.—The whole melted mass descending in this state to the bottom of
the furnace, is there drawn off at different levels, owing to the difference
of specific gravity of the Iron (the heavier portion) from the other sub-
stances or slag. The Cast Iron thus obtained in the Pig, is however far
from pure,» It is a Carbide of Irdh, containing from 2 to 5 or 6 per cent
of Carbon in chemical combination, and often some portion in mechani-
cal admixture, together with traces of all the other impurities contain-
ed in the original ore, and those introduced with the Limestonc and
Coal. Almost all Pig Iron that has been analyzed, has been found to
contain the following substances : .

Manganese, Chromium, Silicon, Aluminum, Phosphorus, Sulphur,
and Carbon in large quantities.

*6.—The Carbon enters into chemical combination with the Iron,
giving it its peculiar crystalline appearance, pure Iron being a ductile
uncrystalline substance. Sulphur, Phosphorus, and probably Silica
also, cnter into chemical combination, forming Sulphide, Phosphide
and Silicate of Iron. These are infinitely more injurious to the tenacity
of the Iron even than the Carbon ; Sulphid® and Phosphiderof Iron
+being extremely brittle substances, whereas Carbide, though not nearly.
so strong as pure Iron, is, nevertheless, when not too highly impreg-
nated, a very strong substance; and in some cases, where hardness
and inflexibility alone are required, is superior to pure Iron.

, 7.—Mangancse and other pure metals are probably only in mecha-

nical admixture, but even in that state they interferc with the tenacity

of the Iron, by cutting off the connexion of its particles. Pig Iron is
H 2
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usually, previous to being run into irportant (;astings, re-melted in a
* cupola or air-furnacg, which again further separates it from some of
its impurities, and- by the action of a current of air, oxidizes again a
portion of the Carbon, which passes off as Carbonic Acid Gas, leaving
the Iron still purer.
8.—The next process through which Iron passes before being reducad
to the malleable state (and which, although not general, is made uuse of
by some manufacturers,) is that called  Refining,” being re-melted, and
while in the liquid state lying in thin layers on a flat hearth, a strong
current of air is blown upon it, when by oxidation, a large quantity of
the Carbon is removed, and it is consequently so much the more
quickly reduced by the puddling.” ([This is however not at all
necessary, as the result is obtained, though not so quickly, by « pud-
dling” only, and it is simply a question of convenience and expense,
upon whiclr practical men do not appear to have agreed.
9.—In “ puddling,” the refined or Pig Iron is placed in an oven,
from which the atmospheri¢ air is excluded as much as possible, and
being covered with a certain quantity of iron scales and rust, collected
from the smiths’ forges, the rollers and the other parts of the works,
and the slag pressed from the puddled iron in previous processes,
together with some Limestone, a powerful flame is blown down upon
the whole mass, until it is reduced to a liquid state: it is then stirred
about for some time witlh a bar introduced through a small aperture,
and with the same tempecrature kept up, the Iron at last becomes
solid, and collects in large spungy balls in the liquid slag.
10—These puddle balls are now withdrawn and placed under a
heavy hammer, or press, when the liquid slag contained in the pores
runs out in large quantities: It is then, while hot, passed through 3 ur
4 grooves of rollers, termed * puddlers’ roughing rollers,” and also
through 3 or 4 grooves, termed “puddlers’ finishing rollers,” cach of
which reduces it in size.
11.—It is now termed No. 1, or puddle-bar-wrought iron.
The Iron obtained aftef this process must e‘ridently have undergone
some very important chemical change from the great difference in its
physical character; it is no longer crystalline or orittle, it is tough,
malleable and fibrous, and cannot again be re-melted at the same tem-
perature as i)efore; it also exhibits various other distinctive properties
well known. The Pig Iron when placed in the puddling furnace, is a
Carbide of Iron, containing various other impurities before enumerated,
and-the object of the manufacturer must be to get rid of all extraneous

-
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matter, and obtain the Iron in as high a state of purity as possible: this
'though a very complex chemical change, is performed with considerable*
$uccess in the manner described. The followmg re-actions represent
the changes which take place:
12.—The impurities to be got rid of are usually

Carbon. Silicon. «

Magnesia. Aluminum.

Chromium. * Phosphorus.
Sulphur.

For this purpose the Pig Iron is “boiled” in a fused mass containing
Sesquioxide and Protoxide of Iron, (which are the component parts
of the rust and sgales intrqduced,) and Lime and Silica (from the
Limestone.)

The following is an Analysis of the Iron cinder or slag pressed from
the Iron after coming from the puddling furnace, and which is usually
put into the furnace again with the Pigs.

SilICa, ceveereenerssecnnnesansarseeansons cedvessaraneens 1400
Oxygen, 175

Iron, ... 58'0( Scsquioxide and Protoxide of
e } s

. ——(  Iron, ‘sicereee cocsecniaianes

55
Protoxide of Manganecse, «ecceveecraciensarceriennes 200
Aluming, ... ceecereresnarasiesarerecenssionsarecnrnes 2: 5
Phosphoric Acid, .eeveerniiiesstereniirnnnieniiieee 305
LiN1e, er vercencnranntarontaiacnsnaeecanans . cerencerens 075
Chlorides of Potash and Magnesia, .cccueveeerenes 10
With traces of Copper, Molybdena, Tungsten )

. 075

and Vanadium, eccicovmennnnceienronsocennnns .
100-00

The above is not very different in its general composition from the
usual slag or “ refining cinder” formed bygpxposing fused cast Iron to
the action of the blast, but the presence of 3 metals rarely thet with,
" particularly the last, hitherto found only in one Swedish mine, render
it an alloy of great intcrest.*

.

* This piece of slag was from Mr. Thornicroft’s iron works near Wolverhampton.
oIt runs in a liquid state out of the Iron, when put into the press at a white heat
from the puddling furnace, and is used again as & flux in reducing the Pig Iron to a
Malleable Iron.
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18.—The Oxide of Iron at this temperature gives up its Oxygen to
«all those substances for which it has a greater affinity, forming with the
Carbon, Carbonic Acid, which passes off through the chimney of the,

furnace, with the Sulﬁhur, Sulphurous Acid, which is also evolved,

and with all the other metals their Oxides, which respectively form
Acids or Rases. These have a stronger affinity for Lime and Silica than
they have for Iron, and consequently separate from the Iron, combining
with one or the other. The resulting compounds being fusible at a
lower temperature than pure Iron, remain liquid, while the Iron becomes
solid, and they are mechanically separated from it by being pressed out,
as water from a spunge, under the press and rollers.

The phenomenon of the Iron becoming solid at the same temperature
at which it was before liquid, is easily accounted for by the fact, that
pure Iron cannot be fused at the same time temperature as Carbide of
Iron, and conscquently as soon as the Carbon is driven off, it must
become solid.

14.—In puddling, the workman knows as soon as the operation is
complete by the mass “settling,” that is, the surface ceasing to boil and
bubble, and the Iron as it becomes solid, interfering with the free move-
ment of the stirring bar through the mass. The cause of this bubbling
is the escape of Carbonic Acid, and as soon as that ceases, it indicates
that all the Carbon has disappeared.

15.—These theoreticg] reactions are borne out by the facts of analy-
sis, which prove that the Iron in its passage from the cast to the malle-
able state, has actually experienced the change here represented, malle-
able Iron not being found to contain those extrancous matters which
cast Iron does, or at least in very small quantities, the greatest amount
of Carbon usually found being from a } to % per Cent., and its quality
is exactly regulated by its purity.

16.—The process of rolling has a much more important influence
than might at first sight appear evident, on the quality of the Iron, viz.,
in removing that portion of the slag which it retains after the first
crushing, As the Iron bvmes reduced in temperature, a certain por-

gion of this slag solidifies and is retained, but at each re-hcating, it is again -

liquified and pressed out. So long as any slag can be pressed out from
the Iron, the rolling should be continued. In each portion of this pro-
cess not only is the most carceful manipulation necessary, but it is indis-

pensible that the proportions of all the different substances which sup-

ply the materials for chemical reaction, should be strictly attended to;
The: Goal must be of a certain quality, according to the quality of. tho
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ore it has to reduce; the Limestone must contain differens ingredients

* and in different proportions, according to the number and'proportions’
.of the impurities it has to extract, otherwise the result must be great
Y waste, or a bad quality of Iron.

17.—Although this process is that generally adopted, and generally
found successful, it is by no means always so; in fact in may cases it
has failed to produce Iron at all fit for use, and in a great many cases
has produced very inferior qualities. In many cases Iron ores are
found which, contain impuritics different from those here enumerated,
and which cannot be removed by the ordinary constituents of Limestone
and Coal, and it is a fact, that even at this day ;niﬁes rich in Iron
ore are abandonedy because the most experienced practical men have
failed to reduce the Iron by the ordinary operation; and even under the
most favorable circumstances, every attempt has as yet failed to produce
perfectly pure Iron.

18.—The manufacture of Charcoal and Coke are also subjects inter-
esting to the Engineer. .

Wood Charcoal.—(C56El,,0,,.)—Wood consists of Carbon, Hy-
drogen and Oxygen, the two latter being in the proportion to form
water. When heated in the apen air, it burns completely away,
with the cxception of a small quantity of white ash. But if a slip of
wood be lit, and as it burns introduced slowly into a glass tube closed
at the bottom, so that the flame may continue to burn at the mouth of
the tube, it will be found that a long strip of black Charcoal is left behind.
In this case the supply of air is limited, arnd only the more volatile
ingradients burn away. This experiment illustrates the process of
Charcoal burning, which is as follows :

*19.—A number of billets of wood are built up vertically in two or
three rows into a large conical heap, which is covered over with turf
or moistened Charcoal ash, holes being left at the bottom for the air to
getin. A hollow space is left in the middle of the heap, to serve as a
flue for the gaseous matters which are evolved. The hcap is set on
fire by throwing burning picces of wood into the central opening, near
‘the top of whith, however, a kind of grate, made of billets of wood, is,
placed, to provent the burning fuel from falling at once to the bottom.

20.—The combustion then proceeds gradually from the top to the
bottom, and from the centre to the outside of the heap; "and as the
,central portions burn away, fresh wood is continually thrown in at the
top, so as to keep tho heap quite full.  The appearance of the smoke
shows how the combustion is proceeding ; when it is going on properly
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the smoke is thick and white; if it becomes thin, and especially if a
“blue flame appears, jt is a sign that the wood is burning away too
fast, and the combustion must then be checked, by partially stop-
ping up the holes at the bottom, or by heaping 4resh ashes on the
top and sides, and pressing them down well, so as to diminish the
draught. ¢ ¢
21.—As soon as the combustion is completed, the heap is completely
covered with turf or ashes, and left to cool for two or three days. It
is then taken to pieces, and the portions still hot arc cooled by throwing
water or sand upon them. The quantity of Charcoal thus obtained,
varies with the'mq.nner in which the combustion is conducted, 100
parts of wood yield on the average from ¢1 to 65 parts by measure or
27 parts by weight of Charcoal. 'When the burning is very carcfully
conducted, the quantity may amount to 70 per cent. by measure.
When burned, Charcoal leaves about 1 to 2 per cent. of ash. It has
very great absorptive powers, as has been elsewhere mentioned, one
cubic inch (having about 100 superficial inches of surface) will absorb
and condense 90 cubic inches of Ammoniacal Gas; of Sulphuretted 1y-
drogen 55; 35 of Carbonic Acid; 925 of Oxygen; 75 of Nitrogen
and 1'75 of Hydrogen. . .
22.—In England a large quantity of Charcoal is obtained in the dry
distillation of wood for the preparation of Acetic Acid. ¥or this pur-
pose the wood is heated 8 redness in cast iron cylinders, whereupon a
number of volatile products are given off, including a large quantity
of tarry matter, an inflammable spirit called* Wood Spirit or Wood
Naptha, and Acetic Acid, and in the retorts there remains a quantity of
Charcoal.
23.—Ordinary bituminous Coal, which consists of the remainsof
ancient forests and peat mosses, and appears to have been formed from
wood by a process of slow decay going on without access of air, differs
from wood in containing a larger proportion of Carbon and less Oxy-
gen and Hydrogen, it also contains Nitrogen derived from the tissue of
plants. »This substance “when heated in the open air burns away like
wood, leaving nothing but a white ash, but when strowgly heated in
cast iron cylinders with exclusio of air it undergoes a decomposition
like that which takes place in wood under similar circumstances, a large
quantity of Volatile products being given off, as Carburetted IIydro-
gen Gas (the Gas used for illumination) and a tarry liquid, containing
Ammonia and a variety of other products ; while a black, dull-looking,
porous mass, called Coke, is left in the retorts. .



Sre. HI.] . PRACTICAL APPLICATION. 249

24.—This substance consists mainly of Carbon mixed with a quan-
*tity of inorganic constituents, greater than that which oceurs in Wood *

pharco'xl so that it leaves a larger amount of ash “when burncd. The
Vaspect of Coke varies much according to the kind of Coal from
which it is obtained; bituminous Coals, such as the Newcastle Coal,
undergo a kind of scmifusion before they decomposc, and yield a very
porous, Coke, having a brilliant metallic aspect; Anthracite, on the
contrary, undergoes but little alteration by heating, and yields a Coke
having. very much of the form and aspect of the original mass.

25.—Coke is the fuel used in the Iron districts of Wales and South
Staffordshire for reducing the metal from the ore. It is"there prepared
from the Coal which occurs jp the same districts, by partially burning
that substance in longitudinal heaps, more or less covered up with
the ashes of former fires, the object being to produce a smothered com-
bustion similar to that described as used for the preparation of Wood
Charcoal. This process is very wasteful unless carefully conducted.

26.— Coal.—It seems strange, considering the vast importance of
the subject, that no accurate method of ascertaining the true value of
Coal as a fucl has yet been discovered. Several modes have been
recommengled in various books en’ the subject; but the results show
that there is not one plan which can be fully depended on.

27.—The chief constituents of Coal are Carbon, Oxygen and Hydro-
gen; but it also contains appreciable quantities of Sulphur and Nitrogen,
and a certain proportion of Ash.

An Analysis of one of the best Welsh Coals is as follows :—
Carbon, teertereesrereesssssnesssreesssesessressensns 9071
Hydrogen, weecee cevverencniiescsraniieiininns conee 43

. Oxygen,..... cretesesseneriean PP 1
Nitrogen, ..ceeeve veeeennnns ceseene tienes semmseseenes 12
Sulphur,...ieesnees socrecesnninienieniniiersnreiesenne 05
Ash, BP0 00NN e 000 RRE 0010000000l llanccenitecnatitnee 1.5

. 100
the specific gravity of such a Coal is 1-3 .

28.—1It is by nd means an easy@natter to tell the quality of Coal
by its appearance; we may, however, conclude that when 1t is black
and shining, and has a conchoidal fracture, it is rich in Carbon, as
Anthracite; if it is of a brown colour, and of a soft velvety structure,
it is generally deficient in that element, though probably rich in
Hydrogen.
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29.—Coals are always distinctly stratified, and have a cleavage gene-
<rally at right angles to the plane of deposition—the different laminz of*
which they are «composed are generally in close contact with one
another ; but thin layers of other minerals, such as ¥ron Pyrites, Carbo-
nate and Sulphate of Lime, Galena, Sulphate of Baryta, and the Soda
Salts sometimes occur between the laminz.

Coal occurs in scams of from two inches to 43 feet in .thick-
ness,

30.—The upper and lower parts of the seam are generally of an
inferior quality ; the lower part, which is called Shale, owes its inferiority
to its being mixed with many of the mineral substances which, in ages
past, formed the soil in which the plants of which Cpal is composed had
root and flourished.

The inferiority of the upper part of the scam is usually owing to the
infiltration of water depositing, in the pores of the Coal, earthy parti-
cles from the overlying strata.

31.—It will be sufficientsfor present purposes, if we can ascertain in
any specimens of Coal that may come before us, the quantity and
quality of Cbke, and the quantity of Ash, and this can be effected in the
following manner :

32.— Estimation of Coke—Take a picce of Coal, weighing say one seer,
and place it in a thick earthen vessel or ghurrah, in which a hole about
half an inch in diameterghas been made. This hole should be at first
stopped up with a plugget of Clay ; stop also the mouth of the vessel with
Clay; a piece of metallic piping about half an inch in diameter, must
be inserted through the Clay into the vessel ; fix on to the outward end
of the piping a picce of India rubber tubing, and place the end of the
latter under water. Put the ghurrah on a very brisk fire: after 20
minutes, or after keeping up the heat till no more gas escapes from the
end of the tubing, remove the latter, and close it, or close the hole in the
ghurrah, temporauly with a fresh plugget of Clay. Allow the vessel
now to cool, break open the Clay top, and the residue will be the Coke.
This sheuld be weighed and the percentage ascertained. On cooling,
good Coke splits into long prismatig masses, in some degree rescmbling.
basaltic columns. Its colour is ® steel grey, almost approaching to
Silvery whiteness. If there is an irridescence over the Coke it shows
the presence of much Sulphur, which by no means improves its
value.

The percentage of Coke varies from 35 to 92, and some Coal contains.
0 much earthy matter that it will not Coke at all. -
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33.—To estimate the 4sh. |
* Pound a seer of Coal in a mortar, then place it over a hot fire in an
open earthen vessel, and allow it to burn protected frqm the wind, till
%0 flame or smoke remains, it is then weighed. *

The percentage of Ash varies from 1 to 21.

34.—The composition of the ash of a Coal varies accordipg to the
nature of the rock in the vicinity”of the seam, from which it is
extracted ; the following is aft Analysis of the ash of the Welsh Coal
mentioned ahove.

Silica, cseseeeserenseoranaas cereeresenan veunes crreraees ceerernes 34-2
Alumina and Oxide of Tton, .cccecveeeveereeecrnreenensr 541
Lo, cociee 8 eveemessaeiens cereenes cresens versers 62
Magnesia, ...... ereestretsssesesesietsisecass ceseereensesans 06
Sulphur’s Adid, eoviovenninnnns Ceeeerttettittectens seseea 41
Phosproric Acidyeuuiecosenrsersissieisinciiniiiiisniicnin 8

100

Nearly all Coals bear the names of the places at which they are
mined, but the severa. varieties ma, conveniently be classed under

four headswiz :
Cubical Coal. Slate Coal.
Cannel Coal. Glanc Coal.
and it 55 no Aifficult matter at once to dete=miic to which of the
abovementioned varieties any particular specimen belongs
36.— Cubical Coal is black and shining; easily broken; it occurs
in.Cubical masses. If when ignited it becomes soft and « puffy” it is
valuable as a smithy or forge Coal, but does not do well for a grate, as
it i apt to clog the bars.

Specific Gravity, aeeeeee ceererses o i vererseseneee 12
37.—Slate Coal is dull black, dlfﬁullt to break and separates in

sharp-cdged masses. It usually contains a high percentage of ash, but
is a valuable Coal for open fire places.
Specific Gravity,..oeeeesee cerreennes Crecessesns L SO 13,

* 38.—Cannel *Coal (a corruption of Candle Coal.) Its colour is a
velvety black,with & resinous lustre ; it burns very readily ; and does '
not soil the fingers. It is the best Coal for Gas making, and is in
consequence the most valuable Coal known ; its price being ‘as high as
30 shillings a ton, while ordinary Coal is not more than 8 shillings at
the pit’s mouth.

o Specific Gravity;iieeiesaise eecorteessnsosstenscessssseee 14

12
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39.—Glance Coal, colour blue blagk with metallic lustre. It burns

without flame and i nearly pure Carbon. Anthracite is a species of

Glance Coal.

.
o

Specific Gravity, ...... et seesnsesnne 15

40.— Stone.—In the selection of his materials for building purposes, it
is evident that even a limited acquaintance with the simpler methods of
Analysis, and a knowledge of Greological Chemistry must be of great use
to the Engincer. e will be able more exactly to appreciate the valuc
of his Granites (knowing that even they may decompose), his Trap
Rocks, Sandsfones, Limestones and Magnesian Limestones, while he
will be able to determine absolutely, the purity of the Sand, Clay,
or Lime which he uses in every work.

The worth of a Limestone for burning, or of a Clay for embanking,
or of a Sand for mortar and other purposes, may be determined with
certainty and without much difficulty.

From his chemical knowledge he will also be able to understand with
more accuracy, the causes of the setting and hardening of mortar and
Hydraulic cements, as well as the nature of the deteriorating causes,
which tend to destroy in certain situstions the stones, the bricks, and the
mortar of his structures.

41.—If analyzing a Limestone for the ingredients usually found, he
will separate his clay agd sand together, by dissolving in Acid: Then
obtain the separation of these two, either roughly, by affusion and sub-
sidence with water, or more accurately by fusion with Alkalis, filtra-
tion for the Silica, and precipitation by Ammonia for the Alumina.
From the first solution he will obtain his Iron by the aid of Ammonia,
his Lime by the usc of Oxalate of Ammonia, and finally, his Magnesia
by Phosphate of Soda. The details of these processes have alrcady
been given.

42.—Quick-lime is Limestone or Carbonate of Lime from which the
Carbonic Acid has been expelled by burning. When exposed to the air,
Quick-lime very soon &bsorbs water, the lumps crumbling to a bulky
powder, which is Hydrate of Lime or slaked Lime; the same effect i.
produced by the usual practice of sprinkling with water. Fat Limes
(containing much Lime) burst and break under the influence of water
with considerable violence. Poor Limes do so more slowly. Under this
process sufficient heat is evolved to inflame gunpowder. Limestones,
particularly Magnesian Limestones, must not be burnt with too great a
heat, or the contained Silica will fuse into a glass. The hardening of
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Mortar is chiefly owing to its recopversion into the Carbonates by imbib-
sing Carbonic Acid, but other *changes also take place with' the Silica*
e gnd Alumina contained in it, the former producing a Silicate of Lime,
Yand having a useful mechanical effect in prevénting the shrinking of
the Mortar, and presenting nuclei round which the Lime adheres.
43.—Hydraulic Limes are usually prgpared from mixtures ofiCarbonate
of Lime with Silica, or Silicate of Llumina or of Magnesia. When a
Limestone of this descriptioh is calcined, a double Silicate of Alumina
(or Magnesia).and Lime is formed, which is capable of combining with
water to produce a compact Hydrate, which resists the action of that
solvent. In order that a Limestone, containing Silica, maybe employed for
the production of ITydraulic Lime, it is necessary thaf this ingredient be
present in a state in which it is capable of entering readily into combi-
nation with the Lime, which is the case with the Silica contained in Clay,
which is, in fact,.a -Silicate of Alumina. If Carbonate of Lime be
mixed with gelatinous Silica, a good cement is obtained on calcination,
but if sand or rock crystal be employed, the resulting product is
valueless, If Acid be not at hand, a Limestone may be recognized by
being held in the apex of the bluc flame of the spirit lamp under the
blowpipe, when, after being caustitized, it colors the flame carmine
red (the characteristic color of Lime as before mentioned) but much
weaker than a Strontia Salt. 7
44.—The various changes Lime, Clay, and Sand, undergo chemically,
in their combinations—whether agriculturally or architecturally speak-
ing, will, if they can be appreciated in this light by the engineer or the
land proprictor, no doubt form a source of great and novel interest. They
arc as yet but imperfectly understood even by the learncd.
sAmong the effects arising from some of these combinations, is the
decay of plaster and of bricks in certain situations, and the efflorescence
or nitrification on walls! By the mixture of Milk of Lime (Hydrate’ of
Lime and Water) with imperfectly calcined clay, a decomposition is
effected, and the Alkalis, Potash and Soda, existing in the soil and mixed
up with the bricks or the mortar, a¥e set free #nd at liberty to combine
»with Nitric or 8ulphuric Acid if presented to them, forming Nitrates and
Sulphates, as Nitrate of Potash, (Saltpetre).  Nitrate of Lime is in like
manner formed from the plaster or mortar, and being a very deliquescent
Salt, causes the decay of the latter. Ammonia (NH,0) afd Carbonic
Acid, are the constant products of air, of rain water and of decaying
.organic matters ; from the latter also Sulphuretted Hydrogen (H §) is a
no lgss common production. Hence we see the source of the Nitrates,
Carbonates and Sulphates, which are so universally found.
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45.—These efflorescences are sometimes more visible at the junc-
“tion of the brick with its mortar, as® might be expected from the*
influence on the Clay which the Milk of Lime has been said to possess,
Plastered walls are very generally observed to retain their firmness*
for a height of two or three feet from the surface of the ground;
above thischeight, the plaster dezays, falls off, and leaves the brisks
exposed. During the night, wher there is much vegetation, there
must be an unusual amount of Carbonic Acid exhaled, and of
Ammonia there is always plenty from the drains and the decaying
matter therein. The specific gravity of the former is 15, while
that of Nitrogen is only ‘97, and of Ammonia 59, hence in all probabi-
lity the formation below or near the surface of the,insoluble Carbonate
of Lime, while above the deliquescent Nitrate of Lime is produced,
which washes and falls off from day to day with the plaster from
whence it originates. If Potash be present in the wmortar, the Nitrate
of Lime is decomposed, aided by the superior crystallizing power of
Nitre, and Saltpetre is fermed. The moisture on newly plastered
walls is due to the formation of the Carbonate of Lime going on in the
mortar ; this expels the water which appears on the surface.

46.—In the selection and cutiing of Timber, an observation of
natural laws will serve to guide the Engineer. Nature lays up
a store of sap for the first nutriment of the leaves in spring. If
therefore trees have tMir bark stripped off in the spring, and are
cut in the autumn or winter following, the circulation not having
been renewed, they will be found most firm and free from sap,
and less liable to undergo decay from the action of moisture and
air. As a general rule, the woods which afford most charcoal and
earthy matter, and the least proportion of gaseous elements, are the
most durable.

47.—In Irrigation it should be remembered, that not only does water
act as a liquid manure on a large scale, that is, that being a solvent of
organic, saline and mineral matters, it conveys these to the roots of the
vegetation to which it is $upplied, bt also that it isin a still greater
measure due to the oxygen of the air it contains, that decomposition of*
the ingredients of the soil is effected, and nourishient supplied to the
crop. River water being the purest next to actual rain water which we
have, contains in proportion, but little of saline ingredients, * but,” Liebeg
says, “the advantage of irrigation consists chicfly in supplying Oxygen

3 : .

Nq;n.-l[uch that is useful on these points is contained in the Manual of Civil
Engincering and Architecture, lately published by Colonel Goodwyn, of the Engineers.
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to the roots of plants.” Indeed if it were not so, marshes should be
*the most productive lands. ¢ The quantity of water necessary for thise
purpose is very small, so that it is sufficient to coves the meadowswith
Ya very thin layer, i this be frequently renewed.” *

Sir H. Davy says,— In general those waters which breed the best
fish are the best fitted for watering megdows; but most of the benefits
of irrigation may be derived from affy kind of water. It is, however, a
general principle, that waters containing ferruginous impregnations,
though possessed of fertilizing effects when applied to a calcareous soil,
are injurious on soils that do not effervesce with Acids, and that calca-
reous waters, which are known by the earthy deposit they afford when
boiled, are of most, use on sjlicious soils, or other soils containing a
remarkable quantity of Carbonate of Lime.” Spring waters are often
highly nourishing to grasses, and especially when they are thrown out
by marly beds.

48.—In the foregoing and in many other points, such, for instance, as
the manufacture of Gas and such as involvesthe use of electric agency,
whether for Telegraph purposes or for exploding gunpowder, for lighting
or producing colors, a little acquaintance with the *chemistry of
common Jjfe” will be found to be of’the greatest benefit to the Engineer.
The importance, the necessity of it, is being every day more acknow-
ledged at home, and not one but numerous volumes on it are con-
stantly issuing from the press. Among these perhaps none would
be found more practically useful in India than ¢ Plattna and Muspratt
on the use of the Blowpipe.” With this instrument, (the blowpipe),
which is so portable, much may be done, and where laboratory appar-
atus and chemicals are neither very plentiful nor very pure, as in
nrany parts of India must necessarily be the case, it becomes of much
importance. '
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SECTION 1V.

GENERAL—Photoyraphy.
a

1.—With reference to the application of Chemistry to general
subjects, I will not detain the reader further than by offering a few
remarks on Photography; which is an art now much practised in Eng-
land by Amateurs, and one likely to afford abundant and interesting
occupation also in’India. f

2.—Without some knowledge of Chemiétry, it is impossible to under-

stand the mode of operating and the rationale of Photography. In the
very first steps taken in this fascinating science, the student is at once
plunged into chemical nomenclature, chemical combinations and che-
mical manipulation, and he very soon becomes faumiliar with a numerous
catalogue of Salts, with the effect of light on them, and with their eftects
on each other.

3.—There are many things in the Theory of Photography even yet
so little known and explained as to justify the assertion that the art is
still in its infancy, and the practice of it in new climates, where greater
light, heat, dust, &c. prefail, must be expected to be attended with new
difficulties. Nevertheless, there is no rcason, I believe, why Amateurs
in India, who have time to devote to it, should not be as successful as
so many are in England in producing good and valuable pictures of
the numerous objects of interest with which they are surrounded.

4.—The manipulation on metal plates (Daguerrotyping) is so intri-
cate, that it has been greatly deserted of latc years for the more simple
Collodion Process, and it is this which, from some expericnce, I would
venture to recommend to the amateur. It possesses many advantages.
The apparatus anc mode of operation are both much simpler. The
impression produced, notehaving the glare of a Daguerrotype, is more
easy and pleasant to look at, bearing considerable gesemblance to
a mezzotint engraving. The portrait, if it be one, may be viewed from
either side of the glass, consequently it can be scen as in nature, and
not reversed like a Daguerrotype; if properly managed, the results
are quite equa} in delicacy. and truth to the other process; it is far
more rapid in working, requiring from 3 to 20 seconds where the other ’
requires 2 or 3 minutes, and finally, being on glass, any number of
positives may be printed off from a negative, once obtained.
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5.—These are great advantaggs, but there are also sorge disadvan~
' tages, the first of which is the tendency of Collodion to spoil by keeping:®
Jrortunately it is not difficult to make of tolerable quality, so that this,
) even in the wilds of India, is no insuperable bar. Collodion i% simply
Gun Cotton dissolved in Ether. Its preparation may be seen described
i Hunt on Photography, or De la Mgte, or others of the many books
on thg subject. If properly made/the cotton should dissolve entirely
in Ether with the aid of *very little Alcohol, but the amateur can
scarcely expect to accomplish this. Were he in London he would pro-
bably send to ¢ Thomas,” or “ Bland and Long,” or elsewhere, and pur- |
chase it at once, of far better quality and cheaper than he himself could
make it, but being jn India, it is highly probable that he must endeavor
to make it himself or go without. Fortunately, as I have said, it is no
very difficult task to produce a tolerably good Gun Cotton,and one that
will dissolve in Ether entirely or nearly so, with the aid of no moro
Alcohol than is allowed in the “ Manuals” on the subject.
6.—Gun Cotton is prepared with the aideof Saltpetre and Sulphuric
Acid (vide Hunt). Soaked in the mixture and well impregnated with it
for 2} minutes, and then thoroughly washed and dried, it dissolves when
shaken up in good Ether, with the‘aid of about $ of its bulk of Alcohol,
and being then iodized with a prepared iodizing solution, is used as the
sensitive film spread on glass plates to procure Photographic impressions.
7.—1It is of importance that the Ether should be good, yet not too
strong, and it may be purified by shaking it up with some distilled
water, from which it can afterwards be withdrawn as it floats on the
top, owing to its less specific gravity, by Syphon.

8.—On the addition of the iodizing solution, the previously colorless
liquid rapidly assumes a rich amber tint, and is then fit to use, that
is to be poured on to a clean glass plate, where, the Ether immediately
evaporating, a beautifully delicate film of the Cotton is left behind.

9.— After being floated on to the glass plate, its subsequent treatment
in the Nitrate of Silver bath, and in the Camera; development with
Pyrogallic Acid or Protosulphate of Iron, an® fixing with Hyppsulphate
of Soda, may+be learned from the books, and are simple enough. Let
the operator be careful only, especially if his Collodion be very sensi-
tive, that his room is quite darkened from all daylight, havmg a candle
only to see by.

10.—The troubles of the amateur in India will prolbly consist in
’ obtaining good and pure Sulphuric Acid, Ether and Alcohol; he may

have to make his own Iodide of Silver, (which is done from the Nitrate)



.
. 958 GUIDE TO ANALYSIS. [PanrT HI.
L]

«

[

and iodizing solution. His Glass baths will be broken when ¢ march-
éng” &c. and they are not to be replaced here; he will have therefore
perhaps to use Porcelain baths, which are not so convenient. If his appa-
ratus be‘not simple and ‘clean, he will constantly be fouling his Nitrate
of Silver bath, which blackens everything it touches; he will have
constantly 4o filter it or replacegit with new solution, and Nitrate of
Silver is an expensive salt, partic¥arly in India, though only 4s. 6d.
an ounce in England. Pyrogallic Acid s dlso a troublesomely delicate
salt, and if not kept in the dark will spoil. Protosulphate of Iron,
which produces admirable positives, is much cheaper and easier to keep.

11.—These 4re a few of the troubles which the amateur will
encounter, and for which he must be prepared ; that they are to be
overcome by patience and perseverance, however, he need not doubt,
and such is the fascination of the pursuit and so great the satisfaction
derived (at all events to the artist himself) from even indifferent
results, that few who have commenced, will feel disposed to withdraw
from it, if they possess any perseverance, but without this, I would
certainly recommend  no one to waste his money on the neccssary
« plant,” or his time, which might be better employed, in dirtying his
fingers, an invariable result of all Colledion working.

12.—Every day is now smoothing the path of I’hotographers
Collodion (uniodized) may be sent out from England or purchased in
Calcutta; indeed, what is perhaps still better (but this I have not yet
tried) the Gun Cotton®nd the Ether may be purchased separately and
subsequently mixed. Iodizing solution may also be purchased ready
made, separately.

13.—The simplest kind of bath, and the readiest to handle which I
know, is a perpendicular glass one, in which, by the aid of a broad pices
of Gutta Percha, turned up at the end to support the glass plate, the
latter is at once immersed or withdrawn from the Nitrate of Silver
solution. Glass baths are se liable to be broken, and so difficult to
procure, that Gutta Percha and Porcelain must frequently be used.

14.—1It is difficult to sy what the cost of first establishing a Photo-
graphic apparatus would be. One sufficiently good to answer every .
purpose may be obtained for £10 or £12, while a fine and a large lens,
if that be insisted on, will alone cost £40 or £50. This must, therefore,
be left to the wishes and means of the individual. Fine or extensive
landscape viewg cannot be taken without a large and expensive Lens.

15.—In the direct paper, process several minutes are required to
* dake a view, while the superior sensitiveness of Collodion is such that



Srcr 1V.] PRACTICAL APPLICATION. 259,

from 5 to 20 seconds suffice fog all ordinary purposes, while occasionally
impressions may be obtained with momentary rapldlty, that is in less
even than one second. If a negative be taken a pumber of positives
may be printed from it on to sensitive paper, and the glabs washed
and again used. If a positive be taken it may be mounted on black
welvet and ¥ramed, when, if a good ope, it will appear like gn engraving
of the most exquisite fineness.

16 —Much more might | )e said on this subject, but "it would be
useless to enter into the details of the different procosses, which can
also be learned from thg standard books before mentioned, or from.
others equally good. Hunt’s book will teach the leatner every thing
he wishes to kngw, and the Photographic Journ3l published monthly
by Taylor and }rancxs, Red Lion Court, Fleet Street, price 6d., will
keep his knowledge up to the mark of the present day.

17.—In this beautiful Art, chemical knowledge cannot fail to be
most useful to the practitioner, and if not acquired before, it is so
involuntarily, after commencing to work at Photography. The great
requisites are careful manipulation and a perseverance which will not
be daunted by failures ; with the aid of these, the art supplies not only
an unfajling and cntertaining gmusement, but a power which may be
turned to most useful account for scientific and other purposes, while,
as I have said, the satisfaction derived from it is such as pleasurably to
absorb all the leisure that can be spared for it.
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Absorptive powet, 115
Acetate of Lead, 94
Ditto of Soda, 99
Acetic Acid, 75
Acids, 70
Actinolite, 19a
Adhesion to tongue, 7
Adularia, 19a
Agate, 17, 19a
Age of mountain chains, 24
Agriculture, 202
Air, Analysis of, 218, 237
Ditto, Atmospheric, 103
Ditto in Respiration, 217
Ditto in Water, 158
Alabaster, 12, 19q, 100
Albite, 19a
Albumen, 220, 222
Alcohol, 101
Alkalis, 157
Ditto and Earths in Agriculture, 207
Alum, 13, 192
Alumina, 123, 169,173
Ditto in Water, 162
Aluminum, 44
Amber, 195
Amethyst, 17, 19a
Ammonis, 78, 157, 168, 172, 173
Ditto in Rain Water, 149, 153
Détto  for plants, 212
Amphibole, 11, 19a
Amygdaloid, 14, 19a
Analysis, Agricultural, 171
Ditto Chemical, 48, 49
Ditto, Mechanical, 38
Analytical pfocess, General, 189
Ditto ables, 192
Andalusite, 19a
ﬁnhydrite, 12
nimal matter in Water, 158
Anthracite, 13,196 ¢
Antimony, 44, 13
Antimony, Ores of, 16, 133
Antimoniate of Potash, 171
Apatite, 4,19
Aquamarine, 17
Kqua Regia, 73, 75,179, 190

Aquariums, 204
Argentine, 19a
Argillaceous stones, 58
Arragonite, 192
Arsenic, 16, 44, 130

Ditto, Fresehius and Babo's test, 193

Arsenic, Marsh's Ditto, 131

Ditto, mixtures with Metals, 133

Ditto as poison, 60
Asbestos, 19a

Ashes  of Animal substances, 231

Ditto of Blood, 229, 232
Ditto of Coal, 251
Ditfo of Grains, 229
Ditto of Vegetation, 205
Asparagus Stone, 19a
Asphalte, 195
Assaying (Silver,) 143
Augite, 14, 19a
Azote, 104
Azurite, 15, 19

Barium, 44

Baryta, 121, 161
Basalt, 14, 19a
Beryl, 192
Biborate of Soda, 90
Bilin, 192
Biopside, 19a
Bismuth, 44, 136
Bitumen, 13
Bleaching, 106
Bloodstone, 17, 192
Blood, 227, 234

®
Ditto, Alkaline character of, 230, 234

Blowpipe, 55, 58

Ditto, dests or Salts, 64
Blue Vitriol, or Copperas, 94
Boiling with Acid, 191
Boracic Acid, 194, 110

Borax (Biborate of Soda,) 19a, 90

Boulders, 35

Box of Chemicals, 69
Brass, 124

Breccia, 13

Bromine, 44, 106
Burning of Suil, 207
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< . C Cobalt, 44, 134
Crlmium, 44, 129 Coke, 115, 248, 250
Cairngorm, 17, Ma Collodion, 257
Calamine, 190 Qolor, 6 -
Cule Spar, 12, 19a Columnar Structure,29
Calcium, 44. Combination, Chemical, 45
Calomel, 97 Concretionary, 36
Camecos, 17 Conglomerate, 13, 35
Caoutchoue, 70 Copper, 44, 137 .
Carat, Weight of, 17 Ditto, Oresof, 15
Carbonate of Ammonia, v Ditto to detect as Poison, 167 _
Ditto Potash, 88, 174 Ditto  Ore, Analysis of, 199
Ditto Soda, 88 Cop1.lites, 24
Carbon, 44, 114, 215, 233, 234 Cork, L9
Ditto in Iron, 243, 246 Cornelién, 17, 192
Carbonic Acid, 116, 168, 203, 207, 214, 217, Corunduw, 18, 19a
218, 237 ; Corrosive Sublimate, 97, 141.
Carbonic Acid in Water, 135, 159 Cropping out, 21
Ditto for Plants, 212 Cultivation beneCcial to health, 239
Ditto in Blood, 232 Cupellation, 142
Catbonic Acid Apparatus, 193, 218 Cyanide of Potassium, 87
Carbuncle, 18, 19a Cyanogen, 111
Caseine, 220, 222 D.

Cat's Eye 17, 19a

Celestine, 19¢ Development Theory, 20

Chalcedony, 12, 17, 19a . Diamond, 17, 195
Chalk, 19a, 58 Diaspore, 19a
Characteristics, distant, of Rocks, 20 Diopside, 192
Charcoal, Animal, 114 Diorite, 12, 19
Ditto, Wood, 1, 14, 247 Dip, 21
Ditto, used with Blow-pipe, 116 Disinfecting, 106, 114
Ditt, absorptive powers of, 248 Dolomite, 13, 19a
Chemic. Apparatus, 64 Double Refraction, 6
Ditto “‘Compounds, 46 Dysentery, 240
ChDitto Terms, 415 . E.
cmistry, principles of, 44
Chert, 12’: 'lga P b ) Earthquakes, 28

Elasticity, 5

Electric currents, 29
Electricity, 7, 28
Elementary Substances, 44

Chlorine, 44, 105, 168, 173
Chlorite, 12, 19a
Chloric Acid, 106

Chloride of Ammonium, 82, 175
Ditio of Darium, 9;1,’1653 o Lmerald, 17, 15a
itto of Calcium, 102, 158 T > A Tt
Ditto of Sodium jn Water, 154, 161 :]l::'ﬂf}f’ls'f’o:q's""f) 452”'1‘ in the system, 240
Ditto Ditto in Soil, 207, ¥ l?i “t‘?”l";’ =
Chromate of Potash, 85 . Eg;‘o';l"s alt‘sl 192
1 ]
gll;mmll?m’ 1441’7135 Equivalents, Chemical, 46, 146
Tgovery, - Euclase, 19a

Chrysolite, 17, 192
Chrysoprase, 12, 17, 19a
Chrystals, 2

Evaporation, 160 ¢
Excreta animal, as manures, 211, 234

Chrystallizasion, process of, 29° ther?al form, 2

Cinnabar, 17, 190 F,.

Cinnamon Stone, 19a Tat, 223, 227

Cipolino, 19a Felspar, 11, 19a ,

Clay, 18, 19a 57 Ferro-cyanide of Potassium, 86, 157
Clay Slate, 11 Ferri-cyanide of Ditto, 87

Cleavage, 9, 24, 29 Fibrine, 220, 222 ’
Clinkstone, 19a Filters (burning), 172

Coal, 13, 190, 249 + Fire Clay, 19a

Ditto, Ashes of, 2561 > Flexibility, 5



INDEX.

-

Flint, agaregation of 127
Floatstone, 19a.
Fluate of Lime, 192
Fluoric Acid, 19a
®luorine, 44,:109
$Fluor Spar, 13, 192 582109
Fluxes, 57, 243
Food, materials of, 219
Fosgils and Petrifactions, 21, 24
gmcturej

rangsility, 4
Fremes,y 13
Fuller's Earth, 19
Fusion, analysis by, 179, 191
Fusing, 67, 191

G.

Galena, 15, 19 o
Gallic Acid, 152

Garnct, 18, 19a

Gases, properties of, 102
Geological Cabinet, 11, 19
German Silver, 134
Glass, 69, 114

Glauber Salts, 192
Glucina, 19z

Gluten, 223

Gneiss, 11, 19a

Gold, 16, 44, 129
Goulard’s extract, 94
Granite, 11719
Graphite, 13, 190
Graywacké, 13, 19«
Greenstone, 12, 19z
Green Vitriol (Protosulphate of Iron,) 99
Gun Cotton, 257
Gypsum, 12, 19, 100

IL

Hardness, 4
1artshorn, 80
Haediotrope, 17, 19a
Hematite, 14
Heulandite, 192
Hornblende, 11, 192
Ditto,  Rock and Slate, 12
Hornstone 12, 19a
Human Frate, cconomy of, 214
Humid Analysis, method of, 184 .
Humus, 202
JHydrate, 46
Hydraulic Lime, a, 253
Hydriodic Acid, 106~
Hydrobromic Acid, 106
Hydrochloric Acid, 74, 154, 160, 190
Hydrocyanic Acid, 111
Hydrofluoric Acid, 110, 181
Eydrogen, 44, 104, 214, 233
ydrosulphurets in Water, 157
Hypersthene, 12, 192
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Idocrase, 19¢
Igneous contact, 27
Infusoria, action of, 27, 35 4
Todine, 44, 108
Ditto, extrication of, 73
Ditto, in Water, 151

Aron, 44, 58, 125, 169, 143

Ditto, Manufacture of, 242

Ditto, Occurrence of, 33

Ditto, Ores of, 15

Ditto, in Soil, 207

Ditto, in Water, 151, 162
Iron Stone, modular clay, 127
Irrigation, 254

¢ J
Jade, 19a
Jasper, 17, 19a
Jet, 190
Jewels, manufacture of, 31
Joints, cleavage, &c., 24

K.
Kaolin, 19a
Kunker, 36
’ L.

Labradorite, 12, 18, 19a
Lapis Lazuli,"18, 19a
Lava, 19a
Lead, 44, 139

Ditto, Ores of, 15

Ditto glazings, 139

Disto in Water, 150
Leucite, 19a
Lignite, 195
Lignite to distinguish from Coal, 13
Lime, 121, 169, 174

Ditto, in Soil, 53

Ditto in Water, 153, 161

Ditto petrifactions, 117

Ditto, evsmer, 101, 152, 155, 169, 206, 253
Limestone, 19a, 58, 252

Ditto, asa flux, 243
Livharge, 139
Lithowarge, 19a
Litofs paper, 152
Loam, 18, 19a
Lungs, action of, 217
Lustre, % ‘

M.
-

Magnesia, 194, 58, 122, 170, 174,
Ditto in Water, 154, 161
Magnesium, 44
Magnetic Iron, 14
Magnetism, 7
Malachite, 15, 196
Malleable Iron, 246
Malaria, 235
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“* Manganese, 44, l°4, 170, 174
Mpagure, 212
Marl, 13, 19a ¢
Massicot, 139 -
Meerschaumg, 19a !
Mellite, 190
Mercury, 44, 140
Metallic Oxides, production of, 33
Metamorphism,«26
Meteoric Iron, 14

Ditto Stones, 135
Mica, 11, 192
Microcosmic Salt, 91
Milk, nourishing constituents of, 226
Mmerals, qnahtles of, 1, 52, 61, 189
"Mineral ingredients of bonls, 2]0 213
Minium, 16
Mountain ranges, 24
Muriatic Acid (see Hydrochlonc,)

Ditto in Water, 154

N.

Naptha, 195
Natrolite, 192
Newton's Metal, or Solder, 136
Nickel, 44, 134 n
Nitrates, 168, 172
Nitrate of Ammonia, 100
Ditto of Barytes, 168, 172
Ditto of Potash, 19a, 84
Ditto of Lead, 93
Ditto of bllver, 92, 168, 173
Nitric Acid, 72
Ditto in Water, 154, 160
Nitrification, 253 ]
Nitro Hydrof.blonc Acid, 78,75, 179, 190
Nitrogen, 44, 104, 212, 214, 226
Ditto in Wawr, 159
Nitrogenous or Ylastic Constituents of
Food, 219
Nodular formation of Iron, 127

0.

Obsillian, 14, 19a ‘
QOdour, 6
Olmne, 19e
nyx, 17, 1fa ‘
Qolite, 19a
Opsl, 17, 192
Organic remains, 24
itto matter, 167, 172
Orthoclase, 19«
Oxalate of Ammonia, 80, 154, 170 174
Oxalie Acid, 77

Oxygen, 44, 103, 203, 214, 218, 226, 233,
234 ¢
Ditto in Water, 156, 159, 204

Nthonoli‘e, 192 .
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Perchloride of Gold, 96

Ditto  of Iron, 96, 171
Ditto  of Mercury, 97
Ditto of Platinum, 96

Periclase, 19a

Petrifactions, cause of, 32
Petroleum, 195 .
Phlogisten, 104 \

-

Phikohite of Soda, 90, 154, 170, 173
Do Ditto and Ammuula, 91
Ditt® of Lime, 207
PhosphoPescence, 8

Phosphote Acid, 120

Ditto in Human Prame, 231
Ditto to detect, 82, 97, 171
Ditto “n Water, 196

Phosphorite, 19a
Phosphorus, 44, 118
Photography, 256
Phrenite, 19a
Pickles, poison in, 79
Pitchstone, 19a
Plants, and animals, relation between, 222
Plaster, decay of, 254
Plastic materials of body, 223
Platinum, 16, 44, 69, 144
Ditto rela.uve value with Silver and
Gold, 16
Ditto, uses of, 69
Porphyry, 12, 190
Potash, 83, lo7, 168, 170, 173
Dxtto in Water, 153, 158, 161
Potassium, 44
Potter's clay, 19a, 206
Powder, 7
Protochloride of Tin, 95
Protonitrate of Cobalt, 93
Ditto of Mercury, 100
Protosulphate of Iron, 98, 258
Puddling Iron, 244
Pumlce, 19« ‘
Purple of Cassius, 95
Pyrites, Ores, 118
Pyroligneous Acid, 76
Pyroxene, 19a

Q.

Quartz, 11, 192
Qulokhme, 58,252
Quicklime, in agncuhure, 206

»t

R.

Re-agents, 70

Realgnr, 16

Red Oxide of Mercury, 170 e
Refining Iron, 244

Respiratory materials in food, 225
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Rock Chrystal, 17, Wa
Bitto Cork, 192 -
itto Leather, 192
Ditto Salt, ;glsa
Rolling of ITron, 246
Ruby, 18, 19a

S.

Sal & moniac, 19a
Sal Volatile, 80
Salt in Water, detection of, 93
Salt Rock, 13
Salt of Lemons, 78
Saltpetre, Nitrate of Potash, 19a
Salts of the Blood, 227
Sandstoncs, 13, 19a
Sapphire, 18, 192
Satin Spar, 19
Schorl, 19a
Selenite, 12, 19a, 100
Serpentine, 12, 19e
Shale, 19a, 250
Silica, 58, 172
Ditto, advantage of agriculturally, 206
Ditto, deposition of, 32
Ditto in Water, 162
Silicic Acid, 113
Silicon, 44, 113 .
Silver, 16, #4, 142 .
Silver, estimation by amalgamation and
cupellation, 142
Slag ofeIron, 245
Slate, 192
Soap in Aleohol test, 149
Soap lye, 84
Soaps, 83
Soda, 157, 171
Ditto in Water, 153, 1
Sodium, 44
Soils,  Analysis of, 38, 208 .
]gitto Ditto, Mr. Am's process, 39
Ditto, Mineral ingredients of, 210
Ditto, Mechanical stale of, 208
Ditto, colors of, 209
Ditto, absorptive and condensing pow-
ers of, 209
Ditto, Quelitative Analysis of, 166
Ditto, Quantitative Ditto Ditto, 171
Solder, Plumber’s, 136
Specific, Gravity, 8
o~
‘Spelter, 126 s
Spinelle, 18, 192
Stalactites, 192,23
Stalagmites, 192
Starch, 73, 224, 227
Steatite, or Soapstone, 11, 19a
Steel, detection of, 73
®tone, artificial, 114
Stones, appearances of,

r

5%, 161
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Stilbite, 19a
Stratification, 24, 34

treak, 6 o
Strike, 20
Strontia, 121
Strontium, 44
Strontianite, 19 .
Structure, 3
#Buccinate of Ammnonia,d 51
Sugar, Gmpeé Cane and Milk, 224, 227
Su};)hate of Copper, 94

itto of Lime, 100

Ditto of Magnesia, 91

Ditto of Potash, 86

Ditto of Zinc, 100, 161, 207
Sulphide of Ammoxtium, 81, 158, 170,179

Ditto of Iron, 9
Sulphur, 19a, 19, 44, 118
Sulphuretted Hydrogen, 112, 152, 155, 159
Sulphuric Acid, 71, 168, 172

Ditto in Water, 154
Syenite, 12, 19a
Sympathetic Ink, 135
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Tables of Analysis, 192
Table of Chemical Equivalents, 146
Table of Earths, Stones and Metals, 192
Ditto of Natural Orders of Creation, 22
Ditto Botanical, 22
Ditto Geological, 22
Ditto of Superficial Strata, 33
Ditto of Weights, 65
Tale, 11, 19a
Tartaric Acid, 76, 170
Taste, 6
Terai, unhealthiness of, 238
Timber, cutting, 254
Tin, 44, 127
Ditto, Ores of, 15
Tinning, process of, 128
Topaz, 17, 19z
Touch, 6
Touchstone, 19
Tourmaline, 18, 19a
Trachyte, 14, 19a
"I'ransparency, §
Trap, 19a
Trcmoli(f. 19a
Tripoli, 192
T'urmeric paper, 153
Turquoise, 19, 19«

U')

Ures, 234
¢ Ultramarine, 18
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(
Vegetable Matter in Water,(158
Ventilation, 217 .
Verd Antiqus, 192 ‘
Verdigris, 138
Vital operations, 233

o W.

Walls, decay of, 253
. Water, composition of, 103, 149
Ditto, Analysis of, 148, 156, 162, 163
Ditto, of good quality, 158
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Water, brackish, eftiet of, 241
avellite, 19a

Weights, table of, 65
‘Whetstones, 13

Witherite, 192

Wolfram, 190

Wrought Iron, 244

Z.
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'.ixmlite.gba, 58
Zi!ﬁ!h44, 124
Dite, Ores of, 15
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