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BLOWPIPING.

CONSTITUTION OF MATTER.

1. It is eminently necessary that the student shall,
before taking up the subject of Blowpiping, have some
knowledge of the fundamental principles of Chemistry, and
for that reason we will here briefly state for his benefit
those which we deem most essential.

CHEMICAL ELEMENTS.

2. A chemical element is a substance which can not
be decomposed or divided into simpler substances by any
known process. That is, a chemical element is the simplest,
or ultimate, form of matter. There are at present (1898)
seventy-four recognized elements, or substances that are,
as far as we know, elementary. There is no good reason to
suppose, however, that these £nown elements comprise all
the elementary substances in existence; in fact, the supposi-
tion is rather to the contrary. New elements have been
discovered from time to time in the past, the year 1894
witnessing the discovery of two—argon, a gaseous element
closely resembling nitrogen, and Ae/tum, an element allied
to uranium—and there are various scientific reasons for
believing that there is still quite a number of undiscovered
elements waiting for genius or accident to disclose them to
the world.

It is quite possible that some of the substances which we
consider elementary, and place in the list of elements, are

§ 34
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2 BLOWPIPING. § 34

in reality compounds of two or more still unknown ele-
ments.

3. The elements may be divided, like all other matter,
into gaseous, liquid, and solid classes, according to their
physical state at ordinary conditions of pressure and temper-
ature.

The gaseous elements are hydrogen, oxygen, nitrogen,
argon, chlorine, and fluorine. The first three were for-
merly called fixed gases, as they were supposed to remain
in the gaseous state under all conditions, but in the last few
years all of them, even hydrogen, the lightest, have been
reduced to the form of liquids by the use of enormous
pressures and very low temperatures, so that the term has
lost its significance and is rapidly falling into disuse.

Only two of the known elements—bromine and mercury
(quicksilver)—belong to the liquid class, and the former is
very volatile and must be kept air-tight or it will rapidly
evaporate at ordinary temperatures. The rest of the known
elements are all solids under ordinary conditions.

4. The solid elements may be further classified as
metallic and non-mctallic, according to physical peculiarities.
Carbon, phosphorus, arsenic, sulphur, boron, tellurium,
selenium, iodine, and silicon rank as the non-metallic ele-
ments, while the rest of the solid elements are considered
metallic. Mercury, also, is classed as a metallic element.

8. Thevarious clements combine among themselves to
form chemical compounds, and the elements and their com-
pounds constitute all the matter of the universe. By far
the greater portion of the elements occur in nature only in
combination, and of those that do occur in the elementary
form, in the case of only a few—such as gold and platinum
among the solids, and nitrogen among the gases—is this
form the usual one; and, so far as is known, no element
occurs invariably uncombined, or native. The combination
of elements is discussed more at length in Arts. 11 to 24.



834 BLOWPIPING. 3

ATOMS AND MOLECULES.

6. A molecule of any substance is the smallest portion
of that substance that can exist independently and still
preserve its identity. That is, if any attempt is made to
still further subdivide the substance, the resultant parts
will no longer be of the same character as the original sub-
stance. Molecules are in turn made up of still smaller
masses of one or more chemical e/ements, called atoms.

Z. An atom is the smallest portion of an element. With
a few exceptions, atoms exist only % combination with other
atoms of the same or other elements, as a constituent of a
molecule. (The molecules of mercury, zinc, and cadmium
contain only one atom each.)

To illustrate the relation between molecules and atoms,
we may draw a comparison between a molecule of any sub-
stance and some familiar compound, say gunpowder. We
will consider a grain of gunpowder as representing a mole-
cule. Now, this grain of powder has certain well-defined
characteristics, but if we give it sufficient heat it will at
once explode, breaking up into gas and a certain amount of
solid residue, and neither the gas nor the residue resembles
the original gunpowder in the least; but, nevertheless, they
were both constituents of the grain, and helped to give it its
character; and to this extent they bear the same relation
to the grains of gunpowder as the constituent atoms of a
molecule do to the molecule.

8. Atomic Weight.—As an atom is a portion of an
element, there must, of course, be as many different kinds
of atoms as there are of elements; and as the elements
themselves are not all of the same density, the weights of the
atoms also are variable. Atoms are infinitesimal, and mil-
lions of them are necessary to make a particle that is visible
to the eye; so, of course, it is impossible to obtain the actual
weight of a single atom. The r¢/ative weights of the atoms
of the known elements have been determined, however,
within very close limits. The atomic weight (also known
as the combining weight) of an element is the ratio of the
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weight of an atom of that element to the weight of an atom
of hydrogen. Hydrogen, being the lightest known element,
is taken as the standard for determining atomic weights,
and the weight of its atom is considered as unity, or 1.

9. Molecular Weight.—The weight of a molecule of
any substance, either elementary or compound, is, of course,
equal to the sum of the weights of the atoms composing it;
therefore the molecular weight of the substance is the sum
of the atomic weights of all the elements composing it, each
multiplied by the number of atoms of that element in a
molecule of the substance. Elements have both atomic and
molecular weight, the latter being usually either two, or
some simple multiple of two, times the former, as, with
only a few exceptions (see Art. 7), a molecule contains at
least two atoms; but compounds can have only molecular
weight, as they immediately lose their identity as com-
pounds if they are broken up into their elements.

SYMBOLS.

10. For convenience in writing chemical formulas and
equations, the various elements may be represented by their
chemical symbols. These symbols are merely the initials or
an abbreviation of the name of the element, either English
or Latin. Table I gives a list of the known elements, and
opposite each element is its chemical symbol and atomic or
combining weight. The non-metallic eiements in the table
are printed in heavy type.

FORMATION OF CHEMICAL COMPOUNDS.

CHEMICAL FORMULAS AND EQUATIONS.

11. To save the time and trouble of writing out in full
the names of compounds, and to facilitate chemical calcula-
tions, a system of chemical notation has been devised in
which the various elements are represented by their symbols,
and their relative proportions by subscripts and coefficients.
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TABLE I.

NAMES OF ELEMENTS, THEIR SYMBOLS AND COMBINING

Aluminum...........
Antimony .
(stibium)

Copper (cuprum).....

Fluorine..... ....
Gadolinium.. .. ...
Gallium
Germanium
Glucinum...........
Gold (aurum)........
Helium. ..
Hydrogen.. .....
Indium..............

............

Iron (ferrum)........
Lanthanum..........
Lead (plumbum).....
Lithium.............
Magnesium..........
Manganese..........

Mercur{
(hydrargyrum)

WEIGHTS.

26.91 || Molybdenum........
Neodymium ........
119.50 || Nickel..............
? 4.00 || Niobium............
74-44 || Nitrogen... .....
136.39 || Osmium............
200.54 || Oxygen..........
10.86 || Palladium.. ........
79.34 || Phosphorus... ..
111.54 || Platinum............
131.89 || Potassium (kalium)..
39.76 || Proseodymium......
11.91 || Rhodium............
138.30 || Rubidium...........
35.18 || Ruthenium. .......
51.74 || Samarium ..........
58.55 || Scandium...........
63.12 || Selenium........
165.06 || Silicon ..........
18.91 || Silver (argentum). ..
155.57 || Sodium (natrium).. ..
69.38 || Strontium...........
71.93 || Sulphur..........

g.ot || Tantalum..........
195.74 || Teliurium.......
? 4.00 || Terbium............
1.00 || Thallium............
113.40 || Thorium............
125.89 || Thulium............
191.66 || Tin (stannum).......
55.60 || Titanium...........
137.59 || Tungsten (wolfram).
205.36 || Uranium............
6.97 || Vanadium...........
24.57 || Ytterbium..........
54.57 || Yttrium.............

Zinc ........

198.49 || Zirconium..........

;.| Combi-

nin,

* |Weight.
Mo | 95.26
Nd | 142.52
Ni| s8.24
Nb | g3.02

N | 13.91
Os | 189.55
O | 1588
Pd | 105.56
P | 3079
Pt | 193.41
IIJ( 38.82
7 | 139.41
Rk | 102.23
Rb | 84.98
Ru | 100.91
Sm | 149.13
Sc | 43.78
Se | 78.58
jz' 28.18
107.11

Ag 22.88
Sr | 86.95
S | 31.83
Ta | 181.45
Te | 126.52
7r | 158.80
77 | 202.61
Tk | 230.87
Tu | 169.40
Sn [118.15
77 | 47.79
W |183.43
U [237.77
V | s0.99
Vb | 171.88
V | 88.35

.| Zn | 64.91
Zr | 89.72

NoTe.—The elements Neodymium and Proseodymium always occur
together, and so they are called Didymium in the tables on blowpipe

reactions.
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12. Subscripts.—Subscripts are small figures placed
after and slightly below the symbols of the different ele-
ments of a compound, to indicate the proportion (by volume)
of each present, or the number of atoms of each in a mole-
cule of the compound. Thus, /,50,, the formula for sul-
phuric acid, indicates that the acid is made up of hydrogen,
sulphur, and oxygen, in the proportion of 2 parts (by volume)
of hydrogen, 1 of sulphur (when no subscript is given, the
subscript 1 is understood), and 4 of oxygen; or, that a mole-
cule of /7,50, is made up of 2 atoms of /,1of S, and 4 of O.
The formula of water (/,0) tells the observer at once
that water is two-thirds hydrogen and one-third oxygen, by
volume. The advantages of such a system of notation are
obvious. In reading formulas, the subscripts are read, as
they are written, after the symbol of the element they
modify; thus, /,S0, is read *‘ A two, S, O four.”

13. If a parenthesis is placed around the symbols of a
group of elements, and a subscript written after the paren-
thesis, the subscript multiplies everything within the paren-
thesis. Thus, F¢,(S0O,), (sesquisulphate of iron) might also
be written /¢,S5,0,, but the group of elements SO, is
characteristic of the sulphates, and acts, in replacing and
being replaced by other elements, like a single element, and
hence is written in parenthesis, with a subscript correspond-
ing to the subscript of a single element whose place it fills.
By so doing, compounds can be assigned to their proper
class—sulphates, hydrates, etc.—at a glance; while the
other method, removing the parenthesis and multiplying the
various subscripts, would lead to cousiderable confusion.

A radical is a group of elements (characteristic of a class
of compounds) which acts like a single element in replacing
or being replaced by elements or in combining with other
radicals. As arule, radicals can not exist by themselves, as
the atoms of the elements composing them are not com-
bined in such proportions as to form stable molecules, and
hence the radicals must either break down so as to form
stable molecules or they must combine with each other or
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with elements so as to form stable compounds. The radical
of sulphuric acid, SO,, has already been mentioned, and it
is this that occurs in sulphates. The radical of nitric acid
and the nitrates is VO,, and that of the hydrates or hydro-
oxides is OH. Thus, AgNO, is silver nitrate; Ba(NO,), is
barium nitrate; KOH is potassium hydrate, and Ca(OH),
is calcium hydrate. The radical /O seems to combine with
itself to form a compound, A-0O-0O-H, or H,0,, which is
called hydric peroxide.

14. Coefficient. — Coefficients are numbers placed
before symbols of free elements, or formulas of compounds,
to indicate the relative amounts of substances under consid-
eration. Coefficients may be illustrated as follows : When
we wish to write two molecules of water we write 24,0,
or when we wish to write two molecules of hydrochloric
acid we write 2/C/, the coefficient applying to the entire
formula.

15. Chemical affinity is the tendency which all
elements possess (to a greater or less degree) to combine
with each other and so form chemical compounds. This
tendency or attraction is not a constant force, but varies
between the different elements; for instance, there is prac-
tically no affinity between gold and oxygen, but iron rusts
or oxidizes in moist air. The affinity between chlorine and
hydrogen is so great that if they are merely mixed and
exposed to light (not flame) they will explode with great
violence and unite to form hydrochloric acid. The affinity
of fluorine for hydrogen is even more intense, and light is
not necessary to produce combination and explosion when
the elements are mixed.

16. A chemical reaction is a change in the arrangement
of the atoms of two or more compounds or molecules so as
to form different compounds or molecules. Chemical reac-
tions are due to the difference in affinity of the various
elements, and usually involve several elements or compounds.
These reactions may be represented by chemical equations,
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one side of the chemical equation being composed of the
factors which enter into the reaction, and the other side of
the factors resulting from the reaction, each factor being
preceded by its proper coefficient.

Ordinarily, if two elements or compounds that have an
affinity for each other are brought together, they unite to
form a new compound; but in some cases this union will not
take place at ordinary temperatures or under ordinary con-
ditions, and in such cases heat, electricity, or some other
agency may be necessary to facilitate the union. As an
illustration : If two volumes of hydrogen gasand one volume
of oxygen gas are mixed at ordinary temperatures, they
would remain in the gaseous condition indefinitely, but
should their temperature be elevated, or should the mixture
be brought into contact with a flame, they will immediately
unite to form water, the formula for which is 7,0.

Chemical reactions may be considered under the three
following heads: Direct union or synthesis, displace-
ment, and substitution or exchange.

17. Direct union or synthesis takes place when an
element in the free state comes into contact with another
element for which it has considerable affinity, and the two
combine to form a chemical compound. In the same way
two compounds (or an element and a compound) may unite
to form a single new compound. As illustrations of direct
union or synthesis, we may mention the formation of water
by the union of oxygen and hydrogen, as has already been
mentioned. The reaction in this case may be represented
by the equation

2H+-0=H,0
but on account of the fact that this reaction does not take
place at ordinary temperatures, some people write the
equation
2H 4 O + heat = H,0

Another illustration of direct union or synthesis has already
been mentioned in the formation of hydrochloric acid, the
reaction for which may be represented by the equation

H+ Cl=HC!
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The converse of direct union or synthesis is the breaking
up or disintegration of simple compounds into their con-
stituent elements. Analytical chemistry depends upon the
breaking up of the compounds to determine their nature.
Many compounds, such as carbonates, sulphides, etc., can
be decomposed by heat alone, while others are decomposed
by electric currents; as, for instance, water may be decom-
posed into oxygen and hydrogen, and various metallic salts
may be decomposed into the metal and free acid by means
of eléctric currents.

18. Displacement takes place when a free element
comes in contact with a compound containing some element
for which the free element has a greater affinity than the
other constituents of the compound. The free element
will immediately form a combination with the element for
which it has affinity, and the other element or elements
of the compound will be set free or forced to form new com-
pounds. This may be illustrated as follows: If metallic
zinc and hydrochloric acid be brought into contact in the
proportion of two molecules of hydrochloric acid to one of
zinc, the reaction illustrated by equation I will take place.

L Zn 4 2HCl = ZnCl, + 2H

It is by this means that hydrogen gas is usually made in
the laboratory. If metallic zinc be brought into contact
with a solution of sulphate of copper, the reaction illustrated
in equation II will take place.

II. CuSO, + Zn = ZnSO,+ Cu

This reaction is employed for the precipitation of metallic
copper, and metallic iron may be substituted for the zinc,
in which case sulphate of iron and free copper would be the
result. The latter method is frequently employed for the
precipitation of copper from mine waters containing sul-
phate of copper in solution, the mine waters being led into
tanks containing scrap iron. The scrap iron is changed
into sulphate of iron (green vitriol) and the copper deposited
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as metallic copper, the sulphate of iron going into the solu-
tion and being carried away by the water.

19. Substitution or exchange takes place when two
compounds come together, the elements of which are so
constituted that some of them have a tendency either to
exchange places with a portion of those in the other com-
pound or else to unite and form new compounds. If lime-
stone be brought into contact with hydrochloric acid, the
reaction shown in equation III will take place.

III.  CaCO,+2HCl= CaCl,+ CO, + H,0

The results of this equation are calcium chloride, carbon
dioxide, or carbonic acid gas, as it is sometimes called, and
water. This is the reaction commonly used in the labora-
tory for obtaining carbon dioxide. Another illustration of
this class of reactions is shown in equation IV, in which
case iron sesquioxide is treated with sulphuric acid, and the
resulting compounds will be sesquisulphate of iron and
water.

IV.  Fe0,+3H,SO,= Fe, (50,), + 3H,0.

20. All chemical reactions are included in the prece-
ding classification. Occasionally, when a compound is robbed
of any of its constituents, the affinity between the remaining
elements is not sufficient to keep them together, and they
will break up independent of the original reaction.

21. Combining Power.—It has been found that the
elements always combine in certain definite proportions,
and in all the elements which are gases or can be com-
bined when in the gaseous state, it has been found that
these proportions are by volume; and from investigations
which have been carried on, it is fair to assume that all ele-
ments combine in proportions by volume when in the
gaseous state.

For instance, if one volume of A (hydrogen) combines
with one volume of C/ (chlorine), they will form two volumes
of hydrochloric acid, /C/. This law always holds, and each
element has a certain combining or holding power; that is,




8§ 34 BLOWPIPING. 11

its atoms can hold in combination or combine with a certain
number of atoms of other elements.

Hydrogen has been taken as the standard by which to
measure or compare this combining power. The combining
power of the various elements is found to range from an
equivalent of one atom of hydrogen up to as high as an
equivalent of seven atoms of hydrogen. Those that can
hold one atom of hydrogen are called monads; if the ele-
ment combines with or replaces the equivalent of two atoms
of hydrogen or other monad elements, it is called a dyad,
and is said to have a valence of two; if it combines with or
replaces the equivalent of three atoms of hydrogen, it is
called a triad, and has a valence of three; if it combines
with four atoms, it is called a tetrad; with five atoms, a
pentad; with six atoms, a hexad; and with seven atoms, a
heptad.

22. Egquivalence or valence may be defined as that
property of an element by virtue of which its atom may
hold a definite number of other atoms in combination.
Hydrogen is always used as a standard for measuring
valence.

Hydrogen always has the same valence, while several of
the other elements combine in two or more proportions; but
if an element has an odd valence, its valence will usually
increase or decrease in multiples of two, and hence remain
odd; as, for instance, chlorine has valences of one, three,
five, and seven, but not two, four, and six, while sulphur
has even valences of two, four, and six, but never an odd
valence.

To make valence somewhat plainer, it may be stated
somewhat as follows: The combining power of the elements
may be represented by bonds, and these may be illustrated
graphically by short lines. The lines represent the number
of bonds and not their direction. /A has but one bond,
while oxygen has two and carbon four, as illustrated below:

H- -0- -d:.
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In a chemical compound, all the bonds are supposed to
be satisfied.

23. Radicals have free bonds on account of the fact
that the elements composing them are not completely satis-
fied, and it is for this reason that they act as elements; for
instance, if one atom of hydrogen and one atom of oxygen
be combined, we may assume that they would take the
position shown below: '

H-0-

in which there is still a free bond, but now if this same
H-0- radical be combined with a similar radical, we may
assume that they would take the position:

H-0-0-H

in which a free bond of each radical would be satisfied by
that of the other, and the formula would become #,0,, as
noted in Art. 13. If tothe AO radical we add one atom of
hydrogen in place of the 6ther A0 radical, we would have
obtained the formula A-O-A or H,0, which would be
water.

24. Nascent State.—By experiment in regard to the
molecular weight of gases, it has been found that in hydro-
gen gas the atoms are not free, but the molecule is com-
posed of two atoms, as HA-H, or H,. In the same way the
molecules of oxygen gas are composed of two atoms
0=0, or O,. (See Art. 7.) It is evident that the forces
necessary to hold these molecules together must reduce
their ability to combine with other elements; i. e., before
oxygen gas can combine with another element, the molecule
which is composed of two atoms of oxygen must be broken
up so that the atoms will be set free. The same is true in
regard to hydrogen gas, and in this case the reaction may be
well illustrated as follows : If ferric chloride (Fe,C/,) be
treated with hydrogen gas by passing the gas from a gener-
ator through a solution of the ferric chloride, no change
whatever in the condition of the chloride will occur, but if
the solution of ferric chloride contain free acid—as, for
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instance, hydrochloric acid—and then zinc be added to the
solution, the reaction that will take place between the zinc
and the free hydrochloric acid will be illustrated by equa-
tion V.

V. Zn +2HCl = ZnCl, 4 2H

but in this case the hydrogen at the moment it is freed
will be in an atomic form; that is, it will not be combined
into the molecules composed of two atoms of hydrogen, and
hence it is free to form any compound that it may. This
free hydrogen will combine with ferric chloride as illustrated
in equation VI.

VL QH 4 Fe,Cl, = 2FeCl, 4+ 2HCI

It will be seen that this reaction liberates hydrochloric
acid from the ferric chloride and reduces the ferric chloride
to ferrous chloride. Now, in certain chemical reactions it
is desirable to have a solution of iron in the ferrous state,
and this may be accomplished as shown by the reactions
above. After the reaction is once started, the hydro-
chloric acid freed from the ferric chloride would decompose
more zinc, and the reaction would be continuous so long as
ferric chloride, zinc, and free acid be present.

The fact that the elements are more active at the moment
they are freed has led chemists to call this state of an element
the nascent state (nascent means being born).

For an experiment to illustrate this, it is well to use a solu-
tion of potassium permanganate, which has a dark-red
color. If hydrogen from the generator be passed into this
solution, no reaction will occur, even though free acid be
present, but if zinc and acid be added to the solution, so as
to form hydrogen in the solution, the nascent hydrogen will
immediately combine with the potassium permanganate to
form a colorless solution. The ferric-chloride solution is
only slightly yellow, and hence it requires a test to deter-
mine the moment at which all the ferric salt has been
reduced to a ferrous salt.
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CHEMICAL NOMENCLATURE.

25. In the naming of the chemical elements, the only
attempt made at system is in restricting the use of the
termination - to the metallic elements, and even to this
there are two exceptions, selenium and tellurium; these two
elements were originally supposed to be metallic, and the
names have not been altered since their non-metallic
character was recognized.

In the naming of compounds, however, a definite system
has been adopted by which the name of the compound is
made to indicate its composition.

26. Binary Compounds.—The simplest of chemical
compounds are those containing only two elements—binary
compounds. Such compounds are made up either of a metal
and a non-metal or of two elements replaceable by a metal
and non-metal respectively, and which may, therefore, for
purposes of comparison, be considered as metallic and
non-metallic. Thus, hydrogen is replaceable in all acids by
metals, and in many of its chemical characteristics resem-
bles the metallic elements. Sulphur and arsenic in some
compounds are non-metallic in character and in others they
have all the chemical characteristics of metals.

27. In binary compounds, the name of the non-metal
gives the name to the class, the termination -ide being sub-
stituted for the concluding syllable or syllables of the name
of the element. Thus, compounds of a metallic element
with oxygen are oxides; with sulphur, sulphides; with
chlorine, chlorides, etc. The specific name of the com-
pound is derived from the metallic element; thus, copper
oxide, tron sulphide, silver chloride. Frequently, however,
the same elements combine in more than one proportion.
Thus, we have two oxides of iron, #¢O and Fe,0O,, and cor-
responding sulphates, chlorides, etc. There are several
ways of denominating such compounds. Usually we use
the Latin name of the metallic constituent and substitute
for the final syllable or syllables the suffix -f¢ in the names
of the compounds in which the proportion of the non-metallic
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constituent is largest, and -ous in the names of the com-
pounds having smaller proportions of the non-metallic con-
stituent. Thus, F¢0 is the formula for ferrous oxide; Fe, 0,
for ferric oxide; SO, is sulphurous oxide or anhydride; SO,
is sulphuric oxide or anhydride, etc. In the higher com-
pounds, the same system is also used: (7SO, is chromous
sulphate; Cr,(S0,),, chromic sulphate, etc.

28. The use of the names of the Greek and Latin numer-
als as prefixes to the class names of the compounds, instead
of the suffixes given above, is quite common. The Greek
prefixes mono-, di-, tri-, tetra-, penta-, hexa-, etc. are most
frequently used; thus, FeS is monosulphide of iron; FeS,,
disulphide, etc. The Latin prefixes uni-, bi-, ter-, quadro-,
etc. are used interchangeably with the Greek, a monosul-
phide and a unssulphide being identical; or a dioxide and a
binoxide. The prefix proto- is frequently applied to the class
name of the one of two or more compounds of the same ele-
ment which contains the lowest proportion of the non-metal,
and per- to the one containing the highest proportion.
Thus, SnC/, is protochloride of tin, or stannous chloride, and
SnCl, is perchloride of tin, or stannic chloride.

29. Iron,aluminum, chromium, manganese, nickel, and
cobalt form, besides the regular series of oxides and corre-
sponding compounds in which the valence of the metals is
even—two, four, and six—another zeries in which the
valence is apparently odd—three—called sesguioxides, sesqui-
sulphates, etc., the combining proportion of the non-metal
to the metal being as 3 to 2; as Fe,0,, Cr,(OH), (chromium
sesquihydrate—or chromic hydrate—two volumes of OH
being equivalent to one of O), etc.

30. A compound in which the metallic constituents are
in less than the normal proportion (in other words, in which
the valence of the metallic element is less than its minimum
normal valence) is distinguished by the prefix sué- to its
class name. Thus, in suboxide of copper -(C%,0), copper,
which is ordinarily a dyad or tetrad, has an apparent
valence of 1.
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31. Acids.—An acid is a compound of hydrogen with
one or more other elements, in which the hydrogen is replace-
able, wholly and in part, by a metallic element or a group of
elements equivalent to a metal. As a class, acids have a
sour (acid) taste, and most of them turn certain vegetable
colors red—notably in the case of blue litmus, which gives a
very delicate test for the presence of an excess of acids.

Certain oxides, when dissolved in water, combine with it
chemically and form acids. Oxides having this property are
called anhydrides, a term meaning ‘‘containing no water
or hydrogen.” The following equation illustrates the reac-
tion between sulphuric anhydride and water:

SO,+ H,0 = HS0, (sulphuric acid)

The term acid is sometimes used in reference to anhy-
drides, as ‘‘carbonic acid gas " (CO,), but this usage is being
abandoned.

32. Acids containing oxygen are called oxy-acids, or
oxacids, to distinguish them from a group of binary acids
containing no oxygen, which are known as Aydracids—
hydrochloric acid (/C/), hydriodic acid (A7), hydrofluoric
acid (AF), hydrosulphuric acid or sulphureted hydrogen
(H,S), etc.

When an element forms more than one oxacid, the
termination -ous is applied to the name of the acid in which
the proportion of the oxygen to the characteristic element
is smaller (or, to be more exact, to the one in which the
characteristic element has the lower valence, the distinction
depending rather upon valence than actual proportion), and
-i¢ to the more highly oxidized acid.

33. Bases.—A base is a compound—usually an oxide
or a hydrate of a metallic element, or of a radical equivalent
to a metal—which is chemically opposed to acids in all its
reactions and characteristics. Certain bases in which the
distinctive chemical characteristics are very marked are
called alkalies. They neutralize acids, restore the blue
color to litmus reddened by acids, and turn yellow turmeric
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paper to a reddish-brown color. The most familiar alkalies
are caustic soda and caustic potash (sodium and potassium
hydrates—NaOH and KOH) and ammonia (ammonium
hydrate—NAH,OH). The metallic constituents of these
compounds belong to a group known as the alkali metals,
consisting of sodium, potassium, lithium, rubidium, caesium,
and the metallic radical ammonium (NA,). The metals of
this group and their oxides combine with great readiness
with water, forming strongly alkaline hydrates—all except
lithium bursting into flame on being wet or thrown into
water—and ammonia gas (VA,) dissolves with remarkable
rapidity in twice its weight of water, forming a hydrate.
The gas may be completely expelled from the water by heat-
ing, and is liberated to a considerable degree at ordinary
temperatures. The alkalies impart a peculiar soagy taste
and feel to water.

The alkaline earth metals, barium, strontium, calcium,
and magnesium, have many characteristics in common with
the alkali metals. The basic compounds of this group are
less soluble, however, and their alkaline reactions are less
pronounced. .

34. Salta.—A salt is a compound produced by the
replacement of part or all of the hydrogen of an acid by a
metallic element or an equivalent group of elements.
Many metals are directly soluble in acid, the reaction giving
a salt of the metal and liberating hydrogen gas, thus:

Fe+ H.SO,=FeSO, + 2H

Bases (oxides and hydrates) react with acids, the metal of
the base interchanging with the hydrogen of the acid, form-
ing a metallic salt and water, thus:

FeO +2HCl = FeCl,4+H,0
or eNH OH + H.SO,= (NH), SO, + 2H,0
The salts of the alkali metals are all soluble, hence they

do not form precipitates, except in very highly saturated
solutions.
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35. The salts of the hydracids are essentially binary,
and take the binary termination -ide—chloride, fluoride,
sulphide, etc. The salts of the lower or -ous oxacids take
the termination -#z¢, thus:

HSO0, + 2NaOH = Na,SO, + 2H,0
(sulphurous (sodium
acid) sulphs?e)

The salts of the higher or -ic oxacids take the termination

-ate, thus:

2HNO, + PO = PKNO,), + H,0

(nitric acid) (lead nitraze)

OXIDATION AND REDUCTION.

36. Oxidation, strictly speaking, is a reaction by which
a substance takes up oxygen, or is actually oxidised, the
proportion of oxygen to the metallic constituent being
increased. In its chemical sense, however, it applies not
only to reactions in which there is an actual increase in the
proportion of oxygen, but also to all analogous reactions
in which there is an increase in the proportion of the non-
metallic constituent. Thus, any reaction by which ferrous
chloride (Fe(Y,) is converted into ferric chloride (Fe¢,(Y,), or
ferrous sulphate (FeSO,) is converted into ferric sul-
phate [F¢,(S0,),], is, chemically speaking, just as truly ox-
idation as the reaction by which ferrous oxide (#¢0) is con-
verted into ferric oxide (£¢,0,), though in the first case there
may have been no oxygen in any of the reagents used.

In blowpiping, however, oxidizing reactions are usually
attended by actual oxidation, or an increase in the propor-
tion of oxygen.

37. Reduction is the opposite, or inverse, of oxidation ;
that is, a reducing reaction is one by which the proportion
of non-metallic constituent to the metallic constituent is
decreased.

38. Oxidation and reduction always occur simultane-
ously; that is, an oxidizing reaction is at the same time
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reducing, for what one reagent gains it must take from
another, either directly or indirectly, and the second reagent
is therefore reduced. The reaction is termed oxidizing or
reducing, according as the principal product, to obtain
which the mixture of the different reagents was made, is
the result of oxidation or reduction.

BLOWPIPING.

39. The purpose of blowpiping is to furnish a rapid
method for the determination of the approximate composi-
tion of minerals and ores. In general, blowpipe determina-
tions are merely gualitative—that is, they indicate the
presence of the different constituents, but not the proportions.
In the cases of a few of the metallic elements which can be
completely reduced from their minerals before the blowpipe,
by methods to be described later, a rough idea of the pro-
portions may be gained; but these results are not at all
accurate, on account of the roughness of the method and
the losses through volatilization. To determine with any
accuracy the percentage composition of a chemical com-
pound, the more elaborate methods of guartitative analysis
must be used.

40. A mineral is a free native element or an inorganic
compound occurring in nature. In this sense, not only are
the solid rocks minerals, but water is also a mineral.

WET TESTS.

41. Inordinary chemical analysis the substance to be
tested must first be brought into a liquid form by dissolving
in acids, and the different constituents then precipitated by
means of proper reagents; but by the use of the blowpipe
for qualitative analysis, the reactions by which the different
constituents are recognized are gotten directly from the
substance tested, without previous solution. There are
certain simple wet tests, however, which are universally
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used in conjunction with the blowpipe tests, and have come
to be considered a part of blowpipe practice. These tests
are mainly of the solubility of the substancesin the common
mineral acids—hydrochloric (AC/), nitric (HNO,), and
sulphuric (4,50,)—and the phenomena attending the com-
plete or partial solution.

42. For testing with acids, a mineral should first be
powdered; a little of it is then placed in the bottom of a
test tube, or matrass, and well covered with the acid. The
most important points to be observed are, first, its solubility
—whether slow or rapid, complete or incomplete, or whether
soluble at all, and whether heating is necessary for the
solution; and second, the attendant phenomena—whether
a gas is evolved, producing bubbling or effervescence, or
a solution is formed without effervescence, or whether a
precipitate is formed or an insoluble constituent separated.

43. Hydrochloric acid is the acid most frequently used
in testing the solubility of a mineral, though in the case of
compounds of lead, silver, and mercury, nitric acid is
required, as these metals form insoluble chlorides with AC/.
Sulphuric acid is the acid least used as a solvent. Dilute
acids are generally used. Minerals which are insoluble or
only partially soluble in either AC/ or HNO, alone, are
usually soluble in aqua regia, which is a mixture of 3 parts
of HC! with 1 part of HNO,.

REACTIONS OF DIFFERENT MINERALS IN ACIDS.

44. Carbonates.—All carbonates dissolve in acids,
liberating CO, (‘‘carbonic acid gas”) with lively efferves-
cence (see equation III«Art. 19). With many carbonates
the solution will take place in cold acid, but with some it is
necessary to heat the acid to obtain the reaction, as in the
case of magnesite (magnesium carbonate), dolomite, and
siderite. Dilute /(! is generally used for the tests. ANO,
gives the best results with lead, copper, and zinc car-
bonates.
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45. Sulphides.—When metallic sulphides are dissolved
in HCl or HSO,, the gas H,S (sulphureted hydrogen) is
liberated. This is a colorless, highly poisonous gas, very
readily recognized by its characteristic odor, which is that
of rotten eggs. ‘

Many sulphides, when treated with boiling ANO,, decom-
pose, forming a metallic nitrate or oxide, and liberating
sulphur, which separates as a white or yellowish precipitate.

46. Silicates.—Many silicates, when finely powdered
and treated with boiling concentrated #C/ or HNO,, are
decomposed, the silica separating as a gelatinous precipitate
or as a fine powder. Many silicates are unaffected by acids.

47. Oxides.—The majority of the mineral oxides are
soluble in acids. HC/ alone will dissolve most of them, and
there are several more that are soluble in ANO, or in aqua
regia. There are a number of oxide minerals, however,
which refuse to yield to the solvent powers of acids, as the
minerals corundum (A4/,0,), spinel (MgAl,0,), chromite
(FeCr,0,), rutile (770,), cassiterite (S#0,), quartz (S:0,),
etc. ‘

48. Besides the insoluble silicates, there are a number
of other minerals that are insoluble in acids; mostly, how-
ever, of rather unusual occurrence, as titanates, tantalates,
columbates, etc. Among the commoner insoluble minerals
are barite, celestite, and anglesite—the sulphates of barium,
strontium, and lead, respectively—and many phosphates.

APPARATUS.

THE BLOWPIPE.

49. The blowpipe has been employed for a very long
time for producing an intensely heated flame, and in later
years its use has been extended by such eminent men as
Gahn and Berzelius to the determination of minerals and to
the preliminary examination of substances before analyzing
them quantitatively.
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50. There have been numerous modifications of the
blowpipe. In its simplest form it is a conical curved tube
of brass, terminating in a small orifice about the size of a
needle point. This form of blowpipe is not very satisfac-
tory, however, as the moisture which con-
2 denses from the breath is, after blowing
some time, thrown into the flame, and
becomes very troublesome, and the better
forms of blowpipes are all supplied with
some sort of enlargement at the turn, to
act as a moisture reservoir.

The most improved form of blowpipe is
shown in Fig. 1. It consists of four parts:
the mouthpiece 1, made of hard rubber or
bone, which is pressed against the lips, and
is so large as not to tire the operator; the
tube 2, which fits by a ground joint into
the moisture reservoir &; and the tip-
holder 4, fitting by a ground joint into
the reservoir; on the other end of the tip-
holder is soldered a small disk or tip of
platinum foil, pierced in the center by a
very fine hole. Some varieties of blow-
pipes have detachable conical tips of
platinum, fitting onto the tip-holder with

Fic. 1. ground joints; these are considerably
more expensive, however, than the form described, and no
better; and the tips are small and apt to get lost, and new
tips cost 60 cents apiece. A plain brass blowpipe of the
form illustrated in Fig. 1 (the Plattner pattern) costs about
$1.50. The pipe can be taken to pieces for packing. The
trumpet mouthpiece is especially desirable as it makes the
use of the blowpipe much less tiring to the operator than it
would be without it.

51. A much cheaper blowpipe (costing about 25 cents)
is shown in Fig. 2. It is made of japanned tin, with the
parts brazed together. It is just as satisfactory for pro-
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ducing a good flame as the Plattner pattern, but the mouth-
piece has to be inserted between the lips, which is more
fatiguing, and which necessi-

tates the large moisture reser-

voir, as the saliva passes into

the pipe—something which

can not happen when the

mouthpiece is pressed only

against the lips. FIG. 2.

52. The Blast.—The success of the blowpipe as a
means of qualitatively determining the ingredients of a
compound depends upon its careful manipulation. As a
necessary condition, the operator must frequently main-
tain an uninterrupted stream of air for several minutes
at a time, and must be able at will to produce an oxi-
dizing or a reducing flame, two diametrically opposite
chemical effects. Considerable practice is necessary to
cultivate a proficiency in this, and no determinations
should be undertaken until the operator has become some-
what expert. .

The blowpipe is held in any convenient and comfortable
position, usually between the index finger and the thumb,
as a pen is held, with the arms resting against the edge of
the table. The operator chooses his own position.

53. The blast is produced by the contraction of the
cheek muscles, and is not furnished directly from the lungs.
The mouth is filled with air, distending the cheeks, not,
however, to an uncomfortable degree; then the throat is
closed and the operator continues to breathe naturally
through his nose, while the air in the mouth is slowly and
gently forced out through the blowpipe by the contraction
of the distended cheeks. From time to time, the throat is
opened for an instant to renew the air supply in the mouth,
and then immediately closed again. It is advisable to
practice at first without a flame, until the knack of breath-
ing and blowing at the same time is acquired.

The beginner generally commits the errors of blowing too
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hard and not shutting off the connection between chest and
mouth. In the first case it will be well to remember that
very little more force is necessary to produce the blast than
naturally results from the contraction of the cheek muscles
after being distended; and the second method of blowing
will prove injurious to the health. Never, under any cir-
cumstances, draw air into the mouth through the pipe. If
this were done with the pipe in the flame it might result
seriously.

BLOWPIPE LAMPS AND FUELS.

54. Bunsen Burner.—The most convenient fuel for
blowpipe operations is illuminating gas, and the burner best
suited for the purpose is the Bunsen
burner shown in Fig. 3. There are
various forms of these burners, the
essential feature being the mixture of
air with the gas before combustion, but
the one shown is the most commonly
used.

The neck a is connected to the gas
fixture by rubber tubing. The tube ¢
screws onto the body of the lamp and
the gas flows up into it through a small
== tube, or tip, 4, whichis flattened at the
top so that the gas issues from a mere
slit about a quarter of an inch long.
Near the bottom of the tube ¢ are two
holes ¢, and there are corresponding holes in a short sleeve s,
around the base of #. A small guard-ring » keeps the
sleeve s in position. By turning the sleeve, the quantity of
air passing into Z and mixing with the gas can be regulated.
When the openings in the sleeve are between the openings
in the tube, the blank spaces in the sleeve cover the open.
ings in the tube and exclude all air, and the gas burns at
the top of the tube ¢ with the ordinary yellow, luminous
flame; but if the sleeve be turned a little, the openings in
the tube will be partly uncovered and air will rush in and

F1G. 8.
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mix with the gas, and the flame will become hotter and less
luminous, and by opening the air-holes the proper amount
a clear, blue, non-luminous flame is obtained, which is very
hot. If there is very little dust in the air, this flame can
sometimes be gotten so clear as to be invisible against a dark
background. If too much airis admitted it is apt to blow
the flame out, or off the burner. This colorless gas flame
is very convenient for making the flame tests described
further on. For blowpiping, however, a yellow flame about
14 inches high is used, the blowpipe furnishing the neces-
sary oxygen for perfect combustion.

85. In some forms of burners the regulating sleeve is
not provided, and in order to get a yellow flame a second
tube, whose outside diameter corresponds to the bore of the
tube ¢, isslipped inside of ¢, shutting off theair. By flatten-
ing this tube at the top into a narrow slit, and ‘cutting it
at a slight angle, lengthwise of the slit, instead of hori-
zontally, a flat flame like that of an oil lamp is obtained.
Flattened tips are also made to set on the top of the ordi-
nary Bunsen burners to get a flat flame for blowpiping, and
specially designed blowpipe burners with flat-tipped tubes
are also made.

56. Oil and Spirit Lamps, Etc.—The oil and spirit
lamps for blowpiping are of various patterns. They are
made of both metal and glass, and with single and double
wicks. The oils used in blowpipe lamps should be rich in
carbon. Kerosene, refined rapeseed oil, olive oils, and mix-
tures of alcohol and turpentine, and alcohol and benzine are
variously used in lamps, but none of these is as satisfactory
as illuminating gas, burned in a Bunsen burner.

Spirit lamps can be used for some blowpipe tests, but
alcohol is comparatively poor in carbon and its flame is not
very hot, and it is impossible to obtain a strong reducing
flame withit. It is veryconvenient, however, for flame tests.

Candles are sometimes used for blowpiping when no better
flame is obtainable, but they are rather unsatisfactory, as
the water in the tallow or wax cools the flame and makes it
sooty.
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THE FLAME.

57. An ordinary luminous flame, like the flame of a
candle, lamp, or gas-burner, consists of three parts: an
inner zone, just above the wick or burner, of gas or volatil-
’ ized oil or tallow which has not yet
caught fire; immediately outside of
this a zone of burning gas, rendered
yellow and luminous by innumerable
minute particles cf incandescent
carbon, resulting from the decom-
position of some of the hydrocarbons
under the influence of heat—this is
the luminous portion of the flame;
and outside of this again an invisible
envelope of CO, gas and water vapor
(H,0)—the products of the com-
plete combustion of the hydrocarbons of the fuel.

The flame of a candle (Fig. 4), for instance, is a typical
luminous flame. The inmost cone ¢ consists of volatilized
wax or tallow not yet ignited, and is blue and transparent;
the middle cone & is the luminous portion of the flame, and
outside of 4 is a third cone, or envelope, @ of a faint blue
color and hardly visible, consisting almost entirely of CO,
gas and water vapor.

Fia. 4.

58. Reducing Flame.—If the tip of the blowpipe is
held about one-eighth of an inch above the top of the wick
or burner of a blowpipe lamp, and just outside of the flame,
as shown in Fig. 5, and
a strong, steady blast
blown, the flame is
thrown into a horizontal
cone. The amount of
air used should be just
sufficient to keep a
steady,horizontalflame,
free from soot, but still
yellow. The entire FIG. 5.
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flame will be diminished in size, but the temperature will be
greatly increased, and if a reducible substance is held just
inside of the tip of the yellow cone 4 it will be rapidly deox-
idized or reduced. This reducing action of the flame gives
it the name of reducing flame—for convenience abbrevi-
ated to R. F. It is due to the partially burned gas and
incandescent carbon of the luminous portion of the flame,
which seek to oxidize themselves at the expense of any sub-
stance heated in the flame. The reaction of the flame on
the mineral cuprite (C#,0) may be taken as an example of
this. The reaction between the mineral and incandescent
carbon is
Cu O+ C=2Cu+CO
a reduction of the cuprite to metallic copper, and a partial
oxidation of the carbon ; and between the mineral and the
partially oxidized carbon (CO—carbon monoxide) of the
flame is
Cu, 0+ CO=2Cu+ CO,

the CO oxidizing, at the expense of the cuprite, to CO,, the
highest oxide of carbon. Sulphates are similarly reduced to
sulphides, and carbonates first to oxides and then to metals.

Note.—If the student wishes to test the reducing flame, it can be
done as follows: Place a small piece of metallic tin on charcoal and
melt it with the reducing flame. As long as a pure reducing flame is
blown the metal will be bright. But if it comes into the oxidizing
flame a white coat of the oxrde will be formed. The student should
practice until he can blow a pure reducing flame.

59. Oxidizing Flame.—If the tip of the blowpipe be
introduced #nt0 the flame, as shown in Fig. 6, and a strong,
steady current of air ,
be blown into the
flame, it will be
elongated intoalong,
narrow cone; the lu-
minous portion, if
sufficient air is sup-
plied, will disappear
entirely, the air from
the pipe affecting the

F. V=38
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combustion of the volatilized tallow at ¢ in the same way as
the air through the ports of a Bunsen burner affects that of
the gas. The mixture of gas and air burns with a pale-blue,
non-luminous flame, to CO, CO,, and H,0 (water vapor).
The outside cone a, in which all the carbon has burned to
CO,, is unaltered. This flame is called the oxidizing
flame—abbreviated to O. F. in the text—and a substance
held at the tip of the outer cone, where the air can get at it,
but away from any possible reducing action of the CO in
the cone &, will be rapidly oxidized.

60. The oxidizing flame is also used for flame tests, on
account of being colorless, and for melting, as it is the hot-
test flame obtainable with the blowpipe. The hottest point
of the flame is just beyond the tip of the inside cone c.

NoTe.—To test the oxidizing flame the student can prepare a borax
bead and add a little manganese mineral to the same. As long as the
bead is kept in the oxidizing flame it will remain violet when hot and

reddish-violet when cold. But the reducing flame will clear the bead
and render it colorless both when hot and when cold.

SUPPORTS.

61. The materials to be examined before the blowpipe
are supported by certain substances which are either infusi-
ble or are capable of withstanding a high heat without
appreciably changing their form.

62. Charcoal.—For roasting, obtaining coats, redu-
cing metals, and making sulphur tests, charcoal is the sup-
port used. A wood that gives a dense coal, with very little
ash, is used for making the charcoal. Charcoal can be bought
in specially prepared blocks or sticks, of convenient size for
blowpiping, for fifty cents a dozen, and in this form is much
more satisfactory than lump charcoal. Artificial charcoal,
made of charcoal dust, compressed into sticks, is also used.
If the artificial charcoal gets damp, it is liable to explode with
considerable violence on heating, from the impossibility of
the steam escaping fast enough; if such charcoal is slowly
dried out for several hours over a stove, it will no longer
cause trouble. A small hole is bored with a knife-blade
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into the charcoal, for holding the assay, which is moistened
if it tends to blow away. Old coats are scraped off with a
knife, leaving the coal ready for reuse.

63. Platinum Wire.—For holding the borax beads,
platinum wire—No. 27 (or jeweler’s hole 12})—is used, as
platinum withstands the high heat and is unaffected by the
reagents or flamne. Pieces about 2 or 3 inches long are used,
held, preferably, in special wire-holders that are made for
the purpose (costing about 81), or else one end is fused into
a short piece of glass tubing for a handle, or held in the
forceps.

64. Platinum Folil.—For testing for manganese and
‘chromium, a small piece of platinum foil is employed. Care
must be taken not to fuse metals like lead, zinc, tin, nickel,
copper, or silver on it, nor should compounds of these
metals be treated on platinum foil or wire in the R. F., as
the metals reduce and form a fusible alloy with the infusible
platinum.

65. Forceps.—For testing the fusibility of minerals,
the platinum-pointed forceps shown in Fig. 7 are used;

S s e S—

F1G. 7.
they have a pointed steel forceps at the other end that will
be found very convenient. Such forceps cost about $2.25 a

pair. ;
For trimming the flame M T T

and for rough work, the FIG. 8.
iron forceps shown in Fig. 8 are used. They cost only ten
or fifteen cents.

66. Glass Tubes.—Open tubes, of hard glass, free
from lead, from {; to } inch inside diameter, and from 4 to
6 inches long and open at both ends, are used in the exami-
nation of substances to be ignited in a current of air. The
tube is sometimes bent slightly an inch or two from one end,
to keep the body under examination, which is placed in the
bend, from falling out.
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Closed tubes are used for the ignition of bodies in a lim-
ited supply of air. They are made of the smaller sizes of
tubing, 4 to ¢ inch bore, and closed at one end. They are
usually made by heating in the middle a tube of twice the
desired length, turning it slowly in the flame so that it will
be uniformly heated all the way around, and when it is soft
and pasty, pulling it out at both ends, into two closed tubes.
The filament of glass on the bottom of each tube can be
melted up into the tube by directing the flame on it for a
moment, giving a smooth bottom.

A clean tube should be used at each new operation.
Tubes may be cleaned by swabbing with soft paper wrapped
around a wire.

67. Matrasses.—Glass matrasses are used for testing
for acids by fusion with potassium bisulphate, etc., and are
also frequently used for the same purposes as are
closed tubes. They are of the form shown in Fig. 9
— practically only a closed tube with the closed end
blown into a bulb. An ordinary, straight, closed
tube, about 4 inches long and }-inch bore, is a satis-
factory substitute for a matrass, or the student can
blow a bulb on the end of such a tube and have a
matrass or bulb tube which will answer his purpose
fully as well as the matrasses he might buy. For holding
matrasses, special holders with wooden handles are made,
but a strip of paper, folded lengthwise several times and
held around the neck of the matrass, with the ends serving
as a handle, will answer the purpose.

FiG. 9.

68. Test Tubes.—Test tubes are used in making wet
tests, boiling in acids, effervescence, etc. They are straight
glass tubes, closed at one end and with a lip on the open
end, and are made of thin, hard glass, that will stand con-
siderable heat without cracking. A test-tube rack, in which
the tubes can be stood upright, is also necessary. A holder,
for holding tubes while heating, is convenient, but a slip of
paper, used as described in Art. 87, will answer.
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ACCESSORY APPARATUS.

69. Mortars.—A small agate mortar and pestle are
used for reducing materials to a very fine powder. The
substance should be powdered by grinding, and never
pounded in this mortar, as the mortar is liable to be dam-
aged.

A diamond mortar and pestle, made of the very best tool
stcel and very hard, are used for crushing minerals and for
flattening beads. One form is shown in Fig. 10. The bot-
tom of the mortar is used as an
anvil, while the mortar and
pestle are used for crushing hard
and brittle minerals, as they pre-
vent the loss of pieces by flying
out. Such a combined anvil and
mortar costs from $2 to $4.

70. Hammer.—For knock-
ing chips off of minerals, flattening beads, stamping cupels,
etc., a small hammer is necessary. Any small, square-
headed hammer, with sharp corners and made of good steel,

will do.

Z1. PHers.—Cutting pliers are useful
in detaching fragments from mineral speci-
mens.

Z2. File.—A small three-edged file is
necessary for cutting glass tubes.

Z3. Cupel Mold and Stand.—For
making the cupellation assay, special iron
or steel molds [(a), (a), Fig. 11] are used.
After filling these loosely with finely ground
bone-ash, moistened with a little water in
which a little carbonate of soda has been
dissolved, the die (4) is placed on top, and then given two
or three smart blows with a hammer, producing a nice,
smooth cupel. Cupels should be thoroughly dried before
using. The mold with its cupel is set on a stand (¢) with
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a wooden base while cupelling. After the cupellation is
completed, the old, lead-soaked bone-ash is scraped out, the
mold is refilled with fresh bone-ash, and a new cupel is
struck. The holder, die, and set of two molds cost
about $1.50.

74. Magnifying-Glass.—An indispensable tool for
the blowpiper and mineralogist is a good magnifying-glass,
and the most serviceable kind for his purpose
is the pocket type shown in Fig. 12, which
has three lenses of different powers that,
combined, make a very strong magnifier. It

costs about 60 or 75 cents.

75. Magnet.—For detecting the mag-
netic metals, it is necessary to have a magnet.
A small horseshoe or bar magnet is best, but
a very convenient one for this purpose, and also for the
field mineralogist, is a magnetized blade of a pocket-knife,
which is easily made by stroking the blade a few times,
from handle to point, with a strong magnet, or holding the
point against one of the poles of an electric dynamo.

Fic. 12,

Z76. Watch-glasses and porcelain capsulesare used
for testing the solubility of minerals, and are supported on
rings carried by the lamp rod, or else on a wire tripod. The
capsules are better than watch-glasses, as they do not crack
so readily in heating. The substance should be finely
ground, and should be stirred with a glass rod while heating.
The acid should be completely driven off, as sometimes it can
not be told whether the substance has been affected by the
acid until it has been evaporated and redissolved in water.

77. Streak Plate.—A small plate of unglazed porce-
lain is very convenient for obtaining the s¢reak of minerals.

BLOWPIPE REAGENTS.
78. Borax.—The most important blowpipe flux is
borax, which makes fusible double borates of soda and most
of the metals. As most metals give different colored borax
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beads, this serves to distinguish them, though other tests
should be made to confirm the metal that the color of the
borax bead indicates. The colors from the same metal are
usually different in the two flames, and both flames should
therefore be tried, and the colors noted while hot, while
cooling, and when cold.

Ordinary borax, on heating, at first puffs up and swells
greatly from the slow expulsion of the water of crystalliza-
tion that it contains; this should be driven off, and the
borax heated until perfectly quiet, c/ear, and colorless, before
adding the substance. Borax-glass (borax which has been
fused and then ground up) or calcined borax (borax from
which the water has been driven off by slowly heating to a
temperature slightly above the boiling-point of water) may
be used. Care should be taken that the bead is perfectly
colorless, as dirt left upon the wire from a previous assay
may discolor it and so indicate the presence of metals not
contained in the substance to be tested. In case the wire is
dirty, boiling in acid will clean it; or, if that is not conve-
nient, making several beads, heating highly, and throwing
off the dirty bead and repeating, will wash, or rather flux,
the wire clean.

79. Salt of Phosphorus.—Salt of phosphorus is sim-
ilar to borax in its action, making easily fusible double
phosphates of soda and the various metals that usually are
differently colored for the different metals. In most cases
the colors are the same as with borax, but in some cases
they are not. It boils up and is apt to drop off the wire
loop on first heating, from the expulsion of a large amount
of water of crystallization, but it soon quiets down to a
perfectly clear, colorless bead. Aswith borax, the substance
should be added only after it has fused down to a clear,
colorless bead, especially noting that it has no color from a
dirty wire or other impurities. The name is abbreviated
in the text to S. P.

80. Soda.—For testing for sulphur, reducing metals,
etc. the bicarbonate of soda (NaH(CO,) is employed. The
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name is usually shortened to soda. The purest must be
used, otherwise it will be apt to give a sulphur reaction;
and every new lot should be tested before using to insure its
freedom from sulphur (in the form of sulphate of soda). On
account of its lightness, it is apt to trouble the beginner by
blowing off of the charcoal; but if a very gentle flame is
blown on it until it is melted, the strong blast can then be
used without any trouble. A gas flame should not be used
in testing for sulphur, as it always contains enough sulphur
to give a reaction.

81. Cobalt Solution.—For certain tests, a dilute
solution of nitrate of cobalt is employed. The substance is
moistened with the solution (preferably with a dropping
tube), strongly heated on charcoal for about 5 minutes, and
then allowed to cool, when different colors result. The
colors of certain minerals under this test are very charac-
teristic.

82. Niter.—For a few special tests, niter (sodium or
potassium nitrate) is employed on account of its powerful
oxidizing effect. While either potash or soda niter can be
employed, the former is better.

83. Copper oxide, in the form of a powder, is used in
testing for the haloid (chlorine, bromine, and iodine) salts.

84. Bismuth Flux.—For testing for lead and bismuth,
a special flux is made up of one part each of iodide and
bisulphate of potash and two parts sulphur, which are ground
together. Two to four parts (by volume) of this flux are
mixed with one of the substance, and heated on charcoal,
when bismuth gives a brick-red coat, and lead a yellow coat
close to the assay, and greenish beyond. The flux itself
gives a white coat, but does not interfere with the above.

85. Test Lead.—For thesilver-cupellation assay, finely
granulated lead, known as fcst lead, is employed to collect
the silver into a button preparatory to cupelling. It usually
contains more or less silver, and should be tested by cupella-
tion before using.
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86. Bone-ash is employed for making the cupels; it is
made of calcined bones, hoofs, and horns, ground to a fine
powder.

87. Tin.—For obtaining a strong reducing action,
finely ground metallic tin or tin shavings are sometimes
used.

88. Bisulphate of potash (K/AS50,), in the form of
crystals, is used in testing for acids.

89. Acids.—Hydrochloric acid (4(/), sulphuric acid
(H,50,), and nitricacid (//NVO,) are necessary in blowpiping.
As a rule, the strongest sulphuric acid should be used, while
the hydrochloric and nitric acids should be of only medium
strength. All these acids should be kept in glass-stoppered
bottles, as they corrode and destroy corks.

90. Hydriodic Acid.—For obtaining a very charac-
teristic series of bright-colored coats with the volatile metals,
hydriodic acid (//) is employed on white tablets of plaster
of Paris. The substance is placed on the end of a tablet,
moistened well with hydriodic acid (preferably with a drop-
ping tube), and then heated with a pure blue flame, as a
yellowish flame would smoke the white tablet. The acid
itself gives a brownish coat of iodine, but this quickly evap-
orates and leaves the bright iodide coats. If the acid can
not be made (by passing sulphureted hydrogen through
water containing iodine crystals until a clear solution is
obtained) or purchased, a substitute that will answer, though
not so well, is to dissolve iodine in alcohol, or else fuse equal
parts of iodine and sulphur together and grind to a powder;
the latter is a solid, and much more convenient in traveling
than the liquid acid or spirits of iodine.

91. Litmus paper is necessary to test for alkalies and
acids, the blue turning red for acids, and the red turning
blue for alkalies. 1t will be found convenient to use it cut
up in the form of strips.

92. Turmeric paper has a fine yellow tint, and is
used tc detect boron and zirconium, and the alkalies. The
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test for boron is very delicate. If a piece of the paper be
moistened with a dilute solution of a boron mineral in /(!
and then dried at boiling temperature by wrapping around a
test tube of boiling water, it assumes a reddish-brown color,
becoming inky-black if moistened withammonia. Moistened
with a solution of any zirconium mineral in AC/ it turns
orange-red. Alkalies turn it brownish-red.

93. Brazil-wood paper is used to detect fluorine,
which gives it a straw-yellow color; also to detect the alka-
lies, which color it violet.

The list of reagents could be almost indefinitely extended.
The most important and most frequently used have been
given above. There are others which are used only in
special tests and need not be dwelt on here.

Reagent Box.—The dry or solid reagents can be con-
veniently kept in a block of wood, say 2" X 2" X 8" in size,
in which }-inch holes have been bored. Common corks
can be used for stoppers, and the name of the flux written
on top of them or on the box. Such areagent box can be
purchased for about &1, but it is easily made. Small pill-
boxes or vials may be used instead of the block of wood.

EXAMINATION OF A SUBSTANCE BEFORE THE
BLOWPIPE.

94, Plattner has recommended the following order of
examination:

(a) Examination without reagents:

1. Heating in a small matrass or in a closed tube, to
observe whether the substance is hydrous or anhydrous;
whether it gives off volatile products; whether it decrepi-
tates, or is phosphorescent, or changes color, etc.

2.  Heating in an open tube, to observe whether any con-
stituent is present which oxidizes on ignition in a current of
air; and if vapors are given off, attention should be paid to
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their odor and to the sublimates they form on the inner
surface of the tube, etc.

3. Heating on charcoal, to observe the characteristic
alterations which substances undergo in both the oxidizing
and reducing flames; whether metallic constituents are
present which volatilize and form coats on the coal; and to
observe the odor after a short exposure to heat, etc.

4. Heating in platinumn forceps, to test the fusibility, and
to observe the colorations of the flame, etc.

(6) Examination with the aid of reagents:

1. Treatment with a weak solution of nitrate of cobalt of
infusible or nearly infusible substances of a light color, to
observe what color is imparted to them.

2. Fusion with borax, to observe the colors imparted to
the bead, etc.

3. Fusion with salt of phosphorus,to observe the colors
imparted to the bead, etc.

4. Treatment with carbonate of soda on charcoal, to effect
the reduction of any metallic oxides present, which can
thus be more easily accomplished than by the use of the
reducing flame alone.

In all the above operations the smallest possible amount
of the substance to be examined, consistent with the success
of the reactions, should be ysed. The substance should, in
most cases, be finely powdered. The blowpipe lamp should
be set on a piece of stout wrapping-paper, or glazed paper,
if convenient, so that the assay may not be lost if, through
carelessness, it is allowed to fall. The operations in blow-
piping should be conducted in the daytime and in a good
light.

O5. The closest observation will be found necessary for
the detection of the various reactions, and the student is
advised to begin with simple substances whose exact com-
position is known, so that he may fix in his mind their
characteristic behavior when treated with and without
reagents.
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I. HEATING IN A CLOSED TUBE.

96. The substance in a finely powdered state is placed
in the bottom of a tube sealed at one end, care being taken
that none of it adheres to the inner surface of the tube. It
may be introduced by placing it first in a paper trough,
holding the tube horizontal, then pushing the trough in the
tube clear to the bottom, and finally bringing the tube to a
vertical position and carefully withdrawing the trough.
The tube is now held in a slightly inclined position over the
flame and heated, gently at first, and then, if necessary,
more intensely, before the blowpipe. The successive phe-
nomena are closely observed and noted; thus: -

1. The substance decrepitates, as fluorite, barite, etc.

2. The substance is phosphorescent, as fluorite, apatite,
etc.

3. The substance changes color, and nothing volatilizes
except, perhaps, a little water, as zincite and cerussite,
which turn yellow, and malachite and siderite, which turn
black.

4. The substance fuses, as stibnite, etc.

5. The substance gives off oxygen, as psilomelane; told
by placing a bit of charcoal in the tube, heating it first and
then heating the assay, whereupon the charcoal will glow
brightly.

6. The substance yields wateT, which condenses in the
upper and cooler portions of the tube, as limonite, etc.

7. The residue is magnetic, as in the case of siderite
(FeCO,), pyrite (FeS,), etc. '

8 The substance gives sublimates which condense on
the cold part of the tube.

(@) Sulphur.—A sublimate, dark yellow to reddish-
brown while warm, pure sulphur-yellow when cold; this
indicates the presence of sulphur either originally free or in
combination as a sulpiiide, as in the case of metallic sul-
phides, like pyrite (/¢S,) and chalcopyrite (CuFeS,).

(4) Arsenic.—A sublimate, dark brownish-red to almost
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black while warm, orange-red or reddish-yellow to red when
cold; this indicates the presence of sulphide of arsenic, as in
the case of realgar (AsS) and orpiment (As,S,), or in com-
binations of metallic sulphides and arsenides, like arseno-
pyrite (FeS,4Feds,, or FeAsS). A sublimate of a black,
brilliant luster, having a garlic odor; this indicates metallic
arsenic, as in the case of native arsenic, arsenous and arsenic
oxides, and various arsenides. The test may be made very
delicate by placing a splinter of charcoal in the tube above
the assay, and first heating this red-hot and then heating the
assay. The volatilized arsenous oxide will be reduced in
passing over the glowing carbon, and will deposit a black
mirror of metallic arsenic just above the charcoal. This
test will distingnish arsenic when combined with antimony,
as the latter gives no mirror under these circumstances.

(¢) Antimony.—A sublimate when the substance is
strongly heated, condensing just above the assay, black
when hot, cherry-red to brownish-red when cold; this indi-
cates the presence of sulphide of antimony, as in the case of
stibnite (54,S,), or of compound sulphides of antimony and
some other metal or metals, like pyrargyrite or ruby silver
ore (Ag,S6S,, or 342,S + S5,8,).

(d) Mercury.—A sublimate, dull black when cold,
which becomes red when rubbed with a splinter of wood;
this indicates the presence of sulphide of mercury, as in
cinnabar (AgS), or where other metallic sulphides are com-
bined with sulphide of mercury, as in mercuriferous tetra-
hedrite. A sublimate of a lustrous gray color, consisting of
metallic globules (use a lens) which can be rubbed together
with a splinter; this indicates metallic mercury, as in case
of amalgams.

(¢) Selenium.—A sublimate of a dark red to an almost
black color, having the odor of decaying horseradish; this
indicates the presence of selenium, as in the case of various
selenides.

(/) Tellurium.—A sublimate of metallic luster, which

condenses in small drops in the upper end of the tube; this
indicates tellurium, as in the case of various tellurides.
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(The reactions in the closed tube for non-volatile metallic
sulphides and those which contain a low proportion of
sulphur, for non-volatile arsenides and those containing
only one atom of arsenic for two atoms of the metal, and
also for tellurides and antimonides, are very uncertain, and
sometimes there are none at all.)

II. HEATING IN THE OPEN TUBE.

97. In the open tube the substance is heated in a cur-
rent of air, and hence is subjected to an oxidizing or roast-
ing action; whereas in the closed tube the substance was
heated in a very limited supply of air and volatilized without
oxidation. This constitutes the difference between the two
chemical reactions. -

In heating in the open tube, care must be taken to proceed
by gently heating the substance at first, and gradually
increasing the heat, otherwise some substances will volatil-
ize at once without oxidation, and will give reactions similar
to those in the closed tube. Straight tubes are generally
used, as they are easier cleaned, but the beginner may make
a slight bend in the tube about an inch from the end, at
which point the assay is to be placed. The current of air
is started up through the tube by warming it just above the
assay first, afterwards bringing the flame immediately under
it. A small fragment of the substance, about the size of a
grain of wheat, is used, but in case it decrepitates or gives
unsatisfactory results, it should be powdered, and an equiva-
lent bulk of the powder used.

When examining a substance, it is advisable to have a
moistened piece of litmus paper in the top of the tube, and
the effect of the vapors upon it should be noted.

98. The effects of the heating should be observed exactly
as in the closed tube, and many of the phenomena will be
found identical. Many substances which were not volatile
in the closed tube, however, here become oxidized, and
escape, some as gases, recognized by their characteristic odor
and their action upon litmus paper; others as sublimates
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which condense in the cool part of the tube at varying
distances from the assay.

The following are the most important open tube tests:

(a) Sulphur.—Metallic sulphides and substances con-
taining even trifling amounts of sulphur yield sulphurous
anhydride, which is recognized by its sulphurous odor and
by reddening moistened blue litmus paper.

(6) Selenium.—Selenides and substances containing
even small amounts of selenium yield a gaseous oxide of
selenium having the characteristic odor of decaying horse-
radish. If there be much selenium present, a steel-gray
sublimate is formed near the assay, the sublimate becoming
red at a greater distance from it. 4

(¢) Arsenic.—Metallic arsenic and arsenides containing
much arsenic yield a white crystalline sublimate of arsenous
acid, which is very volatile, and hence is at quite a distance
from the assay. This reaction requires only a moderate
heat.

(d) Antimony.—Most compounds of antimony yield,
at first, a dense white smoke, consisting mostly of pure
oxide of antimony, which passes through the whole length
of the tube, partly condensing on the upper side of the tube
and partly escaping. Thiscoat is volatile and may be driven
off by again heating to redness. Afterwards a white, non-
volatile, infusible sublimate, which consists of a combination
of oxide of antimony and antimonic acid, gathers on the
lower side of the tube. This sublimate is yellowish while hot.

(¢) Tellurium.—Most compounds of tellurium yield
tellurous acid, which passes through the tube and condenses
into a sublimate; this sublimate can be fused into colorless
drops, which solidify on cooling, distinguishing it from the
corresponding antimony coat.

(f) Mercury.—Most compounds of mercury yield a
bright metallic sublimate consisting of small globules of
metallic mercury, which can be rubbed into a big drop with
a splinter of wood. A moderate heat is sufficient for this
reaction.
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(¢) Lead.—Sulphide of lead yields, in addition to sul-
phurous acid, a white sublimate of sulphate of lead, which
condenses on the bottom of the tube, and when heated
strongly, fuses to yellow drops, which are white when cold.

(%) Bismuth.—Most compounds of bismuth yield a
sublimate of oxide of bismuth, which condenses near the
assay, and is fusible to drops which are brown when hot and
dark-yellow when cold.

() Molybdenum.—Sulphide of molybdenum yields, in
addition to sulphurous acid, a thin, white, crystalline sub-
limate, fusible to drops which are yellowish while hot and
nearly colorless when cold. When the R. F. is directed
upon them, they become blue, or even copper-red, from
reduction. High heating is necessary for this reaction.

IIl. HEATING ON CHARCOAL.

99. A fragment of the substance is placed in a shallow
cavity in the charcoal and the flame directed downwards
upon it. Its behavior in both flames is observed. If the
mineral decrepitates, it will be found necessary to powder it
and make it into a paste with water; this is placed on the
charcoal and heated, slightly at first, and then more
intensely. If any difficulty is encountered, when infusible
and non-volatile substances are treated, in keeping the assay
in its place sufficiently long to observe its behavior fully, it
will be found advantageous to heat the fragment to redness
and then touch it to a grain of borax. The borax attaches
itself to the fragment, and both are put on the charcoal and
heated. The borax melts and adheres to the charcoal, keep-
ing the assay in place.

100. The characteristic phenomena to be observed are
the odor after short exposure to the heat, the fusibility of
the substance, the character of the residue, and the subli-
mates, or coats, formed at a distance from the assay. The
color of the coats must be closely observed, both while hot
and when cold; it should be noted at what distance from
the assay they condense, whether they disappear when
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either O. F. or R. F. is directed against them, and how
they color the flame.

The following are the most important and characteristic
reactions:

(a) Selenium melts easily; yields brown fumes in both
O. F. and R. F., which deposit near the assay as a steel-
gray coat with a feeble metallic luster, and at a somewhat
greater distance as a dark-gray, dull coat. The coat is
volatile in both flames, and when treated with the R. F., it
disappears with a fine azure-blue flame. The odor of decay-
ing horseradish is strongly perceptible throughout the entire
operation.

(6) Tellurium melts easily; volatilizes in fumes in both
flames; and coats the coal at no great distance from the
assay. The coat is white, with a red or dark-yellow border,
and is volatile in both flames. Under the R. F. the coat
disappears with a green flame. In the presence of selenium,
the flame is bluish-green.

(¢) Arsenic volatilizes without fusing, and coats the coal
in both flames. The coat is white, appearing grayish when
thin, and it forms at a distance from the assay. It can be
easily driven off by simply warming with either flame, and
if rapidly treated in the R. F., it disappears, coloring the
flame a pale blue. During the volatilization of arsenic in
the R. F., a strong alliaceous, or garlic, odor is evolved.

(d) Antimoeny melts easily, and forms a coat with both
flames. The coat is white, bluish when in thin layers, and
is not as distant from the assay as the arsenic coat. It is
volatile in both flames, and disappears when treated with
the R. F., tingeing the flame pale green.

(¢) Lead melts easily, coating the coal with oxide in
both flames. The coat is dark lemon-yellow while warm,
sulphur-yellow when cold, and bluish-white when in thin
layers. The coat is volatile in both flames, and disappears
in the R. F., coloring the flame azure blue.

(/) Bismuth melts easily, coating the coal with oxide
in both flames. The coat is dark orange-yellow while hot

F. vV}
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and lemon-yellow when cold, being yellowish white in thin
layers. It is volatile in both flames, but does not color the
reducing flame.

(g) Cadmium melts very easily, and burns in the O. F.
with a dark yellow flame and brown fumes which coat the
coal rather near the assay. Next to the assay the coat is
thick, crystalline, and of a very dark, almost black, color;
farther off it is reddish-brown; and when in thin layers, it
is of an orange-yellow color. In appearance, the coat is
iridescent, like a peacock’s feather. It is volatile in both
flames, but gives no coloration to them.

(%) Zinc melts easily, and burns in the O. F. with a
strongly luminous, greenish-white flame, and forms a white
coat. The coat is near the assay, and is yellow while hot
and white when cold. In the O. F. this coat is luminous,
but not volatile. It is volatilized very slowly in the R. F.

(/) Tin melts easily, and forms in the O. F. an oxide
which covers the assay, and can be mechanically blown
away. In the R. F. the metal becomes lustrous, and forms
a coat which is pale yellow while warm and white when
cold, and is so close to the assay that it borders upon it. It
can not be driven off by either flame.

(/) Molybdenum is infusible. In the O. F. it gradu-
ally oxidizes and forms a coat near the assay, yellowish and
sometimes crystalline while hot and white when cold.
When touched for an instant with the R. F., a dark blue
color is given to the coat. The flame in this case must not
be too hot. In the O. F. the coat is volatile, but leaves a
red stain on the coal which is not further affected.

(£) silver melts easily. In a powerful O. F., gives a
slight reddish-brown coat of oxide. If a little lead is pres-
ent, the yellow coat of oxide of lead is formed, and then the
reddish-brown silver coat is formed just outside of this.
With antimony the white coat of oxide of antimony is first
formed, which becomes red on continued blowing. With a
little of both antimony and lead present, a copious carmine-
red coat is formed after the antimony and lead are mostly
volatilized.



§ 34 BLOWPIPING. 45

The sulphides, chlorides, iodides, and bromides of potas-
sium, sodium, rubidium, casium, and lithium give less
copious white sublimates, similar to those of many of the
foregoing metals, while the salts fuse and are absorbed by
the coal. In every case these coats disappear before the
R. F., coloring it with their several individual and charac-
teristic colors.

IV. TEST OF FUSIBILITY.

101. For arriving at the comparative or relative fusi-
bility of minerals, the following scale, arranged by Von
Kobell, is employed :

1. Stibnite; fuses easily in a candle-flame in coarse
splinters. ‘

2. MNatrolite; fuses in the candle-flame only in fine
splinters.

3. Garnet (the red almandite variety); fuses easily before
the blowpipe in coarse splinters.

4. Actinolite; fuses with slight difficulty B. B.* in coarse
splinters.

5. Orthoclase; fuses B. B. only in fine splinters.

6. Serpentine; almost infusible; rounded on the edges in
very fine splinters (use a lens).

7. Quartz; infusible, even on thinnest edges.

102. In using this scale, the hottest, or oxidizing, flame
should be employed, and the thinnest possible splinters of
the mineral tested. The splinter should be held in the tip
of the platinum-pointed forceps, which are best ground to
a sharp, thin point, so as to conduct away as little heat as
possible. If the substance decrepitates so that a splinter of
it can not be used, it should be ground to a powder and
mixed with water into a paste. Itis then spread out in a
thin layer on the coal, and heated, slowly and gently at
first, and finally more strongly, until the mass forms a thin,

*B. B. means *‘ Before the Blowpipe.”
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coherent plate, which can be held in the forceps and tested
in a pure O. F.

The various gradations of fusibility are expressed in deci-
mals, thus: B. B. beryl becomes clouded, and fuses at 5.5;
which means that in fusibility it is midway between ortho-
clase and serpentine.

V. COLORATION OF THE FLAME.

103. Many substances give characteristic colorations to
the flame. A pure O. F. which is entirely free from yellow
streaks should be used. Either a thin splinter of the mineral
is used, as in testing for fusibility, or the fragment is pow-
dered, and the loop or flattened end of a platinum wire,
moistened by dipping into pure water or A/, is touched to
the powder and then introduced into the flame. Often a
mere trace of mineral, such as will adhere to adry wire, will
give much better results than a larger fragment, which is
difficult to get hot enough to volatilize.

The greatest care should be observed in these tests that
no foreign material adheres to the forceps or platinum wire.
They should be chemically clean, and when heated alone in
the flame should give no coloration to it. This cleaning is
effected by dipping while hot into hydrochloric acid, and
then rinsing with distilled water, Drawing the wire through
the fingers or wetting with saliva is to be avoided, and
likewise too much handling of the specimen to be tested,
since in so doing it becomes slightly coated with soda, which
gives a very characteristic yellow coloration to the flame.
If the specimen is to be powdered, the mortar and pestle
should both be thoroughly washed before using.

Some substances when heated alone in the flame give
only slight colorations, or none at all, in which case they
are moistened with sulphuric acid and heated again. By
this means the colorations of the flame, as in the case of
phosphoric and boric acids, become evident.

Table II gives the various colors and the minerals which
impart them.
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EXAMINATION WITH COBALT SOLUTION.

104. The cobalt test is applicable only to those sub-
stances which are of a light color, either before or after
ignition, and are infusible, or nearly so.

If the substance will absorb the solution, a splinter or
fragment of it is moistened with the solution, and then
strongly ignited in the O. F. Friable substances and crys-
talline substances which are too dense to absorb the solu-
tion, are powdered, made into a paste with water, and
spread upon the charcoal. They are then gradually heated
until a coherent crust is formed, which is moistened with
the solution and ignited in the O. F. The colorations
imparted to the assay are then closely observed in a good
light. The various coats on charcoal may likewise be
tested in this way by moistening with a drop of the solu-
tion and gently igniting in the O. F.

The colors thus obtained are:

1. From magnesia, flesh-red.

2. From baryta, brownish-red.

3. From alumina and silica, blue.

4. From the oxides of zinc, green (yellowish-green);
from tin (bluish-green); titanic acid (yellowish-green); anti-
monic acid (dirty, dark green).

5. From strontia and lime, gray.

Various other‘elements give more or less peculiar colora-
tions with the cobalt solution, but only the colorations for
alumina, magnesia, zinc, and tin are to be at all relied upon.
This test for alumina and magnesia is infallible when they
are in the pure state, and also in many of their combina-
tions. Silicates of zinc, on strong heating, give an ultra-
marine blue, from the silica, instead of the zinc green. The
blue of alumina is not to be confounded with the blue of
silica. The blue of the silica almost always appears
fused on careful examination, while the blue of alumina is
dull. The blue of the silica also appears only after intense
ignition, and it is therefore well if, after moderate heating,
the substance shows no blue, to discontinue the heating
before fusion.
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ROASTING.

105. When borax and salt of phosphorus, or microcos-
mic salt, as the latter is sometimes called, are fused with
certain metallic oxides, they exert a powerful solvent action
upon them, and highly colored glasses are formed which are
exceedingly characteristic.

106. It is essential, in the bead tests, when the pre-
liminary examination of the substance has shown the pres-
ence of sulphur or arsenic, that these elements be removed,
as they interfere with the reactions. This is effected by
roasting, which is conducted in the following manner:

The finely pulverized material is placed in a shallow cav-
ity on charcoal and pressed flat with a knife-blade, forming
a thin layer. The assay is then treated with a feeble O. F.
so that only the tip of the flame touchesit. Itisthus heated
and kept for some time at a low, red heat, during which
operation most of the sulphur is volatilized as sulphurous
oxide (S$0,), and the metals are oxidized. This sulphurous
oxide has a tendency to change into sulphuric oxide at the
expense of the already forming metallic oxides, and these
are converted into sulphates, and if arsenic be present, into
arsenates. When, therefore, the odor of sulphurous oxide
has disappeared, the assay is treated to a feeble R. F., which,
for the most part, reduces the sulphates and arsenates thus
formed, and the arsenic is more or less completely volatil-
ized. When the arsenical odor is no longer apparent, a
feeble O. F. is again used, which generally causes a slight
odor of sulphurous oxide. The assay which is thus baked
together, dut not fused, is turned with a knife-blade, and the
other side treated alternately to the O. F. and R. F. in the
same way. The coherent mass, after this treatment, is
removed and powdered in a mortar, and since it is not
entirely free from sulphates and arsenates, and, if it has not
been carefully roasted, may even contain slight quantities
of sulphides and arsenides, it is replaced on the charcoal, and
subjected to still further roasting.

If the assay fuses, it must be removed from the coal,
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powdered in a mortar, and then replaced on the coal and
roasted.

Substances containing selenium, tellurium, and antimony,
tf free from sulphur and arsenic, usually need not be roasted,
since these elements do not interfere with the reactions.

FUSION WITH BORAX.

107. In the O. F.—A clean platinum wire, in one end
of which a small loop has been made, is heated to redness
and the loop dipped in borax powder, which will adhere to
it. The borax is then heated until it fuses to a transparent,
colorless bead. This bead, while still hot, is brought in con-
tact with a very small quantity of the substance to be tested,
and heated before the blowpipe in the O. F.

The phenomena attending the solution of the substance in
the borax must be closely observed, whether it dissolves
slowly or rapidly, quietly or with effervescence; and when
the solution is effected, the color of the bead must be care-
fully noted while hot (not red hot, but still soft and pasty),
while cooling, and when cold, as well as whether its trans-
parency is disturbed upon cooling. The bead is held before
the eyes against the light. A lamp light will not do, as the
colors are greatly modified, and the experiments must be
conducted in the daytime.

The intensity of the colors depends upon the degree of
saturation of the bead. It is well at first to use the small-
est possible quantities of the substances to be tested, and
afterwards increase them by successive additions until a sat-
isfactory degree of saturation is obtained. If too much of
the substance has been used, and the bead is so deeply
colored that it is difficult to decide what color it has, it may
be flattened, while still hot or pasty, on an anvil with the
butt end of the blowpipe; or a portion of the bead may be
thrown off the wire by a sudden jerk, and the remaining
portion diluted with more borax. If the operatorisin doubt
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as to the color, the bead should be viewed through a lens,
and compared with beads of known color. In fact, this is
the only resource for men who are at all ‘‘ color-blind.”

108. In the R. F.—After the phenomena in the O. F.
are carefully noted, the bead is brought into the R. F. and
observed as before. The flame should be so managed that
no soot is deposited upon the bead. Sometimes it is found
necessary to add a little more of the substance to the assay.
When metallic oxides and acids are present which are not
easily reduced from borax, as the oxides of manganese, iron,
uranium, chromium, cobalt, and titanic and tungstic acids,
the bead may be treated on platinum wire; but when easily
reducible oxides are present, as those of zinc, nickel, cad-
mium, lead, etc., the wire would be injured (see Art. 64),
and the bead must be shaken off after treatmentinthe O. F.
on platinum, and treated in the R. F. on charcoal. After
blowing one or two minutes, the bead is pinched with the
forceps, and drawn out so that its color can be distinctly
observed.

The reductions in the borax bead on charcoal are some-
times more easily obtained by placing in contact with the
bead a bit of metallic tin, about as large as a pin-head. The
tin has a great affinity for oxygen and partly absorbs the oxy-
gen from the metallic oxides in the glass, dissolving itself to
a colorless bead, while the oxides in the glass are reduced
and produce their characteristic colors.

109. Flaming.—The alkaline earths, barium, stron-
tium, calcium, magnesium, etc., and some other bodies dis-
solve in borax and form beads which, when almost saturated,
are colorless while hot and when cold, but when heated
slowly and gently, especially with an intermittent reducing
flame, or alternately with the O. F. and R. F., become
opaque and enamel-like.  This operation is called faming.

Most substances which at a certain degree of saturation
become opaque by flaming, do so without flaming when the
saturation is carried a hittle further.
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FUSION WITH SALT OF PHOSPHORUS.

110. The same general rules as for fusion with borax
are applicable to fusion with the salt of phosphorus. Itisa
very difficult matter to make a good bead out of salt of phos-
phorus, owing to the fact that it boils violently while its
water of crystallization and ammonia are passing off. It is
advisable to melt salt of phosphorus on the platinum wire
very gradually, using a small quantity at first and making
successive additions until a good bead has been formed.

Silica can be easily recognized in this bead, since silicates
are but very slightly soluble in salt of phosphorus. The
silica separates from the metals with which it is combined
and which are themselves dissolved in the bead, and floats
about in the fused glass in the form of a white gelatinous
skeleton.

The colors produced in the salt of phosphorus beads are
generally different from those produced in borax by the
same substances, as may be seen by comparing the reac-
tions given in Tables III and IV with the corresponding
reactions given in Tables V and VI.

111. The bead tests for iron, manganese, chromium,
copper, cobalt, nickel, titanium, tungsten, molybdenum,
uranium, vanadium, cerium, and didymium are of them-
selves distinctive and characteristic of the elements, but the
other bead tests are of little importance, except occasionally
as confirmatory tests.

REDUCTION OF METALLIC OXIDES WITH SODA.

112. Many oxides can be reduced to the metallic state
on coal with the aid of soda, which could not be reduced
without it.

The best way to conduct the experiment is to powder the
substance in a mortar and mix with moistened soda. The
coherent mass is then put into a cavity in the coal and
treated to the R. F.

The metals which are reducible from their compounds
with soda as above are gold, silver, molybdenum, tungsten,
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antimony, tellurium, copper, bismuth, tin, lead, zinc,
indium, cadmium, nickel, cobalt, and iron. Arsenic and
mercury are also reduced, but are immediately volatilized.
They can be obtained in the metallic state by fusing in a
matrass.

113. Neutral oxalate of potassa or cyanide of potassium
may be advantageously substituted for soda when treating
oxides which are with great difficulty reduced. The cyanide
has the disadvantage of spreading over the coal and scatter-
ing the metallic particles. These fluxes are both serviceable
when the reduction is conducted in a matrass.

114. Many oxides can not be reduced to the metallic
state by soda, but form with it more or less fusible com-
pounds. Silicic, titanic, tungstic, molybdic acids, etc., form
fusible compounds, and so also do baryta and strontia,
while most lime salts are decomposed. The compounds
formed by baryta and strontia sink into the coal. Thelime
salts are decomposed, and the soda sinks into the coal,
leaving the lime behind.

115. A few elements which have not been mentioned
and which are of decided interest, as they form a very
important set of compounds, are the halogens—bromine,
chlorine, fluorine, and iodine.

(a) Bromine.—When bromides are added to a salt of
phosphorus bead which has previously been saturated with
oxide of copper, and the blowing is continued, the bead is
surrounded with a beautiful halo of blue flame, inclining to
green on the edges, and this continues as long as the bromine
remains. As this reaction may be confounded with those
given for chlorine, another test is recommended. The sub-
stance should be fused with dry bisulphate of potash in a
glass matrass. Bromine and sulphurous acid fumes are
liberated, and the matrass becomes filled with yellow fumes.
The bromine is recognized by the extremely suffocating
odor of the bromine fumes, or by exposing moistened starch
or starch paper to these vapors, which turn them yellow.
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(4) Chlorine.—Chlorides may be detected, like bromine,
by adding them to a salt of phosphorus bead previously satu-
rated with oxide of copper, and again igniting. The bead
is instantly surrounded by an intense purplish-blue flame
without any tinge of green.

(¢) Fluorine.—Substances containing fluorine, when
heated in a glass tube with bisulphate of potash, give off
hydrofluoric acid, which etches the tube immediately above
the assay, and imparts to a strip of moistened Brazil-wood
paper, placed on the end of the tube, a straw-yellow color.

(d) Iodine.—Iodides added to a salt of phosphorus
bead, previously saturated with oxide of copper, tinge the
outer flame an intense emerald-green.

Like bromides, they also are decomposed by fusion with
bisulphate of potash, ‘and free iodine is liberated, which may
be distinguished by its violet color and disagreeable odor.

116. Nitrates.—When nitrates are fused in a glass
tube with bisulphate of potash, dark reddish-yellow fumes
of nitrous oxide are liberated. The color is best observed
by looking into the tube.

117. Sulphuric Acid.—The presence of sulphates
may be detected by fusing the substance with chemically
pure soda, then placing the fused assay on a silver coin and
moistening with pure water. If sulphuric acid had been
present originally in the substance, it was converted in the
fusion to sulphide of sodium. This sulphide of sodium will
leave a dark-brownish or black stain on the bright surface
of the silver.

118. Water.—The presence of hygroscopic moisture
may be detected by heating the assay in a matrass or closed
tube. Water is immediately given off, and condenses in
the cooler portions of the tube.

119. Determination of Gold and Silver in Ores.—
Occasionally ores are rich in gold and silver, and their
respective minerals can be determined by the blowpipe, but
as a rule the ores are of comparatively low grade, and the
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amount which could ordinarily be treated before the blow-
pipe would not be sufficient for the isolation of the precious
metals. On this account, one of two methods must be fol-
lowed. If the ore is free milling it may be amalgamated.
while if it is a concentrating ore it may be concentrated in
the gold pan.

In either case, the sample (which may weigh several
pounds) should be crushed fine in a mortar, so as to set the
valuable materials free.

120. Intheamalgamation test the sample is placed in the
gold pan with sufficient water to saturate and cover the ore.
After this a small amount of mercury is added, and the
material vanned or panned in such a manner as to carry the
pulp around and around over the mercury, or in some cases
the pulp is worked comparatively stiff and the mercury
worked back and forth through the mass, either with a
spatula or by hand. After the ore has been thoroughly
exposed to the amalgam, the waste material or gangue is
washed away and the amalgam collected.

The excess of mercury is squeezed from the amalgam by
passing it through buckskin or canvas. The small piece of
the amalgam so obtained can be placed on charcoal, heated
before the blowpipe, thus volatilizing the mercury and leav-
ing a small piece of the precious metals, which can be
melted down to a bead or button. In case no buckskin or
canvas is at hand, the mercury can all be driven off by
means of the blowpipe.

121. In the concentration test, the ore is washed as in
ordinary panning, and the rich mineral collected as concen-
trates. It is best to employ two pans, and to wash from one
to the other, each time obtaining a small amount of con-
centrates, which are laid to one side. After the concentra-
tion has been carried as far as it is considered necessary, the
concentrates may be dried, placed on charcoal, and any
arsenic or antimony driven off by roasting them before the
blowpipe. The roasted concentrates are mixed with soda
and metallic lead. The soda acts as a flux in melting the
minerals, and the lead takes up any gold or silver they may
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contain. The lead button obtained in this manner must be
cupelled in order to separate the lead from the gold or silver.
As has already been stated, cupels are made from bone-
ash, but in case the prospector has neither bone-ash nor a
cupel mold, he may accomplish the desired results by burn-
ing a few bones in his camp-fire and then pound them to a
fine powder, which can be mixed with water and pressed
into a small cupel on a block of dry wood or in a spoon or
thimble. When cupelling the lead button, it must be heated
with an oxidizing flame, which action results in the forma-
tion of lead oxide, part of which is absorbed by the bone-
ash and part of which is volatilized. When all the lead
has been oxidized, the precious metals will remain as a small
bead. Just beforc the last of the lead is driven out, the
bead will appear as though it were spinning rapidly, and be
covered with a thin film of oxide. At the moment the
last of the oxide disappears, the bead will appear to brighten,
and after this will not appear as though spinning.

122. If it is desired to separate the gold and silver in
the bead, this may be accomplished by dissolving out the
silver with nitric acid (providing there is 2} times as much
silver present as there is gold). Strong nitric acid diluted
with an equal amount of water answers this purpose very
well. The bead is dropped into the acid, and after the first
evolution of gas ceases the acid must be boiled. The acid is
then poured off and a fresh supply added, and the bead once
more boiled. Any gold will remain behind as black specks,
or as a black skeleton of the bead. In case there is more
gold than the proportion given, it will be necessary to add
some silver to the bead before it can be parted. After the
silver has all been dissolved, the gold which remains behind
should be washed with clean water (preferably distilled water)
and then heated to a red heat, which will restore the ordi-
nary yellow color to the metal. If there is enough gold pres-
ent, it may be melted down into a bead before the blowpipe.
If water or acid give a white precipitate with silver nitrate
solution, chlorine is present, and they are not fit for part-

ing.
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MINERALOGY.

MINERALS AND THEIR PROPERTIES.

1. A mineral is a natural, inorganic substance, of
definite chemical composition. A mineral may be either an
element or a compound, so long as it is one of the forms in
which the element or elements constituting it occur in nature.
For instance, the most important gold mineral is native, or
metallic, gold, while iron very rarely occurs in nature in the
metallic form. '

2. Mineralogy is the study of minerals, their compo-
sition and physical and chemical characteristics.

In a careful preliminary examination of a mineral speci-
men, the student will naturally be struck first by those
physical characteristics which are at once obvious to the
senses; Viz., transparency, color, luster, feel, structure, cleav-
age, fracture, hardness, tenacity, and crystalline form, if
distinct; and also, if the specimen be of sufficient size, the
weight will give some idea of the specific gravity.

The importance of these different physical characteristics
varies greatly in different minerals. Thus, the color and
luster of some minerals are very characteristic of those
minerals and are, consequently, of the utmost importance
in their identification, while in other minerals the color and
luster are neither characteristic nor important; and the
same is true of other properties. Crystalline form and
cleavage are usually of less importance to the average pros-
pector or miner than the other physical characteristics, but
some knowledge of them will frequently stand him well in
hand, and for this reason the student should know at least
the principal crystalline forms.

§35
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2 MINERALOGY. 8§35

TRANSPARENCY,

3. Transparency is the property, possessed by most
substances to a greater or less degree, of fransmitting light,
or allowing light to pass through them. The following
terms are used to define the different degrees of trans-
parency:

Transparent, when the substance transmits light per-
fectly, so that objects viewed through it appear distinct.
For example, glass and crystallized quartz are transparent.

Subtransparent or semitransparent, when objects
can be seen through the substance, but only indistinctly.

Translucent, when the substance allows light to pass
through'it, but objects can not be distinguished. Ground
glass, loaf sugar, and some marbles are translucent.

Subtranslucent, when there is a slight transmission of
light through only the thinnest edges of the substance.
When a substance transmits absolutely no light, it is said to
be opaque.

COLOR.

4. The color of a mineral is usually more or less char-
acteristic of the mineral. In the case of some minerals, the
finely powdered mineral has a definite color of its own,
entirely different from that of the specimen as a whole.
The color of the powdered mineral is known as the streak
of the mineral—from the fact that it is best observed by
making a mark, or streak, with the specimen, on an unglazed
porcelain surface—and is frequently of great importance in
identifying minerals.

LUSTER.

K. The luster of minerals depends upon their power of
reflecting light, and consequently upon the nature of their
surfaces. According to the nature of the reflecting surface,
we have seven kinds of luster, each named from some
familiar substance of which it is characteristic. They are
as follows: i
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Metallic, the ordinary luster of metals. An imperfect
metallic luster is described as submetallic.

Vitreous, the luster of broken glass. Imperfect vitreous
luster is called subvitreous. This is the characteristic luster
of quartz.

Resinous, the luster of ordinary rosin. This is the
luster which gives the name ‘‘ Rosin Jack ” to some varieties
of zinc-blende.

Greasy, looking as if smeared with oil or grease. This
luster is occasionally observed in quartz, and in some vari-
eties of serpentine and steatite.

Pearly, like pearl. This luster is frequently found in
such minerals as mica, talc, and gypsum, which are made
up of very thin leaves, or layers. Pearly luster combined
with submetallic luster forms what is known as metallic-
pearly luster.

Silky, like silk. This luster is the result of a fibrous
structure, like that of asbestos, or of fibrous gypsum.

Adamantine, the luster of the diamond. Minerals
having this luster may also be submetallic; in such cases
the luster is called metallic-adamantine. Cerussite and
pyrargyrite have such a luster.

6. Besides the different kinds of luster, there are differ-
ent degrees of intensity of luster, depending upon the clear-
ness of the reflection. These are:

Splendent, when the surface is a perfect mirror, reflect-
ing light with great brilliancy, and giving well-defined
images. '

Shining, when an image is produced, but not a clearly
defined image.

Glistening or sheeny, when there is a general reflec-
tion of light from the whole surface, but no image.

Glimmering, when the reflection is very imperfect, and
the reflected light comes to the eye not from the entire
surface, but from a number of separate points scattered
over the surface,
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When there is a total absence of luster the mineral is said
to be dull, or earthy. Chalk is a good example of this
condition.

FEEL.

Z. The feel (or feeling) of a substance is of importance
in the case of only a few minerals, such as talc and the tal-
cose minerals. The feel of substances will be readily recog-
nized from the terms used to define it, as greasy, smooth,
harsk, gritty, etc.

STRUCTURE.

8. Among minerals will be found a variety of structure.
Most mineral specimens are aggregations of imperfect
crystals. Even those whose structure to the naked eye
appears destitute of crystallization are probably composed of
impalpable crystalline grains.

The structure of a mineral is said to be:

Columnar, when it is made up of slender columns or
fibers.

There are several varieties of columnar structure, classi-
fied as follows:

Fibrous, when the columns or fibers are parallel; as in
asbestos.

Reticulated, when the fibers cross in various directions,
and assume a net-like appearance.

Stellated, when the fibers radiate from a center and pro-
duce star-like forms.

Radiated, when the fibers radiate from a center without
producing stellar forms, as sometimes in stibnite.

Lamellar, when it consists of plates or leaves. These
leaves may be curved or straight; in either case the struc-
ture is so described; and they may also be very thin and
easily separable—a micaceous structure.

Granular, when it is composed of crystalline grains. If
the grains are not to be distinguished by the naked eye, the
structure is said to be smpalpable.
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There are, in addition to these kinds of structure resulting
from crystallization, many imitative shapes assumed by dif-
ferent minerals and described as follows:

Reniform—kidney-shaped; Botryoidal—like a bunch of
grapes; Mammillary—breast-shaped, resembling botryoidal,
but composed of larger prominences; Dendritic—branching,
tree-like; Filiform or Capillary—very long and slender
crystals, like a thread or hair; Acicular—slender and rigid,
like aneedle; Stalactitic and Stalagmitic—like the stalactites
and stalagmites found on the roofs and floors, respectively,
of caves.

CLEAVAGE.

9. Most minerals have certain directions in which their
cohesive force is weakest and in which they yield most
readily to a blow. This tendency to break in the direction
of certain planes is called cleavage.

Cleavage differs, first, according to the ease with which
it may be effected, and second, according to the direction
as crystallographically determined. We will direct our
attention, for the time being, only to the first.

The different degrees of cleavage are classified as follows:

Perfect, or eminent, when obtained with great ease,
affording smooth, lustrous faces, as in calcite, mica, and
galena. Ewminent is used only in reference to the most per-
fect and pronounced cleavage.

Distinct, when obtained with tolerable ease, and with
fairly good cleavage faces, but neither so easy nor so com-
plete as perfect cleavage.

Indistinct, when obtained with some difficulty, and the
cleavage faces and angles are not well defined.

Difficult, when obtained only with considerable difficulty,
and barely discernible. Cleavage of this sort is very apt to
be only in fraces, that is, with a bit of cleavage face show-
ing here and there.

Interrupted, when the cleavage face discontinues
abruptly, only to be continued in another cleavage plane
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parallel to the first. This condition may occur in minerals
having perfect or distinct cleavage.

The inferior degrees of cleavage are of themselves of no
value in identifying minerals; but the absence of cleavage,
or very poor cleavage, will sometimes serve to distinguish a
mineral from minerals similar to it in appearance, but
having more pronounced cleavage.

FRACTURE.

10. The term fracture is used in mineralogy to define
the kind of surface obtained by fracturing a specimen, or
breaking it in any direction except along a cleavage plane.
The different kinds of fracture have been classified as follows:

Conchoidal, when the mineral breaks in curved, shell-
like surfaces.

Even, when the fracture surfaces are approximately reg-
ular surfaces, though perhaps somewhat rough.

Uneven, when the fracture surfaces are irregular and
rough.

Fracture is characteristic in the case of only a few min-
erals, and then, like the inferior degrees of cleavage, is val-
uable only as a distinction from minerals having a similar
appearance but a different fracture.

HARDNESS.

11. By hardness is meant the resistance which a min-
eral offers to abrasion. Thus, talc can be scratched by the
finger nail, while the diamond is the hardest substance
known. As minerals differ in this characteristic, and as
each has usually a more or less constant hardness of its own,
the following scale, known as Moh's scale of hardness, has
been arranged to measure the different degrees of resistance
to abrasion offered by minerals:

1. TZalc—easily scratched by the finger nail.
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2. Gypsum—scratched with difficulty by the finger nail;
does not scratch a copper coin.

3. Calcite—scratches pure copper; not scratched by the
finger nail.

4. Fluorite—not scratched by a copper coin; does not
scratch glass.

5. Apatite—scratches glass with difficulty; easily
scratched by a knife.

6. Feldspar (orthoclase, etc.)—scratched with difficulty by
a knife; scratches glass easily.

%. Quartz—not scratched by a knife; yields with diffi-
culty to a file.

8. 7Jopaz—harder than flint; very few substances are as
hard as this.

9. Corundum—hardest substance known except the
diamond.

10. Diamond—the hardest substance known.

The hardness of any mineral is determined by ascertain-
ing a point in the scale such that the given mineral will
scratch any mineral in the scale below that point, and will be
scratched by any mineral above the point. It is well to
supplement the test by the minerals of the scale with a test
by the finger nail, a copper coin, and a knife. If no set of
minerals comprising the scale of hardness are available, a
mineral may be tested very well by the finger nail, copper
coin, and knife.

TENACITY.

12. The temacity of a substance is the persistency
with which its particles cling together. This is different in
different substances, but, like hardness, is more or less con-
stant for any one substance.. The different degrees of
tenacity have been classified as follows:

Brittle, when the substance flies to pieces under a sharp
blow, and powders under the edge of a knife in the attempt
to cut it, like galena.
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Sectile, when pieces may be cut off with a knife without
falling to powder, but the substance still goes to pieces
under the hammer. This is really a condition intermediate
between brittle and malleable.

Malleable, when the substance can be beaten out under
the hammer without flying to pieces, like gold.

Ductile, when the substance can be extended or drawn
out by tension, as in wire drawing. Ductility is only
another phase of the same property as malleability, and is
possessed to a remarkable degree by gold, silver, iron, and
copper, and some of the rarer metals.

Flexible, when the substance can be bent. Substances
which are malleable and ductile are usually also flexible.

Elastic, when the substance can be bent or otherwise
distorted, but returns to its original form as soon as the
distorting force is removed. Steel is remarkably elastic.
Highly elastic substances are usually more or less brittle.

CRYSTALLINE FORM.

13. All minerals, at some time or other, have been in a
liquid state, either through solution or fusion (melting), or
in the state of gas, or vapor—conditions in most cases the
result of very high temperatures. On cooling, molten
matter solidifies and gases condense to liquid or solid form;
and as water containing mineral matter in solution cools
and evaporates, the mineral contents are precipitated. As
the minerals solidify they tend to form crystals, or bodies
of definite geometrical form, bounded by plane faces. Each
kind of mineral crystallizes separately, in a form or forms
more or less peculiar to itself, and crystalline form,
therefore, becomes one of the physical characteristics of
every crystallized mineral, and is sometimes of considerable
service in its identification. The different varieties of crys-
talline form are considered farther on under the head of
Crystallography, .
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SPECIFIC GRAVITY.

14. The specific gravity of a substance is the ratio of
the weight of a given volume of that substance to the weight
of an equal volume of another substance, whose specific
gravity is assumed to be unity (1). Water is the accepted
standard, and its specific gravity is consequently considered
as 1 (or unity).

15. The specific gravity of a mineral may be determined
thus:

1. Find the weight of the fragment out of water, just as
you would weigh anything else. This weight = .

2. Then suspend the fragment by a fine, silk thread to
the balance beam, submerge it in water and weigh again.
This weight = w,.

Since the /Joss of weight of a solid submerged in water is
equal to the weight of the volume of water displaced,
w — w, = the weight of a volume of water equal to the
volume of the mineral, and the specific gravity of the

mineral =

w— w,

The weights should be accurately taken on a good chem-
ical balance, and the water should be distilled; and as the
density of water varies with its temperature, in order to
obtain uniform results 60° F. has been adopted as a con-
venient temperature.

16. Another method, less accurate, and requiring less
elaborate apparatus, will usually give a sufficiently close
approximation of the specific gravity of minerals to serve
the student’s purpose. The only apparatus necessary is a
pair of scales graduated to about ! grain or 5 milligrams,
and a graduated glass vessel. The graduations on the scalcs
and the vessel should be in the same system, so that the
results may be readily figured. Thus, if the scales weigh in
grams (metric system), the vessel should be graduated in
cubic centimeters and fractions thereof, while if the scales
weigh in ounces and grains, the vessel should be graduated

F. V=7
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to correspond, so that the weight of water in it can be
readily calculated.

To obtain the specific gravity of a substance, a piece of it
is weighed in air, in the ordinary manner, and then sub-
merged in water in the graduated vessel. The height of
water in the vessel before putting in the fragment is noted.
This is subtracted from the height to which the water rises
when the fragment is submerged in it, and the difference is
the amount of water displaced. The weight of this volume is
readily figured—1 cubic inch of water weighs 252.5 + grains,
or, in metric measure, 1 cubic centimeter of water weighs
1 gram—and, as before, the weight of the fragment.
divided by the weight of the water displaced gives the
specific gravity of the substance. For this rough work, the
change of volume with the temperature need not be con-
sidered.

EXAMINATION OF MINERAL SPECIMENS.

17. In the preliminary examination of mineral speci-
mens, the student must note clearly all striking physical
characteristics; the hardness should be determined, and the
specific gravity, as nearly as possible with the appliances at
hand. These results will of course suggest to the student
more or less about the specimen, according to his familiarity
with minerals. Finally, the specimen should be thoroughly
examined before the blowpipe, in accordance with the
method already suggested in the Paper on Blowpiping, and
the information hereinafter given will enable him to deter-
mine the specimen with reasonable certainty.

In this Paper are described only such minerals as are of
commercial importance, and no attention is paid to those of
merely scientific interest. The important ores of the ordi-
nary metals of economic value will be given, together with
such other miscellaneous minerals as are extensively used in
the various industries.
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CRYSTALLOGRAPHY.

18. Crystallography is that branch of mineralogy
treating of the crystalline forms assumed by the various
minerals.

19. For convenience in classification, the crystal forms
may be divided into six main classes, or systems of crystal-
lization, according to their degrees of symmetry.

Asymmetry plane is a plane which divides a crysta] )
that the two portions of the crystal bear the same relation
to each other as an object bears to its image in a mirror;
that is, every point on the surface of the crystal on one side
of the dividing plane has a corresponding point directly
opposite, and at the same distance from the plane, on the
other side. A symmetrical body is a body that can be
divided by a symmetry plane. A symmetry axis is an
imaginary line through the center of a crystal, perpendicular
to a symmetry plane and connecting either the centers of
opposite crystal faces or the vertices of opposite crystal
angles.

In the crystal systems in which the forms are symmetri-
cal, the crystal axes are always also symmetry axes; and
in determining the crystal system to which a symmetrical
crystal belongs, the more prominent group of symmetry
axes is selected, and these are considered as the crystal axes
of the system. One axis of the group is selected as the ver-
tical crystal axis, and in the examination of the crystal is
always considered as being in an upright position; the other
axes then become lateral crystal axes.

The six systems of crystallization are the isometric, tet-
ragonal, orthorhombic, monoclinic, triclinic, and hexagonal.
The distinguishing characteristics of each system are as
follows:

Isometric has three crystal axes, of equal length and
intersecting one another at right angles.

Tetragonal has three crystal axes, intersecting one
another at right angles; two, which are of equal length, are
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considered as lateral axes; the third is the vertical axis, and
is not of the same length as the other two.

Orthorhombic has three crystal axes, intersecting one
another at right angles, but no two are of the same length.

Monoclnic has three crystal axes; the vertical axis and
one lateral axis (the one running from front to back) are
oblique to each other, but the transverse lateral axis is at
right angles to both of the others.

Triclinic has three crystal axes, all oblique to one
another.

Hexagonal has four crystal axes; the three lateral axes
are at right angles to the vertical axis, and intersect one
another at angles of 60°.

ISOMETRIC SYSTEM.

20. The crystal axes of the isometric system being all
of the same length, and all at right angles to one another,
it is immaterial which one is selected as the vertical axis, as

N

n)

&

the shape of the crystal is the same with reference to all of
them. In the elementary forms of this system all the faces
are exactly alike. In the compound forms, resulting from
a combination of two or more elementary forms, this is, of
course, not the case, and in nature an almost infinite

(a)

(d)

FiG. 1.
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variety in the shape and number of the faces of crystals is
produced by this compounding. The elementary isometric
forms—shown in Fig. 1—and their distinguishing character-
istics are as follows:

Cube (@) has six square faces, meeting at right angles.

Octahedron (5) has eight faces, each of which is an
equilateral (equal-sided) triangle.

Dodecahedron (¢) has twelve diamond-shaped faces.

Trisoctahedron (d) has twenty-four triangular faces.
It derives its name from its general resemblance to the octa-
hedron, and the fact that each face of the octahedron is
replaced in the trisoctahedron by thrce faces which form a
low triangular pyramid.

Trapezohedron (¢) has twenty-four faces, each of which
is an irregular four-sided figure known as a trapezium. Like
the trisoctahedron, it has the general form of the octahedron,
but each face of-the latter is replaced in the trapezohedron
by a group of three of the trapezoidal faces.

Tetrahexahedron ( /) has twenty-four triangular faces,
arranged in groups of four. Each group formsa low, square
pyramid, the base of which corresponds to one of the faces
of the cube or hexahedron, hence the name.

Hexoctahedron (g) has forty-eight faces, arranged in
eight groups, of six triangular faces each; has the general
form of the octahedron, each group of six faces correspond-
ing to a face of the octahedron; resembles both the trisocta-
hedron and trapezohedron.

HEMIHEDRAL FORMS.

21. Besides these ordinary, whole, or Aolokedral (all-
sided) forms, the elementary kemihedral forms should be
included in a list of elementary forms. Hemihedral forms
are crystal forms in which only every other face is devel-
oped, and the intermediate ones are omitted. Thus, if in
the octahedron [(4) Fig. 1], we consider each alternate face
to be omitted and the planes of the remaining faces to be
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extended till they intersect one another, we have a new
form—the tetrahedron, or four-faced form, which is shown
in Fig. 2 (a@). In the figure, the two shaded faces of the
small octahedron included in the tetrahedron illustrate how
the alternate faces are developed. The tetrahexahedron,
treated in the same way, gives the pentagonal dodeca-
hedron (twelve-faced form) shown at (4). The hemihedral
forms of the trisoctahedron, trapezohedron, and hexoctahe-
dron,which are shown at (¢), (), and (¢), respectively, are
obtained in the same general way, but instead of developing
every other face, as in the other forms, the faces are devel-
oped in alternate sets, corresponding to the faces of an octa-
hedron. Every face in one octant is developed; then the

(c)

(e)
Fic. 2.

next adjacent set is skipped and the faces in the third octant
developed, and so on around, developing all the faces in
each alternate octant. The faces of a trisoctahedron, devel-
oped in this way, intersect one another to form the trape-
zoidal faces of the tetragonal tristetrahedron (c), while
the faces of the trapezohedron intersect to form the trian-
gular faces of the trigonal tristetrahedron (4), and the
faces of the hexoctahedron remain unchanged in the hex-
tetrahedron (¢). The forms given in Fig. 2 are all the
elementary hemihedral forms. Like the whole forms, they
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combine among themselves in great variety ; but hemihedral
forms never, under any circumstances, combine with holo-
hedral forms.

TETRAGONAL SYSTEM.

22. In considering a crystal of the tetragonal system,
the two equal axes are always assumed as the lateral axes,
and the odd axis becomes the vertical axis. The elementary
forms of this system are square and octagonal prisms, and
double-ended square pyramids (octahedrons) and octagonal
pyramids. As in the isometric system, a great variety of
forms results from the combination of these elementary
forms.

A T D
!4%‘

(e)

F1G. 3.

Both the prisms and the pyramids of the tetragonal system
may be divided into two classes: direct and indirect. In
the direct forms, the crystal faces intersect both lateral
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axes, as at (¢) and (4), Fig. 3; in the indirect forms, the
faces cut one lateral axis and are parallel to the other, as
at (¢) and (4). In all the systems except the isometric, a
face parallel to both lateral axes is called a basal plane.
Such are the faces closing the top and bottom of an ordinary
prism. Cleavage parallel to a basal plane is known as basa/
cleavage; parallel to the faces of a prism, as prismatic cleav-
age; parallel to the faces of an octahedron, as octakedral
cleavage, etc., the cleavage in every case taking its name
from the face to which it is parallel.

23. Fig. 3 shows the simpler forms of the tetragonal
system. With the exception of the four forms already
described (e, 4, ¢, and &), and the octagonal prism (¢) and
pyramid (f), the forms are all compound.

HEMIHEDRAL FORMS.

24. The hemihedral forms of the tetragonal system,
some of which are shown in Fig. 4, are derived in the same
way as those of the isometric system. The tetrahedron (4)

X

(a) ) (c)
F1G. 4.
is derived from the octahedron; the ditetrahedron (&) is
derived from the dioctahedron, or octagonal pyramid; and
the square prism, which is shown at (¢), with its corners cut
off by the faces of the ditetrahedron, is derived from the
octagonal prism.

25. It is frequently somewhat difficult to distinguish
certain tetragonal forms from similar isometric forms. This
is particularly true of the octahedrons and their half-forms,
the tetrahedrons, in which there is no distinction, except
that one axis of the tetragonal forms is longer or shorter
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than the other two, while all three axes of the isometric
forms are of equal length, so that the faces of the isometric
crystals are equilateral triangles, while the faces of the
tetragonal crystals have only two sides of the triangle equal.
Even this distinction is frequently destroyed by a distortion
of the isometric crystals, so that the three axes are no longer
equal. In such a case we must refer to the crystal angles,
or angles formed by the intersection of crystal faces, which
remain unchanged, no matter how great the distortion of
the crystal. Thus, if the angle at the vertex of an eight-
sided crystal is exactly a right angle, we know at once that
the form is an isometric octahedron, for the vertex angles
of the tetragonal and orthorhombic octahedrons are never
exactly right angles. In the case of the isometric cube and
the tetragonal and orthorhombic prisms, the distinction is
much more simple, as, no matter how badly distorted the
crystal may be, all the faces of an isometric crystal have
exactly the same luster and markings; while the basal plane
in the tetragonal and orthorhombic systems has a somewhat
different appearance from the prism faces; and in the
orthorhombic system the two sets of parallel prism faces
differ in appearance from each other, as well as from the
basal planes—a characteristic which serves to distinguish
orthorhombic prisms from distorted tetragonal prisms. Dis-
torted tetragonal pyramids are similarly distinguished from
orthorhombic pyramids, the luster of adjacent faces of the
latter being different, while that of opposite faces is identical.

ORTHORHOMBIC SYSTEM.

26. The three axes of the orthorhombic system being
all of different lengths, but at right angles to one another,
any one of them may become the vertical axis, the selection
resting with the operator, and usually depending more or
less on the general shape of the crystal. For instance, if
the crystal is flat and tabular, the main faces of the tablet
are usually considered as basal planes, while if it is long and
prismatic, pyramidal, or barrel-shaped, the longest axis is
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usually selected as the vertical axis. The longer lateral
axis is usually selected as the transverse axis.

The crystal forms of this system correspond to those of
the tetragonal system. The direct prisms and pyramids
correspond exactly with the similar tetragonal forms, except
in the different luster and markings of adjacent faces and
the measurement of the solid, crystal angles (angles made
by the intersection of three or more faces). Instead of the
indirect prism, however, we have two pairs of parallel, ver-
tical faces, which, when both pairs are developed, intersect
to form a vertical, rectangular prism with its faces parallel
to the lateral axes of the crystal; the pair of faces parallel to
the longer or macro-axis constitutes a macropinacoid, and
the pair parallel to the shorter or dracky-axis is a bracky-
pinacoid. And in the same way, instead of the indirect
pyramid, we have two horizontal prisms, each formed by
the four faces parallel to one lateral axis and cutting the
other lateral axis and the vertical axis; the faces of the
prism parallel to the longer lateral axis (the macro-axis) con-
stitute a macrodome, and those parallel to the brachy-axis
constitute a drackydome. 1If both domes are developed, the .
resulting form is a rectangular pyramid, or octahedron.
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27. Fig. 5 shows the principal simple forms of this sys-
tem. There is only one purely elementary form—the true
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octahedron, or pyramid, shown at (2). The other forms of
the system are, necessarily, all compounds of two or more
forms, as, excepting the pyramid, none of the forms has
more than four faces, and the basal planes and pinacoids
have only two, and it requires at least six faces to form a
complete holohedral crystal. The hemihedral forms of the
system are unimportant—in fact, so far as is known, there
are no true hemihedral orthorhombic forms in nature—hence
they will not be discussed. The forms shown in Fig. 5
are as follows:

(@) Octahedron or pyramid.

(6) Prism (1-1) and basal plane (2).

(¢) Pinacoidal prism, made up of macropinacoid (1) and
brachypinacoid (2), and basal plane (3).

(d) Tabular prism, made up like (¢), but with the long
edges beveled by a macrodome (4).

(¢) Basal plane (1) and prism (2-2) with front and back
corners truncated by a macrodome (3-3).

(f) Basal plane (1), prism (2-2), macrodome (3-3), and
brachydome (4-4).

- The tabular orthorhombic forms are very characteristic

of the mineral barite.

MONOCLINIC SYSTEM.

28. The crystals of the monoclinic system are sym-
metrical with reference to only one plane. In examining a
crystal of this system, the symmetry plane is always con-
sidered as being vertical and running from front to back;
the symmetry axis, therefore, coincides with the transverse
lateral crystal axis. This axis, being at right angles to the
symmetry plane, is, consequently, at right angles toboth the
other axes, since they both lie in that plane, and for this
reason it is called the ort/o- (right) axis. The other lateral
axis is oblique to the vertical axis, inclining from back to
front, and is called the ¢/ino- (inclined) axis.

The forms of this system are prisms, pinacoids, pyramids,
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domes, and basal planes, as in the orthorhombic system.
Instead of macro- and brachydomes and pinacoids, however,
we have the orthodome and orthopinacoid with their faces
parallel to the ortho-axis, and the c/inodome and clinopinacoid
with their faces parallel to the clino-axis.

The elementary forms whose faces intersect both the clino-
axis and the vertical axis are divided into two classes—posi-
tive and negative—according to the position of their faces
with reference to the central angles of the crystal. Thus,
if a plane be assumed through the vertical axis and the
ortho-axis, and another through the two lateral axes, these
planes will, of course, intersect each other along the ortho-
axis, as it is common to both of them, and at their intersec-
tion will form four plane angles, the alternate
angles being equal, but one pair—the top-front
and lower-back angles—being larger than the
other pair, on account of the inclination of the
clino-axis; and all crystal forms whose faces are
in the two sections of the crystal lying within
the planes of the two larger plane angles are
known as positive, while those whose faces are in
the smaller sections are known as negative. Fig. 6 shows
the four faces forming a positive pyramid. The prism,
clinodome, and the pyramid are made up of four faces each;
the orthodomes, pinacoids, and basal plane have only two
faces to each form.

Fi1G.6.

29. As the least number of faces a solid, holohedral
crystal of any form can have is six, none of these elementary
forms occur alone in nature; but all monoclinic crystals are
made up of combinations of two or more of the elementary
forms. In Fig. 7, we have shown a few of the simpler and
more common forms. To assist the student in identifying
them, we have numbered each kind of face as follows:

1. Orthopinacoidal face. 5. Positive orthodome face.

2. Clinopinacoidal face. = —5. Negative orthodome face.
3. Prism face. 6. Clinodome.
+4. Positive pyramidal face. 7. Basal plane.

—4. Negative pyramidal face.
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The last three forms are what are called fwsnned crystals,
twinning being merely a combination of two (or more)
crystals of the same form, but with their axes in different
positions. Twinning sometimes produces what are appar-
ently entirely new forms, but generally the individual forms

m/

&
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can be readily distinguished. Twinned crystals usually
have reentrant, or concave, angles, by which they can be
readily distinguished from normal crystals, in which concave
angles never occur. They may frequently be recognized
also by the tiny ridges or striz on the common face, meet-
ing in a line down the middle of the face, as in the case of
gypsum, shown normal at (¢) and twinned at (). This
indicates that the face is really made up of two faces in the
same plane, but with their strie in different positions.
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TRICLINIC SYSTEM.

30. As the axes of the triclinic system are all of dif-
ferent lengths and all inclined to one another, the system
can have no symmetry planes, and there can, under no cir-
cumstances, be more than two faces of a kind identical in
form, luster, and position with reference to the axes. The
simplest crystals thus require at least three different forms
to complete the crystal. Thus, the simplest prismatic
crystal is made up of two sets of prism faces (two faces to a
set)—or the prism may be made up of two sets of pinacoidal
faces—and a pair of basal planes; six faces in all, represent-
ing three different forms.

The forms of the triclinic system are practically the same
as those of the monoclinic prisms, pyramids, domes, pina-

coids, and basal planes. Since both lateral axes are inclined
to the vertical axis, however, we can not very well specify
either as the clino-axis, so we resort again to the terms
macro- and bracky- to distinguish the long and short
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lateral axes, respectively, as in the orthorhombic system,
and the domes and pinacoids are distinguished in the same
way, macrodomes and macropinacoids having their faces
parallel to the longer lateral axis, and the faces of brachy-
domes and brachypinacoids being parallel to the shorter
lateral axis.

Fig. 8 shows some of the simpler triclinic crystals with
the faces of the different forms marked as follows:

1. Macropinacoid. — 4. Negative macrodome.
2. Brachypinacoid. + 5. Positive brachydome.
-+ 3. Positive prism. — 5. Negative brachydome.
— 3. Negative prism. 6. Pyramid.
+ 4. Positive macrodome. 7. Basal plane.

31. Occasionally the inclination of the lateral axes to
each other is so slight that it becomes very difficult to dis-
tinguish the triclinic forms from similar monoclinic forms.
In such a case the student should remember that the angle
between the pinacoidal crystal (and cleavage) faces of the
monoclinic crystals is always exactly a right angle, while in
the triclinic system there is never any angle less than three
or four degrees away from a right angle.

HEXAGONAL SYSTEM.

32. The hexagonal system is very closely allied to the
tetragonal system. All the forms of the latter system have
exactly corresponding forms in the hexagonal system; there
being three equal lateral crystal axes in the hexagonal
system, however, all the lateral faces of hexagonal forms
occur in multiples of three, while in the tetragonal system
they occur in multiples of two, only. The angles between
lateral faces also differ correspondingly.

The elementary forms of the system are direct and indirect
hexagonal prisms and pyramids (called prisms and pyramids
of the first order and second order, respectively), dihex-
agonal prisms and pyramids—corresponding to the octagonal
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prisms and pyramids of the tetragonal system—and basal
planes. These forms are shown in Fig. 9 in the order
named.

T
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HEMIHEDRAL FORMS.

33. The hemihedral forms of the hexagonal system are
more abundant in nature, and, consequently, more impor-
tant than the holohedral forms.

Pyramidal Hemihedral Forms.—There are two dis-
tinct classes of hemihedral forms in this system. The
elementary forms of the first class, which are called pyra-
midal hemihedral forms, are only two in number, and are
derived by developing the faces in the alternate sections of
the crystal forms between the six vertical symmetry planes.
Thus, if in the dihexagonal prism we develop the alternate
prism faces, which are shown shaded in Fig. 9, we get a
hexagonal prism of the third ordcr ; and by developing the
shaded faces of the dihexagonal pyramid, we get a hex-
agonal pyramid of the third order. The prisms and pyra-
mids of the third order can be distinguished from those of
the first and second orders only through their association
with other hemihedral forms.
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34. Rhombohedral Hemihedral Forms.— The
hemihedral forms of the second class, called rkombokedral
hemihedral forms, are derived in the ordinary manner, each
alternate crystal face above and below the horizontal sym-
metry plane being developed. The class derives its name
from the most common and characteristic form—the 7kom-
bokedron—which is the hemihedral form of the hexagonal
pyramid. The rhombohedral hemihedral form of the dihex-
agonal prism is the scalenokedron, a double-ended hexagonal
prism, each face of which is a scalene triangle (a triangle
with no two sides equal).

Calcite always crystallizes in the rhombohedral-hexagonal
system, and so also do dolomite and siderite. Calcite crys-
tals assume a great variety of forms. Fig. 10 represents
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some of the many characteristic forms of calcite. The
forms from a to 4 are rhombohedrons; ¢ is a scalenohedron;
/, prisms with rhombohedron and basal plane; g, a rhombo-
hedron with basal plane; % and 7, prism and rhombohedrons;
and ;s shows a rhombohedron, scalenohedron, and basal plane.

It is sometimes very difficult to distinguish rhombohedrons-
from cubes, but the faces of a rhombohedron are never
exactly square, or even rectangular, but are always more or
less diamond-shaped. The vertical axis in the rhombohedron
always connects two opposite solid angles, while in the cube
it connects the centers of opposite faces.

F. V-8
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Rhombohedral hemihedral forms may be easily distin-
guished from any other forms from the fact that the inter-
section of the upper and lower pyramidal faces of this class
with one another, or with prism faces, forms a broken,
jagged line, with angles alternately above and below an
intermediate horizontal plane, whereas the basal edges of
pyramidal faces in all other forms are horizontal.

35. Tetartohedral Forms.—Prisms and pyramids of
the third order have still further hemihedral forms, formed
in the ordinary manner, and called tetartohedral forms,
because they have developed only one-fourth of the faces of
the holohedral forms. The principal forms are a rhombohe-
dron, identical with the rhombohedron of the rhombohedral
section, a trapezohedron, almost identical in form with the
rhombohedron, the only difference being that each of the six
faces is trapezoidal (has four sides, in two pairs of equal
sides, but the sides of one pair are not equal to the sides of
the other) instead of rhomboidal (diamond-shaped—four
equal sides). These forms sometimes occur in quartz
crystals.

DISTORTION.

36. Natural crystals are usually more or less distorted—
in fact, perfect natural crystals are comparatively rare.
The crystal axes are extended lineally, destroying their
proper proportion to one another, and making faces, which
should be identical in shape, very different; or the axes may
be bent or twisted—sometimes very much so, twisting com-
pletely around—giving curved crystal faces instead of the
normal planes. This curvature of the crystal axes appears
to be characteristic of a few certain minerals, as dolomite,
siderite, quartz, and chlorite, but linear distortion is com-

. mon in all minerals.

However badly a crystal may be distorted, it nevertheless
always retains certain characteristics of its crystal system,
by which it can be identified. Besides the similar luster
and markings of corresponding faces, which have already
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been discussed, we have the fact that the crystal axes, how-
ever badly they may be distorted as to relative length,

are never distorted as
to their relative position
to one another; that is,
if all or any two of the
axes in the normal crys-
tal intersect at a given
angle, this angle is
maintained in the dis-
torted crystal, and the
corresponding angles \
between the faces are .

likewise neverdistorted. FIG. 11.

Thus, in Fig. 11, there
are shown a normal iso-
metric octahedron and
three distorted octa-
hedrons, and it will be

seen that the faces on

the distorted forms are
in every case exactly
parallel to the corre-
sponding faces in the
normal form. Fig. 12

shows a dodecahedron

treated in the same Fie.12.
way. This same peculiarity runs through all the systems,
and forms an infallible guide in identifying them.
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IRON (Fe).

37. Iron is the most abundant of the metallic elements,
and, from a commercial standpoint, by far the most impor-
tant. Native metallic iron is occasionally found in meteor-
ites (shooting-stars), but, so far as is known, it does not
occur in the native state as a constituent of the earth’s crust.
The various minerals, however, particularly the oxides, are
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very abundant. They are so abundant, in fact, and the
market price of iron is so low, that only very rich and pure
ores will pay to mine, and then only when in large deposits,
convenient for transportation. The iron of commerce is
obtained from these ores by smelting.

Iron is a gray, malleable, and ductile metal, highly sus-
ceptible to magnetism, in which respect it far surpasses both
nickel and cobalt, the only other metals exhibiting this
‘property to a marked degree. Pure iron is more or less
soluble in nearly all acids. A peculiarity of metallic iron is

"that it is insoluble in concentrated sulphuric acid, although
readily soluble in the same acid when diluted. On account
of this property, iron tanks are used almost exclusively in
shipping large quantities of concentrated sulphuric acid.
The hardness of pure iron is between 4 and 5.

IRON MINERALS.

38. The iron minerals are all colored, give colored
streaks, and are mostly hard, and all are heavy. Before the
blowpipe, they all give iron-beads with borax and salt of
phosphorus, and when fused with soda on charcoal, in a
reducing flame, they nearly all give a metallic mass, which
is attracted by a magnet. Most of them dissolve readily in
boiling hydrochloric acid, or if that fails, in aqua regia, and
if ammonia in excess is added to the solution, it produces a
highly flocculent (fleecy) precipitate of iron hydrate, which
is light brown at first, but rapidly changes to dark brown.
The principal iron minerals are hematite, limonite, mag-
netite, siderite, pyrite, and pyrrhotite.

39. Hematite.—Hematite is one of the most abundant
and most important ores of iron, and occurs in different
forms, distinguished by special names. Its hardness, for
the different varieties, ranges from 5.5 to 6.5, and its specific
gravity from 4.5 to 5.3. Hematite has a metallic luster,
often splendent; sometimes earthy. Its color is dark steel-
gray or iron-black. It is opaque, except when in thin plates,
when it is blood-red by transmitted light. The earthy
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varieties arered. All varieties give a cherry-red or reddish-
brown streak. The fracture is subconchoidal and uneven.
Occasionally, hematite is slightly magnetic.

Composition : Iron sesquioxide (F¢,0,) = iron 70%, oxygen
304, when pure. Titanium and manganese are common
impurities.

There are a number of different varieties of hematite,
characterized as follows:

Specular Iron.—Luster, metallic and splendent ; structure,
frequently micaceous.

Red Ocher.—A soft, earthy variety of hematite, of a
bright-red color.

Clay Ironstone.—A hard, brownish-black to reddish-brown,
heavy stone, of a submetallic to earthy luster. It gives a
red streak; consists of Fe,0, mixed with sand and clay.
This name is also applied to similar varieties of limonit