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PUBLISHERS PREFACE.

THE favor with which the former edition of Dr.
Erni's Mineralogy Simplified was received induced the
publishers some time since to request the author to
prepare a new edition, which should bring the subject
down to the present time. This he has done with his
accustomed thoroughness.

He has retained, in the present edition, the admira-
ble system of classifying and determining the mineral
species established by von Kobell, which is universally
conceded by mineralogists to be the most trustworthy,
serviceable, and practical for the purposes of experi-
mental study.

Professor Erni introduces the subject of Determina-
tive Mineralogy with a series of chapters embracing
the principles of modern chemistry, deseriptions of the
apparatus employed, with practical instructions as to
the mode of using it, with special reference as to the
proper use of the blowpipe, and an exhaustive and
lucid description of the reactions by which the various

chemical substances may be recognized.
1*
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MINERALOGY SIMPLIFIED.

CHAPTER I
CHEMICAL PHILOSOPHY.

The New or Unitary System of Chemistry, or Substitution
Theory.
Tuis term Gerhardt applied to his system of notation,

based on the reduction of all formule to one common standard,
they being derived one from the other by substitution.

BERZELIAN THEORY.

The older Berzelian or electro-chemical theory being founded
upon dualism, whence it is also known as binary theory. Ac-
cording to this great chemist, each chemical combination, how-
ever complicated, contained two integrant parts—either single
or compound—Dboth being as it were in opposition to one another.
Chemical affinity,* or attraction, would result from this oppo-
sition between two contraryforces always striving to neutralize
each other, and these opposing forces, controlling all echemical

* Not to be confounded with quantivalence. Affinity is the force
by which one atom attracts another. An element may have a strong
affinity for other elements and yet be univalent. Another may pos-
sess a weak affinity and yet be quadrivalent. Chlorine has a strong
affinity for hydrogen, yet they both are univalent elements.

3
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phenomena, were assumed to be of an electrical nature.
There are two electric fluids, a negative and a positive one,
hence every compound contained, according to Berzelius, an
electro-positive (basie, basylic), and an electro-negative (acid)
constituent,.

Thus nitric acid was represented by the formula N,O,11,0
it was a combination of the second order, nitric acid anhydride
= N,O, forming the electro-negative, water — H,0, the
electro-positive constituent.

In the nitrate salts we find this nitric acid united to an oxide,
e. g., KO,N,O,. Nitrate of potassa (saltpetre). To halve tlre
formula N,O,H,0, as is done at present, viz., HNO,, would be
like attempting to destroy the very foundation of the old Brr-
ZELIAN THEORY.

The discovery of substitution by Dumas and others struck
a death-blow at the electrical theory. 1t was found that the
most opposite elements, like chlorine and hydrogen, could
replace one another in a compound without altering its chemi-
cal nature, or its characteristic general properties.

Thus in the marsh gas= CH,, the four atoms of hydrogen
can gradually be substituted by chlorine, so that the following
substitution products were actually obtained:

CYH,; CYH,Cl; C'YH,Cl,; CYVHCL,; CVCl,.

Gay-Lussac’s Law of Combination by Volume.

If Dalton succeeded in placing the laws of eliemical com-
bination on a firm basis, to Gay-Lussac belongs the honor of
having discovered the law regulating the combination of gases
by volume. It was in 1805 that Gay-Lussac and A. Humboldt
found, by actual experiment, that 1 volume of oxygen gas
unites with exactly 2 volumes of hydrogen, to form 2 volumes
of water-gas or steam. '

The molecules* of compound bodies in the gaseous state,

* A molecule is the smallest particle of a compound or element
that is capable of existence in a free state. Atoms are the indivisible
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both organic and inorganie, with a few exceptions, probably
only apparent, occupy twice the volume of an atom of hydro-
gen. No matter what may be the number of atoms, or volumes,
that enter into the compound, they all hecome condensed into
2 volumes, thus : :

1 volume (1 atom) of hydrogen and 1 volume of chlorine
form 2 volumes of hydrochloric acid = HCL.

2 volumes (2 atoms) of hydrogen and 1 volume of oxygen
form 2 volumes of water-gas or steam — H,0.

3 volumes (3 atoms) of hydrogen and 1 volume of nitrogen
form 2 volumes of ammonia — H,N, etc. etc.

Another law, enunciated by Gay-Lussac, states that the
weights of the combining volumes of the gaseous elements bear
a simple ratio to their atomic weights. Thus, taking the onit
volume of hydrogen gas to weigh = 1, as the lightest sub-
stance known, we find that

The unit volume of nitrogen gas weighs, 14.01

48 L oxygen ‘¢ «® 15.96
« ¢ chlorine ¢ §° 35.37
fE L5 bromine ¢ e 79.76
“ = iodine ¢ £ 126.54

and these numbers are identical with the atomic weights of
these elements. In other words, nitrogen is 14.01, and oxygen
15.96 times (nearly 16) as heavy as hydrogen, ete. etc.

Avogadro’s Law.

From Gay-Lussac’s fundamental law, and the great law of
Avogadro, that all substances in the condition of gases, under
like circumstances of temperature and pressure, contain in
equal volumes the same number of atoms, it follows that the
formula of water is not HO as formerly expressed, when the

constituents of molecules. They are the smallest particles that can
take part in chemical reactions, and most of them are incapable of
existence in the free state but are found in combination with other
atoms, either of the same kind or of different kinds.
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combining weight of oxygen was — 8 (hydrogen taken as unit
=1), but H,0, whence the atomic weight of oxygen (that of
1 atom =1 volume of hydrogen taken as 1) must be 16.

Changes of Notation in the New Chemical System.

The following changes, induced by the new system of chem-
istry, must be remembered by the student.

1. The doubling of all the atomic weights, except those of
the monad or univalent elements (H, Cl, K, Na, ete.), and
also of Bi, As, Sb, N, P, and Bo, whose oxides are now written
Bi,0,, instead of BiQ,, ete. etc. Corresponding to this change
of binary compounds, involving the monad elements, as in the
case of water cited, are written H,0 instead of HO, Na,O for
NaQ, Na S for Na§, ete.; also CaCl, instead of CaCl, SiF,
instead of SiF,, ete. v

2. The method of viewing the composition of ternary com-
pounds. (See Acids and Salts.)

The name *¢ acid,” in its former acceptation and significance,
is not necessary, if not absolutely wrong in teaching chemistry.
Modern chemistry gives the following definition of an acid.

1. Acids and Halogens, viz., Chlorine, Bromine, ITodine,
and Fluorine. )

The properties which characterize acids are the following :—

1. They have an acid or sour taste.

2. They turn blue litmus red.

3. They act upon metals, hydrogen being evolved, and its
placé being taken by the metals, the products obtained are
called saLTs. For instance:

2(HCl) + Zn = ZnCl, + 2H.

Hydrochlorie Zine. Zinc Hydrogen,
acid. chloride.

HS0, + Mn = MnSO, 4+ 2II
Sulphurie Manganese. Manganese Hydrogen.
acid. sulphate,

4. They act upon metallic hydroxides, forming neutral sub-
stances and water, as follows :
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HClI + KOH = KCI 4+ H,0.
Hydrochloric Potassium Pofassium
acid. hydroxide. chloride.
HNO, 4 NaOH = NaNO, + H,.
Nitric acid. Sodiam Sodium -
hydroxide. nitrate.
I,SO, + Ca(OH), = CaSO, + 2H,0.
Sulphuric Caleium Calcium

acid, hydroxide. sulphate.

Acips are divided into

a. OxyeeN Acrps.

b. SvLraur Acins, and

c. HYproGEN Acips.

An acid may be looked upon as a salt of hydrogen. It con-
sists of an acid radical (either simple or compound) united
with hydrogen, which latter can be exchanged for a metal,
this being then the formation of a regular salt. The hydrogen
is the base of the acid, as the metal is the base of the salt.
Sulphuric acid, for instance, is sometimes written hydrogen
sulphate — I1,S0,.

All acids contain hydrogen. - 5

Oxacids are those whose radicals contain oxygen, as HNO,,
nitric acid. e :

Hydracids are those whose radicals contain no oxygen, as
HCI, hydrochloric acid, H,S, sulphydric acid, etc. The an-
hydride of an oxacid is what remains after removing from the
acid its basic hydrogen and enough oxygen to form water with
the hydrogen. The anhydride of H,SO, is SO,. That of car-
bonic acid = H,CO, is CO,. Acids that contain but 1 atom
of basic H are termed monobasic, as HNO, and HCI; those
with 2 atoms of replaceable hydrogen, dibasic, as H,SO, ; those
with 8 atoms II, tribasic, as H,PO, (phosphoric acid) ; those
with 4 atoms H, tetrabasic, as II,SiO,, silicic acid.

Hyproxyr Acips. In those acids which consist of hydro-
genand an acid or negative radical of greater or less complexity,
e. g., HNO,, H,SO,, H,PO, (oxygen being n?aal'ly always a

g*
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constituent of said radical, sulphur only in few cases), it is be-

lieved that their radicals are united to hydrogen by means of

oxygen. In other words, the oxacids are compounds of nega-

tive radicals with hydroxyl (OH). They are acid kydroxides.

The above-mentioned acids would thus have the formule :
(NO,)’ (OH) ; (80,)”” (OH),; (PO)""" (OH),;

or still more definite,

H—0x, ol
N0, SO,; PO—OH
H—0/ \OH

Tne HyproceN Acips are formed by the combination of
tne halogens with hydrogen. They neutralize oxygen bases
with formation of lialoid salts and water, e. g.,

" Na,0O 4+ 2HCI = 2NaCl + H,0.
Sodinm Hydrochloric Sodium \ Water.

monoxide. acid. . chioride,

SurpHUR Acips, like sulphydric acid =H,S, etc., are hydro-
gen acids of the same chemical constitution. They combine
with sulphur bases, forming sulphur salts. For instance, potas-
sium hydrosulphide — K S H, etc.

OxYGEN Bases are compounds of basic (positive) radicals
with hydroxyl. In its relation to other bodies kydrowyl is
analogous to the simple halogen radicals, Cl, Br, I, F.

In a majority of cases oxygen acids may be formed by the
reaction of an anhydride, 7. e., an oxide of an electro-negative
element upon water, e. g.,

N0, + H,O0 = 2(NO,0H)
Nitric pentoxide, Water, Nitric acid.
OH
SO, + H,0 = SO,0H),orSOL

Sulphur teroxide. Water. Sulphuric acid. \OH.

2. BAsEgs.

Bases have properties which are opposite to those possessed
by acids. Those soluble in water turn reddened litmus paper
blue, and )ellow turmeric paper brown. They all contain
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oxygen and hydrogen, and these elements are combined as
hydroxyl.
The oxygen bases, or basic hydroxides, may also result from
the action of an oxide of an electro-positive body upon water.
K,0 + H,0 == 2KOH -
Potassium monoxide. Water. Potassinm hydroxide.
‘When oxygen acids act upon metallic oxides, or hydroxides,
the metal of the latter takes the place of hydrogen, and an
oxygen salt is formed, while at the same time water is pro-
duced, e. g.,

NO(OH) 4+ KOH = NOOK + H.
Nitrie acid. Potassinm Potassium Water.
hydroxide. nitrate.
SO(0H), + XK,0 = SO(0K), + H,0,and
Sulpharic Potassinm Potassium Water.
acid. monoxide. sulphate

(normal salt).

BOL(OR), 4+ KOH =80 o0

'z\OK -F HHO
Sulpburie Potassium Hydrogen Water.
acid. hydroxide. potassium
sulphate (acid salt).
OH /OH (0)
S0, e a0 N ity
OH \()Il N0/
Sulphuric Zinc Zinc sulphate Water.
ac.d. hydroxide. (normal salt).

o
/OH znd

: 0
soon + 2(/n\OH) 5 /o>502+ 2H,0

Sulphuric acid. Zinc hydroxide. Zine sulphate Water.
(basic salt).

Hyprates AND OXIDES OF METALS.

According to the quantivalence of the metals with which
hydroxyl is combined, we have bases with one, two, three, ete.,
hydroxyl groups in a molecule, e. g¢.,

Na(OH), sodium hydroxide. AlI(OH),, aluminium hydroxide.
Ca(OH),, calcium hydroxide. Cr(OH),, chromium hydroxide.
Ba(OH),, barium hydroxide. Fe(OH),, ferric hydroxide.
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3. SALTs.

Compounds formed by the action of acids upon bases are
called salts.

According to the new system, ternary substances are no
longer regarded as compounds of an ¢“oxide” and a so-called
“acid,” but as compounds, for the most part, of the several
elements concerned, and hence a metal in a salt is believed to
be replaceable by another metal, and not an oxide by another.
The discovery of salts which contained neither an acid nor a
basic oxide, but only two single radicals like the common salt
= NaCl, was sufficient to eventually dispose of the old dualistic
theory.

a. NoRMAL (neutral) SALTs are those in which the acid
and base saturate one another, in which, therefore, all the
hydroxyls, whether of acid or base, are eliminated (in the form
of water), and the acid radical remains united to the metal by
means of oxygen, e. ¢., potassinm, nitrate, etc.

b. Acip Savrts are those which retain a part of the acid
hydroxyl, e. g., hydrogen potassium sulphate.

c. Basic SaLnts are those in which a part of the hydroxyl
of the base, or of the oxygen of the positive oxide, remains in
combination, e. g., basic zinc sulphate.

The common form of sulphuric acid is di-basic; sulphates
may therefore be acid, normal, or double salts. Let M stand
for a monad metal, and they may be represented thus graphi-
cally :

H M M M) .
1—1} b0 H} SN mj SO
Acid. Acid salt, Normal salt. Double salt.

Examples :
a. Normal Salts.

Potassium chlorate, KCI10,.
Calcium sulphate, Ca’’SO,.
Bismuth phosphate, Bi’//PO,.
Sodium silicate, Na,SiO,.
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b. Adeid Salts.
Hydro-sodium sulphite, HNaSO,.
Hydro-cesium carbonate, HCsCO,.
Hydro-barium phosphate, HBaPO,.
Hydro-cupric silicate, H,CuSi0,.

c. Basic Salts.
Lead hydro-nitrate, H(NO,)’PbO,.
Copper hydro-acetate, H(Ac)’CuO,.
Mercuric hydro-iodite, H(JO)'HgO,.
Alumic hydro-silicate, H Si'VAl O,

-d. Double Salts.
Potassio-sodium selenate, KNaSeO,.
Sodio-calcium antimonate, NaCa/’SbO,.
Bario-zincic silicate, Ba’’Zn’’SiO,.
Cesio-rubidic carbonate, Cs’Rb’CO,.

Quantivalence, Valence, or Atomicity of Llements.

Every atom of an element has an inherent power of holding

in combination a certain number of other atoms, this number
being dependent upon the combining power of the atoms held
in combination. The simplest atoms would represent the unit
of this power, and we must distinguish between these simplest
or unit-atomicity and such as have the power of holding in

combination two, three, four, five, or more unit-atoms.
Bodies whose atomic capacity is
One, are termed Monads, Monatomic, Monadic, or Univalents.

Two
Three
Four

Five

Six

Seven

43

113

113

Dyads, Diatomie, Dyadic, or Bivalent.

Triads, Triatomic, Triadic, or Trivalent.

Tetrads, Tetratomic, Tetradie, or Quadriva-
lents.

Pentads, Pentatomic, Pendadic, or Quinqui-
valents.

Hexads, Hexatomic, Hexadie, or Sexivalent.

Ieptads, Heptatomie, Heptadic, or Septiva-
lent.
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Elements of even valency, viz., the dyads, tetraa?s, and hex-
ads, are also included under the general term artiads, and those
of uneven valency, viz., the monads, triads, tetrads, and hex-
ads are designated as perissads.

4. Indices of Valence, Bonds of Attraction, or Linking of
Atoms.

The quantivalence of clements may be expressed in different
ways, as follows :
Monads. Diads. Triads.  Tetrads. Pentads.  Hexads.
HI OII NIII CIV NV FeVI
Instead of these Roman numbers the valency is expressed
by dashes, e. g., S/, Bi’’’, Sb/”’/, Sn’’/. In chemieal formuli
each dash, either horizontal, vertical, or inclined, indicates a
¢bond” or unit of valence, and implies chemical combination
between the atoms or groupings whose symbols are thus con-
nected. p : £
The 4 sign and period are employed to express ¢ molecular
combination,” 7. e., combination not amenable to the generally
received quantivalence, as in the case of crystal water.

Varying Valence in the same Element.

Many elements are not limited to one of valence; thus
nitrogen may act either as a trivalent or quinquivalent body,
etc., e. g.,

’Ifrivalent. Quinquivalent.
: N
H—_N 5 N—CI.
| |
1 H N
Ammonia gas. Ammonic chloride.

5. GERHARDT’S RESIDUES.

Most chemical compounds are more complicated than those
we have been hitherto considering. If we take any of the
following formula, as, for instance, i
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0
/H o
H—Cl, H—O—H, N—H, and C< |1

and divide them at any part, we obtain two residues of equal
valence, e. g., if we dividle H—CI we obtain H and Cl, both
univalent ; if we divide H—O—H (water) we obtain H, and
the univalent residue OH (hydroxyl), which requires an uni-
valent atom to saturate it. If we divide

/H

N—H, we obtain H and NH,, or H, and NH ;

\H

by the former division there are left two univalent, by the latter

H

two bivalent factors. If we divide the formula C<g, the fol-
\H

lowing cases are possible : Hand CH,, H,and CH,, H,and CH;
leaving in the first case two univalent, in the second two biva-
lent, and in the third two trivalent residues. If we abstract
from H,SO, two atoms of hydrogen, we obtain a residue SO,,
acting like a bivalent radical; again by taking away from HNO,
the hydrogen, the residue NO, will act as a univalent radical.
The residue then may be considered as a radical of equal
atomicity as the sum of the atoms of basic hydrogen, eliminated
from the original compound radieals, viz.,

® HNO,, H,S0,, H,PO,, etc.
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Table of Atomic Weights.— Continued.

4

Symbol of the atoms,| Atomic weights or
Name. their valence or combining weights.

atomicity. =
Indium Int . 118.4
Todine L J1E, Y VI 127
Iridium . % WLV 193.
Iron (Ferrum). Fello IV ¥ 56.
Lanthanum . Lalv 138.
Lead (Plumbum) ALY 207.
Lithium . . Lit 7%
Magnesium Mg™ 24.
Manﬂanese Al Mp™% IV, V1, Vir s
’\Icrcury (Hydrargylum) o [ 200.
Molybdenum .| Mow 96.
Nickel DY 58.
Nitrogen. NIL ¥ 14.
Osmium . : . (s o ALY 195.
Oxygen . H & O s 16.
Palladium 1Py VAL 106.
Phosphorus 1 GRRk A 313
Platinum. VXA 195.
Potassium (Kallum) K! 39.
Rhodium - 5 RIS TVVE 104.

* Rubidinm 3 3 : Rb! 85.5
Ruthenium 5 AR AT 108.5
Samarium Sm 150.
Scandium Se 44,
Selenium Sell, I, VI 79.
Silicon (Silicium) . Sitv 28.
Silver (Argentum) . o [t 108."
Sodium (Natrium) . .| Nat 23.
Strontium Srll 87.5
Sulphur . SIL VAV 32.
Tantalum TaY 182.
Tellurium ; L Tell IV, VI 129;
Terbium : 3 5 Tbh? i2x
Thallium 3 ; GIE[IaIIE 204.
Thorium 3 3 s e 232.

.Tin (Stannum) Snl¥ 118.
Titanium Y 48.
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Table of Atomic Weights.—Concluded.

Symbol of the atoms, | Atomic weights or
Name. their valence or combining weights,
atomicity. H=1.

Tungsten (Wolframium) . | WV 184.
Uranium . ) . 3 | GRAS5S 239.
Vanadium ] y - QYL 51.
Ytterbium z ¢ : O 173.
Yttrium . . X > Py 89.
Zinc ¥ : S kA O 65.
Zirconium A C 3 ol 90.

CHAPTER 1I.

AUXILIARY APPARATUS AND MANIPULATIONS IN THE
LABORATORY.

1. PULVERIZATION.

Minerals usually require preparation for the blowpipe, as
for solution, by pulverization. They may be broken in small

Fig. 2.

pieces with a hammer; and then crushed in a diamond steel
mortar (Fig. 1), in which 4 is a rim removable from bottom
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B. Pestle O fits the rim closely, and is driven by a heavy
hammer into the rim upon the mineral. If repetition of this
process does not soon prepare the mineral for the blowpipe,
grinding in an agate mortar (Fig. 3) may be resorted to, as is
generally necessary for solution.

Fig. 3. Fig. 4.

Some minerals may be sufficiently Teduced by wrapping
them in strong, clean paper, and giving them a blow with a
bammer, taking care not to contract any impurity. A small
jeweller’s steel hammer will answer for blowpiping, but for
trimming minerals and for geological and mining purposes,
larger and variously shaped steel hammers have been adopted
and are sold. '

Fig. 4, a, b, ¢, d, represent four different forms of hammers.

a, Freiberg’s pattern, one end flat, the other pointed.

b, Hutchinson’s form, sharpened on both ends for trimming. ~

¢, von Buch’s form, one end flat the other sharpened.

d, Hausmann’s pattern, both ends sharpened.

Fig. 5. Fig. 6.

Anvil. A square, flat piece of hardened steel answers well
for an anvil.
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Cutting pliers or nippers are useful for cutting off small
fragments from a mineral specimen.

Magnets. A small steel bar magnet (Fig. 5), and a small
compass (Fig. 6), or a suspended magnetic needle are needed
for recognizing magnetic metals.

A good magnifying glass (Fig. 7) is useful in examining
metallic sublimations or deposits.

2. Sorurion aND Carsonic Dioxipe (CO,) TEsT.

In qualitative analysis small quantities are usually employed,
therefore the solution of solids may be most conveniently con-
ducted in a test-tube which can be readily heated over an alco-
ol lamp or a gas-burner. Figs. 8 and 9 show two forms of

racks with test-tubes. The latter has an attachment for filtra-
tion. IFf, in dissolving a substance, a colorless and inodorous
gas is evolved, the latter may be carbonic dioxide (CO,), and
can be tested in the following simple manner : During evolution
of gas in tube a (Fig. 10), the lip of the tube may be brought
upon that of tube b, containing clear lime-water. As the gas
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from tube a flows into tube &, the water will become milky
from formation of calcium carbonate CaCO,.

Fig. 10. Fig. 12.

Fig. 11 shows a metallic test-tube stand with test-tube ; and
Fig. 12 a test-tube holder of brass with wooden handle, both
employed for heating purposes.

3. PRECIPITATION AND DECANTATION.

Many circumstances are to be considered in deciding whether
a precipitate will be produced with a given reagent, such as
temperature, concentration, or dilution ; the presence of some
disturbing agent, or absence of a substance which might favor
the action by the influence of some affinity. Therefore a single

trial should not satisfy the student; the experiment should be

varied, especially if resort be had to %eat, agitation, and time.

‘The beaker (Fig. 13), made of Bohemian glass of uniform

thickness, and a test-tube, serve best for precipitation, the
4%
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liquid in the former being agitated by a glass rod. When the
precipitation is complete, the subsidence of the precipitate often
allows the mother liquor to be removed by decantation.

Precipitation of baryta, for example, may be readily sepa-
rated and washed without filtration. To avoid spilling in
decanting, a portion of the lip of the vessel should be smeared

internally and externally with tallow, and

Fig. 14. then this portion brought against a glass

rod held obliquely, when the liquid will

flow gently down the rod without danger
of waste.

Figs. 14 and 15 show how a stream of
liquid flowing from a beaker or basin (por-
celain dish) should "be guided by a glass
rod placed against the point whence the
stream emerges. If the vessel be too large
or too full to handle with convenience, the
wash-water may be drawn off by a siphon,
as shown in miniature in Fig. 16. A siphon is a tube of glass, _
metal, gutta-percha, or India-rubber, bent in the form of a V

Fig. 15. Fig. 16.

or U, filled with water, and inverted; one end immersed in
the wash-water and the other allowed to hang over the side of
the vessel ; so long as the outer orifice of the instrument is below
the level of the liquid in the vessel, so long will that liquid
flow from within outwards until the vessel be empty.
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Fig. 17 represents a set (nest) of beakers without spout, all
of uniformly thin glass, bearing well the heating of liquids
which they contain, in a sand-bath or over a free fire.

Fig. 18 shows a set of beakers with spout.

Fig. 19 exhibits German flasks of white glass with long
neck and flat bottom, in which liquids may be boiled, or mine-
rals dissolved in acids, over a free fire.

4. FILTRATION,

Precipitates are generally separated from the mother-liquor
by filtration, as shown in Fig. 20, through paper expressly
prepared for the purpose (Swedish is best, but a cheaper article
answers for qualitative analysis). The paper, as seen in Fig.
21, is cut in a circular form, @, then folded in the shape of a
quadrant, b and ¢, the pointed part finally placed deep in a
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Figs. 22 and 23 show additional forms of filtering stands..
The latter, being made of iron, can also be used as a retort-stand
in distillations.

Fig. 23.

Washing Precipitates.

Fig. 24 represents the ordinary wash-bottle for washing pre-
cipitates from the side of a filter by a jet of water, by compres-
sion of the air in the bottle, caused by blowing (see Fig. 25).
To test whether the washing has been complete, a drop of the
filtrate coming from the funnel is evaporated on a platinum
spatula ; if no solid residue remains behind, the operation must
be discontinned.

In Fig. 26 a platinum spatula is shown in its natural size,
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and Fig. 27 shows a convenient wooden holder for spatula,
wire, and spoon for heating operations.

Fig. 26. Fig. 21. Fig. 28.

Fig. 28 is a holder for platinum spoon and wire, with screw
fastening. The handle is hollow to contain wire and spoon,
screw cap.

5. EVAPORATION.

After filtration the mother-liquor becomes so much in-
creased by washing as often to require concentration before
being treated for substances yet in solution. Evaporation may
be conducted in a porcelain dish, either over.a lamp or on the
sand-bath. Boiling should be avoided, and for this purpose
the dish can be securely placed upon a water-bath of copper
(about five inches in diameter), shown in Fig. 29, which is
provided with rings to receive dishes of different sizes, and is
supported by a tripod or a retort-stand. Being partly filled
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with water, it is heated by a small alcohol lamp or a gas-burner.
To prevent dust from falling into the dish, it may be covered
with filter-paper (supported by a glass rod, or closely bent over
the edge of the dish). When the dish is nearly full, the sub-

Fig. 29. Fig. 30. Fig. 31.

stance may often be prevented from running over the margin
by slightly touching the latter with tallow. In evaporating to
dryness, the process is facilitated by stirring. Fig. 30 shows
a simple tripod of iron, and Fig. 81 is a tripod with chimney,
by Bunsen, to be used in connection with his gas-burner. A

Fig. 32.

square piece of iron-wire gauze is frequently put under dishes,
beakers, or flasks, heated on these tripods, or iron retort-stands,
to moderate the effect of the direct flame of a gas-burner.
Figs. 82 (1 and 2) are tripods with rings of different sizes.
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6. PorceELAIN DisnEs AND CRUCIBLES.

Open dishes, which will bear heat without cracking, are
necessary implements in the laboratory for conducting the
evaporation of liquids. The best evaporating dishes are those
made of Berlin porcelain, glazed both inside and out, with a
small lip projecting beyond the rim.

The dishes of Meissen porcelain are not glazed on the outside,
and are not so durable, but much cheaper than those of Berlin
manufacture. Evaporating dishes are made of all diameters
from 3 cm. to 15 cm.

A deep porcelain dish, provided with a handle (called cassa-
rol), is seen in Fig. 33.

Very thin, highly glazed porcelain crucibles, with glazed
covers (Fig. 34), are indispensable implements to the chemist.
For most purposes the best sizes are those between 3 cm. and
5 cm. in diameter. Porcelain crucibles are supported over a
lamp on an iron-wire triangle. They must always be gradually
heated, and never come suddenly in contact with any cold
substance while they are hot.

7. PratinuM ArpAarATUS : CRUCIBLES, DISHES, OR
CAPSULES.

Platinum does not oxidize in the air at any temperature, nor
is it attacked by any of the common acids used separately.
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This comparative inertness as a chemieal agent, taken in con-
nection with its infusibility, renders platinum an extremely
useful metal to the chemist.

It is employed in the laboratory for crucibles, evaporating
dishes, stills, spatulw, forceps, wire, blowpipe-tips, etc., and
lately in the shape of perforated cones for filtering phosphate
precipitates over a layer of asbestos wool.* When a filter-pump
is on hand, other insoluble precipitates collected on an ordi-
nary paper-filter may be quickly washed when placed in such
a cone, and the latter in a glass funnel.

Fig. 35. Fig. 36.

Fig. 35 represents a platinum crueible with a capsule-shaped
lid, convenient for the incineration of filters, ete. Fig. 36
shows a platinum evaporating dish with lip.

8. CrucisLE Toxas.

The following three convenient forms .for removing hot
crucibles from the fire are generally found in laboratories.
Fig. 37 represents plain tongs of malleable iron. Fig. 38

Fig. 38.

* See Fresenius’s Quantitative Analysis (New System). Second
American edition, by Allen & Johnson. New York, 1883. Pages
100 and 101. :

5
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shows tongs with a double curve. Fig. 39 exhibits somewhat
expensive, but durable, crucible tongs, made of German silver
with platinum points attached.

Fig. 39.

=

9. Conrks.

For chemical purposes these should be made of soft cork-
wood cut across the grain to prevent forming continuous chan-
nels for the passage of gases or liquids. Pierced corks are used
to form joints with retorts, gas-bottles, and other chemical
apparatus. Boring holes through corks to receive glass tubes,
necks of retorts, ete., may be done with
a round file (rat-tail), or better, by a
hollow cylinder of sheet brass sharpened
at one end. Fig. 40 represents a set of
cylinders of graduated sizes, slipping one
within the other into a very compact
form. A stout wire of the same length
as the cylinders accompanies the set,
which serves a double purpose; passed
transversely through two holes in the eap

which terminates each eylinder, it gives
the hand a better grasp of the tool while
penetrating the cork; and when the hole is made, the wire
thrust through the opening in the top of the cap expels the
little cylinder of cork which else would remain in the cutting
cylinder of brass.

Rubber stoppers of flexible unvuleanized caoutchoue, cast in
moulds of various sizes, and provided with 1, 2, and 3 holes,
are now employed in laboratories instead of cork stoppers.
Fig. 41 represents different samples. These will not harden,
and sell for $4 per pound. Caoutchouc stoppers of good quality
are much more durable than corks, and are in every respect to
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be preferred. Caoutchouc stoppers can be bored like corks by
means of suitable cutters, and glass tubes can be fitted into the
holes thus made with a tightness unattainable with corks.
Stoppers can be bought provided with all the necessary holes
of various sizes.

Fig. 41.

In Fig. 42 is seen a gas-bottle, fitted with
perforated stopper, funnel-tube, and jointed
delivery-tube.

10. Sanp-BaTH, WIRE GAUZE, TRIANGULAR
SurPORTS FOR CRUCIBLES.

As a general rule it is not best to apply the
direct flame to glass or porcelain vessels; hence
a piece of wire gauze is stretched loosely over .
the largest ring of an iron stand, and bent
downward a little for the reception of round-
bottomed vessels. On this gauze, flasks, retorts, and porce-

lain dishes are usually supported. In cases requiring a very
gradual and equable heat the wire gauze

is replaced by a small sand-bath, 7. e., a Fig. 43.
shallow sheet-iron pan filled with dry
sand (Fig. 43). Crucibles or dishes of
porcelain or platinum, too small for the
smallest ring belonging to the stand, are
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conveniently sapported on an equilateral triangle made of three
pieces of soft iron, copper, or platinum wire, twisted together
at the apexes; this triangle is laid on one of the rings of the
stand. An iron tripod (Fig. 30) may be often used instead of
a stand, but it is not so generally useful because of the difficulty
of adjusting it to various heights ; with a sufficiency of wooden
blocks wherewith to raise the lamp or the tripod as occasion
may require, it may be made available. The whole apparatus
for ignition, in its various arrangements, is plainly shown in
the following illustrations.

Fig. 44 shows an ordinary iron stand with two rings; on the
upper one is placed a wire triangle, and on the lower one a
piece of wire gauze.

Fig. 45 exhibits two such wire triangles, @ and b ; the latter,
b, is covered with tobacco-pipe stems.

Fig. 44. _ Fig. 45.

b a .
\

Fig. 46 is a support of iron with fork for holding a Bunsen
burner, with rubber gas-tube attached. The burner with
chimney heats a crucible, resting on a wire triangle.

In Fig. 47 is seen the burner by itself with a star screwed
on for the support of a chimney and an arrangement to slide
on the fork of the iron stand.

Fig. 48 shows a burner with a support screwed on for hold-
ing small porcelain dishes.
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An ordinary plain Bunsen gas-burner is scen in Fig. 49.

Fig. 46. Fig. 47.

11. FLETCHER’S BURNERS.

Fig. 50. Fletcher’s Blast-Bunsen for high temperatures.
This is a Bunsen combined with a powerful blowpipe, and is
one of the most generally useful arrangements known in the
chemical laboratory. The blowpipe flame obtained with the
blast tube, when confined by the loose cap B, is compact and
extremely powerful, owing to the fact that the air mixture is
partially made before the blast begins to act. 'When the object

to be heated is fragile it can be warmed by the Bunsen flame
5%
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and the blast slowly turned on by the tap ¢. The convenience
of having a powerful flame at command under an ordinary re-
tort-stand without the necessity of readjusting the height or
position will be fully appreciated.
Fig. 51. Fletcher-Plattner Blowpipe Furnace, for Capsules,
or Crucibles, $in. diameter. This is made of Fletcher’s patent
non-conductor, which does not require
Fig. 50. renewing, and does not require the ob-
=8 jectionable wire support of Plattner’s
pattern, which generaily fails at the
most ecritical moment. This pattern,
like that of Plattner, has the hole for
the blowpipe flame at the side; but if
the hole is at the bottom, and an up-
right blowpipe is used, the improve-
ment is very great. With the blast Bun-
sen (as shown in Fig. 50) and a good
foot blower, 100 grains of cast iron can
be perfectly fused in two minutes; the temperatures being, at
the same time, under the most perfect control.

Fig. 51. Fig. 52.

In Fig. 52 is seen Erlenmeyer’s Argand Burner for heating
purposes. It has met with much favor among chemists for the
intense, steady heat it gives. It may be used for simple fusions
of silicates nearly as well as a blast lamp.
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FOOT BLOWERS.

12. Foor BLOWERS.

Fig. 58 is a simple, compact, and powerful arrangement.
The step for the foot
is very low, and en-
ables the blower to be
used with ease whether

the operator is stand-
ing or seated. The
pressure is perfectly
steady and equal. If
the rubber disk is dis-
tended until forced
against the net, the
pressure can be in-

creased to almost any extent desired. It will give, if required
a heavy and continuous blast through a pipe of } inch clear bore.
A great advantage is obtained in blowpipe work by attach-
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ing a stopcock to the air-pipe, thereby controlling the blast as
with the mouth. With the blast Bunsen lamp,connected with
such a blower, small quantities of cast iron can be perfectly
fused in a few minutes.

Fig. 55, reversing the position of the blower, does away
with the risk of mechanical injury to the disk, and obviates
the necessity for a wood casing or protection. Tt also prevents
-the valve from picking up dirt from the floor, keeping the
whole arrangement cleaner, and the valves in more perfect
order.

13. BeExpING AND CLosiNG GrAss TUBEs.

Small bore tubing can generally be worked in the flame of a
common gas or spirit-lamp, or over an ordinary gas-burner; for
larger tubes the blast-lamp is necessary (see Figs. 50 and 51).
Glass tubing must not be introduced suddenly into the hottest
part of the flame, or laid at once upon a cold surface. Gradual
heating and gradual cooling are alike necessary, and more so,
the thicker the glass is. In heating a tube, whether for bend-
ing, drawing-out, or closing, the tube must be constantly turned
between the fingers, and also moved a little to the right and
left in order that it may be uniformly heated all around, and
that the temperature of the neighboring parts may be duly
raised. If a tube or rod is to be heated at any part except an
end, it should be held between the thumb and the first two
fingers of each hand in such a manner that the hands shall be
below the tube or rod, with the palms upward, while the lamp-
flame is between the hands. When the end of a tube or rod
is to be heated, it is best to begin by warming the tube or rod
about 2 cm. from the end, and from thence proceed slowly to
the end.

In bending tubing to make gas delivery-tubes and the like,
attention should be paid to the following points: 1st, the glass
should be equally hot on all sides ; 2d, it should not be twisted,
pulled out, or pushed together, during the heating; 3d, the
bore of the tube at the bend should be kept round and not
altered in size ; 4th, if two or more bends be made in the same
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piece of tubing (Fig. 56), ¢ and d, they should all be in the
same plane, so that the finished tube will lie flat upon the level
table.

Fig. 56.

. e ﬂ] aj]

When a tube or rod is to be bent or drawn close at its ex-
tremity, a temporary handle may be attached to it by softening
the end of the tube or rod, and pressing against the soft glass
a fragment of a glass tube which will adhere strongly to the
softened end. The handle may subsequently be rempved by a
slight blow, or by the aid of a file.

If a considerable bend is to be made, so that the angle be-
tween the arms will be very acute, as in a siphon, for example
at a, Fig. 56, the curvature cannot be well produced at one place
in the tube, but should be made by heating, progressively, several
centimetres of the tube, and bending continuously from one end
of the heated portion to the other. Small and thick tubes may
be bent more sharply than large or thin tubes. In order to
draw a glass tube down to a finer bore, it is simply necessary
to thoroughly soften, on all sides, one or two centimetres’
length of the tube, and then, taking the glass from the flame,
to pull the tube by a cautious movement of the hands. The
larger the heated portion of the glass, the longer will be the
tube thus formed. Its lengih and fineness also increase with
the rapidity of motion of the hands.

To obtain a tube closed at one end, it is best to take a piece
of tubing open at both ends, and long enough to make two

‘ closed tubes. In the middle of the tube a ring of glass, as
narrow as possible, must be made thoroughly soft. The hands
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are then separated a little to cause a contraction in diameter at
the hot and soft part. The point of the flame must now be
directed, not upon the narrowest part of the tube, but upen
what is to be the bottom of the closed tube. This point is in-
dicated by the line @ in Fig. 57. By drawing with the right

Fig. 57.
—~ Y
—
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hand, the narrow part of the tube is attenuated, and finally
melted off, leaving both halves of the original tube closed at
one end, but not of the same form ; the right-hand half is drawn
out into a long point, the other is more roundly closed. It is
not possible to close handsomay the two pieces at once. The
tube is seldom perfeetly finished by the operation; a superfluous
knob of glass generally remains upon the end. If small, it may
be got rid of by heating the whole end of the tube, and blowing
moderately with the mouth into the open end. The knob being
hotter, and therefore softer than any other part, yields to the
pressure from within, spreads out and disappears. If the knob
is large it may be drawn off by sticking to it a fragment of a tube,
and then softening the glass above the junetion. The same
process may be applied to the too pointed end of the right-
hand half of the original tube, or to any misshapen result of an
unsuceessful attempt. to close a tube, or to any bit of tube
which is too short to make two closed tubes. When the closed
end of a tube is too thin, it/ may be strengthened by keeping
the whole end at a red heat for two or three minutes, turning
the tube constantly between the fingers. It may be said in
general of all the preceding operations before the lamp, that
success depends on keeping the tube to be heated in constant
rotation in order to secure a uniform temperature on all sides *

of the tube.
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CHAPTER III.

PREPARATION OF REAGENTS MOST FREQUENTLY REQUIRED
FOR ANALYSIS IN THE WET WAY.

1. CuemicALLY Pure WaATER = H,0.

THE first reagent which the private chemical student must
prepave for himself is chemically pure water. Clean rain-water,
or some other-very pure water, may be rendered suitable for
many laboratory purposes by simply boiling and filtering. But
it is usually better to distil water, rejecting the first eighth
which goes over, and leaving a yet larger quantity in the retort_
at the close of the distillation. The retort should always be
well washed before refilling. Water thus purified should be
preserved in closely stoppered demijohns or stone jars. One of

the best and most convenient distilling apparatus, is that of
Beindorf, represented in Fig. 58, for the use of pharmaceutists
and chemists, for distilling, rectifying, evaporating, cooking, ex-
tractiné;, drying, and similar chemical operations, besides melt-
ing. Tt consists of the following parts: a furnace of wrought
iron ; water-bath of copper, & gallons capacity and tinned in-
side; a still of block tin, 1} gallons capacity, with head of
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block-tin, and having all the contrivances necessary for steam
distillations, etc., all made of pure block tin ; two evaporating

dishes ; two infusion jars; a complete condenser of the latest
construction, etc.
Fig. 59 represents a heavy copper still with movable head,

and lined inside with tin coating; connected with a block-tin

;
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condensing worm, inclosed in a zinc vessel, with inlet for cold
and outlet for the warm water.

For most purposes a glass retort (3 quarts) may be employed,
or the distilling apparatus shown in Fig. 60, in which % is a
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large glass retort resting on an iron stand or on a small coal fur-
nace; a is Liebig’s condenser, with an iron foot, ¢ ; & is a flask
used as a receiver, which may be placed upon a stand or block,
or if necessary in a bowl of cold water. The condenscr, a,
consists of a copper tube through which a glass tube passes,

6
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fitting water-tight at the ends. Both ends of the glass-tube
are usually provided with corks, except at the connection
with the flask. Now if cold water (put ice in the supply-
vessel, if necessary) be allowed to flow continuously into the
funnel tube, e, the copper tube will be filled with cold water,
and the warm water will flow out at the top by the tube, [
(which may be connected again with a rubber-tube, and the
water thus conveyed to a sink), whilst the aqueous vapor from
retort, k, in passing through the glass tube will be condensed

and retained in receiver, b.
Fig. 61.

<

When a Liebig’s condenser is not on hand, the distillation
of water may be executed in an ordinary glass-retort, to which
a flask is joined as condenser, being surrounded with cold
water (Fig. 61).

2. TesTING OF WATER.
The common tests for water,* supposed to be pure, are:

1. Evaporation to dryness. (Salts.)

* Rain water collected in the open air may, in many cases, be sub-
stituted for distilled water.
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2. Test-paper. (Red and blue litmus paper.)

3. Perfectly clear lime-water. (Carbonic dioxide.)

4. Solution of silver nitrate. (Chlorine.)

5. Solution of barium chloride. (Sulphuric acid.)

6. Solution of ammonia oxalate. (Lime.)

7. Nessler’s test* for ammonia.

The first should leave no residue, and the others should show

no reaction. (A few drops of the reagent must be added to a
portion of water in a clean test-tube.)

Preparation of Test Papers.

1. Blue Litmus Paper.—Digest 1 part of litmus of com-
merce with 6 parts of water, and filter the solution ; divide the
intensely blue filtrate into two equal parts; saturate the free
alkali in the one part by repeatedly stirring with a glass rod
dipped in very dilute sulphuric acid, until the color of the fluid
just appears red; add now the other part of the blue filtrate,
pour the whole fluid into a dish, and draw strips of filter paper
through it ; suspend these slips over threads, and leave them
to dry. The color of the litmus paper must be uniform, and
neither too light nor too dark.

2. Reddened Litmus Paper.—Stir blue solution of litmus
with a glass rod dipped into dilute sulphuric acid, and repeat
this process until the fluid has just turned directly red. Steep
slips of paper in the solution and dry them as in 1.

3.. Turmeric Paper.—Digest and heat 1 part of bruised
turmeric root (or turmeric powder) with 4 parts of alcohol and
2 of water, filter the tincture obtained, and steep slips of fine
paper in the filtrate. The dried slips must exhibit a fine yellow
tint. ‘Test paper must be kept in closed boxes, or in black
bottles, away from light and fumes.

* Biniodide of mercury is dissolved in iodide of potassium, and the
colorless solution rendered powerfully alkaline by the addition of
soda or potassa hydrate. This reagent poured into water containing
mere traces of ammonia produces a yellow to brown color.
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3. Hypric SULPHIDE, SULPHOUYDRIC ACID, SULPHURETTED
HyproGcex = SH,.

A colorless gas which should be evolved at the moment of
using it. For this purpose monosulphide of iron, or ferrous sul-
phide FeS, is prepared by mixing intimately 5 parts of flowers

Fig. 62.

of sulphur with 8 parts of iron filings, and bringing the mixture,
in small portions at a time, into a red-hot Hessian crucible
(around which, when supported on a brick in a furnace, a coal
fire is built) which is covered with a piece of fire-brick until
the whole mass glows. When cool, the sulphide of iron in
fragments of the size of a pea, is placed in a bottle, 4, Fig. 62,
and covered with pure water. Through funnel tube, a, con-
centrated sulphuric acid is added by degrees, and the evolved
gas can escape only through & into flask B, which should con-
tain some water for washing the gas. From B the gas is forced
through tubes ¢ and d (connected by India-rubber tubes, k)
into flask €, which contains the solution to be treated. Gene-
rally obtained by the reaction, FeS + (H,SO, 4 Aq.) =
(FeSO, 4+ Aq.) + H,S.

A very handy apparatus for generating H,S, in small quanti-
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ties, is Babo’s, mounted on a stand with rubber connection, as
shown in Fig. 63.

Fig. 64 represents a gas bulb for passing sulphide of hydrogen
(or chlorine gas) into liquids in test-tubes. After being charged
the orifice on the top is closed with a cork.

Fig. 63. Fig. 64.

7

!
S

The following simple contrivance has lately been devised by
Capanema* to saturate a solution with hydrosulphuric acid
without the annoyance of the bad odor of the- excess of gas.
Fig. 65 represents the apparatus; a is
a bottle to which is fitted a doubly per- Fig. 65.
forated stopper provided with a pipette,
b, with a large pear-shaped bulb, and a
bent tube, ¢, communicating by means
of rubber tube, d, with the gas genera-
tor. The liquid to be saturated or pre-
cipitated is introduced in the bottle, a,
and the pipette at first drawn up, until
the lower end of its tube is above the
liquid. Hydrosulphurie acid is now
allowed to pass in until the atmospheric
air in the flask and pipette is displaced,
and the pipette then pushed down un-
til the lower end of its tube nearly
touches the bottom of the flask. - The
pressure of the gas will force some of

* In Fresenius, Zeitschr, f. anal. Chemie, 1881, p. 519.
6%
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the liquid into the pipette. By cautious swinging of the appa-
ratus, new portions of the liquid are successively brought in
contact with the gas, and in consequence of its absorption, the
liquid in the pipette descends, sometimes with great rapidity.
The saturation or precipitation (of a metal) is completed when-
ever the liquid no longer descends from the pipette. The cur-
rent of gas is then shut off, the whole briskly agitated, the
pipette drawn up, and, when all the liquid has run out, care-
fully washed with distilled water, ejected from a wash-bottle,
to free it from any particle of tlie precipitate which may adhere
to it.

If it is desired to prevent the escape of odor entirely, the
upper end of the pipette may be provided with an additional
tube, charged with a loose pellet of cotton and a quantity of
filter-paper saturated with a solution of acetate of lead (sugar
of lead), which greedily absorbs the gas.

4. SuLpaIbE oF Ammontum (NH,),S.

Should be often freshly prepared, and preserved in well-stop-
pered bottles. It is obtained by conducting sulphydric acid
gas = H,S, into aqueous ammonia until the latter absorbs no
more of the gas. Tle apparatus, Fig. 62, will serve for the
purpose by the addition of a loose stopper to flask C, in which
the aqueous ammonia is to be placed.

5. HyororLuoric Acip IIFI.

In experimenting with this acid, especially in a gaseous form,
great care is nécessary, since the fumes, when inhaled, may
produce dangerous effects.

To obtain it in more or less concentrated liquid form, a
small retort of platinum or lead is used, on which, during the
operation, a helm is luted. The retort is previously charged
with 1 part of finely powdered fluor-spar and 2 parts of con-
centrated sulphuric acid. After the charge is thoroughly mixed
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by a platinum spatula, heat is applied. If a dilute acid is
desired, the receiver, consisting of a platinum dish, must con-
tain some water and be well cooled from without with ice or a
freezing mixture.

A glass plate may now be covered with etching-ground (con-
sisting of 6 parts of gum mastic, 1 part asphaltum, and 1 part
of wax),and parts of it removed with an etching needle (draw-
ing). The glass plate thus prepared may now be acted upon
(etched) either by the gaseous or liquid acid; in the former
case the drawing is lustrous (like the original glass), while in
the latter the drawing appears dull or opaque. The etching-
ground can be removed with oil of turpentine.

For testing minerals for HIFl with sulphuric acid, it is well
to employ a platinum crucible, the cover of which has an open-
ing in the middle upon which a pieée of glass is placed; the
crucible and contents may then be heated over a lamp. Many
silicates containing fluorine, like topaz, give off no trace of
fluorine in this way. To prove its presence 2 grams of the
powdered mineral are mixed with caustic potash and a little
liquid silicate of potash (water glass), and the whole fused in
a silver crucible for a quarter of an hour. The cold mass is
then dissolved in water, the silica precipitated with a solution
of sal-ammoniac, and filtered off. To the filtrate, acidulated
with HCl, we add a solation of chloride of calcium, and preci-
pitate with ammonia the fluoride of calcium. This, after being
well dried, is further tested with sulphuric acid.

6. Wer Reacents GeNeranLy. Water = H,0.

In all analytical operations for solutions of other reagents,
ete., pure distilled water ought to be used.

Hydrochlorie or Muriatic acid =—HC]I, both concentrated
and diluted.

Nitrie acid = HNO,, both concentrated and diluted.

Aqua regia, nitro-muriatic acid, is a mixture of 2—4 parts of
concentrated hydrochloric and 1 part of nitric acid.
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Sulphuric acid (oil of vitriol) = H,SO, or SO,+ H,0, con-
centrated and diluted with water.*

Common phosphoric acid or (Ortho-phosphoric acid) —
P,0,4+3H,0 or (H,;PO,). It can easily be prepared from
phosphorus and (diluted) nitric acid.

Ammonia. Ammonic hydrate. Liquor ammonie, AmHO
=NH,HO = NH,O.

Carbonate of Ammonia. Ammonic carbonate (NH,, CO,).

Chloride of ammonia. Ammonic chloride. Sal-ammoniac—=
AmCL(N,Cl).

Phosphate of soda. Sodic phosphate= (Na,HPO,,12H,0).

The commercial salt ought to be purified by solution in water
and recrystallized by evaporation.

Nitrate of baryta, Baric nitrate — Ba,NO,.

Nitrate ofsilver, Lunar caustic, Argentic nitrate =AgNO,.

Chloride of platinum = PtCl,.

Place a fragment of platinum in a little aqua regia and set
the vessel aside in a warm place, adding more acid from time
to time if necessary, a solution of perchloride of- platinum —
PtCl, results. Evaporate the solution to remove excess of
acid, and complete the desiccation (drying) over a water-bath.
Dissolve the residue in 10 parts of water as a reagent for de-
tecting potassa in the presence of soda and lithia. It precipi-
tates, however, also salts of ammonia.

Molybdate of Ammonia — (NH,),MoO,. It is obtained by
pulverizing and roasting the native sulphide of molybdenum =
MoS,, whereby molybdic tri-oxide, or anhydride = MoO,, is
formed ; dissolve tlie latter in watevr, adding ammonia, filtering,
evaporating, and crystallizing.

To prepare the molybdenum solution used for precipitating
phosphoric and arsenic acids, 100 grams of molybdenum tri-
oxide are dissolved in 50 c.c. ordinary aqueous ammonia, and
80 c.c. water, and pouring the solution into a mixture of 500

* In diluting “ oil of vitriol’’ the acid must gradually, and little at
a time, be pqured into water ; the reverse action may prove very dan-
gerous.
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c.c. nitric acid and 300 c.c. water, and if a precipitate forms it
must be filtered off.

Ozxalate of ammonia or Oxalate of ammonium —2(NH,),
C,0,, can be synthetically prepared according to the following
formula :

2H,C,0, + N,H,C,0, — 2(NH,)2C,0, + 3CO, + 2H,0

Oxalic Carbonate of Oxalate of Carbonie Water.
acid. ammonium, ammonium. di-oxide
set free.

To a nearly boiling solution of 1 part of oxalic acid in about
8 of water, add carbonate of ammonium uutil the liquid is neu-
tral to test-papers, filter while hot, and set aside for the forma-
tion of erystals. The mother liquors are further evaporated to
crystallization. To obtain the pure salt it ought to be re-crys-
tallized a second time. Dissolve 1 part of the pure salt in 30
parts of water.

Caustic potash or Potassic hydrate — KHO or K,0,H,0.
Dissolve some sticks of potassa in water, and separate the clear
solution from the sediment (5i0,,Al,0,) by decantation.

Chloride of barium. Baric chloride — BaCl,.

CHAPTER 1IV.
BLOWPIPE ANALYSIS AND APPARATUS.

1. Tue Moutn BrowPpirE.

Tnis simple instrument of * very ancient origin is a most
convenient apparatus for heating, melting, volatilizing, oxidiz-
ing, or reducing mineral substances on a small scale. By blow-
ing air into the interior of a flame, always a burning gas,
i. e., carbo-hydrogen, the combustion is of course rendered
more complete and rapid, and hence the intensity of heat in
creased. It is of the greatest service to the chemist, mine-
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ralogist, and practical miner, for the recognition of minerals
and ores, and the detection of certain chemical constituents,
such as metals and others.

The improved chemical bld\\'pipe, Fig. 66, consists of a
chamber, ¢, near the extremity of the instrument, which col-
lects the condensed moisture ; this 1s connected with two tubes

Fig. 66. Fig. 67. Fig. 68.

(@)=

with ground joints. To the longer one, a, is attached a mouth-
piece for blowing, of different shapes, and made of horn or
ivory. The shorter exit-tube is generally furnished with a
movable tip, e, made of solid platinum, which may be easily
cleansed from soot collecting upon it by simply heating it in
the flame of a spirit-lamp.

The best shape of the tip is that represented in its natural
size, Fig. 66, at e ; it always produces a well-defined and conical
flame. Fig. 67 represcnts Plattner’s blowpipe,* with gas-blast
attachment, and marked regulating stopcock. The above

* This convenient blowpipe is nsed at Harvard College laboratory,
and is highly recommended. d
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attachment is sold separate from the rest of the blowpipe, and
can be fastened to other blowpipes.

Fig. 68 is Fletcher’s hot-blast chemical blowpipe—a pattern
of the ordinary chemical blowpipe with the patent lLot-blast
arrangement.

2. BLowinGg witH THE BLOwPIPE.

To keep up a continuous current of air through the blowpipe
is at first a difficult task. This, however, is easily overcome
by attending to the following directions: Closing the mouth,

. keep the cheeks distended with air during a number of inspira-

tions and expirations performed through the nostrils. Next
attempt the same with the ivory mouth-piece of the blowpipe
between the lips. Now, as this provides an exit for the air in
the mouth, unless a fresh supply be kept up from the lungs, the
cheeks will soon collapse; in order to prevent this, at the
moment of inspiration through the nose, a sufficient quantity of
air must be allowed to enter the mouth to preserve their dis-
tension. In this way the air in the mouth is constantly sub-
ject to the same compression, and flows in a uniform manner
from the little orifice. Having thus acquired the habit of
keeping up a continued stream of air from the blowpipe, the
beak with platinum cap is now brought within the border of
the flame. v

A good way to acquire a practical knowledge of this instru-
ment, and of the effect$ of the different parts of the flame, is to
convert, for instance, a minute piece of lead, placed upon char-
coal, into oxide of lead, by exposing it to the outer flame, and
afterwards to reduce this oxide, 7. e., to restore it to its original
metallic state by heating it in the inner flame. The reduction is
much facilitated by an admixture of soda or cyanide of potassium.

Flaming, Flattern (Germ.); I'lamber (French).—In many
cases when a transparent bead is intermittingly heated in the
flame, or is repeatedly taken out of the flame, peculiar effects
are obtained. This operation has obtained the name of ¢ flam-

ing.” Clear beads frequently become opaque, milk-white, or
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even colored. This depends upon the fact that certain com-
pounds which dissolve at a high temperature separate out on
being heated to a somewhat lower temperature, appearing as
peculiar crystals, which are sufficiently well formed in most
cases to be visible under the microscope when the bead has
been flattened whilst hot, or when it has been dissolved in
dilute acid so as to isolate the crystals.

3. Tue Browrire FLame.

The blowpipe serves to conduct a continuous fine current of uir
into a gas-flame, or into the flame of a candle or oil lamp. The"
flame of a candle (and equally so that of gas or of an oil lamp),
burning under ordinary circumstances, is seen to consist of
three distinct parts, as shown in Fig. 69, viz., 1st, a dark nu-

Fig. 69.

Atmospheric oXygeu.

CO,

00 = Hy O

cleus in the centre, ¢, a’; 2d, a luminous cone surrounding this
nucleus, e, f, g; and 3d, a feebly luminous mantle encircling
the whole flame, &, ¢, d. The dark nucleus is formed by the
gases which the heat evolves frem the tallow or oil, and whieh



THE BLOWPIPE FLAME, 73

cannot burn here for want of oxygen. In the luminous cone
these gases come in contact with a certain amount of air, in-
sufficient for their complete combustion. In this part, there-
fore, it is principally the hydrogen of the carbides of hydrogen
evolved which burns, while the carbon separates in a state
of intense ignition, thus imparting to the flame the highly
luminous appearance observed. In the outer coat the access
of air is no longer limited, and all the gases not yet burned are
consumed here. This part of the flame is the hottest ; oxidiz-
able bodies oxidize therefore with the greatest possible rapidity
when placed in it, since all the conditions of oxidation are here
united, viz., high temperature and an unlimited supply of
oxygen. This outer part of the flame is therefore called the
oxidizing flame.

On the other hand, oxides having a tendency to yield up their
oxygen, suffer reduction when placed within the luminous part
of the flame, the oxygen being withdrawn from them by the
carbon and the still unconsumed carbide of hydrogen present
in this sphere. The luminous part of the flame is therefore
called the reducing flame. The effect of blowing a fine current
of air across the flame is, first, to alter the shape of the latter,
which, from tending upward, is now driven sideways in the
direction of the blast, and at the same time lengthened and
narrowed ; and, in the second place, to extend the sphere of
combustion from the outer to the inner part. As the latter
circumstance causes an extraordinary increase of the heat of
the flame, and the former a concentration of that heat within
narrower limits, it is easy to understand the exceedingly ener-
getic action of the blowpipe flame. The way of holding the
blowpipe, and the nature of the current, will always depend
upon the precise object in view, viz., whether the operator wants
a reducing, or an oxidizing flame. The easiest way of pro-
ducing efficient flames of both kinds is by means of coal-gas
delivered from a tube. The task of keeping -the blowpipe
steadily in the proper position may be greatly facilitated by

i
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resting that instrument firmly wpon some movable metallic
support, such as, for instance, Bunsen’s gas-lamp, Fig. 83.

" Fig. 70 shows the flame for reducing, and Fig. 71 the flame
for oxidizing,.

Fig. 70.

The reducing flame is produced by keeping the tip of the
blowpipe just on the border of a tolerably strong gas-flame, and
driving a moderate blast across it. The resulting mixture of
the air with the gas is imperfect, and there remains between
the inner bluish part of the flame, and the outer barely visible
part, a luminous and reducing zone, of which the hottest point
lies somewhat beyond the apex of the inner cone.
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To produce the oxidizing flame, the gas is lowered, the tip
of the blowpipe pushed a little further into the flame, and the
strength of the current somewhat increased. This serves to
effect an intimate mixture of the air and gas, and an inner
pointed bluish cone, slightly luminous towards the apex, is
formed and surrounded by a thin, pointed, light bluish, barely
visible mantle. The hottest part of the flame is at the apex of
the inner cone. Difficultly fusible bodies are expgsed to this
part to effect their fusion ; but bodies to be oxidized are held a
little beyond the apex, that there may be no want of air for
their combustion. :

4., SUPPORTS FOR THE ASSAY.

I. Charcoal, well burnt and of uniform texture, forms an
ordinary support for assays. The piece should be about six
inches long, one end wrapped in paper, aid in the other a small
cavity must be cut, half the size of a pea, either with the point

Fig. 72.

of a knife, or by means of charcoal borers, Figs. 72, 73, and
74. Fig. 75 represents two forms, after Plattner, with wooden
handles ; a is club shaped, & is four cornered. The heating of an
assay on charcoal in the blowpipe flame is illustrated in Fig. 76.
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Fig. 5. Fig. 76.

I1. Porcelain Supporters.—Foster and Fletcher in England
use pieces of glazed porcelain made of the size and shape of
charcoal supporters. On the end of these porcelain plates are
cavities into which small pieces of charcoal are fitted, upon
the surface of which the blowpipe assay is placed. The whole
surface of the porcelain is blackened over a lamp. This coat of
soot takes up and exhibits films or coatings as well as charcoal.

II1. Aluminium Plate as a Support in Blowpipe Analysts.
—The latest and best substitute for charcoal is aluminium foil,
first introduced by Colonel W. A. Ross.* A strip of such
foil should be 5 inches long, 14 inch wide, and about the thick-
ness of a ten cent piece ; one end should be turned up to form
a ledge, as directed by Ross, this ledge being between 1 to
inch wide, and making rather less than a right angle with the
rest of the plate. Sheet aluminium, even of much greater
thickness than this, can be bent easily without any eracking,
by heating it in a Bunsen burner, and working it while hot.}

* Alphabetical Manual of Blowpipe Analysis by Lieut.-Colounel
W. A. Ross. London: Triibner & Co., 1880.

t Messrs. Johnson, Matthey & Co. in London are recommended as
dealers by Col. Ross. They furnish it of any thickness or dimensions
for 7s. 6d. per ounce. Some German aluminium plates of somewhat
lesser thickness the writer found impure, and fusing too easily over
a Bunsen burner.
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After turning up the ledge, and rounding off the edges and
corners with a file, the plate should be well scoured with bone
ash and polished with leather and whiting, and may then be
used for a long time.

The test samples are either placed directly upon the metallie
edge, or are received on a small piece of charcoal half an inch
square, and of the thickness of a penny piece, which can
easily be cut and kept ready in large numbers.

When in use the plate is best held with spring forceps,
described by Ross, though other forceps can be made to serve
the purpose, the handles being covered with felt or flannel, as
they get very hot. It is held so as to be almost vertical, only
Jjust enough inclined to prevent the assay and the slip of char-
coal from falling off the ledge. A little practice enables the
worker to hold it quite steadily with as much ease as he does
the ordinary piece of charcoal. The plate, it is said, is not
only a great gain as to portability, cleanliness, and economy,
but also gives, in most cases, much better indications of the
volatile substances sought for, which collect upon the larger
vertical portion of the plate. Such a plate will last any length
of time, as the hottest blowpipe flame, even one worked with a
small handblower, does it no injury, and there is scarcely any
substance (except melted gold) which may not be heated
directly upon it with perfect safety. The one side being kept
for sublimates, the other may be used for such purposes as
calcining sulphides, ete., before testing in beads, for which it
is far superior to charcoal, especially in the case of very fusible
minerals. A fragment of the substance about half the size of
a small pea, or if it decrepitates, a corresponding amount of
powder made to a paste with water, is laid upon the ledge close
up to the angle.

The following are the principal advantages of aluminium
over charcoal, according to W. M. Hutchings :—

1. It enables us to get several sublimates in succession from
the same fragment of substance. Ileated very gently on the

7
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bare plate, only the most volatile constituents are given off.*
As the heat increases, more and more are given off, but a
limit is reached beyond which nothing is obtained, the less
volatile constituents not being given off at all, or only very
slightly, as long as the substance is cooled by lying directly on
the aluminium. The same fragment being then placed on a
slip of charcoal on the ledge, these less volatile constituents
are obtained in the separate sublimates.

2. The sublimates are generally much more concentrated on
the aluminium, as cumpared with ordinary charcoal, which,
when ‘exposed to the flame for any length of time, gets red hot
some distance in front of the assay. The aluminium remains
comparatively cool ; and the vertical surface prevents the subli-
mates being swept along by the blast as much as on the nearly
horizontal charcoal.

8. When the sublimate is once formed, the aluminium has
no further action upon it, and many very characteristic changes
may be observed by applying an oxidizing or reducing flame,
most of which cannot be obtained at all on charcoal, partly
because its being black would hide them, but chiefly because
it immediately begins to glow under the sublimates when the
flame is applied to them.

5. FueL Laxrs.

1. Good stearine candles will answer for most purposes.

2. Olive Oil.—A much better fuel is olive oil or rape-seed
oil, burnt in a brass lamp having a circular neck. This and
the opening for filling the lamp are covered by serew caps, pre-
venting all leakage.

Fig. 77 represents the form of blowpipe lamp invented by
Berzelius, and improved by Plattner.

Fig. 78 is the Freiburg pattern of the same style of lamp as
the preceding, but revolves on its axis, permitting the flame
from the blowpipe to be directed at any angle.

* When first applying heat, the point of the blowpipe flame onght
to be held at a distance of 1-2 em. from the assay.

~

.
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Another convenient lamp for using oil or petroleum is
Fletcher’s improved blowpipe lamp, Fig. 79.

Fig. 77. " . Fig. 78

The wick holder will be found one of the best forms ever
made, in addition to the fact that the angle can be adjusted as

Fig. 79.

(\ Ky

required by simply revolving it in the fixed collar. The wick
holder, A4, lifts out for refilling. The lamp is engraved half size.

An ordinary alcohol lamp of glass, Fig. 80, may also be
used for blowpipe experiments, if the alcohol is mixed with
turpentine or benzol (1 part of turpentine or 3 parts of benzol
to 12 parts of strong aleohol of 80 to 90 per cent.).
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8. Solid Fats.— Lamps filled with solid futs, such as tallow,
paraffine, etc.,have lately been introduced, which are convenient
in traveling. TFig. 81 exhibits a modified form of the previously
described lamp of Fletcher. It is made for tallow or solid fats
for traveling. When tallow, etc., is used, the operation must
be commenced by first blowing the flame downwards to melt the
solid fat round the wick. The heat of the flame will keep it
fused afterwards for any length of time. This pattern ean be
used with solid or liquid fats of any kind, and is a perfect
traveler’s lamp. Size, when closed, 2 in. by 2 in. Trim the
wick always while the lamp is hot, when hard fats are used.

Fig. 80. Fig. 82.

The curved bottom of the lamp should stand on the open end
of the cover when in use. This makes a steady base, and
admits of adjustment of the angle of wick without reversing
or re-trimming.

In Foster’s lamp, Fig. 82, solid fat is likewise used, e. g.,
paraffine or tallow. Tt serves as a traveler’s lamp, and consists
of a cylindrical vessel, 4, to which the wick holder, /3, is
soldered. When in use, the flame is at first directed down-
wards to melt the fat next to the wick, after which it yields a
steady flame for hours. The cover, (), forms also a support,
and is fastened by a bayonet-socket, D (d)
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6. JLLUMINATING GaAs.

The most convenient combustible for blowpipe work is
illuminating gas. The burner used is the ordinary Bunsen
gas-burner, Fig. 83. For this
purpose it is provided with an
extra tube, g &, to slip over the L ﬁ r
small gas jet at j, in the inte- I
rior of the burner, e f, in such
a manner as to shut off’ all ex-

Fig. 83.

-
>

cess of air at @. The tube is
flattened at the top, see f, and
made a trifle lower at one side, | -
so that the blowpipe flame may
be directed downward when
necessary. The gas is then
lighted at the flattened end, 2. A
cock, at the foot of the burner
for regulating the flow of the
gas is useful.

When testing substances for
sulphur, the gas flame should not
be employed, since the ordinary coal gas contains usually
enough of sulphur to vitiate the results.

7. F1xep BLowPIPES AND BLAST-LAMPS.

For many experiments it is of great advantage to have the
blowpipe fixed to a support in order to leave the hands free for
manipulation. The following, Fig. 84, represents an improved
Herapath blowpipe for general use. This is a modification of
the well-known Herapath, from which it differs in its great
simplicity, and in its power of adjustment in any possible
position. The jet tube may be raised or lowered to any height,
and turned in any direction. A touch will direct the flame on
any point while the blowpipe stands in the same position on
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the table; there being no necessity for raising, lowering, or
adjusting work before it.

Fig. 85, letter ¢, represents a blowing machine to be worked
either by the hand or the foot; it forces air into the expanding
regulator, b, and thence in a regular blast into the blowpipe, a.
The attachment on the stand permits motion in any direction.

Fig. 86.is a blast-lamp for gas; brass, small size. The blast
may be furnished from either the mouth or small bellows. The
flame can be turned in any direction. ;

Fig. 86.

Fig. 87, Fletcher’s special Chemical Blowpipe with folding
stand, adjustable at any height or angle. It can be used either
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with the mouth, or the small hand blower ean be attached and
the blowing done by the fingers. With this blowpipe is supplied
one jet with, and one without the patent coil, to enable a larger
variety of flame to be obtained. The lamp or a weight should
be placed on the stand when in use. The blower when not in
use shuts up flat for the pocket. The pressure of air is ad-
justed by a delicate lever tap on the air tube.

Fig. 87.

Fig. 88 represents double bellows for hand use ; ‘two rubber
bulbs for use with the blowpipe or other small blasts.

Fig. 88.

Fig. 89 is Bunsen’s improved gas-blowpipe and blast-lamp
united. The nozzle of the blowpipe, a, is surrounded with a
brass casing, b. The blast from a double bellows is thrown
through a flame of illuminating gas, giving sufficient heat to
ignite a crucible, and can also be used as a glass-blower’s lamp
or blowpipe. The flame can be turned in any direction. Three
different brass nozzles, adapted for different purposes, accom-
pany each.
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The following devices, invented and patented by Thomas
Fletcher, are very excellent patterns of blowpipes :—

Fig. 89.

1st. The Automaton Blowpipe.—This blowpipe (Fig. 90) is
mounted on a stand, with a universal ball-joint, so as to enable
it to be used at any angle or in any position. The ball-joint
can be secured fast in position.

It is simple, self-adjusting for both gas and air, requiring
only a slight motion of a small lever to obtain instantly any
flame, from the smallest to the largest.

It has all the delicacy of the best mouth blowpipe used with
the utmost skill, with the powel and advantages obtained with
a mechanical blower.

A slight motion from side to side of the pin A4 changes the
power and character of the flame instantly as required, or stops
the power without extinguishing the flame, the blowpipe being
both self-lighting and self-adjusting.

2d. The Automaton Hand Blowpipe.—Fig. 91 shows the
hand blowpipe, with both tubes underneath, and will be found
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the most convenient pattern for small work, brazing, anneal-
ing, etc. :

The power of a blowpipe depends not only on the size of the
air-jet and gas supply, but on the pressure of the air supplied

Fig. 91.

by the blower. The foot-blowers are so perfect for all blow-
pipe work as to leave nothing to be desired. After ten years
they remain beyond the possibility of improvement in the
slightest detail, unapproached by any other form.

3d. Fletcher’s New Patent Mouth Blowpipe.—Fig. 92 re-
presents this blowpipe. The improved nickel-plated mouth-
piece, ¢, is said to cause no strain on the lips, while the tongue

has the necessary control over the opening.
8
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The blowpipe proper is held as a pencil, the chamber, 4, on
the stem stops all condensed moisture, and prevents the heat
traveling up the end; it is sold with two tips, 4, for cold, and
B, hot blast. It might easily be fastened to an immovable
stand, and connected with a hand- or foot-blower.

4th. Fletcher’s Hot-Blast Blowpipe. — Figs. 93 and 94
represent this blowpipe for temperatures above the power of
ordinary gas and air blowpipes. As will be seen from the

Fig. 94.

engraving, the air-pipe is coiled round the gas-pipe in a spiral
form, and both are heated by three small Bunsen burners
underneath, which are controlled by a separate stopcock.
The power of this arrangement is about double that of an
ordinary blowpipe; and when the jet is turned down to a small
point of flame it will readily fuse a moderately thick platinum
wire. In power it is nearly equal to the oxy-hydrogen jet,
and it is a good arrangement, both for chemical purposes and
also for soldering and general use. They are made with three
sizes of jet: small, for chemical purposes ; medium and large,
for soldering, etc.; and the size of jet or the purpose for which
it is required should be specified in ordering.
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8. PLATINUM APPARATUS AND APPLIANCES.

Platinum wire is used as a support when an assay is to
be fused with borax or salt of phosphorus (Bx., S. Ph.), ete., to

“Fig. 95. Fig. 96.

ascertain the color of the beads produced. One extremity of
the wire, about three inches long and of the thickness of horse-
hair, is bent into a hook or is coiled. This wire may be fused
into a small glass-tube for a handle (Fig. 95). Before being
used, it should be thoroughly cleaned, by placing it in dilute
sulphuric acid and rinsing with water.

Platinum spoons (Fig. 96, natural size) are very useful for
melting assays and other operations. A glass, wooden or cork-
handle should be adapted to it. A piece of platinum foil,
properly bent, may answer for the same purpose as a spoon.
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Closed tubes and glass bulb-tubes, or matrasses (Fig. 99),
are used for heating bodies out of contact with air. They are
easily made of hard glass tubing before a. glass-blower’s lamp,
or a Bunsen-burner connected with a blast, as previously
deseribed. For chemical experiments a variety of soft glass
tubing ought to be on hand; which, in the flame of a blast-
lamp, can be readily bent or drawn out and sealed at one end.

A triangular file is used for cutting glass. A notch is cut
in one side of the tube, when it is easily broken in two.

Watch-glasses are used for keeping powdered minerals and
for various other purposes.

For other accessory apparatus—mortars, flasks, test-tubes,
etc.—see Laboratory Apparatus and Manipulations, page
88-58; and for acids and other chemicals, see Wet Reagents,
page 59-69.

10. Currtine PLiers ; STEEL MAGNET ; MAGNETIC
NEEDLE.

Cutting pliers (Fig. 100) are useful for detaching fragments
from mineral specimens.

A common steel magnet (Fig. 5, page 39) serves to recognize
magnetic bodies.

A magnetic needle (compass, Fig. 6, page 39) is useful for
delicate determinations.

11. Br.owprirE REAGENTS.

The quantities used are small and there are but few, whieh,
however, have to be scrupulously pure. The dry preparations
are generally purchased from dealers.

Carbonate of soda, called simply soda, Na,CO,. Biborate
of soda or borax with water of crystallization — Na,O,
2B,0, + 10,0 or Na,B,0, + 10H,0, and fused boric acid,
= B,0,, for the detection of copper in lead. Phosphate of soda
and ammonia, or salt of phosphorus or microcosmic salt —
(Na,0, NH,0, H,0) P,0,+ 4H,0 or Na(NH)HPO, +
4H,0). Cyanide of potassium = KCN or KCy (a dangerous

g 8%
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potson). Bisulphate of potash or acid potassium sulphate
HKSO,, or strong I,SO, Nitrate of potash—saltpetre—
K,0, N,O,, or KNO,. Todide of potassium, KI. Sulphur, S.
Flowers of sulphur. Nitrate of cobalt, Co(NO,), + 6H,0
in solution. The crystals of the nitrate are dissolved in ten
parts of water. For use the cobalt solution is most conveni-
ently kept in dropping glasses.

Fig. 101, a, b, ¢, show different forms of this apparatus.
a, according to Bunsen; 4-and ¢, according to Schuster, with
and without a ground glass-stopper.

Pig.101. -

),
4

Oxalate of nickel, or nitrate of nickel, Ni(NO,), - 6H,0.
Black oxide of copper, or cupric oxide = CuO. Fluoride of
caleium (Fluor spar) = CaF,. The powder must be deprived
of water by ignition. Nitroprusside of sodium for detecting
sulphur. .

Iron: Fine sifted iron filings. TFerrum pulveratum, or
alcoholisatum of the druggists.

Lead: TPure lead or proof lead.

Tin: Strips or tin-foil.

Zinc: Strips of common sheet zinc.

Magnesium : Bits of foil or wire are useful in detecting
phosphoric acid.

Silver-foil for the detection of sulphur. A smooth bright
silver coin, however, will answer every purpose.

Bone-ash: A little cup of bone ashes, called a cupel, is
used for the cupellation of gold and silver.

Test-papers: Blue litmus paper, red litmus paper, turmeric
paper, and Brazil wood paper.

Charcoal.



TESTS OF

Aluminium plate
A small alcohol 1

Bottle for hydrochloric acid to test for carbon-
ates, with a ground,
nearly to the bottom, thus enabling one to with-
draw and use a single drop of acid.

be used for cobalt s

INORGANIC SOLID SUBSTANCES.

amp.
tight glass stopper, reaching

It may also

olution, Fig. 102.

12. PrELIMINARY TESTS oF INORGANIC SoLiD

.

SUBSTANCES.

The substances must be dry and in the form of fine powders.

In most of the fol

replaced by a Bunsen burner.

both hot and cold. :

lowing experiments, the blowpipe may be
The beads must be examined

1. Easily volatilized
when heated upon
charcoal (or upon
platinum foil or in
a dry test-tube).

Water; compounds of ammeonia, mercury, and
some of arsemic. Sulphur and its acids.
Carbon burns by ignition in the air; all
organic compounds are decomposed when
heated, most of them with separation of carbon
(blackening).

2. Deflagrate when
heated upon char-
coal platinum.

Nitrates, chlorates, iodates, bromates, etc.;
common salt, and other salts, as likewise
many minerals, decrepitate.

3. Tusible withont
volatilizing  and
withont c¢hanging
color.

Most salts of the alkalies and some of those of
the alkaline earths. After intense ignition in
the R. . they color moist tumeric paper
brown.

4. B. B.infusible, or
dificultly fusible,
withont changing
color.

The earths and their salts ; most of the alkaline
carths and their salts. 'When heated they glow
with white light. The carths proper show no
alkaline reaction after ignition. Silica and
many of its compounds. Metals: Fe, Ni, Co,
Pl, Mo, W, P, Ir, RI®
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5. Givewhen ignited
with soda or soda
and cyanide of
potassium in the
R. F. upon char-
coal, or the lumin-
ous flame of a
Bunsen burner.

a. Garlic odor : Most compounds of arsenic.

Hepar: All compounds of sulphur. The
mass when. moistened blackens silver, and
with acids develops sulphide of hydrogen.

. Metallic grains: Sn, Ag, Cu, Au. Gray
magnetic powder: Fe, Ni, Co. Non-
magnetic: Mo, W, P1, Ir. Brittle: Sb, Bi.
Malleable: Pb. Incrustation: Zn (white),
Cd (brown).

5

S

6. Give,when heated
in a glass open at
both ends, and
held obliquely.

a. Odorous gases: Metallic sulphides, of burning
sulphur. Selenides, of decaying radishes.
Arsenides, of garlic. Some ammoniacal salts
yield NH; turning meoistened red litmus
paper blue.

. Metallic coating: Mercary and arsenic com-

pounds.

White coating: Metallic arsenides, antimo-

nides, sulphide of lead, some salts of am-
monia, such as sal-ammoniac.

[

e

7. Color the non-lu-
minous flame of a
Bunsen gas-tamp
(0. F.).

a. Yellow: Na.

b. Violet: K, Cs, Rb.

¢. Crimson: Li, Sr.

d. Blue: As, Sb, Pb, Se.

e. Green: Boracic acid ; borates after moisten-
ing with sulphuric acid.

8. With phosphorus
salt or borax upon
platinum’ wire in
O. F. and R. F.

. Colorless bead: Siljca.

Yellowish brown or reddish : Iron.

. Amethyst color: in O. F. (not in R. F.) man-
ganese.

. Blue: copper (in the O. F. only), cobalt.

. Yellowish-green: Chromium,

o ™o

& [,
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CHAPTER V.
REACTIONS OF OXIDES WITH GENERAL REAGENTS.

Tue, following reactions of oxides with borax and salt of
phosphorus are taken from Wurtz’s Dictionnaire de Chemie,
vol. i., art. Chalumeau ; the others from Landauver’s Léthrohr-
analyse, 2d edit., Berlin, 1831.
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1. BEnavior or METALLIC OXIDES wiTn BORAX.
In the oxidizing flame. In the reduction flame.
Color of W .
the bead.
Hot. Cold. Hot. Cold
Colorless. |Si, Al, Su, Ba, Sr |8i, Al, Sn, Ba, Sr, 181, Al, Su Ba, Sr,‘bl Al, Sn, Di, Mn,
Ca, Mg, Gl, Y,| Ca, Mg, G, C&, g, Gl, Y, Ba, Sr, Ca. Mg,
Zr, Th, La, Teg Zr, Th, La, ’I‘e Zr, Th, La, De, Gl, Y, Th,
Ta, Nb, W, Mo, Ta, l\b, Tl, w, Mu, Nb, only £saturated),
Ti, Zn, Cd, Pb,| Mo, Zn,Cd, Pb,| ins. q.,or else a, Ce, Ta,
Bi, Sb, only in| Mo, Zn, Ag,| gray and op.,| white and op.
s. q.oryellow.| white by fl.,] Ag,Zn,Cd.Pb, byfl, Nb, ins.
Fe in s. q. Bi, Sb. Ni, Te | q.,orelse gray
by c. b. or else| and op., Ag,
gray and op. Zu, Cd, Pb, Bi,
bb Nl, ’l‘e by
c. b, or else
gray and op.,
Fe,in 8. q.
Gray and W a] Ag, Zn, Cd, Pb, Ag, Zn, Cd Pb,
0 aque. Bi, SI) 1\1 ’I'e, Bi, Sb Ni, Te,
especlally cold by blowmg 1it-
and by little tle, or else co-
blowing, or | lorless; Nb, in
velse colorless, 8. q.
Nb, in 8. q.
Very pale Ag,ins.q. JAg,inl. q. Dby 1. o ‘o
yellow.
Pale yel- | Ag, Cd, Zn,in & 6o a3
low. i Gl
Yellow. |(Ti,W,Pb,S8b, Mo, Va,Fe, Ce, white|Ti.in s. q. or elze Mo in 1. q. op.,
in I. q., U, in| op. by ﬂ U,| bluish-violet, and brown, W.
8. Q. yellow, op by| Mo, in s. q..in in L q. browu
1.q.brown, W,
Va.
Orange. (Cr, Fe, in 1. q., @ U. KE
Bi, in 1. q.
Red. CG 13 [ ‘0
Deep red. Fe, in L. q. Mn (violet-red). S s
Brownish- Cr,U Ni Cu by blowing Cn, by blowing
red. little (muddy). | little (muddy).
Violet. Mn, Ni, Di Di a Ti, op. by fl.
Blue. Co Co, Cu green Co Co, Cu, nearly
when getting colorless by
cold. c. b.
Green. Cu Cr, yellowish {Fe,Cr,brownish. Fe, U, bottle-

when getting
cold.

Cu, nearly col-
orless by c. b.

greeu, Cr, Va,
emerald-green.

NoTe.—Abbreviatious employed:
fl., by flaming;

8. q.,

small quantity; 1. q.,
¢. b., continued blowing ; op., opaque.

large quantity ;
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2. Beaavior oF MeTALLic OXIDES WITHE SALT OF
Puospuorus.

Color of
the bead.

In the oxidizing flame.

In the reductlon fame.

Ilot.

Cold.

Hot.

Cold.

Colorless, a
portion of
the sub-
stance un-
dissolved
(silica

skeleton). .

Colorless.

Gray and
opaque.

Pale yel-
low.

Yellow.

Orange.

Red.

Si

Al, Sn, Ba, Ca,
Mg, G, Y, Zr,
Th, La, NXb, Te,
in all propor-
tions ; Ta, Ti,
W, Zn, Cd,Pb,
Bi, 8b, in s. q.
or else more or
less yellow.

Sb, Zn, in L. q.

Pb, very 1. q., Bi,
Cd. Ta, Ti, W,
ju 1.q.,Ag,Ca,
Ni, U, Va, Cr,
Fe, in s. q.

Cr, Fe,1n 1. q.
"

Deep red.

|
|

Reddish-
brown,

Violet.

Blue,

Green.

Fe, Cr, in very
. q.

Mn, Di
Co

Cu, Mo. (yellow-
ish)

Si

Al, Sn, Ba, Sr,
Ca, Mg, GL, Y,
Zr, Th, La, Te,
W, Zn, Cd, Pb,
Bi, Sb, Fe, in
8. q.

Ag, Fe

Fe,in 1. q ; Ni,in
8. q., U (yreen-
ish), Va.

Ni,inl. q.

Mu, Di

Co, Cu (greenish
when getting
cold).

Mo, U, (yellow-
ish), Cr, emer-
ald green.

8i

Al, Sn, Ba, Sr,
Ca, Mg, G1, Y,
Zr, Th, La, Ce,
Di, Mn, Ta, Ag,
Zu, Cd, Pb, B1,
Sh, Ni, Te, by
very ¢. b., or
else gray and
op.

Ag, Zn, Cd, Pb,

Bi, Sb, especi-
ally whencold,
Te, Ni.

Ti

Fe in s. q. Va.

Fe (browu)

Cr

Nbinl. q.

Co, W, Nb, in
very l. q.

U, Mo, Cn

Si

Al, Sn, Ba, Sr,
Co, Mg, Gl, Y,
Z:;{)T}l (satura-
ted), La, op. b,
fl. Ce, 1’)1,p1\{n),'
Ta, Ag, Zn, Cd,
Pb, Bi, Sb, Ni,
Te, by c. b. or

_ else gray and
op. Fe in s. q.

Ag, Zn, Cd, Pb,

Bi, Sb, Te, Ni.

Fe (greenish in
L q.).

Fe (greenish in
Yesdi)e

Fe while getting
cold.
'
Cu, op.
Cu, op.
Nb, Ti

Co, W, Nb, in
very L. q.

Cr. U, Mo. Va.

Norr.—Abbreviations employed: s. q., small quantity ; 1. q., large quantity ;
i, by flaniog; c. b, continued blowing ; op., opagque.
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3. ExamINATION OF MINERALS witi Sopa (Sodium Car-
bonate), Na,CO,.

The examination with soda is generally performed on char-
coal in the reduction flame, and, as 2 general rule, the flux is
added successively in small portions. It is sometimes better
to form the finely pulverized assay into a paste with moistened
soda before placing it upon the charcoal. This is particularly
necessary when the assay is to be tested for its fusibility with
soda, since a great many minerals and ores behave quite dif-
ferently with different quantities of flux.

Instead of sodium carbonate, the neutral potassium oxalate or
potassium eyanide may advantageously be used for all experi-
ments of reduction, since these reagents exercise even a more
powerful reducing action than soda. They are for this reason
frequently employed when the presence of such metallic oxides
is suspected, whose conversion into metals requires a high tem-
perature and the aid of a very efficient deoxidizing agent.

In subjecting a body to the treatment of soda, we must di-
rect our attention to two points. Some substances unite with
soda to fusible compounds, others form infusible compounds,
and others again are not fused at all; in the last case the soda
is simply absorbed by the charcoal, and the assay is left com-
pletely unchanged.

With soda, the following substances produce fusible com-
pounds with effervescence of carbon dioxide (CO,) :—

Silicie oxide.—Silica (Si0,)* fuses to a transparent glassy
bead which, after cooling, remains transparent if the soda has
not been added in too great excess.

Titanium dioxide ('Ti0,) fuses to a transparent glassy bead,

* Silica belongs to the class of acid-forming oxides, and the silicie
acid corresponding to the oxide Si0, mnust have the formula H,SiO, or
Si(OH), = 8i0, -} 2H,0 = H,Si0,. Silicic acid is just as little known
as is sulphurous acid = H,80,, or carbonic acid = H,CO,, and, like
these acids, it has a great tendency to split up into water and the acid-
forming oxide.
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which is dark-yellow while hot, but on cooling becomes turbid
and crystalline.

Tungsten trioxide (W O,)* and Molybdenum trioxide (MoO,)t,
after the earbon dioxide is driven off, are absorbed by the char-
coal.

Tantalum pentoxide (Ta,0,), Vanadium pentoxide (V,0,),
and Columbium (niobium) pentoxide (Cb,0,) or (Nb,0;) also
yield fusible compounds and sink into the charcoal.

Lime, magnesia, zirconia, thoria, yttria, and glucina (beryl-
lium oxide), as well as cerium and uranium oxides, are not
attacked : they remain.unchanged, while the soda sinks into
the charcoal.

The salts of barium and strontium form, with soda, fusible
compounds, which are absorbed by the charcoal.

Sodium carbonate is also used for the detection of—

a. Sulphur, selenium, and tellurium compounds, which give
with it a fused mass,} yielding a black, or brown, stain when
laid upon a piece of silver and moistened with water.

b. Manganese and chromium, with the soda alone, or, better,
with addition of sodium nitrate, yield colored masses; the for-
mer a green mass of manganate, and the latter a yellow mass
of chromate.

The second point to be observed is the elimination of metal-
lic matter.

‘When treated with soda on charcoal in the R. F1., the follow-
ing metallic oxides are reduced: the oxidcs of the noble metals
and the oxides of arsenic, antimony, bismuth, indium, cadmium,
copper, cobalt, iron, lead, mercury, nickel, tin, zine, molyb-
denum, tungsten, and tellurium. Of these, arsenic and mercury
vaporize so rapidly that frequently not even a coating is left on
the charcoal. Antimony, bismuth, cadmium, lead, zine, and
tellurium are ‘partially volatilized, and form distinct coatings on
the charcoal.

* Tungstic acid (wolframic acid) =H,WO
1 Molybdic acid = II,Mo0, 4 IL,0.
1 Hepar sulphuris (liver of sulplur).
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The non-volatile reduced metals are found mixed with the
soda. 'To separate them from the adhering soda and charcoal
powder, we proceed in the following manner: The fused mass
of soda and metal, and the portion of the charcoal immediately
below and around the assay, are placed in a small mortar, ground
to powder, then mixed with a little water and stirred up. The
heavy metallic particles settle to the bottom, a portion of the
soda dissolves, and the charcoal powder remains suspended in
the water. The liquid is carefully poured off, and the residue
treated repeatedly in the same manner until all foreign matter
is removed. The metal remains behind as a dark heavy pow-
der; or, when the metal is ductile or easily fusible, in the shape
of small flattened scales with metallic lustre. These may be ex-
amined with the magnifying glass and also with the magnet.
If the substance under examination eontains several metallic
oxides, the metallic mass obtained is usually an alloy, in which
the several metals may be detected by processes to be deseribed
hereafter. It is only in some exceptional cases that separate
metallic globules are obtained, as, for example, in substances
containing iron and copper.

4. ExXAMINATIONS OF METALS Wit SOopIvM THIOSULPIIATE
(HyrosuLpuiTk oF Sopium), Na,S,0,.

With all the metals which can be precipitated in the wet way
by hydrogen sulphide, the same reaction may be obtained in
the dry way by heating the powdered substance with powdered
thiosulphate of sodium in a reagent tube. After the decompo-
sition has taken place—recognized by the evolution of hydrogen
sulphide—the melted mass exhibits very elearly the peculiar
coloration of the metallic sulphides produced. In many cases
this reaction is enhanced by a small addition of oxalic acid.

Since the thiosulphate of sodium contains considerable water
of crystallization, the greater portion of this must be removed
from this reagent before experimenting, or the glass-tube must
be held horizontally to prevent its cracking, in which case the
open end had better be closed with cotton-wool.
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The sulphide reactions of the metals are demonstrated in the
following table, in which their behavior with borax on platinum

wire is shown by way of comparison.

These

ment each other very instructively.

methods supple-

5. TABULAR ARRANGEMENT SHOWING THE BEHNAVIOR OF
Ox1DES, WHEN TREATED BEFORE THE BLOWPIPE, WITIH
SopiuvMm THIOSULPHATE, TOGETHER WITH THEIR REAC-
TIONS WITH BORAX.

Behavior with borax on platinum wire
Behavior with (beabapdapola)s
Metallic oxides. NayS,0;.

; Oxidizing flame. Reducing flame.
Antimony oxide| Orange-red, ! Colorless, Gray to colorless.
Arsenic « | Lemon yellow, (Vaporizes), (Vaporizes).
Bismuth ¢ | Black, Colorless, Gray to colorless.
Cadminm & Yellow, G SR
Chromium ‘¢ | Green, Grass-green, Emerald-green.
Cobalt ¢ | Black, Blue, Blue.
Copper " = Bluish-green, | Brown.
Gold = = Reduced to metal |without dissolv’g.
Iron i < Yellow, Bottle-green,
Lead g &4 Colorless, Gray to colorless.
Manganese ‘¢ | Light-green, |Violet (amethyst)| Colorless.
Mercury ¢ | Black, Vaporizes, Vaporizes,
Molybdenum ‘¢ | Brown, Colorless, Brown.
Nickel ¢ | Black, Reddish-brown, | Gray to colorless.
Platinum ¢ ¥ Reduced to metal |without dissolv’g.
Silver - % Colorless, . | Gray to colorless.
Thallinm 4 o ¥ Colorless.
Tin ‘¢ | Brown, e B o8
Uraninm ‘¢ | Black, Yellow, Bottle-green.
Zinc ¢ | White, Colorless, Gray to colorless.

6. ExamiNaTioN with Acip PoTassium SULPHATE OR
CONCENTRATED SULPHURIC ACID.

To determine the presence of volatile acids, a small quantity

of the substance is heated with acid potassium sulphate, or with
concentrated sulphuric acid (in the latter case, however, not
to the boiling-point of the acid), and the following appearances
noticed :—
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1. A CororED Gas 18 EVOLVED:

a. Nitrogen tetroxide (NO,) fumes are recognized by their
reddish-brown color and characteristic odor; evolved from
nitrates and nitrites. With nitrates the reaction is promoted
by the addition of copper filings.

b. Chlorine tetroxide (hypochloric acid), C1,0,, yellowish-
green, odor like chlorine, bleaches litmus paper. The evolution
of this gas by this treatment indicates the presence of chlorates.*

¢. lodine, from iodides, may be recognized by its violet
vapors, which color starched paper blue. Jodates* give this
reaction after the addition of ferrous sulphate (copperas).

d. Bromine; reddish-brown vapors, with pungent, unpleasant
odor, which turn starch-paste yellow. Yielded by bromides and
bromates. The color of the vapor is best seen on looking down
the tube. :

2. A CoLorLEsS, Oporous Gas 15 EVOLVED.

a. Sulphur dioxide (sulphurous acid), evolved from sulphites
and polythionates, is easily recognized by its suffocating odor
and bleaching properties (litmus, etc.).

b. Hydrochloric acid, from chlorides, recognized by its odor
and by the clouds of ammonium chloride (sal-ammoniac) which
are formed, when a glass-rod, moistened with ammonia-solution,
is held over the tube. ;

c. Hydrofluoric acid, from fluorides, smokes, has a very suf-
focating odor, and strongly etches glass.

d. Hydric sulplide (sulphydric acid, sulphide of hydro-
gen, sulphuretted hydrogen), H,S, from sulphides, of a repul-
sive odor, blackens paper moistened with lead acetate (sugar of
lead) solution.

e. Oyanic acid, from cyanates, has a characteristic pungent
odor ; it brings tears to the eyes, and renders lime-water turbid.

f- Acetic acid, from acetates, is known by its pungent,
¢ vinegar” odor, and also by yielding fragrant acetic ether on
heating with sulphuric acid and alcohol.

* The chlorates, iodates, and bromates deflagrate when heated on
charcoal. -
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3. A CovrorLEss AND OpoOrLESS Gas 18 EvoLveD.

a. Carbon dioxide (carbonic acid gas) = CO,, is expelled
from carbonates with effervescence; it renders lime<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>